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Microgrid

The Idea of a distributed Energy Supply
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Abstract—This paper aims to present a short overview of the idea
of distributed power supply. In order to establish a practical
relevance, this draft comprises microgrids and the decentralized
way to supply energy in general. Some differences against a
centralized power supply and virtual power plants must also be
made before gaining a thorough understanding of a small-scale
microgrid. Taking on- as well as off-grid solutions into
consideration, a change in the customers and the usages will be
observed and evident. Owing the fact that technology still
progresses, the Brooklyn microgrid based on blockchain
technology will be presented in the end.

Keywords: Microgrid, distributed energy supply, renewables,
battery storage

I. INTRODUCTION

The idea of a microgrid is based on the vision of a small-
scale solution to generate electrical power and heat. In
particular, the main concept of a microgrid is the distributed
generation of various sources and the storage of electrical and
thermal energy. Owing to communal heating power stations,
the combined generation of power and heat has already been
integrated to many households. But in terms of storage
technology and battery containers, microgrids deliver a new
way to store energy.

Speaking of microgrids, it seems indispensable to understand
the network between the different components, as well as the
intelligence behind it. Thereby, the second chapter introduces
the most relevant components.

The third section of this paper deals with a practical
example of a microgrid. There, a micogrid based on
blockchain technology will be analyzed.

In the fourth section of this paper the distinction between an
on-grid application and an off-grid application will be
examined. In doing so, main criteria will be included to make
the core differences apparent.

In the fifth section of this paper, in turn, the adavantages
and disadvantages of microgrids will be discussed properly. In
comparison with other ways of energy production, microgrid’s
preferences will be evident.
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In the final chapter, the most important data will be
summarized in order to draw a conclusion. Besides, a forecast
will be provided including some relevant technologies to
enhance further microgrid solutions.

II. SET-UP

A. GENERATION

There are different ways to generate electricity and/ or heat.
In the following, to make things easier, only the most important
heat engines and the use of renewables will be submitted.
Speaking of heat engines, one can guess that a capacity of 1
Megawatt is possible. Renewable energies are able to generate
energy up to 200 Kilowatt.

a) Heat Engines
The Diesel engine is one device that can be used to generate
the necessary engine. On the one hand, the key advantages are
the quick startup and the fact that the engine is dispatchable.
On the other hand, the machine causes a lot of greenhouse gas
emissions. Besides, there are also nitrogen oxide and
particulate emissions as well as noise generation.

Gas engines, like microturbines, can be also utilized to
produce energy. They are also dispatchable. Plus,
microturbines have very low emissions. But indeed, gas
engine provoke also greenhouse gas emissions.

The most relevant fact, which makes both engines so
suitable for microgrids, is that they are capable for combined
heat and power. This enables the generation of electrical and
thermal energy at the same time. This shows the higher
efficiency and reflects environmentally responsible behavior.

b) Renewables

Renewables energy systems can also be utilized to generate
the necessary energy. Solar photovoltaic cells as well as small
wind turbines are the most common sources of energy in this
case.

Photovoltaic system and wind turbines distinguish from
other energy resources due to the fact that the fuel costs are
exactly zero. The wind blows and the sun shines for nothing.
Above all, there are zero emissions. Owing to the reason that
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renewable energies are not dispatchable,
indispensable.

a storage is

B. BATTERY CONTAINER

As mentioned above, due to the increasing use of renewables,
it is necessary to store energy. In this context, different energy
types require different storage technologies. The most notable
will be presented in the following. The capacity of a battery
container is about 1 Megawatt.

a) Mechanical Storage

Kinetic energy storages, such as flywheels, are typical
mechanical storage systems. This kind of storages response
very fast and have got a high efficiency. But they have also
high standing losses and a limited discharge time.

b) Chemical Storage
The most common way to store energies is the classical
chemical way. Due to its long history of research and
development, batteries, like lead acid or lithium ion, are the
typical storage. But in the last years some questions about the
waste disposal and the limited numbers of charge- and

discharge-cycles have risen.

Flow batteries, or also called regenerative fuel cells, should
challenge those kinds of issues. Despite the relatively early
stage of deployment, they can decouple power which makes
them an appropriate storage for energy.

¢) Electrochemical Storage

Hydrogen form hydrolysis is an example for an
electrochemical  storage. @ Even  though they are
environmentally clean, it is quite challenging to store
hydrogen. Above all, hydrogen has a relatively low end-to-end
efficiency (Hirsch et al. 2018).

C. INTELLIGENCE

The coordination of the different components in a complex
network requires a strong intelligence. In order to guarantee a
safe operation mode, the microgrid possesses local controllers
(cf. Fig.1). Those locale controllers take care that the
particular component delivers the right data for example.
Nonetheless, the entire microgrid is controlled and
coordinated by a so-called microgrid central controller. An
effective management and the correct coordination of
distributed energy resources results into an improved system
performance and a sustainable development.

But the microgrid controller does not only provide the
interaction between the elements, it also tracks and collects
data about the energy production and the energy costs. In this
case, the microgrid controller exchanges information with the
relevant components through a communication network. With
the use of real-time data and timer series analyses, the
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microgrid control system identifies and optimizes the
appropriate mode of operation (Zia, Elbouchikhi, Benbouzid
2018).

D. LOAD

First of all, the power sources are normally installed near to
the loads. By means of short distances, the consumers can be
supplied with the satisfactory voltage. Due to the short ways,
the generated power can be sent directly to the proper
distribution network. Furthermore, the line losses are
negligible.

The loads are multifaceted and diverging. A detailed
explanation will be offered in latter capitals. Generally
speaking, microgrids’ capacity generation is ranging from
Kilowatts to Megawatts.

E. INTEGRATION WITH THE GRID

Even though the microgrid is able to be off-grid applied, it
can also be grid-connected. In grid-connected mode, the
microgrid remains connected to the grid and imports or
exports power from the main grid.

In case of any disturbances or other problems, the microgrid
switches over to the stand-alone mode. Nevertheless, it still
enables the microgrid to feed power to the priority loads
(Dulau, Bica et al. 2018). The following figure is supposed to
present the most essential constitutents of a microgrid in a
nutshell (Fig.1):

FIGURE I: COMPOSITION MICROGRID
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III. PRACTICAL EXAMPLE

A. CLASSY MICROGRID

In order to submit a better overview of this network, the
interaction between those elements should be provided in the
following. By the selection of appropriate components, it is
possible to create a sustainable and energy efficient power
grid. In this case, a diesel generator set produces energy. With
the assistance of renewable energies, like photovoltaic panels
or microturbines, the engine can be supported. If the sun
shines strongly and the wind blows heavily as well, it is
possible to shut down the heat engine completely.

Due to the use of photovoltaic panels, the electricity grid
turns into an AC-/DC-microgrid. Furthermore, an electric
switch decides whether the microgrid is an off-grid or an on-
grid solution.

In terms of storage systems, batteries are able to safe energy
if it is not consumed yet (Hirsch et al. 2018). Due to the fact
that electric vehicles are mainly stand still, they can be be
treated like battery systems. The so-called vehicle-to-grid,
more specifically grid-to vehicle, technologies enable a stable
network and a better power supply to the customers.

Taking into consideration that electric vehicle’s battery
capacity is about 20 Kilowatt, it is notable that those cars also
able to consume but also to give up energy. In addition, this
would also avoid a power failure or as a last resort a total
blackout (Rodrigues 2018). Electric vehicle charging stations
stabilize the voltage and allow a better energy management.
As a consequence, a better reliability is also given (Singh et al.
2018).

A so called microgrid can be observed in the second figure
(Fig. 2). It is created with the help of the software Matlab
Simscape™ Power Systems™:

FIGURE II: MODE OF OPERATION MICROGRID
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B. MICROGRID ON A BLOCKCHAIN PLATFORM

A very prominent example of a microgrid stands in
Brooklyn. The reason is that this powergrid is based on a
blockchain technology. Hence, this grid is able to generate
electricity from distributed energy resources in the most
modern way. The integration of blockchain technology with
the Internet of Things enables a community energy
marketplace that creates a decentralized Peer-to-Peer energy
network that is coordinated with the power grid. It is the first
ever energy-blockchain-platform that allows devices at the
grid edge to securely and directly transact for energy sales
among microgrid participants (Reyna 2018).

Besides, it is almost impossible to manipulate important
data sets or at last the relevant components due to the
blockchain platform. Additionally, blockchains mitigate the
risk of double-spending by secure cryptography. As an
information system, blockchain technology enables fully
decentralized market platform. Conflicts of interests and
providing information symmetry to all market participants can
be guaranteed in this case.

Apart from this, the demand and supply is balanced by a
superordinate grid as many microgrids before. In this context,
it is very interesting that a clearing price will be determined in
every time slot. Prices will vary according to demand and
supply as well as socio-economic characteristics
(Mengelkamp 2018).

IV. ADVANTAGE AND DISADVANTAGE

A. THE DISTINCTION BETWEEN A MICROGRID AND
A LARGE-SCALE SMART GRID

Before going into details, it is obvious that a microgrid is also
a smart grid. That’s because both network structures are able
to rule and regulate the power supply and are also able to react
to unpredictable problems. But due to the small-scale
character of a microgrid, a comparison between those grids
becomes suitable and above all essential as well (Lund et al.
2017).

Speaking of small sizes, the main difference between a
microgrd and a large-sclae smart grid becomes obvious. Due
to its set-up, a microgrid is a much more reliable energy
resource to grid-edge communities in comparison to large-
scale smart grids. That is why a microgrid can supply
electrical and thermal energy to remote rural sites.

Furthermore, benefits in other cases from its design. A
microgrid is not only very reliable but also flexible and
adaptable to other grids for example. In case of any
disturbances, a micorgid can moreover count on its high
number of local controllers. With the assistance of those
multiple controlling agents, a microgrid is very resilient and
robust (Prinsloo et al 2018).

But nevertheless, a microgrid has also some disadvantages
against a large-scale smart grid. For instance, if there is a huge
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amount of microgrids in a small radius, a large-scale smart
grid becomes crucial. A combination of those microgrids in
order to build one huge smart grid would facilitate the
communication and the data exchange. A smart grid would be
the superordinate control technology in this case (Lund et al.
2018).

B. DIFFERENCES BETWEEN MICROGRIDS AND
VIRTUAL POWER PLANS

Microgrids and virtual power plants are also very similar.
This is related to the fact that both systems deal with the
energy production and the energy supply. As a consequence,
both systems try to optimize the energy consumption.

But taking into consideration that a centralized grid has not
existed in the 19" century, it becomes obvious that both
schemes distinguish in terms of their existence. Thomas
Edison’s constructed power plant can already be stated as a
microgrid. In contrast to a virtual power plant, a microgrid,
has a long history.

However, virtual power plants differ not only from
microgrids due to their shorter life time. They differentiate
mainly from microgrids because of their dependence on given
softwares. From this point of view, one can say that this makes
virtual power plants in comparison to microgrids much more
modern. Anyhow, the key distinction between both set-ups is
that virtual power plants are not limited in terms of their
geography. In addition, virtual power plants possess a bigger
static set of resources (Asmus 2010).

But in contrary to microgrids, in many cases virtual power
plants do not require a battery container to store energy. As
one can guess, a microgrid relies much more on hardware
while virtual power plants, as aforementioned, depend on
software. Plus, virtual power plants are always grid-connected
while a microgrid can switch into island-mode (Nosratabadi
2017).

Microgrids are somehow a prerequisite for virtual power
plants. Because virtual power plants are highly synergistic
with the more sophisticated billing systems, are often called as
an evolution of smart microgrids.

Besides, virtual power plants can stretch supplies from
existing generators without large infrastructure updates. As a
result, virtual power plants can deliver great values to the
customers for instance (Asmus 2010).

C. MICROGRIDS IN CONTRAST TO CENTRALIZED
POWER SUPPLY

Speaking of microgrids, one can suppose that it is
concerning the decentralized energy supply. On the one hand,
large-scale power plants are notable for centralized power
supply. They are utilized to generate electricity. As an
advantage, the used resources are always dispatchable (Funcke
2016).
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On the other hand, microgrids use low-carbon technologies.
In contrast to the centralized power supply, microgrids work
with renewable energies. Consequently, the pollution will be
reduced. It follows that less greenhouse gas emissions are in
the environment. Furthermore, the global warming will
decrease as well (Dulau, Bica et al. 2018).

Decentralized technologies are often connected to the
distribution grid while centralized technologies are always
connected to the transmission grid. Besides, centralized
technologies are located near to the resources. Decentralized
technologies are located near to the load. Furthermore,
centralized technologies are balanced through large-scale
power generation and the transmission grid. This enables a
well-balanced thermal and electrical energy supply.
Decentralized technologies are balanced through distributed
energy resources and demand-side management (Funcke
2016).

But renewable energy systems affect the grid negatively.
The non-programmable renewable energy supply downgrades
the grid safety. Due to the missing grid stability, network
imbalance occurs which cannot guarantee a safe energy supply
(Barelli et al. 2018).

However, feed-in tariffs have also affected the share of
renewables in the electricity system which, in turn, influences
the demand for distributed energy supply. Owing to the
decentralized energy supply, new actors with less financial
resources are now able to invest in generation. Thereby, feed-
in tariffs guarantee a calculable remuneration for the produced
electricity. Among these visionaries are private citizens,
politician, non-governmental organizations as well as interest
groups and many more (Funcke 2016).

The following table should summarize the most important data
to understand the key advantages and disadvantages of a
microgrid (Table 1):

TABLE L ADVANTAGES AND DISADVANTAGES

ADVANTAGES DISADVANTAGES

Necessity of a superordinate smart
grid in case of many microgrids

Energy supply to remote
areas

Good adaptability and high
flexibility

Microgrid just a prerequisite for
virtual power plants

Prominent Resilience and
robustness characteristics

Virtual power plants with a better
billing system

Fossil resources are
dispatchable

On-/ Off-grid mode of
operation

always

Low-carbon technology No balanced energy supply

Less greenhouse gas Less grid stability

page 4
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V. ON-/OFF-GRID APPLICATION

A. ON-GRID APPLICATION

a) Usage
Grid-connected microgrids are necessary for a greater
penetration of renewables. In this case, the carbon emissions
can be reduced substantial. A continuous interaction between
power generation, storage and load requirements guarantee a
better performance and reliability.

Moreover, an on-grid microgrid is an active player in the
distribution network. In this manner, ancillary services to the
main grid like peak shaving and power quality control can be

used (Bifaretti 2017).

b) Costs

The microgrid market is expected to reach 38.99 billion
people by 2022, with a compound annual growth rate of
12.45% in 2016-2022(Khodayar 2017). Besides, fuel costs
can be reduced with the assistance of renewables. In
particular, if the sun shines strongly and the wind blows
heavily, the diesel or gas generator set can be switched off
(Bifaretti 2018).

As already mentioned before, decentralized technologies
are balanced through demand-side management (Funcke
2016). But with the assistance of Peer-to-Peer energy trading,
demand-side-management systems can also help to minimize
the energy costs. Generally speaking, a Peer-to-Peer energy
trading represents a direct energy trading between peers.

For instance, energy from small-scale distributed energy
resources in dwellings is traded among local energy
consumers. Somehow, it is an energy sharing model with
price-based demand response. In addition, energy will also be
balanced due to the record of settlement time periods. Due to
forecasting, the total energy costs can be reduced. This
optimizes the consumer’s behavior and the expenditures of
energy (Zhang 2018).

¢) Customers
Gird-connected microgrids are very helpful to provide
electricity for households and small communities. Moreover,
there are three groups which are potential customers for on-
grid solution. These are: industrials, commercials and
residential areas (Fattahi 2018).

Those customer groups are not only aware of the climate
change. They are also looking to optimize their energy costs in
order to spend their money in other sectors. Some are also
willing to save their money for the purpose of finding other
investment possibilities (Ellabban 2016).
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B. OFF-GRID APPLICATION

a) Usage
A microgrid is one of the most indispensable elements of
smart power systems to improve the reliability and resilience
of the grid. Off-grid microgrids mainly provide access to
electricity for people who live in areas for which an extension
of the grid cannot be performed with reasonable time and cost.

Therefore, the impact of off-grid microgrids is not only
measured by the reduction in the electricity cost in rural and
remote areas, but also by the extent of improvement in
residents’ quality of life. It is estimated that 1.18 billion
people (17% of the world’s population) have no access to
electricity. This includes 512 million people in Asia, 244
million in India, 41 million in Indonesia, and 11 million in the
Philippines.

For the developing world, providing and maintaining access
to the electricity is the main driver for developing off-grid
microgrids, as this technology provides the most economical
solution for electrification of remote areas. In fact, microgrids
could become an alternative to grid extensions.

b) Costs

The declining capital costs of renewable resources and
energy storage promotes the application of such technologies.
Furthermore, the variable costs for renewables are indeed
Zero.

However, remote microgrid solutions are expected to claim
a considerable portion of the total microgrid market. The
annual revenue for off-grid energy supply is expected to
exceed $25 billion by 2024.

The markets for residential and commercial applications,
including healthcare, rural electrification, and
telecommunications, are expected to grow at a considerable
compound annual growth rate in 2016-2022. The growing
market for off-grid microgrids for remote and rural
electrification is supported by organizations such as the United
Nations and World Bank.

c) Customers

These small power systems are built for a variety of
applications. Small cell phone towers as well as large
commercial, industrial, and military facilities are potential
customers. In developed countries, microgrids are also used to
improve the energy security, power quality, reliability, and
resilience.

In critical infrastructure systems like hospitals, industrial
facilities, universities, and military bases are typically
customers for off-grid solutions.
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The following table should show the main differences between
an on- and an off-grid solution (Table 2):

TABLE II. MAIN DIFFERENCES
ON-GRID OFF-GRID
Greater penetration of | Electrification of isolated
renewables villages
Peak shaving and power | Safe energy supply in critical

quality control infrastructures

Energy trading by means of
Peer-to-Peer service

Alternative to grid extensions

VI. CONCLUSION AND FORECAST

Smart grids like microgrids are definitely a good solution to
supply energy to the consumers. Owing to its smart character,
an appropriate consumer behavior will be secured. Because of
several application possibilities, microgrid and particularly
distributed energy resources will affect the current energy
supply. Off-grid solutions are, in fact, a proper way to supply
electrical and thermal energy to remote areas. Moreover,
microgrids fit perfectly to countries with a bad network
infrastructure (Khodayer 2018).

In terms of battery storages, there is not already reached the
final solution. This very important constituent of a microgrid
has a quite high potential for improvement which is necessary
due to the increasing use of renewables. The ongoing research
and development will guarantee a better battery capacity.
Especially, chemicals storages will play a huge role in the
future (Hirsch et al. 2018).

In addition, the politic will support microgrids. The fuel
costs will sink and renewable energies will reach higher
efficiencies. The diesel or gas generator sets will become more
and more a backup solution. The impact on the environment
will be reduced. Due to higher carbon taxation, companies will
be pushed to invest more money in development department
(Mills et al. 2018). Microgrids based on a blockchain platform
will be, from this point of view, only the beginning of
following changes in the energy market. Due to its
complexity, the energy market offers many optimization
possibilities (Mengelkamp 2018).

Besides, the softwares Matlab Simscape™ Power
Systems™ and HOMER Energy are both good tools to
simulate microgrids. From this perspective, all components
can be tested in order to optimize a proper operation mode.
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The potential of offshore wind farms

Introduction of offshore wind farms as a future energy solution

Beatrice Blaschke, Nicole Gehring and Jan Ullrich

Brandenburgische Technische Universitit Cottbus — Senftenberg
Cottbus, Germany

Abstract— The energy production in Germany has been
changing in the last 2 decades. Because of the climate
changed caused by CO: emissions the whole world has to
change its energy production, to produce less or no CO:
during this process. Germany is one of the leading
countries in this change. This paper will focus on the
production of wind energy through offshore wind farms.
These wind farms are a source of clean (CO:z neutral) and
highly reliable energy. The goal is to introduce the reader
to this next generation solution.

For example: How are wind farms constructed? How do
they operate? What is the economic potential and how is
the outlook of this technology?

Keywords: construction; economic; maintenance;
optimization of the construction; 1. Mai 2018

. INTRODUCTION TO OFFSHORE WIND
FARMS

Nowadays everyone has most likely seen a wind turbine.
Wind farms are basically a couple or hundreds of wind turbines
combined with a central gathering point from which the
electricity is then transferred into the power grid. The most
import parameter for a wind farm is a good location. This
location basically depends on the average wind velocity which
has to be at least 5-6 m/s to be economically viable. So why
build wind farms offshore instead of onshore which is easier?
The reason is again the average wind velocity. In Fig. 1 and 2
you see the average
wind  velocity  in
Germany in heights up
to 10 and 80 meter.
Which shows that there
are not many places in
Germany where you
can easily build very
efficient and economic
wind turbines. In most
places they have to be
at least 80 m high (see
Fig. 2 in which
yellow stands for 5 m/s
wind  velocity, the
darker the color the

mittlere Windgeschw indighait in 10mHiha

Figure 1. Average wind velocity in 10 m
height [1].
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higher the wind velocity), which increases the costs. Offshore
wind farm can be the solution to this problem. In the North Sea
the average wind velocity is between 7-8 m/s, which makes
those wind farms much more efficient. In Fig. 3 there is an
overview of planed and already build wind farms with their
electric capacity in the North Sea. So what are the differences
between an onshore and an offshore wind farm. The basics are
more or less identical, but the initial investment costs for
offshore solutions are higher. The reason for this is the more
complicated construction (like transport, fundaments, weather
conditions, shore connection, submarine cable) [3].

Figure 2. Average wind velocity in 80 m height [2].

The first step to build a wind turbine in the sea is the
construction of the fundaments. These are very important and
have to be adjusted to the different weather conditions, the
weight of the plant, the water depth, the dynamical load
distribution and the conditions of the seabed. Also the weight
of the fundament itself and of the different component can
influence the chosen type. Right now there are seven different
types of fundaments used (Jackets, Tripods, Monopiles, heavy
weight, Tripiles, Bucket and swimming foundations). The
construction procedure for these fundaments can vary
depending on the fundament but are mostly done by ramming.
For this there is a restriction in Germany, because the sound
produced by this ramming can be damaging to the wildlife, so
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Figure 3. Overview of Offshore projects in Germany [3].

technical solutions have to be implemented to reduce the noise
production [4 & 5].

The building phase can be divided into different steps. But
it is always the main goal to reduce the construction steps done
on sea, because that is the most weather dependent part and
restricts the construction on sea to specific times during the
year. Which is why most of construction is pre-assembled at
the nearest ports. On sea the only thing left to do is to connect
the shaft segments the, windmill head (consisting of e.g. the
turbine, generator) and the blades together. For the future there
are plans to reduce this step to the complete shaft and the head
to make it even faster. In the early 2000s most of the single
units had a capacity between 2-3 MW and a blade diameter of
80-100m. Since the late 2000s this change to units with 4-6
MW capacity and 105-125m blade diameter. Right now the
newest models where improved again to 6-8 MW with blade
diameters of 150-170m and of course for future plans the units
will be bigger again with estimated capacities of 10 MW+ and
up to 200m of blade diameters [4 & 5].

II.  PROJECTS IN GERMANY

As shown in Fig. 3 there are multiple offshore projects in

Germany. The projects marked in dark green are already in
use, the projects in light green are partly used, the projects in
orange are in construction, the projects in dark orange are in a
far developed planning phase (with investment phase already
closed) and the projects in grey are planned for further
constructed past the year 2020. By the way the dark blue part
of the map indicated the German sea territory, so a big part of
the possible territory is already in use. As of the end of 2017
1169 offshore wind turbines of 21 different wind farms are
connected to the German Power Grid with a combined
capacity of 5500 MW. Those wind farms range from small
clusters under 100 MW to large wind farms with capacities up
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to 900 MW. The average sea water depth for the units is 29 m
with an average distance from the shore being of 69 km. In
2017 alone 201 units have been built with an increase of 1250
MW in capacity, which was the second highest increase since
the start in 2008. For 2018 there are still 129 fundaments free
for new units. Right now the future plans reach until the year
2030. For 2020 the goal is to reach a total capacity of 7700
MW which will most likely be achieved and be 18% than the
initial goal of 5500 MW. With the next step to reach 10,8 GW
in 2025 and 15GW in 2030 [3].

Just to bring this into perspective, the total rated capacity
needed in Germany is about 201 GW. With 44 GW produced
by Solar Panels, 52 GW produced by Onshore wind farms, 76
GW produced by fossil energy (coal & gas), 10 GW through
atomic power plants, 8 GW with biomass and 5.5 GW with
water energy [6]. Unfortunately, those are just the possible
capacity numbers. Which suggest that about 50,5% of the
needed capacity can be produced by wind and solar energy.
But those energy sources can have a large spread. This leads
to over and underperformance throughout the year. In source
of the Fraunhofer Institute [7] there is a chart which can be
adjusted for each year from 2015 until now. It is possible to
look at the energy production by month, week or even day.
The mentioned spread is pretty big and ranges from under
30% up to 50% of the total energy production [7].

III. OPERATION AND SUPPLY OF THE
ELECTRICAL CONNECTIONS OF OFFSHORE
WIND FARMS (POWER GRID CONNECTION,
WEATHER CONDITIONS,

MAINTENANCE AND REPAIR)

The constructed wind farms have to be connected to the power
grid on the mainland. For this, every single unit is connected
in a main knot (the electrical substation) from which an
undersea cable is connected to the power grid. In the North
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Sea, the electricity is routed mainly via large DC links, in the
Baltic Sea via AC lines. As a rule, the external cables for grid
connection to the mainland are laid before the construction of
the offshore wind turbine. However, the internal cable laying
takes place only after the foundation and the construction of
the transformer platform. Each offshore wind farm has its own
transformer platform on which all plants are bundled. Here,

the power is transformed to a higher voltage level for
transmission on land. The power lines in the wind farm (inner
parking cabling) are three-phase connections. For small and
coastal projects, the power is routed via a submarine cable
directly to the nearest network node on land. In wind farms
with higher power and greater distance to the coast, however,
three-phase technology would cause very high transmission
losses. For this reason, the so-called cluster compound is used
here, especially in the North Sea. This can be thought of as a
multiple socket. The electricity is fed from the substations of
several offshore wind farms to another offshore platform - the
so-called converter platform. There, the alternating current
from the connected wind farms is converted into direct current
and routed via a submarine cable on land to the next network
node, where it is in turn converted via an onshore converter
into alternating current. Experts speak in this case of the high-
voltage direct current transmission technology (HVDC). This
allows a significantly higher performance per cable to be
dissipated. The transmission losses are significantly lower

than with three-phase current [4].

Trouble-free operation is the basic prerequisite for the cost-
effectiveness of offshore wind turbines. Therefore, regular
maintenance and fast response in case of failure is an
important goal to minimize the resulting downtime. Three
different maintenance options are listed here. On the one hand
there is the automatic maintenance, where a permanent
electronic condition monitoring system is used. The system
provides electronic real-time monitoring of the components as
well as the state of the system, also transmits data to various
physical parameters such as vibration, pressure conditions,
temperature, etc. In some cases, the system can correct errors
automatically. For example, at high load wind speeds, the
system will take the system out of the wind automatically. On
the other hand, there is the remote maintenance, in which the
system operators can make adjustments to the electronics via
the control center on the mainland. The last option is on-site
maintenance in the event of a fault. In strong wind, fog or high
waves maintenance personnel and spare parts cannot be safely
transported to the facilities. According to the experience of the
Alpha Ventus operation, the weather conditions are only good
enough in about 20% of the days of the year, so that the
maintenance ships can safely approach the plant. If transport
by ship is not possible, personnel and material will be flown in
with helicopters. The experience in the operation of Alpha
Ventus shows, that a helicopter transport in addition to the

ship transport is possible in about 60% of the days over the
year. In order to get to the wind turbines, the workers have to
rappel down from the helicopters to the wind turbines, which
makes the work even more difficult. In the remaining 20% of

Ostrava-Wroclaw-Cottbus

the year maintenance is not possible due to strong winds, fog
or other weather conditions. If a failure of the system falls
within such a time window, the system failure can cause
considerable economic damage. In addition to the
maintenance already described, there is, of course, routine
maintenance, which is a regular visual maintenance that is
particularly important for the non-electronic parts of the plant,
such as foundations or rotor blades, where attention is focused
on the examination of cracks and corrosion of the materials or
the so-called kolk development on the foundation structures.
The kolk is an underwater vortex which is created when high
velocity water passes an obstacle. This phenomenon can
gradually dig out fundaments by removing the ground material
around the fundament [8]. Every year, at least 25 percent of
the facilities must be maintained, so that after 4 years at the
latest, all facilities of an offshore wind farm have been
visually inspected [4]

IV. OVERVIEW OF THE UPSIDES AND
DOWNSIDES OF ONSHORE AND OFFSHORE
WIND FARMS

Over the course of creating this paper the up- and downsides
of offshore wind farms became apparent. Those can be found
in Table 1.

Table.1 Up- and downsides of offshore wind farms

Offshore Onshore

upside - higher wind velocity - lower investment
- high and more constant costs
energy production - long experiences
(approximately double the - high and proven
production per unit) technology
- less problems with local - easy connection
residents because offshore to the power grid
wind farms are not in their
backyard

downside | - higher investment cost - less energy
- challenging construction production per unit
on sea - higher spread
- short experience (about 10 | because of weather
years) conditions
- longer maintenance cycles | - legal problems
-complicated and costly with local residents
maintenance (noise and visual
- complicated connectionto | view)
the main power grid

V. ECONOMIC EFFECTS, ENERGY PRICES AND

THE ENVIRONMENT (INTRODUCTION OF
EXAMPLES SUCH AS 1 MAY 2018)

page 10

Like most large investment decisions, offshore wind farms are
financed by credit giving banks. These banks are a
combination of private institutes and state owned banks like
the KfW (Kreditbank fiir Wiederaufbau) and the European
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Investment Bank. Despite banks and big energy companies,
small companies and even private persons can invest in
offshore wind farms through different bonds given out by the
banks. Because of the high investment costs and this industry
being young (first offshore wind farms build in 2008 in
Germany) the government guarantees a fixed energy price of
15,4 ct/kWh over 12 years or 19,4 ct/kWh for 8 years. This
type of government price guarantees is nothing new in
Germany and is part of the reason why the energy costs in
Germany are the second highest in Europe [9]. But prices are
expected to go down for offshore wind farms with, the basic
price for this energy of 3,9 ct/kWh after the guarantees. The
end price will then be decided on the energy market itself.
Furthermore, for all newly build offshore wind farms after
2020, the guarantees will go down as well, because it is
expected that the investment costs will go down over the next
years. This is due to an optimization of the construction
process and more efficient wind turbines (see chapter 1.).

A negative example of the rushed energy change from fossil to
renewable energy happened on the 1 May, 2018. Due to
excessive wind energy loads and too little demand on 1 May,
the price for the base load delivery for electricity at was with -
24.27 EUR / MWh on a 52-week low. As on Sunday and on
Monday, the peak load price was below the base load.

The base load price on Monday had dropped to its lowest level
since Christmas 2012. In the day-ahead auction on April 30,
2018, the price was 10 hours were below zero euros, resulting
in a base load of -6.74 EUR / MWh. By noon on Sunday, the
wind and photovoltaic system (PV systems = solar power
system) had a peak production of 44 GW per hour, resulting in
a price of -74.92 EUR / MWh between 14 and 15 o'clock.
On May 1, the electricity price was in total from 0 o'clock to
17 o'clock in the minus. The lower PV utilization in the
evening and the weaker wind feed led to positive prices again.
The correlation between the negative electricity prices on the
two holidays as well as the high feed-in of renewable energies
and low electricity demand is shown in the Fig. 4.
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Moreover, this shows the sharp movement of prices in the
transitional hours. It also further increases the need for
solutions to store energy when the demand is low.

Also the production of wind energy is a steadily increasing
industrial sector. In 2015 about 143000 jobs where directly or
indirectly created because of this new industry. With the
offshore branch responsible for about 20000 jobs. The whole
industry generated sales of about 13 billion Euro in 2015 [11].
Most of the jobs created depend on specialist staff, so these
jobs will be safe and secure in the near future, despite the
growing automation in a lot of industry branches. With this
sector growing even further after 2020 (inland and foreign
markets) companies like Siemens, Nordex, GE are expected to
increase their focus on offshore energy solutions even more.
Furthermore, with this sector being highly dependable on a
diverse mix of different industry sectors (e.g. logistic,
construction, energy supplier etc.) the jobs created have a high
range for people with or without university degrees.

Before a permit is issued for an offshore wind farm, the
application is extensively examined for environmental
compatibility at the Bundesamt fiir Schifffahrt und
Hydrografie (goverment institution). Impacts on the marine
environment are examined before and during construction and
operation. In addition, the planners of the offshore wind farms
must provide their own independent environmental
assessments. Furthermore, the populations of migratory and
resting birds, marine mammals, fish and the occurrences of
other species is documented. The aim of this extensive
documentation is to detect any negative effects early on and, if
necessary, to counteract them in good time. Preliminary
research indicates that the impact on migratory and marine
mammals is lower than anticipated and can be further
minimized through targeted conservation measures. However,
these results should be further explored, as there are too few
meaningful long-term data available [12].
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Figure 4. Conventional power generation (gray), renewable (green), electricity demand (pink), and day-ahead electricity prices (blue) [10].
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VI. OUTLOOK AND CONCLUSION

As already mentioned the outlook for wind energy and
offshore wind farms in particular is expected to grow. Until
2030 the plans in Germany are to produce 30 GW of offshore
energy. As of 2017 in the whole world only 18.8 GW of
offshore wind energy are produced with the UK and Germany
alone being responsible for 12 GW [13]. Looking at Germany
in particular with its rather small coast line, the potential for
offshore energy in countries like the USA, China, Australia,
Japan and others seems rather limitless. But in the end the
question will still be, how serious the change in energy
production is pursued by the economic powers in the world.
And can offshore energy compete with electricity generation
costs of 3-8 ct/kWh (depending on the country) for fossil and
atomic energy [14]. This question will have to be answered in
the future. In Germany the change from fossil to renewable
energy, even though it is costly, seems to advance even further
with offshore wind energy.
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Abstract — Vast reserves of oil are stored in the form of oil sands
(bitumen) under boreal forests in the Province of Alberta,
Canada. The estimated amount of this unconventional oil deposit
is enough to secure the Canadian demand for oil and offers
opportunities for export for several years. Due to the high
viscosity and intermixture with sand, extraction of the fossil
resource is rather complex. Surface mining is accompanied by
complete deforestation, extensive landscape disturbance and
immense water consumption. In situ methods require more
energy, emit higher amounts of greenhouse gases and have lower
oil recovery rates. Other environmental impacts arise from the
habitat destruction, seeping of organic and metallic compounds
from overburden piles and tailing ponds, and the interaction of
the fauna and the tailings. On the other hand bitumen production
creates several thousand jobs and increases Alberta’s economic
performance. The rapid population growth, caused by the
migration of skilled workers, might induce negative social effects
in the booming communities.

Keywords - oil sand; bitumen; mining; in situ; Alberta; Canada

L INTRODUCTION

With a rising oil price, the production of oil from Canadian
oil sands saw a steady growth in recent decades. Oil sands
represent one form of the so called unconventional
hydrocarbons. Their extraction, is difficult and therefore
expensive compared to that of conventional oil reserves [1].

In 2013 it was estimated that Canada possesses 27,4*10° m?
(172,5 billion barrels) of recoverable crude oil, about 26,6%10°
m?® (167,2 billion barrels, 97 %) of which is stored in oil sands
in an area of approximately 142.000 km? [2]. With regards to
global varified oil reserves Canada places third, following
Venezuela and Saudi Arabia [1]. The total volume of Canadian
oil sand resources is assumed to be 286*10° m?® (1,8 trillion
barrels) [2]. The extraction is focused on the regions of
Athabasca, Cold Lake and Peace River in the Province of
Alberta, as illustrated in Fig. 1 [3].

Difficulties of recovering oil from oil sand are mainly
caused by its physicochemical properties.

II.  FORMATION AND PROPERTIES OF OIL SAND

Oil sand may occur where oil is stored in or migrates to a
sand dominated calcareous soil in depths over 2 km. Under
these conditions the cementation process of the sediment to
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Figure 1. Oil sand deposites (yellow) in the Province of Alberta,
Canada; from: Wikimedia [14]

sandstone is incomplete; therefore a significant part remains
loose sand [4]. Volatile compounds of the oil are prone to
disperse. Furthermore, it is highly likely such soils were not
affected by temperatures above 70 — 80 °C. This means that
they were not sterilized and thus promote the oil’s
biodegradation. In oil sands this degradation leads to a relative
accumulation of non-volatile compounds, like asphaltenes and
resins, as well as nitrogen, sulphur and nickel, resulting in a
viscosity increase [4, 5]. Due to its high viscosity oil from oil
sand appears tar-like and is therefore also known as tar sand or
bitumen [5]. Tab. I provides a property-comparison of two
conventional crude oil grades and bitumen. With its density of
over 1 g cm™ and a pour point at 32 °C, bitumen neither floats
on water nor is it liquid at room temperature, like other oils. It
also yields relatively small amounts of gasoline [5].
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TABLE L CHARACTERISTICS AND PHYSICOCHEMICHAL PROPERTIES OF
CRUDE OIL, HEAVY CRUDE OIL AND BITUMEN
FROM MEYER-RENHAUSEN (2007) [5], ALTERED
Oil grades
Crudeoit | H¢™ | Bitumen
crude oil
Reservoir depth [m] 1566 975 148
Asphaltenes [mass %] 8,8 38,4 69,6
Gasoline yield [vol. %] 9,2 2,0 1,4
Pour point [°C] -9 -7 32
Density [g cm™] 0,836 0,958 1,041
Viscosity [m Pa s, at 100 °C] 9 593 292.991
Sulphur [mass %] 0,4 2,9 33
III. EXCTRACTION METHODS
Due to its physicochemical properties, conventional

extraction methods are unsuited for oil sand. Currently, there
are two major recovery methods in oil sand production, open-
pit mining and in situ extraction [6].

A. Open-pit mining

The oil sand is excavated using conventional mining
equipment. power shovels remove the oil sand from the pit
and load it into heavy hauler trucks. The trucks transport the
ore to a transportation system, which moves it to an extraction
plant. Previously used conveyor belts are nowadays replaced
by hydrotransportation systems. From the truck the material is
inserted into a cyclofeeder, crushed, mixed with water and
caustic soda and pumped through pipelines to the extraction
plant. During transportation in along the pipelines a first
separation step of the oil sand is executed [5, 6].

At the extraction plant the material is induced into a
conditioning drum. Under slow rotation it is heated with hot
water and steam to break down remaining lumps of ore and
support the agglomeration of the oil compounds. After
sufficient size reduction the oil sand exits the drum through
outlet holes and consist of 60 — 85 % solids with a pH of 7,5 —
8,5 [6]. From here it is pumped to a separation cell. The sand
settles to the ground and is removed as waste material. The
majority of the bitumen floats on the surface as a foam and is
extracted. The fluid in between the floating bitumen and the
settled sand is a mixture of water, fine mineral particles and
some residual bitumen. Some of this intermediate fluid is
redirected into the conditioning drum, the rest is piped to
scavenger cells, where the separation process of the separation
cell is repeated [5, 6].

The extracted bitumen contains approximately 10 % (weight)
mineral material and 40 % (weight) water and has to be
cleansed before further refining. The water and mineral
particles are removed by centrifuging in two stages. First the
solid material is removed by centrifugation with subsequent
filtration. In the second stage, the water is removed. The
process can be enhanced by addition of diluents like naphtha.
Solid materials are dumped into piles or utilized to build
tailing ponds to store process water [6].
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Mining is profitable for reservoirs up to 75 m below
ground. Approximately 10 - 20 % of Canadas bitumen reserves
can be extracted by mining [2, 6]. In comparison with in situ
methods surface mining has a higher recovery factor and is less
energy-intensive but disturbs the landscape to a much greater
extend [6].

B. In situ extraction

Commercially relevant in situ applications are based on
thermal processes to separate the bitumen from the sand [6].
Which particular method is applied depends mostly on
geological factors. In situ methods are used, when the oil sand
layer is buried under more than 200 m of soil. Reservoirs
between 75 and 200 m are lying to deep to be mined and to
shallow for in situ extraction [7].
Steam-based processes are implemented in the extraction of
conventional heavy oil since the 1960s. A well is drilled into
the reservoir, like in conventional oil production [6]. High-
pressured steam is injected into the reservoir to heat the
bitumen in order to lower its viscosity until it can be extracted.
It takes several days up to a few weeks to heat the bitumen
sufficiently [7]. In recent years cyclic steam injection (CSI) or
cyclic steam stimulation (CSS) was the most common steam
based recovery method [6, 7]. The first phase of this process is
steam injection, followed by the soaking phase, where the
heated bitumen flows to the well. The third step consists of
pumping the mixture of bitumen and steam condensate to a
separation facility. After the separation the bitumen is sent to
an upgrader or a refinery and the water is treated to be reused
in steam injection. Steam injection, soaking phase and
bitumen recovery are repeated several times through the same
well [7]. The CSS-method yields recovery factors up to 30 %.
Usually its recovery factor is less than 20 % [6].
Today most facilities in Canada implement the SAGD-
method, rather than CSS. SAGD stands for steam-assisted
gravity drainage. In SAGD two wells are drilled instead of
one. At the bitumen layer the wells direction changes from
vertical to horizontal, with one well located approximately 5
m above (injection well) the other (production well). High-
pressured steam is injected into the injection well, to heat the
surrounding bitumen and lower its viscosity. The liquid
bitumen drains into the lower production well from which it is
extracted. The following steps of separation, bitumen refinery
and water treatment are identical to the CSS method. In
contrast to CSS, SAGD is a continuous process; it furthermore
yields recovery factors of approximately 60 % [7].

An illustration of both steam-based methods is provided in
Fig. 2.

Even though all commercially operated oil sand production
facilities in Canada utilize steam-based methods, some
combustion based in situ methods have been developed. These
processes resolve around the ignition of the bitumen in the
ground and the aeration of the resulting combustion. The
generated heat reduces bitumen viscosity and produces hot
water and steam, and stimulates the expansion of other gases
present in the reservoir, which in return drives the fluid
bitumen out of the reservoir. Combustion methods are
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advantageous where reservoirs are located so deep that
temperature loss through heat dissipation renders steam-based
methods ineffective. Combustion management must be
exercised to prevent oil loss by backflow of the oil through the
hot zones. Two basic concepts are forward and reverse
combustion. In forward combustion the hot front moves from
the injection well, from which it is aerated, to the production
well, to which it drives the heated bitumen. All hydrocarbons
behind the hot front are either mobilized or combusted. In
reverse combustion the reservoir is ignited at the production
well and aerated from the injection well on the other side of the
reservoir. The bitumen flows along the hot zone to the
production well. Some of it produces residual coke, which
seals the sand and prevents oil leakage and sand erosion, but
does not combust due to a lack of oxygen. In both methods
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absolute bitumen production of 175*10° m® for 2017 [8, 9].
Studies estimate positive economic effects generated by
production growth in the oil sand industry over the period of
2010 - 2035. Depending on the scenario the GDP impact is
estimated to range from $2.283 to $4.925 billion, in 25 years.
The number of direct, indirect and induced employments is
expected to increase from 390.000 to 1.600.000 [1, 10].

Following the development in the oil sand industry
neighboring communities in Alberta register population
growth. This growth is linked to a change in local social
structure and communities' health. Services of the public
sector like healthcare and education are under pressure to meet
the increased demand. A rapid population growth demands
affordable housing, which not all communities are able to
deliver in short time. This shift in the supply and demand
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Figure 2. In situ methods: cyclic steam stimulation (CSS, left) and steam-assisted gravity drainage (SAGD, right); from Oil Sands Magazine [7], altered

water or steam may be added to the air to improve heat transfer
into the reservoir. Toe-to-heel air injection (THAI) reduces the
distance heated bitumen has to travel before reaching the
production well. By extending the production well horizontally
into the reservoirs, bottom instability issues of the combustion
methods are reduced. The THAI process demonstrates a valid
option for profitable combustion based in situ bitumen
production [6].

IV. ECONOMIC AND SOCIAL IMPACTS

While approximately 197*10° m? of bitumen were produced in
2011 and 2012, the Government of Alberta collected $4,5
billion from oil sand production, which was equal to 11,4 % of
its government revenue. The oil sand industry employed
22.340 workers directly, which is equivalent to 0,13 % of
Canadian jobs [8, 9, 10]. According to Oil Sands Magazine, in
late 2017 and early 2018 oil sand was produced in nine open-
mining sites and 23 in situ production facilities. The combined
daily gross production in 2017 was 0,25*10° m® for mining
and 0,23*10° m* for in situ production, which results in an
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structure may increase local prices for certain services, up to
an extent where members of the pre-growth population cannot
afford these services. This is referred to as the "boom town"
effect [1]. Industrial camps are built near production facilities
to accommodate workers when the local housing supply
cannot meet the demands. These camps raise concerns in
regards to forest fire safety, recreational pressure on the
environment, traffic safety and the destruction of sacred sites
of the First Nation and M¢étis people. First Nation
communities launched law suits regarding violations of their
treaty rights, to fish and hunt freely in locations now or
planned to be occupied by production sites. Further they
launched lawsuits to stop oil sand extraction for environmental
protection [1, 11].

As of 2013 less than 67 km? (10 %) of the total disturbed
landscape has been subjected to reclamation efforts.
Completion of reclamation has been certified just for a portion
of this area. Reports suggest that reclamation operations are
not only relatively slow, but also not always sufficiently
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financially secured. Financial liabilities would have to be
carried by thy Province of Alberta [1].

V. ENVIRONMENTAL IMPACTS

Analogous to other mining and resource production operations
oil sand production faces challenges of emission and waste
management (sediment, acid drainage, metal deposition), as
well as the disruption of natural habitats and biodiversity. Oil
sand production affects land, air and water resources. Abiding
by Alberta’s Environmental law as well as the land
management and reclamation program, every enterprise has to
develop a strategy for remediation and reclamation of
disturbed areas productivity, before the beginning of the
operation [1]. The applied extraction method, mining or in
situ, determines the magnitude of disturbance environmental
resources are exposed to [12].

Large portions of oil sand deposits are covered by boreal
forests. In the period of 2000 - 2014 about 1.476 km? of forest
were removed for oil sand production. This accounts for 15 %
of forest cover over Alberta’s bitumen deposits. During this
period an additional 6% has been lost to wildfire, unrelated to
bitumen production. While the majority of deforestation is
caused by mining operations in situ enterprises contribute
significantly in terms of fragmentation of areas into smaller
patches. In addition to intensive land disturbance mining
operations water consumption is tenfold to the amount of in
situ processes. Mining has an advantage over in situ production
in terms of energy consumption and oil recovery factor [12].
Tab. II provides a comparison of average deforestation rate,
water consumption and greenhouse gas (GHG) emission of
both operation methods.

TABLE II. AVERAGE WATER CONSUMPTION, NET FOREST LOSS AND
GREENHOUSE GAS EMISSION OF SURFACE MINING AND IN SITU OPERATIONS
Extraction method
Mining In situ
water consumption
[m?® (water) m™ (bitumen)] 28.520 2770
Net forest loss [%] 100 6
GHG emission
[kg (CO2-eq) m™ (bitumen)] 71 868

from Rosa et al. (2017) [12], altered

A result of the land transformation during the mining process
results in the total habitat loss of all local wildlife. Tailing
ponds filled with process water represent another form of
ecological risk. Timoney and Lee reported the leakage of such
water, contaminated with chemicals of ecological concern like
arsenic, ammonia, barium, chromium, bismuth, iron, lithium,
manganese, naphthenic acids, selenium, strontium, tin,
vanadium, zinc, methylnaphthalene and C2 naphthalene [13].
Seepiage from tailing ponds and overburden piles can
contaminate the ground water and local water bodies. An
increase in mercury concentration of the Lower Athabasca
River was observed in the period of 1976 - 2005. The mercury
originated from overburden piles. Mercury accumulation in
over 90 % of whitefish exceeded health guideline values in
2005. During spring migration tailing ponds are potentially
harmful to waterfowl. As the area of tailing ponds exceeds that
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of natural water bodies and they are less likely to freeze
completely if at all, they are attractive to migrating birds.
Birds landing on the ponds are prone to contaminate with oil
residue and serve as a vector or get too heavy to fly [13].

VI. CONCLUSION

With its bitumen deposits Canada possesses the third
largest recoverable oil resources presently known. These
reserves may be an option for securing the global oil supply for
years to come. Owing to its transformation process, the
bitumen is mixed with loose sand and has high contents of
asphaltenes and sulphur. Extraction of the highly viscose
material is therefore relatively labor-intensive and is executed
by surface mining or thermal in situ methods. Regardless of the
extensive land devastation and water pollution surface, surface
mining operations are still practiced disproportionately often,
in comparison to the majority of bitumen reserves which are
not suited for open-pit mining. This indicates environmental
consequences are of secondary concern in relation to the lower
production costs of surface mining. Reclamation of former
production areas has to be accelerated.
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L INTRODUCTION (HEADING 1)

In the last years and decades, additive manufacturing is
getting an increasing amount of interest from various industrial
fields. It is defined by ASTM International as a technology that
“uses computer-aided design to build objects layer by layer.
This contrasts with traditional manufacturing, which cuts,
drills, and grinds away unwanted excess from a solid piece of
material, often metal [1].” It is possible to use a growing
number of material, e.g. different metals such as steel, titanium
or aluminum alloys [2] as well as synthetic materials, e.g.
plastics [1].

Depending on the material there are some existing
procedures. The most common ones using metal can be divided
into the categories direct energy deposition and powder bed
fusion [3]. Powder bed fusion is based on the idea to apply
loose metal powder on a building plate inside of a cabin. The
cabin is air dense and normally filled with a non-reactive inert
gas, e.g. argon. The metal powder gets melted by a beam with
high power at the desired position to build the first layer.
Afterwards the building plate is driven down and a recoater
adds the next layer of metal powder to the platform and it is
getting leveled by the recoater. That way the component is
build layer by layer. Depending on the beam used the category
contains three processes that are named after the beam. The
electron beam melting utilizes an electron beam while a high
energy laser is applied at the selective laser beam melting [4]
and the selective laser beam sintering [3].

The next category using metal powder is the direct energy
deposition. This category contains various processes such as
the conventional metal inert gas welding and newer techniques,
e.g. the laser metal deposition as shown in Fig. 1. The base idea
of these processes is adding material as a powder with a nozzle
or as a wire while simultaneously focusing a high energy
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source at the same position of the workpiece. A possible
energy source is a laser or an electric arc. That way a welding
pool is created containing the original workpiece as well as the
added metal [4]. The materials create a metallic connection
while cooling and hardening. The melt pool is normally
protected by an inert gas such as helium or argon which is
supplied at the same time to avoid oxidation [2].

working direction

2 - powder nozzle
3 - powder jet

4 - inert gas

5 - workpiece

6 - welding seam

Figure 1. Scheme of laser metal deposition (adapted from [4])

The procedures used for plastics are similar. Binder jetting
uses a chamber with a platform that is covered with powder. To
harden the powder a binder is deposit on the powder layer at
the desired position. Thereafter the platform is lowered to add
the next layer. The same chamber principle is used for
photopolymerization and  the according  process
stereolithography. The difference is the usage of a liquid
polymer that is hardening when exposed to UV light.
Therefore, a moveable UV curing system is applied using
either a laser or a mirror device reflecting the UV light. After
each layer the platform is getting lowered and the liquid is
spreading on its own creating a new fluid layer [5].

Another principle is the material extrusion which is more
like direct energy deposition. The most common technique
using this principle is the fused deposition modelling. It creates
objects building them layer by layer. Therefore, the
thermoplastic material is getting heated until it is partly-molten.
Then the material is deposit by a nozzle looking like a round
stripe and is hardening while cooling down. Another similar
process is the material jetting. Here the machine is creating a
thin layer of the whole object in each step instead of a string at
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one position. This way the product is build up layer by layer
[3].

In general, additive manufacturing is used in four different
fields. The origin is the rapid prototyping where the technology
is used for to quickly build prototypes for testing before
entering mass production [3]. The second area is rapid tooling.
The objective here is to build special tools or tool parts for the
production that can be adapted to the individual requirements
whenever they are needed. The third sector is the rapid
manufacturing where the technique is used for the economical
production of goods and components. It is especially useful for
small series with a personalized and complex geometry. The
last area of application is the rapid repairing. It is including the
maintenance and repairing of components with signs of wear as
well as die production of parts for which no source of supply
exists [6].

Currently the technology is mostly used for rapid
prototyping. Only 14% of the companies using additive
technologies make use of rapid manufacturing. On the other
side 40% produce tools via rapid tooling and 67% create
models via rapid prototyping [6].

This paper will take a glance on the impact of these
technologies on the environment from an ecological as well as
an economical perspective.

II. IMPACT ON RESOURCE EFFICIENY

Rapid prototyping is the most accepted area of the
technology and may have the highest current impact [6]. It is
mainly used in the medicine and the automotive industry, e.g.
to build parts like cylinder heads or rear axles [3]. One positive
aspect is that products can be tested under real conditions.
Consequently, the company can evaluate if they want to use the
design and if the product satisfies the requirements.
Additionally, they need less time and money for the
development of the product before entering the market [6].
Without rapid prototyping, more tools and machines would be
build and modified during the development process that may
not be needed later. Further on, more prototypes can be tested
in the same time improving the quality of the product and
reducing the need to customize the production if an error
occurs. That way resources to produce these helping products
and for modifications at the production can be saved as well as
for defect products.

Rapid repairing is another field with potential to save
resources. It is mainly used for complex parts like blade tips of
turbines that are expensive to reproduce because of their
aerodynamic and lightweight construction [3]. With advancing
technology and lowering costs it can be used for much more
everyday parts. If that happens the need to rebuy a whole new
part and throw away the old one would be reduced and the old
part can be fixed instead, e.g. by adding new layers of material
to a worn-out product.

As already mentioned the aerospace is an industry with
huge potential for additive manufacturing. The reason is the
need to reduce the weight of the planes as much as possible to
lower the fuel consumption. Additive manufacturing has the
ability to create new geometries consisting of material only at
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these positions where the most load is existing. An example for
a load adjusted bike build by additive manufacturing can be
seen in Fig. 2.

Figure 2. Airbus Light Rider [7]

Additionally, these geometries would require less material
to be build. That would be impossible or at least hard to archive
using conventional methods [8]. Despite being the currently
second largest consumer of transport fuel, the aerospace
industry is expected to grow even further. The global fuel
consumption for aviation is estimated to grow by 200% until
2050 because of globalization and the economic expansion.
But every plane first has to be produced before fuel can be
burned. At the moment the buy-to-fly ratio of airplanes ranges
from 12:1 to 25:1 for aluminum and titanium alloys. The ratio
describes the rate of raw material bought and used to finish a
part of an airplane, both calculated in mass. These high buy-to-
fly ratios create a significant amount of rejects. That scrap may
be recyclable, but they lead to high costs and energy
consumption leading to a higher consumption of energy
resources and a higher carbon emission [8].

As already mentioned the aerospace industry can benefit
from the special geometry for lightweight building possible
with additive manufacturing throughout its whole lifecycle. It
is expected that a weight reduction of 100kg can save fuel
worth an energy of 13.4 - 20.0 TJ over an estimated lifetime of
30 years or 0.45 — 0.67 TJ per year [8]. Calculated with the
lowest estimated fuel reduction for 1 year that means a
reduction of around 13.000 liters of kerosene for every 100kg.

III. EMERGING MARKETS AND DISRUPTIVE CHALLENGES

Next to its process, design and lifecycle advantages,
additive manufacturing invites to rethink future visons of b2b
and b2c relationships. As soon as the technology arrives in our
everyday life, there will be obstacles and chances for
established and emerging business cases.

One of the most common examples for chances and
obstacles is the spare part supply chain. The shift from a
centralized mass production with localized storage to a
decentralized production on demand implies the need to
compare storage cost to fulfillment time [9]. Both, as well as
high investments in either spare parts or their production, are
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key variables for established businesses and their decisions
[10].

Other new business cases emerge in the field of organic
printing. Progress has been made in cultivating tissue cells and
printing them to organ parts or directly on destroyed skin.
Other studies aim to print food or — on a much more complex
level — vaccines. Even though these attempts appear to provide
high value for our society, they also carry big risks. Drugs or
fake medical treatments and foods could flood the black market
and harm the individual [11].

When it comes to fake products, established industries
could face disruptive challenges. In a scenario where printing
facilities become a decentralized provided service, fake good
production does not rely on large manufacturing facilities in
developing countries anymore. Copying intellectual property
could affect most original equipment manufacturers and asks
for solutions to maintain their industrial status [11].

Other visions imagine a world where the globalized mass
production is complemented by customization that takes place
locally. The required structures are formed today by
organizations like the ASTM Committee, that see the need to
set internationally recognized standards for product, process
and material certification [12].

The b2c relation might be biggest field for emerging
markets and disruptive obstacles. In this area, future scenarios
can be categorized by looking at the importance of file-sharing
platforms and the acceptance of new business models as seen
in Fig. 3. [13]. Independently from its extend, there will be the
ability to buy your product files online and print them locally,
if not at home [14].

Consumer purchasing shifts
to online file-sharing repositories

Scenario 1: Market Explorer Secenario 2: Content Provider

= Use of AM to establish additional = Manufacturers become pure content
sales channel of data files, providers of digital product files,

outsourcing Ill.mlﬂncllll'll\g to
model consumers

= New export strategy: Using of = Strong shift in business model due
digital product files to test or enter

supplementing established sales

1o very different asset allocation
secondary markets new capabilities, and different IP
model

L L] Branding of files becomes central
Use of AM to enhance existing N

- c e tralegic resource
Business Models (Exploitation) Siriegic eotire

Use of AM to create new
Business Models (Exploration)

Scenario 3: Service Provider Scenario 4: Mass Customizer

= Using AM to produce small batches = Use of AM to efficiently enable
(components) of products in an customized products (mass
existing assortment customization) for every customer,

»  Use of AM to service specialized moving from build-to-stock to
products efficiently with spare parts build-to-order

= Providing add-ons and upgrades to = Use of established online and
existing products, using AM as a offline channels for customer
“marketing story” interaction

= Manufacturing remains in-house,
AM is utilized to provide high

Consumer purchasing remains

in conventional sales channels varicly at low complexity & cost

Figure 3. Future scenarios by 2030 [13]
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IV. CONCLUSION

This paper presented a range of technologies and use case
scenarios for additive manufacturing and 3-D printing. The
technology offers a variety of benefits that empowers us to
rethink designs, supply chains and customization. The
advantages must be recognized throughout the whole lifecycle.
Additive Manufacturing has great effects on the lifetime energy
consumption in aerospace, it has the potential to displace great
areas in the spare part supply chain and invites creates space
for more individual customer relations. It also carries risks for
those, who are not aware of the new and disruptive business
cases that will emerge.

V. REFERENCES

[1]  Unknown, ASTM International, “Additive Manufacturing Overview”,
https://www.astm.org/industry/additive-manufacturing-overview.html,
accsessed on: 04.07.2018

[2] D. Herzog, V. Seyda, E. Wycisk, C. Emmelmann, “Additive
manufacturing of metals“, Acta Materialia, vol. 117, p. 373, July 2016

[3] A. Pinkereton, “Lasers in additive manufacturing”, Optics & Laser
Technology, vol. 78, p. 25-28, September 2015

[4] M. Merklein, D. Junker, A. Schaub, F. Neubauer, “Hybrid additive
manufacturing technologies — An analysis regarding potentials and
applications”, Physics Procedia, vol. 83, p. 550-551, 2016

[5] A. Ambrosi, M. Pumera, ‘“3D-printing technologies for electochemical
applications”, Chem Soc Rev, vol. 45, p. 2741-2744, 2016

[6] C. Feldmann, A. Gorj, “3D-Druck und Lean Production — Schlanke
Produktionssysteme mit additiver Fertigung*, Springer Gabler, p. 25-27,
2017

[7] J. Oesterreich, “Neuheit: Airbus E-Bike aus dem 3D Drucker®,
https://ebike-news.de/neuheit-airbus-e-bike-aus-dem-3d-rucker/118338/,
23.05.2016, accsessed on: 04.07.2018

[8] R. Huang, M. Riddle, D. Graziano, J. Warren, D. Das, S. Nimbalkar, et.
al “Energy and emissions saving potential of additive manufacturing: the
case of lightweight aircraft components”, Journal of Cleander
Production, vol. 135, p. 1559-1568, April 2015

[9] S. Huang, P. Liu, A. Mokasdar, L. Hou, “Additive manufacturing and its
societal impact: a literature review”, Springer London, p. 1198, May
2012

[10] S. Khajavi, J. Partanen, J. Holsrom, “Additive manufacturing in the
spare parts supply chain” Computers in Industry, vol. 65, p. 50, May
2013

[11] J. Kietzmann, L. Pitt, P. Berthon, “Disruptions, decisions, and
destinations: Enter the age of 3-D printing and additive manufacturing”,
Business Horizons, vol. 58, p. 213-215, 2015

[12] D. Bourell, J. Baeman, M. Leu, D. Rosen, “A Brief History of Additive
Manufacturing and the 2009 — Roadmap for Additive Manufacturing:
Looking Back and Looking Ahead”, US — TURKEY Workshop On
Rapid Technologies, p. 7, September 2009

[13] R. Jiang, R. Kleer, F. Piller, “Predicting the future of additive
manufacturing: A Delphi study on economic and societal implications of
3D prining for 2030, Technological Forecasting & Social Change, vol.
117, p. 94, May 2016

[14] B. Berman, “3-D prining: The new industrial revolution”, Business
Horizons, vol. 55, p. 16, 2016

EEEIC SEd 2018



Why solar energy 1s not the leading power source yet

Granit Ramadani

Business Administration and Engineering student
BTU Cottbus-Senftenberg
Cottbus, Germany

David Kalwellis

Business and Economics student
BTU Cottbus-Senftenberg
Cottbus, Germany

Abstract— Energy production is changing. To survive the
inevitable exhaustion of fossil fuels, more and more countries (and
companies) are trying to revolutionize energy production.
Renewable energies seem to be the way to go but there are many
challenges yet to overcome. One of the most promising
technologies is solar energy but other than conventional power
plants, energy from solar plants can only be generated during
daytime, when the sun is shining. At this time, conventional power
plants have to slow down or shut off production, so there is no
overproduction which is very expensive and puts a lot of strain on
these power plants and their operators. Scientists are working on
reliable energy storage solutions, such as pumped hydro storages
and batteries and even more advanced technologies like using
electronic vehicle’s batteries as a system of small batteries in larger
amounts, to make a smoother transition between solar and
conventional power production possible.

Solar energy; renewable energy; duck curve; energy sources;

L INTRODUCTION

When you go into the kitchen and turn on the light switch, you
expect the light to go on, right? Even if you connect your cell
phone or laptop to the charging cable the night before you go to
sleep, you want to find your electrical device fully charged the
next morning.

For us humans, it has become a habit that no matter what day,
which weather or at what time the stream works continuously,
but that is not self-evident.

Renewable energy is the future of energy production, that's
clear.

They are not only more environmentally friendly but also
infinite in contrast to conventional energy production.

A large part of these renewable energies is generated by solar
radiation, which can be used technically in the form of
electricity, heat or chemical energy.

The problem that arises with this topic is the competition
between solar energy and conventional energy, as solar energy
is only available at daytime [1].

Most solar energy is gained over the middle of the day, where
the sun shines the longest and most intense.
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Exactly from this problem results the so-called "duck curve" [2]
(Figure 1).

2 AM 12 PM 3PM

Figure 1 - 'duck curve', relation between solar production
and conventional power production

Solar energy will be fed into the power system therefore less
conventionally produced electricity is needed. At times when
solar energy is at its peak, conventional power plants have to
slow down or even stop producing energy, so it does not get
wasted [3].

In order to prevent disturbances and overloads, individual areas
of a photovoltaic system are switched off too depending on use.
As you can see in Figure 1, this mainly happens in the period
between 9 am and 3 pm, especially pronounced at noon [3]. Not
only will part of the energy be lost, but some energy will be
literally wasted, if power plant and electricity grid operators
cannot communicate and anticipate demand.

Since, as usual, no sun shines at night, the biggest challenge for
solar energy is to store the electricity and make it available
when it is most needed.

Storing solar energy could be a solution to this problem, as it
could help to smooth out the transitions between solar and
conventional power or even replace conventional power plants
all together.

The more energy can be stored, the less is wasted! As long as
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there is no real solution to the storage of solar energy, in the
near future fossil and nuclear energy production will always
account for the largest share of total energy production.

Another problem why solar energy cannot be the main energy
source is its dependence on seasons. Solar energy depends on
sunlight and the position of the sun which determines the angle
at which the sunlight will hit a particular location on earth. In
the winter sun time sinks to a minimum and in some regions
like Scandinavia there are days with no sunlight at all. Leading
to less — or even no — solar energy production. At the same time
energy consumption rises as no natural light is available as well
as no heat radiated from the sun.

II.  THE PROBLEM OF STORING ENERGY

A. Solutions

Energy that has been transformed into electricity cannot be
stored in a direct long term solution. Capacitors can function as
short term storage devices (few seconds), if there is a need for
a high electricity output in short period of time, but for long
term storage other solutions have to be created [4].

Storing electric energy for a long period of time requires
conversion to mechanical or chemical energy. The conversion
can then be reverted when the energy is needed [4].

But what is energy? Energy is the foundation of all life. It
describes the ability of bodies or systems to perform work [5].

1) Conversion into mechanical energy

The conversion of electricity into mechanical energy can be
divided into two groups; potential energy and kinetic energy.
Energy in the form of potential energy is used in pumped hydro
storages. Pumped hydro storages are the most common found
storage units for electricity. The over produced electricity is
used to pump water into reservoirs that are located above
turbines. To convert the potential energy back to electricity, the
water will be released into pipes, using gravity, the water will
then flow down these pipes that lead to turbines, where the
kinetic energy is converted back to electricity. Only about 15%
of electricity will be lost during this process [4].

Another method of storing energy in the form of kinetic energy
are compressed air reservoirs.

In compressed air reservoirs the electricity is used to power a
compressor. The compressed air will heat up to about 600°C.
The heat is then stored and the air send underground to salt
cavities. If the energy needs to be converted back to electricity,
the air will be released from the salt cavity back into the heat
storage where the air will be heated up again. From there the air
will go into a generator, resulting in the conversion of kinetic to
electric energy. This method is much less efficient than pumped
hydro storages at only 43% efficiency. Nevertheless,
compressed air reservoirs show promise for the future, as
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experts expect an efficiency improvement with future
technology [4].

2) Conversion into chemical energy

The most common way to store electricity as chemical energy
are batteries. Lead-acid batteries are the most used way to store
solar energy. With a price of just 250€/kWh, lead-acid-batteries
are very cheap. However, they are not very lasting. Lead-acid
batteries can only be recharged around 3000 times, which will
be good for around 5 years. They are also dangerous, as these
batteries hold a risk of gas explosions [6].

An alternative lead-acid batteries are valve-regulated lead-acid
batteries (VRLA battery) or “gel cell”. These are more durable
and can be used for up to 10 years. They are also much less
prone to explode, as a gel inside the battery will reduce the
release of hydrogen and oxygen when being charged. However,
VRLA batteries are ore expensive at around 500€/kWh [6].
Another alternative is the lithium-ion battery. They have the
highest durability with an expected lifecycle of around 20 years.
Therefore, they are likely to be the future of solar energy
storage. Lithium-ion batteries can be recharged around 7000
times; they are more efficient than lead based batteries but are
also more expensive at around 550€/kWh.

Lithium-ion based batteries can be found in modern electric
cars and could be used as mass energy storage. The more
electric cars are in use the more cars are potentially available to
store energy. In need, the energy in the car batteries can be fed
back into the system to support the electricity manufacturers at
night or during peak consumption [6].

a) Disadvantage — Disposal

The worst disadvantage of batteries is their environmental
compatibility. Lead and lithium are poisonous and cannot be
easily disposed. This throws a shadow at the so called “green
energy” [6].

3) Conventional methods of storing energy

Electrochemical storing (batteries):
Sodium-Sulphur

Lead

Nickel-cadmium
Nickel-metal-hybrids

Lithium

Redox-flow

Storing potential and kinetic energy:
Pumped hydro storages

Compressed air cavity

Flywheels

Electrostatic and electromagnetic storing:

Flywheels
double layer capacitor
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4) Innovative approach by Eon

A future oriented solution to storing solar energy in individual
households is suggested by Eon. Owners of home based solar
solutions can send energy into the “Solarcloud”. The Solarcloud
is virtual “account” where the energy will be saved. That way
the energy demand can be satisfied for the own home and the
unused energy can be used in someone else’s home — all with
solar energy. The main requirement to apply for the Solarcloud
is a 3,7 kW home solar plant [7].

The idea behind this system is so customers can save on
investment and service costs. There is also the possibility to
save up “energy credit”. In summer, when more solar energy
can be produced due to stronger and longer sun exposure, the
overproduced energy in one’s home will be send back to the
Eon power grid and credits will be rewarded. In winter, when
the owners solar plant cannot produce enough energy to support
their home, the credit can be used to buy energy back from Eon.
With this method customers could potentially support
themselves only by their own solar power production [7].
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Figure 2 - Solar power in Germany, Installed photovoltaic
capacity per square kilometer

Germany’s current solar capacity is 38,2 gigawatts. From small
rooftop systems to large solar parks, Germany’s solar energy
production covered only about 5.2% of Germany’s general
electricity generation in 2014.
Between 2004 and 2013 Germany has invested 88 billion € into
photovoltaic installations. [8]
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III. WHY CONVENTIONAL POWER PLANTS ARE NOT HERE TO
STAY

Since energy storage is not yet available at the needed rates,
another way of overcoming the solar energy’s duck curve
difference has to established. When solar energy cannot provide
the needed electricity in the dark, traditional sources of
electricity have to be used. The more solar energy will be
provided throughout the day, the less active the power plants
have to be at daytime. However, at night, when solar energy is
not available, traditional power plants have to be fired up again
[10].

There are three main groups of energy carriers, that are used to
generate electricity [9]. Those three are nuclear, regenerative
and fossil energy carriers. Most of the power which is currently
used in Europe is generated from fossil fuels. Fossil fuels are
coal, petroleum (fossil oil) and natural gas. Those were formed
by plants and organisms that died millions of years ago and got
trapped under sand, clay and other minerals, being exposed to a
combination of high pressure and heat [10]. Considering that it
takes millions of years and high amounts of pressure and heat
for fossil fuels to form, they can only be found in limited
supplies and are not easily reproducible [10]. This leads to the
first major problem — the main source of energy that is currently
use is not sustainable forever.

EU energy consumption 2015

L Jeoll!

B Gas

™ Coal
Nuclear

¥ Hydro

M Renewables

Figure 3 - EU energy consumption 2015

The above chart shows the energy usage within the EU in 2015.
With a 37% share petroleum is the most use source for energy.
Natural gas and coal make up 22% and 16%, respectively.
Added together, fossil fuels make up three quarters of the entire
energy supply in the EU and are therefore EU’s main source of
energy.

Petroleum makes up more than a third of the EU’s energy
source but is also highly limited and not reproducible. Not only
is petroleum limited to the amount available, it is limited to
specific regions on earth as well. Therefore, some countries are
able to achieve political advantages with petroleum, as its
demand is very high but its availability very limited. Many
countries rely heavily on the supply of fossil fuels that they can
receive through trade, leaving them in a vulnerable position.
Coal can be separated into two categories: black coal and brown
coal. The latter is commonly found throughout Europe,
especially in Germany, Poland and the Czech Republic.
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Scientists anticipate that the coal supply of the earth will only
last for another 200-250 years [9].

Another issue of fossil fuels is extraction and transportation, as
well as the environmental destruction that comes with it [9].
Petroleum can be found deep within earth’s crust which makes
it rather expensive to find and extract. Geological fault and
impenetrable rock are some difficulties that extractors have to
face in such depths. After extraction the petroleum has to be
cleaned and processed before it can be used. The transportation
and extraction of petroleum has lead to some major accidents
resulting in huge environmental damage.

Oil refineries blast considerable amounts of sulfur dioxide,
which is a by-product of oil refining, into the atmosphere.
Natural gas has to be pressurized and cooled for transportation,
leading to higher risk of explosion.

Brown coal on the other hand is rather easy to extract, as it is
found just below the earth’s surface. Nonetheless, coal cannot
be burned ‘cleanly’ as it contains large amounts of sulfur, too.
As coal is very heavy and hard to transport in large amounts, it
is mainly used regionally.

Black coal contains a much larger amount of carbon but lies
much deeper within the earth’s crust, making it more difficult
and expensive to extract.

The limitedness and environmental destruction of fossil fuels
leads to a search for alternatives. Renewable energies are
researched and used more and more these days in forms such as
solar energy [9].

Nuclear energy, after fossil fuels, is the second most used form
of energy production. The idea behind nuclear energy is that
every atom contains energy in form of kinetic energy and
binding energy. This energy is harvested in nuclear power
plants with nuclear fission. Heavy atomic nuclei like in the
uranium isotope 295 are shot with neutrons leading to nuclear
fission and lighter atomic nuclei [11]. During fission the
binding energy of the atoms is released and can be harvested.
Nuclear fuel can be found in sufficient amounts on earth and
because there are usually only used in nuclear power plants the
supply won’t be depleted any time soon. However, operating a
nuclear power plant is not as cheap as expected in early
development. Radioactivity is the main disadvantage and
concern regarding the otherwise rather clean nuclear power. In
case of leakage, the immediate surrounding of the nuclear
power plants will be contaminated and becomes inhabitable and
dangerous to any forms of life. Furthermore, large quantities of
water are used to cool the fuel rods [11]. As there are multiple
cooling circles, some of the cooling water will never be
contaminated and therefore be sent back in to regional rivers
and lakes [11]. Even though the water is considered clean, it can
damage the ecological balance due to its unnatural heat.

Due to the limited amount of fossil fuels available scientists are
more and more focused to find a solution in the field of
renewable energy sources [9]. One of the best solutions might
be solar energy. Solar energy is the term for energy that is
radiated by the sun in form of electromagnetic energy that can
be harvested or used in the form of electric energy, heat or
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chemical energy [10]. The sun is one of the most reliable energy
sources, because it constantly radiates energy and there are no
obstacles that could block the sun for long amounts of time and
it won’t stop radiating energy any time soon.

The usage of solar energy can heavily reduce, if not stop the use
of fossil fuels. Harvesting solar energy is emission free,
resulting in less pollution. Another advantage is, that harvesting
solar energy does not yield any waste like nuclear power plants
do. It is only the storing of solar energy that might result in
unwanted waste. Solar energy itself is free to use and available
to anyone. Only the plants require funding to build and service.

Deployment of Solar Power
Capacity in MW by Technology
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Figure 4 - Worldwide deployment of solar power by
technology since 2006

Since 2006 the capacity of solar power has been constantly
rising world wide. In 7 years the capacity has increased more
than tenfold — and the trend is still going. Exponential growth
in the field leads to the assumption that solar energy will have
an evermore important role in energy supply.

IV. CONCLUSION

Unfortunately, renewable energies are not the knight in shining
armor when it comes to reliable and clean energy production.
Wind turbines are limited to wind. Water turbines are limited to
water currents. Solar energy is limited to sunshine.

Solar production only works during the day. Making the biggest
hurdle for solar energy to overcome storing of overproduced

EEEIC SEd 2018



energy at daytime and providing energy at night. There are
many different approaches to make solar energy as reliable as
conventional power plants such as nuclear or fossil fuel based
power plants. However, none of them are quiet satisfying
enough to switch off the environmentally damaging power
plants.

Converting electricity gathered by solar plants into mechanical
energy for storage will result in loss of energy due to efficiency
issues. Converting said electricity into chemical energy is not
as environmentally friendly as the so called ‘green energy’ is
supposed to be and not yet possible at large enough scales. A
suggested workaround is underway, as more and more high
capacity lithium-ion batteries are embedded into our day to day
life and could be used to store energy and support electricity
providers during high demand. Electric cars are equipped with
high performance large capacity lithium ion batteries —
however, the owners of the vehicle are the ones to decide
whether or not their vehicle will support the power grid,
meaning there is no reliable way to know how many batteries
can be used to store energy or feed energy back into the system
at any time.

Another method is using household based batteries like
SolarCity is suggesting with their Powerwall [12]. This would
require every household to store its own energy with only minor
exchange between battery and power grid. Individuals and
households could be incentivized to sell their own solar
generated energy back into the system, like in Eon’s approach.
Overall the future for solar energy is bright as more
advancements in the field of storing energy are made and
scientists believe that there is much room for improvement.
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Abstract— This study develops a framework for providing insight
into the performance of Iran's wind farms in 2015. In the first step,
data envelopment analysis is used to measure the efficiency of wind
farms in producing electric energy using available resources and
wind speed factor. In this study, different from other studies in the
field of wind farms’ efficiency evaluation, wind speed is considered
as a flexible and strategic factor, which in the framework of
evaluation means as unclear categorization of it in the input and
output of the system. The results of the evaluation of 18 wind farms
in Iran show that although this factor may be considered as a key
factor in the assessment of wind farms, the proposed models reject
the effect of this factor on efficiency.

Keywords-component; wind energy; efficiency; DEA; flexible
factor

I. INTRODUCTION

Renewable energy production has been rising rapidly over
the past two decades, and growth is likely to continue. Wind
power generation has been considerably appreciated by
investors. The profitability of wind power generation is
determined by production costs, energy costs, and turbine
efficiency. Although productivity plays a major role in the
profitability of wind power production, productivity is heavily
dependent on wind conditions, such as wind speed and change
in production location.

One of the factors affecting wind energy productivity score
is the efficiency that shows the gap between real production and
the maximum amount of energy produced in the existing
conditions and facilities. In the field of wind energy, the
maximum output power is shown as a function of wind speed
with a power curve. Power curves are usually calculated by
turbine manufacturers for a particular turbine under ideal
conditions. In fact, wind production does not occur in the ideal
conditions, and therefore actual energy production deviates
regularly from the power curve.

Few studies have been conducted to evaluate the efficiency
of wind power generation. There are two kinds of efficiency
estimation containing parametric and non-parametric
approaches. [1-3] are some studies based on parametric
methods and some other papers apply nonparametric
mathematical programming methods to estimate the wind
energy production frontier. Data envelopment analysis (DEA)
is a nonparametric approach for evaluating the relative
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efficiencies of a set of decision making units (DMUs) that use
multiple inputs to produce multiple outputs. Due to the
capabilities of DEA, this methodology has been applied in a
wide range of applications, including hospitals, banks,
maintenance crews and etc. In classical DEA models, the
efficiency of a DMU is calculated by the conditional
maximizing ratio of the weighted sum of its outputs to the
weighted sum of its inputs. Evaluation based on the efficiency
score is directly affected by the input and output variables. [4-
7] applied data DEA to assess the efficiency of wind turbines,
turbine downtime as the major reason for power curtailment and
to analyze the entire process of wind energy production and
include further production factors, such as land and investment
cost.

This study presented a framework based on DEA to provide
insights regarding the efficiency and ranking of the wind farms
and different from other studies in the field of wind farms’
efficiency evaluation, wind speed is considered as a flexible and
strategic factor, which in the framework of evaluation means as
unclear categorization of it in the input and output of the system.

This study is organized as follows: next section contains
preliminaries on DEA method and a suggested approach.
Section 3 presents the assessment of the efficiency of 18 Iranian
wind power farms. Section 4 rounds up the paper with the main
conclusions.

II. PRELIMINARIES ON DEA

A. CCR model

Suppose there are n decision making units (DMUs). Each
DMU; (j =1, ...,n) produces s different outputs y,; (r =
1,2,...,5s), using m different inputs Xij (i = 1,2,...,m). The
CCR ratio model [8] in evaluating the efficiency score of
DMU, ,0 € {1,2, ...,n} is given by the following mathematical
programming:

max  Yi—i UrYro
s.t.
Yt vixio =1

: 1
275;=1 uTyTj - Z?il Uixl-j <0 VJ ( )
ur 20 vr
v >0 Yi
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where u,. (r=1,...,s) and v; (i = 1, ..., m) are weights on
outputs and inputs, respectively, and 0<6, <1 is the
efficiency of DMU, which is a number between zero and one.
If 6, =1, then DMU, is called efficient otherwise, it is an
inefficient unit.

B. Classifying flexible measures

As the previous section, suppose we have n DMUs and each
DMUj:j = 1,...,n consumes m inputs xl-j:i =1,...,mto
produce s outputs y,;:r = 1,...,s. Moreover, suppose also
that there exist L flexible measures 75 k =1,...,L, whose
input/output statuses are not known. [9] proposed the following
mixed integer programming for determining the status of L
flexible measures, z;, (I = 1, ..., L):

S L
max  XioqUpYro t+ Zl:l 8121,
m L L —
s.t. X ViXio + Xi=a WiZio — Ni=1 01710 = 1,

Yrei WYy + 2 X0 81215 — Xk vixyj — Ximawiz; S 0, V)

0<6, <Md, vi 2)
S <w <6 +MQA—-dp, vi
u, =0, vr
14 > O, Vi
wy, 6; = 0,d,; € {0,1}, vi

where the binary variables d; indicates that factor [ is an output
when d; = 1, and d; = 0 designates it as an input. Also, M is a
large positive number. Model (2) lets each DMU identify the
status of its flexible measures. Then, flexible measures’
classification changes with respect to each DMU. So, to solve
this problem, [9] presented an aggregate model. By this model,
a unique category is defined to determine the nature of the
flexible factors which expresses the advantage of this model in
terms of management of a central system. But the failure of this
model is a lack of logical justification and this method is
influenced by large units. This aggregate model is as follows:
max Yoy uFr + Xic1 612

s.t.

Y vi% + Dl iz = Bi 617 = 1,

Yroa WYy + 2201 8121 — Xk viXi; — Xiea Wiz < 0, V)

0<6 <Md, vi (3)
6[SW1361+M(1—dl) Vi
u- =0 vr
Vi >0 Vi
wy, 51 = O,dl € {0,1} vi

Ly A n 50— n - n
where¥; = Y, xj, ¥ = X1 yrj and Z, = Y7, 75 are the
aggregated values.

C. New common set of weights (CSW) approach

As can be seen in model (2), optimal weights in evaluating a
decision maker may not be optimal for other units. In order to
find the same optimal weights for all units, the following model
based on [10] approach is presented:
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min Z?:1 Pj €)]
s.t.

Yre1 WYy + 2200 81215 — Xy vixyj — Xica Wiz + @ = 0,V
0< 6, < Md, vl
S <w <8 +M1—-d) vl
U, = € vr
v =& Vi
W12€,5120,d1 6{0,1} vl

where ¢ is a very small positive number. The above approach is
well-known to CSW. If (u*, v*,w”, d*) be the optimal solution
of model (4), then efficiency of DMU; can be obtained by the
following expression:

9r = 2?:1“?3’”‘*‘2%:1‘1;‘”;% (5)

S B v+ S, (1-d))wi 2
The advantage of model (4) than the aggregate model (3) is the
introduction of a logical method without the intervention of the
virtual unit. Also, the new method CSW for flexible factors is
not influenced by the dimensions of the decision-making units,
and this model adopts the same decision about the nature of the
flexible factors.

III.  EFFICIENCY EVALUATION OF IRANIAN WIND FARMS

In this section, we consider an example in the field of power
generation in wind power plants and examine the mentioned
DEA-flexible model to evaluate efficiencies of wind farms. A
wind power plant or wind farm is a collection of several wind
turbines located in one place. A large wind power plant could
include several hundred wind turbines. Important items for
identifying a prone area for installing wind turbines include:

e Establishment of windmills in places where the
amount of energy produced is adequate for
consumption.

e Avoiding places that could endanger wind turbines,
like turbulence, frost, sand and salt particles in the air,
low levels and slopes of the earth, which will reduce
energy production.

e Economical production of energy compared to other
energies.

In the construction of a wind power plant, finding an
appropriate site is a very important factor in maximizing the
exploitation of wind power. In this section, we evaluate a set of
18 wind farms in Iran using data envelopment analysis. In
recent years, wind power has grown in Iran. The Iranian
government plans to increase significantly the production of
wind power each year. Since the establishment of Iran's wind
power, energy production has increased, which has grown
dramatically over the past 10 years. In 2004, Iran produced only
25 megawatts of wind power. A year later, their production
increased to 32 megawatts, and in 2006, production of
megawatts rose again to 45 megawatts. By increasing
sustainable and stable production of electricity, Iran has
continued to invest in wind farms; in 2009, their wind power
has increased to 130 megawatts. This was the result of the
production of larger wind farms in the coastal and windy
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regions of Iran. With such rapid growth in the wind energy
sector, Iran currently has the world's 30th largest wind power
producer and is a member of the World Wind Power Council.
Despite the significant and effective use of wind energy, wind
energy as a renewable source and source of electricity, totaling
150 megawatts per year, is still a small part of Iran's annual
energy of about 33,000 megawatts [11,12].
So far, studies have been carried out on the effectiveness of
wind farms. In this study, like most studies, wind farm inputs
are installed and the number of wind turbines installed and
output is considered to be the amount of power produced. Wind
speed is another factor, which in some cases is considered as an
input of wind power plants. This factor has been taken into
account in other studies on the location of wind farms as their
output. In other words, wind speed is a factor in generating
electricity in wind farms, and efficient fields that produce wind
power at lower wind speeds and powerful power turbines, and
on the other hand, the faster the wind speed (less than 25 m/s)
indicates the spatial distribution efficiency of the wind farm.
Therefore, in this study, we consider the wind speed as a
flexible factor and the aggregate decision of farms identifies the
nature of this factor in efficiency evaluation. Table 1 provides
information on 18 wind farms of Iran in 2015. In this table x;,
x,, y and z indicate inputs, outputs, and flexible factors,
respectively, where,

e Xxq:Installed Capacity (MW)

e X,: Number of installed turbines

e y: Generated energy (GWh)

e  z: Average wind speed (m/ s)

. DMUj:jth wind farm; j = 1, ...,18

The purpose of this assessment is to determine the priority of
the installed turbines in the fields, which are made by several
companies, and on the other hand, to determine the suitable
locations for expanding wind farms and install more turbines.

TABLE 1. DATA FROM 18 WIND FARMS.
j X1 X2 y Z
1 15 14 28.7 7.9
2 11 12 19.3 16.6
3 19 15 27.2 11.3
4 20 16 19.9 11.2
5 19 19 34 12.7
6 12 9 16.8 9.5
7 10 13 12.9 6.7
8 24 20 55.5 17.1
9 18 17 27.5 12.2
10 27 22 38.1 14.6
11 9 12 9.7 7.4
12 12 14 23.1 8
13 21 19 32.5 13
14 20 15 37.8 19.6
15 20 18 42.2 17.8
16 29 21 58.2 16.3
17 8 10 10.6 6.8
18 12 15 15.3 11.5
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TABLE II. RESULTS.

J d B E, Es Ey

1 0 1 1 0.99 0.87
2 1 1 1 1 0.72
3 1 087 088 0.87 0.73
4 1 0.65 0.68 0.65 0.55
5 1 0.86 088 0.86 0.73
6 0 1 1 1 0.8

7 0 1 1 1 0.8

8 0 098 098 0.96 0.8

9 1 082 082 0.82 0.69
10 0 073 073  0.67 0.58
11 0 0.8 0.8 0.78 0.66
12 1 0.89 091 0.89 0.78
13 1 073 076 0.73 0.63
14 1 1 0.97 1 0.74
15 1 093 093 093 0.74
16 1 092 1 0.92 0.78
17 1 0.9 091 09 0.76
18 0 0.77 077 0.95 0.61

In Table 2, columns d and E; are related to the assessment of
wind farms using model (2), that E; is the efficiency of the units
(wind farms). Column d shows that 7 units among 18,
classified wind speeds as inputs and 11 units as output. The
implementation of the aggregate model (3) indicates the output
nature of the wind speed for all farms. Column E, is related to
the efficiency of the fields considering the wind speed factor as
output (d = 0) and column E; shows the efficiency of the
fields with the assumption that the wind speed factor is input
(d = 1), both of E, and E5 are based on model (1) and finally
column E, is the result of the efficiency evaluation of the farms
by the proposed common weight method. The results of the
model (4) represent d* = 0, which means that the wind speed
is considered as the input factor. E, is obtained using the
optimal solutions of model (4) and expression (5). Model (2)
evaluates the units in the most optimistic way, while the
common weight model (4) follows the same conditions for all
units, and thus different results are found in identifying the
nature of the wind speed. Figure 1 shows the change in the
rating of wind farms based on the results of E; to E,. The higher
the efficiency, the better rank of DMU.

Rank of wind farm
=
o

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

index of wind farm

El E2 E3 E4

Figure 1. Changes in the rank of wind farms compared to different models.
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As shown in Fig.1, the trend of changes in the rank of each farm
is approximately the same according to different models. Then
it can be concluded that in this example there is not much
difference between the results when considering wind speed as
input or output. For farms such as farms 2, 6 and 7, the
efficiency is the same, therefore, the efficiency of these units is
not affected by the shortage or surplus of this factor. Among
five efficient farms with the E; rating, two farms classifies the
wind speed as output and remaining three farms as input. This
can indicate that most of the efficient farms identify the wind
speed as input, although this assessment has been very
optimistic.

Iv.

DEA has been accepted as an important approach for
performance assessment and benchmarking in several sectors.
Here, we studied a DEA framework to provide insights
regarding the efficiency and ranking of the wind farms and
different from other studies in the field of wind farms’
efficiency evaluation, wind speed is considered as a flexible
factor and by mathematical modeling, its nature as input or
output of the system can be identified. Results of our method
on an example of 18 wind farms in Iran revealed that there
wasn’t a meaningful difference between input or output nature
of wind speed, then in this situation it can be showed that the
weight of this factor in efficiency evaluation is negligible, i.e.
the wind speed is not a core factor in wind farms efficiency
evaluation.

CONCLUSION
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Environmental impact of nuclear power

Robert Guzinski, Safak Polat and Goérkem Kablan

Abstract— Nuclear power plants are still one of the most im-
portant energy generation methods in the world, despite their im-
pact on the environment and society. This paper shows the tech-
nology of power generation with nuclear power plants and shows
the risks and their effects on the environment, people and their
health. In this context, a brief look is taken at the current political
discourse on this topic.

Index Terms— nuclear power, radioactive waste, environmen-
tal impact of nuclear power, nuclear risks, political measures

I. INTRODUCTION

LEAN, powerful and cost-effective - these are the most im-

portant arguments of nuclear power supporters. One kilo-
gram of uranium can generate around 350.000 kilowatt-hours
of electricity. For comparison: one kilogram of oil is enough for
about twelve kilowatt-hours.

A nuclear power plant initially produces heat to convert it
into electricity. Unlike gas and coal-fired power plants, no
greenhouse gases and air pollutants are produced and emitted,
as the nuclear power plants do not use fossil fuels. Although
nuclear power plants do not emit any harmful emissions, there
are risks of leakage of radioactive material. The effects of radi-
oactive material on the environment, food and society and how
politicians and the European Union counteract them are dis-
cussed in detail in this article. [1]

II. WHAT IS NUCLEAR ENERGY?

Nuclear energy is obtained by splitting the nucleus of certain
atoms. The plant that will use for the fission is called nuclear
power plant. The principle of nuclear fission works within a re-
actor and is generated by firing a neutron at an unstable atomic
nucleus. The speed of the neutron splits the core into two parts.
The best way to do this is with the element uranium, a radioac-
tive heavy metal. It is located in fuel rods that are combined into
fuel assemblies. The fission leads to a chain reaction in which a
lot of energy is generated. If chain reaction is controlled by hu-
mans, it is usually harmless. If too much energy is generated in
a very short time, this process can get out of control, which in
the worst case can result in an explosion of the nuclear power
plant. [2]
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Figure 1: Schema of a nuclear power plant

III. HOW IS A NUCLEAR POWER PLANT CONSTRUCTED?

The world's first nuclear reactor is a 7,5 m high graphite
block and has little in common with a modern nuclear power
plant. Its name was Chicago Pile 1, his inventor was an Italian
noble prize winner and physicist Enrico Fermi. On 2 December
1942 he and his team succeed for the first time in a self-sustain-
ing chain reaction. This basic principle of a nuclear power plant
still applies today. The fuel rods of the reactor contain uranium.
Uranium atoms have the property of absorbing neutrons with a
neutral charge. The atom disintegrates and energy is released.
The special feature: when an atom decays, two to three new
neutrons are released. These neutrons can split other nuclei. A
chain reaction is created that generates further energy. A me-
dium-sized nuclear power plant has an average output of 1200
megawatts. This corresponds to about 200 wind turbines. How-
ever, nuclear fission has an important condition. The fast neu-
trons only attach to uranium atoms if they have previously been
decelerated by water. The fuel rods are therefore in deep water
basins. The energy of nuclear fission is mainly released in the
form of heat, so that the fuel rods do not melt, the reactor must
be constantly cooled. This function is usually performed by the
same water that slows down the neutrons. It is pumped under
high pressure through the reactor. In any case, the heated water
is cooled in the steam generator. The resulting steam is fed into
the turbine, which in turn drives the generator for electricity
production. In the next step, the steam is cooled again and re-
leased into the environment as cooling water. The energy of nu-
clear fission is first converted into water vapour and then into
electricity in the turbine. All nuclear power plants in the world
are based on this basic principle (cf. Figure 1). [3]

A nuclear power plant consists of a nuclear part, which has a
nuclear reactor with light water reactors. The light water reac-
tors slow down the neutrons released. On the other hand, a nu-
clear power plant also consists of a conventional part.
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The conventional part is similar to other thermal power
plants, in which the steam is fed into a turbine, which in turn
drives a generator. This serves to convert heat into electricity.
The energy initially occurs as heat energy, i.e. as heat. There-
fore, a large amount of water is needed to cool a reactor. At the
same time, the hot steam generated by nuclear fission drives a
turbine. This then drives generators that generate electricity
from the heat energy. [4]

IV. EFFICIENCY AND RISKS

Since a nuclear power plant operates at relatively low tem-
peratures (300 °C), with gas and steam power plants requiring
around 1200 °C, efficiency is 33%. Gas and steam power plants,
on the other hand, can reach up to 58%. [5]

An accident in a nuclear power plant can have serious conse-
quences. This has already happened in Fukushima (Japan) and
Chernobyl (Ukraine): Large areas are contaminated, which
means that nobody can live there because the radioactive radi-
ation is too dangerous. The workers who had to clean up then
usually died soon. In addition, the production of electricity gen-
erates radioactive waste. They can't be stored safely anywhere.
It takes millions of years until they are no longer dangerous.
Until now they have simply been stored in an interim storage
facility. As with all large power plants, there is a general risk of
accidents in nuclear power plants. In addition, special risks also
arise from the use of nuclear energy. Accidents can range from
insignificant internal incidents to a disaster with international
repercussions, as was the case with the Chernobyl disaster. Nor-
mally, small amounts of radioactive substances are excreted
from the nuclear power plant and get into the air through the
exhaust air stack. These substances contain radioactive noble
gases °Kr and the unstable hydrogen isotope tritium. Safety in-
cidents or accidents can lead to the release of large quantities of
radioactive material into the environment and onto foodstuffs.
(6]

Another risk is the meltdown caused by a failure of the cool-
ing system. This causes the fuel rods of an atomic reactor to
overheat to such an extent that they liquefy and convert into a
radioactive melt. This can lead to an explosion, as happened
during the nuclear disaster in Fukushima, which led to a melt-
down in three reactors. [7]

V. EFFECTS ON THE ENVIRONMENT

Radioactive elements harm humans not only through the in-
halation of dangerous substances, but also through the supply
of contaminated food and indirect radiation from soil and
plants. The ways in which radioactive contamination can reach
humans are shown schematically in Figure 2. It becomes clear
that animals and the environment are also affected by the ionis-
ing radiation. After a high release of radioactive elements '3'I,
137Cs and *°Sr are the most dangerous for plants, animals and
humans. [8]
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Figure 2: Radioactive elements in the natural cycle

Radioactive nuclides spread after release depending on me-
teorological conditions. Precipitation causes the fission prod-
ucts to enter the atmosphere close to the ground and settle on
the soil or on plants. Ratschinski (1979) estimates the period for
the decline of radioactive iodine from the troposphere at one
month. '¥’Cs and *°Sr even reach the stratosphere. As a result,
they remain in water-soluble form in the atmosphere and can be
distributed over the entire globe many years later by precipita-
tion. Food and other agricultural products are contaminated in
this way. Furthermore, the environment can be endangered by
flooding or irrigation with polluted water. The radioactive iso-
tope '“C enters plants via the air. [9]

The local pollution depends on the one hand on the amount
of radioactive elements released and transported, and on the
other hand on the amount of precipitation. Gaseous elements
can be transported over long distances in the atmosphere as ra-
dioactive particles. [10]

The absorption of radioactive nuclides increases due to the
large surface area of the plants. They reach the plant tissue ei-
ther by diffusion or via the roots. [11]

In addition, the soil composition (humus content, mineral
content, pH value, soil climate) influences the ability of radio-
active elements to penetrate the soil and be absorbed by the
roots. If many organisms are present in the soil, they absorb
these radiant nuclides. The radioactive elements are confused
with uncontaminated nutrients. This reduces the amount that
can be absorbed by the roots of the plants, while moisture pro-
motes the absorption of radiant nuclides. [12]

Radiation affects plants, animals and the human body either
externally or through ingestion. In some cases, plants contami-
nated by radiation grow from a contaminated soil. Thus there is
a danger for humans when eating plants as well as animals that
have been given contaminated food. It is not enough simply to
look at the burden on the mainland. Radioactive elements can
also rain in seas, lakes and rivers. As a result, both the water
and the animals living in it are contaminated. As radionuclides
accumulate in plankton, fish in weakly flowing lakes are ex-
posed to a higher load. Here plankton is increasingly available
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as food. [13]

The absorption of dangerous substances into the human body
is again possible via the food chain. There is also the possibility
that radioactive nuclides may enter groundwater and contami-
nate drinking water. [14]

Most nuclear waste is generated in nuclear power plants. Ra-
dioactive waste is internationally divided into the categories
low, medium and high-level radioactive waste. The radioactive
radiation emanating from them must be safely stored for long
periods of time in order to keep them as far away from people
and the environment as possible until most of them have disin-
tegrated. This can take from a few months to many thousands
of years. [15]

VI. EFFECTS ON HUMAN HEALTH

Radioactive radiation that can be released in the event of an
accident in a nuclear power plant or in the event of an atomic
bomb explosion is of course highly dangerous. If the element
strontium, which contains a highly active, radioactive isotope,
enters the body in an unnaturally high concentration on the way
to food intake, it deposits in the bones due to its chemical rela-
tionship with calcium and could cause bone cancer and leukae-
mia. Scientific findings about an increased risk of leukaemia in
children living in the vicinity of nuclear power plants are re-
peatedly discussed, but are controversial for statistical reasons.

Unstable isotopes of iodine also occur during nuclear fission
and can be released, for example, in a reactor meltdown. When
inhaled, they accumulate in the thyroid gland and increase the
risk of thyroid cancer. However, radioactive radiation also em-
anates from the inert gas radon, which is naturally produced
during the decay of uranium. When workers in uranium mines
are exposed to a high dose of radon, there is a risk of developing
lung cancer and upper respiratory cancer. It is also suspected
that people living in uranium mining areas are also exposed to
this risk, as radon can also enter the residential area through the
cellars of houses. [16]

VII. POLITICAL MEASURES

Many countries worldwide are trying in different ways to
bring about an energy transition. Countries by the sea rely pri-
marily on wind power, while solar energy is preferred in the
sunny south. Electric mobility also plays an important role in
the energy transition. In Germany, renewable energy should ac-
count for around 80% of total electricity by 2050. At the same
time, emissions of greenhouse gases such as CO; are to be enor-
mously reduced.

Nuclear energy is considered as a clean alternative to fossil
energy. But unresolved problems such as the final storage of
radioactive waste and the risk of major nuclear accidents as in
Fukushima (Japan) are causing more and more countries to
abandon this form of energy generation. [17]

Germany plans to phase out nuclear power. The last nuclear
power plant is to be decommissioned by 2022 and a repository
site with the best possible safety should be found by 2031. [18]

Italy's attempt to return to nuclear power failed in 2011,
shortly after the Fukushima nuclear disaster. There are also
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countries that maintain nuclear energy. In France, no exit is
planned nevertheless the number of nuclear power plants is to
be reduced by 20 by 2025, and the share of nuclear power is to
be reduced from 75 % to 50%. [19]

In contrast to the above mentioned goals the development of
the global electricity mix differs.

It emerges that in the foreseeable future coal-based power
generation will be indispensable worldwide. It should also be
added that between 2011 and 2030, the percentage of renewable
energies will increase by almost one-third but that of nuclear
power will decrease by only 2% (cf. Figure 3). [20]

Global electricity mix

Renewable Gas

60%

40%

20%

0

X

coal oil nuclear power

M global electricity mix 2011 m global electricity mix 2030

Figure 3: Global electricity mix

VIII. CONCLUSION

The results of the present study show that although nuclear
power plants are one of the most important energy generation
methods in the world, they also pose dangerous risks for the
environment and society. Of course, efforts are being made to
avoid or reduce these risks.

Therefore, continuous efforts should be made to support the
phase-out of nuclear power worldwide.

In the short term, existing nuclear power plants should be
modernised in order to minimise or avoid possible pollution.
However, the risks remain, and in the longer term research
should definitely focus on renewable energies. The complete
abolition of nuclear power plants can only take place if renew-
able energies are able to meet the demand for nuclear power
plants. This would require the creation of a global standard of
energy infrastructure, which we are, however, still relatively far
from due to the different standards in the respective countries,
both technically and politically.
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Abstract—In this paper, the basic functions of electric vehicles are
described with a focus on the impact for the electrical grid. They
have two functions in power system. Vehicle-to-grid technology is
connected with charging and discharging electricity to and from
the grid as well as it gives an opportunity for energy storage in
electric vehicles batteries. This is particularly important due to
the forecasted development of renewable energy sources. In the
last step, the possibilities of reusing batteries in stationary energy
storages will be shown.

Keywords—balancing power, electric vehicles, electricity grid,
energy storage

I. INTRODUCTION

Electromobility becomes more and more popular
nowadays. The aim is to increase the number of electric cars
instead of diesel vehicles. More and more attention is paid to
environmental efficiency. Restrictions related to emissions
could cause that the future production and usage of combustion
vehicles will become unjustified not only in ecological but also
in economic terms.

Countries implement different support mechanisms. The
aim is development in the electric car sector. In Poland, the
Electromobility Development Plan was introduced. It assumes
that by 2025, one million electric cars will be used on roads.
Other countries are also trying to go in this direction. An
example is China, where by 2020 5 million zero-emission cars
on the roads are expected. Ten years later, in Germany in 2030,
only electric cars are to be produced. The United Kingdom has,
in turn, announced that after 2040, the sale of vehicles with
internal combustion engines will be banned. A similar goal was
set by the French government [1]. The answer to these plans is
to enlarge the offers of car companies that want to meet the
modern market requirements.

In addition, the power installed in renewable energy
sources increases year by year. The generation of energy from
renewable energy sources is connected with high instability
associated with the current weather conditions. Characteristic
are large changes in power over times that are difficult to
predict. Therefore, it is possible to disturb the power balance in
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the whole electric power system. In this situation, energy
storage is a very significant solution. It allows maintaining the
stability of the energy system by charging and discharging
electricity to and from the grid. Based on the above
information, it can be assumed that continuous development in
the fields related to electric cars will be systematically

progressing.

I1. FUNCTIONS AND IMPACT OF BATTERIES ON THE GRID

Energy Storage Systems (ESS - Energy Storage System)
consist of many devices and parts. The most significant, like
inverter, control infrastructure and energy storage unit, will be
presented. Such reservoirs may be water reservoirs, rotating
masses, as well as batteries that are used in electric cars [2].

Energy Storage Systems can perform various functions in
the power system depending on the demand [2]:

* Flattening peaks of power demand.

* Improvement of system stability in the case of renewable
energy (In the period when the energy demand in the system is
small, energy storage is loaded by renewable energy. In the
case of high demand, they can work as generating sources, i.e.
give back energy that has been previously collected.)

* Improvement of energy quality, work of the grid
operators, and power supply reliability.

* Support for distributed generation.

Energy can be stored in different forms such as latent and
sensible heat, kinetic energy, chemical energy and in an
electrical field. Well-known portable solution for energy
storage is the electrical vehicle.

In addition to the function of batteries associated with
renewable energy, the electric car as the electricity consumer is
also very significant. As the number of electric cars on the road
will be increasing, the electricity needed to charge them will
account for nearly 4.5 % of the electricity consumption from
the grid. Therefore, both the grid and the distribution control
rooms should be optimally prepared and modernized in order
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to derive the maximum benefits in the shortest possible time
already during the technology implementation phase. An
additional factor to consider is the time when electric cars
could be charged. If smart chargers would be available then
charging would start when the energy prices are lowest and
power plants and transmission lines have excess capacity. That
solution would be more effective and would minimize costs.
Such a situation takes place in the power system at noon, when
people are at work, and also at night when the vast majority of
people are asleep [3]. The graph (Fig. 1) presents the
distribution of system loads within 24 hours with selected time
intervals, in which cars could be charged.

P [w]

,

Time intervals, inwhich
EV could be charged

t(h]

Figure 1. Electric grid demand curve [4]

Charging cars at this time would allow the consumption of
unused energy, which would reduce the cost of electricity
production and increase the profitability of the process.

The average daily number of kilometers traveled by one car
is about 37 km. This ultimately gives 45 minutes of car use
during the day with a city speed limit of 50 km/h. Looking at
the current offer of electric cars, after calculations, the electric
car consumes an average of 13 kWh/100 km. Based on the
above data, it can be concluded that 4.81 kWh is consumed
during one day's driving. For the rest of the time, the vehicle is
parked near the house or in the city. At that time, it would be
possible to use it for energy storage in order to improve
stability and security of the grid.

The development of electromobility will be discussed by
the example of Poland. The Electromobility Development Plan
assumes that one million electric cars will be driven in Poland
by 2025. Assuming earlier assumptions, 4.81 GWh would be
used daily for electric cars. So much energy should be provided
to charge these vehicles. The polish installed renewable energy
sources accounts for 8478 MW in size (as of June 2017)
according to the Energy Regulatory Office's data. Assuming
one car has a battery capacity of about 24 kWh, a million cars
would give a total capacity of 24 GWh. It may be assumed that
not all users agree to share their car. It can be approximated
that about ' of the owners will agree. By subtracting the
energy necessary for users, which is necessary for everyday
travel, the finally available energy will be at around 4.8 GWh.
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These considerations are purely theoretical, and the real
possibilities of energy storage are difficult to predict. They are
related to, among others, various ways of using cars by people.
In addition, other options, such as increasing trend of the car
sharing, have not been taken into account.

III. USING ELECTRIC-DRIVE VEHICLES FOR GRID SUPPORT

An electric car in the power system could perform two
functions. The first one is the energy consumption. On the
other hand, vehicles can be treated as energy storage and
energy suppliers. Individual units are not very important, but
with the increasing number of electric cars, new possibilities
will open up. This concept is called vehicle to grid (V2G). It
would be possible to supply individual devices that are
necessary at a given moment by this concept. The diagram
(Fig. 2) presents the concept of V2G. Its basis is the connection
of electric cars with the power grid and the conversion of
energy between the two systems.
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Figure 2. V2G concept [5] (1) power plants, (2) distributed renewable energy
sources, (3) transmission lines, (4) low voltage distribution networks, (5)
individual vehicle charging stations, (6) group vehicle charging stations -

parking, workplaces, shopping centers, offices, (7) System Operator's
headquarters, (8) electric vehicles with individual connectivity to the system,
(9) vehicles connected as groups of energy storage

(6) (9)
=

The V2G converter for providing the double-way energy
flow can be part of this system. This is due to the fact that with
the converter it is possible to convert the energy of batteries
into AC power. Such processed energy can be transferred to
the power grid. This converter is shown in the figure (Fig. 3).

V2G converter for providing the double-way energy flow

.
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Figure 3. Structure of the V2G converter for providing the double-way energy

flow [3]
To implement V2G, it is necessary to extend and
modernize the infrastructure. With the continuous

communication between the system operator's panel and
electric cars, it will be possible to properly manage and
coordinate distributed energy storage. This could be
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implemented using the GPRS, GPS and GSM systems used
today [6].

The main limitation and challenge is the large dependence
of this concept on the agreement of car owners. It would be
necessary to anticipate the use of batteries as storage in the
same way as the load of the grid is currently planned. The
user's declaration of readiness to give up energy could be
associated with an increase in its profits. For proper operation
of this system, it is necessary to determine reliable and
transparent methods of energy settlement based on the V2G
converter for providing the double-way energy flow.

The user deciding to participate in the V2G concept may
also have objections about the specific amount of energy that
he wants to give to the system. This is due to the fact that by
discharging the battery until the end it would not be able to
drive further. The technology must give the possibility to set an
acceptable value to which the battery can be discharged in a
given time. This could be done through a panel in the car [7].
An example view with available options that can be entered is
shown in the figure (Fig. 4).
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Figure 4. An example of a control panel solution in an electric car [7]

The user could enter data such as allowable discharge or
planned distance to pass the planned route without any
problems later.

IV. STATIONARY ENERGY STORAGE

One of the problems associated with the use of batteries in
electric cars is the limited time of their use — about 8-10 years.
Solutions are sought for their further use without the need to
dispose of the battery. One of the ideas is to use them in
stationary energy storage devices. According to Bloomberg,
there are currently around 0.1 GWh on the market in used car
batteries, but this value is expected to increase significantly.
According to analyzes, by 2025 this amount is going to
increase up to 95 GWh, of which about 1/3 could be adapter to
energy storage devices. As a result, the cost of purchasing
batteries would be much lower. However, there is a risk that in
a few years, when the prices of new batteries will drop to 200
USD/kWh, the use of older batteries will no longer be
profitable [8]. A Renault company currently selling a
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significant number of electric cars (about 120,000 Renault Zoe
cars have been sold so far), proposed the construction of a
stationary energy storage. An additional idea is to create energy
storages that could be used as support for charging stations for
electric cars. It is connected with the fact that increasing the
chargers' power would allow for faster charging of batteries. It
is an indispensable element for the development of
electromobility. At the same time it would be dangerous for
power grids because of their overload. Energy storage would
help to avoid such situations. Experimental stations were built
in Belgium and Germany. On highways, it is important to
quickly load vehicles, and thanks to the latest solution it has
been made possible without the need to modernize the power
grid, which would be very expensive [9].

Stationary energy storage devices do not have to concern
only large system energy storage. In addition to the previous
mentioned solution, Renault together with PowerVault decided
to use the batteries in household energy storages [10]. This
would reduce their prices by around 30% compared to new
batteries. The appearance of such a solution and placing it in
the home space is shown in the figure (Fig. 5).

Figure 5. Household energy storage of Renault and PowerVault [10]

Currently, research is underway and this solution is
gradually being introduced in the UK to 30 houses with solar
panels and to 10 households without such installations. Energy
generated from photovoltaic panels would be stored there. At
the peak of demand, energy would be returned to the network,
and residents with energy storage devices would get paid for
the readiness to provide it.

Nissan came out with a similar initiative. Together with
Eaton, they predict that home energy storages will be more and
more popular, and their sales will increase to around 100,000 in
the next 5 years. The proposed solution of the two companies is
called xStorage Home. Nissan Leaf is the most popular electric
car. The latest version has accumulators with a capacity of 30
kWh and they could be used as energy storage devices [11].

This solution does not only apply to cars, but also to buses
with electric drive. They are bought into cities to guarantee
zero-emission public transport. A company — Impact Clean
Power Technology — presented its vision at the Transexpo trade
fair in Kielce (Poland) in 2016. It draws attention to the
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difference in the use of batteries in buses, where it must be
resistant to adverse weather conditions and tremors, and the
operation of batteries in the energy store, when controlling its
charging and discharging is the easier due to easier prediction
of loads. Batteries have an algorithm that is called Residual
Battery Value. Thanks to it, it is possible to determine the time
when the battery should be transferred to stationary energy
storage because using it in a vehicle is not sufficiently effective
[12].

One of the pioneers in the market is Tesla, which offers
energy storage solutions for both households and industrial as
well as system purposes. When it comes to home energy
storages, the company offers a product called Powerwall,
which has already been presented the second generation. The
first product had a capacity of about 7 kWh or 10 kWh
depending on the chosen model. The new energy storage is
called Powerwall 2 and has a nominal capacity of 14 kWh at a
peak power of 7 kW. This product is intended for households
with a photovoltaic installation [13]. When it comes to large
energy storage, Tesla has launched the second largest energy
storage device in the world. It was commissioned by SCE
operator in California, USA after a breakdown resulting in a
gas leakage. Ultimately, three energy storages were ordered,
and the first of them was put into service at the beginning of
2017. It has a power of 20 MW and a capacity of 80 MWh. It
was built of 396 pieces of energy storage devices intended for
the industry, which are sold under the name Powerpack. The
first version of single energy storage had a capacity of 100
kWh, while the improved product has a capacity two times
larger.

At the beginning of December 2017, Tesla broke its record
by setting the world's largest stationary energy storage in South
Australia. It was built in less than 100 days. It has a power of
100 MW and a capacity of 129 MWh. The necessity of its
construction was related to the failure of the power grid, which
took place after violent storms. At that time, 1.7 million people
were without power. It was not a one-off situation when
residents did not have access to electricity. Therefore, the
authorities decided to increase the security of energy supply by
building energy storage systems [14].

Probably the title of the largest energy storage will soon be
given to another installation. It is to be built in South Korea in
the city of Ulsan. Office of Hyundai Electric & Energy
Systems is located there. They want to build an energy storage
device with lithium-ion batteries, the power of which is to
reach 150 MW [15].

V.  LITHIUM-ION BATTERIES

Currently, the most commonly used type of batteries in
electric cars is lithium-ion battery. Research is underway to
continuously improve existing batteries, as well as to develop
new and more optimal energy storage solutions. There has been
a decline in battery prices over recent years, but there may be a
problem caused by limited lithium resources. Although it is a
widespread metal, its sources are very scattered. Its largest
resources are found in Chile, Bolivia, and Argentina, where
salty lakes are dried up. The alternative may also be the
recovery of lithium from used batteries when they cannot be
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used in stationary energy storage due to insufficient capacity
[16].

By using lithium-ion batteries as an alternative to currently
popular internal combustion engines, it is possible to reduce
exhaust emissions, which in turn leads to cleaner air. In
addition, greater care for the human health and the environment
is possible.

Lithium-ion batteries have an advantage over other types of
batteries due to technological solutions that will be described
below.

Taking into account the chemical composition of
electrodes, we can distinguish four types of batteries [17], for
which specific technical parameters have different values:

e NMC - cathode consists of lithium-nickel-cobalt oxides,
the anode is made of graphite (this type is chosen for
most electric vehicles, e.g. Nissan Leaf, BMW i3)

e LMO - the cathode consists of lithium-magnesium
oxides, the anode is made of graphite,

e LFP — cathode consists of lithium-iron-phosphorus
oxides, the anode is made of graphite,

e LTO — The cathode consists of lithium-cobalt oxide, the
anode is made from graphite with lithium titanium
oxide.

This division is necessary to distinguish the technological
advantage of different types of lithium-ion batteries.

The first criterion is the working temperature. Thanks to the
fact that the batteries are designed to work in the temperature
range from -40°C to 60°C, they can be used in various
locations, also outside. Temperatures vary depending on the
type of batteries (Table I). The battery life is determined for
about 20 years without taking into account the charging cycles.
If the batteries do not work at extreme temperatures, then the
battery life does not change. It should be taken into account
that continuous operation at 60°C means that the battery can be
used for a short time - about 10 years [17].

TABLE L. TEMPERATURE RANGES DEPENDING ON BATTERY TYPE [17]
Type of )
battery Temperature range Comments
from -40°C to 20°C work is
NMC from -20°C to 60°C possible if the battery has built-in
heating elements
LFP from -40°C to 50°C -
from -40°C to -10°C work is
LTO from -10°C to 40°C possible if the battery has built-in
heating elements

Comparing lithium-ion batteries with lead-acid in terms of
battery life at higher temperatures, it can be noticed that the
battery life of the first one is higher, as shown in the figure
below (Fig. 6). Therefore, they could be used in stationary
energy stores. Electric car batteries would be used there when
they would not fulfill their role in vehicles.

EEEIC SEd 2018



100 T T T = . .
| | | |===- lithium-ion battery
| | | |=- lead-acid battery

grol =~ _T—— :

3] I | 1

by 1 | (|

v ] |

£ ]

=

£ | —
01

20 25 30 35 40 45 50 55 60 65
temperature [°C]

Figure 6. Influence of temperature on the lifetime of acid-lead and lithium
batteries [17]

It follows that lithium-ion batteries are a better choice. The
next criterion is the size and mass of the batteries. Alkaline and
acidic batteries are 4 to 6 times heavier and bigger than lithium
batteries. This makes them unsuitable for use in vehicles and
the only justified choice is lithium-ion batteries. In comparison
to lead-acid ones, they have much higher specific energy and
energy density, as shown in Table II. The specific energy has a
kW/kg unit. It determines what is the mass of storage 1 Wh of
energy.

Therefore, the higher the specific energy, the smaller and
the lighter the battery [17].

TABLE I1. SPECIFIC ENERGY AND ENERGY DENSITY ACCORDING TO
TYPE OF THE BATTERY [17]
Type of battery

LA NMC LFP LTO
Specific
energy 20 200 130 90
[Wh/kg]
Energy
density 80 300 200 180

[Wh/dm3]

Obtain large power flows and currents in both directions
are the third technological criterion that points to lithium-ion
batteries. While describing the charging and discharging
currents in batteries, the fraction of the nominal capacity C is
used instead of absolute units, i.e. amperes and milliamps. For
example, for a capacity of C = 14Ah, the current of 0.1C is
expressed as C / 10, i.e., the current is equal to 1.4 A. For
alkaline and acid batteries, the charging current is 0.1 C to 0.3
C. 0.1 C is so-called a ten-hour current, i.e. for a full charge is
10-12 hours are needed. For lithium batteries, the current can
be up to 100 times higher, so the charging time is much shorter
and fluctuates between 10-15 minutes. As a result, lithium-ion
batteries are irreplaceable in situations where actions to
stabilize the power grid are necessary. In addition, lithium
storage tanks can operate with high currents, so when it is
necessary to maintain the appropriate voltage or frequency of
the distribution network, they are able to receive or transfer
from small capacity capacities that amount to several
megawatts. Additionally using the LTO gives the possibility to
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charge the electric vehicle in about 15 minutes. Using the LFP
or NMC battery type, the charge could be expected after nearly
an hour where alkaline and acid batteries should wait for a few
days [18]. Different types of lithium-ion cells have different
charging and discharging parameters, as shown in Table III.

TABLE III. CHARGING AND DISCHARGING CURRENT FOR VARIABLE
TYPES OF BATTERIES [17]
Type of battery
NMC LFP LTO
Charging |1 5¢ | 24cC 510 C

current

Discharging 3C 3C Ye
current

If the charging current is 1 C, then the battery can be
charged in an hour. With a capacity of 2-4 times, the charging
will be half as much, i.e. it will last for 30 minutes. With LTO,
the time is the shortest and is about 15 minutes.

Another issue is the battery lifetime due to the number of
cycles. With alkaline and acidic cells, the number of cycles is
10-20 times smaller than with lithium-ion batteries, where it
ranges between 10,000 and 20,000 cycles. Comparison of
different technologies for T=25°C is shown in the graph (Fig.
7). In the case of batteries in which a very large number of
charging and discharging cycles are required, the combination
of them with a supercapacitor in a hybrid container is used.
Then the lifetime is up to 2 million cycles. This solution is used
in warehouses with an NMC or LFP storage tank operating at
solar power plants and wind farms. It is connected with higher
purchase costs and high mass [17].

100 000

10 000

LAPb NiMH  Li-lon NMC Lilon LFP  Li-lon LTO
Types of battery

The number of cycle

Figure 7. The number of cycles for variable technologies of batteries [17]

The further parameter is reducing the emission of corrosive,
explosive and toxic gases. This is related to the working
principle of battery because the electrolyte is not used in the
process (no electrolysis), but only to ensure the conductivity
between the electrodes. In the case of acid and alkaline
batteries, toxic, corrosive and explosive compounds become
airborne. It is corrosive sulfuric acid and lead in the case of
lead-acid batteries, which is toxic. In addition, the evolution of
hydrogen and oxygen is unavoidable as a result of electrolysis.
Therefore, there is a risk of explosion, so you should use Ex
zones (explosion hazards) and oxygen additionally increases
the risk of corrosion. For lithium-ion storage, anti-static floors
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do not need to be used. These batteries can be used inside
rooms intended for general use and there is no need to install
ventilation because they are in closed and sealed enclosures
[17].

The use of a lithium-ion battery ensures greater reliability
and mechanical strength. They are controlled by the Building
Management System (BMS). The structure in the form of a
matrix system of cells through a series-parallel connection
means that in case of damage to one cell the rest can work
without changes, without causing the entire system to be
stopped. The failure is immediately reported by the system and
can be repaired quickly. The broken bucket is temporarily
isolated in its own section. In addition, the tight casing and the
low weight of the cell make them mechanically resistant to
various types of impacts and shocks [17].

Lithium-ion battery cells typically have very low self-
discharge losses. In the comparison to the acid ones, it is about
10-15 times less. Monthly self-discharge of the lithium storage
is less than 1%. It is possible to obtain information about the
status of an online link, which means that the operational
services are not forced to make frequent measurement and
service visits. Therefore, the capacity tests are not needed and
this saves the time and costs associated with it [17].

VI. CONCLUSIONS

The concept of electric vehicles will be still developing. In
order to improve the power system flexibility and reliability,
the Vehicle-to-Grid technology could be support for the
electric grid. A low number of electric vehicles do not affect
the grid. If the number of EV would increase, then they could
become energy storage. Electric vehicles can also provide
power to the electric grid when they are parked.

The most commonly used in electric cars are currently
lithium-ion batteries. It is important to realize that lithium
resources may run out if the production of batteries will start on
a mass scale. Research is underway and scientists are looking
for other solutions. Modern technologies are still too expensive
and are unprofitable.

The challenge of the currently developing electromobility is
to build infrastructure for charging electric vehicles. A long-
distance trip without charging is impossible. The balance
between electric and traditional vehicles is needed. With the
further development of infrastructure and batteries, complete
electrification of cars will be possible.

Smooth cooperation with the power system could cause
mutual benefits. On the one hand, it could improve the security
of power supply; on the other hand, it could be a solution to the
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problem of energy storage from renewable sources, which are
characterized by fluctuations in power generation.
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Abstract— In today’s world where electricity generation from
fossil fuels is diminishing by the day and that from renewable
energy sources is ever increasing, HVDC transmission plays a
vital role in facilitating the integration of renewable energy into
the power grids. This paper discusses briefly why HVDC
technology is the better counterpart to HVAC transmission
technology, the different HVDC transmission configurations with
their pros and cons and the social, economic and political impact
HVDC technology has in today’s world.

I INTRODUCTION

Since the recent demand of increasing the share of
renewable energy sources in the power grids, various
challenges have risen that need to be tackled. One major issue
is the large distance between the location of renewable energy
sources and load centers. Furthermore, as the number of
rotation masses from conventional power plants is decreasing
by the year; grid stability and strength are adversely affected.
These issues can be overcome by the use of High Voltage
Direct Current (HVDC) transmission systems that will enable a
smoother and easier control of power systems operations.

e
PR PN oy

ACTransmission ACtoDC HYDC DC toAC AC
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Figure [1]. Delivering Renewable Energy with HVDC [1]

II. HVDC BENEFITS

Fossil fuels can be moved anywhere according to the needs.
It is costly but not impossible to build a new fossil fuel power
plant close to the region where the demand of the power is
more. On the other hand, renewable energy sources such as
solar, wind and hydro are often located far away from the load
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centers. The only viable solution to transport energy generated
from these remote sources is through HVDC due to its low cost
and losses for long-distance transmission.

HVDC is cost-effective for long-distance transmission as
compared to AC lines. A HVDC transmission line costs less
than an AC line for the same transmission capacity. However,
the cost of converter stations on either end is generally high
because of the fact they have to perform conversion from AC
to DC and DC to AC. But over a certain distance of approx.
600km-800km, HVDC transmission becomes economical than
AC as shown in the Figure [2]. For sub-sea cables, this break-
even distance is much smaller (typically around 50 km) than
for an overhead line. Moreover, the cost of power electronics
required for HVDC grids is reducing gradually, hence the
additional expense of converter stations is now becoming less
of a concern in the bigger financial decisions. [2]

Stati
oSt LINES AND STATIONS
Dc I Break Even Distance
|
oc | AC |
Converter
Stations 1
|
AC . 800 km | 50 km
Stations Overhead line l Submarine line

Transmission distance
Figure [2]. Cost Comparison of HVDC and AC Line with Critical
Distance of 600-800 Km [2]

HVDC has the benefit of changing the direction of power
flow which makes it possible to connect wind, solar and other
renewable energy sources beyond national borders such as in
Europe. The power quality and stability can be well-managed
in a HVDC network by injection of required power in case of
peak or drop in demand. In the near future, even more new
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HVDC networks will be integrated with the existing AC
networks to make the system more flexible. [3]

The line losses in an HVDC transmission are lower than
HVAC line of the same capacity as shown in the Figure [3],
which shows that more power will reach will reach the end
consumer. A DC transmission line of the same capacity is
generally cheaper to build, as it requires only two conductors
in comparison to AC transmission (requires three conductors)
along with narrower right-of-way requirement for
transmission towers and other equipment. [4]
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Figure [3]. Comparison of Losses in 1200 MW Overhead Line using
HVDC and AC [2]

HVDC Transmission has been widely used for the past half
century to fulfill the objectives of three applications namely:

- Long distance transmissions greater than 700 Km
where they are more cost effective in comparison to
their counter High Voltage Alternating Current
(HVAC) Transmission Systems.

- Submarine cables transmission.

- Connecting two asynchronous AC systems i.e. AC
systems with different frequencies from each other.

HVDC system has the capability to transfer power between
two asynchronous systems by making use of converter stations
at either end. AC transmission, on the other hand can only
exchange power between systems that are in synchronization
with each other. For the synchronization of two AC systems to
be successful, the following four criteria has to be met where
both AC systems must have: (1) same phase sequence, (2)
same phase angle, (3) equal voltage magnitude, (4) same
frequency. HVDC systems also provides the opportunity to
disconnect two connected systems, in case of a fault at one
end, which could prevent a possibly bigger outage event. [4]

HVDC system also has the advantage of interconnecting
two different power systems. This interconnected system will
help in efficient operation of existing generating plants tied to
the network, so the building of new power plants can be
postponed. The clear ecological benefit is not having to build a
new power station instead using the available resources more
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efficiently. For example, a large hydro power resource can be
linked with thermal generation through HVDC. This will help
in reducing thermal generation at peak demand and also
facilitates more reliable operation of the power system as
hydro helps thermal generation to work more efficiently at
constant output.

Submarine DC cables are the most feasible option when
connecting offshore wind farms to the main grid on land. The
AC power generated from the generator of an offshore wind
turbine is converted to DC current via a rectifier installed in
the wind turbine housing. This DC output of the rectifier is
then transmitted via submarine cables to an inverter converter
station onshore where it is converted to AC and synchronized
to the existing AC grid. A perfect example would be the
offshore farms located in the North Sea in northern Germany.

III. HVDC CONFIGURATIONS

Power electronics technologies upon which HVDC
transmission depends on is an ever evolving field with new
innovations being constantly developed every day. However,
the two most important, significant, common and robust
HVDC transmission technologies available today are Line
Commutated Converters (LCC) also known as Thyristor based
converters and Voltage Source Converters (VSC) also known
as Modular Multi Level Converters. LCC encourages energy
trading and HVDC transmission, while VSC enables the
connection of various variable energy resources and DC grids.
In short, LCC is ideal for major bulk power projects and VSC
is better suited for more compact projects [3]. This paper will
focus on LCC technology.

A. LCC Technology: Principle of Operation and Ratings

Line commutated converters as their name implies depend
on the instantaneous value of the line to line AC voltage to
which the converter is connected to affect the commutation
from one switching device (Thyristor or Diode) to its
neighboring switch. In principle HVDC converters can be
designed using diodes, however this makes the converter an
uncontrolled unidirectional converter. This is impractical
because for a HVDC transmission system that interconnects
two AC systems to work, a converter operating in rectifier
mode at one end of the HVDC line and another converter
operating in inverter mode at the opposite end is imperative.
For this reason, solely all converters are comprised of thyristor
valves making them controlled converters with the possibility
of operating as bidirectional converters in case anti-parallel
thyristor are used as switching devices.

In LCC, the dc current output of the rectifier mode
converter cannot change direction since it flows through a very
large inductance and is therefore considered constant. As a
result, on the AC side of the converter, the converter behaves
like a current source injecting the fundamental grid frequency
current and its accompanied harmonics. For this particular
reason, LCC is also called a current source converter.

Each converter at a converter station is of the 12 pulse
design. A 12 pulse converter is nothing more but two 6 pulse
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converters connected in a such a manner that the lower
commutation group of the first 6 pulse converter is connected
to the upper commutation group of the second 6 pulse
converter as shown in Figure [4].
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Figure [4]. 12 Pulse HVDC Converter using Thyristor Valves [5]

Twelve pulse converters have the advantages of an
improved power factor and the harmonic components of the
input line current is improved. This is possible by using a star-
star connected transformer that is connected to the first 6 pulse
converter and a star-delta connected transformer to the second
6 pulse converter. This creates a 30 electrical degrees shift
between the output of both transformers which is
simultaneously the input of each 6 pulse converter. The
resulting output waveform of a 12 pulse converter can be seen
in Figure [5].
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Figure [5]. Output Waveform of a 12 Pulse Converter with the same
Gate Signal Firing Angle for all Thyristor Valves [6]
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Since thyristors available by today’s standards have a rated
voltage and current of approximately 8 KV and 6500 amperes
respectively and the converter has to operate under voltages in
the range of 500 KV and above. Therefore, each switch is
comprised of several thyristors connected in series forming a
single switch unit or as widely known a thyristor valve.

B.  DC Circuit Configuration

Several DC circuit schemes exist however, only few are
deemed practical. The most popular scheme is the bipolar
configuration with ground return path shown in Figure [6].
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Figure [6]. Bipolar Configuration with Ground Return Path [7]

What makes this scheme is its versatility. For example, in
case one or even two converter stations become out of
operation, it is still possible to transmit power through the grid.
This is achieved by performing several power system switching
operations to convert the original bipolar with ground return
scheme in to either a monopole with a metallic return path,
Figure [7] or a monopole configuration ground return scheme,
Figure [8].
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Figure [7]. Monopole Configuration with Metallic Return Path [7]
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Figure [8]. Monopole Ground Return Scheme [7]

IV. HVDC’s ROLE IN SOCIAL, ECONOMICAL & POLITICAL
ASPECTS

The notion for HVDC transmission started to gain attention
after the Fukushima nuclear disaster in Japan. This accident led
Angela Merkel, Chancellor of Germany to shutdown 8 of her
country’s 17 nuclear reactors and phase out the rest by 2022.
South Germany which is a massive industrial load center, had
its power needs met from the aforementioned nuclear power
plants. In order to keep this massive industry in operation, the
resulting power gap has to be filled by renewable energy
sources that are located in the north of Germany. Around 10
gigawatts of power will need to be transmitted from north to
south of Germany once the last nuclear plant is closed and the
grid is not still up to the challenge. [9]

To fulfill this gap, Germany is considering HVDC
transmission because HVDC seems cheaper option than
settling only with AC grids. HVDC also offers an effective
solution due to power electronics placed at either end. The
direction and magnitude of the power transmitted on a line can
be precisely controlled that is impossible for an AC line within
the grids wide-open circuit. Due to these power electronics the
cost of single HVDC line is well above than an AC line. But
when the Germany’s TSO’s (Transmission System Operator)
totaled up all the costs, they found that DC system would be
less expensive way to enable the country’s shift towards the
renewables because less lines will be built or upgraded. [9]

One of the project that is planned to be in operation by 2025 is
SuedOstLink. The SuedOstLink is a joint project of 50 Hertz
and Tenne T. This HVDC link between Saxony-Anhalt and
Bavaria will be able to transmit up to 2000 megawatts of
electricity and will have approximated length of about 580
kilometers. This project was laid down as project No. 5 in the
Federal Requirements Plan Act in May 2013. It has been
codified by Germany’s Federal Government and the Federal
Parliament as a necessary element of its energy policy. [10]

There was also a debate on overhead lines and underground
cables in Germany because the people in Germany were not in
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the favor of overhead lines. So, Markel’s cabinet approved the
plans for about 1000 km of high voltage underground cabling
after protests against building lines above ground gathered
momentum across the country, especially in the southern state
of Bavaria. The underground cabling will cost between 3
billion euros and 8 billion euros more than the overland option
and the extra expense is likely to be added to consumers’
electricity bills.

However, the government argues that savings will be
made with the underground cables in the medium-term because
protests will be avoided and construction will be sped up. [11]

V. CONCLUSION

The share of HVDC technologies in power grids will
increase exponentially in the next few decades. This
increase in share is directly credited to the increase in
power generation from renewable energy sources. This is
an expected and easily predictable outcome since power
generation from fossil fuels and nuclear energy is growing
smaller by the year.

Last but not least, HVDC has proven on several scenarios
it’s the better option to its counterpart HVAC. Although
HVDC has a higher initial cost, the pros gained over its
running life time by far outweigh any gains from HVAC.

Finally, technical aspects are just one side of the coin
when it comes to HVDC. Social, economic and political
aspects play a vital role in shaping the future of power
grids. HVDC has been the solution to several socio-
economic/political demeanors in the past.
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Abstract— Smart meters provide time-resolved data concerning
utility consumption, by monitoring the usage of electricity, water
and gas on the premises of the consumers. The data is transmit-
ted to central servers where they are analysed and evaluated for
multiple purposes, such as billing and deriving usage profiles, e.g.
for further marketing. Furthermore, these profiles can be used
for additional processing to gain insight about the infrastructure,
the appliances, and the users. The data involved form the core of
a rapidly emerging market, which causes debates about the legit-
imacy of the usage of data and the implications to privacy and
human dignity.

Keywords- smart meters, data mining, utility providers, data
protection, privacy

L INTRODUCTION

Smart meters are devices for metering utility consumption
data in industry and in private households. The meters are
capable of monitoring, storing, analysing, and transmitting
consumption-related data, as well as receiving information
from the utility provider and other authorized users, e.g. in-
structions to shut off the supply at the user's volition, or initiat-
ed by the utility provider in case of non-payment, or technical
defects on the premises.

Recent technical developments have enabled evaluating
time-dependent consumption levels at such detail that user
profiles and consumer-device identifying utility consumption
profiles can be derived and further evaluated for market analy-
sis and social grouping and stratification. This form of “data
mining” has the potential of gaining rapidly in size and signifi-
cance in an increasing information-driven market.

The objective of the present study is to identify the state-of-
the-art technology of what is currently available for the purpose
of data mining with smart meters, to point out some potential
marketing strategies for the processed data, and to briefly ad-
dress the concerns of data protection and privacy, as well as
ownership of the raw and processed data extracted from the
user-generated consumption data profiles.

II.  TECHNICAL FEATURES OF SMART METERS

Smart meters which measure and monitor utility usage and
have the capability to communicate with remote entities, e.g.
the respective utility provider, using standard transmission
protocols like GSM, or the Internet Protocol over fixed lines,
were introduced in the 1990s. The first patent application
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mentioning the term “smart meter” was published in 1998 in
the USA [1]. The technical development of these smart meters
grew over the course of the folowing decade and peaked in the
period 2010-2013 [2]. The technical development focussed on
the aspects of measuring and displaying the consumption data
locally, as well as transmitting the raw or analysed and
aggregated data to the utility provider and also for receiving
information at the consumer site with a relevance to billing
and technical operationality. The components making up the
networked of devices from the bulk producer of the utility to
the individual appliances at private residences is shown in
Fig. 1.

A. Measuring and Monitoring

The consumption of electricity is most commonly measured
in units of kilowatt-hours by means of an electromechanical
type induction meter [3]. Such meters comprise coils and a
revolving non-magnetic electrically conductive disc exposed to
eddy currents driving the disc. The angular speed of the disc is
proportional to the electrical power consumed by the load be-
ing monitored. A magnet attached to the disc can cause, e.g. a
reed switch to produce a pulse each time the disc rotates a full
turn and the magnet passes by the reed switch [4]. Each full
turn of the disc corresponds to a certain amount of energy. The
pulses of the reed switch may be counted and used for digital
processing of the consumed electrical energy.

Meters for measuring flow of fluids, such as gas and water,
function typically in a purely mechanical manner as rotary
displacement meters and can be equipped with means for elec-
tronic output of consumption related data such as electric puls-
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Figure 1: Smart meter network components [42]

EEEIC SEd 2018



es, in similar ways as the electricity meters [5], [6].

Smart meters do not only measure physical parameters of
the utility being observed, i.e. electricity, gas, or water, but also
track the usage over time, which is called monitoring [7]. The
temporal resolution thereby may be as fine as seconds and may
extend to long periods such as years, for displaying and evalu-
ating real-time consumption and the evolution of usage patterns
and cycles over vastly different time spans [8].

The monitoring may be implemented as locally installed
individual appliance monitors or remotely read devices such as
non-intrusive appliance load monitoring from a central server
[9].

B. Storing

Mechanical meters with dials do not need electronic storage
means, as they maintain their count value and present it to a
(human) reader for noting and billing purposes.

Yet, smart meters rely on electronic storage and processing
of the data retrieved from clocks and the actual metering de-
vice. Therefore, in smart meters electronic storage devices are
used which are tamper-proof and fail-safe, also in the event of
power failure or other technical faults, since the data is essen-
tial for the billing accuracy of the utility provider. These smart
meter memory devices are long-life, non-volatile, and encrypt-
ed, with remote updating capability and attached to communi-
cations modules for presenting the data locally, e.g. on a dis-
play and for remote reading [10].

Wherever the amount of data becomes too large for local
storage, or if big amounts of data are to be analysed, e.g. origi-
nating from numerous different smart meters or individual
appliance monitors over extended periods of time, an aggrega-
tion and storage of the data in centralized servers has been
established [11]. Such a system requires automated transmis-
sion of metering data to the central server, which in itself im-
plies the implementation of the hardware and software features
enabling the necessary functionality [9].

C. Analysing

The data collected for analysis are normally disaggregated,
analysed and interpreted centrally [9], using different tools
such as peak consumption identification [12], leakage detection
in the water supply [13], load analysis by deconvolving usage
patterns of individual appliances [14], and identifying consum-
er devices based on simplified data analysis such as the occur-
rence of certain power levels in a load cycle to generate a load
signature which identifies the device [15].

These methods are capable of providing both summarized
and detailed information about the times of usage of types of
devices or individual appliances, the amount of energy con-
sumed over short and long periods, the types of appliances
used in households and industry, as well as daily, weekly, and
seasonal usage patterns [9].

The purpose of the analysis is not limited to provide data
relevant to the utility providers but also to the consumers and
for other parties which may have legitimate interests in ana-
lysed and aggregated data, e.g. for planning infrastructure.
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Economic interests of third parties may also be considered
legitimate as the principle source of wealth [16].

D. Transmitting

For reading out smart meters, different technical solutions
and legal restrictions apply.

There is the near-field operation, which includes displaying
consumption-related data for local inspection and monitoring
by the users of the appliances. Such monitoring by the users is
intended to provide the consumers with relevant information on
their usage patterns and behaviours, as well as to enable in-
formed choices on different offers from utility providers. In a
deregulated market with multiple competing utility provider
companies, informed customers form an essential part of a
functioning market. Smart meters may include near-field
(NFC) radio-frequency (RF) transmission of consumption-
related data, which can be read out by means of mobile reader
devices [17]. Such devices may be used by the consumers at
their premises as well as by staff of the utility provider. Meter
reading from outside the premises requires different RF proto-
cols having a somewhat larger range than NFC. Long-range
transfer technologies and protocols are available for centralized
communication with cloud servers and analysis systems, such
as GSM using wireless transfer, TCP/IP over telephone and
power grid lines, making use of wired and wireless networks.
A multitude of transfer protocols are documented by the Inter-
national Electrotechnical Commission [18].

Not all technically possible communication is desirable or
within the applicable legal framework. In Germany, the Meter-
ing Point Operation Act limits the transmittal of data by default
to once a year, and exclusively for billing purposes, or addi-
tionally on an opt-in basis for customers who want to provide
additional information, also at a higher rate of data transmis-
sion [19].

E. Receiving

Smart meters are characterized by the bi-directionality of
the communication pathway. In addition to sending consump-
tion-related data, smart meters are also capable of receiving
information, e.g. concerning the operational functions, such as
software updates and tokens, but also emergency shut-off in
case of faults or economically driven shut-off instructions in
case of non-payment of bills or a change in the contracting
partners. These wanted features of remote control can be
abused by unauthorized agents and are therefore a source of an
on-going debate on the security of remotely controllable smart
meters [20].

III. ECONOMIC SIGNIFICANCE OF ANALYSED DATA

The technological evolution of and around smart meters is
driven by strong economic interests for a multitude of reasons
[21], such as of utility providers wanting to use the data re-
trieved from their customers for planning and billing, by manu-
facturers of household appliances to gain insight in the spatial
distribution of their products, for adapting their devices accord-
ing to user requirements, for making use of the temporally
resolved data on the usage of various appliances, etc. Addition-
ally, the data enables analysts to derive aspects of household
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sizes and compositions, as well as life-style related aspects,
which may be used for economic considerations [12].

A. Usage profiles

Usage profiles may be related to appliances or consumers,
i.e. the users of the utility provided [14].

1) Devices
The analysis may produce aggregated data on groups and
types of devices, based on location or time of use, and may
make use of identifiers for such groups and single appliances
[15].

2) Consumers

Usage profiles may be attributed to individuals or groups
of users in industry, housing blocks, and single private house-
holds [9]. An important aspect relates to the economic signifi-
cance of the ownership of the raw and processed data. As
government agencies remain silent or vague on the issue and
tend to focus the debate towards data security [19], the eco-
nomic aspects of ownership are debated [22], whereby the
utility providers assert the ownership of the data retrieved and
processed [23].

B. Evaluation for Supply

Utility providers are highly concerned with the correct siz-
ing of their installations and the maintenance thereof. Driving
factors are both their own entrepreneurial drive for profits and
the need to meet the regulatory requirements concerning safety
and security as well as a guaranteed continuity of supply of the
utility to the customers. In a competitive market, pricing is best
based on the input of relevant, time-resolved data.

1) Installations
Peaks of instant demand infer overly large capacity of sup-
plier installations (electricity) [24] and long-term dips in water
consumption may indicate problems arising both with insuffi-
ciently flushed fresh-water pipes and sewers.!

2) Maintenance

In addition to continuous servicing the utility provider’s
own installations, the grid operators also need to provide,
monitor, and service their lines and pipes, in order to identify
faults such as leaks and electrical shorts or creepage currents.
Localization of these faults may be aided by evaluation of
usage patterns of consumption data provided by smart meters
to the utility and grid providers.

3) Pricing
Intelligent pricing requires the input of time-resolved in-
formation on demand, such that the price and the consumer’s
actions can be adapted accordingly [8]. This can be implement-
ed not only for maximizing the profit but also to spread the
usage over periods of lower demand, by making it financially
more attractive than the peak times [25].

Additionally, pricing could also reflect under-usage of a
utility, which makes the maintenance of the installations rela-

! Electrical energy must be generated and transported to the consumers at the
time of the demand [25]. Peak demand periods constitute a costly challenge to
the providers [38]. Under-consumption of drinking water may cause pathogen-
ic legionella bacteria to grow in unused fresh-water pipes [39], and may cause
clogging in sewers [40], and is therefore to be avoided.
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tively costly or may even cause additional harm, as with un-
used fresh-water pipes and drainage systems.

C. Evaluation for Marketing

Intelligent networked devices (“internet of things”) may be
configured to respond flexibly to utility prices varying over
time, such that the utility is used when prices are low, or at
least not at times of peak prices [26]. Energy efficient appli-
ances can be market by incentivizing their purchase and use
over their detection in power consumption patterns analysed
by the utility providers [27].

A multitude of agents have been identified who may have
economically based interests in making use of data originating
from smart meters [28]. Table I. lists the interested parties and
how they could use the data obtained.

TABLE L PARTIES INTERESTED IN SMART METER DATA?

'Who wants smart

meter data? How could the data be used?

To monitor electricity usage and load; to determine

Utilities bills

Electricity usage advi-

. To promote energy conservation and awareness
sory companies

To determine health care or life insurance premiums

Insurance companies . R .
p based on behaviours that might indicate illness

IMarketers To profile customers for targeted advertisements

To identify property boundaries and activities on

Civil litigators .
premises

ILandlords To verify lease compliance
IPrivate investigators  [To monitor specific events
The press To get information about famous people
IKnowledge of life-styles enables employers to select
Employers
future and control current employees
. To determine behaviour that might indicate credit-
Creditors

worthiness
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IV. EVALUATION FOR SURVEILLANCE AND CONTROL

The state as the institution for crime prevention, suppres-
sion and prosecution may be considered legitimately interested
in evaluating data derived from smart meters, e.g. to identify
suspicious or illegal activity.?

Smart meter data can form a part of a more comprehensive
surveillance of consumers [29], be it for political steering via
targeted user-specific appeals and manipulation in social me-
dia [30], or for early detection of usage patterns statistically
correlated to criminal behaviour, although the latter may be
not directly linked to the former [31].

V. DATA PROTECTION AND OWNERSHIP

Smart meter and smart grid technologies give rise to multifac-
eted considerations including economic aspects, such as own-
ership of data and potentials for a corresponding licensing
market, and the highly important notion of human dignity in

2 source:[29], amended by E. Naimen

> In the 2001 legal case Kyllo v. United States [34], the government used
monthly utility bills to “show that the suspect’s power usage was ‘excessive’
and thus ‘consistent with’ a marijuana-growing operation.”
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context with data protection. In this chapter, two aspects which
the authors consider highly relevant, are illustrated briefly.

A. Data Protection as a Human Right to Privacy

The German Federal Constitutional Court ruled as early as
1983 that the self-determination concerning personal data is
fundamental to human dignity and therefore an unalienable
human right [32]. Since then, both technology and mile-stone
legislation and jurisdiction have further developed striving to
balance legitimate economic and legal interests of the stake
holders concerned with smart meter data mining. The underly-
ing principles in the debate can be summarized as safeguard-
ing individual freedom from excessive observation on the one
hand [33], and on the other hand enabling technology-based
law enforcement [34] and legitimate business interests as a
growing branch of the economy. Additionally, increasing
attention is given to the democratic autonomy of the consum-
ers to agree to or disallow the use of their personal data, for
purposes he or she is free to determine, e.g. in contracts and
licensing agreements [35]. Contrastingly, attention is drawn to
defects in the free-market oriented approaches, where local
monopolies are effective or the users are subject to manipula-
tive actions biasing their decisions and thereby infringing on
their actual autonomy [36].

B. Ownership

Conventionally, the utility providers install and own the
smart meters inside the premises of their customers, i.e. the
consumers. The data being acquired by, stored in and transmit-
ted, is then considered to be owned by the utility provider
[23]. Following the notion of self-determination of personal
data, as ruled by the German Supreme Court [32], it appears to
be more consistent to consider the raw data, which was caused
and thereby created by the users, to remain within their per-
sonal property. It may be considered an unalienable personal
right, similar to an author’s copy right of text or an artist’s of
his work. Revocable licensing agreements and contracts may
be implemented in a legal framework, safeguarding the con-
sumer’s interests versus the overwhelming power of the utility
providers. Regulations similar to the telecommunications and
banking regulatory measures are thinkable. The ownership of
processed data, along with a practical definition of what that
constitutes, may be attributed to the agency which produced
that data. This could take the form of a dependent ownership,
similar to the concept of dependent patents*: The owner or
processed data can use or sell that data only within the terms
of the license he has acquired from the owner of the raw data.

VI. CONCLUSION

The market of smart meters and smart grids along with
technically related fields is a rapidly growing technology driv-
en market of goods, services, and data. It is a prime example
of the rising economic significance of raw and processed data.
In order to safeguard human dignity and to maintain the con-
sumer’s role and rights as the central agent who determines
the conditions he lives in, in the sense of the user being the
subject rather than the object of extraneous interests and activ-
ities, social and legal standards and regulatory measures need

41f a later patent can only be used together with (a license of) an earlier
patent, then the later patent is a dependent patent [41].
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to be adapted rapidly, adequately, and continuously. Such
adaptations have shown to be normally slow in democratic
structures, yet should keep up with the rapidly increasing
technical potential and creative economic use in this emerging
market. Shifting the law-making process during its preparatory
work away from economically driving interest groups and
populist demagogues, towards persons skilled in technology,
social sciences, and legal practise appears to be warranted.
Engaging more highly skilled experts of various fields of
technology, economics, social sciences, and legal practise, in
the drafting of legal texts appears to yield more adequate solu-
tions more rapidly than the present practise does.
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Vehicle to Grid:
Benefits and Barriers

Omer Madani, Robin F. Seitz and Gamze Delioglu

Abstract - The current electric vehicles (EV) can not only
contribute to an emission-free environmentally-friendly car drive
but could also serve as a small storage and thus feed electricity
into the domestic network. Vehicle-to-Grid (V2G) and Vehicle-to-
Home (V2H) represent possible technologies that would create
storage capacities and be intelligently and bidirectionally
connected to the power grid. The expansion of the existing
technology could help to invest more in EVs, to support the
spread of EVs, and in this case to promote the use of renewable
energies.

electricity, electricity market, electric vehicles (EV), renewable
energy, smart grid, storage, vehicle-to-grid (V2G)

I. INTRODUCTION

Fossil fuels are currently crucial for global transport. That
includes a number of sobering, negative environmental and
social impacts [1]. On the other side, there’s a rising demand
for electric cars, that will inevitably affect the electricity grid.
Additionally, renewable energies are constantly being
expanded. This development of renewable energies has led to
immense hydropower and solar power generation. However,
nature is unpredictable this led to increased concern about
disruption of energy production [2]. A possible solution for
this problem is Vehicle-2-Grid (V2G).

II.  FUNCTIONALITY OF V2G

V2G means that electric vehicles have the opportunity to be
integrated in the grid, manage power flow and could displace
the need for an electric utility infrastructure [1].

Figure 1. Concept of V2G

As we can see in Figure 1 electric cars can be used as
power sources or for energy storage [1]. If V2G would be
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accepted by the owners of electric cars, this technic could
heavily decrease emissions in the transportation sector [3].

Also, Back-up power, support for load balancing and
reduced peak-loads can be provided by V2G [4]. Furthermore,
uncertainty in the forecast of daily and hourly electrical load
can be reduced [5]. At least VG2 allows a better use of the
existing generation capacity [6].

As we can see in Figure 2, according to a simulation from
2000 to 2100, in Europe, V2G offers the largest storage
potential compared to other options such as standalone
batteries, compressed air storages or pumped storage power
plants [7].
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Figure 2. Simulated capacities of different energy storage technologies from
2000-2100

III. TECHNICAL REQUIREMENTS

The main problem on EV was always the electricity
capacity. Different kind of batteries like lead acid, nickel
cadmium, nickel metal hydride, and even lithium ion batteries
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have already achieved progressively higher energy density
measured in watt hours per kilogram. But some disadvatages
like cost, energy, power (i.e., the amount of energy that can be
released quickly), life expectancy, and safety have maintained

8.

Despite these constraints, there, has already been a trend
towards increased electrification of cars starting with
increasingly powerful hybrids and nowadays even completely
EV. And the market for them is immensely rising as you can
see in the Forecast (Fig. 3) for the years 2016-2025 the share
of electric vehicles is growing.
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Figure 3. Total EV Market Sales Forecast (Global), 2016 -2025

Electric Vehicles

Of all those metals named that are available for battery
chemistry, the battery industry has long considered
chemistries based on lithium to be the most efficient. Lithium
is available in big amounts. 15 million tons of lithium are
available in brine resources and approximately 2 million tons
are available in ore deposits. These could be used to produce 1
billion fully electric or 10 billion hybrid electric vehicles.
Lithium is not toxic and it is the lightest metal on the periodic
table. The biggest advantage is that it has a high specific
energy content and that the organic electrodes are protected
from corrosion by a film, called the SEI layer, which protects
the electrode and still allows lithium ions to pass through.
Inside a lithium-ion battery there are the two electrodes, the
cathode (+) and the anode (-) which accommodate the lithium
ions. While the batteries discharge the lithium-ions move from
the negative anode to the positive cathode and pass the
electrolyte and the separator. While the batterie charges the
reversed process can be seen (Fig. 4). The batteries that will be
used in the next generation electric vehicles are known as
“Advanced Lithium Ion Batteries” [8].
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Figure 4. Functionality of lithium-ion battery

IV. INTEGRATION AND STORAGE OF RENEWABLE ENERGY

Several studies have shown that integrating V2G into a
microgrid lowers operating costs, reduces the dependency on
the outside grid and increases the benefits of renewable energy
[9]. For example, a study found that in a great American
regional transmission organization, an integrated V2G, can be
boosted by renewable energies up to 51 GW, an increase of
nearly 30% compared to a scenario without V2G [10].

In a study, the effects of V2G-usage on the lifetime
performance of Li-ion cells were tested. For the study a
nominal realistic driving schedule based on aggregating driving
survey data and the Urban Dynamometer Driving Schedule
were derived and a vehicle physics model was used to create a
daily battery duty cycle. To perform the use of V2G use in the
afternoon to displace grid electricity, different degrees of
continuous discharge were imposed on the cells. The capacity
loss of the batteries was measured as functions of the capacity
that is integrated and of the energy that is processed by the
cells. The tested cells showed that 95% of the original capacity
of them lasted after a simulation of thousand days of driving.
The percentage of capacity loss per Wh for V2G support is
—2.70 x 10—3 %, which is quite low. It shows that the capacity
loss of the cells for a thousand V2G supported driving days
doesn’t even reach 10%. Nonetheless there are V2G-Types
which are more infrequent in nature and therefore could lead to
a faster fade of the battery capacity [11].
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V.  POSSIBLE BENEFITS OF A V2G TRANSITION TO
CONSUMERS AND THE ELECTRIC POWER SYSTEM

A. Consumers benefits

The consumers may profit of the launch of V2G since the
prices for electricity are much cheaper than the ones for
gasoline if they are compare for the same travelled distance.
Also, could the additional earnings be made by the owners of
electric cars by selling back the power to the grid. Owing to
that the V2G could contribute the needed assistance for the
transmission operators. The estimated earnings for the V2G
ancillary services could be up to $4,000 per vehicle.

B.  Benefits to the electric power system

Another instance that could benefit from a V2G transition is
the electric power system. One way is the supply of electricity
to the electric cars. Another way is to draw electricity from
them. Because most of the generated electricity is not used the
excess electricity could be used to supply for example almost
84% of electrically powered cars, light trucks, and sport utility
vehicles in the United States at off-peak times. Therefore, the
supplying companies would gain extra earnings during these
time periods. The V2G cars can serve as distributed
generators-supplements to utility power plants that provide
valuable generation capacity at peak times that is during the
parts of the day when electricity is most expensive [12].

VI. CONCLUSIONS

All in all, the benefits and barriers of V2G became clear. A
launch could improve the full load hour number and the
economy of power stations by smoothing of the load curves, by
filling of the nightly demand. V2G has the ability to provide
positive as well as negative control power by storing energy
and regenerating during the peak load times. Moreover, it
would lead to a positive contribution to the system integration
of fluctuating renewable energies such as solar and wind power
and the provision of control energy is highly profitable for EV.

Nevertheless, the battery technology is despite progress the
biggest obstacle for V2G as there are high production costs for
the lithium-ion batteries for the EV and the loading
infrastructure is still developing very slow. To realize V2G in
the near future, standardized network connections and a
coordinated battery management system are required.
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Abstract—The following paper gives an overview of the
consequences of the political decisions regarding the lignite
phasing-out for the region of Lusatia and the resulting challenges
and opportunities. First, climate change is addressed and a brief
analysis of the potential of renewable energies in the region is
undertaken. The demographic change and its consequences for
the region, as well as the shortage of skilled workers and the
attempt to transform the region into an innovation area will also
be examined. Furthermore, the opportunities to create and
develop a tourism area are considered.

Keywords-Lusatia, energy change, lignite, renewables, tourism,
climate change

L INTRODUCTION

Lignite-fired power generation in Germany is not
compatible with the climate policy goals of the UN, the EU and
the federal government in the long term. The German
government has already decided to transfer lignite-fired power
plants with an initial capacity of 2.7 gigawatts to a capacity
reserve, the provision of which will be reimbursed to the
operators. The goal is to save 11 million tons of carbon dioxide
in the short term. The current climate protection plan 2050
announces further steps of a phasing out [1]. This applies not
only to the Rhenish and Middle German territories but also to
Lusatia. A structural break occurred here as early as the 1990s,
during which the number of employees in the mining and
energy generation sectors fell from over 80,000 to around
8,000 [2]. The following paper is intended to shed light on the
challenges of such a structural change and how they can be
turned into opportunities for the Lusatia region.

II.  POLITICAL DECISIONS CAUSED BY CLIMATE CHANGE

The politically induced risk for the continuation of lignite-
fired power generation in Germany is due to climate change
and the finding that this is mainly caused by carbon dioxide
emissions. Two assumptions ensure continuous pressure on
lignite power generation in Germany. Firstly, this is the
premise that developed and industrialized countries, especially
Germany, should play a pioneering role in climate protection.
Secondly, the premise that the lignite-fired power generation
sector is a preferred target for CO2 reduction efforts within the
climate-politically relevant economic sectors in Germany [3].
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Even if the market situation for lignite is currently still
good, it will deteriorate significantly in the future due to
political frameworks at German and European level [4]. For
example, efforts are being made to reform the European
Emissions Trading Scheme (ETS) in order to achieve higher
CO2 prices through a shortage of emission certificates. For
example, a market stability reserve was recently adopted and
will enter into force in 2019 [5].

The strengthening of the ETS will affect lignite as the most
emission-intensive energy source harder than hard coal or
natural gas. The ETS reform will therefore not only increase
the cost of lignite power generation but will also worsen its
relative competitive position compared to other fossil fuels. If
certificate prices rise far enough, lignite could still lag behind
gas in the merit order and thus become uneconomical [5].

Furthermore, under the EU Directive on Industrial
Emissions and the German Federal Immission Control
Ordinance, stricter emission limits are expected to come into
force from the year 2021. For power plants that do not comply
with these limits, expensive retrofitting with pollutant
reduction technology is usually necessary. Vattenfall has
calculated, for example, that retrofitting all boilers in the
Janschwalde power plant with more effective nitrogen oxide
catalysts would incur capital costs of €20.3 million and
additional annual operating costs of €7.2 million [6]. Especially
in the case of older lignite blocks with marginal profitability,
energy suppliers will have to ask themselves whether such
retrofitting is still worthwhile or whether closure would be
preferable from an economic point of view [5]. At the end of
2014, Vattenfall announced that it intended to sell its lignite
activities in Germany. In the bidding process, the Czech
companies EPH and PFF prevailed over their competitors. In
October 2016 the company was renamed LEAG. LEAG is the
joint brand of Lausitz Energie Bergbau AG and Lausitz
Energie Kraftwerke AG. Lausitz Energie Bergbau AG is
responsible for lignite production in the four Lusatian opencast
mines and for refining the raw material in the Schwarze Pumpe
Industrial Park [7].

III. RENEWABLE ENERGIES

When talking about energy change, the side of the potential
of renewable energies in the region should not be neglected.
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Therefore, a short potential analysis of wind and water power,
photovoltaics, solar thermal energy and geothermal energy is to
be carried out. The following data used is based on a report
from 2011. The region has relatively large areas suitable for
wind power grooving. The high average wind speeds at high
altitudes offer good conditions for an economical operation of
the turbines. In 2011 with an installed capacity of approx.
1,010 MW and a resulting average final energy of approx.
2,000 GWh per year, wind energy already supplied a
considerable part of the region's required electricity. This stock
of wind turbines provides 1,958 GWh, which corresponds to an
efficiency of about 23.6 %. After deduction of existing plants,
the potential is 6,336 GWh per year, which represents
significant potential for expansion. In the field of
photovoltaics, there is extensive potential in the region, on the
one hand on open spaces, but above all on roofs. This results in
a total potential of 9,865 GWh, of which about 5 % is currently
used. The potential for solar thermal energy amounts to 18,537
GWh, of which only 0.1 % is currently used. The hydropower
plant potential is largely made up of the use of existing
transverse structures on flowing waters. This potential has
already been largely tapped (75 %) by existing plants, so that
hardly any plant growth and a significantly higher energy yield
are to be expected in the future. Geothermal energy has a
current utilization rate of 14 % in the region and thus also
further utilization potential.

IV. CHALLENGES DUE TO DEMOGRAPHIC CHANGE

Demographic change and the departure of an increasing
number of young population groups are having a drastic
impact on Lusatia and its economic development potential.
While in 1995 there were still more than 1,430,000 people
living in Lusatia, by 2015 there were still just under
1,170,000, which corresponds to a population decline of 18%.
The proportion of the working population between the ages of
18 and 65 was reduced by 220,000 people, which corresponds
to a drop of 24% [9]. According to current forecasts, Lusatia
will still lose over 200,000 inhabitants by 2030 - a minus of
17%. Demographic change will have an even stronger impact
on the development of the labour force potential. At just under
30%, the decline will be even more pronounced than the
overall population trend. Between 2015 and 2030, the average
age of the population in Lusatia will rise from around 48 to
over 53 years. In the coming years, the number of people
leaving the labour market will always exceed the number of
people entering the labour market [3,10,11]. Targeted support
is necessary to strengthen the economic structure in Lusatia.
For the region as a whole, better training opportunities,
sustainable economic development and the improvement of
location factors are essential to counter migration and
strengthen tourism [4]. As a reaction to the climate decisions
of the Federal Government, the Innovationregion Lausitz
GmbH (iRL) was founded. This is a foundation of the regional
economy and the BTU Cottbus-Senftenberg. The iRL team
develops ideas and strategies on how Lusatia can react to
structural change. It helps affected companies to develop new
business fields and develops growth projects for Lusatia [12].
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V. TOURISM

After the end of lignite mining, the question arises as to
how the region can continue to be used economically. The
landscape of Lusatia is characterized by many artificial lakes.
These offer a high potential what can be used for tourism [13].
For example, the Bergheider Lake, which is part of the
Lusatian Lakeland, is the largest artificial water landscape in
Europe with another 19 flooded open-cast mines and is
increasingly developing into a tourist magnet. The number of
overnight stays will increase from 460,000 last year to one
million in 2020, expects Kathrin Winkler, Managing Director
of the Lusatian Lakeland Tourist Board [14].

Another impressive hotspot is the decommissioned F60
conveyor bridge. A colossus of steel, weighing 11,000 tons and
longer than the Eiffel Tower - the F60 in Lichterfeld is an
impressive appearance. The former winding bridge has become
a visitor mine and an event location for concerts or fireworks
shows. Meanwhile, the Bergheider Lake with the old F60
conveyor bridge has become a spectacular setting for music
festivals such as the Feel and the Artlake. Together with the
lake, the visitor mine is to become part of a new recreation
area: Bungalows, campsites and a floating house will be built
here. The lake is supposed to attract water sports like
windsurfing and kitesurfing. The remediation will make the
former open-cast mining areas usable again. The aim is not to
restore the original state, but to redesign the landscape in such
a way that new life and development potentials arise from it.
Tourism, for example. However, for coal mines to become
bathing lakes, they not only have to be flooded, they also have
to be paved beforehand and then limed. Otherwise the pH
value of the lakes would be very acidic and harmful to the skin.
Many of the lakes in the Lusatian Lakeland are at a similar
stage to Lake Bergheide: somewhere between the coal mine
and tourism. It will be a while before the largest artificial lake
country in Europe is finished. According to the current flood
forecast, the earliest possible date is 2021. However, the
marketing concept for most lakes is already in place and
tourism is definitely a huge opportunity for Lusatia in general
[13].

CONCLUSION

The paper presented has drawn attention both to the
challenges currently to be overcome and to the opportunities
arising for the Lusatia region from energy change. The phasing
out of lignite is unavoidable and the policy in the region is well
advised if it uses potentials at different levels as early as
possible and thus mitigates the consequences resulting from
this phasing out. The reason for the energy change in the region
lies in political decisions regarding climate change and CO2
reduction [1]. To ensure that the region can still be used
economically in the future, the following approaches are
available: Lusatia offers increased potential for the use of
various renewable energies. In addition, the area is to grow into
an innovation space through the establishment of companies.
The landscape of Lusatia, for example, with its numerous lakes
resulting from flooded opencast mines, is attractive. It is
expected that the number of tourists will increase immensely.
To sum up, it can be said that Lusatia has every chance of a
good economic situation, even without lignite. It is still facing
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some challenges, such as demographic change, but citizens are
willing to face them.
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Generating Electricity Using
Ocean Tidal Energy

Mohammad Moniruzzaman

Abstract— Ocean tidal is gaining in significance as an important
green energy source. The ocean has been long recognized as a
potential source of energy. However, it was not use for its higher
Capital, operation and maintenance cost and its operation
mechanism, but got some non-polluting green energy from it.
Ocean tidal energy is a solution for increasing the reliability of
remittent renewable sources. When the tide was going through to
the turbine, turbine rotor was rotating for its speed; from this
turbine we were collecting the tidal energy. The total energy was
extract from many tidal turbines and makes an Ocean tidal
power plant. This paper highlights the overall cost like capital
cost, operation and maintenance cost, cost of extracting energy of
tidal power plant and also the future advancements which can
possibly expand the financial allure of such frameworks and it
will reduce the power crisis and simulations using Homer
software are included.

Index Terms—Basic physics of tides, Types of Ocean tidal plant,
Power from Ocean Energy, calculation power in Homer Software
Present Trend, Forecast.

1. INTRODUCTION

In our day to day life any kind of supporting articles are
running by electrical energy. So scientists are trying best to
update this energy sector and searching to find out better
quality also. The instability of oil and gas prices and the
increasing of people’s awareness in environmental problems,
renewable energy is the key solution of these problems. Tidal
energy, with its advantages of being predictable and its high
energy density, is one of the most promising renewable energy
forms. Ocean tidal power is gaining in significance as an
important renewable source of clean energy. The oceans have
been long recognized as a potential source of energy. The
ocean's motion carries energy in the form of tides, currents,
and waves. Tidal energy is energy produced by the tides of the
ocean. Tidal energy utilizes the gravitational energy of the
attraction of the Sun, Earth and Moon. Tidal power is non-
polluting, reliable and predictable. Tidal energy is a renewable
source of electricity which does not result in the emission of
gases responsible for global warming or acid rain associated
with fossil fuel generated electricity. The introduction of
renewable energy sources in the electrical grid, as like as tidal
turbines, has opened the door of a clean and sustainable
energy forms. Tidal is the one important element of renewable
energy. When ocean tidal is flowing, it’s kinetic and potential
energy is worked The floating tide was horizontally attacked
in turbine and the turbine was rotating and and it’s created a
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mechanical energy & converts this energy into electrical
energy to get electricity. This process isn’t creating any effect
on environment. However it’s total cost is so much high and
getting output is lower than another energy source. But it has a
great future in energy source.

The basic concept of the generating energy using ocean tidal
energy is shown below in Figure 1.

Tidal Diagram

NEPTUNE 2.4MW TIDAL
STREAM ENERGY CONVERTER:
COMMERCIAL DEMONSTRATOR

ONSHORE SUBSTATION PLANT

)fiumw MACELLE

L GRID CONNECTION CABLE

Fig 1: Basic diagram of power generating from Tidal Energy

II. PHYSICS OF TIDES

Tidal energy is the energy scattered by tidal movements,
which derives directly from the gravitational and centrifugal
forces between the earth, moon and sun. For the gravitational
force of the sun and moon on the earth and the centrifugal
force produced by the rotation of the earth and moon about
each other a tide is the regular rise and fall of the surface of
the ocean. Due to the moon is closer to the earth from sun the
gravitational force of the moon is 2.2 times larger than the
gravitational force of the sun. The tidal phenomenon occurs
twice every 24 hours, 50 minutes and 28 seconds. A bulge of
water is created by the gravitational pull of the moon, which is
greater on the side of the earth nearest the moon. In parallel
the rotation of the earth-moon system, producing a centrifugal
force, causes another water bulge on the side of the earth
furthest away from the moon illustrated in Figure 2. When a
landmass lines up with this earth-moon system, the water
around the landmass is at high tide[12]. In contrast, when the
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landmass is at 90° to the earth-moon system, and the water
around it is at low tide. Therefore, each landmass is exposed
to two high tides and two low tides during each period of
rotation of the earth.systems.

Bulge of wamer
-‘}(unwr exaggeraved)

{3) GRAVITATIONAL FORCE
Bulgn of water

A

“Balamsce point™
Y o canver of mass
o the saethemoon Fpanem Q

{b) CEMNTRIFLMGAL FORCE
Tweo resuloant bulges of water
i e —

| —" —
A A s
21 A ™
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) GRAVITATEORAL AND CENTREFLGAL FORCE

Fig 2: The effect of the moon on tidal range[9]

Tidal currents are experienced in coastal areas and in places
where the seabed forces the water to flow through narrow
channels. These currents flow in two directions; the current
moving in the direction of the coast is known as the flood
current and the current receding from the coast is known as
the ebb current. The current speed in both directions varies
from zero to a maximum. The zero current speed refers to the
slack period, which occurs between the flood and ebb
currents. The maximum current speed occurs halfway
between the slack periods.

III. TYPES OF OCEAN TIDAL PLANT
Tidal energy consists of potential and kinetic components.
Tidal power facilities can be divided into two main types: tidal
barrages and tidal current turbines

A. Tidal barrages

A Tidal barrages make use of the potential energy of the
tides. A tidal barrage is typically a dam, built across a bay or
estuary that experiences a tidal range in excess of 5 m.
Hydroelectric generation has a same principle as like as
electricity generation from tidal barrages, except that tidal
currents flow in both directions. A typical tidal barrage
consists of turbines, sluice gates, embankments and ship
locks. The turbines that are used in tidal barrages are either
uni-directional or bi-directional, and include bulb turbines,
straflo or rim turbines and tubular turbines. There are two
types of tidal barrages system. One type is single basin system
and another one is double basin system.[4]

Single basin-system:

During flood tide basin is filled and sluice gates are closed ,
trapping water. Gates are kept closed until the tide has ebbed
sufficiently and thus turbines start spinning and generating
electricity.The basin is filled through the turbine which
generate at flood tide. Sluice gates and turbines are closed
until near the end of the flood tide when water is allowed to
flow through the turbines into the basin creating electricity. At
the point where the hydrostatic head is insufficient for power
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generation the sluice gates are open and kept open until high
when they are closed. When the tide outside the barrage has
dropped sufficiently water is allowed to flow out of the basin
through the turbines again creating electricity.

Double-basin system:

There are two basins, but it operates similar to en ebb
generation, single-basin system. The only difference is a
proportion of the electr1c1ty is used to pump water into the
second basin allow1 o st

Fig 3: The La Rance Tidal Power Station in France[1]

B. Tidal current turbines

Tidal current turbines extract the kinetic energy from moving
water to generate electricity. Tidal current technology is
similar to wind energy technology. However there are several
differences in the operating conditions. Under similar
conditions water is 832 times denser than air and the water
flow speed generally is much smaller than wind. Since tidal
current turbines operate in water, they face greater forces and
moments than wind turbines. Tidal current turbines must be
able to generate during both flood and ebb tides and be able to
stand against the structural loads when not generating
electricity.

Water surface

10 m min 28 m

Electronics

NE
7S

20m|*

30m

550 KW
two bladed rotor
and generator

Seabed

Fig 4: Schematic of the monopole-supported tidal current
turbine[9]

The most common two type of current turbine is following

» Horizontal axis tidal current turbines: The turbine blades
rotate about a horizontal axis which is parallel to the direction
of flowing water.
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* Vertical axis tidal current turbines: The turbine blades rotate

about a vertical axis which is perpendicular to the direction of

the flowing of water.

The tidal current turbine consists of a number of blades
mounted on a hub (together known as the rotor), a gearbox,
and a generator. The hydrodynamic effect of the flowing water
past the blades causes the rotor to rotate, so the generator is
turning to which the rotor is connected via a gearbox. The
gearbox is used to convert the rotational speed of the rotor
shaft to the desired output speed of the generator shaft. The
electricity generated is transmitted to land through cables.
These three parts are mounted to a support structure that is
required to stand against the harsh environmental loadings.
There are three main support structure options when
considering installing a tidal current turbine. The first of these
is known as a gravity structure which consists of a large mass
of concrete and steel attached to the base of the structure to
achieve stability. The second option is known as a piled
structure which is pinned to the seafloor using one or more
steel or concrete beams. The third option is known as a
floating structure. The floating structure is usually moored to
the seafloor using chains or wire. The turbine in this case is
fixed to a downward pointing vertical beam, which is fixed to
the floating structure.

ENEC

Fig 5: Horizontal and Vertical axis tidal current turbines [5]

IV. POWER FROM OCEAN ENERGY

A Theoretical power from ocean tidal energy:

The power Pa,cur[W/m2] available per unit cross sectional
area of the water mass in motion is given by Equation(1) ,
where CP,curis the power coefficient, psw[kg/m3] is the
density of sea water and Vcur[m/s] is the average current
velocity.

Pa,cur =1/2CP,curpsw Veur3 ..........cooevininin (1)

The available energy in ocean currents is presented in a more
thoroughly manner by reference which is also discusses the
estimation of energetic potential. This equation is very similar
to the equation for wind potential. These two energy resources
are quite similar. For a real power plant consisting of a set of
machines with a total area A[m2] perpendicular to the flow
direction and an overall performance of the plant equal to
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necur, the power Pcur[W], which may be available in
equation(2).

Pcur= Pa,cur .A . ncur
Substitutng equation (1) in (2) can be written as following
Pcur= 1/2CP,cur.psw.Vcur3.A .ncur
Practical power from tidal energy:

According to Albert Betz (a German physicist) no wind
turbine can convert more than 16/27

(59.3%) of the kinetic energy of the wind into mechanical
energy by turning a rotor. It’s called Betz Limit or Betz' Law.
The theoretical maximum power efficiency of any design of
wind turbine is called the maximum power co-efficient (Cp)
and it is,

Cp=16/27 =0.593

Regarding the efficiency, most devices currently in
development involve performances between 30% to 40%, so
necur= 0.3 to 0.4

Regarding the area A, conversion equipment with a design
similar to horizontal axis turbines offers a circular area
perpendicular to the flow.

So A =nR2
Where,
I1=3.1416
R =radius of rotor.

V.METHODOLOGY
First of all getting data of

Current velocity from Bangladesh sea shore area
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Fig 6: ocean motion, current speed analysis[10]
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In fig 6 the red color area is declared that here has great tidal
current velocity, the yellow color area is declared that here has
moderate current velocityand other part has lower tidal current
velocity.

For this area(fig 6) the tidal current velocity is following
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Fig8: the current velocity of Bangladesh sea side area [10 ]
The total power is calculated as following

Pcur= 1/2CP,cur.psw.Vcur3.A .ncur
Cp,cur=0.59

psw= 1020 kgm-3

Vcur= given

Acur=nR2

R=9m

Acur=254.5 m2

neur = 40% = 0.40

Month Speed (m/s) Power (Kw)
January 0,3 0,827
February 0,15 0,103
March 0,27 0,603
|April 0,28 0,672
May 0,15 0,103
June 0,5 3,83
July 0,35 1,313
IAugust 0,15 0,103
September 0,12 0,053
October 0,16 0,125
INovember 0,21 0,284
December 0,52 4,307
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Calculating load in HOMER:

Assume one home consume 8kwatt, an apartment consume
300kwatt,a small industrial consume 700kwatt, a school
consume 20kwatt, a restaurant consume 100kwatt, a laundry
consume 20kwatt, a commercial market consume200kwatt.
For 40 homes, 1 apartment, 1 industry, 1 school, 1 laundry, 1
restaurant and 1 commercial market, the total load is
calculating in HOMER is following

E quipment to consider

Add/Remove... I

Tidal turbine 1 ...

2|

Generator 3 Primary Load 2
17 Mwh/d
2.1 Mw peak
Generator 4
Resources Other

ﬁl Wind resource
il Diesel

{i\'| Economics
-Q"| Systemn control

'"i "‘| Emissions
& I Constraints

Fig 9: the monthly average load[3]

power output curve in homer

General
Description: ~ Tidal twbine 1 Notes: Fotor dameter. 18m A
Abbreviator: tidl Rated pover. SS0KW
Tower heights:

Rated power. 550 kW AC
Manufacturer: Southwest Windpower

Website:  www.windenergy.com

Tom Lambert took the power curve data fiom the NREL technical report Power
Performance Test Report for the Southwest Windpower AIR-X Wind Tubine, NREL/TP-
500-34756, dated September 2003, v
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Fig 10 :the power output curve in Homer[3]
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System Architecture: 1 Tidal turbine 1
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Fig 11 : Power output in 1 tidal turbine

In this above figure we can see here we use a turbine as
following that tidal turbine 1 which size is 550kwatt.

| System Architecture: 100 Tidal bubine 1 Total NPC: $3346,937 856
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Fig 13: Power output in 100 tidal turbine [3]

V. IMPLEMENTATION

A. Present Trend

Many countries are concentrating to increase their installed
capacity of tidal systems and rising their budgets for the
promotion of renewable energy production. Every country is
attempting to developing some systems reduce the production
of electrical power from conventional power plants but it is
not something which could be possible overnight so
everything needs to be balanced. To maintain such balance is
energy production renewables energy systems are adding up
into a national grid to produce green energy. Below a chart
shows the countries who have produced largest annual
installed capacity from the tidal system in last decade.
Horizontal-axis turbines (HAT) represent the most common
type of tidal energy designs; accounting for 76% of R&D
efforts in the development of tidal devices worldwide[11]
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Station 4 Capacity (MW) ¢ Country ¢
Annapolis Royal Generating Station 20 I+ Canada
Jiangxia Tidal Power Station 32 il China
Kislaya Guba Tidal Power Stafion 17 mm Russia
Rance Tidal Power Station 240 ] | France
Sihwa Lake Tidal Power Station 254 ‘a} South Korea

Strangford Lough SeaGen (Decommissioned in 2016) | 1.2 £ United Kingdom

F1g 1-2, installed capacity of different countriéé[l 1]

6%

4%

2%
2%

B Hosizental exis turbing
m Vertical axis wrbine
® Osaillating hydrofol
® Ducted tusbine

u Other

76.%

Fig 14: different types of tidal turbines [11]

B. Forecast
The future trends of energy production from renewables like
tidal and clearly come to see that the future of green energy
production is very bright and it will get to have more
popularity than it was before. Figure 12 elaborates the future
energy production trends from tidal energy renewables.
More than 50% of global RD&D investments in wave and
tidal energy projects are in the EU . Europe invested EUR 125
million in 2011 for R&D in ocean energy. Half of this
investment came from industry and about a fifth from EU
funds. 70% of EU R&D funding was dedicated to technology
R&D. The total R&D investment in ocean energy is about
10% of that for offshore wind. In addition, 5 demonstration
projects have been awarded EUR 142 million from the NER
300 programme. In 2011, wave energy attracted 58% of
corporate investments, reflecting the role that this technology
could play along the European coast; tidal energy attracted the
remaining 42% [11]

TEGI'NDQ‘:' Tulal
development .
. Wawe
-E @ Omec
E
%. @ Salinity gradient
a
Market maturity
Fig 15 : Market maturity of tidal Energy [11]
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VI. CONCLUSION

This research is concluded with a motivation to enhance the
production of energy from renewables and move towards next
generation of technology and install this system for the
efficient, uninterrupted and smooth supply of electrical power
to the domestic, industrial and commercial users. This paper
has described in details different types of tidal systems which
are proposed for the installation in the market and their impact
in the future market. One particle project work has also been
covered in this paper to give some reasonable understanding
of the generating electricity from tidal form of renewables and
synchronization of electrical parameters of different sources
which are the part of the whole grid systems. Then future
trends are shown which shows the coming time is of such type
of systems are a lot of room is available for research to
improve the quality much better than it is at present.
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Introduction

With the expansion of renewable energies, there are
naturally greater fluctuations in the power grid
because the wind does not always blow and
unfortunately, the sun often hidden by clouds.
Electricity consumers also cause constant
fluctuations in the power grid with unstable load
profiles. Especially in areas where the expansion of
renewable energies (RE) is rapidly progressing, e.g.
near the coast, grid capacities for transporting the
electricity produced are lagging behind. Until the
necessary grid expansion has been completed, grid
operators may avert critical situations via feed-in
management. Feed-in management is to be
understood as the ultimate measure that the grid
operator may barely take if other ways of avoiding
the bottleneck have failed.!

The Renewable Energy Source Act

At the 21st UN Climate Conference, the states set
themselves a goal of keeping global warming under
2 degrees Celsius below pre-industrial levels and
avoiding and counteracting irreversible processes.
On December 12, 2015, Germany ratified the Paris
Agreement as the successor of the 1997 Kyoto
Protocol and received the approval of the German
Bundestag in the form of a federal law in
accordance with the first sentence of Article 59(2)
of the Basic Law [Paris Convention Draft Law].

! https://www.next-kraftwerke.de
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Germany is strengthening itself at European level,
especially for the energy industry and to some
extent for the industry, and is committed to this as
an effective emissions trading system. As an interim
target for 2030, Germany's greenhouse gases must
be reduced by at least 55 percent. Among other
things, the entire power supply must take place
almost completely without fossil energy sources by
2050.2

The expansion of renewable energies constitute the
most important part of the power transition to
become climate-neutral and independent of fossil
fuels, power, and heating. The Electricity Feed-in
Act of 1991 contained the first regulations for the
remuneration of green electricity fed into the power
grid. The remuneration was based on the average
revenues to the final consumers, so there was no
investment security and was replaced by the
Renewable Energy Sources Act or EEG (German:
Erneuerbare-Energien-Gesetz) on April 1, 2000
which was linked to technology-dependent rates. By
EEG 2017, there were a total of five amendments
for better promotion and expansion of the plants,
with the aim of integrating renewable energy plants
into the market with investment security.>#’

2

http://www.bmub.bund.de/fileadmin/Daten BMU/Download
PDF/Klimaschutz/ klimaschutzplan 2050 kurzf bf.pdf
Shttps://www.bundestag.de/blob/194982/4cble1b813a7b5997
bl6adcfcbe9bdaf/die f rderung der stromerzeugung aus er
neuerbaren_energien in deutschland-data.pdf

4 https://www.umweltbundesamt.de/themen/klima-
energie/erneuerbare-energien/erneuerbare-energien-
gesetz#textpart-2

5 https://www.erneuerbare-
energien.de/EE/Redaktion/DE/Dossier/eeg.html?cms_docld=7
1110
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According to paragraph 1 in the law for the
expansion of renewable energies, aims to increase
the share of extendable power generation plants in
gross electricity consumption to 40-45% by 2025, to
55-60% by 2035 and to at least 80% by 2050. Its
primary objectives are to protect the climate and the
environment, facilitate sustainable development in
energy supply, and conserve fossil energy resources
in the long term. In order to achieve these goals,
renewable power generation plants will be
promoted. Development should be continuous, cost-
efficient and grid-compatible.® According to the Act
grid operators must primarily purchase the
generated raw electric power from renewable
energy plants and provided for it into the grid.”

Renewable plant operators receive a remuneration
for the generated green electricity as stipulated in
the EEG. The electricity is marketed by the
transmission system operator (TSO) on the
electricity exchange. The EEG remuneration
payments to plant operators often significantly
exceed the amount of income from electricity
exchange revenues. The difference is passed on to
final consumers by the EEG levy. The EEG levy for
2018 is 6.79 ct/kWh and is a fixed component of the
electricity price.

Furthermore, the electricity produced can be
marketed directly by plant operators and receive an
additional management premium for the direct
marketing in addition to the market premium. The
market premium includes the difference between
stock exchange revenues and the feed-in
remuneration. The market bonus model creates
incentive through the additional management bonus
to include as many plant operators as possible in the
model.3

8 https://www.gesetze-im-internet.de/eeg_2014/ _1.html
7 https://www.umweltbundesamt.de/themen/klima-
energie/erneuerbare-energien/erneuerbare-energien-
gesetz#textpart-2

8

https://www.bundesnetzagentur.de/SharedDocs/FAQs/DE/Sac

hgebiete/Energie/Verbraucher/Energielexikon/EEGUmlage.ht
ml
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Network Security Management

Grid security management or feed-in administration
is understood as the balancing or reduction of the
feed-in power from the grid operator in the event of
grid overload.” However, renewable energies have a
feed-in priority. In the event of power reduction, the
system operator is entitled to compensation from
the grid operator. The respective network operator
passes the costs on system charges when all
measures to expand the network capacity have been
exhausted.!” Plants that were in operation before
January 1, 2012 will be compensated with 100
percent of the lost income.

According to the hardship regulation in EEG 2017,
operators of new plants are entitled to compensation
amounting to at least 95 percent of the lost income.
In 2016, a total output of 3743 GWh was reduced.
This corresponds to approximately 373 million
euros. Land-based wind turbines are the most
frequently compensated, accounting for 86 percent
of compensation claims. Feed-in management is a
temporary interim solution. In the future, a
reduction in the output of green electricity plants in
the sense of EEG should be avoided as far as
possible.!!  Nevertheless, power reduction or
downtime work on renewable energy systems has
increased sharply in recent years.

As Table 1 shows, compensation payments for wind
turbines are the highest compared to other
renewable energy installations. Very large sums of
compensation payments are made for unproduced
green electricity.

? https://www.bee-
ev.de/fileadmin/Publikationen/Studien/Plattform/BEE-
Plattform-

Systemtransformation Ausgleichsmoeglichkeiten.pdf
10

https://www.bundesnetzagentur.de/SharedDocs/Downloads/D
E/Sachgebiete/Energie/Unternehmen_Institutionen/Erneuerbar
eEnergien/Einspeisemanagement/Leitfaden 3 0/LeitfadenEE
GEinspeisemanagement Version3 0.pdf? blob=publication
File&v=2

! htps://www.wind-
energie.de/themen/netze/einspeisemanagement
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From 2015 to 2016 alone compensation payments
for wind energy increased by 68.3 percent due to
grid security management.!?

EEG plant 2014 2015 2016
Wind power 65.041.605 277.438.379 466.924.435
Solar energy 13.924.018 23.235.248 43.235.112
Biomass 3.537.993 13.935.764 132.758.847
Hydropower | 4.979 117.301 90.967
Landfill gas 496 3.024 3.151
Plant 182.414 107.200 12.997
operators
after Power
Law Index
Total 82.691.505 314.836.916 643.025.509

Table 1: Compensation payments in € according to §15 EEG!?

Network expansion by Federal Network
Agency

In recent years, the demands on our power grids
have risen sharply. The main reasons for this are the
goals that Germany has set itself: the switch to
renewable energies, the maintenance of a high level
of supply security and the realization of the
European internal market. In the transmission grid,
in particular, it is foreseeable that selective
additions to individual lines will no longer suffice.
In 2011, the legislator, therefore, created a new
procedure with several steps to accelerate the
necessary network expansion. First, a so-called
scenario framework and network development plans
based on it are used to determine the need for new
lines. This is regularly laid down by law in the
federal requirements plan.

12

https://www.bundesnetzagentur.de/SharedDocs/Downloads/D
E/Sachgebiete/Energie/Unternehmen_Institutionen/Erneuerbar
eEnergien/ZahlenDatenInformationen/EEGinZahlen 2016 B
F.pdf? blob=publicationFile&v=3

13

https://www.bundesnetzagentur.de/SharedDocs/Downloads/D
E/Sachgebiete/Energie/Unternehmen_Institutionen/Erneuerbar
eEnergien/ZahlenDatenInformationen/EEGinZahlen 2016 B
F.pdf? blob=publicationFile&v=3
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The Federal Network Agency has a decisive role in
this process. It examines the scenario framework,
the network development plans and thus the
necessity of each project. Once the needs
assessment has been completed, another task is
added: It acts as the procedural authority for all
projects in the federal requirements plan that extend
across several federal states or abroad. This means
that it is responsible for the federal specialist
planning and the planning approval. From these two
process steps, a corridor for the new power line is
first defined and then its exact course.'*

Conclusion

The data from the power plant lists in Germany are
included in a scenario framework presented by the
transmission system operators to the Federal Grid
Agency. It comprises at least three different
scenarios for the following 10 to 15 years. Together
they represent the range of probable developments
in the German energy landscape. One of the
scenarios also includes a second part that forecasts
developments over the next 15 to 20 years. The
public is intensively involved in the discussion at
this early stage of the overall process. The Federal
Network Agency takes the results of the discussion
into account before finally approving the scenario
framework.!>

14

https://www.bundesnetzagentur.de/DE/Sachgebiete/Elektrizita

etundGas/Verbraucher/Netzausbau/netzausbau-node.html
15

https://www.netzausbau.de/Sschritte/szenariorahmen/de.html
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Abstract—Energy sector coupling means couple the energy used
for heating and transport to the electricity sector, through this we
can improve the efficiency of energy consumption, and reduce the
emission of CO2. Specially for Germany, because in the light of
the resolutions agreed at the United Nations Climate Change
Conference held in Paris in December 2015, GHG emissions in
Germany must be reduced by 95 percent by 2050. To achieve
this, efficiency measures must first be taken to significantly
reduce the existing energy consumption in all three sectors. So
using electricity, which supplied by renewable energy systems,
for heating and transport must be considered. Otherwise this
sector coupling is also proposed as flexibility option to stabilize
power systems comprising large proportion of fluctuating
electricity generation.

Keywords- energy sectors coupling; reduction of CO2 emission;
energy transition ; renewable energy; electrification.

L INTRODUCTION

The German energy transition has stalled. Although wind
power and photovoltaics have been massively expanded in
recent years and already cover around 20 percent of electricity
consumption, energy supply in Germany is still based on about
80 percent fossil energy sources. A linear update of this
development shows that Germany clearly misses its climate
targets if no substantial change occurs. Therefore, to make the
energy transition a success, we need to rethink and increase the
pace. This is only possible if we look at the energy system as a
whole, interlink the sectors of electricity, heat, and transport
more closely. For now, the individual gears run different
powerful side by side, but do not interlock. Therefore, in this
situation, Germany must enter a new phase of the energy
transition. After wind power, photovoltaic and biomass have
been continuously developed in recent years, the basic
technologies for a comprehensive coupling of the sectors are
now available. Only in this way can we participate in the
internationally growing markets of future energy supply. And
only then can we meet our international commitments and
have a chance to reach the Paris climate goals. [1]
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Renewable
PV

Sector Coupling

Salarthermal
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Figure 1: A scheme of three sectors coupling (electricity, heat and
mobility) [2]

The figure above shows the coupling of the three sectors
electricity, thermal (heating and cooling) and mobility, which
can be realized by different technologies like power-to-gas or
power-to-heat. Each sector can have its own direct renewable
input. However, most of the expected input will be in the
electricity sector. [2]

II.  COUPLE THE ELECTRICITY TO HEATING

A. Use of electricity in the heating
sector

To decarbonize the remaining energy demand, when it
comes to a low-temperature supply, electric heat pumps are
deemed to be the key technology for the integration of
renewable electricity into the heating sector.[3] They can be
used both locally in the buildings themselves and centrally to
supply heating networks. In almost all existing scenarios, heat
pumps will become one of the most important sources of heat
for individual buildings by 2050. The technology is already
relatively mature and technological progress is expected to
lead to further efficiency gains. [4] With the advancing
transformation of the energy system, projections and studies
predict a necessary proportion of heat pumps in all heating
installations of over 80 per cent. [5]

B.  Why is heat pump

There are different means to convert electricity into heat.
We distinguish between centralized and decentralized power-
to-heat options. Under the centralized approach, electricity is
converted into heat at a location that may be distant to the point
of actual heat demand, and (district) heating networks are used
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to distribute the heat to where it is needed. In contrast,
decentralized power-to-heat options make use of electricity
right at, or very close to, the location of heat demand.

The follow figure we compare the three options, heat
pumps, electric boilers and power to gas in gas heating
systems. With the criteria of electricity consumption. [6]

Electricity consumption ar need for grids, wind and solar installations to
replace one unit of fossil fuels

Heat pumps require
comparatively little elactricity.
Even mare electricity is needed

2 R B R
in gasheating systems.

Figure 2:Comparison of the three options in PtH [6]

Electric boilers require many
times maore elactricity.

III. COUPLE THE ELECTRICITY TO MOBILITY

In contrast to the heating sector, electrification of some
parts of the transport sector has already happened. Today,
rail and public transport in cities (subway, trams, and urban
trains) are close to a 100% being running by electric power.
In line with the growing demand for public transport, this
sector certainly will continue to grow. A further modal shift
from individual transport to public transport, road to rail
would be an additional lever for decarbonization. However,
this possibility was not taken into the consideration that the
share of public transport/rail has rather decreased in the past,
despite stated political goals to increase it. [5]

A. Background

Transport sector makes up nearly one third of Germany’s
energy system. Just like the below figure shows:

2015 (TWh)

R & e

Shipping Air traffic

= Railway = Road traffic

Figure 3: Energy consumption of transport sector in Germany
2015 [7]
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B. Direct use of electricity

Rail transport offers a highly energy-efficient way of
electrifying passenger and goods transport. Therefore, there is
a large CO2 mitigation potential in shifting motorized
transport onto the railways. Even if the amount of goods
transported by rail were to grow by 160 percent by 2050, it is
expected that there would only be a very modest increase to 61
PJ (2015: 54 PJ) or 17 TWh in the final energy demand for the
rail sector as a whole. [8] After motorized private transport,
goods transport makes up the highest proportion of the total
emissions from transportation. As the carbon footprint of the
electricity supply improves, a reduction in greenhouse gas
emissions from goods transport amounting to approx. 8.6 Mt
CO2 can be achieved by increasing the proportion of freight
transported by rail to 25 percent by 2030 (from 17.7 percent in
2010).[9]

C Indirect use of electricity

The use of electrically generated fuels is primarily required
in those transport segments where the use of battery-electric
drives is technically limited. This relates in particular to
shipping and aviation as well as to the share of road haulage
that can neither be moved over to rail transport nor be
electrified (based on current technical standards). Methane
from renewables and obtained in PtG installations is liquefied
in the PtL process and can thus also be used in the transport
segments mentioned here. The energy efficiency of electrically
generated fuels is, however, lower than that of electricity in
direct use in the rail sector and in battery-electric drives. Their
use will make a significant contribution to the final energy
demand of the transport sector in 2050. [5]

D Comparison of the three options in
transport sector

Electricity consumption or need for grids, wind and solar installations
to replace one unit of fossil fusls

Electric vehicles that use electricity
directly from batteries or overhead
lines require comparatively

little electricity.

Electric vehicles that obtain

the electricity from hydrogen H M
require significantly more elactricity.
A lot mare electricity is needed if
alectricity is first converted
into fuel (power-to-gas /liquid) and
then usad in combustion engines.

Figure 4: Comparison of transport options (battery, fuel cell using
hydrogen, combustion engines [6]

Figure 4 is like Figure 3, using the same criteria, and
according figure 3 and figure 4, electric vehicles have more
potential in both energy efficiency and decarbonization.
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Iv.

The main input of renewable energy in our future energy
system will come from wind and PV, which supply renewable
electricity to our grids. Reaching higher shares of fluctuating
renewables in the grids may cause a variety of problems. In
order to avoid this and at the same time to even further increase
the share of renewables in the system, renewable electricity can
be distributed to other sectors, mainly the heating (and cooling)
and the mobility sector. [2]

SECTOR COUPLING: A NEW SOURCE OF FLEXIBILITY

By coupling the sectors, the demand pattern of the
“consuming” sectors, “thermal” and “mobility”, can help to
better utilize the renewable input in the electricity sector. By
implementing energy storage technologies between the sectors,
where the energy has to be transformed (e.g. into heat and cold)
or stored anyway (for mobility applications), the match of
fluctuating supply and demand can be managed. The figure
below shows the flexible sector coupling approach

grid connection
electric bus
P P @
(i Jv:; g % heat pump;
: ) ENErZIors
- % 2 e resistive heater
Transport hydrogen o heat
s |12 |e |
s 5L AN
o & 5
p = Ry
methane L £ solar thermal

Figure 5: Couple the electricity sector to electrified transport and
low-T heating demand [10]

CONCLUSIONS

. Energy efficiency is our biggest energy source.

. Think renewable energies and energy efficiency always
together.

*  Integration of all subsystems is our future task!

* The electrification of other energy sectors with the
efficiency technologies heat pumps and e-mobility is the key
to decarbonization of the entire energy supply system.

» This is no single solution for highly renewable systems, but
a family of solutions with different costs and compromises.

*  Understanding the need for flexibility at different temporal
and spatial scales is key to mastering the complex interactions
in the energy system
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Transition of the Energy Region Lusatia

What are the alternatives to lignite?

B. Sc. Tobias Heumann
B. Sc. Patrick Lahr
Brandenburg University of Technology Cottbus-
Senftenberg
Chair of Power Distribution and
High-Voltage Engineering
Germany

Abstract— With the conclusion of the Renewable Energy
Act (EEG), the issue of conventional coal-fired power
generation has been resolved politically. An entire region,
Lusatia, is dependent on its lignite as energy source. The
aim of this report is to present possibilities of the economic
benefits offered by the open-cast mining area of Lusatia
after lignite mining.

Keywords- potential, renaturation of the mining landscape,
wind energy, solar energy.

I. INTRODUCTION

The move away from lignite leads to a new structural change
in Lusatia. There will probably be no permanent mass
unemployment this time, as the demographic development of
the region indicates a sharp decline in the working age
population in the future. However, the comparatively weak
regional innovation system must be stimulated overall in order
to generate a sufficient number of new projects and business
ideas for the region. If a critical mass (new industrial cores) is
to be achieved, additional support within the framework of a
conversion program geared to innovation also seems sensible

[].

II. HISTORICAL CHANGE

150 years of mining have had a decisive influence on the
Lusatia region. Particularly in GDR times, Lusatia was an
important mining region due to its large lignite deposits which
was of central importance for the country’s goal of energy self-
sufficiency and independence from coal and gas imports. In
contrast to many hard coal deposits, Lusatian Lignite at depths
of only 40 to 100 meters. Because of the sandy soils above, you
can Mining is therefore relatively easy in large-scale opencast
mining [2].

In 1990, the peak of lignite open-cast mining in the Lusatian
mining district, around 200 million tons of lignite were mined
in 17 open-cast mines each year. Lignite mining in the Lusatian
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region was the largest employer at the time with approx. 73.00
employees. 25 years later and with the decision on the
nationwide energy transition, which provides for the expansion
of renewable energies, the production of lignite sank to approx.
60 million tons of lignite per year in 4 open-cast mines.
Furthermore, approx. 15.000 jobs in Lusatia are directly and
indirectly dependent on lignite power generation [3].

The chart below shows the employment figures of the four
major lignite companies.
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Figure 1: Lusatian lignite mining district, LEAG

III. POTENTIAL OF THE FUTURE MINING LANDSCAPE

Mining coal in open-cast mines leaves large holes in the
landscape. Another problem is that water is needed for
pumping, which is pumped on the ground. The closure of the
open-cast mines creates new potential for renaturation and in
the course of the energy transition to promote renewable
energies.
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A.  Renaturation and design of the mining landscape

Since then, extensive measures have been taken to rehabilitate
and revive the former industrial area. This includes the removal
or securing of former landfills, the dismantling of former open-
cast mining facilities and the flooding of residual holes.
Europe’s largest artificial lake landscape is currently being
developed in the former lignite open-cast mining area of
Lusatia. The former mines are transformed into lakes and linked
together as a chain of lakes attractive to tourists. The aim is to
compensate for the loss of importance as a former industrial
area and to realign local economic structures through
restructuring, modernization and diversification and to build
them up in a competitive and forward-looking manner. On the
other hand, environmental protection and nature conservation
in the landscape, which is strongly influenced by mining, are to
be promoted and new ecological impulses set [2]

' i I
Figure 2: The Spree floodplains are one of the major renaturation projects
in Lusatia, LEAG

B. Solar Park

As early as the 1990s, the potential of today’s LAG region in
the wind energy sector was recognized. Against the background
of structural change, these potentials were recognized as an
opportunity and successfully exploited. Many former mining
areas now contribute to regional added value. A number of
important wind farms have been established in the region. In
addition, there is the production site of the wind turbine
manufacturer Vestas in Lauchhammer [2].

In addition, the Enercon E-126 at the Lausitzring is the world’s
most powerful wind power plant in the Lusatia region. At the
time of construction, the Enercon E-126 type with a rotor
diameter of 127 meters and a hub height of 135 meters was the
most powerful turbine in the world. The nominal output is 7.580
kW. The aim of the plant is to cover the energy supply of the
motor sport facility by regenerative energy sources, as well as
surrounding households in the vicinity of the race track.

Ostrava-Wroclaw-Cottbus

page 71

Figure 3: The Enercon E-126 next to Lausitzring, Energiequelle.de

C. Solar Park

In 2011, a solar park was opened on a former 103 hectare open-
cast mining area near Senftenberg. At that time, the 150 MW
solar park was the largest of its kind in the world. The plant
supplies electricity to the grid for approx. 50.000 households
[4].

The solar park in Senftenberg works as follows. The solar
radiation heats the solar modules and the liwuid in the
collectors, which drives the turbine of the solar power plant.
The generator is driven from the mechanical energy of the
turbine and electrical energy is generated in the form of
electricity.

Further solar parks could follow due to the space and the good
energy infrastructure in Lusatia. At the same time, however,
they are dependent on high feed-in tariffs in order to be able to
use them economically.

Figure 4: Senftenberg Solar Park, Phoenix Solar Group
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IV. CONCLUSION

The state of Brandenburg has been investing for some time
in renewable energies and renaturation of the old open-cast
mines in order to build up a functioning industry after lignite.
The renaturation of the old open-cast mines and the
development of the Cottbus Baltic Sea will promote tourism
and the ecosystem. In the future, it will not be possible to
supply energy from renewable energies alone. Since the
energy requirement cannot be covered for technical and
economic reasons. For this reason, lignite in Lusatia would
be inconceivable without lignite when it comes to the
security of supply in this region.
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Abstract—This paper is about renewable energy in Poland.
Germany is one of the main investors in wind turbines in the
polish republic. The natural conditions for wind parks are
advantageous. But Poland has many regulations for wind turbine
operators, which can make it difficult for some companies to
invest. Although not for all companies as shown in the examples
RWE and Prokon.
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wind farms

I INTRODUCTION

A lot of discussions are about renewable energy. Not only
scientists’ debate the problem of fossil energy yieldsrather even
the political level feels confronted with this theme. [1] On the
one hand some countries especially Scandinavian countries like
Norway and Sweden are generating a lot of energy through
renewable energies. On the other hand are countries like
Poland, which relies little on renewable energy.The existing
energy production plants in Poland are mainly based on the
combustion of hard coal and brown coal. According to EU
energy policy guidelines, the amount of coal should only be
6% of the energy production in the European Community by
2020. But currently, more than 90% of domestic electricity and
heat generation in Poland is based on coal. [2]

The EU adopted a Directive 2009/28/EC on the promotion
of the use of energy from renewable sources. Poland is
therefore obliged to achieve a share of renewable energies in
energy consumption of 15% by 2020. In 2005, the energy
consumption of renewable energies in Poland already
amounted to 7.2%.An increaseof 4.62% was achieved
compared to 2003. This shows that there is an increased use of
renewable energies, which amount to 40% of the whole
primary energy in 20009. [2]

It, therefore, appears sensible to concentrate on energy
production from renewable energy sources. This is an area in
which Poland has a lot of catching up to do. Therefore German
companies can make greater use of their know-how and
experience in this field. Whether the investment in wind
turbines in Poland, in particular, is profitable is discussed
below. [2]
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II. GENERAL INFORMATION

A. Wind Farm conditions

For Poland, the average wind power is 2.8 m/s to 3.5 m/s,
while 35-40% meeting the minimum requirements for the
industrial use of wind energy. Therefore wind power is
considered a potential and effective energy source in Poland.
In summer, the wind speed reaches 50-70% of the annual
average. However, in winter reaches the wind speed 150-
170%. Especially on the Baltic Sea in Poland can be gained an
increased amount of wind energy. The annual average wind
speed reaches a speed of 8.5 m/s at a height of 40 m and
distance 10 m to the coast. This situation is advantageous
because the maximum seasonal wind resources with the
highest energy output during the period coincide with the
highest energy demand for heating.[2]

In 2020, 27% of the estimated potential of wind energy is
expected to be used for energy production, which is 921.6 TJ.
[2]Before the investment it is important to determine the exact
wind conditions, as that can be the main cause for failure.
PWE (Polish Wind Energy) states that such measurements
should last at least 12 months. This is because of the monthly
wind speed deviationsare estimated at up to 20% of the annual
average. [3]

B. Framework conditions

First, the framework conditions for the development of
wind farms will be explained. A major barrier is an unclear
legal situation and a lack of transmission infrastructures.
[2]There is also the Polish Renewable Energy Act. This was
re-regulated in 2016 and the elimination of the electricity
purchase obligation by the energy suppliers as well as an
auction model was anchored.[4] The Auction system has
replaced the previous "green -certificates".With the new
funding program, the Ministry of Economy wants to endorse
proven and tested technologies that are characterized by
stability and lowest electricity production costs. [5] The
existing funding conditions for present renewable energies
will be maintained.

The new framework conditions did not apply directly to all
operators. With a transitional period of two years, they were
able to choose between following the new regulations or
maintaining the old funding conditions. The mandatory
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auction system is indispensable for new investments and will
be introduced for all renewable energies.[5]

The auction system is classified by performance.A
distinction is made between plants with an output of up to and
over | MW. The subject of the auctions will be electricity
production and the basic selection criteria for projects - the
price per | MWh of electricity produced. In the auction system
is the profit that the winner can relate green electricity over 15
years.Applicants may only participate if they do not exceed a
certain reference price for the funding offered in the call for
applications. The reference prices are determined according to
the technology-dependent installed capacity for a given form
of renewable energy. [5]

Subsequently, the power supply delivered at a fixed price.
The price results from the bidder's who has undercut the
competitors in the auction. It does not matter with which
technology the green power is generated. Also, the location is
not considered. The advantage is that the generation of wind
power is cheaper than PV and biomass. However, the risk has
shifted. In the certificate market, the operators of the wind
farms had to carry a price and volume risk. Now the risk lies
in project development. "To be successful, project developers
must have a relatively large portfolio and be able to compare
exactly how competitive their own wind farms are with others.
This shift in risk is more likely to benefit larger companies. [6]

The Polish parliament has also passed a much stricter
distance regulation for onshore wind turbines. The law
provides for binding distances between wind turbines and
residential buildings, nature reserves worthy of protection and
national parks. The distance has to be ten times the total height
of the wind turbine (hub height plus rotor length). This can
make the development and marketing of further wind farms in
Poland considerably more difficult. [4] The law specifies the
conditions and procedures for the location, construction and
operation of wind turbines. However, the law does not apply
to investments implemented or used in the territorial waters of
the Republic of Poland. [7]

These requirements can hardly be met at any location in
Poland today. Wind farms that were already in operation when
the law came into force and do not meet the new requirements
may not be expanded or their capacity increased. The site
permits already granted for wind farms that have not yet been
implemented will become invalid. A new use permit or a new
building permit for the wind farm must be obtained in
accordance with the new legal requirements. [8]Moving the
wind farm investment to the building permit stage is a
difficult, time-consuming and costly process in which the
developer has to go through a series of administrative and civil
proceedings. [7]

In view of the different locations and circumstances, it is
quite difficult to estimate precisely the costs incurred by the
investor at the stage of the development of a wind farm
project; however, it is assumed that these are high costs which
may range between EUR 70 000 and 100 000 per planned
megawatt of wind from the farm. If an investor gets involved
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in several large projects, the damage can even amount to
several dozens of millions of euros.[7] Furthermore, the real
estate tax charged on wind turbines will increase up to
fourfold from 2017. The Polish real estate tax of 2% is now
imposed on the entire complex and not only, as before, based
on the value of the foundation and tower. This means that the
value of technical installations, rotor blades, drive technology,
generators, nacelles, etc. can now also be used to calculate the
real estate tax. [8]The higher tax rates are causing financial
difficulties for onshore wind farms in Poland. Interested in
taking over such parks at the lowest possible price is foreign
funds, investors from the industry and state-owned
companies.[9]

III. GERMANY AS AN INVESTOR

In the European Union Germany is currently the country
with the greatest involvement in Europe. Therefore the
German republic increases the share of renewable energies in
energy production and consumption in the countries of the
European Union. [10]

Figure Ishows that at the end of 2013 the total value of
Germandirect investments amounted 114 billion zloty.

~
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Figure 1. Cumulative values at the end of 2013 (based on [10]).

German companies have largely invested in the
manufacturing industry as it is shown in figure 2. Only six of
the 114 billion zloty are invested in the energy, gas and steam
production and supply.

manufacturing industry

36 billion PLN

financial and insurance activities

29 billion PLN

retail trade, repair of vehicles

17 billion PLN

real estate
9 billion PLN

energy, gas and steam production and supply
6 billion PLN

Figure 2. Structure of German direct investment at the end 2013 (based on

[10D.
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But German investors are aware of the importance of
renewable energy sources. In Poland, two large German
companies - RWE and E.ON - are investing in wind farms.
Due to the positive weather conditions, most of the wind farms
of German investors are located in the north of the
country.[10]

At the end of 2014, RWE owned six mainland wind farms
in Poland with a total capacity of 197 MW. A second
important investor in this industry is E.ON. This investor owns
five wind farms in Poland. German companies are also active
in the production and supply of wind turbines. In Poland,
Siemens and Enercon are important German suppliers of
turbines for the construction of wind farms. [10]

A. RWE

RWE has set up projects in Poland under the "Green
Certificates” funding program mentioned above. The last ones
were Opalenica and Nowy Staw II. For RWE Poland is an
important part of wind power energy, as it has very good wind
conditions. In addition, there was also a high level of local
acceptance on the part of RWE regarding renewable energies.
RWE has not only invests in Polandbut also in the UK. There
they tested similar systems like the auction system before
2016, instead of the "green certificates". As of 2016 they also
want to participate in auctions with their own development
projects. The development pipeline comprises more than 300
MW of good wind locations. [11]

Filip Thon, CEO of RWE Poland, explains: "Renewables
are an important pillar in the Polish energy market of the
future, so investing in wind projects, network infrastructure and
other innovative technologies is a huge opportunity for RWE,
and our Polish wind portfolio enables us to do more supply
more than 250,000 Polish households with green electricity
products from their own RWE wind farms." [11]

Figure 3shows RWE's Polish wind farms. Nowy Staw I is
located near the city of Gdansk, Krzecin and Tychowo are in
Western Pomerania and the wind farms Suwalki, Piecki and
Taciewo are located side by side in Podlaskie in the northeast
of Poland. [11]

Nowy Staw 1
Nowy Staw 2
Opalencia Piecki

FySiovo suwalki

Taciewo
Krzecin
®  RWE Innogy
Onshore-Windportfolio
in Polen

Figure 3. The eight wind farms of RWE in Poland.
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The eight onshore wind farms in Poland will supply
250,000 households.[11]

B. Prokon

Prokon has various locations such as Germany, Poland and
Finland. It should be noted that they do not build any new
wind turbines in Poland, but only restrict themselves to the
conservation of already developed parks. Due to the 2016
amendment, Prokon wind projects are associated with
considerable uncertainty. The "10H regulation”, which means
that a distance of at least 10 times the hub height to the
neighbourhood must be complied with, complicates the
planning permission of wind farms. However, in order to meet
the increase in the share of renewable energy agreed in
Europe, the best option is wind energy. [12]

For the time being the projects originally planned for 2016
have been discontinued. First of all, the new framework
conditions with regard to the projects have to be examined.
Total sales of around 10 million euros are expected in the
2017 financial year. [12]

By consistently concentrating on the key business areas of
wind energy production and project development, it will be
possible to apply the high level of expertise gained in the
German market to the further development of these business
areas in Poland. Prokon's energy trading activities will
continue to be limited exclusively to the German market. [12]

Figure 4 shows Prokons wind farms in Poland.Brudzewice
is located in West Pomerania, Gniewino and Subkowy are
located in Pomerania, Ciechanow in Mazovia, Klodawa in
Greater Poland and Dzialoszyn, Krosniewice, Radomsko,
Rusiec, Sieradz, Wielun, Zleszyn-Ernestynow, Zloczew are
located in Lodz.
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Figure 4. The thirteen wind farms of Prokon in Poland.

C. Barriers for new investors

In the past, many investors have lost sight of one of the
main difficulties that can stay in the way of setting up a wind
farm in Poland. This is the fact that there is no sustainable grid
connection.The reason for this is the Polish energy networks,
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which are largely outdated. There is a lack of systematic
technical modernization and reconstruction. Furthermore,
there is not enough capacity for the connection of new energy
sources. Poland has a large state-owned network operator,
PSE-Operator SA, of which the Polish state is the only
shareholder, and currently 20 energy suppliers, including the
large international groups Vattenfall and RWE, which also
own energy networks in Poland. Despite legal instruments to
promote renewable energy sources, energy suppliers often
refuse to connect new energy sources due to a lack of capacity
for other foreign investors. Despite legal instruments to
promote renewable energy sources, energy suppliers often
refuse to connect new energy sources for further foreign
investors due to a lack of capacity. The investor must therefore
always contact the local energy supplier and apply for the
technical conditions to be connected to the network. The
energy company determines the conditions and capacities for
the connection of the planned wind farm. This decision also
has the effect of reserving the corresponding capacities for the
respective applicant for a period of two years. During this
period, the requestor is authorized to the conclusion of a
contract for network connection with the relevant operator of
the energy network. [13]

D. Support from the EU

One of the purpose of the Investment Plan for Europe is to
encourage investment. Futhermore to create jobs, increase
growth and competitiveness, meet long-term economic needs
and strengthen EU production potential and infrastructure.[14]
The EIB supported Sweden in the construction of wind farms
to help them achieve the objective for renewable energy set by
the EU Directives. The European Investment Bank (EIB) is
investing together with the Mirova Eurofideme 3 fund and the
wind power developer Eolus in the construction of the
mainland long-term wind farm in Virmland
(Sweden).Construction began in January 2016. The wind farm
will have a total capacity of 23.1 megawatts (MW). The
project will build six 3.3 MW wind turbines and two more. It
is the first investment of the European Investment Plan for
renewable energy. It includes an investment of up to 16
million euro. [14]

IV. CONCLUSION

Poland is largely dependent on coal and therefore often
does not have up-to-date structures, such as outdated network
connections. This is, in particular, a major challenge for new
German investor. For example, the numerous recently
introduced regulations by which the Prokon Group relies only
on existing projects. Only after the removal of these barriers a
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dynamic development in this area can be expected. Even
though the natural conditions are favorable. By contrast,
established groups such as RWE have strengthened their
position in the market and have fewer difficulties in
implementing the new regulations. The new market model
also aims to reduce the cost of expanding renewables as much
as possible and to ensure that no more capacity than absolutely
necessary is built. Whereby Poland also wants to reduce the
number of investors and to tries to reach higher quality
investors.

The EU supports the project of investing in renewable
energies. As in Sweden, German Investors could be investing
in a new project in cooperation with the European Investment
Bank in Poland. This can help new companies to make their
investment profitable.
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L INTRODUCTION

All the nations in the world are conatus in contemplation of
successful energy transition. With countries intending to reduce
the footprint of conventional fossil fuel-based power plants,
conducive to meet the greenhouse gas emission targets by
producing more renewable energy cannot be solely accountable
for outright energy transformation. There is a need for novelty
in the way the energy is being generated and distributed. Also,
contemporary advancements in the energy sector with
contribution from Electric vehicles, Internet of Things, smart
grids, consumer side power generation (roof-based solar
panels), storage facilities along with the difficulties in
distribution and frequency moderation are posing challenges to
the prevailing centralized energy sources and also arising a
necessitate for a shift in paradigm of energy distribution.
Therefore, a model / system has to be put into action in order to
address the above-mentioned issues.

1I. DECENTRALIZED ENERGY SYSTEMS

A. Concept of Decentralized Energy System

The Distributed energy resources (DER) or Decentralized
energy / distributed generation is a concept in which a close
proximity of small energy generating and storage devices to the
consumers is achieved, making it easier for the energy
generation, transmission, and distribution [1].

B. Sources of Decentralization

The sources of Distributed generation are mainly Photo
Voltaic, Combined Heat and Power, Onshore wind, other
renewables like biomass, biogas and hydro power plants. Grid
connected storage devices typically batteries and electric
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vehicles are also considered in this regard. These sources are
interconnected to a micro-grid and can be integrated with a
central grid system by considering various technical and
economic factors.

A. Factors influencing Decentralization

The following factors [2] influence the
Decentralized Energy Resources.

selection of

e Growth in energy demand and the need for energy
distribution

e Increasing cost for distribution and transmission of
energy

o Increase in transmission and distribution losses

e Phasing out of Fossil fuel based power plants and
Nuclear Power plants.

e Increase in installed capacities of renewables like PV
and wind and fall in prices of PV

e  Better performance of decentralized energy systems

I1I1. REAL TIME SCENARIOS

The population in the cities is increasing steadily and more
people are dependent on Energy. With the renewable sources
being highly unreliable, and with the heavy investment costs
coming to the fore, it is possible to assume that the
Decentralized Energy Systems could be problematic and
difficult to implement in real time.

In order to be sustainable and achieve a green community,
implementation of a Decentralized Energy System becomes
mandatory. In the coming paragraphs, we will be seeing a real
time example of DES.

C. Examples of Decentralized Energy System

A good example of Decentralized Energy Systems is the
Island of Eigg [3] which is located to the West of Scotland. The
island with a population of about 105 residents are disconnected
from the world in means of electricity, but they get round the
clock power through a combination of Hydroelectric
generators, Wind Turbines, Photovoltaic array and a bank of
batteries. The total installed capacity in the island is about 184
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kW, which gives roughly about 1.75 kW per person. The power
generated is stored in a well-maintained battery bank and taken
for consumption. The system is being supported by two 80 kW
diesel generators which act as a control strategy in case of low
renewable energy generation.

D. Cost Analysis in the Island (Example)

e The whole costs were initially funded by the
Government grants and money received as gifts to the
community. However, the maintenance costs are being
borne by the community members.

e They have one 100 kW hydro generator, two 5 - 6 kW
hydro generators, four 6 kW wind turbines and a 50 kW
solar panel installation at their disposal. They have a
prepaid electricity card system, which ensures prompt
payment of the electricity. [4]

An estimation of the costs for a DES, which could be incurred
by a community of 100 people, is given below:

Capital costs (including electrical equipment) — 2500 $/kW

Installation costs — 600$/kW (variable depending on the
region)

Operation and Maintenance Costs — 200 to 250$/kW
Labor costs — 100 to 120$/kW

Taxes and interests on capital costs — 150 to 175 $/kW
Other Costs — 15 to 30 $/kW

Total Costs — 35508/ kW (approximately)

Dividing the total costs by the population gives a cost of
about 35.5%/kW per head. Assuming a lifetime of 20
years for the power sources, the cost per head/ year will
be 1.7758/kW which could be affordable for the people
living in the community.

(Data Source: www.irena.org/costs)

Unfortunately, there was no information found on the
money they charge for a unit of electricity in the Island.

E. LCoE Analysis

The Levelized cost of electricity (LCOE), also known
as Levelized Energy Cost(LEC), is the net present value of the
unit-cost of electricity over the lifetime of a generating asset. It
is often taken as a proxy for the average price that the generating
asset must receive in a market to break even over its lifetime.
(Definition by: www.wikipedia.org). In the following graph,
the LCoE costs of the various DES sources are shown.
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It is very clear that the LCoE costs of the majority of DES
sources are decreasing and it will be expected to reduce
further because of the rapid technological
advancements in all segments of renewable energy
systems.

V. ADVANTAGES AND DISADVANTAGES IN DES

Decentralized Energy Systems will become a commonly
spoken word soon because of the world’s paradigm shift from
fossil fuel based energy generation to renewable energy
generation. As like every other system, it comes with own sets
of Advantages, Disadvantages and Challenges which will be
discussed in this section.

F. Advantages of DES
Some of the advantages of DES [5] are as follows:

e In case of power failure in the centralized network, the
entire grid fails and the restoration needs more time and effort
when compared to decentralized energy resources.

e Resistive heat losses in long transmission cables of the
centralized network are high when compared to the
decentralized network.

e Energy efficiency and billing procedures are simpler
in DER

e High level of energy security can be achieved in DER,
whereas there may be chances of fraud energy thefts in the
centralized network.

e FEnergy feed in from consumers (In case of rooftop
solar panels and other renewable energy systems) can be
properly organized and reimbursed in DER.

e Autonomous and local energy trading mechanism can
be made possible with the help of DER, which reduces the
energy prices on the locality.

G. Challenges and Disadvantages

The Challenges in the Implementation of a Decentralized
Energy System could be a potential disadvantage and such
factors will be discussed in the following points.

e Decentralized Energy Resources (DER) are typically
renewables, the need for matching the demand and supply with
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intermittent supply from solar and wind poses a major challenge
in its implementation which could be a disadvantage while
doing the planning.

e The Integration of DER with the central grid is
considered as another major restriction as it could
alter/fluctuate the frequency of central grid due to its
intermittent supply [6].

e Social and political acceptance also plays an important
role in bringing up Distributed energy resources. The
formulation of policies, incentives, taxes and political
commitment are the factors which influence its execution.

e Due to Innovation and Technological development,
the cost of decentralized energy systems will become cheaper
and this scenario makes consumers shift towards DER. But the
competition and acceptance from the current market players
add up to its adversities and difficulties.

e The Ilocation plays a very big role in the
implementation of DES as only some places might have the
possible terrain for implementing a Hydro Power plant as there
must be a natural altitude difference.

e Finally, the concept of energy stability, energy
security, the inclusion of smart grids, smart meters, the
availability of storage facilities (in the form of batteries and
pump storage) and demand-side management are also
accountable for deciding upon DER.

V. CONCLUSION

The world is on a transition in all fields from Manufacturing of
Products, Transportation, and ways of doing Business to
Agriculture. Decentralized Energy Systems may be considered
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as an Energy transition for a sustainable future. Though there
are many challenges concerning Decentralized Energy
Systems, the Advantages outweigh them. DES will also be a
great contributing factor for the Climate change and Global
Warming.
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Introduction

Coal is a profitable energy source since the 19th century.
Various techniques got explored to get the maximum profit out
of it. Unfortunately at the expanse of the environment.
Germany is one of the top 15 countries to dismantle coal. In
2015 Germany mine an amount of coal equivalent to 78,3
million tons of oil. Now Germany wants to switch to renewable
energy sources, like many other countries all around the world.
But despite the environmental pollution, the coal industry is a
very important branch for Germany. Areas like Nordrhein-
Westfahlen and Brandenburg are heavily dependent on the
open-cast mines. They offer a lot of potential workplaces, so
the whole area gets modernized and wealthy. Many companies
invested in coal mining in the last couple years, so there are far
more subjects which depend on the coal exit, especially the
people and their future. Experts seem to have solutions for the
possible upcoming collapse of the industrial branch, but the
theory often differs from the reality.
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A.  Germany and the coal exit

Environmental protection is now a mission for the whole
world. Like the most countries Germany has to adapt
renewable energies into their system. The EU managed to
establish environmental goals for each country, and to reach
these goals, Germany has to quit the coal mining immediately.
Of course this won’t happen that easily, but to not completely
miss the goal, Germany has to initiate the exit as soon as
possible. To begin with that process, Germany has to start with
the reduction of the emission out of the power sector. In that
case Germany could switch off 76 KW of coal performance.
There is a new pollutant limit to coal power plants which may
cause closures or at least new filtration technologies.

EMail: sunfxll@gmail.com

B. Politics

The coalition agreement of 2013 declared coal energy as a
transition technology to switch to renewable energy. The coal
lobby describe coal as a indispensable energy source for
Germany.

The German minister of economy an energy Sigmar Gabriel
said in 2015, that Germany wants to reach the environmental
goals of 2020 but without the exit of coal energy. Otherwise
its a very important step for the energy transition to stay away
from coal energy, but with every year passing it will be much
harder to do so.

The Green Party ,,Die Griine 90 established a plan for the
coal exit which went viral across the country. Just about all
other parties agreed, but still to this date, nothing really
changed. The only real move that happened, was when the
senate of Berlin declared the coal exit for 2030 in Oktober
2017. It is like already mentioned, everybody talks about it,
but nobody really does something about it, maybe for a
reason.

C. Nordrhein Westfahlen

In Nordrhein Westfahlen coal is considered as the gold of the
region. It has a long tradition in the region, where 2/3 of the
German energy needs gets covered. Because of the coal exit,
50.000 jobs are threatened. There is a clear acceleration,
because more and more coal mines get closed, though the
mining can be continued until 2045. Old mines are now
museums or restaurants, but that doesn’t eve cover a portion
of the 50.000 workplaces.

But there is hope, many companies invested in the coal
industry. Because of the energy transition they have to adjust
their strategy. Nordrhein Westfahlen is a very popular area for
technology and innovations, so there are a lot of new
opportunities for start ups in which the companies could be
interested in.

D. Brandenburg

In Brandenburg the job places aren’t the biggest problem. In
comparison to the western mining areas, the ones in the east of
Germany have a worse infrastructure, innovationpower and a
low patent intensity. Different to other coal areas, 3,3% of the
people in Brandenburg have a job to do with coal. These are
also high valency jobs, most of them in the industrial sector
and services.

Offside of the big energy companies there are no jobs
alternatives at big companies.
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More and more people leave the region, which makes the
region even more unattractive.

Predictions say that until 2035 the amount of people who are
capable go work will go down by 1/3, what makes the cover
of professionals even harder.

Overall Brandenburg has no real perspectives of a structural
change, the political and economical consequences with a
immediate exit are too high. Especially the increased
electricity prices will affect everybody.

Until 2035 the coal mines have the status quo, what means
nothing will really change something but also no new mines
will opened up.

Brandenburg needs new economical perspectives after the coal
exit, otherwise the region will die down somehow, with more
people leaving the region.
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In the end Germany is facing a big problem. Of course they
have to quit coal energy sooner or later, but in the right way.
Especially the regions which exist only because of the coal
energy are too dependent on coal. The government has to
create new perspectives for the people, a future for their jobs
so that the cities and villages which got built around the coal
mines, don’t get left empty like the mines.

1. Ortwin Renn, Energy Policy, Coal nuclear and renewable energy
policies in Germany: From the 1950s to the ,,Energiewende®, December
2016, pp. 224-232

Ladislav Hanel, Applied Soil Ecology, January 2001, pp. 23-24

3. https://www.cleanenergywire.org/factsheets/coal-germany Kerstine
Appunn 5.12.2017 (7.7.18)

4. http://www.worldwatch.org/node/5834, Ben Block (6.7.18).
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Battery storage-breakthrough for storing
regenerative energy

Autonomous power supply for wind energy

Bernd Willidal

BTU Cottbus-Senftenberg
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Abstract — The proportion of renewable energy is increasing and
as a result, more flexible options will soon be necessary to
compensate for the fluctuations. Especially regarding electricity
generation, for example due to wind turbines and photovoltaics
power plants. The supply of stable power supply is raising in
importance.

This paper deals with the technical design and function of battery
storage. Furthermore, it points out the technical and economic
risks.

Keywords: battery management system; battery storage; battery
technologie; cells; renewable energy;

1. INTRODUCTION

The importance of saving energy will constantly grow because
of the expanding wind energy industry. Today wind energy is
already the biggest part of renewable energy at German power
production. With a cumulative work of 5.334 MW in 2017 the
stock off onshore-wind energy plants increases to 50.777
MW.! Thus, the part of wind power at the German power
production was 16,3%.2 By setting goals for the climate
targets of the government this contribution will grow in the
future. In the next few years the tendency of bigger and
powerful wind energy plants will further increase. While
nowadays, a rated output of 2,8 MW is common, the average
output will raise in the next years to about 4 MW in weak-
wind regions. * Technically it is already possible to build
modern wind energy plants in areas like woodlands. So far,
the generated renewable energy in Germany is saved in pump
storage plants, air storage power stations and salt caverns.® But
these technologies are not completely proven or their
efficiency is too low. Technologies like power-to-gas also
couldn’t establish at the market because of big investment
costs and low efficiency. Therefore there’s a need of flexible

! Bundesverband WindEnergie, 2018
2 Bundesministerium fiir Wirtschaft und Energie, 2018
3 Bundesministerium fiir Umwelt, Naturschutz, Bau und
Reaktorsicherheit, 2018
4 Agentur fiir erneuerbare Energien, 2018
5> Bundesregierung, 2018
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and autarkic solutions that produce, save and distribute energy
decentralised everywhere in Germany. The most appropriate
solution today is a battery storage. This technique is used in
pilot projects, for example in Feldheim or Schwerin, where the
possibility of saving energy is tested.

II. FUNCTIONALITY

A battery is an electrochemical energy storage, that consists of
several galvanic cells that are connected in series and
protected in a single housing. Secondary batteries, also called
accumulators, distance oneself from primary batteries because
they are rechargeable and suitable for saving energy.®

During charging, the electrical energy gets transformed and
saved into chemical energy by the redox reaction. When an
electrical device is connected, this process gets reversed and
electrical energy gets emitted. The energy transformation does
take place in the galvanic cell. She has two electrodes that
exist in an ionic conductive electrolyte. The electrons flow
between the negatively charged anode and positively charged
cathode. To prevent a short circuit, a non-conducting separator
strictly separates the electrodes. Only the ionic current can
pass the separator. Lithium cells also contain an electrically
conductive top that also is called solid electrolyt interphase
(SEI). That form of “coating” protects the anode material
against contact with the electrolyte. The electrode materials
that are used to for the electrochemical reaction are defined as
“active material”.

6 Carpus, 2018
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The design of the batteries stretches from cylindrical shapes to
prismatic shapes.’

Rund-Zelle

lllustration 1: different battery designs®

The interconnection of several cells into one battery pack
requires a housing with ventilation, cooling system and also a
battery management system (BMS). In the field of megawatt
applications, the housing is typically used in shipping
containers.

lllustration 2: presentation of a battery container®

The battery management system is necessary as an interface
between the excess power and the current power and also for
the electronic components in the battery. An electronical
control unit observes the battery system and manages relevant
functions depending on the operating status. The BMS
manages for example voltages and temperatures during
loading and unloading for the total battery and also for single
cells. Furthermore, the BMS also manages the temperature
management of the battery system. The BMS regulates the
level of the temperature through cooling and heating and
improves the power and lifetime of the battery. If errors occur
in the battery system, they will get registered and will be
shown on a display.'°

7 ESB Business School, 2012
8 Umweltbundesamt, 2012
® ADS-TEC, 2018
10 Umweltbundesamt, 2012
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III. RISKS

Investments like for example in battery memory, entail not
only the chance to achieve income in the long-term, but
various risks. These risks can be separated into technical and
economic risks.

A. Technical risks

With modern manufacturing standards, from the fact that
battery technologies are being used with proper handling and
use, one can assume the utilization as relatively safe.
However, if, based on technical defects or improper use, it
comes to an uncontrolled and quickened emission of the
chemically stored energy, this generally occurs as thermal
energy. As a result, this leads to fire.!!

Additionally, another technical risk would be the cycle
stability. If cycle stability does not correspond to the given or
supposed number in cycles, the efficiency of the memory will
be increasingly reduced. An exchange of cells results in
additional costs as well as short-term losses. Nevertheless, the
assumed 3500 full cycles over more than ten years can be
assumed as secure. That doesn’t depend on the type of battery
technology, whereas the only exceptions would be the battery
of lead.

The battery management system shows an additional technical
risk. The use of power electronics nowadays has matured as
much as possible, but nevertheless, mistakes can still appear.
Thus, the partial or entire failure of the battery management
system can affect the function of the memory up to the
shutdown.'? This also leads to additional expenses and short-
term losses of income. Nevertheless, this risk can be classified
as relatively small. Besides, the additional expanses should be
cushioned by a maintenance contract.

The destruction of the battery memory by environmental
factors is nearly impossible. Because they’re used in the most
different branches for years, the electronics as well as the cells
of the memory are imbedded in a container and therefore
protected. '3 Merely the external effects caused by humans
show a risk, even though a very low one.

Another risk exists regarding the balancing energy market.
The possibility exists, that the battery memory doesn’t fulfil
the prequalification for the market entry not properly. 4
Because a battery memory is most suitable for the desired
operating method in the balancing energy market, this risk can
be evaluated as very low.

B. Economic riskss

The economic risks outbalance the technical sources of error
as much as possible because the operation of a battery
memory takes place in a steadily changing market
environment. Beside political influence, market developments
stamped by insecurity and acceptance, play an essential role.

11 ESB Business School, 2012
12 ESB Business School, 2012
13 Tiibke J., 2009
4 bves, 2017
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On the one hand there are price on the electricity exchange.
On account of the growing interest of EE stream (approx. 120
billion kWh) exchange prices in the market have strongly
fallen in Germany. Currently they reach the level from 2007.
Compared with 2012, the price of base-load electricity has
sunk from January to December 2013 by 11.4 percent of 4.27
cents per kWh on 3.78 cents per kWh. In France the electricity
price was clearly expensive."”

Base-load electricity was more favorable in Germany from
January to December 2013, about nearly 13 percent more
favourable than in the neighbouring country. During the first
six months of 2014,the prices have further fallen in Germany.
At the end of June 2014, base-load electricity in Day-Ahead-
Trade cost 3.15 cents per kWh. The following chart illustrates
the price trend.

Borsen-Strompreis (Baseload) [ct/kWh]
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lllustration 3: day-ahead-trade?®

Beside the sunk prize level, the melting price differences
between peaking periods and off-peak periods is to be
observed. This leads to the fact that even well-tried
technologies, like pumped storage plants, can ensure no
economic mode of operation. Also, the economic operation of
a battery memory is not possible like described in scenario C.
The development of the stock exchanges shows an essential
economic risk. To guarantee a certain capacity level defined to
begin with, the introduction of a capacity market is discussed
quite long. As a result, price peaks should thereby be avoided
and little volatility in prices should be created. The
development and introduction of such cannot be estimated
yet.!7

The development of the balancing energy market shows
another risk. After present market prices, the memory can be
pursued economically. Because of steadily increasing
expansion of the renewable energy, a steadily growing
demand for control energy seems given. Nevertheless, the
forecasts about wind and sun improve on and on. This reduces
the demand in control energy. Additionally, the offer of
control energy is further lowered by the shutdown of
conventional power plants.

15 Twr-Institut, 2018
16 Twr-Institut, 2018
17 Frauenhofer Institut, 2017
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The offer is raised by the participation of other adjustable
producers like, for example by total cogeneration units.
Furthermore, there still exist economic risks that must be
taken into consideration, but first must be estimated. In the
meantime, the supplier of the memory can go into insolvency
or can no longer ensure an appropriate delivery because of
their own value-added chain. Caused by the search of a new
partner, the realisation of the project would be delayed further.
The amendment of the political basic conditions is a hardly
calculable risk. By amendment of legislations, for example the
status of a memory or the market access in the balancing
energy market, the conditions can change to the positive.
However, also negative changes can occur.

IV. CONCLUSION

The focus of this work was to show the opportunities of
battery storage. Therefore, the functionality and also the
potential risks, which can be separated into technical and
economic risks, were explained. After a short introduction in
this branch of renewable energies, the meaning of storage in
the field of energy revolution was discussed. After that the
functionality and the associated risks were defined. This
exposition can go beyond battery storages and depends on the
specific battery technology. Beside the facts, other future
implications can be suggested. At this point it can clearly be
said that with the governmental settings for climatic goals,
other laws and regulations will be introduced. This will
increase the hype and technological innovations about
regenerative energies. The meaning of costs will become less
important. This can be assumed because the investment costs
for photovoltaic plants and prices for modules are also decline.

It should be noted that the technologies in this branch had not
reached sufficient maturity and therefore didn’t reach the
governmental climatic goals, to completely switch from fossil
and nuclear fuels. There remains to hope that the technological
progress produces other energy-self-sufficient features and
innovations.
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