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Abstract—Renewable energy sources are clean sources of 
generating power and optimal use of these resources minimize 
the impacts to our environment, electrical power from 
Renewable resources produce minimum waste and are 
sustainable based on current and future energy requirements. 
This paper presents the environmental impacts of traditional 
sources of energy generation and presents data which signifies 
the importance and need of renewable energy especially in 
terms of environmental impacts and human wellbeing. Latest 
techniques to increase the share of renewable energy from 
solar by increasing efficiency of solar cell is also presented. 

Keywords—renewable energy, environment protection, solar 
energy, plasmonic nanostructures. 

I. INTRODUCTION  
     The theme of the paper is to present the importance of 
renewable energy using logic and statistics in comparison 
with the traditional sources of generating power with an aim 
to protect the environment from further deterioration and to 
identify means to increase the share of solar energy 
production by using latest techniques known as light 
trapping via plasmonic nanostructures embedded in solar 
cell structure. 

 

II. RENEWABLE ENERGY  
Renewable energy (RE) refers to energy that is not 

depleted when utilized but it is naturally replenished e.g.  
solar energy and wind energy. Renewable energy is just 
beginning to be developed or utilized and it is actively 
researched, and needs to be promoted for human wellbeing 
and environment protection. 

As the country proposes energy-saving policies and 
technology to continuously innovate and advance, and as the 
industrialization process accelerates, energy issues are 
increasingly becoming a global concern and hope to be 
effectively solved, so various types of new energy 
technologies are gradually being developed. 

A. Energy from a source that is not depleted when used, 
such as wind or solar power. 
It is estimated that by the end of 2013, the global crude 

oil reserve was 1.688 trillion barrels, which is only 53.3 
years at current mining rate. In addition, there are 
approximately 1.1 trillion tons of proven coal reserves 

worldwide, which will last for approximately 150 years. 
Natural gas reserves will continue for up to 52 years. People 
should ask themselves a question - what should we do once 
all fossil fuel reserves are utilized? Compared to fossil fuels, 
there is currently not much renewable energy produced, 
because renewable energy requires higher operating costs 
and is less efficient than fossil fuels. World energy resources 
are presented in the form of pie charts. (Figure 1). According 
to the figure, as of 2017, only 10.4 percent of world’s energy 
is being produced by RE. Of that 10.4 percent only about 
1/3rd of the RE is produced from solar, wind, geothermal and 
biomass and rest is from hydroelectric. 

 Figure 1. Pie chart representing non-renewable resources 
(World population clock, 2017) [1] 

B. Why are we interested in RE?  
It is because we want to reduce CO2 and other 

greenhouse gas emissions that are detrimental to our 
environment and health. Generating power from renewable 
energy produces the least amount of greenhouse gases and 
also saves huge operating cost. What does this mean? It 
simply means that we are producing much less energy from 
RE and we should increase our share of RE production if we 
are serious in reducing our Carbon Footprint. 

III. ENVIRONMENTAL EFFECTS OF NON-RENEWABLE ENERGY 
SOURCES  

Non-renewable energy is an energy that cannot self-
sustain naturally. Non-renewable energy includes coal, oil 
and natural gas, and unlike renewable energy sources such as 
wind, hydroelectric and solar which can mostly be converted 
into energy in a clean way, it can lead to harmful emissions 
during the conversion, and its collection can damage local 
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wildlife. All of them might  cause the environmental effects 
and  contribute to climate change[2]. Some of the most 
significant environmental impacts are discussed as the 
following. 

A. Greenhouse Gas Emissions 
      Different types of non-renewable energy fuels produce 
different levels of greenhouse gases. 

      For example, coal is considered to be the great 
contributor of carbon dioxide (CO2) emissions. In the United 
States, the carbon dioxide emissions of the electricity 
industry, calculated in 2017, indicate that 69% comes from 
coal. However, natural gas produces about 29% of carbon 
dioxide emissions. Compared to coal, natural gas emits 40% 
less. [3] 

However, this does not mean that natural gas cannot 
cause climate change, as drilling and extracting natural gas 
from wells can lead to leakage of methane - a more potent 
greenhouse gas which is 34 times stronger than carbon 
dioxide in terms of its potential for trapping heat.  

B. Air Pollution 
Non-renewable energy not only changes our Earth's 

atmosphere by increasing greenhouse gas emissions but also 
emits a variety of pollutants that affect people's health and 
the environment. 

 
For example, coal-fired power plants are the largest 

source of mercury emissions in the United States. Once 
mercury is released into the air, it will deposit on the ground 
or in the water. Through the food chain it can be accumulate 
in the organisms of species (like fish) living in the area. 

 
It suggests that it can cause neurological and 

neurobehavioral effects in embryos and young children.  

C. Acid Rain and Water Pollution 

     Combustion of fossil fuels not only produce CO2 but 
other harmful gasses like methane and nitrous oxide and 
such gases also produced from the industrial processes. They 
interfere with the natural water cycle and react with water 
and make rainwater acidic. This is called acid rain. This acid 
rain not only is dangerous to human but also causes the 
acidity of natural ocean water to rise and endanger the 
marine life. 

D. Ozone Layer Depletion 
 
   CO2 has no direct effect on ozone layer but it slows down 
the natural production of ozone and plays its role in the 
ozone depletion. The ozone depletion is mostly caused by 
manufacturing chemicals like refrigerants, solvents, 
propellants which are made of chlorofluorocarbons and 
hydrochlorofluorocarbons which depletes the ozone layer. 
VOCs are volatile organic compounds and it is a substance 
which is found in building material such as plywood, plastic 
boards and glues. Other sources of VOCs are burning fuels 
like gas, oil and kerosene. 
 

 
Figure 2. Ozone Layer Depletion 
 

E. Hockey Stick Curve 
The long-term trend of the reconstructed annual average 

NH series (Figure 3) is very similar to the long-term trend of 
summer temperature reconstruction in the northern 
hemisphere. It showed a distinctly cold period in the 
seventeenth and mid-19th centuries, with some warmer 
periods in the medium term. [4] 

 Since 1900, emitted the huge greenhouse gases in the 
modern industrial economy.  

 
Figure 3. Northern Hemisphere mean temperature 

anomaly in °C [4] 

IV. SOLAR CELL STRUCTURE 
     Basically, the solar cell material consists of 5 layers. The 
1st layer is the glass layer, the 2nd layer is the front EVA 
layer (Ethyl Vinyl Acetate), the 3rd one is the solar cell 
layer, the 4th layer is the back-EVA layer and the last one is 
the laminate layer made mostly from Tedlar. 
 

The glass here used should have low iron content and 
high transmittivity of light. EVA is used for encapsulation. 
It should have high electrical resistivity, low water 
absorption and high optical transmission. Tedlar material is 
white in color and it is used for the back reflection of light. 
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Not all the light shining on the surface of PV cell gets 
absorbed and hence converted to electricity. Most of the 
light that is converted to energy is visible light or infrared. 
Out of these types of light, only that portion of light whose 
energy is equal to the band gap energy of the solar cell 
material, is responsible for the production of electrons and 
holes in the semiconductor material which produce 
electricity. The rest of the light either is dissipated as heat 
and does not produce electricity if the bandgap energy of 
solar cell material is too high or it simply passes through the 
solar cell material and does not generate electron hole pairs 
for electricity generation. The maximum theoretical 
efficiency of solar cell is called the Shockley-Queisser limit. 
It was first calculated by William Shockley in 1961. The 
modern value is 33.7 percent for bandgap energy of 1.4 
electron volt (e.V.). 

 
      Figure 4 Typical bulk silicon module materials. [5] 

 
 

 

V. HOW TO INCREASE RE PRODUCTION BY SOLAR CELLS 

A. Tandem Cell 
     It is actually possible to beat the Shockley-Queisser limit. 
In tandem solar cell technology instead using single layer of 
semiconductor, we can combine two different 
semiconductors with different band gap energies such that 
the front cell has higher band gap energy than the rear cell, 
so the light which is not strong enough to make electricity 
from the first layer passes through it and generates 
electricity in the second layer because the second layer has 
lower band gap energy than the front one. In future 
technologies 4-6 junction cells are also expected. 

B. Energy Harvesting using Light Trapping via Plasmonic 
Nanostructures 

      The plasmonic effect is the interaction between free 
electrons in metal nanoparticles and incident light. 
 
      Plasmonic nanostructures are nanostructures which start 
oscillating when plasma frequency light interacts with them. 
Normally these are metals like gold, silver and copper etc. 
When light begins to interact with them their electrons begin 
to oscillate. These electrons which oscillate very fast show 
the properties of plasma which is a fourth state of matter, 
and that is why they are called plasmonic nanostructures. 
There are three possible ways in which we can introduce 
these nanostructures in our solar cells in the upper layer, in 
the middle layer or in the back side of the PV semiconductor. 

 
       In the first one (a) light enters from the gap between the 
nanoparticles and hits the back reflected coating of the PV 
semiconductor and reflects back (in the opposite direction) 
and hits the nanoparticles and is scattered or absorbed by the 
nanoparticles. In this way light gets trapped and oscillates in 
the semiconductor material. 
 
        In the second one (b), the similar phenomena takes 
place, but in this layer, there is the semiconductor solar cell 
so the solar cell directly absorbs the oscillating light and 
hence efficiency of the solar cell increases. 
 
        In the 3rd type (c), the particles are embedded in the 
back layer of the PV semiconductor, the incoming light after 
reaching the back layer is interacted with the nanostructures. 
The nanostructures here are arranged in several channels. In 
these channels, the light here gets concentrated as if there 
are tiny suns at the bottom of the solar cells. This 
concentrated light helps to generate more electron-hole pairs 
and hence more power. 
 

 
 
Figure 5 Plasmonic Light Trapping in Thin Film Si Solar 
Cells [6] 
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VI. CONCLUSION  
      There is an overwhelming evidence that traditional 
sources of energy are harmful for the environment and 
human health. Rising sea levels and sudden climate changes 
are the result of the greenhouse gasses and global warming 
caused mainly by the use of non-renewable energy sources 
and possess a great threat to human and marine life. With 
the increase of energy production from renewable energy. It 
is possible to curb the environmental impacts due to burning 
of coal, oil and natural gas for energy production. One 
practical approach to increase the share of renewable energy 
from solar is to embed plasmonic nanostructures in the 
structures of solar cells. This technique is compatible and 
hence practical with the present-day solar cells use to 
produce. By simply embedding nanostructures in the thin 
solar cell material it is possible to increase the efficiency of 
solar cell and hence more share of energy can be produced 
by renewables. This solution is also cost-effective which 
means we will get more energy with some additional 
investment. 
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Abstract— Recently, realizing the approach of deregulation 
with power industry reformation and fast-growing development 
of renewables in Germany and other European members it’s of 
great importance to study the energy storage relation with 
progress of alternatively available energy sources. Non-
controllable sources like wind and sun play a vital role. 
Situations can occur with an excess of energy in the electricity 
supply system when the installed amount of un-controllable 
power exceeds the yearly peak load. So, the need of balancing 
the demand of energy from renewable sources through reliable 
energy storage systems becomes essential. This paper showcases 
the key challenges which an Energy Storage Technology faces in 
future electric power systems, the fast development of volatile 
energy resources and their increasing share in the energy sector 
brings significant challenges to the existing power grid due to 
the high variability of these sources and loads. The aim of this 
work is analyzing those challenges for Energy storage devices 
and characterize them by their different operating parameters. 

Keywords— Energy storage systems, Renewable energy 
integration, Energy Conversion, Energy demand. 

 
I INTRODUCTION 
A core property of electricity is that once it has been 
generated, it must either be consumed or stored. The 
dominant product of renewable energy generation is 
electricity. By their very nature renewable energies are very 
volatile in generation like wind and solar energy, which 
depend on weather conditions. The European Commission 
expects that the share of electricity generated from renewable 
energies will rise from 25% today to 55% by 2030 [1]. For all 
these reasons the usage of electricity storage technologies is 
a crucial factor for the energy transition. According to the 
European Commission, energy storage is defined as “the act 
of deferring an amount of the energy that was generated to 
the moment of use, either as final energy or converted into 
another energy carrier” [2].  
One benefit of using energy storages is the reduction of 
overall costs of the energy system by avoiding negative 
energy prices in times of oversupply or shutting down of 
power plants. Another advantage is the flexible energy 
generation. In comparison to a coal-fired power plant, which 
has a boot time of several days, stored energy is available 
within seconds to hours. Storage Technologies are 
indispensable prerequisites for improving decarbonization 
and energy security of the electricity grid. Energy storage 
helps to integrate variable renewable energies. Energy 
storage could also be an attractive business case for suppliers, 
the industry sector and prosumers e. g. arbitrage between 
storage at low cost energy periods and selling the stored 
energy in times of high demand [2]. 

There are different types of challenges when it comes to 
energy storage: on the one hand there are technical and on the 
other economic challenges. Additionally, there are political 
challenges.  In general, the storage of energy is associated 
with losses. As things stand today, there is no optimal storage 
technology that is better in all aspects than the others.  
 
This paper will present three leading storing technologies: 
Pumped Hydro Storage, Thermal Energy Storage and 
Batteries (Chapter 2), will make an overall comparison 
between them and will point out current challenges of storing 
energy (Chapter 3). Chapter 4 delivers a conclusion and 
outlook of energy storage. 
 

II ENERGY STORAGE TECHNOLOGIES 

A.Overview 
There are a lot of different storage technologies. Some are 
already technically mature; others are still in the development 
phase. You can find different qualities and abilities e.g. in 
availability, timeframe and efficiency. All storage 
technologies must fulfill the same three process requirements: 
Charge, Store and Discharge [3]. Subsequently, a 
classification of the most important storage technologies is 
made [4].   

Mechanical  

• Flywheel 

• Pumped Hydro 

• Compressed Air  

Chemical  

• Hydrogen 

Electrochemical  

• Batteries (e.g. Li-Ion)  

Electrical  

• Capacitors  

• SMES 

Thermal  

• Sensible Heat (Molten Salts)  

• Latent Heat (Phase Change Materials)  
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Capacity, power, and discharge time are interdependent 
variables. Main parameters for TES systems are given in 
Table 1, including capacity, power and efficiency. High power 
capacity and High-energy storage density for charging and 
discharging are expected properties. 

I. Typical parameters of TES systems [15] 

TES System 
Capacity 
(kWh/t) 

Power 
(MW) 

Efficiency 
(%) 

Phase-change material 
(PCM) 50-150 0.001−1.0 75–90 

Chemical reactions 120-250 0.01−1.0 75–100 

Sensible (hot water) 10-50 0.001−10.0 50–90 

 

1) Sensible Heat Storage 

SHS is the easiest method based for storing thermal energy by 
cooling or heating a solid or liquid storage medium (e.g., sand, 
water, molten salts, or rocks), with water being the cheapest 
option. The most popular and commercial heat storage source 
is water, which has a number of industrial and residential 
applications. State-of the-art projects have showcase that 
storage water tank is a cost-effective storage option and the 
efficiency can be improved by ensuring an optimal water 
stratification in the tank with highly effective thermal 
insulation. 

SHS system utilizes the heat capacity and the change in 
temperature of the storage medium during the process of 
charging and discharging. The amount of heat stored depends 
on the specific heat of the medium, the temperature change, 
and the amount of storage material [16]. 

Qs =  ∫ 𝑚
𝑡𝑓

𝑡𝑖

cpdt =  mc(tf −  ti)                                   (1)   

 
where Qs is the quantity of heat stored, in Joules; m is the mass 
of heat storage medium, in kg; cp is the specific heat, in 
J/(kg·K); ti is the initial temperature, in °C; tf is the final 
temperature, in °C. Water appears to be the best SHS liquid 
available because it is cheap with high specific heat. But, 
above 100°C, molten salts, oil and liquid metals are used. For 
air heating applications, rock bed type storage material is used. 

Real Life Application 

For illustration (Figure 5), the solar district heating “Am 
Ackermann-bogen” (Munich, Germany) provides solar 
energy for space heating along with domestic hot water to 
approx. 320 apartments in 12 multi-story dwellings with about 
30,400 m2 of living space. The system is designed in such a 
way that it covers more than 50% of the annual heat demand 
(i.e. nearly 2,000 MWh/a) with help of solar energy collected 
by 2,761 m2 of flat-plate collectors. The heat energy absorbed 
is utilized either directly or stored in a 6,000 m3 underground 
seasonal hot water storage. Supplementary heating is given by 
an absorption heat pump which is driven by the city district 
heating system using the seasonal storage as a low temperature 
heat reservoir. This provides a wide operation temperature 
range of the storage (i.e. between 10-90°C). Direct connection 
to district system and heating installations in the houses 
prevents typical temperature drops at heat exchangers which 
increases the temperature spread. The district system is 
operating at source temperature of 60°C with a return 
temperature of 30°C, which is properly monitored. The 
fraction of solar energy in the second year of operation was 

45% and which can reach above 50% after further 
optimization [17]. 

Figure 5 –Large Hot Water Storage (construction and 
final state) combined with Solar Thermal District Heating 
“Am Ackermann-bogen”in Munich, Germany [17] 

 
2) Latent-Heat or Phase-Change Storage 

Latent-Heat or Phase-Change Storage LHS materials are 
known as PCMs because of their property of absorbing or 
releasing energy with physical state change. The energy 
storage density boosts and reduces the volume, for LHS. The 
heat energy is mainly stored in the phase-change process (at 
constant temperature) and it is directly in contact with the 
latent heat of the substance. Application of an LHS system 
using PCMs is an efficient way of storing thermal energy and 
has the advantages because of high-energy storage density and 
the isothermal nature of the storage process. 

Phase change materials are applicable for both short-term and 
long-term energy storage, with the help of variety of 
techniques and materials. The change in phase could be either 
a solid/liquid or a solid/solid process. The temperature range 
plays a vital role for the suitability of a PCM in any 
application. There are many thermal energy storage 
applications which use PCMs, which all fit a particular range 
suitable for their effective thermal performance.  

Application of PCM 

• Solar Water Heating system 

• Buildings 

• Air Condition 

• Construction materials 

• Automobiles 

• Telecom Shelters 

 

D. Batteries 

Mainly the battery uses chemical reactions in between two or 
several other electrochemical cells for activating electron 
currents. For example, they can use sodium sculpture, lead 
acid batteries and Yom batteries. Batteries help to store 
electrical energy using chemical reactions. In the other terms, 
while charging a battery can cause the reactions of 
electrochemical which will store the energy in the state of 
chemical form. As per the requirements, reverse type of 
chemical reaction can lead to flow of charge in electrical 
current from the battery to the required network. Rechargeable 
battery or secondary storage is considered one of the oldest 
energy storage devices that can store electricity as chemical 
energy. Batteries are produced in variant sizes with storing 
capacity starting from less than 100 W to several megawatts. 
Their round-trip efficiency of the energy storage is in the range 
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of 80-90 % which depends on the operating cycle and the 
electrochemistry type. 

Li-ion battery being the latest technology showcases a large 
potential in cost reduction because of increasing number of 
drivers. In meantime the impact of Li-ion batteries in the 
Electric Vehicle market and their stationary applications as 
well (seen from Tesla’s Hybrid Vehicle and storage battery 
offerings) are likely to gain orders in large number than other 
battery technologies available. Emerging technologies employ 
new materials and innovative configurations to drive 
performance and cost improvements [18]. 

 

Real Life Application 

Figure 6 – Tesla Battery Power System in Jamestown, 
South Australia [19] 

 
The Wind Farm near Jamestown from Tesla (figure 6) can 
deliver enough power for more than 30,000 homes in case of 
blackout periods. The Li - ion battery units were produced to 
deduct power shortages, reduce intermittencies, and manage 
seasonal peak load and to increase the reliability of South 
Australia’s electrical grid. The same technology that helps to 
maintain the South Australian grid can also be used by 
residential to extract energy in the daytime, so it is stored and 
made accessible day and night, providing constant power even 
if the grid goes down [19]. 

 

 

 

III THE CHALLENEGE OF STORING ENERGY  
A. Comparison and Evaluation 

As we saw in the chapters before, energy storage technologies 
have different properties that determine their technical 
suitability for certain applications which mean that there is no 
perfect technology for every circumstance or service. In order 
to evaluate and differentiate storage technologies, several 
aspects need to be examined. Therefore Table 2 compares all 
the technologies described before.  

 

 

II. Technical characteristics of some selected energy 
storage technologies [4, 20, 21] 

 PHS Battery (Li-ion) TES 

Power rating 
[MW] 

100-5000 0,1-50 0,1-300 

Discharge 
duration (h) 

10-100 0,1-5  1-24 h+ 

Energy density 
[Wh/kg] 

0,5-1,5 75-250 80-250 

Efficiency (%) 70-87% 85-90% 30-60% 

Durability 
(years) 

40-60 (100) 5-20 10-40 

Capital cost 
($/KW) 

600-2000 1200-4000 200-300 

Capital cost 
($/KWh) 

5-100 600-2500 3-60 

Technological 
maturity (1- 
lower to 5-
higher) 

5 4 3-4 

 

PHS  

As you can see in Table 2 PHS is a mature technology with a 
high flexibility and durability, between 40 and 60 years, up to 
100 years with major refurbishments. As large volume storage 
it historically has been used for long storage applications, with 
discharge times from several hours to a few days. 
Furthermore, it has a very low self-discharge ratio, which 
makes it even more suitable for long- term storage. The plant 
contributes to operation stability of the energy system e. g. 
frequency regulation. The storage and generation of electrical 
power is free of CO2 emissions. Goldisthal is an example for 
a highly efficient way of electricity storage and generation. 
The operating costs are low, but the building costs were high 
(about 623 million Euros) which leads us to the disadvantages. 
In addition to the high building costs we also have 
geographical restrictions, since large land use is needed. Also, 
we have low energy density (large footprint) in combination 
with a long period of approval and building of the plant [4, 6, 
12]. 

Battery (Li-ion) 

Li-ion batteries have the advantage of high energy density, as 
well as high efficiency. However, the operating costs are much 
higher than the other two technologies.  

TES 

Thermal energy storage offers the option to improve output 
control for some energy technologies. Some storage materials 
like the water or ground have universal availability and low 
cost. Also, the operation and building costs are lower than the 
other two technologies but also the efficiency is lower. The 
energy stored decreases with the time due to the heat losses. 
Some storage technologies are still in developing stage and 
big surfaces are needed for some seasonal storage [17]. 

To visualize the differences, an illustration of diverse energy 
storage technologies, classified by their discharge time and 
power rating, as well as module size is shown below. 
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Figure 7 – Positioning of diverse energy storage 
technologies per their power rating and discharge times at 
rated power [6] 

 
As we can see in figure 7 PHS are typically used to provide 
bulk power management and systems like that (e.g. CAES) are 
located in the upper right corner. On the other hand, there are 
technologies e.g. flywheels or Li-ion Batteries with much 
shorter discharge times and are typically used for 
uninterruptable power supply applications or to improve 
power quality [6].  

 

B. Challenges  

If we look at the question of why energy storage technologies 
are not yet fully integrated into the energy system, we come 
across various types of challenges. All storage technologies 
must provide enough capacity, long-lifespan and a high level 
of security and efficiency. Technology harmonization and 
industrial standardization are very important factors for 
widespread usage of energy storage technologies. This will 
promote significantly research and development in storage 
technologies [22]. Moreover, other challenges that must be 
met are variability of storage in time, specific characteristics 
of the storage site and the uncertainty of renewable energy 
generation [23]. Among the specific site challenges are the 
environmental compatibility and the public acceptance. 
Ensuring enough political support is also an important 
challenge for energy storage technologies. Rare raw materials 
(e. g. cobalt for lithium batteries) to produce storage elements 
are a limiting challenge [24]. Another challenge is the high 
costs of development, research, production, installation and 
operation of storing systems. After all, the task of storage 
systems is to reduce the overall costs of energy systems [2]. 
Profitability is a key factor for wide distribution of storage 
systems among prosumers. A crucial challenge is to always 
provide sufficient political support for storage technologies 
and to achieve a stable political and economic framework.  
 

IV CONCLUSION 

In summary, the topic of energy storage technologies 
contains many potentials, but also some challenges. Storage 
technology is a decisive key to integrating renewable energies 
into the overall energy grid. As we could see in the 
comparison of the different storage technologies, there is no 
optimal storage technology. In the future, it will be important 

to further advance research in the field of storage 
technologies. One focus should be on the storage simulation 
and the optimization of operation in different applications to 
improve the commercialization of storage technologies [22]. 
One possibility would be for the state to provide larger 
subsidies for research into storage technologies. In addition, 
advertising campaigns for storage technologies should be 
considered. One could, for example, highlight the advantages 
of the various storage technologies at energy fairs, in TV 
commercials and on the Internet. In order to better integrate 
storage technologies into the energy network, it is crucial to 
increase public acceptance of these technologies. Interested 
parties should be aware of the extent to which they benefit 
from the installation of storage technologies and the 
subsequent connection to the power grid. The development 
of energy storage technologies is well under way, but in the 
future these technologies need to be further improved and 
promoted. 
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Abstract—Climate change poses major challenges to all 
states, not only nationally but also globally. The Paris 
Convention attempts to reduce the damage caused. Due to the 
lack of liabilities, this is only possible to a limited extent. 

Keywords—Paris Agreement, greenhouse effect, green 
politic, greenhouse gas 

I. INTRODUCTION 
 

The Industrial Revolution, through its accelerated 
development in the fields of technology and science, is 
leading to serious and lasting changes in economic, social 
and demographic conditions. Furthermore, the transition 
from manual to mechanical activities, from manufactories to 
factories, from individual work to mass production, resulted 
in a significant increase in productivity. This resulted in 
various advantages, such as the ending of famines through 
the mechanization of agriculture [1]. Since then, a persistent 
improvement of the technologies has taken place, allowing 
processes to be further optimized. At the same time, 
humanity is becoming more and more dependent. The latter 
becomes problematic because the operation of the machines 
is guaranteed by the combustion of fossil fuels such as 
lignite, hard coal, natural gas, etc. This releases pollutant 
gases that increase the concentration of greenhouse gases in 
the Earth's atmosphere [2]. As a result, temperatures have 
risen by almost 1°C since pre-industrial times until 2017. To 
illustrate this, Figure 1 shows the increase in temperature 
from 1880 to 2020 and the increase in CO2 emissions from 
1700 to 2000. The exponential rise in temperature and CO2 
from 1950 onwards becomes clear [3]. What could initially 
be regarded as not serious has a considerable impact on life 
on Earth. Above all due to the fact that a further increase of 
3 °C is expected in the next 100 years [4]. Among the 
consequences already observed today are [5]: 

 
• Melting of ice caps leading to rising sea levels, flooding 

and erosion in coastal areas 

• Spread of disease 

 
Increase in heat-related deaths 

•   Spread of disease 

•   Increasing poverty and famine in developing countries 
due to lack of adaption and changing environmental 
conditions 

• species extinction of plant and animal species 

Figure 1: (top) global average air temperature (bottom) 
greenhouse gas index 
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II. PARIS AGREEMENT 
 

       In 2015, 195 states decided to take active action against 
climate change by adopting an agreement, the Paris 
Convention. It was the first global agreement in which all 
states committed themselves to mitigating climate change, 
but also to adapting to its effects. The agreement came into 
force after 55 of the parties responsible for at least 55% of 
global greenhouse gas emissions ratified it on 4 November 
2016 [6]. As shown in the figure 2, China and the USA are 
already responsible for over 40% of global CO2 emissions. 
Therefore, it is of great importance that both countries 
participate in the agreement.  The agreement has three 
primary objectives: On the one hand, the global average 
temperature is significantly below 2 °C compared to pre-
industrial levels, but preferably 1,5 °C. The aim is to limit 
the effects of the temperature rise. The second objective is 
to help developing countries meet climate change objectives 
and adapt to climate change. To this end, the industrialized 
countries are to pool their financial resources and pay 100 
billion dollars a year into a climate fund. This point is 
relevant precisely because of the developing countries' high 
dependence on the climate.  The final objective is to 
increase adaptability to climate change. No national climate 
protection targets have been set within the agreement. It is 
up to each country itself to decide which climate protection 
targets it wants to achieve. All countries participate under a 
pledge and review mechanism with nationally determined 
contributions (NDCs). Pledge and review mean that 
countries should pledge their NDCs according to their best 
efforts to lower GHG emissions and after five years, each 
pledge by every country will be reviewed. Those NDCs 
should become higher and higher over time [7]. 

III. PROBLEMS OF THE IMPLEMENTATION 

 
The difficulties encountered in implementing the Paris 

Agreement are examined in more detail below. For reasons 
of simplicity, however, this is limited to three main 
problems. 

A. No comparability of the INDC´s 
The first problem is that the INDC´s is not comparable 

and therefore the global goals are out of reach. Brazil can be 
used as an example. The government announced in 2009 to 
reduce its C02 emissions from 36.1% to 38.9%. Primarily 
this should be managed by limiting deforestation in the 
Amazon. In contrast, however, emissions from the energy 
and agricultural sectors rose. This example shows that 
although the announced targets have been met, emissions 
from other sectors have increased at the same time. This 
makes it clear that the national targets of the individual 
states are above global climate policy [8]. 

 

B. No sanctions 
Another problem is that the agreement does not lay 

down sanctions for non-compliance with climate targets. It 
is therefore obvious that states should leave action to others 
and benefit from it. This problem is also known as 
freeriding [9]. This problem is particularly confirmed 
because climate change is a problem for the general public. 
All countries benefit from the reduction of greenhouse 
gases. If one state assumes 100% of the responsibility, all 
other states also profit from it. Moreover, the benefits of 
green policies will not be seen by current voters, but by their 
descendants in the coming decades. As a result, countries' 
emissions are still high and countries have little or no 
incentive to actively address them, which ultimately has a 
negative impact on the common good [10]. Nordhaus sees 
the reason for freeriding in the fact that states cannot be 
forced to join a global agreement. In addition, there is no 
international government that can impose sanctions [11]. 

 

C. Maintaining the Integrity of the Specifications 
The last problem is the almost unconditional withdrawal 

from the agreement. This is governed by Article 28(1) of the 
Agreement, which provides that after a period of three years 
from the date on which the Convention has entered into force 
for the Contracting Party concerned, a written notification to 
the UN Secretary-General shall withdraw from the 
Convention. This resignation shall, however, only become 
legally valid in accordance with paragraph 2. 

The USA announced on 1st June 2017 that it will withdraw 
form the Paris Agreement. However, the United States 
constitutionally adopted the agreement on 04 November 
2016. Thus, according to Article 28, they can only withdraw 

Figure 2: Share of CO2 emissions 
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on 04 November 2019 after submitting the notification of 
withdrawal. However, the withdrawal will take effect at the 
earliest one year after receipt of the notification of 
withdrawal, i.e. on 4 November 2020. Until then, however, 
the USA remains a full member of the Paris Agreement with 
all its obligations. But they don´t have to worry about 
sanctions [12].  

 

IV. CONSEQUENCES OF THE RESIGNATION OF THE USA 
 

The withdrawal of the USA from the Paris Climate 
agreement has consequences not only for America, but for 
the whole world. Climate researchers have found out, that the 
sea and air could warm up by 0.3 degrees if the USA does 
not curb greenhouse gas emissions. This would make heat 
waves more likely, sea levels rise, glaciers thaw and extreme 
weather conditions threaten. In addition, the withdrawal 
could also encourage other countries to withdraw from the 
agreement, which would ultimately accelerate the increase in 
average temperatures. Furthermore, this could lead to the 
problem of freeriding described above [13]. 

From a financial point of view, the withdrawal of the USA is 
fatal for climate protection projects. The USA invested 
around one billion dollars in such projects. Two to three 
billion dollars per year were planned to support poor 
countries in order to provide them with extreme weather 
protection on the one hand and low-emission energy 
technologies on the other. However, these payments would 
be cancelled completely as a result of the withdrawal. This 
would lead to significant setbacks in assistance to developing 
countries. 

The withdrawal from the agreement is mainly justified by the 
resulting competitive disadvantages for the USA compared 
to China. As the agreement allows China to further increase 
its greenhouse gas emissions by 2030. At this point, as has 
already been shown with the example of Brazil, the 
prioritisation of national targets over global targets is 
discussed [14]. 

V. CONCLUSION 
The current version of the Paris Agreement contains far 

too many shortcomings. As a result, the agreement is 
increasingly encountering problems in the implementation of 
transnational climate protection.  

Due to the lack of agreed sanctions within the agreement, 
there is no incentive on the part of the states to pursue the 
climate goals with ambition. The alternative of doing nothing 
and instead profiting from the actions of other states 
(freeriding) is perceived by some states as a more attractive 
alternative. Above all in order to gain a competitive 

advantage over the competition, as could be shown with the 
help of the USA. In addition, the own national goals are 
above the global ones, which ultimately results in damage to 
the common good. 

It can therefore be concluded that the Paris Agreement is 
not on the way to transnational climate protection.  

To achieve this, cooperation between all states would be 
necessary. Especially those countries that are responsible for 
the largest share of CO2 emissions, in order to avoid 
freeriding. In addition, it would be necessary to formulate 
strict sanctions for non-compliance with the targets. This 
would give every state an incentive to actually implement the 
targets that have been set. 
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Abstract—Germany and Indonesia have distinct 
characteristics in terms of electricity consumption and 
generation. Apart from their social and geographical 
differences, government regulations are also playing a 
key role on deciding which type of energy source they 
used to fulfill the electricity demand. This paper 
provides a brief comparison between each energy mix, 
energy market, renewable energy policy facts and some 
challenges they face on fulfilling the electricity demand. 

Keywords—Germany, Indonesia, electricity, renewable 
energy, policy 

I. INTRODUCTION 

Indonesia is an archipelagic country with more than 255 
million citizens, 17.000 islands and located in south east 
Asia. Lying along the equator, Indonesia's climate tends to 
be relatively even year-round and it has a wet and a dry 
season. Germany is situated in central Europe with more 
than 82 million citizens and has 4 seasons along the year. 
Based on these characteristics, Indonesian and German have 
their own behavior on energy consumption. The following 
example will show the comparison in the household sector. 

In 2017, German households consume electricity more than 
129 TWh. The room heating utilizes for around two thirds 
of the energy consumption, while the other one third is used 
to produce hot water and to power the domestic appliances. 
[1]. Meanwhile in Indonesian household sector final energy 
consumption is almost 383 million BOE in 2017. More than 
48% is fulfilled with electricity and the rest with gas and 
kerosene [2]. Based on survey results showed that about 
53% of electricity was used for cooking, 17% for cooling 
device, 10% for entertainment device, 5% for lighting and 
16% for the other. The appliances categorized as “other” are 
washing machines, water pumps, irons and hair dryer. [3] 

The present work is structured as follows: after presenting 
the comparison in energy mix in Chapter 2, the energy 
market for each country is introduced in Chapter 3. 
Following that, the renewable goal until 2050 and its 
challenges in Chapter 4 are provided and feed-in tariff 
implementation in each country in Chapter 5, and Chapter 6 
concludes this work. 

 

II. ENERGY MIX 

Energy mix describes the combination of the various 
primary energy sources used to meet energy needs in a 
certain geographic region. It includes fossil fuels (oil, 
natural gas and coal), nuclear energy, non-renewable waste 
and many renewable energy sources (wood, biofuel, hydro, 
wind, solar, geothermal, heat from heat pumps, renewable 
waste and biogas). These primary energy sources are used, 
for example, for generating power, providing fuel for 
transportation, heating, and cooling residential and industrial 
buildings. 

The energy mix composition for certain region or country 
depends on the availability of usable resources domestically 
or the possibility of importing them, the extent and type of 
energy needs to be met and policy choices determined by 
historical, economic, social, demographic, environmental 
and geopolitical factors. [4] 

Germany in 2018 had more than 207 GW installed power 
plants capacity. These power plants generated 565.9 TWh of 
electricity and the power generation mix includes oil (0.8%), 
gas (12.8%), coal (12.8%), lignite (22.5%), nuclear (11.7%), 
renewables (35.2%) and other (4.3%). The renewables 
figure includes hydro, wind onshore and offshore, solar and 
biomass. The other energy source includes non-biogenic 
waste. [5] 

 
Figure 1: Share of energy sources in gross German power 
production in 2018 (source: AG Energiebilanzen 2018) 

In 2017, Indonesia had approximately 60.7 GW of installed 
power plant capacity. These power plants generated 254.5 
TWh of electricity in 2017. The current power generation 
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mix includes coal (57.22%), gas (24.82%), oil (5.81%) and 
renewables (12.15 %) as depicted in Figure 2. The other 
new and renewable energy include solar photovoltaic, 
bioenergy and wind. [6] 

 
Figure 2: Indonesian Energy Mix 2017 (source: [6]) 

III. ELECTRICITY MARKET 

Germany’s domestic electricity market was fully liberalized 
in 1998 [7]. The transmission system operators (TSOs) keep 
control power available to maintain stable and reliable 
supply. Demand for control energy is created when the sum 
of power generated varies from the actual load (due to 
unforeseeable weather fluctuations in case of renewable 
energies). The distribution system operators (DSOs) are 
tasked to reliably and efficiently running medium to low-
voltage distribution systems. DSOs transmit electricity to 
residential customers and small medium enterprises, as well 
as being responsible for public lighting, among other things. 

Procurement takes place in a competitive tender bidding 
basis within the German control power market, in which a 
significant number of suppliers participate. Smaller 
suppliers are also able to participate in the calls for tender 
by a pooling process. Almost 90 percent of all power 
generating plants that capable of providing control energy 
are eligible to participate at the TSOs. 

The German energy market is vertically integrated and 
supplied by – Amprion (formerly RWE), EnBW 
Transportnetze, TenneT TSO (formerly E.ON), and 50Hertz 
Transmission (formerly Vattenfall Europe). A single-price 
settlement scheme from the minimum of quarter-hour to the 
block hourly settlement periods are implemented in the four 
control areas supplied by the four main suppliers, with the 
European Energy Exchange (EEX) acting as a common 
point of reference for domestic electricity prices. More than 
one thousand market participants are active in the fully 
liberalized German electricity market, with new market 
actors – who do not own power plants or supplier networks - 
successfully entering the domestic electricity market. [8] 

Figure 3 shows the simplified scheme of the German 
electricity market. Arrow direction indicates the flow of the 
energy, with blue color represents the high voltage grid 
managed by the TSO and the red color shows the low 
voltage grid managed by the DSO. 

Being an archipelagic country, Indonesia’s electricity supply 
is managed through a series of separate transmission & 
distribution (T&D) grids. There are over 600 isolated grids 
and eight major networks in total. The state-owned electricity 
company (PLN) currently has a de-facto monopoly on T&D 
asset ownership and operations although the private sector is  

 
Figure 3: Simplified scheme of the energy market in German 
(source: www.incite-itn.eu) 

legally permitted to build and operate T&D grids for their 
own purposes. Independent Power Producers (IPPs) build 
certain transmission lines, particularly for power plants in 
remote areas, in order to connect the power plants to the 
closest PLN substations. However, ownership of these 
transmission lines will typically be transferred to PLN upon 
the completion of construction. 

Some private participation has gradually revealed in 
Indonesia’s electricity generation sector. Prior to 1985, the 
power sector was entirely government-led, under the 
direction of the PLN. In 1985, the Government issued a law, 
which allows the participation of the private sector in 
electricity generation for its own use and to sell to PLN. The 
law intended to permit limited participation in electricity 
generation. Essentially, the law allows the private sectors 
(IPPs) to supply electricity in Indonesia, which previously 
was exclusive to PLN. These IPPs were licensed to sell their 
electricity solely to PLN in accordance with Power Purchase 
Agreements (PPAs). A PPA is a contract for the sale of 
energy, availability and other generation services from an 
IPP. It is normally developed between the owners of private 
power plants and the electricity buyer, in this case PLN.  
(see Figure 4). 

 
Figure 4: Simplified scheme of the energy market as 
implemented in Indonesia (source: [9]) 

Private investments in the form of IPP have helped in 
reducing the risk of power shortages. The absence of a 
competitive mechanism to coordinate IPP and PLN 
generation means that the introduction of IPP generators 
only represents a modest step towards the wholesale 
competition. Basically, the timing, capacity and fuel supply 
choice of new generation investments, as well as the day-to-
day dispatch of plant, are determined internally by PLN [9]. 
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IV. RENEWABLE POLICY, GOALS AND CHALLENGES 

In 2010, Germany’s long-term goals were for the first time 
defined for the share of renewable energy in the 
consumption of electricity and in the overall final energy 
consumption [10]. After the Fukushima nuclear disaster in 
2011, the German government rebuilt the plan for the 
nuclear phase-out. This transformation of the energy system 
became known as the Energiewende. The core of the 
concept is to transform from fossil and nuclear energy 
generation towards the development of an energy system 
that by the year 2050 is to be virtually greenhouse gas 
(GHG)-free and based on renewable energy sources (RES). 
To be more exact on renewable energy plan by increasing 
the share of renewables for electricity generation to at least 
38% in 2020, 50% in 2030, 67% in 2040, and 80% in 2050, 
and the share of renewables in final energy consumption to 
at least 30% by 2030 and at least 60% by 2050. [11] 
 One of the challenges that the German government faces is 
that a large quantity of electricity produced by wind turbines 
are mostly located in the north and east of Germany as well 
as on the sea. However, the main electricity consumers, e.g. 
large industries, are situated in the south of the country and 
the existing grid is designed on an east-west axis. [12]. 
Moreover, the electricity generated by renewable energies 
fluctuates according on the weather. In order to balance the 
fluctuation, distribution grids must be digitalized and 
upgraded to a so-called “smart grid”. In smart grid, the 
electricity communication is interconnected between 
customer, utilities, transportation, storage, distribution and 
with smart metering so that the electricity generation and 
consumption could be coordinated efficiently and well-
adjusted on short notice [13]. For these reasons, the German 
government planned to invest a new grid system and 
infrastructure. 

In October 2014, the Government of Indonesia authorized 
regulation on the National Energy Policy (NEP). This policy 
would reduce gasoline dependency, increase the use of 
renewable energy and contribute to cut the GHG emissions. 
NEP sets a clear target of the share of each type of primary 
energy from the year 2025 up to the year 2050 and for the 
share of new and renewable energy is to be at least 23% in 
2025 and at least 31% in 2050, as long as the economics 
conditions comply. 

In many parts of Indonesia, the generation capacity 
struggles to keep up with the electricity demand. Figure 5 
shows the detail information on electrification rate across 
Indonesian region. From this information, it could be known 
that blackouts remain common across Sumatera, 
Kalimantan, Sulawesi and eastern part of Indonesia. This is 
one of the reasons for development in Indonesia’s power 
infrastructure. Since 2015, Indonesian government has an 
ambitious plan to deploy 35 GW of new generation capacity 
by 2019 to overcome the electricity shortage across the 
nation and to stimulate industrial and regional growth [14].  

The 35 GW program dramatically reduces both demand 
forecasts and planned capacity targets. In terms of 
technology, these changes have been applied across-the-
board with both large thermal coal- and gas-fired plants 

being dropped or postponed and also reduction in the share 
of renewables. However, the program has been officially 
delayed until 2024 due to economic reasons, which are 
pressure on the Rupiah and import restriction. [6] 

 
Figure 5: Electrification Rates in Indonesian Provinces (in %)  
(Source: 2017 Performance Report of MoEMR) 

V. FEED-IN TARIFF 
The Feed-in tariff (FiT) is one of the recommendations for 
entry level and intermediate level countries aiming to 
increasing the share of RE. The reasons are its high 
replicability and effectiveness in creating the market with 
attractive tariff for each electricity generated from 
renewable technologies. FiT combines three main things, 
namely long-term contract, guaranteed access to the grid 
network, and agreed electricity purchase prices. It is the one 
of the most implemented mechanism in the world. [15]. The 
RES that are supported with FiT are wind power, solar 
photovoltaics, biomass, hydropower, and geothermal. 

Germany’s FiT is reflected in its renewable energy act. 
Based on the latest amendment in 2017, small RES plants 
up to 100 kW are eligible for feed-in tariff. The eligibility is 
coupled to the obligation of the plant operator to feed the 
electricity into the grid in the months for which the operator 
raises the claim of receiving the financial support. 
Regardless of the size, all plants are eligible in exceptional 
cases for a feed-in tariff reduced by 20%, but no longer than 
three consecutive months and no more than six months 
within a calendar year. In this case, the exceptional 
reduction would be that the RES plant capacity more than 
100 kW and sold under FiT. 

The amount of the FiT is defined by law and varies 
according to the technology specificities. For example in 
geothermal energy source, the specified tariff would be  
€ct 25.2 per kWh minus the reduction of €ct 0.2 per kWh.  

The tariff payment period is eligible 20 years from the day 
of commissioning. For plants receiving a FiT, the period 
may be expanded until 31 December of the 20th year. [16] 

Meanwhile in Indonesia, FiT is introduced in 2013 for RES 
from solar energy and the latest amendment from the 
Ministry of Energy and Mineral Resources (MoEMR) in 
2017 regulates a new mechanism to determine the tariff of 
renewable energy generation including solar, wind, 
hydropower, geothermal, biogas, biomass, waste and ocean 
energy.  
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The amount of FiT is determined through negotiations 
between IPPs and PLN by benchmarking against regional 
average electricity generation cost (BPP) in the region 
where the project is installed. The regional BPP value varies 
based on the region, from the lowest US$ct 6.81 per kWh 
mostly in Java-Bali region to the highest US$ct 20 per kWh 
in the eastern region. 

The new regulation represents a move back to PLN having 
control over the tariff negotiations through B2B 
arrangements. Moreover, instead of evaluating the tariff 
through the marginal economic value of the project 
investment, the regional BPP becomes the main benchmark 
for the tariff. For example in solar, wind, biomass, biogas 
and ocean energy if the Regional BPP exceeds the National 
BPP then the maximum benchmark tariffs are 85% of 
Regional BPP. B2B tariffs will be used in the event that the 
Regional BPP is less than or equal to National BPP [6].  

 
VI. CONCLUSION 

In the present study, the comparison between German and 
Indonesian power system and infrastructure through energy 
mix, electricy market, policy regarding renewable energy 
and some challenges they still struggle with has been 
brought.  

As the comparison discussed, the German electricity system 
and infrastructure are beyond advance compared to 
Indonesian, where Indonesian electricity system still 
struggles on the fulfillment of its national energy demand. 
Germany has already succeed in fulfilling its energy demand 
with an unique combination of energy mix. They even 
strives to achieve 80% dependence on the renewable energy 
source electricity generation by 2050 through a constant 
technology advancement of electricity generation from 
renewable energy sources and also includes the electricity 
infrastructure. Meanwhile, Indonesia aims at minimum 31% 
reliance on electricity generation from renewable energy 
sources by 2050 with a note for the economic condition 
adjustment. Considering that Indonesia is an archipelago 
and in many area it still need to invest on its electricity 
infrastructure and power generator so that the utility could 
reliably meet the electricity demand and prevent the 
blackouts. There is also a distinction in the electricity 
market where Indonesia’s electricity market is a monopoly 
market while Germany’s is a fully liberalised one. 

The similarities is that both countries have awareness on the 
environtment by changing its own policy, set a long term 
goals to minimize the use of conventional power plant and 
increase the share of power generation from renewable 

energy sources. Moreover, feed-in tariff are introduced with 
some adjustment following the specific condition in each 
country. 

Finally, political condition in each country also play a key 
role on deciding its national guiding line to set the general 
policy and goal on its energy mix, stimulation of renewable 
energy technology growth and also the awareness to 
contribute on reducing the effect of the climate change. 
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I. INTRODUCTION  
At the beginning of the 1970s, there was a growing 

awareness that humans will not be able to access limited 
resources unlimitedly. This was triggered, among other 
things, by the report of the Club of Rome "Limits to Growth 
“[1]. One of the best-known theories of scarcity "the Peak of 
Oil" was published in 1956. On the one hand these theories 
reinforced the developing concerns and fears which are 
rooted in the problem that unlimited economic growth is 
confronted with only limited resources. On the other hand, 
there was the hypothesis that technical innovations can avert 
shortage situations through more effective use or extraction 
opportunities. The representatives of both sides were divided 
into two camps of pessimists and optimists. In the following, 
the availability of oil is assessed based on common 
indicators. Afterwards, the pessimistic and optimistic views 
and its most important representatives will be compared. 
Finally, a brief evaluation of the topic will be given. 

II. SCARCITY AND INDICATORS 
Table 1: comparison indicators, Source: own representation, [8], [10]. 

indicators 
resource: oil 

1980 1990 2000 2010 

Stat. range in years 28 44 43 42 

Average price in Dollar 
1980-89 1990-99 2000-09 2010-17 

23,11 18,33 49,60 82,54 

Different indicators are used to assess the 
availability/scarcity of a raw material. Table 1 shows the 
evaluation of the scarcity of oil reserves by the static range 
and the resource price. What is conspicuous here is the 
different statements of the respective indicators and thus also 
the possibility of interpreting the scarcity issue. For example, 
the static range assesses the availability situation of oil as 
constant over the last 30 years. Many possible interpretations 
impede the objective assessment of the raw material 
situation. In contrast, the price of resources has risen 
significantly. Under the simplified view of the formation of 
the price through supply and demand, this indicator allows 
the objective conclusion to be drawn that either availability 
decreases or deteriorates, or demand increases, or both. 

III. OPTIMISTIC AND PESSIMISTIC VIEW 

A. Pessimistic view  

 
Figure 1: Forecasts oil production, Source: [8] 

In 1956, the American geologist Marion King Hubbert 
published the peak oil theory which states that global oil 
production will first reach its maximum before declining 
inexorably and causing a collapse of the world's oil-
dependent economy.  Fig. 1 shows that most current 
forecasts correspond to the essence of the peak oil theory 
when viewed in isolation from the predictions of the time. 
Institutes such as the IWR Institute in Germany do not 
assume that the oil companies had correct reports on the 
actual oil reserves. The Institute also accuses oil-producing 
countries of secrecy in order to avoid harmful speculation. 
This leads to the conclusion that the process of oil decline is 
creeping and largely unnoticed by the public [2]. In addition 
to the effects on transport and the energy sector, the Institute 
criticises above all the burning of the imitated raw material 
instead of using it for the production of pharmaceuticals. As 
a result, medicines for future generations are already being 
destroyed today [2].  

 In addition to works such as "The Population Bomb" 
(1968) by Paul R. Ehrlich and "The Suicide Program" (1973) 
by Gordon Rattay Taylor, the work "The Limits to Growth" 
(1972) published by the Club of Rome stood out. This work 
attracted a great deal of public attention to the debate 
surrounding the use of resources and the authorship of 
Dennis Madlow. The key point of the report was that 
mankind was not only threatened by the nuclear threat of the 
time, but could also be transformed into a catastrophe by 
peaceful but uncontrolled growth [3]. The statements in the 
report were supported by a world simulation model created 
by a team from the Massachusetts Institute of Technology 
(MIT) [4]. The world model was built to investigate five 
major trends of global concern – accelerating 
industrialization, rapid population growth, widespread 
malnutrition, depletion of nonrenewable resources, and a 
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deteriorating environment [5]. The main message is: “If the 
present growth trends in world population, industrialization, 
pollution, food production, and resource depletion continue 
unchanged, the limits to growth on this planet will be 
reached sometime within the next one hundred years. The 
most probable result will be a rather sudden and 
uncontrollable decline in both population and industrial 
capacity [6].“ The growth pessimists assume that economic 
growth and environmental quality are in conflict with each 
other. One resulting demand is that the economy should be 
limited to "zero growth"  

B. Optimistic view 
The BP Group estimates the static range of oil in 2018 to 

be around 50 years [10]. In 1980 BP estimated the static 
range of oil at 40 years [10]. Accordingly, in the last 40 years 
more reserves have been tapped than used up. This is also 
where the main argumentation of the optimists comes in. 
One of the main representatives is Julian Simon. He wrote 
“The Ultimate Resource” in 1981. In it the theory is 
formulated that rising commodity prices leads to discovering 
more of the commodity, dealing with it more economically, 
and ultimately finding a substitute for it [7]. He concludes 
that novel technologies can stop scarcity of raw materials. 
Simon is completely convinced that any progress will 
improve people's lives.  

Forecasts from the Club of Rome's "Limits to Growth" 
report have not materialized. One reason for this is that it 
considers the statistical range and not the dynamic range. 
Another reason why the forecasts have not been met is that 
the possibility of recovering non-energy resources has not 
been taken into account. In addition, the calculation of the 
static range for absolute scarcity is based on reserves, which 
are not, as is to be expected, continuously decreasing but 
may also increase as a result of new technological advances. 
Fig. 2 shows, that the reserves for oil have grown from less 
than one hundred billion tons in the 1970s to about 160 
billion tons by 2007. This is due to new technological 
innovations such as modern exploration techniques including 
3D and 4D seismic [9]. Another example of the increase in 
oil reserves is the extraction of oil from shale rock. The 
global reserves of shale oil are so extensive that it is 
estimated that they amount to 413 Gt worldwide. As a result, 
there has been an increase in reserves in recent years [7]. 
This assumption is supported by the view of the World 
Energy Council. They assume that the steadily increasing 
demand for energy can be met well into the 21st century [9]. 
In summary, the optimistic view is that the shortage of raw 
materials will be halted solely by ongoing technological 
development. In addition, not only are substitutes for certain 
raw materials being researched, but new mining and 
production methods are being developed to make the 
extraction of raw materials more efficient. Progress also 
leads to new sources of supply being researched and made 
accessible.  

 
Figure 2: Development of reserves and extraction 

IV. CONCLUSION 
The development of oil reserves over the last 40 years 
contradicts the pessimists' predictions of scarcity at that time. 
Unpredictable technological developments, as the optimists 
suspect, facilitate the economic exploration of 
unconventional deposits such as oil sands, deep sea or polar 
caps. In its Energy Outlook 2019, BP forecasts only a slight 
increase in oil demand, despite the anticipated increase in 
global energy demand by around one third by 2040 [12]. 
Around 85 % of the growth will be generated by renewable 
energies and natural gas. Efficiency increases in the transport 
sector and more economic oil substitutes will reduce the 
share of oil in the world's primary energy needs [12]. The 
question of when global oil production will peak due to a 
lack of reserves will be replaced by the question of when 
demand for oil will peak. It turns out that the optimists' 
criticism of the pessimists is gaining ground with regard to 
oil. Overall, it is assumed that oil and gas reserves will not be 
depleted for the 21. century [9]. The possibility that the 
pessimists in particular have triggered the change with their 
prognoses is beyond objective assessment. However, they 
should certainly have a share in it.   
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I. INTRODUCTION  
 

During the last ten years the German power-grid structure 
gets suspect of a constant change. The main crucial factor for 
the constant change of the power-gird is the increasing usage 
of the renewable energy sources. In addition to the 
commercial use of energy sources the implementation of 
photovoltaic systems in the private sector increases too. This 
change causes a different requirement profile for the existing 
power-plants. The usage of the renewable energy sources is 
one key factor for achieving the CO2-goals, reducing the coal-
consumption and elimination of the nuclear power-plants. 
Until 2018 the average percentage of renewable for the time 
range of one year increased to 40 percent. The most common 
used renewables are wind-power, photovoltaic-systems and 
biomass. To ensure the basic power level the most used 
power supplies in Germany are coal power-plants, nuclear 
power-plants and gas power-plants. The following article 
should give an basic overview over the change of the 
structure in the German power-grid regarding the history and 
actual data. 

II. FOSSILE POWER-PLANTS 

A. Development of Fossile Power-Plants 
 

At the end of the 19th century the first conventional power-
plants were built. The main power source was fossil coal as 
hard- or soft coal. In Germany the most coal-power plants are 
running on soft coal, due to geological source of soft coal in 
Germany. Till 2005 81 percent of the energy demand was 
covered by fossil energy. The percentage of fossil energy 
sources fell form 84 percent in 1990 to round about 50 percent 
in 2018. This trend is effected by the extension of renewable 
energy sources. 

B. Fossle Power-Plants today 
 

The general composition of the fossil power-plants consist 
of 81 percent coal power-plants and 19 percent gas power-
plants. The fossil power plants are covering 45 percent of the 
total energy demand. Because of the constant operating costs 
and the permanent availability the soft coal power-plants are 
the most used power sources for the basic load at the power 
supply system.  

C. Problems/ Future Requirements 
 

On the downside of the coal power-plants is the big 
amount of environmental pollution effected by running them. 
.In addition to the pollution by running the power-plants, the 
influence on the environment while extracting the fuel should 
not be disregarded. 

 

III. PHOTOVOLTAIC POWER-PLANTS 

A. Historic Development of Photovoltaic in Germany 
 

In 1954 the first solar system was introduced. The whole 
system had size of two by two centimeters and an efficiency 
of 6% due to technical limitations. The further development 
of the photovoltaic systems started twenty years later in 1974. 
This development was triggered by the oil crises. The use of 
grid-connected photovoltaic systems at private households 
started in 1980’s in the USA. Six years later, triggered by the 
Chernobyl accident, the use of photovoltaic systems 
increases in Germany. The biggest “boom” of photovoltaic 
systems took place in 2004. Until 2015 an photovoltaic-
power of 227 GW was installed. In 2018 the percentage of 
generated power from photovoltaic systems was in average 
8% of the whole energy generation.  
 

 
The growth of percentage of photovoltaic energy sources from 2002 to 

2018 [1] 
 
This bar chart shows the growth of the percentage of 
photovoltaic energy sources.  

B. Usage of Photovoltaic today 
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The further development of photovoltaic systems is 
triggered by the availability of fossil energy sources and by 
aim to achieve the CO2 goals. One of the biggest problems by 
using the renewable energy source the photovoltaic system is 
the reliability. The maximum power-output is strongly 
connected to the season, place of installation and the weather 
conditions. These factors are leading to a fluctuating power-
output. At peak-periods, in the time range form end of April 
to end of June, the percentage of photovoltaic generated 
energy could rise up to an maximum of 17 percent. In off-peak 
seasons like December the percentage could fell down to one 
percent of the total energy generation. This characteristic 
shows the need of flexible and fast reacting technology which 
guarantees the basic load level at the power grid. The 
following bar chart shows the available portion of solar energy 
over the complete year 2018. This chart highlights the 
seasonal connection of the energy generation by photovoltaic 
power plants. 

 

 
Seasonal connection of the energy generation by photovoltaic power plants 
[2] 

 

IV. WIND POWER-PLANTS 

A. Historic Development of Wind Power in Germany 
 

In the 1940’s the first large-scale wind power-plants were 
build. The serial production of wind turbines was introduced 
in the 1950’s. Since 1970 the development of the wind 
power-plants were pushed to gain independence from fossil 
power sources. In the 1990’s the first wind parks with an total 
power output of 100MW were build. The wind turbines 
which are used today have an individual power output of 6 to 
8 MW. The following illustration shows the design process 
of the wind turbines since 1980. 

 
 

 
The evolution of wind generators from 1980 to 2010 [3] 

B. Usage of Wind Power today 
 

The wind energy sector is divided by place of installation in 
on- and offshore wind power-plants. In 2018 the wind energy 
had an average percentage of 20 percent and a maximum 
percentage of nearly 30 percent of the total energy generation 
at peak-performance. The bigger part of the gained energy is 
generated in onshore wind power-plants. The following bar 
chart shows the growth of the percentage of photovoltaic 
energy sources from 2002 to 2018. At first sight it is 
recognizable that the percentage increases over the last 16 
years form 3.2 percent to 20.4 percent. 

 
 

 
The growth of percentage of wind power from 2002 to 2018 [4] 

C. Problems 
By using wind energy as energy source there are serval 

issues. For example the produced power form a wind turbine 
regarding the windspeed. The following line graph shows that 
the minimum wind speed at hub height to produce nominal 
power is 15 m/s which is a heavy breeze. So the full load 
range is limited to days with high windspeeds. 

 

 
The performance of wind generators connected to the wind speed [5] 

 
In addition the recycling of the wind turbine blades is a 
problem, because of the used materials. The wind turbine 
blades are constructed from glass-fiber reinforced plastic 
which is limited recyclable. The recycling takes place with a 
huge amount of energy input at a high cost level.  
Another problem by using wind power plants is the reliability 
and the energy storage at peak-performance.  
 

V. CONCLUSION 
The usage of renewable energy sources gives the 

possibility of reducing the CO2-emmissions, but it brings new 
challenges. For example the implementing forecast 
algorithms and controllability to make the take most use out 
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of renewable energy sources. Since 2018 the amount of 
renewable energy sources is capable of fulfilling the complete 
energy demand, if the weather conditions are right. The 
Following bar chart shows the growth of renewable energy 
sources in general.  
 

 
The growth of percentage of renewable energy generation from 2002 to 

2018 [6] 
 
To make the most out of the renewable energy sources it has 
to be ab combination of fast reacting reliable fossil power-
plants and the renewables. Other possible adaptations are 
building thermal storage solutions, improve the load 
management, replace old slow reacting coal power-plants by 
gas-steam power-plants. The gas-steam power-plants are 
capable of reacting to the fluctuation power output of the 
renewable power-plants and this guarantees the basic load 
level at the power grid. 
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Abstract—SF6 is the most used insulating and breaking
medium in GIS applications at the high and medium voltage area.
But because of its high global warming potential and the change
of society for more environmental engagement some alternatives
to SF6 were researched. While this researches some Materials
came to be the best choice as an alternate for Schwefelhexafluo-
rid. One of those is the clean air technologies which is in use by
Siemens.

The major benefits and disadvantages of the clean air tech-
nology as well as of some more best choice alternatives to SF6
will be shown and on the basis of this shall follow a conclusion
about the functionality of clean air as a alternative to SF6.

Index Terms—Clean Air, Blue GIS, SF6 alternative, Siemens

I. INTRODUCTION

SF6 is a wildly used material in the Gas Insulated
Switchgear technology and we own much knowledge about
its functionality and usage in Medium and High voltage
switchgear since it is in use since the 1950s. It sadly also
has a deep impact to the environment in term that it has a
23,500 times higher effect on the global warming than CO2.
[1]

Therefore SF6 is listed in the Kyoto Protocol and needs
to needs to take a special focus to preserve the environment.
To do so SF6 needs to be reduced, recovered and re-used.
Right now there are several technics in use and in development
to replace SF6 and with them reduce the usage of it. The
most common alternatives used by ABB, GE and Siemens are
vacuum circuit breaker with an insulation of Dry air up to
170kV as well as the use of g3. Whereat Siemens uses and
develop the vacuum and dry air technologies and ABB and
GE the g3 gasmixures. [2]

The Term clean air stands hereby for the usage of dry air
as a gas-mixture of 20% O2 and 80% N2. With this mixture
as insulation vacuum circuit breaker are in use for uo to 145
kV.

Technics like vacuum interrupter technology is already
established since several decades and has proven itself up to
145 kV. Just in the last year Siemens enveloped a SF6-free
GIS for 170 kV. The important advantages of vacuum circuit
breaker and therefore the clean air technology is the high
number of short-circuit current interruptions, of operations
under lead conditions and the reliability as well as save
solution. Siemens gathers all environment friendly vacuum and
clean air switchgear in its ”blue” portfolio also called blue
GIS. [3]

II. ENVIRONMENTAL COMPATIBILITY

Clean air as a mixture of oxygen and nitrogen has the
advantage to be approximately similar to the environmental
air and therefore not being a threat to the environment.

The g3 is a mixture based on 3MTM NovecTM 4710 and
CO2. The is 3MTM NovecTM 4710 also not toxic but has to
be mixed to a relation of 1 to 9 with CO2 to not liquidate.
Herewith the mixture is only toxic in big amounts. [2] The
global warming potential is still high with about 2200 times
the one of CO2. [8]

III. USABILITY IN GIS

Because the gas in the GIS is under pressure there have to
be special care by using a vacuum circuit breaker. This comes
from the usage of a bellows which make it difficult to obtain
a certain pressure at the vacuum circuit breaker. Therefore a
three phase spacer between the busbar and the interrupter Unit
has to be inserted (see Figure). [5]

By using a modular system to ensure a high versatility the
GIS by Siemens already ensure this kind of spacer is already
included. [4]
Another problem of clean air and the vacuum circuit breaker
are the dimensions of the resulting switchgear. To have suffi-
cient insulating properties of clean air it must be under an
higher pressure and/ or the distance between the contacts
have to be increased. At the Siemens blue GIS portfolio they
researched the the optimum balance between costs, pressure
and distance of contacts. [6] With that the dimensions of a
Blue GIS are in comparison with a SF6 GIS higher (Blue GIS
(8VN1):1000x3200x5500 /SF6 GIS (8DN8): 1200x2500x3520
) [4] [7]. With this dimensions more space and planning will
be needed to build in existing or new facilities. GIS with clean
air also need more often maintenance. [8]

Fig. 1. Sectional view of a SF6 GIS [4]
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The g3 gas-mixture has a dielectric performance of 85%
to 100% of SF6 depending on the pressure and temperature.
Even the Switching performance of g3 is similar to SF6. With
those properties the SF6 GIS needs only a few adaptions to
work with g3. [8]

With this the GIS dimensions do not change as extremely
as with clean air. Also the GIS with g3 do not depend as much
on vacuum circuit breaker technology as clean air.

IV. SUMMARY AND CONCLUSION

I shows the summary of the properties of the discussed tech-
nologies. The disadvantage of clean air is primarily its qualitiy
as insulation medium and with it the dimensions of its facility
as well as its dependency of needing maintenance. Therefore
the costs of planning a facility and of the maintenance through
the lifetime will be high.

But the act of maintenance will be easier with clean air,
because there are not so much precautions to take care of
like at SF6 or g3 to not freeing them. Herewith the costs per
maintenance per lifetime for clean air are maybe not this much
larger than the ones of g3 or SF6, but also the GIS needs to
be disconnected from the Grid for maintenance activities and
therefore has a big disadvantage.

The big advantage of clean air is that it is complicity save
for the environment. While small amount of SF6 and g3 leak
out of the GIS and the companies still have to find better ways
for reusing and decreasing this leak. The user of the GIS by
than still needs to pay environmental costs and has costs in
measuring the loss of SF6 or g3.

TABLE I
PROPERTIES OF G3, SF6 AND CLEAN AIR [8] [9] [5]

Property SF6 clean air g3
Insulation Medium 1 ≈0.33 ≈1

GWP 23900 0 2210
Carrier Gas needed No No Yes

Possibility for maintenance Low High Low
Molecular weight 149 25.8 195

Boiling point -68.3 ◦Ca ≈ -180 ◦C -4.7 ◦C
Freezing point -50.7 ◦C ≈ -210 ◦C -118 ◦C
Vapor pressure 2149 kPa 560-790 kPa 297 kPa

Dielectric strength at 1 bar 14.0 kV 12.0 kV 27.5 kV
Atmospheric lifetime 3200a - 30a

Dimensions in comparison to a SF6 GIS 1 >1.5 1
asublimation point

The big advantage of clean air is that it is complicity save
for the environment. While small amount of SF6 and g3 leak
out of the GIS and the companies still have to find better ways
for reusing and decreasing this leak. The user of the GIS by
than still needs to pay environmental costs and has costs in
measuring the loss of SF6 or g3.

Also the high boiling point of -4.7 ◦C is a disadvantage for
GIS with g3, so it cannot stay outside a building otherwise
the clean air GIS.

Overall the clean air GIS has a some disadvantages and
advantages versus other used GIS technologies and right now

it depends on the main gaol of the user which he buys. But
with further research and more advantages in the MV and HV
area (like the 175 KV now) it will lead to the main used GIS.
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Abstract—Wind energy is a new type of renewable 

energy that is well known. This paper introduces the 

basic situation of German wind farms, introduces 

the development scale of offshore and onshore wind 

power in Germany in recent years, and compares the 

advantages and disadvantages of offshore wind 

farms and onshore wind farms and their applicable 

conditions. 
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Introduction 

Wind energy is an available energy that is 
provided to humans due to the work of air flow. It 
is a renewable energy source (including water 
energy, bioenergy, etc.). The kinetic energy of the 
air stream is called wind energy. The higher the 
air flow rate, the greater the kinetic energy. 
People can use windmills to convert the kinetic 
energy of the wind into a rotating motion to 
propel the generator to generate electricity. 

The method is to transmit the rotational power 
of the rotor (composed of aerodynamically driven 
blades) to the generator through the drive shaft. 
As of 2008, wind power generated by the world 
is about 94.1 million kilowatts, and the power 
supplied has exceeded 1% of the world's 
consumption. Although wind energy is not the 
main source of energy for most countries, it has 
grown more than four times between 1999 and 
2005. 

Modern use of turbine blades converts the 
mechanical energy of the airflow into electrical 
energy to become a generator. In the Middle Ages 

and Ancient times, windmills were used to collect 
the mechanical energy used to grind grain and 
pump water. 

Wind power is used in large-scale wind farms 
and in locations where power is isolated, making 
a significant contribution to local life and 
development. 

Situation in Germany 

German wind turbines generated more than 
105 million kilowatt hours (kWh) of electricity in 
2017. Around 16 percent of German electricity 
came from wind power. The most wind power 
was generated in 2016 in Lower Saxony. With 
more than 19 million kilowatt hours (kWh), the 
northwestern federal state occupies a clear 
leading position in the federal states of 
Schleswig-Holstein (approx. 14.8 million kWh) 
and Brandenburg or Saxony-Anhalt (8.9 and 6.9 
million kWh ) on. Together, these four countries 
produced almost two-thirds of all German wind 
power generation. But other countries also 
generate noteworthy yields, with wind power 
generation in Hesse alone, with 2.2 million kWh, 
could cover more than the electricity 
requirements of all German airports. 

The largest contributor to total power 
generation was the wind in Schleswig-Holstein, 
which achieved a wind share of 42.5 percent in 
2015. In addition to the coastal state of 
Mecklenburg-Western Pomerania (41.1 percent), 
the landlocked states of Saxony-Anhalt (28.9 
percent) and Rhineland-Palatinate and Lower 
Saxony (with 24.5 and 24.2 percent) also have 
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high shares in wind power generation that this 
form of energy can not only be used by maritime 
communities. 

In total there will be 28,179 wind turbines in 
Germany in 2018. Most of them will be in 
Niedersachsen in 2018 (6,185), which is almost a 
quarter of all facilities. Lower Saxony is also 
among the top performers in terms of installed 
capacity. Other important wind power countries 
are Brandenburg (3,807 installations), North 
Rhine-Westphalia (3,435), Schleswig-Holstein 
(3,271) and Saxony-Anhalt (2,859). Wind power 
in Bavaria is still lagging behind. Only 1,212 
plants generate clean electricity there. In the city 
state of Berlin even only 10 plants were built. 
Although wind energy in Hamburg is better 
positioned in kW per km² plants in urban areas, it 
still has a clear upside. 

This shows another Hanseatic city: Bremen. 
There are already 91 plants in spite of smaller area 
and in the city with 483 kilowatts per square 
meter in Germany the highest achievement in 
relation to the country surface is installed. Wind 
energy in Baden-Württemberg is still waiting for 
the breakthrough. Although the state government 
has set the legal framework for accelerated 
expansion, only 760 plants are in operation 
there[1]. 

The potential of wind energy is far from 
exhausted in any of the countries. According to a 
prognosis of the Federal Association of 
Renewable Energies, wind power can generate 
204 million kWh of electricity in 2030, while 139 
million kWh onshore alone. A total of 189,000 
MW of power could be installed if two percent of 
the land area - which corresponds to the 
objectives of many federal states - are used for 
wind energy. By far the greatest potential lies in 
Bavaria, the largest federal state in terms of area, 
where wind energy plants with a capacity of 41 
GW would be possible. But there is still a lot of 
potential for expansion in the other major German 

states of Lower Saxony, Baden-Württemberg and 
North Rhine-Westphalia. In Bremen alone, where 
nearly 102 percent of potential has already been 
tapped by 2018, there is not much room left for 
further expansion. Otherwise, with the exception 
of Saxony-Anhalt, Schleswig-Holstein and 
Brandenburg, no state has achieved even half of 
its potential wind energy output. 

Industrial climbers at a wind energy plant. But 
not only for electricity generation, wind energy 
has become a decisive factor, also economically, 
the wind energy industry from Germany is 
indispensable. In 2016, 160,200 people were 
employed in the wind energy industry, more than 
10,000 more than in the previous year. Most jobs 
were able to combine the very active 
Niedersachsen both in production and in the 
application of wind energy. Wind energy, 
however, had the greatest importance for the 
domestic labor market in Saxony-Anhalt, where 
there are 15.9 employees per 1,000 employees in 
wind energy. Thus, every 75th job depends 
directly or indirectly on wind energy. 

Onshore Windfarm 

Wind turbines use the energy of moving air to 
generate electricity, onshore winds are turbines 
located on land, and offshore wind turbines are 
located out at sea or in freshwater. Onshore wind 
power is the core of Germany's transition to low-
carbon power generation. Over the years, 
Germany has been a leader in the installed 
capacity of onshore wind power in Europe.  

For the full year of 2018, onshore wind power 
supplies about 89.5 terawatt hours (TWh) to the 
grid, and in 2018 produced nearly 15% of the 
Germany’s power mix, making it the single most 
important renewable energy source to date. In the 
first six months of 2019, onshore and offshore 
wind power provided nearly a quarter of net 
electricity. As of July 2019, there were 29,248 
onshore turbines with a capacity of 53,161 MW. 
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So far, most wind turbines have been built in the 
northern half of Germany, where favorable wind 
conditions also contribute to the early 
development of wind farms. However, wind 
power expansion in central and southern 
Germany has been catching up in recent years as 
the increasing turbine efficiency can already be 
used in areas with weaker inland average wind 
conditions. 

In Germany, the average turbine capacity 
increased by more than 3.3 MW in the first half 
of 2019, the hub height was 133 m, the rotor 
diameter was 122 m, and the average height more 
than doubled. At the same time, the new device 
can generate more energy in the desired position. 
At a lower number of rotations, they are made to 
reduce noise. Large onshore turbines are available 
for up to 6,000 homes [2]. Wind power generation 
in Germany usually peaks in winter, partially 
balancing the low power input of solar 
installations during the year. 

Offshore Windfarm 

Offshore wind power is a relatively young 
industry branch. Alpha Ventus, Germany's first 
offshore wind farm, began trial operation in 2009. 
In 2018, Germany added 136 turbines in the 
North Sea and the Baltic Sea with a capacity of 
0.96 gigawatts (GW). In 2017, turbines installed 
in the territorial waters of Germany accounted for 
about 40% of the world's total capacity, making it 
the world's second largest wind power market in 
the world after the UK [3]. 

With an average capacity of 7.1 megawatts 
(MW) and an average rotor length of 158 meters, 
the new turbines have not only developed rapidly 
since the introduction of the early 21st century, 
but are also larger and more productive than 
turbines operating onshore. They provide 
electricity almost all year round and are almost 
twice as productive as land-based turbines [3]. 

Most German offshore wind turbines are 
located in the North Sea, more than 1,000 from 
the west coast of Germany, and there are only 
more than 200 turbines in the Baltic Sea in the 
east. Wind power production in the North Sea is 
on average higher than in the Baltic Sea. 

Advantages and Disadvantages 

1. Onshore:  

Although wind power is a clean, non-polluting, 
renewable energy source, it does not produce any 
pollutants compared to thermal power, nor does it 
consume any non-renewable energy that pollutes 
the environment. However, during the 
construction and operation of wind farm have 
varying degrees of impact on the ecological 
environment. 

During the construction period, the wind farm 
will cause the trees to be felled, the turf to be 
removed; the vehicles, the construction 
machinery to crush the vegetation; the wind 
turbine foundation to occupy a permanent land. 
Such vegetation damage will cause a little bit of 
soil erosion. However, if the construction is 
completed, effective afforestation is carried out. 
When the vegetation is restored to a certain extent, 
the impact of wind farm construction on regional 
soil erosion will be restored. During operation, 
the noise of the fan may have an effect on the 
birds, or the fan may collide with the birds. 

In addition to environmental and biological 
impacts, onshore wind power faces other 
challenges: onshore wind speeds are more 
difficult to predict than offshore winds. Since 
turbines are optimized at a specific speed, they 
may lose efficiency if the wind speed is too slow 
or too fast. 

Similarly, on-land winds change more 
frequently. The turbine must face the direction of 
the wind to operate effectively. 
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But relative to the wind at sea, people are more 
familiar with the wind on the land. We can point 
to examples of the success of onshore wind 
energy in the world. More than 40% of Denmark's 
electricity comes from wind power, and 75% of it 
comes from onshore turbines [4]. 

The infrastructure required to transfer 
electricity from onshore turbines is much cheaper 
than offshore wind turbines. Onshore winds are 
also competitive in the larger renewable energy 
market because it is currently the cheapest form. 

2. Offshore:  

The biggest advantage of offshore wind power 
is the constant wind speed on the high seas, 
allowing offshore wind farms to produce twice as 
much power as similar turbines on land. This 
aspect helps to increase the reliability of power 
generation. The annual production of offshore 
wind farms exceeds 90%, making it a form of 
renewable energy production. If some people 
think of onshore wind farms as threatening farms 
or other private land. Offshore winds do not 
interfere with land use. 

But the technology required to transfer energy 
from a turbine in a water body is expensive. 
Because of the extreme weather at sea, such as 
storms, high-wave offshore wind farms are 
subject to more wind and wave losses than 
onshore wind farms, increasing operating and 
maintenance costs. At the same time, the 
installation and fixation of offshore wind farms is 
also more expensive than onshore wind farms [5]. 

Policy 

The energy transition plan refers to the plan for 
Germany and other countries to transition to a 
sustainable economy. The ultimate goal is to 
replace non-renewable energy sources such as 
coal with renewable energy. Renewable energy 
sources include wind, hydro, solar (photothermal, 

photovoltaic), geothermal and tidal energy. These 
renewable energy sources will replace non-
renewable energy sources such as fossil fuels and 
nuclear fuels [6]. 
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