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EXAMINATION OF ENERGY STORAGE
SYSTEMS IN TURKEY IN TERMS OF GRID
FLEXIBILITY WITHIN THE FRAMEWORK OF
THE 12TH DEVELOPMENT PLAN AND OTHER
REGULATIONS

Emrah SOLAK!
Sitki KOCAOGLU?

1. INTRODUCTION

Supplying energy, which is the basic input of economic
and social development, with safe, sustainable and competitive
costs are important parameters for a country. In addition to these
factors, minimizing the impact of energy; on household budget,
industry costs and current account deficit is an indispensable and
irrevocable goal for every country. An uninterrupted, high quality
and bearable energy supply is one of the basic element which is
necessary for an economy to grow in a sustainable manner and to
situate among the top economies of the world. At the point of
meeting the increasing energy need, studies are continuing
worldwide to obtain maximum benefit from renewable energy
sources, to provide a predictable market structure and to generate
energy with national and domestic resources.

Turkiye meets 74% of its energy demand from foreign
countries [1]. Diversification of transmission lines and energy
sources in order to increase energy supply security forms the basis
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of Turkey's energy strategy. Increasing the use of domestic and
renewable energy resources in line with the determined policies
and development plans is the basic energy policy. The main
subjects that constitute the parts of Turkiye's energy strategy are

[2]:

» Diversification of routes and resources in the supply
of fossil fuels,

» Take part as a trade center in energy,

* Increasing share of domestic resources in electricity
production,

* To include nuclear power in its energy mix.

Turkiye is increasing the rate of renewable energy sources
in energy production. Turkiye is the 12th country in the world and
the 5th in Europe in terms of total installed capacity of renewable
energy facilities [3]. The share of renewable energy resources in
total electricity generation rose to 32.5% in 2018 from 28.9% in
2013, while the share of electricity generated from indigenous
coal resources rose to 14.9% from 12.6% over the same period.
Turkiye has transformed its energy sector by large quantities of
growth in renewables in the past two decades driven by a favor
investment climate, increasing demand and appropriate energy
policies. Energy production from renewable sources has
approximately tripled in the last 10 years and constitutes
approximately 42% of electrical energy production [4]. Turkiye
intends to keep encouraging the development of renewable
resources. In addition to this capacity, an important development
has been achieved for the country by expanding the electrical
energy transmission and distribution infrastructure through
investments. Within the scope of strategies on energy supply
security; there are targets to diversify primary energy resources,
reduce foreign dependency and increase energy efficiency by
using the resources effectively. Thus, it is aimed to ensure a
continuous and low-cost energy and raw material supply.
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In this study, the current situation of Turkiye's electricity
grid is examined taking into account the country's development
plan [5] and other future policies. In this context, the problems
that have arisen with the addition of facilities that produce
electricity using renewable energy sources, which have increased
in recent years, to the grid and will increase in the future, are
discussed. Energy storage systems have been proposed to solve
the problems and their benefits have been examined.

2. CURRENT SITUATION ANALYSIS OF
ELECTRICAL NETWORKS

High fuel prices, inflation and supply chain crisis, climate
targets, and the wars on the world affect energy sector in a wide
area. Capital expenditures on renewable technologies in the
energy sector are expected to increase year by year. Risks and
crisis in the energy market have emerged after pandemic.
Investments in energy transitions have remained in a relatively
good level, but it is still far from levels sufficient to meet
sustainably increasing demand [6].

World energy investment is increased by more than 8% in
2022 and reached total of 2.4 trillion USD, and this value is above
pre-Covid levels. Investments are increasing in all parts of the
energy sector, but the main increase in recent years has come from
the particularly renewable energy, grid investments, and
efficiency. The overall share of investments in the supply of oil,
gas, coal, and low-carbon fuels decreased from pre-pandemic
levels. Due to extremely high fuel prices, the income of global oil
and gas producers is predicted to triple to 4 trillion USD in 2022.
After years of decline, the costs of solar panels and wind turbines
have increased between 10% and 20% since 2020 [6].

High level of energy prices caused some countries to
accelerate their fossil fuel investments as they prioritize security
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of supply. However, clean energy investment is starting to
recover and is over 1.4 trillion USD in 2022, which accounts for
almost three-quarters of growth in total energy investment. After
five years following the signing of the Paris Agreement in 2015,
the average annual growth rate in clean energy investment was
just over 2%. By the year 2020, the ratio has increased to 12%,
though well below what is needed to meet climate targets. The
highest clean energy investment levels in 2021 were seen in China
(380 billion USD), followed by the European Union (260 billion
USD) and the USA (215 billion USD) [6].

These increases have been supported by the increased cost
competitiveness of energy technologies, policy and fiscal
measures to support post-pandemic recovery efforts. In year
2022, it is estimated that countries have allocated 710 billion USD
for clean energy and energy efficiency investments. Renewable
energy sources like wind and solar continue to be the least
expensive choice for building new power plants even though the
cost of energy technologies has increased in 2022. With the
renewable energy investment, grid and storage investments
constitute nearly 80% of the total energy sector investments.
Solar photovoltaic (PV) accounts for almost half of new
investments in renewable energy. Investments of PV are mainly
coming from utility scale projects and distributed solar systems.
The focus of wind energy is shifting towards the offshore
installations. While 2020 was a record year for onshore capacity
commissioned, 2021 was a record year for offshore with an
expenditure of 40 billion USD and more than 20 GW of capacity
commissioned [6].

It is stated that energy sector investment in developing
countries requires a Compound Annual Growth Rate (CAGR) of
over 25% to reach net zero emission levels. This means that the
modest 3% investment growth rate seen in developing countries
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between 2019 and 2022 needs to be increased nearly 10 times for
reaching climate targets [6].

Over the past ten years, Turkiye has seen a rapid increase
in demand across all energy sector. With an annual growth rate of
5% since 2002, Turkiye has seen the OECD members' fastest
growth in electricity demand. Turkey has decided to take rapid
action to achieve its energy-related goals of increasing energy
efficiency, reducing greenhouse gas emissions, increasing
security of supply, creating a sustainable energy sector and a well-
functioning energy market. Turkiye’s installed capacity has
reached 95.9 GW in 2020 and 99.8 GW in December 2021, and
nearly 104 GW in December 2022 [4].

In the years between 2007 and 2022, the majority of the
capacity additions in Tlrkiye have been realized as a result of the
investments made by the private sector. The share of the private
sector in electricity generation increased from 40% in 2002 to
83% in 2022, along with the decreasing share of Build-Operate
and Build-Operate-Transfer power plants during the period [4].

Turkiye decided to open its electricity market to private
sector in 2001. This was a turning point for Turkey as the EU
(European Union) provided the design and legal basis for the new
market. Energy Market Regulatory Authority (EPDK) was
established in 2001 to carry out regulation and supervision
functions in energy markets, and in 2013, the new Electricity
Market Law No. 6446 was published and the privatization
processes of 21 distribution companies were completed. The
electricity market law is largely compliant with the EU's third
energy package. Additionally, the Turkish electricity system is
operated in conjunction with the Continental European system.
Turkey's electricity grid was integrated into the Continental
European Synchronous Zone of the European Network of
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Transmission System Operators for Electricity (ENTSO-E) in
January 2016. [7].

Additionally, in 2015, Energy Exchange Istanbul (EPIAS)
was established to organize wholesale electricity and gas markets.
Apart from the operation of spot markets, EPIAS is also in charge
of the settlement of balancing power market, ancillary services
market, the system imbalances and YEKDEM (Renewable
Energy Support Mechanism of Tiirkiye). EPIAS publishes
information on price and capacities on its transparency platform.
Under wholesale electricity markets, up until now, EPIAS has
been operating the day-ahead and intra-day markets and Power
Futures Market was launched recently on 1 June 2021 [7].

Hydro and wind resources constitute the vast majority of
Turkiye’s renewable energy capacity, accounting for 31.5 GW
and 11.3 GW respectively of the total installed capacity of 103.8
GW by the end of 2022. In year 2022, 1.2 GW solar PV and 1.8
GW wind energy power plants were commissioned. In year 2022,
326.1 TWh of energy were produced with 42.2% from renewable
sources (20.6% from hydropower, 10.8% from wind, 4.7% from
solar, and 6.1% from other sources) [4].

The regulatory framework continues to be developed to
foster the unutilized potential of renewables. In this context, by-
law on Storage Activities in Electricity Market was published in
the Official Gazette on May 9th, 2021. The by-law regulates the
storage activities for the producers, consumers, system operators
and independent suppliers, except for the pumped hydro.
Furthermore, the Renewable Energy Guarantee of Origin
Certificate (YEK-G) system, as well as the regulations and
procedures for the operation of the organized market for these
certificates, are described in legislation. Furthermore, as a result
of recent revisions to Electricity Market Law No. 6446,
municipalities, industrial, and agricultural irrigation consumers
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now have the option to construct renewable energy power plants
with a capacity up to double that of their connection power [8].

The general strategic framework document of Tirkiye is
the 12nd Development Plan 2024-2028 [5]. Security of supply
and optimal use of domestic and renewable resources are also
highlighted in the plan, which are important pillars of Turkiye's
energy policy. The energy policy determined by the development
plan is to meet the energy needs of economic and social
development in a continuous, high-quality, safe and sustainable
manner through an open competitive market. Planning and
investment studies will be carried out to develop electric
networks, taking into account potential renewable resource areas
and the pace of development of renewable energy and electric
vehicles [5].

The most important component of the country's energy
strategy is to support the production of energy using renewable
resources in order to reduce dependence on foreign countries for
energy. To this end, incentive schemes such as feed-in tariffs and
various legislative regulations were carried out to pave the way
for green energy investments. For instance, the Renewable
Energy Zone of Tirkiye (YEKA) investment model was
introduced in order to ensure efficient and effective use of
renewable energy resources by setting up large scale renewable
energy zones in selected areas. As of today, onshore wind, with a
total capacity of 2.850 MW, and solar power, with a total capacity
of 3000 MW competitions were completed. The commissioning
of the first YEKA competition, which was held in 2017 as solar
based in Karapinar region with a total capacity of 1000 MW, was
completed in February 2023. On the other hand, the first onshore
wind tender was announced in 2017 [6].

Turkiye has declared its net zero emission target for 2053
[9]. In this context, especially domestic and renewable energy is
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of great importance. As of the end of December 2022,
approximately one-fifth of electricity installed capacity consists
of wind and solar energy. The fact that the average annual total
sunshine duration is high due to the characteristics of geography
and that wind energy potential is at a good level both on land and
in the sea due to location surrounded by sea on three sides
constitutes an important advantage for reaching the 2053 targets.

Ministry of Energy and Natural Resources prepared long
term Turkiye National Energy Plan covering the period between
2020-2035 [10]. The Plan constitutes a base for the net-zero target
of Turkiye by 2053 and includes recommendations for the 2035-
2053 horizon. These modeling studies provides a scientific
baseline to analyze the place of all energy sources (renewables,
fossil fuels and other alternative fuels and technologies such as
hydrogen and storage) in primary energy supply and also in power
generation. The plan covers all sectoral activity of the economy
(industry, agriculture, household, transport and service),
population and fuel prices with future assumptions. Key findings
of the study for the years 2020-2035 are as follows;

* Increase in primary energy consumption to 205.3 mtoe;

* Increase in electricity consumption to 510.5 TWh;

* Increase in the share of electricity in final energy
consumption to 24.9%;

» 35.3% decrease in energy intensity;

* Increases in the installed capacity to:

* 189.7 GW in total,

* 52.9 GW in solar power;

e 29.6 GW in wind power;

e 7.2 GW in nuclear power;

» with a projected capacity expected to be put into
operation of 96.9 GW;
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* Increase in the share of renewable energy sources and
intermittent renewable energy sources in electricity
generation to 54.7% and 34.2%, respectively;

* Increase in the share of renewable energy sources and
intermittent renewable energy sources in installed
capacity to 64.7% and 43.5%, respectively;

In order to meet the need for flexibility:

e an increase in battery capacity to 7.5 GW (2 hours
charging time);

» anincrease in electrolyzer capacity to 5.0 GW,

* anincrease in demand-side response to 1.7 GW.

Investing in flexibility is a rising topic for electricity
security. Reliable electricity is at the main position as its share in
final consumption increases from 20% today to 40% in the IEA’S
Announced Pledges Scenario (APS) in 2050 and 50% in the NZE
(Net Zero Emissions) Scenario. The need for flexibility
quadruples by mid-century in both scenarios due to rising
variability in electricity supply and demand. Demand-side
response and battery storage both grow more significant, meeting
a quarter of the APS's flexibility demands by 2050 [11].

Electric grid investments are long-term investments that
will be ensured by improving the business and investment climate
under reformative policies; it is creating a strong business
ecosystem that will increase flexibility through high institutional
capacity.

The share of renewable energy sources in electricity
production is increasing day by day. The necessary planning and
investments must be made as soon as possible to integrate these
resources into the grid. The operation of energy infrastructure
could be maintained by flexibility in an effective and safe manner.
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It is expected that transmission investments will play a
major role in realizing the targets set in terms of ensuring
electricity supply security. The electricity transmission system
acts as a bridge between distribution and generation, and the
transmission system has a special importance in the realization of
the determined targets. Operating within the scope of the Decree
Law No. 233 in Tiirkiye, TEIAS is an economic state enterprise
with a public legal personality, which is responsible for the
planning, installation and operation of the transmission system at
the national level within the framework of the Electricity Market
Law. Transmission system operator is responsible for the
operation of the electricity system at very high voltage level, at
400 kV and 154 kV levels, within the framework of the
transmission license issued by regulatory authority. In this
context, it is important to meet the demand for electrical energy
on time, uninterruptedly and with the defined quality parameters.
In addition, the operation of the balancing power market in order
to ensure the healthy functioning of the electricity market is one
of the main activities of transmission system operator [12].

3. STORAGE SYSTEMS’ BENEFITS TO THE
GRID

Electricity is an essential part of life and fundamental
objectives of electricity is consuming it with sustainable,
environmentally sensitive and bearable costs. The sustainability
of electricity for all consumers depends on the quality and
continuity of the electricity network in the generation,
transmission and distribution services that constitutes parts of the
network throughout the country. At this point, the electrical
transmission system is functioning as a bridge between
generation and distribution, in particular with system
management and system security. The existence of long distances

10
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between the points of electricity generation and consumption in a
country generally requires a careful approach to the management
and planning of the transmission network. In addition, the share
of renewable energy and domestic coal plants in production will
continue to increase in the framework of maximizing utilization
from domestic resources. Also, nuclear power plant projects that
commissioned will be base load function for the network and
these resources will have to be transmitted to the consumption
points via transmission lines. If the increasing demand for
electrical power and consumers' orientation to new trends is not
addressed with new approaches, the situation will become
increasingly difficult in terms of network management.

Many energy storage system solutions can be used for
various problems. Although there are storage solutions according
to the second, hour, daily, weekly, monthly and even seasonal
storage needs, it is necessary to evaluate criteria and act according
to the financial possibilities in order to make the right choice
among them. Figure 1 shows capacity and discharge time of
storage applications [13].

Figure 1. Battery usage due to capacity and discharge
spesifications
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The cost-benefit analysis will be favorable if energy
storage combines multiple advantages. The broad deployment of
energy storage devices will be successful when evaluating
various utilization advantages collectively. It has been
demonstrated by using security constrained scheduling
optimization in United Kingdom grid modeling that battery
storage can only be a feasible investment by using four or five
contributions together [14]. Storage's advantages for the
electricity markets will make the idea of return on investment
evident, leading to a rise in investments in the energy storage
industry. Energy storage applications are categorized into supply
side applications; energy arbitrage, capacity firming, renewable
integration, demand change, and peak load reduction. Grid side
benefits are considered as postponing network investments,
ancillary service contribution (voltage support, power quality,
black start) and constraint management. Consumer side
applications are load leveling and power quality.

In cases where there is excess energy supply in the
electricity network, the supply-demand balance is achieved by
storing the excess energy and using the stored energy when
needed. In this method, profits can be made by charging a storage
device at low prices and then supplying that electricity to the grid
when electricity prices are high. Consequently, arbitrage is
mentioned as bulk energy application which could provide both
generation and load, contribute improving the load factor of
generation [15].

In order to reduce energy demand, peak shaving is done
using options such as energy storage and on-site production. In
other words, the peak regions of the peak shaving demand graph
are cut. With load shifting, energy demand is shifted from peak
times to off-peak times. Figure 2 is given below for demand
reduction and peak shaving application [16].

12
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Figure 2. Peak Shaving Application

total load

Power demand

o 3 6 9 12 15 18 21
Time (Hour)

Following a loss of generation, the frequency of the
system degrades, with the rate of frequency decay being inversely
proportional to the total inertia of the grid. The energy storage
technologies should provide the grid primary frequency response
during the operating phase in order to restore system stability.
This assistance lasts through the period of recovery, when the
grid's stability is fully established [13].

Energy storage technologies support the electricity grid in
terms of providing flexibility and balancing to renewable energy
sources that provide unreliable and intermittent power supply. As
clearly stated in the country's 12" Development Plan, the
flexibility of electricity grids will be increased in order to reduce
the negative effects of production from intermittent renewable
energy sources on the grid. Here, the goal can be achieved with
the effective use of energy storage systems [5].

4. BATTERY STORAGE CURRENT STATUS IN
TURKIYE

The majority of solar power plant installed power in
investors in Turkiye generally have unlicensed solar power plants

13
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with less than 1 MW of installed capacity on different locations
and these power plants can cause electrical disturbances in
distribution systems such as voltage drop and rise, flicker, current
harmonics and direct current injection. Electricity distribution
and retail sales are subject to service quality regulations that make
the distribution companies accountable for the level of service
they offer to customers [17].

The Electricity Market Law requires energy storage units
equal to the installed power for individuals and organizations that
will install renewable energy facilities by applying. In addition to
this, the existing license holders would be allowed to increase the
renewable capacity up to the installed capacity of the promised
storage capacity [18].

In addition, energy storage systems could participate in
the ancillary services and the balancing power market if they meet
the conditions specified in the legislation. These regulations will
promote system security and flexibility by ensuring that energy
delivered to the grid by intermittent energy sources is stored and
becomes stable. In this way, it is aimed to ensure system and
supply security by providing a more balanced market to the
system operator.

Regarding the storage activity to be carried out by the
production facilities included in YEKDEM, which is a kind of
incentive mechanism in which price and purchase guarantees are
given to power plants that generate electricity from renewable
sources such as hydraulic, wind, solar, geothermal, biomass,
waves.

According to latest developments firstly energy storage
activity is defined in the Electricity Market Law. Solar and wind
connection capacity has been assured in the event that the investor
has the same value of energy storage in order to increase the
proportion of renewable energy in the installed capacity. Before

14
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this amendment, it was not possible to install solar and wind
capacity before allocating connection capacity for these types of
generation technologies. It is also now available for energy
storage technologies to benefit from YEKDEM mechanism.
YEKDEM application price and the domestic contribution price
will be applied for the electrical energy produced in renewable
sources and supplied to the system after being stored in the
integrated storage unit. YEKDEM price and domestic
contribution price will not be applied for electricity that is
withdrawn from the grid and stored. The price application and
durations for the amount of electrical energy produced in wind
and solar plants with storage but delivered to the grid without
storage will be different price application and durations envisaged
for wind and solar power plants without storage units [19].

It is of great importance to ensure the supply of electrical
energy in a continuous and high-quality manner. At this point,
Value of Lost Load (VOLL) concept is currently a financial
indicator used to indicate the expenses associated with a
disruption in the supply of electricity [20]. VOLL is expressed as
Euro paid per kilowatt hour (Euro/kWh) of electrical energy not
delivered to the consumer. For Spain it has been assumed as 4.39
Euro/kWh [21]. If Gross Domestic Product (GDP) of Turkiye is
one third of Spain, we can accept VOLL value of Tirkiye as
nearly one third of the Spain’s value. As a result of the
calculations, the annual average VOLL for Tirkiye has been
determined as 1.46 Euro/kWh. The cost of VOLL varies
depending on the region, sector, time, duration and other factors.

5. CONCLUSION

The current level of energy consumption per capita of
Turkiye, which is less than half of the OECD average, points to a
significant growth potential and indicates that electricity demand

15
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will grow faster than the demand for other energy types,
especially when evaluated in terms of widespread use of electrical
energy in daily life including such developments as electrification
and demand from electrical vehicles.

On the other hand, the fact that a country does not have
sufficient wealth in terms of energy resources makes it necessary
to closely monitor international and regional developments. In
this context, foreign dependency in energy, which weakens the
security of supply, should be considered by all perspectives
accordingly. Developed countries closely monitor status of
security of supply progress and take precautions with regard to
preparation of energy plan. Diversification of primary energy
resources, reduction of foreign dependency and rational use of
domestic resources are of great importance for the country's
economy.

Within the scope of the 2053 net zero emission targets, all
the studies carried out in order to bring country to an independent
position in energy with a renewable focused approach in energy
continue on the basis of energy supply security. This includes
designing a balanced and robust energy system in a way that will
prepare the energy supply security for all adverse conditions,
implementing energy reforms step by step, planning the
transformation of resources in energy and a realistic approach, by
taking into consideration the current conditions. In this context,
in addition to the investments made in renewable energy, the first
unit of 1,200 MW of Akkuyu Nuclear Power Plant, which
consists of 4 units with a power of 4,800 MW, which can generate
electricity without emitting greenhouse gases to the environment,
is planned to be commissioned in near time. It is obvious that
Turkiye will reach a more flexible position in energy resource
management by including nuclear energy in electrical energy
generation portfolio with investments.

16
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Developments, particularly energy storage devices,
provide opportunities to improve network operation and
reliability. Electrical energy storage systems have a wide area of
use for the electrical network. Electric energy storage systems
come to the forefront as a subject that closely concerns and
contributes to all users in the electricity value chain, as electricity
has the feature of being used in generation, transmission,
distribution and consumers.

Energy storage systems could be analyzed by improved
energy efficiency and the faster deployment of variable
renewable energy generation. These improvements will require
more flexibility, such as the system ability to adapt to changing
needs of the grid and it will become more complex to manage
variability and uncertainty of demand and supply across all
relevant timescales. Energy storage systems provide variety of
solutions based on electricity grid needs.

17
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A CASE STUDY ON INVERTER SELECTION
ANALYSIS FOR PHOTOVOLTAIC SYSTEMS

Fikriye Cagla DAGLAR!
Inci Nur BILGIN?
Sitki KOCAOGLU3

1. INTRODUCTION

According to the data of the Ministry of Energy and
Natural Resources of the Republic of Turkey, the country's
electricity production in 2022 will be 34.6% coal, 22.2% natural
gas, 20.6% hydraulic energy, 10.8% wind, 4.7% solar, 3%, 3%
was obtained using geothermal energy and 3.7% from other
sources [1]. When evaluated in light of the 2015 United Nations
Climate Change Conference, also known as the 2015 Paris
Agreement to Combat Climate Change, where participating
countries agreed to work to keep the global temperature increase
below 2 C° compared to pre-industrial levels, the data appear to
indicate a problem [2]. The Republic of Turkey signed the Paris
Agreement together with representatives of 175 countries at the
High Level Signing Ceremony held in New York on 22 April
2016 [3]. The Paris Agreement requires all countries to take steps
to reduce greenhouse gas emissions as quickly as possible. In
addition to direct environmental benefits such as increasing the
use of renewable energy resources and reducing pollution caused
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by energy production, it also has social benefits such as
developing an economical and more flexible energy
infrastructure, ensuring a more competitive energy market, and
opening new markets and sectors for growth [4].

The demand for electrical energy is constantly increasing
worldwide. At the same time, the use of renewable energy sources
such as solar, wind and biomass for electrical energy production
has increased due to their sustainability and low carbon
emissions. Among renewable energy sources, solar energy stands
out because its production is quiet and the risk of malfunction is
less. In recent years, with the development of new technology, the
decrease in the cost of solar panels makes solar energy more
attractive for users. Today, most photovoltaic (PV) systems are
installed as distributed generators connected to the electrical
distribution grid. PVs can improve the quality and safety of the
distribution system when installed with proper planning [5,6].

College campuses are primary targets for implementing
PV technology for many reasons [7]. The main reason for this is
the low ratio of consumed electrical power to residential area. In
addition, universities leading the use of this innovative electricity
generation system will set a positive example for the society in
general.

Since the amount of solar energy production depends on
the amount of radiation, there are many studies in the literature
aiming to determine PV locations based on geographical location
[8-16]. In one of these studies, [8], the required installation
capacity to provide 1% of the national electricity consumption
from PV for each European country was determined using the
European solar radiation database. In [9], optimal rooftop PV
locations in Osnabriick, Germany, were determined using the
ArcGIS Desktop Model Builder application. Similarly, in [10], a
solar map was created using the Solar Radiation Tool in ArcGIS
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for a four square mile area surrounding the University of Arizona,
USA. Within the scope of the study, suitable roof areas with high
solar radiation, facing south and not being too steep were
determined. In [10], a methodology is presented to assist end
users to analyze the solar energy potential of selected rooftops in
Kingston, Ontario, using LIDAR data. Strzalka et al. [11] used a
geographic information system to estimate the PV potential of
building roofs at the city scale. Lukac et al. In another study,
researchers presented a solar energy potential estimate for
building roofs in urban areas using LIDAR data [12]. To
accurately estimate the required irradiance for PVs, cloud cover
and atmospheric scattering, tilt and orientation, the shadowing
effect from nearby objects, and the surrounding terrain are taken
into account. These studies in the literature reveal that the use of
geographic information system is an effective tool with wide
application for PV layout design.

The inclusion of PVs in existing power systems
significantly affects the system losses and voltage profile.
Because traditional distribution systems are designed to operate
without any production on the end user side [5,17,18, 19].
Establishing more effective PV systems requires a comprehensive
approach combining geographical, economic and technical
aspects, otherwise the system may become disadvantageous due
to its different characteristics [20].

According to the Turkey Solar Energy Potential Atlas
(GEPA), the annual average total sunshine duration is calculated
as 2,741 hours and the annual average total radiation value is
calculated as 1,527.46 kWh/m2 [21]. Calculations show that solar
energy has the potential to be an important energy source to
provide clean energy for the country in the coming years. Since
weather conditions cannot be known instantly, providing energy
needs entirely from renewable energy sources raises doubts and
calls into question the fact that the energy provided from these
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sources is uninterruptedly sustainable. Additionally, due to the
high cost of storage technology, investments in the field of PV
need to be planned in detail.

Large-scale integration of single-phase PV systems
affects not only grid planning but also the operation of the
distribution network [22]. Due to the increase in the installation
of single-phase PV systems, grid demands regarding the
integration of PV systems with the grid need to change [23]. Low-
voltage residential grid-connected PV systems should be
designed to disconnect from the grid within a certain period of
time when a fault occurs at the common connection point [24].
As the number of low voltage PV systems increases,
disconnection may have negative effects on system stability and
reliability [22, 25-27]. As a result of the increasing number of PV
systems, grid interconnection standards are becoming more
restrictive [28]. Next generation PV systems will play an
important role, like conventional power plants, in participating in
grid regulation. Requirements such as low voltage transition
related to reactive current injection and voltage control via
reactive power support are already being considered [29, 30, 31].

It is extremely important that the location and component
selection of the solar power plant to be established is made
primarily through simulation programs. In this way, production
results can be predicted virtually and details of the investment can
be planned. In order to obtain results closest to reality with
accurate data, the currentness, accuracy and analysis parameters
of the simulation program used are extremely important. PV/syst
is one of these modeling programs.

Determining the optimal size and location for PV units has
been a major challenge for distribution system planners and
researchers. Inverter selection is one of the PV installation stages
such as determining the required power, determining the power
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that can be obtained per unit panel depending on geographical
conditions and aspect, and component selection. The heart of a
solar PV system is the inverter, so it is also responsible for the
quality of the power produced. Inverter selection seriously affects
voltage fluctuation, frequency range and power quality. In this
study, the off-grid PV system of Ankara Yildirnm Beyazit
University 15 July Sehitler Campus roof, which has a roof area of
1488.61 m?, was designed by making two different simulations
and three-dimensional modeling with two different inverters in
PVsyst 7.3 software. Within the scope of the study, panel
placement, number of panels and panel power were determined.
After the installation was completed, 2 different inverters were
used, their advantages and disadvantages were presented, energy
production analyzes and efficiency comparisons were made.

2. METHOD

Using Google Earth software, the latitude of the facility
was determined as 39.971073°, the longitude as 32.818133° and
the effective roof area as 1488.61 m? (Figure 1).

Figure 1. Google Earth Roof Area View
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Using the architectural project and the information in
Google Earth, 3D modeling of the existing facility was made with
the Sketchup program (Figure 2a) and transferred to the PVsyst
program (Figure 2b). Here, any shadow on the panels is prevented
during the dimensioning.

Figure 2. a) Modeling the facility in Sketchup program, b)
Modeling the facility in PVsyst program

\ e lde (a0 | AAlvaC| /P
b 4 Al "
-3

Elin brand 550 W PV panels were preferred in the
simulation, and the total installed power consisting of 576 PV
panels is 317 kWp. Changing current, voltage and temperature
coefficient values depending on the panel brand affect the design
(Table 1).

Table 1. Electrical properties of PV panels used in design [32].

Panel Power (P) 550 Wp
Open Circuit Voltage (Voc) 499V
Short Circuit Current (Isc) 14 A
Rated Voltage (Vn) 4196V
Rated Current (In) 13,11 A
Temperature Coefficient for Voltage % -0,27/C
Temperature Coefficient for Power % -0,35/C
Temperature Coefficient for Current % +0,05/C

Inverters have to fulfill some important requirements
when operating. These criteria; The electromagnetic
compatibility of the device is that it sends a fully sinusoidal
alternating current to the network and that this current is within

26



Enerji Sistemleri Miihendisligi Calismalar:

certain limits specified in the regulations in terms of harmonics.
In addition, it must adjust the frequency and voltage values
according to the frequency and voltage values in the network. The
most important safety criterion of inverters is islanding. In case
of a power outage in the network, the inverter should turn itself
off, eliminating the risk of electric shock.

In the first modeling, a 36 kW Huawei brand inverter was
preferred. This inverter has surge protection on both DC and AC
side. Huawei inverters do not have suitable optimizers for 550 W
panels [33]. In the second modeled system, a 33.3 kW SolarEdge
brand inverter was preferred. The SolarEdge inverter receives
monitoring data from each power optimizer and transmits it to the
central server [34]. Both inverters receive input from 8 PV arrays,
these inputs are grouped in 4 MPPT circuits and the maximum
power point of the PV arrays is monitored.

Meteonorm data were obtained for the region where the
building where the PV system will be installed is located through
the PvSyst program. As a result of the data obtained, it is seen that
the annual average temperature is 13° and the wind speed is 2.2
m/s. The orientation angles and azimuths of the panels were
adjusted to be equal to the roof angles. In the calculations made
for the suitable parts of the roof areas, it was determined that a
maximum of 576 modules could be placed.

3. RESULTS AND DISCUSSION

There are two main materials in PV systems: panel and
inverter. For the system to be created using Elin 550 W panel and
Huawei 36 kW inverter, the nominal ambient temperature is 25
°C, including AT temperature difference, § voltage temperature
coefficient and Vo open circuit voltage, and the lowest operating
temperature of the inverter is -40 °C to determine the maximum
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number of panels. Using V(Tmin) panel minimum operating
voltage is calculated as follows.

VT min) = (1 + (AT, lﬁo)) Voo = (1 +((-40 -

25). W)).49,9 = 58,66V (1)

While Vin max IS the maximum inverter voltage, the
maximum number of panels that can be connected to a series,

Nmax, IS calculated as 18 (Equation 2).
Vinv_max 1100

Npmax = Vi = toee 18,75 adet (2)

In order to determine the minimum number of panels that
can be connected, where Vn is the nominal operating voltage of
the panel, the highest operating temperature of the inverter is 85
°C, using the catalog information, V(Tmax) panel maximum
operating voltage is calculated as follows.

Ver,.y = (1 + (. 1%0)) v, = (1 + (85— 25). s )) 41,96 =

36,16V (3)

While Vinv min 1S the minimum inverter voltage, the
minimum number of panels that can be connected to a series is
calculated as Nmin=6

Van min
Npin = —— = —— = 5,69 adet 4)

Inverter loading ratio (Input Power/Output Power) was
chosen as 1.35 considering standard applications. Since the power
of the inverter used is 36kW, the input power can be preferred as
48.6kW. Since each inverter has 8 inputs, 48.6/8=6.075kW
modules can be connected to each input. Knowing that the
number of modules that can be connected to each input is 550W;
It is calculated as 6.075/0.55=11 pieces and 88 panels can be
connected to each inverter. It will be sufficient to use 7 inverters
for 576 panels. In practice, some series were left blank and
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worked as 16-panel series. Accordingly, where N is the number
of panels in the array and VOC is the open circuit voltage, the
maximum array voltage of the 16-panel arrays is calculated as
follows.

Vstr—max = NxVocx(1 + (ATxB/100)) = 16x49,9x (1 +

((—40—25)x(—0,2 7)
100

)) = 938,52V (5)

This value is appropriate because it is lower than the limit
value of 1100V. Minimum string voltage;

Vser—min = NxVpcx(1 + (ATxB/100)) = 16x49,9x (1 +

(W)) = 669,06V ©

This value is appropriate since it is above the limit value
of 200V. Maximum MPPT voltage;
Vappr—max = NxVimppx(1 + (ATxB/100)) = 16x41,96x (1 +

((—40—25)x(—0,2 7)
100

)) = 798,18V (7

This value is suitable because it is lower than the limit
value of 1000V. Minimum MPPT voltage;

Vappr—min = NxVyppx(1 4+ (ATxB/100)) = 16x41,96x (1 +

(—(85‘2153’0“(0'27))) = 562,6V (8)

This value is appropriate since it is above the limit value of 200V. MPPT
nominal current value;

Inppr—n = 2XIpmp = 2x13,11 = 26,224 (9)

This value is appropriate because it is lower than the limit
value of 88A. MPPT short circuit current;

IMPPT—SC = ZXISC = 2x14 = 2814 (10)
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This value is appropriate because it is lower than the limit
value of 120A. In the second design, SolarEdge brand 33.3kW
inverters were preferred. First of all, the compatibility of the solar
panel and the optimizers in the inverter structure was checked. In
Equation 1, the minimum operating voltage of the panel was
calculated as 58.66V. Maximum number of optimizers that can
exist in an array;

_ Voptmax _ 125 _
Npax = T = Shee 2,13 adet (11)

In Equation 3, Vtmax panel maximum operating voltage
was calculated as 36.16V. Minimum number of panels in the
series;

_ V"ptmin _ 125
Npin = T = 16 = 0,36 adet (12)

Thus, at least 1 and at most 2 optimizers must be used in
each array. Maximum inverter current depending on temperature;

ImppT Ty = IscX (1 + (A;;:)B)) = 14x (1 + (—(85—25)x0,05)) =

100
14,424 (13)

Total DC current for the inverter, k being the number of
parallel strings;

Lnpp = KxXlypp, = 2x14,42 = 28,844 (14)

This value is appropriate because it is lower than the
inverter catalog current value of 48.25A.
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Figure 3. Modeling power distribution with Huawei inverter
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Figure 4. Modeling power distribution with SolarEdge inverter
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As a result of the analysis made in the PVSyst program,
after deducting the losses, energy can be obtained from the
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Huawei inverter output with 82.3% efficiency, while this value
was 76.7% in the SolarEdge inverter (Figure 5).

Figure 5. a) Huawei inverter system normalized production and
loss factors b) SolarEdge inverter system normalized production
and loss factors
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According to the analysis results, the average daily energy
coming to the unit collector plane is 4.704kWh.
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Figure 6. Annual distribution of reference incoming energy in the
collector plane

Reference Incident Energy in Collector Plane
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According to the simulation results, the specific output of
the Huawei inverter system is 1316 kWh/kWp/year, and the
specific output of the SolarEdge inverter system is 1414
kWh/kWplyear (Table 2-3). Here, GlobHor indicates Horizontal
global irradiation, DiffHor indicates Horizontal diffuse
irradiation, T_amb indicates Ambient temperature, GloblInc
indicates Incident global irradiation in the collector plane,
GlobEff "Effective” global, after all optical losses, EArray
Effective energy at the array output. E_user indicates Energy need
of the user, E_Solar indicates Energy supplied to the user from
solar, E_Grid indicates Energy injected into the grid, EFrGrid
indicates the energy drawn from the grid for the internal
consumption (when PV is not sufficient), and during night.
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Table 2. System with Huawei inverter balances and main results

GlobH | DiffH | o | Globl | GlobE | ppp | £ ys | Esol | EGr | EFrGr
ar or mb ne ff ay or ar T id
kWh/ | KW o KWhHY | kWA uwh | mwh | Mwh | Mwh | Mwh
m m m m
January | 625 2565 | 1.68 | 66.9 60.2 1831 | 150 17.97 | -0.007 | 132
Sebr“a' 83.3 3223 | 3.26 87.9 80.2 2391 | 127 2352 | -0.006 | 1035
March 1271 | 5422 | 7.08 1305 | 1205 | 3399 | 143 3343 | 0.006 | 109.6
April 159.7 | 674 1186 | 1615 | 1501 | 4046 | 122 38.74_ | 1063 | 833
May 199.9 | 7504 | 16.77 | 1999 | 1862 | 47.93 | 105 41.06 | 6.108 | 63.9
June 2159 | 70.79 | 20.98 | 215 2003 | 5021 | 242 49.42_| 0.005 | 192.6
July 2237 | 68.23 | 2486 | 2234 | 2081 | 5157 | 170 50.76 | 0.005 | 119.2
August | 2064 | 57.78 | 2514 | 2084 | 1949 | 49 184 4821 | 0.005 | 135.8
esfptemb 163.4 4381 | 1999 | 1676 | 1559 | 408 129 3993 | 0214 | 891
October | 1122 | 4096 | 1386 | 1172 | 1075 | 3045 | 130 2092 | 0014 | 1001
L\‘ro"emb 734 2469 | 7.95 78.6 711 21.02 | 150 2066 | -0.007 | 129.3
Erecemb 55.7 2483 | 3.0 60.1 53.7 1633 | 149 1603 | -0.008 | 133
Year 16832 | 585.63 | 13.1 1717 1588.7 gza.g 1801 | 40963 | 7.345 | 13914

Table 3. System with SolarEdge inverter balances and main

results
GlobH | DiffH | o | Globl | GlobE | ppr | £ ys | Esol | EGr | EFrGr
or or mb ne ff ay er ar id id
kWh/ | KWhHE | e KWhHY | kWA uwh | mwh | Mwh | Mwh | Mwh
m m m m
January | 625 2565 | 1.68 | 66.9 60.2 1861 | 151 1823 | 0 1328
Sebr“a' 83.3 3223 | 3.26 87.9 80.2 2462 | 127 24.1 0.03 102.9
March 1271 | 5422 | 7.08 1305 | 1205 | 3614 | 143 3469 | 071 1083
April 159.7 | 674 1186 | 1615 | 1501 | 4388 | 122 39.24 | 3.74 | 828
May 199.9 | 7504 | 16.77 | 1999 | 1863 | 5259 | 105 41.25 | 1026 | 63.7
June 2159 | 70.79 | 20.98 | 215 2004 | 55.68 | 242 5454 | 0 1875
July 2237 | 68.238 | 2486 | 2234 | 2082 | 5722 | 170 55.9 0.14 114.1
August | 2064 | 5778 | 25.4 | 2084 | 195 5421 | 184 53.09 | 0 130.9
esfptemb 163.4 4381 | 1999 | 1676 | 1559 | 4448 | 129 4089 | 2.69 88.1
October | 1122 | 4096 | 1386 | 1172 | 1076 | 3L7 130 3056 | 05 99.4
L\‘ro"emb 734 2469 | 7.95 78.6 711 2145 | 150 2102 |0 129
Erecemb 55.7 2483 | 3.0 60.1 53.7 1656 | 149 1622 |0 1328
Year 16832 | ses63 | 131 | 1717 | 1se9n | 30 | 1802 | 42075 | 1808 | 13723

Figures 9 and 10 show the change in system performance
from year to year due to losses. The losses involved are due to
various reasons. The technical expressions used in the figures can
be explained as follows;

Global Horizontal Radiation [kWh/m2]: It is the value
determined in the light of the meteorological data measured and
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recorded to date in the simulation program. In current systems,
this value is included in the simulation report as 1683 kwWh/m2.

Global Radiation to the Solar Panel Surface[kWh/m2]): It
refers to the gains or losses to be achieved depending on the
mounting angle of the panel. While this value increases in panels
placed at an appropriate angle, it may decrease or even be a
negative value depending on the lack of slope or the change of
direction of the panels.

Close Shading: Radiation loss: It shows the radiation
losses due to shading that may occur in the system depending on
the angle of the sun. In the report, this value is 0.93% for the
Huawei inverter system and 0.90% for the SolarEdge inverter
system.

Global IAM factor (Angle Reflection Factor): Not all of
the radiation falling on the panel can be used by the cells. While
most of the incoming radiation is absorbed by the panel, some of
it is reflected. This factor represents the losses due to diffraction
reflected from spherical radiation depending on the panel
mounting angle.

Contamination Loss Factor (Panel Contamination Factor):
It is a loss that can vary depending on environmental factors
rather than the plant. Dust, snow, leaves, etc. It shows the energy
production loss of the panels during the year as a percentage due
to pollution in the panels. In general, this value is taken as 3% in
the PVsyst program.

Module Degradation Loss: The output power of a
photovoltaic module may decrease over time or its power may
decrease due to the failure of a single cell in the module. This will
cause productivity to decrease. It is specified in technical
documents by panel manufacturers. This value is 0.7.
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PV loss depending on radiation level: It shows the losses
caused by low radiation in PV panels.

Temperature-dependent PV loss: The voltage produced by
PV modules is inversely proportional to temperature. In other
words, in arrays consisting of PV panels under the same radiation
and at different temperatures, the panels in the cold environment
produce more voltage. The starting voltage of each inverter is
different. Therefore, the activation time of the system in the
morning varies. It shows the loss of electricity production as a
percentage due to time differences arising from this value.

Shadings: Electrical Loss acc. to strings (Electrical loss
due to shading): It shows the production loss in the PV arrays in
the system as a result of the solar panels being exposed to shadow.
In current systems, this loss is seen as 0.01%.

Module quality loss: It refers to the losses caused by the
decrease in the efficiency of PV modules over time. It is specified
in the documentation by the panel manufacturer.

LID (Light Induced Degradation)-Aging Loss: It shows
the aging loss rate that will occur in PV modules due to radiation.
In the current system, this loss is seen as 2%.

Mismatch loss modules and arrays: It is not possible for
all modules to have the same current and voltage values in the PV
arrays created. The PV module with the lowest current value
connected in series on the array determines the current value in
the array. Under these conditions, the module producing more
current than the current value will suffer a production loss. The
corresponding value indicates this loss.

Ohmic cabling loss: It shows the losses of the cables used
in the system. This value may vary depending on the cross-section
of the cables, the type of conductor used and their size.
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Inverter Loss During Operation: As with every device,
there is a certain efficiency in inverters due to losses. These losses
show the rate of electrical energy lost according to the efficiency
of the inverter. This loss is seen as 1.46% in the Huawei inverter
system and 1.92% in the SolarEdge inverter system.

Nominal inv. Inverter loss via Power: When inverters are
loaded with DC power above their AC output capacity, the
generated energy may be lost at certain times. It shows these
losses, which vary depending on the system design. This loss is
6.74% in the Huawei inverter system and 0.86% in the SolarEdge
inverter system.

Max. Inverter loss due to input current: Operation above
the maximum input current.

Inverter loss above rated inverter voltage: Each inverter
has its own operating voltage. TV series can produce below this
voltage value. The energy loss that will occur during these periods
when the inverter is not working is indicated in this way.

Inverter loss resulting from sold power: These are the
losses arising from the operation of the arrays connected to the
inverter under minimum power, specified within the scope of the
inverter technical specifications.

Inverter loss due to sold voltage: It shows the inverter-
related loss caused by arrays producing voltage above the
maximum MPTT voltage value.

Night consumption: It shows the production made when
the inverter is not working, and the idle losses when it is not
working.

Available Energy at Inverter Output: Shows the electrical
energy expected to be produced at the output.

Energy Injected into the Grid: It shows the electrical
energy that will be injected into the grid after all losses.
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Figure 9. System with Huawei inverter loss diagram
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Figure 10. System with SolarEdge inverter loss diagram
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In the simulation program, the production value of the
photovoltaic power plant with Huawei inverter at the end of the
first year was determined as 409.6 MWh, and the production
value of the photovoltaic power plant with the SolarEdge inverter
at the end of the first year was determined as 429.7 MWh.

In this study, the solar energy system installed on the roofs
of Ankara Yildirim Beyazit University 15 July Martyrs Campus
was evaluated in terms of the results to be obtained when two
different inverters were used. PvSyst 7.3 program was used in the
study. Using the SolarEdge inverter in the modeled system
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provides higher energy production and higher efficiency
compared to the choice of Huawei inverter. The difference clearly
reveals the importance of inverter selection in the installation of
PV systems.
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1. INTRODUCTION

Energy is one of the most important parameters shaping
life in the world. With global warming and the impact of chemical
energy on the environment, the method of obtaining energy and
its importance increases many times over. For this reason, the
importance of sustainable energy has become a concept of great
importance in our lives day by day. There are many effective
parameters that guide research in renewable energy sources. If we
count a few of them; sustainability, cost, optimization, potential
determination, hybrid use of renewable resources and effective
development of technologies used in renewable energy
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conversion systems. When the scientific researches conducted in
this context are examined, the main ones are; Ying L. emphasized
the studies that need to be done in order to abandon conventional
energy production systems, which are seen as the source of the
climatic threats facing the world. By examining the development
trends of investments and incentives for renewable energy
sources in the world, he tried to determine the cost of switching
to renewable energy technology [1]. Due to the increasing
importance of renewable energy sources, technical and economic
potential determination studies have been conducted for many
countries and new ones are constantly being added to these
studies. Within the scope of this study, potential determination
studies in the literature for many countries are reviewed [2-9]. In
the study conducted by Indulkar, it was revealed that maximum
benefit from renewable energy resources can be obtained by using
Monte Carlo method. It has been examined that Monte Carlo
optimization technique provides useful results in making
decisions such as which renewable energy source to choose,
which source to use for hybrid systems and at what rate.

Wind, Hydro, Solar and Cogeneration systems are
compared and determined by cost analysis. Thus, it is suggested
that maximum efficiency can be obtained from renewable energy
sources under minimum cost [10]. In the studies conducted by
Kaygusuz A., and Akdeniz F., the necessity of using renewable
energy resources comes to the forefront based on the increasing
air pollution problem in Turkey, the fact that large hydroelectric
power plant projects are highly debated due to the disadvantages
they bring in various aspects, and the fact that energy production
based on natural gas and oil is not sustainable due to foreign
dependence. The importance of hydroelectric, biomass,
geothermal, solar thermal, photovoltaic and wind resources for
sustainable development is discussed in many studies. It is
estimated that hard coal reserves in the country will be depleted
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in 55 years, lignite in 105 years, oil in 30 years and natural gas in
24 years, and it is emphasized that cogeneration systems should
be established especially in power plants using fossil fuels, and it
is stated that increasing the efficiency by enriching the coal used
will help reduce the amount of emissions. It was concluded that
there are many regions in the country where small hydroelectric
power plants can be established and that sustainable development
can be achieved with the effective use of these resources,
especially in terms of wood-fueled biomass [11-13]. In our study,
solar energy, nuclear energy, geothermal energy, hydraulic
energy and biofuel energy were examined among renewable
energy types. It has been seen that biofuels are of great
importance among these energy types. For this reason, it has been
investigated what factors should be considered during the
production of biofuels and what factors should be considered
during production in terms of the environment.

2. RENEWABLE ENERGY SOURCES
2.1. Solar Energy

Solar energy is utilized in the form of heat energy and
electrical energy through various transformations [14]. Direct
electricity generation is also possible by using semiconductors.
The areas of utilization by converting to heat are divided into
three sections according to temperature limits [15]. These are low
temperatures: temperatures lower than 150 °C, medium
temperatures: temperatures up to 600 °C and high temperatures:
temperatures above 600 °C. The areas of utilization by converting
to heat are given in Figure 1 according to temperature limits.

47



Enerji Sistemleri Miihendisligi Calismalar

Fig. 1. The areas of utilization by converting to heat, separated
according to temperature limits
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Solar heating is divided into two main groups as active
and passive system heating [15]. In active system heating, a
mechanical system other than the known housing elements is used
to collect energy in solar energy utilization. The air or water
heated in the collectors is circulated in the classical heating
system and indoor areas are heated. The collector system replaces
the boiler in the normal heating system. The solar energy system
can be connected in series or parallel with the normal heating
system. Even the heat taken from the sun through the fluid can be
circulated through pipes in the wall and concrete structure and
stored in the wall and concrete. Passive system heating is a system
that provides heating by accepting the sun's rays directly into the
dwelling. In the principle of passive heating, the house itself is
used as a collector and no mechanical components are used. For
this reason, solar energy can only be utilized uncontrolled with
passive systems. In utilizing solar energy with passive systems,
problems such as the orientation of the house to the sun, its shape
and not being shaded by other structures should be taken into
consideration and solved during the design and construction of
the house. The most common and preferred application of passive
systems is the Trombe wall [16] . In this wall, another double
glazed wall is made slightly in front of the normal wall. The
normal wall is black in color and there is enough space between
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the glass and the wall to allow air circulation. At the top and
bottom of the main wall, the room air is heated by circulation
through ducts opening into the room. The ducts are closed when
the sun is not shining to provide insulation against the outside.
Solar energy usage areas are given in Figure 2.

Fig. 2. Areas of use of solar energy
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2.2. Nuclear Energy

Nuclear energy is a type of energy derived from the
nucleus of the atom. It is related to the formula E=mc?, which
expresses the conversion of mass into energy. Nuclear reactors
are used to forcibly extract nuclear energy and convert it into
other types of energy. Nuclear energy is created by one of three
nuclear reactions. Fusion is defined as the fusion reaction of
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atomic particles. Fission is the forced disintegration of atomic
nuclei. Half-life is known as the fission of the nucleus into a more
stable state. It can also be defined as natural (slow) fission
(nuclear fission) [17] . The areas of use of nuclear energy are
given in Figure 3.

Fig. 3. Areas of use of nuclear energy

Nuclear energy is converted into energy through nuclear
power plants. When we look at the internal structure of the
nuclear power plant, the energy generated by the fission reaction
of uranium allows water vapor to be heated to very high
temperatures. This high-temperature vapor is given to turbines
connected to the electric generator. The high-energy steam hitting
the turbine blades turns the turbine shaft in the usual way and the
generator generates electricity. The electricity generated in the
generator is sent to the place where it will be used with conductive
wires called transmission lines. The steam coming out of the
turbine, which has dropped in pressure and temperature, goes to
the condenser to be used again, and after becoming water, it is
heated again with the energy released by the fission and turned
into steam and the cycle continues [18]. The working principle of
nuclear power plants is given in Figure 4.
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Fig. 4. Working principle of nuclear power plants
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2.3. Geothermal Energy

Geothermal energy is a natural type of energy. The heat
source used in the formation of this renewable energy is the
magma deep in the earth's crust. The temperature of the earth
increases towards the inner part of the earth's crust. The depth in
meters of the depth to be descended vertically in the earth's crust
for a temperature increase of approximately 1 °C is called the
geothermal degree. The geothermal degree is usually based on
internal temperature steps of 30-35 m. Obtaining geothermal
energy is called obtaining geothermal energy by drilling the
rainwater loaded with heat energy in the depths of the earth's crust
and making it useful to people. There are two main sources of
heat in the earth's crust. The first is the heat that has entered the
earth's crust and is carried and spread with the magma rising
towards the earth's surface. The second is the temperature of the
earth itself, called ground temperature or geothermia, which
increases as you go deeper into the crust. The value of this is
1100-1200 °C. This energy can be obtained directly from the
earth's own heat. The word geothermal is a combination of "geo"
meaning earth and "thermal™ meaning heat. This energy is formed
from the heat of the magma, which is composed of molten rocks
kilometers deep in the earth's crust. The heat rising from the
magma heats underground pools of water known as geothermal
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reservoirs. Sometimes the water can even boil to form steam.
When these find a place to come to the surface, they come out of
geysers as water or boiling water. These are known as hot springs
[19] . The working principle of geothermal power plants is given
in Figure 5.

Fig. 5. Working principle of geothermal power plants

2.4. Hydraulic Energy

Hydraulic energy is the most important renewable energy
source in certain regions of the world. While large hydroelectric
power plant applications are included in the classical renewable
energy production in the literature, the energy produced by small
hydroelectric power plants is included in the scope of new and
renewable energies. The cost of energy produced by hydroelectric
power plants is low and pollution-free. They also have high
efficiency. Electric energy is transported from power plants, i.e.
electricity production factories, to consumption centers through
energy transmission lines called high voltage lines. The system of
lines connecting all production and consumption centers
throughout the country is called interconnected system [20]. The
working principle of hydraulic power plants is given in Figure 6.
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Fig. 6. Working principle of hydraulic power plants
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2.5. Biofuel Energy

The limited energy resources known on earth and
environmental factors lead to more economical use and better
management of these resources. In particular, the search for new,
environmentally friendly and renewable energy sources that can
replace fossil-based (petroleum and its products) resources has
come to the fore. Renewable alternative motor fuels, such as
vegetable oils and alcohol, have not been able to compete with
petroleum due to the cheaper and more abundant production of
petroleum and its products. However, the oil crisis in the mid-
1970s led to the withdrawal of petroleum products from the
market and a parallel increase in their prices. Due to the
concentration of the world's oil reserves in certain regions and
political and economic reasons, oil crises have occurred from
time to time and continue to occur today. In addition to all these,
the fact that oil is a finite resource based on a certain reserve and
the development of engine technology dependent on oil has made
it necessary to research and reveal new and more environmentally
friendly fuels that will be an alternative to diesel fuel without
making much change in the existing engine technology. In this
regard, especially in countries with high agricultural potential,
vegetable oils come to the forefront. Numerous studies have been

53



Enerji Sistemleri Miihendisligi Calismalar

conducted in various countries, including our country, on the use
of vegetable oils and wastes as motor fuel. Research results have
shown that vegetable oils and wastes have properties that can be
used instead of diesel fuel in internal combustion engines. The
main vegetable oils that can be used as engine fuel are rapeseed
oil, soybean oil, sunflower oil, corn oil, linseed oil, peanut oil,
cottonseed oil, safflower oil and their used forms [21] . The life
cycle of biofuel energy is given in Figure 7.

Fig. 7. Biofuel energy life cycle
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3. CONSIDERATIONS WHEN REALIZING
BIOFUEL PRODUCTION

During the biofuel production, a transesterification
reaction was applied. 1000 ml of corn oil was placed in a glass
bottle. With the help of a magnetic stirrer placed in the glass
bottle, the oil was subjected to preliminary preparation at 600
revolutions per minute and at a constant temperature of 60 °C. In
another glass bottle, 400 ml of methanol was mixed with 8 grams
of NaOH. When the dissolution of NaOH in methanol was
complete, the resulting solution was gradually added to the oil at
60 °C. After 2 hours, the reaction was terminated. At the end of
the reaction, the product was transferred to a separatory funnel.
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After 24 hours, glycerin with a high concentration was observed
in the lower phase. Upon opening the separatory funnel valve, the
glycerin in the lower phase was removed from the mixture. With
the removal of glycerin, the main product was obtained. The
materials used in the reaction are shown in Figure 8.

Fig. 8. Materials used in biofuel reaction

The biofuel obtained when the reaction was successfully completed is
shown in Figure 9.

Fig. 9. Biofuel obtained as a result of a successful reaction
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Adverse conditions in the reaction may cause the reaction
to be unsuccessful during the production of biofuel. These
negative effects are the type of oil, free fatty acid, moisture effect,
catalyst type, reaction time, effect of alcohol/oil ratio, reaction
temperature, stirring intensity and homogeneity of the mixture.
As a result of negative effects in the reaction, the desired biofuel
cannot be obtained. In this case, the biofuel obtained as a result
of a failed reaction is shown in Figure 10.

Fig. 10. Biofuel obtained as a result of a failed reaction

4. CONCLUSIONS

Although there are many sources of renewable energy in
the world, the main ones are solar energy, nuclear energy,
geothermal energy, hydraulic energy and biofuel energy. As the
number of motorized vehicles is increasing day by day, the
harmful effect of exhaust emissions on the environment is
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naturally increasing. Biofuels are important in order to minimize
this harmful effect. In our study, it is aimed to find a solution to
this problem with biofuels, one of the renewable energy types due
to these harmful effects. For this reason, the issues to be
considered in order to produce these fuels in the most
environmentally friendly way are examined. The use of biofuels
on Earth will contribute to the solution of environmental
pollution. It will reduce the world's dependence on fossil fuels. It
can be said that the use of waste vegetable oils as alternative fuel
in the world will be possible and will make a great contribution
to national economies and the environment. In this context, Roy
et al. (2015) produced biodiesel from canola oil and mixed it with
5%, 10%, 20% and 50% diesel fuel in order to examine the
performance and emission values of biodiesel in a diesel vehicle
engine. The obtained fuel samples were subjected to performance
and emission tests at 1800 rpm and three different loads in a direct
injection diesel engine. They compared the results obtained with
diesel fuel values and found that there was a decrease in HC, CO,
smoke emissions and an increase in specific fuel consumption and
NOx values [22]. How et al. (2014) produced biodiesel from
coconut oil and experimentally investigated the performance,
emission, combustion and vibration parameters at different in-
cylinder pressure conditions by creating four different fuel
samples as B10, B20, B30 and B50. As a result of the
experimental study, it was analyzed that the smoke emission in
the B50 fuel sample was reduced by 52.4% and the lowest fuel
consumption was in the B10 fuel sample. It was suggested that
in-cylinder combustion performance is more suitable for
biodiesel use [23]. In this context, by analyzing the studies in the
literature, various experimental studies were carried out in our
study to determine the issues that should be considered in order
to realize an effective and efficient biofuel production. As a result
of these experimental studies, the rules that must be considered in
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production were determined and listed as items. These points are;
adverse conditions in the reaction may cause the reaction to be
unsuccessful during the production of biofuel. These negative
effects are the type of oil, free fatty acid, moisture effect, type of
catalyst, reaction time, effect of alcohol/oil ratio, reaction
temperature, mixing intensity and homogeneity of the mixture.
Care should be taken when using methyl alcohol as it is a very
toxic substance. Sodium hydroxide should be stored in a dry
environment as it is highly basic and has the ability to retain
moisture. Improper use can cause permanent damage. If we look
at the cases where waste oil is used in biodiesel production; if
these oils thicken and solidify at 20°C, the waste oil must be
preheated before adding chemicals. Chemicals used in
manufacturing must be resistant to heat and corrosion. CHzONa
solution (Methanol + NaOH) is highly toxic and corrosive to tank
paints. Biofuel should not be placed in tanks with NaOH, Zn, Al
and tinned tanks as it will react with these metals. Tanks made of
steel should be preferred [68]. Our study will contribute to the
literature in general in terms of determining the efficient biofuel
production stages to be followed in all studies and the tricks to be
considered in production.
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