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Abstract: Energy is a phenomenon that is of great importance for the sustainability of life and shows its effects
in all areas of life. People use energy for each of their activities. The concept of energy has an increasingly
important position in the globalizing world order and affects the course of country economies. Additionally,
when energy is considered in detail with its various aspects, it attracts attention with its many elements. Energy
is a factor that is related to many sciences and disciplines and is analyzed from different perspectives.
Developing alternative energy sources in the world to meet the need for energy has become a necessity. The
search for energy sources that can be alternatives to fossil fuels is already in progress. As an alternative energy
source, biomass energy is one of the renewable energy sources in Turkiye and in the world. Developing policies
and strategies that can provide simple, acceptable, applicable and effective solutions must utilize biomass
energy more efficiently and effectively. For example, it is extremely important to convert biomass into fuel form
and use it. In this study, the future of biomass energy in Turkiye and in the world was examined.
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1. Introduction

Energy consumption is an indicator of the development levels of countries and is indispensable for
individuals to live a comfortable life. The increase in energy consumption with developing technology and
increasing population poses a significant problem. The fact that fossil fuel resources are rapidly depleting and
causing irreparable damage to natural life and environment, threatens the lives of future generations. For this
reason, studies on utilizing renewable energy sources have gained greater importance in recent years. Although
the capacities of raw materials and energy resources are limited, the need for raw materials and energy is
constantly and rapidly increasing and it forces humanity to find new non-traditional resources. In addition to the
limited reserves of primary energy resources, increase in fuel price, population growth, industrialization, the
necessity of utilizing national resources, the negative effects of existing fuels on the environment and the
problem of climate change make necessary the use of renewable energy resources within the scope of new
energy technologies [1-4].

All natural substances of plant or animal origin, whose main components are carbohydrate compounds,
are defined as biomass energy sources, and the energy obtained from these sources is defined as biomass energy.
Biomass is also defined as all organic substances that can be renewed in less than a 100-year period, including
plants growing on land and in water, animal residues, food industry and forest products, and urban waste.
Biomass energy is perhaps the most important of the resources that can meet the increasing energy needs of the
world with its increasing population and industrialization, without polluting the environment and sustainably.
Biomass energy is used as heat, electricity and fuel for vehicles. Heat and electricity are obtained from biomass
by combustion (traditional and industrial methods) and indirect combustion methods. The use of biomass in
energy technology by producing alternative solid, liquid and gaseous biofuels equivalent to existing fuels is
achieved by direct combustion or by physical and chemical processes [5-8].

In recent years, factors such as rapid industrialization, population growth, urbanization and rising living
standards have increased energy consumption and led to rapid depletion of energy resources. As a result of all
these, biomass studies have been accelerated in the world to meet the energy deficit. Considering this great
potential as well as the positive economic and environmental characteristics of biomass, interest in bioenergy is
increasing. Biomass is an important energy source as it constitutes the fourth largest energy source in the world.
Many developed countries figure out the bioenergy as the main energy source of the future. They consider
bioenergy as one of the most important renewable energy sources of the future due to its great potential and
different social and economic benefits. Biomass can be used directly for heating and electricity purposes and can
be converted into solid, gaseous and liquid fuel. Industrial, agricultural and forest residues can be used as
biomass. In addition, energyproducing plants such as trees and sugar cane are produced only for the purpose of
being converted into energy [9-10]. In this study, the future of biomass energy in Turkiye and in the world was
examined.
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2. Definition and Technologies of Biomass Energy

Bioenergy means electricity and gas produced from organic substances, also known as biomass. Plants,
plant waste, food waste, and even sewage waste are included in this group. The Food and Agriculture
Organization (FAO) defines bioenergy as all energy derived from biofuel. In fact, it can be said that with the
discovery of fire, biofuel emerged in the form of wood. From this point onwards, humans have developed a
continuing relationship with what we know today as bioenergy. Bioenergy can be examined in two main
categories: traditional and modern. While traditional use refers to the burning of biomass in forms such as wood,
animal waste and traditional coal, modern bioenergy technologies include liquid biofuels produced,
biorefineries, biogas, wood pellet heating systems and other technologies [11-12].

The energy obtained from biomass resources is expressed as biomass energy. Biomass energy is used in
three basic areas: electricity, heat and mainly transportation purposes (Figure 1). Biomass products are generally
considered under two headings: traditional, i.e. first generation biomass with relatively lower efficiency; and
modern, i.e. secondgeneration bioenergy products with higher efficiency. Products considered within the scope
of traditional biomass are wood and charcoal, which are mostly used in developing countries, and animal waste
used in cooking, heating and lighting. Modern bioenergy products are basically evaluated in two categories:
production of liquid fuels used in transportation such as bioethanol and biodiesel and producing energy by
burning organic wastes in the presence or absence of oxygen through methods such as incineration, pyrolysis
and gasification [12,13].

Electricity

Biomass usage areas Heat

Transportation

Figure 1. Biomass energy usage areas

Biomass resources appear in almost every aspect of human lives. For example; wood, oilseed crops such
as sunflower and soybean, wheat straw, hazelnut shells, agricultural wastes, tea wastes, olive seeds and pulp,
waste papers, domestic organic wastes such as fruit and vegetable peels, herbs. Other plant wastes such as stems
and roots, mosses, marine algae, animal wastes, manure and industrial wastes, and wastewater treatment plant
sludge constitute sources of biomass. Electricity, heat and fuel production from biomass resources can be
achieved using many different technologies

. The resources selected for energy production are converted into an energy form suitable for the desired
technology by thermo-chemical or bio-chemical conversion methods (Figure 2).The fuels obtained after the
biomass conversion process are divided into three groups: solid, liquid and gas (Figure 3). In parallel with the
rapidly growing biomass sector, research and development of new technologies continues [12,14].

Direct incineration:Energy production by direct combustion of biomass resources is the most known and
widespread technology. It is suitable for use in production ranges up to 100 MW and above. Stock availability
and costs determine the size of the projectand affects their economic balance to a great extent. The main
components of direct combustion are steam boiler that produces steam at high pressure and at high temperature
and then turbines that use this steam in the process of generating electricity.Since direct combustion
technologies can produce electricity and heat simultaneously, they can work with the principle of cogeneration
system.

Gasification:Gasification is a method in which biomass is obtained as synthesis gas by a thermo-chemical
method. It is the most common method today.During the gasification process, approximately 85% of the energy
of biomass is converted into gas.can be converted. The mixture of gas obtained at the end of the gasification
process contains carbonmonoxide (CO) and hydrogen (H,). Certain amounts of substances such as methane
(CH,), carbondioxide (CO,), sulfurdioxide (SO,;) and ethylene (C,H,;) may be present depending on the
characteristics and chemical structures of the waste entering the gasification plant. These lower synthesis gas
components are burned in the later stages of the reaction and the remaining waste gases are discharged in the gas
washing systemand released into the atmosphere.In addition, the ash remaining after the combustion of waste
turns into biochar, which is a substance that may differ depending on the chemical properties of the incoming
waste.Gas produced after this point are used in combustion engines, micro-turbines, heat engines, gas turbines
and produces heat and power.
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BIOMASS
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* Urban wood wastes
* Wastewater
* Municipality solid wastes
* Food processing wastes
* Organic industry wastes

Figure 2. Traditional and modern biomass classification

* Forest and food wastes
* Agricultural wastes

* Field crops (grass, trees)
* Farm animal wastes

Pyrolysis:Pyrolysis, one of the gasification cycle techniques, is carried out by heating the biomass source at
400°C-650°C in an anaerobic environment.At the end of this process, low cost bio-oil (60%), synthesis gas
(20%) and biochar (20%) is formed. Bio-oil is an advantageous fuel in terms of its reprocessability, high energy
and ease of transportation. There exist many researches about the use of biochar and bio-oil in electricity and
heat production, it is currently not commercially available.

Anaerobic digestion:Anaerobic digestion is a biochemical conversion system which converts organic matter
into microorganisms in an anaerobic environment.Anaerobic digestion is mostly used in the process of
converting municipal solid waste into energy. The 50% to 65% of the biogas obtained consists of methane, the
remaining majority consists of carbon dioxide. The resulting gas can be burned in engines or turbines to produce
power and heat [14-16].

BIOMASS CONVERSION METHODS

Thermochemical conversion

* Direct incineration Biochemical conversion
* Gasification * Anaerobic digestion
* Pyrolysis

Figure 3. Biomass conversion methods

Renewable energy has become an indispensable part of the energy sector for various reasons, especially
energy supply security and reduction of greenhouse gas emissions. Renewable energy, which generally has a
higher initial investment cost compared to energy production investments based on fossil fuels and conventional
energy sources, is supported by the public through various mechanisms in most countries and in Turkiye.
Biomass, which constitutes approximately 10% of the world's total primary energy supply, is used for electricity
generation as well as for heating and transportation. In electricity production, biomass energy comes second
after wind among renewable energy sources, and solar energy based production comes third [17].

Biomass, which has been used traditionally and predominantly in domestic heating for centuries, has
begun to be used in transportation and electricity production. Although more than 70% of the primary energy
supply from biomass is currently used for domestic heating purposes, mainly in developing countries, it is
predicted that the share of biomass used for transportation and electricity generation, called modern biomass,
will increase in the coming period. According to World Energy Outlook, it is predicted that 8% of the fuels used
in transportation will be based on biomass by 2035.
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3. Importance of Biomass Energy

It is estimated that the bioenergy market is one of the markets with the highest employment potential
among renewable energy technologies. In the bioenergy market, which provided direct and indirect employment
opportunities to 1.4 million people in 2010, Brazil, the USA and the European Union region are at the top in
terms of employment. Especially in Brazil, due to low labor productivity, the sugar cane industry is the single
sector that employs the most workers. The increasing importance of biomass and biofuels obtained from
biomass is carefully evaluated by world countries and various investments are made in this regard. In the
European Union, targets have been set for 25% of energy consumption to be met by renewable energy in 2030
and 15% biofuel use in the transportation sector of each member country. 12 billion kWh of electricity is
obtained from 4078 biogas facilities in Germany. In Sweden, another EU member, 60% of the cars run on
biogas, and biogas has also been used in trains since 2005. Biogas is used in every area where natural gas is used
in Sweden, and it was aimed to abandon the use of natural gas in 2020. In addition, there are approximately
30,000 biogas facilities producing electricity in China, the country that invests the most in renewable energy in
the world.

The biogas sector in Turkiyeconsists of biogas production from garbage, from wastewater and facilities
of some industrial facilities and municipalities, primarily in the cities of Ankara, Istanbul, Bursa, Kayseri,
Gaziantep and Samsun. There are gasification and demonstration projects carried out by the Ministry of
Agriculture and Forestry in different regions of Anatolia and qualified biogas projectscarried out by the private
sector. In addition to the electricity obtained from the Ankaralandfill, the waste heat generated is used in the
greenhouses established on the landfill. Also, algae, which is an efficient biofuel raw material, is grown. Turkiye
has an area of 78 million hectares. It has a very rich ecological diversity and forests have an important place in
terms of species and composition. According to the findings, forest areas constitute approximately 28% of the
country's area. Treeless forest areas are not included in these areas.

The size and changes of forest areas were determined as 22,342,935 hectares (28.6% of the country's
total) in 2015, according to the forest inventory assessment results and years carried out so far. According to
these inventory results; it has been observed that there has been an increase of approximately 2.1 million
hectares in forest area in the last 42 years.Although the biodiesel sector was established in the early 2000s, it is
still a troubled sector. In recent years, more than 200 biodiesel plants have been established in Turkey, 56 of
which are licensed. Although the total capacity of the established biodiesel facilities is around 1.5 million tons,
it is known that many facilities have been closed due to the lack of domestic raw materials. However, very few
companies actively produce biodiesel from domestic agricultural products. The imported biofuel does not have
any added value to the country, even if it is imported in the composition of the fuel oil. It only supports the
farmers and economy of the importing country. In the bioethanol sector, the amount of bioethanol that had to be
blended with gasoline in our country in 2017 was approximately 162 million liters. It is aimed to create a
business volume of 2.8 million dollars in the service sector. The importance will be given to paving the way for
the use of biofuels produced with today's technology in our country by saving 130,000 tons of CO,, and to the
development of advanced generation biofuel technologies using non-food raw materials [10-14].

4. The Future of Biomass Energy

Turkey's strategic geographical location enables it to be an energy bridge between the oil and natural gas
producing areas in the Middle East and the Caspian Sea and the consumption market in Europe. The Strait of
Gibraltar transports Caspian oil to the European market; Baku-Tbilisi-Ceyhan (BTC) natural gas pipeline; the
first international pipeline carrying Caspian oil without passing through Russian territory; its location with the
Ceyhan port, where Northern Iraq oil is exported, makes Turkiye an important energy transfer country. Turkiye
has become a significant energy consumer in its own region with its growing economy. Energy types where
production does not meet demand are provided through imports. The largest share among the resources
imported from abroad is oil and natural gas.

According to Ministry of Energy and Natural Resources of Turkish Republic, the total economic energy
equivalent of our wastes that can be collected is approximately 3.9 MTEP/year. The installed power based on
biomass and waste heat energy is 2172 MW as of the end of June 2022, and its ratio in the total installed power
is 2.14%. Turkiye is a developing country with its rich agricultural potential. 70% of the cultivated land consists
of wheat in the first, barley in the second and corn in the third place. Industrial crops such as cotton, flax,
sesame seeds, soybean and poppy grow in Anatolia. Various types of the fruit grow in almost every part of the
country. As seen in the examples above, Turkiye has the possibility of various agricultural residues as a biomass
energy source [13,18].

Biogas, which is the product of anaerobic fermentation of animal waste, has an annual potential of 2.2
and 3.9 billion m* when all 1-2 million tons of waste can be used for biogas production. 85% of the biogas
potential comes from animal waste and the rest from landfill gas. The animal waste gas potential consists of

214 | Page www.ijlrhss.com



International Journal of Latest Research in Humanities and Social Science (IJLRHSS)
Volume 07 - Issue 03, 2024
www.ijlrhss.com || PP. 211-216

50% from sheep, 43% from cattle, and 7% from poultry. According to calculations, an average of 80-100 tons of
wet biomass (25-30 tons of usable dry biomass material) per hectare can be obtained from the Central Anatolia
Region. If the current biogas potential is evaluated, it is seen that it will correspond to approximately 3 million
tons/year of hard coal equivalent [19].

In addition to the wastes whose potentials are mentioned above, wastes such as methane gas (CH,),
domestic solid wastes, garden wastes, leather and textile industry wastes, paper industry wastes, food industry
wastes, wastewater treatment plants and various production processes of the manufacturing industry can also be
used as biomass energy. Considering all this potential data and the fact that when the biomass resource is
evaluated on-site, the loss rates will only be due to system efficiency, it can be said that biomass energy
resources are candidates to become the most important and sustainable energy source of the world in the coming
period.

It is observed that investments in biomass energy are increasing in developed countries of the world and
international communities such as the European Union, and its applications are becoming widespread in other
countries [20]. The countries that produces the most amount of biodiesel are; Germany, USA,Argentina, Brazil
and France. Also, the countries that produce the most bioethanol are; USA, Brazil, China, Canada. The
electricity production from biomass resources grew by 15% compared to 2012 and reached a power of 378
TWh. The USA, which produces electricity with biomass resources, comes first on the list with 67 TWh. The
USA is followed by the technology giant China, then Germany and Brazil. Although it is not included in the
installed capacity list, Japan is among the top five for biomass production. When we examine the annual growth
percentages of generating electricity with biomass between 2011 and 2019, China comes next with 25%. There
is Japan with 10.5%, and among these, Brazil is among the countries with the highest potential [20-22].

5. Conclusion

Energy, which is an indispensable part of human life, is one of the most discussed topics on the world.
Energy continues to be amost important factor in the economic and social development of countries and in
increasing social welfare. In the energy sector, which is a strategic field, it is a necessity to approach problems
from a strategic perspective. It is seen that energy strategies designed only to meet possible demand in the
energy sector will be insufficient and will not be compatible with widespread trends in the world.

The aim of energy policies should be to obtain uninterrupted, reliable, clean and cheap energy. In this
context, it is important for energy policies to increase the diversity of resources as well as to use the energy
offered for consumption efficiently. Nowadays, efforts to find new energy sources are increasing. Research
focuses on discovering new, economical and renewable energy sources, ensuring that renewable energy sources
are becoming more widespread day by day. Biofuels can be used as fuel for heat, electricity and vehicles, and
can also be used in internal combustion machines and turbines etc. Based on accessible statistical data, it
appears that biomass energy has a significant technical potential to be used in the world and in Turkey.

An important issue that needs to be noted regarding the use of bioenergy is the carbon released during
production. Emissions can be reduced in the future; carbon capture technologies should be developed. Replacing
fossil fuels with biofuels not only has the potential to reduce some of the undesirable aspects of fossil fuel
production and use, but demand for biofuels can also increase farm income. On the other hand, since many
biofuel raw materials require other resources such as land and water, research points out that biofuel production
may cause some undesirable effects. Potential disadvantages include changes in land use patterns that could
increase greenhouse gas emissions, pressure on water resources, air and water pollution, and rising food costs.

References

[1].  Atilgan, A., Krakowiak-Bal, A., Ertop, H., Saltuk, B., Malinowski, M. “The Energy potential of waste
from banana production: A Case Study of the Mediterranean Region”, Energies, 2023, 16, 5244,

[2]. Ugar, I.R., Ozer, Z., Saribiyik, O.Y. “Biyogaz Uretiminde Atiklarmn Verim Uzerine Etkilerinin
Arastirilmasi”, Cukurova University Journal of the Faculty of Engineering, 2021, 36(3), 581-589.

[3]. Awasthi, M.K., Sarsaiya, S., Wainaina, S., Rajendran, K., Kumar, S., Quan, W., Duan, Y., Awasthi,
S.K., Chen, H., Pandey, A., Zhang, Z., Jain, A., Taherzadeh, M.J. “A critical review of organic manure
biorefinery models toward sustainable circular bioeconomy: Technological challenges, advancements,
innovations, and future perspectives”, Renewable and Sustainable Energy Reviews, 2019, 111, 115-131.

[4]. Berglund, M., Borjesson, P. “ Assessment of energy performance in the life-cycle of biogas production”,
Biomass and Bioenergy, 2006, 30, 254-266.

[5]. Vasco-Correa, J., Khanal, S., Manandhar, A., Shah, A. “Anaerobic digestion for bioenergy production:
Global status, environmental and techno-economic implications, and government policies”, Bioresource
Technology, 2018, 247, 1015-1026.

215 | Page www.ijlrhss.com



International Journal of Latest Research in Humanities and Social Science (IJLRHSS)
Volume 07 - Issue 03, 2024
www.ijlrhss.com || PP. 211-216

[61.

[7]1.
[8].
[9].

[10].
[11].
[12].
[13].
[14].
[15].
[16].
[17].
[18].
[19].
[20].
[21].

[22].

Demir, B., Saglam, C., Cetin, N., Biiyiikkkilic Beyzi, S. “Mersin Ilinin Hayvansal Atiklardan Biyogaz ve
Elektrik Enerjisi Uretim Potansiyeli”, 3™ International Mediterranean Science and Engineering
Congress, 2018, Pages: 1589-1591, Paper ID:58

Maneein, S., Milledge, J.J., Nielsen, B.V., Harvey, P.J. “A Review of seaweed pre-treatment methods for
enhanced biofuel production by anaerobic digestion or fermentation”, Fermentation, 2018, 4, 100.
https://www.weforum.org/agenda/2020/02/climate-change-bioenergy-sustainability-environment,
accessed on February, 2024.

https://www.eesi.org/topics/bioenergy-biofuels-biomass/description, accessed on January, 2024.
https://www.epa.gov/environmental-economics/economics-biofuels, accessed on February, 2024.
www.fao.org, accessed on March, 2024.

www.iea.org, accessed on March, 2024.

www.enerji.gov.tr, accessed on March, 2024.
https://worldbioenergy.org/uploads/191129%20WBA%20GBS%202019 LQ.pdf, accessed on January,
2024,

Ladanai, S., Vinterback, J. “Global potential of sustainable biomass for energy”, SLU, Swedish
University of Agricultural Sciences, Rapport (Institutionen energi och teknik, SLU), 2009, 013.

Zhang, Q., Hu, J., Lee, D.J. “ Biogas from anaerobic digestion processes: Research updates”, Renewable
Energy, 2016, 98, 108-119.

Yunusoglu, P., Ozsoydan, F.B., Bilgen, B. “A machine learning-based two-stage approach for the
location of undesirable facilities in the biomass-to-bioenergy supply chain”, Applied Energy, 2024, 362,
122961.

www.bepa.enerji.gov.tr/, accessed on March, 2024.

Balat, M. “Use of biomass sources for energy in Turkey and a view to biomass potential”, Biomass and
Bioenergy, 2005, 29(1), 32-41.

Najafi, A., Acaroglu, H. “Current trend of bioenergy of biogas, biomethane, and hydrogen in developed
countries”, Microbial Biotechnology for Bioenergy, 2024, Pages 115-136.

Giwa, A.S., Ali, N., Ahmad, I., Asif, M., Guo, R.B., Li, F.L., Lu, M. “Prospects of China’s biogas:
Fundamentals, challenges and considerations”, Energy Reports, 2020, 6, 2973-2987.

Bond, T., Templeton, M.R. “History and future of domestic biogas plants in the developing world”,
Energy for Sustainable Development, 2011, 15, 347-354.

216 | Page www.ijlrhss.com


https://www.weforum.org/agenda/2020/02/climate-change-bioenergy-sustainability-environment
https://www.eesi.org/topics/bioenergy-biofuels-biomass/description
https://www.epa.gov/environmental-economics/economics-biofuels
http://www.iea.org/
http://www.enerji.gov.tr/
https://worldbioenergy.org/uploads/191129%20WBA%20GBS%202019_LQ.pdf
https://www.sciencedirect.com/journal/applied-energy
http://www.bepa.enerji.gov.tr/
https://www.sciencedirect.com/journal/biomass-and-bioenergy
https://www.sciencedirect.com/journal/biomass-and-bioenergy
https://www.sciencedirect.com/journal/biomass-and-bioenergy
https://www.sciencedirect.com/science/book/9780443141126

