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Abstract 
Today, biomass energy continues to be the main source of energy in many developing nations, particularly in its 
traditional forms, providing on average 35% of the energy needs of three-quarters of the world’s population. This rises to 
between 60 and 90% in the poorest developing countries. However, modern biomass energy applications are increasing 
rapidly both in the industrial and developing countries, so that they now account for 20–25% of total biomass energy use. 
On the other hand, biomass is the major source of energy in rural Turkey. Biomass is used to meet a variety of energy 
needs, including generating electricity, heating homes, fueling vehicles and providing process heat for industrial 
facilities. Biomass potential includes wood and animal and plant wastes. The total biomass energy potential of Turkey is 
about 33 million tons of oil equivalent (Mtoe). The amount of usable biomass potential of Turkey is about 17 Mtoe. The 
electrical production potential from bioenergy sources are 73 MW in 2014 and corporate income and represent more than 
360,000 jobs. This study shows that there is an important biomass energy potential for climate change mitigation and 
energy sustainability in Turkey. 
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1. Introduction 
 
Today, biomass energy continues to be the main 
source of energy in many developing nations, 
particularly in its traditional forms, providing on 
average 35% of the energy needs of three-quarters of 
the world’s population. This rises to between 60 and 
90% in the poorest developing countries. However, 
modern biomass energy applications are increasing 
rapidly both in the industrial and developing 
countries, so that they now account for 20–25% of 
total biomass energy use. For example, the USA 
obtains about 6% and Finland and Sweden 25% of 
their primary energy from biomass [1-6]. 
 
Today, there are 1.4 billion people around the world 
that lack access to electricity, some 85% of them in 
rural areas. Without additional dedicated policies, by 
2030 the number of people drops, but only to 1.2 
billion [1]. Some 15% of the world’s population still 
lack access, the majority of them living in Sub-
Saharan Africa. The number of people relying on the 
traditional use of biomass is projected to rise from 
2.7 billion today to 2.8 billion in 2030 [2]. It is 
estimated that household air pollution from the use of 
biomass in inefficient stoves would lead to over 1.5 
million premature deaths per year, over 4 000 per day 

[1]. 
 
Various types of renewable energy (RE) can supply 
electricity, thermal energy and mechanical energy, as 
well as produce fuels that are able to satisfy multiple 
energy service needs. Some RE technologies can be 
deployed at the point of use in rural and urban 
environments, whereas others are primarily deployed 
within large energy networks. Though a growing 
number of RE technologies are technically mature 
and are being deployed at significant scale, others are 
in an earlier phase of technical maturity and 
commercial deployment or fill specialized niche 
markets [1-6].  
 
Bioenergy can be produced from a variety of biomass 
feedstocks, including forest, agricultural and 
livestock residues; short-rotation forest plantations; 
energy crops; the organic component of municipal 
solid waste; and other organic waste streams (see 
Table 1). Through a variety of processes, these 
feedstocks can be directly used to produce electricity 
or heat, or can be used to create gaseous, liquid, or 
solid fuels [6]. The range of bioenergy technologies 
is broad and the technical maturity varies 

Journal of Engineering Research and Applied Science 
Available at www.journaleras.com 
Volume 6 (1), June 2017, pp 522-529 
ISSN 2147-3471 © 2017 

 

 



Journal of Engineering Research and Applied Science Volume 6(1), June 2017, pp 522-529 

523 
Kara et al / Current state and future prospects of biomass energy in Turkey 

substantially. Some commercially available 
technologies include small- and large-scale boilers, 
domestic pellet-based heating systems, and ethanol 
production from sugar and starch [3]. Advanced 
biomass integrated gasification combined-cycle 
power plants and lignocellulose-based fuels are 

examples of technologies are at a pre-commercial 
stage [3-5]. Bioenergy technologies have applications 
in centralized and decentralized settings, with the 
traditional use of biomass in developing countries 
being the most widespread current application. 

 
Table 1. Overview of the global potential of bioenergy supply 

 Technical 
otential 

Biomass category in 2050 (EJ/yr) 
Energy crop production on surplus agricultural land 0-700
Energy crop production on marginal land <60-110
Agricultural residues 15-70
Forest residues 30-150
Dung 5-55
Organic wastes 5-50
Total <60 - >1100 

 
2. Biomass for sustainable energy development 
 
2.1. Traditional and modern uses of biomass 
energy 
Biomass energy is readily obtained from wood, 
twigs, straw, dung, agricultural residues, etc. 
Biomass is burnt either directly for heat, or to 
generate electricity, or can be fermented to alcohol 
fuels, anaerobically digested to biogas, or gasified to 
produce high-energy gas. Along with agricultural 
expansion to meet the food needs of increasing 
populations, the overuse of traditional biomass 
energy resources has led to the increasing scarcity of 
hand-gathered fuelwood, and to the problems of 
deforestation and desertification. Even so, there is an 
enormous untapped biomass potential, particularly in 
the improved utilization of existing forest and other 
land resources and in higher plant productivity [3, 4]. 
 
2.2. Energy efficiency 
Biomass in its ‘raw’ form is often burnt very 
inefficiently, so that much of the energy is wasted. 
For example, where fuelwood is used for cooking in 
rural areas, the per capita use of energy is several 
times greater than when gaseous or liquid fuels are 
used, and is comparable with per capita energy use in 
automobiles in western Europe. Energy planners 
should consider the application of advanced 
technologies to convert raw biomass into modern, 
convenient energy carriers such as electricity, liquid 
or gaseous fuels, or processed solid fuels, in order to 
increase the energy that can be extracted from 
biomass [4]. 
 
2.3. Multiple uses 
In addition to food and energy, biomass is a primary 
source of many essential daily materials. The 

multiple uses for biomass are summarized as the six 
‘fs’: food, feed, fuel, feedstock, fibre and fertilizer. 
Biomass products are frequently a source of a 
seventh ‘f ’ – finance. Because of the almost 
universal, multipurpose dependence on biomass, it is 
important to understand interrelations between these 
many uses, and to determine the possibilities for 
more efficient production and wider uses in future. 
The success of any new form of biomass energy 
probably depends on the use of reasonably advanced 
technology. It is therefore important to investigate 
the potential for biomass in the form of modern 
biofuels powering gas turbines and as alcohol fuels, 
for example [4]. 
 
2.4. Land management 
The optimum sustainable production and use of 
biomass is, ultimately, really a problem of land 
management. New and traditional agricultural agro-
forestry and intercropping systems maximize energy 
and food production. At the same time these systems 
diversify land use by producing ancillary benefits 
such as fodder, fertilizers, construction materials and 
medicines, etc. while at the same time increasing 
environmental protection by, for example, 
maintaining soil fertility and structure under long-
term cultivation. Large-scale energy plantations 
require also that a country or region has a policy on 
how to use its land. Such a policy would go far 
beyond energy to include policies on food production 
and prices, land reform, food exports and imports, 
tourism and the environment. Lack of such integrated 
policies often gives rise to conflicts between land use 
for fuel, food and for other uses, which can result in 
the indiscriminate clearing of forests and savannah 
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for agricultural expansion [4]. 
 
2.5. Environmental factors 
The sustainable production and conversion of plants 
and plant residues into fuels offers a significant 
opportunity for alleviating the pressure on forests and 
woodlands for use as fuel. Along with agricultural 
clearances, these pressures have been the major 
threats to forest and tree resources, wetlands, 
watersheds and upland ecosystems. Biomass fuels 
also have an important role to play in the mitigation 
of climate change. Using modern energy conversion 
technologies it is possible to displace fossil fuels with 

an equivalent biofuel. When biomass is grown 
sustainably for energy, with the amount grown equal 
to that burned for a given period, there is no net 
build-up of CO2, because the amount of CO2 released 
in combustion is compensated for by that absorbed 
by the growing energy crop. Ever-pressing 
environmental concerns over devegetation and 
deforestation, desertification, and the role of CO2 in 
climate change emphasize it is crucial that we move 
to the sustainable and efficient use of biomass energy 
both as a traditional fuel and in modern, carbon-
neutral commercial applications [1, 4]. 

 
3. Biomass potential in Turkey 
 
The main indigenous energy resources are hydro, 
mainly in the eastern part of country, and lignite. 
Turkey has no big oil and gas reserves. Almost all oil 
and natural gas imported, as is high-quality coal. 
Turkey also has a large potential for renewable 
energies and geographic location has several 
advantages for extensive use of most of the 
renewable energy sources [7-9]. In recent years, 
many attempts have been made to utilize biomass, 

such as wood, hazelnut shell, agricultural waste 
residues, waste paper and wheat straw, tea waste and 
olive husk for energy production. Among the 
biomass energy sources fuelwood seems to be the 
most interesting because its share of the total 
production of Turkey is high at 20% and the 
techniques for converting it to useful energy are not 
necessarily sophisticated. Figure 1 shows Turkey’s 
total biomass potential [16]. 

 

 
Figure  1. Turkey’s  total biomass potential. Source: Ref. [38] 

 
The consumption of forest biomass compared to total 
energy has slightly decreased from 22 to 14 % during 
the last decade because the consumption of liquefied 
petroleum gases (LPG) is increasing continously [7-
9].  Domestic energy consumption accounts for 27 % 
of the total energy consumption and about 35 % are 
biomass-based fuels [10]. Traditional fuels 
predominate in rural areas; almost all biomass energy 
is consumed in the household sector from meeting 
the heating, cleaning and cooking needs of rural 
people [11, 12]. According to the Turkish Statistical 
Institute (TUIK), total recoverable bio-energy 
potential of the country for 2013 is estimated to be 
about 33 Mtoe as shown in Table 2. Turkey’s 

installed bioenergy capacity for electricity generation 
is given in Table 3. 
 
Various agricultural residues such as grain dust, 
wheat straw and hazelnut shell are available in 
Turkey as the sources of biomass energy [14-26]. 
Approximately 3.4 x 107 tons of wheat straw was 
produces annually in Turkey [25]. The straw is 
disposed of in the fields either by burning or 
sometimes by ploughing it back into the soil. 
Because the higher heating value of straw is about 
1/2 that of high-grade coal (its higher heating value is 
about 28 MJ/kg), the surplus straw is equivalent to 
about 2.1x107 tons [26]. The hazelnut shell is a 
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potentially important energy source and the amount 
produced annually in Turkey is estimatedto be about 
3.5 x 105 tons [25]. The higher heating value of 
hazelnut shell is 19.2 MJ/kg and its calorific value is 
equivalent to about 1.9 x 106 kWh [26]. These 
agricultural residues can be converted to hydrogen-
rich gaseous products by the steam gasification 

method [3-5]. Classic biomass is obtained from 
coventional sources and methods [27-38]. Modern 
biomass is obtined in sustinable manner from 
renewable sources. Table 6 gives the classic and 
planned modern biomass energy production in 
Turkey [18-20]. 

 
Table 2. Turkey’s annual biomass energy potential in 2013 

 Annual potential Energy value 
Biomass (million tons) (Mtoe) 
Crops 60 20.0 

Forest residues 20 5.4
Residues from agro-industry 10 3.0
Residues from wood industry 5 1.6

Animal wastes 6 1.4
Other 9 1.6
Total 110 33.0 

 
Table 3. Turkey’s bioenergy installed capacity in 2013 (MW) 

 Licence Under 
construction 

In production Total 

 Number (MW) (MW) (MW) 
Biogas 14 13.8 8.4 22.2 

Biomass 3 17.4 1.8 19.2 
Municipal waste 7 2.0 38.2 40.2 
Total bioenergy 24 33.2 48.4 81.6 

 
 
Biogas production potential in Turkey was estimated 
to be around 1.5-2.0 Mtoe. However, since the share 
of the renewable energy in energy production is so 
low, the possible contribution of biogas to this share 
can also be ignored. Preliminary research activities 
using pilot-scale plants were initiated by the Ministry 
of Energy and Natural Resources (MENR). These 
preliminary investigations covered production of 

biogas only from animal manure. However, these 
activities were somehow terminated in 1987. 
Besides, no research activity was encountered on 
production of biogas from agricultural residues 
and/or energy crops. There also exists not much data 
in literature about applications of biogas technology 
in Turkey as well [7-9; 16-18; 31-35]. 

 
Table 4.Present and planned biomass energy production in Turkey 

 Modern biomass Classic biomass Total 
Years (ktoe) (ktoe) (ktoe)
2012 2121 5364 7485
2014 2543 5082 7625
2016 2854 4856 7710
2018 3284 4568 7852
2020 3598 4234 7832
2022 3860 3976 7836
2024 4086 3785 7871
2026 4472 3556 8028
2028 4732 3322 8054
2030 4940 3300 8240
Total  39840 53773 93613

 
Biogas, which is the anaerobic fermentation product 
of animal dung, has a potential between 2.2 and 3.9 
billion m3 per year, corresponding to 1-2 million 
tons, provided that all dung is used for biogas 

production [31]. Around 85 % of the total biogas 
potential is from animal dung, and the remainder is 
from lanfill gas. Production of biogas from different 
types of biomass offers a great opportunity to reduce 
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CO2 emissions and therefore to protect the 
environment. Turkey has theoretically the capability 
to produce biogas from biomass sources, as long as 
legislation procedures for production and conversion 
of biogas have specifically been identified and 
implemented [16]. Technological and infrastructural 
constraints, which may particularly be encountered in 
rural areas, can be overcome by involvement of both 
state agencies and private sector together [31]. It is 
also obvious that more research activity should be 
conducted about applications of biogas technology in 
Turkey, considering the country specific conditions 
[31-33]. 
 
Biomass available for energy can be converted to 
different types of final energy, e.g. power 
(electricity) and heat (charcoal); of these, production 
of electricity appears to be particularly important 
[30]. In our homes, we burn wood in stoves and 
fireplaces to cook meals and warm our residences. 
Wood is the primary heating fuel in 6.0 million 

homes in rural region of Turkey [32]. Use of biomass 
is a very sensitive matter because of the potential 
financial impact in Turkey where forest wastes or 
wastes from wood-processing industries such as 
lumber and furniture factories, could be used 
profitably in local boilers. Agricultural and municipal 
solid wastes, as energy sources are available 
economically in Turkey [16].  
 
In Turkey, electrical production from biomass, 
primarily wood is about 10 GW for 2009, and 
biomass electrical-generating capacity will have 
grown to approximately 50 GW in 2030. At this 
capacity level, the economic benefits are estimated to 
be 6.4 billion USD in personal and corporate income 
and 360,000 jobs [7, 9]. Figure 2 shows trends in 
electricity generation from renewable energies in 
Turkey [19]. As shown in Figure 2, after the wind 
and hydropower, the third renewable electricity 
generation capacity will be obtained from biomass in 
the near future for Turkey. 

 

 
Figure 2. Trends in electricity generation from renewables in Turkey. Source: Ref. [9] 

 
Direct combustion in Turkey for many years has used 
fuelwood, animal wastes, agricultural crop residues 
and logging wastes [16]. These sources are often 
called non-commercial energy sources, but in 
Turkey, fuelwood is a tradable commodity, since it is 
the primary fuel in rural and urban poor districts [30-
36]. One alternative for producing electricity from 

biomass in a gas turbine is direct combustion of 
biomass as a primary energy source. Biomass is 
burned directly to produce steam; the steam turns a 
turbine and the turbine drives a generator, producing 
electricity [33]. Because of potential ash build-up 
only certain types of biomass materials are used for 
direct combustion [16]. 

 
4. Proposed methods
 
Many studies have demonstrated that just minor 
technology improvements could increase the 

efficiency of biomass energy production and use 
significantly, maintain high productivity of biomass 
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plantations on a sustainable basis and mitigate 
environ- mental and health problems associated with 
biomass production and use. The main technology 
options are summarized in Table 10, and are 
described below. Each technology has its own 
advantages according to the biomass source and form 
of energy requirement [22, 23].  
 
Combustion technologies produce about 90% of their 
energy from biomass, converting biomass fuels into 
several forms of useful energy, e.g. hot air, hot water, 
steam and electricity [33]. Commercial and industrial 
combustion plants can burn many types of biomass 
ranging from woody biomass to municipal solid 
wastes [7-10]. The simplest combustion technology 
is a furnace that burns the biomass in a combustion 
chamber. Biomass combustion facilities that generate 
electricity from steam-driven turbine generators have 
conversion efficiency between 17 and 25%. 
Cogeneration can increase this efficiency to almost 
85%. Large-scale combustion systems use mostly 
low-quality fuels, while high-quality fuels are more 
frequently used in small application systems. The 
selection and design of any biomass combustion 
system is primarily depend on the characteristics of 
the fuel, the environmental constraints, and the cost 
of equipment and the size of the plant. The reduction 
of emissions and efficiency are the main goals. There 
is an increasing interest in wood-burning appliances 
for heating and cooking [33]. Domestic wood-
burning appliances include fireplaces, heat-storing 
stoves, pellet stoves, central heating furnaces and 
boilers. There are various industrial combustion 
systems available broadly speaking, can be defined 
as fixed-bed combustion, fluidized bed combustion 
and dust combustion [34].  
 
The increasing interest in pyrolysis stems from the 
multiple products obtainable from the technology. 
For example, liquid fuels that can easily be stored 
and transported, and the large number of chemicals 
that offer possibilities for increasing revenues. A 
considerable amount of research has gone into 
pyrolysis in the past decade in many countries [3, 4]. 
Any form of biomass can be used, although cellulose 
gives the highest yields at around 85–90 wt% 
(weight) on dry feed. Liquid oils obtained from 
pyrolysis have been tested for short periods on gas 
turbines and engines with some initial success, but 
long-term data is still lacking [4]. 
 
Gasification is one of the most important research, 
development and demonstration areas in biomass for 
power generation as gasification is the main 
alternative to direct combustion [3]. Gasification is 

an endothermal conversion technology in which a 
solid fuel is converted into a combustible gas. The 
importance of this technology lies in the fact that it 
can take advantage of advanced turbine designs and 
heat-recovery steam generators to achieve high 
energy efficiency. Gasification technology is not 
new; the process has been used for almost two 
centuries [4].  
 
Global changes in the energy market, particularly 
decentrali- zation and privatization, have created new 
opportunities and challenges for both renewable 
energy in general and bioenergy in particular. 
Experiments in market-based support are changing 
the way we look at energy production and utilization. 
It is notoriously difficult to forecast long-term energy 
demand. However, it seems clear that demand will 
continue to grow. Globally there is a growing 
confidence that renewable energy in general is 
maturing rapidly in many areas of the world and not 
just in niche markets. It is important to recognize that 
the development of biomass energy will largely be 
dependent on the development of the renewable 
energy industry as a whole, as it is driven by similar 
energy, environmental, political, social and 
technological considerations [1, 2, 6].  
 
In the 2000s, improvements in renewable energy 
allowed the technology to meet emerging market 
opportunities [5, 11]. This opportunity was very 
much linked to the growing concern about climate 
change and the environment. It is essential that 
biomass energy is integrated with existing energy 
sources and thereby able to meet the challenges of 
integration with other renewable energy and fossil 
fuels. For bioenergy to have a long-term future, it 
must be produced and used sustainably to 
demonstrate its environmental and social benefits in 
comparison to fossil fuels. The development of 
modern biomass energy systems is still at a relatively 
early stage. In addition, the development of biomass 
energy should be more closely integrated with other 
renewable technologies and with local capacity 
building, financing and the like [4-6]. 
 
 In the future, biomass has the potential to provide a 
cost-effective and sustainable supply of energy 
provided that the private and public sectors. It is 
ensure that harvesting biomass residues and growing 
bioenergy crops are sustainable, and the production 
of bioenergy and biofuels are environmentally 
benign, while at the same time aiding countries in 
meeting their GHG reduction targets [4]. In the short 
to medium term, biomass is expected to dominate 
energy supply. For the generation of electricity and 
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heat, while using advanced combustion technology, organic wastes can be used as modern biomass [1-6]. 
 
5. Conclusion 
 
Today, biomass energy continues to be the main 
source of energy in many developing nations, 
particularly in its traditional forms, providing on 
average 35% of the energy needs of three-quarters of 
the world’s population. This rises to between 60 and 
90% in the poorest developing countries. However, 
modern biomass energy applications are increasing 
rapidly both in the industrial and developing 
countries, so that they now account for 20–25% of 
total biomass energy use. For example, the USA 
obtains about 5% and Finland and Sweden 25% their 
primary energy from biomass. Biomass energy is not 
a transition fuel as it has often been portrayed, but a 
fuel that will continue to be the prime source of 
energy for many people.  
 
Turkey is a developing country with rich biomass 
potential. Because Turkey is an energy important 
country, indigenous energy sources of Turkey are of 
strategic importance. Limited sources of petroleum-
based fuel made the subject of producing quality 
energy and productive usage of it an important point 
for Turkey. Amoung the renewable energy sources, 

fuelwood seems to be the most interesting because its 
share of the total energy production of Turkey is 
high, at 10 % in 2008 and the techniques for 
converting it to useful energy are not necessarily 
sophisticated.  
 
Due to some technological and economical 
consequences, renewable energy resources have wide 
applications neither in the world nor in Turkey at 
present. Biomass can be used to meet a variety of 
energy needs, including generating electricity, 
heating homes, fueling vehicles and providing 
process heat for industrial facilities. The future of 
biomass electricity generation lies in biomass 
integrated gasification/gas turbine technology, which 
offers high-energy conversion efficiencies. The 
electricity produced by direct combustion of 
biomass, advanced gasification and pyrolysis 
technologies are almost ready for commercial scale 
use. A supplementary firing of biomass in steam-
electric power plants may, under certain 
circumstances, prove to be economically feasible.
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