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Abstract. Biomass energy is obtained from biomass sources consisting of plant and animal origin elements.
Biomass refers to all organic matter existing in the biosphere, whether of plant or animal origin, and materials
obtained through their natural or artificial transformations. Technological advances can significantly increase
the efficiency of biomass energy production and use. Bioenergy production involves some environmental risks
that need to be carefully considered and managed. In order to avoid some risks and not to endanger biodiver-
sity, practices aimed at protecting the environment are used while producing bioenergy. In this article, we
wanted to draw attention to the possible environmental effects of biomass production technologies. For this
purpose, two different biomass production technologies that are still production test (Salihli and Turgutlu
Biomass Power Plant) were examined. The usage areas of these Biomass Power Plants (BPPs) were examined
and it was aimed to reduce the possible effects on the environment and to minimize the concerns of the society.
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1 Introduction

Biomass is the world’s fourth-largest energy source, follow-
ing coal, oil, and natural gas [1]. In light of rising fossil fuel
prices, the energy supply-demand imbalance, energy secu-
rity, environmental concerns, and the need to reduce green-
house gas emissions, biomass as a source of energy has
emerged as a critical and intriguing topic [2, 3]. According
to a projection by the World Energy Council, bioenergy will
account for 25% to 33% of global energy supply by 2050 [4].
As bioenergy production methods evolve and technologies
advance, biorefineries will be able to create a varied range
of food and animal-based products. The land footprint
linked with individual items becomes less relevant and more
difficult to identify. Biomass is a carbon carrier that may be
utilized to make bioenergy and is considered one of the most
plentiful and available wastes [5]. Raw biomass, on the
other hand, is less attractive due to a number of limitations,
including high moisture content, low energy density,
hydrophilicity, and high alkali content, all of which make
transportation, storage, and use of the biomass difficult
[6]. Thermochemical and biochemical conversion technolo-
gies [7], such as pyrolysis [8, 9], gasification [10], hydrother-
mal carbonization, and anaerobic digestion are used to
tackle these barriers. Because of their lower temperatures
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and ability to cope with high moisture content biomass,
anaerobic digestion and hydrothermal carbonization are
highly considered among these technologies. Microorgan-
isms break down biodegradable material in the absence of
oxygen in anaerobic digestion, which is a set of activities.
Biogas, a mixture of methane, carbon dioxide, and traces
of other gases, is the principal byproduct of anaerobic diges-
tion [11]. Digestate is a by-product of anaerobic digestion
that comprises of leftover indigestible material and dead
microorganisms, in addition to biogas. Biomass can also
be burned directly to generate energy. Although thermo-
chemical (like hydrothermal carbonization) and biochemi-
cal (like anaerobic digestion) processes have received a lot
of attention in recent years, direct combustion (where raw
biomass is burned in excess air to produce heat) is perhaps
the most straightforward way to convert biomass to bioen-
ergy [12-14]. As a result, the suggested biomass-to-bioe-
nergy conversion systems should be compared against
direct burning. It is estimated that Turkey’s biomass waste
potential is approximately 8.6 million tons of oil equivalent
(MTEP) and the amount of biogas that can be produced is
1.5-2 MTEP. According to the Biomass Energy Potential
Atlas (BEPA) data prepared by the Ministry of Energy
and Natural Resources to determine the biomass energy
potential, the total economic energy equivalent of our waste
is around 3.9 MTEP /year [15]. As of the end of December
2020, the installed power based on biomass energy, which is
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Fig. 1. Energy production methodology in BPPs.

also commonly employed in electricity generation, was
1485 MW (369 MW of which is waste heat), with a
1.80% share of total electricity output. In recent years,
the number of BPPs in our country and their share in elec-
tricity production have been increasing rapidly. According
to the February 2021 statistics of the Chamber of Electrical
Engineers, the share of BPPs in electricity generation is
around 1.5% in our country. According to the Energy Atlas
data, there are still 199 biomass sourced power generation
plant in Turkey. In this article, we would like to draw atten-
tion to the importance of biomass production technologies
in energy production. For this purpose, two different bio-
mass production technologies that are still production test
(Salihli and Turgutlu BPPs) were examined. The usage
areas of these BPPs were examined and it was aimed to
minimize the possible effects on the environment and to
minimize the concerns of the society. The flowchart below
shows the step-by-step process for energy generation in
BPPs (Fig. 1).

2 Material and methods
2.1 Biomass energy technologies

Biomass can be converted to energy in a variety of ways.
Biomass energy conversion technologies include thermo-
chemical processes such as pyrolysis, gasification, and com-
bustion, as well as biological processes such as fermentation,
anaerobic digestion, and biophotolysis. Depending on the
biomass source and the type of energy obtained, each of
these processes has its own set of benefits. Biomass energy
could be a primary energy source in the future if modern
technologies are used to convert biomass and energy con-
version efficiency is maintained. Thermochemical conver-
sion techniques applied to biomass are generally thought
to be environmentally friendly (as CO, neutral and pollu-
tant emissions are very low when compared to coal) eco-
nomical [16, 17]. Thermochemical conversion technologies

are usually regarded as both environmentally and econom-
ically sound [18, 19], as biomass is CO5 neutral and emits
fewer pollutants than coal. Burning biomass fuels, burning
fossil fuels, volatile organic compounds, particulate matter,
carbon monoxide (CO), and carbon dioxide (COs) are all
examples of potentially dangerous pollutants (COs). COq
is a greenhouse gas that is one of the most significant con-
tributors to global warming and climate change [20, 21].

2.2 Study area and biomass collection

The research was carried out in the districts of Salihli and
Turgutlu in Manisa province, Turkey’s Gediz River Basin
(GRB) (Fig. 2). Manisa province that has an important
place in the country’s economy and where most of the elec-
tricity consumption in Turkey takes place. There are
geothermal and hydroelectric power plants in the region.
In the past, due to the continuous increase in the amount
of electricity consumption in the Manisa province, existing
power plants and transmission lines were insufficient, and
as a result, unscheduled power cuts were experienced due
to overloads. Considering that these interruptions cause
very important production losses and quality deterioration
in the industry and great damage to the facilities, many dif-
ferent power plants (geothermal, wind and solar) under
construction in the region. The aim here is to provide clean
and safe energy to the province of Manisa. In addition,
Manisa province is in a very good position compared to
the country in general in terms of animal and plant produc-
tion values. It is in a very good position both in the country
and in the world, especially in the production of grapes.
However, it is also important in terms of olive and olive
oil production. In addition, the province is in a very good
position in terms of livestock value and the poultry produc-
tion value of the province is quite good. In this respect, it is
necessary to take measures that will not damage the fertile
agricultural lands of the province during the expansion of
the industry, which is quite strong, and the intensification
of energy production activities.
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Fig. 2. Location map of the study area.

3 Biomass conversion techniques of Salihli
and Turgutlu BPPs

Among all renewable energy sources, biomass energy has
the potential to cause a wide variety of environmental
and social aspects (positive and negative) related to the
location of the land where the biomass raw material is
obtained, the type of raw material and the process used
in the power plant. Salihli and Turgutlu BPPs, which have
two different biomass conversion techniques, were exam-
ined in this context. Because both methods are suited for
decentralized biomass utilization, combustion and anaero-
bic digestion have been proposed as possible conversion
pathways for lignocellulosic Low-Input High-Diversity
systems biomass [22-28]. In current studies on the use of
chicken, cattle manure and agricultural waste biomass,
the focus is on combustion [29, 30] or ethanol production
[31] in Salihli BPP. The other method, anaerobic digestion,
will be used in the Turgutlu BPP.

3.1 Salihli BPPs

Salihli BPP technology is based on the production of steam
by burning raw materials (chicken manure and agricultural
waste) (Figs. 3a and 3b). The process of releasing heat as a
result of combustibles burning in the presence of air or oxy-
gen is known as combustion. This is the most basic way for
converting biomass into energy. Combustion is used for
space heating in its most basic form, but it can also be
utilized to heat steam for power generation. The hot steam

from the 79.649 tons of waste incineration process will be
transferred to the steam turbine (and the generator con-
nected to the turbine) to generate 10 MWe of electricity.
The power plant is expected to produce 70 GWh of energy
annually. With the energy it produces, it will meet the elec-
tricity needs of approximately 30.286 households and pre-
vent the emission of 26.670 tons of carbon dioxide per
year. It is planned to transport the chicken litter to be used
as a waste source in the operation phase of the Salihli BPP,
which is currently in the testing phase, from the districts
with the highest chicken manure production and to obtain
it economically from the surrounding districts. It is planned
to use 186.880 tons/year (560 tons/day) of waste in the pro-
ject. The facility will be operational for 8000 h/year, provid-
ing electricity generation and waste disposal. In this
context, wastes will be obtained from the surrounding pro-
vinces and districts close to the region. In the process of col-
lecting waste from chicken farms in the region, the wastes
will be collected by the appropriate covered, impermeable
and odor-proof vehicles belonging to the project owner
and/or the transportation company to be contracted and/
or the subcontractor of the transportation company, and
will be transported in accordance with the requirements
of the relevant legislation. In the power plant to be operated
within the scope of the project, chicken manure, agricul-
tural wastes and other wastes will be burned in a circulating
fluidized bed boiler to produce superheated steam and elec-
trical energy will be generated from this steam by means of
a steam turbine and a generator connected to it. The gen-
erated energy will be transferred to the national electricity
grid via the switchgear system. The electricity produced will
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Fig. 3. View of the Salihli BPP (a), (b).

(@)

Fig. 4. View of the Turgutlu BPP (a), (b).

be delivered to the medium voltage line and delivered to the
interconnected network. In addition, with the establish-
ment of the said facility, the chicken facilities’ litter and
especially organic materials in the region will be taken to
the facility and disposed of.

3.2 Turgutlu BPP

Turgutlu BPP, which is still in test production,
46,800 m*/day (107.95 tons/day) biogas is obtained in an
oxygen-free environment by using 591.5 tons/day of raw
materials (chicken and bovine manure) to be supplied to
the facility, and electrical energy (4.503 MWe) from the
obtained biogas and heat energy (4.473 MWt) is planned
to be produced (Figs. 4a and 4b). Also; As a result of the
fermentation process in an oxygen-free environment at
the facility, liquid fermented product (1.043 tons/day)
and 21.6 tons/day solid fermented product are obtained

(b)

after performing the hygiene processes. In this respect; with-
in the scope of the planned activity, bovine manure and
chicken manure to be used as raw material is not burned
in boilers, but fermented products are obtained as a result
of biomethanization processes from raw materials in anaer-
obic digestions. Therefore, due to the characteristics of the
selected bioenergy production technology, it is estimated
that there will be no dust emission or gaseous emission that
will affect agriculture and animal husbandry. The water
needed within the scope of the project is met from ground-
water wells.

4 Potential environmental impacts of BPP

In the Salihli BPP, which is in the testing phase, production
test is carried out with the combustion process. On the
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other hand, in the Turgutlu BPP, production test is carried
out by anaerobic digestion process. It has been understood
that raw materials (chicken and bovine manure), location
and agricultural wastes in production test have significant
effects on harvest time and energy efficiency. The dry mat-
ter yield and ash content, as well as the substrate-specific
methane yield for anaerobic digestion and moisture content
for combustion, dictate this for both. It has an impact on
biomass quality in raw products, in addition to harvest time
(chicken, bovine manure and agricultural waste). Incinera-
tion is best for raw materials with low moisture, ash, and
critical element content at harvest, while anaerobic diges-
tion is best for raw materials with low lignification and
digestibility.

4.1 Land use

Bioenergy production involves some risks that need to be
carefully managed and carefully managed in terms of land
use. Changes in land use, such as the destruction of agricul-
tural land to create space for energy production, can reduce
the benefits of bioenergy use while causing some downsides.
Manisa province, located in the GRB, is an important agri-
cultural and industrial center. Total irrigable land size is
110,000 ha. The main agricultural products in the basin
are grapes, cotton, corn and olive. Apart from these three
products, which make up approximately 90% of the culti-
vated areas, fruit, vegetables, cereals, etc., are grown in
the basin, such crops are also planted; however, the total
cultivation rates of these crops throughout the basin remain
in small percentages. Due to the climatic characteristics of
the basin, agriculture depends on irrigation. Large amounts
of water and land are required to implement a significant
biomass energy generation program. Horticulture is a huge
water user, requiring several orders of magnitude more
water per hectare than is required for home and industrial
purposes. Today, in many watersheds and areas such as
the GRB, it is seen that products with high water needs
are grown intensively. This type of agricultural production,
which is not suitable for the climatic conditions of the
regions, causes the destruction of limited water assets and
water-dependent habitats, while causing great damage to
production in the medium and long term. While water scar-
city reduces crop yields, rural migration is increasing in
many basins with decreasing crop productivity. The use
of groundwater in Salihli and Turgutlu BPP is considered
to be a significant disadvantage.

4.2 Soil quality

The GRB is one of the locations in Western Turkey where
agricultural activity is significant. Erosion and soil deterio-
ration have long been major issues in the basin’s agricul-
tural areas. The use of agricultural products or chicken
and bovine manure for bioenergy production can bring risks
of lower soil quality and depletion of beneficial nutrients in
the soil. On the other hand, the positive effect of waste
treatment on soil quality is its use as fertilizer. The use of
suitable biomass raw materials with sustainable practices
in the GRB can contribute to the rehabilitation of degraded
lands and this can increase soil quality. It can be said

that the environmental risks and potential benefits of bioen-
ergy production differ according to factors such as raw
materials, management system, technology used and oper-
ating region.

4.3 Greenhouse gas emissions

The production of biomass is simply one aspect of biomass-
based energy systems; the conversion of biomass to usable
energy is a second and equally significant aspect. Direct
combustion and pyrolysis are two of the most extensively
utilized biomass conversion processes. It is now widely
acknowledged that using biomass in this way produces
not just greenhouse gas emissions but also several highly
hazardous air pollutants [21]. One of the most essential con-
cepts examined in bioenergy production is the reduction of
greenhouse gas emissions. Because of their vast quantities
and diverse production methods, CO, and N,O are two of
the most important greenhouse gas emissions [32, 33]. Many
studies have shown that net CO5 emissions from the direct
use of biofuels are significantly lower than those from the
use of fossil fuels [32, 34, 35]. Liu et al. [36] calculated that
substituting fossil fuel with switch grass will reduce COq
emissions by 29 million tons COs-eq per year on marginal
land. Greenhouse gas emission unlike fossil-based systems,
bioenergy production and use is generally considered to be
“carbon neutral,” as the growth and decay of biomass is part
of a natural cycle. Although the evaluations show that
bioenergy production causes much lower emissions (about
80-85%) than fossil fuels, this is not the case if bioenergy
raw materials are not produced with sustainable methods.
The use of biomass raw materials with low greenhouse
gas emissions and further efficiency improvements in the
management and processing stages ensure optimum reduc-
tion of greenhouse gas emissions in the value chain.

4.4 Water quality

Bioenergy production has a significant impact on water
quantity, owing to the potential water consumption of
bioenergy crops and the modification of land use. With the
land-based use of biomass resources, there is a risk of deple-
tion or pollution of water resources in and around the pro-
duction area. On the other hand, the use of wastewater for
bioenergy production and the use of algae for biofuels also
have many benefits, such as cleaning polluted or nutrient-
rich water streams. Appropriate biomass raw materials used
with sustainable practices can contribute to the rehabilita-
tion of degraded lands, resulting in the protection of water-
sheds. Considering the water resources in the GRB, the
recharge area of the underground waters in the region is
the elevations in the south and north, and the discharge area
is the Salihli Plain. The elevations in the south and north of
the basin play an important role in feeding groundwater.
Gediz River and Alagehir Stream are fed by surface and
underground waters.

4.5 Hot water resources

Many hot water resources occur along GRB starting from
Alagehir-Sarigdl in the east. The measured reservoir
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Fig. 5. Social responses near the project site (a), (b).

temperature is 215 °C in Alasehir, 155 °C in Salihli, and 85 °
C in Urganh geothermal system. Accordingly, temperatures
in GRB decrease from east to west. The thermal waters of
Alagehir, Salihli and Urganh geothermal systems are alka-
line where carbonate alkalinity > non carbonate alkalinity.
They are very soft waters which is rarely found in the nat-
ure. According to the classification nearly whole waters’
type is sodiumbicarbonated.

4.6 Loss of natural biodiversity, habitats and wildlife

The conversion of natural ecosystems into energy-crop
plantations will alter wildlife and other biota’s habitat
and food supplies. Many favored habitats and mating
locations for various mammals, birds, and other biota will
be lost if forests and wetlands are altered. Monoculture
plantations with fast-growing trees limit vegetation diver-
sity and the importance of areas as wildlife habitats for
many species. To maintain productivity, these monocul-
tures require more energy inputs in the form of pesticides
and fertilizers than climatic forests. Profitable planta-
tions have trees that are 2-3 times as dense as wild forests,
which may lead to increased pest problems. The risk to bio-
diversity impacts is largely associated with the production
of land-based biomass resources. One of the potential
negative effects of land-based bioenergy production is the
conversion of biodiversity-rich lands, as also addressed in
land use. The lands used for bioenergy production can cause
a decrease or increase in biodiversity, and therefore it is of
great importance to take the necessary precautions in
bioenergy production. The effects of using biomass are
interrelated.

4.7 Social-economic impacts

The most important societal consequences will be changes
in employment and an increase in workplace health and
safety [37]. It is estimated that total employment will
increase if biomass resources are used to meet the country’s
energy needs. Cutting, harvesting and transporting biomass
resources and operating conversion plants will require a
workforce in the production of livestock and agricultural
products. However, the social community thinks that bio-
mass energy will harm the environment and human health.

Therefore, they are protesting the work done near the
project site (Figs. ba and 5b). It has an impact on many
issues such as bioenergy production and use, soil and
water quality, land tenure and safe working conditions.
For this reason, it should be done with controlled methods,
taking into account the results of bioenergy production
and use.

5 Results and discussion

Biomass can be used to generate energy in several ways.
Thermochemical processes like pyrolysis, gasification, and
combustion, as well as biological processes like fermenta-
tion, anaerobic digestion, and biophotolysis, are all exam-
ples of biomass energy conversion technologies. Depending
on the biomass source and the type of energy obtained, each
of these processes has its own set of benefits. Salihli and
Turgutlu BPPs that will generate energy through combus-
tion and anaerobic digestion biomass energy methods were
evaluated in this study. Direct combustion is an efficient
method of converting biomass into energy. The process of
releasing heat as a result of the combustion of flammable
materials in the presence of air or oxygen is known as com-
bustion. It is the most basic method of utilizing biomass for
energy. Combustion, in its most basic form, is used for space
heating, but it can also be used to heat steam for electricity
generation. This method will be used by Salihli BPP to
generate energy. Anaerobic digestion is a process in which
bacteria break down organic material in the absence of
oxygen, producing a solid residue and methane-rich biogas.
The methane can then be captured and used to generate
energy. Likewise, solid residue can be burned to generate
energy. This method will be used by Turgutlu BPP to
generate energy. Anaerobic digestion has received more
attention in biochemical conversion technologies than
combustion due to its high yield and efficiency. Thermal
conversion techniques for biomass are generally regarded
as both environmentally friendly and cost-effective. Bio-
chemical conversion technologies are generally regarded as
eco-friendly. Because biomass is CO, neutral, pollutant
emissions are reduced. Bioenergy has numerous environ-
mental and socioeconomic benefits. When agricultural and
animal wastes are used to generate biomass energy, the
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chemical composition of the fuel must be thoroughly
analyzed.

It should be noted that biomass energy may have addi-
tional environmental impacts. Aside from the impact of
bioenergy use on greenhouse gas emissions, there are a
number of other environmental impacts that must be con-
sidered. In recent years, a bioenergy facility has been built
that uses agricultural or animal waste as a fuel source in
the GRB. When energy companies use forest wood as fuel
in a very uncontrolled manner, it negatively impacts carbon
dioxide emissions in the atmosphere. Such actions can lead
to deforestation, which in turn leads to habitat loss, soil
erosion, loss of natural beauty, and more. However, burning
solid, liquid, or gaseous biomass not only contributes to car-
bon dioxide emissions, but can also release other pollutants
and particulate matter into the air, including carbon
monoxide, volatile organic compounds, and nitrogen oxides.
In some cases, biomass combustion can release more pollu-
tants than fossil fuels. Unlike carbon dioxide emissions,
many of these pollutants cannot be captured by new plants.
These compounds can cause a number of environmental
and human health problems if not properly contained. In
addition, plants need water to grow. When energy compa-
nies grow trees and other plants for a bioenergy power
plant, they use a lot of water for irrigation. This greatly
exacerbates drought conditions by affecting aquatic habi-
tats and the amount of water available for other uses
(food crops, drinking water, hydropower, etc.). Sustainable
planning studies should be conducted to make biomass
more environmentally friendly. Some of the environmental
disadvantages of bioenergy can be mitigated by more
sustainable forest management and careful selection of the
biomass we use as fuel and how it is obtained. Future
investments in bioenergy can be made more ecologically
beneficial by utilizing advances in research, technology,
and policy development.

6 Conclusion

Because of its huge quantity and renewability, bioenergy
has clear benefits over traditional fossil fuels, and so plays
a critical role in ensuring global energy security. However,
while establishing bioenergy production, it is critical to
consider resource and environmental costs. Bioenergy pro-
duction can have truly negative impacts on land use, soil
quality, greenhouse gas emissions, water quality, hot
springs, loss of natural biodiversity, habitats and wildlife,
removal and loss of nutrients, plant species and social-
economic impacts. These effects vary depending on the
bioenergy production technology. Turkey has a large
potential for bioenergy production, but it is trailing
behind and cannot keep up with rising energy consumption.
Future study should learn from leading countries in this
field, learn more, and derive optimal decision support to help
Turkey and other emerging countries guide the growth of
bioenergy. The possible effects of combustion and anaerobic
digestion systems, which are Biomass conversion techniques,
of Salihli and Turgutlu BPPs, which are in the test phase,
on the environment have been evaluated. Considering the

environmental effects of biogas production systems, life-
cycle analysis including emissions and energy performances
generated by biogas production in the analytical approach
of the system should be made and positive and negative
aspects should be revealed. In addition to all these, the
benefits and ease of use of biomass technology should be
conveyed to the public as soon as possible. Overall, this
study can be informative in planning environmental pro-
tection as well as bioenergy development.
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