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Abstract
The aim of this study is to determine the energy efficiency of banana production and the carbon emissions during the
production process. For this purpose, a survey study was conducted in Antalya Province, Türkiye, in the 2021–2022
agricultural production season. Within the scope of the survey study, the input elements and technical coefficients of
banana producers were recorded, and the primary data of the study were collected. The research results revealed that
a total of 69,045.29MJ ha-1 energy input was used in banana production. It was calculated that the total energy input
originated from 57,228.45 MJha-1 (82.89%) nitrogenous fertilizer, 5301.59 MJha-1 (7.68%) diesel input, 2147.54 MJha-1
(3.11%) machinery use, 1923.94 MJha-1 (2.79%) labor, and 1258.76 MJha-1 (1.82%) pesticide use. In total, 97.17% of the
energy input is provided from non-renewable energy sources, and this result is a risk factor in terms of the sustainability
of agriculture. The total carbon emission from banana production was calculated as 2371.23kg CO2-eq for the entire
production, and 0.047kg CO2-eq per kilogram of banana. It was determined that 40.2% of the total emission was caused
by nitrogenous fertilizers, 29.0% by labor, and 11.0% by diesel use. The research findings reveal that fertilization is the
most important input in both energy use and carbon emissions. For the sustainability of agricultural production, it is
suggested that technical norms be taken into consideration in chemical fertilizer applications and that monitoring processes
be developed. In addition, directing efforts toward more environmentally friendly alternatives that can be equivalent to
chemical fertilizers can be considered a solution.
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Introduction

Climate change has become a global threat in terms of
its effects in environmental, economic and social dimen-
sions. Greenhouse gas (GHG) emissions are increasing the
world’s average temperature, negatively affecting many ar-
eas such as agricultural production, water resources, biodi-
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versity, and human health. The agricultural sector and cli-
mate change have a two-way interaction. Agriculture is both
one of the important sectors contributing to climate change
and one of the sectors most affected by climate change
(Candemir et al. 2024). Fluctuations in temperatures, ir-
regularities in precipitation regimes, and extreme weather
events have negative effects on agricultural productivity.
Therefore, the agricultural sector has an important role in
adapting to climate change and reducing GHG.

Within the scope of combating climate change, it is im-
portant to determine the energy and amounts of inputs
used in agricultural activities and the carbon equivalents
of the inputs. Determining the structure of energy use and
the source of carbon emissions is of critical importance in
terms of measures to be taken. Energy use based on fos-
sil resources in agricultural production is one of the largest
sources of carbon emissions (Baran et al. 2017a). Increasing
energy use not only harms the sustainability of agriculture,
but also increases GHG emissions, leading to deepening
climate change.
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Fig. 1 Study area map of Antalya province

Table 1 Energy coefficients of inputs and outputs used in banana cultivation

Inputs Unit Energy equivalent (MJ unit-1) References

Labor H 1.96 Mani et al. (2007); Karaağaç et al. (2011)

Machine power

Tractor H 64.8 Singh et al. (2002)

Plow H 18.7 Singh et al. (2002)

Pesticides

Herbicides Kg 238 Khoshroo and Mulwa (2014); Rafiee et al. (2010); Candemir et al.
(2024)

Insecticides Kg 278 Yılmaz and Bayav (2023); Aydın and Aktürk (2018)

Organic fertilizers

Farm fertilizer Kg 0.30 Singh et al. (2002)

Chemical fertilizers

N fertilizer Kg 60.60 Singh et al. (2002); Ozalp et al. (2018)

P fertilizer Kg 11.10 Mandal et al. (2002); Ozalp et al. (2018)

K fertilizer Kg 6.70 Mandal et al. (2002)

Diesel L 56.31 Singh et al. (2002)

Electricity kWh 3.60 Ozkan et al. (2004)

Transportation MJ.t.km 4.5 Fluck and Baird (1982); Kitani (1999)

Output Unit Energy equivalent (MJ unit-1) Reference

Banana Kg 2.4 Strapatsa et al. 2006

Table 2 Greenhouse gas (GHG) emission equivalents of inputs

Inputs Unit GHG equivalent(kgCO2-eq unit-1) References

Labor H 0.700 Houshyar et al. (2015)

Machine power MJ 0.071 Pishgar-Komleh et al. (2012); Eren et al. (2019b)

Farm fertilizer Ton 0.029 Meisterling et al. (2009)

Herbicides Kg 6.300 Graefe et al. (2013)

Insecticides Kg 5.100 Sezer (2014)

N fertilizer Kg 1.300 Lal (2004); Ozalp et al. (2018)

P fertilizer Kg 0.200 Lal (2004); Ozalp et al. (2018)

K fertilizer Kg 0.200 Taghavifar and Mardani (2015)

Diesel L 2.760 Dyer and Desjardins (2006); Candemir et al. (2024)

Electricity kWh 0.608 Khoshnevisan et al. (2014)

Transportation Kg 0.150 Meisterling et al. (2009); Eren et al. (2019b)
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Agriculture accounts for approximately 5% of global en-
ergy use and contributes significantly to the increase in
GHG emissions (Platis et al. 2019). Energy use based on
fossil fuels in agricultural production not only increases car-
bon emissions but also complicates the sustainability of this
sector (Sarkodie et al. 2019). As agriculture has become
technology-intensive, it has become important to analyze
energy consumption dynamics and its effects on carbon
emissions. Many studies have analyzed energy use and car-
bon emissions in agricultural production (Candemir et al.
2024; Özbek et al. 2023; Karamürsel et al. 2023; Qi et al.
2023; Kadakoğlu et al. 2022; Daizy et al. 2021; Khan et al.
2021; Liu et al. 2021; Bhatti and Fazal 2021; Gokdogan
and Baran 2017).

While the energy consumption and carbon emissions of
the agricultural sector originating from production are ex-
amined in many countries and products globally, regional
studies are also very important to reveal the differences in
producer behavior. In this context, analyzing energy use
and carbon emissions in countries with high agricultural
production potential, such as Türkiye, is of particular im-
portance.

Due to the advantages of Türkiye such as its geograph-
ical location and climate conditions, many fruits can be
cultivated. In Türkiye, the area covered by banana produc-
tion in 2023 was 13.6 thousand hectares and the production
amount was around 930 thousand tons. Approximately 50%
of Türkiye’s banana planting areas and amount of produc-
tion are carried out in Antalya province, which is the study
area (Turkstat 2024). In this study, the energy input level
and carbon emission level in banana cultivation in the An-
talya province of Türkiye were analyzed. The importance
and purpose of the study were examined in Introduction,
and the methodological background of the study, the study
region, and data collection issues were discussed in Ma-
terials and Methods. Results and Discussion, the relevant
analysis results were discussed and presented in the context
of the existing literature. The last section which Conclusion
includes the results of the study and relevant recommenda-
tions.

Materials andMethods

One of the provinces with the highest agricultural potential
in Türkiye is Antalya. Antalya is located in the Mediter-
ranean region, and its climatic conditions significantly in-
crease its fruit and vegetable production potential. In addi-
tion, greenhouse fruit and vegetable production is widely
practiced in the study area. Antalya is located in the south-
west of Türkiye between 29°200–32°350 east longitudes and
36°070–37°290 north latitudes. In the study conducted in
Antalya, where approximately 50% of Türkiye’s banana

production takes place, data were collected through face-to-
face surveys conducted with banana producers. The follow-
ing method was used to determine the number of surveys
for the study (Newbold 1995):

n = Np � q=.N − 1/�2 + p � q

� = d=t

Here, n refers to the sample size; p represents to proba-
bility; q refers to the probability of not having that charac-
teristic. To reach the maximum sample size, p and q, values
were taken as 50%. t: represents the table value in the ap-
propriate confidence interval, while d: reflects the error rate.
According to 2021 data, the number of enterprises is 2300,
and with the calculations made with a 15% margin of error
and 90% confidence interval, it was decided to conduct the
sample of the study with 32 producers (Fig. 1).

In accordance with the purpose of the study, regions
where banana production is intensive in Antalya province
were specially selected.

The input amounts used in production were determined
and converted to energy and carbon equivalents. The energy
equivalent unit and carbon equivalent unit were specified as
megajoule (MJ) and kgCO2, respectively.

The following equations were used in the evaluation of
energy efficiency (Mandal et al. 2002; Singh et al. 2002;
Table 1 and 2);

Energy use efficiency =
Energy output

�
MJ
ha

�

Energy input
�

MJ
ha

� (1)

Specific energy =
Energy input

�
MJ
ha

�

Yield output
�

kg

ha

� (2)

Energy productivity =
Yield output

�
kg

ha

�

Energy input
�

MJ
ha

� (3)

Net energy =Energy output.MJ ha − 1/

− Energy input.MJ ha − 1/
(4)

The method used to calculate (GHG) emissions (kgCO2-
eqkg-1) is given below (Hughes et al. (2011). In the for-
mula, R(i): the proportional application of input i and EF(i):
R(i) is the GHG emission equivalent of input i. In addition,
the IGHG (Greenhouse Gases Per Output) equation sug-
gested by Houshyar et al. (2015) is used to calculate the
emission measurement per output (Eren et al. 2019a).

GHGha =
nX

i=1

R .i/ xEF .i/ (5)
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Table 3 Energy use efficiency in banana production

Inputs Unit Energy equivalent Input used per hectare Energy value Rate

(MJ unit-1) (unit ha-1) (MJ ha-1) (%)

Labor – – 981.60 1923.94 2.79

Pruning H 1.96 130.94 256.64 0.37

Soil tillage (twice) H 1.96 38.13 74.73 0.11

Fertilizing (chemical and farmyard) H 1.96 122.97 241.02 0.35

Spraying H 1.96 17.68 34.65 0.05

Irrigation H 1.96 270.94 531.04 0.77

Harvesting H 1.96 388.13 760.73 1.10

Transportation H 1.96 12.81 25.11 0.04

Machine power – – – 2147.54 3.11

Tractor H 25.40 56.44 1433.58 2.08

Plow (twice) H 18.70 38.18 713.97 1.03

Pesticides – 1258.76 1.82

Herbicides Kg 238.00 2.03 483.14 0.70

Insecticides Kg 278.00 2.79 775.62 1.12

Farm fertilizer Kg 0.30 879.68 263.90 0.38

Chemical fertilizers – – – 57,228.45 82.89

N fertilizer Kg 60.60 734.01 44,481.01 64.42

P fertilizer Kg 11.10 854.56 9485.62 13.74

K fertilizer Kg 6.70 486.84 3261.83 4.72

Diesel L 56.31 94.15 5301.59 7.68

Electricity kWh 3.60 235.94 849.38 1.23

Transportation MJ.t.km 4.50 15.94 71.73 0.10

Total inputs – – – 69,045.29 100.00

Output Unit Energy equivalent Output per hectare Energy value Ratio

(MJ/unit) (unit ha-1) (MJ ha-1) (%)

Banana fruit Kg 2.4 50,406.3 120,975.12 100.00

Total output – – – 120,975.12 100.00

IGHG =
GHGha

Y
(6)

Results and Discussion

The average banana yield of the banana producers par-
ticipating in the study was determined as 50,406.3kg/ha.
The energy inputs of banana production are examined
in Table 3. The total energy input (EI) in banana pro-
duction was calculated as 69,045.29MJ ha-1. When
the distribution of energy use in banana production by
source was examined, it was 57,228.45MJ ha-1 (82.89%)
chemical fertilizers, 5301.59MJ ha-1 (7.68%) diesel,
2147.54MJ ha-1 (3.11%) machinery, 1923.94MJ ha-1
(2.79%) labor, 1258.76MJ ha-1 (1.82%) pesticides and
849.38MJ ha-1 (1.23%) electricity. The energy output
(EO) of the banana production system was calculated as
120,975.12MJ ha-1. Unlike the study findings, Akcaoz
(2011) found that the highest energy source in banana
production (27.55%) was due to electricity use. On the

other hand, in parallel with the study results, Gündoğmuş
(2013) found that the highest energy source in walnut pro-
duction (46.70%) was due to fertilizer, Özbek et al. (2023)
found that energy use from chemical fertilizers (49.68%)
had the highest share in lemon production, and Banaeian
and Zangeneh (2011) found that energy use from chem-
ical fertilizers (41.50%) had the highest share in walnut
production.

According to Table 4, fruit yield for banana production
was calculated as 50,406.3kg ha-1, EI as 69,045.29MJ ha-1,

Table 4 Energy efficiency coefficients for banana production

Calculations Unit Values

Banana fruit (yield) kg ha-1 50,406.3

EI (energy input) MJ ha-1 69,045.29

EO (energy output) MJ ha-1 120,975.12

EUE (energy use efficiency) – 2.28

SE (sustainability index) MJ kg-1 1.36

EP (energy efficiency) kg MJ-1 0.95

NE (net energy) MJ ha-1 53,007.24

K
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Table 5 Distribution of energy inputs by energy types

Energy groups Energy input (MJ ha-1) Rate (%)

Direct energy 8075.04 11.88

Indirect energy 59,892.25 88.12

Total 67,045.29 100.00

Renewable energy 1923.90 2.83

Non-renewable energy 66,043.39 97.17

Total 67,045.29 100.00

EO as 120,975.12MJ ha-1, energy use efficiency (EUE)
as 2.28, sustainability index (SE) as 1.36MJ kg-1, energy
efficiency (EP) as 0.95kg MJ-1 and net energy (NE) as
53,007.24MJ ha-1. In previous studies, energy efficiency
indices calculated by Akcaoz (2011) for banana production
(EP 1.00, EUE 1.90, NE 46,464.83MJ ha-1) are similar
to the study results. In addition, energy use efficiency was
calculated to be between 0.61 and 1.88 in similar studies
on fruit growing (Oğuz et al. 2019; Baran et al. 2017b;
Demir and Gökdoğan 2023).

Direct energy (DE), indirect energy (IDE), renewable
energy (RE) and non-renewable energy (RNE) values of
banana production are examined in Table 5. Total energy
inputs of banana production are calculated as: DE 11.88%,
8075.04; IDE, 88.12%, 59,892.25; RE, 2.83%, 1923.90;
and NRE, 97.17%, 66,043.39). In many studies (Candemir
et al. 2024; Atılgan et al. 2023; Yılmaz and Bayav 2023;
Candemir 2020; Banaeian and Zangeneh 2011; Gündoğmuş
2013; Baran et al. 2017b; Arredondo et al. 2009; Monirah-
mad et al. 2022), it has been determined that the use of
renewable energy in agricultural production is significantly
below the use of non-renewable energy. The most impor-
tant reason for this result is that fossil fuels are the main
source of energy needed for agricultural practices (Hariha-
ran 2023). However, in the agriculture of the future, it is in-

Table 6 Greenhouse gas (GHG)
emissions and distribution of
inputs

Inputs Unit GHG co-efficient Input used GHG emissions Ratio

(kg CO2eq unit-1) Per area (unit ha-1) (kg CO2eq ha-1) (%)

Labor H 0.700 981.58 687.11 29.0

Machine power MJ 0.071 94.56 6.71 0.3

Farm fertilizer Ton 0.029 879.69 25.51 1.1

Herbicides Kg 6.30 2.03 12.79 0.5

Fungicide Kg 3.90 2.80 10.92 0.5

N fertilizer Kg 1.300 734.01 954.21 40.2

P fertilizer Kg 0.200 854.56 170.91 7.2

K fertilizer Kg 0.200 486.84 97.37 4.1

Diesel L 2.760 94.15 259.85 11.0

Electricity kWh 0.608 235.94 143.45 6.0

Transportation Kg 0.15 15.93 2.39 0.1

Total – – – 2371.23 100.0

GHG ratio (per kg) – – – 0.047 –

evitable that fossil resources will be replaced by renewable
energy sources (Bathaei 2023). Meeting the energy needed
by agricultural practices from renewable and environmen-
tally friendly sources such as wind, solar and hydropower is
a must for agricultural sustainability (Saidivaliyeva 2024).

Data on GHG emissions from banana production are
examined in Table 6. Total GHG emissions from banana
production were calculated as 2371.23 kgCO2-eqha-1
(2.37 tonCO2-eqha-1). Nitrogen fertilizer use constitutes
the highest value of 954.21 kgCO2-eqha-1 (40.2%) among
total GHG emissions. Carbon emission from labor ranks
second at 687.11 kgCO2-eqha-1 (29%), while carbon emis-
sion from diesel use ranks third at 259.85 kgCO2-eqha-1
(11%). Carbon emission for 1kg of banana production
was calculated as 0.047 kgCO2-eqha-1. Suwan and Somjai
(2022) found that carbon emission from banana production
in Thailand (80%) was due to fertilization.

Conclusions

The aim of this study was to analyze the energy use
and carbon emissions originating from banana production
in Türkiye. For this purpose, energy efficiency indexes
and carbon emissions were calculated for banana pro-
duction. Since a higher amount of energy output (EO=
120,975.12MJ ha-1) is realized than the input energy (EI=
69,045.29MJ ha-1), banana production is a profitable pro-
duction activity in terms of energy use. However, increasing
energy efficiency in banana production can contribute not
only to environmental sustainability but also to economic
sustainability, as it will also reduce costs. In addition, the
total carbon emission of banana production was calculated
as 2371.23 kgCO2-eqha-1, and the carbon emission per
1kg was calculated as 0.047 kgCO2-eqha-1.
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Fertilizer is the primary source of both energy and car-
bon emission in banana production in Türkiye. Since chem-
ical fertilizer applications are among the important factors
that pose an environmental risk, it is necessary to reduce
fertilizer applications and/or spread more environmentally
friendly alternatives such as farm manure. When compared
to other agricultural products produced in Türkiye, banana
production can be said to have a profitable production sys-
tem in terms of energy. In addition, in order to reduce car-
bon emissions, sustainable agricultural production can be
supported through training and incentives for low-carbon
production systems.

When the distribution of energy inputs was examined, it
was determined that 97.17% of them consist of non-renew-
able energy sources. This result is an important risk factor
not only for banana production but also for the sustainabil-
ity of agriculture. In this respect, energy resources used in
agriculture both in Türkiye and globally should be directed
towards renewable energy resources. In order for the EU to
reach its 2030 targets within the scope of the Green Deal,
it is a global necessity to increase agricultural producers’
access to renewable energy resources through agricultural
support policies. However, as Türkiye aligns its agricultural
policies with the objectives of the European Green Deal, it
will increase Türkiye’s competitiveness in global markets
and accelerate the transition to the use of renewable energy.

Conflictof interest S. Candemir, K. Ağızan, H.G. Doğan and Z. Bayra-
moğlu declare that they have no competing interests.
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Baran MF, Lüle F, Gökdoğan O (2017a) Energy input-output anal-
ysis of organic grape production: a case study from Adıyaman
province. Erwerbs-Obstbau 59(4):275–279

Bathaei A (2023) Renewable energy and sustainable agriculture: re-
view of indicators. Sustainability 15(19):14307. https://doi.org/
10.3390/su151914307

Bhatti MA, Fazal S (2021) Impact of modernized agriculture and trade
on carbon emissions: the role of fossil fuel and renewable energy
consumption evidenced from ASEAN states. Irasd J Energy Env-
iron 2(2):55–66. https://doi.org/10.52131/jee.2021.0202.0017

Candemir S (2020) Ekmeklik Buğday Üretiminde Enerji Kullanımı ve
Etkinlik Analizi: Kahramanmaraş İli Örneği. Turk J Agric Nat Sci
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