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Abstract: This study was carried out to determine the biomass potential, energy value, bio-composting material and composting 

possibilities produced from plant and animal residues in Samsun. Samsun is a province of Türkiye in the Black Sea region. Samsun 

province has 17 districts. Residue amounts of agricultural products grown in Samsun were calculated using the Turkish Statistical 

Institute (TUIK) 2021 and year product production data, Türkiye Biomass Energy Potential Atlas (BEPA) 2021 biomass data. The total 

amount of agricultural waste is approximately 877.812 tons wheat 254.154 tons, paddy 132,891 tons, maize 53.861 tons and oat 

47.797 tons in cereals in fruits, hazelnut is 66.363 tons and peach is 125.065 tons. Total heating value was found as 5.439.003 GJ. 

Hazelnut was the highest contributor to this value with 27% as fruit for cereals, it was maize with 17.14%. The energy equivalents of 

the biomass amounts are respectively; 37.34% hazelnut, 24% paddy, 10% wheat, 17.4% maize and 11.26% other plants were found. 
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1. Introduction 
With the increase in the human population, the demand 

for energy sources is increasing. The main energy 

sources can be listed as oil, natural gas and coal. As it is 

known, natural energy sources cause global climate 

change and consequently an increase in greenhouse gas 

emissions. In addition, it is known that natural energy 

resources are starting to decrease day by day. In 

summary, the use of natural energy sources has 

increased climate change and CO2 emissions in the 

world, and economic solutions have begun to be sought 

for the energy need, which is the lifeblood of the 

country's economies. In order to get rid of these negative 

situations, the importance of renewable energy sources 

has increased day by day (Pirlogea and Cicea, 2012; 

Shilev et al., 2007). 

Türkiye is a developing country with rich biomass 

potential. Due to the scarcity of natural energy resources, 

the tendency to biomass energy, which is also among 

alternative energy sources, is increasing day by day 

(Baran et al., 2017; Lüle, 2019). 

In this study, a research was carried out on the 

conversion of plant and animal residues to energy, bio-

compost and bio-composite material possibilities in 

Samsun, which is located in the Black Sea Region of 

Türkiye. 

 

 

 

2. Material and Methods 
Samsun province in Türkiye has located between 41° 20’ 

1” E longitudes and covering 9,352 km2 areas. Samsun 

Province is a province of Türkiye on the Middle Black Sea 

coast. Samsun province is divied into 17 districts, four of 

which (Ilkadım, Canik, Atakum, Tekkeköy, Asarcık, Kavak 

and Yakakent) are inculded in the municipality of 

Samsun city (Center). Other districts include Alacam, 

Ayvacik, Bafra, Carsamba, Havza, Ladik, Ondokuzmayis, 

Salipazari, Terme and Vezirkopru.  

2.1. Energy Equivalents of Agricultural Residue 

The amounts of residues from the crops cultivated in 

Samsun province were calculated using production data 

of crops with Turkish Statistical Institute for the 2021 

seasonal years. The annual gross potential of agricultural 

residues was determined by using residues to product 

ratio (RPR). The available of the agricultural residues in 

Samsun province was calculated based on the equation 1 

(Karaca et al., 2017). 

 

(𝐴𝐴𝑅)𝑖 =  (𝐴𝐴𝑃)𝑖 × (𝑅𝑃𝑅)𝑖 × (𝐴)𝑖                                     (1) 

 

Where (AAR)i is the available amount of agricultural 

residues of i’th crop in tons, (AAP)i the amount of 

agricultural product in tons or number of tree or planting 

area for pruning residues, (RPR)i residue-to product 

ratio of the i’th crop and (A)i the availability of residues.  

The energy potential of residues for each district was 

calculated by multiplication of the heating values of a 
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selection of agricultural residues which was taken 

heating value per each residue (Table 1) with the 

available residue amount (equation 2). 

 

(𝑇𝐻𝑉)İ =  (𝐴𝐴𝑅)İ × (𝐿𝐻𝑉)İ                   (2) 

Where; (THV)i the total heating value of agricultural 

residues of i’th crop in GJ, (AAR)i is the available amount 

of agricultural residues of i’th crop in tons and (LHV)i 

lower heating value of air dry residues of i’th crop in 

MJkg-1. 

 

Table 1. The ratio of product to residue, availability, heating value and ash of selected agricultural residues (Karaca et 

al, 2017) 
 

Field Crops Residues 
Ratio of Product to 

Residuce (RPR) 

Availability 

(A) (%) 

Heating 

Value (LHV) 

Ash 

(%) 
Referans 

Wheat  Straw 0.8 15 17.9 4.91 (Mijailovic et al, 2014) 

Barley Straw 0.9 15 17.5 2.71 (Gümüs and Bayır, 2020) 

Rye Straw 1.5 15 17.5 5.7 (Wang et al, 2014) 

Oats Straw 1.5 15 17.4 3.25 (Gümüs and Bayır, 2020) 

Maize 
Stalks 1 60 18.5 6.49 (Mijailovic et al, 2014) 

Cob 0.64 60 18.4 3.83 (Mijailovic et al, 2014) 

Paddy(rice) 
Straw 0.7 60 16.7 14.65 (El-Sayed, 2006) 

Husks 0.27 80 13 22.15 (El-Sayed, 2006) 

Tobacco Stalks 1100* 60 16.1 8.6 (Wu et al, 2019) 

Sunflower Stalks 0.6 60 14.2 4.06 (Demirbas, 2002) 

Soybeans Straw 0.75 60 19.4 5.86 (Liu et al, 2015) 

Cannabis 

Stems 

and 

Leaves 

2.50 - 26.7 14.36 
(Nakkliang et al, 2022) 

 

Fruit Crops 
      

Hazelnut 

Shell 0.3 80 19.3 1.36 (Demirbas, 2002) 

Husks 0.3 80 16 1.16 (Demirbas, 2002) 

Pruning 1500* 80 18.8 - 
 

Walnut Pruning 13.00** 50 19 - 
 

Almonds Pruning 7.40** 80 18.4 - 
 

Peach Pruning 8.00** 80 18 - 
 

Kiwi Pruning 8.00** 80 18 - 
 

Vineyard Pruning 6.00* 80 18 - 
 

*Per planting area (kg.ha-1), **Per number of trees (kg.tree-1) 

 

2.2. Evaluation of Agricultural Residues as Bio-

Compost 

Compost is defined as the conversion of different organic 

materials into biodegradable, stabilized and mineralized 

humus under suitable conditions (Uygun, 2012). It is 

widely used to change the elemental composition during 

composting and the C:N ratio is one of the main factors 

affecting this process. Because carbon and nitrogen 

elements are two essential nutrients required for the 

growth of microorganisms involved in the composting 

process (Ravindran et al., 2014). It has been determined 

that the C:N ratio in compost mixtures is generally 

between 20-50 (Wu et al., 2014). 

2.3. Possibilities of Agricultural Residues to Produce 

Bio-Composite Materials 

Today, in green chemistry, the use of sustainable and 

biodegradable biopolymers has increased due to the 

environmental risks posed by conventional petroleum-

based polymers. Biopolymers can be produced from 

renewable resources, including agriculture, microbial 

resources and biomass. In addition, toxic or dangerous 

substances are not released during the degradation of 

biopolymers. Therefore, there are many studies focusing 

on the replacement of petroleum-based polymers with 

biopolymers. 

Boonmee et al., in their study in 2016, found that a bio-

composite material made from PLA (polylactic acid) can 

degrade 90% when it is under the ground for 90 days. 

Considering the physical properties of PLA, its important 

advantages include its strong sealing properties, low 

temperature adhesion, heat sealing on paper or 

cardboard, stability, transparency, thermoplastic and 

easy processing. 

 

3. Results and Discussion 
3.1 Energy Equivalent Results of Agricultural 

Residues 

The energy equivalents of agricultural residues in 

Samsun and the usable amounts of agricultural residues 

are given in Table 2. According to the table, the amount of 
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plant residues that can be used in Samsun province and 

its districts are respectively; 35.3% hazelnut, 26.92% 

paddy, 9.72% wheat, 16.35% maize, 4.68% sunflower 

and 7.03% other plants. The energy equivalents of the 

residue amounts are respectively; 37.34% hazelnut, 24% 

paddy, 10% wheat, 17.4% maize and 11.26% other 

plants. 

The amount of vegetable residue belonging to Samsun 

province and its districts is given in Table 3. Looking at 

Table 3, the highest amount of annual plants is seen in 

Bafra, Vezirköprü and Havza, respectively. The highest 

amount of residues from fruit trees is from Çarşamba, 

Terme and Salipazarı towns, respectively. 

 

Table 2. The amount of agricultural product, available residues and Total heating value of residues in Samsun Province 

Field Crops 

Amount of Agricultural 

Product in tons or 

Planting Area (AAP) 

(tons) or (ha) 

Residues 

Available 

Residues (AAR) 

(tons) 

Percentage 

Distribution 

(AAR) (%) 

Total heating 

Value (THV) 

(GJ) 

Percentage 

Distribution 

(THV) (%) 

Wheat 254.154 Straw 30.498,50 9.72 545.923.15 10.04 

Barley 16.955 Straw 2.289 0.73 40.057.5 0.74 

Rye 651 Straw 146,4 0.05 2.562 0.05 

Oats 47.797 Straw 10.754 3.43 187.119.6 3.44 

Maize 53.861 
Stalks 28.678 9.14 530.543 9.75 

Cob 22.621,60 7.21 416.237.44 7.65 

Paddy 132.891 
Straw 55.814 17.78 932.093.8 17.14 

Husk 28.704,50 9.14 373.158.5 6.86 

Tobacco 6.897 Stalks 4.552 1.45 73.287.2 1.35 

Sunflower 40.806 Stalks 14.690 4.68 208.598 3.84 

Soybeans 7.714 Straw 3.471 1.11 67.337.4 1.24 

Fruits Crops 
      

Hazelnut 
66.363 

Shell 15.927 5.07 30.7391.1 5.65 

Husks 15.927 5.07 254.832 4.69 

116.714,3* Pruning 78.972 25.16 1.484.673.6 27.30 

Walnut 2.903 Pruning 18,9 0.01 359.1 0.01 

Peach 125.065 Pruning 791,6 0.25 14.248.8 0.26 

Kiwi 5.041 Pruning 32,3 0.01 581.4 0.01 

Total 877.812,30 - 313.887,80 100 5.439.003,59 100 

*Per planting area (kg.ha-1) 

 

Table 3. The amount of agricultural residues in district of Samsun 

District Crops Residues (tons) Fruit Crops Residues (tons) Total Residues (tons) 

Alacam 39.608 350 389.608 

Ayvacik 3.196 13.431 16.627 

Bafra 219.618 3.33 222.948 

Carsamba 30.243 69.212 99.455 

Center 66.781 20.334 87.115 

Havza 91.246 32 123.246 

Ladik 34.338 77 111.338 

Ondokuz Mayıs 12.668 4.135 16.803 

Salipazari 129 21.161 150.161 

Terme 29.332 41.254 70.586 

Vezirkopru 109.826 395 504.826 

Total 765.856 1.026.857 1.792.713 

 

3.2. Composting 

In general, it is possible to make a higher quality compost 

by reducing the C:N ratio of organic materials for 

composting (Tripetchkul, et al., 2012; Balasubramani and 

Mnkeni, 2016). In Table.4, the C:N ratios of vegetable and 

animal residues in Samsun province and its districts are 

given. The agricultural residues with the lowest C:N ratio 

were oats (straw), chicken (manure), tobacco (stalks) 
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and sheep (manure), respectively. Hazelnut husk 

agricultural residue combined with animal manure could 

be a promising source for composting since hazelnut 

production is very common in Samsun region and 

Türkiye is the largest producer of hazelnut on all over the 

world. 

3.3. Bio-composite Material 

PLA, a renewable polymer that can be produced from 

plant sources of corn, potato, molasses, tapioca, 

sugarcane and rice, is biodegradable and biocompatible 

(Gupta et al., 2007). Cellulose nanocrystals are one of the 

most attractive natural fillers for developing all-green 

nanocomposites due to their high specific surface area, 

high aspect ratio, high modulus, biocompatibility, non-

toxicity and low density (Mariano et al., 2014). 

According to the results of this research, the vegetable 

residue amount of wheat, corn and rice plants to be 

produced from PLA for the potential of plant residue bio-

composite materials in Samsun province is 517 tons in 

total. 

It is seen that PLA packaging is used in products such as 

beverage glasses, fresh pasta, bread and salad bags, 

thermoform containers for bakery products, agricultural 

covers and boxes (Cha and Chinnan, 2004). In addition, 

PLA materials are preferred because they do not steam in 

bread and bakery products (Ayhan, 2012). In addition, 

Almenar et al., (2008) stated that the shelf life of 

strawberries packed with packaging material produced 

from PLA extends. 

In the light of the information received from the Cannabis 

Research Institute in Samsun Ondokuz Mayıs University, 

250 tons of cannabis stem products were obtained for 

2020. Approximately 60 tons of hemp fiber was obtained 

from the hemp stem produced. In addition, 1250 kg of 

cannabis seeds were produced. The oil content and 

caloric values of the produced seed are respectively; It is 

35% and 3400 cal (Acar and Dönmez, 2019). Concerning 

the agricultural product pattern of Samsun region the 

products like rice, maize, hemp and hazelnut are 

compromising sources of PLA and good potentials for 

bio-composites. 

 

Tablo 4. C:N ratios of agricultural residues in Samsun region 

Field Crops Residues Ratetion of C:N Referans 

Rye Straw 114.12 (Gümüs and Bayır, 2020) 

Oat Straw 12.3 (Solowiej et al, 2017) 

Maize 
Stalks 67.13 (Gümüs and Bayır, 2020) 

Cob 34.97 (Gümüs and Bayır, 2020) 

Paddy (rice) 
Straw 113.95 (Gümüs and Bayır, 2020) 

Husks 73.15 (Liou and Wu, 2009) 

Tobacco Stalks 19.7 (Kopcic et al, 2014) 

Sunflower Stalks 23.25 (Gümüs and Bayır, 2020) 

Soybeans Straw 
  

Fruit Crops 
   

Hazelnut 
Shell 32.25 (Demirbas, 2002) 

Husks 39.23 (Demirbas, 2002) 

Animal 
  

Chicken Manure 14.41 (Ravindran and Mnkeni, 2016) 

Cattle Manure 19.72 (Suthar, 2008) 

Sheep Manure 17.07 (Tabrika et al, 2019) 

Goat Manure 17.97 (Zhang et al, 2013) 

 

4. Conclusion 
Since Türkiye is a foreign-dependent country in terms of 

energy, it is important to search for alternative energy 

sources. In addition, bio-composite materials and 

compost produced from plant residues are gaining more 

importance day by day in terms of environmental 

friendliness and sustainability. The amounts of plant and 

animal residue belonging to Samsun province and its 

districts are given in tables. 

Among the main products grown in Samsun, products 

such as hazelnut, paddy and wheat have high heat value 

and the amount of product is higher than other products, 

it is important in terms of biomass use. 

Total biomass, renewable energy, bio-composite 

materials and compost production in Samsun province 

have great potential. However, this potential needs to be 

adequately evaluated. According to the results of the 

study, it was concluded that the high potential of plant 

residue in Samsun is important in terms of bioenergy, 

bio-composite materials and composting. 
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