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This study proposes optimal supply chain models for agricultural biomass, 

focusing on straw and corn stalks. Four bioenergy chains—corn stalk pellets, 

corn stalk chips, straw bales, and straw pellets—were evaluated using 

multicriteria decision-making (MCDM) tools and life cycle assessment (LCA). 

Key criteria included energy efficiency, investment costs, fuel production 

costs, and environmental impacts such as greenhouse gas emissions, 

acidification, eutrophication, and particulate matter formation. Results 

indicate that straw bales (L3) and corn stalk chips (L2) offer the most 

sustainable options, with straw bales demonstrating superior energy 

efficiency and lower environmental impacts. The VIKOR method, combined 

with the Entropy Weight Method (EWM), identified straw bales as the optimal 

supply chain under various weighting scenarios. These findings provide 

actionable insights for sustainable bioenergy development and policy 

formulation. 
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1. Introduction 

Biomass represents the most prevalent source of renewable energy in Serbia, as well as in the 

countries of the Western Balkans, comprising 61% of the estimated 5.65 million tons of renewable 

energy sources (RES) in the country [1]. Approximately 63% of this biomass is derived from agricultural 

sources, particularly crop residues such as wheat and corn [1]. In Vojvodina province, over 80% of all 

harvest residues in crop production are from cereals, primarily wheat and corn, while in Central Serbia, 
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this figure exceeds 84% [2]. These residues hold significant energy potential, with thermal values 

ranging from 14 MJ/kg to 15 MJ/kg at about 15% moisture content [3]. However, around 75% of these 

residues are underutilized, often burned in fields, contributing to pollution and resource loss [2]. To 

enhance the use of crop by-products for renewable energy generation, it is essential to develop 

technologies for sustainable harvesting and utilization and the production of biomass as well as for 

biomass production tailored to their specific characteristics and market needs. For example, wheat straw, 

with a moisture content of 15% to 20%, is suitable for baling, whereas corn stalks, which can contain 

up to 48% moisture, are not suitable for this process [2]. For the burning of agricultural biomass, special 

boilers have been developed due to their chemical specificity as well as the form in which the fuels are 

found [4, 5]. Additionally, adherence to appropriate rules and restrictions in supply logistics is crucial 

[6].This enables the creation of locally profitable projects for the sustainable use of agricultural biomass 

in energy production.  

Relevant studies emphasize the need for research into biomass supply chains. For example, 

optimization of biomass supply chains has been studied in various contexts to enhance efficiency and 

sustainability [7–10]. Research into logistics cost optimization for residual woody biomass supply 

chains has shown how effective supply chain planning can improve energy yields [11, 12]. Additionally, 

studies on biomass supply chains from agricultural residues have demonstrated the potential to reduce 

environmental impacts while improving economic feasibility [13–16]. 

On the basis of critical literature review, ten criteria are defined for biomass utilization: creation 

of technical side jobs, preservation of non-renewable energy resources, relative advantage of biofuel 

production, complexity of biofuel production process, cost of the biomass conversion process, biomass 

reusability, cost of biomass supply, environmental impacts of biomass accumulation, adaptability of the 

biofuel production process to the size of biomass production units and the attitude and knowledge of the 

producers, and energy self-sufficiency of the biomass producer [17]. 

The selection of the optimal supply chain for residues and fuels from agricultural biomass, 

including the previously mentioned indicators, requires the application of one of the MCDM (Multi-

Criteria Decision Making) methods. In general, MCDM methods have been applied, including energy, 

manufacturing, transportation, and environmental engineering in a wide range of selected criteria [18]. 

Some of the supply chains for the production of fuel and energy from biomass have been defined 

according to the criteria given in the paper [19] as well as the MCDM technique for selecting the optimal 

supply chain. With this regard, for selecting the optimal supply chain variant for fuels from agricultural 

residues, the MCDM VIKOR method, together with the entropy method (EWM) was used in this 

research. The significance of combining the VIKOR and EWM methods in solving engineering 

problems was also demonstrated in previous researches [20]. 

Becides, Life Cycle Assessment (LCA) is employed for the environmental impact analysis of the 

proposed biomass chains, as it is a powerful tool for quantifying the environmental sustainability of 

products, including bioenergy production [21]. LCA is a frequently used methodology for assessing the 

environmental impacts of various biomass supply chains, covering different types of biomass, mostly 

wood biomass and energy crops (perennial grasses, short rotation coppices, etc.) [8], [22], [23–26]. 

The purpose of the integrated methodology framework combining Life Cycle Assessment (LCA) 

and Multi-Criteria Decision Making (MCDM) is to create an appropriate tool for evaluating the 

sustainability of renewable energy systems. This framework provides a set of sustainable indicators, 
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evaluation methods, and objectives applicable to energy policies, electrical supply, and the assessment 

of various projects [27]. 

This research aims to achieve three primary objectives: (1) the demonstration of models for the 

supply of agricultural biomass, taking into account data on agricultural machinery, fuel consumption, 

electricity, and process productivity;  (2) determining the economic and ecological impacts of the studied 

agricultural biomass supply chains in Serbia; (3) and choosing the optimal supply chain fuel from 

agricultural residues. A calculation has been conducted based on relevant criteria describing these supply 

chains to provide new, reliable data specific to Serbia. 

2. Methodology 

2.1. Selection of Supply chains 

The modeling of criteria that encompass fuel production chains from agricultural biomass was 

performed using a proprietary model. Four agricultural biomass fuel supply chains were analyzed: L1 - 

corn stalk pellets, L2 - corn stalk chips, L3 - straw bales, and L4 - straw pellets. The supply chains were 

described using nine criteria, as follows: energy efficiency - c1, total investment in supply chains (in 

EUR) - c2,  price of produced fuel (in EUR/ton) - c3, greenhouse gasses emissions resulting from use of 

the fossil fuels during collection, transport and processing of agricultural biomass (in kg CO2 eq/ton) - 

c4, bulk density, which is directly related to the planning of fuel storage (in kg/m3) - c5, terrestrial 

acidification (in kg SO2 eq/ton) -  c6, marine eutrophication (in kg N eq/ton) - c7, photochemical oxidant 

formation (in kg of non-methane volatile organic compound - NMVOC eq/ton) - c8 and particulate 

matter formation (in kg PM10 eq/ton) - c9. The mentioned criteria (c4, c6, c7, c8, c9) in the defined set of 

criteria emerged from the LCA analysis of the considered chains. The conditions under which they are 

calculated, as well as all input parameters in their calculation, have been defined. The selection of criteria 

for describing the analyzed chains has been based on a review of previous research [17], [21], [19], [28].  

In calculating and defining criteria (c1, c2, c3, and c5) from the developed model for all four options 

of agricultural biomass chains, available data relevant to Serbia have been used. Some of the basic input 

parameters for calculating criteria include: c=1.5 EUR/l for diesel fuel price, r=6 EUR/h for human labor 

cost per hour, Ce=0.14 EUR/kWh for industrial electricity price, Cr=50 EUR/ton as the initial price of 

one ton of agricultural biomass. Optimization criteria calculations for supply chains have been 

performed for a quantity of agricultural biomass up to 6,000 tons, corresponding to the assumption that 

the transport radius does not exceed 13 km, representing an “working cell” in terms of transport to 

processing or utilization facilities. For one “working cell”, the amount of agricultural residue that can 

be collected from an area of approximately 2400 hectares was taken. With an approximate residue yield 

of 8 tons per hectare and utilization of 1/3 of that same residue from the aforementioned working cell 

area, approximately 6,000 tons of agricultural residue from straw and corn stalk can be collected. On 

the other hand, manufacturers of agricultural biomass pelleting lines offer on the market production lines 

with a maximum capacity of 2 tons per hour, which at full operating capacity does not exceed an annual 

capacity of 6,000 tons [29]. 

Pellet transport by truck in this study has been analyzed over a length of 150 km to the end user 

[30]. The approach to modeling the chains has been based on modeling individual elements that make 

up a supply chain, whose basic characteristics are given in Table 1. This table provides basic information 

about the machinery used in all supply chains. 
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Table 1. Basic elements and characteristics of the use of mechanization in supply chains of 

agricultural biomass residues 

Operation: Used machinery: 
Productivity 

(ton/h): 

Fuel and energy 

consumption 

(l/h): 

Polutant emissions 

(g/t)1 

Mowing, 

wheat 

harvest 

Grain harvester, 

200 kW 

Price: 200 000 EUR 

[31] 

18 tons/h 

2,8 ha/h [32] 

 

38 l/h diesel 

HC: 3.92; CO: 23.28 

NOx: 50.08; PM: 0.26 

CO2: 2,903; CH4: 0.09 

NMHC: 3.82;  

N2O: 0.14 

Mowing, 

harvesting 

corn 

Forage harvester, 

200 kW 

Price: 200 000 EUR 

[31] 

12 tons/h 

2,8 ha/h [32] 
42 l/h diesel 

HC: 5.64; CO: 33.52 

NOx: 72.11; PM: 

0.368 

CO2: 4,180.8;  

CH4: 0.136 

NMHC: 5.50;  

N2O: 0.2 

Raking, 

corn stalk 

Tractor (50 kW) + 

rotary rake; 

Price: 50 000 EUR 

[31] 

3 tons/h 

1,6 ha/h [33] 
5,8 l/h diesel 

HC: 7.36; CO: 36.66 

NOx: 53.90; PM: 0.56 

CO2: 4,212.42; CH4: 

0.17 

NMHC: 7.19;  

N2O: 0.17 

Baling 

straw, corn 

stalk 

Tractor (50 - 70 kW) + 

baler; Price: 60 000 

EUR [31] 

5 tona/h 

2 ha/h [34] 

 

14 l/h diesel 

HC: 4.46; CO: 22.22 

NOx: 32.06; PM: 0.34 

CO2: 2,552.98; CH4: 

0.1 

NMHC: 4.36;  

N2: 0.1O 

Loading/un

loading of 

straw bales, 

corn stalk 

Tractor (50 kW) + 

front tractor loader       

Price: 50 000 EUR 

[31] 

5 tons/h 

2 ha/h [33] 

 

5 l/h diesel 

HC: 4.46;  CO: 22.22 

NOx: 32.06; PM: 0.34 

CO2: 2,552.98; CH4: 

0.1 

NMHC: 4.36; 

N2O: 0.1 

Transport 

of bales, 

(corn stalk, 

straw) 

Tractor (50 kW) + 

trailer, volume 50 m3, 

around 5 tons of 

loaded bales; 

Price: 50 000  EUR 

[31] 

5.25 

tons/1.93h, 

length of 

transport 5 km 

from the field 2 

[33][35] 

7 l/h diesel 

HC: 12.48; CO: 62.22 

NOx: 89.77; PM: 0.95 

CO2: 7,148.34;  

CH4: 0.28; 

NMHC:12.21; 

N2O: 0.28 

Transport 

of chopped 

corn stalk 

Tractor (50 kW) + 

trailer, volume 50 m3, 

around 2.5 tons of 

2.5 tons/1.53h, 

length of 

transport 5 km 

from the field, 

7 l/h diesel 

HC: 12.39; CO: 61.72 

NOx: 89.06; PM: 0.94 

CO2: 7,091.61;  

CH4: 0.28 

 
1 Poluttant emissions from agricultural machinery operations (hydrocarbons, HC; carbon monoxide, CO; 

nitrogen oxides, NOx; particulate matter, PM; carbon dioxide, CO2; methane, CH4; Nonmethane hydrocarbons, 

NMHC and nitrous oxide, N2O) were sourced from the FOEN Non-Road database [49] and adjusted per functional 

unit, assuming the machinery was manufactured around the year 2000, reflecting the average age of agricultural 

machinery in Serbia [50]. 
2 Emissions calculated by the duration of transport from the field to the pellet plant taking into account a 

distance of 5 km and an average speed of the tractor of 25 km/h. 
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chopped corn stalk 

chips 

Price: 75 000 EUR 

[31] 

[36] NMHC:12.11;N2O: 

0.28 

Pelleting, 

corn stalk, 

straw 

Pellet plant, 1 ton/h. 

Max power: 226.9 kW 

[29] 

Price: 215 000 EUR 

[31] 

1 ton/h 

Corn: about 197 

kWh/ton, 

electricity [37] 

Straw: about 170 

kWh/ton, 

electricity [37] 

NOx: 1; PM: 0.26 

CO2: 1,000; SO2: 143 

Forklift 

loading/unl

oading 

pellets 

Power: 55 kW, 

Price: 15 000 EUR 

[31] 

40 tons/h [38] 6 l/h diesel 

HC: 0.46; CO: 2.32 

NOx: 3.35; PM: 0.035 

CO2: 282.71;  

CH4: 0.01 

NMHC: 0.46;  

N2O: 0.01 

Pellet 

transport, 

truck 

Truck up to 20 t, 

allowed load. 

Price: 100 000 EUR 

[31] 

20 tons, 

transport 

length up to 

150 km 

40 l/100 km with 

load, 32 l/100 km 

no load, diesel 

CO: 0.194; NOx: 0.03 

PM: 0.02; CO2: 118.69 

NMHC: 0.03 

 

The estimated hourly diesel fuel consumption values for agricultural and other machinery engines 

were calculated according to [39]: 

                                                    𝐹𝐶 = 𝑃 ∙ 0,2925 ∙ 𝑘                                                                  (1) 

Where: P is the power of the machine in kW, and k is the machine load factor in kg/kWh, which 

ranges from 0.2 to 0.8 for different agricultural operations [40]. 

The yield of wheat or straw, corn or corn stalk is highly variable, ranging from 5 to 7 tons of 

wheat per hectare and 5 to 11 tons of corn per hectare [41, 42]. The assumption has been adopted that 

the residue index in cereals such as wheat and corn is approximately equal, which is also applied to 

agricultural biomass residues in the form of straw or corn stalk. The removal of harvest residues without 

depleting the soil of nutrients is done at a rate of 1/3 of the total available harvest residue [43].  

2.2. Development of Model for Utilization of Agricultural Residues 

The selection of supply chains analyzed in the model considers resource diversity, bulk density 

of fuels, various logistics, investment, and other implementation possibilities of the mentioned supply 

chains. Figure 1. provides a detailed schematic of the basic logistical operations for the production of 

corn stalk pellets, corn stalk chips, straw bales, and straw pellets. 

Considering the specified quantity of 6,000 tons of biomass within one “working cell” (i.e., the 

area where agricultural residue is collected), this value serves as a constraint for the economic feasibility 

of biomass collection and transport processes [29]. It is assumed that the collection and processing of 

these 6,000 tons of agricultural residue can be completed within three months. Accordingly, calculations 

have been made for the required number of machinery and devices based on their unit capacities and 

 
3 The emissions refer to emissions during the burning of coal in thermal power plants, which contribute 

70% to the production of electricity in the RS. 
4 Pollutant emissions from Ecoinvent 3 process „Transport, freight, lorry 16-32 metric ton, EURO3 {RER}| 

transport, freight, lorry 16-32 metric ton, EURO3 | Alloc Def, U“. 
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characteristics, as detailed in Table 1. The number of components for participation in all chains includes: 

forage harvester 1 pcs, grain combine harvester 1 pcs, rotary rakes and tractors 3 pcs, tractor and baler 

for straw or corn stalk 2 pcs, tractor and front loader 2 pcs, tractor and trailer for bales 4 pcs, tractor and 

trailer for chopped corn stalk transport 6 pcs, pellet plant for straw or corn stalk 2 pcs, forklift 1 pcs, and 

truck for pellet transport 1 pcs. Total investments in agricultural residue supply chains have been 

calculated based on the obtained values. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Agricultural biomass utilization scheme, solid fuels supply chains 
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operations following harvest include raking, baling, loading, transportation, and unloading. Baling of 

agricultural biomass is performed to facilitate the handling of biomass during collection, transportation, 

storage, and automated combustion processes [44]. In chains L1 and L4, it is assumed that the bales are 

transported to a pelletizing facility where the pelletizing process occurs, and the finished product is then 

transported by truck to the final consumer. In chain L3, the process ends with the transportation of baled 

biomass to a facility and storage as ready fuel. In chain L2, the corn stalk is chopped into chips and then 

collected directly into a tractor trailer that follows a forage harvester after which it is transported directly 

to the final consumer. An optimal transport distance for biomass in the model is considered to be around 

13 km [45]. This generally means that approximately 8 km of biomass collection occurs in the field, and 

the transport distance from the field to storage is about 5 kilometers. The characteristics of agricultural 

residues used in the model are provided in Table 2 and were sourced from the literature [3]. 

Table 2. Characteristics of fuel from agricultural residues 

Characteristics 
Pellet of corn 

stalk 

Chips of corn 

stalk 
Straw bales Straw pellets 

Moisture 12 % 15 % 15 % 12 % 

Lower heating 

value (LHV) 
15.4 MJ/kg 14.8 MJ/kg 14.4 MJ/kg 15 MJ/kg 

Bulk density 670 kg/m3 50.9 kg/m3 150 kg/m3 670 kg/m3 

Dimensions: d, L 
d=6-10 mm,  

L=5-30 mm 
2.5 do 5 cm 1.5 x 1 x 0.75 m 

d=6-10 mm, 

L=5-30 mm 

 2.2.1   Calculation Ranking and Optimization of the Supply Chains 

After calculating all the criteria for the mentioned chains, they were compared and ranked. The 

ranking and optimization of the supply chains have been performed by using the VIKOR method [46]. 

The VIKOR method generates a compromise ranking list and the identifies the solution closest to the 

ideal outcome, interrupted by the value Qi for multi-criteria ranking of the alternatives. Generally, a 

lower Qi value for an alternative means it is closer to the ideal solution. The VIKOR includes verification 

options: acceptable advantage and acceptable stability, which provide feedback on achieving a 

compromise solution by adjusting the weights derived from selected criteria to ensure the conditions of 

stability and acceptable advantages of the solution for multi-criteria ranking [46]. The calculation of 

weight coefficients for the adopted criteria was performed by using the objective EWM [47], which 

addresses uncertainty in the information structure of the decision matrix, known as Shannon’s entropy 

[48]. The entropy value ranges from 0 to 1; a higher Ei value signifirs a greater the degree of 

differentiation for the index i, thus assigning it more weight. The information contained in the 

normalized decision matrix emitted by each criterion fi can be measured as the value of entropy Ei. The 

results of the optimal supply chain selection have been confirmed even in the case of equal importance 

of all criteria in the multi-criteria optimization process.  

2.3  LCA of Agricultural Biomass Chains 

2.3.1. Goal, scope and system boundaries 



8 

 

The primary goal of the study is to analyse the environmental impacts of various agricultural 

operations for collecting and processing of agricultural residues for bioenergy. According to system 

boundaries a “gate-to-gate” approach was used, including the analysis of all inputs and outputs from the 

collection of biomass onwards, including further processing into pellets, chips, or bales and subsequent 

transport to the end consumer. The production of used machinery and infrastructure has not been 

included within the system boundaries. 

The functional unit used was 1 ton of dried biomass (at 15% moisture content). Inputs included 

fuels (liquid fossil fuels and electricity) for biomass processing machinery, while outputs included 

emissions to the atmosphere from biomass processing. For the LCA of the observed chains SimaPro 

version 8.0.4.7. software is used. 

2.3.2. Inventory analysis 

Input data used for the analysis is presented in Table 1.  Main inputs for the machinery used and 

productivity are taken from literature [29], [31–38]. Poluttant emissions from agricultural machinery 

operations (hydrocarbons, HC; carbon monoxide, CO; nitrogen oxides, NOx; particulate matter, PM; 

carbon dioxide, CO2; methane, CH4; Nonmethane hydrocarbons, NMHC and nitrous oxide, N2O) were 

sourced from the FOEN Non-Road database [49] and adjusted per functional unit, assuming the 

machinery was manufactured around the year 2000, reflecting the average age of agricultural machinery 

in Serbia [50]. 

Emissions from pelletizing operations have been based on emissions from electricity generation, 

specifically emissions from coal combustion in thermal power plants, which constitute 70% of 

electricity production in the Republic of Serbia, with an annual production of 24,360 GWh [51]. 

Emissions of harmful substances during the transport of bales and chips from the field were calculated 

based on the time required for this transport. Considering a tractor with a trailer travels approximately 

13 km at an average speed of 9 km/h, the transport time for bales and chips from the field is estimated 

at about 1 hour. For pellet transport by truck, a modified process from the Ecoinvent 3 database has been 

used (Transport, freight, lorry 16-32 metric ton, EURO3 | Alloc Def).  

2.3.3. Impact assessment 

For the impact assessment, the ReCiPe 2016 v1.11 “Midpoint” method was used [52]. The 

ReCiPe method is a life cycle impact assessment (LCIA) framework that evaluates environmental 

impacts across various categories at both midpoint and endpoint levels. Chosen categories for the impact 

assessment of the analysed chains are climate change, terrestrial acidification, marine eutrophication, 

photochemical oxidant formation, and particulate matter formation, as these are the categories where 

environmental impacts have been observed. Pollutant emissions from the life cycle of agricultural chains 

have been converted into appropriate equivalents for each impact category based on predefined 

conversion factors and characterizations in the SimaPro software and ReCiPe Method [52, 53]. 

3. Results 

3.1. Results from the Developed Model  
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Results of criterion calculations (c1, c2, c3, and c5) from the developed model are provided in the 

Table 3. For calculating the price of fuel, a reference price of 50 EUR/ton was assumed for biomass, 

with a moisture content of 15%. 

Table 3. Results of criteria calculation (c1, c2, c3 and c5) for all 4 chains of agricultural biomass 

Impact category Unit L1 L2 L3 L4 

Energy efficiency, 

c1 
no unit 0.75 0.96 0.94 0.79 

Total investment in 

supply chains, c2 
EUR 1,430,000 650,000 940,000 1,500,000 

Price of produced 

fuel, c3 
EUR/ton 138.87 65.85 70.45 127.55 

Bulk density, c5 kg/m3 670 50.9 150 670 

According to Table 3, chain L2 exhibits the highest energy efficiency among the supply chains, 

along with the lowest investment in the chain itself and the lowest cost per ton of corn stalk chips 

produced. However, the bulk density of corn stalk chips is the lowest, nearly three times lower than that 

of baled straw. This means that storing corn stalk chips would require storage facilities nearly three 

times larger than those needed for baled straw, thereby increasing storage investment. Considering this 

contrast in bulk density alongside other criteria in the analysis, as well as additional criteria from the 

LCA analysis, the importance of applying MCDM analysis in selecting the optimal supply chain 

becomes crucial. 

3.2. LCA  

The results of the LCA for all four chains are presented in Table 4.  

Table 4. LCA results for all 4 chains of agricultural biomass 

Impact category Unit L1 L2 L3 L4 

Climate change, c4 kg CO2 eq/ton 179.16 15.56 19.18 156.27 

Terrestrial acidification, c6 kg SO2 eq/ton 2.34 0.12 0.15 2.02 

Marine eutrophication, c7 kg N eq/ton 0.02 0.01 0.01 0.02 

Photochemical oxidant 

formation, c8 
kg NMVOC eq/ton 0.84 0.24 0.29 0.74 

Particulate matter formation, 

c9 

kg PM10 eq/ton 0.54 0.05 0.06 0.47 

Given the greater complexity of biomass pellet production chains (L1 and L4), these chains exhibit 

the highest environmental impacts across all analyzed impact categories, particulary in the climate 

change category. Peletizing agricultural residues contributes 76 % of the total impact in the this category 

for both L1 and L4 chains, primarily due to the electricity used, which is predominantly generated from 

coal combustion in thermal power plants (accounting for 70 % of total electricity production in Serbia). 

The results indicate that the environmental impacts are 13.6 % higher in the L1 chain compared to the 

L4 chain, primarily due to the greater electricity consumtion required to pelletize 1 ton of corn compared 

to 1 ton of straw (197 kWh vs. 170 kWh, Table 1). Transportation of pellets by truck is the next operation 



10 

 

with the highest environmental impact is the climate change category, contributing 10 % of the total 

impacts. This is attributed to the long transport distance (150 km) from the pellet plant to the final 

consumer. Across all other impact categories, impact are 12 %-14 % higher in L1 chain compared to L4 

chain. In contrast, the L2 and L3 chains  show lower environmental impacts across all analysed categories 

compared to L1 and L4 chains. However, the L3 chain exhibits approximately 20 % higher impact in all 

analysed categories compared to L2 chain due to its greater complexity, as it involves more operations. 

Among agricultural activities for collecting and preparing agricultural biomass, harvest operations have 

the greatest environmental impact. This is primarily due to the use of higher-powered agricultural 

machinery, such as  forage and harvest combines with 200 kW power, compared to tractors with 50-70 

kW power. 

3.3. VIKOR and Entropy Method for Optimal Selection of Biomass Fuel Supply Chains 

The decision matrix for the analyzed biomass fuel supply chains is contained in Tables 3 and 4, 

which include 9 criteria and rank 4 observed chains. The process of ranking and selecting the optimal 

supply chain was conducted using the VIKOR method [19], [20], [46], [47]. In accordance with the 

objective EWM method [47] the weights of the criteria were determined from the information structure 

given in Tables 3 and 4. The weight values of the adopted criteria for comparing biomass supply chains 

are presented in Table 5. Positive criteria are marked with (+) for maximization, while negative criteria 

are marked with (-) for minimization. According to the results obtained from the EWM method, the 

highest weight values were assigned to criteria: c6, c4, c9, and c5, in a descending order. 

Table 5. Weight of criteria determined by EWM method for observed biomass chains 

Name of criteria Type Weight 

Energy efficiency c1 (+ maximization) 0.003 

Investment c2 (- minimization) 0.027 

Price per ton c3 (- minimization) 0.029 

Carbon dioxide eq. emissions c4 (- minimization) 0.207 

Bulk density c5 (+ maximization) 0.174 

Terrestrial acidification c6 (- minimization) 0.256 

Marine eutrophication c7 (- minimization) 0.03 

Photochemical oxidant formation c8 (- minimization) 0.071 

Particulate matter formation c9 (- minimization) 0.202 

3.4 Analysis of the results of optimization of agricultural biomass supply chains  

The optimization results in the combined use of VIKOR-EWM methods indicate that the final 

optimal alternatives are:  L3- straw bales and L2- corn stalk chips chains. 

The ranking results by using the VIKOR method for the observed supply chains indicate that 

baled straw (chain L3), represents the optimal solution for utilization. The optimal chain L3, is 

characterized by the following criteria:: energy efficiency c1=0.936694568, total investment in supply 

chains c2=940,000 EUR, price of produced fuel c3=70.45 EUR/ton, climate change c4=19.18 kg CO2 

eq/ton, bulk density c5=150 kg/m3, terrestrial acidification c6=0.15 kg SO2 eq/ton, marine eutrophication 

c7=0.01 kg N eq/ton, photochemical oxidant formation c8=0.29 kg NMVOC eq/ton, particulate matter 

formation c9=0.06 kg PM10 eq/ton. 
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Following baled straw, shredded corn stalk is the next best alternative. The primary difference 

between the supply chains for baled straw and corn stalk chips lies in the bulk density of the produced 

fuel (150 kg/m3 and 50.9 kg/m3, respectively). The lower bulk density of corn stalk chips necessitates 

larger storage volumes, requiring three times more space than baled straw, which directly affects 

investment size in the supply chain. Althoug chain L2 has the lowest basic value of the investment and 

the lowest value of the LCA criteria, its storage requirements pose significant challenges. 

In a second analysus for selecting the optimal fuel supply variant from agricultural biomass, equal 

weights were asigned to all criteria (c1= c2= c3= c4= c5= c6=c7=c8=c9=1/9). This optimization process 

again identified L3- straw bales as the final alternative. Both analyses with different sets of weighting 

schemes consistently indicates that straw bales are the optimals  supply variant. The stability analysis 

provided by the VIKOR method and the prior variation of the importance of weight factors (EWM 

method and equal weighting of criteria), confirmed the L3 (baled straw) as the top-ranked option.  

In cases where biomass production is self-owned, meaning the biomass resource is not purchased, 

the production of these fuels is economically more viable and competitive. In such cases, grain 

production can be integrated with biomass fuels production. The estimated cost are approximately 20 

EUR/ton for collecting and baling straw, slightly under 20 EUR/ton for the shredded corn stalk, leading 

to production costs of pellets from these residues being under 100 EUR/ton. However, a significant 

barrier remains in organizing agricultural residue supply chains due to the high initial investment in 

equipment, facilities, and storage. 

One advantage of MCDM methods such as VIKOR is their ability to integrate with other 

techniques, enhancing flexiblity in multiple methods. In this context, MCDM has been combined with 

LCA method [54] to develop a new approach that considers technical, economical and environmental 

criteria for improved planning and management of agricultural residue supply chains.  

4. Conclusion 

This paper presents a review and comparison of straw and corn stalk agricultural residue supply 

chains for bioenergy generation, focusing on four distinct supply chains relevant to conditions in Serbia. 

In this research were obtained: a model for supplying agricultural residue in the form of fuels was 

developed; the environmental (LCA impact) and economic impact on agricultural residue supply chains 

was determined; and the optimal supply chain utilizing straw bales as fuels was identified. 

The employed MCDM methodology, specifically VIKOR and Entropy method, along with with 

LCA analysis revealed that agro-pellets production chains have a significantly negative environmental 

impact, which positions them as less favourable option for utilization. This conclusion certainly does 

not reduce the importance of their use; rather it highlights the problem of the substantial electricity 

consumption in the pellet production process, 70 % of which is fossil-based. On the other hand, the 

production of chips from agricultural residue demonstates a significantly lower LCA impact. 

Furthermore, when selecting the optimal supply chain by VIKOR with equally weighted criteria 

compared to weights derived from the EWM method, both approaches yielded the same ranking solution 

for baled straw as fuel. This consistency reinforces the stability of the solution. 

For further research, it is crucial to explore and compare supply chains from various resource 

categories, such as: forest biomass, agricultural biomass and energy crops by using a combined MCDM 

and LCA methodology. Such analysis should focus on two categories of solid fuels from biomass, chips 
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and pellets. This approach will not only facilitate the optimal selection of supply chains but also identify 

which biomass chains have the lowest environmental impact.  
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