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Article Info ABSTRACT

Article type: Background and Objectives: Lignocellulosic biomass, a promising
Full Length Research Paper  repewable resource, has gained attraction as a potential alternative for
biofuel production and climate change mitigation. Agricultural practices
often generate significant quantities of lignocellulosic residues (e.g., crop
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and partially displacing fossil fuels. The study aimed at evaluating the
potential of lignocellulosic biomass from agricultural activities in Golestan
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Modeling, province as a sustainable source for renewable energy production; and
Optimization, estimating the transportation costs associated with the biomass feedstock
Remote sensing, within the context of a pilot project.

Residue biomass,

Transportation Materials and Methods: Satellite image processing (Sentinel-2 and

Landsat 8) was employed to generate land-use maps and identify the spatial
distribution of biomass supply sources from four major crops (wheat,
soybean, rice, and rapeseed) and estimate the available biomass volume
from each crop in energy units (kWh). Subsequently, an optimization
model was developed to design a biomass-to-energy supply chain network
for the study area.

Results: The overall classification accuracy and kappa coefficient for
wheat and rapeseed using Sentinel images were 82% and 0.74,
respectively. Soybean and rice classifications using Landsat images
achieved 76% and 0.63 accuracy, respectively. Area estimation identified
84,104 farms exceeding 2 ha, encompassing a total area of 468,000 ha.
This represents an 11% bias compared to statistics provided by Iran's
Ministry of Agriculture organization for the same period. The optimistic
scenario suggests a potential harvest of 3.8 million kWh of energy from the
identified farms. The optimization model, considering both fixed and
variable transportation costs, determined that locating three biorefineries
would be sufficient to process the biomass and generate electricity.
Transportation costs for this scenario were: US$222 million fixed cost,
US$1.599 billion variable cost, and a total cost of US$1.821 billion.
The optimal scenario also minimized transportation distances, with a
maximum on-site distance of 81 km and an average distance of 27 km.
These distances represent a significant reduction compared to single-site
(74% decrease) and two-site (34% decrease) scenarios.

\A|



Conclusion: The results highlight the potential of utilizing agricultural
biomass for biofuel production in Golestan province. Developing a
diversified energy portfolio that reduces dependence on fossil fuels and
mitigates their environmental impacts necessitates further research in
designing biomass-to-bioenergy value-chain networks.
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1- Global Positioning System (GPS)
2- United States Geological Survey
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1- Global Positioning System (GPS)
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Figure 3. Generated graph illustrating calculations related to biomass supply chain.
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//Algorithm shortest path distance based on haversine distance algorithm
begins
input data
set s, d & r //read the spatial position of nodes from files (s: source node, d: end node, r: earth’s radius)
cale. Geographic coordinates (pu;, @ous) for each node in radian
if ; /= null && ¢, != null;

for each node in coord list;

do
find_A lon;; between_nodes //longitude of start and end node
Calc. d=sin’ (Alat,«/Z)+cost(lat,«)cos(latj)sin2 (4 lon; 2)  //square of straight-lie distance between pairs
Calc. ,8=2.tan—2 (sqrt(9), sqrt (1-6) //great circle distance in radians
Calc. 2=r. /fcalculate real distance
end for
end if
return A for each pair; /freturn real distance in km

End
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Table 1. Estimation of farmland areas using remote-sensing analysis compared with statistics from the
Ministry of Agriculture.
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Figure 4. Estimate the energy content of crop residue biomass for the studied crops
under two recoverable scenarios: 10% and 45%.
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Figure 5. Energy content map (kWh) for each farm type: A) wheat, B) Rice, C) Soybean, and D) Rapeseed.
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Figure 6. Logistical configurations of the biomass to bioenergy supply-chain, including farmlands
and the locations of industries within the province, across the study area.
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Figure 7. Total cost, including variable and fixed-charged costs related to the biomass-to bioenergy
supply-chain over the study area.
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