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Introduction

Energy production from agricultural residue is an important research area with significant potential for
sustainable energy production. In Iran, the use of agricultural waste for energy production, due to its favorable
geographical characteristics, has the potential to address energy security, reduce greenhouse gas (GHG) emissions,
and create economic opportunities for rural communities. Rice and wheat are major crops in Iran, which produce
residue in the form of rice husk and wheat straw, respectively, which can be converted into energy sources.
Biomass energy production from agricultural residue is currently being carried out worldwide. Although biomass
energy is believed to be an effective option in terms of domestic renewable energy production, its ability to improve
social welfare is controversial. Therefore, this study aims to examine the extent to which increases in biomass
prices affect social welfare. It also investigates the potential for reducing greenhouse gas emissions through
electricity generation using biomass derived from two major agricultural crops, wheat and rice.

Materials and Methods

This study evaluates the welfare and environmental impacts of using biomass derived from two major crops,
wheat and rice. To achieve this objective, a partial equilibrium model was employed to maximize the total surplus
of biomass producers and consumers, subject to resource availability constraints, thereby assessing the economic
implications of biomass utilization. In addition, the potential for carbon dioxide emission reduction was estimated
through a life cycle assessment of biomass-based electricity generation and by comparing its emissions with those
associated with electricity generated from fossil fuels.

Results and Discussion

The results of the model simulation show that the welfare of biomass consumers decreases and that of biomass
producers increases; so that the maximum social welfare is achieved at a price of 28.63 million Tomans per ton
for wheat biomass and 27.59 million Tomans per ton for rice biomass. The results also showed that an increase in
the price of biomass leads to an increase in biomass production, and by using this biomass produced from the two
crops wheat and rice in electricity generation, greenhouse gas emissions can be reduced by 8.2 percent in the
country.
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Conclusion

Wheat straw and rice straw are among the agricultural residues that are used to produce electrical energy.
Increasing the price of electrical energy produced from crop residue will increase the supply of biomass from
wheat and rice crops, because straw and stubble can be a source of income for farmers in addition to the main
wheat and rice crops, and on the other hand, by collecting straw and stubble, their burning in the fields is prevented.
Given the increasing demand for electrical energy in the country, this study can be a basis for the government and
policymakers to think of a solution for generating electricity from agricultural waste on a large scale that can
produce clean energy and manage agricultural land residue. Therefore, according to the results of this study, it is
suggested that by setting an appropriate price for wheat and rice straw and stubble, it is possible to collect them
and not burn them in the fields, and to invest in biomass energy plants to produce clean energy. In this study,
agricultural producers and power plants are considered as biomass consumers, and potential electricity market
effects are ignored. To inform the sustainable use of biomass resources, the proposed model can be extended to
the electricity sector consumed by the government and households. In addition, further research is needed to
examine environmental impacts, such as biodiversity and water consumption, in a broader manner. The authors
leave these explorations to future work.

Keywords: Agricultural residues, Biomass, Consumer and producer surplus, Partial equilibrium model, Rice,
Wheat
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Table 2- Results of the mathematical simulator model under different wheat biomass energy prices
PV
Wheat
s g oo Y gl Y g1,lw ¥ g2 b £ gl
Simulated value  Scenario 1 Scenario 2 Scenario 3 Scenario 4

KWy 11676.44 12694.41 14786.76 15721.5 16002.21
Production (thousand tons) ) (8.7) (26.6) (34.6) (37)
0P 13152.59 13427.99 13994 14264.64 14323
Biomass (thousand tons) (0 (2 (6.3) (84) (8.8)
Caogd 6125 15375 26154 28630 31524
Price (thousand rials) (0 (151) (327) (367) (414)
045 byuno Sl 19988530 18361150 17523400 15207060 13164600
Consumer surplus (thousand rials) (0 (-8.1) (-12.3) (-23.9) (-34.1)
oaS e 3ljle 27271000 29529800 30171500 36590050 37521060
Producer surplus (thousand rials) (0 (8.2) (10.6) (34.1) (37.5)
ols, 47259530 47890950 47694900 51797110 50685660
Welfare (thousand rials) (0) (1.3) (0.9) (9.6) (7.2)

5200 (gladidly txuie
Source: Research findings
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Table 3- Results of the mathematical simulator model under different rice biomass energy prices
T
Rice
VeI WP VOUR R Kt PR RPN v Y gl Y g5l £ g1,b
Simulated value  Scenariol Scenario2 Scenario3 Scenario 4

KNS} 2776.24 2794.41 2865.76 2878.5 2881.3
Production (thousand tons) (0) (0.6) (3.2) (3.6) (3.7)
03¢5 a2 § 3249.59 3354.99 3373.75 3377.195 3478.251
Biomass (thousand tons) (0) (3.2) (3.8) (3.9) (M
Caosd 8030 15230 27590 32100 37720
Price (thousand rials) 0) (89.6) (243.5) (299.7) (369.7)
0SB puao Sljlo 16573523 16327137 16224969 15735719 15335711
Consumer surplus (thousand rials) 0) (-1.2) (-1.6) (-1.8) (-7.6)
PRVCRWA RN 28936170 29802505 30178716 36592400 37206201
Producer surplus (thousand rials) (0) (3) (4.3) (26.5) (30)
olé, 45509693 46129642 48403685 48328119 48041912
Welfare (thousand rials) (0) (1.3) (6.3) (6.1) (5.5)

Source: Research findings
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Table 4- Greenhouse gas emissions and net percentage reduction in greenhouse gas emissions by replacing fossil fuels with
biomass in different scenarios

JS Mo

W) als e p GHG »

GHG GHG iy S5l jlale 4y Comd 92 5w
gy ,Liws 8395 Cunmnd § _ GHfEs,Sll GHGhio = GHGfossil LR
Scenarios ~ Total biomass (4CO /IIZ:/TI; (9CO2/kwh) — GHGygqy Percentage reduction in GHG
amount (1000 g-La — GHG;, emissions in each scenario
tons) (gCO2/kwh) compared to the Simulated
value
JTER
028 gl 16402.18 14942471356 4592610400 10349860956 0
Simulated
value
sl 16782.95 15195639846 4699226000 10496413846 1.415989
Scenario 1
¥ ke 17367.75 15587052790 4862970000 10724082790 3.615718
Scenario 2
v y"tf” 17641.835 15912095529 4939713800 10972381729 6.014774
Scenario 3
L
Yo . 17801.251 16189093098 4984350280 11204742818 8.259839
Scenario 4

200 (oAl txuie
Source: Research findings
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