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Abstract

Considering climate change, which has generated many studies today, including
reducing fossil fuel consumption and using renewable energies to produce clean energy,
in this research, with this aim, the design of a three-level biomass supply chain network
model with two minimization functions in economic and environmental costs has been
considered. The main research gap solved in this study is the resilience of the model,
which examines the disruption in the supply of raw materials with a scenario approach.
The mathematical model of the research is mixed integer linear programming. To single-
target the function, under uncertainty, the fuzzy TH mathematical model has been
used and the validation of the model has been investigated in a real case study in
Tehran province. According to the findings from the output of GAMS software,
which shows the optimal economic cost equal to 791354423200 Tomans and the
emission of 1420469 grams of carbon dioxide per year, the optimal mode of
construction of 4 power plants in the cities of Pakdasht, Qarchak, Parand and
Mallard have been proposed. The sensitivity analysis on the parameters of the TH
method and on the change of biomass supply values met the expectations. As a
result, the proposed model has the necessary efficiency and has been able to be
optimal in terms of cost and reduce greenhouse gas emissions by combining economic
and environmental approaches. Therefore, the model has the necessary resilience.

Introduction
Correct biomass management is becoming one of the most important factors to
achieve a sustainable future for human society. Although biomass is highly
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dependent on regional climatic conditions, it is currently the only practical
renewable source for direct supply of sustainable fuels for all countries in the world.
Urban waste management is one of the most important tasks of urban management,
which has many costs and implementation problems. Mismanagement of these
biomass causes various environmental risks. Over the past half century, the world's
electricity consumption has increased continuously. Between 1980 and 2023,
electricity consumption has more than tripled. The growth of industrialization and
access to electricity worldwide has further increased the demand for electricity.
Worldwide electricity generation is projected to triple over the next three decades.
The growth and expansion of a sustainable bio economy, is proposed as an
important strategy that can help the world to meet many of these challenges. In
support of this strategy, more than 50 countries worldwide are currently pursuing
bio economy strategies. The production of renewable fuels requires long-term
planning, which requires the design of a flexible supply chain network. Optimum
biofuel supply chain network must deal with the time difference of fuel supply and
demand. Seasonal variation is very important due to the availability of biomass and
it is challenging not to consider the seasons. Therefore, the modeling of the biofuel
supply chain network should consider both long-term planning and decisions such as
seasons should also be considered in the modeling.

Methods and Material

The method of this article is two-objective mixed integer linear programming. The
two-objective model designed in this research has been converted into a non-fuzzy
single-objective using the fuzzy TH method and it has been solved with the exact
solution method and with the help of Games software. In the designed model,
strategic and tactical decisions are made to achieve the set goals. Strategic decision
variables include location and allocation. For location, it is meant to choose a place
from among the proposed places for the construction of power plants so that the cost
of transportation and as a result the cost of electricity production is kept to the
minimum possible and reduces carbon emissions. In the discussion of allocation, the
optimal capacities for each of the power plants are determined from among the
proposed capacities. Tactical decision variables include determining the amount of
biomass to be transferred from each supplier to each power plant, as well as the
amount of electricity produced and transferred from each power plant to each
applicant. Biofuel supply chains are subject to uncertainty due to their dynamic and
complex nature. Here, according to the opinion of the experts, the uncertainties of
the fuzzy type of the research model; the costs of ordering to the supplier are the
costs of purchasing raw materials (biomass) and the costs of setting up the power
plant. Also, according to the opinion of experts, the cost of repair and maintenance
has uncertainty of a possible type.

Results and Discussion

Here, the real data to determine the values of the first and second functions have
been entered into the Gems software to obtain the exact solution for the desired
problem. Solving the problem by TH method with beta (satisfaction coefficient) of
0.5 for W1=0.7 and W2=0.3 is considered for it. The findings from the software
outputs suggest that the best situation or in other words the optimal situation is to
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build four power plants among the proposed points out of the seven points. These
four power plants should be built in three different capacities. A power plant with a
capacity of forty megawatt hours per day in Pakdasht city, with an annual
production of 14,600 megawatt hours, a power plant with a capacity of twenty
megawatt hours per day in the city of Mallard, equal to 7,300 megawatt hours of
annual production power, a power plant with a capacity of forty megawatt hours per
day in Qarchak city, With an annual production of 14,600 megawatt hours, and a
power plant with a capacity of ten megawatt hours per day in Parand city, with an
annual production of 3,650 megawatt hours, it produces and supplies electricity to
all four residential towns in Tehran. Electricity has been supplied to three residential
towns in Parand city, and electricity to a residential town in Rabat Karim will also
be produced and its need will be met. The electricity of a residential town in
Islamshahr and a residential town in Pardis, which were applicants, has not been
supplied and both types of biomasses are consumed in different proportions in four
power plants. Biomass is purchased from all ten suppliers in ten different cities.

Conclusion

In this article, the presented model has two objective functions, one for reducing
total costs and the other for reducing carbon emissions, both of which aim to achieve
sustainable development in the waste supply chain network. Any model that can
control uncertainties and turn them into certainty, that is, that can predict
uncertainties so that the supply chain network does not suffer from disruption and
disorder, is a resilient model. A model can be made resilient in various ways. The
current model has turned uncertainties into certainty by creating scenarios, therefore
the current model is also a resilient model to use the energy known as Biomass-to-X
to increase the efficiency of the network. One of the biggest challenges in the
biomass supply chain is logistics management, because biomass with high moisture
and low density requires more expensive transportation. Therefore, to develop the
model, it is suggested to manage logistics in the waste supply chain network, in sync
with today's technologies, to reduce Economic costs and reducing carbon emissions
should be investigated.
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