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Abstract

There are various solutions for providing enough food and compensating the shortages, but in the current
situation, the implementation and reliance on many of these programs faces serious doubts. Therefore, it
seems that the most effective tool for the realization of food security in human societies is the control of food
waste. Therefore, in the present study, an attempt was made to evaluate the effects of food waste control
policies by using the dynamic system model and considering the mutual relationships and feedbacks in the
food production and consumption system in Iran. The results of the study showed that in basic conditions,
energy consumption in the food system increases simultaneously with population growth and food demand.
Also, the production of food waste and, as a result, the cost of waste disposal also increases during the
simulation period. Therefore, waste management policies in the country were examined through the
scenarios of per capita control of waste production, waste separation from the source and improvement of
recycling technology. The results showed that the application of the third scenario during the years 2024-
2040 had the most effect in food waste management. On average, the amount of produced waste will
decrease by 71/82% On the other hand, this reduction has been accompanied by an increase in energy
consumption efficiency. So that the volume of energy consumption has decreased to a significant amount of
28/05% on average. This decrease indicates the improvement of the consumption pattern in the coming
years. In addition, under this scenario, the amount of recycling at the beginning is 98/44 million tons and at
the end of the period, 28/72 million is predicted. Therefore, according to the effectiveness of these policies,
the public and private sectors can have a significant impact on food waste management and conservation of

non-renewable resources by creating fields for training, encouraging and improving technology.
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Extended Abstract

1. Introduction and Problem Statement

Ensuring an adequate and sustainable food supply for the growing global and Iranian population is one of the fundamental
challenges of the current century. Global food demand is projected to increase by 56 percent by 2050 compared to 2010.
Under current conditions, where the implementation of production-expansion programs faces limitations in water, soil, and
energy resources, controlling and reducing food waste and losses is recognized as the most efficient, rapid, and cost-effective
tool for achieving food security. In Iran, given population growth (surpassing 90 million) and the high per capita energy
consumption and food waste compared to the global average, food waste has reached an alarming level. For the first time, this
study utilizes a system dynamics approach to simulate and evaluate the mutual relationships, feedback loops, and long-term
behavior of the food production, consumption, waste, and energy system in Iran up to the horizon of 1419 (2040 AD).

2. Materials and Methodology

This applied-developmental research is based on a system dynamics methodology. The model structure was designed using
Vensim software based on time-series data (2004—2014), library studies, and expert interviews. The simulation horizon covers
a 17-year period from 2024 to 2040 (1403—-1419).

The model incorporates stock variables, rates, and key auxiliary variables, including population, Gross Domestic Product
(GDP), total food demand, energy consumption within the food system, generated waste volume, waste collection and landfill
expenses, and recycling volume.

To examine the effectiveness of various policies, three policy scenarios were developed and implemented in comparison with
the baseline scenario:

Baseline Scenario: Continuation of current trends (per capita waste generation of 0.24 tons/year, waste source separation at 7
percent, and recycling at 13 percent).

First Scenario: A 10 percent reduction in per capita waste generation, 10 percent source-separated waste collection, and
improved recycling at 20 percent.

Second Scenario: A 20 percent reduction in per capita waste generation, 20 percent source-separated waste collection, and
improved recycling at 30 percent.

Third Scenario (Comprehensive Combined Scenario): A 30 percent reduction in per capita waste generation, 30 percent
source-separated waste collection, and improved recycling technology at 40 percent.

3. Findings and Results

Model Validation: Evaluation of simulation error and the coefficient of determination (R 2) for key variables such as
population (0.92) and food demand (0.85) demonstrated that the model possesses high reliability and predictive validity.
Baseline Scenario Results: In the absence of effective policy interventions, alongside population growth and rising food
demand, energy consumption in the food system exhibits an upward trend. The volume of generated waste increases from
approximately 24.66 million tons to over 31.19 million tons, accompanied by a significant rise in landfill expenses.

Scenario Comparison and Effectiveness of the Third Scenario: Simulation results indicated that the Third Scenario
(combining per capita waste reduction, source separation, and enhanced recycling technology) yielded the highest
effectiveness in managing the country’s food waste:

Reduction of Generated Waste: On average, the volume of generated waste decreases by 82.71 percent throughout the
simulation period.

Energy Efficiency: Energy consumption within the food system decreases significantly (reaching up to a 45 percent reduction
by the end of the period compared to the baseline), reflecting a fundamental optimization of consumption patterns.

Recycling Volume: Under this scenario, the volume of food recycling is projected to be 98.44 million tons at the beginning
and 28.72 million tons at the end of the period, indicating a strategic shift toward maximum recycling and optimal waste
management.

4. Conclusion and Recommendations

The findings of this study revealed that food waste is a fully systemic phenomenon characterized by complex feedback loops
with economic, demographic, and energy variables. Resolving this crisis requires a comprehensive and multi-dimensional
perspective.

Based on the results, it is recommended that the public and private sectors intervene through the following measures:
Expanding public education and cultural promotion to optimize household consumption patterns and reduce per capita waste.
Providing legal and economic infrastructure for source-separated waste collection alongside economic incentives for citizens
Investing in the development and modernization of advanced recycling technologies to convert waste into organic fertilizers
and energy.

Enhancing energy efficiency in the agricultural sector and food supply chain industries to preserve the country’s non-
renewable resources
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