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This study aimed to comprehensively evaluate the potential for producing and using biodiesel
extracted from Jatropha plants in Iran's light-duty transport sector. To achieve this goal, an
integrated multi-criteria framework was developed, covering technical, economic,
environmental (direct emissions), and full life cycle assessment (LCA) dimensions. The
technical modeling of the fuel production process was performed using Aspen HYSYS
software, economic analysis was conducted using the Total Revenue Requirement (TRR)
method with Monte Carlo simulation, and the life cycle assessment was carried out using the
IMPACT 2002+ method in SimaPro software. The most prominent findings indicated that
although the jatropha biodiesel vehicle holds a relative environmental advantage with a global
warming potential of 32.69 grams of CO: equivalent per kilometer, it faces two major
challenges. First, its high economic cost is reflected in a levelized cost of $0.88 per kilometer
traveled (50% higher than gasoline) and a production cost of $1 per liter of biodiesel fuel.
Second, the significant emission of nitrogen oxides at 0.721 grams per kilometer traveled poses
a concern for air quality. Additionally, substantial land use (15.14 square meters per kilometer)
was identified as a key challenge within its life cycle. Consequently, this technology is not
competitive as a widespread substitute under current conditions in Iran. However, with smart
policymaking and a focus on specific complementary applications (such as fixed-route public
transport fleets or agricultural machinery in remote areas), it could play a role in diversifying
the country's energy mix and reducing net carbon emissions.
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EXTENDED ABSTRACT

Introduction

The global transition towards sustainable energy has intensified the search for viable alternatives to fossil
fuels in the transport sector. In Iran, this pursuit is further driven by the dual objectives of enhancing energy
security and reducing environmental impact. Biodiesel derived from non-edible feedstocks like Jatropha
presents a promising avenue, particularly given Iran's potential for cultivating this resilient plant on marginal
lands. However, a comprehensive assessment of its viability requires moving beyond isolated technical or
economic analyses. This study, therefore, develops and applies an integrated multi-criteria framework to
holistically evaluate the potential of Jatropha-based biodiesel for light-duty transport in Iran, simultaneously
examining technical performance, economic feasibility, direct environmental emissions, and full life-cycle
impacts to provide a robust foundation for strategic decision-making.

Method

This research employed an integrated assessment framework that combined technical process simulation,
economic modeling, and environmental life cycle analysis. The technical performance of the biodiesel
production process from Jatropha oil was rigorously modeled using Aspen HYSYS software to determine
energy and utility requirements. Economic viability was assessed using the Total Revenue Requirement (TRR)
method, with key financial uncertainties, such as inflation rates, addressed through Monte Carlo simulation.
Finally, the comprehensive environmental footprint was evaluated via a cradle-to-grave Life Cycle Assessment
(LCA) conducted in SimaPro software using the IMPACT 2002+ methodology, encompassing all stages from
agricultural cultivation to vehicle end-of-life.

Results

The multi-criteria analysis revealed a nuanced picture of Jatropha biodiesel's potential in Iran. From an
environmental perspective, the fuel showed a relative advantage in climate impact, with a life-cycle global
warming potential of 32.69 g CO,-eq/km, approximately 9% lower than that of conventional gasoline.
However, this benefit was countered by significant challenges: economically, the levelized cost of travel was
calculated at $0.88 per kilometer, 50% higher than gasoline, primarily due to a high production cost of $1 per
liter of fuel. Environmentally, the vehicle emitted 0.721 g/km of nitrogen oxides (NOx), a level posing
concerns for local air quality, while the LCA also identified substantial land use (15.14 m2/km) as a critical
resource consumption issue.

Conclusions

In conclusion, while Jatropha biodiesel demonstrates a measurable advantage in reducing net greenhouse
gas emissions within the Iranian context, its current economic non-competitiveness and notable NOx emissions
preclude its viability as a widespread, direct substitute for conventional fuels in the light-duty vehicle segment.
The findings suggest that its strategic value lies instead in targeted, complementary applications, such as in
public transport fleets on fixed routes or agricultural machinery in remote areas, where energy diversification
is paramount. For such niches to be realized, concerted policy support, focused research and development to
lower production costs and mitigate NOx emissions, and careful planning for cultivation on marginal lands are
essential prerequisites for integrating this biofuel into a sustainable national energy portfolio.
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