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This study analyzes the water-energy-environment nexus by simultaneously
evaluating the potential of microalgae for phycoremediation, biofuel
production, and carbon capture. The LEAP software was employed to
investigate the treatment and biodiesel production capacity. The impact of
replacing biofuel in the urban public transportation system, considering
different mixing ratios of biodiesel including B5, B10, B20, and B50, was also
studied using EnergyPLAN software. The results showed that the produced
biodiesel with these ratios could provide 4.25%, 8.58%, 17.43%, and 45.78%
of the total annual energy requirement, respectively. These replacement rates
correspond to a reduction of 2.9%, 5.9%, 12.7%, and 31.7% in CO, emissions.
Furthermore, assuming a 5% annual growth rate in the input of the wastewater
treatment plant, after 12 years, the proposed model can reduce the annual
carbon emission costs by $414 million while meeting 46% of the annual

LEAP

energy demand using B50 and decrease annual CO, emissions by 32%.

Introduction

The growing demand for energy consumption
and the scarcity of water resources have highlighted
the interconnectedness and impact of water, energy,
and the environment, posing significant challenges
in today's societies. As a result, the integration of
renewable systems has become a priority in
development plans. In efforts to reduce carbon
emissions, alternative fuels derived from biological
resources, known as biofuels, have gained attention
as viable substitutes for fossil fuels. Among these
alternatives, microorganisms such as microalgae
have emerged as a promising source for biodiesel
production. Microalgae possess a high reproduction
rate and can thrive in harsh conditions, including
saltwater environments. Consequently, they offer a
suitable and sustainable option for biodiesel
production. Biofuel derived from microalgae is
advantageous as it is sulfur-free, non-toxic, and
biodegradable. Moreover, due to their ability to
grow in challenging conditions, microalgae can be
cultivated using urban wastewater as a culture
medium, thereby utilizing sewage and conserving
clean water resources. The aim of this study was to
conduct a comprehensive assessment of the water,
energy and environment nexus by simultaneously
evaluating the potential of microalgae for
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phycoremediation, biofuel production, and carbon
capture. The analysis is conducted using
ENERGYPLAN and LEAP software. In addition to
evaluating water recovery and energy source
replacement, the study assessed how these scenarios
contribute to the reduction of pollutants in the
environment.

Methods

The aim of this study was to examine the
interconnections between water, energy, and the
environment in utilizing microalgae as a third-
generation biomass for biodiesel production from
urban  wastewater. To analyze this, the
ENERGYPLAN  software was  employed.
Additionally, the LEAP software was utilized to
assess the impact of wastewater biological
treatment capacity using chlorella sp. on water
resource recovery in Tehran, Isfahan, Kerman, and
Khorasan Razavi provinces. Furthermore, the study
investigated the effects of fuel substitution in the
urban public transportation system on CO,
emissions, considering various blending ratios of
diesel and biodiesel (B5, B10, B20, and B50).

Results

The findings of the study revealed that the biodiesel
produced at blending ratios of B5, B10, B20, and
B50 can contribute to 4.25%, 8.58%, 17.43%, and
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45.78% of the total annual energy requirement,
respectively. This substitution rate corresponds to a
reduction of 2.9%, 5.9%, 12.7%, and 31.7% in CO,
emissions, respectively. Moreover, considering a
5% annual increase in the inflow of sewage
treatment plants, the proposed model can meet 46%
of the annual energy demand using B50 after 12
years. This would result in a 32% reduction in
annual carbon dioxide emissions, leading to a cost
reduction of $414 million in carbon emissions.
Additionally, the cultivation of algae and the
recovery of up to 517 million cubic meters of water

88

for agricultural purposes would
contribute to the food chain.

significantly

Conclusion

Nexus analysis of water, energy, and the environment
for the production of biofuel, coupled with the
biological treatment of wastewater using microalgae,
indicated that this model not only contributes to the
preservation of water resources through recycling but
also enhances the food chain. Additionally, this model
aids in carbon fixation and reduces emissions, further
promoting environmental sustainability.
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