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ARTICLE INFO ABSTRACT

The present research investigates the possibility of using renewable energies such as
solar, wind, geothermal, and bioenergy in the Sistan and Baluchestan province. This
province faces significant obstacles in energy supply due to climatic, economic, and
geographical factors. Using geographic information and global data in the ArcGIS
software, an assessment of the total capacity of the province has been conducted, and
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areas with the highest potential for renewable energy exploitation have been
identified. The assessment results show that the annual energy production capacity
from solar, wind, geothermal, and bioenergy sources is equivalent to 1962
KWyear.m?, 22776 MWyear per turbine, 402 kWyear.m™, and 194 KWyear per
person, respectively, which, if these sources were replaced, would prevent 818.74
kg.m, 9504.42 ton (per turbine), 167.75 kg.m, and 80.95 kg (per person) of carbon
dioxide emissions annually. Furthermore, the annual energy production level in a
sample household demand in the study area has been evaluated using GEO T-SOL
and PVSYST software. The results indicate that the energy produced by designing a
hybrid geothermal and solar system for household demand in the region is equivalent
to 8637 kWh and 8858 kWh per year, leading to energy savings of 22566 kwh and

prevention of 5585 kg of carbon dioxide emissions annually. The results of this
study demonstrate the significant efficiency and potential of renewable energies in
meeting the energy needs in the Sistan and Baluchestan province, serving as a
valuable solution to address the challenges of energy demand and sustainable
development in the region.
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Introduction

In recent years, the global shift towards renewable energy sources as a response to the depletion of
fossil fuels and their detrimental impact on the environment has gained significant momentum. In Iran,
the primary sources of energy are gas, oil, and hydroelectric power. However, in Sistan and
Baluchistan province, accessing these conventional energy sources poses considerable challenges due
to unique climatic conditions, economic constraints, and limited infrastructure development. The arid
and hot climate of Sistan and Baluchistan restricts the feasibility of hydropower utilization in the
region. Additionally, the province lacks adequate infrastructure for fossil fuel energy production,
further exacerbating energy supply issues. The vast expanse of the area, coupled with its desert terrain
and accessibility constraints, presents obstacles to efficient energy transmission, resulting in energy
scarcity in the region.
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To address the energy deficit and promote economic growth in Sistan and Baluchistan, harnessing
renewable resources emerges as a viable solution. Given its sunny climate, expansive geography, and
geological characteristics, the region shows promising potential for solar, wind, biological, and
geothermal energy exploration. To assess this potential, a study was conducted using geographic
information systems and global databases in conjunction with ArcGIS software to evaluate the overall
energy capacity of the province and identify areas with optimal energy exploitation prospects.
Furthermore, utilizing GEO T-SOL and PVSYST software, a zero-energy building design was
developed based on the assessment of renewable energy capacity and annual energy production output.

Methods

The study focused on Sistan and Baluchistan province, known for its predominantly hot and dry
weather conditions. Solar energy potential was evaluated based on photovoltaic energy harvesting
capacity, considering total solar radiation on horizontal surfaces derived from daily sunlight hours.

Moreover, geothermal energy utilization capacity was assessed by analyzing geological data and
temperature profiles in the region to determine extractable power potential. The design of a
geothermal system in conjunction with solar energy was carried out using GEO T-SOL software.
Bioenergy production capacity evaluation involved calculating sewage sludge production per capita
and estimating biogas yield through anaerobic digestion processes.

Finally, wind energy harvesting potential was determined by reviewing station-specific weather
data and utilizing wind atlas information to assess energy output at a height of 100 meters. Through
comprehensive analysis and innovative design approaches, the study aims to pave the way for
sustainable energy development and economic progress in Sistan and Baluchistan province.

Results
The study findings on solar energy in Sistan and Baluchistan reveal the region's immense potential for
solar energy development and photovoltaic electricity generation. The area boasts an average direct
sunlight exposure of approximately 5.81 kwWh.m?, with a total average sunlight reaching 6.02 kWh.m?.
Moreover, the region receives an average of 2.20 kWh.m? of scattered radiation. Wind assessments
indicate that the Behartib region experiences wind speeds ranging from 3 to 16 m.s™, while the province,
on the whole, maintains an average wind speed between 7 to 10 meters per second. The prevailing
westerly winds highlight significant wind energy harvesting potential in the province. Additionally, the
presence of hot water springs aligning east to west across the central region showcases favorable
conditions for small-scale geothermal power plants, positioning Sistan and Baluchistan as a key
geothermal energy resource hub in the country. Analysis of biogas production capacity, based on a
population,144800 m* per day, further accentuates the region's diverse renewable energy potential.
Evaluating the utilization of various resources in Sistan Baluchistan, a study sample focusing on meeting
energy demands in the residential area of Jo Abad village within Mirjaveh Zahedan city was conducted.
In this context, a zero-energy building concept was applied, integrating geothermal thermal energy
and solar photovoltaic systems to fulfill thermal heating and electricity requirements. System design
and performance evaluations were facilitated through GEO T-SOL and PVSYST software platforms.
The designed hybrid system caters to heating indoor spaces and supplying hot water demands,
requiring 8411 kwh and 8659 kWh annually, respectively. It yields 8637 kilowatt hours and 8858
kilowatt hours per year from the geothermal and solar collectors. The heat pump and solar collector
exhibit performance factors of 4.8 and 4.6, respectively, resulting in an overall system performance
coefficient of 7.8, meeting efficiency targets. This sustainable system generates significant energy
savings of 22566 kilowatt hours annually, curbing carbon dioxide emissions by 5585 kg per year.

Conclusion

The annual energy production capacities from solar, wind, geothermal, and bioenergy resources are as
1962 kWyear.m?, 22776 MWyear (per turbine), 402 kWyear.m? and 194 KWyear (per person),
respectively. These sources have the potential to reduce carbon dioxide emissions significantly. These
results highlight the efficiency and potential of renewable energies in meeting energy needs in Sistan and
Baluchistan province, offering a sustainable solution for energy demand and development in the region.
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1. Intergovernmental Panel on Climate Change
2. Environmental Impact Assessment
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