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Abstract 

Qatar’s energy sector predominantly relies on natural gas for all applications and electricity generation. Different 

efforts have been implemented in Qatar to increase the share of renewables for electricity generation. However, limited 

efforts have been made to highlight the importance of extending this development to energy-intensive processes. This 

work focuses on conducting a feasibility study to estimate electricity generation from on-site solar PV at one of Qatar's 

wastewater treatment plants. The study concluded that using solar PV for electricity generation in the wastewater 

treatment sector will offset a proportion of the natural gas used for electricity generation. More research is required to 

assess the feasibility of solar PV integration and to evaluate its environmental impact on wastewater treatment plants. 

 

Introduction 

Various factors also impact the energy consumption for wastewater treatment, such as regional disparity in energy cost, 

climatic variabilities, and the availability of water (Skoczko, 2025). The regional differences in the cost associated 

with the treatment process and the technology used lead to evident variations in the energy consumption in different 

wastewater treatment plants (Skoczko, 2025). The high energy demand, as well as its variability, necessitate the 

importance of renewable energy integration to ensure long-term sustainability in treatment plants. The study aims to 

estimate the land area available for solar PV integration at wastewater treatment plants in Qatar, estimate electricity 

generation from solar PV for a wastewater treatment plant in Qatar, estimate the emissions saved, and provide insightful 

recommendations on solar PV integration for energy-intensive processes. 

 

Methodology 

A proposed type of solar PV was utilized by Jinko Solar with dimensions of 2278x1134 mm. The solar PV has a power 

of 565W. In order to calculate the Packing Factor (η), Equation (1) will be used (Jiang et al., 2021): 

 

                                                          η =
𝐿∗𝑊

𝐿 +𝐴∗𝑊
                                                      (1) 

 

Where L is the module length in mm, W is the module width in mm, and A is the additional spaces between 

successive module rows to avoid self-shading in mm. Secondly, the useful area of the available space on each site 

needs to be calculated. In order to conduct area measurements, the polygon measurements were conducted using 

Google Earth Pro. The available spaces were highlighted, and the area and the perimeter were calculated for each plant. 

Given the area available and the area of each solar PV module, the potential capacity of the modules installed on a 

specific site will be calculated using Equation (2) (Jiang et al., 2021): 

                                                        𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =  
𝐴𝑟𝑒𝑎𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒

𝐴𝑟𝑒𝑎𝑃𝑉
∗ 𝑃𝑚𝑎𝑥 ∗  η                       (2) 

 

Where Areaavailable is the available space for the installation of PV modules in a specific site, AreaPV is the area 

of each PV module installed, Pmax is the maximum electrical output of the PV module, and η is the packing factor, 

which is the fraction of the measured area covered with PV panels. 

To calculate the annual output of the Solar PV module, Equation (3) will be used (Dierauf et al., 2013): 

 

                                    Eyr  = Potential capacity * HPOA,year * PR                              (3) 

Where E(yr) is the energy generated from solar PV modules per year, Potential capacity is the peak power 

generated from the solar PV modules, which is measured from equation 2, H(POA) is the yearly irradiance in Qatar, 

which is approximately 2349 kWh/m2.year (Global Solar Atlas, n.d.), and PR is the performance ratio. 
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Results 

To calculate emission savings after solar PV integration at the Al-Jumailiyah wastewater treatment plant, the Qatar-

specific emission factor was multiplied by the annual electricity generated by the on-site solar PV system. Calculation 

has been conducted for a single plant, which is the Al-Jumailiyah plant. The land area for solar PV installation is 6.24% 

of the total plant area, where the estimated electricity generated using PVsyst is 142 MWh/year. The emission savings 

are 69.7 tons of CO2/year.  Further calculations are needed for grid electricity use across all plants. Figure 1 shows the 

useful area in the Al-Jumailiyah plant, while Table 1 shows the land area calculation, the generated electricity, and the 

emission savings for the Al-Jumailiyah plant.  

 

Table 1. Al-Jumailiyah plant solar PV capacity measurement: 

 
Total plant area (m2) 6,444 

Roof area (m2) 97.7 

Land area (m2) 490.5 

Total area (m2) 588.2 

Total Utilized (considering packing factor) (m2) 401.7 

Percentage Utilized (%) 6.24 

Theoretical estimation of solar PV capacity (MWh/year) 154.9 

PVsyst Estimation (MWh/ year) 142 

CO2 emissions saved (Tons of CO2)  69.7 

 

 
 

 

 

Recommendations 

• Conducting further feasibility studies for integrating solar PV projects into different energy-intensive 

processes, including wastewater treatment.  

• Assess the environmental impact of solar PV integration into wastewater treatment plants 
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Figure 1. The useful area (yellow rectangles) in the Al-Jumailiyah plant is shown using Google Maps. 

 


