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Abstract 

Pakistan is characterized by a very high solar potential, with a yearly sum of solar irradiation ranging from approximately 
1900-2000 kWh/𝑚 . Environmentalists already warned about the drastic situation of global warming and unfortunately 
Pakistan is one of the countries which is most affected by global warming. In Pakistan more than half of the electricity 
is generated through non-renewable energy resources which could be one of the major reason of polluted air. 
Considering the available potential for solar generation and large number of canals for irrigation, canal top based 
Photovoltaic (PV) is a source of huge amount of renewable energy generation. The Hybrid Optimization of Multiple 
Energy Resources (HOMER) software is used in this study to stimulate and acquire the best results and configuration 
of a Canal top PV/battery system in Sanghar district area of Sindh. For a 1 MW power capacity, both stand-alone and 
grid-connected PV systems are studied and compared to a diesel generator (DG). Energy-Environ-Economic analysis 
are the primary indices used for comparison purposes. SketchUp pro software is also used for the designing of the canal 
top PV system. DG unit has Net Present Cost (NPC) of $10.4M, Cost of Energy (COE) of $ 1.47 and annual Greenhouse 
Gas (GHG) emission of 1738246 kg. Optimized standalone PV/battery has NPC of $3.26M, COE of $0.461 and no 
GHG emission. Grid connected PV/battery having 83% of renewable energy generation, has NPC of $0.372M, COE of 
$0.0173 and a payback period of 3.2 years. Based on the analysis, a canal top PV system is highly recommended for 
serving load. It will reduce generation cost, transmission cost and GHG emission. Moreover it will save water by 
reducing water evaporation and improve efficiency of PV panels due to cooling effect.         
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1.  Introduction 

The growing demand of energy and the depletion of fossil fuels with the passage of time, necessitate the penetration of 
renewable energy (RE) all around the world. For a variety of reasons, energy generation and management experts have 
recently focused on the use of renewable energy sources. Environmentalists raised the issue of greenhouse gases (GHG) 
produced by the usage of fossil fuels in electricity generation. Another issue is the worldwide depletion of fossil fuels. 
According to study, oil reserves all around the world will be exhausted in 35 years and the other reserves like coal and 
gas will be exhausted around in 107 and 37 years [1]. Pakistan is one of the country that is most affected by global 
warming and the major reason behind it, is generation of electricity through non-renewable energy resources [2]. In 
energy mix of Pakistan there is only 6% of RE share (wind, solar, bagasse) which is very less [3]. 
From 2015 to 2020, solar and wind's market share in worldwide energy generation increased at a compound annual 
growth rate of 15%. Solar and wind power would account for 45% of electricity generation by 2030 and 100% by 2033 
if exponential development maintained [4]. Pakistan has tremendous potential of RE by harnessing solar energy and 
other renewable energy sources. PV can create huge amount of electricity with a yearly sum of solar irradiation ranging 
from 1900 to 2000 KWh/m2 [5]. As Pakistan is agriculture based country and having many canals in different areas of 
the country (specifically in Sindh and Punjab), so by covering the surface of these canals with PV, electricity can be 
generated in huge amount to meet our demand. Canal top PV is the new electricity generation idea with many advantages 
as compared to ground mounted PV in terms of saving of land, evaporation of water and improved efficiency of PV 
with cooling effect. As per the study on canal PV in Gujarat, India whichcovered 1 km in length for generating 1MW, 
saving nine million liters per year in terms of water evaporation [6]. The analysis of a canal top PV/battery system in 
Sindh province's district Sanghar is presented in this study. The Hybrid Optimization of Multiple Energy Resources 
(HOMER) software is used to compare a 1MWp PV/Battery system with a diesel generator (DG) in a standalone and 
grid-connected canal top PV/Battery system. Multiple parameters for the proposed system are carried out. Designing 
for the canal top PV is done by using SketchUp pro software. This comparison is aimed for establishing the impact of 
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incorporating PV in RE mix of Pakistan. 
This paper is divided into five sections. The first section provides an overview of Pakistan's RE situation. The literature 
reviews proposed by various researchers are covered in the second section. The methodology is given in the third section, 
which discusses the sequential operations performed in relation to the selection of RE sources based PV systems in 
comparison of non-renewable energy like DG systems. Sections four and five provide the optimization results and 
discussions and the conclusion. 
2. Literature Review 

PV is the most often used renewable energy source. The literature is abound with studies from all around the world. 
Majority have focused on installation of PV either ground mounted or either floating PV (FPV), less number of studies 
are given on the canal top PV around the world specifically in Pakistan. Different feasibility studies are given in different 
countries [7], [8], [9]. The canal top PV/battery system have been optimized in both grid-connected and off-grid modes.   
Under Indian climatic conditions, a performance analysis of a 10 MWp utility scale grid-connected canal top PV was 
presented. Using more than two years of data, the energetic, exergetic performance, and dependability of a 10 MWp 
grid-connected canal-top PV facility were investigated. The plant's average monthly performance ratio, system 
efficiency, and exergy efficiency were all 0.78, 11.90, and 12.03%, respectively. The amount of water saved each year 
owing to reduced evaporation was estimated to be around 95 million liters [10]. Another study was also conducted in 
India which estimated the canal-agricultural, corridor's domestic, and composite unmet power demand using three 
indexes based on the theoretical and technological possibilities of hydropower and solar power generation. Also 
presented that small hydropower and solar power each have a theoretical potential of 149.1 MW and 13,213 MW, 
respectively, which could more than exceed Uttar Pradesh's existing 18-hour-per-day electrical service standard [11]. 
Cooling effect on the FPV was studied for the economic and performance analysis in west Java province in Indonesia. 
The authors used remote sensing data to forecast FPV efficiency and quantify system energy generation, as well as 
conducted an economic study of an FPV project in comparison to ground-based solar PV (GPV). In comparison to GPV 
in the base scenario, FPV economic parameters resulted in a 3.37 cents/kWh lower levelized cost of electricity (LCOE) 
and a 6.08% higher internal rate of return (IRR) [12]. Another study also discussed the cooling effect of water for a 
specific Ocean Sun AS technology consisting of a floating membrane with horizontally placed PV modules permitting 
thermal contact between the modules and the water [13]. 
Performance assessment of different PV technologies for canal top and reservoir applications were discussed in 
subtropical humid climate. An outdoor performance study of three commercially available PV technologies 
(Multicrystalline Silicon (Multi-Si), Heterojunction with Intrinsic Thin Layer (HIT), and cadmium telluride (CdTe) was 
established over water bodies. The performance of PV panels located on water bodies was compared to that of traditional 
ground-based PV panels. The reduction in evaporation loss caused by water bodies-based PV systems had never been 
measured before, but it had been done experimentally and analytically in the study [14]. 
3. Methodology 

This section comprises in identifiable stages. The first stage involves about the different site surveys of different canals 
located in district Sanghar. Also the RE resources like solar irradiance for proposed location are collected by using 
HOMER. The second stage shows the designing for the canal top PV by using SketchUp pro software. The third stage 
is the modeling of standalone and grid connected PV/battery and standalone DG by using HOMER software. 
 
 
3.1 Location Details & Solar Resources 
Sanghar city is in Sindh province of Pakistan and can be seen in Fig. 1a. This area is agricultural based area and having 
many canals in this area. The city has influenced for farming, fishing and tourism and having huge potential for RE like 
solar energy. The yearly average global horizontal irradiance (GHI) of the sun is 5.24 kWh/𝑚 /day. . The monthly solar 
GHI values are 3.99 kWh/𝑚 /day in January and 6.41 kWh/𝑚 /day in June. The monthly solar irradiance data for the 
whole year is acquired from HOMER Pro software database and it is shown in Fig. 1b. An ambient temperature also 
plays an important role and having an average temperature of about 26.31°C is observed at the location. 
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(a)       (b)     
Fig. 1(a) Map of Sanghar and (b) Monthly Solar irradiance in Sanghar 

 
3.2 System Designing 
As any new project is launched, the suitable designing for the proposed system is mandatory. Many software 
programmes, such as PVsyst and helioscope, have been developed for designing PV systems, whether for ground-
mounted, rooftop, or FPV, and SketchUp Pro is one of them. In this paper, SkectUp Pro software is used to build the 
canal top PV, which can be seen in Fig. 2. Panels are displayed by covering the canal's surface, and the system's shadow 
analysis is noticed, as panels can be positioned in a suitable location away from other panels' shadows. . 

         
 

Fig. 2. Designing of Canal top PV 

3.3 System Description 
3.3.1 PV/battery Standalone & Grid Connected Model 
For the designing of the model both for PV/battery standalone and grid connected system the HOMER software is used. 
PV is connected to the DC line because it generates power for an average of 12 hours a day, from 7 a.m. to 7 p.m., 
depending on the availability of sunlight. Fig. 3 shows the schematic of the system in which the load is considered as 
1500 Kwh/day and 278.50 kW peak for 1MWp of plant. The PV panel chosen is a monocrystalline cell with a rated 
capacity of 370W and a cost of 119 $ with a 5 $ operation and maintenance cost and a 25-year lifespan. Because the 
derating factor is a statistic that accounts for losses caused by wire connections, temperature variations, and dirt, the 
derating factor for panels is set at 80%. For the storage system the battery bank which is used is deep cycle lead acid 
battery with a nominal voltage of 12V for each. The converter's capacity is determined by the PV system's capacity. The 
converter can function as an inverter as well as a rectifier. Because the load is AC, the rectifier mode is not required. 
Same parameters are used by connecting same model of PV/battery with grid as shown in the Fig. 3b by considering 
grid power price of 0.1 $/kWh and with grid sellback price of 0.05 $/kWh. 
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(a)       (b)     
Fig. 3(a) Model of Standalone PV/Battery system and (b) Model of grid connected PV/battery system. 

3.3.2 Standalone Diesel Generator DG: 
For the model designing of standalone DG, HOMER software is used. Using the same 1500 kWh/day demand as for the 
PV/battery system and a peak of 278.50 kW, a basic 1MW fixed capacity generator is employed, with an initial cost of 
$300,000 $, a fuel price of 0.8 $, and a lifetime of 15000 hours. It is shown in Fig.4.     

       
Fig. 4. Model of Standalone DG. 

 
4. Optimization Results & Discussions 

4.1 Standalone PV/battery System 
As in this section the optimization results for the standalone PV/battery system are carried out. As HOMER optimizes 
the best results so the best configuration result is carried for the 1MWp of standalone PV/battery system with 
optimization results for COE, NPC, operating and initial cost, renewable fraction, production and autonomy of the 
system in hours. These are shown in Fig. 5.     

 
Fig. 5. Optimization Results of Standalone PV/battery system. 

4.1.1 Energy, Environ, Economic Analysis 
The standalone PV/battery system is the fully renewable energy based system. The monthly average electric production 
can be seen in the Fig. 6a. Electrical production with 100% renewable penetration is 1,510,184 kWh/yr with excess 
electricity of 57.1 % which is 862,509 kWh/yr which can be seen with blue shaded lines in Fig. 6b, green lines shows 
the total electrical load served which is 547,318 kWh/yr.  
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(a)   (b)     
Fig. 6(a) Monthly Average Electric Production and (b) Excess electricity & total electrical load served 

As environmentalists already warned about the drastic situation of the polluted environment and the one reason behind 
it is the GHG emissions produced by power plants in terms of using fossil fuels for the generation. So this parameter 
must be kept in account while implementing any new power project. There is 100% renewable energy fraction in this 
model with overall 0% GHG emissions. 
Economic analysis is considers as very important parameter while installing any new project. Fig. 7a shows the total 
NPC of $3.26M with initial cost of $1.60M for 1MWp project of standalone PV/battery system. Fig. 7b shows the 
replacement, salvage, operating and the capital cost for the project.  
 

(a)   (b)  
Fig. 7(a) Optimization results of NPC and initial cost and (b) capital, operating, replacement, salvage value. 

 
4.2 Grid Connected PV/battery System 
The entire system is connected to the grid in this section by selling extra electricity to the grid after fulfilling the 
predetermined load. Fig.8 shows the best optimization results taken from the HOMER. PV/battery with grid connection 
for 1MWp system shows the NPC, COE, operation cost, initial cost, renewable fraction, and overall production. 

Fig. 8. Optimization results of grid connected PV/battery system. 

 
4.2.1 Energy, Environ, Economic Analysis 
The grid connected PV/battery system is not fully renewable energy system as it is connected to the grid. The monthly 
average electric production can be seen in the Fig. 9a. Total electrical load served can be seen with blue shaded lines in 
Fig. 9b and the excess electricity with red shaded lines. Electrical production with 83.5% renewable portion is 1,785,789 
kWh/yr in which 84.6% is produced by solar panels and 15.4% grid purchases. About 33.9% of production which is 
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547,500 kWh/yr is consumed by the AC primary load and the rest of the consumption is sold to grid, which is around 
67.1%. 

(a)   (b)   
Fig. 9(a) Monthly average electric production and (b) Total electrical load served & Excess electricity. 

As this system is connected to the grid so it will have some impact on the environment in terms of emissions. It has total 
emissions of around 175,306 kg/yr of carbon dioxide, sulfur dioxide and nitrogen oxides respectively. 
Economic analysis is slightly different from the standalone PV/battery system. Fig.10a shows the NPC of only $744,086 
and initial cost of $363,422. The COE is very low as compared to others which is $0.0173 and there is simple payback 
of the entire system is in only 3.2yrs. Fig.10b represents the capital, operating, replacement and salvage values of the 
system. 

(a)    (b)     
Fig. 10(a) Optimization results of NPC & initial cost and (b) capital, operating, replacement and salvage value. 

 
4.3 Standalone DG 
In this part, a standalone DG with a rated capacity of 1MW is used with the same load as the PV/battery system, which 
is 1500 kWh per day. Fig. 11 shows the best optimization which is carried out with HOMER. The optimization results 
shows the COE, NPC, operating cost, initial cost, total fuel, production etc. 

 
Fig. 11. Optimization results of standalone DG. 

 
4.3.1 Energy, Environ, Economic Analysis 
The standalone DG system is purely non-renewable energy based system. The monthly average electrical production 
can be seen in the Fig.12a. Fig.12b shows the total electrical load served with blue shaded line and the excess electricity 
with red shaded lines. Total electricity production is 2,190,105 kWh/yr by serving the AC load with 547,500 kWh/yr 
and having excess electricity of 1,642,605 kWh/yr. 
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(a)    (b)     
Fig. 12(a) Monthly average electric production and (b) Total electrical load served & excess electricity. 

 

As DG is running on purely diesel and producing 100% non-renewable energy so this sort of system will have more 
environmental impact. The overall GHG emissions produced from this sort of system are 1,738250 kg/yr in terms of 
carbon dioxide, carbon monoxide, unburned hydrocarbons, particulate matter, sulfur dioxide and nitrogen oxides 
respectively. 
Economic parameters for this system can be seen in the Fig. 13a showing the very high cost of the system with NPC of 
$10.4M with initial cost of $300,000. Other parameters like capital cost, operating cost, replacement and fuel cost can 
also be observed from Fig. 13b. 

(a)    (b)     
Fig. 13(a) Optimization results for NPC & Initial cost and (b) Capital, operating, replacement & fuel cost. 

 

 
5. Conclusion 

In this paper, HOMER software is used to for 1MW system for the PV/battery and DG. The configuration chosen is 
determined on the RE resources available at a given place. The standalone and grid connected PV/battery, and standalone 
DG are all analyzed. The standalone and grid connected PV/battery, as well as the standalone DG system, are compared 
in terms of energy, environment and economic. With respect to the COE, NPC, initial capital cost and the return of 
investment the grid connected PV/battery system is found to be the best configuration in comparison with other 
configurations. This configuration also presented as the best configuration as there is less environmental impact as 
compared to DG which produces huge amount of emissions. So such canal top PV plants are recommended for 
implementation in Pakistan as land and water could be saved in huge amount. 
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