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Energy supply remains a significant issue for village people in Pakistan, where 

dependence on existing electrical system and traditional biomass fuels continues to 

affect energy security, household welfare, and environmental quality. Present study 

investigates the feasibility of a single house for off -grid bio -solar hybrid energy 

system for sustainable energy supply in remote area of Sindh, Pakistan, using Karani 

Village, District Larkana, as a representative case study. Proposed energy system 

integrates so lar photovoltaic (PV) technology for electricity generation with a biogas 

subsystem utilizing locally available animal dung for cooking and thermal energy 

purposes. The field survey shows total connected electrical load of approximately 

1,595 watts for the single house of village, with an estimated electricity consumption 

of approximately 9 kWh/day. Village Karani receives favorable solar resources, with 

an average solar irradiation of approximately 5.5 kWh/m²/day and about 6 h of 

sunshine/day. Based on the  energy data of household assessment, decentralized 

configuration was designed to utilize solar PV generation for all electrical loads, while 

biogas was considered for cooking and thermal energy requirements of village house. 

Current study demonstrates that a decentralized bio -solar hybrid energy system can 

provide a technically feasible and environmentally sustainable option for village 

household energy supply in Sindh, Pakistan. Further research involving optimized PV, 

biogas sizing, energy -storage assess ment, life -cycle assessment, pilot -scale field 

validation is recommended to establish the long -term technical, economic, and 

environmental performance of the proposed system.  

 

 

Introduction  

Energy is a primary driver of industrial productivity, social development, economic growth, and improvement in life 

standards[1,2,3]. Reliable and affordable access to energy is particularly important for village communities, where electricity 

is required for household activities, education, healthcare, agriculture, communication, lighting, and commercial activities 

[4,5] . However, the availability of a continuous and reliable energy supply remains a major challenge in many rural areas of 

country [4,6] . In Pakistan, increasing energy demand, dependence on fossil fuels, transmission and distribution losses, and 
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the higher cost of energy have created significant challenges for sustainable energy development. These challenges are 

particularly pronounced in rural and remote communities where extension of centralized electricity infrastructure can be 

technically difficult and economically expensive [7, 8,9] . 

Accordingly, the development and utilization of local renewable -energy resources can provide an important pathway toward 

improving energy security and supporting sustainable village development [10,11,12]. Pakistan's energy sector has historically 

depended substantially on conventional fossil -fuel resources, including natural gas, and oil, coal. Dependency on fossil fuels 

not only exposes the energy sector to fluctuations in fuel cost and supply -chain constraints but also contributes to 

atmospheric pollution, greenhouse -gas emissions, and cause of climate change  [13] . Diversification of the national energy 

mix through indigenous available renewable resources has become increasingly important. Several research studies have 

acknowledged hydropower, solar, biomass, wind, and other renewable resources as promising alternatives for reducing 

dependence on existing energy sources and improving the long -term sustainability of Pakistan's energy system [14,15] . 

Pakistan possesses considerable renewable -energy potential because of its diverse geographical and climatic characteristics. 

Pakistan covers an area of approximately 881,913 km² and includes regions with high solar radiation, livestock production, 

agricultural activities and significant quantities of biomass resources [16,17]. Including the available indigenous renewable 

resources, solar energy has particular significance because of Pakistan's favorable solar regime.  

Mostly areas of the Pakistan country receive high levels of solar irradiation and experience substantial sunshine throughout 

the year. Several studies have reported approximately 7 –9 h/day sunshine in many regions, with more than three hundred 

sunny days annually under beneficial climatic conditions [18,19]. These conditions provide a suitable basis for PV electricity 

generation and make solar energy a promising option for decentralized electricity supply, particularly in rural areas.  

Biomass represents another important renewable energy resource with considerable relevance to rural Pakistan [20] . In 

village areas, animal dung has traditionally been used for heating, cooking, and household energy requirements [21]. 

Depending on the characteristics of the available feedstock, bioenergy can be utilized through technologies such as anaerobic  

digestion, direct combustion, gasification, thermochemical and biochemical [22] . 

Present study focuses on the development of a bio -solar hybrid energy system for sustainable village energy supply in Sindh, 

Pakistan. The study is based on a field investigation of Karani village, including direct site visits and a structured 

questionnaire survey to characterize existing energy sources, household electricity, cooking, and heating requirements of 

village people. The collected field data are used to estimate the present and potential energy requirements of the village. I n 

parallel, the potential contribution of locally available solar and biomass resources is assessed based on the prevailing 

resource conditions and their potential for energy conversion.  

Research Methodology  

Figure 1 demonstrates the work plan, which is to be accomplished in three stages. First Stage deals with data collection, 

second stage analysis of the energy resources, and third stage development and utilization of the hybrid system.  

 

 

Figure 1: Flow chart of the proposed energy module.  

STUDY ARAEA  

The area of selected Karani village ~40 acres, comprising of houses and shops etc. Karani village profile is given in Table1.  
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TABLE 1: DETAILS OF KARANI VILLAGE  

Village  Moen-Jo-Daro, Karani  

District  Larkana  

Population Two thousand five hundred  

Average Family Size  Eight persons  

Number of Houses  Two hundred ten  

Livestock population  Twenty-four hundred thirty  

Agriculture land  Three thousand Acres cultivated on tube well and three 

thousand five hundred Acres cultivated on river water).  

 

Village Load Assessment  

Mostly village required the electrical and heat energy for house. During the survey the assessment of electrical load is a 

critical step in the planning and design of an appropriate energy system for a household or village. Karani village was 

assessed using the systematic procedure illustrated in Figure 2 for energy requirements of village. Questionnaire was 

developed to collect primary data on household characteristics, appliances, time in hours, and electricity consumption 

patterns. The total connected electrical load of the village was estimated at approximately 1595 kW, while the corresponding 

electricity consumption was approximately 1815 kWh shown in table 2.  

 

Figure 2: Energy Requirement Flow Chart of the village.  

TABLE 2: ELECTRICAL LOAD OF KARANI VILLAGE  

 

S/NO  Load  Electrical Load (kW)  
Electrical Consumption 

(kWh)/day  

1 Domestic Load  287 1107.7 

2 Commercial Load  81.5 696.5 

3 Masjid Load  3 11 

4 Agriculture Load  1223.44 12174.72 

Total  1594.94  13989.92  

  

Aminal Dung Resources Assessment  

Biomass resources are essential for estimating the energy potential of the current study area and for designing a feasible an d 

sustainable energy system. The field survey revealed that existing cooking practices in the Karani village use animal dung as  

cooking fuel. The use of existing open stoves systems for burning animal dung can result in incomplete combustion, indoor 

air pollution, impacts on human health and ambient environment. The biomass resource assessment identified 06 types of 

livestock within the current study area. The livestock population and the corresponding quantity of manure available for 

potential energy recovery were determined based on the survey data. The estimated livestock population and associated 

manure production are presented in Table 3. These biomass resource estimates provide a basis for evaluating the available 

biogas potential and determining the appropriate capacity of the proposed bio -solar hybrid energy system.  
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TABLE 3: BIOMASS ANIMAL DUNG RESOURCES IN KARANI VILLAGE  

 

S/NO  NAME OF ANIMAL  TOTAL NUMBER  Waste/day  Total Manure/Day  

1 Buffaloes 2 15kg 30kg/day  

2 Calves 1 12 kg 12kg/day 

3 Bullocks  1 12 kg 12kg/day 

4 Cows 2 10 kg 20kg/day  

5 Goat 2 05 kg  10kg/day 

From the Table 3, approximately 84kg of manure are generated in single family houses/day.  

 Solar Resources Assessment  

The solar resource potential of the Karani village was assessed to determine the feasibility of integrating photovoltaic cell  

(PV) technology into the proposed bio -solar hybrid energy system. approximately 27°15 ′40″ N latitude and 68 °06 ′40″ E 

longitude. Karani village experiences a hot with average temperatures ranging from 40 –45 °C during summer, while winter 

temperatures generally range between 15 –20 °C. The study area receives an average of approximately 06hours of 

sunshine/day, with an average solar irradiation of about 5.5 kWh/m²/day [18]. The availability of substantial solar irradiation 

throughout the year indicates favorable conditions for PV system for electrical power generation.  

Bio-Solar Hybrid Model  

Designing of the proposed bio -solar hybrid energy system shown in figure 3. Energy system was designed based on the 

complementary utilization of available biomass and solar energy resources to meet the electrical and thermal requirements of 

the Karani village. Biomass is required for biogas subsystem primarily satisfies cooking and thermal energy requirements, 

while the solar PV subsystem supplies electricity load of village house. The sizing and configuration of the hybrid system we re 

determined based on the estimated energy demand, available biomass resources, and solar energy poten tial of the present 

study area. 

 

Figure 3: Proposed bio -solar hybrid module.  

Village Energy Model  

Figure 4 shows the geographical location and spatial layout of Karani Village, as obtained from Google Maps. Based on the 

existing land -use pattern and energy requirements, the village can be broadly classified into three major sectors: commercial, 

residential, and agricultural. The residential sector comprises houses of varying sizes, with floor areas ranging from 

approximately 1,470 to 4,000 ft².Two alternative configurations were considered for meeting the energy requirements of the 

residential sector. In the first configuration, a single house hybrid energy system is designed and operated independently fo r 

each household. In the second configuration, a centralized hybrid energy plant is established to supply energy to multiple 

households across the village. Considering the household -level energy demand, system flexibility, ease of implementation, and 

module utilization of indigenous available renewable resources, the present study adopts the single household hybrid energy 

system model. Accordingly, the proposed system is designed to meet the energy requirements of an individual representative 

household through the integrated utilization of biogas and solar PV energy.  
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Figure 4: Karani village.  

The average family comprising eight people. Details of estimated quantity of animal dung are presented in Table 3. The 

energy requirements without considering air conditioning are given in Table 2.  

 

Figure 5 : Layout of single -family house of Karani village  

Design Of Pv Module  

Initial data required for design of Solar PV system  electrical connected load and availability of sunshine per unit area. The 

connected electrical load of village showed in table.2 and solar energy insolation per day  are 5.5kW h m -² d -1. The general 

arrangement of PV system is illustrated in Figure 3.  

Table 4: Proposed load of a model house  

 

Load profile  

Name of 

Appliances  

Number of 

appliances  

Power in  

(Watts)  

Total watts of 

appliances  
Time (hrs)  

Consumption  

(kW h/day )  

Saver  10 25 250 6 1.5 

Refrigerator  1 150 150 24 3.6 

Washing Machine  1 500 500 1 0.5 

TV  1 100 100 6 0.6 

Fans 5 100 500 0-6 3 

Total                                                                                                                                     9.2 

The average daily demand of the modeled house is estimated to be 9.2kWhd -1. The proposed structure of the module is 

illustrated in Figure4.  

Table 5: Sunshine hours load of a model house.  

 

Load profile  

Name of 

Appliances  

Number of 

appliances  

Power in  

(Watts)  

Total watts of 

appliances  
Time (hrs)  

Consumption  

(kW h/day )  

Refrigerator  1 150 150 6 0.9 

Washing Machine  1 500 500 1 0.5 
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TV  1 100 100 3 0.3 

Fans 3 100 300 6 1.8 

Total                                                                                                                                     3.5 

 

Table 6: Batteries/power bank  load of a model house.  

 

Load profile  

Name of Appliances  
Number of 

appliances  

Power in  

(Watts)  

Total watts of 

appliances  
Time (hrs)  

Consumption  

(kW h/day )  

Saver  10 25 250 6 1.5 

Refrigerator  1 150 150 18 2.7 

TV  1 100 100 3 0.3 

Fans 2 100 200  6 1.2 

Total                                                                                                                                    5.7 

 

Design of PV array  

PV system was designed based on the estimated electrical demand of a representative single house in Karani village. The 

calculated house connected load was approximately 1.5 kW. To account for system losses, including inverter losses, wiring 

losses, temperature effects, and operational losses, a 25% design margin was incorporated. Thus, the adjusted design load 

was estimated as:  

𝑃𝑑𝑒𝑠𝑖𝑔𝑛 = 1.5 × 1.25 = 1.875 k𝑊 

 

Solar irradiation period was assumed to be approximately 6 h/day, corresponding to the period between 10:00 AM and 4:00 

PM. Accordingly, the estimated daily energy requirement was:  

𝐸𝑃𝑉 = 1.875 × 6 = 11.25 k𝑊ℎ/𝑑𝑎𝑦 

PV array capacity of approximately 1.9 kW was considered suitable for a representative single house. A commercially available  

585 W soalr PV module was selected based on its suitability and local market availability. The required number of modules 

was calculated as:  

𝑁 =
1900

585
= 3.25 

 

Therefore, four 585 W PV modules, with a total installed capacity of 2.34 kW, would be required to provide approximately 1.9 

kW of minimum design capacity while allowing an additional generation margin.  

The proposed PV configuration can therefore be expressed as:  

𝑃𝑃𝑉 = 4 × 585 = 2340 𝑊 = 2.34 𝑘𝑊 

Battery capacity  

Battery bank was incorporated into the solar PV system to supply electricity during periods of insufficient solar shine and 

nighttime. Based on the single house load assessment, the daily electrical energy requirement to be supplied through battery 

storage was estimated at approximately 5.7 kWh.  

The required battery capacity can be estimated from:  

𝐶𝐴ℎ =
𝐸𝑏𝑎𝑡

𝑉𝑠𝑦𝑠 × 𝐷𝑂𝐷 × 𝜂𝑏𝑎𝑡
 

 

where 𝐶𝐴ℎ is the required battery capacity (Ah), 𝐸𝑏𝑎𝑡 is the required stored energy (Wh), 𝑉𝑠𝑦𝑠 is the nominal battery -bank 

voltage, 𝐷𝑂𝐷is the allowable depth of discharge, and 𝜂𝑏𝑎𝑡is the battery efficiency.  
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Minimum theoretical battery capacity of approximately 475 Ah at 12 V is required. However, in practical system design, 

battery efficiency and allowable depth of discharge should also be considered. Therefore, the final battery -bank capacity 

should be selected according to the manufacturer's recommended operating conditions.  

If 150Ah, 12V batteries are selected, the required number is:  

𝑵 =
𝟒𝟕𝟓

𝟏𝟓𝟎
= 𝟑. 𝟏𝟕 

 Inverter  

Inverter capacity was selected based on the maximum simultaneous single house electrical load. The estimated maximum 

load was approximately 1.500 kW. A 10% safety margin was incorporated to accommodate short -term load fluctuations and 

starting currents associated with electrical appliances:  

𝑷𝒊𝒏𝒗 = 𝟏𝟓𝟎𝟎 × 𝟏. 𝟏𝟎 = 𝟏𝟔𝟓𝟎 𝑾 
Biogas plant  

For village life, energy is required mostly for cooking purposes, water heating . Single family house of Karani village 

requirement of biogas is considered the following steps.  

Total member of average family of village Karani is eight.  

Gas required per person/day is 0.3m 3. 

An average 2.4 m 3 units of heat are required on daily basis (8×0.3=2.4m 3/day).  

The total quantity of dry matter 10kg/day (m o=10kg/day ). 

Volume of fluid, V f=10/50=0.2m 3/day (V f=mo/ρm).  

Volume of digester, V d=0.2×25=5m 3 (V d=Vf×tr). 

Volume of biogas, V b=0.24×10=2.4m 3/day (V b=cm o)  

Energy from available digester, E=0.6×28×0.8×2.4=32.2MJ/day (E= ηHbfmVb). 

Volume of the 5m3 biogas digester will be adequate to meet the requirements of the Single -family house.  

COST ANALYSIS  

 Solar  

Solar PV system economic assessment was conducted by considering the initial installation cost and estimated maintenance 

expenditure over the system's operating life. The estimated installation cost of the PV system was Rs. 847,500, while the 

maintenance expenditure over the assumed 25 -year operating period was estimated at Rs. 211,875.  

Therefore, the total estimated life -cycle cost was:  

𝐶𝑃𝑉 = 847,500 + 211,875 
𝐶𝑃𝑉 = 𝑅𝑠.  1,059,375 

Assuming an operating life of 25 years and an average daily electricity generation of 13.5 kWh/day, the estimated levelized 

energy cost was calculated as:  

𝐶𝑢𝑛𝑖𝑡 =
1,059,375

25 × 365 × 13.5
 

𝐶𝑢𝑛𝑖𝑡 ≈ 𝑅𝑠.  8.6/𝑘𝑊ℎ 

The estimated electricity generation cost of the proposed PV system was approximately Rs. 9/kWh.  

 Biomass  

The estimated initial installation cost of the biogas plant was Rs. 100,000, while the total maintenance expenditure was 

estimated at Rs. 250,000 over the assumed maintenance period. Therefore, the total estimated expenditure was:  

𝐶𝐵𝐺 = 100,000 + 250,000 
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𝐶𝐵𝐺 = 𝑅𝑠.  350,000 

Per unit cost=350000/ (15×365×2.4) =Rs.16  

Conclusion  

The present study investigated the development of a bio -solar hybrid energy system for sustainable rural energy supply in 

Sindh, Pakistan, using Village Karani, District Larkana, as a representative case study. Overall, the study demonstrates that  a 

household-scale solar –biogas hybrid energy system can provide a technically feasible pathway for sustainable rural energy 

supply in Sindh, Pakistan, particularly in communities with favorable solar resources and substantial livestock populations. 

The proposed model can serve as a basis for further research and pilot -scale implementation. Future studies should 

incorporate detailed optimized PV, biogas -system sizing, battery, life -cycle environmental assessment, economic, and 

environmental performance of the proposed hybrid   energy system.  
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