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Pakistan is the world's 6th largest populous country, with 2% annual growth rate, accounting for its lagging 

condition of various social, environmental, and energy concerns Irfan et al (2020); Shahid et al (2020). There is a 

prevailing electricity shortage in all urban (6-8 hours) and rural (12-16 hours) areas, especially during summer 

Ghafoor and Munir (2015); Shakeel et al (2016). Fossil fuels dominate the energy mix of Pakistan, where natural 

gas and oil have 49.5% and 30% share, respectively Hu et al (2020). It is estimated that in 2019, Pakistan imported 

6.6 million tons of oil worth 3.4 billion US$ Yaqoob et al (2021). Currently, renewable energy makes a small 

contribution, 1.1%, to the country's energy mix Iqbal et al (2018).  

There is a promising potential of biomass energy in Pakistan where most abundant and feasible biomass 

sources such as crop residues, municipal solid waste, and animal dung can be utilized to reduce electricity crises 

in Pakistan as adopted in the current study. In Pakistan, annually 230 billion t biomass is produced from various 

biomass sources collectively Iqbal et al (2018). In Pakistan, annually 115Mt crop residues are produced, and 

524,580GWh electricity can be generated Irfan et al (2020). 48 million tonnes municipal solid waste is generated 

yearly with 2.5% annual growth rate Korai et al (2017); Hlaba et al (2016). Annually, 368,434,650 metric tons of 

animal dung is produced in Pakistan Naqvi et al (2018).  

The aim of the study is to develop a biomass supply chain network design in Pakistan which is cost-

effective. The present study is novel as a biomass supply chain mathematical model has been presented at country 

level using mixed integer linear programming, and gasification has been adopted as the suitable biomass 

conversion technology. GIS mapping has been done to locate these three biomass sources in the country and 

suggest potential locations of gasification plants based on the source locations and road structure. The results based 

on the output of Lingo 19.0 presented the optimal locations for supply and storage centers, optimal amount of 

biomass to be transported to gasification centers, and total biomass available at supply and storage centers. The 

results of the study show that 350,000kWh, 350,000kWh, 350,000kWh, 500,000kWh, 600,000kWh, 500,000kWh, 

400,000kWh, and 3,330,000kWh electricity can be generated at Khairpur, Mianwali, Gujrat, Multan, Faisalabad, 

Sheikhupura, Tando M. Khan and Karachi, respectively from produced syngas with 20% electric efficiency.  

The need is to increase reliance on biomass energy as evident from the current study. The adoption of 

gasification will enable to mitigate the impacts of climate change, encourage appropriate solid waste management, 

and meet the electricity supply and demand gap in Pakistan. The government of Pakistan should promote R&D, 

devise financial mechanism, and ensure international corporation to flourish biomass industry in Pakistan. Such 

researches on cost-effective biomass supply chain network design must be conducted to resolve the energy crisis 

of other developing countries and to fulfill the existing gaps in biomass supply chains of other Asian and European 

countries. In the present study, the utilization of secondary data and unseen practicality of the proposed biomass 

supply chain in Pakistan are the major limitations. The study still provides a successful picture of biomass supply 

chain in Pakistan by considering approximate conditions. 
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Fig 1. Framework for the proposed BSC network 

 

Fig 2. GIS mapping for suggesting potential locations of gasification plants in Pakistan 



Table 1. Total mixed biomass availability (tonnes), syngas production (m3), Kcal, Total kWh, and actual kWh 

produced at gasification centers 
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