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ABSTRACT 

 

Agricultural countries like Pakistan have great potential in waste biomass for energy 

production.  Energy crises remain a pressing challenge for Pakistani government even if they 

are spending a lot (seven billion US dollars /year) on importation of fossil fuels. Though the 

bio-resource base of Pakistan is substantial, but its contribution to useful energy is low. LEAP 

model, was used to track production and consumption of non woody (crops and animals) waste 

biomass in Pakistan and its perspective as renewable energy in coming future. Based on current 

biomass situation a reference (Business as usual) scenario was created followed by two 

alternative scenarios (moderate improvement and enhanced growth) to predict future biomass 

demand and availability as renewable energy. There possible share for biogas production was 

also determined. Model results depict that activity level of biomass will increase with 

alternative scenarios for both animal and crop waste. For animal it was 168.9 million in 2010 to 

548.6 millions in 2030. For major crops it was 85.5 trillion (2010) to 152.2 trillion tones (2030) 

and for minor crop the scenario difference was 0.9 to 4.2 % from 2010 to 2030 respectively. 

For enhanced growth rate it was 1 to 27% increase up to 2030. There share for biogas 

production also show the same trend of increase. Hence energy related authorities can 

definitely rely on biomass as it is obvious from the results that biomass waste has great 

potential as abundant renewable source for Pakistan.  
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INTRODUCTION

Pakistan is located on south region of Asia covering 888,0000 km
2
 as total land area. Being an 

agricultural country, more than 70% of its total (140 million) population is involved in 

agriculture and per capita income is about US$ 480. Share of agriculture in GDP is 35% [1].. 

Fuel expense are comprises a big share that is 35 percent extract of total export earning with 

48.8% achievement in energy demand. Following the population growth rate, demand of 

domestic energy is also rising as an average of 24%/year. In this scenario other conventional 

sources of energy production are of major concern. Biomass resource has a tendency to play an 

extensive bio-energy role with very less share of green house gasses as a bonus [2]. Since the 

discovery of burning process biomass has been used for thousands of years as appropriate energy 

source. Woody, non woody and animal wastes are major categories of biomass. With less than 
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4% forest cover, Pakistan doesn’t have potential in woody biomass as an alternative energy 

source. Still annual reforested area is 7000ha, as of 90% wood production is used as energy 

source. Non woody biomass encompasses crop residues like stems, straws and leaves, processing 

residues like bagasse, saw dust, husks and nut shells along with domestic waste (food scraps, and 

sewage). Waste from animal constitutes the waste husbandry [3]. The commercial exploitation of 

biomass is through electricity generation with the capacity of 9GW electricity production 

worldwide. There are 159 million animals in Pakistan and among them only cattle and buffalo 

can produce 652 million kg manure. Animal dung (dry and wet) has same wood like energy 

content. But on burning they give only there 10 % [4]. Plant materials are usually fermented to 

produce methanol while the animal waste is an aerobically digested to produce biogas. After the 

biogas extraction the remnants of digester compensate approximately 66% of phosphorus and 

20% of nitrogen and can utilized as bio-fertilizer. Cattle buffalo alone can generate 21 million 

tons of bio-fertilizer after biogas (14 million m
3
) extraction per year [5]. Apart from this, 

3000MW energy potential is present in sugarcane industry alone. According to HESS (household 

energy strategy study) by the end of 1992 biomass was providing 27% of total energy supply in 

Pakistan. And here the share of each biomass category was as firewood 60%, crop residues 20%, 

dung and charcoal was 18% and 1% respectively. In 2002, WEC (World Energy Council) reports 

about biomass scenario and stated that “in 1993-1994 47% of energy consumption was endowed 

with the biomass alone. While in 2003 UNDP estimates that 23.5% of Pakistan’s total energy 

requirement was accomplished by biomass [6].   

In 1959 biogas units were planted at domestic level in Pakistan. Whereas in 2000, Pakistani 

government started a Biogas Support program and 1200 biogas units have been installed through 

this program whereas 10,000 units are in process with the expectation of 27% potential of biogas 

production country wide.  A single 10m
3 

size biogas unit can save 92,062 Pakistani rupees on 

account of conventional fuels spend otherwise [7]. Unlike other renewable energy resources they 

are of low cost and environment friendly. A noteworthy (70 %) population of country living in 

its rural areas can easily be shifted on biogas as energy source as most of the agricultural waste is 

also present in these rural areas. Installation of plants to bottle the biogas can be additional 

opportunity per se [8]. Following study was aimed to forecast (next two decades) the biomass 

potential as cheap, efficient and adequate source of renewable energy in Pakistan. Share of each 

biomass category in biogas production was also assessed.     

BASIC THEORY AND METHODOLOGY 

Long-range Energy Alternative Planning system (LEAP) model   
Future envision is a quite difficult approach and the present study was carried out to forecast the 

availability of biomass in future. And for this, medium-long term integrating modeling tool 

LEAP was used by setting a baseline. LEAP model is mainly used for an area to formulate its 

energy and environmental planning both; medium and long-term. LEAP works with an unlimited 

time horizon which is an annual time setup that can be extend up to 50 years. Different modeling 

methodologies used by LEAP cover both the demand and supply side of energy. To model 

electricity generation and planning of its capacity expansion LEAP provides a series of 

methodologies accompanied with accounting and simulation. Scenario manager in LEAP gives 

this opportunity to set a base/reference/Business as Usual Scenario. The proposed alternative 

strategies were evaluated by comparing their obtained values with that of the reference one. 

Biomass of Pakistan was divided into three major categories i.e., animal live stock (buffalo, 

cattle sheep, goat, camel), agricultural waste that was divided further into two subcategories 

namely: major crops (cotton, wheat, rice, bagasse: the sugar cane) and minor crops (barley, 
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maiz, bajra and dry chilli). To forecast the biomass prospective in Pakistan three scenarios were 

constructed.  

i. Reference or Business-as-usual Scenario: 

Continuation of past trends was there in the base scenario without any surprises or major 

shift. 1percent/year as average growth production was taken in non woody biomass 

categories. Development in non-agricultural sectors was drawn from other analyses. 

ii. Alternative scenarios 

Two alternative scenarios developed were (a.) modest growth scenario and (b.) fast 

growth scenario with 5 percent/year and 13 percent/year biomass growth rate tendency 

respectively. 

Although the exact amount of biomass waste is lacking in Pakistan. Rather assessment of 

biomass potential as energy source is considered difficult particularly in each of its form. Year 

2009 was set as the base year and data sources were the most recent research papers, energy year 

books and yearbooks of related organizations. 

RESULTS AND DISCUSSIONS 

There is a critical role of energy in the development of socio-economic values of any society and 

as a fundamental part energy has the ability to raise the living standard of any society. 

Indigenous energy resources became strategically important for an energy deficient developing 

country like Pakistan. Renewable energy resources already have a collectively/mix contribution 

in the fulfillment of energy requirements of Pakistan. In many research reviews, among the 

different renewable energy resources biomass was proposed as best substitute of fuels due to its 

great potential and cost effectiveness. Rural areas of Pakistan accommodate more than 70% of its 

total population with limited access to energy resources [9, 10]. These 70% depends on 

traditional methods of using woody non woody and animal waste to fulfill their domestic fuel 

energy needs. But as they don’t have any scientific technology most of the valuable waste 

potential goes waste in true manner. PCRET (Pakistan Council for Renewable Energy 

Technologies) work a lot in utilizing the waste biomass in producing the biogas and installed 

more than 1500 units of family and 3 of community size biogas plants. Sahir and Qureshi [11] 

suggest after an intensive study that “instead of focusing on the small scale family and 

community units the huge assessed potential of biomass should be utilized to develop large scale 

biogas plants operating on crop and animal waste in rural areas.  

As year 2009 was selected as base year and the reference scenario was based on a continuation 

of recent trend. During the last two decades numbers of animals had increased gradually as 

described by many researchers [1, 3, 12].  By extrapolating these trends, existing numbers of 

animals were projected to 2030. Following table (Tabel 1, 2 & 3) expresses a gradual increasing 

inclination in animal growth up to 2030. Bio-energy industry in Pakistan with only 488TW 

electricity/year remains stagnant for years with no perceptible progress. From the result it was 

obvious that activity level of all biomass categories will increase incredibly at higher quantity but 

with different share [5]. Like among the animal live stock number of animals increases from 50 

to 500 million with great share of buffalo, cattle and goat. If it would be like that than 

accordingly there dung droppings will increase and can efficiently be utilized in biogas 

production. Comparison of different scenarios for all biomass categories was quite clear as each 

category shoot up its growth rate with enhanced growth even at moderate growth rate (Tabel 1, 2 

& 3). For minor crop the scenario difference was 0.9 to 4.2 % from 2010 to 2030 respectively. 

For enhanced growth rate it was 1 to 27% increase up to 2030. There share for biogas production 

also show the same trend of increase.   
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Table 1. Activity level of minor crop in million tones 

Minor 

crop 2009 2012 2030 

Bajra 470 588.8 2275.6 

maize 296 370.8 1433.1 

barley 82 102.7 397 

Dry 

chilli 18.8 23.5 90.9 

Total 866.8 1085.8 4196.6 

 

Table 2. Activity level of major crop in trillion tones 

Major 

crop 2009 2012 2030 

Rice 6.9 7.5 12.8 

Cotton 3 3.3 5.5 

Wheat 23.9 26.6 51.4 

Bagasse 49.4 53.1 82.6 

Total 83.1 90.6 152.2 

 

Table 3. Activity level of live stock animal in millions 

Live 

stock 2009 2012 2030 

Buffalo 36.9 46.5 185.7 

cattle 34.3 43.2 172.7 

Sheep 27.8 31 59.6 

Camel 1 1.1 2.1 

Total 159.9 188.6 548.6 

 

Present study envisaged that the daily dropping of a normal size animal is 10kg and with total of 

59 million animals this would be 570 million kg per day. And if only half of the wet collected 

and being available it will be 258 million kg per day. Based on assumption that 20 kg of wet 

dung can produce 1m
3
 gas per day at 25

o
C, so the total biogas production can be 14.25 million 

m
3
/day of biogas could meet the cooking needs of 36-71 million people depending of 

consumption rate. And 25.6 million kg N
2
 rich bio-fertilizer per day will be a bonus point. 

Another plus point of biogas is its environment friendly composition with only 60-70% CH
2
 

along with 30-35% CO
2
; 1%N

2
; 0.1-0.5%H2O; H2S traces [2]. In case of crop residues, yield of 

bagasse rises up to 152.2 trillion with greatest share comparatively in the category of major 

crops. While under minor crops activity level of bajra showed high projection up to 2030. 

Scenario analysis on the other hand revealed very high outcrop with enhanced growth of biomass 

of each type. Business as usual and moderate growth scenario also showed a trust worthy growth 

up to 2030. The comparison of different scenario of each type of biomass is given in the figure 

2a (live stock), 2b (major crops) and 2c (minor crops). And from these figures one can easily be 

satisfied to see the huge potential of biomass in Pakistan both near and far future.  
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Fig 2: Comparison of different scenarios for growth rate of (2a) live stock (2b) major crop (2c) 

minor crops in Pakistan using LEAP model 

 

Scenario comparison also give percentages as annual average growth rate of live stock proved to 

be 16% with enhanced growth while the percentage was comparatively low (6.10% and 11.00%) 

with business as usual and moderate growth rate. Same situation of annual average growth was 

2010 2015 2020 2025 2030

Business as usual 168.9 223.3 298.3 402.6 548.6

Enhanced Growth 184.9 383.8 803.9 1698 3616.4

Moderate Growth 176.9 294.6 495.2 840.2 1438.5
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observed in case of major and minor crop. As for major crops the percentage difference was 

2.90%, 12.90% and 8.5% with business as usual, enhanced and moderate scenario. Percentage of 

minor crops was 7.8% with business as usual 17.8% with enhanced and 13.7% with moderate 

growth rate.  

Pakistan is one of the world’s main sugar cane producing country amongst others (Brazil, India, 

Mexico, Thailand, Cuba, Philippines and Columbia) with great opportunity of bagasse base 

cogeneration of electricity. All other countries collectively 70% of energy demands of eight 

countries [13, 14].  Pakistani government also allows sugar mills associations to cogenerate 2000 

MW electric power by using bagasse as fuel. Industrial sector of Pakistan is one of the major 

electricity consumers, if only industrial sector shift on bagasse energy a huge burden of 

electricity power generation companies could be shared easily keeping in view the LEAP result.  

The corridor of bio-energy will bring this technology to farmer’s door step and will prove to be a 

cheap substitute as renewable energy. To provide uninterrupted power supply to them the best 

option remained is to install the biogas plants on emergency basses. There are many 

governmental and non-governmental organizations working hard to disseminate the biogas 

technology as renewable energy. PDDC (Pakistan Dairy Development Company), PCRET 

(Pakistan Council for Renewable Energy Technologies) and RSPN (Rural Support Program 

Network) are so far proved to be the most prominent organization scrutinizing this field and 

implement their findings. But in past their efforts were not that much successive and beneficial 

due to lack of post experimental monitoring [5]. Use of biomass in biogas technology will be 

successive only if the government takes it seriously, create and implement national level policies.  

CONCLUSIONS  

The study stressed the utilization of indigenous biomass potential of Pakistan to execute its 

energy needs (electricity generation, fueling vehicles and heating homes). On taking 

technological steps on emergency bases energy crises could be solved like by investing more on 

research works, infrastructure equipments and in case of biomass its availability is more 

important. A little effort on production and availability of biomass can change the socio-

economic status of Pakistan.   
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