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In several countries, organic or municipal solid wastes, such as cattle and buffalo manure, have become a serious political and environmental issue owing to organic waste incineration and garbage disposal. To overcome this problem, biogas production from manure, a green treatment that both contributes to the availability of sustainable energy and assists in reducing global warming, was considered. The current study was conducted on the generation of green electricity using cattle and buffalo manure in Pakistan. In 2021, Pakistan has generated 102.742-terawatt hour (TWh) of electricity collectively; biogas share in total production accounted for only 0.98%, which is approximately 1 TWh. Unfortunately, most of the electricity was generated from nonrenewable energy sources. One large animal produces 9–10 kg of manure per day. A system for manure collection can be developed; 30% of total manure produced every day by cattle and buffalo can be collected. Such a type of system is already used for the collection of poultry manure. Pakistan has been blessed with almost 42.4 million buffaloes and 51.5 million cattle. The annual collection of manure from cattle and buffalo at the rate of 30% will be 92.53 million tons. From this manure, approximately 4.63 billion m3 of biogas can be produced and 70% can be collected, which will be 3.24 billion m3. Thus, Pakistan has the potential of generating 19.79 TWh of electricity per day from cattle and buffalo manure. Biogas has the potential to generate over 20% of Pakistan’s total electricity. At the farm level, 100 cattle ranches with 60% collected manure can create roughly 57% of their total consumed electricity. Slurry, a byproduct of anaerobic digestion, can be used as a biofertilizer in fields. It is possible to use cattle manure to make biogas, which is “made by fermentation of organic waste in the absence of oxygen.” It aids in the reduction of fossil fuel dependency, solid waste management, and air pollution control by lowering greenhouse gas emissions. Biogas contributes to the three pillars of sustainable development: economic, environmental, and social development. Biogas contributes significantly to the SDGs and other aspects of sustainable development.
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INTRODUCTION
Biomethane is widely known as biogas and also known as gobar gas in Pakistan; other names of biomethane are biofuel, biomass, and wet gas (Eswaran et al., 2021). Anecdotal evidence indicates that during the 10th century BC in Assyria, biogas was used for heating bath water. In the 13th century, the Chinese generated power by utilizing a covered sewage system. Jan Baptista van Helmont was the first who worked on evolving flammable gases from the decomposition of organic matter. Consequent to that in the 18th century, Jan Baptista van Helmont produced combustible gas by decaying organic matter (McCabe, 2012). In 1959, the first biogas plant in Pakistan was set out at Tando Jam Agriculture workshop by M.H Panhwar (Amjid et al., 2011). This was the first step to utilizing solid waste to overcome the shortfall of electricity and conversion of nonrenewable energy sources to renewable energy sources to produce electricity. However, until 2021, Pakistan produces only 0.98% of total electricity generation from biogas (Minister 2021).
Biogas mainly consists of 50%–70% methane, approximately 26%–40% carbon dioxide, 0%–11% of nitrogen, a minute amount of ammonia, 0%–1% hydrogen, and 0%–0.5% oxygen (Zhang et al., 2016; Tian et al., 2017).
Environmental changes are rapidly occurring due to the cutting of trees; approximately 15 billion trees are being chopped down every year (Ehrenberg 2015). We can minimize these figures by utilizing renewable sources. Living trees absorb carbon dioxide and in reverse carbon dioxide is released by burning them. Carbon dioxide makes the planet warmer by absorbing and emitting infrared radiation (Hanson and Ranganathan 2017). Due to the unsteady cost and environmental effects of using fossil fuels for energy, there is growing interest in the use of renewable energy (Inman 2013). Biogas plants aid in cutting dependency on the use of nonrenewable fuel sources, such as oil, natural gas, and coal. As such, the adoption of renewable energy is incrementally becoming paramount because of the negative effects exerted by greenhouse gases when released into the environment (Abbasi et al., 2011). Biogas plants crucially limit the greenhouse effect (Chuanchai and Ramaraj 2018; Desta et al., 2020). Through biogas plants, we obtain not only biogas but also its byproduct, which is called slurry, that can be used as a biofertilizer that is environmentally friendly and odorless (Meijering 2014). The other reason for producing biogas in the future is that nonrenewable energy sources will be exhausted as we already know how long they can last (Liu et al., 2021).
There are some limitations of biogas plants for small- to medium-scale farmers. The construction cost of a biogas plant varies from country to country. Its cost is higher compared with the income of small- to medium-scale farmers (Amigun and Von 2010). Small-scale farmers are still trailing behind in adopting this technology because the initial installment cost of a biogas plant is high and they have inadequate numbers of livestock to feed using a biogas plant (Khayal 2019). Environmental pollution is currently the most important topic; thus, global institutions and local governments are promoting the use of renewable sources of energy, including solar energy, wind energy, and biogas. The government of Pakistan (GOP) announced in October 2020 a new Alternative Renewable Energy Policy 2019 (AEDB 2019). The policy objectives were to create a favorable environment that is maintained by a vigorous framework for the sustainable development of the Alternative Renewable Energy Sector in Pakistan. The GOP’s strategic objectives were affordability of electricity, energy security, availability for all, sustainable development, social equity, environmental protection, and mitigation of climate change, which will further be harnessed under the Alternative Renewable Energy Policy 2019 (ARE Policy 2019) (GOP 2021). In the recent past, GOP also encouraged people especially farmers by facilitating them through low-interest and long-term loans. The Zarai Taraqiati Bank Limited initiates a program for biogas plant loans in monthly installments, and through the solar financing program of the state bank of Pakistan, 5–10 million loans have been granted (GOP 2021).
Biogas potential in the world
Biogas for electricity generation is a well-established method that has been extensively used globally. The biogas sector employs an estimated 344,000 people directly or indirectly (Devaraj et al., 2022). China has 110,448 biogas plants with the potential of producing 700,000 m3 gas per year, of which 8,576 are large-scale plants (Huang et al., 2022). Europe has 17,781 biogas plants, most of which are located in Germany. Germany is the leader in Europe, with 10,973 plants, followed by Italy (1655), France (742) and the UK (613). The US has currently housed 2,200 biogas plants (Torrijos 2016).
Globally, in 2010, the total production of biogas was 12.4 billion m3. With an increase of 9% every year, in 2021, biogas production reached 76.8 billion m3. China leads the world in biogas production by producing 3.8 TWh of electricity per year, and the US ranks second by producing 0.224 TWh of electricity per year (Sravan et al., 2021).
Biogas potential of Pakistan
Pakistan has vast potential for generating electricity from biogas. In Pakistan, the annual growth rate of the livestock population is approximately 4%. In 2021, the livestock population in Pakistan comprises the following (in millions): cattle, 51.5; buffalo, 42.4; sheep, 31.6; goats, 80.3; camels, 1.1; horses, 0.4; ass, 5.6; and mules, 0.2 (Wing 2021). If manure is collected only from buffalo and cattle, 92.54 million tons can be collected, which is 30 % of the total manure amount. It can produce 4.63 billion m3 of biogas. Approximately 70% of the total biogas produced is lost during filling. We can utilize it to produce electricity and for cooking purposes at home. It will generate approximately 19.79 TWh of electricity.
The livestock population of Pakistan from 2001 to 2021 is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Population of buffalo and cattle in Pakistan from 2001 to 2021.
If 30% of cattle and buffalo manure was collected from 2001 to 2021 and if 70% of biogas was produced from it and stored, it could produce 300 TWh of green electricity collectively from 2001 to 2021. Green electricity potential from 2001 to 2021 is shown in Figure 2.
[image: Figure 2]FIGURE 2 | Green electricity potential of Pakistan based on cattle and buffalo populations.
The 10-year data of population and increment ratio in the population of cattle and buffalo from 2001 to 2001 were statistically analyzed. After analyzing the past potential for green electricity in Pakistan, future prediction is statistically shown in Figure 3. According to the analysis, Pakistan will have the potential of producing approximately 24 TWh of green electricity in 2030.
[image: Figure 3]FIGURE 3 | Future potential of green electricity generation in Pakistan from manure.
In 2021, Pakistan generated 102.742 TWh of electricity, and the biogas share in total production was only 0.98%, i.e., 1 TWh (Minister 2021). Based on its livestock population, Pakistan has the potential of generating 19.79 TWh of electricity from only cattle and buffalo manure. Cattle and buffalo manure is easy to collect than manure of other livestock. If the government will take serious initiatives and urge entrepreneurs and industrialists to produce electricity from biogas, Pakistan has great potential. Pakistan can not only overcome its electric crisis but also reduce its reliance on nonrenewable energy sources, thereby reducing electricity costs and environmental pollution (Uddin et al., 2016).
Uses of biogas
Biogas is suitable for cooking, water heating, and room heating; as fuel for generators; in internal combustion engines; and as a substitute for compressed natural gas (CNG) in vehicles (Dimitrov and Zlateva, 2019). After being compressed, it can also be utilized as fuel in automobiles (Figure 4). The use of compressed gas is widespread in Sweden, China, Switzerland, and Germany. The biogas-powered train named Amanda has been in service in Sweden since 2015 (Brauer and Khan 2021). Biogas can be used in dual-fuel engines as diesel engines have been modified to run on 100% biogas, and biogas can replace 80% diesel oil. Petrol and CNG engines can also be modified to run on the biogas. It will cost 75% less than liquefied petroleum gas (SECO 2012; Omer 2017; Stan 2022).
[image: Figure 4]FIGURE 4 | Information on the calorific values of different fuels.
Varieties of biomass
Wide varieties of biomass are available, but mostly, animal manure and crop residue are used (Agbro et al., 2012). Other organic wastes that can be used as biomass are urban waste, sugarcane trash, leaves and branches, tea waste, vegetable waste, fruit waste, and tobacco waste (Stephen and Periyasamy 2018). The biogas is produced because of the fermentation process through the anaerobic digestion of biomass. Carbon dioxide and ammonia are produced by aerobic bacteria if organic material decomposes in aerobic conditions. Biogas is produced by anaerobic bacteria, and this fermentation process takes place in a specific place, which is known as a digester. The airtight digester has a warm and dark environment, which is necessary for the growth of anaerobic bacteria, which take part in the fermentation process because they need a very little amount of oxygen for growth. The main content of the biomass is water, which provides a suitable environment for the growth of bacteria (Ioannou et al., 2021). The soluble nitrogen is present in the solution and produces good quality biofertilizer with methane gas (Ge et al., 2014; Holmes and Smith 2016; Selvankumar et al., 2017).
Biogas generation process
The chemical process for the generation of biogas occurs in three phases (Deepanraj et al., 2014), as shown in Figure 5. During the first phase, the hydrolysis of the complex compounds occurs. Hydrolysis is a process in which the complex compound of biomass such as fat, carbohydrate, and protein is broken down in the presence of water. Long-chain polymers disintegrate into monomers. This process will conclude in 1 or 2 days at 25°C.
[image: Figure 5]FIGURE 5 | Phases in the biogas generation process.
In the second phase, the anaerobic bacteria, also known as acid formers, can grow in the absence of oxygen and produce propionic acid and acetic acid by liberating carbon dioxide. This process occurs in 1 day, with an optimal temperature of 25°C.
In the third phase, methane gas and carbon dioxide are produced because of bacterial reaction and a small amount of hydrogen gas is also released. At 25°C this phase takes approximately 2 weeks to complete the process (Itodo et al., 2021; Rathore and Panwar 2021).
The unique property of biogas is that it is 20% lighter than air as the density of biogas is 1.2 gram/L and the ignition temperature is 700°C. The calorific value of biogas is between 19 and 27 megajoules and without carbon dioxide, and the calorific value is between 32 and 36 megajoules. The methane-to-air ratio is 1:10 for combustion. The production of methane gas from a biogas plant depends on different factors such as temperature, pH value, feeding rate, pressure, and solid-to-moisture ratio in biomass. The methane content also relies on the organic material, which is used as biomass. Some important values are shown in Table 1.
TABLE 1 | Methane content of different biomass.
[image: Table 1]Utilize biogas for electricity purposes
The electricity generation from 100 cattle farms is calculated as shown in Table 2.. The volume of biogas from the 100 cattle manure is 45 m3 per day. Cattle manure generates 0.05 m3 biogas per kilogram (Amon et al., 2007). Cattle excreted approximately 8–12 kg of manure per day depending on the feeding contents and feeding ratio (Palma 2019). Approximately 9 kg of manure can be collected, after wastage during handling and collection (Smith and Williams, 2016). One cattle manure produces 0.45 m3 per day of biogas; hence, 100 cattle manure production of biogas is 45 m3 per day, as shown in Table 3.
TABLE 2 | Total energy extracted from a 100-cattle farm.
[image: Table 2]TABLE 3 | Total biogas production of a 100-cattle farm.
[image: Table 3]Biogas to electricity
Biogas has a calorific value of 20–23 megajoules/m3 (Sharma et al., 2022). The total energy produced from 45 m3 biogas is 990 megajoules. To convert megajoules into kWh, the value is multiplied by 3.6 (56); 275 kWh is the total energy produced by 45 m3 biogas, as shown in Table 2 and Figure 6.
[image: Figure 6]FIGURE 6 | Calorific values of biogas.
During the conversion of this energy into electric energy, 65% of energy is lost as heat and additional mechanical losses as used by electrical generators (Kondaveeti et al., 2019). Approximately 35% of energy converted into electrical energy is given in Table 4. The total electricity produced per day is 96.25 kWh, and we obtain 2,887.5 kWh electricity per month by multiplying the value by 30 days.
TABLE 4 | Total electricity generated by utilizing manure from a 100-cattle farm.
[image: Table 4]According to farmer reviews, 100 cattle farms consumed 5000 kWh of electricity per month on average, as shown in Table 5. Thus, farmers can generate approximately 57.75 % of energy from their cattle manure. The current commercial unit price in Pakistan is 19.95 (MEPCO 2022), as shown in (Table 5.) If farmers utilize this electricity at their farm, they can redeem approximately PKR 57600.
TABLE 5 | Total price redeems from the manure from a 100-cattle farm.
[image: Table 5]Utilize biogas for cooking purposes
The total biogas from 100 cattle manure is 45 m3, which generates 990 megajoules of energy, as shown in Table 6.
TABLE 6 | Total energy exacted from a 100-cattle farm per day.
[image: Table 6]We can supply biogas to 25 houses because the average stove running time in a house is 4–5 h. At 100 cattle farms, the total energy production is 990 megajoules per day. Medium stoves use 8–10 megajoules per hour, as shown in (Figure 7; Table 7).
[image: Figure 7]FIGURE 7 | Electricity and gas generation from 100 cattle manure.
TABLE 7 | Gas supply to total houses.
[image: Table 7]Biogas contribution to sustainable development dimensions and SDGs
Biogas contributes to the three pillars of sustainable development dimensions (SDDs). The first pillar of SDD is “Economic.” SDGs related to this SDD are as follows: SDG number 1, “No poverty,” in which biogas contributes to this by providing affordable biofertilizer and eliminating the problems of the complex supply chain of fertilizer (Herrmann 2013); SDG number 2, “Zero hunger,” in which it contributes by generating new jobs by adopting new businesses and increasing the yield of crops due to the availability of reasonable price fertilizer and enhancing the soil fertility by providing them lost nutrients and carbon (Arthurson 2009); SDG number 3, “Decent work and economic growth,” in which it contributes by increasing the gross domestic product by utilizing the waste (Kondaveeti et al., 2019; MPECO 2022; Sharma et al., 2022); and SDG number 4, “Industry, Innovation, and infrastructure,” in which it contributes by building sustainable infrastructure and providing electricity to small-scale industries at the rural level (Verhoog et al., 2016; Aziz et al., 2019).
The second pillar of SDDs is “Social.” SDGs related to this SDD are as follows: SDG number 5, “Good health and well-being,” in which biogas contributes to this by reducing methane emission (Ilo et al., 2020; Zeng et al., 2020); SDG number 6, “Quality education,” in which it contributes by producing electricity in rural areas to improve education quality; SDG number 7, “Sustainable cities and communities,” in which biogas plants contribute by aiding in preventing diseases through waste organic material collection (Kelebe et al., 2017; Yasar et al., 2017; Chowdhury et al., 2020); and SDG number 8, “Peace and justice strong institutes,” in which, as some studies suggest, an increase in power availability is linked to peace (Winther 2008).
The third pillar of SDDs is “Environment.” The SDGs related to this SDD are as follows: SDG number 9, “Clean water and sanitation,” in which wastewater treatment facilities are developed at the rural level due to electricity production (Adnan et al., 2019); SDG number 10, “Affordable and clean energy,” in which energy from biogas increases the overall energy sustainability, reliability, affordability, and energy storage capacity (Khan et al., 2017); SDG number 11, “Responsible consumption and production,” in which as biogas utilization efficiency of using natural resources increases, air and water pollution decreases and waste recycle process improves (Jeong and Park, 2017; Paolini et al., 2018); SDG number 12, “Climate action,” in which biogas will reduce greenhouse gas (GHG) emission by producing low-quantity GHG production and decreasing livestock industry methane gas (Lima et al., 2018; Tsai 2018); SDG number 13, “Life below water,” in which biogas will prevent land source pollution; hence, aiding in marine pollution reduction. SDG number 14, “Life on land,” in which biogas will replace solid fossil fuels and help in reducing deforestation. Freshwater ecosystem will be improved by enchanting wastewater treatment (Studer et al., 2017; Tamburini et al., 2022).
DISCUSSION
Biogas electricity is the most effective renewable energy source. Other renewable energy sources, compared with biogas, have more limitations. We will discuss them one by one. Wind energy is a renewable energy source that is dependent on wind. Wind turbines usually work at 30% capacity, and high winds may harm wind turbines and cause more severe problems when struck by lightning. The edges of the wind turbine pose a threat to wildlife, particularly birds. It also poses a threat to people during heavy storms. It is an expensive setup and produces noise pollution. The wind turbine can only be installed at specific locations (Shifeng and Sicong 2015; Swofford and Slattery 2010; Adeyeye et al., 2019; Mittal et al., 2010).
Solar panels are another source of renewable energy, but they can only produce energy in the presence of sunlight. The massive disadvantage of solar energy is that it is not constant. Solar panels convert only 22% of the Sun’s energy, which necessitates a wide surface area to produce the required energy. Crystalline wafer solar panels are too bulky. Other less bulky panels are available, but their efficacy is less compared with crystalline wafer ones. Storage is another big problem. Batteries are bulky and have not yet reached their full potential (Lakatos et al., 2011; Ploetz et al., 2016; Sampaio et al., 2017; Ugli 2019).
Geothermal plants are renewable energy sources in which the energy of the Earth’s crust is utilized. Geothermal plants are limited to areas where energy is accessible. During digging, many stored harmful gases are released. Digging increases the possibility of an earthquake. Extensive management of geothermal plants is required for sustainability. The digging process is also expensive (Li et al., 2015; Anderson and Rezaie 2019; Kulasekara and Seynulabdeen 2019; Zimnukhova et al., 2019).
Hydroelectric energy is generated by utilizing water flow work as a renewable energy source. However, it has many disadvantages. The most important impact of hydroelectric energy is on the environment. To produce this energy, dams must be installed with new electric lines, which can impact the environment. Dams also block fish migration, and reservoirs of water damage the natural habitat. Reservoirs impact not only animal habitats but also the local human population by forcing them to migrate. Villages, cities, and towns have been displaced due to dams, which displace local culture. Dam construction is extremely costly and time-consuming. They are limited reservoirs although water is an unlimited resource because dam building conditions are limited. Lower-than-normal levels of water can also result in drought conditions. Dams are also not safe at all times, such as in an incident in China in 1975, when the destruction of a dam lead to the death of approximately 171,000 people (Kirmani et al., 2021; Alagumalai et al., 2022; Duong 2022; Sivapriya and Sherin 2022).
In contrast, biogas plants are less expensive and easier to build, depending on the requirements and availability of organic waste. Biogas plants should be built from the home level to the industrial level. They enable people to generate energy in the form of electricity, allowing them to use stoves for cooking purposes (Manesh et al., 2020; Czekała 2022; Syahri et al., 2022).
CONCLUSION
The study on green electricity derived from cattle manure has shown that organic waste is available everywhere, and if the government takes serious initiative, it can be a reliable source of renewable and green energy. Pakistan has the potential of producing almost 20% of total electricity production from biogas. However, according to a report of the Finance Department, Pakistan produced only 0.98 % of total electricity production from biogas in 2021. Biogas is more cost-effective, has a lower environmental impact, and has a higher calorific value than coal and wood. Biogas is a convenient electrical source that may be used for cooking and heating.
Natural gas has a carbon intensity of 469 g/kWh; oil, 840 g/kWh; coal, 1000 g/kWh; and biomass, only 18 g/kWh, as shown in Figure 8. Biomass emits 96.16%, 97.85%, and 98.2% less carbon per kWh compared with natural gas, oil, and electricity, respectively, as shown in Figure 8. The CO2 absorbs infrared radiation and re-emits it in all directions, with half of the energy emitted into space and the other half emitted as heat toward the planet, resulting in the greenhouse effect. We can reduce CO2 emissions and keep the Earth at a constant temperature by utilizing renewable energy sources.
[image: Figure 8]FIGURE 8 | Production of CO2 intensity from different energy sources.
There are approximately 35 million Pakistanis who work in the cattle industry, which accounts for 11% of the country’s GDP. Biogas facilities can help Pakistan’s economy by reducing the country’s reliance on expensive fuels. Backyard farmers can sell their excrement and make a small profit. The farmers may generate over 60% of their total electricity on their farms using manure, allowing them to develop their farms while saving money on bills.
There are numerous opportunities for a large number of farmers to produce biogas and use it on their farms for electricity generation, as well as for small business owners to provide gas to homes for cooking. It would be profitable for entrepreneurs to develop a biogas plant in the industry area and supply electricity to the workers.
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