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Abstract: Pakistan is facing a severe energy crisis due to its heavy dependency on the import of costly
fossil fuels, which ultimately leads to expansive electricity generation, a low power supply, and
interruptive load shedding. In this regard, the utilization of available renewable energy resources
within the country for production of electricity can lessen this energy crisis. Livestock waste/manure
is considered the most renewable and abundant material for biogas generation. Pakistan is primarily
an agricultural country, and livestock is widely kept by the farming community, in order to meet
their needs. According to the 2016–2018 data on the livestock population, poultry held the largest
share at 45.8%, followed by buffaloes (20.6%), cattle (12.7%), goats (10.8%), sheep (8.4%), asses (1.3%),
camels (0.25%), horses (0.1%), and mules (0.05%). Different animals produce different amounts of
manure, based upon their size, weight, age, feed, and type. The most manure is produced by cattle
(10–20 kg/day), while poultry produce the least (0.08–0.1 kg/day). Large quantities of livestock
manure are produced from each province of Pakistan; Punjab province was the highest contributor
(51%) of livestock manure in 2018. The potential livestock manure production in Pakistan was
417.3 million tons (Mt) in 2018, from which 26,871.35 million m3 of biogas could be generated—with
a production potential of 492.6 petajoules (PJ) of heat energy and 5521.5 MW of electricity. Due to
its favorable conditions for biodigester technologies, and through the appropriate development of
anaerobic digestion, the currently prevailing energy crises in Pakistan could be eliminated.
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1. Introduction

The production of cheap, green energy has been considered a prime objective for a
country heading towards sustainable development. Pakistan, as a developing country,
needs an enormous amount of energy, around 25,000 megawatts (MW), for its industrial,
agricultural, and household needs (Figure 1). However, this energy demand has not been
met, which has led to electricity crises [1–3]. Due to these severe energy crises, Pakistan
is currently facing tremendous electricity load shedding (10–14 h/day) [4–7]. Energy
consumption has increased due to the growth in industrialization and the increasing urban
population. For example, the per capita energy consumption of Pakistan has shown an
increasing trend from the year 2000, from 373.13 to 484.45 kWh [8].

Figure 1. Electricity supply, demand, and deficit of the country.

The current determined capacity of Pakistan is 22,000 MW of electricity (Figure 1).
Mismanagement at transmission and distribution networks and high discharges have resulted
in high losses that consequently increase load shedding. This is the foremost reason that
Pakistan is facing energy shortfalls of 4000–6000 MW, as presented in Figure 1 [9–14]. The
industrial, agricultural, and domestic sectors are suffering badly due to the ongoing energy
shortfall [6]. A recent survey—conducted by the Private Power and Infrastructure Board,
Government of Pakistan, Ministry of Energy (Power Division)—indicated that electricity
consumption of 90.36 terawatt-hours (TWh) was recorded in Pakistan during 2015–2016, with
6.01% electricity export and 0.49% electricity import.

The electricity demand of the country is increasing at an annual rate of 11–13% [15]
because of the increase in growth centers and the industrialization process. Pakistan is
likely to follow the same trend in the future, as well. The energy demand for Pakistan is
projected to rise to 54,000 MW in 2020 and 113,000 MW in 2030 [16–18].

It was found that 70% of Pakistan’s population lives in rural areas, and that 96.6%
of rural people have no access to modern energy facilities. Thus, they are facing energy
poverty. In this regard, it was also found that about 45% of their energy expenditure is spent
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on solid biomass such as dung cakes, firewood, and crop residues, with an additional 12%
spent on natural gas, LPG, kerosene, and candles used for lighting and cooking purposes
in rural areas [19].

Natural gas, firewood, kerosene, livestock dung, liquid petroleum gas (LPG), firewood,
and electricity are the most common fuels currently being used for cooking purposes in
Pakistan [20]. Natural gas (supplied through pipes) is the cheapest fuel for cooking
purposes. However, due to the limited reserves and insufficient supply systems, it cannot
be a promising fuel for cooking [21]. The limited reserves and high prices of fossil fuels
have resulted in the fact that kerosene and LPG are not viable options for cooking purposes
in Pakistan. On the other hand, the most common cooking fuels such as firewood, crop
residues, and animal dung have lower efficiency with higher heating values as compared
to the other fuels [22].

Raising livestock is one of the major agricultural activities in Pakistan which con-
tributes to the agricultural economy of Pakistan. In this context, the agriculture-based
economy has a 24.5% share of the gross domestic product (GDP) and provides 60% of ex-
port earnings in Pakistan. Likewise, 55.6% of the economy is from the livestock sector and
contributes 11.8% of Pakistan’s GDP. Cattle raising is one of the major agricultural activities
in Pakistan, meaning that a large quantity of livestock waste is produced in Pakistan which
could be utilized as an appropriate source of sustainable energy. Cattle manure in most
villages is used to prepare dried dung cakes that are burned for cooking energy.

People living in hilly areas of Pakistan are in difficult conditions to fulfill their energy
demands, and they spend a lot of time collecting animal dung and woody biomass. In this
regard, the use of livestock waste for energy production will be a worthwhile approach for
providing an energy supply to the rural areas which in turn is beneficial for the economic
development of the country, with a reduction in environment concerns [23,24].

Moreover, the use of biogas as a clean energy source will also reduce the utilization
of conventional fossil fuels which in turn will lower GHG, and other hazardous gas
emissions which are detrimental to the environment [25,26]. In this view, the development
of biodigester technology will provide a manure management facility for dairy farms as
well as for poultry farms. Digested manure is a natural fertilizer which can be applied
to crops as a cost-effective alternative to synthetic fertilizers [26]. On the other hand, the
development of biodigester technology will result in the conservation of resources and
protection of the environment [27]. Considering the large quantity of livestock manure
production in rural areas of Pakistan, it has potential to be utilized for energy production
in order to overcome prevailing energy crises. The biogas produced from cattle manure is
a unique sustainable energy supply due to its high availability as a decentralized energy
source [28]. However, currently, the main issue with anaerobic digestion of livestock
manure is the ammonia toxicity due to the higher concentrations of nitrogen as well
as lower degradation during anaerobic digestion due to the higher concentrations of
lignocellulosic materials [29,30]. This problem can be tackled by co-digestion of manure
with material having a lower concentration of nitrogen [31,32].

Some studies have already been carried out to show the role of agro-industrial waste
for biogas generation as an important source of sustainable energy in Pakistan [10,33,34].
Currently, about 8000 biogas plants are operative in Pakistan [35]. However, there is a lack
of scientific study to evaluate the potential of livestock manure as a pivotal bioresource and
the potential of biogas generation via anaerobic digestion of the available livestock manure
in different provinces of Pakistan. Furthermore, it is also not clear how the potential of
biogas from animal manure can contribute to the heat and electrical energy supply in
Pakistan. Hence, it is essential to find out the potential of biogas, methane, and electricity
generation using animal manure for enhancing biodigester technology in the country as
well as for overcoming the prevailing energy and environmental issues.

Herein, we studied the potential of renewable energy production (e.g., biogas, methane,
electricity, heat energy) from livestock manure in Pakistan by spatially analyzing and char-
acterizing the data (from 1960 to 2018) that were collected from the Pakistan Bureau of
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Statistics and Ministry of National Food Security & Research. The results of this study
will be useful for developing biogas-based electricity projects in all provinces of Pakistan
which will not only be helpful in overcoming the ongoing energy crises but will also create
employment opportunities, particularly in rural areas. This analysis will also be useful to
the policymakers of developing countries that can change the lives of many villagers.

2. Methodology
2.1. Calculation of Livestock Population

The livestock population and density records were extracted from the archives of
livestock census data (collected by the Pakistan Bureau of Statistics from 1960 to 2018) and
arrayed provincially [36,37]. However, in this study, livestock populations were estimated
for 2016, 2017, and 2018, using the annual growth rate of 8–10% [38].

2.2. Calculation and Measurement of Total Amount of Livestock Manure in Pakistan

The amount of manure produced by an animal depends on many parameters, includ-
ing body weight, size, age, amount of feed, and type of animal [39]. The reference study
found that the amount of manure produced by cattle and camels is 10–20 kg/day and
15–17 kg/day, respectively [39]. For sheep/goats, it is 2 kg/day, whereas, for mules, horses,
and asses, it ranges from 10 to 15 kg/day [39]. Similarly, for poultry, daily manure genera-
tion is estimated to be 0.08–0.1 kg [39]. Keeping in view the effect of influential parameters,
in this study, the average manure production for cattle/buffalo, goats/sheep, camels, and
mules/horses/asses was considered 10 kg/day, 2 kg/day, 15 kg/day, 10 kg/day, and
0.1 kg/day, respectively.

2.3. Calculation of Total Potential of Biogas Production from Livestock Manure

The potential of biogas generation from livestock manure in the country was calculated
using manure produced annually. The biogas production from animal manure can be
affected by various factors such as the amount of manure, the availability of manure,
and the total solids content in animal manure [39]. A variable coefficient of manure
availability was introduced to concede the manure collection and transportation losses in
the calculation. Table 1 summarizes the numeric values of influential parameters that were
considered in this study. The theoretical potential of biogas (TPB) generated from animal
manure was determined by the following Equation (1).

TPB = M × AC × TS × BY
kgTS

(1)

where TPB is the theoretical potential of biogas (million m3 year−1), M is the quantity of
livestock manure/year/province (million kg year−1), AC denotes the availability coefficient
of animal manure for selected species, TS is the total solids content of animal manure, and
BY is the biogas yield of animal manure for each kilogram of total solids (m3 kg−1 TS).

Table 1. Amount of animal manure produced, manure availability coefficient, biogas yield, and ratio of the total solids of
animal manure for selected species [25,40,41].

Species Manure Yield
(kg/Day)

Manure Availability
Coefficient (%)

Biogas Yield
(m3kg−1 TS) Ratio of the TS (TS%)

Cattle 10–20 50 0.6–0.8 25–30
Buffalo 10–20 50 0.6–0.8 25–30
Sheep 2 33 0.3–0.4 18–25
Goat 2 33 0.3–0.4 18–25

Camel 15–17 50 0.6–0.8 25–30
Horse 10–15 50 0.6–0.8 25–30

Ass/Donkey 10–15 50 0.6–0.8 25–30
Mule 10–15 50 0.6–0.8 25–30

Poultry 0.08–0.1 99 0.3–0.8 10–29
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In this study, the biogas potential determined for the manure obtained from the
selected animal species was calculated by considering AC and BY values of 50% and
0.6 m3 kg−1 TS, respectively, for cattle, buffaloes, camels, horses, asses, and mules. More-
over, AC and BY values of 33% and 0.30 m3 kg−1 TS were considered for sheep/goats,
whereas for poultry, 99% and 0.15 m3 kg−1 TS, respectively, were considered. Similarly,
the TS value was considered 25% for cattle, buffaloes, camels, horses, asses, and mules,
whereas 20% was considered for sheep/goats and 29% for poultry [42].

2.4. Calculation of Potential of Methane and Electricity Production from Livestock Manure

In this section, a few assumptions were considered to estimate the methane and
electricity production potential from the available livestock manure. However, it has been
well documented that the proportion of methane content in goat/sheep manure ranges
between 40 and 50%, whereas it ranges between 50 and 70% for poultry [43]. Biogas
production has been significantly dependent upon the amount of methane production.
It has been found that approximately 50–70% of the methane content transforms into
biogas [44]. For this study, the biogas generation through anaerobic digestion of manure for
the specified livestock was assumed to be 60% of methane, while methane was considered
to form 50% of the biogas content for poultry manure. The heating value of methane was
calculated by considering a conversion efficiency of 85% in the boiler, and the calorific
value of methane was considered as 36 MJ/m3. The annual electricity generation potential
using biogas was determined by Equation (2):

ebiogas = Ebiogas × η (2)

where ebiogas = amount of electricity generated using biogas (kWh year−1), Ebiogas = total
amount of energy in biogas which has not been converted, and η = efficiency of the power
plant for conversion of biogas to electricity (~30%). The unconverted energy content of the
biogas was determined by the following Equation (3):

Ebiogas = C.Vbiogas × mbiogas (3)

where C.Vbiogas = caloric value of the biogas, ~6 kWh m−3 [45], and mbiogas = annual amount
of biogas produced from the selected species of livestock.

3. Results and Discussion
3.1. Livestock Population and Potential of Biodigester Technology

The livestock growth rate was calculated, and influential parameters were evaluated
accordingly. Table 2 shows the provincial livestock population record of Pakistan from
1960 to 2018. From Table 2, it is summarized that the total livestock population achieved
the highest number of 362,111,000 in 2018. Poultry exhibited the largest share, i.e., 45.8%,
followed by goats, cattle, buffaloes, sheep, asses, camels, horses, and mules, with shares of
20.6%, 12.7%, 10.8%, 8.4%, 1.3%, 0.25%, 0.1%, and 0.05%, respectively. Punjab ranked at the
top with a livestock population share of 39.7% on the regional scale, and Balochistan had
the lowest population share, i.e., 13.6%. The temporal increment in the livestock population
(4.9 times from 1960) emphasizes the potential of biogas origination and, consequently,
biodigester technology development in the country.



Sustainability 2021, 13, 6751 6 of 17

Table 2. Livestock population in different provinces of Pakistan for the years 1960–2018 (×1000 heads) [36,37].

Animal
Type 1960 1972 1976 1986 1996 2006 2016 2017 2018

Punjab

Cattle 9673 8226 8108 8817 9382 14,412 20,826 21,607 22,417
Buffaloes 6129 7413 7979 11,150 13,101 17,747 23,850 24,566 25,302

Sheep 5583 6280 8037 6686 6142 6362 7168 7254 7341
Goats 2973 5943 7767 10,755 15,301 19,831 26,011 26,726 27,461

Camels 266 365 338 321 187 199 199 199 199
Horses 226 264 286 245 181 163 163 163 163
Asses 897 1063 1139 1657 1948 2232 2465 2490 2515
Mules 23 20 29 36 57 63 63 63 63

Poultry 6440 8688 13,783 27,848 24,511 25,906 50,961 54,528 58,345
Total 32,210 38,262 47,466 67,515 70,810 86,915 131,706 137,596 143,806

Sindh

Cattle 2936 2800 2854 3874 5664 6925 10,007 10,382 10,771
Buffaloes 1353 1522 1834 3220 5615 7340 9684 10,160 10,465

Sheep 1590 840 1829 2616 3710 3959 4460 4514 4568
Goats 2201 2275 4237 6755 9734 12,572 16,490 16,943 17,409

Camels 62 80 144 218 225 278 278 278 278
Horses 40 71 94 76 63 45 45 45 45
Asses 159 242 373 500 694 1004 1109 1120 1131
Mules 1 2 3 5 12 20 22 22 23

Poultry 1250 2743 6295 8798 11,549 14,136 27,807 29,754 31,836
Total 9592 10,575 17,663 26,062 37,266 46,279 69,902 73,218 76,526

KPK

Cattle 3206 2962 3000 3285 4237 5968 8624 8947 9283
Buffaloes 651 791 762 1271 1395 1928 2591 2668 2748

Sheep 2432 2455 3675 1599 2821 3363 3789 3834 3880
Goats 3035 3737 4686 2899 6764 9599 12,590 12,936 13,292

Camels 76 101 95 70 65 64 65 66 66
Horses 23 31 29 34 47 76 81 83 85
Asses 306 408 381 446 534 560 618 624 631
Mules 19 32 28 23 60 67 74 75 76

Poultry 4190 4939 9708 17,203 22,501 27,695 54,480 58,294 62,374
Total 13,938 15,456 22,364 26,830 38,424 49,320 82,912 87,527 92,435

Balochistan

Cattle 643 482 684 1157 1341 2254 3257 3379 3505
Buffaloes 26 22 33 63 161 320 430 442 456

Sheep 2564 3859 5075 11,111 10,841 12,804 14,426 14,599 14,774
Goats 1596 3238 4441 7299 9369 11,785 15,457 15,882 16,319

Camels 86 185 212 349 339 380 380 380 380
Horses 10 19 23 29 43 60 60 60 60
Asses 99 171 244 370 383 472 521 526 531
Mules 0.4 1 1 4 6 6 6 6 7

Poultry 454 1183 1958 3295 4637 5911 11,628 12,441 13,312
Total 5478.4 9160 12,671 23,677 27,120 33,992 46,165 47,715 49,344

3.2. Suitability of Livestock Manure as a Potential Substrate for Biodigester Technology

The livestock manure potential of the country in 2018 increases approximately 2.6 times
from 1960 due to accretion in the livestock population. The gradual increase in livestock
manure indicates that waste management through anaerobic digestion could be a viable
solution, which also assists in overcoming the prevailing energy crises of the country. More-
over, manure management through anaerobic digestion will also reduce the consumption
of synthetic fertilizers and increase crop yields due to the utilization of organic fertilizer,
resulting in revenue generation.
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Table 3 shows the temporal increment in animal manure production from 1960 to
2018. Based on calculations, ~417.3 million tons (Mt) of animal manure was produced in
2018. At the regional level, Punjab manifested the highest livestock manure potential with
a 51% share of the total manure in 2018, followed by Sindh, KPK, and Balochistan, with
shares of 24.1%, 14.85%, and 10.04%, respectively, whereas among animals species, cattle
showed the highest contribution of 40.21% to the total manure produced in 2018, followed
by buffaloes, goats, sheep, asses, poultry, camels, horses, and mules, with shares of 34.08%,
13.02%, 5.34%, 4.19%, 1.44%, 1.20%, 0.3%, and 0.14%, respectively.

Table 3. Animal manure production potential in Pakistan from 1960 to 2018 (Mt/year).

Animal
Type 1960 1972 1976 1986 1996 2006 2016 2017 2018

Cattle 35.30 30.02 29.59 32.18 34.24 52.60 76.01 78.86 81.82
Buffaloes 22.37 27.05 29.12 40.69 47.81 64.77 87.05 89.66 92.35

Sheep 4.07 4.58 5.86 4.88 4.48 4.64 5.23 5.29 5.35
Goats 2.17 4.33 5.66 7.85 11.16 14.47 18.98 19.50 20.04

Camels 1.45 1.99 1.85 1.75 1.02 1.08 1.08 1.08 1.08
Horses 0.82 0.96 1.04 0.89 0.66 0.59 0.59 0.59 0.59
Asses 3.27 3.87 4.15 6.04 7.11 8.14 8.99 9.08 9.17
Mules 0.08 0.07 0.10 0.13 0.20 0.22 0.22 0.22 0.22

Poultry 0.23 0.31 0.50 1.01 0.89 0.94 1.86 1.99 2.12
Total 69.79 73.23 77.91 95.45 107.61 147.50 200.05 206.33 212.80

Sindh

Cattle 10.71 10.22 10.41 14.14 20.67 25.27 36.52 37.89 39.31
Buffaloes 4.93 5.55 6.69 11.75 20.49 26.79 35.34 37.08 38.19

Sheep 1.16 0.61 1.33 1.90 2.70 2.89 3.25 3.29 3.33
Goats 1.60 1.66 3.09 4.93 7.10 9.17 12.03 12.36 12.70

Camels 0.33 0.43 0.78 1.19 1.23 1.52 1.52 1.52 1.52
Horses 0.14 0.25 0.34 0.27 0.22 0.16 0.16 0.16 0.16
Asses 0.58 0.88 1.36 1.82 2.5331 3.66 4.04 4.08 4.12
Mules 0.003 0.007 0.01 0.01 0.04 0.07 0.08 0.08 0.08

Poultry 0.04 0.10 0.22 0.32 0.42 0.51 1.01 1.08 1.16
Total 19.53 19.73 24.27 36.36 55.44 70.07 93.99 97.58 100.6

KPK

Cattle 11.70 10.81 10.95 11.99 15.46 21.78 31.47 32.65 33.88
Buffaloes 2.37 2.88 2.78 4.63 5.09 7.03 9.45 9.73 10.03

Sheep 1.77 1.79 2.68 1.167 2.05 2.45 2.76 2.79 2.83
Goats 2.21 2.72 3.42 2.11 4.93 7.00 9.19 9.44 9.70

Camels 0.41 0.55 0.52 0.38 0.35 0.35 0.35 0.36 0.36
Horses 0.08 0.11 0.10 0.12 0.17 0.27 0.29 0.30 0.31
Asses 1.11 1.48 1.39 1.62 1.94 2.04 2.25 2.27 2.30
Mules 0.06 0.11 0.10 0.08 0.21 0.24 0.27 0.27 0.27

Poultry 0.15 0.18 0.35 0.62 0.82 1.01 1.98 2.12 2.27
Total 19.90 20.67 22.30 22.76 31.07 42.20 58.05 59.98 61.97

Balochistan

Cattle 2.34 1.75 2.49 4.22 4.89 8.22 11.88 12.33 12.79
Buffaloes 0.09 0.08 0.12 0.22 0.58 1.16 1.56 1.61 1.66

Sheep 1.87 2.81 3.70 8.11 7.91 9.34 10.53 10.65 10.78
Goats 1.16 2.36 3.24 5.32 6.83 8.60 11.28 11.59 11.91

Camels 0.47 1.01 1.16 1.91 1.85 2.08 2.08 2.08 2.08
Horses 0.03 0.06 0.08 0.10 0.15 0.2 0.21 0.21 0.21
Asses 0.36 0.62 0.89 1.35 1.39 1.72 1.90 1.91 1.93
Mules 0.001 0.003 0.003 0.014 0.021 0.021 0.021 0.021 0.025

Poultry 0.01 0.04 0.07 0.12 0.16 0.21 0.42 0.45 0.48
Total 6.36 8.77 11.77 21.39 23.83 31.60 39.91 40.89 41.90
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3.3. Potential of Biogas Production from the Utilization of Biodigester Technology

Table 4 shows the regional increase in biogas production from 1960 to 2018. It is found
that 417.3 Mt of manure possesses the potential of producing 26,871.35 Mm3 of biogas. Due
to the province having the highest population and manure production, Punjab is leading
in biogas generation with a 53.92% share, followed by Sindh, KPK, and Balochistan, with
24.64%, 14.45%, and 6.97% shares in total biogas generation, respectively. Moreover, large
animals such as cattle and buffaloes showed the highest biogas production potential with
46.83% and 39.70% shares of the total biogas generation, respectively. The other large animals
such as camels, horses, asses, and mules revealed 1.41%, 0.35%, 4.89%, and 0.17% shares
in the total biogas production, respectively. At the same time, smaller animals such as
goats and sheep were found to have 4% and 1.64% shares, respectively. Similarly, poultry
contributes 0.97%. In comparison to other agricultural countries, Pakistan leads in the biogas
production potential (26,871.35 Mm3/year), followed by Iran (16,146.35 Mm3/year), Malaysia
(4589.5 Mm3/year), and Turkey (2180 Mm3/year), as shown in Figure 2 [25,39,46–48].

Figure 2. Biogas and methane potential of Pakistan in comparison to Iran, Turkey, and Malaysia.

3.4. Potential of Methane Production from the Utilization of Biodigester Technology

The methane production potential using farm animal manure in Pakistan is shown in
Table 5. The results proclaim that the total methane production potential in 2018 showed
the highest amount of 16,096.73 Mm3. The methane production potential in 2018 was
estimated to be 2.45, 2.35, 2.12, 1.41, 0.96, 0.45, 0.06, and 0.03 times higher than the methane
production potential in 1960, 1972, 1976, 1986, 1996, 2006, 2016, and 2017, respectively.
Punjab had the highest methane potential with a 53.95% share, while Sindh, KPK, and
Balochistan had 24.65, 14.41, and 6.97% shares in the total methane production potential,
respectively. In comparison, it was found from cited studies that the potential of methane
generation from livestock manure in Iran, Canada, Malaysia, Turkey, and Indonesia was
5160, 2310, 2289, 1308, and 5758 Mm3 year−1, respectively [25,39,46–48].
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Table 4. Potential of biogas generation from livestock manure in Pakistan from 1960 to 2018 (Mt/year).

Animal
Type 1960 1972 1976 1986 1996 2006 2016 2017 2018

Punjab

Cattle 2647.98 2251.86 2219.56 2413.65 2568.32 3945.28 5701.11 5914.91 6136.65
Buffaloes 1677.81 2029.30 2184.25 3052.31 3586.39 4858.24 6528.93 6724.94 6926.42

Sheep 80.69 90.77 116.16 96.63 88.77 91.95 103.60 104.84 106.10
Goats 42.97 85.90 112.26 155.45 221.16 286.63 375.96 386.29 396.92

Camels 109.22 149.87 138.79 131.81 76.78 81.71 81.71 81.71 81.71
Horses 61.86 72.27 78.29 67.06 49.54 44.62 44.62 44.62 44.62
Asses 245.55 290.99 311.80 453.60 533.26 611.01 674.79 681.63 688.48
Mules 6.29 5.47 7.93 9.85 15.60 17.24 17.24 17.24 17.24

Poultry 10.12 13.65 21.66 43.77 38.52 40.72 80.10 85.71 91.71
Total 4882.53 4990.12 5190.73 6424.17 7178.39 9977.43 13,608.1 14,041.94 14,489.88

Sindh

Cattle 803.73 766.5 781.28 1060.5 1550.52 1895.71 2739.41 2842.07 2948.56
Buffaloes 370.38 416.64 502.05 881.47 1537.10 2009.32 2650.99 2781.3 2864.79

Sheep 22.98 12.14 26.43 37.81 53.62 57.22 64.46 65.24 66.02
Goats 31.81 32.88 61.24 97.63 140.69 181.71 238.34 244.89 251.62

Camels 25.45 32.85 59.13 89.51 92.39 114.15 114.15 114.15 114.15
Horses 10.95 19.43 25.73 20.80 17.24 12.31 12.31 12.31 12.31
Asses 43.52 66.24 102.10 136.87 189.98 274.84 303.58 306.6 309.61
Mules 0.27 0.54 0.82 1.36 3.28 5.47 6.02 6.02 6.29

Poultry 1.96 4.31 9.89 13.82 18.15 22.21 43.70 46.76 50.04
Total 1311.08 1351.56 1568.70 2339.82 3603 4572.99 6173.01 6419.37 6623.43

KPK

Cattle 877.64 810.84 821.25 899.26 1159.87 1633.74 2360.82 2449.24 2541.22
Buffaloes 178.21 216.53 208.59 347.93 381.88 527.79 709.28 730.36 752.26

Sheep 35.15 35.48 53.11 23.11 40.77 48.60 54.76 55.41 56.08
Goats 43.86 54.01 67.73 41.90 97.76 138.74 181.97 186.97 192.12

Camels 31.20 41.47 39 28.74 26.69 26.28 26.69 27.10 27.10
Horses 6.29 8.48 7.93 9.30 12.86 20.80 22.17 22.72 23.26
Asses 83.76 111.69 104.29 122.09 146.18 153.3 169.17 170.82 172.73
Mules 5.20 8.76 7.66 6.29 16.42 18.34 20.25 20.53 20.80

Poultry 6.58 7.76 15.25 27.04 35.36 43.53 85.63 91.63 98.04
Total 1267.93 1295.05 1324.86 1482.58 1917.83 2611.14 3630.78 3754.80 3883.64

Balochistan

Cattle 176.02 131.94 187.24 316.72 367.09 617.03 891.60 925 959.49
Buffaloes 7.11 6.02 9.03 17.24 44.07 87.6 117.71 120.99 124.83

Sheep 37.06 55.77 73.35 160.59 156.69 185.06 208.51 211.01 213.54
Goats 23.06 46.80 64.19 105.49 135.41 170.34 223.41 229.55 235.87

Camels 35.31 75.96 87.05 143.30 139.20 156.03 156.03 156.03 156.03
Horses 2.73 5.20 6.29 7.93 11.77 16.42 16.42 16.42 16.42
Asses 27.10 46.81 66.79 101.28 104.84 129.21 142.62 143.99 145.36
Mules 0.10 0.27 0.27 1.09 1.64 1.64 1.64 1.64 1.91

Poultry 0.71 1.85 3.07 5.17 7.28 9.29 18.27 19.55 20.92
Total 309.24 370.66 497.31 858.88 968.03 1372.64 1776.25 1824.22 1874.40
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Table 5. Potential of methane generation from livestock manure in Pakistan from 1960 to 2018 (Mt/year).

Animal
Type 1960 1972 1976 1986 1996 2006 2016 2017 2018

Punjab

Cattle 1588.79 1351.12 1331.73 1448.19 1540.99 2367.17 3420.67 3548.95 3681.99
Buffaloes 1006.68 1217.58 1310.55 1831.38 2151.83 2914.94 3917.36 4034.96 4155.85

Sheep 48.41 54.46 69.70 57.98 53.26 55.17 62.16 62.90 63.66
Goats 25.78 51.54 67.35 93.27 132.6 171.98 225.57 231.77 238.15

Camels 65.53 89.92 83.27 79.08 46.07 49.02 49.02 49.02 49.02
Horses 37.12 43.36 46.97 40.24 29.72 26.77 26.77 26.77 26.77
Asses 147.33 174.59 187.08 272.16 319.95 366.60 404.87 408.98 413.08
Mules 3.77 3.28 4.76 5.91 9.36 10.34 10.34 10.34 10.34

Poultry 5.06 6.82 10.83 21.88 19.26 20.36 40.05 42.85 45.85
Total 2928.50 2992.70 3112.27 3850.12 4303.18 5982.38 8156.85 8416.59 8684.75

Sindh

Cattle 482.23 459.9 468.76 636.30 930.31 1137.43 1643.65 1705.24 1769.13
Buffaloes 222.23 249.98 301.23 528.88 922.26 1205.59 1590.59 1668.78 1718.87

Sheep 13.78 7.28 15.86 22.68 32.17 34.33 38.67 39.14 39.61
Goats 19.08 19.72 36.74 58.58 84.41 109.02 143.00 146.93 150.97

Camels 15.27 19.71 35.47 53.70 55.43 68.49 68.49 68.49 68.49
Horses 6.57 11.66 15.43 12.48 10.34 7.39 7.39 7.39 7.39
Asses 26.11 39.74 61.26 82.12 113.98 164.90 182.15 183.96 185.76
Mules 0.16 0.32 0.49 0.82 1.97 3.28 3.61 3.61 3.77

Poultry 0.98 2.15 4.94 6.91 9.07 11.10 21.85 23.38 25.02
Total 786.45 810.50 940.23 1402.51 2159.98 2741.57 3699.43 3846.94 3969.05

KPK

Cattle 526.58 486.50 492.75 539.56 695.92 980.24 1416.49 1469.54 1524.73
Buffaloes 106.92 129.92 125.15 208.76 229.12 316.67 425.57 438.21 451.35

Sheep 21.09 21.29 31.87 13.86 24.46 29.16 32.85 33.24 33.64
Goats 26.32 32.40 40.63 25.14 58.66 83.24 109.18 112.18 115.27

Camels 18.72 24.88 23.40 17.24 16.01 15.76 16.01 16.26 16.26
Horses 3.77 5.09 4.76 5.58 7.71 12.48 13.30 13.63 13.96
Asses 50.26 67.01 62.57 73.25 87.70 91.98 101.50 102.49 103.64
Mules 3.12 5.25 4.59 3.77 9.85 11.00 12.15 12.31 12.48

Poultry 3.29 3.88 7.62 13.52 17.68 21.76 42.81 45.81 49.02
Total 760.10 776.25 793.39 900.71 1147.16 1562.33 2169.90 2243.72 2320.38

Balochistan

Cattle 105.61 79.16 112.34 190.03 220.25 370.21 534.96 555.00 575.69
Buffaloes 4.27 3.61 5.42 10.34 26.44 52.56 70.62 72.59 74.89

Sheep 22.23 33.46 44.01 96.35 94.01 111.04 125.10 126.60 128.12
Goats 13.84 28.08 38.51 63.29 81.25 102.20 134.04 137.73 141.52

Camels 21.18 45.57 52.23 85.98 83.52 93.62 93.62 93.62 93.62
Horses 1.64 3.12 3.77 4.76 7.06 9.85 9.85 9.85 9.85
Asses 16.26 28.08 40.07 60.77 62.90 77.52 85.57 86.39 87.21
Mules 0.065 0.16 0.16 0.65 0.98 0.98 0.98 0.98 1.14

Poultry 0.35 0.92 1.53 2.58 3.64 4.64 9.13 9.77 10.46
Total 185.47 222.21 298.08 514.81 580.09 822.65 1063.92 1092.57 1122.55

The gradual increase in methane production from livestock manure will reduce the
energy imports of the country, which are currently at 34%, and the government is spending
about USD 1.27 billion annually on these imports.

3.5. Potential of Heat Energy and Electricity Production from Biodigester Technology

Figure 3 shows that the potential of heat energy acquired from the burning of methane
in 2018 was 492.6 PJ. Compared to 1960, heat energy increased 245.46% in 2018 due to the
higher livestock manure production, thereby exalting methane production. On the regional
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scale, Punjab yielded more heating energy (266 PJ/year), followed by Sindh (121.71 PJ/year),
KPK (510.5 PJ/year), and Balochistan (34.4 PJ/year). Consequently, Pakistan is leading
in heat energy production from methane as compared to Malaysia, Turkey, and Iran due
to the high livestock population [25,39,46–49]. In addition, the potential of heat energy
produced in Pakistan is higher than in Canada [25]. Similarly, the potential of electricity
generation from biogas was computed and is showcased in Figure 4. The highest potential
of electricity generation by manure-based biogas obtained was 5521.5 MW in 2018. This
value accounts for ~22% of the country’s electricity requirement which is an indication of the
considerable energy share from livestock waste. A similar study was conducted in Canada
which showed that biogas electricity could fulfill ~22% of the country’s electricity demands
using agricultural waste such as wood waste and municipal solid waste [25].

Figure 3. Potential of heat energy obtained from the methane produced by livestock manure in
different provinces of Pakistan.

Figure 4. Potential of electricity generation from manure-based biogas in different provinces of Pakistan.

Punjab province had the highest electricity generation potential, with a value of
2977.3 MW, followed by Sindh, KPK, and Balochistan, with values of 1360.9, 798.0, and
385.1 MW, respectively. Furthermore, Punjab province had the highest electricity generation
potential in 2018, contributing 54% of the total electricity generation, followed by Sindh,
KPK, and Balochistan, with 25%, 14%, and 7% shares in electricity generation, respectively,
as shown in Figure 5.
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Figure 5. Province-wise share of biogas-based electricity.

Figures 6 and 7 illustrate the potential of electricity generation by manure-based
biogas from different livestock animals. It is found that large ruminants, namely, cattle and
buffaloes, had the highest potential for electricity generation, followed by asses and goats.
The potential of electricity generated from cattle manure-based biogas had the maximum
share, meaning that in 2018, it had a percentage value of 47%, followed by buffaloes, asses,
goats, sheep, camels, poultry, horses, and mules, with percentage values of 40%, 5%, 4%,
2%, 1%, 1%, 0.35%, and 0.17%, respectively. It has previously been found that the potential
of electricity generation by manure-based biogas in Malaysia, Turkey, and Iran could be
944 MW year−1, 448 MW year−1, and 3317 MW year−1, respectively [25,39,46–48].

Figure 6. Share of selected livestock species in biogas-based electricity.

Figure 7. Potential of electricity generation from manure-based biogas by different farm animals
in Pakistan.
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3.6. Feasibility and Suitability of Biodigester Technology in Pakistan

Studies conducted in many countries such as China [50], Malaysia [47], Turkey [39],
Brazil [51], Serbia [52], Ecuador [42], Nepal [53], Indonesia [54], and Ethiopia [55] have
indicated that biodigester technology is becoming popular because of its user-friendliness,
cost-effectiveness, and robustness.

The prevailing energy crises of Pakistan can be eliminated by the appropriate de-
velopment of biodigester technology. Biodigester technology in Pakistan has been con-
sidered over recent decades. In this regard, the first biogas plant was installed in Sindh
in 1959 [19,56]. The government of Pakistan focused on the development of biodigester
technology during the year 1974; the Pakistan Council for Appropriate Technology (PCAT)
constructed 31 fixed dome digesters in different areas of Pakistan. Figure 8 depicts the
biodigesters installed by different organizations in Pakistan during 1974–2015 [56].

Figure 8. The number of biodigesters that have already been installed by different organizations in
Pakistan between 1974 and 2015.

According to Ghimire and Nepal, 2009 [56], many factors can drastically affect the
potential of biodigesters, including technical factors, economic and financial factors, social
factors, and institutional factors. Figure 9 shows all the main factors mentioned along with
their classification. These inhibiting factors could be minimized if special attention is paid
during the program implementation phase.

Most parts of Pakistan have favorable conditions for biodigesters. It is clear from the
country’s livestock population that most of these animals are found in Punjab, Sindh, and
KPK. It has been estimated that 10 million households are involved in raising livestock. In
most parts of Punjab and Sindh, the temperature is favorable for the production of biogas.
Construction materials and the labor force are easily available. Moreover, the land for
installing biogas plants is not a problem for most farmers in Pakistan. However, about 30%
of farmers in the country do not have favorable conditions for installing biodigesters due
to the non-availability of land or harsh temperature conditions [56,57].
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Figure 9. Factors affecting biodigester technology development in Pakistan.

From Table 6, it is found that Pakistan has a capacity of 5 million biodigesters which
can be easily installed in different farming areas. In this regard, the annual increase in
the livestock population (as presented in Table 2) indicates a promising technology for
biodigester development, especially in rural areas of Pakistan.

Table 6. Potential for biogas plants in Pakistan [56].

Particulars Number of Households

Total number of households that have livestock animals 10 million
Households with only one cattle or buffalo which are technically

not feasible for installing biodigesters 2 million

Households having no potential for biodigesters due to various
factors such as temperature and competitiveness of biogas 3 million

Total number of households having potential for
biodigester installation 5 million

4. Conclusions

This study accentuates the livestock manure production potential and its utilization
in different areas of Pakistan. This study found that livestock manure is a sustainable
bioresource for energy generation in Pakistan. The highest population of livestock in
Pakistan is found in Punjab province, followed by Sindh, KPK, and Balochistan. Livestock
is mainly managed in almost 10 million households. The total potential of animal manure
in the country for 2018 was 417.3 Mt, and 26,871.35 million m3 of biogas, 492.6 PJ of
heat energy, and 5521.5 MW of electricity could potentially be produced from animal
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manure in 2018 to reduce the ongoing energy crises in Pakistan. Moreover, there are
ample opportunities to harness biodigester technologies in Pakistan because of the space
available for installing 5 million biodigesters in different farming areas. Considering the
huge potential of biodigester technology, the country has a high need for the development
and implementation of national programs focusing on disseminating domestic biodigesters
in Pakistan.
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