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ABSTRACT 

The potential for biomethane production from livestock manure as renewable energy has 

good prospects, considering that the number of pigs in North Sulawesi Province in-

creases yearly. Therefore, it is necessary to analyze the potential for biomethane pro-

duction, replacing the use of LPG, and mitigate biomethane emissions from pig farms. 

The results showed that from 2015-2021, the most significant biomethane production 

was in 2021, amounting to 7,887 tons of CH4/year in the Minahasa Regency area, 2,496 

tons of CH4/year (31.65%) in Tomohon City, 805 tons of CH4/year (10.20%) in South 

Minahasa Regency, 779 tons of CH4/year (9.88%), and in other areas 3,807 (48.27%). 

Biomethane can replace 8.59 million kg of Liquefied Petroleum Gas (LPG). The results 

of mitigating biomethane emissions in 2021 reached 34.22 Gg CO2eq, and using bio-

methane to replace LPG reached 11.59 Gg CO2eq. Total greenhouse gas emissions can 

be reduced to 45.81 Gg CO2eq. Biomethane from pig manure has promising potential as 

a new renewable energy and requires further investigation. 

 

Keywords: biomethane potential, greenhouse gas emissions, livestock manure. 

 

 

ABSTRAK 

Potensi produksi biometana dari limbah peternakan babi sebagai energi baru terbarukan 

memiliki prospek yang baik, mengingat jumlah ternak babi di Provinsi Sulawesi Utara  

meningkat setiap tahunnya. Oleh karena itu perlu dilakukan analisa potensi produksi 

biometana dan penggantian penggunaan LPG dengan biogas serta mitigasi emisi biom-

etana dari peternakan babi. Hasil analisa menunjukkan dari tahun 2015-2021 potensi 

produksi biometana terbesar berada pada tahun 2021 yang mencapai 7.887 ton CH4/ta-

hun, potensi ini tersebar di daerah Kabupaten Minahasa 2.496 ton CH4/tahun (31,65%), 

Kota Tomohon 805 ton CH4/tahun (10,20%) , Kabupaten Minahasa Selatan 779 ton 

CH4/tahun (9,88%), dan daerah lainnya 3.807 (48,27%). Biometana yang dihasilkan 

dapat menggantikan penggunaan Liquefied Petroleum Gas (LPG) sebesar 8,59 juta kg. 

Hasil mitigasi emisi biometana dari peternakan babi pada tahun 2021 mencapai 34,22  
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Gg CO2eq dan pemanfaatan biometana menggantikan LPG mencapai 11,59 Gg CO2eq. 

Sehingga total emisi gas rumah kaca yang dapat dikurangi sebesar 45,81 Gg CO2eq. 

Biometana dari limbah ternak babi memiliki potensi yang menjanjikan sebagai energi 

terbarukan baru dan membutuhkan penelitian yang lebih lanjut. 

 

Kata Kunci: gas rumah kaca, potensi biometana, feses peternakan  

  

 

INTRODUCTION 

 

Energy is an important parameter in 
national economic development that can in-

fluence the growth of the industrial sector, 

transportation, services and household ac-

tivities (Prihatiningtyas et al. 2019). Any en-

ergy used in carrying out these activities 
needs to pay attention to the level of energy 

sustainability, both regarding availability and 

the environment, as well as other consider-

ations in the form of economic value and sta-
bility of energy supply (Tumiran 2014). 

Looking at the primary energy supply, the 

energy sources commonly used in Indone-

sia in 2021 are dominated by fossil energy 

in the form of coal (36.15%), crude oil 
(32.10%), natural gas (16.16%), and other 

energy amounting to (15.59%) (KESDM 

2021). Final energy consumed in 2021 is 

123.10 MTOE which is divided into four sec-

tors including the transportation sector 54.4 
MTOE, industry 41.20 MTOE, household 

20.10 MTOE, commercial 5.90 MTOE, and 

other sectors amounting to 1.50 MTOE 

(Setjen 2022). 

Energy use in the household sector is 
ranked third, and the most widely used en-

ergy is electrical energy (47.18%) followed 

by Liquefied Petroleum Gas (LPG) 

(46.94%), biomass (3.78%), kerosene 

(1.78%), gas (0.21%) and the last is biogas 
(3.78%) (KESDM 2021). The LPG energy 

that is widely used today is a type of subsi-

dized LPG that is actually only intended for 

the poor but is widely used by the rich. Be-

cause the target market of LPG users is not 
appropriate, the need for subsidized LPG is 

increasing, resulting in shortages and long 

queues to obtain subsidized LPG (Osak et 

al. 2016). LPG is no longer sustainable en-
ergy due to this scarcity. 

Energy stability is an important point in 

increasing regional and urban economic de-

velopment. North Sulawesi Province has a 

potential source of alternative energy that is 

environmentally friendly, stable, and eco-

nomical. According to Yaqoob et al. (2021) 

biogas is one efficient and useful form of al-
ternative energy. Both urban and rural loca-

tions can use biogas as a source of fuel en-

ergy, and constructing a biogas production 

unit doesn't come at a high cost. (Sutaryo et 

al. 2020). Biogas energy can be produced 
from easily decomposed organic materials 

such as livestock manure, human manure, 

or household waste (Maluegha et al. 2018; 

Siddiki et al. 2021; Pan et al. 2021). The en-
ergy produced from biogas has a calorific 

value ranging from 13,720 – 27,440 kJ Nm-

3, with a methane concentration of 40% - 

80% (Fitriyah and Wahyudi 2020). 

The use of biogas energy from live-
stock manure can be developed and utilized 

to meet household needs and address envi-

ronmental problems (Afotey and Sarpong 

2023). North Sulawesi Province is one of the 

regions with the largest number of pigs in In-
donesia. However, the handling of livestock 

waste has not been managed properly. 

Biogas energy is obtained from the 

fermentation process of organic materials 

carried out anaerobically in a digester 
(Meyer et al. 2021; Sawyerr et al. 2019). 

Apart from producing biogas energy, the an-

aerobic digester process can also produce 

by-products in the form of organic fertilizer, 

which can be used for agricultural activities 
(Naghavi et al. 2020). In addition to creating 

fertilizer and biogas, turning pig farm waste 

into biogas can lessen pollution in the envi-

ronment caused by greenhouse gases re-

leased into the atmosphere, such as me-
thane gas from the open fermentation pro-

cess of livestock manure (Siddiki et al. 

2021). Where, the agricultural sector be-

comes one of the contributors to 18% of the 
world's greenhouse gases (GHG) (Makara 

et al. 2021). In Indonesia, from the green-

house gas inventory report by The Ministry 

of Environment and Forestry, 2020 GHG 

emissions produced from the livestock  
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sector in 2018 reached 108,598 Gg CO2eq or 

5th out of 6 types of activities. According to 

Ersoy and Ugurlu (2020) methane emis-

sions can cause a global warming potential 

of 21 CO2eq. The impact of global warming is 
global climate change (Anwaq et al. 2020). 

So the management of pig manure needs to 

be managed to get benefit for the commu-

nity and reduce the negative impact that can 

be caused by poorly conducted pig farming 
activities, which can make pig farm areas 

more and more difficult (Suriman et al. 

2021). In addition, the problem of pig waste 

can slow down the rate of growth of pig 

breeders, which will affect the demand for 
pork in the Northern Sulawesi Province 

(Badan Pusat Statistik 2022). 

Research on the management of live-

stock manure into biogas has been widely 

carried out, such as in research by Wang et 
al. (2021), Siddiki et al. (2021), Yaqoob et al. 

(2021), Afotey and Sarpong (2023), and 

Siddiki et al. (2021). The research has been 

conducted using the data from the test pa-
rameters carried out in each country. The 

test parameters of pig manure in Indonesia, 

specifically in the North Sulawesi Province, 

were still not obtained. In this research, the 

potential for biomethane production and bi-
omethane gas emissions was calculated us-

ing sampling and laboratory testing from pig 

manure in North Sulawesi Province. The 

pigs cultivated in this area are of the Land-

race pig breed with Phylum Chordata, klass 
Mamalia, Ordo Artiodactyla, Famili Suidae, 

genus Sus, spesies Sus scrofa, and Sub-

spesies Sus scrofa domesticus (Dewi 2017). 

The focus of this research gap is to calculate 

the potential for biomethan production in the 
North Sulawesi Province using the parame-

ters of pig manure testing data developed in 

the area, perform GHG calculations in the 

pig farming sector, and present the results in 

the form of spatial.  This study aims to deter-
mine the potential of manure produced from 

pig farms in North Sulawesi Province, ana-

lyze biomethane production resulting from 

biogas production originating from pig ma-

nure in North Sulawesi Province and  

determine biomethane emissions from pig 

farms and the reduction in CO2 equivalent 

emissions produced after using pig manure 

as biogas to substitute LPG. The results of 

this research can provide a new data of the 
potential for biomethane production from pig 

manure in North Sulawesi Province to be 

used as a substitute for fossil fuels in the 

household sector, as well as a distribution 

map of the potential for biomethane produc-
tion and a reduction in the potential for 

global warming from pig farming activities 

and the replacement of LPG with biogas. 

 

METHODS 
 

This research was conducted in North 

Sulawesi Provinci, Indonesia (Figure 1), in 

June-November 2023. North Sulawesi Prov-

ince is one of the regions with the largest 
number of pigs in Indonesia. The growth of 

pig livestock in North Sulawesi province in 

2015 - 2021 reached 4.58%, with the largest 

number of pig livestock in the Minahasa, 
Tomohon and South Minasaha areas reach-

ing 51.73%. The primary data in this re-

search is the number of pigs was collected 

from the North Sulawesi Provincial Central 

Statistics Agency in 2022. Calculation of the 
potential production of raw materials from 

livestock waste is carried out by analyzing 

the amount of pig manure measured per 

year based on the body weight and life span 

of pigs, and biomethane production is esti-
mated based on the annual volume of output 

from raw pig manure materials (Wang et al. 

2021).  

Variables that specifically correlate 

with the calculation of biomethane produc-
tion potential include total solids and raw 

material availability (Siddiki et al. 2021; 

Nehra and Jain 2023). As for the analysis of 

the greenhouse gas inventory, it can be car-

ried out using the guidelines of the 2006 
IPCC. The methodology used to calculate 

the estimates of greenhouse gas emissions 

in the farming sector can use the Tier-1 

method (IPCC 2006). The following para-

graphs provide detailed estimates. 
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Figure 1. Research location 

 
The first is to determine the potential 

for biomethane production. The data re-

quired is the amount of livestock manure 

available and the potential biomethane that 

can be produced from pig manure. The pro-
duction of pig manure really depends on the 

type of livestock, feed and conditions of the 

pigs being developed (Suyitno et al. 2010), 

then to evaluate the availability of the num-

ber of manure in the pig farms can actually 
be determined by sampling some farmers 

who develop pig species such as Landrace, 

given the species of the pig farming that is 

widely developed in the area of the North 

Sulawesi Province. with an estimated weight 
of 100 kg pigs, pigs can produce an average 

of 2.30 kg/day of manurel (Suyitno et al. 

2010; Yan et al. 2021). using the equation 

given by Liu et al. (2023), the potential of pig 
farm manure can be determined. 

𝑀 = ∑ 𝑁𝑖 ∗ 𝑇𝑖 ∗  𝑃𝑖
𝑛
𝑖=1           (1) 

Where 𝑀  is the potential amount of 
manure that can be produced (kg/year); 𝑁𝑖 

is the number of pigs; 𝑇𝑖 is the life cycle of 

pigs until they are suitable for harvest. Ac-

cording to Yan et al. (2021) the average life 

cycle of pigs can reach 199 days/year. and 
𝑃𝑖 is the production of pig manure (kg/day). 

The potential production of biogas that 

could be produced from pig farms can be 

calculated using the following equation (Liu 

et al. 2023). 

𝑄 = ∑  (𝑀𝑖 ∗ 𝑓𝑖 ∗  𝛾𝑖)  𝑛
  𝑖=1         (2) 

Where 𝑄 is the total production poten-

tial of biogas that can be produced 

(m3/year); 𝑀𝑖  is the number of manure gen-

erated (kg/year); 𝐹𝑖  is a dry matter ratio of 
pig manure of 22.58% obtained from testing 

sample of pig manure in laboratory Industrial 

Certification and Services Center (BSPJI); 

and 𝛾𝑖 is the potential for biogass production 

in pig manure of 0.45 (m3 kg-1), gained from 
Liu et al. (2023) and Ahiekpor (2021). 

The total biomethane production that 

can be obtained from the potential biogas 

production of pig farms is achieved by multi-

plying the total amount of biogase produc-
tion by the biometane content of the bio-

gass. According to Anukam et al. (2019) the 

content of biomethan in biogas from pig ma-

nure materials is 60%. 

Second, the use of biogas can be 
used to provide energy for the household 

sector as well as replace fossil energy use 

such as kerosene, firewood, LPG and can 

also be used as lighting lamps (Maluegha et 

al. 2018; Kulkarni et al. 2021). The substitu-
tion value of biogas with other energy can be 

seen in (Table 1). The use of biogas as a 

substitute for LPG according to Esteves et 
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al. (2019) has great potential in the future. 

So the development and construction of 

household scale anaerobic digester installa-

tions needs to be carried out. 

According to Afotey and Sarpong 
(2023), using the following equation, the 

amount of biogas conversion to other  

energy can be determined. Where 𝐶𝑆 is the 

fuel conversion factor, which is obtained in 

(Table 1), and 𝑇𝐵𝑃 is the amount of biogas 

production (m3). 

𝐵𝑖𝑜𝑔𝑎𝑠 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 =  ∑(𝐶𝑆 ∗ 𝑇𝐵𝑃)        (3) 

 
Table 1. Biogas quantity 1 m3 with other energy (Nehra & Jain, 2023; Artiani & Handayasari, 2017). 

 

Energy type Unit Equivalent 

Electricity kWh 4.698 

Kerosene oil L 0.620 

Fuelwood kg 3.474 

Coal kg 1.46 

LPG kg 0.433 

 

Third, to be able to determine me-
thane gas emissions (CH4) resulting from 

pig farming activities in North Sulawesi 

Province, this study use the guidelines from 

the 2006 IPCC with the Tier-1 method 

(Heriyanti et al. 2022). The types of livestock 
that contribute a lot to GHG (CH4) emissions 

are ruminant livestock such as cows, sheep, 

buffalo, and goats, because ruminant live-

stock produce GHG (CH4) emissions in the 
enteric fermentation process and production 

of manure (IPCC 2006). The type of pig 

farming itself is a monogastric type of live-

stock, which produces the largest GHG 

(CH4) emissions only in manure production, 
so in this study, enteric fermentation was not 

considered. However, GHG (CH4) emission 

mitigation was carried out using a Tier-1 ap-

proach from livestock manure management 

and assumes that every pig farmer carries 
out anaerobic management of pig manure to 

produce biogas, which is used in the house-

hold sector to replace the use of LPG 

(Calbry-Muzyka et al. 2022). 

Estimation of CH4 emissions from ma-
nure management on pig farms can use the 

following equation (Calbry-Muzyka et al. 

2022; Pizarro-Loaiza et al. 2021). 

𝐶𝐻4 𝑚𝑎𝑛𝑎𝑔𝑒𝑚𝑒𝑛𝑡 = 𝐸𝐹(𝑇) ∗ 𝑁(𝑇)        (4) 

Where CH4management is GHG emissions 
from pig manure management (kg 

CH4/year), EF(T) is the emission factor ac-

cording to certain types of livestock. In the 

IPCC (2006), the emission factor value for 

pigs is 7 kg CH4/year, and N(T) is the number 
of pig populations in one year. 

Fourth, to determine the global warming 
potential (GWP) from methane gas emis-

sions (CH4) and the use of biogas as a  

substitute fuel for LPG in the household sec-

tor, it can be determined using the following 

equation (Thiangchanta et al. 2022). 
 

𝐺𝑊𝑃𝑡𝑜𝑡 =  𝐺𝑊𝑃𝐶𝐻4 +  𝐺𝑊𝑃𝐿𝑃𝐺 − 𝐺𝑊𝑃𝐵𝑖𝑜𝑔𝑎𝑠    

            (5) 

Where GWPtot is the total global warm-

ing potential emissions, GWPCH4 is Green-

house Gas (GHG) emissions from the live-
stock sector in the form of CH4management 

emissions wich are multiplied by CH4 emis-

sion factor to become CO2eq. According to 

Ersoy and Ugurlu (2020), the global warm-
ing potential of methane gas (CH4) is 21 

CO2eq. Meanwhile, GWPLPG and GWPBiogas 

are obtained by multiplying the total amount 

of energy by the energy factor for each en-

ergy (Yu et al. 2008). The value of each fos-
sil energy factor can be seen in Table 2. 

 
𝐺𝑊𝑃𝑓𝑢𝑒𝑙 =  𝐹𝑆𝑓𝑢𝑒𝑙  ∗  𝐸𝐹𝐺𝐻𝐺 𝑓𝑢𝑒𝑙         (6) 

Conversion of biogas energy into 

other alternative energy can reduce direct 

GHG pollution in the environment (Jelínek et 

al. 2021). Considering that the combustion 
of biogas through the conversion of  

biomethan to carbon dioxide has a smaller 

value compared to other fuels in terms of the 

greenhouse gas (GHG) emissions gener-

ated (Biogas Rumah 2021). 
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Table 2. Potential GWP factor (yu et al. 2008) 

 

Energy Type CO2 (g kg-1) 

Firewood 1450 

Biogas 748 

LPG 3075 

Electricity 1.0577 (t MWh-1) 

 

To make the processed data easier to 

understand in order to manage biomethane 

potential, the data that has been obtained is 

then managed by geographic data or spatial 
data, using the Quantum Geographic Infor-

mation System (QGIS) application, thus pro-

ducing new information or a new display that 

is more effective (Fitriyani and Martunis 

2021; Setiyowati et al. 2021). Data for the 
Indonesian Earth Map (RBI) for North Sula-

wesi province was obtained from the Geo-

spatial Information Agency (BIG). 

 

 
 

RESULTS AND DISCUSSION 

 

The population of pig farms in North Su-

lawesi Province obtained from the Central Sta-
tistics Agency (BPS) is spread across 11 dis-

tricts and four cities with a total population of 

426,923 pigs in 2021 which can be seen in Fig-

ure 2. The largest population of pig farms was 

in Minahasa Regency and was followed by 
Tomohon City, South Minahasa and North Mi-

nahasa Regencies. These four regions were 

close to each other and 60.11% of the total pig 

farms in North Sulawesi province are in these 

four regions. 
 

 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 

 
 

 

 
Figure 2. Distribution of pig livestock 

Waste from pig farms production can 

be determined using equation 1, and in Ta-

ble 3 it can be seen that the potential pro-
duction of pig manure reached 186.86 thou-

sand tonnes in 2015, and this waste produc-

tion increases every year until in 2021 it 

reaches 195.43 thousand tonnes. The in-

crease in pig manure production that occurs 

between 2015-2021 in North Sulawesi Prov-

ince can reach an average of 4.58% each 

year. The increase in livestock waste pro-
duction is in line with the increase in the 

number of pigs being cultivated. The largest 

amount of manure production is in the Mi-

nahasa Regency area, amounting to 61.85 

thousand tons in 2021 (Table 3) spread 
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across 25 sub-districts and the growth rate 

of manure production in Minahasa Regency 

reached 17.61% from 2015-2021. The city 

of Kotamobagu has experienced a signifi-

cant increase in the number of pigs, so the 
production of manure has also increased to 

671 tons in 2021, this increase is due to the 

land for pig farms is still large enough in the 

area. The pig production of manure in North 

Sulawesi Province from 2015 to 2021 
reached 1.33 million tons. By utilizing pig 

waste into biogas, conversion efficiency can 

be increased and GHG emissions can be re-

duced (Nehra and Jain 2023; Jelínek et al. 

2021). 
The potential for biogas production 

produced from pig waste can be determined 

using equation 2. The total potential for bio-

gas production in 2021 reaches 19.86 mil-

lion m3 and the total potential biomethane 
production in the same year is 7.89  thou-

sand tons (Table 4). Biogas and biomethane 

production in North Sulawesi Province is 

dominated by Minahasa Regency at 31.65% 
and the lowest is in South Bolaang Mon-

gondow Regency at 0.20% as can be seen 

in Figure 3. The distribution of biogas pro-

duction potential which can be seen in Fig-

ure 3 is spread across South Minahasa Re-
gency, Minahasa Regency and Tomohon 

City. These districts and cities produce 

51.73% of the total biogas production in 

North Sulawesi Province. Meanwhile, the ar-

eas of southern Bolaang Mongondow, North 

Bolaang Mongondow and Kotamobagu City 
have less potential for biogas production 

from pig manure. 

Biogas and biomethane production 

potential from biogas is increasing every 

year, although in 2020 there was a decrease 
in production (Table 4). This was the result 

of a decrease in public demand for pork, re-

sulting in reduced pig farming, and greatly 

affected the potential for biogas and bio-

methane production in that year. The poten-
tial rate of biogas and biomethane produc-

tion produced from 2015-2021 reaches 

4.58% annually. The potential for biogas 

production from pig manure waste in North 

Sulawesi Province provides good benefits 
and is a new energy transformation for uti-

lizing biomass into sustainable energy that 

can be used daily (Theofanous et al. 2014). 

Installation of a fixed dome anaerobic di-
gester is one of the methods that is widely 

used by biogas managers, considering that 

the lifespan of a fixed dome digester con-

struct can reach 15 years if operated cor-

rectly, and is easy to use and maintain 
(Osak et al. 2016).

 
Table 3. Manure production (tons) 2015-2021 

 

Distric/City 
Year 

2015 2016 2017 2018 2019 2020 2021 

Bolaang Mongondow 11,465 12,809 14,090 15,499 17,049 17,405 18,874 

Minahasa 52,588 56,795 57,742 58,311 59,477 56,504 61,848 

Sangihe Island 23,670 23,725 24,153 23,937 24,476 6,641 6,653 

Talaud Island 10,653 10,951 11,296 11,305 11,644 11,075 12,853 

South Minahasa 14,809 15,994 16,708 16,958 16,418 18,256 19,306 

North Minahasa 9,893 10,031 10,624 11,320 11,159 14,658 16,384 

North Bolaang Mongondow 742 890 748 577 582 407 454 

Sitaro Island 6,134 6,140 8,326 7,752 7,829 7,926 7,926 

Southeast Minahasa 7,098 6,004 6,304 6,346 6,580 12,399 8,048 

South Bolaang Mongondow 255 283 312 349 391 422 395 

East Bolaang Mongondow 1,522 1,614 1,695 1,808 1,652 1,841 2,061 

Manado City 2,238 2,.453 2,502 2,638 2,648 2,733 2,769 

Bitung City 10,286 10,801 11,665 12,598 13,606 14,048 17,247 

Tomohon City 35,335 29,796 23,343 21,709 21,846 19,178 19,937 

Kotamobagu City 176 191 279 348 435 431 671 

 

The distribution of biomethane poten-

tial from 2015-2021 is changing, in Figure 4 

the area of Minahasa District and Tomohon 

City is a consistent area with a large  

biometane potential, followed by a signifi-

cant increase in the biometane production 

potential in Bolaang Mongondow, South Mi-

nahasa and North Minahase District. 
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Sangihe Islands Region is one of the areas 

that has experienced a decrease in the po-

tential of biomethane production. The re-

gions with the lowest biomethane production 

potential every year are in the South  

Mongondow district and the East Mon-

gondov district. This is due to the fact that 

there are still fewer pigs in the area. The live-

stock that were grown in the area were cattle 

and goats (BPS 2022). 
 

Table 4. Biogas and biomethane potential production 

 

Year 2015 2016 2017 2018 2019 2020 2021 

Biogas (million m3) 18.99 19.15 19.28 19.45 19.89 18.69 19.86 

Biomethane (tons) 7,542 7,607 7,660 7,727 7,902 7,423 7,887 

 

The potential of the biogas produced 

can be converted into other forms of energy 

that can be used by the surrounding com-

munity, especially in the household sector 
adjacent to the digester installation, such as 

a substitute for LPG and firewood for cook-

ing, for lighting, and also converting biogas 

into electricity (Nehra and Jain 2023; 

Alemayehu 2015; Vu et al. 2015). By using 
equation 6, this study found that substitution 

of biogas energy with other energy. The 

substitution value resulting from potential bi-

ogas production from 2015 to 2021 can be 

seen in Table 5. The total potential for bio-

gas substitution with other energy in 2015–
2021 is equivalent to 58.59 thousand tons of 

LPG, 470.09 thousand tons of firewood, 

83.89 million liters of kerosene, and 672.38 

GW of electricity. The energy produced is 

quite large and can provide good benefits for 
the energy needs of the household sector.

 

 

 
 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 
 

 

Figure 3. Biogas production potential in 2021 

 

The potential for LPG produced from 
biogas substitution in 2021 can save the use 

of 3 kg of LPG gas cylinders for poor com-

munities by 2.86 million cylinders. Referring 

to the report Wiratmaja (2016), the cost of 

subsidized LPG is IDR 4,250 kg-1, so the 
savings provided from energy substitution 

can reach IDR 36.54 billion and if LPG sub-
sidies are reduced and the majority of peo-

ple use non-subsidized LPG, the savings 

that can be generated could reach IDR 

72.90 billion, considering that the price of 

non-subsidized LPG is IDR 8,479 kg-1. The 
benefits of using biogas as a substitute for 
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LPG can reduce imports of LPG, because 

up to now, LPG produced in the country still 

uses imported raw materials of as much as 

70% (Gobel et al. 2021). 

The potential of biogas as a substitute 
for LPG in the household sector has been a 

lot done research, one of them by Dewi and 

Supriana (2020) who carried out the analy-

sis of the benefits of Biogas from PT Jatinom 

Indah Farm that can distribute biogass for 

252 households with the quantity of biomass 

required as much as 327.60 m3 which can 
provide benefits amounting to IDR 1.18 bil-

lion. 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 
 

 

 

 

 

Figure 4. Distribution of biomethane potential from 2015-2021 

The biogas formation process in an 

anaerobic digester can produce waste in the 

form of sludges (Silva et al. 2022). the re-
sulting sludge can be used as raw material 

for plant fertilizers, given that the sludger 

from an anaeroobic Digester has a mineral 

element that can be processed as organic 

fertilizer in both solid and liquid forms 

(Budiyono et al. 2014; Sari et al. 2018). How-

ever, in this study the calculation of the ben-

efits of sludge as organic fertilizer is not 
taken into account. In addition to economic 

benefits, managing pig stools into biogas 

with anaerobic digester processes can pro-

vide benefits such as reduced GHG emis-

sions (Haryanto et al. 2017). 



J Bioteknol Biosains Indones – Vol 10 No 2 Thn 2023 

    

288 

Table 6. Total CH4 emissions from manure management (tons) 2015-2021 

 

Distric/City 
Year 

2015 2016 2017 2018 2019 2020 2021 

Bolaang Mongondow 95.60 106.80 117.49 129.24 142,.16 145.12 157.38 

Minahasa 438.49 473.57 481.47 486.21 495.94 471.14 515.70 

Sangihe Island 197.37 197.83 201.40 199.59 204.09 55.37 55.47 

Talaud Island 88.83 91.31 94.19 94.27 97.09 92.35 107.17 

South Minahasa 123.48 133.36 139.32 141.40 136.90 152.22 160.98 

North Minahasa 82.49 83.64 88.59 94.39 93.05 122.22 136.61 

North Bolaang Mongondow 6.19 7.42 6.24 4.81 4.85 339 3.79 

Sitaro Island 51.14 51.20 69.43 64.64 65.28 66,.09 66.09 

Southeast Minahasa 59.19 50.06 52.56 52.91 54.87 103.34 67.11 

South Bolaang Mongondow 2.13 2.36 2.60 2.91 3.26 3.51 3.29 

East Bolaang Mongondow 12.69 13.46 14.13 15.07 13.78 15.35 17.19 

Manado City 18.66 20.45 20,86 22.00 22.08 2279 23.09 

Bitung City 85.77 90.06 97.27 105.05 113.45 117.14 143.81 

Tomohon City 294.64 248.45 194.64 181.01 182.15 159.91 166.24 

Kotamobagu City 1.47 1.60 2.32 2.90 3.63 3,59 5.59 

 
Potential GHG emissions in the live-

stock sector can be determined using equa-

tion 4. Pigs are a type of monogastric live-

stock that produce low CH4 emissions when 

compared to ruminant livestock, because 
pigs produce CH4 emissions in the manage-

ment process alone, whereas for enteric fer-

mentation pigs are so small that they can be 

ignored  (IPCC 2006). Using the IPCC 2006 
Tier-1 method guidelines, it is possible to 

determine the amount of CH4 Emissions 

generated by pig farming in the North Sula-

wesi Province. According to the 2006 IPCC 

guidelines, the count of livestock is obtained 

by multiplying the life span of pigs by the 

number of livestock and divided by the 
amount of days in a year that is 365 days, 

so that the total CH4 emissions generated by 

the farming sector in 2015-2021 reachd 

11.10 (Gg CH4) and by 2021 alone reached 
1.63 (Gg CH4). 

 
Table 7. Global Warming Potential from 2015-2021 

 

Year 2015 2016 2017 2018 2019 2020 2021 

CH4 livestock 32.72 33.00 33.23 33.52 34.28 32.20 34.22 

Biogas 14.20 14.33 14.42 14.55 14.88 13.98 14.85 

LPG 25.28 25.50 25.68 25.90 26.49 24.88 26.44 

Total  43.80 44.18 44.48 44.88 45.89 43.11 45.81 

 

The distribution of the CH4 potential 

emissions in the pig farming sector in the 
North Sulawesi Province can be seen in Ta-

ble 6. The greenhouse gas emissions from 

the pig farming sector related to the N2O gas 

pollution are not taken into account,  

because pig farms conducted in the North 
Sulawesi Province are in the vicinity of the 

river, so manure from pigs are not dis-

charged but thrown directly into the rivers 

(Suriman et al. 2021). 

The potential for global warming re-
sulting from livestock is CH4 emissions that 

are released into the environment. Each 

CH4 emission has a Global Warming Poten-
tial (GWP) of 21 CO2eq (Ersoy and Ugurlu 

2020), so that the total global warming orig-

inating from livestock in North Sulawesi 

province reaches 34.22 Gg CO2eq in 2021 

(Table 7). If pig farm manure are managed 
well from 2015-2021 and use of biogas to 

substitute LPG is carried out, the total reduc-

tion in global warming potential that can be 

obtained will reach 312.14 Gg CO2eq (Table 

7). 
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Figure 5. Global Warming Potential at North Sulawesi Province 2021 

 

The distribution of GWP in the North 

Sulawesi Province in 2021 can be seen in 
Figure 4. South Minahasa district, Minahase 

district and Tomohon City are the regions 

that produce the largest GWP emissions 

compared to other regions. The population 

of these three districts represents 26.08% of 
the total population of the North Sulawesi 

Province, while the regions with the lowest 

GWP spread are in North Mongondow Dis-

trict, South Mongondov District, Ko-
tamobagu City, and East Mongondou Dis-

trict with a total population of 13.97% (BPS 

2022). 

 

CONCLUSION 
 

The production potential of pig manure 

as a raw material for the formation of bio-

methane in the North Sulawesi Province has 

significant potential. In 2021, the province 
can produce 195,426 tons/year, with the 

most significant manure production in North 

Minahasa Regency at 61,848 tons/year and 

the lowest production in the South Bolaang 

Mongondow Regency area. Resulting in po-
tential biomethane production in 2021 of 

7,887 tons CH4/year. This biomethane pro-

duction can substitute LPG in the household 

sector, reaching 8,598 tons, or equivalent to 

2.86 million 3 kg of gas cylinders. The  
potential for reducing global warming  

emissions from biomethane by managing 

pig manure in North Sulawesi Province and 
substitution of LPG fuel with biogas from an-

aerobic digesters can reach 45.81 Gg 

CO2eq/year. Minahasa Regency has the 

most significant potential reduction in GWP 

compared to other regions, namely 14.50 
Gg CO2eq/year or 31.65%. Other areas with 

the most significant potential reduction in 

GWP are Tomohon City, which reached 

4.67 Gg CO2eq/year or 10.20%, and South 
Minahasa Regency with 4.53 Gg CO2eq/year 

or 9.88% of the total GWP. 
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