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ABSTRACT

The livestock sector is one of  the most significant contributors to greenhouse gas (GHG) emissions. Jetak Village 
in Indonesia has a large livestock population, so it has the potential to be a reasonably high contributor to GHG 
emissions. Therefore, research is needed to calculate GHG from the livestock sector and calculate biogas poten-
tial. Besides, we also discuss data collection techniques that are important but often forgotten in GHG reduction 
studies in developing countries. This is useful as an effort and reference to reduce GHG emissions in rural areas, 
especially in Jetak Village. The GHG calculation uses the Tier-1 method, while the data on the potential for bio-
gas utilization is obtained from manure production calculations and in-depth interviews. The calculation results 
show that the highest total GHG from livestock management in Jetak Village in 2017 was 1,106.69 tons CO

2
-eq/

year, while the lowest total GHG emissions in 2015 were 1,018.41 CO
2
-eq Gg/year. Dairy cows are the biggest 

emitter in livestock management, with 4,919.61 tons of  CO
2
-eq/year, and laying hens are the lowest emitters with 

1.39 tons CO
2
-eq/year. Dairy cows are the largest contributor to GHG emissions in enteric fermentation with 

9,680.52 tons CO
2
-eq/year, and the lowest number of  contributors is horses with 20.79 tons CO

2
-eq/year. The 

potential of  biogas in Jetak Village based on manure production is 137 installations. The positive community’s 
perception supports this. It tends to be less valid regarding livestock population data used for GHG calculations, 
so we verified it during in-depth interviews. The in-depth interview process used local language to enhance the 
quality of  responses. This research needs to be developed considering our findings that there are only 50 biogas 
installations, indicating the biogas potential is not being utilized to its full potential.
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INTRODUCTION

Climate change is caused by global war-
ming, detrimental to human life and other living 
things. The negative impacts of  climate change 
include rising sea surface temperatures and ext-
reme weather changes that increase the potential 
for natural disasters such as floods, droughts, 

and cyclones (Naumann et al., 2018; Chen et al., 
2020; Tabari, 2020). Climate change is triggered 
by increasing concentrations of  greenhouse gases 
(Cassia et al., 2018). Greenhouse gases (GHG), 
such as carbon dioxide (CO

2
), methane (CH

4
), 

nitrous oxide (N
2
O), sulfur hexafluoride (SF

6
), 

hydrofluorocarbons (HFC), and perfluorocar-
bons (PFC), are produced from various human 
businesses and activities (Ministry of  the Envi-
ronment Indonesia, 2012).
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Human business or activities produce 
GHG. The most significant GHG contributors in 
business sectors are electricity and heat. Besides 
that, other sectors, such as land-use change and 
management, road transport, residential buil-
dings, chemicals, metals, and livestock rearing, 
also contribute (Lamb et al., 2021). The agri-
cultural sector accounts for 10-12% of  the total 
anthropogenic greenhouse gases (N

2
O and CH

4
), 

while the livestock sector accounts for about 14%-
51% of  anthropogenic greenhouse gases (mostly 
CH

4
) (Grossi et al., 2019; Cheng et al., 2022). 

Many contributors make GHG emissions pre-
dicted to increase due to increasing food needs 
caused by changes in land use and increased meat 
consumption (Surmaini et al., 2011; Dhoubhadel 
et al., 2016).

As the most significant GHG contributor, 
the livestock sector can also be a key player in 
GHG mitigation (Rojas-Downing et al., 2017). 
One form of  GHG mitigation in the livestock 
sector is biogas (Hnyine et al., 2016; Hou et al., 
2017). The important thing in determining the 
form of  GHG mitigation in the livestock sector 
is the measurement results (Nugrahaeningtyas 
et al., 2018). It includes feeding, animal manure 
systems, emission values, and the effects of  the 
given mitigation practices (Gerber et al., 2013; 
Nugrahaeningtyas et al., 2018). Therefore, this 
paper measures the value of  GHG in the lives-
tock sector and discusses biogas as one form of  
mitigation.

Indonesia is one of  the countries in Sout-
heast Asia which is the largest contributor of  met-
hane gas from the livestock sector (Boonyanuwat 
et al., 2013; Nugrahaeningtyas et al., 2018). The 
majority of  livestock contributors in Indonesia 
come from rural areas, where most of  the poor 
are also found there (Swastika, 2011; Ahuja, 
2013). Therefore, the selected research location 
is rural Indonesia, Jetak Village. The agriculture 
and livestock sector is one of  the leading sub-sec-
tors there. In 2014-2019, it had 8,400 livestock, 
12,498 small livestock, and 170,978 poultry. Jetak 
Village is assumed to have a considerable GHG 
potential from the livestock sector from the data 
(Putri et al., 2020). Based on this, it is necessary 
to research to calculate the amount of  GHG pro-
duced from the livestock sector and calculate the 
potential for biogas energy development in Jetak 
Village to reduce GHG in rural areas.

The GHG from the livestock sector has 
been calculated through research on a regional 
scale such as research by Li et al. (2016), Mott-
et et al. (2017), Nugrahaeningtyas et al. (2018), 
Zuratih and Widiawati (2019), Das et al. (2020), 
Ammar et al. (2020), Arifin et al. (2021), and 
Sarah et al. (2021). This research also measures 
GHG in the livestock sector because this is ur-
gent, but the research capacity is still limited in 
developing countries (Munidasa et al., 2021). The 
research mentioned has not explained the stages 
of  data collection that can be applied to other are-
as. At the same time, the important thing in the 
study of  GHG reduction in developing countries 
is fundamental technical aspects such as data and 
methodologies (Umemiya et al., 2017; Kawanishi 
& Fujikura, 2018; Umemiya et al., 2020). GHG 
data collection and mitigation potential through 
interviews have not been well researched. This 
is useful for novice researchers and those with 
few resources (Shan et al., 2017; DeJonckheere 
& Vaughn, 2019). Focusing on this research gap, 
we as researchers calculate GHG from the lives-
tock sector, discuss the potential for using biogas 
to reduce greenhouse gases, and discuss the sta-
ges of  data collection in Jetak Village, Indonesia. 
Researchers provide recommendations for the 
essential steps to follow to calculate GHG and 
find out the potential for using biogas. The rese-
arch results will become new data as a reference 
and recommendation for policymakers in biogas 
energy development programs, especially in ru-
ral Indonesia, to implement policies towards an 
Energy Independent Village (Desa Mandiri Ener-
gi).

METHODS

This research is located in Jetak Village, 
Semarang Regency, Indonesia (Figure 1). Based 
on its topography, the research location is a high-
land and is located on the slopes of  Mount Mer-
babu (Putri et al., 2020). Land use in Jetak Villa-
ge includes agricultural land because most of  the 
population makes a living as farmers (Mediatati 
& Nababan, 2019). The research stages include 
data collection and analysis techniques to deter-
mine the GHG value and the potential for biogas 
utilization at the research location.
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Figure 1. Research Location

The GHG value of  the livestock sector in 
this research uses the Tier-1 method. Although 
Tier-2 and Tier-3 methods are considered more 
representative, they need detailed information 
about livestock not available in developing count-
ries like Indonesia (Nugrahaeningtyas et al., 
2020). In the Tier-1 method, the data used are 
livestock population data and Emission Factors 
(FE) values   of  CH

4
 and N

2
O of  each kind of  li-

vestock. In calculating methane gas (CH
4
) emissi-

ons in the livestock sector are as follows: 
First, animal unit determination correction 

factor. Based on the Ministry of  the Environment 
Indonesia (2012), dairy cattle, the total populati-
on obtained at the research site must be multip-
lied by a correction factor of  0,75 for dairy cattle 
and 0,72 for beef  cattle and buffalo. This correc-
tion factor was found in the structure of  the li-
vestock population in Indonesia in 2006. Second, 
animal unit determination. In the calculation 
of  the population or animal unit, the results ob-
tained are based on the calculation of  the number 
of  populations multiplied by the correction factor 
set for the type of  dairy cow that is assumed to be 
an Animal Unit (AU) with the following formula:

N
(T)

in animal Unit = N
(X)

 * k
(T)

Where:
N

(T)
 = Number of  livestock in animal unit

N
(X)

 = Total livestock population
k

(T)
 = Correction factor (0,75 dairy cow ;     

     0,72 beef  cattleand buffalo)
T = Livestock type

Third, calculation of  methane gas emis-
sions from enteric fermentation. Emissions of  
methane gas (CH

4
) are calculated from the ente-

ric fermentation of  livestock. The Tier-1 method 
requires activity data in livestock population data 
in animal units and methane gas emission factors 
(CH

4
) from enteric fermentation. Emissions of  

methane gas (CH
4
) from enteric fermentation can 

be calculated using the following formula:

CH
4Enteric

 = EF 
(T)

 * N 
(T)

 * 10-6

Where:
CH

4Enteric
= Emission of  methane gas from enteric  

    fermentation, Gg CH
4
/year

EF
(T)

 = Emission factors for certain livestock  
     breeds, kg CH

4
 animal/year

N
(T)

 = Total population of  certain types, Ani 
    mal Unit
T = Livestock type

Fourth, calculation of  methane gas (CH
4
) 

emissions from animal manure. Methane gas 
emissions (CH

4
) calculated from livestock ma-

nure using the Tier-1 method require activity 
data in the form of  livestock population data in 
Animal Units and methane gas emission factors 
(CH

4
) from livestock manure from each type of  

livestock presented in the table. The calculation 
of  methane gas (CH

4
) emissions from livestock 

manure use the following formula:

CH
4Manure

 = EF 
(T)

 * N 
(T)

 * 10-6
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Where:
CH

4Manure 
= Emissions of  methane gas from live 

      stock manure, Gg CH
4
/year

EF
(T)

 = Emission factors for certain livestock  
     breeds, kg CH

4 
unit/year

N
(T)

 = Total population of  certain types, Ani 
     mal Unit
T = Livestock type

Fifth, CH
4
 emissions total livestock sec-

tor.  Calculation of  total CH
4
 emissions in the 

livestock sector is obtained from adding meth-
ane gas emissions (CH

4
) of  enteric fermentation 

with methane gas emissions (CH
4
) of  livestock 

manure. The calculation of  total methane (CH
4
) 

emissions uses the following formula:

Total Emission
CH4

    = Emission CH
4
 (fermenta 

tion)+ Emission CH
4
 (manure)

Where:
Emission

CH4
 Total = total amount of  CH

4  
emis 

sion from the livestock sector
Emission

CH4
 (fermentation)= total amount of  

CH
4 
emission from enteric fermentation

Emission
CH4

 (manure) = total amount of  CH
4 

emission from manure

The potential use of  biogas in this research 
includes calculating the number of  manure and 
public perception. Community perceptions are 
socioeconomic characteristics of  potential that 
play an essential role in ensuring that biogas can 
be adequately utilized (Wahyudi, 2017). Data 
collection techniques to obtain information on 
the potential for biogas utilization are field stu-
dies and in-depth interviews of  72 respondents. 
After the information on the potential for biogas 
utilization has been obtained, we then describe 
the stages of  data collection to determine the po-
tential for biogas utilization in Jetak Village.

RESULTS AND DISCUSSION

Livestock population data in Jetak Village 
from farm profile data in Getasan District is se-
condary data needed in this research. Jetak Vil-
lage consists of  12 subvillages: Setugur, Jayan, 
Dukuh, Tosoro A, Tosoro B, Weru A, Weru B, 
Kemiri, Legok, Kendal, Gajian, and Jetak. The 
livestock population in Jetak Village consists of  
ruminants (beef  cattle, dairy cows, horses, goats, 
and sheep) and non-ruminant livestock (poultry) 
(Table 1). The number of  livestock is because the 
livestock sector is one of  the main livelihoods for 
some people in Jetak Village.

Table 1. Number of  Livestock and Poultry in 2014 – 2019

Kind of Livestock
Year  

2014 2015 2016 2017 2018 2019

Beef  cattle 235 98 129 101 133 91,44

Dairy cows 1.278 1.235 1.266 1.286 1.229 1263,75

Buffalo 0 0 0 0 0 0

Sheep 388 443 316 559 486 394,56

Goat 305 147 157 37 160 211

Pig 1.476 1.390 1.322 1.678 1.485 1544

Horse 6 7 13 15 5 9

Free-range Chicken 854 1.143 1.860 2.575 2.654 2886

Chickens 1.135 2.547 5.392 11.765 9.541 15632

Laying hens 4.237 7.687 11.542 27.540 28.551 30116

Duck 512 566 548 587 610 498

From the data from 2014 to 2019, the li-
vestock population in Jetak Village was domina-
ted by 3.321 ducks, 11.972 free-range chickens, 
46.012 chickens, and 109.673 laying hens. For the 
kind of  ruminant livestock, there is a population 
of  788 beef  cattle, 7.557 dairy cattle, 2.586 sheep, 
1.017 goats, and the least livestock species are 
horses (55 horses).

In Indonesia, livestock population data is 
collected by the Central Statistics Agency (BPS) 
through the Agricultural Survey (SUTAS). These 
data are easy to find on a regional scale, such as 
research by Arifin et al. (2021) and Sarah et al. 
(2021). The challenge in collecting village-level 
livestock population data in Indonesia is not avai-
lable on the internet, so one solution is to retrieve 
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the data at the Jetak Village Office (Balai Desa). 
We were constrained by not finding livestock 
population data at the Jetak Village Office in the 
data collection process, so we looked for the data 
at the Getasan District Office (Balai Kecamatan).

Based on Moss et al. (2016), the livestock 
population data found significant data dupli-
cation due to lack of  institutional coordination 
among stakeholders, limited access to data, and 
being under-resourced. In Jetak Village, the disc-
repancy of  the livestock population in the farm 
profile data with the actual conditions is caused 
by several factors such as death and livestock 
theft. The livestock population data is obtained 
from the farm profile data needs to be verified 
through interviews with the community.

The results of  the calculation of  metha-
ne gas (CH

4
) emissions from enteric fermenta-

tion from the total population of  all livestock 
(including Animal Units) obtained the amount 
of  methane gas (CH

4
) emissions from enteric 

fermentation in Jetak Village. From the kind of  
livestock, dairy cows contributed the most to met-
hane (CH

4
) emissions from enteric fermentation 

(9.680,52 tons CO
2
-eq), and the smallest contri-

butor to methane (CH
4
) emissions from enteric 

fermentation was horses (20,79 tons CO
2
-eq). 

From the CH
4
 emissions per year, 2014 had the 

highest emission contributor (1.975,53 tons CO
2
-

eq), and 2015 had the smallest CH
4
 emission 

contributor (1.772,77 tons CO
2
-eq). The methane 

gas (CH
4
) emissions from enteric fermentation in 

the livestock sector in Jetak Village were calcu-
lated using the Tier-1 method. Overall methane 
gas (CH

4
) emission from enteric fermentation is 

in Figure 2.

Figure 2. Total CH
4
 Emissions from Enteric Fermentation (Tons) and Manure Management (Tons)  

2014-2019

Based on Figure 2, the highest number 
is dairy cows with 460,98 (Gg CH

4
), equivalent 

to CH
4
 emissions of  9.680,52 (Gg C0

2
 eq) from 

2014 to 2019. This data is per field conditions 
where most of  the people in Jetak Village have 
dairy farms, so this species is the highest contri-

butor to gas emissions from rumen digestion. Of  
the global anthropogenic CH

4
, enteric CH

4
 pro-

duction from ruminants accounts for the highest, 
around 17 to 37% (Alemu et al., 2011; Cottle et 
al., 2011; Knapp et al., 2014). CH

4
 gas from the 

livestock sector as a whole account for about 37% 
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of  all human-induced CH
4
 emissions, with 89% 

of  emissions coming from enteric fermentation 
of  livestock (Jiao et al., 2014).

In the livestock sector, the production of  
methane gas (CH

4
) from enteric fermentation is 

the largest emitter of  greenhouse gases, followed 
by methane (CH

4
) from land applications and 

manure management systems (Klevenhusen et 
al., 2011; Adesogan et al., 2013; Hristov et al., 
2013). Based on meat production, dairy cows ac-
counted for 20% of  total emissions, while emis-
sions from beef  cattle accounted for the largest, 
around 41% of  total emissions from the livestock 
sector (Gerber et al., 2013).

Methane gas emissions (CH
4
) from manu-

re management were also calculated for livestock 
groups in 12 sub-villages in Jetak village: Setu-
gur, Jayan, Dukuh, Tosoro A, Tosoro B, Weru 
A, Weru B, Kemiri, Legok, Kendal, Gajian, and 
Jetak. A comparison of  calculation results of  the 
burden of  methane gas emissions produced per 
year was carried out to determine which year is 
the largest and smallest contributor to methane 
gas (CH

4
) emissions from manure management. 

The result of  methane gas emission (CH
4
) ob-

tained is in the form of  tons of  CH
4
 per year con-

verted into tons of  CO
2
-equivalent per year using 

the Global Warming Potential value of  21 for 
CH

4
 (Eggleston et al., 2006).

The calculation results obtained the met-
hane gas (CH

4
) emissions from livestock manage-

ment in Jetak Village. The highest total greenhou-
se gas emissions from livestock management in 
Jetak Village were in 2017 with 1.106,69 tons of  
CO

2
-eq/year, while the lowest total greenhouse 

gas emissions were in 2015 with 1.018,41 CO
2
-

eq Gg/year. Judging from the kind of  livestock, 
dairy cows are the largest contributor to emissi-
ons in livestock management with 4.919,61 tons 
of  CO

2
-eq/year, followed by pigs with 1.307,57 

tons of  CO
2
-eq/year. Laying hens are the lowest 

emitter with 1,39 tons CO
2
-eq/year. The calcula-

tion results of  methane gas (CH
4
) emissions from 

manure management from all livestock groups in 
each sub-district in Jetak Village is in Figure 2. 
The livestock population in Figure 2 includes the 
number of  livestock populations in the Animal 
Unit.

The high value of  CH
4
 emission gas resul-

ting from manure management is influenced by 
forage feed for dairy cows in Jetak Village. Most 
of  the farmers in Jetak Village provide high-fiber 
feed such as grass mixed with bran. This fact is 
under previous research where one of  the fac-
tors affecting methane gas (CH

4
) emissions from 

manure management is the kind of  feed given to 
livestock (Prayitno et al., 2014). Livestock that 

consumes fibrous feed produces manure with 
higher methane gas (CH

4
) compared to livestock 

that consumes feed from grains (Ishak et al., 
2019). Animal feed with high nutrition produces 
low methane production (Criscioni & Fernán-
dez, 2016; Elghandour et al., 2017; Romero et 
al., 2020), such as concentrate feed. Forage feeds 
contribute higher greenhouse gas emissions, pri-
marily forage feeds with high crude fiber. Envi-
ronmental factors also support the potential for 
emissions resulting from the fermentation pro-
cess of  feed from the cow’s rumen because people 
usually combust their feed, such as bran from rice 
(Ishak et al., 2019).

The livestock sector produces a burden of  
greenhouse gas emissions influenced by the num-
ber of  livestock populations, activity of  microor-
ganisms, manure management, kinds of  animal 
feed, and environmental temperature. Methane 
gas from manure is influenced by bacterial activi-
ty in anaerobic degradation (Borhan et al., 2011; 
Moset et al., 2015). Microorganisms and optimal 
temperature for each specific microorganism ac-
tivity are one way to control emissions (Syarifud-
din et al., 2019). The methanogenesis process is 
highly dependent on the type of  food quality, low 
temperature, and storage time (Klevenhusen et 
al., 2011).

The emission load for nitrous oxide (N
2
O) 

gas is expressed in tons of  N
2
O per year, con-

verted into tons of  CO
2
-equivalent using a GWP 

value of  310 for N
2
O (Eggleston et al., 2006). 

Manure management’s direct and indirect nitrous 
oxide (N

2
O) emissions were calculated for each 

livestock group in 12 sub-villages in Jetak villa-
ge: Setugur, Jayan, Dukuh, Tosoro A, Tosoro B, 
Weru A, Weru B, Kemiri, Legok, Kendal, Gaji-
an, and Jetak.

The calculation results make comparisons 
every year to determine the largest and smallest 
contributor to direct and indirect nitrous oxide 
(N

2
O) gas emissions from livestock manure ma-

nagement. The calculation results obtained the 
amount of  nitrous oxide (N

2
O) gas emissions 

directly and indirectly from livestock manure 
management in Jetak Village. 2018 was the lar-
gest direct contributor to nitrous oxide (N

2
O) gas 

emissions was 36,91 tons of  CO
2
-eq from a total 

population of  44.854 livestock, while the smal-
lest indirect contributor to nitrous oxide (N

2
O) 

gas emissions in 2014 was 2,62 tons. CO
2
-eq. The 

smallest direct contributor to nitrous oxide (N
2
O) 

gas emissions was in 2015 with 18,67 tons CO
2
-

eq of  nitrous oxide (N
2
O) gas emissions from a 

total population of  15.264 livestock, while the 
smallest contributor to indirect nitrous oxide gas 
emissions was 2015 was 2,42 tons CO

2
-eq.
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Figure 3. Total Direct and Indirect N
2
OEmissions from Manure Management (Tons) in 2014-2019

The calculation results of  total direct and in-
direct nitrous oxide (N

2
O) gas emissions in Jetak 

Village from 2014-2019 are presented in Figure 

3. The livestock population in Figure 3 includes 
the number of  livestock populations in the Ani-
mal Unit.

Table 2.Total Gas Emissions from Livestock and Manure in 2014-2019
Emis-
sion 
Cat-
egory

2014 2015 2016 2017 2018 2019

CH
4
 

(Gg 
CH

4
 )

CH
4
 

(Gg 
CO

2
 e)

CH
4
 

(Gg 
CH

4
 )

CH
4
 

(Gg 
CO

2
 e)

CH
4
 

(Gg 
CH

4
 )

CH
4
 

(Gg 
CO

2
 e)

CH
4
 

(Gg 
CH

4
 )

CH
4
 

(Gg 
CO

2
 e)

CH
4
 

(Gg 
CH

4 
)

CH
4 
(Gg 

CO
2
 e)

CH
4 

(Gg 
CH

4
 )

CH
4
 

(Gg 
CO

2
 e)

Enteric 
Fer-
menta-
tion

94,7 1975,53 84,42 1772,77 87,2 1831,3 88,08 1849,67 86 1806,08 86,12 1808,52

CH
4 

Emis-
sion 

50,48 1060,04 48,5 1018,41 49,14 1031,98 52,7 1106,69 49,58 1041,23 51,2 1075,8

N
2
O 

Manure 
Manure 
System

0,07 20,39 0,06 18,67 0,06 19,35 0,07 21,05 0,12 36,91 0,067 21,02

Total 145,25 3055,96 132,98 2809,85 136,4 2882,63 140,85 2977,41 135,7 2884,22 137,387 2905,34

Based on Table 2, the total greenhouse gas 
emissions in Jetak Village in 2014 were the largest 
(3.055,9), dominated by CH

4
 gas from the efflu-

ent of  enteric feed fermentation activities in rumi-
nant livestock species with 1.975,53 (Gg CO

2
-eq). 

Meanwhile, the highest emission of  CH
4
 from 

manure was in 2017 with 1.106,69 (Gg CO
2
-eq), 

and the highest N
2
O produced from manure ma-

nagement was in 2018 with 36,91 (Gg CO
2
-eq). 

The factor influencing these results is that the po-
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pulation of  ruminants in Jetak Village is greater 
than that of  other kinds of  livestock. Another fac-
tor that affects the high greenhouse gas emissions 
in Jetak Village is the culture. Most people with 
livestock in Jetak do not manage their livestock 
manure properly. Manure is left in their fields wit-
hout any processing to become a contributor to 
N

2
O from livestock manure released directly into 

the air. This statement aligns with Samiaji (2012), 
where N

2
O gas is the largest contributor to green-

house gases because it impacts 298 times more 
heat per unit weight than carbon dioxide.

The calculation results obtained the highest 
total greenhouse gas emissions from livestock ma-
nagement in Jetak Village in 2017 with 1.106,69 

tons of  CO
2
-eq /year (Figure 2). In that year, we 

analyzed data referring to the cow population in 
Jetak Village. The results showed that the poten-
tial for biogas made from dairy cow waste in 2019 
was 42.125,00 kg of  manure/day (Table 3). The 
value of  the manure has a gas potential of  around 
968,875 m3/kg with a methane content of  678,2 
m3. Every 1 m3 of  methane gas is equivalent to 
0,46 kg of  LPG; 0,62 liters of  kerosene; 0,52 li-
ters of  diesel; 0,80 liters of  fuel, and 3,50 kg of  
firewood (Putri et al., 2019). Thus, the dairy cow 
waste produced in Jetak Village is equivalent to 
311.977 kg of  LPG, equivalent to 420,5 liters of  
kerosene, 352,67 liters of  diesel, 542,57 liters of  
gasoline, and 2373,74 kg of  firewood.

Table 3. Manure Production, Gas, and Methane Potential in Jetak Village

Sub Village Population Manure (kg/
day)

Potential Gases 
(m3 /kg)

Methane 
(m3 )

Biogas installation

Kendal 327 8175 188,025 131,6175 27

Jetak 263 6575 151,225 105,8575 22

Kemiri 175 4375 100,625 70,4375 14

Setugur 233 5825 133,975 93,7825 19

Weru A 221 5525 127,075 88,9525 18

Weru B 176 4400 101,2 70,84 14

Tosoro A 114 2850 65,55 45,885 9

Tosoro B 176 4400 101,2 70,84 14

Total 1685 42125 968,875 678,2125 137

According to the instructions for using the 
Special Allocation Fund for Rural Energy (Mi-
nister of  Energy and Mineral Resources Indone-
sia, 2015), the household scale is with a depth of  
1.5 m with a diameter of  1.50 m. The contents 
of  the biogas container are 612.30 kg (water and 
manure), with a ratio of  1:1. So each household-
scale container requires approximately 306.15 kg 
of  manure.

Table 3 shows the potential distribution 
of  biogas installations as renewable alternative 
energy in Jetak Village, Getasan District. Refer-
ring to these data, household-scale biogas instal-
lations in Jetak Village can be built as many as 
137 installations with concrete as a base material 
if  referring to the number of  potential renewable 
energy. In selecting the type of  installation to be 
built, it must be adjusted to the characteristics of  
the community using biogas and the location for 
making biogas installations. This fixed dome type 
is built with cement, sand, stone, and brick as raw 
materials. This model has an airtight design and 
a solid structure to prevent leakage of  the gas 
produced. The advantages of  this model are easy 
maintenance and low cost, while the disadvanta-

ges are that it takes a long time in the manufac-
turing process, is prone to cracking, the location 
cannot be moved, and the construction cost is 
quite expensive. This fixed dome model has rela-
tively large pores in the digester, which causes the 
gas produced to leak easily, making it difficult to 
detect early and make repairs if  there is damage, 
especially leaks (Wahyuni, 2011).

The construction of  biogas installations in 
Jetak Village can be carried out in stages as a form 
of  mitigating greenhouse gases in Jetak Village, 
which are produced from the livestock sector and 
contribute to global warming (Paolini et al., 2018; 
Putri et al., 2019; Pochwatka et al., 2020). The use 
of  biogas in Jetak Village has been started since 
2008 after Jetak Village received assistance from 
the government through the Special Budget Fund 
(Dana Anggaran Khusus). Assistance was given 
to three families with 15-20 cows per family and 
construction of  a digester with a capacity of  30 
m3, which produces 18 m3 of  gas/day (Purwanto, 
2018). Over time, biogas utilization does not go 
well due to several factors such as damage at se-
veral points of  the biogas installation that has not 
been repaired and the fixed dome installation did 
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not meet the standards. As a result, to identify the 
root of  the problem, it is preferable to examine 
the community’s perception of  biogas in several 
aspects: new technology, installation techniques, 
biogas benefits, economy, and environment. 

In general, the user community in Jetak’s 
perceptions of  new technology show enthusi-
asm and great appreciation for the energy of  this 
biogas. Most people understand that animal was-
te problems may be effectively handled by using 
biogas while also benefiting everyday energy de-
mands. Some elements must be addressed when 
introducing new technologies if  there are varian-
ces in attitudes in community groups in the face 
of  technological innovation based on the commu-
nity groups’ features.

In Installation technique, Jetak’s biodi-
gester design differs somewhat from previous 
biodigesters. Some users have issues running 
the digester due to processing efficiency and ef-
ficacy. Furthermore, extra energy is required to 
sift, combine, and stir before entering the central 
installation. In theory, biogas helps both the user 
community and the neighboring communities. 
Indirectly turning cow manure into biogas energy 
can help prevent the pollution of  foul aromas that 
create societal disputes.

The Jetak user community may save bet-
ween 50 and 60 thousand rupiahs per month 
using biogas. These savings might indirectly as-
sist the user community in managing their mo-
ney. The biogas leftovers in the form of  sludge 
are still not being utilized efficiently by the Jetak 
user community. After drying, these leftovers are 
solely left in the reservoir and used as fertilizer 
on their property. The anaerobic fermentation lef-
tover biogas fertilizer comprises nutrients, heavy 
metals, pesticide residues, and harmful microor-
ganisms (Chen et al., 2020). Biogas users respond 
positively to environmental cleanliness, parti-
cularly around the barn. Biogas technology has 
an indirect positive influence on environmental 
health and human and cattle health. Overall, the 
Jetak user community has not established a zero-
waste approach.

The community’s perception of  biogas 
users was favorable, particularly new technolo-
gy and biogas benefit. Several aspects are still 
constrained so that the sustainability of  biogas 
used by the community has not yet reached its 
maximum. Government has a vital role in over-
coming these obstacles by evaluating and moni-
toring the use of  biogas by the community so that 
biogas installations do not become useless mate-
rials (Putri et al., 2020).

Based on manure production, in Jetak Vil-
lage, there should be 137 units of  household-scale 
biogas installations, but in reality, there are only 
50 biogas installations that have been built. The-
refore, this research can be developed by exami-
ning the factors affecting the adoption of  biogas 
production, such as household’s level of  income, 
household size, and awareness of  the different 
energy sources available (Ngcobo et al., 2020). 
In the technique of  collecting data through inter-
views, we suggest using the local language (krama 
inggil) to enhance the quality of  responses. In ad-
dition, we also asked for assistance during data 
collection by the field coordinator in charge of  
biogas in Jetak Village.

CONCLUSION

It can be concluded that the highest to-
tal GHG from livestock management in Jetak 
Village in 2017 was 1.106,69 tons CO

2
-eq/year, 

while the lowest total GHG emissions in 2015 
were 1.018,41 CO

2
-eq Gg/year. Dairy cows are 

the biggest emitter in livestock management from 
livestock, with 4.919,61 tons of  CO

2
-eq/year, 

followed by pigs with 1.307,57 tons of  CO
2
-eq/

year, and laying hens are the lowest emitters with 
1,39 tons CO

2
-eq/year. From enteric fermentati-

on, the highest GHG was in 2014 with 1.975,53 
tons CO

2
-eq/year, while the lowest emission was 

in 2015 with 1.772,77 tons CO
2
-eq/year. Dairy 

cows are the largest contributor to GHG emis-
sions in enteric fermentation with 9.680,52 tons 
CO

2
-eq/year, followed by beef  cattle with 777,44 

tons CO
2
-eq/year, and the lowest number of  cont-

ributors is horses with 20,79 tons CO
2
-eq/year. 

The potential for renewable energy from cattle 
waste is 42,125 Kg of  manure /day or equivalent 
to 968.875 m3 of  gas with a methane content of  
678,2 m3. This amount can be utilized through 
biogas installations of  137 units. Moreover, this 
is supported by positive public perception. The 
reality in the field only found 50 biogas installa-
tions so that further research can be done such as 
factors affecting the adoption of  biogas producti-
on. Our findings also show a discrepancy in the 
livestock population from livestock population 
data with the reality in the field due to livestock 
deaths and theft. We suggest verifying livestock 
population data through in-depth interviews. The 
interview process should use the local language 
(krama inggil) to enhance the quality of  responses 
and ask for assistance from local communities in 
charge of  biogas.
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