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Abstract. This research evaluates the economic feasibility of implementing an
Integrated Farming System (IFS) for managing organic waste into biogas and
bio-slurry in Pa’bumbungan Village, Bantaeng Regency, South Sulawesi. The
system transforms organic waste, particularly livestock waste, into biogas for
energy and bio-slurry as organic fertilizer. The study examines the availability of
organic waste, the efficiency of biogas production, and the benefits of bio-slurry
in enhancing agricultural productivity. The results show that the IFS reduces
reliance on LPG, leading to cost savings, and increases crop yields through the
use of bio-slurry, thereby boosting farmers' income. Key economic indicators,
including Net Present Value (NPV), Internal Rate of Return (IRR), and Payback
Period, confirm the financial viability of the project. Positive NPV and a high
IRR indicate profitability, while the payback period suggests a reasonable time
to recover the investment. Additionally, the project promotes environmental
sustainability by lowering methane emissions and reducing chemical fertilizer
use. Thus, the IFS offers a viable and eco-friendly solution for local economic
improvement.

Keywords: Integrated Farming System, Biogas, Bio-slurry, Economic Feasibility,
Sustainability

1 Introduction

Energy resources are the fundamental pillars of national development, influencing
various sectors such as industry, transportation, and agriculture. The excessive use of
non-renewable energy has led to energy crisis issues [1]. A sufficient energy supply is
crucial for economic growth, societal welfare, and environmental sustainability. The
energy sector plays a vital role in supporting modern human life, economic activities,
and enhancing the quality of the population. In Indonesia, energy growth has reached
7 to 8 percent per year [2]. Rapid energy growth is accompanied by the potential for
climate change caused by increasing greenhouse gases and dwindling fuel reserves
[3]. On the other hand, the high-scale use of firewood as an alternative energy source
triggers deforestation [4]. Therefore, transitioning to renewable energy is one of the
main solutions to this energy limitation issue [5]. However, many developing
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countries, including Indonesia, continue to face challenges in meeting their growing
energy demands due to imbalances in supply, distribution, and infrastructure.

Indonesia, a country rich in natural resources, has not yet been able to effectively
harness its energy potential. The majority of Indonesians use LPG as the main
cooking energy source, but many still struggle to access it. LPG is used as a cooking
fuel because it is safe and easily evaporates [6]. However, over time, kerosene has
become increasingly difficult to access due to rising prices and scarcity [7]. This
limited energy access has created new issues for rural development, exacerbating
poverty and limiting economic progress opportunities in these areas.

LPG development data in Indonesia 2016-20212
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Fig. 1. Data on Growth Trends in LPG Production, Imports and Consumption in Indonesia
2016-2022. (Source: Ministry of Energy and Mineral Resources)

The data shows high demand for LPG, but domestic production does not meet the
needs, prompting import policies to bridge the gap. From 2016-2022, LPG demand
and significant import increases have continued, which are not matched by domestic
production growth [8]. In 2022, LPG demand reached 8.2 million tons per year, with
82% of that demand being fulfilled by other countries. Although LPG has contributed
to cleaner energy consumption and reduced reliance on kerosene, its distribution is
still uneven across the country. In rural areas, like Pa’bumbungan Village, access to
LPG is hindered by logistical challenges, high transportation costs, and irregular
supply chains. As a result, residents often have no choice but to revert to traditional
energy sources like firewood for cooking and heating. Reliance on firewood not only
increases financial and time burdens for households but also contributes to
environmental degradation through deforestation and increased greenhouse gas
emissions.

Biogas reactors are one solution to address environmental pollution problems and
can be used as an eco-friendly fuel that reduces greenhouse gas effects. Biogas can
help reduce dependence on the increasingly limited supply of natural gas [9]. Due to
the limited fossil fuel supply and its negative environmental impact, research has been
conducted to find eco-friendly and renewable alternative fuels. The energy situation
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in Pa’bumbungan Village reflects broader issues in many rural areas of Indonesia,
where limited infrastructure and inefficient supply chains make modern energy
sources like LPG inaccessible to much of the population. Without affordable and
reliable energy, rural communities face setbacks in productivity, education, and
health, as well as increasing vulnerability to environmental risks. Therefore, meeting
rural energy needs has become a priority in Indonesia’s development agenda.

In response to these urgent challenges, To address its energy problems,
Pa'bumbungan Village has put in place an Integrated Farming System (IFS). An
agrarian area's integrated farming system consists of a number of interconnected and
mutually beneficial agricultural and economic operations. [10]. The majority of
Pa’bumbungan’s population works as farmers and livestock breeders, relying on these
jobs to meet their needs, even though farming has nearly become an unprofitable
occupation [11]. The IFS model utilizes the abundant agricultural and livestock
resources in the village by converting organic waste, such as livestock manure and
crop residues, into biogas and bio-slurry. Livestock waste is recycled to produce
biogas, and the waste from recycling is used as fertilizer [12]. Biogas serves as an
alternative energy source for household use, while bio-slurry is used as organic
fertilizer to boost agricultural productivity. By adopting this system, the village aims
not only to reduce its dependence on external energy sources like LPG but also to
promote environmental sustainability through waste recycling and resource
efficiency. Creating an integrated farming system aims to maximize the utilization of
natural resources and incorporate cheap, simple, and effective modern technology
[13]. By using straw as livestock feed and cow manure as organic fertilizer, there is
no waste, resulting in zero emissions [14]. The conversion of animal waste into
biogas and fertilizer has eased the financial burden and reduced production costs for
farmers and livestock breeders, including cooking costs [15].

The purpose of this study is to assess the Integrated Farming System's viability
from an economic standpoint in Pa'bumbungan and assess its potential to improve
local economic conditions, particularly in terms of energy accessibility and
agricultural productivity. The analysis's main goal is to ascertain the system's
financial sustainability by calculating key economic indicators, such as Net Present
Value (NPV), Internal Rate of Return (IRR), Benefit-Cost Ratio (BCR), and Payback
Period (PBP). Furthermore, the study explores the broader social and environmental
impacts of IFS, including its role in promoting rural energy independence, reducing
environmental degradation, and contributing to sustainable agricultural practices. By
examining the economic and environmental outcomes of IFS, the study seeks to
determine its effectiveness in addressing rural energy and sustainability challenges.

2 Literatur Review

2.1 Integrated Farming System

The system of integrated farming, known in Indonesian as "sistem pertanian terpadu"
or "pertanian campuran," is a sustainable agricultural approach that combines crop
cultivation and livestock rearing on the same land area. This method primarily aims to
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minimize external inputs by promoting a symbiotic relationship between various
agricultural components, thereby enhancing productivity and sustainability [16].

2.2  Biogas

A form of natural gas known as biogas is created when microorganisms break down
organic materials in an oxygen-free (anaerobic) environment, as outlined by
Azzahidah [17]. As a renewable energy source, biogas has significant potential for
industrial and domestic applications, offering an efficient and sustainable solution to
the global energy crisis, as discussed by Atelge et al. [18].

2.3 Bio-Slurry

Bio-slurry, the residual output from biogas production, results from the anaerobic
fermentation of livestock manure and water in an airtight chamber. This waste is
abundant in vital nutrients for the growth of plants, including macronutrients like
Nitrogen (N), Phosphorus (P), Potassium (K), Calcium (Ca), Magnesium (Mg), and
Sulfur (S), as well as micronutrients required in smaller amounts, such as Iron (Fe),
Manganese (Mn), Copper (Cu), and Zinc (Zn).

2.4  Feasibility Analysis

A feasibility analysis is an evaluative process that assesses the viability of a project or
business venture. This analysis involves a detailed examination of the proposed
endeavor to determine its potential for successful implementation, as outlined by
Kasmir and Jakfar (2012).

3 Method

This research adopts a quantitative methodological framework to thoroughly evaluate
the target area's economic feasibility of using biogas technology. The study focuses
on a comprehensive economic feasibility analysis, employing advanced financial
metrics to evaluate the project’s potential for sustainable impact and profitability. The
study employs a quantitative approach, which allows for a systematic and objective
examination of economic viability through numerical data and statistical analysis.
This approach is essential for providing empirical evidence regarding the financial
feasibility and long-term sustainability of the biogas project.

3.1 Financial Metrics:

To achieve a robust evaluation, the research incorporates several critical financial
metrics:

2.1 Net Present Value (NPV): NPV is utilized to determine the project's overall
value by calculating the present value of expected cash inflows and outflows over
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time, discounted at a specified rate. This metric helps in assessing the profitability of
the project by comparing the initial investment to the present value of future returns.
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NPV > 0: Investment is feasible
NPV < 0: Investment is not feasible

Internal Rate of Return (IRR). IRR is employed to estimate the annualized rate of
return expected from the investment. It represents the discount rate at which the net
present value of cash flows becomes zero. A higher IRR indicates a potentially more
profitable investment.
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Investment is feasible if IRR = MARR
Investment is not feasible if IRR = MARR
Benefit-Cost Ratio (BCR). BCR is used to measure the ratio of the present value of

benefits to the present value of costs. This ratio provides insight into the efficiency of
the project, indicating whether the benefits outweigh the costs.
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Payback Period (PBP). The payback period is calculated to determine the time
required for the project to recoup its initial investment from net cash inflows. This
metric is crucial for understanding the liquidity and risk associated with the
investment.

Payback period =n+ a
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4 Results and discussion

Table 1. Results of cash flow calculations for the use of biogas reactors in Pa'bumbungan

Years Cash Flow DF 10%
(14,887,500.00)
8,726,067.00 0.90910 7,932,867.51

2 7,318,451.00 0.82650 6,048,699.75
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3 11,541,299.00 0.75130 8,670,977.94
11,541,299.00 0.68300 7,882,707.22

5 8,726,067.00 0.62090 5,418,015.00
Total of Cash Flows 35,953,267.42

Total Of Invesment 14,887,500.00

The data shown, cash flow analysis over five years indicates a total cash inflow of
approximately Rp. 35,953,267. against an initial investment of Rp. 14,887,500

Table 2. results of the economic feasibility indicators for the implementation of IFS

Indicator Finding Study Result
NPV 21,065,807.54 worthy
IRR 54% worthy
NET B/C 2.41 worthy
Payback Periode 3.3 Year worthy

The findings from the implementation of biogas reactors reveal substantial
economic, environmental, and agricultural benefits. The biogas reactors, each with a
capacity of 4 cubic meters, produce a sufficient volume of gas to replace
approximately 0.736 kg of Liquefied Petroleum Gas (LPG) daily. This substantial
substitution results in significant cost savings for local households, providing a viable
alternative to traditional fossil fuels. Furthermore, the bio-slurry generated as a
byproduct serves as an effective organic fertilizer, thereby enhancing agricultural
productivity and contributing to sustainable farming practices.

4.1  Economic Feasibility Indicators

Net Present Value (NPV). According to calculations, the biogas project's net present
value is IDR 21,065,807.54. The project is financially feasible and is anticipated to
produce more value than the initial investment cost, as indicated by this positive
value. The substantial NPV reflects the project's ability to create economic value over
its operational lifespan, making it a worthwhile investment from a financial
perspective.

Internal Rate of Return (IRR). The IRR of the project is determined to be 54%,
which significantly exceeds the Minimum Acceptable Rate of Return (MARR). This
high IRR confirms the project’s strong profitability and its potential to deliver
substantial returns on investment. The IRR’s robustness underscores the financial
viability and attractiveness of the biogas initiative.

Benefit-Cost Ratio (BCR). The BCR stands at 2.41, indicating that the benefits
derived from the project are more than twice the associated costs. This ratio highlights
the project's economic efficiency, as it demonstrates that for every unit of cost
incurred, there are more than two units of benefit realized. Such a favorable BCR
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reinforces the project's value proposition and its capacity to deliver economic
advantages relative to its costs.

Payback Period (PBP). According to calculations, the biogas project will pay for
itself in 3.3 years. This relatively short payback period signifies that the initial
investment is expected to be recovered within a little over three years. The rapid
return on investment is indicative of the project's financial viability and efficiency in
generating cash flows that cover the initial expenditure.

4.2 Energy and Environmental Impact

The biogas project’s implementation has led to a notable reduction in the reliance on
LPG, alleviating the financial burden on households by providing a more cost-
effective energy source. This shift not only reduces household expenses but also
contributes to greater energy security and resilience within the community.

In addition to its economic benefits, reliance on chemical fertilizers is reduced
when bio-slurry is used as an organic fertilizer. By improving soil fertility and health,
this shift supports sustainable farming methods by potentially increasing crop yields
and lowering the environmental effect of synthetic fertilizers.

The environmental benefits of the project are significant. By reducing the reliance
on LPG, the project mitigates the associated greenhouse gas emissions and lessens the
environmental degradation linked to fossil fuel use. Moreover, the reduction in LPG
demand helps decrease deforestation, as fewer trees are cut down for firewood. These
environmental benefits contribute to broader conservation efforts and support the
project's alignment with sustainable development goals.

Overall, the biogas project demonstrates a compelling case for its adoption, not
only from an economic standpoint but also in terms of its positive impact on
agricultural practices and environmental conservation.

The results underscore the multifaceted advantages of implementing the Integrated
Farming System (IFS) in Pa’bumbungan. This approach not only addresses critical
energy deficits but also enhances agricultural productivity and aligns with broader
sustainability and social goals. The comprehensive benefits observed from the biogas
project reflect its substantial impact on both the local economy and the environment.

Economic and Environmental Benefits. The use of organic waste for biogas
production represents a transformative shift in how energy and agricultural resources
are managed in Pa’bumbungan. By converting organic waste into biogas, the village
addresses significant energy shortages, providing a reliable and cost-effective
alternative to traditional energy sources. This not only reduces the community's
dependence on LPG but also mitigates the financial burden on households, as
evidenced by the project's positive Net Present Value (NPV), high Internal Rate of
Return (IRR), and favorable Benefit-Cost Ratio (BCR). These economic indicators
not only validate the project's feasibility but also underscore its potential for
continued success and expansion.

The production of bio-slurry as a byproduct of biogas generation further amplifies
the project's benefits. The bio-slurry, used as organic fertilizer, significantly improves
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soil health and agricultural productivity. By reducing reliance on synthetic fertilizers,
the project promotes sustainable farming practices that enhance crop yields while
minimizing the environmental impact associated with chemical inputs. This dual
benefit of addressing energy needs and improving agricultural output illustrates the
integrated nature of the project and its holistic approach to rural development.

Alignment with Sustainability Goals. The Integrated Farming System in
Pa’bumbungan aligns closely with broader sustainability objectives. By harnessing
renewable energy from biogas, the initiative helps to lower greenhouse gas emissions
and diminishes the environmental footprint associated with fossil fuel use. The shift
from LPG to biogas reduces the demand for traditional fuel sources, thereby
mitigating deforestation and environmental degradation. This aspect of the project
supports global sustainability goals by fostering renewable energy solutions and
promoting environmental conservation.

Additionally, the project's environmental benefits extend beyond greenhouse gas
reductions. The use of bio-slurry as an organic fertilizer helps in reducing soil erosion
and improving soil structure, which can lead to long-term enhancements in land
productivity and ecological balance.

In conclusion, the Integrated Farming System in Pa’bumbungan represents a
comprehensive and sustainable approach to addressing energy shortages, enhancing
agricultural productivity, and promoting environmental conservation. The strong
economic feasibility indicators and the alignment with sustainability goals affirm the
project's value and potential for further development. The social benefits derived from
the project highlight its role in fostering economic opportunities and community
resilience. Collectively, these factors illustrate the transformative impact of the biogas
project on the village of Pa’bumbungan and underscore its significance as a model for
sustainable rural development.

5 Conclusion

The economic feasibility study of the Integrated Farming System in Pa’bumbungan
confirms that the project is not only financially viable but also supports environmental
sustainability over the long run. By leveraging organic waste to produce biogas and
bio-slurry, the system addresses critical energy shortages and enhances agricultural
productivity, while simultaneously reducing the village’s reliance on traditional fossil
fuels. The positive financial indicators, including a substantial Net Present Value
(NPV), high Internal Rate of Return (IRR), and favorable Benefit-Cost Ratio (BCR),
prove the project's viability and potential to bring about substantial financial benefits
for the neighborhood.

Beyond financial benefits, the initiative is essential to the cause of environmental
preservation. The decrease in greenhouse gas emissions, combined with the decreased
dependency on chemical fertilizers, aligns the initiative with global sustainability
goals. By reducing deforestation and improving soil health by using bio-slurry as an
organic fertilizer, the system fosters both ecological balance and agricultural
resilience. This dual focus on economic and environmental outcomes positions the
Integrated Farming System as a comprehensive solution for rural development.
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