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Abstract— As a consequence of being one of the largest
greenhouse gas emitters, Indonesia targets emission reduction
through several strategies, including command and control,
infrastructure and technology investment, and market-based
mechanisms. Whether the applied strategies are effective
measures was unconvincing, as the amount of emission kept
increasing. Therefore, this study focused on identifying the roles
of market-based regulation on the renewable energy sector,
particularly biogas. By employing qualitative content analysis
from desks and a systematic literature review, this study was
conducted to address the implication of emission incentives and
taxation to the biogas market in Indonesia. The result showed
that the absence of a clear baseline, price, and trade flow are the
main obstacles to maximizing co-benefits between these two
terms. Maintaining sustainability and low carbon footprint at
every stage of biogas production is also challenging. However,
the biogas sector has great potential to get into those market
schemes by making its various utilizations as tradable
commodities.

Keywords— biogas, renewable energy, emission reduction,
carbon trading

1. INTRODUCTION

Human activity towards modern livelihood has been
clearly responsible for more heat stress and climate system
alteration. Massive land cover changes such as urbanization
and deforestation as well as the burning of fossil fuels are
responsible for greenhouse gas (GHG) emitted into the
atmosphere and environmental quality degradation, which
are leading to the human health crisis and increasing

vulnerability to high frequency and intensity of hazard events.

Climate mitigation comes down to two instruments;
economic-based (pricing) and regulation-based[1]. Through
Nationally determined contributions (NDCs), regulatory-
based efforts of each country to achieve long-term goals—
climate resilience —become more structurally outlined and
realized. Moreover, emission trading schemes were
established as market-based climate policy instruments,
which later updated and supported on Article 6 Paris
Agreement, meaning that emission reduced can be
transferred between countries and counted towards NDCs[2].

This work is supported by Digital Global Biogas Cooperation (DiBiCoo0), a project
funded by European Union’s Horizon 2020 research and innovation program under grant
agreement No.857804.
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As being one of the greatest contributor to worldwide
GHG, Indonesia commits to reducing emissions and sets the
unconditional target by 29% and up to 41% for the
conditional of international support by 2030 in their NDCs.
These intentions are expected to be contributed by five
sectors—energy (utilization for industry and transportation),
industrial process, agriculture, land-use change and forestry,
and waste[3]. However, whether the strategies in these five
sectors have been fully successful in reducing GHG
emissions are questionable since Indonesia’s emissions keep
increasing. Land-use change and energy (fuel combustion)
are the largest drivers of overall GHG emissions, in which the
industrial sector contributes the most at 37% to the energy-
related CO, emissions in 2019, followed by transport (27%)
and electricity and heat generation (27%)[4]. The fulfilment
of Indonesia's energy consumption needs is still strongly
dependent on fossil-based energy, while the utilization of
renewables is not yet optimal both in power and non-power
(transportation and industry) sectors. From the 23%
contribution target of renewable energy (RE) into the national
energy mix by 2025, only 11.2% that has been realized in
2020 [5].

In addition to focusing on infrastructure and technology
investment to increase energy efficiency, the capacity of RE
plant, as well as RE utilization, market-based mechanisms
also become one of the mitigation measures in achieving
GHG emissions reduction targets[6]. However, drawing the
correlation between these market-based mechanisms with RE
development is still rarely discussed compared to the
emissions reduction efforts through the Reduced Emissions
from Deforestation and forest Degradation (REDD+)
program[7][8][9]. The contribution of RE, particularly wind
and solar photovoltaics (PV), to diminish carbon dioxide
(CO») emissions have been proven by certain studies such as
in Bangladesh[10] and Italy[11]. The effect of GHG
emissions reduction through RE with economic growth has
also been investigated by taking the case study of EU-15
countries [12] and China[13]. Apart from techno-economic
perspectives, the linkage between GHG emissions reduction
and energy-related integrity has been analyzed from the
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regulation point of view
renewables[14][15][16].

and mainly on general

From the previously mentioned studies, it can be known
that how GHG emissions reduction and RE development are
interconnected within such a regulatory framework has not
been widely carried out, especially for particular RE sources.
This study, therefore, aims to fill the gap by identifying the
roles of emission reduction regulation on the renewable
energy market, specifically biogas. Biogas was chosen as the
focus because its technology development takes important
roles in reducing GHG emissions through various sectors—
power, heat supply, transport, organic waste, and
agriculture[17]. Biogas produces promising energy in the
form of heat and electricity as well as being upgraded to
biomethane for vehicle fuel and gas grid injection to replace
fossil fuels and enhance energy security[18]. In the meantime,
digestate resulting from the anaerobic digestion process is
one of the reliable materials for agriculture uses[19].

Until 2021, 52 of 56 biogas projects in Indonesia were
registered as Clean Development Mechanism (CDM)
projects with the potential to reduce GHG emissions of 2.68
million tCO»/year[20]. The credits certified reached 1.52
million from 22 projects with a total investment of USD 153
million during two periods of CDM. Closed anaerobic
digester for methane capture in biogas plants featured its
contribution to the emission reduction. Despite these benefits
and biogas opportunities to contribute to GHG emission
reduction, the development of the biogas market itself in
Indonesia is still considered not as significant as the other
renewables[21]. Therefore, this study is expected to dig
deeper into how concern on carbon emission reduction can
go along with renewable energy deployment.

IL.THEORITICAL FRAMEWORK

A. Biogas Market in Indonesia: Now and in the Future

Biogas is unique as it is at the heart of green development
and aligns with the Sustainable Development Goals (SDGs)
as multi problem-solvers—contributing to better agriculture,
environment, health, as well as climate and air pollution in
which no other renewable energy could do that.
Unfortunately, with the abundant feedstock of bio-waste, the
contribution of biogas to the national energy mix target
reached less than 0.1% in the first quarter of 2021 or only
27.86 million m3 of 489.9 million m3 by 2025[5]. Several
efforts to develop biogas have been carried out, such as
through biogas power plants, domestic and communal biogas,
and compressed biogas. In the power sector, the installed
capacity of biogas power plants both on grid and off grid only
reached 112MW in 2020[20]. Up to the same year, 47,754
units of Domestic Biogas and 38 units of Communal Biogas
have also been built and operated across the country,
dominantly supported by private sectors[21]. A domestic
biogas program, called BIRU, estimated two million small
biogas digesters could reduce 6.4 million tons COj/year
through its use for heat and cooking fuel [22].

Apart from household or small utilization and power
generation, the national government also encourages the
conversion of biogas into bio-compressed natural gas (bio-
CNG) for other commercial uses such as transportation and
industry. However, based on a recent progress report by the

Ministry of Energy and Mineral Resources (MEMR) of
Indonesia[23], the efforts and progress of bio-CNG
development in Indonesia are still at an early stage. The
current status showed that the country already has bio-CNG
market studies, high-pressure biogas standardization, and one
bio-CNG plant for internal mills and plants usage. Although
its journey has only just begun, Indonesia’s bio-CNG has
proven the existence of a large market opportunity from
various scales of utilization, such as bottling for households,
industry, and transportation, as well as for power generation.
As with other renewable energy developments, speeding up
the biogas industry and broadening its market still have to
face challenges including the high initial cost for investment,
the need for advanced and adaptable technology, less
variability of project funding sources, and clear governance
and regulatory framework as a form of legal support.

B. GHG Emission Reduction through Renewable Energy
Sector

Renewable energy (RE) plays a significant role in
emission reduction. In order to satisfy the clean energy
demand and become the exchange of carbon-emitting energy
sources, the government ought to set a sensible green share
on the implementation of renewable energy [24]. In
comparison, most of the research found that renewable
energy has not yet replaced fossil fuel (FF) energy on a 1-to-
1 basis and would not reduce the emission reduction target if
it is running only on short-term production. Studies found in
a simulation basis of wind and photovoltaic energy; on
average of the electricity production, 1 kWh of RE displaces
0.8 kWh of fossil power plants [25]. Various scenarios of RE
with an equal energy generation capacity project, in the short
term, showed undesirable carbon reduction results [26].
However, technology change, productivity, and efficiency of
RE would decrease the rate of emission even though its
amount will keep increasing [27]. The European Union, for
example, shows support mechanisms and subsidies to
promote renewable energy sources, resulting in the increased
number of patents of emission reduction technology [28]. The
use of carbon capture technology in coal-plant could reduce
CO, emissions ranging from 11 to 24%, while using biomass
waste could save up to 148% of CO; emissions and using
carbon capture could beneficially reduce up to 262% of CO»
emissions [29].

C. Market-based Schemes in GHG Emission Reduction

Within the emission trading scheme (ETS), cap-and-
trade and baseline-crediting are two mechanisms recognized
globally. The origin of these two concepts is basically the
same. Emissions cap/baseline is set by the government and
auctioned to organizations or entities by sectors in the cap-
and-trade system, while in the baseline-crediting mechanism,
emission baseline is set according to polluters’ internal
regulation and credited based on their performance relative to
their own baseline[30]. Pros and cons continue to accompany
the implementation of these two schemes in the carbon
market. Some said emission trading was created to force the
neoliberal paradigm into environmental-related regulation
instead of purely aiming to reduce emission[31]. These cons
refer to the fact that companies or industries are allowed to
cover their excess emission by purchasing the allowance or
credits from high performers or those who can reduce
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emissions below the predetermined cap or baseline[32][33].
This practice has driven the fossil fuel facilities to keep
emitting CO, while high-performance companies can earn
additional revenue[30]. In simple words, as long as an
allowance or credit can be sold by the “cleaner” companies
or industries, the “dirty” ones can always have the chance to
avoid controlling their emissions; thus, emissions will not be
lower than or equal to the initial amount of cap or baseline.

However, the above condition occurs due to a trading
scheme that is not carried out based on its basic principles as
a whole. The number of allowances or credits that can be sold
is expected to decrease so that trading to emitters is unlikely
to happen[6][30][32]. The emission cap or baseline is also
supposed to be set down in order to pave the way for fossil
fuel-based companies to reduce emissions through
technology and infrastructure investments unless they are
willing to pay a higher fine of the emission produced in
accordance with a lower emission capped or baseline[30].

Another instrument under market-based mechanisms is
taxation. The basic concept of a carbon tax is to charge GHG
emitters based on carbon content they produce in which the
tax rate depends on national economic circumstances
[30][34][35]. The carbon tax is expected to be an effective
policy in reducing the use of fossil fuels. This instrument is a
broad economic regulation in emission reduction that tends
not to limit the target sector so that it is applicable to all types
of fossil fuels as well as GHG emissions[36][37]. In addition,
the carbon tax regulation is considered more powerful than
ETS because there are no predetermined emission limits or
baseline to be complied with[35].

[II. METHODOLOGY

This research employed qualitative and thematic
analysis. Data collection involved desk review from
secondary documents. Reviews of journals related to the
biogas market and emission/carbon trading mechanism in
Indonesia were combined with relevant normative documents,
the current issues in Indonesia, and other supporting
information obtained during Digital Global Biogas
Cooperation (DiBiCoo) workshops from Indonesian carbon
experts. Referring to the various efforts that have been made
to reduce GHG emissions, two main measures come from
technology and infrastructure investments and market-based
schemes. This study would only focus on market-based
approaches, including trading and taxing mechanisms.
Analysis was conducted from a regulation point of view to
address how emission/carbon reduction regulations affect the
renewables sector, specifically market expansion, within the
scope of RE financing.

IV.DISCUSSION: IMPACT OF CARBON TRADING ON BIOGAS
MARKET
A. Emerging Carbon Market Schemes in Indonesia

The development of Indonesia’s carbon market started
when Indonesia ratified the UNFCCC in 1994. Market-based

approaches which have become the Government of
Indonesia’s (Gol) options include emission trading
mechanisms—cap-and-trade (Emission Trading

System/ETS) and baseline-and-crediting mechanism such as

the Clean Development Mechanism (CDM) and the Joint
Crediting Mechanism (JCM)—, Nusantara Carbon Scheme
(NCS), and Renewable Energy Certificates (RECs) [6]. The
strategy towards Indonesia’s carbon market development is
defined in TABLE 1.

TABLE 1. INDONESIA STRATEGY TOWARDS CARBON MARKET
DEVELOPMENT([38]

Multilateral ® Joining World Bank initiatives on Partnership for
carbon market Market Readiness

® Involving in the UNFCCC negotiation

® Developing CDM projects and Verified Carbon
Standard (VCS)

]
Bilgteral and o Cooperating with Japan under Joint-Crediting
regional Mechanism (JCM)
carbon market o Open for international (bilateral and regional)
collaboration for carbon offset schemes
| | 1
Domestic Developing Nusantara Carbon Scheme (NCS) as the
carbon market  simple yet legally robust framework for:

® Facilitating voluntary market opportunity

® Being flexible and adaptable to be combined with
other mechanisms

1) CDM in Indonesia - CDM is a system based on
projects, and the projects can be considered separately or as
aggregated projects [32]. The study of CDM in Indonesia
started in 2002 through international and multilateral
collaboration. Most of the CDM are used to deepen or explore
the potential of renewable energy projects and resources in
Indonesia. The set of criteria that CDM energy-related
projects need to comply with has been established—support
energy diversification and conservation, clean energy
technology, and environmental conservation; maintain
employment rates; optimizing high quality local human
resources; and provide community development programs
[39]. By regulation, only a few of Indonesia's regulations are
directly related to the CDM, one example is geothermal-
based electricity generation.

2) Joint-Crediting Mechanism (JCM) - The Joint
Crediting Mechanism (JCM) is joint-project between Japan
and developing worlds, including, under initiative of Japan
Government, to incentivize low-carbon development
activities. JCM in Indonesia have started since 2010 and
developed up to 115 feasibility studies as per the end 0of 2017.
The most common fields covered by JCM include RE, energy
efficiency technology (e.g.carbon capture storage), forestry
and agriculture, as well as transportation [40].

3) Nusantara Carbon Scheme (NCS) — As a form of
national action, Indonesia has initiated voluntary schemes for
emission reduction certification, called the Nusantara Carbon
Scheme (NCS)— adapting the baseline-and-crediting
mechanism. This scheme intends to facilitate carbon market
in national level and voluntary market by private sectors or
companies. NCS is very similar to the CDM run by the
UNFCCC. In the output context, CDM certification outputs
are carbon credits that can be used to fulfil emission reduction
obligations under the Kyoto Protocol, while NCS carbon
credits are not related to any greenhouse gas emission
reduction/limitation policy [41]. Improving the CDM
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schemes, NCS is expected to compose a simple and robust
mandatory and verifiable requirement to make the project
outcomes align with emission reduction agenda towards low-
carbon Indonesia[42]. Since national government has not yet
had compliance-based market instrument for emission
reduction, NCS can take parts as an element to bolster future
domestic carbon market in Indonesia.

B. Impact of Emission Trading Schemes

The correlation between emission/carbon trading
mechanisms and clean energy is evident. The reduction of
90% of energy-related CO; emissions was expected to come
from renewable energy and energy efficiency [43]. Installing
carbon capture storage (CCS) technology, shifting to
renewable energy—for power, heat generation and transport
as well as cooking fuels—, and creating an energy-efficient
living design are considered as the most effective ways for
RE to reduce GHG emission [44]. According to the
characteristics of RE, wind, solar, hydro, geothermal, and
ocean energy are categorized as emission/carbon-free, while
bioenergy is emission/carbon neutral [45]. Since most
renewables are carbon-free, these industries are less likely to
enter the carbon market because there are no tradable items—
emission/carbon [33]. The most common practice in the
existence of renewables in the emission/carbon trading is
through market claims from emitters who pay fines or
consequences for CO, they produce to build or finance
renewable energy plants [32][33]. In this case, it can be
simply concluded that the emission/carbon trading schemes
have opened up opportunities for renewables developers to
get financing support even from emitters. Another way is to
trade emissions from fossil fuel grids replaced by renewable
power generation and become their additional revenue[32].

Meanwhile, bioenergy in reducing emissions is different.
Bioenergy conversion not only reduces emissions through its
role as a fossil fuel substitute, but also the cycle of bioenergy
production itself has sequestered the amount of emission and
reaches net negative emissions if combined with CCS
technology [44][46]. For specific bioenergy such as biogas,
baseline-crediting schemes like CDM and JCM are those
already implemented in Indonesia. In the CDM and JCM
schemes, because “emission reduction” is compared to a
certain “baseline” which can be in the form of energy
technology that is currently used, the opportunity to obtain
certified emission reduction (CER) from the energy sector in
the country will lie in the use of energy technology for
renewable energy sources. Through anaerobic digestion and
biogas upgrading technology, biogas can contribute to
capturing methane gas emissions released. Moreover, by
converting biogas into energy matters—e.g. gasoline and
diesel for electricity, heat, cooking, and transport—, the
increase of emissions from burning fossil fuel can be avoided
[47]. In addition to supporting emission reduction in order to
achieve NDC targets related to the energy sector, biogas is
also a measure of the waste, agriculture, forestry, and land-
use sectors.

Although the biogas production process is technically
supportive as an effort to reduce GHG emissions, the
implementation of emission trading needs to be carried out
carefully. For biogas that is utilizing agricultural waste
feedstock, it is important to ensure that the upstream sectors

perform sustainable agriculture and keep their carbon
footprint as low as possible. Emission release from the
manner in which palm oil is grown, processed, and the waste
brought into the biogas plant should be taken into account in
the trading schemes. For Indonesia, where the largest source
of biogas is palm oil waste [48], the challenges that must be
considered are also more complex. Socio-environment
impacts arising from the expansion of oil palm plantations by
burning the peatlands include emission release, biodiversity
loss, and land rights conflicts with local communities
[32]{49]. Apart from socio-environmental constraints, CDM
projects also face challenges in high transaction or project
cost which are still difficult to calculate. Therefore, it requires
the readiness of domestic institutions to handle CDM projects
as well as international regulations developed regarding
CDM.

C. Carbon Tax Implications

Until now, Indonesia has not implemented a carbon tax,
but this is not impossible in the near future. With the
flexibility of carbon tax application, it is important for the
national government to firstly have a clear definition and
context of carbon tax, such as deciding which fuel or resource
to be taxed and at which level it will be placed—upstream or
downstream sector. In addition to paying attention to how to
collect the taxes, determining high tax rates can be a stronger
driving factor to change people's behavior and, at the same
time, provide more funds for GHG emission reduction
programs. However, an appropriate tax rate setting must
carefully consider the marginal benefit and the marginal cost
of adding and subtracting one tonne of GHG emissions [50].

Even though the carbon tax has set a clear price to make
investment decisions easier for companies, the assumption
that tax will increase investment costs still remains[34][36]
because the tax rate is ideally designed to increase over
time[30]. Not only for investment cost, the increase in tax rate
thus can result in the increase in commodity price [34]. These
have clearly shown that the carbon tax cannot stand on its
own. Alternative to replace fossil fuels—by renewable
energy—must support this mechanism at least to maintain the
economies of scale of the industries and make the business
keep running while reducing GHG emissions. Speeding up
the biogas market through carbon tax is basically the same as
other renewables. Revenue received from the carbon tax is
potential to be distributed to build green projects including
biogas, and can also be allocated to subsidize the price of
renewable energy.

Carbon tax levies are considered to have the potential to
support a reduction in carbon emission levels, as well as to
support the development and innovation of renewable energy
technology, although the implementation of carbon levies in
Indonesia is still under discussion by the national
government. Indeed, to support the implementation of a
carbon tax in Indonesia, several considerations are needed.
First, the government needs to properly design the target
sectors, activities, and goods that clearly cause pollution.
Carbon taxes are also oriented towards mitigating climate
change and becoming an instrument to protect the
environment. Its nature which reduces negative externalities
will be in line with the principles of sustainable development.

Authorized licensed use limited to: UNIVERSITAS GADJAH MADA. Downid£)i2d on July 15,2022 at 06:42:56 UTC from IEEE Xplore. Restrictions apply.



2021 Third International Sustainability and Resilience Conference: Climate Change

The second consideration is what kind of levy scheme will be
imposed on these sectors. Is it a new type of tax or will it refer
to existing tax levies such as excise, Income Tax (PPh), Value
Added Tax (PPN), Luxury Goods Sales Tax (PPnBM) or
other levies. Likewise, the basis for the imposition of taxes or
rates. For example, whether it is based on estimates of the
resulting carbon emissions, fuel consumption, or others.

The third consideration is that this carbon levy is applied
based on the principle of justice. Carbon taxes have been
proven to reduce pollution and emissions in several countries
that apply them, and increase state revenues. Carbon tax
revenues can be allocated to incentivize or subsidize sectors
which have urgent needs such as education, health, low
carbon transport, green industry, and could financially help
to secure unstable condition of workers affected by the
renewables transition.

D. Renewable Energy Certificate (RECs) Trading in
Voluntary Market

Besides focusing on the side of emitters, how the carbon
regulation might affect the RE market could come from the
user side. Participation in emission reduction can be done
voluntarily by purchasing RE and claiming that it would
“offset” their energy consumption which is associated with
their emission footprint [33]. The most growing renewables
trading mechanism today is electricity purchase or
Renewable Energy Certificate (RECs). REC is a tangible and
tradable commodity to substantiate renewable electricity use-
claims [51]. Carbon regulation allows consumers to purchase
and retire RECs, expecting the increase in green electricity
demand; thus, reducing GHG emission by switching from
fossil fuel [30][33]. RECs is getting a lot of attention as one
of the potential instruments in market-based mechanisms of
emission reduction because not only as a recognition of
support for environmental issues through RE but also its
potential as one of revenue streams, especially for RE
generators [30][33][51]. However, the implementation of
REC:s is also inseparable from the complexity to be in line
with carbon regulation.

In Indonesia, options are currently limited when it comes
to purchasing electricity from renewable energy sources.
State-owned Electricity Enterprise (PLN) comes with a RECs
product that aims to facilitate buyers in obtaining recognition
for using renewable energy. This innovation rises to meet
Indonesian market demand as more than 240 multinational
companies have pledged to use 100% renewable energy
sources to electrify their facilities and supply chains,
including in Indonesia[52][53]. Unfortunately, customers can
only choose one option at the moment because the only one
who has registered is Geothermal Power Plant Kamojang in
Garut, West Java, even though RECs basically provide
certificates from wind, biomethane, geothermal, or other
power renewable plants [52][54].

Although RECs from biogas power plants are currently
unavailable in Indonesia, it is not impossible that this
instrument will soon be practiced. Comprehensive
applications of biogas to tackle environmental issues from
various lines has opened a wide way for it to get into this
standard system. Since biogas does not contribute to GHG
emission reduction only as renewable electricity, reduction in
energy consumption through by-products of biogas

upgrading for transportation and cooking fuels could also be
certified and traded as a tangible commodity to get credit in
the market. Diverse utilization options of biogas, which is
tradable, will accelerate biogas development and increase its
market uptake. In order to go hand in hand with the emission
reduction agenda, this must be supported by clear carbon
regulation, especially in setting the standards to be qualified
as credible offset [33]. Setting the level of cap or baseline
should also take biogas into account, given its emission or
carbon-neutral characteristics. In addition, because the price
of RECs or other certificates must compete with fossil-fuel
prices, allocating tradable allowance for biogas developers
can be an alternative to splitting revenue streams from the
carbon market; thus, the RECs or other certificate prices can
also be dropped down.

V.CONCLUSION

Referring to market-based instruments for emission
reduction, carbon trading regulation was debatable in
accelerating the development of renewables. Even though it
could become a tradable commodity in the carbon market and
be exchanged equivalent with emission released, supporting
regulation particularly in cap or baseline level, carbon price,
and trade flow determination remained unclear; thus, whether
the renewables is an effective measure was questionable. In
addition, carbon trading and renewable energy regulation
cannot stand on its own. While in the market-based
mechanisms carbon regulations focus on incentivizing and
taxing the emission released, the renewable energy sector, on
the other hand, should compose strategies on increasing the
capacity and its market uptake.

However, multi-problem solver biogas is prospective to
reduce emission while performing as clean energy. By having
contribution chances from various directions, biogas is
considered to be adaptable within any carbon trading
instrument. The important thing that should be noted is to
ensure sustainability and keep the carbon footprint as low as
possible in every stage of biogas production. Since this study
discussed only the economic implication of carbon trading
regulation to the biogas market, potential technical
constraints may arise due to biogas construction being
neglected; thus, further analysis is strongly encouraged.
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