
Non-Fossil Methane Emissions
Mitigation From Agricultural Sector
and Its Impact on Sustainable
Development Goals
Devesh Sathya Sri Sairam Sirigina* and Shareq Mohd Nazir*

Division of Energy Processes, Department of Chemical Engineering, KTH Royal Institute of Technology, Stockholm, Sweden

The agriculture sector contributes to ~40% of methane emissions globally. Methane is also
28 times (Assessment Report 5) more potent greenhouse gas than CO2. In this study, we
assess the impact of measures for mitigating methane emissions from the agricultural
sector on the achievement of all the 17 United Nations’ Sustainable Development Goals
(SDGs). A keyword literature review was employed that focused on finding the synergies
and trade-offs with non-fossil methane emissions from the agricultural sector and
respective SDGs’ targets. The results were in broad consensus with the literature
aimed at finding the relationship between SDGs and measures targeting climate
change. There is a total of 88 synergies against eight trade-offs from the 126 SDGs’
targets that were assessed. It clearly shows that measures to mitigate methane emissions
from the agricultural sector will significantly help in achieving the SDGs. Since agriculture is
the primary occupation and the source of income in developing countries, it can further be
inferred that methane mitigation measures in developing countries will play a larger role in
achieving SDGs. Measures to mitigate methane emissions reduce poverty; diversify the
source of income; promote health, equality, education, sanitation, and sustainable
development while providing energy and resource security to the future generations.
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1 INTRODUCTION

The Paris agreement is aimed at limiting the temperature rise to 2°C while pursuing ambitious efforts
to limit its increase to 1.5°C, compared to the preindustrial levels (United Nations/Framework
Convention on Climate Change, 2015). Methane has contributed to approximately 0.5°C rise in
temperature in the past decade (IPCC, 2021). The agricultural sector is the highest contributor,
accounting for ~40% of total methane emissions in the world (United Nations Environment
Programme, 2021a). Greenhouse gas (GHG) emissions like methane and nitrous oxide from the
agricultural sector are usually overlooked and underestimated for many reasons that include 1) its
importance in the context of food security, 2) distributed and dilute emission sources, and 3)
difficulty in quantifying the emissions. There are several national and international bodies involved
in tracking the emissions of the non-CO2 GHGs, among which International Methane Tracker (IEA,
2022) and International Methane Emissions Observatory (United Nations Environment
Programme, 2021b) are some of the notable ones. Methane, from the agricultural sector, is
primarily released from ruminants (cattle, sheep, etc.) through a process termed enteric
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fermentation (Gerber et al., 2013a). Nitrous oxide is emitted from
the soil through microbial processes, nitrification and
denitrification, from fertilizers used in agriculture (Mosier
et al., 1996). Combined production of these gases can also be
observed in low oxygen environment of animal manures which
includes poultry farms, dairy farms, beef feedlots, entry and exit
points in biogas plants, etc. (Gerber et al., 2013a).

The technologies available to mitigate methane can be broadly
classified, based on their point of application in the emissions
timeline, into preventive and reactive measures. The preventive
measures as the name suggest work by preventing the release of
methane in the first place. Some of these preventive measures in
agriculture include the usage of various dietary supplements,
manure handling and treatment strategies, and the measures to
optimize fertilizer usage (Gerber et al., 2013a; Gerber et al.,
2013b). The other category, reactive measures, acts upon the
methane after its release into the environment. However, it is
hard to mitigate these types of emissions as they are quickly
diluted with other gases in the surroundings. One of the
possibilities to address the emissions after their release is to
develop and use technologies similar to direct air capture
(DAC) (Sanz-Pérez et al., 2016) that separate CO2 from air at
very low concentrations (~400 ppm). In the case of non-CO2

greenhouse gases like methane, both separation- and conversion-
based technologies have the potential to remove methane from
the air. In addition, the removal of methane can be combined
with the existing DAC technologies for CO2, to remove multiple
greenhouse gases, a concept proposed by Sirigina, Goel, and Nazir
(Sirigina et al., 2021). These technologies have a higher potential
when placed very close to the source of emissions. In the
agricultural sector, the ventilation stables (10–300 ppm
methane) and manure storage (140–28,000 ppm methane)
(Stolaroff et al., 2012) are potential spots to implement these
technologies. Implementation of the measures depends on the
support from respective stakeholders and policymakers. It is thus
beneficial, beforehand, to study how non-fossil methane removal
from the agricultural sector interacts with society and the
environment to ensure sufficient and appropriate
considerations have been made with respect to achieving
United Nations’ Sustainable Development Goals (SDGs).

SDGs were introduced to act as an important milestone, by
2030, to call for global action on ending poverty, improving the
livelihood prospects of people, and establishing a sustainable
production-consumption pattern aimed at protecting the
planet. There are several studies broadly relating agriculture to
sustainable development goals in the body of literature (Haines
et al., 2017; Setboonsarng and Gregorio, 2017; Nuthalapati et al.,
2018; Ladha et al., 2020). However, to the best of our knowledge,
no study specifically assessed the impact of mitigating non-fossil
methane release from agriculture on sustainable development
goals. With the help of the SDG framework, we qualitatively
assess the impact of mitigating non-fossil methane from
agriculture on various societal, economic, and environmental
aspects and identify potential obstacles in the future
implementation of its measures. This study presents an
assessment of non-fossil methane emissions mitigation from
the agricultural sector for the achievement of SDGs–synergies

and trade-offs. The study considered all the activities (both
preventive and reactive) aimed at mitigation for the
assessment. Discussions in this study can be a basis to
critically argue for developing and implementing methane
emissions mitigation technologies.

2 METHODOLOGY

2.1 Scope
In this section, we outline the system and its scope considered for
assessing the impact on SDGs. Figure 1 shows the schematic of
the scope of the assessment. The impact of the measures for
methane emissions mitigation will be considered as a system, and
the boundary span from the actions taken to mitigate these
emissions to their implications on the achievement of SDGs.
We assume any measure (technological, behavioral, operational,
etc.) that will result in mitigating methane emissions (both
preventive and reactive measures) from the agricultural sector
is within the scope. However, as depicted in Figure 1, the energy
and material requirements to build these technologies are not
within the scope of the system. The material and energy
requirements were excluded because there are a wide range of
technologies that can be implemented to mitigate non-fossil
methane from agriculture. Since the study is conducted in a
technology-neutral scenario, assessment of material and energy
requirements—which vary considerably within a given
technology—cannot be generalized over all the available
technologies/measures for mitigation. For instance, a DAC-
based technology for non-fossil methane mitigation has a
completely different set of material and energy requirements
when compared to measures using feed additives or more
nature-based measures such as restoring terrestrial ecosystems.
In such cases, a common estimate for these requirements cannot
be assumed. Hence, they are excluded from the scope; however,
we strongly acknowledge their impact on SDGs but they should
be assessed on a case-to-case basis. Similarly, spatial and temporal
dimensions for methane emissions are not within the scope. The
results have been generalized without taking a specific geographic
location, and we consider that the sources of methane emissions
from the agriculture sector around the world are the same. The
assessment was carried out only for the agricultural sector.

2.2 Methods
Implications of the outcome from implementing measures
(non-fossil methane emissions mitigation from the
agricultural sector) on SDGs and their targets were
identified. In addressing the interlinkages between SDGs
and the measures taken to mitigate non-fossil methane, the
methodology of Fuso Nerini et al. (2018) was adopted. To map
the synergies and trade-offs between energy and the SDGs,
Fuso Nerini et al. (2018) performed a literature review to
identify published evidence between the SDG targets and
the actions to promote SDG 7. Their results were later
characterized using a consensus-based expert elicitation
process. However, in this study, the consensus-based expert
elicitation was not performed.
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A key-word based literature review was performed for
methane emissions mitigation measures in the agricultural
sector and their relation with each SDG and the respective
targets. All 17 SDGs, and their 126 targets (without their
means of implementation targets), were analyzed. From the
research results corresponding to each of the analyzed targets,
we answered the following question: Does implementing
mitigation measures for non-fossil methane from agriculture
present a synergy or/a trade-off in achieving that target? If
there is a direct linkage in the literature on synergy and/or
trade-off between mitigating non-fossil methane and the
respective target, they were correspondingly marked in the
excel sheet used for the assessment, which is attached as
Supplementary Material with this article. However, it so
happened that during the research, there were often indirect
and reverse synergies and/or trade-offs that could be associated
between the question and the SDG target. An indirect linkage is
then marked in the following cases:

(i) A linkage is not established directly but can be inferred from
the literature. For example, considering the SDG target 13.3
(improve education, awareness-raising, and human and
institutional capacity on climate change mitigation,
adaptation, impact reduction, and early warning),
working on non-fossil methane mitigating technologies
does not directly impact the institutional capacity as
required by the target. However, implementing methane
mitigating technologies can have an indirect effect on
promoting the institutional capacity for climate change
mitigation, adaptation, and impact reduction (Venkatram,
2021). An indirect interlinkage was marked in this case.

(ii) Only a partial linkage with the target is found in the
literature. This is for the cases where only a part of the
target is found to have an interaction with the question.

(iii) Several causal interactions are needed to mark a direct
linkage to the target. This can be exemplified using target
14.2 (by 2020, sustainably manage and protect marine and

coastal ecosystems to avoid significant adverse impacts,
including strengthening their resilience, and taking action
for their restoration in order to achieve healthy and
productive oceans) and the implementation of non-fossil
methane mitigating technologies. It is shown in the literature
that climate change from anthropogenic emissions could
possibly increase methane emissions from marine and
coastal ecosystems, creating a positive feedback loop (Al-
Haj and Fulweiler, 2020). The causal chain linkage for this to
happen is extremely complex, although, a certain linkage
was documented in the literature (Al-Haj and Fulweiler,
2020). An indirect interaction is marked in these cases.

A reverse synergy and/or trade-off is marked for cases when
the causal relation is inversed, i.e., promoting the target promotes
the question. Reverse interactions are not explicitly searched for,
rather they were identified in the process of finding interlinkages
between the question and the target. Additionally, a reverse
linkage does not automatically imply a direct linkage, hence
marking the linkage as such is only justified. Reverse
interactions can be understood as answering the following
question: Does achieving/promoting the target present synergy
and/or a trade-off with mitigating non-fossil methane from
agriculture?

A particular target can have all the possible interactions with
the question, i.e., synergies and trade-offs. The results from peer-
reviewed and grey literature (conference proceedings,
government reports, etc.) were considered to mark published
evidence for potential synergy and trade-off with the target. One
piece of published evidence was regarded enough to mark an
interaction. No quantitative ranking for the synergies or trade-
offs was assigned. This means even with multiple synergies being
reported in the literature, it was just marked as one single synergy.
A similar methodology was employed in analyzing trade-offs.
Citing a lack of literature for synergy and/or trade-off, a null
relationship (no impact) was marked for the respective target.
That does not mean that such a relationship does not exist; it only

FIGURE 1 | The flowchart of methodology with the system and its scope.
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means that it is not yet documented or was not found in our
research. This is not a systematic literature review as that can be
extremely complex considering that we need to identify at least
126 interactions. An exclusion criterion was therefore not set up.
For an interaction to exist, it is sufficient that we find at least one
piece of published evidence that mitigating non-fossil methane
promotes/poses a trade-off with the target. It is not required that
such a measure/technology is currently in operation and has a
documented experience in mitigation. Results were assimilated
into three pillars of sustainable development as adopted by
Vinuesa et al. (2020): society, economy, and environment.

Means of implementation targets, under each SDG, describe
the necessary resources (including technological, financial, skill-
related, and institutional) required for the successful
implementation of the respective goal. It is to be noted that
means of implementation targets for the first 16 SDGs were not
included in this assessment. SDG 17 aims to strengthen the means
of implementation and revitalize the global partnership, thereby
not having means of implementation targets separately.

2.3 Limitations of the Study
The analysis was done at a broader level with respect to mitigation
of methane emissions from the agricultural sector, without regard
to a specific location. Therefore, the relations specified herein are
not comprehensive and would merit a region-specific study to
draw inferences for a particular locality. Only economic aspects of
the technology were considered leaving out thematerial aspects of
implementing the technology. For example, methane removal
from the air in ventilation stables, through conversion to CO2 and
H2O, require the use of rare-earth metals as a catalyst to catalyze
the oxidation reactions (Sirigina et al., 2021). This would require
mining metals and the employment of more circular techniques
to ensure sustainability. In addition, mining and importing
metals were reported to have a lot of implications on the
achievement of SDGs (Nansai et al., 2019; Jane and Michael,
2021). The availability of these materials could add to the
bottleneck of processes in implementing these technologies.
The energy requirement for implementing these technologies
was not assessed. An increase in energy consumption because of
climate mitigation/adaptation technologies could further increase
the burden in developing countries resulting in trade-offs. It is
thus paramount to consider efficiency improvement while
studying similar technologies. However, we acknowledge the
impact of energy and material on SDGs, and it needs to be
looked at when considering the impact of a particular technology
on SDGs. Considering the broader aim of this study to look at all
the measures that can mitigate non-fossil methane emissions
from agriculture, the inclusion of individual material and energy
interactions can quickly make the study more complex.

The study was carried out in a way to prevent interconnection
with CO2 emissions reduction—thus in a broad manner targeting
climate change—while accounting for synergies and trade-offs. It
broadly reflects the implications of mitigating climate change on
SDGs but has been narrowly characterized to just consider non-
fossil methane emissions from the agricultural sector. In addition,
when the interactions betweenmore GHGs (CO2, CH4, and N2O)
and the target take place, untangling the relationship between

only CH4 and the target is hard, and in that case, an indirect
interlinkage was marked (only if published evidence is found). It
is imperative that this study might carry some over- or/and
underweighting in identifying the connections. This, although,
can be countered through the usage of a quantitative basis in
identifying the connections with the SDGs.

SDGs and their targets are interconnected with each other
through complex interlinkages (Bali Swain and Ranganathan,
2021). In this assessment, each SDG and its target were assessed
independently without exploring the interlinkages between them.
Additionally, the implications of SDGs have to be temporally
resolved owing to the short life span of methane in the
atmosphere compared to CO2.

3 RESULTS AND DISCUSSIONS

All 17 SDGs were assessed for the implications of non-fossil
methane emissions mitigation measures in the agricultural sector.
In our assessment, we found a total of 88 synergies (21-direct, 23-
indirect, and 44-reverse synergies) with eight trade-offs (4-direct
and 4-reverse trade-offs) from the 126 targets that were assessed.
Means of implementation targets were excluded from our
assessment. The ratio of synergies to trade-offs (only direct
and indirect) indicate that mitigating methane emissions from
the agricultural sector significantly enables the achievement of the
SDGs. Similarly, from the ratio of reverse synergies to trade-offs,
we can qualitatively describe a positive correlation between
achieving the SDGs and non-fossil methane mitigation in the
agricultural sector. It is to be noted that interpretation of these
results is only valid within the purview of the scope considered in
this assessment. The compiled data on the mapping of synergies
and trade-offs, and the detailed explanations for each target, can
be found in the Supplementary Material that is published along
with this study. However, we briefly discuss the main results in
the following subsections for the three different categories of
SDGs: the society, economy, and environment. Figure 2 depicts
the synergies and trade-offs of methane emissions mitigation in
the agricultural sector in achieving all the 17 SDGs.

3.1 Impacts on Society
Society is represented by SDGs 1–6,7,11, and 16 in the UN SDG
framework. In order to differentiate between various
interlinkages, the results are categorized by whether mitigating
non-fossil methane poses a direct, indirect, or reverse interaction
with the analyzed targets.

3.1.1 Direct Interactions
The world’s poorest will be drastically affected by climate change
due to the change in extreme temperatures and variability in
hydrological cycles. Climate-related extreme events such as
droughts and floods will have negative effects on societies
dependent on agriculture as their primary source of income
(Hall et al., 2014). Therefore, actions targeting climate change,
predominantly methane emissions, in developing countries
reduce the vulnerability of the poor to extreme climate-related
events, in synergy with SDG 1 (No Poverty) (Fatma, 2002; Pradel

Frontiers in Chemical Engineering | www.frontiersin.org June 2022 | Volume 4 | Article 8382654

Sirigina and Nazir Non-Fossil Methane Emissions and SDGs

https://www.frontiersin.org/journals/chemical-engineering
www.frontiersin.org
https://www.frontiersin.org/journals/chemical-engineering#articles


et al., 2006; Hall et al., 2014; Satoh et al., 2017; Byers et al., 2018).
A large share of agriculture dominant countries are dependent on
cattle or crop farming for their livelihood but these activities
result in a large share of methane emissions to the atmosphere.
Using technologies to mitigate methane emissions, will limit the
emissions even if production is scaled up leading to a reduction in
poverty. The use of more efficient technologies in dairy farming
was shown to reduce poverty (Pradel et al., 2006). It is noteworthy
to point out that in the same study, although emissions per unit of
milk were found to be reduced, overall emissions increased due to
an increase in the overall production (Pradel et al., 2006). It is
necessary that these technologies are implemented to build the
resilience of the people below poverty levels (Target 1.5).
However, those who are already below poverty levels will find
it economically challenging to implement new mitigation
measures. This poses a direct trade-off to implement these
methane mitigating measures (Targets 1.1 and 1.5). Therefore,
policy intervention is necessary to enable methane emissions

mitigation in the agricultural sector (FAO, 2016). There are direct
interactions with SDG 3 (good health and well-being) with
respect to targets 3.4 and 3.9. A study aimed at measuring the
impact of climate change-induced increase in pollutant
concentration (PM 2.5 and ground-level ozone) on premature
mortality has shown a very strong correlation between them
(Target 3.4). Additionally, the same study showed that methane
release leads to increased background ozone and later concluded
the importance of methane reduction to slow the climate change
while also reducing the direct risks it poses to human health (Fang
et al., 2013). Preventing the release of these methane emissions, as
a result, will reduce premature mortality, enabling target 3.4
(Fang et al., 2013; Silva et al., 2016; Garcia-Gonzales et al.,
2019). Methane avoidance projects were shown to significantly
improve local health conditions, posing a direct synergy to target
3.9. In the last century, water demand, globally, has increased by
600% and is likely to experience a significant increase in the
coming decades. Agriculture accounts for 70% of total water

FIGURE 2 | Synergies and trade-offs of mitigating non-fossil methane emissions from the agricultural sector on 17 UN Sustainable Development Goals. Graphics in
the figure have been adapted from Nerini et al. (2019).

Frontiers in Chemical Engineering | www.frontiersin.org June 2022 | Volume 4 | Article 8382655

Sirigina and Nazir Non-Fossil Methane Emissions and SDGs

https://www.frontiersin.org/journals/chemical-engineering
www.frontiersin.org
https://www.frontiersin.org/journals/chemical-engineering#articles


consumption in the world. The provision of water and wastewater
treatment is likely to play a key role by 2050 (Boretti and Rosa,
2019). Methane is released from a large share of processes during
the treatment and management of domestic and industrial
wastewater. Advancements of treatment techniques can
mitigate methane release while increasing the availability of
fresh water and water for sanitation (Targets 6.1, 6.3) (Bogner
et al., 2008; Caniani et al., 2015; Hwang et al., 2016; Parravicini
et al., 2016; Boretti and Rosa, 2019). Water conservation
alternatives to the flooding of rice paddies, for example,
alternate wetting and drying of rice fields, can reduce methane
emissions by 45%. In addition, emissions from the livestock
sector can be reduced by ~41% by adopting sustainable
practices (improved feed quality, health management of
livestock, etc.), thereby promoting target 6.4 (FAO, 2016).
Waste-to-energy (WTE) technologies provide opportunities to
utilize agricultural waste in its conversion to energy while
preventing the release of methane from waste (SDG 7)
(AlQattan et al., 2018). Waste biomass is used to produce
methane to provide access to modern energy services in rural
areas, preventing its release into the environment (Target 7.1)
(Balachandra, 2012; Balachandra, 2013a; Balachandra, 2013b).
Waste from various agricultural sources is deposited in landfills
(Alatzas et al., 2019). Methane, constituting about 55–60% of
landfill gas, can be utilized to increase the share of renewable
energy in the global energy mix (Target 7.2) (Al-Dabbas, 1998;
Chynoweth et al., 2001; Sims, 2004; Scheutz et al., 2009). Higher
feed quality and improvement in feed digestibility results in
significantly lower enteric methane emissions from the
ruminants (Target 7.3) (Johnson and Johnson, 1995; Karakurt
et al., 2012; Baptista et al., 2013; Mottet et al., 2017). Most of the
developing countries depend on agriculture as the primary source
of their livelihood. Climate change-induced extreme weather
events could increase deaths caused by disasters while also
causing direct economic losses, and this effect can be
dominant in developing countries (Aggarwal, 2008; Rossati,
2017). Measures promoting the reduction of emissions
(methane accounts for approximately half of the total GHG
emissions in CO2 eq. from agriculture) could at least prevent
the future climate-related events and their effects (Target 11.5).
Waste-to-energy technologies prevent the release of methane
emissions improving the air quality while also producing
energy (AlQattan et al., 2018).

3.1.2 Indirect Interactions
Health benefits from preventing methane emissions have been
reported in the literature (FAO, 2016). Reduced malnutrition is
an indirect benefit of implementing improved technologies that
reduce methane emissions (Target 2.2) (Pradel et al., 2006).
Improvement in farmers’ productivity and income is observed
(Target 2.3) (FAO, 2016). Non-fossil methane mitigation could
promote improved and sustainable agricultural production
systems, and resilient agricultural practices whilst
strengthening the capacity for adaptation to climate change
and its effects (Target 2.4) (FAO, 2016). Mitigating methane
emissions, by shifting away from solid biomass (from agricultural
sources) usage for household consumption (such as cooking), and

by improving energy efficiency, could result in the energy being
saved to be used for providing access to essential health-care
services, reducing, for example, maternal mortality (pregnancy-
related death). This is reported to further increase the access to
universal healthcare services (SDG 3) (Smith et al., 2013).
Sustainable development is achieved through the promotion of
methane mitigating technologies (Target 4.7). Measures to
mitigate climate change require consideration of gender equity
and social equality which in turn promotes a harmonious society
characterized by lower violence (Target 5.3) (Ursula Oswald
Spring 2019). Increasing equality will reduce violence and
harmful practices (child marriage, early and forced marriage,
and female genital mutilation) against women, fostering their
participation in leadership roles to achieve climate targets
(Targets 5.3, 5.5) (Irene, 2002; Farhana, 2014; Sophia et al., 2020).

With respect to SDG 16 (peace, justice, and strong
institutions), measures to mitigate methane emissions from the
agricultural sector will prevent drastic effects of climate change,
which otherwise threatens the livelihood in developing countries
(Rodriguez et al., 2020). Climate change can have varied effects on
women and children ranging from increased violence (economic
stress due to climate shocks and increase in aggression due to
higher temperatures), abuse, exploitation, and related deaths
(Targets 16.1, 16.2) (Hanna and Oliva, 2016). A direct
interlinkage between mitigating methane emissions and the
reduction of violence or ending abuse and exploitation of
children is hard to establish. Nevertheless, there is clear
documented evidence (Hanna and Oliva, 2016; Rodriguez
et al., 2020) showing the increased effects of violence, affecting
targets 16.1 and 16.2, because of climate change. Therefore, we
can ascribe at least some prevention of increased violence in the
future due to impending climate change to the current
implementation of mitigation activities. An indirect linkage is
most suitable here.

3.1.3 Reverse Interactions
Working on emissions reduction requires ownership and control
over the resources (land, finances, natural resources, etc.). There
is published evidence on the very limited role women could play
in mitigation in developing countries where they are socially
backward compared to men (no ownership and control over
resources) (Fatma, 2002). Similar inferences could be drawn to
men or people in general who have no ownership of land, natural
resources, or access to technology or financial services; they play a
very limited role in mitigation measures. Promoting target 1.4 can
therefore promote the implementation of methane mitigating
technologies, marking a reverse synergy. With respect to SDG 2
(zero hunger), loss of nutritional content of foods from the effects
of climate change (in this case due to methane emissions) can
trigger health issues in developing countries (FAO, 2016).
Working on the target supports the implementation of
mitigation technologies. With respect to SDG 4 (Quality
Education), mitigating methane emissions requires promoting
necessary education to people, achieved through improvement of
education standards leading to better opportunities (Tajul Ariffin
and Yogeeswari, 2019; Subramaniam and Masron, 2020).
Education related to environmental studies has been identified
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as a necessity to achieve climate targets (Target 4.6) (Jalil, 2014;
Williamson, 2017). Efforts to achieve a more equal distribution of
power through, for instance, equitable income distribution, wider
literacy, and greater political liberties and civil rights will
positively help in developing measures to improve the
environment, especially in developing countries (Target 4.7)
(Torras and Boyce, 1998 in Supplementary Material). Overall,
ensuring inclusive and equitable quality education is shown to
instill a strong sense of environmental awareness. This increased
awareness is shown to encourage the measures aimed at
conserving the environment. On the other hand, education is
shown to worsen the methane emissions in gulf countries (Jalil,
2014). Women with low socioeconomic status will be at higher
risk from climate change disasters (dependency on natural
resources for livelihood, most of the agriculture work is
carried out by women, responsibility for the collection of fuel
and water, etc.), thus requiring greenhouse gases mitigation
policies to benefit/include women/gender perspective. This
reduces gender discrimination while increasing equality,
promoting SDG 5 (Gender Equality) (Eric and Thomas, 2007;
Geraldine, 2009). Emissions from open defecation pits can be
eliminated through equitable sanitation techniques. This in turn
could promote the development of waste water technologies,
offering co-benefits such as treating wastewater from agriculture
(target 6.2) (Bogner et al., 2008; Reid et al., 2014). Sustainable
urban settlements with better waste management have lower
methane emissions from landfills (Target 11.3) (Ahmad and
Choi, 2010).

Overall, mitigating non-fossil methane emissions from the
agricultural sector will strongly promote SDGs 2, 3, 4, 5, 6, 7, 11,
and 16 while acting as an enabler for SDG 1, with 39 synergies
against five trade-offs.

3.2 Impacts on Economy
The economic dimension of the UN SDG framework is carried by
SDGs 8–10, 12, and 17. We present here the direct, indirect, and
reverse interlinkages with SDG economic indicators and non-
fossil methane emissions mitigation from agriculture.

3.2.1 Direct Interactions
Non-fossil methane mitigation from agriculture poses only three
direct synergies with the assessed targets from the economy.

Promoting methane emission reduction measures could result
in technology development through, for example, biogas
production and help increase diversifying farmers’ income
(FAO, 2017). Food and agricultural organization (FAO)
Climate-smart Agriculture (CSA) is targeted at productivity
increase and adaptive capacity whilst reducing emissions
(FAO, 2017). All these actions are a direct synergy to target
8.2. Reducing methane emissions through retrofits (e.g.,
regenerative thermal oxidizer) to address the leakages in
biogas plants, or advancing the technologies in wastewater
treatment, promotes environmental sustainability in the
infrastructure (Target 9.4) (Kvist and Aryal, 2019). Target 12.4
is achieved through emissions reduction as a result of
implementing effective management techniques for food waste
and manure that is used in agriculture (Adhikari et al., 2006;

Montes et al., 2013). Reorientation of funds to climate change
mitigation that were meant for poverty alleviation could pose a
direct trade-off to target 17.2 (Agrawala et al., 2004; Lokshall,
2006; Michaelowa and Michaelowa, 2007; Watts et al., 2015;
Clapp and Pillay, 2017; Massé et al., 2020).

3.2.2 Indirect Interactions
Methane avoidance projects were shown to improve employment
at municipality levels (Yadira, 2019). Since target 8.6 explicitly
requires the reduction of youth unemployment, methane
avoidance projects can have at least an indirect synergy with
the target. With regards to SDG 9, implementing mitigation
measures can indirectly promote resilient infrastructure, and
sustainable industrialization boosting the economic status of
the society and the country (Blignaut et al., 2008; Singh et al.,
2018). Furthermore, it could open new possibilities in research on
wastewater treatment, biogas production from household and
agricultural waste, and biogas plants, thereby leading to
innovation and attracting public funding in the sector (Target
9.5) (Makisha, 2016; Taseli and Kilkis, 2016). Methane avoidance
projects were shown to improve income at municipality levels,
progressively achieving economic growth (Target 10.1) (Yadira,
2019). An interesting thing to note here is the interlinkage
between the targets 10.1 and 8.6, i.e., achieving one target at
least partially achieves the other. Several such interlinkages exist
between the targets in the SDG framework, some acting as
enablers while others inhibiting the other targets in the
framework. It is therefore important to choose a project in
such a manner so as to not only maximize the overall positive
interactions with the targets but also minimize the internal
negative interactions. Ensuring sustainable consumption and
production patterns (SCP), and mitigating methane emissions
from increased waste by establishing a waste management
hierarchy (refuse, reduction, reuse, recycle, and recovery), will
help both developing and developed countries (Target 12.1) (Ari
and Şentürk, 2020). For this, and some other targets in the study,
an interaction is present in both ways (direct or indirect and/or
reverse). Working on SCP promotes non-fossil methane
mitigation technologies (solid waste management where part
of the agricultural waste is dumped), and at the same time
working on methane mitigation technologies (solid waste
management) can help deliver this target. An increase in the
productivity of agricultural land (resource use) could result in
higher macroeconomic stability. This could promote the target
and the methane mitigating technologies (Riahi et al., 2007).

3.2.3 Reverse Interactions
A study was carried out to test the validity of the environmental
Kuznets curve (EKC) hypothesis for methane
emissions–economic growth in six Association of Southeast
Asian Nations (ASEAN) countries (Adeel-Farooq et al., 2020).
The study confirmed the validity of the EKC curve hypothesis,
i.e., methane emissions increased until a threshold economic
growth, later following a downward trend. Sustaining the
economic growth achieved, as required by target 8.1, can only
be achieved by implementing increased emissions control
measures (Adeel-Farooq et al., 2020). Implementing
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development-oriented policies was associated with lower
methane emissions through the implementation of mitigation
measures, for example, sustainable farming (Target 8.3) (FAO,
2014). Improved resource efficiency, sustainable consumption,
and production policies can be associated with up to 90% lower
GHG emissions (Target 8.4) (Oberle et al., 2019). Boosting labor
productivity, through climate mitigating technologies, can
provide opportunities for new employment (Target 8.5) (FAO,
2014). However, implementation of methane emissions
mitigation measures often comes with requiring policy
interventions to share the economic burden associated with them.

Reducing global inequality can improve environmental
outcomes (Targets 10.3, 10.4) (Berthe and Elie, 2015; Rao and
Min, 2018).

Sustainable agriculture aims at the efficient use of arable land and
water with improved agricultural practices while mitigatingmethane
release from the sector, promoting target 12.2 (Meena et al., 2019).
Reducing food waste minimizes resources used in food production
while also reducing emissions from this waste (with respect to target
12.3) (Hall et al., 2009; Ryzhko and Aliksievich, 2014). Practicing
prevention, reduction, recycling, and reuse can reduce waste
generation and the resulting methane emissions (Target 12.5)
(Ari and Şentürk, 2020). Promoting public procurement practices
for organic-based foods and foods cultivated through integrated
production practices reduces the emissions resulting from food
production (Target 12.7) (Cerutti et al., 2016). There is also a
lack of awareness in the general public about the link between
the type of food consumption and its environmental impact (for
example meat consumption) (Macdiarmid et al., 2016). Improving
public awareness in this regard will not only make the general public
more environmentally conscious but also assists in choosing
appropriate management practices throughout the life cycle of
farming and consumption (Target 12.8).

Strengthened domestic resource mobilization boosted
international support to developing countries in terms of
finance, resource, and technology sharing, and assisted them
in building capacities to develop climate positive measures
(Target 17.1) (RSIF, 2021). An increase in global trade and
exports increases the nitrous oxide and methane emissions
from the agriculture sector (partly because it is more pesticide
and fertilizer intensive related to national market production).
Therefore, policies targeting mitigation will penalize trade
lowering the exports from developing countries (Target 17.11)
(Hussein et al., 2013; Drabo, 2017; Haider et al., 2020). Climate
financing, green bonds, mitigation, and adaptation funds could
replace/redirect official development assistance (ODA) funds,
originally meant for poverty reduction, to address climate
change (Targets 17.2, 17.3, 17.5) (Agrawala et al., 2004;
Lokshall, 2006; Michaelowa and Michaelowa, 2007; Watts
et al., 2015; Clapp and Pillay, 2017; Massé et al., 2020).
Enhanced international cooperation through knowledge and
technology sharing provides opportunities to work on climate
issues in a collective way (Targets 17.6, 17.7, 17.17) (Lu et al.,
2020). An operational technology bank that helps in capacity
building can horizontally deploy best management practices to
mitigate methane emissions (Targets 17.8, 17.18) (Ngunga et al.,
2020). International support in terms of finance or technology

could help in implementing technologies for mitigation (Targets
17.9, 17.16) (Boyd, 2012; Trung et al., 2020). Implementing a
rule-based, open, and equitable multilateral trading system might
hinder the measures targeting climate change (Target 17.10)
(Elbehri et al., 2011). Production from agriculture for exports
has higher CH4 emissions when compared to the production for
local markets (Hussein et al., 2013; Drabo, 2017; Haider et al.,
2020). Implementing policies that mitigate these increasing
emissions increases the production costs and reduces the
exports (Hussein et al., 2013). This is seen as a direct trade-off
to target 17.11. Policy coherence between SDGs and respective
national/international policies (Duraiappah and Bhardwaj, 2007)
should be implemented to achieve methane reduction through
appropriate measures (17.15).

Overall, mitigating methane emissions will improve the
economy, albeit indirectly, of developing countries where
agriculture is the primary source of income with three trade-
offs against 34 synergies. It strongly promotes achieving SDGs 8,
9, 10, and 12, while acting as an enabler for SDG 17.

3.3 Impacts on Environment
In this section, we discuss the impact of mitigating methane
emissions on SDGs 13, 14, and 15, which are climate action, life
below water, and life on land, respectively. Methane emissions
contribute significantly to global warming and therefore any
mitigation measure will have a climate-positive impact (IPCC,
2021).

3.3.1 Direct Interactions
Climate-smart agricultural practices to strengthen resilience and
adaptive capacity to climate-related hazards can additionally
mitigate methane emissions in developing countries. Similarly,
climate-resilient livestock farming has been shown to reduce
methane emissions (Rashamol and Sejian, 2018;
Venkatramanan et al., 2019). Due to the interconnected nature
of SDGs, it is hard to ascertain whether promoting this goal
enables methane mitigation or vice versa as both the statements
appear equally valid. Effects of climate change are imminent and
climate-smart agriculture strengthens resilience and adaptive
capacity to climate-related hazards while preventing further
damage to the environment (Target 13.1). Following integrated
manure management strategies has manifold benefits including
reduced environmental impact (from reducing methane
emissions), marine eutrophication, terrestrial acidification,
particulate matter formation, and high N use efficiency
(Target 14.1) (De Vries et al., 2015). Ocean acidification is
minimized and adverse impacts on marine and coastal
ecosystems can be prevented, promoting target 14.3 in the
Supplementary Material (Bach et al., 2016). Practicing the
best management techniques in the conversion of terrestrial
ecosystems to agricultural lands and on extremely degraded
soils restore their natural capability to act as methane sinks
(Target 15.2) (Lal et al., 2018). Improved yield from
agriculture lowers methane emissions and also frees up the
land used (Target 15.5) (Awuchi et al., 2020). This land could
be used to rebuild the habitat for the species threatened with
extinction from agriculture.
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3.3.2 Indirect Interactions
Improving education, awareness, and institutional capacity are
crucial to implementing methane emissions mitigation measures
in the agricultural sector (Target 13.3) (Venkatram, 2021).
Methane emissions from vegetated coastal ecosystems increase
due to climate change. Methane mitigation technologies can
prevent further climate change and can be indirectly linked to
protect them from further impacts from climate change (Targets
14.2, 14.5) (Al-Haj and Fulweiler, 2020).

3.3.3 Reverse Interactions
Increased resilience and adaptive capacity to climate-related hazards,
integrating climate change measures into national policies, and
improving education and climate awareness were all associated
with implementing methane mitigating measures especially in
developing countries (Targets 13.1,13.2 and 13.3) (Prasad and
Sejian, 2015; Rashamol and Sejian, 2018; Venkatramanan et al.,
2019; Venkatram, 2021). Policy intervention is necessary to adopt
climate-friendly practices in developing countries where agriculture
is a primary component of the economy in order to reduce methane
emissions (Target 13.2) (Prasad and Sejian, 2015). The conversion of
terrestrial ecosystems to row-crop agriculture was marked by the
reduction of methanotroph diversity in the soils. Consequently, the
capability of the soils to act asmethane sinks was reduced.Mitigation
of methane emissions from the agricultural sector will require
managing the land use conversion to ensure the conservation of
local microbial biodiversity, enabling target 15.1 (Levine et al., 2011).
Conversion of terrestrial ecosystems to agricultural lands reduces
their ability to act asGHGs sinks (Lal et al., 2018). Implementation of
sustainable management of all types of forests restores their natural
capacity as a sink and can be seen as a methane mitigating measure
(Allen et al., 2009; Lal et al., 2018).

A detailed explanation of the interlinkages for all the assessed
targets can be found in the SupplementaryMaterial of this study.

Since methane is a GHG, the implementation of its mitigation
technologies ought to interact strongly with the environmental
dimension of the SDG framework. Correspondingly, we found 15
synergies with no trade-offs with SDGs 13,14, and 15 in the
environment. We would like to reemphasize that the absence of
trade-offs does not necessarily exclude the negative interactions
with the environment or with the other categories. It only means
there is an absence of published evidence within the scope of this
study. Expanding the study to include, for instance, materials
could be an inhibitor to many of the SDGs. An explanation for
this is due to the mining associated with materials used as
catalysts in some of the methane mitigating technologies
(Nansai et al., 2019). This, although, is dependent on the
specific technology in relation to the study.

4 CONCLUSION

Implications of the SDGs and their targets for mitigating non-
fossil methane emissions from the agricultural sector are
presented in this study. We conclude that synergies with SDGs

for mitigating non-fossil methane emissions from the agricultural
sector far outweigh the trade-offs showing clear potential in
implementing mitigation measures. Mitigating non-fossil
methane emissions from the agricultural sector can promote
the achievement of all the 17 SDGs in developing countries
where agriculture is the primary source of income and
livelihood. The economic aspect of implementation is a major
trade-off for developing countries. Suitable policy intervention
will be required to overcome the identified economic trade-offs in
implementing measures to mitigate methane emissions from
agriculture. This can promote many of the SDGs and as a
result enrich the living standards in developing countries. It is
worth mentioning here that interconnections between different
SDGs are not presented. However, studying the interconnections
can give a more detailed analysis of impacts on SDGs. In addition,
this study broadly considered all the possible technologies for
implementing mitigating measures but excluded the social,
material, and energy aspects of their implementation. A more
comprehensive study is warranted in order to examine the
relationship between a specific technology and its impact
on SDGs.
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