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Given the enormous challenge of achieving the goals of the Paris KEYWORDS
Agreement and the SDGs, insight into these impacts provides Climate change mitigation;
information on how to improve the feasibility of climate change sustainable development
mitigation measures by maximizing the co-benefits and managing goals; co-benefits and trade-
the risks of possible trade-offs across SDGs. In this paper, we explore offs

the impact of 20 promising climate mitigation measures on achiev-

ing the other SDGs for 11 world regions. Using the IMAGE model-

ling framework, the paper explores the GHG emission reduction

potential of these measures aggregated by the sector under three

scenarios. Based on peer-reviewed articles, the impact of the mea-

sures on other SDGs is assessed for the top three sectors with the

highest GHG reduction potential in each region. We conclude that

the number of synergies between the selected climate change

mitigation measures and other SDGs dwarf the number of trade-

offs in all regions. The magnitude of these synergies and trade-offs,

however, varies by regional and socio-economic context. In high-

and middle-income regions, the mitigation measures show few

trade-offs that are generally associated with technology choices

that could aggravate inequality and impact biodiversity. In low-

income regions, some measures, especially land-use related ones,

could interfere with efforts to reduce poverty, end hunger and

improve well-being, if not complemented by additional policies

that aim to protect the poor from increasing food and energy

prices.

1. Introduction

The Paris Agreement and the Sustainable Development Goals (SDGs) aim to strengthen
the global collaboration to halt climate change and to promote sustainable development.
Together, they call for action to mitigate and adapt to climate change, end poverty,
promote prosperity and people’s well-being while protecting the environment (UN 2015).
The success of achieving the SDGs is closely intertwined with actions to halt climate
change and deal with its impacts. As such, SDG 13 focuses on combatting climate change
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and its consequences (UN 2015), and Article 7 of the Paris Agreement calls for “enhancing
adaptive capacity, strengthening resilience and reducing vulnerability to climate change,
with a view to contributing to sustainable development” (UN 2015).

Climate change mitigation requires harmonizing efforts at multiple levels: sectors,
countries, and regions. Insight into these impacts provides information on how to
improve the feasibility of climate change mitigation measures. This insight is important
to maximize the potential co-benefits and minimize the potential adverse impacts across
multiple targets. It could also ensure policy coherence at various levels of government
and provide a systemic view of the relationships between the measures and the SDGs
(Editorial 2020).

There are several studies that shed light on the interactions between climate change
mitigation and the SDGs. For instance, Fujimori et al. (2019) explore the relationship
between food security and climate mitigation under four scenarios with different levels
of mitigation stringency in the context of the Paris Agreement. Soergel et al. (2021) show
that ambitious climate policies are not enough to fully exploit the synergies between
climate mitigation and SDGs and investigate the need for an additional sustainable
development package for a more comprehensive sustainable development pathway.
Von Stechow et al. (2016) explores the synergies and trade-offs of alternative 2°C path-
ways across indicators relevant for energy-related SDGs and sustainable energy objec-
tives, while Campagnolo and Davide (2019) investigate potential synergies and trade-offs
between emission reduction policies and sustainable development objectives focusing on
SDG1 and SDG10. The study by Rafaj et al. (2021) shows that, with the help of a multi-
model comparison, the health benefits can be enhanced by coordinating climate change
mitigation and air pollution policies. Other studies (Pradhan et al. 2017; McCollum et al.
2018; Nilsson et al. 2018; Singh et al. 2018) illustrate the interconnection between
different SDGs. However, literature that is specifically devoted to exploring the impact
of climate change mitigation measures on other SDGs within a regional context is limited.
This can be concluded from the summary of studies available on this topic by the IPCC
Special Report on Global Warming of 1.5°C (IPCC 2018), which shows that many analysed
mitigation measures are rather aggregated with limited representation of regional differ-
ences, even though both the potential and the impacts of climate change mitigation
measures differ by region. The difference in co-benefits and trade-offs between regions
could come from differences in the level of socio-economic development, vulnerability to
the effects of climate change, availability of and reliance on certain natural resources, or
the availability or lack of certain industries. For instance, the choice of offshore wind in
Europe has different synergies and trade-offs than wind parks in the highlands of Kenya.
Similarly, the causes of deforestation vary across regions and halting deforestation has an
impact on commercial loggers in South America and on poor households that collect
wood for energy in large parts of the SSA.

In this paper, we take mitigation measures that have been implemented in one or
more countries and are effective in mitigating climate change as a starting point. For 11
world regions, we analyse the potential for reducing emissions of these measures. For
the mitigation measures with the highest potential to reduce emissions, we perform
a literature search on the potential impact on other SDGs for each world region. A more
detailed description of the process and method is presented in the next section. Given
the enormous challenge of achieving the Paris Agreement climate objective and other
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SDGs, insight into the co-benefits and trade-offs of important mitigation measures on
a regional level is important to fully exploit the synergies and manage risks between
climate action and other SDGs. This paper is partly based on the report by Dagnachew
et al. (2021).

The rest of the paper is organized as follows: Section 2 presents (i) the list of the
selected promising mitigation measures, ii) the methodology for identifying the sectors
with the highest mitigation potential for each world region, and iii) the methodology for
identifying co-benefits and trade-offs of these measures with other SDGs. Section 3
provides the results of the co-benefits and trade-offs between the most promising
mitigation measures and the SDGs with regional context, and Section 4 discusses the
results and concludes the paper.

2, Methodology

Promising climate change mitigation measures are the starting point of the study. We
define promising mitigation measures not only in terms of the associated costs of
implementation but also other important characteristics, such as equity, social and
political feasibility, and market imperfections. Earlier studies (Kriegler et al. 2018;
Roelfsema et al. 2018; van Soest et al. 2021) have assessed promising climate change
mitigation measures that were successfully implemented in one or more countries and
show a considerable potential in reducing greenhouse gas (GHG) emissions. The imple-
mentation of these measures in the short to medium term (i.e. one to three decades) has
proven to be feasible. We build on van Soest et al. (2021) who identified these good
practice policies with large potential for climate change mitigation globally based on the
studies by Roelfsema et al. (2018), Kriegler et al. (2018), and Fekete et al. (2015). The
selected mitigation measures have been identified in consultation with national experts
(van Soest et al. 2021). This section presents the list of promising measures, the metho-
dology for determining the potential emission reductions of these measures, and the
methodology for assessing the impact of these measures on other SDGs.

2.1. Promising climate change mitigation measures

Table 2 provides a list of promising climate change mitigation measures, in the literature
referred to as “good practice policies”. van Soest et al. (2021) identified these measures
that have been implemented in one or more countries and demonstrated noticeable
impact on GHG emissions. The measures are designed in consultation with national
experts, go beyond the traditional cost-optimal pathways, and can be implemented by
2030. If scaled up, these good practice policies might be a more feasible and convincing
strategy for climate change mitigation than a purely cost-optimal approach (van Soest
et al. 2021). In general, the measures we take in this report are technology centred. Even
though behavioural change (van Sluisveld et al. 2016), societal transformative processes
(Geels et al. 2015), and power and influence of stakeholders (Wyborn et al. 2019) can
significantly contribute to GHG emission reduction and sustainable development, it is
beyond the scope of this research. The measures listed in Table 2 are not sufficient to
meet the goals of the Paris Agreement but are a good starting point in the right
direction.
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2.2. Determining emission reduction potentials of measures

Scenarios have been key to assessing climate change and climate change policy for
several decades. They are used to explore how the future may develop under various
alternative conditions and have played an important role in guiding decision-making.
Long-term model-based scenarios can be used as tools to explore actions needed to
achieve climate goals. The IMAGE-integrated assessment model (Stehfest et al. 2014) is
used to assess the mitigation potential of the promising measures in eleven world
regions (North America, Central and South America, Europe, the Middle East and North
Africa (MENA), South Asia, Southeast Asia, China, the Russian Federation, sub-Saharan
Africa (SSA), Japan & Korea, and the rest of the world). The IMAGE framework contains
TIMER energy-system simulation model (van Vuuren et al. 2006), IMAGE-Land
Management model (Doelman et al. 2018) and the GISMO health model (P. Lucas
et al. 2019). These models together represent interactions between society, the bio-
sphere and the climate system to assess various sustainability issues. The model simu-
lates socio-economic and environmental parameters on a geographical grid of 30 by
30 min or 5 by 5 min, depending on the specific variable. The IMAGE 3.0 modelling
framework has been used in similar studies in the past, and the results are published in
peer-reviewed articles (Daioglou et al. 2012; van Ruijven et al. 2016; van Sluisveld et al.
2016; de Boer and van Vuuren 2017; Doelman et al. 2018; P. Lucas et al. 2019). A detailed
description of the model can be found in the Supplementary Information (SI_01).

The assessment is done under three scenarios:

(i) The current policies (Curpol) scenario includes implementation of climate, energy
and land-use policies that are ratified as of 1 July 2019. The socio-economic
projections are based on the middle-of-the road projections of the shared socio-
economic pathways (SSPs) (O'Neill et al. 2015). More details on the policies under
this scenario can be found in the SI_02.

(ii) The good practice policies (GPP) scenario includes the good practice policies of the
measures listed in Table 2 in addition to the policies under the current policies
scenario. All the climate change mitigation measures are universally implemented;
however, the details of the implementation vary regionally based on input from
country experts (see SI_02 for more details on scenario protocol). We have imple-
mented this scenario for low- and middle-income regions as it already leads to
significant emission reductions in these regions compared with the curpol
scenario.

(iii) The Bridge scenario (Bridge) is an ambitious scenario that, in addition to all the
measures under the GPP scenario, imposes a CO, price starting from 2030 to
further reduce emissions in line with the 2°C target. This scenario is implemented
in high-income regions only, for two reasons. First, the emission reductions in the
GPP scenario are modest for high-income regions. Second, as recognized under
the UNFCCC principle of common but differentiated responsibilities and respective
capabilities (CBDR-RC), countries have different duties and abilities to address the
impacts of climate change; hence, we target more ambitious emission reductions
for high-income countries.
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These scenarios are implemented in the IMAGE modelling framework to quantify the
emission reduction potentials of the promising measures aggregated by sectors in each
region. The mitigation potential of the measures is calculated by determining the
difference in sectoral emissions between the Curpol scenario and either the Bridge
scenario for North America, Europe and Japan & Korea or the GPP scenario for all other
regions. To allow a deeper discussion of the co-benefits and trade-offs, for each region,
we only discuss the mitigation measures for the three sectors with the highest mitiga-
tion potential and the most direct co-benefits and trade-offs. Different regions could
exhibit different co-benefits and/or adverse impacts either because the relative impor-
tance of the measures varies according to the regional characteristics or because a given
mitigation measure has region-specific co-benefits or trade-offs. Table 2 summarizes the
scenarios.

2.3. Assessment of impact on SDGs

The SDGs have 17 goals and no less than 169 targets. Investigating the impact of 20
mitigation measures on all these targets is far beyond the scope of this study.
Therefore, our focus is on the synergies and trade-offs between the measures and
SDGs that are most frequently presented in the literature for selected world regions. To
identify these synergies and trade-offs, we used as a starting point the Special IPCC
report on 1.5°C IPCC (IPCC 2018), and Frischmann et al. (2020) complemented with
peer-reviewed literature. For peer-reviewed literature, we used a Scopus search with
keywords ((measure or topic) AND (synergies OR trade-offs) AND (sustainable AND
development)) AND (climate AND (change OR mitigation)) AND PUBYEAR > 2014
AND (LIMIT-TO (EXACTKEYWORD, “sustainable development”)) AND (LIMIT-TO
(LANGUAGE, “English”)). Most SDGs can be represented by a single overall target.
Exceptions are SDG8 (decent work for all and inclusive and sustainable economic
growth), SDG9 (Research & Development and Fast access to economic hub), SDG11
(Decent housing for all and Improve air quality in cities), and SDG15 (sustainably
manage forests/combat desertification and halt biodiversity loss), for which we defined
multiple targets, as different synergies and trade-offs were identified for these targets.
The 10 most cited articles in each sector are reviewed. SI_04 contains the list of
reviewed publications.

We have limited the assessment on direct co-benefits and trade-offs only. Increased
access to modern and sustainable energy in developing countries due to increased power
generation from renewable energy demonstrates a direct co-benefit. Increasing access to
electricity could lead to lower use of biomass, which indirectly could reduce deforestation
and forest degradation (indirect co-benefit).

3. Co-benefits and trade-offs

This section presents the results of the study. We start by presenting the emission
reduction potential of the promising mitigation measures listed in Table 1 aggregated
by sector for each world region. Subsequently, the potential positive and negative
impacts of these climate change mitigation measures on other SDGs are discussed,
emphasizing the regional context.
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Table 1. Promising climate change mitigation measures based on successful implementation
(Dagnachew et al. 2021; van Soest et al. 2021).

Sector Measure
Electricity generation No new installations of coal-fired plants without carbon capture and storage
Increase in the share of renewables in total electricity generation per year
Industry Improve energy efficiency
Apply carbon capture and storage
Buildings Improve energy efficiency of appliances

Improve energy intensity of new residential and commercial buildings

Improve efficiency of existing buildings by increasing the share of existing
buildings being renovated

No new installations of oil boiler capacity in new and existing residential and
commercial buildings

Transport Improve average fuel efficiency of new passenger cars
Increase the share of non-fossil in new vehicle sales
Improve energy efficiency of aviation

Land use Increase forest afforestation and reforestation
Halt deforestation
Non-CO, Treat manure from livestock with anaerobic digesters (reduces CH, emissions)

Selective breeding to reduce CH, emissions from enteric fermentation
Increase nitrogen use efficiency (reduces N,O emissions from fertilizer)
Coal mine CH, emission recovery

Reduce venting and flaring of CH,

Reduce N,O emissions from adipic/acid production

Reduce CH4 emissions from waste

Table 2. Scenario descriptions (Dagnachew et al. 2021).

Scenario Description
Current policies (Curpol) A reference scenario including current climate policies adopted as of 1 July 2019.
Good practice policies (GPP) Based on the current policies scenario with global implementation of good

practice policies until 2050. The extent to which policies are implemented
differs between high- and low-income countries.

Bridge This scenario is similar to the good practice policies scenario until 2030 and then
follows a cost-optimal pathway to meeting the 2-degree target by 2100. This is
simulated by implementing a global carbon price to all gases and sectors.

3.1. Emission reduction potential of promising mitigation measures

Figure 1 provides an overview of the sectoral GHG emissions in 2050 of the mitigation
pathways compared to 2015 and the curpol scenario, and Figure 2 summarizes the GHG
emission reductions by sector in 2050. Below, the emission reduction potential in each
sector is discussed for the regions where this potential belongs to the top-three of the
sectoral mitigation potential.

Power and heat generation is the single largest emitter accounting for about 36% of
global fossil-fuel-related CO, emissions in 2019 (Olivier and Peters 2020). As shown in
Figure 1, halting the installation of coal-fired plants without carbon capture and storage
and increasing the share of renewables in electricity generation reduce emissions strongly
in all regions. The global demand for electricity has been rapidly increasing since 1990 and
this trend is projected to continue, driven by economic development, electrification of
end-use services and climate change (Deetman et al. 2021). COVID-19 restrictions have
resulted in a decrease in power generation, especially from carbon-intensive sources.
However, there are signs of a rebound for coal-fired power plants outpacing low-carbon
sources to fuel the recovery, especially in Asia (IEA 2021).
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Figure 1. GHG emissions of mitigation pathways compared to 2015 and current policy scenario in 2050.
This figure shows the result of the model assessment of the emission reduction potentials of the various
measures in eleven world regions. It shows sectoral emissions in 2015 and in 2050 for two scenarios, the
current policies scenario and either the bridge scenario (Europe, North America, and Japan & Korea) or the
good practice policies scenario (all other regions). The difference in emissions between the current policies
and the mitigation scenario provides an indication of the sectoral mitigation potential in that region.
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Figure 2. Contribution of sectors to GHG emission reduction under GPP and Bridge scenarios in 2050.
The figure demonstrates that the sectors with the top three highest climate change mitigation potentials
represent 75-95% of the emission reduction potential of the region.

The industry sector, including process emissions, accounted for about 25% of global
fossil-fuel-related CO, emissions in 2019 (Olivier and Peters 2020). The promising mea-
sures in industry lead to considerable emission reduction, especially in Central and South
America, Europe, South Asia, China, the Russian Federation and Japan & Korea (Figure 1).
The growth in energy consumption in South and Southeast Asia has been driven by
increasing production in energy-intensive industries, while natural resource-related
industries contribute significantly to the economic development of Central and South
America (IRENA 2016). The manufacturing industry is the backbone of the Chinese
industrialization with high energy consumption and GHG emissions (Liu et al. 2019),
and it is the second largest CO, emitting sector in the Russian Federation and Japan as
well (Olivier and Peters 2020). For the industry sector, we looked at two promising climate
change mitigation measures in the near- and medium-term: improving energy efficiency
and installing carbon capture and storage (CCS). There is an opportunity to economically
reduce global industrial emissions by 30% with existing technologies and that potential
can grow to 60% with anticipated future technological innovations (ECE 2020). However,
some industrial sectors, such as cement, steel and chemicals, may find it challenging to
reduce emissions due to process emissions and the need for high-temperature heating.
CCS has the potential to play a significant role in reducing emissions in these industries.

The Building sector contributed about 9% to global fossil-fuel-related CO, emissions in
2019, without accounting for indirect emissions from power generation (Olivier and
Peters 2020). The emission reduction potential of the promising measures is limited in
absolute terms, either because emissions from buildings are relatively low to start with or
because they already show a significant decline under the current policy scenario
(Figure 1). Still, in developed countries, renovations of existing buildings can strongly
reduce energy demand. The largest share of the final energy consumption in buildings in
most regions comes from space and water heating, which is predominantly fossil-fuel
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based. Therefore, replacing oil-based boilers in buildings by technologies such as heat
pumps, electric boilers, solar heating systems and district heating is an important mitiga-
tion measure.

Almost 20% of global fossil-fuel-related CO, emissions comes from the transport sector,
with road transport taking the lion’s share (about 80%) of these emissions. In several regions,
particularly North America and MENA, there is a lot of potential for mitigation in the
transportation sector (Figure 1). Already existing technologies have the potential to improve
the average fuel efficiency of vehicles by 50% by 2050 relative to 2010 (IPCC 2015). The
North American road transport sector is characterized by continuous growth in the number
of passenger cars and the large stock of older vehicles. Effective measures to reduce
emissions in the short- and medium-term include improvements in fuel efficiency and low-
carbon fuel technologies as well as accelerated retirement of older, less fuel-efficient
vehicles. Road transport dominates the sector in MENA, owing to the prevalence of fossil-
fuel subsidies (Abbass et al. 2018). Increasing the share of non-fossil fuels in new vehicle
sales is another climate change mitigation strategy. Bio-fuel powered vehicles emit fewer air
pollutants than gasoline-powered vehicles, whereas electric vehicles are far more efficient
than internal combustion vehicles and emit no tail-pipe emissions (Messagie 2014).

Aviation is a relatively small contributor to global CO, emissions, responsible for
around 2.5%. It is, however, among the fastest-growing emitters, and the demand is
expected to bounce back after its dramatic fall due to COVID-19 to its pre-pandemic level
within a couple of years (Sharmina et al. 2020). Retirement of less fuel-efficient aircraft and
improving operational efficiency could result in a significant increase in overall fleet
efficiency (IEA 2020). Promising measures for reducing GHG emissions in aviation include
increasing efficiency and lowering the carbon intensity of fuel used in the sector.

Annual global emissions from land-use and land-cover changes between 2006 and 2015
are estimated to account for about 10% of total global CO, emissions (Houghton and Nassikas
2017). Land-use-related measures are useful tools for climate change mitigation as they can
remove CO, from the atmosphere. Net forest conversion is one of the main sources of CO,
emissions in Southeast Asia, where forests are decreasing faster than any other region.
Therefore, afforestation, reforestation, and preventing deforestation are all very effective
ways to reduce CO, levels in the atmosphere - either by reducing emissions (halting
deforestation) or by increasing carbon uptake (afforestation and reforestation) (Calvin et al.
2016). Central and South America, Southeast Asia and SSA demonstrate significant potential
for climate change mitigation by reducing land-use emissions that accounted for 33%, 29%
and 37% of total regional GHG emissions, respectively, in 2015 (Figure 1).

Finally, the promising measures to reduce non-CO, emissions lead to large reductions
in all regions. Non-CO, GHG emissions included in this study are methane (CH4) and
nitrous oxide (N,O). Methane is the largest contributor to climate change after CO,. The
major sources of CH, emissions vary by region: manure storage and enteric fermentation
in North America and Central and South America, enteric fermentation in Europe and
enteric fermentation and manure management in India due to the large livestock (Patra
et al. 2013). Livestock breeds in SSA are numerous, and diverse and livestock manure is
used as traditional fertilizer; however, there is a lack of adequate manure management,
resulting in nutrient losses and CH,; emissions. Non-CO, emissions are expected to rise as
livestock populations grow, particularly in developing regions. Changing the present
manure management practices could drastically cut livestock methane emissions. Some
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measures help reduce CH,; emission from enteric fermentation, reduction of ruminant
livestock (for instance as a result of lifestyle change) or reduction in emission per unit of
production (as the result of change in production practices or improving feed quality and
digestibility, for instance; Calvin et al. 2016).

Venting and flaring of oil and natural gas is also identified as an important source of
CH,4 emissions (2020). With expanded use of enhanced oil recovery and unconventional
production amid advances in production technology, gas production in North America is
expected to increase. Several countries in Central and South America are net exporters of
oil and gas where venting and flaring produces significant amounts of CH, as well as black
carbon and N,O (Giwa et al. 2019). Similarly, the oil and gas industry in MENA is associated
with high levels of CH, emissions. Already existing technologies have the potential to
reduce CH, emissions from venting and flaring in various regions.

Another important source of CH, emissions, particularly in Europe and South Asia, is waste
from landfills (Gomez-Sanabria et al. 2022). There are several ways to economically reduce
these emissions including increased recycling, energy recovery of biodegradable solid waste,
and technologies for better conversion of waste to biomethane (Gambhir et al. 2017).

Nitrogen is essential to the productivity of crop, and animal production systems and the
ever-growing demand for nitrogen-based fertilizers have led to a sharp increase in nitrogen
pollution levels and related GHG emissions. There is evidence that nitrogen use in agricul-
ture can be reduced without sacrificing crop yields through educating and training farmers
on good management practices (Thompson et al. 2019). N,O is also generated as a by-
product during nitric and adipic acid productions that are commonly utilized as feedstock in
the manufacturing of fertilizer and synthetic fibres. Already available emission abatement
technologies can contribute to reducing these emissions at low-cost without directly
impacting production or other industrial emissions (Flederbach and Winch 2019).

3.2. Impact of mitigation measures on SDGs

In this section, the co-benefits and trade-offs of promising climate change mitigation
measures on SDGs are discussed for each sector with emphasis on the three sectors with
the largest mitigation potential in each region. The three sectors together represent 75-
95% of the region’s potential for emission reduction in 2050 (see Figure 2). Table 3
provides a summary of the co-benefits and trade-offs on the global level, and figure 3
provides more detail on the regional level. More details for each region are given in the
summary tables in SI_03.

These results are qualitatively evaluated and summarized in Table 3 at the global level.
The mitigation measures are listed in the rows and relevant SDG targets in the columns.
Cells with an orange shading () indicate more potential trade-offs than potential co-
benefits. A yellow shading (C_)) means the potential trade-offs are about equal to the
potential co-benefits, depending on the chosen technology or the regional context. The
lighter green shading () indicates more potential co-benefits than potential trade-offs
and the darker green shading () indicates that the potential co-benefits far outweigh
the potential trade-offs. Cells without colour indicate that there are no clear direct co-
benefits or trade-offs. The summary table with more details and regional tables are
presented in SI_03.
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Table 3. Summary table of synergies and trade-offs between climate change mitigation measures
and SDGs.

more potential trade-offs than potential co-benefits
potential trade-offs about equal to potential co-benefits
more potential co-benefits than potential trade-offs
potential co-benefits far outweigh potential trade-offs

SDG target

Mitigation measure

Universal lower secondary education

End extreme poverty

Good Health and Well-being
Gender Equality

Work for all

Global economic convergence
R&D

Fast access to economic hub
Decent housing for all
Improve air quality in cities
Halt deforestation

~ [End hunger and improve nutrition

o |Clean Water and Sanitation

S |Reduce waste & pollution

& |Balance nitrogen in soils
Protect biodiversity

 |Modern energy services for all
lSustainab]y manage marine resources

o

l Decrease relative poverty

Electricity generation
No new installations of unabated
coal power plants

Increase renewables in electricity
generation
Industry

Improve energy efficiency in
industry

Apply carbon captured and
storage in industry
Buildings

Improve energy efficiency of
appliances

Improve energy intensity of new
buildings

No new installations of oil boilers
in buildings

Increasing renovations of existing
buildings
Transport

Improve fuel efficiency of new
passenger cars

Increase non-fossil new vehicle
sales

Improve energy efficiency of
aviation

Land use

Increase afforestation and
reforestation

Halt natural forest deforestation

Non-CO2

Treat manure with anaerobic
digesters (CH,)

Increase nitrogen use efficiency
(N,0)

Selective breeding to reduce CH,

emissions

Coal mine CH, emissions recovery

Reduce venting and flaring of CH,

Reduce N,0 emissions adipic/acid
production

Reduce CH, emissions from waste
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Figure 3. Co-benefits and trade-offs between climate change mitigation measures and SDGs by
region. The figure presents the co-benefits and trade-offs aggregated by sector based on tables in
SI_03. The scoring is done as follows; 2 points when the potential benefits outweigh the trade-offs, 1
point when there are more potential co-benefits than potential trade-offs, +1 and —1 points when the
potential co-benefits and the potential trade-offs are about equal and —1 points when there are more
potential trade-offs than potential co-benefits. The figure shows that in each region, there are
considerably more co-benefits than trade-offs.

Power generation

Halting the installation of coal-fired plants without carbon capture and storage is one of
the selected promising mitigation measures. Once built, coal-fired power plants can
usually run for several decades, and the pollution from these plants is linked with severe
environmental and human health consequences (Lv et al. 2016). Halting the construction
of coal-fired plants without carbon capture and storage has therefore clear co-benefits
with reducing air pollution (SDGT77) and human health impacts (SDG3) (Lv et al. 2016),
especially in dense urban centres of rapidly developing countries in Asia and SSA
(McCollum et al. 2018). Since the coal mining process and coal-fired power plant opera-
tion are water-intensive, the resulting decline in coal use has a positive impact on water
availability (SDG6) (DeNooyer et al. 2016). Combined with decreasing renewable energy
prices, there are important economic benefits of shifting away from coal for electricity
generation, particularly for industrialized regions such as North America, Europe, Russia,
Japan & Korea. These benefits include more employment opportunities and avoiding the
risk of stranded assets (Edwards et al. 2022), strengthening the efforts to achieve SDG8.
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On the other hand, coal has been the major source of affordable and accessible energy
in various developing countries, and it has been critical in supporting base-load electricity
development (McHugh 2017). Restricting its use could thus impact the effort to provide
universal access to electricity in Southeast Asia and SSA (SDG?7). Coal reserves are found in
almost every country in the world, and coal mining contributes significantly to several
economies by providing employment and resources for export. The decline in coal-related
activities could result in employment losses in the mining industry, especially in parts of
North America, Europe, South Asia and the SSA, with impact on poverty alleviation in
some of these regions, if not complemented by other policies (SDG1,8,10) (McHugh 2017).

Another promising climate change mitigation measure in the power sector is increas-
ing the share of renewable power generation (solar, wind and hydro). Expanding
renewable energy sources in the electricity generation has several co-benefits to other
SDGs. It directly increases the share of renewable energy and improves energy efficiency
in all regions (SDG7). Renewable energy technologies enable the provision of off-grid
access to low-density settlements at much lower cost than on-grid systems, hence
improving access to clean fuels in parts of Mexico, SSA and South Asia (SDG?7)
(Hoffacker et al. 2017). Accelerating the deployment of renewables also contributes to
local economic growth (SDG8) by enhancing the demand for local services and goods if
the technology is produced locally (Sharma and Balachandra 2015). In general, renew-
able energy technologies create more jobs, including jobs that are both decent and safe
(SDG8) (Frischmann et al. 2020). By improving air quality (SDG11), switching from fossil-
based energy sources to solar, wind, or hydro improves human health (SDG3)
(Schwerhoff and Sy 2017). Replacing thermal power plants with solar- and wind-based
renewable energy systems leads to considerably less water consumption and could
enhance access to clean water and to reduce water scarcity in all regions (SDG6)
(Hoffacker et al. 2017). Expanding renewable energy leads to less depletion of non-
renewable resources, directly contributing to achieving SDG12, and ocean-based renew-
able energy systems enable marine resource protection (SDG174) (McCollum et al. 2018).

There are a few trade-offs associated with large-scale deployment of renewable energy
systems, but these trade-offs are technology and location specific. Rapid deployment of
relatively less matured technologies (for instance the expansion of offshore wind in Europe)
or a preference for more advanced renewable technologies could result in an increase in
energy prices in some regions. This affects affordability for the poor (SDG 1,7,10). In
industrialized regions, particularly in North America and Europe, higher energy prices are
also related to more stringent emission controls and higher feedstock costs. However, in
some parts of North America, the cost of some renewable sources, such as onshore wind, is
becoming very competitive with fossil fuels. The large land requirements of utility-scale
renewable energy systems, such as solar farms and concentrated solar power, could affect
issues surrounding availability of and access to land for local communities and land-sector
sustainability (SDG15) (Hoffacker et al. 2017), and intensifies competition with other land
services such as protecting biodiversity (SDG15) and agriculture (SDG2) (Fader et al. 2018).
Large hydro dams have been linked to community displacements and adverse effects on
natural ecosystems and their services (SDG15) (Fuso Nerini et al. 2018). There are also
concerns regarding toxic elements released during the decommissioning and disposal of
PV cells (SDG6,15), the noise from wind turbines that could harm human health (SDG3),
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ocean-based renewable energy systems competing with other marine activities (SDG14),
and the wind turbine impact on bats and birds (SDG15) (Gasparatos et al. 2017).

Industry

The energy intensity of the industrial sector has declined steadily for decades, with some
regional differences. The potential for further improvement is still large. The benefits of
enhanced energy efficiency in the industry sector go beyond facilitating SDG?7 target to
increase energy access. It provides a way to balance economic competitiveness with
climate change mitigation. Industrial energy efficiency on a large-scale can benefit the
economy by lowering operating costs and boosting competitiveness and economic
development in Central and South America, Europe, South Asia, China, the Russian
Federation and Japan & Korea (5DG1,8,9,10) (Li and Tao 2017). It also increases productiv-
ity by cutting maintenance costs and improving production yields per unit of input
(Johansson and Thollander 2018) as well as enabling the creation of new jobs in the
energy service delivery sector (SDG8) (Malinauskaite et al. 2019). Other advantages
include improved health (SDG3), new business opportunities (SDG1,8,10), improved
energy security (SDG7), better environmental compliance, better working conditions
(SDG8,11), enabling innovative and sustainable energy infrastructure (SDG9), improved
air quality (SDGT1T) (Zhang et al. 2015a) particularly in the densely populated urban areas
of rapidly developing regions as Central and South America, South Asia, and China (Zhang
et al. 2015a), and minimizes waste in the whole value stream (SDG6,12) (Johansson and
Thollander 2018).

The use of CCS is also recognized as an important promising climate change mitiga-
tion measure that can especially be implemented in carbon-intensive industries in Asia
and Europe (Quader et al. 2016). CCS offers a cost-effective opportunity for emission
reduction in new or existing refineries and iron, cement, ammonia, and chemical pulp
industries (Quader et al. 2016). The supply chain of the CCS industry has the potential to
become a significant source of employment, as well as help retain current jobs in related
industries (SDG8). CCS could develop quality, reliable, sustainable and resilient infrastruc-
ture (SDGY), would overall lead to less air pollutants (SDG17) and promotes sustainable
production (SDG12) (Wilberforce et al. 2019).

There are a few concerns about the implementation of CCS that could offset some of
the benefits. These concerns include CO, leakage from transportation and storage infra-
structure that impacts human health and well-being and marine and coastal ecosystems
(SDG3,14) (Rahman et al. 2017), a likely raise in production costs due to additional energy
requirements (Quader et al. 2016) that could potentially affect electricity access and
increase poverty in developing regions (SDG1,7), and expected increase in water use for
cooling and processing (negatively impacting SDG6) (Smith et al. 2016). However, indus-
trial CCS could improve energy efficiency if the processes are optimized (Bui et al. 2018),
and some studies argue that there are several low-cost applications of CCS (Abanades
et al. 2015).

Buildings

There are multiple benefits of improving the energy efficiency of appliances and
buildings. It has the potential to reduce energy demand growth, especially in develop-
ing regions such as Asia and SSA, freeing up capital and capacity for expanding energy
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access (SDG7), while also lowering household energy expenditure and increasing dis-
posable income (SDG1,10) (Aditya et al. 2017). By lowering local pollution and fossil-fuel
use, efficient buildings promote health and quality of life (SDG3,17) (Aditya et al. 2017),
improve energy security (SDG7), enhance competitiveness (SDG8), stimulate innovation
(SDGY), and enable sustainable resource use (SDG12) (Nizeti¢ et al. 2019). Efficiency
improvements of cookstoves saves time and labour spent on fuel-wood collection and
cooking meals and reduces health impacts that leads to a range of benefits for women
in South Asia, Southeast Asia, and SSA (SDGS5,3) (Mehetre et al. 2017). Energy efficiency
measures create decent work opportunities (SDG8) (Allouhi et al. 2015); however, the
net employment effect remains uncertain due to macroeconomic feedback.

Oil is an expensive fuel in most regions; hence, switching away from oil boilers could
provide significant energy efficiency improvements (SDG7) and noticeable economic
benefits that facilitates achieving SDGT (Yang et al. 2018). In general, the transition
away from oil use leads to lower emission of local air pollutants (SDG17) and prevents
soil and groundwater pollution (5DG6,12,15) (Casasso et al. 2019) from oil leakage due to
structural failure, corrosion, and loose fitting in the system. It also generates additional
jobs in the building and heating industries (SDG8) and supports innovation to low-carbon
heating technologies (SDGY9) (Karner et al. 2017).

The main trade-off of the climate change mitigation measures in the building sector is
related to the relatively high upfront investment costs (Allouhi et al. 2015). Even while
these measures may result in lower energy costs, depending on how they are implemen-
ted, they may increase the risk of poverty (SDG1,710) and impede progress towards
universal energy access (SDG?7).

Transport

The co-benefits of improving fuel efficiency of passenger cars range from contributing
to better access to energy services (SDG7) to improving local air quality (SDG171) by
reducing particulate emissions, resulting in positive impacts on human health (SDG3)
(Alam et al. 2018). The measure could also reduce water consumption and waste for
transport fuel production (SDG6), reduce oil import and consumption (SDG72) and aid the
transition to low-carbon transport. Measures to improve fuel efficiency could provide
incentives for vehicle technology innovation (SDG9) (Simmons et al. 2015). Increasing
efficiency could result in more jobs in the energy efficiency sector (SDG8), reduces fuel
expenditure, increases disposable income (SDG10) and reduces energy use that improves
resource efficiency (SDG12) (Lah 2015).

The large amount of investment required for passenger car efficiency improvements
could serve as a barrier for vehicle manufacturers and consumers alike (SDG8) (Lah 2015).
Likewise, the economy of oil-exporting regions, with high shares of fossil-fuel-related
sectors in the economy, particularly in SSA and MENA, could be significantly impacted by
the resulting decline in oil demand (SDG8,10) (Brand et al. 2020).

Wider adoption of non-fossil fuel vehicles, such as electric vehicles or vehicles on
biofuels, decreases air pollution (SDG177) and related health effects (SDG3) (Du et al.
2017), increases the share of renewables in the global energy mix (SDG?7), stimulates
vehicle technology innovation and infrastructure development (SDG9), and promotes
a more resilient and sustainable future for urban dwellers (SDG17) (Brand et al. 2020). If
integrated with other policies that aim to offset increased vehicle use, fuel efficiency could
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result in lower use of fossil fuels, which would improve water and soil quality by reducing
oil mining activities and oil spills (SDG6) and reduces in the overall environmental impact
of the transport sector (SDG12,14,15) (Lah 2015). Electric cars also produce less noise
pollution than conventional vehicles (Kester et al. 2018).

There are some trade-offs associated with the wider adoption of alternative fuels. If
biofuels replace food crops, there could be a potential conflict with food security (SDG2).
Rapid growth of electric vehicles could result in substantial variations in power demand if
charging patterns are not properly managed (Kester et al. 2018), for instance in Europe
and MENA, and disrupt electricity distribution networks and companies (impacting SDG7)
(Brand et al. 2020). A transition to a predominantly electric car fleet could also force
significant retraining of the existing workforce and restructuring of the automotive
industry and disrupt the oil and gas sector (SDG8) (Brand et al. 2020).

Some of the co-benefits of increasing aviation energy efficiency include more efficient
use of resources contributing to achieving SDG7 and SDG12, enhancing innovation into
sustainability of the industry (SDGY) (Singh et al. 2019) and reducing air pollution (SDG117).
Energy efficiency upgrades are generally labour-intensive and hence offer an opportunity
for job creation (SDG8). The measure results in fuel efficiency gains that could deliver
substantial cost savings for the aviation industry (Singh and Sharma 2016). An important
trade-off is the disruption of the oil and gas industry (Brand et al. 2020), which could
impact the economies of oil exporting countries, predominantly in MENA (SDGS8,10).

Land use

Deforestation, mainly driven by commercial logging (illegal or poorly managed legal
logging in South America, the Russian Federation, Southeast Asia, and SSA), large-scale
and small-scale agriculture (for oil palm cultivation in Indonesia and Malaysia), cattle
ranching (such as in Brazil), and logging for fuelwood (in large parts of SSA), present
several challenges to sustainable development, and is the main driver of loss of species
and biodiversity. Measures promoting afforestation and reforestation contribute directly
to achieving the goal of halting biodiversity loss (SDG15) (Baumgartner 2019).

Forests and trees are also fundamental for food security and improved livelihoods
(Bayrak and Marafa 2016). A substantial part of the household income for local households
in developing countries comes from forest-related enterprises, contributing to achieving
SDG1 as well as SDGT0 (i.e. reducing relative poverty). Forests are important sources of
nutritionally important foods, including wild fruits, vegetables and bush meat for nour-
ishment (SDG2). Urban forests reduce harmful air pollutants (Lu et al. 2018) enabling the
achievement of SDG3 and SDG11. Due to its labour-intensive nature as well as relatively
low capital investment needs, targeted investments in forestry could create a large
number of new job opportunities (SDG8,70) (Smith et al. 2019). However, large-scale
afforestation could negatively affect SDGT and SDG2 through increased food prices due
to competition for land with food production (Doelman et al. 2020), especially in SSA and
South Asia. It could also negatively affect local water supply by increased evapotranspira-
tion (SDG6) (Lu et al. 2018).

There is synergy between halting deforestation and SDG15 that, amongst other goals,
aims to combat desertification and halt and reverse land degradation. Additional co-
benefits of the measure include reducing soil erosion and regulating weather that con-
tributes to sustainable food production (SDG2) (Baumgartner 2019), improving local air
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quality (SDG11), and stimulating responsible consumption of natural resources (SDG12)
(Smith et al. 2019). Deforestation generally increases erosion, which is associated with
a higher sediment concentration in runoff and siltation (de Jong et al. 2018). Therefore,
halting deforestation could improve access to clean water (SDG6). Halting deforestation
calls for collaborations between forest management, local communities and the private
sector that can foster local economic development (SDGT,10) (Nobre et al. 2016).

Underlying drivers of deforestation reflect wider social and economic issues, and
hence, if they are not properly addressed, measures to halt deforestation could lead to
reduced employment opportunities for households dependent on forest-based enter-
prises and smaller farmer-owned forests (impacting SDG1,8) (Baumgartner 2019). Amid
the rapidly growing demand for food, deforestation in SSA is largely driven by smallholder
agriculture. Hence, measures to halt deforestation could clash with the goal to eradicate
hunger (SDG2) (Baumgartner 2019). Another common driver for deforestation is the
growing expansion of road networks that connect production zones to markets.
Promoting afforestation and halting deforestation could, therefore, impact market access
and connectivity (SDG9) (Sy et al. 2015).

Non-CO,
Reducing non-CO2 emissions has considerable climate change mitigation potential in all
regions. India, Brazil and China are the top three countries with the largest cattle
inventory, and they are also in the top three of agricultural methane emissions. Most
methane emissions in livestock farming come from cattle and selective breeding is one
of the measures to reduce these emissions from enteric fermentation. The measure is
cost-effective and therefore contributes to achieving SDG1 and SDG10 by increasing farm
incomes. Other co-benefits include, enhancing the livestock sector’s contribution to
national economic growth, facilitating global economic convergence (SDG8), contributing
to food security as a result of increased supply of animal-sourced foods through better
feeding and breeding (SDG2) (Mottet et al. 2018). The measure also reduces water
demand from livestock systems (SDG6), improves productivity (Tait-Burkard et al. 2018)
and feed-use efficiency (SDG12) (Mottet et al. 2018), and reduces and reverses land
degradation for livestock expansion (SDG15). Although livestock present great opportu-
nities for emission reduction, reducing livestock could adversely affect food prices and
livelihoods of smallholder farmers, particularly in South Asia and the SSA (SDG1,2).
Livestock manure treatment with anaerobic digesters is a proven measure to
reduce CH, emissions. Converting livestock manure into biogas can facilitate access to
modern and sustainable energy for millions of rural households, particularly in Central
and South America, South Asia, Southeast Asia, China and SSA (SDG7) (Gupta et al. 2016).
Bio-slurry, the by-product of biogas production, can be used as organic fertilizer (Gupta
et al. 2016), promoting sustainable agriculture (SDG2,15). The measure also reduces
nuisance smells and has a positive public health impact (SDG3), as well as limiting nutrient
pollution in soil and water (SDG6). Proper management of manure contributes to reduc-
tion in waste and land and water pollution (SDG72) (Khoshnevisan et al. 2021) and creates
additional economic activities (SDG8). However, livestock manure is the major fertilizer in
many low-income countries, for instance in SSA. Large-scale implementation of anaerobic
digesters could reduce their availability, which might affect the targets to end hunger and
to decrease relative poverty (SDG1,2) (Gupta et al. 2016).
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Large quantities of CH,4 are released during coal mining and oil and natural gas
production, processing, transmission and distribution. After a decline triggered by
COVID-19, coal demand is increasing fast to meet the growing electricity demand in
South Asia, resulting in an increase in CH, emissions from coal mining. The technology to
recover and use methane from coal mines is readily available. The recovered CHy,
depending on the quality, can be used for power generation, district heating, boiler
fuels, or purified and fed to natural gas distribution systems. Recovery and use of coal
mine methane could reduce negative health impacts (SDG3), could enhance coal mine
safety, could create additional economic activities (SDG8,10), could improve air and water
quality (SDG11,14) (Haines et al. 2017), could promote responsible production and con-
sumption (SDG12), could reduce the negative effects on the flora and fauna around the
flaring site (SDG15) and could be a potential supply of a local clean energy source (SDG7)
(Haines et al. 2017).

Reduction of venting and flaring has several co-benefits in addition to reducing non-
CO, emissions from gas and oil production. The captured gas facilitates universal energy
services for all (SDG?7) in SSA, contributes to improving well-being (SDG3) by reducing air
and noise pollution (SDG117) and thermal radiation, and creates additional economic
activities (SDG8) (Emam 2015). Halting venting and flaring also stimulates responsible
consumption and production of natural resources (SDG12) and reduces the impact on
land and ecosystem around the flaring site (SDG15) (Emam 2015). Vented gas is not visible
to the naked eye, hence, if not properly monitored, restrictions in flaring could lead to an
increase in venting. The cost of collecting and moving the gas could be a barrier to
implementing this measure since the cost can initially be higher than the value of the gas
itself (Soltanieh et al. 2016).

Excess nitrogen results in serious environmental, economic, and health impacts. As
such, there are several potential benefits of reducing nitrogen use by improving effi-
ciency in nitrogen application. It could reduce the cost of production, thereby improving
food affordability (SDG2) and increasing incomes for farmers (SDG1,70) (Zhang et al.
2015b), as well as stimulating resource efficiency (SDG12). It also has the potential to
reduce soil and groundwater contamination, eutrophication of freshwater and estuarine
ecosystems (SDG6,14,15) (Zhang et al. 2015b). Reduced production costs, on the other
hand, could increase the demand for food (also due to more waste) and feed, resulting in
increased livestock production, partly offsetting the environmental benefits of nitrogen
use efficiency (SDG15) (Herrero et al. 2021).

Reduced CH, emissions from waste lead to less air pollution (SDG3,11), improve
safety by reducing explosion and fire hazards (SDG17) and improve water quality by
reducing pollution (SDG6,14) (Pujara et al. 2019). The gas can also be recovered and used
for power generation or as a direct source of energy, providing an additional renewable
energy source (SDG?7). Collecting, converting and utilizing landfill gas generates income
and creates jobs in the local community (SDG8) (Al-Hamamre et al. 2017). However, the
measure needs high investment to build and instal landfill CH, recovery systems (Al-
Hamamre et al. 2017), and, if effective, CH,; gas recovery could overshadow waste reduc-
tion measures (SDG12).

Reducing N,O emissions from adipic/acid production in the industry offers a large
potential for climate change mitigation amid projected growth in demand for fertilizer
and synthetic fibres. Nitrogen oxide causes air pollution that is harmful to both human
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respiratory system and the environment when it dissolves in water, it forms acid rain,
which damages vegetation and terrestrial and aquatic ecosystems. Reducing it thus has
co-benefits with the sustainable development goals for clean water and sanitation (SDG6),
life under water (SDG174) and life on land (SDG15) (Zhang et al. 2015b).

4, Discussion and conclusions

The aim of this paper is to identify the impact of climate change mitigation measures on
other SDGs. To do this, we have focussed on the 20 best practice policies to reduce
emissions in electricity generation, transport, buildings, industry, land use, and non-CO,
emissions identified by van Soest et al. (2021). We evaluated the regional climate change
mitigation potentials of these measures by comparing the emissions of the current policy
scenario to the good practice policies (developing regions) or Bridge (developed regions)
scenario. The most important impacts of these measures on other SDGs for eleven world
regions have been identified based on an extensive literature review, using the Special
IPCC report on 1.5°C (IPCC 2018) and Frischmann et al. (2020) as a starting point. In
addition to focusing on best practice policies that have already been proven successful in
one or more countries, this paper adds the regional potentials of these measures and the
regional difference in synergies and trade-offs (more details are presented in SI_03 and
summarized in Figure 3).

The results show that measures taken to mitigate climate change also impact other
SDGs. The identified co-benefits and trade-offs can be used to facilitate coherence of
mitigation measures at various levels of decision-making while at the same time offering
a systemic view of the impact of these measures in relation to the SDGs. However, the
focus of the study is on the selected mitigation measures and the most direct impacts on
SDGs; other related measures and practices that could influence sustainable development
and the identification of indirect potential benefits and trade-offs were not considered.
Moreover, the selected measures have a strong technological focus and the role of
behavioural change, societal transformative processes or the role of power is not
addressed. Some studies show that these factors can influence sustainable development
and climate change mitigation. The measures we have analysed are tried and tested in
some regions. Nonetheless, the effectiveness of these best practices depends on under-
standing the local context and, in some cases, implementing complementary policies that
could support and protect vulnerable segments of society.

We conclude that, in line with the findings of other similar studies, the number of co-
benefits of mitigation measures on other SDGs is larger than the number of trade-offs, not
only at the global level as already concluded by earlier studies (IPCC 2018; Frischmann
et al. 2020) but also at regional levels. The existing global studies show that the imple-
mentation of climate change mitigation options leads to multiple synergies across a range
of SDGs, while at the same time, there could be trade-offs depending on how and when
these measures are implemented. However, the regional differentiation of the impacts is
limited in these studies. Out of the 20 measures analysed in this study, in all regions, the
highest number of potential co-benefits are identified for increasing the share of renew-
able energy in electricity generation. The identified climate change mitigation measures
in the building sector demonstrated several potential co-benefits for other SDGs. Some
potential trade-offs are identified for measures in the industry and transport sectors, but
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again, the number of potential synergies is higher. In land use and non-CO, sectors, the
number of potential co-benefits and trade-offs depends on the type of measure and
regional characteristics.

As mentioned earlier, our focus was on the most direct synergies and trade-offs
observed. Studies show that the characteristics of these interactions could be influenced
by several factors including the governance approach, the institutional context, the
geographical place and scale, the time horizon, and the availability of natural resources
(Nilsson et al. 2018; lacobutd et al. 2021). The regional diversity in this study partly
addresses some of these factors. Our focus is on the impact in 2030, the target year for
achieving SDGs, which limits our ability to capture the positive effects of short-term
actions on long-term socio-economic development. Below, we discuss the important
potential trade-offs identified in this study that can still be mitigated with targeted policy
interventions.

The selected climate change mitigation measures show a much higher number of
potential co-benefits than trade-offs in all regions. The magnitude of these co-benefits
and trade-offs varies according to regional characteristics and socio-economic context.
The potential trade-offs in North America, Europe, and Central and South America are
largely related to technology choices that could exacerbate social inequality and impact
biodiversity. Some of the mitigation measures could impede efforts to alleviate poverty,
eradicate hunger and improve well-being in SSA, South Asia, and Southeast Asia. These
impacts can be minimized by implementing complementary policies to protect the poor
and vulnerable segment of society from increasing food and energy prices. The mitigation
measures in MENA, if properly implemented, could benefit the effort to diversify oil-
dependent economies and speed up reform. However, the resulting decline in oil con-
sumption could stall regional economic reforms, deepening inequality.

Measures in electricity production show high mitigation potentials coupled with many
potential co-benefits for other SDGs in all regions. In addition to contributing to SDG 7,
increasing the share of renewable energy in power generation shows potential co-
benefits with poverty alleviation, fighting hunger, improving access to healthcare, educa-
tion, and clean water, and protecting life on land and in water. However, the choice of
technology is relevant for two reasons; i) matured technologies could result in increasing
electricity prices, and ii) some renewable technologies are associated with negative social
and environmental impacts. Large hydropower dams, for instance, could lead to commu-
nity displacements, as well as loss of natural forests and biodiversity. Reducing coal-fired
power generation negatively impacts employment in coal-mining industries in North
America, Europe, Asia and SSA and could, at least in the short run, lead to increasing
electricity prices. These trade-offs can be addressed by stronger regulations, along with
market-based instruments and pro-poor policies.

Land-use related climate change mitigation measures show relatively many potential
trade-offs with other SDGs in low-income regions. The promising mitigation measures to
reduce CO, emissions from land use and non-CO, emissions from agriculture, livestock,
and waste are important for global emission reductions. Reducing deforestation and
increasing reforestation have clear co-benefits with biodiversity and environmental
SDGs. However, if not managed carefully, these measures could undermine sustainable
development by threatening food and water security, livelihood, and infrastructure
developments in SSA and Southeast Asia. To mitigate these impacts, the forestation
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measures could be complemented by pro-poor policies to strengthen land and resource
rights, capabilities and local decision-making, small-scale farmer credit programmes and
transfer payments to poor rural inhabitants for ecosystem services.
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