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The energy sector is the largest emitter of greenhouse gas emissions, accounting for 37% of the
world’s combined emissions, and plays a key role in achieving the Sustainable Development Goals.
However, there is no systematic means for planners and practitioners to integrate climate
considerations throughout the lifecycle of energy infrastructure projects. Using a thematic document
analysis, we provide a comprehensive list of activities related to climate mitigation and adaptation
which can be systematically mainstreamed into the energy sector project lifecycle to support arange
of sustainable development outcomes. Two renewable energy projects were used to integrate the
results into a practical context and demonstrate the range of potential SDG target synergies. The case
studies demonstrate the varied means by which climate action can be integrated through
mainstreaming in project lifecycle stages, holistically achieving wider SDG impacts. This work
provides a practical means to maximise progress within the framework of climate-compatible

development.

Societal and ecological systems are critically and increasingly affected by
changes in the climate and a greater frequency of extreme weather events'.
In response, the 197 member states of the United Nations have established
targets to limit global warming compared to pre-industrial levels’. An
international process is underway to provide equal social and economic
opportunities across all UN members, formalised by the 17 Sustainable
Development Goals (SDGs). To this end, full-scale climate action requires
transformation of societal, technological, and political systems as well as vast
investments in supporting infrastructure across all sectors, especially in low-
income countries™.

Among the infrastructure sectors, energy generation and distribution is
the largest emitter of greenhouse gas (GHG) emissions, accounting for 37%
of the globe’s combined emissions’. System change in the energy sector
requires wide-ranging interventions in climate action measures at all stages
of the project lifecycle. This will require climate mitigation action (long-term
policies and goals to reduce GHG-emissions), which may include invest-
ments in low-carbon technologies and renewable energy such as wind and
solar, carbon dioxide removal (CDR) technologies, promotion of beha-
vioural changes and efficiency interventions to reduce demand from a
consumer perspective’. As an example, the IEA estimates that to be in line

with a 1.5 degrees target renewable energy capacity will need to triple by
2030, resulting in a very wide array of infrastructure projects’. It will also
require measures and investments in adaptation (addressing the negative
impacts of a changing climate through incremental or transformative
means, where the objective is to change natural and human systems to adapt
to the changed climate™). These may involve a combination of physical,
technological, nature-based, financial, behavioural, or institutional options
to safeguard the uninterrupted provision of energy to consumers.

The UN SDGs can guide infrastructure practitioners to make informed
choices in development of projects to support sustainable development™ ",
and contribute to economic growth'”. Progress has been made by the
research community to conceptualise the connections between energy
infrastructure and sustainable development'”"” and to highlight the
importance of infrastructure delivery for climate action®®. However, these
largely focus on the impact of the infrastructure service at the point of
delivery, rather than the various stages of the infrastructure project lifecycle,
each of which provides opportunities for projects to align their actions with
the achievement of climate and development goals.

Mainstreaming infrastructure and climate synergies into the planning,
delivery, and management of infrastructure at the project level can allow
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energy sector decision-makers to target specific thematic climate strategies
in order to maximise the potential impact of a project through co-benefits
across sustainable development targets. Such an approach has already been
demonstrated in other topic areas, such as enabling gender equality and
women’s empowerment through actions across the infrastructure project
lifecycle”, but has yet to be implemented for broader climate change
objectives. Here, we assess the extent to which integrated climate action in
the energy infrastructure lifecycle can support the Agenda 2030 through the
UN Sustainable Development Goals. We identify existing and potential
actions and strategies in energy policy and practice that are aligned with the
objectives of climate mitigation and adaptation throughout the project
lifecycle. Finally, we demonstrate the mainstreaming of actions for climate
mitigation and adaptation through case studies of energy projects to
investigate ways they can influence the achievement of SDGs.

Mitigation and adaptation have historically been treated separately in
the climate action agenda, but are inherently co-existent when analysed
through the lens of sustainable development™. Co-benefits should be
highlighted with a narrative that successful mitigation will lead to less need
for adaptation in the future**. Additionally, climate action integrated in the
framework of Climate Compatible Development (CCD)* does not jeo-
pardise opportunities to achieve sustainable development goals. Instead,
CCD visualises climate action as supportive of sustainable development and
should not be counteractive to it. In other words, climate compatible
development tries to reduce emissions and at the same time promote
development and build resilience™.

One way to concretise the approach for CCD is to study the SDGs from
a perspective of their synergies and trade-offs with climate action. Analysing
interactions between sustainable development goals in this way can support
an approach utilising synergies, leading to co-benefits across sustainable
development™. Specifically, studying synergies and trade-offs between the
goals can support an interactive approach that enhances the commitment of
actions towards achieving the SDGs™. Such an approach can help energy
infrastructure developers understand the wider potential impacts of efforts
to ensure the stability and long-term financial viability of their projects in the
face of climate change and other exogenous pressures.

Popular approaches to structuring sustainability dimensions such as
the ‘wedding cake model™ demonstrate cooperation and interconnections
between the goals through SDG 17. This emphasises how cross-sectoral and
international collaboration is supportive to the work of achieving all other
goals™. Such research encompasses the benefits from rearranging the SDGs,

Mitigation targets
Targets with synergies
deemed +2 or higher and
trade-offs deemed -2 or
lower (Fuso-Nerini et al.,
2019)

Energy-Mitigation-Adaptation targets
Targets influenced by climate mitigation,
climate adaptation and energy
infrastructure

Fig. 1 | Selection method of SDGs. Descriptions of how the targets were chosen
based on previous studies. The yellow overlapping box represents targets influenced
by climate mitigation strategies and energy infrastructure. The blue box represents

viewing them from the lens of strong sustainability and focusing on the
interdependencies between the goals. The importance of interactions
between the SDGs supports policy coherence over multiple sectors to har-
ness the synergies between the goals™.

The energy sector has especially great potential to be studied in an
interconnected perspective of sustainable development as energy infra-
structure provides essential services for society through the embedded
systematic dependency on energy as propellant for the economic system™.
Attempts to analyse synergies and trade-offs between SDG 7 (Affordable
and clean energy) and the other goals have emerged from the direct reliance
on energy for construction and operation of essential societal
institutions™*'’. Through in-depth analysis of the interconnectedness
between SDG targets, it was found that 85% of the targets have synergies
with actions in pursuit of SDG 7, while 38% trade-offs were identified. The
synergies are centred around energy provision as essential for societal
functions, where the main trade-offs can be explained by the urgency of
development in counter-act to the sometimes more expensive and time-
consuming alternative of renewable energy expansion'’. As for climate
action, Fuso-Nerini et al. '* showed that combating climate change can
reinforce all 17 SDGs, but simultaneously undermine efforts to achieve 12 of
the targets. Additionally, the changed climate will pose new conditions for
sustainable development that has the possibility of undermining efforts to
reach 16 out of the SDGs'".

To define the potential impact of climate action in the energy sector,
mitigation and adaptation strategies can be bridged with the SDGs using a
subset of SDG target impacts derived from previous studies on climate
mitigation, adaptation, and the energy sector. All 169 targets were mapped
in terms of potential influence from energy infrastructure in line with cli-
mate mitigation and adaptation. Previous studies have been done in isola-
tion for the interlinkages between SDGs and climate action'®” as well as
energy infrastructure”. These studies were cross-linked to identify targets
influenced by both energy infrastructure and climate mitigation or adap-
tation (Fig. 1) (Full explanation in Supplementary Note 1).

Results

A framework for climate action impacts of energy infrastructure
Using the SDG target mapping defined above, those found to be under the
influence of energy infrastructure and climate action are shown in Fig. 2,
with a total of 51 SDG targets related to climate mitigation in energy
infrastructure and 47 SDG targets influenced by climate adaptation in

Energy-Mitigation targets
Targets influenced both by
climate mitigation and energy
infrastructure

Energy targets
Targets influenced by
energy infrastructure
(Thacker et al., 2018)

Energy-Adaptation targets
Targets influenced both by
climate adaptation and

energy infrastructure

targets influenced by climate adaptation strategies and energy infrastructure. Targets
that are influenced both by climate mitigation, adaptation and energy infrastructure
are represented by the green field.
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Fig. 2 | SDG targets influenced by climate action in energy infrastructure. Result
of SDG target mapping using the method from Fig. 1. Each coloured box to the right
of the SDG icons represents a target under the specific SDG. The colour indicates the
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energy infrastructure. Some targets are influenced by both energy infra-
structure and mitigation and adaptation strategies, resulting in a total of 70
independent SDG targets influenced by a combined framework for climate
compatible development in energy infrastructure. Some targets that were
only influenced by energy infrastructure or climate mitigation/adaptation
were therefore not included in the scope.

Mainstreaming climate action in the energy lifecycle

Building on these interconnections, we show that climate action can be
mainstreamed in the entire lifecycle of an energy infrastructure project.
Climate action to be implemented in energy infrastructure can be com-
prehensively categorised by a set of activities (numbered 1-35) resulting
from an extensive document analysis and literature review (see Methods).
The activities will help infrastructure practitioners implement climate action
throughout the lifecycle of a project. The activities are separated into their
corresponding lifecycle stage and accompanied by direct implementation of
the activity. The activities are divided into two sets; climate mitigation and
adaptation, and are outlined in full in Supplementary Note 2 (mitigation)
and Supplementary Note 3 (adaptation), and the development described in
Methods. A summarised list of activities, divided between mitigation and
adaptation strategies, as well as common activities, and corresponding
lifecycle stages is presented below in Fig. 3, followed by an explanation of
how some of the specific activities correspond to objectives for climate
mitigation or adaptation.

Planning

In the planning stage, infrastructure planners can actively incorporate cli-
mate mitigation strategies to ensure a low-carbon energy system.
Acknowledging the danger of creating a technological lock-in to fossil
energy sources is important for the long-term mission of reducing emissions
from the energy sector”. In contrast, creating sustainable path-dependency
(Activity 8) and market development for renewable energy sources facil-
itates emission reductions in line with the Paris Agreement”, which is
advanced through near-term implementation of robust GHG mitigation
policies’. Mainstreaming of climate mitigation includes incorporation of
climate change variables into environmental assessment (Activity 6 and 7)
and can lead to better-informed infrastructure development related to cli-
mate mitigation’>”. Public participation (Activity 2) in environmental
assessments further alleviates the climate mitigation potential since the
energy transition is a political and democratic question™. Therefore, public

participation can enhance the acceptance of such a project and fulfil the full
climate mitigation potential®.

Studying the infrastructure asset as a part of the bigger system unlocks
potential for climate adaptation through possibilities to plan for diversifi-
cation and redundancy within a system. Creating diverse systems (Activity
9) reduces the risk of failure in the face of climate-related stresses and can
also increase resilience to climate change impacts, as they provide multiple
options and pathways for recovery™.

To ensure a fair and transparent planning process that includes climate
adaptation strategies also accounts for the societies’ most vulnerable people,
and it is therefore important with stakeholder engagement (Activity 1) as
well as an inclusive public participation (Activity 2). Conducting an inclu-
sive stakeholder mapping can identify all parties affected by the infra-
structure project and its climate impacts”. Engagement of marginalised
groups of society, including women and indigenous people, should be
prioritised to ensure that project process and outcomes support climate
justice. Increased acceptance of the project, identification of goal conflicts,
and trade-offs between environmental and social factors are all supported by
inclusive public participation’”. Detailed analysis of socio-economic pat-
terns (Activity 12) is a necessity for inclusive infrastructure as a climate
adaptation strategy”. Additionally, climate change impacts are important
variables for climate adapted infrastructure in the planning stage. Imple-
menting climate risk disaster screening and vulnerability assessment
(Activity 11) can ensure that infrastructure is climate resilient and has
sufficient safety margins®. Identification of climate risks informs decisions
on project design and site selection for mainstreaming of climate resilience
in projects”’.

Delivery
The procurement stage has a high potential for mainstreaming climate
mitigation. A green public procurement (GPP) reflects procurement criteria
influenced by climate action targets to ensure low environmental impact
throughout the project lifecycle (Activity 20). Fundamental in GPP is to not
only base the decision on the lowest cost, but rather the lifecycle costing,
including externalities”. Implementation of climate mitigation criteria in
the procurement simplifies such mainstreaming throughout the entire
lifecycle, and should be based on emission calculations and scientific based
targets®.

Further, energy infrastructure aligns with climate mitigation through
design and material choices*’. Strategies for reduced material footprints and
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Mitigation

1.Stakeholder Mapping and Engagement

2.Inclusive Public Participation for Climate

8. Create Sustainable Path Dependence and
Avoid Carbon Lock-ins

Justice

10. Consideration of Land Use Efficiency in
Planning

13.Set Quantitative Targets and Objectives for
Compliance to International Climate Goals

3.Use of Indigenous and Local Knowledge
4.Policy and Legal Framework Assessment

5.Consider Interdependencies and Systems
Planning and cross-ministerial cooperation

9.Diverse Systems for Resilient Infrastructure
11.Disaster and Climare Risk Screening

12.Disaggregated Socio-Economic Data for
Inclusive Infrastructure Planning

6.Strategic Environmental Assessment

7.Environmental Impact Assessment

16.Share and Promote Best Practices

14. Set Quantitative Targets and Objectives in
delivery

17.Public Private Partnerships for Climate
Action

20.Green Public Procurement

22.Implement Nature-Based Solutions for
Climate Mitigation

Delivery

24.Implement Circular Economy Practices in
Design

25.Embodied Carbon and Low-Emission
Sourcing of Materials

26.Life Cycle Assessment in Construction

15.Set, and Report to, Quantitative Targets
and Objectives in management

27 Life Cycle Assessment for Energy Efficiency
Management

29.Retrofitting for Climate Mitigation

31.Proactive Maintenance

Management

34. Decommissioning with Circular Economy
Practices

Fig. 3 | Activities for climate action in energy infrastructure projects. Compre-
hensive list of identified activities from thematic document analysis for energy
practitioners. The activities can be implemented to systematically mainstream cli-
mate mitigation and adaptation in the energy infrastructure lifecycle in order to
support related SDG targets. The list is divided into mitigation and adaptation

18.Climate Resilient Public Private
Partnerships

19.Performance Based Contracting for Risk
Allocation

21.Resilient and Flexible Design

23.Implement Nature-Based Solutions for
increased Resilience

objectives, and between corresponding lifecycle stages. Activities that are linked with
both climate mitigation and adaptation benefits are represented as common activ-
ities, the green field. The activities are fully described in Supplementary

Notes 2 and 3.

associated emission include implementation of circular economy practices
(Activity 24) which pinpoint reduced material losses and lower material
footprints and associated emissions®”. Additionally, designing for mod-
ularity and easy replacement of components allows for decoupling the
lifetime of the asset from the lifetime of the component™. This supports
recycling and reuse of components, leading to reduced emissions’. Material
choices can further be guided by calculations on embodied carbon® and
lifecycle emissions through a LCA (Activities 25 and 26)”*. Another
activity in the design stage that has potential to contribute to climate miti-
gation is implementation of nature-based solutions (NbS) (Activity 22)*, for
example green roofs, rainwater harvesting systems, and bioretention sys-
tems. NbS strategies also include conserving or restoring natural ecosystems
adjacent to the infrastructure site while building new infrastructure™.

As a step in the delivery of energy infrastructure, procurement can be
mainstreamed for climate adaptation. One relevant strategy is to allocate
clear responsibilities for risk management of emergency response to climate
hazards and realisation of preventative and reactive measures to climate
risks™". Two different ways to ensure good climate risk allocation is by public
private partnerships™ and performance-based contracting”’, which for
adaptation purposes also includes identification of climate risks with suc-
ceeding design adjustments (Activity 18 and 19). The design of the asset
should be integrated with resilience (Activity 21) to manage natural shocks

while also improving the cost-effectiveness and overall quality of the
infrastructure™, as well as to incorporate adaptive design measures that
ensure the project endures future climate conditions™. Additionally,
designing for flexibility and modularity allows for efficient maintenance and
upgrades to handle any future breaches*. One way of designing for resi-
lience is through NbS and green infrastructure (Activity 23). This can
increase biodiversity through the protection and restoration of ecosystems,
as well as through improved land management practices that enhance the
natural environment™.

Management

Developing an environmental management system (Activity 28) facilitates
mainstreaming climate mitigation in the operation and management phase
through efficient use of resources and prolonged lifetime of the infra-
structure asset. Proactive maintenance (Activity 31) is one approach that
decouples the lifetime of the asset from the lifetime of certain components,
leading to reduced emissions associated with new or additional
construction”. Retrofitting further enhances the lifetime and operational
efficiency of the asset by continually upgrading its technology (Activity 29)™.
Retrofitting also includes repurposing to meet changing societal needs and
utilisation in new situations, ultimately resulting in a reduction of lifecycle
GHG emissions™. At the end-of-life stage, circular economy strategies could
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be implemented for climate mitigation purposes (Activity 34). Decom-
missioning with focus on circular material flows allows for increased
material separation at decommissioning, resulting in lower needs for raw
material extractions in the next cycle and reduces the need for landfilling®.

Due to the increasing frequency of external disruptions caused by
climate change, environmental management should adopt a reactive
approach with consideration of future climate risks’. By assessing expected
climate risks, operations can be modified to enhance resilience, which
together with environmental management (Activity 28 and Activity 32) and
efficient use of resources leads to less vulnerable infrastructure®. To adapt to
changed conditions, new technologies can be implemented into the design
or repurposing the services provided through retrofitting (Activity 30),
increasing resilience against impacts of climate change over time*. In case of
interruption, a contingency plan (Activity 33) can be designed to secure
energy provisioning to vital societal functions. Characteristics are to struc-
ture the contingency plan after reconstruction of key nodes and striving for
the infrastructure to remain functioning during interruption®. At the end-
of-life stage of infrastructure assets, the site should be reinstated to its ori-
ginal state as much as feasible (Activity 35). Environmental remediation will
support the maintenance of healthy and productive ecosystems to sustain
ecosystem services and increase resilience in the environment’.

Applying systematic climate action to Yemen Emergency Elec-
tricity Access Project (YEEAP)

The list of activities was applied to two energy access projects: the Yemen
Electricity Access Project (YEEAP) and Enhancing Sierra Leone Energy
Access (ESLEAP). These projects were funded by the World Bank and
implemented by the United Nations Office for Project Service (UNOPS) to
support the Government of Yemen and the Sierra Leone Ministry of Energy,
respectively. The projects were chosen to validate and exemplify the theory
of how climate action in energy infrastructure can influence the SDGs. Semi-
structured interviews were held with the project managers of the two pro-
jects for insight into how the theoretical mainstreaming activities have been
or could be implemented in a real-life setting.

YEEAP is intended to extend electricity access through off-grid solar
power in the Republic of Yemen. Electricity access is expanded to private
municipalities, and societal institutions such as health centres, schools and
rural water wells by strengthening the service delivery capacity of critical
infrastructure®’. The project undertook a humanitarian and development
perspective through increased energy security to societal institutions. The
humanitarian situation in Yemen has worsened in the 21th century due to
the open armed conflict which has caused destruction of infrastructure and
a worsened sanitary and medical situation. The conflict has increased the
energy poverty in the country due to importation of fossil fuels from the
neighbouring countries®. The objectives of YEEAP was to deliver on the
humanitarian crisis and restore electricity supply to critical infrastructure,
build an inclusive and more sustainable solar power market in Yemen and
expand solar access to the vulnerable and the poor®. Solar power has been
specifically identified as contributing to a secure energy market in the
country, by overtaking the power of energy supply domestically instead of
depending on unstable and vulnerable imported oil and gas from neigh-
bouring countries. Due to the project, 3.2 million people, where 51% of the
beneficiaries are women, have been granted electricity access through the
project®. Climate action and alignment to the SDGs in YEEAP has been
incorporated over the entire lifecycle and cooperation with other sectors to
search for synergies across SDGs has been a main target. This approach led
to seven of the climate action activities identified in the project (Fig. 4).

Integrated collaboration with health centres and schools provides
synergies and interdependencies between the sustainable development goals
through creation of a resilient system for societal institutions. Co-benefits
with climate mitigation were exploited through creating demand and
pathways for clean energy. The output is directly linked to development
through electricity provisioning to health centres (SDG 3), schools (SDG 4)
and water wells (SDG 6). Additionally, the focus of the project has also been
to provide an inclusive service for both men and women (SDG 5). Measures

to combat gender inequalities were guided by adaptation objectives since it is
crucial to provide energy to the most vulnerable to climate impacts. Climate
action (SDG 13) and clean energy access (SDG 7) has also been addressed by
the nature of the project.

Applying systematic climate action to Enhancing Sierra Leone
Energy Access Project (ESLEAP)
The objective of this project is to increase rural electricity access through
mini-grids and standalone home systems, with accompanied battery
capacity”’. The project targets 10 communities that are not likely to be
connected to the main grid and will be served with PV mini grids®. One
target area is the town Moyamba which is acquired with 600 kW solar
power, with 1,800 kWh backup battery capacity, to provide cost-effective
solutions for electricity access for households and local businesses. Another
objective is to provide electricity to schools, health centres and local busi-
nesses to secure provision of societal functions and grant development®. A
total of 11 climate action activities are exemplified in the project (Fig. 5).
The project highlights implementation support via market assess-
ments, capacity building, result monitoring and evaluation through a target-
based approach. Result targets are set up, monitored, analysed and com-
municated back to engaged stakeholders to assure successful implementa-
tion and to communicate lessons learned for future projects in the area.
Since electricity access is scarce in Sierra Leone, the educational scope is
intended to broaden public ownership of the electricity expansion to secure
long-term sustainability of mini-grids”. The project adapts a national
development perspective by expanding electricity access by targeting spe-
cifically urban and peri-urban communities, such as the town of
Moyamba®. This reflects directly to SDG 7 (target 7.1 and 7.2) being a
priority focus for the project. The output of the project is directly linked to
development through electricity provision to health centres (SDG 3) and
schools (SDG 4), as well as providing possibilities for economic growth by
supporting small-businesses in Moyamba (SDG 8)"".

Discussion

The two case studies demonstrate how successful application of ‘climate
action’ activities can influence wider outcomes for sustainable development.
The ESLEAP has implemented a higher number of documented climate
activities (11) relative to YEEAP where seven climate activities were docu-
mented. However, the SDG outcome of these activities were similar in both
projects. Both case studies emerged from humanitarian and development
objectives, advanced through the project by implementing Cross-
Ministerial Cooperation and Systems Planning (Activity 5). Renewable
energy infrastructure is used as a connected node in societal development
through collaboration with multiple stakeholders to expand energy access to
the most vital societal institutions, such as health facilities and schools,
supporting the theory that energy underpins both climate action® and
sustainable development'’. However, the unique conditions for the projects
highlight the importance of analysing the SDG outcomes independently for
every project, since the SDG outcome of Activity 5 diverged between the two
projects. The activities implemented are project-specific and do not mean
that all projects that implement an activity will support achievement of the
same SDG targets. Still, as demonstrated by YEEAP and ESLEAP, imple-
menting multiple climate activities influences achievement of several SDGs.
Although the framework may not completely measure the potential
attainment of SDGs, it holds significance as a perspective on the possible
harmonisation between climate action and sustainable development in
energy infrastructure.

Some direct linkages could be found between project-specific design
choices and SDG outcomes. The rainwater harvesting system in ESLEAP,
(Activity 23, Nature-based solutions) is an example of outcomes from
energy development (SDG 7) that support SDG 6. However, the theory
presented indicates that a low carbon and climate resilient energy system
will lead to a development that supports multiple SDGs, among them SDG
6. The list of mainstreamed activities is intended to help practitioners align
their projects with CCD objectives and the influenced SDG targets under the
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Fig. 4 | Climate activities in YEEAP. Identification of climate activities implemented through stakeholder engagement in YEEAP, with connections to primary SDGs
influenced by the climate action activity. For specific SDG targets, see Supplementary Table 1.

To engage stakeholders, consultation with community members
and stakeholders about environmental and social impacts and
mitigation measures to reduce inequalities and to enhance the
performance of the project were held. As well as updated
information about the project at the UNOPS office and website.

For the project, UNOPS partnered with community-based
organisations for outreach to vulnerable population groups,
including women and the youth. Interviews with key 523
stakeholders in the local community and focus groups were held. g

Identification of gaps between the environmental, health and
safety guidelines by the World Bank and Legal, social and

Framework h .

A S environmental requirements from the Government of Yemen.
Alignment to Kyoto Protocol and UNFCCC.

5. Consider

Provisioning of electricity to health centres, schools and water
wells through collaboration with local municipalities through a

Construction of off-grid renewable energy sources to increase
resilience to climate shocks and reduce reliance on imported

Identified climate risks (droughts and temperature rise) were
addressed through technical design selection and financed

o B

project scope is thus a collective outcome from an energy market devel-
opment where climate action is mainstreamed. Therefore, mainstreaming
climate actions across the energy sector in line with CCD could result in
synergies through society between SDG 7 and SDG 6, as indicated by
ESLEAP.

Synergies between climate action and SDGs have been studied from the
origin of climate actions, where influence on SDGs has been the result of
climate action. However, the synergies can be analysed in the other direc-
tion, where sustainable development objectives lead to climate action. The
case studies could be analysed from such a perspective where renewable
energy infrastructure is used as the solution to a humanitarian crisis and a
national development program. The foremost objective has not been to
develop low-carbon and climate-resilient energy infrastructure, but has
resulted in various development synergies. This aligns with the theory of
CCD where synergies between the different concepts reinforce each other™.
Therefore, this study indicates that working with either one of the strategies
will have a positive influence on the other. Viewing CCD in this interlinked
manner entails the necessity of adopting a precautionary perspective to
effectively manage the trade-offs between climate action and sustainable
development.

The activities for mainstreamed climate action presented in this study
illustrate how climate mitigation and adaptation can be implemented over
the entire lifecycle of an energy infrastructure project. The list intends to
extend climate action impacts from a project by taking consideration of
climate change throughout, building on previous findings of how climate
action in energy infrastructure supports the SDGs. One important element
included in the list of activities is the attempt to bridge climate action across
all lifecycle stages and to guide infrastructure practitioners throughout the
stages. An interactive and iterative approach to lifecycle infrastructure
development is confirmed by many of the strategies building on each other.
For example, Vulnerability Assessment (Activity 11) in planning identifies
the need for design changes (Activity 21) in the delivery stage and provides
guidelines for developing a niched contingency plan (Activity 33) in the
management stage. The subsequent actions can further indicate the need for
an updated vulnerability assessment, thus connecting the lifecycle stages
retroactively.

The list of climate activities provides direct guidance for imple-
mentation, which is facilitated by allocation of the activities to lifecycle stages
and highlighting the output of climate mitigation and adaptation. Main-
streamed climate action validates the theory of CCD by addressing climate
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Consultation with relevant stakeholders regarding prioritisation of most
acute facilities to be electrified to enhance the performance of the
project.

Screening for national policies and plans relevant for the project,
including; Renewable Energy Policy, Land Policy and Environmental
Policy, Forestry Act and Wildlife Conservation Act, as well as rules and
guidelines by the funder World Bank

Provisioning of electricity to schools, health clinics and productive
businesses through sectoral collaboration. Selection of Moyamba
through collaboration between ministries to find a town with high
electricity needs.

Creating low carbon pathways by providing renewable energy to health
facilities and schools which prior did not have access to energy or were
run by diesel generators.

The ESMP of specific activities addresses any possibility of a loss of
land, assets, or access to assets leading to loss of income sources or
other means of livelihood. To reduce the effects of land use change due
to the project, replanting of trees and avoidance of environmentally
sensitive areas will occur.

Studies on historical climate and vulnerability to flooding, and how the
project affects percolation and may exaggerate future floods.

Fig. 5 | Climate activities in ESLEAP. Identified implementation of climate activities in ESLEAP. Presentation of climate activities that was implemented in ESLEAP with
connections to SDG that was influenced by the activity. For specific SDG targets, see Supplementary Table 2.

mitigation and adaptation jointly. By pointing out specific strategies for
climate mitigation and adaptation respectively, infrastructure practitioners
are informed by two of the three components of CCD and are incentivised to
integrate strategies for them in parallel in the project. Many of the themes
from the document analysis emerged to separate actions for climate

mitigation and adaptation with different outcomes, which strengthens the
coexistence of the two concepts. With the support of CCD theory, sus-
tainable development outcomes can be reinforced by integrating a holistic
perspective of climate action in the infrastructure lifecycle. Further, the
mainstreamed strategies are intended to provide an outcome that supports
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Fig. 6 | Three stages of the infrastructure lifecycle. Depiction of three stages of the infrastructure lifecycle and their sub-stations according to Thacker et al., 2021°. The
iterative approach to the project process is visualized through arrows leading back from each stage to the prior.

SDG 13, where a focus on Climate Action provides a foundation for
achievement of the social and economic SDGs, which further strengthens
the influence this proposed framework for climate action has on sustainable
development outcomes. This study finds that integrated climate action in
the energy infrastructure lifecycle can influence the achievement of a wide
range of SDG targets if climate action is taken under consideration across
the entire lifecycle of a project. Climate action needs to be easily imple-
mentable for practitioners as well as taking a holistic perspective to climate
action and sustainable development.

The field of science of identifying synergies between SDGs and climate
action in energy projects would benefit from in-depth studies of the trade-
offs between climate action and the SDGs, potentially proceeding from the
proposed climate activities identified in this study. Additionally, the analysis
could extend over the entire lifecycle of a project. Studies on trade-offs could
provide useful results to expand and update the mainstreaming activities
and provide useful guidelines to infrastructure practitioners. Further, there
is a need to study the outcomes of energy development projects in a larger
geographical and context perspective to validate the proposed SDG con-
nections, including through the use of quantitative data.

Methods

Defining the analysis scope

This study considers climate actions for energy planners and practitioners
across the entirety of the project lifecycle. The lifecycle of an infrastructure
project can be separated into three main stages; planning, delivery and
management’. These stages may each be subdivided into smaller project
stages (Fig. 6). Implementing a lifecycle approach to the project means that
each stage of the project takes consideration of prior and subsequent stages,
which creates possibilities for interdependencies between lifecycle stages
through its embedded iterative approach and systems perspective®. Climate
mitigation and adaptation measures can, and should, be implemented in all
stages for successful realisation of climate resilient and low-emission
infrastructure”.

The planning stage operates across both project level and as national
strategic planning for larger policies. At a project level, a feasibility study is
usually done and detailed project planning in line with the established
objectives are conducted”.

The delivery phase encompasses procurement, design, and construc-
tion activities that are aligned with the project outcomes and objectives.
Procurement may involve outsourcing of certain sub-components of the
project for design and construction by external parties, or it may adopt a
model whereby a private entity is contracted for the entire delivery and
management process’.

The management phase of an infrastructure project comprises
operation and maintenance activities, as well as the decommissioning of the
asset upon the end of its useful life. Given the generally long lifespan of

infrastructure, maintenance activities are typically carried out in accordance
with established standards and best practices to ensure optimal perfor-
mance. End-of-life management may entail decommissioning or adopting
strategies to extend the asset’s lifespan by repurposing or retrofitting it”.

Selection of relevant SDG targets for climate action and energy
We use a cross-referencing method to identify overlapping influences across
energy, adaptation, mitigation, and all 169 SDG targets. This is based on
previously published research which thoroughly maps and references the
influence between each of these three topics and all 169 SDG targets. Targets
potentially influenced by energy infrastructure were extracted from the
report by Thacker et al. *, totalling 73 targets (43%). Targets with strong
synergies or trade-offs with climate change (strength of at least +/— 2
according to the scoring scale) were identified from Fuso Nerini et al."* as
most relevant to mitigation, totalling 64 (38%). Adaptation-relevant targets
were identified in Fuldauer et al. 7 as those considered to be directly affected
by near-term sectoral risk of climate change, and total 64 targets (38%). The
full classification of these targets is available in Supplementary Note 1.

Document analysis and case studies

The method consists of three steps. The initial step consisted of a qualitative
document analysis to broadly identify common themes of climate action in
energy infrastructure development. Next, an extension of this analysis
drawing on scientific literature aimed to align the identified themes with the
infrastructure lifecycle stages and provide a basis for mainstreamed climate
action. The scientific extension transformed the broad themes to imple-
mentable activities in the project lifecycle, focusing on the climate mitigation
and adaptation outcomes. Finally, two case studies of renewable energy
projects were analysed to test the results in a practical context and validate
the potential SDG target synergies. The theoretical framework and project
scope functioned as a scientific basis for the subsequent methods (Fig. 7).

Thematic document analysis of relevant mitigation and adapta-

tion measures

As a first step, climate mitigation and adaptation strategies within energy
infrastructure development were analysed using a thematic document
analysis, which provides a means to evaluate themes and achieve under-
standing from a systematic review of existing documents’'. The docu-
ments were analysed to find common themes and best practices of climate
action in infrastructure development, contributing to the objective of
mainstreaming climate action in infrastructure. The patterns emerging
from this sample of documents allowed identification of climate action
strategies based on deductive analysis. For that reason, document analysis
does not end with direct gathering of data from the text, but also contains
an interpretation of the document to find out hidden meanings and
structures of the text’.
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Fig. 7 | Schematic illustration of the methods. Visualising the chronological order of execution. Each method (orange) provided results used as inputs in the following
method. The scientific extension resulted in the final list of activities for climate mitigation and adaptation that was applied to case studies for identification of SDG synergies.
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A
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analysis stage
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Broad themes of climate action for energy infrastructure

Fig. 9 | Schematic illustration of scientific expansion. Visualisation of the scientific
extension showing how themes (yellow) from the document analysis transformed
into implementable activities (beige) for climate mitigation and adaptation. The
scientific extension concretised the themes into activities, and allocated them to

Direct activities for climate mitigation/adaptation in lifecycle stages

climate mitigation or adaptation, dependent on the outcome of the action. Some
activities had outcomes for both mitigation and adaptation. The activities were
divided between lifecycle stages, visualised by the three shades of purple.

The practical scope of the study, focused on providing mainstreamed
guidance for infrastructure practitioners, resulted in grey literature in the
form of reports and policy documents from developing institutions being
used as the main references in the document analysis. Documents of this
type convey a useful and direct message that can be used by the researcher
when put into a theoretical context””. The analysed documents were a
combination of climate and energy policy documents, special reports by
international private and public organisations and development institutions

(Supplementary Table 3). They were initially found by directly searching for
flagship reports at renowned international organisations (United Nations,
IPCC, IEA, EEA, OECD) and complemented by searching through Google
on keywords (adaptation/mitigation strategies, climate, infrastructure,
energy transition, resilience in infrastructure, low-carbon development). The
documents were gathered to include a combination of specific documents
for the energy sector and general documents for infrastructure to enclose
both an overarching picture of infrastructure development and strategies
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specific for energy infrastructure. Some texts only contained adaptation or
mitigation strategies while some encompassed climate action overall.

Using established document analysis methods”, the extraction of
common themes for climate mitigation and adaptation was guided by the
occurrence in the documents as well as their relevance for energy infra-
structure. The identified themes were intended to be as broad as possible to
include both political and technical themes over the entirety of the energy
project lifecycle. This resulted in the identification of a list of identified themes
divided between mitigation strategies, adaptation strategies and strategies that
can result in an outcome of both climate mitigation and adaptation (Fig. 8).
The strategies were divided in this way with regards to the scope of the
document they occurred, including references (Supplementary Table 4).

The document analysis was guided by the theoretical framework in
order for the list of activities to be holistic and incorporate all lifecycle stages
of infrastructure development. Best practices and summaries for infra-
structure commissioning are vastly present in the business and is an area
well documented and researched. The practical orientation of the grey lit-
erature used was motivated by their intended objective of providing a
summarised picture of the field. However, after identifying these high-level
climate actions in the document analysis, each identified theme was further
investigated using a scientific literature review.

Validation of lifecycle-relevant activities

To deepen and concretise the themes found in the document analysis the
literature was extended to include scientific literature and reports to further
analyse each specific theme. The literature followed an integrative approach
which is best suited when having a narrow research question and the pur-
pose is to synthesise and criticise themes and perceptions”. Literature was
found by separately searching on the specific themes from the document
analysis (Fig. 8). Databases for scientific journals were used; Web of Science,
Google Scholar and KTHPrimo. The scientific extension aimed to expand
the themes from the document analysis to formulate mainstreamed activ-
ities for climate mitigation and adaptation in the infrastructure lifecycle and
to provide clear guidance on how the activity should be implemented to
achieve maximum potential for climate mitigation or adaptation in the
energy sector (Fig. 9). To achieve this, the themes were analysed through
different factors. Firstly, the themes were allocated the appropriate lifecycle
stage where implementation of the activity would occur. Thus, most themes
were divided between multiple lifecycle stages and got broken down into
multiple activities. Secondly, the outcome of each activity was analysed to
concretise the specific climate mitigation or adaptation outcome, resulting
in additional division of activities. Thus, the literature review concretised the
findings from the document analysis, intended to contribute to the objective
of mainstreaming climate action in infrastructure. The identified activities
were used to construct the extended list.

Case study applications

Lastly, case studies were used to achieve the objective of demonstrating how
mainstreaming climate actions have the potential to influence the sustain-
able development goals. The results from the first two steps were applied to
two UNOPS energy access projects: the Yemen Electricity Access Project
(YEEAP) and Enhancing Sierra Leone Energy Access (ESLEAP). This
application to the lifecycle of existing infrastructure projects provided a
connection between theory and practice, to complement and support the
literature and contextualise this knowledge”, and was used to validate and
exemplify the theory of how climate action in energy infrastructure can
influence the SDGs. Therefore, the theoretical mainstreaming activities were
compared with the performed climate action in the two projects to
demonstrate how the activities could be implemented in a real-life setting.
Additionally, the indicated SDG outcomes of each mainstreamed activity
were analysed based on the theoretical framework to demonstrate the
connection between climate action in energy infrastructure and the
achievement of SDG targets. The material used in the case studies was a
combination of project documents and internal communication with the
project managers of the projects.
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lished article and its supplementary information files or are available from
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