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Abstract
Over one billion people live in urban dwellers without adequate access to basic services such as energy,
water, and healthcare. Here we use the SDG ´lens´ to evaluate how local policies and plans for energy
access in informal settlements can be coordinated with the SDGs achievement. With a case study in Kibera,
Kenya, we analyse how local energy access could enable or inhibit all local SDG Targets. Then, based on
this knowledge, we propose a set of actions to achieve full modern energy access without compromising
other local Sustainable Development Goals. Furthermore, we propose a new taxonomy to evaluate how
actions affect the interlinkages between local energy access and the achievement of the SDGs.

Introduction
Today, an estimated �fty �ve percent (55%) of the world’s population, representing 4.3 billion people, live in
urban spaces. By 2050, this number is predicted to reach seventy percent (70%)1. Globally, approximately 1
in 3 urban inhabitants dwell in informal settlements and slum households, without access to basic services
– potable water, appropriate housing, healthcare – and modern energy 1,2. In sub-Saharan Africa more than
�fty percent (50%) of urban households live in such conditions with some countries reporting numbers as
high as ninety percent (90%)3 (Figure 1). Broto et al.4 highlighted the need for the inclusion of these urban
slums and informal settlements in the energy access agenda.

Energy is an enabler for sustainable development. However, with growing urbanisation across the
developing world - a result of internal population growth and rural-urban migration - the inaccessibility of
modern energy services to these urban communities presents an urgent challenge5. Earlier studies have
examined energy access in urban areas from the perspectives of energy poverty measurements6; barriers
and enabling frameworks5; energy justice, sustainability assessments and transitions7–9; health10–12; and
political economy13. To date, no study has investigated energy access in slums and informal settlements
from the context of achieving the United Nations 2030 Agenda.

The United Nations 2030 Agenda’s 17 Sustainable Development Goals, or SDGs, capture global aspirations:
from the eradication of poverty to the strengthening on worldwide partnerships14. These Global Goals are
increasingly being adopted as a lens with which to analyse and understand such complex challenges and
intersectoral implications of projects and policies across a variety of sectors (e.g. 15–19). Moreover, the SDG
‘lens’ can be used as a decision-making tool to prioritise effective actions for reaching a policy objective20.
In this Analysis, we apply this lens to analyse how energy access in slums and informal settlements relate to
the achievement of the SDGs. To the best of our knowledge, this is the �rst time that the SDGs have been
applied to this challenge.

We draw on a case study of Kibera located in Nairobi, Kenya (Figure 2). Fifty-six percent (56%) of urban
inhabitants dwell in slum households in the country2, and Kibera is believed to be the “largest slum in
Africa”22.
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With an estimated population between 200,000 and 700,000 people, Kibera occupies a land area of
approximatley two square-kilometers22,23. As the land it occupies is formally considered government
property, Kibera is classi�ed as an informal settlement and thus residents are considered to be squatters,
associated with insecurity of tenancy and high vulnerability24–26. Energy access challenges in the
neighbourhood are considerable, with barriers of high supplier and consumer cost, unreliability of supply,
lack of awareness, safety concerns, and a lack of leadership27. In our study we narrow our focus to two
energy options, electricity and cooking using liqui�ed petroleum gas (LPG), each considered to be modern
and cleaner energy options28. LPG is currently being utilised within the country using established and
documented supply chains but not at scale, despite its active promotion by the Kenyan Government29,30.

By applying the SDG lens to the challenge of energy access in slums and informal settlements, we assess
its importance to the achievement of the 2030 Agenda. We examine how energy access in slums and
informal settlements relates to the achievement of each SDG Target, applying that knowledge to the chosen
case study. Knowing how energy access can enable or inhibit SDG Targets, we take our Analysis further:
applying actions to promote energy access to each mapped Target to investigate how these actions can be
designed and re�ned to support the achievement of all SDGs. Our developed methodology (see Methods)
can inform policymakers as to the cross-sectoral impact of actions, helping in their design, improvement,
and ultimate achievement of the SDGs.

Using the SDG lens to map the impact of energy access in Kibera

We assessed the importance of energy access to the achievement of SDG Targets in Kibera. Figure 3
presents the outcome of mapping, illustrating where access to electricity and LPG enables or inhibits the
achievement of each SDG Target locally.

Figure 3Detailed assessment of the provision of electricity and LPG access on the SDGs. Evidence of
interlinkage that promoted either energy access or Target was marked as an enabler, whilst those that
prohibited energy access or Target were marked as an inhibitor from SDGs. In the absence of evidence,
no interlinkages were marked, meaning only the absence of published evidence, not necessarily absence
of impact. Full results can be found in Supplementary Material.

Targets across SDGs 1, 3, 4, 5, 8, 10, 11, 16 are enabled by access to modern and clean energy, alleviating
poverty and improving living conditions31 , bene�ting Targets such as 1.1: By 2030, eradicate extreme
poverty for all people everywhere and 11.1: By 2030, ensure access for all to adequate, safe and affordable
housing and basic services and upgrade slums32.

Enabling Targets of SDGs 8 and 10, energy access provides an opportunity for productive employment and
growth of home-based small- and medium-sized Enterprises (SMEs)33. For example, small-scale, home-
based food vendors in Kibera using charcoal and kerosene fuels for cooking could, with the appropriate
enabling conditions, transition to LPG34. As a cleaner fuel option, LPG has the added bene�ts of allowing for
faster service, cost savings and increased earnings33,34. Similarly, electricity can power shops and
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restaurants, providing refrigeration for food storage and extending shelf-life, allowing for longer working
hours with improved lighting, and improving customer service33.

However, a common barrier to energy access in slums and informal settlement is its high upfront cost for
consumers27. For residents in Kibera where the average household income is 118,216 KSh/year (1090
USD/year)  far below the poverty line of US $1.25/person/day  electricity and LPG could be an expensive
alternative to charcoal and kerosene which is typically purchased in small quantities on a day-to-day
basis35,36. Increased daily costs could inhibit their ability to pay for other basic services27. This inhibits
Targets such as 2.1: By 2030, end hunger and ensure access by all people, 6.1: By 2030, achieve universal
and equitable access to safe and affordable drinking water for all, and 7.1: By 2030, ensure universal access
to affordable, reliable and modern energy services which speci�cally mentions the need for “affordable”
energy access32.

An action plan to promote energy access in informal settlements whilst achieving SDG Targets

Having mapped the impact of electricity and LPG access on the achievement of the SDGs in Kibera, we take
our Analysis further, applying the knowledge to possible actions to promote energy access (Table 1). As
described in Methods, proposed actions seek to provide energy access in informal settlements while
reinforcing identi�ed enablers and removing – to the extent possible – inhibitors with the SDGs Targets.

Table 1. Actions to overcome key barriers for energy. Proposed actions aim to overcome identi�ed barriers to
electricity and LPG access whilst complementing their respective supply chains and existing policies,
projects, and programmes in place in Kenya.

BARRIER TO ENERGY ACCESS ACTIONS TO
PROMOTE
ENERGY
ACCESS

EXAMPLE

Lack of affordability due to high
upfront cost of electricity and
LPG payments

Financial
incentives

Subsidies, payment of energy services provided
(rather than the cost of energy infrastructure),
prepayment methods, lifeline tariffs

Reliability of supply leading to
electricity and fuel shortages

Strengthening
supply chains

Network expansion, Standardisation, Outlets

Lack of awareness for the
bene�ts of modern and clean
energy access and actions in
place to support its promotion

Community
engagement

Awareness programmes, community
participation

Political ambivalence for the
energy needs for slums and
informal settlements

Political buy-
in,
recognition,
and/or
ownership

Public awareness, mainstreaming Sustainable
Energy for All and SDG 7 at the various levels of
governments at national and sub-national
(regional, municipal, district) level

The impact of actions to promote energy access in Kibera are illustrated in Figure 4: from creating new
enablers, strengthening those in existence, to limiting or overcoming inhibitors (see Methods for a full
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description of classi�cation). Impacts can be seen across all 17 Goals with varying effects on Targets.

Figure 4 Detailed assessment of the impact of interventions to promote electricity (top) and LPG
(bottom) access on the SDGs. Evidence of impact of interventions on Target was classi�ed as follows: i)
New enabler (achievement of Target created by intervention); ii) Strengthened enabler (achievement of
Target improved by interventions); iii) Limited inhibitor (barrier(s) to achievement of Target lessened by
intervention); iv) Overcame inhibitor (barrier(s) to achievement of Target removed by intervention). In the
absence of evidence, no impacts of interventions were marked, meaning only the absence of published
evidence, not necessarily absence of impact.

Compared to previous mapping (Figure 3) actions to promote electricity access strengthen 62 enablers,
create a further 7 enablers, overcome 17 inhibitors and limit 11. Actions to promote LPG access
strengthened 52 enablers and created a further 11, overcoming 17 inhibitors and limiting 7. Full results
can be found in Supplementary Material.

Financial incentives overcame the inhibitors of affordability for Targets 2.1, 6.1, 11.1, previously discussed,
as well as reducing the household burden on women and creating opportunities for income-generating
activities, strengthening enablers of SDGs 5 and 837. However, whilst subsidies, lifeline tariffs and
prepayment methods are widely adopted policy tools to lower fuel and electricity costs, they must be
properly designed in order to bene�t their intended recipients38. For some Targets (e.g. 1.3: Implement
nationally appropriate social protection systems and measures for all32)  �nancial innovations only limit
inhibitors.

Strengthening the supply chains of LPG improves not only its availability, but also safety, affordability, and
environmental sustainability39. Investments in bulk storage will improve the affordability of LPG, allowing
economies of scale in imports as the port of Mombasa can handle large volumes of LPG imports, and
improving security of supply concerns as Kenya has buffer stocks that can be drawn upon in times of
shortage or high prices40. This impacts those Targets whose indicators refer to the Sendai Framework for
Disaster Risk Reduction (1.5, 11.b, 13.1)32, creating enablers and limiting inhibitors; although the country’s
reliance of import ultimately limits the energy sovereignty of Kenya, so inhibitors relating to imports will
never be entirely overcome41.

Engaging the local community will have a widespread impact on the achievement of the SDGs27.
Programmes to raise public awareness can highlight the bene�ts of electricity and LPG and educate users
on the safe use and storage of cylinders. Such programmes can also be used as a platform for education,
strengthening enablers for Targets of education and training (SDGs 3, 4 and 5). Community engagement
involves the inclusion of residents in informal settlements. Involvement of women’s groups in community
discussions in the delivery of energy strengthens enablers of socially focussed SDGs and Targets, such as
5.5: Ensure women’s full and effective participation and equal opportunities for leadership and 10.2: By
2030, empower and promote the social, economic and political inclusion of all32,37,42. 

Political buy-in and recognition acknowledges the energy needs and practices of households in Kibera to
overcome several inhibitors, ensuring actions to promote energy access reach those in need e.g. Target 1.3:
By 2030, ensure that all men and women, in particular the poor and the vulnerable, have equal rights32. By
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acknowledging Kibera’s residents as active leaders, communities can be mobilised and empowered if
supported by government strategies of growth, education, and vocational training thus strengthening
enablers to SDGs 4, 5, 11, 16.

Lessons learnt for energy access in informal settlements

By analysing how energy access in slums and informal settlements relates to the local achievement of all
SDG Targets, we reveal the intersectoral implications of actions beyond energy, included co-bene�ts for
health, water and sanitation, climate, and other SDGs. Our methodology, applying a new taxonomy that
classi�es the impact of actions to promote energy access, highlights which Targets could be more easily
achieved through interventions in the energy system and those that are beyond reach. For policymakers in
developing countries with limited resources, such SDG mapping allows for effective prioritising by revealing
the Targets most accessible.

The ‘SDG lens’, as applied here, can be a powerful tool for the evaluation of actions. By capturing the cross-
sectoral implications of energy decision, policies, and projects (that can be seen as a combination of
actions) can be designed or re�ned to increase their impact of promoting energy access and achieving the
SDGs. Through the 17 Global Goals, the lens encompasses the economic, social, technical, legal, and
environmental perspectives that must be considered when tackling complex challenges. Nowhere is this
more important than in slums and informal settlements that, with multiple deprivations, need coherent and
coordinated action to achieve the 2030 Agenda. Following our demonstrated methodology, the SDG lens
could be applied in other contexts, be it in other informal settlements, or to other challenges, such as the
provision of water or sanitation. Applied as a framework to direct national policies and strategic projects, the
SDG lens offers a holistic outlook, helping to unpack discrete thinking and support integrated sustainable
future for all.

Methods
To apply the SDG lens to the challenge of providing energy access in informal settlements, we developed an
iterative two-step approach for SDG mapping as illustrated in Figure 5.

Step 1

We adapted the methodology of Fuso Nerini et al. 201816 that assessed interlinkages between energy
system and the 2030 Agenda and categorized them in terms of synergies and trade-offs. Through a search
of published studies and grey literature, Fuso Nerini et al. 201816 identi�ed evidence of interactions between
the achievement of each Target and the pursuit of SDG 7; the synergies and trade-offs of the interactions
were then characterised using a consensus-based expert elicitation process. Using a similar systematic
mapping of available literature, we sought to answer the question “Will the provision of electricity or LPG
access in Kibera enable or inhibit the achievement of the Target, or vice versa?”. Evidence of an interlinkage
that promoted either energy access or Target was marked as an enabler, whilst those that prohibited energy
access or Target were marked as an inhibitor. In the absence of evidence, no interlinkages were marked,
meaning the absence of published evidence, rather than the absence of an interlinkage.
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Step 2

In the second step, we selected a set of actions to overcome common barriers and promote energy access in
informal settlements. Common barriers were identi�ed from literature focussing on energy access
challenges in slums and informal settlements across the Global South43–45. Actions to overcome barriers
were based on known interventions and best practices for implementing basic services into slums and
informal settlements around the world and applicable to existing policies, projects, and programmes in
place in Kibera, and Kenya, today43,44,46,47. We then evaluated each SDG Target once again, asking “How
will actions to promote electricity and LPG access impact the achievement of the Target?”. In answer, we
developed a classi�cations system to allow for systematic thinking beyond simply enablers and
inhibitors48. The taxonomy was based on the outcome of previous mapping (Step 1), i.e. a Target identi�ed
to be enabled by electricity and/or LPG access could be further strengthened through actions to further
promote access (see examples in Table 2).

Table 2 Taxonomy to evaluate how actions affect interlinkage between actions to promote energy access
and the SDG Targets

CLASSIFICATION EXPLANATION EXAMPLE

Create Enabler Enabler, not previously
identi�ed, created as a result
of actions.

Political recognition means consideration and
recognition of informal settlements in national
policy and decision-making.

Strengthen
Enabler

Enabler previously identi�ed
improved as a result of
actions.

Programmes to raise awareness in the safe use of
energy can be used as an educative platform.

Overcome
Inhibitor

Inhibitor previously identi�ed
removed as a result of
actions.

Financial incentives improve the affordability of
energy for households.

Limit Inhibitor Inhibitor previously identi�ed
lessened, but not eliminated,
as a result of actions.

Strengthening supply chain improve security of
LPG supply but does not in�uence the global oil
price and Kenya remains dependent on imports.

Interlinkages
Stand

Enablers, inhibitors, or no
interlinkages stand as
actions have no evidence of
impact.

Actions do not impact Target

The two-step mapping methodology was applied to the case of Kibera and geographically centred on the
informal settlement. However, we could not ignore the overall supply chain involved in the delivery of energy
access. Thus, we mapped any interlinkage between Targets and upstream components of the supply chain
that were recognised to impact the provision of energy access in Kibera. Where speci�c reference to Kibera
was lacking, we widened our search, drawing on evidence from the national level and other informal
settlements within Kenya, and from the regional level from neighbouring countries in sub-Saharan Africa.

Finally, the list of actions was re-evaluated and improved based on the analysis in Step 2 (see feedback loop
in Figure 5).
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Figures

Figure 1

Share of urban population living in slums and informal settlements in 20143. Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or area
or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.
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Figure 2

Location of Kibera in Kenya on the continent of Africa 21
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Figure 3

Detailed assessment of the provision of electricity and LPG access on the SDGs. Evidence of interlinkage
that promoted either energy access or Target was marked as an enabler, whilst those that prohibited energy
access or Target were marked as an inhibitor from SDGs. In the absence of evidence, no interlinkages were
marked, meaning only the absence of published evidence, not necessarily absence of impact. Full results
can be found in Supplementary Material.
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Figure 4

Detailed assessment of the impact of interventions to promote electricity (top) and LPG (bottom) access on
the SDGs. Evidence of impact of interventions on Target was classi�ed as follows: i) New enabler
(achievement of Target created by intervention); ii) Strengthened enabler (achievement of Target improved
by interventions); iii) Limited inhibitor (barrier(s) to achievement of Target lessened by intervention); iv)
Overcame inhibitor (barrier(s) to achievement of Target removed by intervention). In the absence of
evidence, no impacts of interventions were marked, meaning only the absence of published evidence, not
necessarily absence of impact. Compared to previous mapping (Figure 3) actions to promote electricity
access strengthen 62 enablers, create a further 7 enablers, overcome 17 inhibitors and limit 11. Actions to
promote LPG access strengthened 52 enablers and created a further 11, overcoming 17 inhibitors and
limiting 7. Full results can be found in Supplementary Material.
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