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ARTICLE INFO ABSTRACT

Keywords: Urban and peri-urban communities across the Global South face considerable energy access challenges with over
Energy access one billion people living without adequate access to basic services such as energy, water, and healthcare. Lack of
SDGs

access to modern energy services has cascading effects on the United Nations 2030 Agenda and the achievement
of the corresponding Sustainable Development Goals (SDGs). In this article we address this issue, using the SDGs
as a framework to evaluate how policies and plans for local energy access can be coordinated with all SDG
Targets. With a case study in Kibera, Kenya, we analyse how local energy access could enable or inhibit all local
SDG Targets. Based on this knowledge, we propose a set of actions to achieve full modern energy access without
compromising other local Sustainable Development Goals. We propose a new taxonomy to evaluate how actions
affect the interlinkages between local energy access and the achievement of the SDGs. We find that the SDGs,
applied as a framework to direct national policies and strategic projects, offer a holistic outlook, helping to
unpack discrete thinking and support an integrated sustainable future for all.
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1. Introduction

Energy access is recognised as an enabler for sustainable develop-
ment, and its importance is acknowledged in the United Nations’ 2030
Agenda. Sustainable Development Goal (SDG) 7 aims to “ensure access
to affordable, reliable, sustainable, and modern energy for all” [1]. Yet
still today 789 million people live without access to electricity and close
to 2.8 billion people remain reliant on inefficient and polluting cooking
fuels [2]. Lack of energy access is often framed as the plight of rural
areas, but considerable challenges remain in urban communities within
or on the outskirts of cities [3,4].

Today, an estimated fifty-five percent (55%) of the world’s popula-
tion, representing 4.3 billion people, live in urban spaces [5]. Approxi-
mately one in three urban inhabitants dwell in informal settlements and
slum households, without access to basic services — potable water,
appropriate housing, healthcare — and modern energy [2,5,6]. Target
11.1 of SDG 11 Sustainable Cities and Communities aims to improve the
condition of these urban residences and “ensure access for all to
adequate, safe and affordable housing and basic services and upgrade
slums” [1]. However progress to achieve this Target is largely offset by
internal population growth and rural-urban migration [2] with seventy
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percent (70%) of the world’s population projected to live in urban areas
by 2050 [5]. Given the growing urbanisation across the developing
world, the inaccessibility of modern energy services to these urban
communities presents an urgent challenge [7].

Castan Broto et al. [8] highlighted the need for the inclusion of urban
slums and informal settlements in the energy access agenda. Earlier
studies have examined energy access in urban areas from the perspec-
tives of energy poverty measurements [9]; barriers and enabling
frameworks [7,10,11]; energy justice, sustainability assessments and
transitions [12-14]; health [15-17]; and political economy [18,19].
However, to the best of our knowledge, no study has investigated energy
access in urbans slums and informal settlements from the context of
achieving the United Nations 2030 Agenda.

The SDGs are increasingly being used as a framework to analyse and
understand such complex challenges and implications of projects and
policies across a variety of sectors [20-26] including energy [27-29].
We adopt the SDGs as a framework for analysis to investigate energy
access in urban slums and informal settlements from the context of
achieving the United Nations 2030 Agenda. A high share of urban
households in sub-Saharan Africa live in urban slums and informal set-
tlements, and the region has the lowest rates of energy access in the
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world [6]. We put forth an in-depth case study of the informal settlement
Kibera in Kenya. In Kenya, over fifty percent (50%) of urban households
live in such areas [30], whilst national access rates to electricity and
clean cooking fuels stand at fifty-six percent (56%) and thirteen percent
(13%), respectively [31,32]. Although urban slums and informal set-
tlements across the Global South share similarities in terms of their
deprivations and barriers to services, they are not homogenous, and
embedded in their historic, geographic and institutional contexts [33].
For this reason, we limit our study to a specific informal settlement to
allow in-depth analysis and draw on a case study of electricity and liq-
uefied petroleum gas (LPG) access in the informal settlement of Kibera,
Kenya.

The paper is structured as follows. Section 2 introduces our case with
a description of present-day electricity and LPG access in the informal
settlement of Kibera. Section 3 describes the methodological steps in our
application of the SDG framework. Section 4 discusses the results of our
application. Section 5 presents the implications of our use of the SDG
framework, including its potential use for policymaking and to shape in
future research.

2. Case of electricity and LPG access in Kibera

We centre our study on Kibera, an informal settlement in Nairobi,
Kenya, and examine the case of electricity and LPG access within the
community. Kibera is believed to be the “largest slum in Africa” [34].
With an estimated population between 200,000 and 700,000 people,
Kibera occupies a land area of approximately two square-kilometres
[34-36]. As the land it occupies is formally considered government
property, Kibera is classified as an informal settlement and thus resi-
dents are considered to be squatters, associated with insecurity of ten-
ancy and high vulnerability [37-39].

Despite the ambitions of the Kenyan government to achieve uni-
versal energy access by 2030 [40] energy access challenges in the
neighbourhood are considerable, with barriers of high supplier and
consumer cost, unreliability of supply, lack of awareness, safety con-
cerns, and a lack of leadership [41-43]. We limit our case to two energy
options, electricity and LPG, considered to be modern and clean energy
options [44]. Both are likely to be the dominant energy sources in urban
areas, being heavily promoted by the government of Kenya [40,41].

2.1. Electricity access in Kibera

Kenya aims to achieve universal electricity access by 2022 [40].
Kibera, less than 10 km from Nairobi’s city centre, is in close proximity
to existing distribution lines — owned and operated by the state-
corporation Kenya Power and Lighting PLC, who also own and oper-
ate transmission and distribution throughout Kenya [43,45,46]. Yet
several barriers prevent the residents of Kibera from obtaining formal
electricity access through the grid.

The connection cost to the grid is high and often required upfront at
three-to-five times the average monthly income of Kibera’s residents
[43]. Once connected, households must further add the cost of tariffs,
Value Added Tax (VAT), adjustment of fuel consumption and foreign
exchange rate fluctuations and levy to support electrification to their
electricity costs, making the energy source unaffordable for many [43].
Such expenses lead residents to obtaining informal access: via a neigh-
bour or directly tapped into the grid through faulty connections, often
through resellers who haven’t the skills or knowledge to ensure a safe
and reliable connection [41,47]. Informal resellers - often residents
themselves - understand Kibera’s energy needs, practices, and ability to
pay and often offer flexible modes of paying at a lower price than that of
Kenya Power and Lighting PLC, making such connections affordable
[42,45]. However, informal connections impact the overall electricity
supply, causing voltage drops and power shortages, meaning access is
often unreliable [42].

Whilst the Kenyan government has subsidised households’ first
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50kWh of monthly electricity consumption through a lifeline tariff since
the 1990s [41,48] only the Kenya Slum Electrification Programme has
specifically focused on the electrification of households in slums and
informal settlements across Kenya and aimed to gain customers in
Kibera [49]. Nevertheless, tensions remain between informal electricity
resellers and Kenya Power and Lighting PLC and their antagonism
further prevents households gaining a formal connection as the utility
refuses to enter the percieved hostile environment and risk the safety of
their workers [41,45]. This exacerbates the problem, stigmatising resi-
dents as untrustworthy or criminal, with basic service utilities reluctant
to improve access in Kibera, fearing it will be a commercial loss
[41,42,45,47]. Yet informal connections are a cause of concern for many
residents who report cases of electrically-induced fires and electrocu-
tions leading to serious and fatal injuries [41]. Many seek a safer, more
secure, formal connection but fear punishment for having obtained
informal access to electricity [50].

2.2. LPG access in Kibera

The Kenyan government is aiming to achieve universal access to
modern cooking by 2030, promoting the use of LPG as an alternative to
kerosene and charcoal [51,52]. However, whilst LPG use has more than
tripled in Kenya over the last two decades, it’s uptake in residential
cooking and heating has been concentrated in urban areas amongst
higher-income households [53,54]. For lower-income households,
several barriers constrain wider adoption.

LPG has a high retail cost relative to alternative lower quality
biomass fuels and over the last five years the retail cost of LPG has
fluctuated between US$1.4/kg to US$2.2/kg, having been deregulated
since 1994 [54-57]. To improve the affordability of LPG the government
removed value-added tax (VAT) on LPG in 2016, although a sixteen
percent (16%) VAT and twenty-five percent (25%) import duty still
remains on cooking appliances and accessories. In an attempt to stan-
dardise cylinders and promote competition, the government regulated
the wholesale price of LPG in 2009, requiring all wholesalers to
participate in a cylinder exchange pool [57,58]. This exchange pool was
further strengthened in the 2019 Petroleum (LPG) Regulation, stand-
ardising LPG cylinder capacities and requiring that each must be fitted
with unified valves to improve safety [59]. Nevertheless, reports of
“unscrupulous” dealers selling half-filled cylinders as well as safety
concerns for the explosion of cylinders due to LPG leakages contribute to
residents’ mistrust of the fuel [41,50].

Although there is evidence to suggest that LPG is generally recog-
nised as a clean cooking fuel by residents of Kibera, reservations remain
[50]. Due to LPG supply shortages, charcoal is often preferred, being not
only affordable and available, but delivering the right taste and look to
staple dishes prepared in the neighbourhood [50]. Residents typically
purchase fuel in small quantities on a day-to-day basis [50,54,60].
Whilst this is possible for charcoal and kerosene, LPG is often only
dispensed in discrete quantities dictated by cylinder size with 0.5, 1, 3, 6
and 13 kg available on the Kenya LPG market [59]. Smaller sized cyl-
inders aim to promote affordable LPG access for lower-income houses,
however, unlike kerosene and charcoal, where the unit price is typically
fixed, LPG benefits from economies of scale: the cost per kg decreases
per kg purchased [58]. Thus, buying in bulk offers households better
value for money as well as savings for any cylinder management offered,
but this is rarely possible for Kibera’s residents.

3. Materials and methods

The SDGs capture the aspirations of the 2030 Agenda, from the
eradication of poverty to the strengthening of worldwide partnerships
[1]. These interconnected Goals and respective 169 Targets integrate all
three components of sustainable development - social, economic, envi-
ronmental - and can be applied as a framework to direct national policies
and strategic projects with coherence and coordination. The SDG
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framework has been used to analyse and understand several complex
challenges: between Goals [22,61,62], infrastructure [23,24], energy
[27-29], artificial intelligence [26], and climate change [25].

We apply the SDG framework to the case of electricity and LPG ac-
cess in Kibera, following the methodology presented in Fig. 1 and
described in Sections 3.1 to 3.3. First, mapping the impact of electricity
and LPG access in Kibera, followed by the selection and application of
actions to promote energy access and an assessment of their impact on
the achievement of SDG Targets. Our mapping process was iterative,
with actions re-evaluated and improved based on this analysis in order
to maximise the number of Targets enabled.

3.1. Mapping the impact of electricity and LPG access in Kibera

The first step in our investigation was to map the impact of electricity
and LPG access in Kibera. We adapted the methodology of Fuso Nerini
et al. [27] in our approach. Fuso Nerini et al. [27] assessed global
interlinkages between energy system and the 2030 Agenda and cat-
egorised them in terms of synergies and trade-offs. Through a search of
published studies and grey literature, Fuso Nerini et al. [27] identified
evidence of interactions between the achievement of each Target and
the pursuit of SDG 7 and the synergies and trade-offs of these in-
teractions were characterised using a consensus-based expert elicitation
process.

In this study, we adapt this methodology to inform local decisions
making on energy access. For each of the 169 Targets of the SDGs, we
posed two questions: i. “Will the provision of electricity or LPG access in
Kibera enable or inhibit the achievement of the Target?” and ii. “Will the
achievement of the Target enable or inhibit the provision of electricity or
LPG access in Kibera?” Evidence of an interlinkage that promoted either
energy access or the achievement of Target was marked as an enabler,
whilst those that prohibited energy access or the achievement of 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. We chose to use the terms “enabler” and
“inhibitor”, rather than “synergies” and “trade-offs” as in previous
literature [25,27] to mark the causality of the interlinkage. This first
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methodological step provided the baseline assessment of the impact of
electricity and LPG access in Kibera, against which we evaluated the
performance of selected actions (Section 3.2) to promote energy access
within the SDGs (Section 3.3).

3.2. Determining actions to promote electricity and LPG access in Kibera

Actions to promote electricity and LPG access in Kibera were iden-
tified through a review of literature and considered known interventions
and best practices for implementing basic services into slums and
informal settlements around the world and applicable to existing pol-
icies, projects, and programmes in place in Kibera, and Kenya, today.
The final selection of actions was based on positive response to inclusion
criteria questions:

Has action been applied to overcome energy access barriers?

Has action been applied in context of urban slums and informal
settlements?

Has action been implemented locally, nationally or regionally?

3.3. Promoting electricity and LPG access in Kibera to achieve the SDGs

The final step in our investigation assessed the impact of actions on
each SDG Target, posing the question “How will actions to promote
electricity and LPG access impact the achievement of the Target?” To
categorise the impact of the action on the Target, we developed a clas-
sifications system to allow for systematic thinking beyond simply en-
ablers and inhibitors [62]. The taxonomy, presented in Table 1, was
based on the outcome of previous mapping (Section 3.1), i.e. a Target
identified to be enabled by electricity and/or LPG access could be
further strengthened through actions to further promote access. The
SDG framework was applied to the case of Kibera and geographically
centred on the informal settlement. However, we could not ignore the
overall supply chains involved in the delivery of electricity and LPG.
Thus, we mapped any interlinkage between Targets and upstream
components of the supply chain that were recognised to affect the pro-
vision of energy access in Kibera. Where specific reference to Kibera was

1. Impact of electricity and
LPG access

Enabler

Inhibitor

No interlinkage

i. Will the provision of
electricity or LPG access in
Kibera enable and inhibit the
achievement of the Target?
OR

Case Study SDG
Electricity and LPG

access in Kibera ii. Will the achievement of

the Target enable or inhibit
the provision of electricity or
LPG access in Kibera?

Framework
Targets 1.1
t0 17.19

-

2. Actions to promote
electricity and LPG access
i. Has action been applied to
overcome energy access
barriers?
ii. Has action been applied to
context of urban slums and
informal settlements?
iii. Has action been
implemented locally,
nationally, regionally?

How will actions to
promote electricity
and LPG access
impact the
achievement of the
Target?

3. Impact of actions to promote electricity and LPG
access

Create Enabler

Enabler Stands

Limit Inhibitor

Inhibitor Stands

I Strengthen Enabler  No interlinkage

Fig. 1. Illustration of the methodology applying the SDG framework to the challenge of energy access in urban slums and informal settlements.
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Table 1

Taxonomy to evaluate how actions affect interlinkage between actions to pro-

mote energy access and the SDG Targets.

CLASSIFICATION

EXPLANATION

EXAMPLE

Create Enabler

Strengthen
Enabler

Overcome
Inhibitor

Limit Inhibitor

Enabler, not previously
identified, created as a result
of actions.

Enabler previously identified
improved as a result of
actions.

Inhibitor previously
identified removed as a result
of actions.

Inhibitor previously
identified lessened, but not
eliminated, as a result of
actions.

Political recognition means
consideration and
recognition of informal
settlements in national policy
and decision-making.
Programmes to raise
awareness in the safe use of
energy can be used as an
educative platform.
Financial incentives improve
the affordability of energy for
households.

Strengthening supply chain
improve security of LPG
supply but does not influence
the global oil price and Kenya

remains dependent on
imports.
Interlinkages Enablers, inhibitors, or no Actions do not impact Target
Stand interlinkages stand as actions

have no evidence of impact.

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.

4. Results and discussion

We investigated energy access in Kibera from the context of
achieving the SDGs. First, we present the impact of electricity and LPG
access on achieving SDG Targets within Kibera, and the converse, i.e.,
the impact of SDG Targets on achieving electricity and LPG access. Next,
we present the impact of actions to promote electricity and LPG access
on the achievement of SDG Targets. Full results can be found in Sup-
plementary Material.

4.1. Mapping the impact of electricity and LPG access in Kibera

Fig. 2 presents the outcome of mapping, illustrating where access to
electricity and LPG enables or inhibits the achievement of each SDG
Target locally within Kibera.

Mapping the impact of electricity and LPG access in Kibera within
the SDG framework, SDG Targets are enabled across all but one SDG.
Access to modern and clean energy alleviates poverty and improves
living conditions [63] enables 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 slums.

Enabling Targets of SDGs 8 and 10, energy access provides an op-
portunity for productive employment and growth of home-based small-
and medium-sized enterprises (SMEs) [41]. 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 LPG [43]. As a cleaner fuel option, LPG has the added benefits of
allowing for faster service, cost savings and increased earnings [43,64].
Similarly, electricity can power shops and restaurants, providing
refrigeration for food storage and extending shelf-life, allowing for
longer working hours with better luminescence or lighting, and
improving customer service [43].

However, given the high upfront cost, electricity and LPG could be an
expensive alternative to charcoal and kerosene which is typically pur-
chased in small quantities on a day-to-day basis [50,65]. Increased daily
costs could inhibit residents’ ability to pay for other basic services [41].
This inhibits Targets such as 2.1: By 2030, end hunger and ensure access

Energy Research & Social Science 79 (2021) 102176

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 specifically mentions the need for “affordable” energy access.

Targets within SDG 3 Good Health and Wellbeing can be enabled by
modern energy access. Indoor air pollution (IAP) from the combustion of
solid fuels and kerosene for cooking and lighting accounts for 3.8 million
deaths each year [66] with pneumonia, as a consequence of IAP expo-
sure, a leading cause of under-five mortality in informal settlements
[67]. Women, usually responsible for cooking in the home, bear the
brunt of the health impacts of IAP [68]. Access to electricity and LPG
reduces indoor air pollution, for the benefit of health (Targets 3.1, 3.2,
3.4) when compared to the use of solid fuels and kerosene [69]. More-
over, use of LPG removes the risk of spillages or accidental poisonings
from the use of kerosene whilst formal electricity connections minimises
fatalities and injuries from faulty connections (SDGs 3.9, 6.3, 12.4) [70].
Access to electricity enables the use of information and communication
technologies to support child education and adult learning with impli-
cations for health and global citizenship (Targets 3.1, 3.d, 17.8) [71].

Reliance on imports of LPG [57,72] inhibits the achievement of
Targets within SDGs 11, 12 and 17 concerning economic resilience and
sustainability. LPG supply is governed by the throughput international
crude oil and natural gas production [58,64], meaning Kenya is
vulnerable to supply shortage and variable import costs as dictated by
global oil prices, inhibiting Targets 12.1, 12.2, 17.13 [73].

No Targets are enabled within SDG 14 Life Below Water, as the focus
of our mapping is on household level energy access. However, both
electricity and LPG access inhibit Target 14.3 which seeks to minimise
ocean acidification. Electricity generated through the combustion of
fossil-based sources and LPG, as a by-product of crude oil and natural gas
production, contributes to anthropogenic greenhouse gas emissions, the
known cause of ocean acidification inhibiting SDGs 13, 14, 15
[58,64,74,75]. Moreover, whilst over 60 percent of Kenya’s generating
capacity is from renewable sources [40], growing demand for electricity
has led to the construction of Kenya’s first coal power plant [40]
inhibiting Targets 13.1 and 13.2, and grid expansion can negatively
impact terrestrial ecosystems within Kenya (SDG 15) [76].

4.2. Determining actions to promote electricity and LPG access in Kibera

Identified actions, presented in Table 2, seek to provide energy ac-
cess in informal settlements while reinforcing identified enablers and
removing — to the extent possible — inhibitors with the SDGs Targets.

Affordability concerns are overcome through financial incentives to
affect fuel costs [77]. A range of incentives are available, and subsidies
are a common means of promoting energy access in informal settlements
[70]. For electricity, connection costs can be lowered through subsidies
and loans coordinated and implemented by the government. Monthly
payments can be arranged through prepayment methods and covered by
a lifeline tariff [49,76], whilst innovations for LPG, such as Pay-As-You-
Go, offers residents flexibility to better reflect the income of households
[78,79].

To improve availability, the supply chain involved in the delivery of
energy to households must be strengthened. For electricity this involves
the expansion of the grid - the transmission and distribution network to
and within the neighbourhood - as well as national investment into
renewable energy sources [40]. For LPG, increasing bulk storage facil-
ities along the supply chain, at the port of Mombasa and in filling sta-
tions across the country, will improve supply security, whilst increasing
the number of outlets within Kibera improves availability [57]

Community engagement, through participation and programmes,
can raise awareness for electricity and LPG, gain the trust of residents
and ensure the needs and practices of the neighbourhood are met
[50,80].

Political recognition influences all other interventions as it covers all
levels of agency and policymaking, bringing to light the otherwise
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Fig. 2. Detailed assessment of the provision of electricity and LPG access on the SDGs. Evidence of interlinkages 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.

“invisible” challenges of informal settlements [4]. Ambivalence, mis-
recognition, or non-recognition has been reported to prevent residents
from benefiting from policies, projects and programmes [41], and can be
overcome through political recognition and the acknowledgement of the
energy needs and practices of Kibera’s residents.

4.3. Promoting electricity and LPG access in Kibera to achieve the SDGs

The impact of actions to promote energy access on each SDG Target
was determined and categorised, illustrated in Fig. 3, from creating new
enablers, strengthening those in existence, to limiting or overcome in-
hibitors as described in Section 3.3. Impacts can be seen across all 17
Goals with varying effects on Targets.

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 8 [81]. For
some Targets, for example 1.3: Implement nationally appropriate social
protection systems and measures for all, financial innovations only limit
inhibitors. However, whilst subsidies and lifeline tariffs, prepayment
and financial innovations are widely adopted policy tools to lower fuel
costs and electricity, they must be ensured to reach their intended re-
cipients [4]. For example, whilst Kenya’s lifeline tariff aims to improve
the affordability to electricity access, it is consumption based and
applied to the first 50 kWh of consumption per month [42]. Provided
households are already grid connected, this tariff is built on the
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Table 2

Actions to promote energy access. Proposed actions aim to overcome identified
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 ACTIONS TO EXAMPLE
ACCESS PROMOTE ENERGY
ACCESS

Lack of affordability due to  Financial incentives

high upfront cost of

Subsidies, payment of energy
services provided (rather

electricity and LPG than the cost of energy
payments infrastructure), prepayment
methods, lifeline tariffs
Reliability of supply Strengthening Network expansion,

leading to electricity and
fuel shortages

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

Political ambivalence for
the energy needs for
slums and informal
settlements

supply chains standardisation, outlets

Community
engagement

Awareness programmes,
community participation

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

assumption that lower-income households, like those in Kibera, own
fewer appliances and consume less. Whilst not illogical, it means middle-
and higher-income households also benefit from the tariff, weakening
the overall motivation of the incentive and failing to meet the energy
needs of the poorest.

Strengthening the supply chains of LPG improves not only its avail-
ability, but also safety, affordability, and environmental sustainability
[77]. 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 , and reduce security of supply concerns as
Kenya has buffer stocks that can be drawn upon in times of shortage or
high prices [57]. This impacts those Targets whose indicators refer to the
Sendai Framework for Disaster Risk Reduction (1.5, 11.b, 13.1), 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 overcome [58]. Strengthening
infrastructure for electricity creates training and employment opportu-
nities for residents. For example, job creation in the Last Mile Connec-
tivity programme, aimed to expand Kenya’s distribution grid, was a key
performance indicator, tracking both the nature of employment (tem-
porary/permanent) and the inclusion of gender [76], strengthening
Targets 1.1, 1.2, 4.3, 4.4, 4.5, 4.7, 5.5, 5.c.

The safety of LPG is improved by standardising the cylinders, ap-
pliances and enforcing the national standards, laws, and regulations,
affecting five Targets (3.9, 8.8, 12.4, 16.5, 16.6) and requiring cooper-
ation between supply agencies and national government to ensure
appropriate legislation and enforcement of the rules [77]. Such actions
will prevent unscrupulous dealers selling half-filled cylinders and builds
trust in the community as to the availability and safety of LPG [41].

Engaging the local community will have a widespread impact on the
achievement of the SDGs [41]. Programmes to raise public awareness
can highlight the benefits 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 and are often trusted
sources of information and better positioned to understand the energy
needs of Kibera [50,82]. Engaging women, either as individuals or in
cooperatives, disseminates information quickly through the neigh-
bourhood as residents respond to more personalised forms of advertising
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such as one-to-one marketing and public demonstrations [83]. Such
participation strengthens enablers, 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 in-
clusion of all [81,84].

Political buy-in and recognition acknowledges the energy needs and
practices of households in Kibera to overcome several inhibitors
[41,70,85], 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 rights. By acknowl-
edging Kibera’s residents as active leaders, communities can be mobi-
lised and empowered if supported by government strategies of growth,
education, and vocational training [41,81,83] thus strengthening en-
ablers to SDGs 4, 5, 11, 16. Recognition of the societal norms and social
relationships between men and women allows the creation of policies
and programmes that aim to achieve a more gender-equitable outcome,
strengthening enablers of Targets of SDG 5 [81,82].

5. Conclusions

In this paper, we draw on a case study of the informal settlement of
Kibera, Kenya, to identify the impact of electricity and liquefied petro-
leum gas (LPG) access on both local residents and the achievement of
2030 Agenda. By using the SDGs as a framework for analysis, we reveal
the cross-sectoral implications of actions beyond energy, including co-
benefits for health, water and sanitation, climate, and other SDGs.
This structured knowledge of the distributional impacts that electricity
and clean cooking via LPG has on the local achievement of the SDGs
provides useful knowledge to motivate and structure policy and pro-
grammes to further energy access in Kibera. We propose that the design
and implementation of actions to promote energy access can also
maximise the local achievement of the SDGs.

Our methodology, applying a new taxonomy that classifies the
impact of actions to promote energy access, highlights which Targets
could be more easily achieved through interventions in the energy sys-
tem and those that are beyond reach. For instance, we show the
importance of community engagement, with benefits across the SDGs.
Beyond raising awareness for the use of clean and modern energy,
community engagement can also provide educational opportunities
(SDG 4), promote gender equality (SDG 5), and allow local opportunities
for leadership (SDG 10). Similarly, strengthening supply chains involved
in the delivery of energy services not only increases the availability,
quality and reliability of energy access but additionally provides
employment opportunities (SDG 8), improves safety (SDG 3) and fosters
trust in the community (SDG 16).

For policymakers in developing countries with limited resources,
such analysis allows for effective prioritising of actions by revealing
those with the most cross-benefits across development targets. The SDG
framework, as applied here, can be a powerful tool for the evaluation of
actions. By first capturing the cross-sectoral implications of energy de-
cision, policies, and projects, actions can be refined and/or redesigned to
increase their impact in both promoting energy access and the
achievement of SDGs.

We must acknowledge, however, that the 2030 Agenda is a political
compromise between the 193 member states of the United Nations, and
thus may not capture the best interests of Kibera, an informal settlement
in Nairobi, Kenya. Nevertheless, applied pragmatically - with consid-
eration of political implications and complementary international goals
and frameworks - the SDGs offer a holistic overview of the development
priorities of today’s world. The 17 Global Goals encompass the eco-
nomic, 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.
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Fig. 3. Detailed assessment of the impact of interventions to promote electricity and LPG access on the SDGs. Evidence of the impact of interventions on Target was
classified 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 inter-
vention). 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 (Fig. 2) 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 Supple-

mentary Material.

5.1. Implications for future research

Following our demonstrated methodology, the SDG framework
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
SDGs offer a holistic outlook, helping to unpack discrete thinking and
support an integrated sustainable future for all.

In our application of the SDG framework, we focused on the case of
electricity and LPG access in Kibera. We do not provide a comprehensive
review of energy access, focusing instead on two energy options
considered to be clean and modern and promoted by the government of

Kenya. Expanding to include incumbent fuels, such as kerosene and
charcoal, would reflect the realities of energy access in Kibera, and
indeed Kenya, in greater detail. Charcoal, particularly, is an important
energy source in both urban and rural Kenya, and whilst our mapping
captured the impact of LPG on the income of rural charcoal producers,
further ramifications are likely. Moreover, actions to promote electricity
and LPG access were selected based on known interventions and best
practices for implementing basic services into slums and informal set-
tlements. To evaluate actions, in order to design or refine them, a nar-
rower scope of selected actions may provide deeper, more detailed
analysis and targeted recommendations for policymaking.



E. Christley et al.

CRediT authorship contribution statement

Emily Christley: Conceptualization, Methodology, Investigation,
Writing - orginal draft, Writing - review & editing. Hanna Ljungberg:
Conceptualization, Methodology, Investigation, Writing - original draft,
Writing - review & editing. Emmanuel Ackom: Conceptualization,
Writing - review & editing. Francesco Fuso Nerini: Conceptualization,
Methodology, Writing - review & editing, Supervision.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.

org/10.1016/j.erss.2021.102176.

References

[1]

[2]

[31

[4]

[5]

[6]

[7

—

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

United Nations, Transforming our world: the 2030 Agenda for Sustainable
Development, 2015. Retrieved from https://www.un.org/ga/search/view_doc.
asp?symbol=A/RES/70/1&Lang=E.

United Nations Economic and Social Council, Progress towards the Sustainable
Development Goals (E/2020/57), 2020. Retrieved from https://unstats.un.org/
sdgs/files/report/2020/secretary-general-sdg-report-2020-EN.pdf.

A. Brew-Hammond, Energy access in Africa: Challenges ahead, Energy Policy. 38
(2010) 2291-2301. https://doi.org/10.1016/j.enpol.2009.12.016.

V.C. Broto, L. Stevens, E. Ackom, J. Tomei, P. Parikh, I. Bisaga, L.S. To, J. Kirshner,
Y. Mulugetta, A research agenda for a people-centred approach to energy access in
the urbanizing global south, Nat. Energy. 2 (10) (2017) 776-779, https://doi.org/
10.1038/541560-017-0007-x.

United Nations Department of Economic and Social Affairs, World Urbanization
Prospects: The 2018 Revision (ST/ESA/SER.A/420), United Nations, New York,
2019. Retrieved from https://population.un.org/wup/Publications/Files/
WUP2018-Report.pdf.

H. Ritchie, M. Roser, Urbanization, Our World Data. 2018. Retrieved 24 April
2021, from https://ourworldindata.org/urbanization.

R. Singh, X. Wang, J.C. Mendoza, E.K. Ackom, Electricity (in)accessibility to the
urban poor in developing countries, WIREs Energy Environ. 4 (4) (2015) 339-353,
https://doi.org/10.1002/wene.148.

V. Castéan Broto, 1. Baptista, J. Kirshner, S. Smith, S. Neves Alves, Energy justice and
sustainability transitions in Mozambique, Appl. Energy. 228 (2018) 645-655.
https://doi.org/https://doi.org/10.1016/j.apenergy.2018.06.057.

S. Pelz, S. Pachauri, S. Groh, A critical review of modern approaches for
multidimensional energy poverty measurement, WIREs Energy Environ. 7 (6)
(2018), https://doi.org/10.1002/wene.2018.7.issue-610.1002/wene.304.

R. Jimenez, Barriers to electrification in Latin America: Income, location, and
economic development, Energy Strateg. Rev. 15 (2017) 9-18, https://doi.org/
10.1016/j.esr.2016.11.001.

E. Puzzolo, D. Pope, D. Stanistreet, E.A. Rehfuess, N.G. Bruce, Clean fuels for
resource-poor settings: A systematic review of barriers and enablers to adoption
and sustained use, Environ. Res. 146 (2016) 218-234, https://doi.org/10.1016/j.
envres.2016.01.002.

V.C. Broto, Energy landscapes and urban trajectories towards sustainability,
Energy Policy. 108 (2017) 755-764, https://doi.org/10.1016/j.
enpol.2017.01.009.

I. Degert, P. Parikh, R. Kabir, Sustainability assessment of a slum upgrading
intervention in Bangladesh, Cities. 56 (2016) 63-73, https://doi.org/10.1016/j.
cities.2016.03.002.

S. Runsten, F. Fuso Nerini, L. Tait, Energy provision in South African informal
urban Settlements - A multi-criteria sustainability analysis, Energy, Strateg. Rev. 19
(2018) 76-84, https://doi.org/10.1016/j.esr.2017.12.004.

A. Franco, M. Shaker, D. Kalubi, S. Hostettler, A review of sustainable energy
access and technologies for healthcare facilities in the Global South, Sustain.
Energy Technol. Assessments. 22 (2017) 92-105, https://doi.org/10.1016/j.
seta.2017.02.022.

K. Brosemer, C. Schelly, V. Gagnon, K.L. Arola, J.M. Pearce, D. Bessette, L. Schmitt
Olabisi, The energy crises revealed by COVID: Intersections of Indigeneity,
inequity, and health, Energy Res, Soc. Sci. 68 (2020) 101661, https://doi.org/
10.1016/j.erss.2020.101661.

V. Castan Broto, J. Kirshner, Energy access is needed to maintain health during
pandemics, Nat. Energy. 5 (6) (2020) 419-421, https://doi.org/10.1038/541560-
020-0625-6.

S. Smit, J.K. Musango, A.C. Brent, Understanding electricity legitimacy dynamics
in an urban informal settlement in South Africa: A Community Based System

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Energy Research & Social Science 79 (2021) 102176

Dynamics approach, Energy Sustain. Dev. 49 (2019) 39-52, https://doi.org/
10.1016/j.esd.2019.01.004.

M.D. Cotton, J.D. Kirshner, D.L.J. Salite, The political economy of electricity access
: Lessons from Mozambique, Oxford Policy Management, Oxford, 2019. Retrieved
from http://eprints.whiterose.ac.uk/152668/.

C. Kroll, A. Warchold, P. Pradhan, Sustainable Development Goals (SDGs): Are we
successful in turning trade-offs into synergies? Palgrave Commun. 5 (2019) 1-11,
https://doi.org/10.1057/541599-019-0335-5.

P. Pradhan, Antagonists to meeting the 2030 Agenda, Nat. Sustain. 2 (3) (2019)
171-172, https://doi.org/10.1038/s41893-019-0248-8.

P. Pradhan, L. Costa, D. Rybski, W. Lucht, J.P. Kropp, A Systematic Study of
Sustainable Development Goal (SDG) Interactions, Earth’s Futur. 5 (11) (2017)
1169-1179, https://doi.org/10.1002/eft2.2017.5.issue-1110.1002/
2017EF000632.

D. Adshead, S. Thacker, L.I. Fuldauer, J.W. Hall, Delivering on the Sustainable
Development Goals through long-term infrastructure planning, Glob. Environ.
Chang. 59 (2019) 101975, https://doi.org/10.1016/j.gloenvcha.2019.101975.
L.I. Fuldauer, M.C. Ives, D. Adshead, S. Thacker, J.W. Hall, Participatory planning
of the future of waste management in small island developing states to deliver on
the Sustainable Development Goals, J. Clean. Prod. 223 (2019) 147-162, https://
doi.org/10.1016/j.jclepro.2019.02.269.

F. Fuso Nerini, B. Sovacool, N. Hughes, L. Cozzi, E. Cosgrave, M. Howells,

M. Tavoni, J. Tomei, H. Zerriffi, B. Milligan, Connecting climate action with other
Sustainable Development Goals, Nat. Sustain. 2 (8) (2019) 674-680, https://doi.
org/10.1038/541893-019-0334-y.

R. Vinuesa, H. Azizpour, I. Leite, M. Balaam, V. Dignum, S. Domisch, A. Fellander,
S.D. Langhans, M. Tegmark, F. Fuso Nerini, The role of artificial intelligence in
achieving the Sustainable Development Goals, Nat. Commun. 11 (2020) 1-10,
https://doi.org/10.1038/541467-019-14108-y.

F. Fuso Nerini, J. Tomei, L.S. To, 1. Bisaga, P. Parikh, M. Black, A. Borrion, C.
Spartaru, V. Broto, G. Anandarajah, B. Milligan, Y. Mulugetta, Mapping synergies
and trade-offs between energy and the Sustainable Development Goals, Nat.
Energy. 3 (2018) 10-15. https://doi.org/https://doi.org/10.1038/s41560-017-
0036-5.

J. Castor, K. Bacha, F. Fuso Nerini, SDGs in action: A novel framework for assessing
energy projects against the sustainable development goals, Energy Res, Soc. Sci. 68
(2020), 101556, https://doi.org/10.1016/j.erss.2020.101556.

C.M. Leite de Almeida, E. Bergqvist, S. Thacker, F, Fuso Nerini, Actions to align
energy projects with the Sustainable Development Goals, Discov. Sustain. 2 (2021)
16, https://doi.org/10.1007/s43621-021-00020-3.

Our World In Data, Share of urban population living in slums, 1990 to 2014, Global
Change Data Lab. 2021. Retrieved 24 April 2021, from https://ourworldindata.
org/grapher/share-of-urban-population-living-in-slums?tab=chart&country=KEN.
Our World In Data, Has country already reached SDG target on electricity access?,
1990 to 2016, Global Change Data Lab. Retrieved 24 April 2021, from https://
ourworldindata.org/grapher/sdg-target-on-electricity-access?
tab=chart&country=KEN.

Our World In Data, Has country already reached SDG target on clean cooking
fuels?, 2000 to 2016, Global Change Data Lab. Retrieved 24 April 2021, from
https://ourworldindata.org/grapher/sdg-target-on-clean-cooking-fuels?
tab=chart&country=KEN, 2021.

J. Rutherford, O. Coutard, Urban Energy Transitions: Places, Processes and Politics
of Socio-technical Change, Urban Stud. 51 (7) (2014) 1353-1377, https://doi.org/
10.1177/0042098013500090.

A. Desgroppes, S. Taupin, Kibera: The Biggest Slum in Africa?, Les Cah. d’Afrique
I’Est / East African Rev. 44 (2011) 23-33. http://journals.openedition.org/
eastafrica/521.

S. Balaton-Chrimes, Recognition, coloniality and international development: a case
study of the Nubians and the Kenya Slum Upgrading Project, Postcolonial Stud. 20
(1) (2017) 51-67, https://doi.org/10.1080/13688790.2017.1355878.

E. Elfversson, K. Hoglund, Home of last resort: Urban land conflict and the Nubians
in Kibera, Kenya, Urban Stud. 55 (8) (2018) 1749-1765, https://doi.org/10.1177/
0042098017698416.

J. Bird, P. Montebruno, T. Regan, Life in a slum: understanding living conditions in
Nairobi’s slums across time and space, Oxford Rev. Econ. Policy. 33 (2017)
496-520, https://doi.org/10.1093/0xrep/grx036.

V. Cronin, P. Guthrie, Alternative approaches to slum upgrading in Kibera, Nairobi,
Proc. Inst. Civ. Eng. - Urban Des. Plan. 164 (2) (2011) 129-139, https://doi.org/
10.1680/udap.2011.164.2.129.

United Nations Human Settlements Programme (UN-Habitat), Indicator 11.1.1:
Proportion of urban population living in slums, informal settlements or inadequate
housing, SDG Indicator Metadata Respository. 2020. Retrieved from https://
unstats.un.org/sdgs/metadata/.

Government of Kenya, National Energy Policy 2018, Ministry of Energy, Nairobi,
Kenya, 2018. Retrieved from https://kplc.co.ke/img/full/BL4PdOgKtxFT National
Energy Policy October 2018.pdf.

GNESD, Country report (Kenya). Energy poverty in developing countries’ urban
poor communities: assessments and recommendations. Urban and Peri-urban
energy access III., Global Network on Energy for Sustainable Development by The
Energy, Environment and Development Network for Africa (AFREPREN/FWD),
Nairobi, Kenya, 2014.

R. de Bercegol, J. Monstadt, The Kenya Slum Electrification Program. Local politics
of electricity networks in Kibera, Energy Res, Soc. Sci. 41 (2018) 249-258, https://
doi.org/10.1016/j.erss.2018.04.007.


https://doi.org/10.1016/j.erss.2021.102176
https://doi.org/10.1016/j.erss.2021.102176
https://doi.org/10.1038/s41560-017-0007-x
https://doi.org/10.1038/s41560-017-0007-x
https://doi.org/10.1002/wene.148
https://doi.org/10.1002/wene.2018.7.issue-610.1002/wene.304
https://doi.org/10.1016/j.esr.2016.11.001
https://doi.org/10.1016/j.esr.2016.11.001
https://doi.org/10.1016/j.envres.2016.01.002
https://doi.org/10.1016/j.envres.2016.01.002
https://doi.org/10.1016/j.enpol.2017.01.009
https://doi.org/10.1016/j.enpol.2017.01.009
https://doi.org/10.1016/j.cities.2016.03.002
https://doi.org/10.1016/j.cities.2016.03.002
https://doi.org/10.1016/j.esr.2017.12.004
https://doi.org/10.1016/j.seta.2017.02.022
https://doi.org/10.1016/j.seta.2017.02.022
https://doi.org/10.1016/j.erss.2020.101661
https://doi.org/10.1016/j.erss.2020.101661
https://doi.org/10.1038/s41560-020-0625-6
https://doi.org/10.1038/s41560-020-0625-6
https://doi.org/10.1016/j.esd.2019.01.004
https://doi.org/10.1016/j.esd.2019.01.004
http://refhub.elsevier.com/S2214-6296(21)00269-3/h0095
http://refhub.elsevier.com/S2214-6296(21)00269-3/h0095
http://refhub.elsevier.com/S2214-6296(21)00269-3/h0095
https://doi.org/10.1057/s41599-019-0335-5
https://doi.org/10.1038/s41893-019-0248-8
https://doi.org/10.1002/eft2.2017.5.issue-1110.1002/2017EF000632
https://doi.org/10.1002/eft2.2017.5.issue-1110.1002/2017EF000632
https://doi.org/10.1016/j.gloenvcha.2019.101975
https://doi.org/10.1016/j.jclepro.2019.02.269
https://doi.org/10.1016/j.jclepro.2019.02.269
https://doi.org/10.1038/s41893-019-0334-y
https://doi.org/10.1038/s41893-019-0334-y
https://doi.org/10.1038/s41467-019-14108-y
https://doi.org/10.1016/j.erss.2020.101556
https://doi.org/10.1007/s43621-021-00020-3
https://doi.org/10.1177/0042098013500090
https://doi.org/10.1177/0042098013500090
https://doi.org/10.1080/13688790.2017.1355878
https://doi.org/10.1177/0042098017698416
https://doi.org/10.1177/0042098017698416
https://doi.org/10.1093/oxrep/grx036
https://doi.org/10.1680/udap.2011.164.2.129
https://doi.org/10.1680/udap.2011.164.2.129
https://doi.org/10.1016/j.erss.2018.04.007
https://doi.org/10.1016/j.erss.2018.04.007

E. Christley et al.

[43]

[44]

[45]

[46]

[471

[48]

[49]

[50]

[51]

[52]

[53]
[54]

[55]

[56]

[57]

[58]

[59]
[60]

[61]

[62]

[63]

[64]

[65]

[66]

S. Karekezi, J. Kimani, O. Onguru, Energy access among the urban poor in Kenya,
Energy Sustain. Dev. 12 (4) (2008) 38-48, https://doi.org/10.1016/50973-0826
(09)60006-5.

United Nations, SDG 7 Affordable and Clean Energy, SDG Goals, 2020. Retrieved
24 April 2021, from https://unstats.un.org/sdgs/report/2019/goal-07/.

F. Boamah, D.A. Williams, J. Afful, Justifiable energy injustices? Exploring
institutionalised corruption and electricity sector “problem-solving” in Ghana and
Kenya, Energy Res. Soc. Sci. 73 (2021) 101914, https://doi.org/10.1016/j.
erss.2021.101914.

Kenya Power and Lighting Company PLC, Kenya Power, 2021. Retrieved 1
December 2020, from https://www.kplc.co.ke/content/item/14/about-kenya-
power.

R. Dave, C. Smyser, F. Koehrer, Where and How Slum Electrification Succeeds: A
Proposal for Replication, World Bank, Washington, DC, Washington DC, 2019.
Retrieved from http://hdl.handle.net/10986,/31896.

S. Whitley, L. Van Der Burg, Fossil fuel subsidy reform in sub-Saharan Africa: from
rhetoric to reality, London and Washington DC, 2015. Retrieved 27 March 2021,
from http://newclimateeconomy.report/misc/working-papers.

World Bank, Bringing Global Best Practices to Transform Kenya’s Slum
Electrification Program: ESMAP Impact, Washington DC, 2015. Retrieved from
https://www.esmap.org/node/70842.

F. Lambe, J. Senyagwa, Identifying behavioural drivers of cookstove use: a
household study in Kibera, Nairobi, Stockholm Environment Institute, Stockholm,
2015.

Government of Kenya, Kenya Vision 2030, 2007. Retrieved from http://
vision2030.go.ke/about-vision-2030/.

Government of Kenya, Kenya Action Agenda, Sustianable Energy For All, 2016.
Retrieved from https://www.se4all-africa.org/seforall-in-africa/country-actions/
action-agenda/.

Dalberg, Scaling up clean cooking in urban Kenya with LPG & Bio-ethanol, New
York, 2018.

EED, SEI, Kenya Cooking Sector Study: Assessment of the Supply and Demand of
Cooking Solutions at the Household Level, Nairobi, 2019.

Kenya National Bureau of Statistics, Statistical Releases: Leading Economic
Indicators, 2019. Retrieved 20 December 2020, from https://www.knbs.or.ke/?
page_id=1591.

Dalberg, GLPGP — Kenya Market Assessment, Washington DC, 2013. Retrieved 1
December 2020, from https://www.cleancookingalliance.org/resources/234.html.
I.C. van den Berg, Kenya’s Strategy to Make Liquefied Petroleum Gas the Nation’s
Primary Cooking Fuel, World Bank, Washington DC, 2018. Retrieved from https://
openknowledge.worldbank.org/handle/10986,/30391.

M. Kojima, The Role of Liquefied Petroleum Gas in Reducing Energy Poverty,
World Bank, Washington DC, 2011. Retrieved from http://siteresources.
worldbank.org/INTOGMC/Resources/LPGReportWeb-Masami.pdf.

Regulations (2019, 2019.).

A. Yonemitsu, M. Njenga, M. liyama, S. Matsushita, Household Fuel Consumption
Based on Multiple Fuel Use Strategies: A Case Study in Kibera Slums, APCBEE
Procedia. 10 (2014) 331-340, https://doi.org/10.1016/j.apcbee.2014.10.062.

D. Le Blanc, Towards Integration at Last? The Sustainable Development Goals as a
Network of Targets, Sustain. Dev. 23 (3) (2015) 176-187, https://doi.org/
10.1002/sd.1582.

Maéns Nilsson, D. Griggs, M. Visbeck, Policy: Map the interactions between
Sustainable Development Goals, Nat. News. 534 (7607) (2016) 320-322, https://
doi.org/10.1038/534320a.

M.A. Hussein, W.L. Filho, Analysis of energy as a precondition for improvement of
living conditions and poverty reduction in sub-Saharan Africa, Sci. Res. Essays. 7
(2012) 2656-2666, https://doi.org/10.5897/SRE11.929.

M. Gan, R. Van Leeuwen, Sustainable Development Goals Contribution of LPG,
World LPG Association, 2019. Retrieved from https://www.wlpga.org/
publication/sustainable-development-goals-contributions-of-lpg/.

F. Fuso Nerini, C. Ray, Y. Boulkaid, The cost of cooking a meal. The case of Nyeri
County, Kenya, Environ. Res. Lett. 12 (6) (2017) 065007, https://doi.org/
10.1088/1748-9326/aa6fd0.

World Health Organisation, Household air pollution and health, 2018. Retrieved
from https://www.who.int/news-room/fact-sheets/detail/household-air-
pollution-and-health.

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

Energy Research & Social Science 79 (2021) 102176

A. Sverdlik, Ill-health and poverty: a literature review on health in informal
settlements, Environ. Urban. 23 (1) (2011) 123-155, https://doi.org/10.1177/
0956247811398604.

A.B. Youssef, L. Lannes, C. Rault, A. Soucat, Energy Consumption and Health
Outcomes in Africa, Int. Res. Cent. Energy Econ. Dev. 41 (2016) 175-200.
Retrieved from https://www.iza.org/publications/dp/10325/energy-
consumption-and-health-outcomes-in-africa.

K. Muindi, E. Kimani-Murage, T. Egondi, J. Rocklov, N. Ng, Household Air
Pollution: Sources and Exposure Levels to Fine Particulate Matter in Nairobi Slums,
Toxics. 4 (2016) 12, https://doi.org/10.3390/toxics4030012.

GNESD, Assessement of selected outcomes of Global Network on Energy for
Sustainable Development (GNESD), Copenhagen, 2016.

B.K. Sovacool, S.E. Ryan, The geography of energy and education: Leaders,
laggards, and lessons for achieving primary and secondary school electrification,
Renew. Sustain. Energy Rev. 58 (2016) 107-123, https://doi.org/10.1016/j.
rser.2015.12.219.

International Energy Agency, Data & Statistics: Kenya. 2020. Retrived 30 April
2020, from https://www.iea.org/data-and-statistics?
country=WORLD&fuel=Energy supply&indicator=TPESbySource.

R. Van Leeuwen, A. Evans, B. Hyseni, Increasing the Use of Liquefied Petroleum
Gas in Cooking in Developing Countries, Washington DC, 2017. Retrieved from
https://openknowledge.worldbank.org/handle/10986/26569.

P. Munro, G. van der Horst, S. Healy, Energy justice for all? Rethinking Sustainable
Development Goal 7 through struggles over traditional energy practices in Sierra
Leone, Energy Policy. 105 (2017) 635-641, https://doi.org/10.1016/].
enpol.2017.01.038.

International Energy Agency, Energy and Air Pollution, 2016. Retrieved 1
December 2020, from https://webstore.iea.org/weo-2016-special-report-energy-
and-air-pollution, 2016.

African Development Fund, Kenya - Last Mile Connectivity Project - Project
Appraisal Report, 2014. Retrieved 1 December 2020, from https://projectsportal.
afdb.org/dataportal/VProject/show/P-KE-FA0-010.

E. Puzzolo, H. Zerriffi, E. Carter, H. Clemens, H. Stokes, P. Jagger, J. Rosenthal,
H. Petach, Supply Considerations for Scaling Up Clean Cooking Fuels for
Household Energy in Low- and Middle-Income Countries, GeoHealth. 3 (12) (2019)
370-390, https://doi.org/10.1029/2019GH000208.

PayGo Energy, Paygo Energy - Clean Cooking for the next billion, 2020. Retrieved
1 December 2020, from https://www.paygoenergy.co/.

Envirofit, Cookstoves, Clean Energy Initiatives, Social Impact Investing, 2020.
Retrieved 1 December 2020, from https://envirofit.org/.

F. Lambe, Y. Ran, E. Kwamboka, S. Holmlid, K. Lycke, S. Ringstrom, J. Anneback,
E. Ghosh, M. O’Conner, R. Bailis, Opening the black pot: A service design-driven
approach to understanding the use of cleaner cookstoves in peri-urban Kenya,
Energy Res. Soc. Sci. 70 (2020) 101754, https://doi.org/10.1016/j.
erss.2020.101754.

ENERGIA, Gender in the transition to energy for all: from evidence to inclusive
policies, ENERGIA the International Network on Gender and Susatinable Energy,
2019. Retrieved 30 March 2020, from https://energia.org/assets/2019/04/
Gender-in-the-transition-to-sustainable-energy-for-all_-From-evidence-to-inclusive-
policies FINAL.pdf.

E. Fingleton-Smith, The lights are on but no (men) are home. The effect of
traditional gender roles on perceptions of energy in Kenya, Energy Res, Soc. Sci. 40
(2018) 211-219, https://doi.org/10.1016/j.erss.2018.01.006.

T. Sesan, Scale Versus Substance? Lessons from a Context-Responsive Approach to
Market-Based Stove Development in Western Kenya, in: Springer, Cham, (2015)
233-245. https://doi.org/10.1007/978-3-319-15964-5_21.

B.C. Farhar, B. Osnes, E.A. Lowry, Energy and Gender, in: A. Halff, B.K. Sovacool, J.
Rozhon (Eds.), Energy Poverty Glob. Challenges Local Solut., Oxford University
Press, 2014, pp.230-239. https://doi.org/ 10.1093/acprof:oso/
9780199682362.003.0008.

J.A. Haselip, T.H. Larsen, E.K. Ackom, G.A. Mackenzie, J.M. Christensen,
Reflections on experience with the global network on energy for sustainable
development as a South-South global knowledge network, Energy Sustain. Dev. 36
(2017) 37-43, https://doi.org/10.1016/j.esd.2016.11.002.


https://doi.org/10.1016/S0973-0826(09)60006-5
https://doi.org/10.1016/S0973-0826(09)60006-5
https://doi.org/10.1016/j.erss.2021.101914
https://doi.org/10.1016/j.erss.2021.101914
http://refhub.elsevier.com/S2214-6296(21)00269-3/h0235
http://refhub.elsevier.com/S2214-6296(21)00269-3/h0235
http://refhub.elsevier.com/S2214-6296(21)00269-3/h0235
http://refhub.elsevier.com/S2214-6296(21)00269-3/h0250
http://refhub.elsevier.com/S2214-6296(21)00269-3/h0250
http://refhub.elsevier.com/S2214-6296(21)00269-3/h0250
http://refhub.elsevier.com/S2214-6296(21)00269-3/h0285
http://refhub.elsevier.com/S2214-6296(21)00269-3/h0285
http://refhub.elsevier.com/S2214-6296(21)00269-3/h0285
http://refhub.elsevier.com/S2214-6296(21)00269-3/h0290
http://refhub.elsevier.com/S2214-6296(21)00269-3/h0290
http://refhub.elsevier.com/S2214-6296(21)00269-3/h0290
http://refhub.elsevier.com/S2214-6296(21)00269-3/h0295
https://doi.org/10.1016/j.apcbee.2014.10.062
https://doi.org/10.1002/sd.1582
https://doi.org/10.1002/sd.1582
https://doi.org/10.1038/534320a
https://doi.org/10.1038/534320a
https://doi.org/10.5897/SRE11.929
https://doi.org/10.1088/1748-9326/aa6fd0
https://doi.org/10.1088/1748-9326/aa6fd0
https://doi.org/10.1177/0956247811398604
https://doi.org/10.1177/0956247811398604
https://doi.org/10.3390/toxics4030012
https://doi.org/10.1016/j.rser.2015.12.219
https://doi.org/10.1016/j.rser.2015.12.219
https://doi.org/10.1016/j.enpol.2017.01.038
https://doi.org/10.1016/j.enpol.2017.01.038
https://doi.org/10.1029/2019GH000208
https://doi.org/10.1016/j.erss.2020.101754
https://doi.org/10.1016/j.erss.2020.101754
https://doi.org/10.1016/j.erss.2018.01.006
https://doi.org/10.1016/j.esd.2016.11.002

	Sustainable energy for slums? Using the Sustainable Development Goals to guide energy access efforts in a Kenyan informal s ...
	1 Introduction
	2 Case of electricity and LPG access in Kibera
	2.1 Electricity access in Kibera
	2.2 LPG access in Kibera

	3 Materials and methods
	3.1 Mapping the impact of electricity and LPG access in Kibera
	3.2 Determining actions to promote electricity and LPG access in Kibera
	3.3 Promoting electricity and LPG access in Kibera to achieve the SDGs

	4 Results and discussion
	4.1 Mapping the impact of electricity and LPG access in Kibera
	4.2 Determining actions to promote electricity and LPG access in Kibera
	4.3 Promoting electricity and LPG access in Kibera to achieve the SDGs

	5 Conclusions
	5.1 Implications for future research

	CRediT authorship contribution statement
	Declaration of Competing Interest
	Appendix A Supplementary data
	References


