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This document focusses on a holistic understanding of how
socio-economic systems and technical engineered systems interact
regarding access, maintenance, and regulation of electricity
systems in Kenya. It concludes electricity access is an emergent
feature resulting from interactions between technologies,
governance, and economic considerations in a complex ecosystem.

Three major findings:

e Electrification efforts rely currently on large numbers of informal
technicians. Improving the skills of these technicians on safety
and quality is a key to improving safety, reliability and access.

e Recognising that local governance structures form an important
part of creating and extending safer electrical systems.

e Overcoming barriers to secure women'’s involvement in the
electricity sector as technical practitioners will enable the shortfall
in skills to be addressed.
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Executive summary

Energy consumption in Africa is expected to increase by over
100% in the next 30 years. Maintaining economic growth while
relying on fossil fuels poses adverse environmental impacts due
to the rise in carbon emissions. As the effects of climate change
are increasingly felt by communities worldwide, electrification
plays a vital role in mitigating these adverse effects.

Kenya is produces 80% of its
electricity from renewable sources,
including geothermal, hydro, and
solar. In 2018, Kenya launched the
Kenya National Electrification
Strategy (KNES) to provide a roadmap
towards universal electricity access
by 2022. The strategy provides an
outlook into the technologies Kenya
will use to electrify through grid
extension, mini grids, and solar home
systems (component-based systems
and plug-and-play systems).

Given Kenya’s abundance of solar
irradiation, using these technologies
is practical. Thus, the implementation
of the technologies is ongoing.
However, some challenges may
stand in the way of long-term
electrification progress. This is
especially true for new solar systems
yet to establish a reputation for
long-term electrification solutions.

To redlise the strategy’s ambitions,
these challenges should be
identified, and their solutions sought
and implemented.

To achieve this, we organised
workshops based on studies the
team conducted related to each of
the technologies used for
electrification in Kenya. The first four
workshops were breakfast meetings
with experts on the specific
technologies and their related
governance structures. The final
workshop was a three-day workshop
open to the sector where governance
issues were elaborated. The identified
governance issues are presented in
the report.

The governance issues include formal
and informal institutions operating
within the ecosystem, enforcement of
quality and safety in the ecosystem,
the involvement of women in the
electricity workforce, and moral and
ethical issues. Governance
challenges related to reliability in
healthcare are also highlighted, given
the importance of this sector. The
actions of both individual and
institutional actors are analysed to
map responsibilities and challenges.

Technology-related complexities
were also identified. From an
engineering vantage point,
technological issues are complicated,
but when socioeconomic
considerations come into play, the
system becomes complex. The
techno-socioeconomic ecosystem
then intersects with governance
issues to create an even more
complex ecosystem. This can make it
hard for policymakers to untangle the
issues and thus optimally target their
limited resources.

We conclude that electricity access is
an emergent feature that results from
interactions between technologies,
governance, and socioeconomic
considerations. The findings suggest
that no unilateral solutions can
enable the effective implementation
of technologies when it comes to
electricity access. What there is,
however, is multitudes of small
actions which, if undertaken t
ogether, can result in improved
electricity access.
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Abbreviations and acronyms

CBS
CSO
DIy
EPRA
Giz

IMF

IP

IPPs
KEBS
KEPHIS
KenGen
KNBS
KNES
KPLC
LEAP-RE
MoEP
MTF
NACOSTI
pPVv

PnP
PURAMS
SDGs
SETADISMA
SHS

SuU

TVET
UN
UNESCO

Component-Based Systems

Civil Society Organisations

Do It Yourself

Energy and Petroleum Regulatory Authority GDP Gross Domestic Product
German Corporation for International Cooperation IEA International Energy Agency
The International Monetary Fund

Intellectual Property

Independent Power Producers

Kenya Bureau Of Standards

Kenya Plant Health Inspectorate Service

Kenya Electricity Generating

Kenya National Bureau of Statistics

Kenya National Electrification Strategy

Kenya Power and Lighting Company

Long-Term Joint EU-AU Research and Innovation Partnership on Renewable Energy
Ministry of Energy and Petroleum

Multitier Framework

National Commission for Science, Technology, and Innovation

Photovoltaic

Plug-and-Play

Productive Use in Rural African Markets using Standalone Solar

Sustainable Development Goals

Sustainable Energy Transition and Digitalisation of Smart Mini Grids for Africa
Solar Home Systems

Strathmore University

Technical and Vocational Education and Training

United Nations

United Nations Educational, Scientific and Cultural Organization
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1. Introduction

11  What s electricity access?

Sustainable Development Goal 7 seeks to “ensure access to
affordable, reliable, sustainable, and modern energy for all”
The goal is used to guide and measure energy access around
the world. It emphasises four critical aspects of energy access:
affordability, reliability, sustainability, and modernity. It is also
the starting point for most definitions of access.

In practice, the definition of “electricity
access” varies. Rather than a
monolithic, universally embraced
definition, it is used within a spectrum
of frameworks and evaluative criteria
and is applied differentially by
different entities, governments, and
subject matter authorities.[1]

Kenya Power and Lighting Company
(KPLC) is the main Kenyan electricity
distribution utility. KPLC draws its
definition of access from the

International Energy Agency's (IEA)
“The Energy Progress Report”. The IEA
works with governments and industry
to shape a secure and sustainable
energy future using the UN SDGs as
its main alignment guide [2].

Beyond definitions, access needs to
be measured. KPLC reports the
number of electricity connections as
access. However, it is important to
note that a connection does not
always equate to access to

affordable or reliable electricity. The
World Bank Multitier Framework (MTF)
builds on this and redefines access to
electricity away from connectivity:. It
includes metrics on service levels
experienced by households and
others, as shown in Table 1[1].

This report relies on the MTF
approach to explain the complexities
in setting governance in Kenya’s
electricity sector.

Table 1. Multitier matrix for measuring access to household electricity supply.

1. Peak
Capacity

| 2 Availability
3 | (Duration)

3. Reliability

4. Quality

‘ 5. Alford-
ability
6. Legality

7. Health &
Salety

Voltage problems do not affect
the use of desired appliances

Cost of a standard consumption package of
365 kWh/year < 5% of household income
Bill i= paid to the utility, pre-
paid card seller, or authorized

representative

Absence of past

accadents and

percephon of legh nsk n the
future
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1.2 Electrification: the African context

Energy is a key economic input; thus, nearly all industries have
productive applications that require it, particularly in the form of
electricity. It is a key enabler of manufacturing, communications,
underpinning business transactions, media services, job search,
and other facets of today’s economy.

Historically, electrification has been
linked to large-scale economic
transformation as it increases
agricultural productivity and pushes
workers into manufacturing and
service industries, thus fuelling
economic growth [3].

In 2019, the electrification rate on the
African continent stood at 46% with
570 million Africans having no access
to electricity and only 16% having
access to clean cooking. In 2020,

the COVID-19 pandemic slowed down
the growth rate of energy access as
most African economies shrunk,
leaving 4% more people without

electricity access in 2020 compared
to 2019. The overlapping crisis of
Russia’s invasion of Ukraine also
contributed to a reverse in the
positive trend in energy access
because of a rise in prices of
commodities, food, and energy [4].

Africa’s energy demand is set to
surpass that of the European Union
by 2050 [5]. Pursuing economic
growth, which historically has been
energy-intensive, while relying on
fossil fuels risks massive increases in
carbon emissions. Therefore,
promoting electrification using
renewable energy offers a promising

opportunity to contribute to climate
goals, while developing the continent.

This is in line with continental
ambitions. Africa maintains the
lowest emission per capita globally
contributing 3% of the total globall
CO2 emissions [6]. Yet, most of the
countries on the continent have
committed to promoting climate
change mitigation and adaptation
measures by acceding to
international treaties such as the
Paris Agreement of 2015 and
submitting Nationally Determined
Contributions (NDCs) that reflect
these commitments.

1.3 Electricity access in Kenya

In 2018, Kenya launched the Kenya National Electrification Strategy
(KNES) to provide a roadmap towards universal electricity access

by 2022. The strategy is summarised in Figure 1[7].

* 269,000 connections were to be
achieved through grid extension' to
serve households within a 15 km
radius of the existing medium

Figure 1. Kenya National Electrification Strategy, 2018.
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The electrification alternatives are
shown in Figure 2.

Solar Home Systems
700,000 Existing Customers; Potential for 1.96 Million more HHs

1 Inthe KNES, considered areas within 15 km radius from the existing medium voltage lines (11 kV and 33 kV).

2 Grid intensification is achieved by extending short (up to 2 km) medium voltage lines and additional transformers
to connect more consumers (Kenya context).

3 Installing additional distribution transformers on existing medium-voltage to connect housing clusters within 600
meters of existing distribution transformers (Kenya context).
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Figure 2. Summary of electrification options in Kenya.
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Figure 3. Kenyan electrification mapping.
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1.4 Governance and complexity

Kenya faces various challenges in implementing the grid, mini
grids, component-based solar systems(CBS), and plug-and-play
(PnP) systems. Table 2 highlights some of the challenges [7].

Table 2. Challenges in implementing key technologies in the electricity sector.

Technology Example of challenges

Frequent blackouts affect essential facilities such as hospitals, particularly

The Grid ) )
in the rainy season.

The high cost of electricity, driven partly by the devaluation of the Kenyan
currency, limits new installations. This is because many households that
would benefit most from mini grids live below the poverty line and cannot
afford to keep up with the increasing costs. The result is reduced electricity
consumption for those who need it most.

Mini grids

CBS

PnP

Lack of technical capacity and knowledge of CBS systems has left the
industry facing poor quality and unsafe installations.

Counterfeit products have in recent years flooded the Kenyan market.

A study conducted by Lighting Africa in March 2016 indicated that the top
two key challenges solar retailers are grappling with are low-quality
counterfeit and faulty products that lower consumer trust [8].

The outcome of each challenge
mentioned above is a failure to
deliver electricity access as
promised. Blackouts can lead to
varying consequences, from minor
inconveniences such as being late
to work to major expenses such as
high hospital bills. The proposed
solution for blackouts is to enhance
electricity reliability, which may
require significant investments in
high-quality electricity infrastructure.

As with the blackout example, all the
stated challenges are not purely
technical, social, or economic.

Instead, each challenge results from
combining the three, creating
governance complexities. For
example, to ensure the quality of CBS,
the Kenyan government licenses
technicians to install solar systems.
However, consumers often have their
systems sized by retailers with no
technical expertise or licencing.

In such a scenario, decisions at the
social level differ from how they are
legislated to be undertaken at a
policy level. The decision-takers, the
households, hold the ultimate power
over decision-making as the buyers.

This decision is undertaken within
certain constraints, for example,
what a household can afford or their
knowledge of the dangers of poor
quality installations.

This report provides the above and
more examples of issues in all four
electrification options, the perceived
and actual decision-makers, and
the constraints they face. It draws
upon recent mixed methods
research conducted by Strathmore
and workshop discussions that
synthesised knowledge from
various stakeholders.
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2. Methodology

The governance of safer electrical systems in Kenya was analysed
through the Safer Complex Systems framework by McDermid et
al. [9]. The framework provides a methodological approach to
structure findings on factors that introduce complexity, systemic
failures stemming from this complexity, as well as strategies and
regulations necessary for risk management. Work done by
Strathmore and different collaborators to study elements of the
electricity sector was presented at workshops. The work, shown
below, served as key inputs to stakeholder discussions which

then fed into this report.

1. Household perceptions of
solar quality - 2019

This project was an interdisciplinary
social science and engineering
research study on component-based
and plug and play solar systems. The
study sought to understand household
perceptions of off-grid solar quality,
relationships between consumers,
and last mile distribution channels.
The final report is being compiled and
will be available at annewacera.com
in December 2023 [10].

2. Solar training: Women - 2017,
2019, 2021, 2023

The projects (4) aimed to reduce
barriers to the adoption of solar
photovoltaic systems in Kenya by
increasing the number of skilled
technicians. They targeted women
because there are few women solar
photovoltaic technicians. The projects
upskilled women with formal
education and those without [11].

A similar project is currently underway
in Rwanda.

3. Electricity reliability in
healthcare facilities - 2021

The project sought to document
electricity reliability and its effects on
health service provision at 812
healthcare facilities in rural Kenya. The
project sought to collect data on the
issue because reliability of electricity
in healthcare facilities has little
existing empirical data. The data from
these facilities was analysed and

shared with policymakers in and
outside of Kenya [12].

4. Mapping the electric
appliance quality ecosystem -
2021

The project, which was funded by
Modern Energy Cooking Services,
sought to map the household
appliances quality ecosystem in
Kenya. The research findings will
enable the identification of quality
setbacks that the electric cooking
sector might face as it expands in the
country. Recommendations provided
are intended to guide the approach
to quality for the electric cooking
sector, although some of the
recommendations are also applicable
to other electric appliances. The final
report will be made available at
mecs.org.uk in November 2023.

5. Development of a solar
powered electric cooker -
2022

The project piloted electric pressure
cookers in Western Kenya households
to understand cooking norms, develop
cooking menus, and build electric
cooking use-profiles. It targeted homes
connected through the Last Mile
Connectivity Project, a programme by
the Kenyan government which
expanded the grid and connected
Kenyans in rural areas [13].

6. Faza mini-grid study - 2022

The study was done as part of a
project under LEAP-RE (Long-Term

Joint EU-AU Research and Innovation
Partnership on Renewable Energy
(leap-re.eu)) called SETADISMA
(Sustainable Energy Transition and
Digitalization of Smart Mini -Grids for
Africa). SETADISMA aims to address
challenges in mini-grid technology
including energy planning,
digitalisation research and
development, and related capacity
building, for both green field and
brown field projects in Algeria, Kenyaq,
and Rwanda [14].

7. Design and sizing tool for
component-based systems -
2023

The project seeks to develop an
Android smartphone app (Sunsafe)
that can size a solar system to
address the lack of solar technicians
in rural areas. The app will help
consumers, sellers, and retailers have
easy access to information that can
help them in the design, purchase,
and acquisition of solar systems [15].

8. Repair Café: Cambridge

Chris Moller (Evonet Energy), one of
Anne’s collaborators, has been
running a repair café in Cambridge,
UK that repairs electrical appliances
and electronics. In Kenya, such a
repair ecosystem does not exist.
Given that appliance issues are
universal, the challenges drawn from
the UK can provide a learning point
for Kenya hence the work has been
referenced for the repair section.

All the projects were carried out
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separately by different groups of
collaborators and share some
common themes. Potential areas for
policy intervention were identified
through these projects, ranging from

improving the capacity of suppliers to
install and repair electrical
equipment, to documenting poor
quality goods in the sector and the
sources of the problem. Workshops

(described in greater detail below)
were organised to collate
unpublished and published
information from the different projects
and present it to stakeholders [16].

2.1 Stakeholder workshops

Data collection was conducted through six workshops

as described in Annex 6.1.

The workshops synthesised
knowledge across a variety of
stakeholders in the sector. The
workshops aimed to identify the
causes and consequences of system
complexity that lead to systemic
failures as well as the main
stakeholders involved. The eight
studies described in 2 Methodology
were exhibited in the respective

workshops and feedback was
received from the experts on whether
they agreed with the findings, found
the content relevant to the Kenyan
context and which uncharted areas of
research should be delved into further.

The workshops were transcribed and
analysed using the York Framework.
Stakeholder analysis was conducted

using the Power-Interest grid in
Annex 6.2, which has been
previously used for research on
energy planning [17]. Participants in
the workshops were asked to place
relevant stakeholders into the four
clusters based on their perception of
how influential and interested a
stakeholder is in the governance of
electrical systems.

2.2 Scope and limitations of the work

This work largely focuses on the governance of the electricity
ecosystem from a demand-side perspective. In that context, user
perspectives are the main frame of reference shaping the
narrative. Other frames of reference are technicians in the
ecosystem, women in the sector, the regulator, and marginally, the
utility. The study provides limited perspectives of actors outside

these specific stakeholders.

The report seeks to provides an
outlook of what that ecosystem looks
like to these stakeholders from a
technical, economic, and social
(norms) standpoint. It provides
anecdotes on how stakeholder does
or does not attempt to gain from or
contribute to electricity access, and
the reasons behind those actions. A
substantial focus is placed on skills in

the electricity sector and challenges
faced by the key stakeholders in
using or mainstreaming the use of
formalised labour.

The governance framework within
which the ecosystem operates and
the interactions of the various
stakeholders with its different facets
are also explored. Governance in the

context of this study refers to the
formal rules and regulatory systems
and the informal system, where
individuals, within or without
institutions, regulate their own actions
as they fulfil their roles within the
ecosystem. The mental model of
governance is as shown in Figure 4
and explained in Table 3.
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Figure 4. The governance mental model.

Table 3. Explanation of the governance mental model.

The formal and informal rules and norms that organise social, political,

Institutions ) i .
and economic relations. They are ‘the underlying rules of the game’

Include the written laws, policies, rights, and regulations enforced by

Insstigelis (eiiel) official authorities

The usually unwritten norms, customs, or traditions that shape thought

Institutions (informal) and behaviour

Individuals within or without institutions. They are always informal since their

People (informal ) ) .
ple ( ) actions are traits borne out of personal decisions.




Safer governance of Governance of safer electricity
complex systems reports systems in Kenya

3. Analysis and insights

3.1 The stakeholders

The stakeholders who attended the workshops are shown
in Figure 5.

Figure 5. Stakeholders present at the workshop.
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3.2 Stakeholder identification and classification

Workshop participants in Figure 5 identified the main stakeholder
groups (Figure 6) involved in the governance and safety of
electrical systems as defined in Annex 6.1.3.4

The participants (Figure 5) then in Kenya (Figure 7). This classification relevant policies. Of note is that the
organised the stakeholders (Figure 6) was done using the Power-Interest power and interest of stakeholders is
based on their power and interest in grid in Annex 6.2. to stakeholders specific to this context can change
the governance of electrical systems highlight who has influence over over time owing to different factors.

4 The size of the bubble indicates the number of workshops in which a given stakeholder was identified
during the participatory mapping exercises.
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Figure 6. Stakeholders mentioned at each breakfast meeting.
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1. Players

Governmental bodies responsible for
energy development, policies, and
regulation fall under players. For
instance, the Ministry of Energy and
Petroleum (MoEP), has both the
authority and vested interest in
ensuring the success and proper
management of the electrical system.
It fulfils its mandate through state-
owned agencies such as Kenya Power
and Lighting (KPLC) being the primary
distribution utility company and
Kenya Electricity Generating (KenGen)
the largest power producer. The
operational decisions of these entities
directly affect the system's reliability
and efficiency. Thus, they have high
stakes and power in the sector.

Energy and Petroleum Regulatory
Authority (EPRA): As the regulatory
body, EPRA has the power to
formulate regulations on tariffs, and
operation of the electrical system -
which is key to ensuring its safe
operation - among other aspects of
the power sector. It has a high
interest in ensuring the sector
operates fairly, transparently, and
sustainably. Independent Power
Producers (IPPs) play a crucial role in
diversifying and expanding Kenya'’s
electricity generation capacity. Their
investment and operations are
directly tied to the electrical system.

2. Context Setters

Government agencies that play a
secondary role to electricity supply
and regulation have been placed as
context setters - they have high
power but low interest in the granular
details. Organisations such as the
Kenya Ports Authority, Ministry of
Trade, Investments and Industry and
Anti-Counterfeit Authority have power
to control imports of low-quality
electrical component. However, issues
around the importation of low-quality
components are high in their mandate.

Funding development partners such
as GizZ, World Bank and the African
Development Bank (AfDB)have
significant influence because of their
financial contributions to power

sector activities and projects.
However, once they provide funding,
they might not be deeply involved in
day-to-day operations, mainly only
receiving progress or monitoring
reports at intervals - hence the lower
interest in the granular details.

3. Subjects

Non-Governmental Organisations
(NGOs) and Civil Society
Organisations (CSOs) often advocate
for consumers, the environment, and
marginalised communities. Their
influence might be limited compared
to governmental bodies, but their
interest in the sector is high. They hold
a significant interest in ensuring
inclusive and environmentally friendly
practices are upheld.

Individual consumers might not wield
significant power over energy policies
or operations, but their collective
needs and feedback are vital. They
have a high interest because they
rely on electricity for daily activities
and business operations. Private
sector suppliers and contractors
play specific roles in supplying
materials or services. However, they
have broader strategic interest in
the system’s overall direction and
how policies and regulations impact
their operations.

4. Crowd

Governmental bodies such as the
National Commission for Science,
Technology and Innovation (NACOSTI)
and Kenya National Bureau of
Statistics (KNBS) do not directly
influence the operations or policy
decisions of the electrical sector. They
don’t have the authority to set energy
policies, and regulations, or manage
power sector infrastructure and are
not interested in the direct outcomes
of the day-to-day operations of the
electrical sector.

However, as the national research
agency and the national body for
statistical activities, is expected to
provide reliable statistics on
electricity access, consumption, and
infrastructure, which is critical for

other stakeholders’ planning,
decision-making, and policy
formulation. Ideally, they should have
high interest in collecting and
disseminating accurate and relevant
data about the sector.

Retailers were also classified as crowd
because of their low power and low
interest in the governance and safety
of electrical systems. Retailers rely on
manufacturers to ensure the products
comply with safety standards.
Additionally, they have limited
expertise in detecting and controlling
the sale of low-quality products.
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3.3 Technology and the users

3.3.1 The capacity question

All electricity systems can be
designed to meet specific electricity
needs, but their capacity
fundamentally determines what they
can reliably power. Capacity, referring
to the maximum power output a
system can reliably provide, is
influenced by several key factors,
including energy requirements,
scalability, and affordability.

Energy requirements refer to the total
power demand (in watts or kilowatts)
needed to operate all desired
appliances within a system. As
households acquire more applionces
or upgrade to more powerful ones,
energy requirements increase,
necessitating a corresponding
increase in system capacity.

Scalability is the ease with which a
system's capacity can be expanded

to accommodate higher energy
requirements. A scalable system
allows for seamless additions or
upgrades without major overhauls.

Centralised systems like the power
grid often excel in scalability and
benefit from economies of scale,
translating to lower per-unit electricity
costs. This makes them ideal for
areas with high or potentially growing
energy requirements.

Figure 8. Electricity system capacity.

Capacity makes defining what
constitutes “access to electricity”
a complex issue with no single,
universal answer. Does the person
who owns a PnP system that can
power one lamp have access
vis-Q-vis another connected to the
grid and can power a ‘limitless’
number of appliances?

If one uses a baseline of either nothing
(no electricity connection) or fossil fuel
alternatives such as kerosene (for
lighting), a PnP system is, a good
alternative. If one uses a higher tier
source (such as the grid) as a
baseline, then the PnP system might
be seen as less desirable. However, if
the reliability of the higher tier source

is poor, then a PnP system that can
provide power, is a better alternative.

Therefore, the answer to the question
“what capacity is deemed access?”
requires that a range of factors be
assessed. Factors which might vary
highly between one household

and the other.
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Figure 9. Tiers as used in this section.

3.3.2 Affordability

Affordability impacts every facet of
electricity systems, as it shapes
consumer decisions at every level.
While technical system capacity is
essential in enabling the use of
appliances, it's affordability that
ultimately drives adoption.

The cost of both appliances and
the electricity itself must align with
a household’s budget for them to
take full advantage of available
capacity. This cost pressure can,
unfortunately, incentivise cost-
cutting measures that jeopardise
quality and safety.

Table 4 provides examples of how
prioritising short-term affordability
can lead to quality and safety
compromises with long-term
conseguences.

Table 4. Users, wiring, and solar installations.

Users are responsible for wiring

They might seek out the cheapest wiring technician, to the
detriment of the quality of the wiring

They might seek out the cheapest solar technician, to the

detriment of the quality of the solar system

The grid L o
2 thus select their wiring technician
Users are responsible for selecting
CBS the solar technician who installs
their system
Can take either route - Users select
Mini-grid their wiring technician or the

operator does it for them

Same challenges when users select their own technician or if
the mini-grid operator uses an unqualified technician




Safer governance of
complex systems reports

Governance of safer electricity
systems in Kenya

This can then create a positive
feedback loop, leading to a race to
the bottom as shown in Figure 10.

Figure 10. Relationship between users, cost, and technicians.

User seeks out
cheap technician

Some qualified technicians
leave the market

Consumer trust, thus willingness
to pay more, reduces

Some qualified technicians

lower prices

Unqualified technicians provide the
services at the low cost

Poor quality systems are installed

Poor quality electrical installations
have considerable implications for
safety because they run the risk of
causing electrical fires. PnP and
electric appliances come ready to

use hence, the failure point happens
at the point which consumers need

to identify the quality of the product
as summarised in Table 5.

Table 5. Relationship between users, PnP, and electrical appliances.

PnP and electric

Users are responsible for selecting
appliances their electric appliances and PnP

They might select the cheapest electrical appliance or PnP
based on their income without consideration of quality

This can create a feedback loop,
leading to a race to the bottom as

shown in Figure 11. Owing to their poor

quality, some appliances can cause
harm if they malfunction while in use,
thus compromise user safety.

Figure 11. Relationship between users, cost, and longevity of products.

User purchases poor
quality product

Trust, thus willingness to pay
a higher price, is reduced

Product fails faster and
needs replacement

Those who would want to prioritise
quality face an uphill task of
understanding technical information
required to identify good quality
products. Most turn to use of brands
as a quality proxy and

recommendations by family and
friends, which are not accurate
sources of information on quality:.
Others turn to their local technicians,
who they deem knowledgeable and
ask for recommendations.
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3.3.3 Environmental
sustainability

Environmental sustainability is fast
becoming an important consideration
for individuals and companies, and
governments are creating policies to
support the efforts [18]. This form of
sustainability requires that products be
built to be durable and easily repairable
to minimise the electronic waste. This,
however, often conflicts with financial
sustainability which seeks to extract
maximum value from consumers to
provide returns for shareholders.

Further, financial incentives can be at
odds with sustainability objectives for
the following reasons:

* The upfront cost of energy efficient
appliances tends to be higher than
that of other appliances [19].

It takes longer for the consumer to
buy a replacement hence less
consumption occurs owing to a
finite number of customers.

» After-sales service adds costs that
can be hard to recover, given that
they are hard to anticipate.

e A product that is easy to support
might be easy to copy or imitate
which can result in potential loss of
revenue for the companies that
own the IPRs.

From a user perspective, these
competing interests can create a
conflict between applionce
affordability (initial cost) and
sustainability.

Figure 12. What sustainability means to different stakeholders.

Environmentalists:
Minimising impact on
non-renewable
resources

C—

Consumers:
Delivering
lasting
benefits

World of finance:
Still showing good
return on investment
(Rol) after (x) years

Unfortunately; this is usually in conflict with the other two
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3.4.1 The formal and informal
3.4.1.1 The installers

During the 2019 study on household
perception of solar quality, the team
interviewed electricians, solar
technicians, sellers of solar systems,
the regulator (EPRA), and the
standards body (Kenya Bureau of
Standards - KEBS). Interviews were
transcribed and analysed, and the
results were published. Findings
presented in this section are based on
unpublished analysis of the interviews
and stakeholder discussions.

Governance: the individuals and institutions

They provide an outlook on what the
electricity ecosystem looks like from a
policy vantage point [10].

As discussed in 3.3, most users have
limited knowledge of the systems
themselves, hence depend on
technicians to make that decision.
Therefore, their ability to select a good
technician is crucial in ensuring that a
good quality system is installed. The
Kenyan technician ecosystem is
regulated by EPRA that licences
technicians and assigns different
classes, which designates the size

5 See Section 2.2 for the mental model of the formal and the informal

and kind of electrical systems the
technicians can install. The main
classifications are wiring technicians
(referred to as electrical workers by
the regulator) and solar technicians.
These technicians operate formally
due to their licensed status.

Figures 13 and 14 show the
distribution of these technicians in
the country vs the average
population as of the 2019 census.
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Figure 13. Registered Class Tl - T3 solar technicians in Kenya by county. 6

County: Uasin Gishu
Count of Solar Technicians: 42
Population 2019: 1,163,186

County: Mombasa
Count of Solar Technicians: 43
Population in 2019: 1,208,333

County: Nairobi
Count of Solar Technicians: 476
Population 2019: 4,397,073

Count of Solar Technicians per County (The larger the bubble the more the technicians) Population 2019
1 (09 200 (B0 400 143,920 b B
@ 100 () 300 { 476

Figure 14. Registered Class A-1to C-2 electrical workers in Kenya by county. 6

County: Kiambu
Count of Electrical Workers: 123
Population in 2019: 2,417,735

County: Nairobi
Count of Electrical Workers: 760
Population 2019: 4,397,073

County: Mombasa
Count of Electrical Workers: 73
Population in 2019: 1,208,333

Count of Electrical Workers ( the larger the bubble the more the workers) Avg. Total Population19
-0 () 400 (59 760 1a3.020( D - 397073
@ 200 () s00

6 The top three counties with the highest number of technicians are highlighted.
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The number of licensed technicians is
insufficient relative to the population
size and its needs. In addition, these
technicians are concentrated in
heavily populated regions, leaving
rural communities with poor access
to their much-needed services.

Knowledge of the technician licensing
system and process of checking if a
technician is suitably licenced tends
to be limited to technical practitioners.
It is therefore difficult for most
households to identify a suitably
licensed one. This vacuum is filled by
informal technicians who tend to be
retailers of solar systems in rural
areas. They provide services that

should ideally be provided by formal
technicians (wiring and solar) [20].

Most informal technicians learn
through apprenticeship (supervised
by other informal technicians) or are
self-taught (a seller who sells solar
panels) hence tend not to be privy
to the best practices. Some are
unaware of the consequences of
eliminating components such as a
charge controller in a solar system.
This lack of knowledge can make
the informal technician more willing
to make illegal connections or
eliminate components. This is
dangerous as it can cause electrical
accidents compromising human

Figure 16. Process of selecting formal vs informal technicians.

Am | aware of the technician

no

licensing system?

yes

Which one is more important -

quality

Is there a formal technician at my
location and can | contact them?

yes

Can | afford the services of the formal
technician?

yes

Do | trust that the technician won't
install a bad system at the price of a
good quality one?

yes

I'll hire a

formal

technician

affordability or quality?

affordability

I'll hire an

informal
technician

no

safety, in addition to reducing system
durability (lifetime) and longevity.

Figure 15. The challenge with untrained
technicians (mostly informal).

Untrained electricians are not
knowledgeable about technical
parameters of electrical systems:

Watts vs Lumens.
Misconstrue higher
wattage to mean
brighter

Solar vs battery.
Use them
interchangeably

The services of formal or licensed
technicians can cost more than those
offered by informal technicians,
especially where the informal
technician is a retailer seeking to
make a sale. This poses a significant
challenge where both categories
compete for clients in a highly price-
sensitive market, as shown in Figure
10 in Section 3.3.2.

Additionally, for consumers who are
nonetheless willing to pay for a
licensed technician, the process of
identifying one can be quite tedious
and time consuming. The process
entails accessing and downloading
a list of licensed technicians from
EPRA's website and thereafter
selecting a technician from a
considerably long list of names.
This lack of convenience in finding
a licensed technician can lead
consumers to resort to the services
of informal technicians.
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The increased focus on data
protection and privacy has introduced
another layer of complexity in the
process of identifying a licensed
technician through the EPRA website.
The current list that is publicly
available on the website contains the
name of the technician, their mobile
number, and email address. Data
protection laws require explicit
consent to allow personal details to
be listed and it is not clear if the
technicians provided explicit consent.
Several institutions have been sued
for listing individual’s personal details
and EPRA will also be removing those
details from the list - which will make
it even harder for consumers to find

a licensed technician.

3.4.1.2 The resulting ecosystem

Beyond secondary school, access to
formal education in Kenya is limited.
In 2021, 826,807 students graduated
from secondary school and of those,
only 145,145 (17.5%) will attend
university, while 180,751 (21.87%) will
attend colleges and TVET (Technical
and Vocational Education and
Training) centres[21] The remaining
will likely end up working in the
informal sector. Therefore, the sector
is much larger than the formal one.
According to the World Bank (2020)
Report, Kenya’s informal sector
accounts for at least 87% of
employment opportunities and
employs 15 million Kenyans [22].

In the electricity sector, these two
sectors exist in parallel with limited
interaction at an institutional
regulatory level. Formally, there exist
two pathways to become a licensed
electrical practitioner in Kenya: post-
secondary education or
apprenticeship (supervised by a
formally registered practitioner) [23].
This route requires an individual to
take a course, such as solar
technician training, to be a solar
technician. A useful note is that one
can be formally educated as an
electrical engineer, but not formally
qualified to install solar because of
lack of solar training, which requires
an extra certification.

The second formal route is
apprenticeship which allows
individuals with formal training to get
the right qualifications, for example
an electrical engineer apprentices
with a solar technician to get solar
expertise. Those without formal
training can use apprenticeship to
join the formal sector as stipulated by
the Kenya National Qualifications
Authority [24]. For both the solar and
wiring sectors, in class training and
apprenticeship are the first of two
steps that lead to licensing. The
second step involves undertaking an
examination set by the regulator.

Upon passing the examination, which
examines both theoretical and
practical aspects, one is issued with
a license to practice. As a practice,
licensing is a quality verification
system that exists to enable users
identify the right persons to hire for a
given task and to improve regulatory
oversight thus safety and quality of
installed systems. As with all quality
verification systems, knowledge of
the licensing system by the end user
is cardinal to its usage, which faces
challenges as described in 3.4.11.

Further to knowledge of the technician
system, to get a safe and good quality
system, users need to make sound
judgement which requires knowledge
of the risks of not making the right
judgement (a fire might occur) and
knowledge of actions to mitigate
against the risks (buy a specific
product). While knowledge of risks is
tough to measure, actions to mitigate
against those risks can be measured
by assessing who is hired to do
electrical works.

Findings from the research showed
that users tend get their solar systems
installed by technicians selected by
retailers or the retailers themselves.
Those getting grid wiring tend to use
local technicians who are untrained.
It is unclear whether these choices
are the results of lack of knowledge,
apathy, or other factors such as the
lack of technicians, all which are
stated in this section. The outlook of
the resulting ecosystem is as follows:

1. The Grid

The utility technicians (green in Figure
18) perform most of the electrical
works and install a pole at the
household level as shown in Figure 17.

Figure 17. An electricity pole next to a house.

For the connection to be complete,
the household is required to hire a
wiring technician. While there exist
licensed technicians (formal), it was
unclear how many households were
aware of them. Most respondents
reported that they used local
technicians (very likely informal) who
were known to provide electrical
services to the community. Formal
(dark blue) and informal technicians
(light blue) are shown in Figure 18.

Figure 18. Users and electrical actors in
the grid ecosystem.

Energy and

Petroleum Wiring

Regulatory technicians
Authority Licensed wiring

Licenses wiring electricians
electricians

4

Utility
Grid installation
and maintenance

Local
technicians
Unlicensed
electricians who
do wiring
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In an ideal situation, this use of
informal technicians with unknown
qualifications should not be an issue.
This is because on paper, once the
installation is done by the electrician,
the utility should check the wiring
installation to ensure that it is up to
the required standards before
connecting a home [10].

In reality, the numbers of connections
made per day during the Last Mile
Connectivity Project for instance, far
outnumbered the utility’s staff
(engineers). At some point, according
to information provided by a staff of
the utility, as many as 20,000
connections were being undertaken
per day in remote areas which were
sometimes located very far apart in
terms of distance. This led to
nuMerous connections going
unchecked, likely a major contributing
factor to transformer level outages,
particularly in Western Kenya [25].

2. Mini grids

Mini-grid wiring depends on the
planning of the mini grids. Some
mini-grid operators elect to do an
end-to-end installation thus take a
grid-like approach while others allow
households to hire their own wiring
technicians. The same issues
described in ‘1. The Grid’ above arise
when users select their own wiring
technicians without oversight.
However, the technician selected by
the mini grids operator could also be
the local technician (very likely

informal) without proper qualifications.

Figure 19. Users and electrical actors in
the mini-grid ecosystem.

Wiring
technicians
Selected by minigrid
provider

\ 4

Minigrid
Installation and
maintenance

Wiring
technicians
Selected by
households

3. Component-based solar
(CBS) systems

In CBS systems, all the electrical
works are done by the user hired
technician. This is a departure from
the grid and mini grids, where the
responsibility for system quality is
distributed between engineers
employed by the utility/mini grids
and technicians hired by the users.
Therefore, decisions undertaken by
the end user have the ultimate
impact on system quality, given that
they select and hire the technician
who then designs and installs

the system.

Figure 20. Users and electrical actors in
the CBS ecosystem.

Energy and
Petroleum
Regulatory
Authority T
Licenses solar Local Do it
practitioners who technicians yourself

Unlicensed
technicians
who install
solar

Users buy
components
from shops and
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design, install,
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systems

Solar
technicians
Install solar
systems

Users
get an installer

Electrical
shops
Shops sell
components to
users and provide
them with an
installer for a fee

There are multiple avenues to access
an installation as shown in Figure 20.
From the workshop, this was
attributed to a general lack of
understanding that solar is electricity,
especially for people who adopt the
‘Do It Yourself (DIY)” approach for their
solar installations. This means that
the risks are not understood or, if
understood, are not taken seriously
because solar is viewed as posing
less risk to safety, than electricity
supplied through the grid. The result
can be installations such as the one
in Figure 21.

Figure 21. An unsafe CBS system installation.

4. Plug-and-play (PnP) systems

PnP systems come preassembled
and therefore do not need a
technician to ensure system quality.
They are akin to electrical appliances
hence their name, plug-and-play.

Figure 22. Two PnP systems - each
powering a lamp.

Identifying quality is paramount for
these systems. Users who purchase
PnP sold through the formal system
(in dark blue), are more likely to
procure good quality systems.
However, given the newness of the
solar ecosystem, there are few
established brand names akin to
Samsung in the phone ecosystem.
Additionally, one of the well-known
brands was found to be heavily
counterfeited which means that a
brand name cannot be the sole
determinant of quality [10].

Purchasing from the informal
ecosystem also poses certain risks
such as lack of safety assurances
and lack of warranty.
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Figure 23. Users and electrical actors in
the PnP ecosystem.
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3.4.2 Enforcement of the
electricity systems

While the consequences of the
environment are observed in Section
341, the causative agents of that
environment, from a regulatory
perspective, were not well
understood before the workshops

were held. Therefore, this section is
based on conversations with
stakeholders in the ecosystem, in a
bid to understand the ecosystems in
3.412. The section seeks to explain
the circumstances within which
regulators operate.

Wiring and solar installations should
be reported to the regulator for
better planning, quality, and safety
management [26]. However,
adequate numbers of enforcers are
needed for enforcement to be
effective. While it is unclear how
many enforcers should be deemed
adequate, it was noted that current
numbers are almost certainly too
low. It was reported that some
departments responsible for
enforcement of electrical systems are
understaffed, with some having less
than five people in charge of
enforcement for the whole country.

Hiring more people is tied to
government hiring policies which, as
of 2023, is being driven by austerity
measures imposed by the IMF

Bailouts by the IMF are conditional
to ceasing government hiring, similar
to the 90s Structural Adjustment
Programme [27]. Therefore, it is
unlikely that more enforcement
officers will be hired to increase
enforcement in the electrical sector.
This means that for both reported
and unreported systems, safety and
quality issues will be identified once
an accident happens, and the
responsible personnel sent to
investigate. Sites where an accident
happens but reports are not made
remain unidentified.

Reported accidents in electrical
systems from 2016 to 2022 are as
shown in Table 6 [28]. Most of the
wayleaves, safety culture, and
ignorance accidents involved the
encroachment of trees. Engineers
reported that they hold meetings at
a local level to convince households
to cut trees and branches, with

little success.

Table 6. Sources of electrical accidents according to EPRA.

2016- 2017- 2018- 2019-

2020-

2021-

Root cause of accident 2017 2018 2019 2020 2021 2022 Average %
Defective / fallen power lines 26 13 2] 36 57 32 31 24%
lllegal activities and vandalism 22 22 19 24 34 19 23 18%
Wayleaves encroachment 27 19 18 26 29 5) 21 16%
Poor / substandard customer wiring 23 14 13 19 21 19 19 14%
R e 4 o B . w® 8w
Ignorance / foolhardy acts il 2 5 14 28 19 13 10%
Other causes 1 1 1 9 19 4 4 3%
Grand total 134 80 92 133 207 126 129 100%

Identifying the root cause of an
accident and apprehending poor
quality installers in the case of
substandard wiring is only the first
step in enforcement. For enforcement
to be effective, perpetrators should be
warned and repeat offenders punished
to deter other bad actors [29]. The
regulator depends on the judiciary

to prosecute offenders using existing
laws. However, Kenyan laws have

not caught up with the continually
evolving challenges in electricity
systems which is understandable
because mass electricity adoption
is new in the country, and laws tend
to lag technology.

This lag means that penalties, as per
Kenyan laws, are minimal when
compared to potential gains to firms
from installing poor quality electricity
systems. This can work to dissuade

regulators from pursuing offenders
because the legal system will not
punish them commensurate to the
harm done. The legal system is also
slow in processing cases which
can sometimes take years to
prosecute. This is an extra expense
for regulators, who often have a
limited budget allocated by the
National Treasury requiring them

to prioritise expenditure.
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Enforcement can also be challenging
when social and political interests
override engineering redlities. Electrical
systems are a fire hazard and certain
building standards should be met for
a household to get an electricity
connection from the grid or higher
voltage sources. During the Last Mile
Connectivity Programme, in respect
of which the drive to achieve high
connection humbers, some connections
were undertaken despite very valid
safety concerns as shown in Figure 24.

Figure 24. A rural electrical installation of a
grass-thatched house.

3.4.3 Electrification of social
amenities

This section seeks to provide an
outlook into social amenities,
focusing on healthcare facilities,
given their importance to wellbeing
and development. The section is
based a study launched as COVID-19
lockdowns came into effect in 2020,
to assess the reliability of electricity
in healthcare facilities. The study
surveyed 812 healthcare facilities in
Bomet, Busia, Homa Bay, Kericho,
Laikipia, Makueni, Marsabit,
Nyandarua, Samburu, and Tana
River Counties in Kenya [12].

Figure 25. Study Area: Electricity reliability
in healthcare facilities.
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The percentage of health facilities in
the sample that experienced any
blackout in the past 7 days and the
past 30 days for sample size N =1271
was as shown in Figure 26.

Figure 26. Incidence of blackouts in the past
7 and 30 days.

Blackout in o,
past 7 days 48%

Blackout in
past 30 days

The workshops sought to identify
and understand the reasons behind
these findings. It was noted that the
counties that were worst affected

by blackouts in the survey, had
challenges with transmission
infrastructure. The transmission
infrastructure challenges are currently
being addressed in different sections
of the region but will take time to be
fully resolved.

The survey was also done during the
rainy season. Blackouts are a
frequent occurrence during rainy
seasons owing to poor quality or
poorly maintained grid infrastructure.
It may not be possible to reduce
incidences of blackouts immediately
thus there is need to reduce
reconnection time once a blackout
occurs. To achieve this, healthcare
facilities can be prioritised for
reconnection when a blackout
occurs. It was reported that such a
system (prioritisation of social
amenities) was tried but cancelled.
The reason for the cancellation was
that politicians and influential
individuals abused the system by
registering their houses and that of
friends as social amenities.

A common solution adopted by the
facilities is installing a backup system,
typically generators.

Figure 27. Backup power sources in
healthcare facilities.
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While only 1.3% of the facilities
reported that they didn’t have a
backup source, power outages still
affected the provision of health
services and costs incurred by the
facility. 40% of the facilities indicated
that the facility’s total energy costs
are because of the costs of
maintaining and running backup
power sources, speaking to a high
dependence on generators. Facilities
with solar as a backup also reported
that they experienced downtime,
which is concerning.

This is of concern because there are
multiple programmes financing the
installation of solar systems in
healthcare facilities [30]. The findings
in this section point to the importance
of such programmes doing follow
ups to ensure that the systems are
working which will enable learning.

3.4.4 Electricity and gender

This section reports the experiences
of the Strathmore team while
undertaking training for women, and
stakeholder discussions on the same.
While women comprise half the
population, their numbers in the
energy sector are not equally
representative. Given this issue of
concern, the governance structures
in the sector and within women’s lives
were examined to understand how
to increase diversity in the sector [11].
The section highlights takeaways
from the experiences of these
women from both before and after
their training.

The first training for women held by
the Strathmore team was in 2017 and
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was financed by the Lighting Kenya
programme. The training targeted 20
women with a maximum of a high
school education, working in the solar
sector as salespeople. One of the
women who attended the 2017 training
was a young woman who did not
believe that a woman should go up a
roof, owing to her position as a pastor’s
wife. Later in 2020, not only was she
going up roofs, but she was also the
best salesperson in her company.

In this case, a self-limiting belief
existed within her personal
governance structures as shown in
the mental model in Section 2.2.

That belief was challenged by seeing
women like her doing the training
and being solar technicians. This
highlights a barrier to increasing the
number of women in the sector - the
beliefs held by the women about their
abilities, which is normally dictated to
them by their personal (individual),
formal (marriage), and informal
(cultural) institutions.

Two women from the same training
programme reported that this gave
them knowledge about the systems
they were selling which enhanced
their confidence while selling the
systems. The certificate, they said,
gave them protection and
ammunition. Previously, when selling
solar systems, they would get
ridiculed and shunned because men
did not believe that they knew what
they were saying. With a certificate,
they were able to provide proof that
they did, in fact, understand the
systems they were selling.

Two other women were promoted
after getting trained and certified.
As women in sales, they rarely got
to work in the technical arms of their
companies, such as repair, where
most repair and installation
technicians are men. The training
gave them confidence to start
tinkering with the systems for repair
and show leadership skills in
fieldwork. In these cases, the
limitation was societal pressures
(informal) in a world that believes
technical work and leadership can
only be done by men.

These stories of how training helped
women get promoted or start a
business in solar were consistently
repeated. While the two-week course
might not give the women the skills
that lead to all the post training
outcomes, it improves their existing
knowledge and helps them gain
confidence. Therefore, formal
education and training is important
in enabling women in the informall
sector (such as solar sales) to gain
career mobility.

The training is done in a women-only
format which seeks to create a safe
space where women are less afraid
to be wrong for fear of being ridiculed
and less afraid to ask questions for
fear of looking stupid. This provides
a nonjudgemental space for women
to learn, which isn’t commonplace

in formal spaces, and might even
be frowned upon. In informal spaces,
women have women-only self-help
groups where they do peer-to-peer
lending, among other things. A lot
can be learned from these informal
institutions regarding the inclusion of
women in formal spaces.

A major challenge experienced in
organising these training sessions is
the threat of domestic violence. While
interventions that empower women
are great, they can cause household
tensions that place women in harm’s
way. In one project that gave electric
pressure cookers to households for
free, at least five women were
warned against participating by their
husbands. While formal interventions
can be useful in these situations,
informal ones like selecting the
women through self-help groups,
rather than as individuals, can
mitigate against the issues.

3.4.5 Moral and ethical issues

This section notes the issues that
were raised and those observed in
the studies that we have undertaken.
The first thing to note is that a good
quality installation cannot save a
system from poor quality
components [31].

Figure 28. Components and system quality.

The system is
LA unlikely to be a
good quality
system

Are the
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The system is

likely to be a
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Importers of electric equipment and
appliances were implicated in the
importation of poor quality products.
An importer interviewed for the
appliance study stated that some
importers purchase poor quality
goods at low prices and sell them to
unwitting resellers or consumers [32].
When caught, some take advantage
of the weaknesses of the system
such as the slow court system or
bribe their way out of consequences.

Technicians (both formal and
informall) were also implicated in the
installation of poor quality systems.
Some of them knowingly install poor
quality systems or omit components
such as charge controllers to get a
job from a client or to make a profit.
At times, they even have the support
of communities who protest the
dismantling of unsafe installations
by the regulator because they prefer
poor quality systems to having

no electricity.

Overall, the electricity ecosystem
faces a huge issue when it comes to
moral and ethical issues. During the
workshop, no conclusion was made
on how to resolve these issues, given
how socially embedded they are.
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4. Discussion and
transferable learnings

4.1 Informal technicians

It is unrealistic to expect a largely informal economy to implement

electricity access in a majorly formal manner. For universal
electricity access in our ecosystem, governance should be fit for
purpose. Section 3.4.1illustrates an existing disparity between
governance as intended (formal) and governance as is (mostly
informal). This governance gap results in the installation of poor

quality systems that are unsafe for communities needing electricity.

Closing this gap requires assessing what we intend vs what
happens for every technology used to electrify communities.

Where formal governance systems
can be applied, national government
policies can be the most adequate
tool if effectively used. Where policy
gaps or weaknesses are identified,
suitable policies can be developed or
strengthened. For informal systems,
at a government level, two
competing interests have been
identified in Sections 3.32, 3.4.], and
3.4.2. These are the national
government’s duty to the people of
Kenyaq, thus a reluctance to endorse
informal sector practitioners versus
community deference to using the
services of informal sector
practitioners - with the latter resulting
in consumers being exposed to poor
quality and unsafe systems.

For this reason, it might be helpful to
allow local governments (counties) to
seek solutions drawn from national
laws but community-oriented and
suitably tailored to address each
county’s unique circumstances. This
might be effective because of local
governments’ access to
communities. For example, in Kenya, a
national government representative

at the county (the county
commissioner) has access to
communities through administrators
called chiefs. Chiefs and their
subordinates, subchiefs, could
identify all individuals who undertake
electricity and solar installations in
their area. The grounds and rationale
of such an exercise should not be
punitive. Instead, the exercise should
seek to identify and upskill local
informal technicians to increase safe
systems in communities.

The interpretation of the
government’s duty of care is
essential to the success of such an
exercise. As stated, the current
governance system is characterised
by a reluctance to endorse informal
practitioners, which operates on the
principle that individuals will abide by
formal systems either willingly or by
carrot or stick measures. An
alternative approach would centre
the community’s deference to
informal practitioners. This method
admits that the issue at hand is
complex. Thus, unconventional
methods might be required to resolve

the problem. The current
interpretation and application of the
governance system can then be
adapted by using formal technicians
for the upskilling exercises to increase
knowledge and interest in the formal
licensing track.
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4.2 Protecting users

Sections 3.3 and 3.4 illustrate the decisions being made in the
current ecosystem. Users are making purchase decisions, sellers
are making business decisions, installers are making livelihood

decisions, the government is making electricity policy decisions and

so on. Some decisions take precedence over others, as discussed
in Section 4.1, which creates anticipated and unanticipated
consequences which lead to poor quality and unsafe systems.

The most significant player is the
government, which has an arsenal of
tools to enforce compliance, as
discussed in Section 3.4.2. The
preferred alternative tends to be
willing compliance, followed by
carrots (such as tax incentives), then
sticks (punitive measures).

Punitive measures, such as licensing
systems, target intermediaries such
as sellers and installers discussed in
Sections 3.3.2 and 3.4.1. However, the
effectiveness of these measures is
predicated on two factors - the
government’s enforcement capacity,
which is discussed in Section 3.4.2,
and user knowledge - thus the ability
to either make the right choice or
seek recourse through enforcement.
The latter creates a problem because
users in this ecosystem tend to be
the least knowledgeable regarding

electrical technologies and, therefore,
tend to defer to the intermediaries for
information. Where the interests of the
intermediaries and users align, a safe
and sound quality system is installed.

Where those interests do not align, a
conflict of interest often arises. The
more knowledgeable party, usually
the sellers and technicians, have the
ultimate say without the users’
knowledge, who need to have the
necessary expertise to know whether
the information provided to them is
accurate or not. Adding to this
complexity, intermediaries who lack
knowledge operate from the point of
ighorance themselves. Intermediary
versus user ignorance differs
because intermediaries can learn
from failures by installing many
systems. However, learning can be
complex, where they need more

knowledge on why the system failed,
and so develop inaccurate theories
on the cause of the system failure,
causing even more errors in future.

The likely solution for seller
knowledge is as outlined in Section
4.1. The same structures can be used
to reach and educate users. Chiefs
must hold local meetings called
Baraza every two weeks, where
communities discuss pertinent
matters. Formal technicians, with
the help of informal technicians,
can educate communities at these
meetings. As with the solution
proposed in Section 4., formall
technicians seek to adopt and
maintain an interpretation that
prioritises the safety of systems
over a system that reflects practical
realities and community practices
that include informal technicians.

4.3 Grid safety

As illustrated in Figure 24, the social rationale behind connections

is valid. Given the importance of electricity, every Kenyan deserves
an equal opportunity to an electricity connection. There is an equity

and inclusion question to be answered where specific structures
are discriminated against. Such discrimination, if allowed, might
disproportionately impact communities that use flammable
materials to build their houses, such as pastoralist communities in
Kenya. This is a bad outcome of a well-intended safety decision.

Making such a decision would require
one to ignore the community’s
vulnerability from the decision maker’s
vantage point, especially when they
have a duty of care to them.
Changing the type of housing
structures these communities live in is
a complex topic that risks erasing

their cultural practices. Therefore,
such efforts should involve extensive
community engagement and
financing to improve such structures.
However, given the poverty levels in
such environments, a change of
housing structures is not a priority
because other urgent needs, such as

food security and access to clean
water, must be addressed. However,
electricity can be an enabler of food
security through irrigation and help
with clean water provision. Electricity
can also improve livelihoods by
introducing cold chain technologies
to cool meat or fish.
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Another solution would be providing
the communities with lower-tier
electricity, as described in Section
3.3.1. Low-income communities are
unlikely to adopt expensive
appliances soon after the
connection; thus, lighting would be
their core energy need. This would
reduce the risk of fires while
addressing the immediate need. This,
however, requires that some people
be provided with electricity based on
their present needs (they need
lighting, so safety should be
prioritised). Others are supplied with
electricity based on their future
needs (they need lighting today, but
because they have a safe housing

structure, they can be connected
based on anticipated consumption).
This is still discrimination based on
housing structure, which results in the
same issue described above.

Another major issue plaguing the grid
is trees, as mentioned in Section 3.4.2.
Where trees are located on private
land, property owners often prefer to
avoid lop trees. This is despite the
number of outreach campaigns
reported to have been done by
engineers working for the national
utility company on the dangers
posed by trees or their branches
being too close to power lines. Given
that the trees are growing on

privately owned land, households
can ignore warnings with little
conseguence. In such instances, the
government’s intervention is required
to prevent avoidable injuries and
deaths. However, individuals with
influence over government
institutions meant to enforce the
lopping of trees, such as politicians,
might use their influence to incite
communities to resist government
efforts to implement this lopping
requirement. Political influence is an
essential element within the
electricity sector, given the example
in Section 3.4.3, where it impedes
the delivery of electricity to
healthcare facilities.

4.4 Economic constraints

As discussed in Section 3.4.2, most enforcement in electricity
systems is done by the government. However, while the government
can implement a carrot-and-stick approach for the population that
does not comply willingly with regulations and policy directives,

economic constraints may limit its reach.

Low numbers of enforcement officers
can hinder effective enforcement,
leaving user knowledge as the only
protection that users have against
noncompliant actors. This effectively
places the power in the hands of
intermediaries. Therefore, countries
with oversized economic constraints,
such as low-income countries, are
limited in how much they can rely on
government enforcement to protect
users. In other words, if adequate
numbers of enforcement officers
cannot be employed, regulations that
require them remain ineffective.

Therefore, training users to identify
poor quality and unsafe systems
becomes the go-to solution in an
environment where multilateral lending
institutions have raised concerns over
the government’s high public sector
wage bill. If good quality systems cost
more than poor quality ones (which is
not always the case), price-sensitive
customers will opt for poor quality. This
price sensitivity can also lead to the
design of a poor quality system if the

user asks the seller or technician to
omit some components. Hence,
sellers might lack the power to
influence affordability decisions by
users, where users mostly lack the
technical knowledge to ascertain
safe and suitable quality systems.

These two issues interact and cause
a breakdown in trust, leading to
dishonest practices. The user
distrusts the seller’s intentions and
thus requests the omission of
components to cut costs, believing
that the seller is up-selling them. The
seller is unwilling to lose a potential
customer and complies with the
user’s request, even when the seller is
aware of the harmful impact of doing
s0. The information asymmetry
between buyer and seller leads to
distrust and narrative development
on both sides, with each narrative
developed acting as evidence
supporting their respective actions.
For example, a seller selling an energy
efficient bulb requires that customers
understand and value energy

efficiency - which often requires the
customer to incur a higher upfront
cost to purchase the bulb but
translates into savings in the long run.

Given the above challenges, the
judiciary can step in to enable users
to seek recourse or enforcers to
implement the ‘stick’ part of
enforcement. However, given the
challenges pointed out in Section
3.4.2, laws need to be updated so
that the penalty matches the crime
committed, especially for unsafe
electrical systems that pose risks to
human life. The length of time spent
waiting for a judgment can also
discourage individuals from filing a
complaint. Kenya introduced the Small
Claims Court to deal with smaller
claims, which provides an opportunity
to obtain decisions within 60 days of
filing a lawsuit. To effectively use this
opportunity, judiciary members should
be upskilled to enable them to
understand better and address issues
related to the electricity sector, as
outlined in this document.
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4.5 Gender

Governance systems can be essential in safeguarding and
enforcing women's rights, supporting equal opportunities. This
should be done considering the societal socio-cultural norms to
reduce the harm that can occur in empowering women.

As discussed in Section 3.4.4,
numerous barriers must be
overcome to secure women’s
involvement in the electricity sector
as technical practitioners. Some
obstacles are easier to overcome,
such as self-limitations, while others,
including affordable access to
childcare services, are intermediate.
Others will require significant
interventions and societal change,
which can be challenging to address,
for instance, the risk of domestic
violence in reaction to their
empowerment. Despite these
challenges, efforts should continue to

ensure more women become
involved in the sector.

Including more women is likely to
result in certain advantages and to
ease some governance challenges in
the sector. An example of this is the
limited mobility of women in rural
areas - most trained women rarely
leave their homes to seek
employment opportunities elsewhere,
which allows for the retention of the
technical knowledge they gain in their
communities. This is especially true for
women with children, who tend to be
overlooked when opportunities are

available. Often this is because of the
need for childcare support services,
which can be expensive and thus
difficult to access. This makes the
inclusion of women seem more
costly to financiers of such training
programmes despite training

women being a key to improving
women’s opportunities.

Therefore, the entry of more women
technicians can support an increase
in the overall number of technicians in
remote environments, which has
been identified as a critical
bottleneck in Section 3.4.1.

4.6 Conclusions: future research

In the sections above we identify the importance of informal

technicians, but also to improve their skills and quality. We recognise
that making use of local and community-based systems to achieve

this will help to improve systems of governance.

This approach can also be applied
to resolving the second area around
grid safety and the quality of the
equipment installed. These situations
need purchasers, who often have
limited budgets, to be empowered
to make safer choices and challenge
situations where poor work or
products are supplied. Finally, we
suggest that increasing women in
the workforce can dramatically help
overcome a critical bottleneck in
increasing the number of technicians,
particularly in remote areas.

We suggest that these
recommendations form the basis of
future work and provide feedback
on the impact, including identifying
successful and unsuccessful
recommendations.

We further Identify a range of
governance challenges on Grid Safey
in Section 4.3 above, such as the
issues around flammable
construction materials. These still
need plausible solutions and further
work should be undertaken to explore
these aspects.

Generally, further research is required
to provide a more detailed map of
what is formal versus informal in the
governance of the electricity sector
or specific technologies related to it.
Such mapping should always be

the start of electricity access
interventions on the continent,
regardless of the country. This should
then be followed by analysing how
to adopt a community-oriented
approach for the informal aspects.

Further research on consumer
education methods is also required.
This should focus on communicating
technical information to a low
literacy population to enable them
to make informed safety and

quality decisions. Enforcement in a
constrained environment, such as
the outlined above, should also
attract further studies.
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In summary we recommend these changes take place in

the following timescales:

1. Immediate action

User education at chief’s Baraza:
Community buy-in is crucial for
success. Since chiefs already
regularly convene meetings, use
this as a platform for education.
Leverage existing local trust in
community leadership.

Upskilling informal technicians with
help from formal technicians:
Formal technicians can provide short,
focused training sessions to their
informal counterparts. This
knowledge transfer builds capacity
quickly and enhances local skills.

Addressing societal barriers to
women's padrticipation:

Develop mentorship programs
connecting experienced women
technicians with newcomers to the
sector. Partner with organizations
addressing domestic violence
prevention and support for female
entrepreneurs.

2. Mid-term changes

County-level informal technician
registry:

Counties start with a voluntary
registry of informal technicians. This
could be as simple as a centralised
list with contact information for easy
access by communities. Pilots can
track if this improves consumer
access to qualified help and
identifies training needs.

3. Long-term shifts

Judiciary training on electricity
sector issues:

Judges need specialised knowledge
to adjudicate cases effectively.
Targeted training workshops help
build capacity within the legal
system, ensuring fair and informed
decisions.
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6. Ahhex

6.1 Workshop details

6.1.1 Breakfast meetings

The first workshop was held in
Naivasha, Kenya. Its purpose was to
debrief the entire team on the

Safer Complex Systems initiative and
Anne Wambugu’s work, as well as
introduce both local and international

collaborators. Presentations on their
fields of expertise were made to the
audience of the UNESCO Chair team
as well as the @iLabAfrica data
science team. This enabled the team
to collectively understand the
ecosystem and thus prepare for the
rest of the project, as a team.

The Naivasha workshop was
followed by four themed breakfast
meetings that were held in
Strathmore University, as shown

in Table 7:

Table 7. Description of the breakfast meetings.

Workshop title Date

Importation and Distribution of
Electrical Components and
Appliances

Electrical Wiring and
Component-Based Solar
Systems

The Economics of
Electrification

28th April 2023

6th April 2023

13th April 2023

Description

Investigated the quality issues in the electrical appliance

ecosystem with a focus on electric cooking devices and plug-
and-play solar systems.

Investigated quality issues related to electrical wiring in Kenya

with a focus on component-based solar systems.

Investigated the quality and reliability of electrical infrastructure

in rural Kenya.
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6.1.2 Main workshop

The final workshop titled ‘Governance
of Safer Complex Systems - Energy
Infrastructure in Kenya" took place
from 5 July to 7 July with stakeholders
from many sectors in the Energy

field in Kenya.

Table 8. Description of the final workshop.

Day Sessions Description
This session was guided by the study commissioned by the Modern
Quality of Electric Appliances: Energy Cooking Services. Among other things, the quality of electric
E-Cooking cooking appliances available for purchase, and related support services

was investigated.

This session was guided by the study conducted on Faza Mini-grid, a
brownfield mini-grid that could benefit from solarisation. Among other
issues, how solarisation can be done in brownfield sites and planning for
demand growth was explored.

Quality and Safety in Mini Grids

5 July 2023:
What we This session was guided by a Strathmore University study commissioned by
see Green Hydrogen: Fortescue Future Industries. Among other things, the specific elements of

the Green Hydrogen system, such as the best-use case of renewable
energy sources, electrolysers, storage facilities, transportation infrastructure,
and end-use applications were investigated.

Quality and Safety

This session was guided by the study on household perception of solar
quality and Anne’s experience working on electro technical standardisation.
Among other issues, the agent ecosystem that is used by plug-and-play
solar companies and trust-based networks that are used by consumers to
purchase the systems were explored.

Solar Photovoltaic Systems:
Quality and Safety

This session was guided by repair and electronic waste details emerging
from all the projects the SU team had worked on, and experiences from
Chris Moller’s Repair Café in Cambridge, UK. Among other issues, the
availability of repair infrastructure in the country, including ease of access
or lack thereof of repairing in rural areas was investigated.

The State of Repair and
Electronic Waste

This session was guided by the SU team’s work on solar photovoltaic
systems training. Among other things, the impact of solar photovoltaics

6 July 2023: i it i
Capacity Building to Improve Quality system training, the accompanying licensing system and the public

The hidden
I backlash to the solar regulations was discussed.
ayers
Quality: A Look into Moral and ) .
) These two sessions were initially separate but then were merged as the
Ethical Issues participants wished to attend both at the same time, presenting an
unforeseen conundrum. The final session name was “ClimEthics.”
Climate Change Perspective: The under-discussed intersection between moral issues and climate
) - ) change was explored.
Quality of Electricity Infrastructure < 2
Electricity Reliability: This session mapped technical and governance issues affecting the
Thinki S. . national electric grid. Issues that arose from the study of electricity
7 July 2023 Systems Thinking Session reliability in healthcare facilities were tabled and discussed.

The National

Improved Reliability and This se;spn was usgd to fpcg§ on. prospe'ct.lve re-se(‘]-rch. projects th.a.t
|Ch could highlight the discontinuities in electricity reliability in Kenya arising
Structurd eingle from historical rollout of construction for the electric grid.
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6.1.3 Stakeholder definitions

The stakeholder definitions are
as follows:

Table 9. Definitions of identified stakeholder groups.

Stakeholder group Definition

Government ministry agencies and semiautonomous government agencies
Government who make decisions relating to electrification development, governance,
and safety regulation

Private national and regional electricity producers including Independent

Private Sector ) )
d © Power Producers (IPPs) and energy services companies

Non-governmental and Nonprofit organisations that are interested in funding
NGO/Nonprofit and research on various facets of the energy sector, from advocating for
sustainable energy to implementing off-grid solutions for rural communities

Civil Society Organisations working to support the development of inclusive
CSO electrification policies and regulations and assessing the environmental impact
of energy projects and promoting sustainable practices

Non-governmental and Nonprofit organisations that are interested in funding
NGO/Nonprofit and research on various facets of the energy sector, from advocating for
sustainable energy to implementing off-grid solutions for rural communities

Research and Academic Learning and Research Institutions working on research and development
Institutions of electrification

Organisations such as the World Bank, African Development Bank, and other
international donors often finance and support energy projects, especially those
focused on renewable energy and grid expansion.

Funding and Development
Partners

Consumers, local communities, women and youth who are directly impacted
Other by the complexity and resulting systemic failures in the governance and
safety of electrical systems
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6.2 The Power-Interest grid

The Power-Interest grid is an analytical  anticipate challenges, and strategise

method that maps stakeholders into interventions. This provides a clear
four categories based on their foundation to help analyse how
relative power, influence, and interest. decisions are made, who drives
Visually mapping stakeholders onto them, and potential areas of

the grid, we can identify key actors, contention or synergy.

Figure 29. Power and interest grid 7

3
SUBIJECTS PLAYERS
Low power High power
- High interest High interest
g
-]
£ CROWD CONTEXT SETTERS
Low power High power
Low interest Low interest
Power
» Players should be managed » Subjects who yield low influence
closely to effect changes and risk but have high interest should be
management. kept infrared and
« Context setters who have * Crowd who has a low influence
significant power but might not be and interest who should be
deeply involved in daily details. monitored to keep engaged.

7 Eden and Ackermann, 1998
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