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Abstract

Kenya’s energy sector stands at a critical juncture. Despite notable achievements in
electrification and renewable energy deployment, the country risks a severe energy crisis
by 2030, with a projected supply deficit of 2,000-2,800 MW. Drawing on historical lessons
from the 2009 crisis, this paper probes the systemic risks, structural inefficiencies, and
governance gaps undermining Kenya’s energy security. Using recent reports from the
Ministry of Energy and Petroleum (MoEP, 2024), the Energy and Petroleum Regulatory
Authority (EPRA, 2023), the International Energy Agency (IEA, 2023), and the World
Bank (2023), as well as Mudany’s analyses (2022; 2024), the paper highlights challenges
of system losses, suppressed demand, climate risks, and institutional fragmentation. This
article examines the likelihood of a severe energy crisis in Kenya by 2030, drawing on the
2009 crisis as a historical benchmark. It projects energy demand growth based on
demographic, industrial, and structural factors and quantifies an estimated 1,800 MW
supply deficit if current infrastructure, policy, and investment trajectories continue. It also
analyzes risks such as suppressed demand, geothermal reservoir depletion, hydropower
vulnerability due to climate change, and inefficient procurement processes. It recommends
integrated solutions including energy diversification, grid expansion, energy efficiency,
public-private partnerships, and regional power integration. The paper further concludes
with evidence-based recommendations including accelerated renewable deployment, grid
modernization, governance reforms, regional integration, and sustainable financing. The
analysis underscores that Kenya’s crisis is not inevitable but preventable if leadership and
policy coherence align with technical and financial interventions.
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1. Introduction: Energy as a Development Driver in Kenya

Energy is the cornerstone of Kenya’s economic growth and social transformation,
underpinning industrialization, agricultural modernization, and digital connectivity. The
country has made remarkable strides in electrification, with grid connections rising from
1.5 million in 2010 to over 9.7 million by 2023, largely due to initiatives such as the Last
Mile Connectivity Project (LMCP) (MoEP, 2024). Despite this expansion, systemic
inefficiencies-particularly high transmission and distribution (T&D) losses, tariff volatility,
and unreliable supply-continue to undermine energy security and affordability (EPRA,
2023).

System losses are especially critical in understanding Kenya’s looming energy
challenge. According to Kenya Power’s 2021 Annual Report, technical and non-technical
losses stood at 23.95%, translating to 2.9 billion kWh lost, with a financial impact of USD
209 million (KPLC, 2021). By 2023, losses were still above 22%, far higher than the global
best practice of less than 8% (IEA, 2023). Mudany et al. (2022) emphasize that these
inefficiencies act as a “silent crisis,” inflating tariffs and eroding consumer trust. Since
EPRA allows partial cost recovery through tariffs, households and firms ultimately bear
the financial burden of losses (EPRA, 2023). At the same time, electricity demand is rising
faster than supply expansion. The Ministry of Energy and Petroleum (MoEP, 2024)
projects peak demand at 5,000 MW by 2030, with suppressed demand potentially adding
another 2,000 MW. Reliable supply, however, is expected to remain around 4,200 MW,
creating a projected deficit of up to 2,800 MW. This gap, coupled with persistent losses,
risks triggering an energy crisis comparable to the 2009 blackout crisis, which was
precipitated by drought-induced hydropower shortages and poor diversification (EPRA,
2010).

The impact of high costs and unreliable supply extends beyond the energy sector,
constraining Kenya’s industrial competitiveness. Studies by Oseni and Pollitt (2015)
demonstrate that frequent outages and high tariffs compel firms to invest in costly self-
generation, diverting capital away from expansion and reducing productivity. Similarly,
Mudany (2024) argues that Kenya’s high retail tariff of about USD 0.22/kWh-compared to
USD 0.098 in Tanzania and USD 0.133 in Uganda-weakens domestic industries’ ability to
compete regionally and globally. This undermines Vision 2030’s manufacturing pillar,
which depends heavily on affordable, reliable power.

Reliability indicators further highlight systemic weaknesses. In 2022, customers
experienced an average of 9.1 hours of outages per month (System Average Interruption
Duration Index, SAIDI), nearly triple EPRA’s allowable limit (KPLC, 2022). The
frequency of interruptions (SAIFI) also remained above the regulatory benchmark,
illustrating the compounded effect of aging infrastructure and delayed grid reinforcements
(KETRACO, 2023). These challenges are exacerbated by climate variability, with
hydropower generation already showing sharp fluctuations during drought years (IPCC,
2023).

Despite these setbacks, Kenya remains a continental leader in renewable energy
deployment, with geothermal accounting for over 40% of electricity generation by 2023
(KenGen, 2023). However, as Goldstein, Smith and Alvarez (2022) caution, geothermal

https://doi.org/10.53819/81018102t2538
45



https://doi.org/10.53819/81018102t2538

Stratford Peer Reviewed Journals and Book Publishing
Journal of Strategic Management

Volume 9||Issue 4||Page 44-80 ||December]||2025| %Ji‘g S tra tFO 'I"d

Peer Reviewed Journals & books
Email: info@stratfordjournals.org ISSN: 2616-8472

fields are not immune to resource decline, and sustaining output will require continuous
reinvestment in reservoir management. The World Bank (2023) also stresses that while
Kenya’s energy mix is commendably green, its fragility lies in governance, financing gaps,
and the inability to align infrastructure expansion with projected demand growth. Taken
together, these dynamics present a paradox: Kenya has achieved notable success in access
and renewable penetration, yet it risks sliding into a crisis of affordability and availability.
As Mudany (2024) argues, the convergence of rising demand, system inefficiencies, and
climate vulnerabilities constitutes a “double jeopardy” for Kenya’s energy future.
Addressing this requires integrated reforms spanning infrastructure expansion, system loss
reduction, and governance realignment. Unless implemented decisively, the projected 2030
energy crisis may materialize not only as a supply shortfall but also as an affordability and
reliability crisis.

2. Conceptual Framework: Energy and Crisis Defined

Energy is fundamental to economic activity, while an energy crisis is defined by a
critical shortage of energy resources, typically resulting in economic and social disruption
(IEA, 2023). Energy, in both economic and developmental literature, is defined not merely
as fuel or electricity but as the fundamental enabler of production, consumption, and social
well-being. The International Energy Agency (IEA, 2023) describes energy as the
“lifeblood of modern economies,” providing the input necessary for industrialization,
transportation, communication, and household comfort. In Kenya, energy is not only a
commodity but also a driver of the Big Four Agenda pillars-manufacturing, universal
healthcare, food security, and affordable housing (MoEP, 2024). Thus, energy must be
conceptualized holistically, encompassing generation, transmission, distribution,
affordability, and sustainability. Without adequate and reliable energy, socio-economic
development stalls, inequality widens, and national competitiveness declines.

An energy crisis, in contrast, represents a critical shortage or disruption of energy
supply that destabilizes economic and social systems. Scholars such as Kaygusuz (2012)
define an energy crisis as a mismatch between supply and demand, exacerbated by
infrastructural, financial, or climatic factors. The Energy and Petroleum Regulatory
Authority (EPRA, 2023) operationalizes an energy crisis as a scenario where available
capacity falls below critical thresholds, resulting in frequent outages, suppressed demand,
and excessive tariff escalations. Mudany (2024) extends this definition in the Kenyan
context, noting that a crisis need not arise solely from absolute shortages of generation but
also from inefficiencies such as high system losses and governance failures that undermine
effective supply.

From a systems perspective, energy crises are multidimensional, involving
technical, economic, environmental, and institutional components. Goldstein et al. (2022)
highlight that crises can be triggered by natural resource depletion, such as geothermal
reservoir decline, or by environmental shocks like prolonged droughts that compromise
hydropower. In Kenya, the 2009 crisis illustrated how climatic variability can interact with
infrastructural vulnerabilities, resulting in cascading blackouts (EPRA, 2010). More
recently, suppressed demand-estimated at 1,500-2,000 MW-reflects a latent crisis, where
industries and households defer consumption due to unreliable or unaffordable supply
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(MoEP, 2024). Thus, a crisis is not only a physical shortage but also a systemic inability to
deliver affordable, reliable energy.

The conceptual framework also requires situating Kenya within broader
developmental theories of energy. According to Best and Burke (2018), energy availability
is a precondition for economic growth, with countries unable to industrialize without
reliable power infrastructure. This aligns with Owusu and Asumadu-Sarkodie (2016), who
argue that sustainable development hinges on balancing access, affordability, and
environmental sustainability. Kenya’s energy framework reflects this triad: while access
has expanded to nearly 80% by 2023 (MoEP, 2024), affordability and reliability remain
elusive due to system losses averaging 23% (KPLC, 2021; Mudany et al., 2022). Therefore,
in Kenya’s case, energy crises are less about lack of installed capacity and more about
inefficiencies and affordability gaps that constrain development.

A key aspect of defining crisis in the Kenyan context lies in differentiating between
“chronic inefficiency” and “acute disruption.” Chronic inefficiency refers to persistent
issues like high system losses, weak procurement frameworks, and tariff volatility, which
erode competitiveness over time (Odhiambo & Murage, 2022). Acute disruption, by
contrast, manifests in events such as the 2009 drought or regional grid failures that cause
rolling blackouts. Mudany (2024) argues that Kenya faces both simultaneously: chronic
inefficiencies that silently erode the system’s resilience, and acute risks from climate and
infrastructure shocks that can rapidly escalate into full-blown crises.

Defining energy crises must also account for social and political dimensions. The
World Bank (2023) emphasizes that energy poverty-where households lack access to
affordable electricity-constitutes a crisis in itself, even if national supply appears adequate.
In Kenya, where household tariffs average USD 0.22/kWh, well above Tanzania’s USD
0.098, affordability becomes a structural barrier to inclusive development (Mudany, 2024).
Protests over high bills in Nairobi and Mombasa in 2022 illustrate how energy affordability
crises can destabilize governance and undermine public confidence in institutions. Thus,
energy crises must be defined not just in technical terms but also in their socio-political
consequences.

At a conceptual level, energy crises are inherently linked to governance frameworks. The
International Energy Outlook (IEA, 2023) stresses that poorly coordinated policies,
delayed project implementation, and procurement inefficiencies often transform
manageable energy challenges into systemic crises. Odhiambo and Murage (2022)
document how Kenya’s long project lead times-averaging 57 years for large projects-
delay capacity expansion, locking the country into cycles of shortages. This institutional
dimension is central to Kenya’s crisis definition: inefficiency and weak governance act as
multipliers of technical and economic risks.

The crisis concept also extends to resilience and sustainability. The
Intergovernmental Panel on Climate Change (IPCC, 2023) projects more frequent and
severe droughts in East Africa, directly threatening hydropower output. Without adaptive
strategies like energy diversification, storage, and regional integration, such climate shocks
will transform localized shortages into national crises. In this sense, energy crises are not
one-off events but chronic risks embedded in the structure of the energy system. For Kenya,
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defining a crisis requires recognizing that vulnerability lies not only in megawatt capacity
but in resilience to shocks and systemic inefficiencies.

Finally, the conceptual framework underscores that energy and crises are relational
constructs: the adequacy of supply must always be assessed against demand, system
performance, and socio-economic needs. As Mudany (2024) contends, Kenya’s projected
2,000-2,800 MW deficit by 2030 must be viewed not merely as a numbers gap but as a
reflection of deeper systemic weaknesses. The nexus of rising demand, persistent system
losses, and climate variability crystallizes the risk of a future crisis.

Conceptual Framework

» Demographic Growth
« Industrialisation

* Electrification Agenda
* Climate Variability

* High System Losses

* Project Delays

« Financial Fragility

» Community Resistance
* Import Reliance

» Demand : 6300-7000MW
* Supply: 4200MW
« Deficit: 2000-2800MW

* Loss Reduction

« Storage Deployment

» Transmision Expansion
* Geothermal Scaling

* Flexible Resources

* Regional Integration

« Financial Reforms

« Institutional Cordination
« Community Engagement

el REsilient, Reliable, Low Carbon Energy Future By 2030

3. Historical Context: The 2009 Energy Crisis in Kenya

The 2009 energy crisis in Kenya remains a defining moment in the country’s energy
trajectory. In 2009, Kenya experienced rolling blackouts caused by severe drought
affecting hydropower reservoirs. Over-reliance on hydroelectric power and lack of
diversification were key contributors (EPRA, 2010). Triggered by one of the worst
droughts in decades, the crisis exposed the structural vulnerability of a system heavily
reliant on hydropower, which at the time accounted for over 60% of national electricity
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generation (EPRA, 2010). Reservoir levels at key dams such as Masinga and Kamburu fell
drastically, forcing Kenya Power to implement rolling blackouts across the country. For
households, this meant frequent power outages, while industries faced production
stoppages and increased costs of self-generation. Mudany (2024) identifies this episode as
a “critical inflection point,” where climate variability collided with poor diversification,
creating a systemic disruption with nationwide socio-economic consequences.

Industries bore the brunt of the 2009 crisis. Manufacturing output fell sharply, with
firms either cutting production or relying on costly diesel generators. Studies by Oseni and
Pollitt (2015) highlight that reliance on self-generation during blackouts increased
production costs by as much as 30%, reducing competitiveness and discouraging new
investment. Small and medium-sized enterprises (SMEs), which lacked the capital for
generators, were particularly vulnerable, with many scaling down or closing operations
altogether. The Kenya Association of Manufacturers (KAM) reported losses running into
billions of shillings, illustrating the fragility of an industrial sector tied so closely to energy
security. The crisis also had severe fiscal implications. To cushion the shortages, the
government fast-tracked contracts with Independent Power Producers (IPPs), many of
whom supplied thermal power at high tariffs denominated in foreign currency (Mudany,
2024). While this provided short-term relief, it locked Kenya into expensive power
purchase agreements (PPASs) that continue to burden consumers through elevated tariffs.
According to EPRA (2023), legacy PPAs from this period remain among the major
contributors to high retail tariffs, with fuel cost charges regularly passed on to consumers.
Thus, the 2009 crisis had long-lasting structural consequences, embedding cost
inefficiencies in the power system.

From a governance perspective, the 2009 crisis revealed institutional weaknesses
in planning and risk management. The Least Cost Power Development Plan (LCPDP) of
the time had recognized the need for diversification into geothermal and wind energy but
implementation lagged due to procurement delays and financing challenges (Odhiambo &
Murage, 2022). Consequently, the system remained over-reliant on hydro, with inadequate
backup capacity. Mudany et al. (2022) argue that this failure to translate planning into
timely execution reflected systemic inefficiencies in Kenya’s energy sector, where
bureaucratic bottlenecks and political interference often stall project delivery.

Socially, the blackouts of 2009 eroded public trust in energy institutions. Frequent outages
disrupted schooling, healthcare, and urban services, particularly in Nairobi and Mombasa.
Households faced increased costs for kerosene and alternative lighting, aggravating energy
poverty. The World Bank (2023) stresses that crises of this magnitude disproportionately
affect vulnerable groups, deepening inequality. In Kenya, rural households, already
underserved by the grid, experienced prolonged darkness, while urban informal settlements
endured unsafe and illegal connections that heightened the risk of fires and electrocutions.
These social dimensions underscore that energy crises are not merely technical failures but
also human welfare challenges.

The 2009 episode also catalyzed policy change. Recognizing the dangers of
overdependence on hydropower, the government accelerated investments in geothermal
development at Olkaria, as well as new wind and solar projects. By 2023, geothermal
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accounted for about 40% of generation, while wind and solar contributed over 20%
(KenGen, 2023; MoEP, 2024). However, as Mudany (2024) cautions, diversification alone
does not insulate Kenya from crisis risks, since geothermal fields face resource decline
risks (Goldstein et al., 2022) and renewable integration requires robust transmission
networks that remain underdeveloped (KETRACO, 2023). Thus, while the crisis spurred
diversification, it did not fully resolve systemic vulnerabilities.

Comparatively, the 2009 crisis positioned Kenya within a global pattern where
climate variability exposes over-reliance on specific resources. The IPCC (2023)
emphasizes that climate-induced hydrological variability will increasingly disrupt hydro-
reliant economies in Sub-Saharan Africa. Kenya’s experience mirrors similar crises in
Ghana and Tanzania, where droughts caused rolling blackouts and economic contraction
(Best & Burke, 2018). These parallels suggest that Kenya’s 2009 crisis was not an anomaly
but part of a broader trend linking climate change to energy insecurity. The legacy of the
2009 crisis also endures in Kenya’s financial structure. The reliance on IPPs during the
crisis period entrenched a dual system: relatively cheap geothermal and hydro power
coexisting with expensive thermal contracts. As Mudany et al. (2022) argue, this created a
pricing paradox where Kenya, despite being a leader in renewable generation, continues to
face high retail tariffs compared to regional peers. The crisis thus reshaped Kenya’s energy
cost structure in ways that continue to affect affordability and competitiveness.

The 2009 crisis offers critical lessons for 2030. First, it demonstrates the systemic
risks of over-reliance on a single resource-in this case, hydropower. Second, it highlights
the dangers of delayed diversification and weak governance in project execution. Third, it
reveals the long-term fiscal and tariff implications of short-term crisis responses, such as
expensive emergency power contracts. As Kenya faces a projected 2,800 MW deficit by
2030 (MoEP, 2024), these lessons remain pertinent.

4. Energy Demand, Supply, and Projected Deficit by 2030

Kenya’s energy demand has been rising steadily, driven by population growth,
rapid urbanization, and ambitions of industrialization under Vision 2030. Current peak
demand is estimated at around 2,200 MW, but when suppressed demand is factored in-
representing industries and households that would consume more power if supply were
reliable-the figure already surpasses 3,500 MW (MoEP, 2024; KPLC, 2024). Projections
suggest that by 2030, peak demand will reach 5,000 MW, with total effective demand
between 6,300—7,000 MW once suppressed consumption is accounted for (MoEP, 2024).
This represents more than a doubling of current requirements within less than a decade.

On the supply side, Kenya’s installed capacity stands at approximately 3,300 MW, but
effective and reliable supply is closer to 4,200 MW, factoring in derated plants and seasonal
hydro variability (EPRA, 2023). While this figure suggests some reserve margin relative
to current demand, the gap between projected 2030 demand and reliable supply is expected
to widen drastically, leaving a deficit of between 2,000-2,800 MW (MoEP, 2024). This
imbalance, if unaddressed, would mirror the structural vulnerability of the 2009 crisis,
albeit on a much larger scale, since demand growth will be much higher.
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The growth of suppressed demand is particularly concerning. Mudany (2024)
emphasizes that suppressed demand, estimated at 1,500-2,000 MW, represents a hidden
crisis: households and businesses ration consumption because tariffs are unaffordable or
because supply is unreliable. This suggests that headline electrification rates-
approximately 79% of households connected by 2023 (MoEP, 2024)-mask underlying
inequities in access and affordability. In other words, connection to the grid does not
always translate into effective consumption. If Kenya were to eliminate suppressed demand
by lowering tariffs and improving reliability, the supply gap would be even larger than
currently forecasted.

Sectoral drivers of demand growth reinforce these projections. Industrialization,
particularly under the manufacturing pillar of Vision 2030, is expected to substantially raise
electricity consumption. The Ministry of Energy anticipates that industrial demand alone
will grow by 8-10% annually through 2030 (MoEP, 2024). Urbanization, with Kenya’s
urban population projected to exceed 20 million by 2030, will also push household demand
upwards. Digitalization, including data centers and ICT infrastructure, adds another layer
of demand growth, as evidenced by Kenya’s burgeoning fintech and digital services
economy (World Bank, 2023).

However, capacity expansion is not keeping pace with this demand trajectory. As of mid-
2025, key Least Cost Power Development Plan (LCPDP) targets are significantly off-track:
geothermal capacity additions were at only 70 MW against a target of 130 MW,
transmission line expansion was just 600 km against a target of 1,200 km, and system losses
reduction remains at 14.8%, above the 12% target (MoEP, 2024). Mudany (2024) argues
that this “implementation deficit” is as much a crisis driver as demand growth itself, since
delays in project delivery erode supply security. The long lead times of 5-7 years for new
generation and transmission projects (Appendix B, MoEP, 2024) mean that projects not
already under development are unlikely to contribute significantly by 2030.

System losses further aggravate the supply-demand imbalance. As Mudany et al. (2022)
show, Kenya loses nearly 23% of electricity purchased, equivalent to more than 2.9 billion
kWh annually, far above the global best practice of under 8% (IEA, 2023). Even if
generation capacity were expanded to meet 2030 demand, these inefficiencies would
continue to erode effective supply. This means that addressing losses could effectively
“recover” thousands of megawatts without the need for new plants, highlighting the
urgency of loss-reduction strategies alongside capacity expansion.

Comparisons with regional peers underscore the severity of Kenya’s challenge.
Uganda and Tanzania, despite having lower electrification rates, have system losses of 18%
and 15.3% respectively, compared to Kenya’s 23.95% (Mudany et al., 2022). This suggests
that Kenya’s crisis trajectory is not simply a regional norm but a specific outcome of
institutional and infrastructural weaknesses. Unless these are addressed, Kenya risks
entering 2030 as an energy outlier in East Africa: highly electrified, highly renewable, but
also highly inefficient and unaffordable.

The financial implications of the projected deficit are profound. Meeting the 2030
demand would require investments of between USD 6.3-8.0 billion in generation,
transmission, distribution, efficiency, and storage (MoEP, 2024). Yet, Kenya Power
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remains financially constrained, recording declining profits and debt-servicing challenges
due to unrecovered system losses and tariff delays (KPLC, 2024). Without innovative
financing mechanisms-such as public-private partnerships and regional power pooling-
closing the projected gap appears improbable.

5. Systemic Risks and Structural Bottlenecks

Kenya’s energy sector is characterized by systemic risks that go beyond simple
supply-demand imbalances. These risks are embedded within the structure of the
generation mix, governance systems, financing models, and infrastructural capacity.
Mudany (2024) stresses that the looming 2030 energy crisis is not only about projected
deficits but also about how underlying structural bottlenecks amplify these risks.
Identifying these vulnerabilities is critical for designing effective interventions. One of the
most pressing risks is the depletion of geothermal reservoirs, which currently supply close
to 40% of Kenya’s electricity (KenGen, 2023). While geothermal energy has been hailed
as Kenya’s “baseload savior,” international studies show that unsustainable extraction can
lead to reservoir pressure decline and output reduction over time (Goldstein et al., 2022).
Kenya’s Olkaria fields have already shown signs of reduced steam output in certain wells,
requiring reinjection strategies and new drilling to sustain capacity (MoEP, 2024). Without
adequate reinvestment, Kenya risks over-reliance on a resource that is itself vulnerable,
thereby reproducing the same fragility seen with hydropower in 2009.

Another critical risk arises from hydropower’s vulnerability to climate change. The
IPCC (2023) projects that East Africa will experience more frequent and prolonged
droughts, which directly threaten hydropower reservoirs. Kenya’s historical experience
during the 2009 drought illustrates the severity of this risk, when hydropower shortages
cascaded into nationwide blackouts (EPRA, 2010). Despite diversification efforts, hydro
still contributes nearly 30% of the energy mix (MoEP, 2024). This means that climate
variability remains a systemic risk that could compromise supply stability, particularly in
dry years.

Inefficient procurement and project delays represent another bottleneck. Large-
scale energy infrastructure projects in Kenya typically face lead times of 57 years, due to
prolonged feasibility studies, environmental assessments, land acquisition disputes, and
procurement inefficiencies (Appendix B, MoEP, 2024). Odhiambo and Murage (2022)
document how bureaucratic red tape, corruption, and litigation have delayed flagship
projects such as the Suswa—Lessos transmission line and the Lake Turkana Wind Power
project. These delays result in costly mismatches, where demand grows faster than capacity
expansion, and completed generation projects remain stranded due to inadequate
transmission infrastructure.

Transmission and distribution (T&D) constraints compound these risks. According
to KETRACO (2023), Kenya had only completed 600 km of transmission lines by mid-
2025, against a target of 1,200 km. This shortfall not only delays the evacuation of new
renewable capacity but also perpetuates regional imbalances, where some areas face excess
supply while others endure shortages. Moreover, system losses of 23.95% (KPLC, 2021)
represent a structural bottleneck, as nearly one-quarter of generated electricity fails to reach
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end-users. Mudany et al. (2022) argue that unless T&D efficiency is prioritized, new
generation will continue to leak through inefficiencies, nullifying supply expansion efforts.

Governance and institutional coordination present further systemic risks. Kenya’s
energy sector is managed by multiple stakeholders-MoEP for policy, EPRA for regulation,
KenGen for generation, KETRACO for transmission, and KPLC for distribution. While
this separation of roles is designed to enhance efficiency, in practice it has created silos,
overlaps, and weak coordination (World Bank, 2023). Mudany (2024) emphasizes that the
absence of a centralized authority with clear enforcement powers undermines
accountability for LCPDP targets. For example, while KenGen may expand geothermal
generation, KETRACQO’s lagging transmission projects prevent effective utilization,
leading to stranded capacity.

The financial sustainability of Kenya Power is another structural bottleneck.
KPLC’s revenues are undermined by system losses, suppressed demand, and delayed tariff
reviews (KPLC, 2024). The utility remains heavily indebted, with billions in arrears owed
to IPPs and government agencies. This precarious financial position hampers its ability to
invest in grid modernization or loss reduction. Mudany et al. (2022) describe this as a
“vicious cycle”: high losses reduce revenue, which leads to higher tariffs, prompting
industrial consumers to defect to captive generation, further eroding KPLC’s revenue base.
By 2030, if unaddressed, this cycle could destabilize the entire electricity market.

Social and political risks further aggravate the structural weaknesses. Community
resistance has delayed numerous projects, including the Lake Turkana Wind Power project
(land disputes), Amu Power in Lamu (environmental litigation), and Olkaria geothermal
expansions (resettlement conflicts) (Appendix F, MoEP, 2024). These disputes highlight
the political economy of energy infrastructure in Kenya, where local communities, civil
society, and courts increasingly challenge large projects. Without robust community
engagement and transparent benefit-sharing, these conflicts will continue to delay critical
capacity additions.

Finally, regional integration bottlenecks represent both a risk and an opportunity.
While Kenya is part of the Eastern Africa Power Pool (EAPP), with potential to import
cheaper power from Ethiopia and export surplus to Uganda and Tanzania, inadequate
interconnection infrastructure has limited actual trade (World Bank, 2023). This
underutilization of regional pooling reduces resilience, leaving Kenya overly dependent on
domestic generation. Mudany (2024) warns that failure to leverage regional integration
could exacerbate crises, particularly when domestic supply faces climatic or technical
disruptions. These challenges include declining geothermal reservoirs as seen in the U.S.
(Goldstein et al., 2022), climate-related droughts impacting hydro (IPCC, 2023), and long
project lead times due to procurement inefficiencies (Odhiambo & Murage, 2022).

6. Energy Sector Stakeholders

KenGen, KETRACO, and KPLC are central actors, with IPPs and mini-grid
developers playing increasing roles. Regulatory oversight is provided by EPRA and policy
by MoEP (EPRA, 2023). Kenya’s energy sector is governed by a complex web of
stakeholders, each with specific mandates, but their coordination and effectiveness directly
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shape the country’s energy security. At the heart of generation is Kenya Electricity
Generating Company (KenGen), the state-owned entity responsible for more than 60% of
installed capacity. KenGen is the backbone of Kenya’s geothermal, hydro, and some
thermal power plants. Its flagship projects at Olkaria have positioned Kenya as a global
leader in geothermal development (KenGen, 2023). However, KenGen faces financing
constraints, with heavy reliance on concessional loans and government guarantees, which
limit the speed at which it can expand geothermal and renewable generation to meet 2030
targets (World Bank, 2023).

On the transmission side, Kenya Electricity Transmission Company (KETRACO)
is mandated to plan, construct, and operate high-voltage transmission lines. KETRACO’s
role is critical in unlocking stranded renewable energy resources, such as the Lake Turkana
Wind Power project, which remained underutilized until the Suswa—Loiyangalani line was
completed after years of delay (Odhiambo & Murage, 2022). As of 2025, KETRACO had
completed only 600 km of new lines against a target of 1,200 km under the LCPDP (MoEP,
2024). These delays highlight the bottleneck created by underdeveloped transmission
infrastructure, which prevents full integration of new generation capacity into the national
grid.

The Kenya Power and Lighting Company (KPLC), as the single buyer and
distributor, occupies a pivotal but increasingly fragile role in the electricity value chain.
KPLC purchases power from KenGen, Independent Power Producers (IPPs), and imports,
then distributes it to customers. However, its financial sustainability has been undermined
by system losses of over 23%, suppressed demand, and expensive PPAs signed during
crisis years (KPLC, 2024; Mudany et al., 2022). This precarious position makes KPLC
both a bottleneck and a critical enabler: reforms to its structure, including tariff-setting,
loss reduction, and operational efficiency, are essential for averting the 2030 crisis.

Independent Power Producers (IPPs) have grown in importance since the 1990s,
supplying a mix of thermal, wind, and solar power. IPPs were instrumental in providing
emergency power during the 2009 crisis, but many of the contracts signed were costly and
denominated in foreign currency, creating long-term affordability challenges (EPRA,
2023). Today, IPPs account for about 30% of Kenya’s generation, including major projects
like Lake Turkana Wind Power. However, their relationship with KPLC and the
government has been strained, with accusations of opaque contracting and inflated costs
(World Bank, 2023). Mudany (2024) emphasizes that reforming IPP engagement through
competitive procurement and transparent PPAs is critical for stabilizing tariffs.

In addition to large players, mini-grid developers and off-grid solar companies have
emerged as significant stakeholders, especially in underserved counties. Programs under
the World Bank-supported KOSAP project have enabled private developers to roll out
mini-grids and solar home systems, serving more than 20% of households in off-grid
regions (MoEP, 2024). These actors play a crucial role in bridging access gaps but often
face regulatory uncertainty and financing challenges. Their success demonstrates that
decentralization can complement grid expansion, though coordination with national
planning remains weak.
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The regulatory landscape is anchored by the Energy and Petroleum Regulatory
Authority (EPRA), which oversees tariffs, licensing, and compliance. EPRA’s annual
energy statistics (2023) highlight both achievements in renewable penetration and
persistent failures in loss reduction and reliability. While EPRA has set targets for system
losses (below 17.5%) and service reliability, enforcement has been inconsistent, partly due
to political pressures and the financial fragility of KPLC. Mudany et al. (2022) argue that
EPRA must shift from a compliance-focused regulator to a proactive enforcer of efficiency
and accountability, especially if Kenya is to avoid repeating the mistakes of 20009.

Policy direction comes from the Ministry of Energy and Petroleum (MoEP), which
formulates the Least Cost Power Development Plan (LCPDP) and sets national energy
strategies. The MoEP is central to aligning generation, transmission, and distribution goals,
but Mudany (2024) observes that fragmented institutional mandates have undermined its
effectiveness. The 2022-2041 LCPDP sets ambitious targets for geothermal, solar, and
transmission expansion, yet mid-2025 reviews show significant underachievement across
multiple fronts, including geothermal, transmission, and loss reduction (MoEP, 2024). This
gap between policy ambition and implementation reflects institutional inertia and weak
enforcement mechanisms.

Community stakeholders and civil society also play a significant role, often as
challengers rather than partners. Resistance to large projects-such as land disputes over the
Lake Turkana Wind Power project, litigation against Amu Power in Lamu, and
resettlement protests at Olkaria (MoEP, 2024)-illustrates the growing importance of social
license in energy development. Mudany et al. (2022) stress that without transparent
community engagement and equitable benefit-sharing, infrastructure projects will continue
to face costly delays. Thus, communities must be seen as active stakeholders rather than
passive recipients of electrification.

Finally, regional stakeholders are increasingly relevant through Kenya’s
membership in the Eastern Africa Power Pool (EAPP). Ethiopia’s surplus hydropower
presents an opportunity for Kenya to import cheaper electricity, while Uganda and
Tanzania could benefit from Kenyan exports in times of surplus (World Bank, 2023).
However, inadequate interconnection capacity has limited these opportunities, leaving
Kenya overly reliant on domestic supply. Mudany (2024) argues that regional integration
must be elevated from a peripheral strategy to a central pillar of Kenya’s energy security,
especially in light of climate-induced supply volatility. Kenya’s energy sector stakeholders
form a multi-layered ecosystem with overlapping roles and competing interests. While
state-owned enterprises like KenGen, KETRACO, and KPLC dominate, the growing
influence of IPPs, mini-grid developers, communities, and regional partners complicates
governance. The challenge lies in achieving effective coordination, transparency, and
accountability across these actors. Unless institutional fragmentation is resolved and
stakeholders are aligned toward common objectives, the structural risks and projected
deficits of 2030 will remain unmanageable

7. Infrastructure, Energy Mix, and Efficiency

Kenya’s energy infrastructure has grown significantly over the past two decades,
but the pace and quality of this expansion remain inadequate relative to demand growth.
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As of 2023, Kenya’s installed capacity stood at approximately 3,321 MW, with effective
supply closer to 4,200 MW when derated plants and seasonal hydropower fluctuations are
considered (EPRA, 2023; KPLC, 2024). Transmission infrastructure covers roughly 6,900
km of high-voltage lines, with new additions underway through KETRACO (2023).
However, the Least Cost Power Development Plan (2022-2041) review shows major
shortfalls: only 600 km of the targeted 1,200 km of transmission had been delivered by
mid-2025 (MoEP, 2024). This infrastructural lag undermines the evacuation of new
renewable capacity and perpetuates regional supply imbalances.

Kenya’s energy mix is widely celebrated for its renewable energy dominance. By
2023, geothermal contributed 29%, hydro 28%, wind 16%, solar 8%, and thermal plants
15% (MoEP, 2024). Compared to regional peers, Kenya’s 85% renewable penetration is
exceptional, positioning it as a leader in Africa’s energy transition. However, Mudany
(2024) cautions that despite this green profile, affordability and reliability remain elusive.
For example, geothermal’s baseload capacity has plateaued due to slower-than-expected
drilling at Olkaria, while hydropower remains vulnerable to droughts (IPCC, 2023). Wind
and solar, though abundant, face intermittency challenges and depend on grid flexibility
that Kenya’s aging infrastructure struggles to provide.

Thermal generation remains a structural paradox in Kenya’s energy mix. Despite
the country’s renewable endowment, thermal plants still contribute about 15% of supply
(EPRA, 2023). These plants are expensive to run, with fuel cost charges frequently
inflating tariffs. Legacy Power Purchase Agreements (PPAS) signed with Independent
Power Producers (IPPs) during the 2009 crisis continue to weigh heavily on Kenya Power’s
finances (Mudany, 2024). While thermal plants provide flexibility during droughts or
renewable shortfalls, their cost structure undermines affordability, exposing consumers to
tariff shocks whenever global oil prices rise. This dependency illustrates how infrastructure
gaps in storage and grid stability force Kenya to rely on costly thermal backup.

System efficiency remains a critical weakness. Transmission and distribution (T&D) losses
averaged 23.95% in 2021, equivalent to 2.9 billion kWh or about USD 209 million in lost
revenue (KPLC, 2021). By 2024, losses had only marginally improved, remaining above
14.8%-far higher than the global benchmark of less than 8% (IEA, 2023). Mudany et al.
(2022) stress that these inefficiencies not only raise costs but also mask effective demand,
as households and industries adjust consumption downward due to frequent outages and
unreliable supply. Losses thus represent a silent drain on Kenya’s energy system, eroding
the benefits of capacity expansion.

Reliability indicators underscore these inefficiencies. In 2022, Kenya’s System
Average Interruption Duration Index (SAIDI) was 9.1 hours per customer per month,
nearly three times EPRA’s allowable limit (KPLC, 2022). The System Average
Interruption Frequency Index (SAIFI) also exceeded regulatory benchmarks, showing the
persistence of frequent outages. KETRACO (2023) attributes this to aging transformers,
overloaded feeders, and delayed grid reinforcements. Mudany (2024) argues that reliability
cannot be separated from efficiency: expanding generation without addressing T&D losses
and grid modernization will only perpetuate blackouts and inefficiency.
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Infrastructure financing adds another layer of complexity. Meeting Kenya’s energy
investment needs between 2025 and 2030 will require USD 6.3-8.0 billion, split across
generation, transmission, distribution, storage, and efficiency upgrades (MoEP, 2024). Yet,
Kenya Power’s fragile financial position limits its ability to mobilize domestic capital. The
World Bank (2023) emphasizes that public-private partnerships and concessional financing
will be essential for bridging this gap. However, past experiences with IPPs highlight the
risks of poorly structured contracts, which can lock the sector into expensive obligations.
Thus, infrastructure financing is not just about mobilizing capital but ensuring transparent
and sustainable financial models. Another systemic challenge lies in the misalignment
between generation expansion and transmission development. For example, the Lake
Turkana Wind Power project was completed in 2017 but remained underutilized for years
because the Suswa—Loiyangalani transmission line faced delays due to land disputes
(Odhiambo & Murage, 2022). Similar bottlenecks have emerged in geothermal projects,
where generation units have been completed but cannot evacuate power efficiently due to
grid limitations. These mismatches reflect the fragmented nature of Kenya’s energy
planning, where stakeholder coordination remains weak (Mudany, 2024).

Energy efficiency programs have historically been under-prioritized. The National
Energy Efficiency and Conservation Strategy (NEECS, 2020) outlined ambitious goals for
demand-side management, including reducing energy intensity in manufacturing by 2.8%
annually. However, progress has been minimal, with EPRA (2023) reporting that
efficiency investments remain below 30% of planned targets. This neglect undermines
opportunities to reduce effective demand pressure while also lowering consumer bills.
Mudany (2024) stresses that treating efficiency as “virtual generation” could significantly
narrow the projected 2030 deficit at a fraction of the cost of new plants.

In a comparative perspective, Kenya’s infrastructure challenges are not unique, but
they are particularly severe given its ambitions. Countries like Ethiopia have pursued
aggressive grid expansion alongside mega-projects like the Grand Ethiopian Renaissance
Dam, while Rwanda has emphasized grid modernization and smart metering (World Bank,
2023). Kenya, by contrast, has focused on access and generation capacity, while lagging
on efficiency and reliability. This imbalance risks creating a paradox: high electrification
and renewable penetration, but poor service quality and unaffordable tariffs.

Kenya’s infrastructure and energy mix present a mixed picture of progress and
vulnerability. The country has achieved impressive renewable penetration and
electrification rates, but systemic inefficiencies in transmission, distribution, and financing
undermine these gains. Without aggressive grid modernization, loss reduction, and
alignment of generation with transmission, the benefits of Kenya’s renewable endowment
will remain unrealized. As Mudany (2024) concludes, efficiency, not just expansion, must
be the cornerstone of Kenya’s energy strategy if the looming 2030 crisis is to be averted.

8. Regional Integration and Financing Opportunities

Regional power integration presents one of the most promising avenues for Kenya
to address its looming supply-demand imbalance. As a member of the Eastern Africa
Power Pool (EAPP), Kenya has access to opportunities for both imports and exports of
electricity. Ethiopia, for instance, has developed large-scale hydropower projects such as
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the Grand Ethiopian Renaissance Dam (GERD), which produces surplus electricity for
export (World Bank, 2023). Kenya has already begun importing power from Ethiopia
through the Ethiopia—Kenya interconnector, but utilization remains below potential due to
infrastructural bottlenecks and tariff misalignments (KETRACO, 2023). Mudany (2024)
stresses that scaling up imports from Ethiopia could provide Kenya with cheaper,
renewable electricity to cushion domestic deficits projected by 2030.

Equally, Kenya’s geographical position makes it a natural hub for regional power
trade. It can serve as both a transit and an export corridor, linking Ethiopia’s hydro surplus
with Uganda and Tanzania’s demand centers (MoEP, 2024). This strategic positioning
could transform Kenya into an energy hub, generating revenues from wheeling charges and
strengthening its geopolitical influence. However, weak interconnection infrastructure
remains a limiting factor. As of 2025, only partial cross-border transmission lines are
operational, and regional power flows remain small relative to demand (World Bank,
2023). Strengthening these interconnections would require significant investment but could
greatly enhance Kenya’s resilience.

Regional integration also provides a hedge against climate-induced supply
volatility. As the IPCC (2023) notes, climate variability will increasingly disrupt
hydropower availability across Sub-Saharan Africa. By participating in regional pooling,
Kenya can diversify its risks: importing when drought reduces domestic hydro and
exporting when geothermal or wind output exceeds local demand. Mudany (2024) frames
this as “resilience through interdependence,” where no single country needs to bear the full
burden of climatic shocks. However, this requires political commitment, transparent
contracts, and strong regulatory frameworks to manage cross-border power trade
effectively.

On the financing side, Kenya’s energy transition requires unprecedented levels of
investment. MoEP (2024) estimates that between USD 6.3-8.0 billion will be needed from
2025-2030 to meet generation, transmission, distribution, storage, and efficiency targets.
Yet, domestic financing capacity remains constrained. Kenya Power’s weak balance sheet,
burdened by high system losses and unrecovered costs, limits its ability to raise capital
(KPLC, 2024). Similarly, KenGen and KETRACO remain heavily reliant on government
guarantees and concessional loans, which cannot meet the full scale of financing needs.
This financing gap underscores the importance of innovative funding mechanisms.

Public-Private Partnerships (PPPs) have already demonstrated their potential in
Kenya’s energy sector. Projects such as the Lake Turkana Wind Power plant were
developed under PPP models, leveraging private financing with state guarantees
(Odhiambo & Murage, 2022). However, Mudany et al. (2022) caution that poorly
structured PPAs with Independent Power Producers (IPPs) during the 2009 crisis locked
Kenya into high-cost contracts. Moving forward, financing models must prioritize
transparency, competitive bidding, and cost-effectiveness. Lessons from South Africa’s
Renewable Energy Independent Power Producer Procurement Programme (REIPPPP)
show that well-structured competitive procurement can attract large-scale private
investment while keeping tariffs low (World Bank, 2023).
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Multilateral development institutions remain key players in bridging Kenya’s
financing gap. The World Bank, African Development Bank (AfDB), and IFC have
historically provided concessional financing for grid expansion, renewable projects, and
off-grid access initiatives. For example, the World Bank-supported Kenya Off-Grid Solar
Access Project (KOSAP) mobilized USD 150 million for mini-grids and solar systems in
underserved counties (World Bank, 2023). Expanding such programs could help Kenya
address its suppressed demand while reducing reliance on costly emergency thermal
power. Mudany (2024) emphasizes that leveraging concessional financing is critical for
aligning Kenya’s energy expansion with affordability and sustainability goals.

Green finance and climate funds also present untapped opportunities. With Kenya’s
strong renewable profile, the country is well-positioned to attract financing from global
climate funds such as the Green Climate Fund (GCF) and blended finance platforms. Such
funding could support investments in storage technologies, grid modernization, and large-
scale renewable deployment (IEA, 2023). However, weak institutional capacity and
bureaucratic delays have historically limited Kenya’s ability to access and absorb such
funds (Odhiambo & Murage, 2022). Building capacity to engage with global climate
finance is therefore essential.

Decentralized financing mechanisms could also play a transformative role. Off-grid
solar and mini-grid developers, many funded through venture capital and impact
investment, have demonstrated agility in electrifying underserved areas (MoEP, 2024).
Kenya is already the largest off-grid solar market in Africa, with one in five households
using solar home systems (World Bank, 2023). Expanding financial incentives, such as
subsidies or tax exemptions for clean energy technologies, could accelerate adoption and
relieve pressure on the national grid. This complements rather than replaces grid expansion,
offering a more diversified financing landscape.

The regional integration and financing represent two interlinked opportunities for Kenya’s
energy future. Regional pooling offers resilience, affordability, and geopolitical leverage,
while innovative financing models can close the massive investment gap. However,
realizing these opportunities requires more than infrastructure-it requires governance
reforms to ensure transparency, community engagement to secure social license, and
institutional strengthening to align diverse stakeholders. As Mudany (2024) concludes,
Kenya’s ability to avoid a 2030 energy crisis will depend not only on domestic reforms but
also on its ability to leverage regional and global partnerships for resilience and investment.

9. Policy and Leadership Imperatives

Policy and leadership are at the heart of Kenya’s energy security challenge. While
technical solutions such as grid expansion, renewable deployment, and efficiency
improvements are critical, they cannot be realized without coherent policies and effective
leadership. Mudany (2024) argues that Kenya’s energy sector suffers from a “coordination
deficit,” where ambitious targets in the Least Cost Power Development Plan (LCPDP) are
undermined by fragmented institutions, political interference, and weak accountability
mechanisms. This governance gap is perhaps the most significant risk factor in the
projected 2030 crisis.
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One of the core policy imperatives is strengthening centralized leadership and
coordination. Currently, responsibilities are spread across multiple actors: MoEP sets
policy, EPRA regulates, KenGen generates, KETRACO transmits, and KPLC distributes.
While this structure is intended to enhance specialization, in practice it has created silos
and weakened accountability (World Bank, 2023). For instance, KenGen’s timely addition
of geothermal capacity has often been underutilized due to KETRACO’s delayed
transmission projects (MoEP, 2024). Mudany (2024) recommends establishing a central
coordinating body or empowering MoEP with stronger oversight authority to ensure
LCPDP delivery is tracked and enforced.

A second imperative is policy consistency and depoliticization of tariffs. Tariff
setting has historically been subject to political interference, with periodic freezes or
subsidies implemented to appease public discontent (EPRA, 2023). While politically
expedient, such actions undermine KPLC’s financial sustainability, delaying cost-
reflective tariffs and discouraging investment in new capacity. Mudany et al. (2022)
highlight that this cycle has perpetuated suppressed demand, as households and businesses
cut back consumption due to unaffordable or unpredictable tariffs. Institutionalizing
transparent, predictable tariff-setting through EPRA is critical for restoring investor
confidence and ensuring fairness.

Leadership is also required to address system losses, which remain above 20%
compared to a global best practice of less than 8% (IEA, 2023). Mudany et al. (2022) stress
that technical upgrades alone cannot solve the problem; tackling non-technical losses such
as theft and meter tampering requires political will and community engagement. Yet,
political leaders have often been reluctant to enforce strict anti-theft measures in informal
settlements, where electricity access is a politically sensitive issue. Stronger leadership is
needed to balance social considerations with the need for efficiency.

Another policy imperative is accelerating the transition toward energy
diversification and storage. While Kenya has made impressive strides in geothermal and
wind, policy delays in scaling up solar and storage have constrained progress. The 2022—
2041 LCPDP envisions significant solar expansion, yet implementation lags far behind
(MoEP, 2024). Mudany (2024) emphasizes that without storage and flexible grids,
renewable integration will remain limited. Policies that incentivize battery storage, hybrid
systems, and demand-side management could significantly enhance resilience. Leadership
in aligning these incentives with global climate finance opportunities is equally critical.

Procurement and project implementation reforms are equally urgent. As Odhiambo
and Murage (2022) document, long lead times of 5-7 years are exacerbated by
inefficiencies, litigation, and corruption in procurement. Delays in projects such as the
Suswa-—Lessos transmission line exemplify how weak procurement undermines national
energy security. Leadership must therefore prioritize reforms in procurement frameworks,
streamline approval processes, and enhance transparency to prevent costly delays.
Benchmarking against countries like South Africa, which has successfully implemented
competitive procurement for renewables, could provide useful lessons (World Bank,
2023).
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Community engagement is another critical policy domain. Many large projects
have faced delays due to land disputes, environmental litigation, or resettlement resistance,
as seen in the Lake Turkana Wind Power and Olkaria geothermal expansions (MoEP,
2024). Mudany et al. (2022) argue that such resistance reflects a failure to adequately
integrate local communities into planning and benefit-sharing. Leadership must prioritize
policies that institutionalize community consultation, ensure equitable compensation, and
integrate social safeguards into energy planning. Without this, infrastructure projects will
continue to encounter costly delays and reputational risks. Leadership must also focus on
regional integration as a strategic policy priority. While Kenya is well-positioned to serve
as an energy hub in the Eastern Africa Power Pool, inadequate interconnection
infrastructure and lack of harmonized tariffs have limited progress (World Bank, 2023).
Mudany (2024) stresses that policy leadership is needed to align domestic energy planning
with regional strategies, enabling Kenya to leverage cheaper imports and export surpluses
when available. By embedding regional integration into national energy policy, Kenya can
diversify risks and reduce the probability of crises.

Finally, political leadership and vision are indispensable. Energy policy in Kenya
has often been reactive, driven by crises rather than long-term planning. The 2009 crisis
triggered diversification into geothermal and wind, while tariff protests have spurred ad
hoc subsidies. Mudany (2024) warns that without visionary leadership that transcends
short-term political cycles, Kenya risks repeating the same reactive pattern. Embedding
energy security into national development policy, backed by strong institutions and
sustained political commitment, is essential for averting the projected 2030 crisis. There is
need for centralized leadership and policy coordination to enforce delivery targets in the
LCPDP (MoEP, 2024). Kenya’s energy future hinges less on technological potential and
more on governance, policy, and leadership. Coherent coordination, transparent tariffs, loss
reduction, procurement reform, community engagement, and regional integration all
require decisive leadership. Without these imperatives, even the best technical plans will
falter in execution. As EPRA (2023) and MoEP (2024) emphasize, achieving energy
security is not simply about capacity expansion-it is about governance reform and political
will.

10. The Past: Lessons from Historical Trajectories

Kenya’s energy sector has historically been shaped by a heavy reliance on
hydropower, a trend dating back to the 1960s when hydroelectric dams such as Kindaruma
and Seven Forks formed the backbone of electricity supply. By the 1980s, hydropower
accounted for more than 70% of Kenya’s installed generation capacity, reflecting both the
abundance of rivers and the limited diversification strategies of the time (MoEP, 2024).
While hydropower provided cheap electricity during wet seasons, it left the economy
vulnerable to climate variability. Drought cycles repeatedly disrupted supply, highlighting
the fragility of a mono-resource system in a country already prone to erratic rainfall.

The fragility of this over-reliance came into sharp focus during the 2009 energy
crisis, when severe drought reduced hydropower output to historic lows, forcing the
government to impose rolling blackouts nationwide. Industrial output contracted, small
businesses closed temporarily, and households turned to costly generators and kerosene.
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The Energy and Petroleum Regulatory Authority (EPRA, 2010) identified the crisis as a
turning point, underscoring the urgent need to diversify energy sources and accelerate
investment in non-hydro resources. The crisis was not merely a weather shock but the result
of decades of underinvestment in geothermal, wind, and solar, compounded by
bureaucratic inefficiencies in planning and procurement.

In response, Kenya embarked on diversification efforts in the 2010s, with
geothermal development taking center stage. The Olkaria geothermal complex became a
flagship project, transforming Kenya into Africa’s leading geothermal producer by mid-
decade. International partners, including the World Bank, Japan International Cooperation
Agency (JICA), and the African Development Bank, provided concessional financing to
mitigate the risks of geothermal drilling (World Bank, 2023). By 2019, geothermal capacity
surpassed 700 MW, stabilizing baseload supply and reducing dependence on hydropower.
This success positioned Kenya as a global model for renewable energy transition, though
gaps in delivery still persisted.

The past also highlights the structural weaknesses of Kenya Power and Lighting
Company (KPLC), the utility responsible for transmission, distribution, and retail. KPLC’s
monopoly role meant it carried the sector’s financial risks, yet its operational performance
was undermined by high system losses, inefficient billing, and politically influenced tariff
structures. By the early 2020s, KPLC’s arrears to Independent Power Producers (IPPs) had
reached billions of shillings, eroding investor confidence and creating liquidity crises
(KPLC, 2024). These weaknesses were not new; rather, they were legacies of decades of
poor procurement governance and weak regulatory oversight, as noted by Odhiambo and
Murage (2022).

Electrification efforts during the 2010s were transformative, yet uneven. The Last
Mile Connectivity Project (LMCP), launched in 2015, expanded household connections
from less than 30% in 2010 to more than 75% by 2020 (World Bank, 2023). This progress
marked one of the fastest electrification drives in Africa. However, access often outpaced
reliability, with newly connected households facing frequent outages and voltage
fluctuations. This paradox-widespread access without dependable service-became a
defining feature of Kenya’s electricity sector in the late 2010s and early 2020s.

Transmission infrastructure development lagged behind generation, creating
bottlenecks that stranded new capacity. Projects such as Lake Turkana Wind Power,
Africa’s largest wind farm, were completed on schedule in 2017 but could not dispatch
electricity for months due to incomplete transmission lines. This mismatch reflected long-
standing institutional inefficiencies: while generation projects received financing and
attention, transmission often suffered delays due to land disputes, financing shortfalls, and
weak coordination among government agencies (EPRA, 2023). Such delays reinforced
systemic inefficiencies that still constrain Kenya’s power system.

Another critical aspect of Kenya’s energy past is the role of community resistance
and environmental concerns in delaying infrastructure. Projects such as Amu Power in
Lamu faced prolonged litigation due to environmental risks, while Olkaria geothermal
expansion encountered resistance over displacement and inadequate compensation (EPRA,
2023). These disputes highlighted how energy planning often sidelined local communities,
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creating tensions that outlasted construction and fed into social mistrust. The consequences
were delayed project timelines and rising costs, which in turn reduced Kenya’s ability to
keep pace with demand growth.

At the policy level, the government attempted reforms through the Least Cost
Power Development Plan (LCPDP), first introduced in the early 2000s. The plan aimed to
guide expansion based on economic efficiency, yet implementation consistently fell short.
By 2020, multiple LCPDP targets for geothermal, wind, and transmission remained unmet,
with project delays recurring across planning cycles (MoEP, 2024). This gap between
ambition and delivery created a legacy of shortfalls that continues to haunt Kenya’s energy
planning today.

In synthesis, Kenya’s past energy sector performance reflects both notable
achievements and systemic weaknesses. The diversification into geothermal and the
electrification drive of the 2010s mark major milestones, establishing Kenya as a renewable
leader in Africa. Yet the same past reveals persistent structural challenges: over-reliance
on hydro, procurement inefficiencies, KPLC’s financial fragility, transmission delays, and
community resistance. These historical dynamics not only explain the sector’s present
vulnerabilities but also set the stage for the looming risks projected for 2030. The past thus
offers critical lessons-chief among them that without timely reforms and systemic
coherence, Kenya risks repeating cycles of crisis even amid abundant renewable potential.

11. The Present — Emerging Strengths and Persistent Gaps in Kenya’s Energy
Sector

Kenya today is celebrated internationally as one of the greenest electricity systems
in the developing world. With over 80% of generation sourced from renewables-
geothermal, hydro, wind, and solar- the country has surpassed global averages for clean
energy integration (MoEP, 2024). This achievement reflects two decades of deliberate
policy, investment in geothermal at Olkaria, and large-scale projects such as Lake Turkana
Wind Power. The transition has earned Kenya recognition in international climate policy
circles as a model for low-carbon growth. However, this global reputation belies a deeper
paradox: despite its renewable leadership, Kenya continues to struggle with reliability,
affordability, and efficiency.

At the center of present challenges is system reliability. EPRA’s half-year statistics
for FY2024/25 show that consumers endured an average of 9.15 hours of outages per
month, nearly three times the regulatory benchmark of 3.25 hours (EPRA, 2025). Industrial
firms, in particular, face frequent voltage fluctuations that disrupt production, forcing many
to invest in costly backup generators. The reliability gap reflects not a shortage of installed
capacity, but weaknesses in transmission, distribution, and storage integration. Kenya’s
grid infrastructure remains fragile, with delays in reinforcing substations and completing
transmission lines constraining the evacuation of renewable power. This weakness is most
visible in the form of curtailment, where renewable energy potential is wasted due to grid
limitations. In late 2024, over 511 GWh of geothermal power was curtailed, equivalent to
about 10% of national generation for that period (EPRA, 2025). This paradox-abundant
generation alongside widespread outages-illustrates the structural mismatch between
generation expansion and system absorption. Without adequate storage, such as battery
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systems or pumped hydro, and without accelerated transmission expansion, curtailment
will remain a drag on reliability and a hidden driver of suppressed demand.

Another critical issue is system losses, which have worsened in recent years. In
2025, EPRA reported distribution and transmission losses of 22-24%, up from 14.8% in
2024, and nearly triple the global benchmark of below 8% (EPRA, 2025; IEA, 2023).
These losses represent almost 3 billion kWh annually, energy equivalent to powering
several hundred thousand households. The rise in losses is both technical-stemming from
aging infrastructure-and commercial, including theft and unmetered connections. Losses
not only erode effective supply but also worsen KPLC’s financial health, as the utility is
unable to recover revenues from nearly a quarter of energy purchased.

Kenya’s growing dependence on regional imports further highlights present
vulnerabilities. In 2025, electricity imports from Ethiopia rose by nearly 80%, covering
around 10% of Kenya’s demand (World Bank, 2025). The commissioning of the Ethiopia—
Kenya interconnector marked a major milestone for the Eastern Africa Power Pool (EAPP),
and Kenya is now considering expanding import capacity to 400 MW. While imports
provide short-term relief, they also introduce external risks, as Ethiopia’s own reliance on
hydropower exposes supply to climate variability. Over-dependence on imports risks
replacing domestic fragility with regional vulnerability, underscoring the need for balanced
integration.

Financial fragility compounds these technical gaps. KPLC’s FY2024/25 financials
reveal ongoing liquidity pressures, with arrears to Independent Power Producers (IPPSs)
undermining investor confidence (KPLC, 2024). The utility’s challenges are rooted in non-
cost-reflective tariffs, inefficiencies in revenue collection, and political resistance to tariff
adjustments. This financial weakness constrains the sector’s ability to mobilize the USD
6.3-8.0 billion needed between 2025 and 2030 for generation, transmission, distribution,
and storage (MoEP, 2024). International partners, including the World Bank’s GREEN
program launched in 2025, are funding grid reinforcements and storage feasibility studies,
but such programs cover only a fraction of the total investment requirement.

Institutional fragmentation further undermines present performance. Kenya’s
energy governance involves multiple actors-MoEP, EPRA, KenGen, KETRACO, KPLC,
and IPPs-whose mandates often overlap. EPRA (2025) notes that generation projects
frequently outpace transmission readiness, leading to stranded capacity and wasted
investments. For example, the Lake Turkana Wind Power project was delayed for nearly a
year due to incomplete transmission infrastructure, a mismatch that continues to recur
across projects. Without stronger institutional coordination, Kenya risks perpetuating this
cycle of inefficiency. Social license challenges remain at the heart of infrastructure delivery
delays. Resistance to land acquisition, inadequate compensation, and environmental
concerns have stalled or disrupted key projects. The Suswa—Lessos transmission line faced
prolonged disputes over land compensation, while Olkaria geothermal expansion triggered
tensions with displaced communities. These conflicts have been identified by EPRA (2025)
and the World Bank (2025) as significant non-technical barriers to energy expansion.
Poorly managed community engagement not only delays projects but also inflates costs
and erodes trust, threatening Kenya’s ability to deliver infrastructure on time.
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Kenya’s energy sector today reflects a paradoxical reality. The country leads the
continent in renewable energy penetration, yet reliability remains elusive, losses continue
to climb, financial fragility undermines investor confidence, and social resistance delays
projects. Imports provide temporary relief, but they cannot substitute for domestic
resilience. The present moment is thus characterized by both impressive achievements-
green leadership and rapid electrification-and persistent gaps that threaten to undermine
these gains. Without immediate reforms in governance, financing, and system efficiency,
Kenya risks sliding toward an energy crisis even as it garners international praise for its
renewable leadership.

12. The Future — Risks, Opportunities, and Trajectories

Kenya’s energy future is defined by the delicate balance between rapidly growing
demand and the constraints of supply expansion. According to the Ministry of Energy and
Petroleum’s Least Cost Power Development Plan (LCPDP), peak demand will rise to
4,800-5,000 MW by 2030, with effective demand, including suppressed consumption,
reaching as high as 7,000 MW (MoEP, 2024). The Energy and Petroleum Regulatory
Authority (EPRA, 2025) reinforces these projections, noting that consumption increased
by nearly 279 GWh in FY2024/25, reflecting accelerating structural growth. The
International Energy Agency (IEA, 2025) further estimates that Kenya’s demand growth
will outpace the Sub-Saharan average of 4.5% per year, driven by industrial expansion,
universal electrification goals, and the electrification of transport. These indicators suggest
that by 2030, Kenya’s energy requirements may exceed current projections, raising the
stakes for timely reforms.

Supply expansion, however, lags behind. Kenya’s current reliable capacity is about
4,200 MW, a figure that has barely kept pace with demand growth (MoEP, 2024). While
the country has made progress in geothermal, wind, and solar, the pace of delivery is slower
than planned. By mid-2025, only 70 MW of the targeted 130 MW of geothermal additions
had been realized, leaving a 46% shortfall. Similarly, only 600 km of the planned 1,200
km transmission lines had been completed, indicating a 50% delivery gap (MoEP, 2024).
These shortfalls highlight the persistent risk that Kenya’s future energy crisis will not stem
from a lack of resource potential but from bottlenecks in project execution.

The risk of a supply deficit of 2,000-2,800 MW by 2030 looms large. Already,
Kenya has turned to imports to cover emerging gaps. EPRA (2025) reports that electricity
imports from Ethiopia increased by nearly 80% in 2025, covering around 10% of domestic
demand. This reliance demonstrates both the opportunities of regional integration and the
vulnerabilities of dependence. Ethiopia’s hydropower-heavy mix is itself exposed to
drought, while shifting political or economic conditions could constrain exports. The
World Bank (2025) warns that imports should be treated as complementary buffers rather
than reliable substitutes for domestic capacity.

Financing remains a critical determinant of Kenya’s energy future. The MoEP
(2024) projects that USD 6.3-8.0 billion will be required between 2025 and 2030 to expand
generation, transmission, distribution, and storage. Yet Kenya Power and Lighting
Company’s (KPLC) financial reports for 2024/25 reveal continued liquidity challenges,
arrears to IPPs, and high system losses that undermine creditworthiness (KPLC, 2024).
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Without robust reforms, Kenya may struggle to attract the concessional finance and private
investment needed to bridge the gap. The World Bank’s GREEN program, launched in
2025, is providing critical support for grid reinforcements, STATCOM installations, and
storage feasibility, but such interventions remain modest relative to the overall financing
need (World Bank, 2025).

The future of Kenya’s energy sector will also be shaped by climate change risks.
Hydropower remains 28% of the energy mix, yet the IPCC (2023) warns of increased
drought frequency that will reduce reservoir reliability. Geothermal, though more climate-
resilient, faces geological risks such as reservoir depletion if drilling and reinjection are
poorly managed (Goldstein et al., 2022). Wind and solar, while abundant, require storage
and transmission to deliver firm capacity. Unless Kenya invests in grid flexibility, battery
energy storage systems (BESS), and pumped hydro, the renewable-heavy portfolio may
paradoxically increase vulnerability to supply shortfalls during peak hours.

System losses, currently at 22-24%, pose another future risk. If losses persist at
these levels, Kenya will be forced to build or import significantly more capacity to meet
effective demand (EPRA, 2025). Conversely, reducing losses to 12% by 2030 could
reclaim hundreds of megawatts of capacity, narrowing the deficit without major new
generation investments. This places loss reduction at the heart of future energy security,
alongside capacity expansion. Addressing theft, upgrading infrastructure, and deploying
smart metering will be critical for this transition.

The rise of e-mobility and electric cooking presents both an opportunity and a challenge.
Government initiatives to electrify public transport in Nairobi and to roll out electric
cooking programs for households could increase peak demand substantially. If managed
through time-of-use tariffs and storage integration, these new loads could stabilize grid
operations by absorbing off-peak energy. If unmanaged, however, they could exacerbate
evening peaks, intensifying the supply deficit. The IEA (2025) stresses that demand-side
management will be as important as supply-side expansion in shaping Kenya’s energy
future.

Social and political dimensions will remain central. Community resistance to land
acquisition and environmental concerns have already delayed flagship projects, from Lake
Turkana Wind to the Suswa—Lessos transmission line. If Kenya fails to institutionalize
transparent compensation and benefit-sharing frameworks, these disputes will continue to
slow project delivery, undermining 2030 targets. EPRA (2025) emphasizes that
stakeholder engagement is not optional but a critical determinant of system adequacy.

Kenya’s energy future is one of both risk and opportunity. The risk is that by 2030,
demand could surpass 7,000 MW, while supply capacity lags by 2,000-2,800 MW,
triggering blackouts reminiscent of 2009 but on a larger scale. The opportunity lies in
Kenya’s abundant renewable resources, regional integration potential, and global financing
for green transitions. Whether Kenya faces a crisis or emerges as a continental leader in
resilient clean energy will depend on its ability to accelerate project delivery, reduce losses,
strengthen governance, and institutionalize community engagement. The next five years
will be decisive in determining which trajectory unfolds.
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13. Kenya Power System Outlook To 2030: Comprehensive Strategic Capacity,
Investment and Reliability Assessment

Kenya’s electricity sector stands at a structural crossroads as the country
approaches 2030. Accelerated industrialisation, digital infrastructure expansion, rapid
urbanisation, and climate variability are reshaping the nation’s energy demand in ways that
outpace historic growth patterns. Evidence from emerging markets indicates that once
economies reach key industrialization thresholds, electricity demand grows non-linearly
rather than incrementally (Ueckerdt, Brecha & Luderer, 2022). Kenya’s rising loads from
Special Economic Zones (SEZS/EPZs), electrified transport, agro-industrial clusters, and
data centres, as well as emerging urban-industrial corridors in Naivasha, Eldoret, Konza,
and Nakuru, place the country firmly in this high-growth category. Ministry of Energy
modelling projects peak demand reaching 4,450-4,650 MW by 2030 under accelerated
scenarios, well above the usable capacity expected under realistic implementation of the
Least Cost Power Development Plan (LCPDP) (MoEP, 2024).

The implications of these projections are significant. Historically, Kenya relied on
comfortable reserve margins to cushion demand spikes or outages, but years of delayed
infrastructure delivery have eroded these buffers. International benchmarks recommend a
minimum 20% reserve margin for reliability, yet Kenya’s actual reserves frequently fall
below this threshold when hydropower deratings and geothermal or wind intermittency are
factored in (IEA, 2023). Under realistic planning standards - including a 20% spinning and
outage reserve, hydro resource variability, and intermittent generation - Kenya’s grid will
remain balanced only if capacity expansion projects are executed on schedule. Under
accelerated growth, supply deficits of 270-470 MW are possible by 2030, rising to 800
MW if implementation delays occur.

Structural drivers of demand, including confirmed SEZ commitments, global cloud
infrastructure investment, and domestic industrial development plans, suggest that the most
probable trajectory aligns with Scenario C. This underscores the urgent need to align
capacity planning with accelerated growth assumptions, ensuring that Kenya secures both
energy reliability and national competitiveness. The 2025-2030 period is therefore not
merely another planning horizon but a decisive phase that will determine whether Kenya
enters the next decade with energy resilience or systemic exposure.

Scenario Peak Demand 2030 Usable Capacity Surplus / Deficit
(Mw) (MW)
A: Moderate Growth ~ 3,880 ~ 4,180 +300 MW
(7%)
B: High Growth (9%) ~4,210 ~ 4,180 ~ Balanced
C: Accelerated ~ 4,450 — 4,650 ~ 4,180 —270 to 470 MW

Growth (10-11%)
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The energy system vulnerabilities intersect with broader macroeconomic risks.
Studies on African energy markets suggest that countries experiencing chronic energy
deficits suffer from reduced industrial productivity, lower foreign direct investment (FDI)
inflows, and diminished competitiveness in export-oriented sectors (Eberhard, Gratwick,
Morella, & Antmann, 2018). Kenya’s ambitions for industrialisation and digital
transformation are therefore directly tied to the robustness of its electricity system. Without
decisive investment and governance reform, the country risks a crisis reminiscent of 2009-
but magnified by much larger industrial exposure. Thus, this report argues that Kenya must
treat power sector planning as a core economic and national competitiveness priority rather
than a technical subsectoral concern.

14. Rising Demand and System Adequacy Pressures

Kenya’s electricity sector faces a critical juncture as the country approaches 2030.
On 24 October 2025, peak demand reached 2,411 MW, nearly matching the stable supply
of 2,421 MW, against an installed capacity of roughly 3,300 MW. With a recommended
20% spinning/outage reserve, variable hydro output, and rising urban and industrial
demand, system margins are already thin and highly vulnerable to disruption.

Peak demand is projected to reach 4,450—4,650 MW by 2030, well above the
capacity realistically deliverable under the Least Cost Power Development Plan (LCPDP).
Modeling 7% (moderate) and 9% (high) demand growth, accounting for a ~500 MW
connection backlog and partial LCPDP delivery (80-100%), shows growing risk of supply
shortfalls. Under moderate growth, full LCPDP delivery provides only a modest surplus; a
10-20% delay converts this into a 130-550 MW deficit. Under high growth, even full
delivery leaves the system near balance, with deficits widening rapidly. Factoring outage
reserves and weather-driven hydro variability, Kenya’s electricity system operates with
minimal buffers.

Demand growth is structural. Industrial loads are rising in Naivasha, Eldoret, Thika,
Nakuru, and the Athi River corridor, while Special Economic Zones, new steel and cement
plants, and emerging digital infrastructure are driving high baseload requirements.
Multinational cloud and Al computing centres, each consuming 50-150 MW, further
amplify demand, making Kenya’s current forecasts conservative. Suppressed and latent
demand - nearly 500 MW of unserved load - further tighten the system, revealing true
consumption elasticity only once network constraints are addressed.

The economic implications are significant. Chronic electricity deficits threaten
industrial productivity, foreign investment, and export competitiveness. Kenya’s
industrialisation and digital ambitions are tightly linked to electricity reliability. Without
timely investment, governance reform, and full LCPDP execution, the country risks a
systemic energy crisis, magnified by larger industrial exposure. The 2025-2030 period is
decisive: electricity planning must be treated as a core economic and national
competitiveness priority to secure resilience and sustainable growth.
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2030 Peak Demand| Usable Suppl Surplus / Deficit

Moderate 7% (100%) 3,882 4,181 +299
Moderate 7% (90%) 3,882 3,752 130
Moderate 7% (80%) 3,882 3,324 558
High 9% (100%) 4,210 4,181 29

High 9% (90%) 4,210 3,752 458
High 9% (80%) 4,210 3,324 886

15. System Losses: Kenya’s Largest Recoverable Capacity Source

Kenya’s technical and commercial losses - currently 22—-24% - amount to one of
the most significant structural inefficiencies in the national power system. In a global
comparative perspective, losses above 15% are typically found only in countries with
severe governance, infrastructure, or enforcement challenges (Zhang, 2020). Kenya’s loss
levels translate into nearly 3 billion kWh wasted annually, equivalent to the output of a
mid-sized geothermal plant running continuously for a year. This lost energy imposes
direct financial pressures on Kenya Power and indirect economic costs on consumers
through elevated tariffs.

Scholarly research confirms that reducing system losses is one of the most cost-
effective interventions available to utilities. Studies from Brazil, India, and South Africa
indicate that targeted interventions - smart meters, feeder-level monitoring, automated
meter reading, high-voltage distribution systems, and anti-theft enforcement - can reduce
losses by 30—40% within 5 years (Bhattacharyya, 2019). For Kenya, achieving a reduction
to 12% by 2030 would recover the equivalent of hundreds of megawatts of effective supply
- without adding a single generation plant. This alone could close a substantial portion of
the projected 2030 supply gap.

Yet loss reduction is not purely technical. It intersects with socio-political realities,
particularly in informal settlements where illegal connections are widespread. Research
shows that successful loss-reduction programs require social engagement, community
incentives, and political alignment - not only enforcement (Karekezi & Kimani, 2002).
Therefore, Kenya must pursue a holistic approach combining advanced metering,
infrastructure modernisation, and community-based enforcement. Reducing losses is not
an auxiliary reform; it is one of the most essential pillars of restoring Kenya’s energy
security and the financial solvency of its utility.

16. Generation Mix Strategy: Geothermal, Renewables, and Required
Diversification

Geothermal energy is Kenya’s backbone resource, offering baseload, low-carbon,
climate-resilient power with capacity factors exceeding 90%, significantly higher than
hydropower or wind. Kenya’s geothermal potential exceeds 10 GW, yet less than 1 GW
has been exploited. The lag is attributable to drilling risks, inadequate exploration funding,
and weak risk-mitigation frameworks (Goldstein et al., 2022). Countries such as Indonesia
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achieved geothermal scale-up by establishing robust risk-sharing mechanisms,
government-backed exploration funds, and competitive procurement, all frameworks
Kenya must emulate.

Wind and solar have expanded significantly, but their intermittency poses
challenges. Kenya recorded over 511 GWh of geothermal curtailment in 2024 due to
insufficient grid flexibility and inadequate storage (EPRA, 2025). Battery Energy Storage
Systems (BESS) have become globally cost-competitive, and academic studies show they
are indispensable for renewable-dominant grids (Luo, Wang, Dooner, & Clarke, 2023).
Kenya must rapidly deploy BESS, hybrid renewable-storage systems, and flexible
geothermal operations to reduce curtailment and improve system stability.

However, no renewable-heavy system is resilient without flexible backup capacity.
Hydropower - a traditional balancing resource - is vulnerable to climate-induced drought
cycles projected to intensify (IPCC, 2023). Geothermal reservoirs require sustainable
extraction to avoid depletion risks. Therefore, a limited portfolio of flexible LNG-ready
peaking plants is necessary to provide rapid ramping during peak hours. Research across
Europe, Australia, and Latin America confirms that small-scale gas peakers complement
renewables, reduce system costs, and stabilise grids with high intermittency (Newbery,
Pollitt, Reiner, & Taylor, 2018). Kenya must therefore adopt a diversified generation
strategy balancing geothermal, renewables, storage, and flexible backup to ensure
reliability.

17. Transmission Infrastructure: Kenya’s Critical Bottleneck

Transmission infrastructure remains the most significant structural constraint to
Kenya’s energy system. As of mid-2025, only 600 km of the planned 1,200 km of new
LCPDP transmission lines had been delivered (MoEP, 2024). Global evidence shows that
inadequate transmission is the primary cause of stranded renewable generation, high
curtailment, and regional imbalances (Ponce de Leon Barido, Welsch, & Ortega., 2019).
Kenya’s Lake Turkana Wind Power experience - where a fully constructed 310 MW plant
remained idle for over a year - illustrates the costly consequences of transmission delays.

Beyond physical infrastructure, transmission challenges reflect deeper governance
issues. Land acquisition disputes, community resistance, environmental litigation, and
budget constraints frequently delay or derail critical lines. Research demonstrates that
community benefit-sharing models - such as revenue-sharing, local electrification
commitments, and infrastructure co-investments - reduce public resistance and cut project
timelines by up to 30% (Sovacool et al., 2020). Kenya must institutionalise such models to
accelerate future transmission projects.

The regional dimension magnifies the urgency. If Kenya is to become a net
wheeling hub within the Eastern Africa Power Pool (EAPP), it must strengthen its internal
transmission corridors to facilitate cross-border flows. Without strong internal
transmission, Kenya risks congestion, stranded energy, and reduced ability to leverage
regional imports and exports. Transmission thus represents a foundational enabler - without
which generation expansion will not translate into realisable supply.
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18. Transmission and System Flexibility: Kenya’s Critical Enablers

Transmission infrastructure remains the most significant constraint to Kenya’s
energy system. As of mid-2025, only 600 km of the planned 1,200 km of new LCPDP lines
were completed (MoEP, 2024). Inadequate transmission has caused stranded renewable
generation, high curtailment, and regional imbalances - exemplified by the Lake Turkana
Wind Power project, which remained idle for over a year despite being fully constructed.
Delays are driven not only by physical bottlenecks but also by governance challenges,
including land disputes, community resistance, and budget constraints. Community
benefit-sharing models have proven effective in reducing opposition and accelerating
project delivery and should be institutionalised nationwide. Strengthened transmission is
also essential for Kenya’s ambition to become a regional hub within the Eastern Africa
Power Pool (EAPP).

As Kenya’s generation mix shifts toward variable renewable energy (VRE), system
flexibility becomes equally critical. Flexibility - the ability to balance rapid supply-demand
changes, absorb uncertainty, and respond to extreme events - is limited by seasonal hydro
variability, wind intermittency, aging thermal units, and constrained storage. Climate
change further intensifies these challenges, threatening firm capacity and reliability.
Addressing this requires investments in both physical flexibility (storage, fast-ramping
generators, demand response) and institutional mechanisms (advanced forecasting,
dynamic dispatch, grid-management tools). Together, robust transmission and system
flexibility are essential to unlock Kenya’s renewable potential, reduce curtailment, and
ensure a reliable domestic supply and cross-border trade.

19. Strategic Interventions — Pathways to Averting Kenya’s 2030 Energy Crisis

Kenya faces a critical energy juncture. System loss reduction is the most immediate
priority. With losses of 22-24% (EPRA, 2025) versus a global benchmark of 8% (IEA,
2023), nearly 3 billion kWh are wasted annually. Reducing losses to 12% by 2030 could
recover several hundred MW without new generation. This requires modern distribution
infrastructure, smart metering, feeder segmentation, and curbing illegal connections, with
careful enforcement in informal settlements. Storage deployment is essential. Over 511
GWh of geothermal energy was curtailed in late 2024 due to limited grid flexibility. Fast-
tracking battery and pumped hydro storage (World Bank GREEN, 2025) by 2028 would
convert stranded renewables into firm capacity, reducing costly thermal reliance.

Transmission expansion must accelerate. Only 600 km of the planned 1,200 km
lines were completed by mid-2025 (MoEP, 2024), stranding projects like Lake Turkana
Wind. Streamlined land acquisition, community benefit-sharing, and dedicated financing
for KETRACO are crucial. Geothermal expansion remains central. Kenya’s potential
exceeds 10 GW (IEA, 2025), yet only a fraction is exploited. Completing planned
additions, expanding drilling, encouraging IPP participation, and leveraging risk insurance
could scale geothermal to 1,000 MW by 2030, providing a reliable baseload. Flexible
resources are needed to manage variability. Deploying limited gas peakers or hybrid solar-
storage plants would enhance resilience amid hydropower droughts and geothermal risks
(IPCC, 2023; Goldstein et al., 2022).
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Regional integration offers short-term relief. Imports from Ethiopia covered 10%
of demand in 2025. Expanding cross-border transmission and flexible contracts within the
Eastern Africa Power Pool can help balance seasonal demand, but imports remain
complementary to domestic investments.

Financing and institutional reforms are critical. Kenya needs $6.0-8.7B (2025-
2030) for generation, transmission, distribution, and storage. Weak KPLC finances require
blended finance, green bonds, and concessional loans. Transparent procurement, benefit-
sharing frameworks, and stronger coordination among MOoEP, EPRA, KenGen,
KETRACO, and KPLC will reduce delays and litigation.

20. Investment Requirements (Cost-B Breakdown)
Estimated investment requirements to secure system adequacy to 2030:

Investment Segment Estimated Cost (USD)
Generation + Storage (500-900 MW) $3.2B — $4.8B
Transmission  Corridors  (Backbone $1.3B-$2.1B
Reinforcement)

Distribution + SEZ Feeders + Connection $0.9B — $1.4B
Backlog

System Stability / SCADA [/ Grid $0.25B — $0.45B
Operations

Total Required (2025-2030) $6.0B — $8.7B

Strategic Priorities (2026-2030)

= Commission 500-900 MW of firm/flexible capacity (solar + storage, geothermal,
peakers).

= Accelerate KETRACO transmission projects.

= Clear KPLC connection backlog and reinforce SEZ feeders.

= Implement blended finance: 40% concessional, 30% commercial, 30% private.

= Strengthen SCADA, system protection, and grid operations.

Technical interventions (loss reduction, storage, transmission, geothermal) must align with

financial innovation, institutional reforms, and community engagement. Imports and

flexible resources provide buffers, but domestic investments are critical. Decisive action

over the next five years will determine whether Kenya achieves energy resilience or faces

a major crisis.

21. Conclusion

Kenya risks an energy crisis by 2030 due to growing demand, infrastructure delays,
and climate challenges unless strategic reforms are implemented (EPRA, 2023). Kenya’s
energy sector stands at a pivotal crossroads. On the one hand, the country has achieved
impressive milestones, including an electrification rate of nearly 80% by 2023 and one of
the highest shares of renewable energy generation in Africa (MoEP, 2024). On the other
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hand, structural inefficiencies, rising demand, and climate vulnerability threaten to undo
these gains. Mudany (2024) projects that by 2030, Kenya could face a deficit of 2,000—
2,800 MW, a shortfall large enough to precipitate another nationwide energy crisis. This
looming gap highlights the urgent need to align infrastructure expansion, efficiency
improvements, and governance reforms.

The analysis of the 2009 energy crisis offers sobering lessons. Then,
overdependence on hydropower left Kenya exposed to drought-induced shortages,
triggering rolling blackouts that disrupted industries and households alike (EPRA, 2010).
Emergency reliance on Independent Power Producers (IPPs) provided temporary relief but
saddled the country with costly long-term contracts. Mudany (2024) warns that without
proactive reforms, the projected 2030 crisis could mirror or even exceed the severity of
2009, as demand will be much higher, infrastructure will be more strained, and climate
risks more acute. The lesson is clear: resilience cannot be built reactively but must be
embedded into planning and execution.

System losses remain one of the most persistent threats to energy security. At
23.95% in 2021-equivalent to nearly 2.9 billion kWh lost annually-Kenya’s electricity
losses are significantly higher than regional peers and global benchmarks (KPLC, 2021,
Mudany et al., 2022; IEA, 2023). These inefficiencies inflate tariffs, erode investor
confidence, and weaken Kenya Power’s financial sustainability. As EPRA (2023) notes,
even modest reductions in system losses could recover hundreds of megawatts of effective
supply without new generation. Addressing losses is therefore not peripheral but central to
closing the projected supply gap.

Governance and institutional bottlenecks compound these challenges. Kenya’s
energy sector is fragmented across multiple actors-MoEP, EPRA, KenGen, KETRACO,
KPLC, IPPs, and mini-grid developers-with weak coordination mechanisms (World Bank,
2023). As a result, generation projects are often completed before transmission lines, or
community disputes delay critical infrastructure. Mudany (2024) frames this as a
“coordination deficit,” where institutional silos undermine national energy security. Unless
leadership is strengthened to enforce delivery and accountability, technical solutions will
remain undermined by governance weaknesses.

Climate change adds another layer of risk. Hydropower, which still contributes
around 28% of Kenya’s generation mix, is highly vulnerable to droughts projected to
intensify under climate scenarios (IPCC, 2023). Geothermal, while less climate-sensitive,
is not immune, with global studies documenting reservoir depletion risks (Goldstein et al.,
2022). Wind and solar, though abundant, face intermittency challenges that require robust
grid flexibility and storage capacity. Thus, the crisis Kenya faces is not only about quantity
of supply but also about resilience to climate-induced variability.

Financing constraints further limit Kenya’s ability to meet its 2030 targets. The
MOEP (2024) estimates that between USD 6.3-8.0 billion will be required from 2025-2030
for generation, transmission, distribution, storage, and efficiency investments. Yet, Kenya
Power’s weak balance sheet and outstanding debt obligations undermine its capacity to
mobilize funds (KPLC, 2024). Public-private partnerships and concessional financing are
therefore indispensable, but as Mudany et al. (2022) caution, poorly structured contracts
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risk locking Kenya into unsustainable obligations. Transparent, competitive procurement
frameworks must underpin financing strategies to ensure affordability.

Regional integration provides a potential safety net. By deepening participation in
the Eastern Africa Power Pool (EAPP), Kenya can import surplus electricity from Ethiopia
and export to Uganda and Tanzania, reducing reliance on domestic generation during
shortages (World Bank, 2023). However, current interconnection infrastructure remains
limited, and political as well as regulatory barriers persist. Mudany (2024) highlights that
positioning Kenya as a regional energy hub could significantly enhance resilience, but only
if integration is mainstreamed into national policy and supported by investment in cross-
border infrastructure.

At the heart of the solution lies political will and leadership. Kenya’s energy
challenges are as much institutional as they are technical. Tariff-setting, procurement,
community engagement, and regional integration all require strong political leadership to
break the cycle of inefficiency and crisis. As Odhiambo and Murage (2022) argue,
procurement reforms and institutional strengthening are necessary to reduce project lead
times, which currently average 5-7 years. Without such leadership, Kenya risks being
locked into reactive crisis management rather than proactive resilience building.

In conclusion, Kenya’s looming energy crisis is not inevitable but preventable. The
convergence of rising demand, system inefficiencies, climate risks, and financial
constraints constitutes a formidable challenge, yet it also provides an opportunity for
reform. Mudany (2024) and Mudany et al. (2022) emphasize that the key lies in integrated
solutions: accelerating renewable deployment, reducing system losses, expanding grid
infrastructure, improving procurement, and enhancing leadership and coordination. If these
reforms are implemented decisively, Kenya can transform its energy sector from a crisis-
prone system into a resilient, affordable, and sustainable enabler of development by 2030.
If not, history may repeat itself-with consequences even more severe than 2009.

22. Recommendations
Accelerate Renewable Deployment

The MoEP (2024) Least Cost Power Development Plan identifies geothermal as the
cornerstone of Kenya’s baseload expansion, targeting an additional 1,100 MW by 2030.
Yet, as of mid-2025, less than 50% of geothermal expansion milestones had been met. The
World Bank (2023) warns that slow implementation risks widening the supply deficit, as
geothermal drilling remains underfunded and plagued by procurement delays. Meanwhile,
the IEA (2023) emphasizes that solar PV costs have fallen by 85% globally since 2010,
presenting Kenya with an affordable scaling opportunity. Probing deeper, it is evident that
Kenya has underleveraged this solar potential, with only 8% of its energy mix coming from
solar (MoEP, 2024). Policies must pivot toward faster procurement cycles, grid integration
of utility-scale solar, and incentivizing hybrid solar—battery systems, aligning with IEA’s
recommendation to embed flexibility into renewable expansion.
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Expand Grid Infrastructure

The transmission expansion remains Kenya’s Achilles heel (EPRA’s Energy
Statistics Report, 2023). Despite ambitious plans, only 600 km of new high-voltage lines
were completed by 2025, against an LCPDP target of 1,200 km (MoEP, 2024). This has
stranded projects like Lake Turkana Wind Power and slowed geothermal dispatch. The
World Bank (2023) stresses that Kenya’s transmission delays erode investor confidence
and increase system costs by up to 20%. Furthermore, aging distribution networks
contribute to 14.8% losses, nearly double the global best practice benchmark of under 8%
(IEA, 2023). To probe this deeper: transmission delays are not simply logistical failures,
but symptoms of procurement inefficiencies and weak coordination between KETRACO
and KPLC. Reforming these processes and adopting modular, smart-grid technologies
could accelerate delivery and reduce vulnerability.

Improve Procurement and Governance

Procurement inefficiencies inflate Kenya’s project lead times by an average of 2—3
years (Odhiambo & Murage, 2022). The World Bank (2023) identifies opaque tendering
and weak contract enforcement as barriers to attracting cost-effective private investment.
For instance, Independent Power Producer (IPP) contracts signed in the 2009 crisis
continue to saddle Kenya Power with expensive thermal obligations (EPRA, 2023).
Probing this reveals that governance failures convert short-term fixes into long-term
structural costs. The MoEP (2024) LCPDP acknowledges procurement delays as a top risk
to implementation, recommending streamlined approvals and central oversight. Kenya
could benchmark against South Africa’s REIPPPP model, which the IEA (2023) cites as
one of the most transparent and cost-efficient procurement programs globally.

Reduce System Losses

System inefficiency i1s Kenya’s silent energy crisis. EPRA (2023) reports
distribution losses at 14.8%, above the regulatory cap of 17.5% and significantly higher
than the global average of 8% (IEA, 2023). Kenya Power’s own figures show losses cost
the utility over USD 200 million annually (KPLC, 2024). The World Bank (2023)
highlights that loss reduction offers the cheapest pathway to expanding effective supply,
with each percentage reduction equivalent to recovering 100-150 MW of capacity. Probing
further, these losses reflect both technical gaps (overloaded feeders, outdated transformers)
and commercial losses (theft, illegal connections). Addressing them requires both
technology-smart meters, SCADA systems-and political will to confront entrenched
practices of non-payment in informal settlements.

Promote Energy Efficiency

The MoEP’s (2024) National Energy Efficiency and Conservation Strategy
identifies industrial energy intensity as a key drag on competitiveness, yet implementation
has been poor. Efficiency interventions could save up to 1,000 GWh annually by 2030,
equivalent to deferring 200 MW of new generation capacity (EPRA, 2023). The IEA
(2023) frames efficiency as “the first fuel,” yet Kenya has consistently underfunded this
area, with less than 30% of NEECS targets achieved. Probing deeper, this reflects a cultural
bias toward supply-side solutions at the expense of demand management. Incentivizing
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energy audits, efficient appliances, and green building standards could reshape demand,
while fiscal incentives (tax breaks, rebates) could accelerate uptake.

Enhance Community Engagement

Energy projects face growing resistance from communities. EPRA (2023) cites at
least five major projects delayed due to land disputes or litigation between 2015 and 2024,
including Olkaria expansions and Suswa—Lessos transmission lines. The World Bank
(2023) stresses that community opposition adds 10-20% to project costs globally. Probing
further, Kenya’s failures stem from reactive, compensation-driven models rather than
proactive engagement. Embedding transparent community consultations, equitable
benefit-sharing, and ESG-compliant safeguards in policy would reduce conflict and attract
climate finance, as global investors increasingly tie funding to social and environmental
governance.

Strengthen Regional Integration

Regional integration remains underexploited. The MoEP (2024) projects that
imports from Ethiopia through the new interconnector could supply up to 400 MW
annually by 2030. Yet actual imports remain low due to tariff misalignments and
infrastructure gaps. The World Bank (2023) emphasizes that deeper integration within the
EAPP could reduce average power costs by 15-20% through pooled resources. Meanwhile,
the IEA (2023) frames interconnectivity as critical for renewable integration, balancing
intermittency across borders. Probing this reveals that Kenya risks isolation by prioritizing
domestic self-sufficiency over regional resilience. Elevating cross-border trade to a
national security strategy could cushion supply volatility while enhancing affordability.

Mobilize Sustainable Financing

The MoEP (2024) estimates Kenya’s energy investment needs at USD 6.3-8.0
billion (2025-2030). Yet, KPLC’s balance sheet remains weak, with debt arrears to IPPs
and recurrent revenue shortfalls (KPLC, 2024). The World Bank (2023) notes that Kenya’s
financing strategy has historically relied too heavily on government guarantees, crowding
out private capital. Probing further, Kenya must diversify financing, leveraging green
bonds, blended finance, and concessional climate funds such as the Green Climate Fund.
The IEA (2023) highlights that global climate finance flows are expanding, but Kenya’s
absorption capacity is limited by weak institutional frameworks. Strengthening these
frameworks will be vital for attracting affordable, large-scale investment.

Centralize Policy and Leadership

Ultimately, the sector’s fragmentation is Kenya’s biggest vulnerability. EPRA
(2023) identifies weak enforcement of LCPDP targets as a recurring challenge, while the
World Bank (2023) underscores the “institutional silo effect,” where KenGen, KETRACO,
and KPLC pursue misaligned priorities. Mudany (2024) describes this as a “coordination
deficit,” where no single entity is accountable for national delivery. Probing this reveals
that leadership reform is the linchpin: without stronger central authority-either through
MoEP or a dedicated coordination unit-technical, financial, and social reforms will remain
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piecemeal. Energy security must be embedded as a cross-cutting national priority, insulated
from short-term political cycles.
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Appendix A: Projected Energy Demand and Supply by 2030 (MW)

Forecasted Peak Demand: 4,800 — 5,000 MW
Suppressed Demand: 1,500 — 2,000 MW
Total Effective Demand: 6,300 — 7,000 MW
Reliable Supply Capacity: ~4,200 MW
Estimated Deficit: ~2,000 — 2,800 MW

Appendix B: Lead Time Matrix for Energy Infrastructure Projects in Kenya
Feasibility + ESIA: 1-2 years

Land & Community Buy-In: 0.5-1.5 years

Procurement: 1-1.5 years

Financing Closure: 1-2 years

Construction: 1-2 years

Total Lead Time: 5-7 years

Appendix C: Transmission and Distribution Losses — Kenya vs Global Best Practice
Kenya (2024): 14.8%

SSA Average: 18.3%

Global Average: 8%

Best Practice: <6.5% (Germany, Japan)

Appendix D: Energy Investment Requirement (2025-2030)
Generation: USD 2.5 — 3.0 billion

Transmission: USD 1.8 — 2.2 billion

Distribution: USD 1.5 — 2.0 billion

Efficiency + Storage: USD 0.5 — 0.8 billion

Total: USD 6.3 — 8.0 billion

Appendix E: LCPDP 2022-2041 Status Dashboard (Mid-2025 Review)
Geothermal Target: 130 MW / Achieved: 70 MW / Gap: -46%
Transmission Lines: 1,200 km / Achieved: 600 km / Gap: -50%

Off-Grid Sites: 150 / Achieved: 90 / Gap: -40%

Loss Reduction: Target 12% / Actual 14.8% / Gap: -2.8%

Appendix F: Notable Community Resistance & Environmental Cases (2015-2024)
Lake Turkana Wind — Land dispute, Marsabit

Amu Power — Environmental litigation, Lamu

Suswa-— Lessos — Compensation delays, Rift Valley

Olkaria Expansion — Displacement resistance, Naivasha

KenGen Solar Pilot — Water conflict, Embu
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