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Fiji's ambitions to enable 100% energy access for its population is praised globally for leading developing
nations in working towards UN’s SDG7 — “Ensure access to affordable, reliable, sustainable and modern
energy for all” — with 92% of the population having reported access to electricity, amongst the highest of
its Pacific Island neighbours (UN, 2015; World Bank, 2021).

As with multiple global energy access schemes seen in Bangladesh, Rwanda, Sri Lanka, and Kenya, the
dissemination of Solar Home Systems (SHSs) in Fiji has been a core mechanism in electrifying rural and
less developed communities (Hasan, 2023; Lee et al., 2016; Sovacool, 2018; Thomas et al., 2021). Fiji's
SHS program has provided basic energy services to over 13,500 households since 2009 through
government administered and funded systems, navigating the unique logistical challenges associated with
the scattered and rural island context of the Pacific region. Despite clear initial impacts seen in communities
upon the installation of these systems, a review of literature highlights that shortfalls in the design and fee-
for-service implementation model of the Fijian SHS program has resulted in limitations in achieving positive
program outcomes across three core areas: (1) the capacity to satisfy current and future household needs,
(2) providing sufficient operational and maintenance support to end-users and guarantee longevity of
access, and (3) ensuring adequate levels of asset capital recovery to enable a self-sustaining program
(Chand, 2013; Dornan, 2011; Nand and Raturi, 2015; Surroop et al., 2018; To et al., 2021; Urmee and
Harries, 2012).

The research undertaken assesses these identified limitation areas, continuing the work of past literature
with data collected from fieldwork investigations from four program-benefiting case study communities, as
well as interviews with the Fijian Department of Energy (DoE) and the private energy stakeholders who
were contracted to supply, install, and maintain these assets (i.e. RESCOs). This multi-modal approach is
influenced by the need for holistic data on energy access issues, as stressed by the IEA, combining both
supply and demand side data to “aid in identifying and closing major information gaps” regarding the
program’s inefficiencies (IEA, 2023).

Demand Side: Status of Solar Home System Energy Access in Communities

The study employed a novel measure of energy access called the Multi-tier Framework (MTF) developed
by Bhatia and Angelou (2015). This was used to measure the extent and continuum of energy access in
the case study communities at two stages; when the SHSs were made available to households, and at the
time of community investigations in June 2024 (see Figure 1).
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Figure 1. Energy Access Levels in Investigated Case Study Communities
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The results indicate a significant decline in energy services for SHS users over a period of 6 to 7 years.
Field observations further reveal that the average outage duration for households with non-functional
systems exceeds one year. This deterioration in system performance is attributed to various failure modes
identified through field investigations (see Table 1).

Table 1. Failure Modes of Case Study Solar Home Systems

Systems Currently with No Service Capabilities (33% of all households observed)

Issue Type Suspected Reason/Failure Mode Count (n) Prop. (%)

Expected EoL 5 12%

Battery Accelerated EoL 13 32%
Issue )

(48%) Damage by Fire 1 2%

Faulty Controller Causing Overcharging and Gassing 1 2%

Inverter System Fault 2 5%

Issue

(10%) Unknown Damage 2 5%

PV Array Cyclone Damage 2 5%
Issue .

(%) Extreme Soiling 1 2%

. Bypassed Charge Controller Due to Declining Energy
Tampering  geryice Causing Battery or Inverter Failure

0,
(34%) by Array Moved for Cyclone Protection 2 5%

12 29%

Systems with a Significantly Reduced Service Delivery (29% of all households observed)

Issue Type Suspected Reason/Degradation Mode Count (n) Prop. (%)
Expected Lifetime Capacity Decline 11 52%
Battery
Issue Significant Sulfation 1 5%
(67%)
Undercharging due to Significant PV Shading 2 10%
PV Array Significant Shading 3 14%
Issue
(24%) Significant Soiling 2 10%
Tamg;:;ng PV Array Moved for Cyclone Protection 2 10%

The study highlights three primary factors contributing to the decline in energy access within these
communities:

1. Accelerated Battery End-of-Life (EoL): This issue arises from overloading the systems
to power desired household appliances, i.e. washing machines and refrigerators identified
in case study communities. This is then compounded by inefficient operating conditions
due to limited end-user knowledge on proper system operation and care.

2. System Tampering: In an attempt to combat reduced service delivery, households
resorted to unsafe and non-complaint local repairs, which were witnessed to be a response
to challenges such as battery ageing or insufficient charge levels due to diminished solar
panel efficiency (caused by shading or heavy soiling).

3. Environmental Damages: While severe damage (e.g. PV arrays being blown out of their
mounting structures) is less common, there is clear evidence across all case study
communities of extreme environmental soiling and cyclone winds altering PV array mount
angles. These factors are seen to contribute to reduced system efficiencies, accelerated
decline in service delivery, and a shortened lifespan for the systems.
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The study also conducted a total of 38 interviews with household and community leaders across the four
case study communities, revealing four common themes:

1.

2.

Initial Positive Impact: The SHS program has significantly considerably improved
household quality of life. However, the reduction in service delivery has led to a regression
in these benefits for almost all households.

Aspirations for Larger Systems: Households expressed a strong desire for larger
systems to enable longer periods of energy access and support more appliances. On
average, households expressed a willingness to pay more (see Figure 3) than the monthly
rental fee which was required under the SHS program.

Need for Operational Information: There is an urgent need for communities to be
informed on correct SHS operation. Households with greater knowledge of efficient system
use are observed to have longer lasting systems.

Dissatisfaction with Post-Installation Support: Households report substantial
dissatisfaction with the programs promised level of post-installation assistance, which has
largely not been delivered. Most are unable to afford essential repairs or major component
replacements necessary to maintain SHS operation, leading many to withhold fee-for-
service payments due to a growing sense of distrust.

Furthermore, SHS program communities incur fees multiple times higher than those paid by economically
comparable households connected to Energy Fiji Limited’s (EFL) grid network, which benefits from more
reliable operational and maintenance provisions (see Figure 3). Through these findings, the study argues
that there are clear inadequacies and inequities in energy access outcomes for Fijian SHS program end-

users.
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Figure 3. EFL Grid Approximate Minimum Monthly Cost Across MTF Tiers

Supply Side: Program Implementation Under Current Institutional Arrangements

Analysis into the evolution of the program’s institutional arrangements indicates a mismatch between
national policy intentions and the financial capacity of stakeholders to achieve electrification goals. Figure
2 provides a summary of findings from stakeholder interviews conducted which exhibit these institutional

barriers.
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Figure 2. DoE and RESCO Interview Insights and Informed SHS Configurations

The responses from stakeholders highlight that failures in the fee-for-service model, coupled with the
increasing financial burden of operating and maintaining the SHSs in these isolated remote and island
communities, have led Fiji policymakers to introduce an asset handover process. This initiative aims to
transfer the ownership and maintenance responsibilities of both old and newly installed SHSs to
households. While this approach is stated to incentivise better consumer ownership practices, findings
from our community studies present clear challenges. Even with the DoE's aspirations to conduct capacity-
building sessions and provide ongoing 'advisory support', the subsistence living conditions, which make
repairs largely unaffordable for households, and the prevalence of non-compliant repairs pose substantial
risks to the effective self-management of these systems.

Findings:

Firstly, from an operational standpoint, the study provides evidence for the need for shorter replacement
timelines and accountability for maintenance, improved and innovative system designs which can
accommodate larger loads and discharge capacities, and the implementation of demand-side battery
management systems. There is also an underlying need to provide more adequate and tailored capacity
building exercises for communities to improve user operation of the SHSs.

Secondly, the study identifies key institutional challenges within the SHS program, particularly concerning
the policy prioritisation of new installations, financial dependence on limited yearly budget allocations, and
operational inabilities in ensuring sustainable project outcomes for beneficiaries. Moreover, the current
measures implemented to address these institutional issues pose significant risks to the future of energy
access in these rural communities. This raises concerns about whether the push to achieve 100%
electrification can guarantee sustained and adequate levels of energy access without further exacerbating
financial strain for both end-users and program implementors.

Finally, the experiences and findings from Fiji's SHS program provide valuable insights for global
policymakers, particularly for neighbouring Pacific Island nations with low electrification rates. These
findings underscore the importance of looking 'beyond connections' by designing electrification initiatives
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that address the specific needs of targeted beneficiaries (Bhatia and Angelou, 2015). This approach calls
for a shift from simplistic, binary indicators of 'access' towards a more nuanced, multi-tiered framework for
evaluating the effectiveness of global energy access programs, as demonstrated in this study. By
integrating these considerations into the design and implementation of energy development programs,
energy access outcomes are more likely to achieve lasting impacts that address the barriers and limitations
observed within the Fijian context.

Detailed methods and results will be published in an upcoming paper.
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