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A B S T R A C T

Fiji produces about 40–70% of its grid electricity from renewable resources. In 2015, 934 GWh of electricity was
generated with an associated GHG emission of 397 Gg CO2-e. Fiji is committed to reducing its GHG emissions
and increasing renewable energy (RE) share in electricity generation. In this work, various scenarios are de-
veloped using Long-Range Energy Alternatives Planning System (LEAP) tool with the aim of reducing emissions
and increasing RE share in electricity production for the period 2015–2040. The analysis reveals 100% RE share
in generation is possible at investment costs ranging from USD1.6–3.2 billion.

1. Introduction

Adequate energy supply is one of the main considerations during
national planning for electricity generation, transport and other end
uses. Renewable energy resources are the main alternative to conven-
tional sources of energy for generation and consumption. Obvious
reasons for this are; less emissions compared to fossil fuels during
electricity generation, reasonably safe compared to nuclear energy and
abundantly available even though some are intermittent. Several na-
tions are developing future scenarios for their electricity sector in order
to help decision and policy makers. Scenarios need to be transparent
and credible, meaning that all parameter assumptions and qualitative
assumptions are noted, data input (quantitative) fully described and
scenario results, which are mostly numbers, presented in simple lan-
guage and not in terms of technical jargon which scenario analyst use in
their model development.

Fernandes and Ferreira (2014) have used EnergyPLAN to study
100% renewable energy scenarios for the Portuguese electricity system
and conclude that 100% RES is theoretically possible but with high
investment costs. Berntsen and Trutnevyte (2017) recommend that
more high demand scenarios and high renewable energy deployment
scenarios need to be studied for the Swiss electricity system in 2035 and
2050. Several researchers (Dagher and Ruble, 2011; Emodi et al., 2017;
Kale and Pohekar, 2014; Nikolaev and Konidari, 2017; Ouedraogo,
2017a; b; Özer et al., 2013; Perwez et al., 2015) have used Long-Range
Energy Alternatives Planning System (LEAP) software to develop sce-
narios for electricity sector in their respective countries. Japanese
electricity supply and demand scenario analysis was studied by (Zhang
et al., 2012). Hungary electricity system scenarios were developed for

including more renewable resources into the electricity sector com-
pared to the current nuclear and coal power plants (Kiss et al., 2016).
Singapore's electricity generation sectors scenarios were developed by
(Ali et al., 2017) to study CO2 emissions. Lunz et al. (2016) used a
newly developed method to study electricity system scenarios for Ger-
many.

Island countries such as Fiji are very much committed to increasing
their share of renewable energy usage in electricity generation and also
energy efficiency measures in the transport and electricity sectors as
evidenced by their Nationally Determined Contributions (NDC) sub-
missions. Fiji is committed to reducing its energy sector GHG emissions
by 30% by 2030. Pacific island nations are at the forefront of experi-
encing the adverse effects of climate change. Fiji holds the COP23
presidency and was the first nation to ratify the Paris Agreement of COP
21. Both these actions show Fiji's concern for climate change and its
desire to reduce global GHG emissions. The Green Growth Framework
of Fiji, NDC and Draft Energy Policy 2013 envision Fiji to achieve 100%
renewable energy based electricity generation by 2030 while Energy
Fiji Limited (EFL) formerly known as Fiji Electricity Authority's (FEA)
aims 90% renewable electricity generation for its grid network by 2025.

However, there have been limited studies done on long term energy
planning in Fiji. Recently, Fiji's electricity generation was studied by
(Michalena et al., 2018) for achieving NDCs by 2030. They used generic
technical values for power generation plants and stressed the need for
improved energy modelling.

The aim of this paper is to develop scenarios to quantify generation,
emissions and investments for Fiji's grid electricity sector using an en-
ergy model based on the LEAP tool. Present authors have previously
compared the LEAP tool with other energy planning tools in their paper
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(Prasad et al., 2014) and discussed the relative merits of this modelling
software. The study explores various plausible scenarios to achieve low-
carbon transformation in Fiji's grid electricity sector based on actual
data and some assumptions.

The next section of the paper briefly describes Fiji's current elec-
tricity situation and potential renewable energy sources for electricity
generation. Section 3 describes the model framework followed by
presentation of results in section 4. Section 5 discusses these results
with some policy implications and finally makes some conclusions.

2. Fiji grid electricity and renewable energy potential for
electricity generation

2.1. Setting the scene

Fiji is an island nation with census population of 884,887 people
and a GDP of 6.71 billion FJD1 in 2017 and 2016 respectively (FBoS,
2018a; b). It has no natural gas or petroleum production and imports all
its petroleum products. Fiji imports2 an average of 545 million liters of
fossil fuels per annum with an average annual bill of 668 million FJD
(2004–2014). Out of this volume, grid electricity generation uses about
90 million liters of fossil fuel annually. Fiji's retained3 import bill for
fossil fuels has an average annual growth rate of 9.5% (2004–2014)
while EFL's cost of fossil fuels for generating electricity has an average
annual growth rate of 13% (2005–2015).

EFL, recently corporatized (which allows 49% privatization), was
responsible for generation, transmission and distribution of grid elec-
tricity at three main islands in Fiji; Viti Levu (VL), Vanua Levu (VNL)
and Ovalau. There is no interconnection of grid electricity between
different islands. Each island has its own generation, transmission and
distribution network. Viti Levu is the largest island in Fiji with 93% of
the total electricity consumed, Fig. 1. A fourth island, Taveuni, has
recently come under EFL operations for grid electricity supply. Other
smaller islands in Fiji are electrified through rural electrification
scheme administered by Fiji Department of Energy (FDoE). These sys-
tems are mostly, solar home systems, mini hydro systems or diesel/
hybrid mini grids.

2.2. Grid electricity customers

EFL had 125,000 customers in 2004 that increased to 171,939 in
2015, Fig. 2. From 2005 to 2015, customer numbers increased at a rate
of 2.8% per annum with 3800 new customers added annually on
average. Ninety percent of the customers are domestic customers while
the remaining 10% are industrial and commercial customers. As shown
in Fig. 3, this 10% of industrial and commercial customers accounts for
75% of total electricity demand.

2.3. Grid electricity demand

Total grid electricity demand grew at a relatively moderate rate of
2.2% per annum during the period 2001 to 2015 (Fig. 3) when the
domestic consumption accounted for 25% of the total consumption
while the remaining consumption was from non-domestic sector. In
2016, the peak demand for electricity was 167.66MW, Fig. 4. Sig-
nificant dip in peak demand in early years of 2016 was due to tropical
cyclone Winston that resulted in Fiji wide power outage. The average
hourly demand was approximately 101MW in 2016. EFL's Power De-
velopment Plan (PDP) (2011–2020) overestimates energy demand
projections when compared to actual demand, Fig. 3 (FEA, 2016).

mentions revising its PDP from 2017 to 2026. However, details of this
plan were not available during the time of writing this paper.

Fiji's electricity demand intensity has been steadily increasing over
the past years reaching 926 kWh/capita in 2015, Fig. 5a. Fiji's elec-
tricity consumption is comparable to that for lower middle income
countries which was 777 kWh/capita (WB, 2017b). Fig. 5b shows that
the electricity intensity (kWh/FJD of GDP) increased over the period
1975–2006 but from 2006 onwards there is decrease in intensity at a
rate of 0.1%/annum.

2.4. Grid electricity generation

In order to cater for increasing demand, EFL had 278.55MW of
available power generation capacity as of December 2015. Out of this
total capacity, 121.1MW is hydro, 9.9MW wind, 89.55MW of in-
dustrial diesel oil (IDO) and 58MW of heavy fuel oil (HFO) generators,
Table 1.

Fiji's grid electricity production from 2005 to 2015 increased at an
average annual rate of 3% with generation reaching 914.4 GWh in
2015, Fig. 6. Over the past decade, 40–70% of the total grid electricity
generation came from renewable sources while the remaining was from
IDO and HFO.

Hydropower generation has increased very slowly at an average rate
of 1.0% per annum from 1998 to 2015 while fossil fuel power generation
increased rapidly at an average annual rate of 14.2%. Wind and biomass
power contributions remained minute compared to those from fossil fuel
and hydro. Biomass power generated by independent power producers
(IPP) in Fiji, namely, Fiji Sugar Corporation (FSC) and Tropik Wood
Industries Ltd (TWIL), mainly depends on sugar production and timber
production. Fig. 7a and Table 2 shows IPP's individual generation ca-
pacity. Currently, FSC generates power during the crushing season (June
to November) for its own consumption and sells any surplus to EFL from
the Lautoka and Labasa based mills, Fig. 7b. The decrease in FSC power
production in 2015–16 could be due to reduced cane crushing or there
could have been breakdown of generators. There are future plans by FSC
to generate power all year round from its Labasa mill.

Hence, to cater for increasing load, EFL has to burn more fossil fuels
(Fig. 8), which is financially and environmentally costly for Fiji. The
volume of fossil fuel utilized by EFL gradually increased from 87 to 119
million liters at an average rate of 6.1% per annum from 2005 to 2015
while for this same period average annual increase in total electricity
generation was 3%.

2.5. Renewable energy resources in Fiji

In order to reduce Fiji's extreme fossil fuel dependence, it is im-
perative to diversify fuel supply for electricity generation. It has been
reported by (Chen et al., 2015; SPREP, 2017) that Fiji has huge range of
renewable energy resources such as solar, wind, hydro, biomass and
geothermal. There are also studies done on wave, tidal and ocean
thermal technologies for power generation. However, these technolo-
gies are not yet commercially proven so are not considered in this
study.

Considering reports from (FEA, 2016; GoF, 2015; Patel, 2015;
PRDC, 2011), 274.2MW of hydropower potential is spread over mul-
tiple locations in Fiji. Geothermal potential for power generation is
reported to be 27.7MW in Fiji (GoF, 2015). However, high drilling
costs during exploration, high capital costs and lack of investor friendly
policies are some of the reasons for zero generation from geothermal at
the moment.

(FDoE and UNDP, 2014) gives details on biomass energy generation
potential from various feedstock. Using this report as well as using
biomass power plant capacity factors of 65% for thermochemical con-
version, 25% for landfill gas recovery, 50% for anaerobic digestion
(Taylor et al., 2015), biomass power plant capacity was calculated to be
about 164.8MW.

1 FJD is Fijian Dollar where 1 FJD=0.48 USD.
2 This is the retained import after calculating the difference between import

and re-export.
3 Fiji re-exports part of the imported fuel to other island countries.
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For solar energy applications, average annual insolation on a hor-
izontal surface in Fiji is 5.4 kWh/m2/day. Fig. 9 shows average monthly
insolation for different locations in Fiji. WBG (2016) shows that solar
PV power potential ranges from 1022 to 1067 kWh/kWp/year de-
pending on location (Fig. 10). Negotiations are currently underway for
the development of 5MW grid connected photovoltaic (GCPV) power
plant (FEA, 2016). FDoE has measured wind data at several locations
around Fiji. The Far East Islands (which includes Fiji) wind map pro-
duced by the World Bank shows long-term annual mean wind speed at
45m of more than 6m/s present in Western and Northern part of Viti
Levu (WB, 2006).

3. Methodology

The boundary for modelling in this work is restricted to on-grid
electricity systems. In order to analyse the low carbon transformations
in the grid electricity sector, LEAP tool is applied. LEAP is flexible and
transparent with a user-friendly interface, requires sparse historical
data and its license is free for developing countries (Ouedraogo,
2017b). As discussed in section 1, LEAP is a widely used tool to study
scenarios for different energy systems in relation to environment and
economic impact. It has a built in database for emission factors for
different demand sectors and generation technologies. However, LEAP
tool has its weaknesses. Ouedraogo (2017b) notes that LEAP does not
generate market-equilibrium scenarios and model does not consider
economic factors for future energy generation by different sources of
fuel. In addition, LEAP tool does not have grid-storage option, which

limits this study as storage is bound to play a major role in future re-
newable energy based grid systems. In addition, due to unavailability of
relevant data on demand side management (DSM) from industries,
thorough energy efficiency analysis could not be carried out this work.

For this study, planning horizon is from 2015 to 2040. The elec-
tricity demands for different locations (Viti Levu, Vanua Levu and
Ovalau) were taken as the 2015 consumption data, Fig. 1, while Ta-
veuni island is considered to be coming on-grid from 2017. The total
demand for Taveuni is estimated from peak demand data given in
(ParlimentFiji, 2018). In the model, four different demand modules
have been constructed to represent each location (Viti Levu, Vanua
Levu, Ovalau and Taveuni). The domestic demand for each location

Fig. 1. Electricity consumption at different locations over the past years. Data Source: (Naivalu, 2014). (Data was available until 2013. For 2014, 2015, the demand
was calculated based on annual average percentage from 2001 to 2013.)

Fig. 2. EFL customer numbers over the past years. Data Source: (FEA, 2016).

Fig. 3. Grid electricity consumption in Fiji. Data Source: (ECA, 2013; FBoS, 2018b).
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assumes 25% of the total demand for that location while remaining
demand is for non-domestic demand. This assumption is based on
overall Fiji situation, which is discussed in section 2.3.

For the annual increase in demand in future years’, regression models
are constructed using Statistical Package for the Social Sciences (SPSS),
where dependent variables are domestic demand (DD) and non-domestic
demand (ND) that are explained by GDP at constant basic price 2011 and
population data given by World Bank. For domestic demand,

=DD Popln 4.994 ln 62.987 was chosen while for non-domestic de-
mand, = +ND GDP Popln 0.674 ln 2.522 ln 33.998 was chosen. Using
these models, when population increases by 0.6% and GDP at constant
basic price of 2011 increases by 3% then, the domestic demand increases
by 3% and non-domestic demand increases by 3.6%. These annual
growth rates are assumed to be true for different locations in the model.

Section 3.1 describes other data used in model while section 3.2
describes the scenarios studied.

3.1. Data input

3.1.1. Transmission and distribution (T&D) losses
As seen from grid electricity production and sales 2006–2015

(Fig. 11) there is a difference of 7.7% between the two values. KEMA
International estimates the overall system loss in Viti Levu as 8.11% (te
Arnhem, 2012). Therefore, our model considers 8% T&D losses for Viti

Levu grid system, and 10% losses for other islands.

3.1.2. Planning reserve margin
The installed capacity should always be able to meet demand (in

particular, peak demand) to have a reliable system. To plan for future
additional capacity generation to meet demand above and beyond a
certain margin is called, planning reserve margin (Milligan et al.,
2012). LEAP uses planning reserve margin to decide when to add ca-
pacity endogenously.

= ×Planning Reserve Margin Module capacity Peak load
Peak Load

100 (1)

According to EFL's PDP (2011–2020), Viti Levu's peak demand was
138MW in 2010, which was supplied by an installed generation ca-
pacity of 194MW (PRDC, 2011). Using these values in eq. (1), planning
reserve margin comes as 40%.

3.1.3. System peak load shape
The grid electricity load as a percentage of peak load is shown in

Fig. 12.4 The average load factor for grid electricity is 60%. This peak

Fig. 4. Hourly grid electricity demand for Viti Levu in Fiji for 2016. Data source. (Rao, 2016).

Fig. 5. (a) Electricity use intensity for Fiji over the past years. Data source: (FBoS, 2018b; WB, 2017a). (b) Electricity intensity of kWh/FJD of GDP.

4 This is just an illustration. In energy model these strips are approximately
372 h apart.
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load shape is for Viti Levu system. During the time of analyses hourly
demand data for Vanua Levu and Ovalau were unavailable so the shape
in Fig. 12 is also assumed for other locations.

3.1.4. Dispatch rule
For LEAP based analysis, dispatching electricity generation pro-

cesses use merit order dispatch rule to meet the demand load. To do
this, LEAP follows the following steps (Heaps, 2017):

(i) LEAP lists all the process by their merit orders. The processes that
have the lowest merit order are dispatched first while the highest
merit order is dispatched last. For this study, merit order is chosen
on the ability of a generation process to reduce GHG emissions.
Wind and solar PV generators have been given the merit order 1
(because it is a variable resource so whenever there is generation
from solar and wind it is immediately dispatched to the grid). All
other renewable technologies used for electricity generation have
merit order 2. Fossil-fueled generation processes are assigned merit
order of 3. The processes that have the same merit order are dis-
patched simultaneously as a process group.

(ii) Using the system load curve (as a % of peak load), LEAP divides the
curve into thin vertical strips as shown in Fig. 12.

(iii) Each group of processes is dispatched into the vertical strips so that
the area under the curve is filled. Baseload power plants are dis-
patched first followed by intermediate and peak load plants. The
product of capacity and maximum availability finds the technical
availability of each plant. If any group's technical availability ex-
ceeds the amount required by load, then the actual amount of that
process dispatched is reduced so that each process is dispatched in
proportion to its available capacity (Heaps, 2017).

Fig. 6. Grid electricity generation over the past 18 years. Data source: (FEA, 2016).

Fig. 7. (a) Electricity generated by IPPs in 2014. Data Source: (Hussain, 2016; Kumar, 2015). (b) FSC power generation over the past years. Data Source: (Hussain,
2016).

Table 2
IPP generation capacity in Fiji. Source: (Hussain, 2016).

IPP Current Plans

Capacity (MW) Selling to FEA Capacity (MW) Selling to FEA

TWIL 12.3 Yes
FSC
Lautoka 5 Yes 12 Yes
Rarawai 9a No 2×20MW Yes
Penangb 3 No
Labasa 24c Yes

a The 5MW turbo generator set was commissioned in 2014.
b This mill was closed in 2017 with reasons that major maintenance had not

been done over past 20 years and now it would cost FJD 40–50 million to
refurbish, which FSC could not afford,PIR, 2017. Fiji Sugar Corporation to close
Penang Sugar Mill in Rakiraki. Pacific Island Report, http://www.pireport.org/
articles/2017/03/27/fijisugarcorporationclosepenangsugarmillrakiraki [Ac-
cessed: 22/05/17]. There has been reports that this mill will be re-opened after
3 years but it is not sure if it would eventuate.
c This 24MW comprises of one 4MW and 2×10MWTG set where one of

the 10MW was commissioned in 2015 crushing season.
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3.1.5. Existing and future power plant characteristics
Tables 1 and 3 show different characteristics for existing and future

power plants used in the model. Merit order is based on source of
electricity generation. Hydro or any other renewable energy source are
going to be dispatched before diesel generators to meet the load so are
assigned low merit order in model while diesel power plants will be
used to meet the excess load or peak load hence a merit order of 3 is
assigned. Process efficiency is the ratio of energy output to feedstock
energy input in each process. In LEAP, process efficiency is used to
calculate the required input for a given unit of output. Hence, it is a
useful parameter to calculate emissions from generation process. Re-
newable resources such as wind, solar, hydro are abundant in supply
(infinite resource) that the reserve for these resources is not of concern
(LEAP, 2017). Therefore, in the model all RE technologies have 100%
process efficiency apart from biomass with 80% process efficiency.
Maximum availability definition is similar to capacity factor (CF), that is,
percentage of hours in a year when a process is available to be dis-
patched, eq. (2).

=
×

×Maximum Availability Generation in a specific year (MWh)
Capacity (MW) 8760hours

100

(2)

Using eq. (2), the maximum availability of existing power plants
was calculated for past years, Fig. 13. The value of maximum avail-
ability for electricity generation process are given in Table 1. For new

renewable electricity power plants, maximum availability is based on
the calculated value of capacity factor for the past years. According to
(Taylor et al., 2015), hydro power stations in Oceania have average
capacity factor of 60% whilst average capacity factor using 142 project
data for hydro power generation is 50% (IRENA, 2012). This is com-
parable with calculated CF for Fiji hydro power stations, Fig. 13. For
solar and wind, hourly availability curves were input in the model using
simulated values from (Renewables.ninja, 2018).

Average weighted capacity factors for utility scale onshore wind and
solar PV are 0.29 (range from 0.135 to 0.5) and 0.18 (range from 0.1 to
0.36) respectively (Taylor et al., 2015). For biomass fired power plants
typical capacity factor ranges from 85 to 95% but average project ca-
pacity factors for biomass fired generators range from 50 to 75% as in
(Taylor et al., 2015). Average capacity factor for utility scale geo-
thermal power plant is 70% (EIA, 2017).

For diesel power plants, the maximum availability is based on the
calculated capacity factor for 2015. However, it should be noted that
diesel based generation is to meet the peak load which hydro, wind or
biomass cannot meet. Hence, its calculated capacity factor is low. The
model uses calculated ratio of available to installed capacity as the
capacity factor.

Exogenous capacity is the capacity that currently exists for genera-
tion. The model uses available capacity values given in Table 1. These
are the actual capacities available for energy generation.

Capacity credit is interpreted to be the percentage of a generators

Fig. 8. Fossil fuel burned by EFL. Data Source: (FEA, 2016).

Fig. 9. Horizontal surface average monthly variation in solar insolation at various locations in Fiji. Data Source: (NASA, 2017).
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installed capacity which contributes to the module's reserve margin
(Binnington and Ghosh, 2016). For wind capacity credit is taken as
5–30% and for grid connected solar PV, the average of 30–45 is used
(Ibanez and Milligan, 2014; Milligan et al., 2016). For all other tech-
nologies, capacity credit is assumed to be the same as maximum
availability factor. This ensures that whatever is available for genera-
tion will contribute towards reserve margin.

3.1.6. Environmental loading
IDO and HFO generators are the main GHG emitters (IPCC, 2006)

and their default emission factors are taken in our modelling. Main
emission from these sources is carbon dioxide (CO2), with minor
emissions of methane (CH4) and nitrous oxide (N2O).

3.1.7. Economics
Tables 1 and 3 show capital costs, fixed operation and maintenance

(O&M) costs and variable O&M costs. Capital cost for hydro is from
EFL's presentations (Patel, 2015), solar PV capital cost is based on the
cost of installation as supplied by one of Fiji's major renewable energy
companies, while all other technologies capital costs are based on
IRENA report (Taylor et al., 2015). For fixed O&M costs, it is assumed to
be 3.2% of the capital cost over a lifetime of 30 years for all technol-
ogies except for Solar PV where 1% of capital cost is assumed for fixed
O&M. For variable O&M costs (Taylor et al., 2015), report is used for
different technologies. The model takes 6% discount rate based on the
current lending rates in Fiji, which is around 6%.

Fig. 10. Photovoltaic power potential in Fiji. Source (WBG, 2016).

Fig. 11. Production and sales for FEA electricity. Data Source: (FBoS, 2018b).
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3.2. Low-carbon scenarios studied

The four islands with EFL grid-network namely Viti Levu (VL),
Vanua Levu (VNL), Ovalau and Taveuni are separately studied for low-
carbon transformation. Section 4 aggregates the individual results for
these four locations to portray the overall grid electricity sector for Fiji.
It should be noted at this point that EFL has started operation in

Taveuni Island which has a 700 kW hydro scheme set up by FDoE with
Chinese aid and a 2MW diesel generator set. This system started its
operation in 2017.

Nine different scenarios are studied for Fiji, Table 4. ‘Only wind’ and
‘Only geothermal’ scenarios are not studied in detail because the ex-
ploration cost of limited geothermal potential in Fiji is too high and
there is not much confidence in wind energy technologies by private

Fig. 12. Cumulative power duration curve for FEA in 2016 (leap year) with 8784 h. Thin vertical strips used in LEAP tool to dispatch generators. Data Source: (Rao,
2016).

Table 3
Future generation plants considered in scenarios.

Project name Project type Capacity
(MW)

Year process
efficiency

max availability capital cost (FJD/
kW)

fixed O&Ma

(FJD/MW/year)
variable O&M (FJD/
MWh)

Ref. (Patel, 2015;
Taylor et al., 2015)

(Taylor et al., 2015)

Technologies from FEA PDP (PRDC, 2011) and some timelines from revised PDP (ParlimentFiji, 2018)

Vuda_VL Biomass-Thermal 18 2013 80 60 6000 6400 10
FSC Lautoka_VL Biomass-Thermal 6 2013 80 40 6000 6400 10
Wailoa downstream_VL Hydro 7 2020 100 50 7000 7467 3
Qaliwana_VL Hydro 10 2024 100 50 12000 12800 3
FSC Rarawai_VL Biomass-Thermal 20 2015 80 40 6000 6400 10
Namosi_VL Hydro 30b 2021 100 50 7000 7467 3
Nausori_VL Biomass-Thermal 40 2017 80 60 6000 6400 10
Labasa_VNL Biomass-Thermal 15 2013 80 60 6000 6400 10
Wairiki_VNL Biomass-

Gasification
4 2013 80 60 6000 6400 10

Savusavu_VNL Geothermal 8 2013 100 70 8000 8533 150
Saivou_VNL Biomass-Thermal 7.5 2017 80 60 6000 6400 10
Nasinu and Viro-Stage 1_VNL Biomass-

Gasification
5.4 2013 80 60 6000 6400 10

Other electricity generation technology capacity

New Solar PV 100 18 3100 1033
New Wind 100 30 4400 4693 0.1
New Hydro 100 50 12547 13384 3
Nabou Biomass 10 2016 80 60 6000 6400 10
New Biomass 80 60 6000 6400 10
New Geothermal 100 70 8000 8533 150
New Somosomo hydro,

Taveuni
100 50 28400 6000 3

New IDO, Taveuni 33 75 3400 1813 0.0031
New IDO 33 75 1700 1813 0.0158
New HFO 33 75 1700 1813 0.0031

a This is taken to be 3.2% of the capital cost over the lifetime of 30 years for all technologies except for GCPV fixed cost is taken as 1% of the capital cost.
b In Power Development Plan (2011–2020) it states 40MW capacity for Namosi while in revised it stated 30MW capacity. So a 30MW capacity was taken in

modelling.
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investors because of the performance of existing wind farm coupled
with lack of reliable resource data.

Ovalau does not have any known hydro or geothermal potential for
power generation while a wind map does exist for this island.
Therefore, our model considers biomass, wind and solar technologies
for this site. The models for Viti Levu and Vanua Levu explore diverse
renewable resources for electricity generation, Table 4.

Table 4 identifies new generators added as exogenous and en-
dogenous. Exogenous addition means the user defines the year a par-
ticular capacity will be added with its specified plant capacity while
endogenous addition means new capacity is added based on demand
and maintaining planning reserve margin. In endogenous process, the
user defines the order in which the new generators will be added with a
building capacity (MW) which keeps going in a loop until demand is
met. All new technologies are added endogenously after 2018 and new
geothermal technology is added after 2025.

4. Results

4.1. Energy demand and generation

The grid electricity demand increases from 828 GWh in 2015 to
1640 and then to 2390 GWh by 2040 under various scenarios, (Fig. 14).
In the planning period, peak demand for baseline scenario increases
from 158 to 371MW for Viti Levu, 10–21MW for Vanua Levu, 2–5MW
for Ovalau and 0.4–1.1MW for Taveuni, Fig. 15. To cater for this de-
mand increase, new generation capacities will have to be added to
existing generation capacity.

Fig. 16 shows the electricity generation in future for different
scenarios based on a 40% reverse margin. Our model adds new
generation capacities after 2018 in all scenarios. In FEA exo scenario
(Fig. 16f), because new capacities were added only up to 2025, one
can see the increase in fossil fuel based generation as the renewable
energy generation capacity is not able to meet the demand. In ad-
dition, baseline and bleak scenarios have considerable generation
from fossil fuel while the other scenarios have more renewable
generation after 2019. It is also interesting to see that in the ‘Only
Solar’ scenario, when solar PV alone is added, there is still some
fossil fuel use from existing power plants as shown in Fig. 16d.
This is mainly because of lack of grid storage, so when solar is un-
able to meet demand, existing fossil power plants are generating
electricity especially during the evenings. It would be interesting to
see how this scenario would change when grid storage is added in
modelling.

4.2. Investment costs5 and installed capacity

New capacity addition ranges from 354MW for the ‘Bleak’ scenario
to 934MW for the ‘High Demand’ Scenario. There is a range of in-
vestment costs in different scenarios. Since, the ‘Bleak’ scenario has
only new IDO and new HFO generators added with no new renewable
technology component, it has the smallest investment cost of 347 mil-
lion USD while the ‘High Demand’ scenario requires enormous invest-
ments of 3.2 billion USD (Fig. 17). Comparing the ‘Solar Priority’ Sce-
nario with the ‘SE4ALL’ scenario, there is almost 30% decrease in
investment costs for generation, due to energy efficiency measures
undertaken in the demand side. If the economy grows at 4.5% per
annum and electric vehicles and buses are used in the land transport
sector (‘High Demand’ scenario), then the investment costs rises to al-
most 40% higher compared to the ‘Solar Priority’ Scenario.

The ‘Solar Priority’ scenario considers diverse supply sources for
generation and considers conservative average annual growth rate for
GDP (3%) with population growth rate of 0.6%/annum. Considering
this, the additional generation capacity needed for different locations in
Fiji is shown in Table 5. It is seen that majority of new generation in-
vestments are needed in Viti Levu with a total investment cost of 2.2
billion USD. Given that Taveuni island became grid connected in 2017,
the 0.7MW hydro and 2MW of IDO (which are already installed at the
site presently), there is no need for additional generation capacity. As
reported in (ParlimentFiji, 2018), the peak demand for Taveuni is
0.25MW so with the current capacity addition of 0.7MW of hydro and
2MW of IDO generator in 2017, there is no need to add other new
generators if demand is assumed to grow at 5% per annum.

4.3. Renewable energy share in generation

In 2015, 48.6% of electricity was generated using RE resources,
which decreases to 39.4% in the Baseline scenario by 2040 while for the
Bleak scenario it further decreases to 37.3%. The new generation ca-
pacity additions change the RE share of generation (Fig. 18). For most
scenarios (Solar Priority, SE4ALL, High Demand, Only biomass, Only
hydro), almost 100% RE generation is possible but at considerable in-
vestment costs as shown in Fig. 19. At investment ranging from 286 to
400 million USD in 2019, it is possible for 100% RE generation in the 5
scenarios. Further, to maintain this target of 100% electricity genera-
tion from RE resources, annual investments are needed. ‘FEA exo’ sce-
nario is able to meet the target for EFL of 100% RE generation by 2025.

Fig. 13. Calculated capacity factors of renewable electricity power plants for FEA. Almost zero capacity factor are for years that had very low generation, probably
due to renovations.

5 All investment costs in this paper are not discounted.
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Table 4
Low-carbon scenarios for grid electricity at 3 locations in Fiji.

Scenario Outline Annual Average growth rate in Demand

Baseline or Business as
Usual (BAU)

This scenario assumes that no new renewable technologies are added
except new solar PV systems due to financial constraints. So new IDO and
New HFO generators are added at all locations. There is no retirement of
existing technologies. Only Nabau biomass power plant is added in 2017
exogenously in Viti Levu while for Taveuni, new hydro (0.7MW) and New
IDO generator (2MW) is added exogenously in 2017. This scenario
assumes no new energy efficiency standards mandated. Only the standards
(refrigerators and lights) already in practice are existing.
Viti Levu – 5MW new solar PV, 35MW new IDO and 35MW new HFO on
repeat
Vanua Levu – 0.5MW solar PV, 5MW new IDO, 5MW new HFO
Ovalau – 0.1MW new solar PV, 2MW new IDO, 2MW new HFO on repeat
Taveuni – new hydro 0.7MW added in 2017, new IDO 2MW added in
2017; 0.1MW solar PV, 0.5 MW new IDO and 0.5MW new HFO in other
years

With population average annual growth rate taken as 0.6% and GDP
growth rate taken as 3%,
For all locations:
Average annual growth rate for domestic demand is 3% while average
annual growth rate for non-domestic demand is 3.6%.
Except Taveuni, its demand is assumed to grow at 5% per annum
because of its new

FEA exo This scenario reflects EFL's PDP for expanding its generation in the next 10
years. Power Development Plan from 2011 to 2020 was referred to for this
scenario development (PRDC, 2011). EFL's annual report 2016 reports that
this plan has been reviewed and now a revised plan exits from 2017 to
2026. It was not possible to gain access to this new plan at the time this
manuscript was written. However, (ParlimentFiji, 2018) document has
information showing FEA's new generation plans which will mostly be
invested by private companies. As such for modelling this scenario, existing
generation technologies are not retired but new generation technologies
are added according to (PRDC, 2011) but some timelines are now similar to
revised plan. Capacity is added exogenously;
Viti Levu - Nabou biomass in 2017, Qeleloa-Nadi Solar 5MW in 2028,
Vuda biomass in 2018, upper Wailoa hydro in 2020 and Qaliwana
catchment hydro in 2024, Namosi hydro in 2021, Naboro Waste to Energy
Plant in 2020 of capacity 10MW (same as (GoF and GGGI, 2017)) and
Nausori biomass in 2022.
Vanua Levu - Labasa biomass 7.5MW, Wairiki biomass 4MW, Savusavu
geothermal 4MW in 2018 and Savusavu geothermal 4MW, Labasa biomass
7.5MW and Saivou biomass 7.5 MW in 2022.
Ovalau - Biomass gasification 4.8MW in 2018, New solar 2MW in 2020
and biomass gasification 0.6MW in 2022.
Taveuni – new hydro 0.7MW added in 2017, new IDO 2MW added in
2017 and new solar added in 2019 (1MW) and 2020 (2MW).

Demand increase as per FEA PDP.
Year – VL, VNL, Ovalau:
2016–6%, 20%, 8.2%
2017–5.5%, 5.5%, 1.3%
2018–5%, 13.4%, 6.8%
2019–4.5%, 9.8%, 8.7%
2020–4%, 8.4%, 8.5%
2021-2029 – 3%, 5%, 8%
2030-2040 – 2 .5%, 4%, 2%.

Solar priority This scenario is created to see the effects of adding solar PV systems first in
the generation mix. Here the existing technologies are not retired but new
generation technologies are added. Nabau biomass is added exogenously in
2017 and other technologies added endogenously with solar power taking
priority in the following order:
Viti Levu – new Solar PV (10MW), new biomass (10MW), new hydro
(10MW), New wind (5MW), new geothermal (0.5MW), New FSC (1MW)
Vanua Levu – new solar PV (5MW), New hydro (5MW), New biomass
(5MW) and New geothermal (5MW).
Ovalau – New solar PV (2MW), new biomass (2MW) and new wind
(1MW).
Taveuni – new solar PV (1MW), new biomass (0.5MW) and new wind
(0.5MW).

Same as baseline

Bleak This scenario is same as baseline scenario except new solar PV is not added.
In this scenario, generators are not retired and not much participation from
IPP so EFL has to increase HFO generators and IDO generators to cater for
the demand increase.
Viti Levu - Nabou biomass is added exogenously in 2017 while other new
technologies are added endogenously in the following order: new IDO, new
HFO.
Vanua Levu – new IDO, new HFO
Ovalau - new IDO, new HFO
Taveuni – new hydro 0.7MW added in 2017, new IDO 2MW added in
2017 and new IDO and new HFO in other years

Same as baseline

SE4ALL In this scenario, there are efficiency measures put in place in domestic and
non-domestic sectors. Currently, Fiji has efficient lighting and refrigerators
standards in Fiji while FDoE is doing work to bring about standards and
labelling for televisions and air-conditioning systems. For non-domestic
sector, (GWA, 2014), using efficiency efficient lighting and cooling systems
(refrigeration and air conditioners) have the potential to reduce demand by
almost 15% by 2030 while domestic energy efficiency measures can reduce
demand by almost 20% compared to business as usual. Hence, for this
scenario, domestic demand increases at 2% per annum, which has the
potential of demand reduction by around 20% by 2040 compared to
baseline. Non-domestic demand increases by 3% per annum, which has the
potential of reducing demand by around 12% compared to baseline. In

For all locations;
Domestic demand increases at 2% per annum and non-domestic
demand increases at 3% per annum.

(continued on next page)
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Table 4 (continued)

Scenario Outline Annual Average growth rate in Demand

addition, efficiency in transmission and distribution (T&D) is also achieved
with gradual decrease in losses from 8% to 6.5% by 2040 for Viti Levu on-
grid system. For all other locations, T&D losses is assumed to decrease from
10% to 8% by 2040. Existing technologies are not retired but new
generation technologies are added endogenously similar to Solar Priority
Scenario.

High Demand This scenario considers population to grow by 0.6% per annum while GDP
growth rate is taken as 4.5% per annum. Considering this increase in GDP
growth rate compared to 3% AAGR in baseline, the non-domestic demand
would increase. In addition, this scenario, further considers introduction of
electric cars (private and taxis) and electric buses which is being
introduced from 2020 (more details on this is in (Prasad and Raturi,
2018)). For generation side, existing technologies are not retired but new
generation technologies are added similar to the addition order as Solar
Priority scenario.

Assuming GDP to grow at 4.5%/annum and population growth rate of
0.6%/annum, for all locations, domestic demand increases at 3% per
annum while non-domestic demand increases at 4.6% per annum.

Only Hydro This scenario is to see what happens when only one renewable resource is
considered. In the model, existing technologies are not retired but new
generation technologies are added. Nabau biomass is added exogenously in
2017 and other technologies added endogenously in the following order:
Viti Levu – new hydro 30MW on repeat
Vanua Levu – new hydro 5MW on repeat
Ovalau – New hydro 1MW on repeat
Taveuni – new hydro 0.5MW on repeat

Same as baseline

Only Solar This scenario is to see what happens when only solar PV is considered. In
the model, existing technologies are not retired but new generation
technologies are added. Nabau biomass is added exogenously in 2017 and
other technologies added endogenously in the following order:
Viti Levu - GCPV 30MW on repeat
Vanua Levu – GCPV 5MW on repeat
Ovalau – GCPV 2MW on repeat
Taveuni – 0.5MW on repeat

Same as baseline

Only Biomass This scenario is to see what happens when only biomass power plants or
waste to energy power plants is considered. In the model, existing
technologies are not retired but new generation technologies are added.
Nabau biomass is added exogenously in 2017 and other technologies added
endogenously in the following order:
Viti Levu – 10MW biomass power plant on repeat
Vanua Levu – 5MW on repeat
Ovalau – 2MW on repeat.
Taveuni – 0.5MW biomass power plant on repeat.

Same as baseline

Fig. 14. Grid electricity demand for overall Fiji in different scenarios.
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However, after this year, there is a decrease in the share of RE gen-
eration as no new RE generation capacity is added.

4.4. Greenhouse gas emissions

In 2015, emission from grid-electricity generation was calculated as
397 Gg of CO2-e from modelling. The ‘Bleak’ scenario has only new
fossil fuel generators in the future, which leads to 1093 Gg of CO2-e

emission by 2040. This scenario has the highest GHG emission among
all scenarios. ‘Solar Priority’ scenario have almost 100% RE share in
generation with only 3 Gg of CO2-e emissions by 2040 (Fig. 20). Five
scenarios (High Demand, SE4ALL, Solar Priority, Only Hydro and Only
Biomass) are able to reach almost zero emissions by 2040 and ‘FEA exo’
and ‘Only solar PV’ scenarios produce around 400 Gg of CO2-e emis-
sions by 2040. It can be seen in Fig. 20 that five of the scenarios have
almost 100% reduction in emission by 2040.

Fig. 15. Peak power requirement for baseline scenario for different on-grid systems.

Fig. 16. Electricity generation in different scenarios (a) BAU (b) Bleak (c) Only biomass (d) Only Solar GCPV (e) Only hydro (f) FEA exo (g) Solar priority (h) SE4ALL
(i) High Demand.
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Emission intensity for electricity generation in year 2040 ranges
from 0.0011 to 0.5184 kg of CO2-e/kWh from 0.4254 kg of CO2-e/kWh
in 2015. Comparing the 2015 emission intensity for Fiji grid-electricity
sector to the global electricity production emissions, we find that Fiji is
well below the global average of around 0.52 kg of CO2-e/kWh in 2013
(Ang and Su, 2016).

5. Discussion

Fiji is able to have almost 100% RE electricity generation under the
5 suggested scenarios, hence, meeting the NDC target for electricity
related emissions. From 2019 and onwards, new renewable generation
investments will have to be made every year to maintain almost 100%

RE generation till 2040. For this to happen, total investment cost ranges
from 1.6 to 3.2 billion USD over the entire planning horizon. This cost
seems prohibitive right now at Fiji's real GDP around 6.7 billion FJD in
2015, but this study assumes an annual GDP growth rate of 3% which
projects the GDP to be 14 billion FJD by 2040. In addition, it is im-
perative that there is an increased private sector participation in grid
electricity generation to support the RE contribution. In the absence of
private investment in renewable power generation then IDO and HFO
generators will have to be commissioned to cater for increasing demand
in the future. This is the Bleak scenario where RE share in electricity
generation reduces to 37.3% by 2040 and increasing emissions to
1093 Gg of CO2-e.

Fig. 16. (continued)
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5.1. Investing in just one renewable energy conversion technology is not
recommended

Promoting and investing in just one renewable energy resource for
electricity generation was studied. Some reasons are discussed below to
reinforce why it is not recommended to invest in one technology.

(I) Investment cost is too high and some locations may not have the re-
source. For example, in ‘Only hydro’ scenario, Viti Levu requires
610MW of hydro capacity to meet the future demand with in-
vestment cost of around 4 billion USD. EFL mentions existence of
172MW potential at one of the recent energy forums (Patel, 2015).

There are other potential hydro sites in Viti Levu which can also be
studied into detail as given in SE4ALL report (GoF, 2015). How-
ever, these may not add up to required 610MW. In addition,
Vanua Levu and Ovalau needs 35MW and 10MW of generation
capacity respectively for meeting their future demand. For Vanua
Levu, there is 17MW hydro potential but Ovalau does not have
any. Therefore, other RE resources will have to be explored. In Fiji,
hydropower experience began in 1983 which gives investors,
donor agencies and EFL confidence to invest in this technology
despite its enormous initial capital investment. Furthermore, there
are concerns of changing rainfall pattern (due to climate change)

that could adversely affect hydro power generation. It is re-
commended, that future modelling exercise take this into con-
sideration.

(II) High risk in regular supply of feedstock for power generation. In ‘Solar
Priority’ scenario, 210MW of new biomass power plant capacity is
needed while according to (FDoE and UNDP, 2014) and EFL PDP
there is 280MW biomass potential available in Fiji. Despite this
potential, other logistics such as transportation of biomass or
biomass waste from the resource sites to power stations need to be
considered along with the sustainability of feedstock supply. Land
issues would also have to be considered for agriculture and for-
estry biomass energy. Availability of land and land tenure for

Fig. 17. Existing and new installed capacity for overall Fiji in different scenarios.

Table 5
New capacity added in Solar Priority scenario for overall Fiji.

Viti Levu Vanua Levu Ovalau Taveuni

New Biomass (MW) 196 10 4
New Wind (MW) 80 1
New Solar PV (MW) 170 10 6
New Hydro (MW) 170 10 0.7
New Geothermal (MW) 5.5 0.5
New Fossil (MW) 2
Total investment costs (USD

million)
2125 113 27 13

Fig. 18. RE share in electricity generation for different scenarios.
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farmers, foresters and landowners is a sensitive issue in Fiji and
needs proper attention before start of any biomass project.

(III) Intermittent resource leads to grid stability issues. Reduction in Solar
PV module costs over the recent years (IRENA, 2017), has led to
the study of ‘Only Solar PV’ scenario. This scenario needs around
727MW of new Solar PV capacity. For Fiji, roof-top PV has in-
stallation costs of around FJD3100/kW compared to FJD3500/kW
for ground-mounted PV where land cost has not been taken.
Hence, Solar PV is an economically viable option but more than
20–30% of total grid demand will have grid stability issues (Kumar
et al., 2016). According to (Steen et al., 2014), 30% of the annual
load demand can be met by solar PV without causing any voltage
rise or overloading issues. Wind and solar outputs are highly
variable due to their dependence on weather conditions. Changes
in the wind speed or cloud cover can alter output almost in-
stantaneously leading to grid voltage issues. Katz et al. (2015)
recommend dispersing solar panels or wind turbines geo-
graphically to reduce the impact of variability on the whole

system. Eltawil and Zhao (2010) and Shah et al. (2015) re-
commend grid-connected PV inverters to operate at unity power
factor, study dispatching strategy and spinning reserves. Another
option for achieving grid stability is grid storage that is discussed
in section 5.3.

5.2. Diversity in fuel supply for power generation

There needs to be diversity in supply mix to have secure energy
supply with reduced reliability issues. Hence, Solar priority, SE4ALL,
High Demand scenarios include diverse supply options for power gen-
eration as shown in Table 6.

5.3. Grid storage

For all the nine scenarios, IDO and HFO generators are used to meet
the peak demand. In order to minimize usage of IDO and HFO during
peak load, it would be advisable to have some kind of grid storage in

Fig. 19. Cumulative investment costs for different scenarios for overall Fiji.

Fig. 20. GHG emissions for overall Fiji grid electricity sector under different scenarios.

Table 6
New capacity additions for different scenarios by 2040.

Scenario New Capacity addition (MW) HFO Total Investment cost (USD billion) Reduction in emission relative to BAU in 2040 (%)

Biomass Hydro Wind Solar Geothermal IDO

Solar Priority 210 181 81 186 6 2 – 2.3 100
SE4ALL 151 126 61 134 4.5 2 – 1.6 100
High Demand 294 246 116 266 10 2 – 3.2 100
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place. In addition, storage allows greater penetration of solar PV and
wind into the grid, thereby, increasing the RE share in electricity gen-
eration. Solar Priority, High Demand and SE4ALL scenarios have sig-
nificant solar PV (almost 50% of grid demand) for generation. As noted
in section 5.1, this penetration will be manageable if there is grid sto-
rage available in Fiji. Presence of grid storage further reduces peak
demand, need for new generation capacity and consequently reducing
investment cost of generation. However, there will be added costs of
establishing grid-storage systems.

There are a number of grid storage options available such as
pumped hydro storage, batteries, super-capacitors, flywheels, com-
pressed air energy storage and others (IEC, 2011). However, according
to (IEA-ETSAP and IRENA, 2012), pumped hydro storage is currently
the only commercial storage option (Blakers et al., 2017). have dis-
cussed about pumped hydro storage in Australia for achieving 100% RE
electricity system and that would provide greater grid stability. Fiji has
the geography and water resources for establishing pumped hydro
systems. Feasibility study needs to be carried out for this option.

Recently, there has been increase in battery-grid storage systems in
some countries. Lithium-ion batteries are the main storage technology
used for battery grid storage due to its decreased costs and greater
capacities are being manufactured (IEA, 2018). There were close to
400MW capacity of Lithium ion battery storage in different countries
(Huff, 2014). In addition, South Australia has built the world's largest
129MWh Lithium ion battery storage for grid which became opera-
tional in December 2017 (Gray, 2017) while New Zealand is con-
sidering battery storage for grid system but they plan to use it from
2022 onwards when the cost has much further reduced (TRANSPO-
WER, 2017). In the Pacific, Samoa has recently integrated Tesla bat-
teries into its grid network (Peters, 2018). Hence, considering world
trend to use pumped hydro storage and Lithium ion battery for grid
storage, Fiji must consider these technologies if it wants almost 100%
electricity generation from renewable energy. As a first step, Fiji must
begin feasibility studies for these storage options.

5.4. Policy implications

Increase of renewable energy based electricity generation reduces fossil
fuel consumption as well as GHG emissions. Greater investment costs are
required for renewable energy based power generation compared to
fossil fuel when the operating costs of fossil fuel is not considered.
There are existing tax policies and strategies applied to grid electricity
(Table 7), which are promoting more private sector participation in
Fiji's grid electricity sector. However, it is imperative to make policies
that are even more lucrative than the existing (such as introduction of

attractive feed-in-tariff), more tax and fiscal incentives, subsidies given
by government to enable more private sector participation in renewable
energy based power generation.

New Electricity Act 2017 for Fiji aims to deregulate electricity sector
and corporatize FEA. This will hopefully enable an independent body to
approve of licenses in relation to retail, generation, transmission and
distribution of electricity as opposed to EFL currently carrying out the
dual role of a utility company as well as that of the regulator. However,
at present, EFL retains its previous regulatory role. Corporatization of
EFL means more private sector participation as 49% of its shares will be
up for sale. Timilsina and Shah (2016) have studied the current in-
centives in Fiji along with other small island developing states for the
promotion of renewable energy into electricity generation and discusses
future necessary policies to increase RE share in electricity generation
while FDoE has also given recommendations with the aid of consultants
on how to increase private sector participation in electricity sector (ITP,
2014).

There needs to be more demonstrations of successful RE projects to
gain investor interest in a particular renewable power generation
technology. Hydro is a well-proven technology in Fiji with solar PV now
gaining popularity amongst businesses for their own consumption.
However, other renewable technologies such as wind, tidal, ocean and
geothermal need demonstration of successful projects.

In terms of capacity building, The World Bank is providing finance
to the Pacific Power Association for a range of practical training and
accreditation with guidelines and modules to be prepared by the
Sustainable Energy Industry Association of the Pacific Island (SEIAPI),
incorporating appropriate related work of other institutions. Academic
institutions can work with and through programmes to provide training
for capacity building and capacity development in renewable energy
technologies and energy management. Geothermal based power gen-
eration and biomass gasification for power generation will be new in
Fiji. Academic institutions need to develop courses to enhance knowl-
edge in these areas to ready technicians and managers.

Feedstock availability is of paramount importance in biomass based
power generation. This implies that there needs to be coordination and
effective communication between power generators, feedstock sup-
pliers and feedstock transporters at all times. Involvement of commu-
nity members and landowners in power projects is one way to ensure
success of a project. In addition, government needs to incentivize pri-
vate investors in developing forest plantations that can be used as
feedstock for power generation.

Investing in energy efficiency measures first would decrease renewable
energy investments for electricity generation. For this, customer behaviors
need to change. Without energy efficiency measures on demand and

Table 7
Existing strategies in Fiji's electricity sector. Source (FCC, 2014; FRCS, 2016; GoF, 2018; ITP, 2014):

Existing measures Implications

Electricity Subsidy given by government to low income customers This helps families with low income for payment of electricity bill.
Grid Extension projects National budget of Fiji provides money every year for grid extension projects so to achieve target of 100% of

population electrified by 2020.
Currently, FJD0.3308 VEP/kWh is paid to IPP for selling power to

grid.
This is the general rate determined by Fiji Commerce Commission in 2014. However, this rate is applicate for
IPPs that are able to sell power to grid “24/7/365“.

Budget allocation for Rural Electrification This will contribute towards achievement of 100% electrification goal by 2020.
Corporatization of Fiji Electricity authority (FEA) now named as

Energy Fiji Limited (EFL).
This means that 49% of the shares can be sold to investors.

Sustainable Energy Financing Projects This enabled financing of energy projects for potential investors where World Bank provides guarantee on
loans up to 1million FJD. However, World Bank loan guarantee expired in 2017.

Import Substitution & Export Finance Facility Concessional loans are offered by this facility for new investments in renewable energy, sustainable public
transport, export and import substitution.

Incentive package for Research and Development (R&D) This package is offered to ICT and Renewable energy industries where 250% tax deduction is allowable on
any expenses incurred by companies investing in R&D.

Duty free importation of renewable energy and energy efficiency
goods.

Promotion of new sustainable energy projects.

Five year tax holiday to a tax payer who invests in renewable
energy generation projects

Promotion of new sustainable energy projects.
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supply sides, renewable energy based electricity generation would be
much costlier. SE4ALL scenario assumes that additional energy effi-
ciency measures are practiced while Solar Priority scenario assumes
only existing energy efficiency measures. Hence, comparing SE4ALL
scenario with Solar Priority, there is 29% decrease in investment costs
for generation. Of course, there would be costs involved to im-
plementing energy efficiency but this study does not quantify these
costs. This implies that while looking for IPPs to invest in renewable
power generations, policies should also be put in place to promote
uptake of energy efficiency measures by industrial and commercial
sectors. This is because, industrial and commercial customers account
for 75% of total electricity demand. However, these energy efficiency
measures need to show financial gain for the customers, in addition to
reducing their electricity usage. Hence, proper energy auditing with
detailed financial analysis is vital to convince industrial and commer-
cial customers to make necessary changes. In addition, formation of a
national reporting system on demand side management (DSM) (as de-
scribed in (WB, 2018)) in industries is vital for gathering relevant in-
formation and data on energy efficiency measures to enable a more
robust scenario analysis.

6. Conclusions

This study has attempted to explore various scenarios aimed at
reaching 100% electricity generation from renewable resources, redu-
cing GHG emissions and fossil fuel usage in Fiji's grid electricity sector.
With Fiji's GDP increasing at 3% per annum and population growing at
0.6% per annum, this study finds that Fiji's NDC target of 100% RE
generation is possible at an investment cost of around 1.6–3.2 billion
USD. The study also determines that under existing energy efficiency
measures on the demand side (Solar Priority scenario), a total of
210MW of biomass, 186MW of Solar PV, 181MW of hydro, 81MW of
wind and 6MW of geothermal will be needed for satisfying the demand
in 2040. Energy efficiency measures in supply and demand side were
considered in SE4ALL scenario that achieved almost 100% RE share in
electricity generation coupled with 29% decrease in the investment
costs. This emphasizes the importance of prioritizing energy efficiency
measures before renewable energy based interventions.

This study strongly recommends study of grid storage options for
Fiji and improved data collection on energy efficiency measures in in-
dustries and commercial sector. These will enable a better quantifica-
tion of new technologies needed for future generation.

Fiji is working towards reducing its dependence on fossil fuels, in-
creasing renewable share in electricity generation and reducing its
carbon footprint. There needs to be enabling policies, various stake-
holders working in coordination, and proper energy planning to
achieve the low-carbon transformation in the electricity sector.
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