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1.1 Background Study 
Fiji, a small nation located in the southern hemisphere surrounded by the Pacific 

Ocean, has the geographical location of latitude and longitude

. Fiji is a volcanic island with two main islands, Viti Levu and Vanua Levu 

occupying 18274 (Fiji Bureau of Statistics, 2017). With the latest Fiji 

census data (2017) its population stands at 884,887, having an annual growth rate of 

0.6%. population density is 49 people/ with close to 80% people living the 

two major islands (Fiji Bureau of Statistics, 2017). Like most Island countries, Fiji is 

heavily dependent on imported fuels for its energy needs.  

The increase in energy usage has caused the inflation rate to surge which affects 

foreign reserves (Fiji Bureau of Statistics, 2017). As represented in figure 1.1, in 2015, 

a substantial amount was spent on buying fuel; 997.2M FJD; in 2016 it was 726.7M; 

and in 2017, it increased to 886.6M. With the current trend, the Bureau of Statistics,

Fiji, has predicted that the mineral fuel import to the country will increase in the 2018 

-2019 period (Fiji Bureau of Statistics, 2017). 

Figure 1. 1 Imported Fuels (2015-2017) alongside (2018-2019) forecasted (f) 
Source: FBoS, 2017
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Fiji's energy sector is still at a growing stage. It requires proper management as not 

many expertise are available in the country (Economic Consulting Associates SMEC, 

2013). The severe crisis of carbon emissions and other energy-related issues can be 

solved by increasing awareness amongst the general public and working towards the 

developments of RE mechanism. Considering the carbon related issues from vehicles,

this research draws its particular attention towards introducing solar-powered electric 

vehicles to strengthen the economy of the country as well as to invest in the RE sector.

Harvesting RE mechanisms will lead to meet the increasing electricity demand as well 

as promoting sustainable electric transport in the country.

This study is undertaken at the University of the South Pacific (USP), Laucala upper 

campus due to the availability of resources. The University established in 1968, has 12 

member countries which include; Fiji, Cook Islands, Marshall Island, Nauru, Niue, 

Solomon Island, Tokelau, Tonga, Vanuatu, Kiribati, Tuvalu and Samoa. Fourteen 

campuses are located in its member countries. The main campus is USP Laucala,

located in Suva, Fiji, as shown in the google map below.

Figure 1. 2 Google Map of USP Laucala Campus
Source: https://www.google.com/maps/@-18.1367576,178.444075,15z

Under the School of Engineering and Physics, many renewable energy (RE) projects 

are being carried out on campus as well as off-campus. These include:
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Figure 1. 3 Global Carbon emissions by various economics sector in Giga-
grams/Year

Source: Our world in data (Roser (2017)

Table 1. 1 Summary on emissions from these sectors

Source: (APEC, 2015)

In comparison to other economic sectors, the transport sector is one of the continuous 

carbon emitters on the global map. Due to globalization, people are fond of travelling 

from place to place, hence, this increases transport usage further intensifying the fuel 

consumption demand. Regular developments in the daily transport system lead to the 

Energy Public heat, Electricity generation, emissions from fuels, 
oil, gases, manufacturing and industries. 

Agriculture/Land 
use/Forestry

Enteric fermentation, manure, fertilizers, crop residues, 
burning, cultivation. 

Industry Production purpose, aerosols, solvents, electronic making, 
electrical material. 

Residential and 
Commercial

Residential

Transport Domestic aviation, road and rail transport, navigation

Waste Solid waste dumping, incineration, waste handling 

Other Sources Fires for fossil fuels, nitrous oxides, ammonia from non-
agriculture, anthropogenic. 
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Statistics presented by Fiji Bureau of statistics (FBoS) states the list of vehicles 

registered under LTA which comprises of 84,557 private vehicles, 2,443 buses, 6,191 

taxis, 18,398 heavy goods carriers, which rounds up to 117,561 vehicles (Fiji Bureau 

of Statistics, 2017). For urban residents, passenger travel has increased to 27% through 

private cars and 12% via taxis; reflecting the people's choice of travel as shown in 

Figure 1.4 (Soomauroo, Creutzig, & Blechinge, 2020).

The Pie chart below presents the vehicle distribution in FIJI. 

Figure 1. 4 Pie Chart Showing Percentage (%) of Vehicle Present
Source: Fiji LEDS (2018)

1.6 Emissions from the Transport Sector
Relating to fuel imports in Fiji, 19% of the merchandized imports compromises of fuel. 

Most of the fuel purchased for the transport sector consumption accounts for 8% of 

GDP (Ministry of Economy, 2018).
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The Fijian government is committed to providing safe and reliable public transport 

(PT) through the development of sustainable road infrastructure. Emissions from the 

land transport sector in 2014 was 635,972 tonnes of carbon dioxide as in figure 1.5.

(Ministry of Economy, 2018), which acts as a baseline for the four scenarios. The 

graph below displays emissions from vehicles registered in 2014: 

Figure 1. 5 Emissions from Vehicles 

Source: Fiji LEDS (2018) 

1.7 Planned Strategies for Low Carbon Emissions in Fiji 
Fiji, being a small nation with a population of approximately 900 000, no commitments 

have been shown by the Fiji Government to reduce the fossil fuel repercussions on the 

environment as noted in Intended Nationally Determined Contribution (INDC). (GoF, 

2015). Being a member of (UNFCCC), United Nations Framework Convention on 

Climate Change alongside 163 other countries, Fiji has submitted its INDC ahead of 

(COP21), the 21st conference of parties in Paris.  

New universal climate change agreement was launched while Fiji legally adopted the 

agreement as the first member country.  
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Figure 1.6 demonstrates all possible scenarios for low carbon emissions in Fiji.

Figure 1. 6 Low Carbon Possible Scenario

Source: Fiji LEDS (2018)

1.8 A framework of Individual Scenario 
As mentioned previously, the aim of Fiji LEDs is to obtain zero-carbon release by 

2050; hence, the transport sector is one area that requires massive development in order 

to achieve this goal.  Four scenarios have been developed and well-integrated with the 

land transport sector. Hence, this section demonstrates how effective the developed 

conditions are under the following scenarios.

1.8

Discussion on the target to reduce emissions from the transport sector; the scenarios 

have been extrapolated to -10% for 2030, -20% for 2040 and -30% for 2050, on an 

unconditional basis. The action plan includes promoting PT, HEVs and biofuels usage. 

The vision of this scenario is to promote the new vehicle sales rather than second hand, 

which will commence from 2020, increasing new vehicle sales by 10%. 
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From 2030, 80% of the private cars, 60% taxis and 30% of buses as hybrid while 20% 

cars, 40% taxis and 70% buses to be electrically powered. Similarly, for 2050, 80% of 

cars, 50% taxis and 10% of buses ought to be hybrid whereas 20% of cars, 50% taxis 

and 90% of buses be electric. For this scenario, the heavy goods carrier trucks will 

remain operational on petroleum fuels (GGGI, 2018).. 

On the other hand, the PT share to surge 40% by 2020 and thereafter in 2030, it 

continues to increase by 45%. This particular tactic also aims to introduce blended 

fuels such as bioethanol and biodiesel as a substitute for enormous fossil fuels. Hence, 

the objective set for 2020 was to start the production of bioethanol from 2%, whereas 

from 2050 onwards, there needs to be present of 10% bioethanol and 5% of biodiesel.  

Figure 1.7 below shows the net emission after taking BAU Unconditional scenario. 

Figure 1. 7 BAU Unconditional Scenario 
Source: Fiji LEDS (2018) 

1.8

This scenario targets to reduce emissions by 30% up-till 2030 on a conditional basis. 

The extrapolated target for 2030 is -30%, - 40% in 2040 while -50% for 2050. 

Developed action plan remains the same as the unconditional scenario; however, 

envisions have been slightly modified. This considers the increase in the sale of 

vehicles in 2020 to 30% for cars, 40% for taxis and 20% for buses. By 2030, 70% of 

cars and all the vehicles except for trucks need to be fully electric.  
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In this scenario, 10% of the cars will be EVs. Upon reaching 2050, all vehicles are to 

be Hybrid electric vehicles (HEVs) except larger trucks. The large trucks will surge to 

40% electric.  For PT, it holds a 40% share in 2020 and 45% in 2030. In addition, the 

marketing of biofuels will continue to flow, reaching 5% bioethanol and 2% biodiesel 

until 2020. Thereafter in 2025, it increases to 10% for bioethanol and 5% for biodiesel. 

The adaptation of the scenario will see a decrease in emissions as demonstrated in 

Figure 1.8.

Figure 1. 8 BAU Conditional Scenario
Source: Fiji LEDS (2018)

1.8

The mitigation of emissions and the strategies are the same as stated beforehand, but 

there is the inclusion of an action plan for improving the efficiency of operating 

transport. The envision is to surge the sales of HEV & EVs, having 40% cars, 50% 

taxis and 30% buses by 2020. Starting in 2030, 20% of cars need to be HEV while 

100% of taxis, buses and small trucks to be electric. 
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The list for EVs has 40% on large trucks. By 2050, HEVs will completely be detached; 

hence, 100% of all vehicles are to be electric with 70% share from the large trucks. 

For the PT, an increase in the portion by 40% in 2020, 54% in 2030 and 55% by 2050 

is envisioned. Increment in the production of blended fuel, bioethanol and biodiesel to 

increase by 5% and 2% respectively by 2020, thereafter in 2025, 10% rise for 

bioethanol and 5% for bio-diesel. 

Figure 1.9 below highlights the characteristic curve for adopting all the necessary 

measures for this scenario:

Figure 1. 9 BAU High Ambition Scenario

Source: Fiji LEDS (2018)

1.8

The designation of this scenario itself seems to be highly rigorous yet approachable in 

mitigating emissions by 2050. Similar approaches from the other three scenarios are 

used in the implementation of this scenario as well, but with an additional action plan. 

Vehicles are to be scrapped after 20 years of use. Also, vehicles of all categories are 

to be electric. Envisioned structure includes, increase in the sale of new vehicles 

commencing in 2020, 50% private cars, 60% taxis and 50% buses to be HEVs. 
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At this stage, there is no promotion of EVs. Approaching 2030, majority of the vehicles 

will be EVs except large trucks. By 2050, with the commencement of the 20-year 

scrapping policy, all vehicles are expected to be electric.  

The results of high ambition scenario is displayed in Figure 1.10.

Figure 1. 10 BAU Very High Ambition Scenario
Source: Fiji LEDS (2018) 

1.9 Other Ideas to Overcome Carbon Emissions 
Additionally, the Fijian government is working with the government of India in 

carrying out a feasibility study for the introduction of rail transport (Suva, 2018). It is 

also working in collaboration with the Global Green Growth Institute (GGGI) on the 

feasibility study of introducing EVs. Preliminary discussions were undertaken with 

UN economic, social commission for Asia and Pacific in the 

sustainable urban transport index. This will help develop a long-term urban transport 

system in towns and cities. Government is also trying to engage with youths who are 

currently researching potential solutions to future challenges in the Pacific. 
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At the same time, an electric car did not hold such property during that time. Thus, 

shifting from EVs to ICE vehicles was apparent (Loeb, 2004).

Advancements in the ICE enabled it to become a longer-ranged vehicle. Thus, gasoline 

not because of its core issues; instead, it was an economic issue, which favored the 

scale towards the gasoline vehicle (Ultius, 2014). By 1935, EV almost disappeared.  

Years passed on, yet, the production and the personal use of the electric vehicle were 

utterly dead until the 1960s (Bellis, 2017).

Meanwhile, continuous developments in the region of automobiles brought in diverse 

models of gasoline vehicles. Sales of these vehicles were extensively high throughout 

the globe.  People were so fond of the procurement of these gasoline vehicles that they 

could not figure out the impacts it had on the environment, especially on the burning 

of fuels and producing hazardous black smoke (carbon-dioxide gas). This gas 

increased the carbon content in the atmosphere and expanded the issue of global 

warming and climate change. 

The issue of carbon emissions continuously rose from the transport sector until the 

idea of EV was refreshed in the modern era. In the early 21st century, the EV market 

shares began to rise (Vaughan, 2017).

2.3 Details on EV Operations
Figure 2.1 demonstrates the principle operations of an EV.

Figure 2. 1 EV Operational Design
Source: https://braintree-ev.ene.org/buying-guide/
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As shown in Figure 2.1, the EV does not require an additional ICE engine to power up 

the movement. Instead, it involves rechargeable battery packs to supply power during 

motion. Different chargers are involved in charging of varying EVs. It is an AC to DC 

or DC to DC onboard charger. The presence of an electric motor is responsible for 

driving the gearbox and wheels. Once the electricity initiates at the coil, the magnetic 

field generated, making the coil rotate rigorously. Hence, a faster spinning coil drives 

the wheel of the electric car that is attached to the central shaft. 

2.4 Classification of EVs
Hybrid Electric vehicle [HEV] 

Plug-in Hybrid Electric Vehicle [PHEV] 

Fuel Cell Electric Vehicle [FCEV]

2.4.1 Hybrid electric vehicles 

Hybrid electric vehicles (HEV) are one of the widely used vehicles on the road today. 

It obtains its drive power from the engine as well as the battery pack. The electric 

motor present acts as a generator that enables power absorption via transmission. 

Hence, the propulsions are maintained through both the battery pack and the engine

(Sundararajan, 2012). The HEV does not contain an external charging port, because, 

it utilizes regenerative braking and combustion engine for battery charging. Figure 2.2

below displays the operation scheme of HEVs.

Figure 2. 2 HEV Design 
Source: https://braintree-ev.ene.org/buying-guide/

Electric (2020) 
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As the battery is emptied, there is an automatic switch to the combustion engine, hence 

results in non-PHEV. Regenerative braking structure has further boosted to recover 

some energy lost during braking and converts into usable energy. Not only this, the 

engine automatically turns off, as there is an ideal movement or stoppage at traffic 

lights. The batteries of PHEV charged from an external source or by the internal 

combustion engine and through the regenerative braking. The vehicle operations 

mechanism is shown in Figure 2.3. 

Figure 2. 3 PHEV Design 

Electric (2020) 

Source: https://braintree-ev.ene.org/buying-guide/

As shown, large rechargeable batteries are present to support the increasing potential 

of petroleum translation. The PHEV can withstand its driving capacity into depletion 

mode, lowering the SOC and, therefore, electricity used during movement instead of 

petroleum fuel.  

A distinctive characteristic that makes PHEV standout then other vehicles is its smooth 

driving alongside with better mileage outcome. Most of the research papers have 

-electric range (AER) (Simpson, 

2007). The California Air resource board uses UDDS, i.e., an urban dynamometer 

a reasonable comparison between the 

vehicle fleet. 
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2.4.2.1 Fueling- System Design of PHEV 
Exploring the fuel economy, FE, of any PHEV is quite challenging as two different 

fuel source needs consideration that is the electricity and the chemical fuel supply. The 

supply of fuel for operation is very dependent on the duty cycle per kilometer driven

(HFET).  

As for a vehicle using one fuel, its FE measured through proper recording of the 

amount of fuel used, but this approach fails when it comes to PHEV (Goundar , 

Brooker, Carlson, & Smart, 2009).  

In this, the fuel component measured, but the flow of electricity remains unattained. 

The other method is to combine both one metric and assuming the equivalence form 

of two different energies used, for example, .

(Simpson, 2007), approached a technique known as SAE JI711 practice that fulfils the 

need for scrutinizing the FE of PHEV. Several steps considered over the testing period 

in order to determine the final FE. Figure 2.4 below displays the steps on how to 

determine the fuel economy. 

Figure 2. 4 Steps to Diagnose Fuel Economy  
Source: (SAE, 1999)

Following Figure 2.4, vehicles that are non-chargeable, that is, its consumption is of 

fuel, will complete the steps on the left side of the figure. Conversely, all plug-in 

Final

Partial Charge test 

Partial Charge test 

Partial Charge test 
- HEV

Partial Charge 
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Conventional 
Vehicle

Full Charge Test - Utility Factor

Full Charge Test

Full Charge Test -
EV

Full Charge Test -
HEV





37

Figure 2. 5 FCEV Design 
Source: (Campbell P. , 2020)

2.4.3.1 Fueling- System Design of FCEV 
In this case, tank to the wheel, TTW, method is applied to obtain the efficiency of FE. 

The method requires mechanical energy at the wheel divided over the lower heating 

value of supplied hydrogen. TTW depends on the electric drive train of the vehicle and 

the lashing cycles (Ahluwalia, Wang, & Rousseau, 2005). 

Table 2. 1 Features of the Fuel Cell EV  
Components Description

Battery Auxiliary Initial start to the car
Powers up the cars

Battery Packs Powers up the electric motor 
Energy storage through regenerative braking 

DC/DC Converter Converts high voltage DC to low voltage
Recharge the auxiliary battery

Electric Motor Uses power from fuel cell for movement
Drives the motor wheel

Stacks of Fuel Cell The assemblage of electrodes for electricity 
generation

Fuel Filter Nozzle for fueling up 
Fuel Tank Storage for hydrogen gas
Power Electronics 
Control

Manages the electricity flow. 
Controls speed of motor and torque 

Transmission Delivers mechanical power to wheels

Source: (Department of Energy, Alternative Fuel Data Centre, 2015)
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chargers. Hours of charging vary in different vehicles, but it commonly charges a fully 

depleted battery in 7-15h. For instance, a Nissan leaf EV can travel 100 miles at full 

charge. If the vehicle owner drives approximately 30miles on daily routines, the 

battery level will be depleted by 30% each day. 

Hence, if the mode 1 charging technique is applied, it will be able to convalesce 

4.5miles range within an hour and gets back to full capacity after charging 7 hours. 

Therefore, this method of charging is suitable at one's residents since it does not need 

any unique socket connections (Mude, 2018). Figure 3.1 presents the charging capacity 

in mode one with a restriction to a maximum of 2.3 kW (Visser, 2019).

Figure 3. 1 Mode 1 Charging
Source: Visser (2019) 

Small light vehicles such as bicycles, scooters, moto bikes are plugged from a 

household outlet. For safety reasons, few counties, including the United States, have 

prohibited the use of this method. An article by PLUGIT (2019) reveals that it is unsafe 

for charging vehicles of higher range since the charging cable, together with the 

connector overheated as it takes a more extended period to charge (Plugit, 2019).

3.3.2 Model 2 Charging

An AC charging technology induces a voltage range of 230V to 440V. The present 

current reaches a maximum of 32A supplied through charging stations located at 

public places. This type of charging is often referred to as "opportunity charging," 

which means, whenever there are changes and availability of space, one can charge 

the EV. Mode 2 can charge an EV to its full capacity within 3-8hours of time (Bansal, 

2015). All charging equipment is carefully winded in a cable (News, 2017). The 
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presence of current detector signals to the control box after full charging to disconnect 

the power supply. Single-phase or three-phase wiring network installed alongside 

earthling cable for charging. To compare, the installation of mode 2 is expensive, then 

mode 1. Figure 3.2 displays mode 2 charging technique. 

Figure 3. 2 Mode 2 Charging
Source: Visser (2019) 

3.3.3 Mode 3 Charging

In comparison to the other two modes, mode 3 allows for a powerful, faster, and safer 

charging system for vehicles. It operates under a three-phase 440V wiring 

configuration. Off-board charger or a special socket is required that completes 

charging within minutes instead of long duration. The station can deliver charging 

through 11 kW, 22 kW or even 43 kW.

Figure 3. 3 Mode 3 Charging
Source: Visser (2019) 

The safety level of this mode meets the standard regulating electrical installations, 

which also exhibits load shedding and functionality control (News, 2017). Vehicle 
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manufacturers approve quality chargers for various car brands (Plugit, 2019). The use 

of this application is often prioritized at the commercial level. Larger trucks and buses 

are a perfect example of vehicles that uses this method of charging located mostly at 

public places, transport corridor, airports, and others. (Bansal, 2015).   

3.3.4 Mode 4 or DC Fast Charging  

DC fast charging technique increases the speed of the charger, likewise, its cost is 

higher compared to mode one chargers. One benefit of using the mode four technique 

is that it outweighs the slow charging costs. Primary DC charging is practically applied 

at Japan CHAdeMO (Bräunl, 2012).  In a survey conducted at urban and sub-urban 

settlements in the UK, it discloses that people's choices scale onwards for a fast mode 

of charging instead of Level 1 or Level 2 (Blythe, et al., 2015). Most public centers 

have fast-charging facilities; thus, if the cost of electricity is expensive, public charging 

becomes more prominent (Nicholas, Tal, & Woodjack, 2013).   

Another aspect that outstands the fast charging model is that it saves time. People value 

the time; therefore, they do not compare the cost of electricity for charging explicitly. 

All the above factors brace the use of a fast-charging model. It is important to note that 

for a DC charging station, the plugin charger mounted with the charging station instead 

of the car, as shown in Figure 3.4 (Bräunl, 2012).  

Figure 3. 4 DC Fast Charging 
Source: Visser (2019)  

For a DC setup, the voltage ranges from 400 -1000 Volts DC exhibiting reliable 

protection that monitors the communication between the charging EV and the station. 

It contains typical power of more than 50 kW, commonly positioned at intercity or 
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3.6 On-Road Charging
On the road, charging facilitates future state-of-art development for EV charging. This 

concept will cede precise consideration to limited range EV charged directly on the 

road while being in motion or during stoppage at traffic lights. Similar to wireless 

charging, the charging pads distributed along the roadways in which the energy 

transfer occurs once the vehicle gets above the charging pad. Green energy sources are 

responsible for power deliverance, which is an advantage of the system (Venugopal, 

Mouli, & Bauer, 2017).

A comprehensive study was conducted with an aim of performing simulations on 

highway roads by Bauer (2013). It considers the driving cycle alongside IPT of varying 

power levels (10-60 kW) combining 100% road coverage. Results in (Bauer, 2013)

show the experimental figures achieved best at the driving range of 20 kW power with 

50% road coverage or 50 kW at 20% coverage. The work concludes that; very high 

driving range obtained while having 50% coverage for power more than 20 kW.

3.7 Pantograph Charging 
Pantograph charging technique involves conductive energy transfer to heavy-duty 

vehicles such as buses, large commercial operating trucks to complete charging in a 

short period. Such applications are highly expensive, drawing current more than 500A

(Visser, 2019). As shown in Figure 3.5, the devise connection is made on the rooftop 

to charge the Volvo model EB.

Figure 3. 5 Pantograph Charging
Source: Volvo Buses (2015)

Pantograph charging application for EB is categorized into two forms, "top-down" and 

"rooftop" charging.
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French government, commissioned its first ever-charging station kit for electric 

vehicles in Fiji. The university is further boosting its research work, as the students 

carry out practical examples for electric vehicles along with the performance of the 

solar charging station.  Figure 4.1 shows the pictorial representation of solar charging 

station at USP while table 4.1 displays the technology overview of the charging station. 

Figure 4. 1 Solar Charging Station with ER
4.4.2.1 Technology Overview

Table 4.1 describes the detail of the power system installed during the 

construction phase of the solar charging station.

Table 4. 1 Details of power system
Description

Solar Panel (2.625kWp) BP Solar BP4175

Array Frame Roof mount array
Aluminium mounting rack

Batteries Pb- Super Safe 12V /105Ah 

Solar regulator Outback FM60 60A MPPT

Inverter (240V, 50H) Outback GFX1424, 1400W, 24V

Monitoring & Control Outback Mate3, Flex Net DC
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CHAPTER 5 

RESULTS & DISCUSSION

5.1 Introduction 
This section of the thesis presents the findings obtained during the research. All 

relevant results and discussion are part of this chapter.  

5.2 Qualitative Analysis: Participatory Action Research  
This section presents an analysis of the responses from questionnaires sent to various 

stakeholders to gather information on awareness among people on EVs, their perceived 

usage, the possibility of introducing EVs in the country as well as any enabling 

government initiatives.  The research survey provides a baseline for the awareness and 

knowledge of individuals and organizations regarding the EVs.   

The participants chosen are mainly related to the land transport sector as the EVs will 

be a part of the transportation sector.  From the total of 47 questionnaires given out, 

32 completed questionnaires were received from various stakeholders. 

The pictorial chart. Figure 5.1 represents the categorical approach taken to display the 

data from the questionnaire.  

Figure 5. 1 A Pictorial Representation

Questionnaire 
Analysis 
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The Fiji and EVs

views of the participants. The data obtained in these two categories is analyzed via

QCA as highlighted in chapter 4, section 4.3.1.

5.2.1 Awareness 

This section focuses on espect 

to the use of EVs around the world and required infrastructure. 

5.2.1.1 Awareness on EVs usage

Figure 5. 2 Awareness on use of EVs around the world

Nineteen participants (59%) responded as YES that they are familiar with the term EV 

and its increasing demand globally, while 13 (41%) participants responded as NO.

Through informal discussion with the participants who responded NO, five of the 

participants were not at all aware of what electric vehicles were. At the same time, the 

remaining eight mentioned about their idea about basic operations of EV; however, 

they were unaware of the increasing demand for EV worldwide. In summary, the

majority of participants were aware of the use of EVs around the globe, but yet to 

know the benefits of introducing EVs into the country.  The ignorance of people 

towards EVs could be due to a lack of awareness and successful implementation 

around the world.

59%

41%

Percentage of Stakeholders/Individuals Who Are Aware of 
Increased use of EVs 

YES

NO
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5.2.1.2 Awareness on the infrastructure Required for Charging Station  

Figure 5. 3 Infrastructure Requirement and Stakeholders/Individuals View 
Point  

Twenty of the stakeholders (63%) were unaware of the infrastructure required to 

focus is on regular vehicles, not on electric cars. Awareness programs scheduled at a 

large scale so that people could grasp the importance of having RE mechanisms for 

the betterment of the natural environment. For instance, awareness on EV charging 

infrastructures, such as solar charging station or having hybrid operated charging 

stations and other RE aspects directly linked to the introduction of EVs.  

Nine stakeholders answered this question as YES. Few of responses included the 

following as part of the required infrastructure: 

Land space/Engineering and Construction 

Solar Panels 

Battery Pack

Inverter 

Charging Controller/charging ports 
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Public Service Vehicle (PSV / Private Drivers 

Driving School Instructors 

LTA staff  

FDB staff  

Car Dealers around the country 

5.2.3.2 Average Fueling Expenditure for Stakeholders 

Figure 5. 4 Money spent by organization in fueling the vehicle 

The above Figure 5.4 represents the estimated amount of money spent monthly by an 

organization/stakeholder or an individual for fueling their vehicle fleet. The fuel price 

is in FJD per month. Few taxi owners revealed that any increase in fuel price has 

massive effects on their operations. Due to increased fuel prices, the taxi owners end 

up in a loss on dull days of business.  Their revenue equals their expenses; hence no 

profit is made. 
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  Table 5. 5 Brands of busses used for public transport 
Brand of Buses

Hino
TATA

Zong Tong

Figure 5. 5 Displays Number of Organizations affected by fuel Price 

In Figure 5.5,

operation are expressed via the bar chart. Thirty of them have reacted as YES that the 

fuel price affects their daily operation. On the other hand, only two such organizations 

commented that their daily operation is not affected by the changes in fuel prices. The 

reason it does not affect a particular organization is through a card contract agreement 

made with the fuel service station for the respective vehicle fleet of the organization. 

However, it does affect the forecasted budget for fuel costs for the vehicle fleet during 

the financial year if there is any fluctuation in the fuel price. The forecasted budget 

assumes that the fuel price for a particular month remains constant; hence, a sudden 

increase in the price within a month eventually affects the company.   
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seem beneficial if all supporting infrastructure is available. The response NO and 

are from drivers and driving instructors who do not own the 

company. Instead, they work for that particular company/organization. Thus, they 

were unaware that their company/organization would invest in the procurement of EV. 

5.2.4.2 EV Good Return on Investment 

Figure 5. 6 Electric cars good return on investment or not

The majority respondents believe that EV is a good return on investment, while those 

participants unfamiliar with electric cars indicated their response as either no or does 

not know. 

5.2.4.3 Is EV Required to Improve Environmental Impacts

Figure 5. 7 EV Deployment and Environmental Impacts
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5 Incentives 

Figure 5. 8 EV Infrastructure and Incentives

The incentives need to have a much lower price threshold to cater for stakeholders 

dealing with a single unit. Things would sufficiently work out if projects are supported 

at small scales.

FDB has also shown interest in setting up charging facilities depending on the 

opportunity cost and support from decision-makers. In other words, they rely on the 

attractiveness of the EV market based on the market analysis, government incentives, 

and other stakeholder participation in the establishment of the EV charging systems. 

It also includes weighing the advantages and disadvantages of other internal and 

external factors that support the government incentives together with the other 

stakeholders and the policy guidelines that each respective stakeholder must adhere to.

As for the rest of the organization, they are prepared to set up the EV charging 

infrastructures if the government is providing the incentive.
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5.2.6 Sub-Section 6 - Fiji and EVs 

5.2.6.1 Participants views on 
A blend of suggestion/thoughts were received for this question which were analyzed

via QCA.

is in a position to introduce electric vehicles or not.

Figure 5. 9 Fijis Position to Introduce Solar Charged EV 

The participants of various stakeholders who reacted as YES that Fiji is in a high 

position to introduce electric vehicles provided the following inputs. Similarly, the 

QCA technique application furnished an understanding on Fiji is position to 

introduce solar-charged EV resulting in eleven themes as follows: 

Geographical Location

the year. All four major divisions (southern, eastern, western, and northern) are 

suitable to install solar EV charging stations. Apart from this, wind energy could also 

be an option combined with solar to produce the required energy for charging.   
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Figure 5. 11 Panel Input to the solar charging station

The above Figure 5.11 displays solar panel input to the solar charging station batteries. 

The kWh data is retrieved from the data logger and plotted against the date of 

recording. For example, considering the date of 7/16/19, the supply reaches up to 5.2 

kWh. This indicates that the charging process using the station batteries was carried 

out on the ER. The fluctuations on the graph are due to the charging of the ER on

different days. The fluctuations in Fig. 5.11 show that the input and output kWh for 

the battery of the solar charging station.

Figure 5. 12 Battery Input and Output Characteristic 
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For this graph, In kWh represents the amount of energy supplied from the panels to 

recharge the battery while the Out kWh in blue indicates the amount of energy 

provided from the battery to charge the ER. For example, focusing on the 16/7/19 date, 

a maximum of 1.8kWh is supplied from the battery to charge the EV. Looking more 

precisely at the graph, the output kWh fluctuation has a corresponding fluctuation on 

input kWh. This charging and discharging of the battery happen simultaneously. The 

solar panels recharge the battery to cover up for the power that has been used during 

the charging process as shown in Figure 5.13 below.   

Figure 5. 13 Battery SOC 

During the charging time, the SOC of the battery drops while the energy supplied 

through the panel increases. For example, 16/7/19 has the battery SOC dropped to 75% 

while the PV system supplied 5.2kWh to maintain battery status, refer Figure 5.13. 

From the set of three graphs, a correlation is obtained between PV production and 

battery status. 

5.4 Conceptual Design of New Charging stations for EVs in 
Fiji 
The electric tuk-tuks (ERs) usually have two or three capacity. However, 

recent developments show that the passenger capacity has increased to a maximum of 
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5.4.2 Resource Assessment 

The potential of wind and solar resources directly obtained from the NASA website, 

inbuilt in the software. The average solar radiation and wind speed for the chosen site 

are 5.22kWh/m2/day and 6.45m/s, respectively.  

Figure 5. 15 HOMER Schematic

The hybrid schematic consists of a PV system and a wind turbine as the primary 

sources to generate electricity for the system load demand. Three different types of

batteries were selected to find the best option suitable for this charging station.

5.4.3 Component Sizing 

The simulation includes component cost data and is optimized based on the net present 

costs.

5.4.3.1 PV Panel
A generic flat-plate PV is selected from the library reserves to design the schematic 

for this portion of the study. The capital and replacement cost are estimated to be 

$2,500.00/kW, while operational and maintenance costs (O&M) are entered as 

$10.00/year. The panel has a life expectancy of 25 years and a de-rating factor of 80%. 

The cost of the PV panel is selected from the HOMER library.
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replacement, O&M costs respectively are $700.00, $650.00, and USD 20.00 chosen 

from the software library.

5.4.5 Load Profile 

The load is evenly distributed so that the ER charges for complete 8 hours. The average 

charging load per day is scaled to 5.5kWh/day. Figure 5.16 shows the daily charging 

profile. The vital load factor, in this case, is 0.25.

Figure 5. 16 Daily Charging Profile
Source: HOMER Software

5.4.6 HOMER Results and Discussions 

HOMER software provides simulation on an hourly basis for the entire year. The data 

input of a hybrid system consists of; wind speed, solar irradiance, battery storage, and 

load demand. The calculation report simulated, 10,372 feasible solutions for the 

designed system. The following graphs are obtained though the calculated report:

Figure 5. 17 Electric Production
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The electric production varies between months. The production is high between 

summer seasons, that is November to March. However, from April, the production is 

seen to be decreasing as a result of the approaching winter season.

Figure 5. 18 PV Output

Figure 5.18 shows the hourly PV output as calculated BY HOMER. The transient PV 

output shows the maximum production of 1.5kW even though the module is of 2kW. 

Figure 5. 19 Battery SOC

In the above figure, the SOC indicates that the battery remains at a full state of charge. 

However, during the mid-year, which is mostly May, June, and July, Fiji experiences 

winter season. Hence, during these months, the battery SOC reaches a minimum of 
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At the same time, the depleted battery will be handed back to the charging station to 

set for the charge. The whole concept of the battery switching approach is represented 

in the following figure while table 5.10 displays the day charging option generated 

from Homer software.

Figure 5. 20 Battery Switching Concept

Table 5. 10 Day Charging Option

Hence, from the software, the most cost-effective option consists of 1.71kW of solar 

PV and two power safe batteries, as shown in table 5.10. The initial cost of the system 

is $7,084.00, while the NPC, COE, and operating costs are $9,587.00, $0.37, and 

$193.00, respectively. The costs are in US dollars.
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5.4.8 Night Charging with RE

As the rickshaw is operational during the daytime, the batteries recharge once the ER 

is plugged to the charging station during the night. If reliability is the critical condition 

for selecting the best configuration, then a hybrid schematic consisting of 0.65kW PV 

panel, one wind turbine, and one power safe battery would be considered the best 

candidate for the charging station as represented in table (the non-highlighted column). 

Meaning, the energy is supplied through wind and solar sources in the daytime, while 

at night hours, the charging station battery packs and the wind turbine are responsible 

for producing energy to the charging station. 

Table 5. 11 Night Charging Option

This configuration has the NPC, COE, and operational cost at $16,234.00, $0.62, and 

$247.00, respectively. To initially commence the project, a sum of USD 13,041.00 is 

required. Since the selected system is 100% renewable, the electric production is 

4,219kWh/year, in which 52% is excess electricity. This system has a 0.059% capacity 

shortage that is equivalent to 0%. However, there is additional reliability that also has 

a 0% capacity shortage, but they are costly compared to the chosen structure.

Additionally, similar but multiple charging stations can be constructed along the 

Queens Elizabeth Drive, along the Nasese road. As mentioned previously, it is an open 

area. Hence, the majority of the local people, together with the tourist visit such areas 

for relaxation, having family time, morning walk as well as for the kids to enjoy the 

fun park. Therefore, multiple charging stations can be constructed with a distance of 

3.6km, from Nasese to Grand Pacific hotel. Figure 5.21 below displays the possible 

positioning of charging stations which can be extended along the way to Nasese/USP

to Grand Pacific hotel. 
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Height 3.2m 2050mm

Gross Weight 16200kg 1220kg

Fuel Efficiency 2.2km/L 0.127 kWh/km

Fuel Tank Size 220L -

Charging time - 8-10 h

Battery Type - 72V Lead Acid

Max Power 290 BHP 7.5kW

Purchase Cost 275k FJD 20k FJD

Range 450km 85km

5.5.1 Project Site

The project is designed, bearing in mind the sunshine hours at USP lower campus Suva 

Fiji. Latitude and longitude of and 

Figure 5. 22 Project Site

Source: HOMER Software

5.5.2 System Layout

The proposed structure is an off-grid solar standalone system. Considering for RE

power generation, the solar PV, wind turbine, charging location, and battery 

components are simulated in HOMER Pro software.  The load is carefully analyzed to 

meet the daily requirement of the charging station. The electricity production initiates 

once the resources are available and then gets stored in the battery pack at the charging 
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Figure 5. 23 Monthly Load Profile for Whole Year

Source: HOMER Software (Results)

Figure 5. 24 Daily Load Profile
Source: HOMER Software (Results)

Figure 5.23 and figure 5.24 share a common relationship, whereby, the daily loads 

assist in generating leads for the month, resulting from forming loads for the entire 

year. While analyzing the loads, the seasonal weather pattern is also considered.

The load profile is generated because the EB charged for a complete 8 hours between 

9 am to 4 pm. 1.66kW per hour is required to reach a maximum capacity of 13.3 kWh.

The EB has the battery volume of 185Ah and 72V (13.3 kWh per day).

6.5.6 Schematic Figure

HOMER analysis was done to obtain the necessary comparison. The simulated design 

has a decorous arrangement in order to generate green energy.  The figure below 

displays the hybrid schematic design.
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Figure 5. 25 Hybrid Schematic

Arrangement in schematic indication: 

SPR E20 is a sun power PV panel combines with the generic wind turbine (G1) of 

1kW to produce the electricity required for EB charging. BAE PVV lead-acid battery 

is also present for energy reserves fed by PV, turbine, and delivered once these sources 

have insufficient energy to charge the load.  

5.5.7 Homer Simulations Results and Discussion

The cost and the NASA mentioned data in the software before performing simulations 

in order to find the optimal size of the charging station. After initiating, many results

were displayed by the software. All the costs are in USD, which is double the value of 

Fijian dollars (USD 1 = FJD 2).

The displayed result from the software are as follows:

The loads scaled randomly to gain a unique profile for a particular day rather than 

having a constant profile throughout the year. The figure below displays the yearly 

load profile generated by HOMER software.

Figure 5. 26 Yearly Load Profile
Source: HOMER Software (Results)



123

The yearly load profile in Figure 5.26 displays hourly fluctuations for 365 days. 

Table 5. 14 Charging Profile

Metric Baseline Scaled

Average (kWh/day) 20.39 20

Average (kW) 0.85 0.83

Peak (kW) 3 2.94

Load Factor 0.28 0.28

The average energy consumption per day is scaled to 20 kWh/day while the peak gets 

automatically adjusted to 2.94kW as of baseline 3kW. The vital load factor for this 

profile is 0.28.  

Furthermore, the software analyzed three architectures that are the least cost-effective 

option, as shown in table 5.15.

Table 5. 15 HOMER Optimization Results 

The winning architecture home cycle charging consist of 6.12kW sun power solar 

panel and seven BAE PVV lead-acid battery. As shown in table 5.15, the net present 

cost (NPC) for the system is FJD 37,296.00, while the cost of energy (COE) comes 

out to be FJD 0.39. The sum of FJD 30,967.00 is initially required to start the project, 

on which $385 is taken for O&M cost. The simulated system carries 100% renewable 

fraction; hence, total electric production for the year is 9,833 kWh/year. Charging two 

EB for the entire year will consume 7,294 kWh/year. However, there will be 21% 

unusable electricity left untouched in the system.

The second architecture that consists of 5.59kW PV, 1 kW generic wind turbine, and 

six lead-acid batteries, the NPC for the structure stands at FJD 50,935. In this case, the 

COE is FJD 0.54. The setup of this system, an initial cost of $41,580 is required 

together with an O&M cost of $482. Even though the operating cost for the system is 
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Laucala campus has more than six thousand students pursuing their studies, and most 

of them have their own private cars to travel to university (USP, 2016), hence, having 

a carport charging station will be a great asset to these vehicle owners. The area 

selected is near to the USP main entrance, and it is shade free. Other car parks can be 

utilized for contrasting solar carpark, however, due to easy access to the location as 

well as having an open surface (shade-free) makes this area to be an ideal selection for 

the project. Almost 100 vehicles can be parked at the student carpark.  

Figure 5. 27 Selected Parking lot 

For this analysis, it is assumed that students have EV, which they will use to travel to 

the main campus. Therefore, an idea has been developed to design off-grid solar 

charging carport for at least five Nissan leaf vehicles using Homer software. Five 

parking lots have been chosen. The area measured to construct the profile is 16m in 

length and 6m in width. Since Fiji is located in the southern hemisphere, the panel will 

face north to attain maximum sunlight. On an average, the wind speed and solar 

radiation are at 6.44 m/s and 5.77 kWh/m2/day, respectively (Homer NASA data).  



k

%

%

Years

kW

kW

kW



V
Ah

A

A

kWh



km

km/hr

Nm

kWh

kWh

kW

Hours

kWh/100km

mm

people



131

shortage problems in case the consumption increases. As a result, the energy 

consumption for five vehicles calculated to be 130 kWh.

From these sets of loads, the expected daily charging profile for 24 hours evenly 

distributed, as shown in Figure 5.28.

Figure 5. 28 Daily Profile

Form the daily loads, Homer automatically works monthly charging profiles for the 

entire year considering NASA irradiation data for the selected location. 

With the above factors in hand, a hybrid schematic is planned. Solar PV and wind 

combination act as an energy generator while the batteries operate as an energy storage 

device.

Figure 5. 29 Design Schematic

The numbers highlighted (2, 3) in the schematic correspond to the number of different 

make and models of PV and battery input for comparison purposes. 
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5.6.5 HOMER Simulations and Discussion

HOMER optimized results are displayed in table 5.20. Each row represents an 

optimized configuration placed as an input for the designed system, while the columns 

show comparison variables to find the most relevant configuration system.

Table 5. 20 Optimized Configuration

As from table 5.20, the best configuration corresponds to the first row of the table. 

However, for this analysis, the 2nd-row configuration is chosen. The reason is that 

having panels of the same brand and kilowatt will result in having the same area. 

Hence, it will be easy to arrange multiple panels of the same area in rows and columns 

within the limited space of 16m * 6m.

If there was an enormous significant difference in overall costing of row 1&2 

optimized configuration, then selecting the first row would have been a vital option. 

Therefore, all discussions in this section concentrate on the second option as winning 

architecture.
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Figure 5.30 shows the scaled load profile simulated by the software. Load demand 

concerning hours of the day to the number of days for the entire year.

Figure 5. 30 Yearly load Profile

The average load is scaled to 130 kWh/day, which adjusts the average to 5.42 kW.

With a considerable load factor of 0.34, the peak load is estimated to be 15.97 .

Hence, this element generates the yearly load profile. 

From the simulated loads, the winning structure involves 53.6kW Peimar Inc. solar 

panel and 40 lead-acid batteries. Total NPC, COE, and initial cost for the structure is 

$268,492.00, $0.438, and FJD 213,900.00. On the other hand, 43kW Peimar Inc., with 

a solar power panel of 9.62kW, comes out to be the best configuration for the chosen 

site. The NPC, COE and to initially start this plan, the amount of money required in 

FJD is $268,486.00, $0.438, and $213,420.00, respectively. There is a slight difference 

in the operating cost of the system.  

Furthermore, the winning structure PV can produce 82,262 kWh/year and has a low 

output of 225 kWh/day. The PV operates for a maximum of 4,426hrs/year.

Figure 5. 31 Power Output D Map
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The maximum PV output from Figure 5.31 is analyzed to be 45kW. The D-map

represents hourly PV production. 

Moreover, the energy storage requires 40 lead-acid batteries. Battery autonomy has a 

value of 54.6h. From the simulations, the energy input and output of the battery are 

18,277 kWh/year and 16,477 kWh/year, respectively. However, there is 1,829 

kWh/year energy loss from the battery. Considering the losses, the throughput for the 

entire year computed to be 17,635 kWh/year. Battery SOC stands at 84%, as 

demonstrated in Figure 5.32. As stated, the battery has a lifetime of 20 years. Thus, the 

energy throughput is projected to be 347,307 kWh.

Figure 5. 32 Battery SOC for a Year

Apart from this, solid-works software has been used to design the outlook of the 

charging station rooftop for five parking spaces, Figure 5.33. As from the result, 54kW

solar panels support the charging phenomena in which each chosen panel is of 1kW

occupying 1.67m2 area. Hence, 54 panels of Peimar Inc. type are required. To cover 

up the area of 96m2, 4rows * 3 columns solar panel arrangement needs to be made. 

Each parking lot corresponds to the rooftop of 12 panels having a total area of 20.04m2.

The calculated area is sufficient for one EV to be parked freely. Since Fiji is located 

in the southern hemisphere, the panels are faced north for maximum insolation.
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Figure 5. 33 Overall Outlook of Solar Car Port

Figure 5. 34 Top View Panel Arrangement of Car Port

Figure 5. 35 Front View of the Carport 
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Figure 5. 36 Side View of the Car Port

Additionally, the Nissan leaf EV has its onboard charger of 3.3kW. In order to 

determine the charging time, the battery capacity is divided by the kilowatt rating of 

the charger. In this case, the charging time is calculated, assuming a fully depleted 

battery. It is essential to note that rarely an EV will deplete to 0%. Due to battery SOC, 

it is unlikely that the power will drop to 0%. Through 3.3kW charger, 24kWh battery

will take 7.27h 8h to charge, known as the level 2 charging. 

Similar to it, there is also an option of a 6.6kW charger that is used for Nissan leaf 

charging. For a 6.6kW charger, it would take approximately 4h to charge the battery 

of 24kWh.Most often, this level 2 charger is popular among the public charging points. 

Since the system produces 130kWh/day, a 3.3kW is sufficient for the whole of 24 

hours. However, a 6.6kW level 2 charger can continuously be used for 19 hours. 

Similarly, the common SAE J1772 has a standard electrical connector that can supply 

power to a maximum of 6.6kW. Third generation Nissan leaf EV has the possibility of 

charging from SAE J1772 charger. It plunges to EV connecting to a 240V household 

outlet. However, having a 3.3kW charger at ones residential is the finest charging 

possibility for Nissan leaf EV. Apart from level 2, level 3 DC is a fast charging 

application, but the cost of charger and charging station is highly expensive. Even 

though it will just take 30mins to charge a 24kWh battery, however, implementing 

high voltage application is not possible for a residential outlet.

Moving on, savings is generated if EV is deployed as private and taxi usage.

Calculations performed using online software that assists in generating potential 

savings by using EVs (Tech, 2019). It does this by comparing the fuel economy of 
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Figure 5. 38 Systematic Load Profile

Figure 5. 39 Heat Map

Considering the above load profile, Homer optimized 3149 combinations concerning 

the sensitivity variables. It also compares the overall results with the base case. 

Furthermore, three possible scenarios are investigated for EV charging.

1. Charging only done through the grid

2. Charging done through 100kW + grid connection

3. Charging done by 200kW + grid connection. 
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Figure 5. 40 Monthly Utility Billing

The comparison shows there is a saving of $4000 FJD in January only. The cost shown 

in the Figure 5.40 is in USD. Annually, the solar + grid structure has a total billing of 

$74,000 FJD. At the end of each financial year, the university will be able to save 

$41,000 FJD. 

The following table presents the summary and comparisons of the designed structure. 

Table 5. 27 Summary of Designed Structure

The payback period for this system is approximately 3 years. The payback term is 

calculated following the base case. In this analysis, the base case consists of 100kW 

solar + grid charging. Hence, over a lifetime of 25 years, the university will be able to 

save 900 000 Fijian dollars. 
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Table 5. 28 EV Depot Information
Annual Energy Served 580 MWh

Peak Load 176 kW

Energy per Session 152 kWh

Charging Sessions per Day 11

Charging Sessions per Year 4015

Average Missed Sessions per Day 1.96

Utilization Factor 69.3 %

Average Session Duration 14.0 hour

The 11 charging sessions per day are supplied through 8 chargers, each capable of 

providing 22.0 kW maximum power output. An average of 2 potential users per day 

left without charging because all chargers were occupied when they arrived.

5.7.4.4 HOMER

Figure 5. 42 Energy Production
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The time series plot for charging per day is taken for a few days in the months of 

January. The entire plot was not possible to be represented on a single page. As from 

the figure, the upper plot represents the power output from the Peimar solar panel as 

well as the grid purchase indicated in blue. For instance, on January 16th, at 7 am, the 

charging has been done through the grid only. There was no energy supplied through 

solar. Hence, the possible reason could be the weather patterns for that instant. 

However, while approaching mid-day, the fluctuation is seen on the graph that 

indicates that solar is producing energy assisting for EV charging. Similarly, for the 

same period, the lower plot displays the total electrical served, that is the deferrable 

EV charging with respect to total RE used to support charging.

Figure 5. 43 Charging During May Month

May is one of the months that is covered in the winter season. Hence, the solar 

radiation is less during this time. For instance, looking at the above figure, the yellow-

colored line on the graph represents the solar radiation for the university. At the same 

time, the purple shaded line beneath the solar radiation shows the total renewable 

output from the panels. It is much lower. Hence, the contribution is less towards 

charging. The total loads served (red-colored line) during this month is mostly through 
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