Q'ua, Ha'apai PV Site - Mo'unga'one, Ha'apai PV Site
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Source: Tonga Statistic Department, 2022

Location

No. of islands

Population (2021 Census)
Climate change

vulnerability

Economy

Development status

Part of Polynesia, in the Pacific
Ocean, 700km south of Fiji,
1200km north of New Zealand.

169 islands, 36 inhabited.

107,000, 74% residing in
Tongatapu (main island).

One of three most vulnerable
countries in the world (due to
geographical location).

Small and based primarily on
agriculture, fisheries, tourism
and remittances from the Tongan
diaspora.

A small island development state
(SIDS) with Lower Middle Income
Country (LMIC) status.

Heavily reliance on imports
including fossil fuels to meet
energy needs.



Tonga Energy Background

» Current energy grids: Tongatapu, Vava’u,
Ha’apai, Eua, and Niua Toputapu (recently
turned to solar): powered by diesel generators

» Solo provider: Tonga Power Limited
(connecting all of Tonga). Looking after all the
energy grids in Tonga. With diesel generators,
supplying 91% of its overall grid.

» In 2016, Tonga’s total emissions were 166,860
metric tons.

» Reduction in Diesel Consumption: With the
introduction of the solar grid system, diesel
consumption has significantly declined, as
shown on the July 22 — Jun 23 period. Total
Renewable Energy Capacity is now
contributing 13..3%.

» Key Funding partners:

EU, WB, ADB, DFAT, MFAT, GCF, TPL, GoT,
etc.

Annual Overview Table of Power Gen performance (July 22 - Jun 23)

Total Diesel T"‘::*"“:‘“] Total Renewable R:““‘ﬁ”“m“] Total Energy | Amalaveage
lands | Generation Gm":m Energy Capacity "'G‘::ﬂ:ﬁm‘“ Generation | RE Penetration

| Capacity (MW) (MW) (GWh) (%)

(MWH) (MWh)

Tongatapu | 1593 58424 1168 107341 59,16 15.60%
Vaan | 287 7919 065 13563 7 64 5 60%
Hoami | 067 1733 05 37952 211 19.70%
Fua 177 1041 05 3736 198 m
TOTAL | 2124 69317 1333 1158892 80.89 1440%

Source: TPL report, 2023
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Tonga’s Energy Transition to Renewable and Clean Energy Technolg

Portfolio of Energy Generation (%)

' RENEWABLE ENERGY ROAD MAP
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»  Tonga Energy Transforming to Renewable Energy Access:

>

Source: Tonga Power Limited, 2022

Tonga Energy Road Map 2010 launched as a 10-year plan focused on reducing Tonga’s vulnerability to oil price
fluctuations and improving access to modern energy services, and achieving environmental sustainability.

National Energy target by 2020, 50% of renewable energy (Solar and Wind) share on electricity generation.

Unfortunately, the plans affected by the COVID-19 lockdown and restrictions, by 2020, only 14% RE share on electricity
generation.

Tonga Energy Road Map Plus 2025, aims to achieve 70% of renewable energy share in electricity generation.

Part of the major transformation, is the Outer islands Renewable Energy Project (OIREP) and Tonga Renewable Ene
Project (TREP)



Objectives:

» To discuss:

» The recent installation of solar mini-grid
systems on three remote islands in Tonga:
Niuafo’ou, O’ua, and Mo’unga’one.

» And some case studies from Other Pacific
Island countries and India, and Zambia.




Niuafo’ou Is. ‘O’ua ls.

Total population - 432

Households - 170 Total population - -II-IOtal p;\opfglation - 2

Solar mini-grid - 250KW, BESS -2552KWhr Households - 36 Soluse Olds - Solar - 50.4KW. BE

Funded: ADB, GCF, GoT, DFAT, TPL Solar mini-grid - 61.2kW, BESS 696kWhr ofar mini-srid - Sorar - ). 44N,

Project name: TREP Funded: ADB, GCF, GoT, DFAT, TPL Funded: ADB, GCF, GoT, DFAT, TP
Project name: TREP Project name: TREP

Niuafo’ou, O’ua, and Mo’unga’one, including two islands, with a Total project cost of NZ$ 15 million.



Table One: Tongan islands reliant upon off-grid power generation [supported through OIREP and TREP)

Independent Comedetion Revies = Tonga Outer lslands Renewabls Energy Project

Project | Isiand Group | Isiand Name | Number of “;GE}" Tui::nm' Generation Peak Average
Diesel Gen ET]
OIREP | Haapa Homuka 15 08 Grid Solar 100kW "m W
BESS DEWIZI0KWIT
Diesel Gen 0RW
DIREP Ha'apai HaFeva 80 OFF Grid Solar BOKW ZTRW 10KW
BESS IOk
Diesel Gen SORWY
DIREP Ha'apai Uiha 187 OFF Grid Solar 100KW ZTRW 11KW
BESS DEWIZI0KWIT
Diesel Gen E]
DIREP Ha'apai Ha'ano 158 0% Grid Solar 100kW ITRW 14K
BESS T0EKWIZI0KWhT
Diesel Gen 100KW
DIREP MNiwas | Niustoputapu 20 0% Grid Solar 150KW ZoRW 11KW
BESS 205KWhr
Sclar Home D&Emz
OIREP Mivzs Niusfo'ou 160 Off Grid | Heslth Clinic 5360
Solar & BESS

=

Construction | Construction
BESS kW A Pt
. . Solar THW Constnuction | Constuction
TREFP Ha'apai Tungua El 06F Girid BESS e Phaze Phase
. . Solar TEW Construction | Construction
TREP Ha'apai Kioku 51 OFf Grid BEE T = =

TREP Nitas Niusfoou 170 OFF Grid gs zm S | e
Solar T224W ; -
TREP Vavalu Hunga 83 0¥ Grid = 1B P i
TREP T {Fﬂ] 37 OFF Grid E 432:2:., Ech i
TREF Vawdu | KapaiOtes) 40 OFf Grid :sfs Eﬂ.;.;:':r '3?.?' '?:;‘
Solar 412860 ; -
TREP Vavalu Ofu 52 0¥ Grid — P fomid frec

Feasibility Study:

Source: OIREP feasibility study review.



9 TONGA
Provinces and Capitals

with Major Cities

Significance:

Before the installation: these islands heavily relied
on kerosene, individual household generators, and
basic devices such as battery radios.

The study highlights the feasibility studies
conducted before installation, the process involved,
and the challenges for the successful installation of
these solar mini-grids.

Why Niuafo’ou, ‘O’ua, and Mo’unga’one? E
Its geographical location, difficult to access. o unaa
Recently installed solar mini-grid system a ofan

only kerosene lighting, traditional energy sources,
and private diesel generators used only for churches

Similar case studies from the Pacific (Samoa &
Tuvalau, Africa (Zamia), and Asia (India) are discussed

TTTTT




Literature Review

Key role of solar mini-grids in the renewable energy
drive in remote areas (Poudel et al., 2022; Saleh,
2024; Yan et al., 2017; Erdiwansyah et al., 2021).

Renewable energy in remote island communities: PICs
experience on Mini-grids (SPC, 2009)

Solar mini-grids worldwide (Hallinan et al., 2023;
Werner & Brever, 2012; MacGill & Watt, 2015; Guillou
& Girard (2023))

Costs and benefits of solar mini-grids (Beath et al.,
2021; Sayani et al., 2022, 2023; Yadav & Bhalani,
2021; Chattopadhyay et al., 2015)

Barriers to the development of and adoption of solar
mini-grid systems (e.g., fiscal barriers, financial
barriers, policy/legal barriers, institutional barriers,
technical barriers (Nuru et al., 2021; Bisimwa, 2022;
Felody, 2022; Matsumoto & Matsumura, 2022).

Source: Department of Energ



Mini-Grid Solar System: How it works

Block Diagram of Photovoltaic Village Power (PV-VP)

Al i 5 5 AC Distribution
A 15kWp PV Mini-grid (typical configuration) Panel

» Solar panel: captures the sunlight,
converts it into DC electricity. | remote Monitaringh : ossaion eor

System GSM/GPRS =
» Power Condition (inverter): converts DC ™
to AC

A :
» Energy Storage (batteries): Excess energy ﬁ_g'_ --{ By
Broduced during sunny hours is stored in

attery banks , batteries provide power
during nighttime or cloudy days, ensuring

Solar Charge

Contraller 1 nverts =
220/230V
j A 4 »

24/7 electricity supply. 5 -
o Combiner _ ¢ Ty
» Backup generation: A diesel generator as £ I S e , 7oL
backup during long cloudy periods or £ Eertiglieed cRmer
when energy demand exceeds solar and 2
battery. s j—
. . E— w Combiner
» Power distributor: the system that G?ﬂ e Box3 SalarCharge
distributed electricity to homes business, System i e
school, clinics etc. -
PV area Powerhouse Distribution

Source:https://energypedia.info/wiki/Technical_Guideli




Case Study 1: Other Pacific Islands (Renewable Energy (RE) Min
Grid (MG) Projects)

=Energy policies priority: Accessibility, affordability,
reliability, and environmental soundness.

=Adoption of RE MG has become popular for rural
electrification due to the cost of solar.

= International Energy Agency (IEA)- Prediction by 2030:
=65% of new electricity connections will be needed in
rural areas.
=RE MG will power over 100 million new customers

=RE MG offers the potential to reduce reliance on fossil fuel e g g iy

for sustainable development.

=Samoa: Apolima PV mini-grid, aimed to provide reliance,
effective and environmentally friendly 24/7 power supply

to improve livelihood. Source: https://www.pcreee.org/portfolio/t

Ll . .. training-and-site-visit-4th-august-2023 (retrj
»Tuvalu: 40KW mini grid solar PV in Funafuti, aimed to

help the island shift away from total reliance on diesel for
electricity generation, reduce CO2 emission, and fossil fuel
consumption




Case Study 2: India and Zambia.

Despite the positive impacts given by the solar mini-grid system, there are other do
to the system:

INDIA

From the customer’s perspective, affordability remains
another concern for decentralized mini-grids.

The per-unit cost of off-grid solar solutions can be two
to three times that of grid-based electricity, given the
high cost of equipment such as PV generators and
batteries,

The small size of installations and tariff subsidies
provided to grid-based electricity is also expensive.

A village in Gujarat state of India found that solar mini-
grids with a battery at $0.380 per kWh were relatively
much more expensive than the central grid, that could
offer power at $0.062 per kWh.

ZAMBIA

Study of major solar energy mini-gri
Zambia found that none of the fi
fully sustainable financially and technical

Economic tariffs that can sustain| both
operational expenses are mostly unafforda
people due to their low income level.

Challenges of a lack of technica
operations, and maintenance are also major
unsustainability.

Including incorrect design and sizi
planning stages,

Inappropriate structured tariff pl
operation of the mini grids b
society institutions.



Mini-Grid Systems: Tonga Outcomes

0 % households connected to 100% of households connected, 24/7,
electricityyonly private seneratorand i =IE]s] XL AR T]s]s1\Y
traditional energy

Health care facilities only operate in Reliable energy supply enables

gl Al T Bl s e =0 refrigeration units for vaccines and
medicine and vaccines medicine, able to operate long hours
and at night time for emergencies.
Additional essential equipment is added
to their services, including dental chairs
and equipment, and surgical tools for
minor surgery needs.

Schools and Education were only Lighting in the classrooms allow evening
classes, new printer and computer.
Blpiiasiel el tptiesalelicinle s lee =il Improved communication and internet

Primary household needs such as Clean, reliable electricity, increase
kerosene lighting and cooking, diesel energy demand including washing

generators machine, refrigerators, TV et. ‘O’ua Island household. Now have
1 washing machines, and televisio
met. Migration, especially to
Tongatapu not on the list an




Challenges Encountered

» Technical Challenges:

» Lack of technical expertise to do
the maintenance regularly, check
solar panels, batteries, and
inverters

» Saltwater and heat conditions can

accelerate the solar equipment
degradation. Infratec technicians during installation. Pc: project
officer

» Remote areas often lack skilled
technicians, leading to equipment
downtime.

Tungua solar freezer, damaged by tsunami




Challenges Encountered...

» Logistical Challenges:

>

>
>

Supply chain difficulties - transporting heavy
equipment from Tongatapu to O’ua, Mo’unga’one
and Niua Fo’ou. ,

Spare parts are unavailable locally, leading to long
delays

Installation delay due to procurement and customs
clearance

Tariff and payment issues

Financial recording and auditing, etc.

» Social Challenges:

>

>

Community resistance: - Misinformation about the
effects will occur during the installation timelines.

Ownership and responsibility - who owns and
maintains, who to report to, etc.

Source: TREP project Tonga



Conclusion

» Solar Mini Grids help to:

>
>
>

Reduce fossil fuel dependence
Lower carbon footprint (i.e., reduce carbon emissions)

Assist remote communities to generate their power,
reducing vulnerability to fuel price volatility and supply
disruptions

» Improving Energy Access:

>
>

Affordable and cheaper price

Use of electrical appliances with a less costly consistent
supply

» Social and Economic Impact:

>

>
>
>

Improve quality of life
Health sector
Fishing and agriculture

Generate income/productive use of energy

Source: TREP project Tonga




Policy Recommendations

» Support for Mini-Grid Development in the Pacific:

» Financial incentives: Mini-grids are not cheap, and financial
assistance with installation and repairs, and maintenance in the
long run is welcome

» Training programmes: Critical to train local personnel to
maintain the mini-grid systems.

» Community engagement strategies for local

technicians and operational management: Important for
sustainability.




Further Study: Suggestions

» Long-term impact assessments of installed solar mini-grid
systems in Tonga and the Pacific.

» Examining the socio-economic benefits of Hybrid Energy
Systems (solar + wind + hydro).




Q&A

» Malo - Any Questions!
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