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Specificity of solar micro grids in island areas

Francis DOMAIN & Olivier VERDEIL - Solar Photovoltaic Experts and Trainers at INES Online Training – November 2021

SESSION 2

Access to electricity

Solar resource

Micro grids as a solution

The MYRTE and PAGLIA ORBA platforms installed on the University of Corsica-

CNRS site are among the rare installations in the world capable of studying the 

coupling of renewable energies and storage (H2) in real conditions.
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Specificity of solar micro grids in island areas
Electricity access in the world

In 2016, 940 million people (13%) do not have access to electricity , compared to 29% in 1990.

(Source : https://ourworldindata.org/energy-access)
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Specificity of solar micro grids in island areas

Following the website : 

https://data.worldbank.org/indicator/EG.ELC.ACCS.ZS?en

d=2019&locations=S2&start=1996&view=chart

In the Pacific island small states , 95% of urban population 

have access to electricity and 81% of the rural population 

have access to electricity in 2019

https://data.worldbank.org/indicator/EG.ELC.ACCS.ZS?end=2019&locations=S2&start=1996&view=chart
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Specificity of solar micro grids in island areas

Following the website : 

https://council.science/current/blog/the-drivers-of-a-clean-

energy-transition-in-pacific-island-countries/

98% of the population of Tonga Islands have access to 

electricity, 

but only 20% of renewable origin for this website

https://council.science/current/blog/the-drivers-of-a-clean-energy-transition-in-pacific-island-countries/
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Specificity of solar micro grids in island areas

https://www.worlddata.info/oceania/tonga/energy-consumption.php

Always for the Tonga islands,

electricity is 74% of fossil origin (generator) 

and 26% of renewable origin (solar, wind or biomass)

https://www.worlddata.info/oceania/tonga/energy-consumption.php
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Specificity of solar micro grids in island areas

The Tonga Islands are rather well electrified

but with regard to global warming and rising sea levels, 

it is urgent to change from fossil energies to renewable energies , as commented below

https://council.science/current/blog/the-drivers-of-a-clean-energy-transition-in-pacific-island-countries/
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Specificity of solar micro grids in island areas
Means of producing electricity in rural areas 

Diesel generator set:

Micro hydro electricity (Nam Ou River, Laos) : 

Small wind turbine : 

Small photovoltaic system (Sahara, Algeria) :

Renewable energies are available depending on the site on earth

renewable energies are available depending on the site on earth
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Specificity of solar micro grids in island areas

The solar resource

What about ? 
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Specificity of solar micro grids in island areas
The Earth receives 10,000 times the annual human energy consumption from the Sun per year 

Human energy consumption:      Energy resource available:

Source: AIE
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Specificity of solar micro grids in island areas
The Sun and  the thermo nuclear reactions

638 million tons of hydrogen are converted 
into 634 million tons of helium per second in the 

center of the Sun

The difference (4.26 million tons), is 
transformed into energy in accordance

with Albert Einstein’s famous equation :

E = mc²

The energy released is emitted into space as 
light radiation with a power of 3,84.1026 Watts.

At the level of the planet earth, the power of 

solar radiation outside the atmosphere is I0 = 1 

367 W / m²
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Specificity of solar micro grids in island areas

The solar resource is a function of 

astronomicals datas : 

Day-night (due to the earth rotation)

Seasonal effect with declination (23.45 °)

Latitude of the site

The solar resource is a function of astronomical data Day / night alternation Seasonal effect with declination (23.45 °) Latitude of the site
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Specificity of solar micro grids in island areas
Solar data measurement (weather conditions)

Clear sky: Overcast sky:  Dark overcast sky:

Irradiance        1,000 W/m² 100 W/m² 10 W/m²

Solar radiation integrated on a day Solar radiation integrated on a year

Irradiation    0 to  8 kWh/m² 500 to 2,500 kWh/m²

http://imageshack.us/
http://imageshack.us/
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Specificity of solar micro grids in island areas

Definitions of Terms

 Solar Irradiance- It’s the rate at which the sun’s 
energy strikes an area at any given moment. It’s 
expressed in W/m2 or kW/m2

 Solar Irradiation- Is the accumulated amount of suns 
energy that strikes an area over a period of time. It’s 
irradiance accumulated over time and expressed in 
Wh/m2 or kWh/m2

 Peak Sun Hours- Is the number of hours at a given 
irradiance of 1kW/m². It is expressed in hours
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Specificity of solar micro grids in island areas

Solar resource : the sun path mask , distant like montains or close like cocconut trees

Purpose of solar paths: trace solar mask distant to determine the available solar energy by software

Original Source: www.solmetic.com
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Specificity of solar micro grids in island areas

Solar resource is function the tilt and the orientation: 

Optimum orientation: south if you are in the north hemisphere

(or north if you are in the southern hemisphere)

Optimum tilt: 2 cases

- Maximize energy production during the year (on grid)
tilt of  30° for France

- Maximize energy production for the worst month (off grid)

tilt of 60° for France
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Specificity of solar micro grids in island areas

Solar resource : Global irradiation, direct irradiation or beam, diffuse irradiation

albedo and reflective irradiation

At ground level, on a horizontal plane, 

the irradiance (W/m²) and the irradiation (Wh/m) is the sum:

- a direct part from the Sun

- a diffuse part from the sky dome (2 p steradians)

Igh =   Ibh +  Idh

At ground level, on a tilted plane, 

the irradiance (W/m²) and the irradiation (Wh/m) is the sum:

- a direct part from the Sun

- a diffuse part from the sky dome (< 2 p steradians) 

- a reflected part from the Earth dome (0 to 2 p steradians)

Igp =  Ibp +  Idp +   Irp

Global irradiation, direct, diffuse, albedo and reflective irradiation



Online training « specificity of solar micro grids in island areas  - November 2021 17

Specificity of solar micro grids in island areas
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Specificity of solar micro grids in island areas
GLOBAL HORIZONTAL IRRADIATION

TONGA ISLANDS TOKELAU ISLANDS COOK ISLAND
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Specificity of solar micro grids in island areas

Example for Tonga Islands solar irradiation

Longitude :  172 – 176 ° W
Latitude :       15 – 22° S
Time zone :    UTC+13

Capital : Nuku’Alofa
Longitude : 175° 12′ 06″ W (-175.2018°)
Latitude :      21° 08′ 21″ S   (-21.13938°)
Elevation :     5 m
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Specificity of solar micro grids in island areas

Tonga Islands solar irradiation

Sun position

Rise time
Set time 
Daylight

Sun path

(Source :  http://andrewmarsh.com/apps/staging/sunpath3d.html )

http://andrewmarsh.com/apps/staging/sunpath3d.html
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Specificity of solar micro grids in island areas
Tonga Islands solar irradiation

Solargis datas

GHI = 1 753 kWh/m² per year

(Source : https://solargis.com/maps-and-gis-data/download/tonga ) 

https://solargis.com/maps-and-gis-data/download/tonga
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Specificity of solar micro grids in island areas
Tonga Islands solar irradiation

Solargis datas

(Source : https://solargis.com/maps-and-gis-data/download/tonga ) 

https://solargis.com/maps-and-gis-data/download/tonga
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Specificity of solar micro grids in island areas
Tonga Islands solar irradiation

Solargis datas

PV production = 1 461 kWh per year

(Source : https://solargis.com/maps-and-gis-data/download/tonga ) 

https://solargis.com/maps-and-gis-data/download/tonga
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Specificity of solar micro grids in island areas
Tonga Islands solar irradiation

Solargis website

Data provider

for studies 
For monitoring

https://solargis.com/pricing/products-and-plans

https://solargis.com/pricing/products-and-plans
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Specificity of solar micro grids in island areas
Tonga Islands solar irradiation

(Source : https://globalsolaratlas.info/map )

https://globalsolaratlas.info/map
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Specificity of solar micro grids in island areas
Tonga Islands solar irradiation

For Nuku’alofa

GHI = 1 750 kWh/m² per Year

Optimum tilt = 19° (north)

GTI = 1 826 kWh/m² per year
for optimum tilt on year

(not for the worst month)

(Source  https://globalsolaratlas.info/map?s=-21.13434,-175.201808&m=site&c=-17.654491,-176.066895,6 )

https://globalsolaratlas.info/map?s=-21.13434,-175.201808&m=site&c=-17.654491,-176.066895,6
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Specificity of solar micro grids in island areas
Tonga Islands solar irradiation

Data from the software MeteoNorm 6.1
Nuku’Alofa site, interpolation with three fairly distant weather stations

On horizontal plan
GHI = 2 107 kWh/m² per year

On tilt plane 19° north
GTI =  2 203 kWh/m² per year

Meteonorm6.1 seems

to overestimate the 

annual irradiation

The worth month seems 
to be July with 145/31  = 
4,67 kWh/m² per day

( ‘’Fairly’’ distant weather stations : Aukland Airport, Nandi Fidji, Lihue Hawai)
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Specificity of solar micro grids in island areas
Tonga Islands solar irradiation

Data from the software MeteoNorm 6.1
Nuku’Alofa site, interpolation with three fairly distant weather stations

The best tilt to have 

a maximum irradiation per year

is 20 ° north with 2 203 kWh/m²

The best tilt  to have 
maximum irradiation for the worst month

is 40 ° north with 159/31 = 5,13 kWh per day

Note : an inclination of 40 ° north allows to have 35% more solar irradiation compared

to a horizontal plane (160/118 = 1,35)
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Specificity of solar micro grids in island areas
Tonga Islands solar irradiation
Data from https://www.gaisma.com/en/location/nukualofa.html

Insolation : The monthly average amount of the total solar radiation incident on a horizontal surface at the surface 

of the earth for a given month, averaged for that month over the 22-year period (Jul 1983 - Jun 2005). 

Source: NASA Langley Research Center Atmospheric Science Data Center. 

Note : an tilt  of 40 ° north increases the daily solar irradiation from 3.77 kWh/m² in a horizontal plane to 

5.08 kWh/m² (plus 35% following the previous slide). 

In conclusion :  for the sizing of photovoltaic installations in isolated sites, it is preferable to use 

an inclination of 40 ° north to produce as much as possible for the worth month in solar

irradiation (all the other months have more solar irradiation).

https://www.gaisma.com/en/location/nukualofa.html
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Specificity of solar micro grids in island areas

Micro grids

Since 2012, the famous island of Alcatraz has become one of the largest hybrid micro-grids 

in the United States (305 kWp PV + 1920 kWh battery + 2 Diesel generators + Solar ferry)
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Specificity of solar micro grids in island areas

Electrical 

consumer 230Vac

Genset
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Specificity of solar micro grids in island areas

Electrical 

consumer 230Vac

Solar resource

PV field

Grid inverter
Cde to avoid injection into the Genset

(derating)

Genset
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Specificity of solar micro grids in island areas

Inverter / charger Electrical 

consumer 230Vac

Solar resource

Genset

cde

PV field Régulator

(direct or MPPT)

Battery

24V, 48V or 96 V



Online training « specificity of solar micro grids in island areas  - November 2021 34

Specificity of solar micro grids in island areas

Inverter / charger Electrical 

consumer 230Vac

Battery

24V, 48V or 96 V

Genset

cde

Solar 

ressource

PV field

Grid inverter
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Specificity of solar micro grids in island areas



Solar elevation angle – Between 0° and 90°
Solar azimuth angle – Between -180° and 180°

36

Path of the sun

Hawaï Kiribati Aukland
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TOPIC

Day 1 : Micro-grids adapted to the Pacific context 

Time & 

medium

Topic Detailed outline 

1 hr

Online

Session-1 :

Solar potential in the 

Pacific islands  
(Olivier)

 Existing territorial energy mix

 Solar resource in the Pacific

 Energy production W/m2 in the Pacific

 Why is PV best alternative for 

conventional power generation

 Interest in solarising micro-grids

30 mins

Online

Q & A Session

1 hr 

Outline      

Session-2  :

Grid and micro-grid 

fundamentals (Bruno)

 Grid typologies

 Power quality : voltage and frequency

 Grid forming generators

 Connection of PV to micro-grids

 Micro-grid system architectures

 Case-studies : Tangatapu and Pitcairn 

1 hr 

Outline      

Session-3 : How to 

select components 

adapted to the Pacific 

context? (Olivier)

 Criteria to select components in the Pacific 

salty & windy context 

 Resilience and robustness of components

 Key decision-making rule-of-thumb

 Choice of modules

 Choice of mounting structure

 Choice of converter & inverter

 Choice of storage system

 Case-study : Pitcairn case-study in the 

light of solar under storm 

recommendations

15 Mins. Wrapping-up
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TOPIC

Day 2 : Design & Operation in Practice

Time Topic Session Outline 

1 hr

Outline

Session-4 : PV 

system and storage 

pre-design (Bruno)

 Assesment of load profile

 Sizing of the PV generator

 Land use, location, grid change

 Sizing of the storage

 Case-study 1 : Pitcairn PV generator 

 Case-study 2 : Tongatapu PV generators

30 Mins. 

Online

Q & A Session

1 hr

Online

Session-5   : 

Commissioning on 

the ground (Olivier)

 Static and dynamic commissioning 

(components & performance)

 Inspects, testing protocol, standard criterias

 Commissioning check-list role play

 Relevance of remote monitoring systems 

 Operation

 Case-studies : Tuvalu, Tokelau, Cook Island

1 hr

Outline

Session- 6   : 

Optimizing 

maintenance 

(Olivier)

 Maintenance in the light of natural disasters

 Preventive maintenance

 Review of participants’ case studies

 Identification of main challenging points & 

group solving 

 Case-study : Tuvalu storage system

15 Mins                    Wrapping-up
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Specificity of solar micro grids in island areas

THANK FOR YOUR ATTENTION


