Asia Solar Energy Forum (ASEF)
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o £$w,;;acx " Global Sustainable Electricity Partnership

Global
Sustainable Electricity
Partnership

Bhutan Micro Hydro Project ,

70kW. Completed in 2005 | ,
Tuvalu Solar Power Project

’ 40kW. Completed in 2008

e
PPA/GSEP Workshop

since 2005. Executed 14 times

Maldives Solar Power Project
40kW.Completed in 2016
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O KansaiElectricPower  The key for “ Business Sustainability” ‘
Tuvalu Dhiffushi key
Demand/Capacity | Peak demand 700kW(in 2006) | Peak demand 130kW(in 2012) Should consider high
of island Diesel generator 600kWx3 Diesel generator 140kWx1 percentage of RE
GSEP project | 40kW solar power 40kWV solar power
Capacity Building | 1 Workshop. 2 Workshops ( supported by Should consider
(Human It seems insufficient to prepare | ADB) sustainable O&M by
resources) O&M staffs Two-year monitoring (till Feb. themselves
2019)
Financial Electricity tariff 0.23USD/kWh | 0.45USD/kWh
resources Rely on WB, ADB, etc. .same as Tuvalu

Use an ice-making machine instead
of a conventional battery system

» Easier O&M than battery system
» |ce supports fishery ; the main economic
activity in Dhiffushi.

All rights reserved by
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Video(5 min)
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Results of Power Generation (2016)

Dallv load Curve Total (diesel+solar) 3?848.49kWh/déy

Diesel + Solar

. 223.8KW
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€ Annual PV power generation : 64,823 kWh (180kWh/day, 5% of total consumption)
€ Capacity factorof PV : 18.7%

€ Annual CO, reduction by PV : 52.0t- CO,/year

€ 1 ton of ice is produced every day

All rights reseryed by
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pGwer with heart Increase of Electric demand
Comparison of daily load curve

300kW - - : - ' ' ' ' | | | |
< —Jan. 2017
—Feb. 2016
230kw —Dec.2011
200kW
=
=
L1
o
'Fg 150kW J
=
-
[= N'\/A“J
L]
o
(g
(=]
sl
s50kw ——
Ice maker(Jan. 2017)
okw | I '
= = Pt L = L o = =] Lo = = = = = = = =2 =2 = Ted [ ] Pt Pt —
= = = = = = = = = = = ey = by = wn o = oo o = L r w =
L ] L} = = L] = L] L] L] L] L] - ] = = = = = = [ = [ [ ] ] = L]

All rights reserged by

The Kansai Electric Power Co., Inc.



1O} Kansai Electric Power

power with heart
1 ton of ice
can be sold
US S59
N

1 ton of ice
costs about US S55
(112kWh of electricity)

Benefit from Solar Ice

Save fuel for
fishermen to

buy ice

4
>
4

65MWh/year of
Electricity can be
sold for US S 30,000
(US S0.49/kWh)

19 tons of diesel is
displaced by solar
(USS 18,000/year)

All rights reserged by
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PaweErWith hear Idea for sustainable Solar Ice system

Sustainable Solar System Sustainable Ice Maker
Customer can pay for electricity by ice. The PV system provides sufficient
Utility can prepare for maintenance. electricity for the ice production at a

reasonable price
All rights rese%ed by

The Kansai Electric Power Co., Inc.
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pGwer with heart Advanced Concept of Solar Ice Project
Generation Grid Demand side
,’ -------------- ST T EEEEE T T TS EEEEEEmm—— -\\
! Solar System lce Maker, etc., :
i : Optimal System !
| Diesel Generator Operation - Value added to i
: Battery electricity :
\\ * Energy storage J

“Solar X Hybrid Project”

Integration of power supply (solar) ,grid and demand (ice etc. )
- Achieve economical feasibility of the rural electrification type project by
providing not only electricity value added commodity such as ice itself.

All rights reserved by
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power with heart

Thank you.

All rights reserved by
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o o T Pacific Power Association

Marshall Northern

Pohnpei .
P Islands Hemisphere

Nauru

—\

- Yaren

Kiribati
American
Samoa

Solomon
Islands

[ Tonga

Niue

Cook Islands

All rights reserved by
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power with heart

Funafuti Island
(peak load 700kW)
(solar 40kW)

Vacant Land next to
the Soccer Stadium

Yaiaku Lagj

Government Offjee

PV panel

Underground €

power cable

Metearological Station
Diesel
Powerhouse

Tuvalu project

26kW PV panel

Inauguration Ceremony (Feb. 2008)
(first solar power station in Tuvalu)

Container

(3 X 14kW Inverter)

14
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power with heart

Trees shade

Dropped out by g ) A
typhoon ' ' .,§

The project will be refurbished in 2018
as a part of the World Bank projects (USS 9M)

Air compressor is
seriously rusted by salt

Cables not fixed nor supported

All rights reserved by

The Kansai Electric Power Co., Inc.
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power with heart

Technical improvement

16

Component Tuvalu Dhiffushi Note
PV PV module Shade of trees and thrown Avoid trees improved
stones caused hot spots Select main/busy place
Connection No-fixed installation caused | All cables are fixed by covering | Improved
cable disconnection of cables materials
Flame/Huts Seriously rusted Use SuperDyma® need to
Stands of the stadium are Suggest periodical painting follow-up
periodically painted to
prevent rust.
Inverter | Inverter Indoor type Indoor type improved
Broken by heat(estimated) Installed inside powerhouse
Air conditioner | Compressor seriously rusted STELCO staffs stay there 24/7
Underground power Broken by digging Route of cable is indicated by |improved

cable/fiber cable

Small animals

marks

Display of power output

broken (not working)

Set indoor

improved

All rights reserved by

The Kansai Electric Power Co., Inc.
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power with heart

Dhiffushi is one of the inhabited Island located in KAAFU Atoll of North Male’
Atoll next to Meerufenfushi Island.

The population at Dhiffushi end of 2015 reports 1247 with 51% of them are
Male population.

Peak demand is 130kW (in 2012)
40% of the population engage in fishing.
Traveling from Male’ to Dhiffushi take

All rights reseiyed by
The Kansai Electric Power Co., Inc.
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kW

130

<1> Min. constraint
of generator

70

Basic Concept of Solar Ice Project

Daily load curve

e

)/

Diesel generator (140k\W)

PV(40KW) T

0:00

Basic Concept of system
v Avoid using battery as much as possible

v Use Ice making machine as the controllable load

24:00

<2> Frequency
fluctuation

|

v" Unit control of PV panel (OkW,10kW,20kW,30kW,40kW)
v" Ice also contributes recovering initial investment not only from
electricity but also from ice

18
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power with heart

Japan Government fund

- Grass-Roots Human Republic of Maldives
Security Projects

w - Government Vision

Global
Sustainable Electricity
Partnership

ALD

Global Sustainable _ Asian Development Bank

Electricity Partnership

1O Kansai Electric Power

piwer with heart

- Main funding for implementation(0.37M US$) - Funding for HCB
-Technical and overall coordination - Funding for replicable project

All rights reserved by

The Kansai Electric Power Co., Inc.
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power with heart

pPOWERHOUSE

Mew powerhouse built by STELDD
for its existing diesel generatars

Outline of Dhiffushi Solar Ice Project

HYBRID 5¥5TEM
40 k¥ PV systerm is connected
to Dhiffushi's poweer grid and works

and the new PV systerm equipment. in conjunction with the existing

diesel generators.

MULTHFFUNCTIONAL

FRAME STRUCTURE

1 metre-high frame strecture holds
four separate 10 kW PV panel arrays
inclimed at 5 degrees, limiting the
extent of damage in case of a

tsunami and providing good shade
for residents.

p
Z
-

PFOWER CONDITIONERS

Four power conditioners
and a system camtroller
dare installed imside the
powerhouse.

FLEXIBLE CONTROL SY5STEM

The control system is operated in both automatic
and manual mode. This flexibility helps maximize
M poweer generation and improwve its stability,
making maintenance and troubleshooting easier.

CABLING

The PV system and ice-making
machine are connected to the
powerhowse through underground
cables.

ICE HOWSE

connected PV system.

20

Industrial ice machine installed

in nesw e howse on the pier
effectively fumctions as the supply
demand controller for the grid

All rights rese%ed by

The Kansai Electric Power Co., Inc.
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System Layout of Maldive project

power with heart
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