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Track Record on Hydropowe
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Domestic Key Features
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v KANSAI’s Hydr 4
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; T B v" World-first large-scale variable speed umped-
v" Financed by World Bank storage (VSPS) co-developed by Hitachi and

v Awarded for IEEE Milestone (April 2010) Kansai
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Total: 152 hydropower plants

0 year~19 years:7 plants

80 years

Ave.:72 years

As of Aug 2018

20 years~39 years: 16 plants

“ ars:23 plants

60 years~79 years: 36 plants
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Key Topics

*Cascade Development of the Kurobe River
‘VSPS
‘Sediment Flushing/Bypassing System

*Maintenance Flow Hydropower Development

Copyright © 2018, Kansai Electric Power Co., Inc. All Rights Reserved.



O} Kansai Electric Power

powerwit hear Cascade Development (Kurc

Shin-Yanagawara

pam

. KANSAI OWIled p b ; ! : n; Kuronagi No.2

| G )\ puhidai o b
12 plants ' ' 4 k)i ar ‘ Kurobe N02

=

© Others owned [fa @ e

8 plants
34,510 kW




O} Kansai Electric Power
pomer vt heart Cascade Development (Ku_

Elltz‘(;?)tion [m] B : 1% phase development
: 2" phase development
Gross head : 1,317m Kurobe Dam |
1,400 | Kurobe Dam
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800 - Shin-Kurobegawa No.3 (1963)
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200
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T T T T
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Distance from the mouth of the river [km] Maximum Discharge [m?/s]

Phased cascade development has been completed utilizing regulated water discharge from Kurobe Dam
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Pumped Storage Hydrop
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nderground
Povserhouse

Installed Capacity  1,280MW
Plant Discharge 191 m?/s
Effective Head 411 m
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Electricity amount

N

| Necessity of VSPS

*Demand fluctuates at every moment.
- Grid frequency fluctuates if we cannot keep the balance between demand and supply.

- Conventional pumped storage system cannot control the input in the pumping mode,
that is, it cannot keep the balance between demand and supply in night-time.

- VSPS can control the input in the pumping mode, that is, it can keep the balance flexibly

Variable Speed Pumped Storage _

between demand and supply in night-time.

~

Night-time Daytime Night-time

'q 5

Demand fluctuates
at every mome
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Typical dairy load curve in Japan
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VSPS System
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s N\ EEE
Maintenance flow, which was originally and lawfully introduced to '

maintain the river function lawfully needs to be maintained for the
waterway type hydropower project,
- to maintain the function of river

| - to protect the surrounding landscape

1O¢ Kansai Electric Power .
"™ Maintenance Flow Hydropower Development "

New hydropower projects (mini-hydro) has been established
using the existing maintenance flow.

Outline of Dashidaira Mini-Hvydro

346.700

Installed Capacity 0.52MW
Plant Discharge 1.76m3/s
Effective Head 37.3m

| Existing Penstock | | Newly Constructed Powerhouse |
| Newly Constructed Penstock |

314.450

B=8m

_lwi303.640
-

After Construction
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® Equipped with full-scaled sediment flushing gates

® Optimization of flushing gate operation by lowering the water
level and reaching the free-flow river condition during floods Date | L . .

® Environmental assessment committee in operation, involving eb-94
academic experts

After peak of floods

< Lowering water level >

Erosion

Sedimentation

1) Lowering water level

After confirmation of the peak of
the inflow, the flushing gates start
opening, and then sediment
upstream of the reservoir only starts
to move.

Records of sediment flushed by Operation [10,000 m3]
0 50 100 150 200

Dec-91
Feb-94

Oct=95
Jun—96
Jul-97
Jun—98
Sep—99
Jun—01
Jul-02
Jun—03
Jul-04
Jun—05
Jul-06
Jun—-07
Jun—08
Jul-09
Jul-09
Jun—10
Jul-10
Jun—11
Jun—12
Jun—13
Jul-14
Jul-15
Jun—16

- Ave = 380,000 m3

< Free flow > < Recover water level >
. Continuous

Flushing discharge
sediment

Decline stage of floods

i) Free-flow condition 111) Recovering water level

Once free-flow river condition appears When the inflow decreases to certain
during the decline stage of floods, level — before dilution effect of water
more sediment moves by the large dramatically drops, the flushing
tractive force of the flow and is gates start closing.

discharged downstream through the

flushing gates.
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Turbid water coming from upstream 1s diverted before the reservoir to downstream through the
bypass tunnel.

N
o
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Overseas Key Features
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MING-JIAN Hydro SAN ROQUE Hydro

% aea(Philippines

Deedoke Hvdro
(Mvanmar)

Enﬂuﬂ

l ¥~'

17TMW (25%) N
56MW Run-off-River -
Run-off-River Participation: 436MW (50%)
2005 Reservoir Dam

Participation: 1998
o

Kulawi Hvdro

(Indonesia) ‘

Under FS Rajamandala Hydro
(Indonesia)

290MW (45%) T
Reservoir Dam . . ) oYY

Exp. COD : Feb 2019 ® : Completion )

"2 : Under Construction Exp. COD : May 2019

: Under Planning
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Project Location - - o Salient Feature
(e e R ( Bmmaery  Nam NeicpT Item (Main Dam) Spec.

anr

Nam Ngiepl (Re-Regulation

Installed Capacity 272MW
(Main Dam) , Dam) (1MW) .
DDDDDD 2TIMW) B Annual Energy Generation 1,447GWh
o= LR Dam Height 167m
Reservoir Area 67km?
Pakxan S/S . . .
Effective Storage Capacity 1.2 Bil. m?

(Domestic)

Nabong S/S
(Export)

Const'l:i;-c't 0

Transmission line

Vientiane EREI s 230KV (Main dam to Nabong S/S)
mmm  500kV (Nabong S/S to Thailand)
115kV (Re regulation to Pakxan S/S) (by EDL)

st 4

Mekong River G4

Development Schedule

Date Event

Oct. 2014 Financial Close Start Construction

Apr. 2016 Start Dam Construction

Apr. 2018 Completion of Dam Construction & Resettlement
May 2018 Start Reservoir Impounding

Feb. 2019 Commercial Operation

Copyright © 2018, Kansai Electric Power Co., Inc. All Rights Reserved.
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DUIIVE SRS E [ Catchment Area | ,.

3,700 km?

M. Khoun o

*Nam Ngiep 3A_'

. Phaxal {

Biodiversity Offset

‘." o
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Offset Site 5

1 b ‘x

5./

Border with Vietnam

v'Forest/River Protection g

Reservoir

- v'Restriction of Land-Use

Length

70km

Area

67km?

v Fishery Control

Capa01ty

2.0 Bil. m3

Environmental/Safety

at Construction Site 1 p l ellhOOd Support

-
v'Environmental Monitoring
v Safety & Health Activities
v'Zero-tolerance (Code of Conduct)

o 2
FULALLY | ~4 I
Compensation for Resettlement U -~ f

Dam
I L‘
M, Borik ?

Rese tlement Adrre
6.008 ‘

t regulatlon Dam

Resettlement for S villages,
517h0useholds, 3,500 people

Livelihood Restoration
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Project Location

>
Jakarta

West Java
0 25 50 km

Rajamandala
Project Site

Cirata Reservoi

guling Reservoir

Development Schedule

Feb. 2012 SPC Establishment
Aug. 2013 PPA Signed

Mar. 2014 EPC Contract

Jun. 2014 Financial Close

Aug. 2014 Start Construction
May. 2019 Commercial Operation

Rajamandala Hydropower Proj

Run-off-river type hydropower project, utilizing stable
discharge from the Saguling HPP immediately upstream.

Salient Feature

Item Spec.

Installed Capacity 4TMW
Annual Energy Generation 181 GWh
Plant Discharge 168m?/s
Effective Head 31.7m

AS of August 2018)

20
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Project Location A A g e

e ome it — i
XV AgT A : = N "'“:E—
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]
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Left Bank

ATF—itAl = »

~Myanmar
® Nay Pyi Taw....,,,

=il

A APl FLILE

p 1
O - ~ alva: .
UFHE FHmil v -
it ol ¥ e \ 1
. 3 8 ; /
1Fa @ Yango A B 2 YA

e —— Salient Feature
i e P " Right Bank Installed Capacity S56MW
oKalg A v 48 Annual Energy Generation | 305GWh
y Upper Yeywa HPP Plant Discharge 840m3/s
Effective Head 8.0m

NTP Signing
(16 Aug. 2018)

Deedoke HPP
OF vt % ,
Kyaukse WX : . The Government of the Republic of the Union of Myanmar
To
‘Iydro GmbH, Kansai Electric Power and High Tech Construction Trust Co., Ltd
Development Schedule el v\

2019 : Financial Close, Start Construction A\ e AT |
2022 : Commercial Operation A | e
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Lariahg River * We started the feasibility study with a
local partner in 2017, which is
Z scheduled to complete in 2019.

"
o

"Larlangd

Sulawesi CthGDDgIEEarth

2018 Google

Image Landsal  Copenmcus

Data 500 HOASA LS. Navy, NGAIGEBCO
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Installed Capacity 411MW
Annual Energy Generation | 1,000GWh
Plant Discharge 260m3/s
Effective Head 180m

Development Schedule
Date Event

Nov. 1997 PPA Signed

I\/Iar 1998 Start Construction
Oct 1998 KANSAI joined the PJ
May. 2003 Commercial Operation

L™
[ 1995 Microso ft Corp. Al rights reserved

i

Spillway

Powerhouse/
~ -~ Switchyard. .«
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Sustainability for efficient asset management
Streamlining the facilities management and maintenance by
promoting the application of leading edge of Al, IoT and drone
technologies

Improvement for low cost-efficient power plants
Improving profitability pursuing the applicability of the critical
maintenance method for low cost-efficient power plants,
depending on the risk level for malfunctioning in operation and
the third parties impacts

Optimization of pumped storage hydropower plants in operation
Optimizing the maintenance cost of existing pumped storage
hydropower plants to make the maximum use

24
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