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Chugoku Electric Power

~lnnovation is a game changer in a deregulated market~




ugoku Electric Po
Company at a Glance
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Chugoku Electric delivers energy through generation, transmission and distribution.
There are 10 regional utility companies in Japan, and Chugoku Electric is the sixth largest by

sales volume (kWh).

Corporate Data (as of March 31, 2016)

u Corporate name
u Head Office
u DATE established

The Chugoku Electric Power Co., Inc.
4-33 Komachi, Naka-ku, Hiroshima 730-8701 Japan

May 1, 1951 Russian
m Paid-in capital 185.5 billion yen Sea
= Common stock issued 371,055,259 stocks OfORDOSK
= Number of employees 9,624
= Main supply facilities Power stations and total output 114 stations 11,536 MW M i
Themmal - 12 stations 7,801 MW oo
_Hydroelectric 99 stations 2,909 MW
Nuclear __ 1stations 820 MW
New energy sources 2 stations 6 MW Sea
Korea of Japan
Electric energy output(by own company and others total) 64,842 GWh .
China East
Thermal ] 57,231 GWh Chilia £t
Hydroelectric 4,371 GWh ® Tokyo
""""""""""""""""""""""""""""""""" Kyoto
Nuclear 0 GWh
“New eneray soursas T S a0 G Osaka
ew energy sources 3,239 GWh Taiwan
Hiroshi
= Main business places Regional Offices: 5 Sales Offices: 30 frosTima
Pacific Ocean
Map of Major Supply Facilities QIR IRPIIy
—— Shimane
Unit2 820 MW

(Unit3 1,373 MW under construction)

@ Saigo
(internal combustion)

Y Units 1to 6 25.32 MW

Kuroki
(internal combustion)
Units Tto 5 7.38 MW

Misumi
Unit 1 1,000 MW
(construction of Unit 2 1,000 MW'in preparation)

S

Nishi-Shimane

|

620 MW

[
Mishima
(internal combustion)
Units 1to 4 2.9 MW
(construction of Unit 4 +0.5 MW in preparation)

Nabara
Units 1 and

—

in-Hiroshil

®

V% ~~--_ Corporation

Shin Nishi-Hirgshima

Higashi-Yamaguchi
Shin-Yamaguchi

Osaki

mﬁkzunslso ww  Unit 1 series (1-1) 250 Mw
Unit3 500 Mw  (outof service)
Shimonoseki Yanai
Unit1 175 MW Shin-Onoda Kudamatsu Units 1 and 2 series 1,400 MW
Unit2 400 MW Unit1 500 MW Unit3 700 MW
Unit2 500 MW |
Kaminoseki
Ube (construction Unit 1 and 2 1,373 MW x2 in preparation)
3MW

Setouchi Power

“Fukuyama Joint Power

Shin-Nariwagawa
Units 1to 4 303 MW

Higashi-Okayama

Shin-Okayama

/

‘ @®——————— Mizushima
Unit1 285 MW

Unit2 156 MW
Unit3 340 MW

Setouchi Power
Corporation

Fukuyama | Kurashiki Joint Power
3 MW

Takehara of Electric Power
Development Co., Ltd.

Tamashima

Unit1 350 MW
Unit2 350 MW
Unit3 500 MW

@® Thermal power station
Nuclear power station

B Hydroelectric power station

B New energy sources power station

A Substation(220 kV and over)
Switching station(220 kV and over)

@ Thermal power station of other companies
500 kV transmission line

— 220 kV transmission line

Other company's transmission line




Service offices, etc.

Power stations, etc.
Chairman and president
Executive vice presidents Power management offices, etc.
Managing directors

Energia Economic and Technical Research Institute
is the R&D arm of Chugoku Electric.

Corporate Planning Division Planning & Administrative Group
L[]
L]
International Business Division Technology Group
Environmental Affairs Division Economy Group
Energia Economic &
Technical Research Institute 2 B AT (ST

\

Technology Group

Technologies for Electricity Cost

Reduction and Stable Energy Supply

-Efficient inspection and maintenance of
equipment

-Extended operational life of equipment

-Efficient construction of facilities

+Use of biomass

Information & Communication Technology
*Remote monitoring and control
*Telecommunications and information processing

Environmental Technology
+Analytics

-Measurement of heat-island effect
-Use and recycling of byproducts

Technologies for Advanced Economy Group
Electricity Use

«Statistical analyses of regional
economy and industrial trends

*Financial analyses, time-series
analyses, and simulations

Intellectual Property Group

Powering the Bright Future
Backed with 20 years of research and development activities
Energia takes the first step toward a brighter future.

Planning and Administration Group

+Development of the intellectual-property strategy

+Capitalization of the core technologies of
Chugoku Electric

+Publishing intellectual-property reports

+Publishing of journals on technical, economic,
and regional

-Providing educational programs on eco-friendly
electricity

+Providing Career training, seminars, internship,

and open house




Intellectual Property

~A ticket to fair competition~

N
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Since 2003, the Chugoku Electric Group as a
whole has been striving with the intellectual
property (IP) strategy aiming for strengthening
Chugoku Electric’s market competitiveness and
enhancing its corporate value. Chugoku Electric
has been the leader in the Japanese utility
industry in terms of the number of patents
granted annually since 2010 as well as the
number in total since March 2013. (4,142 patents
granted as of December 2015.)

Chugoku Electric is in the sixth place globally
for the number of patents related with smart
grid control and monitoring technology and is
ranked the third in Japan*' for patents related
with  Home Energy Management System
(HEMS).  Chugoku  Electric’'s  technical
capability and ability to capitalize it is
recognized and highly regarded domestically
as well as globally.

P> Breakdown of Chugoku Electric’s Patents
(AS of End of December 2015)

Fuel Power Sub- T Customer

stations stations service

(120) fumd (1059) banlstnd “334) pull lnd (223)
Transmission (226) Distribution (866)

System Operations (202)
Civil engineering/construction (306) | New business, etc. (290)

Infrastructure systems (446)

P Numbers of Smart Grid Related Patent
Applications

Toshiba 1,331
Panasonic 1,011
Hitachi 941
GE 931

Mitsubishi Electric

Chugoku Electric Power | 433

734

Siemens 369
SANYO Electric 369
Tokyo Electric Power 351
TOYOTA MOTOR 283‘

600

L L L I}
800 1,000 1,200 1,400
(applications)

Source: Report on Survey of Technology in Patent Applications: Control & Monitoring

Technology for Achieving the Smart Grid, April 2013, Japan Patent Office.

0 200 400

While using the own intellectual properties in its business, Chugoku Electric ensures it does
not infringe third party’s IP rights, which could negatively impact its business and operations.
Chugoku Electric also actively cross-licenses its technology to monetize its IP assets and to
cost-effectively access technologies Chugoku Electric doesn’t have.

*1 Survey by Patent Result Co., Ltd

The Chugoku Electric Group’s
intellectual property strategy

Objectives

-Strengthening competitiveness
of the Chugoku Electric Group
+Protecting Chugoku Electric’ s IP rights
as well as ensuring no infringement of
third party IP rights

Enhancing
enterprise
value

Management of

Intellectual-property lifecycle intellectual-property risks

Development
/ of technology \

Monetization
of IP rights

Infringement of a third party IP right
could have detrimental impact on
business. Chugoku Electric performs
thorough investigation of third party
IP rights and licensing agreements
to ensure no interruption to stable
delivery of energy to our customers.

Creation of
IP rights
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Growth of Internal Inventor Population™

(No. of people)
5,000 285
333
4,000 349
3,000 .
4291 4,477
- 4:000 U

2,000 31318 3,667
1,000

2011 2012 2013 2014 2015

(Year)

[l Veteran inventors New inventors

* Number of employees who submitted patent applications



Chugoku Electric’s
Technology Portfolio
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POWER PLANT

> A life-extending method for high-temperature steam-pipes
at a thermal power plant (KAEEBFRIRA S EAEEEDF LR E)

» A method for suppressing elution of noxious trace elements from coal
ash at a coal-fired power plant (BERAXAIEEFICHITSMENESLALLERE)

» Management of NOx removal catalysts for a thermal power plant
(BRPEARIR DB - BRI

» A testing kit for detecting larvae attached to an intake channel at a
thermal power plant (EEFRDBKEUKERICMNET 2 BEDFENERHES)

NETWORK

» A method for optimizing energy supply and demand
with positive feedback loop (Fia—AHIHESEE)

» Technologies for Home Energy Management System (HEMS B8&E$i)
» Contactless Charging System CGEEAREE> X7 L)

ENVIRONMENT

» Technologies for reusing coal ash (ARKFIA#LIT)

» Low CO2-emission concrete manufacturing (CO2-Storage Under
Infrastructure By Concrete Materials: CO2-SUICOM) (BEE&RERI>2U—)

OTHER Technologies

» Detector for structural degradation of metal poles (£BRESILHIERE)

» Hydrogen-rich water generator for bathing (kER=EE)



POWER PLANT
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“How simple bandages can significantly extend
the life of a plant.”

A technology for extending the life of high temperature steam piping at
. a thermal power plant (AAOREBFRRA SEKKEEDEDEHTE)

At a thermal power plant, an aging boiler can cause damages to the joints of its pipes.
Chugoku Electric developed a simple repair solution using steel bands, which can be

spot-wound on site.

Steam ¢——

Reinforcement of
high-temperature steam piping

Location of
reinforcement . i

Elbow weld line ~

Pulverizer

Reinforcing with 10mm-thick SUS316-grade steel,
the operational life of pipes becomes 4-6x longer.

A method for suppressing elution of noxious trace elements from coal ash
" at a coal-fired power plant (BRAAKBRICHIF BHMEBWEAHFHLES )

By adding slaked lime to coal ash before combustion, harmful trace materials generated
in the combustion process are deposited onto the coal surface, preventing their release

into the atmosphere.

During combustion, In the gas cooling process, trace material
- trace material is agitated. condenses on the coal surface.
0oal
o () Boiler Elimination of Elimination of Elimination of Chimney
‘ @] nitrogen oxides coal ash sulfur oxides
Furnace 1
Addition of Bk N | -
elution inhibitor \
I I
t 1 —_— (—u —> | .
Q ° o . \ T
. I —
. Clinker hopper
Pulverizer (Water tani)* \034/\'5/\&4/ ¢

3 Clinker ash £ Fly ash Plast S -

i inker as B y as aster,

oD . - i +” Elution tests

- (Porous coal ash) o D (Spherical coal ash) wastewater , confirmed that most
. ) \ of trace materials
s were turned insoluble.
~

-

Chugoku Electric’s coal ash and other byproducts are fully compliant with all regulations. S

In the previous process coal ash was treated to reduce solubility of trace materials.
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“When it gets dirty, replacement
isn’t the only option; sometimes washing it in
a large pool is the right thing to do.”

Accurate evaluation of denitrifying catalyst performance precisely gauges the catalyst
replacement timing reducing the operational cost of the thermal power plant.

Catalyst management

Performance tests (1-2 time/year): Measurement of intake and output of NOx, NH3, and other gases at each catalyst layer.

Exhaust gas

-

Injection of NH3

This technology suggests
the best option for
restoring the performance
of catalyst.

[
Vi

"

Catalyst inlet

Exhaust gas

\

1st-layer outlet

2nd-layer outlet

7/
AW

3rd-layer outlet

oEvaluation of catalyst performance and other degrading factors.
oDesign, supply, and regeneration of optimal catalysts

“Through decades of maintaining our power stations,
we know tiny creatures can be a threat.”

.........................................................................................................................
'

A test kit for detecting larvae attached to an intake channel at a
. thermal power plant ((EFDMBKEUKERICTE T 2 BED Tl ERHES)

.........................................................................................................................

At a thermal power plant in Japan where sea water is used for cooling, occlusion of intake

channels could result in a shut down of the power plant.
Chugoku Electric developed a simple, real-time sensor for larvae of barnacles such as
blue mussels and red acorn barnacles that will soon attach themselves to intake

channels.

A h
-
8cm . . - ‘(ijnoemparlson
A | .sashssssssssssssusfnasassamsdssananns
) = Detection
\ e = line
\| esssmssssssssssssssfesssnnsnnanEnnnnnnn
.
\
b4 L
Larvae Attaching larva
v present not present Blue mussel Red acorn barnacle
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NETWORK

“A power grid can be smarter with a mediator.”

A control system with a positive feedback loop for
- optimal supply-and-demand (Fa—&HliE#757%)

The supply-and-demand control system Chugoku Electric developed sends pricing
signals from the supply side to the demand devices, which adjusts the operations plan to
achieve the most optimal total price. The updated operations plan is sent back to the
supply side for verification of supply-and-demand balance. lteration of this positive
feedback loop process allows the near ideal balanced operations.

This technology, integrating power demand and generation data,
helps reduction of the thermal power generation cost.

[ Daily demand curve ] [ Daily demand curve ]

o

-n

[kW]

1 Output from
each generator

12AM 12PM 12AM 12AM 12PM 12AM

Inexpensive

—> | —>

Chugoku Electric demonstrated that this technology could control
the demand to be well aligned with the target curve.

[ Before control ] [ After control ]
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“Home Energy Management System can deliver
OMOTENASHIL.”

Chugoku Electric’'s HEMS, BEMS, and other ICT solutions offer value-added services and
help customers to save energy consumption and optimize their utility bills.

Smart meter

A comprehensive . .

electricity platform Tips for saving energy and

power failure preparedness
Collection of information *Energy-saving tips '
on customers’ electricity *Preparedness for power failure
uss, etc. Provision of (e. g. storage batteries)
value-added

Electrical
appliances

services

Pricing options

Customers’ mobile +Pricing options best suited for the

devices customer’s energy consumption profile
(smartphones, etc.) 9y P P

Solar-power generation
(photovoltaic cells)

HEMS

Troubleshooting and diagnostics
of home appliances

(—)
*Troubleshooting of home appliances
+Energy consumption assessment

Electrical storage batteries (energy and cost saving)

for home use

“Can you charge a device anywhere?”

R&D projects for efficient power supply
o Matched frequency
OfSCIHaUOH by _ causes oscillation,

requency generating electricity

Capacitor/ k k

Magnetic field
| / \ |
|

. . ) / / Oscillator oscillates in response to
Electricity-transmission coil Electricity-reception coil i - specific frequencies.
0 loa

Schematic view of magnetic-field resonance system

Contactless power supply use cases

o

Charging of EVs

B8 [

: -V V-
— eUnder water O L0 e O O
e *\Where cabling is infeasible Charging of EVs

as they travel



ENVIRONMENT

“From tiny beads to large blocks,
coal ash is everywhere in our daily life.”

N

.........................................................................................................................

Aiming for zero emission, Chugoku Electric uses technologies for Reduce, Reuse and
Recycle.

Osmotic “Hi-Beads,” Chugoku Electric’s patented coal ash-based product, are used
for creation of an oxygen rich zone in the tidal basin.

Hi-Beads

Pillars about |
5|

Ocm wide \ A
R

Layer supplying
dissolved oxygen
through osmosis
to create a
bioecological

Hi-Beads ) _ gr it, clay
5 Reduced

Large breakwater blocks (20-80t) at a nuclear power station
are made with coal ash produced at
coal-fired thermal generating stations.

Chugoku Electric developed the concrete that reduces effective CO2 emission to less

than zero.
CO2 emissions

reduced to

0kg/ms3 or less!!

COz2 emissions
(Emissions are halved by
reducing the volume of cement used)

v
v Special additive .

(Cement volume is reduced CO2-Suicom
through the use of coal ash.) environment-friendly concrete

Cement plant

10



_Other technologies

D

“Annual check-up of a metal pole”

A device to detect structural
damage of metal poles

Probe

Exposed
., ) SH wavel section
Chugoku Electric’s ultrasonic -
flaw detection technology 1 Grounded
. ] ) Reflected wave - section
finds material degeneration, —

corrosion, and other damages
to the segment of a metal pole
under ground without digging
around the pole.

_--._.-_ Buried
-+ |section|

| T e {Base[Tr L .|

“For your health and beauty, hydrogen-rich bath
is at your service.”

Chugoku Electric developed a technology to generate hydrogen-rich, low oxidation-reduction
potential (ORP) water. Ordinary water contains less than 0.01ppm of free hydrogen while the
concentration level of Chugoku Electric’s hydrogen-rich water is no less than 0.3 ppm, thanks
to hydrogen micro-bubbles.

Schematic View of System

Oxygen release eThe water in the bath tub is circulated and electrolyzed.
*Oxygen is released into the atmosphere.
eHydrogen-rich water is generated.

O§<ygen Hydrogens:s . o° . ° °

Bath

Electrolytic
layer

Power
source

Electrode

= > Bathwater
e o containing nanobubble hydrogen
Water from bath
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Prediction of Solar and Wind Energy Output
Using Weather Forecast Data

Ly Y + e St vrraas h
ey T
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Methods and Tools for
Working with a Live Wire
without Touching It

GPS-based High-Precision Determination
of Damaged Point of a Power Line

Technology to straighten up
a leaning steel tower
/A3

There are multiple GPS time signal receivers on the ground for This is a technology to pull

time synchronization. The technology Chugoku Electric
developed uses the difference in time it takes the serge
current to arrive at these terminals on the distribution lines to
determine where exactly a grounding fault has occurred.

up a post with a hydraulic
jack to insert a spacer to
level the tower again when
the foundation of the post
supporting a tower with 3
other posts has sunk due to

ﬂ GPS satellite

an earthquake or another
cause.

.e**" Surge current " “*ee.,
‘7

Local o » o Iaoc;al
device 4°* /\ /\ *eeh device
= =
UJ U Power
line

~—— Point of damage

Big Data analytics is used for a system for prediction of
abnormalities and failures at a power station.

mSchematic view of
failure prediction system

Actual
Predictive data measured data

Predictive data ﬁ Measurement data
wa ﬁ Measurement data

|

Plant parameters are collected
from sensors.

Ty
=

Alerts, warnings, and estimated
problem locations are displayed.

Gaps are
detected.

modeling/
analytics

--==- Davaceol | [ND
plant parameter.

Correlations, etc. among
plant parameters are
analyzed and evaluated.

Plant parameters are
accumulated in a database.
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In this report, the term “Fiscal year 2016” refers to the period which ended March 31,2016.

Characteristics of Chugoku Region

)

Chugoku Region 31,922 kni Chugoku Region 7,439,987
Service Japan 377,971 km P lati Japan 127,110,047
Area Source:"Areas of Prefectures and AT Source:"Population Estimates(as of

Municipalities in Japan” (as of October 1,
2015)" by Geospatial Information
Authority of Japan, Ministry of land,
Infrastructure, Transport and Tourism.

Chugoku Region 28,013,594
Japan 508,645,648

(millions of yen)

GDP

Source:"Annual Report on Prefectural
Accounts for FY2013" by Economic and
SocialReserch Institute, Cabinet Office,
Government of Japan

October 1, 2015) " by Statistics Bureau,
Ministry of International Affairs and

Communications.

(Billions of yen)

8,392
Machinery
(34%)

8424 Value of

Industrial
Shipments
(Chugoku Region)

493 3,271

Sk Chemicals
Iron&steel (13%)

(13%)

Machinery

Chemicals

Iron & steel

Glass & cemernt

Nonferrous metals

Pulp & paper

Other Production

Industries

Sources:Ministry of Economy,
Trade and Industry Web Site
lCensus of Manufactures 20131

@ Figures in () represent the
percentage distribution.

Characteristics of Chugoku Electric

I Electric Sales Share by company

Okinawa 1%_Others

Shikoku 3% 5%
Hokuriku 3%
Hokkaido 3% Tokyo
Chugoku 29%
Tohoku Total
9% 841.5 TWh
Kyushu Kansai
9%  Chubu 15%
15%

I Operating revenues by Segment

I Electric Sales Volume by Demand Type

31% Residential
(lighting)
Total 17.7 TWh
56.7 TWh
Commercial,
industrial and 69%
others
39.0 TWh

In order to meet our customers’ increasingly diverse needs, we are engaged in providing services leading to
enhanced convenience and comfort for customers, primarily in the electric power business but also in other areas
including comprehensive energy supply business and information and telecommunication business.

P Operating Revenue by Business Segment

Information and

telecommunications business 3% Others

10%
3% ’
Comprehensive energy
supply business Electric
power
business
84%

Operating Revenue

ST (FY 2016)

Business content

Electric power business | 1,116.8 billion yen

Electric power supply

Comprehensive energy

Fuel sales business,

supply business 43.7 billion yen | electricity and thermal
energy supply business

Information and Telecommunications

telecommunications 40.3 billion yen | business, data

business

processing business

“Others” includes business such as environmental harmony creation business / lifestyle support,

13

, and electric power business support.
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With you, and with the Earth.
The Chugoku Electric Power Co., Inc

The Chugoku Electric Power Co., Inc.

Energia Economic and
Technical Research Institute

Head Office
3-9-1 Kagamiyama, Higashi-Hiroshima 739-0046 Phone:+81-82-420-0700

Hiroshima Branch
4-33 Komachi, Naka-ku, Hiroshima 730-8701 Phone:+81-82-544-8150

http://www.energia.co.jp

(Revised November 2016)



