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Data Collection Survey on Southern African Power Pool

Power Engineering Seminar
Japanese technologies for integrating African power systems

2016/10/6 @ Harare
10/10 @ Pretoria
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Motive of JICA Survey j?c:’

In Southern Africa, the development potential of countries which have natural resources
such as hydropower, natural gas, coal, etc., has not been sufficiently realized, and the
region has problems that are yet to be resolved, such as planned power outages
implemented even in the Republic of South Africa whose power demand accounts for the
majority of total power demand in the region. Also, most of the countries in the region
except the Republic of South Africa need to prepare a practical plan for the development
of electric power resources to supply electric power to areas of their own country that have
not yet been electrified.

To address these issues, organizations such as the Southern African Development
Community (SADC), the Southern African Power Pool (SAPP), and its member countries have
prepared an energy master plan, and many donors such as the World Bank (WB), the
United States Agency for International Development (USAID), the African Development Bank
(ADB), etc. have provided cooperation to promote the master plan. However, the project has
been delayed due to several constraints, such as shortage of funds for respective power
development projects. In order to improve this situation, utilization of funding and
technology from Japan have been increasingly desired in the region.
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Motive of JICA Survey — Contd. jica
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%
TICAD - Tokyo International Conference on African Development jla
Sustainable cooperation to take standpoint of African.

http://www.mofa.go.jp/region/africalticad/index.html
Every meeting is led by Japan, and co-organised by the United Nations, United Nations
Development Programme(UNDP), the World Bank and the African Union Commission (AUC).
In principle, invitations to attend TICAD are extended to all African heads of state and
government, as well as international organisations, donor countries, private companies and
civil society organizations. Until TICAD V, the summit-level meetings were held every five
years in Japan. From 2016 onwards, the TICAD will be held every three years, hosted
alternately in Africa and Japan. In response to the request from the African side, we have
decided to hold TICAD VI in Africa (Kenya) and in 27-28 Aug it was held.

http://www.mofa.go.jp/afr/af2/page3e 000453.html
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Summary of the Survey

Page 4
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Gathering the data for analyzing each plan

Country __|Document _________________|Remarks

Angola
Botswana

DR Congo
Lesotho
Malawi
Mozambique

Namibia
RSA

Swaziland
Tanzania
Zambia
Zimbabwe
SAPP

Angola Energia 2025 - Ministterio da Energia e Aguas(2015)-MINEA
Electricity Supply Industry in Botswana, Power Supply and Demand in

Southern Africa(2013)-BPC
Nil
Nil
Nil

Master Plan Update Project, 2012-2027 Final Master Plan Update
Report(2013)-EDM

National Integrated Resource Plan(2011)-ECB

-Transmission Development Plan 2015-2026(2015)-Eskom
-Integrated Resource Plan for Electricity 2010-2030 Update Report
2013(2013)-DoE

Nil

Power System Master Plan 2012 Update(2013)-MoEM
JICA Study "Power system”

System Development Plan(2015)-ZETDC

SAPP Pool Plan(2009)-SAPP
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Policy

Hand out @ Conference

New IRP underway

JICA Study underway
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Transmission Projects — to energize power trade j A
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Source : SAPP C.C.
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D-S Balance (Capacity base - 2020)
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D-S Balance (Capacity base - 2030) jica
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D-S Balance (Energy base - 2030) jica
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D-S Balance (cf. Energy base<drought> - 2030}’@

-ﬂ

DR Congo - 18 TWh N\

|@@E
|

)
=~ Q. <

Zambia - 20 TW|

anzania - 44 TWh
-

® PIs check enlarged version
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SAPP Priority Projects jica
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SAPP Priority Projects
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Priority to develop the power pool...
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Issues to create the better power system jica

- High reliability in consideration with Total cost (CAPEX and OPEX)

- High efficiency generating the power including environmental
constrains

- Easy to operate and assist operators with their knowledge

- Measures to prevent the occurrences of critical disturbances
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Japanese Technologies

collaborated with operations
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Session 1: Operations and maintenance

Page 16 © 2016 JERA Co., Inc. All Rights Reserved.

Reliability Centered Maintenance

‘Eo

RCM is a concept that
integrates all available maintenance policies to construct maintenance and asset management that suit each power company.

[
PVM
con |, coier | [Banaon
(including PDM) |<=>} monitoring |
|

Equipment & Environmental Condition

RCM: Reliability Centered Maintenance, RBM: Risk Based Management

PVM: Preventive Maintenance, CM : Corrective Maintenance

TBM: Time Based Maintenance, CBM: Condition Based Maintenance

PDM: Predictive Maintenance, BM : Breakdown Maintenance
"""""""""""""""""""""""""""""""""""" 7 ot sevA o, 1. Al Rights Reserved.
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Maintenance strategies jica’

Maintenance activities for
specific types of equipment

Importance

YES

(Possibl

NO

(Impossible)

Y = Diagnostic

ossible)~ (Possible)

Selectable
maintenance
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Iﬁhange from TBM to CBM 8 )

TBM to CB

[CBM]
Optimized interval

T T T T M ¢ * * * g

® @ )
OB e B B N
Ordinary  Detail Ordinary Detail Ordinary Ordinary Detail
check check check check  check check: check
(Overhaul) (Overhaul (Diagnosis) (Overhaul)
Criteria L ....... — = —r—— —

Engineer decides next detail check
schedule from diagnosis data and the
number of operation.

Diagnosis data,
etc.

e ww wn
Criteriapb- —m — — —  — ——— . —.

The number of
operation times

/ Criteria and frequency are different on each equipment.

/ Criteria depends on various factors.
e.g. manufacturer manual, experience, research results

© 2016 JERA Co., Inc. All Rights Reserved.

Page 19

75



TBM to CBM fea)

Condition Based Maintenance (CBM)

a

Overhauling| |Overhauling| |Overhauling
maintenance| |maintenance| maintenance

External Diagnosis

B 5[ TBM)

Diagnosis Data
Operation Data

Performance

3

Trend of Condition

. Estimation

[ Overhauling maintenance

Recovery

Decision of
Overhauling maintenance ‘
years
Page 20 © 2016 JERA Co., Inc. All Rights Reserved.
"‘\
Cultivation in thinking power, knowledge jica’
2
© Operation test Ordinary check Detail check
1 time/year 1 time/3 years 1 time/6 years
1 2 3 4 5 7 8 910 11 12 13 14 15 16
[cam]
o
(&]
Operation test
1 time/year
1.2 3

CBM is able to reduce the maintenance cost.
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Succession of knowledge for O & M jica’
Maintenance Data Management

/[Fixed period] —
Data for analysis < A

Inspection [Inspection] Trend graph 23
(Patrol) [Checkll Correlation o<

) ju?jé?ngt Prospect of '5_,_5 q>'>
KC)rdlnary check detail check ; e
-

— input L

Database (Maintenance Data Management Sysﬁ

— In order to realize CBM, we need to store the inspection and check data into

database.

Therefore we established Maintenance Data Management System in 2001.

Page 22
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Example

os’—\)
jica

Work item

Contents

Visual inspection on overall
substation

Checking of terminal heating
Checking of sound and smell

Checking of fence breakage (for invader prevention)

Checking of surroundings

Visual Transformer
inspection oo |
specified to r-----------------
individual | G'S/ GCB
equipment

' VCB

| (indoor)

Checking of oil level
Checking for oil leakage etc..

Checking of open/close status
Checking of gas pressure

Checking of driving oil pressure and leakage etc...

Checking of open/close status

Checking of sound at connection points, etc...

One of the important work contents is the checking of terminal heating.
For checking the terminal heating, “thermo-indication sticker” is useful.

Page 23

77

© 2016 JERA Co., Inc. All Rights Reserved.




Gathering information

Checking overhead
line termination

Patrol of GIS

Checking inside box

Page 24

Recording temperature
and humidity (Outside)

Checking and recording
counter, pressure, etc.

© 2016 JERA Co., Inc. All Rights Reserved.

Thermo-Indication St

icker

The thermo-indication sticker is a cost-
effective method to roughly confirm the
peak temperature and local heat
history.

CHUBU widely applies this method to
check the temperature condition during
inspection.

70 deg-C
(Reversible)

03.-\)
JICA
75 deg-C (Non- reversible)

]

™~ 50deg-C
(Reversible)

(Source: Website of NiGK Corporation)

| Oil Chamber | | Overhead line termination |

[ Control switching board |

Page 25
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1. Transmission Facilities

GIS (Gas Insulated Switchgear) jica

Definition of “Reliability”

MaF (Major Failure) :

failure of switchgear and controlgear which causes the cessation of one or
more of its fundamental functions. A major failure will result in an immediate
change in the system operating conditions, for example, the backup protective
equipment will be required to remove the fault or will result in mandatory
removal from service within 30 min. for unscheduled maintenance.

MiF (Minor Failure) :
any failure of a constructional element or a subassembly which dose not cause

a major failure of the switchgear and control gear.
-IEC62271-1

Page 27 © 2016 JERA Co., Inc. All Rights Reserved.
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GIS (Gas Insulated Switchgear) jica

Source : Cigre Technical Brochure No.513 “Final Report of the 2004-2007 International Enquiry on Reliability of High Voltage Equipment”(2012)
Mitsubishi Electric Corporation

Page 28 © 2016 JERA Co., Inc. All Rights Reserved.

s

GIS (Gas Insulated Switchgear) jica

MTBF(Mean Time Between Failure) =

MTBF (CB-bay-years)

3000

2000

1000

1
MaF Frequeny

MTBF : Gigre Averrage vs. a Japanese Supplier

Cigre World Average a Japanese Supplier

Source : Cigre Technical Brochure No.513 “Final Report of the 2004-2007 International Enquiry on Reliability of High Voltage Equipment”(2012)
Mitsubishi Electric Corporation

Page 29 © 2016 JERA Co., Inc. All Rights Reserved.
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)

GIS Substation - Trace of installation jica

Around 20,000 GIS facilities were installed in 2010

20,000
Over 16,000 GIS-GCB units
have been supplied

15,000

10,000

A Japanese Major Supplier introduced the
first GIS in Japan in 1968

5,000

Source : Electric Technology Research Association “Integration of GIS"(2014)
Mitsubishi Electric Corporation.

Japan introduced GIS facilities in 1968, and these are installed mainly at
"Outdoor” with tuff durability against severe environmental condition.

For 50 years experience, Japanese technologies of GIS is sure to improve
the substation all over the world.

Page 30 © 2016 JERA Co., Inc. All Rights Reserved.

GIS Substation - Japanese technologies in the world ji’cA)

Source : Mitsubishi Electric Corporation

Page 31 © 2016 JERA Co., Inc. All Rights Reserved.
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2. Operation assisting equipment

for substation

Page 32 © 2016 JERA Co., Inc. All Rights Reserved.

O & M for GIS - Remote sensing led to loT jﬂ:A

ource . Mitsubishi lectric Corporation.
Page 33 © 2016 JERA Co., Inc. All Rights Reserved.
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O & M for GIS - remote sensing led to loT

Page 34

Source : Mitsubishi Electric Corporation

© 2016 JERA Co., Inc. All Rights Reserved.

P
Maintenance for Oil-filled Transformer - cas monitoring equipmjm’qA)

To keep log life time for Transformer, comprehensive analysis are needed....

N-TCG-6CM

Hydran 201Ti(GE) |

N-TCG-6CM

Page 35
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Source : Mitsubishi Electric Corporation
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3. Tips for maintenance of thermal power

Page 36 © 2016 JERA Co., Inc. All Rights Reserved.

Contents jica

B 1 Periodical Maintenance
B (1) Former Maintenance Method
B (2) Plant Maintenance Optimization

B 2 Thermal Facility Management System
B 3 Plant Performance Management System

M 4 Conclusion

Page 37 © 2016 JERA Co., Inc. All Rights Reserved.

84



1 Periodical Maintenance

Page 38 © 2016 JERA Co., Inc. All Rights Reserved.

It is conducted by law.
- Boiler(Oil/LNG) 4 years
- Steam turbine 4 years

Maintenance

Daily Periodical Legal
Maintenance Maintenance Inspection

* Replacement of facilities by their intervals.
_/\

| But!! |
[Not consider operation hours, plant's duration, plant's pnonty.]

~ -

[ It cost so much!! ]

[ + Maintenance conducted by intervals like 1.5, 2, 3, 4 years. ]

Page 39 © 2016 JERA Co., Inc. All Rights Reserved.
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e ——

D Determination of Plant's Duration

2 Reform Maintenance Method

3 Determination of Plant's Priority

Page 40 © 2016 JERA Co., Inc. All Rights Reserved.

@ Reduction of the Number of Replacement by the
Facility’s Life Extension

Ex. : Main Steam Valve Unit: hrs

Former ./\v/,’\v
Method ' /7

Commencement

Proposed , V/—%

1 |
Method — __

Abolishment

Commencement Plant Duration

(60 years or 300 thousand hours)
V : Replacement

Page 41 © 2016 JERA Co., Inc. All Rights Reserved.
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9 )
jica’

D Determination of Plant's Duration

@ Reform Maintenance Method

3 Determination of Plant's Priority

© 2016 JERA Co., Inc. All Rights Reserved.

Maintenance

|

Daily
Maintenance

Preventive
Maintenance

Legal
Inspection

Periodical
Maintenance

Age-based
Maintenance

Impact assessment

N\ |

[FacmﬁesJ

Page 43
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Condition-based

Maintenance

8 )
jica’
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9 )
JICA

® Periodical Maintenance
By intervals considering plant's duration, our knowledge,

manufacturer's recommendation.

& Age-based Maintenance

+ Based on operation hours, Plant's start- and-stop, plant's duration.

& Condition-based Maintenance

+ Monitoring the state of facilities.
- Symptoms appears, we fix them.

Page 44 © 2016 JERA Co., Inc. All Rights Reserved.

-

8 )
jica

@ Determination of Plant's Duration

(@ Reform Maintenance Method

3 Determination of Plant's Priority

Page 45 © 2016 JERA Co., Inc. All Rights Reserved.
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Plant’s Priority
Plant’s Efficiency

Ry

@® Plant

1 >

Availability Factor

.s"-\)
jica

Maintenance of Stations

Periodical Maintenance

Vijuey

Age—based Maintenance
Legal Inspection

Age—based Maintenance

Periodical Maintenance
Legal Inspection

Condition—based Maintenance

Age—based Maintenance
Periodical Maintenance
Legal Inspection

Jjuey

Page 46 © 2016 JERA Co., Inc. All Rights Reserved.

m,‘-\)
jica

2 Thermal Facility Management System

Page 47 © 2016 JERA Co., Inc. All Rights Reserved.
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[Maintenance Department]

Support system for
development of a periodic
inspection plan

Repair work

Power generation

management syste management system

Document

Power generation hours,|

Frequency of start-up Actual repair results

Periodic inspection plan

PC
Thermal facility management system

Engineering work Drawing
management management management
system system system
Document
Item name, i {
Equipment Indication on
documents

EEsmssssE s EEEEE Ry
o e

Spare parts

management
system

RUCTTCIT TP LI CET TP TED -, : ; 3
e :‘ PIanninngesign :_v ........................... ,'El_lf:_ill_ty_t.:gr]t.r_o.l ..... -". .....
|Trouble prevention |
: |Engineering work plan | |Engineering work design |

| Manual/Record |

(V' Bar code reader (Spare
parts management
information)

[Contract Department]

Purchase specification [ |Actual contract results

Engineering work Final quotation

specification

PC
Actual price analysis system

" | © Quotation form < Assessment sheet <>

Engineering work assessment support system

> Quotation form < Assessment sheet
Final quotation

Actual contact results

© 2016 JERA Co., Inc. All Rights Reserved.

Page 48
—
jica’
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9 )
JICA
The necessity of performance test
Performance gets lowered
Fuel consumption increases
Generating Cost increases
Find any declines in performance — Minimize Loss
9 )
JICA
Daily performance management
Confirm the state of the equipment by a Log sheet.
* Plant Thermal Efficiency, Generator output.
- Operating state for each equipment
Gas turbine, Steam turbine, Heat Recovery Steam Generator
Operational Log
Output Generator Pressure Temperature Flow Hifﬁ Efficiency
If we confirm the performance decline, Recover the
* Plan stopping it for repair (Wash GT compressor with hot water
*Plan repair simultaneously with periodical inspection performance

91



Plant Performance Management System jica

Performance test after periodical inspection

Confirm the effects of the works during periodical inspection

Compare the result with the past one year data.

Page 52 © 2016 JERA Co., Inc. All Rights Reserved.

Session 2: Special technique for

construction of thermal power

Page 53 © 2016 JERA Co., Inc. All Rights Reserved.
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1. Necessity of Plant Replacement jica

Generally, the life time of thermal power plant is considered to
be around 30-40 years. In addition, from the point of view as
price competitiveness drop by new technology development
(such as plant efficiency improvement), planning the long-term
plant replacement is necessary to maintain a balance of the
electricity demand and supply capacity.

Plant life time
Around 30-40 years Long-tel‘m

replacement plan

To maintain a balance of

Pla nt effiCienCy demand and supply capacity

Price competitiveness drop
by technology development

2. Introduction of Reference Case jica

Though there are several kind of plant replacement scenarios,
especially we would like to introduce one reference case that
achieved plant replacement under the following two constraints.

1) To maintain power supply capacity during the construction of a new plant
2) To use only same land area for constructing a new plant

e ————————

Land of ,eT T T T T T s .~
- - 4
neighbor companies - For the constraint of
oalyard” ~~ - """ "777 ,'(,/ location to be surrounded
L EARREEE by the sea and the
Tanksj . neighbor companies, it
/ ./ | had to construct a new
f ) i plant without enlarging
] ! the land.
#2  #1 ’ |I, \\\ K
Land of L .
neighbor companies Original condition
(before replacement)
Page 55 © 2016 JERA Co., Inc. All Rights Reserved.
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1
1
1
1
1
1
\

AN

3. Outline of Replacement Process j.’cAﬁ
<Step-1>
To maintain the required power supply capacity during the
construction of a new generating facility, it was built the new
Unit-1 while operating the old generating facility.
<Step-2>
After the new Unit-1 was commissioned, the old generating
facility was decommissioned and demolished.
<Step-3>
Then, new Unit-2 was constructed on the site.
soomw__ 600MW sooMw  _GOOMw
265MW 265MW 265MW 265MW i’ E i’ E
» O | o ol 2 | | U2 | G2
(Operation) (Operation) (C;r;s-t-r:.l;:-ti-t;;\) (Demolish) (Operation) (C(;I;;t-r-ll-c-t;(;I:I)(Opel‘ation)
c?)ﬂﬂl?.i'n Step-1 Step-2 Step-3
Page 56 © 2016 JERA Co., Inc. All Rights Reserved.
8 )
4. Step by Step Process jica’
<Original Condition> <Step-1>

/
Ll )
--------------- Stmmmaslay
1
1

_______ 1
S0 T 1 2)

Key concept of this replacement

’

By changing the coal storage
method from the outdoor yard
type to indoor silo type,
making an extra space.

-
]
1

’

~

By using the extra space,
1 relocating utility facilities and
\ making an area for new Unit-1.

_______________________

1) To change from “Coal yard”

to “Coal 5"0"%
I
/
/
/
I

3) To build an offshore deck
for a coal ship

./

'Offshore’
; ' deck !
1 & I
/ [ | ¥ (floating)
/ - e '
i Utility
Outlet | -facumes #2 ' Intake

To relocate utility facilities 4) To build new Unit-1
(tanks & buildings)

The extra space made available by
reducing the outdoor coal yard provided
room for building an indoor coal silo and
other utility facilities.

The space that was made available as a
result was used for building new Unit-1.
In conjunction with new Unit-1, an
offshore deck and new water intake &
outlet were constructed.

Page 57 © 2016 JERA Co., Inc. All Rights Reserved.
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9
4. Step by Step Process jica’
<Step-2> <Step-3>
l,, """""""""" : SEssmmwSSSamEf - - - ST | e N
/ / !
l” ﬁ -"' ", ’I:/ ‘/ l”
» -/ ! fomeeen " » Boiler
! Demolish / / & Turbine /
; utility  / N ’ / / Utility /
B Faciliti i ew Facilit New New |,
/ -acnnes ",#2 #1 /4 -acule’s #2 . #1 )
| —— —— TR

5) To demolish old generating

facility (Old Unit-1 and Unit-2)

In line with commissioning new Unit-1,
old generating facility was demolished,

6) To build new Unit-2

New Unit-2 was built at site where old
generating facility used to be located.

The power generating capacity of new
Unit-1 and Unit-2 is total 1,200MW,
more than double the capacity of old
generating facility.

and the cleared space was secured as
the site for new Unit-2.

- New Unit-1 has an output of 600MW
and maintain almost the same power
supply capacity as older generating
facility (530MW).

Page 58 © 2016 JERA Co., Inc. All Rights Reserved.

5. Maintaining Supply Capacity jica’

The required power supply capacity was being maintained
during the construction of new generating facility.

{
265MW 265MW !

E (New)
Unit-1 i Unit-1
1 .

265MW 265MW

Supply Capacity

Original Step-
Condition
1,200MW
Maintain supply capacity all the time YT
T (New)
530MW GOOMW _________ Unit-2
Fo-=53 T = ) —
Unjit-2 E(N w) - e
i(Ne
u i”“it"ll Unit- Unit-1
1996~ 2002~ 2009~

(Start of new Unit-1 (COD of new Unit-2)

construction)

(COD of new Unit-1)

Page 59 © 2016 JERA Co., Inc. All Rights Reserved.
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6. Measures for minimizing plant area j|’cA

Since there were two heavy constraints against this plant replacement,
the following two measures were applied to minimize plant area.

<Measure-1>

To apply tower type boiler instead of normal type boiler.
It can assist to minimize power plant area.
------ Normal case--- - -----Measure-1-----

(Two pass type boiler)
<Measure-2>

To apply a coal center with a coal delivery ship near power plant.
It can assist to minimize power plant area.

(Tower type boiler)

»

Page 60 © 2016 JERA Co., Inc. All Rights Reserved.

7. Summary jiea

The plant replacement from old units to new units was
successfully done under two constraints that is using a
limited land area and maintaining the original supply
capacity (530MW).

Furthermore, exhaust emission was reduced by using high
performance environmental facilities (SCR, ESP and FGD)

through this plant replacement.
SCR: Selective Catalytic Reduction

ESP: Electro Static Precipitator
FGD: Flue gas Desulfurization

| OldUnit1&2 | New Unit-1&2

NOX 159ppm 33ppm
SOx 60ppm 30ppm
Dust 50mg/m3N 15mg/m3N

Page 61 © 2016 JERA Co., Inc. All Rights Reserved.
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Reference

Eo

Source of data & figures in this report

-Literature
(BFRESBRFEE NHREHEOHE)

-Brochure
(Isogo Thermal Power Station, for public)

Page 62 © 2016 JERA Co., Inc. All Rights Reserved.

Session 3: Integration with up-to-date

techniques and knowhow
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1. Overhead transmission line

Page 64 © 2016 JERA Co., Inc. All Rights Reserved.

Demand for High Temperature Low Sag Conductor jica

Recent situation in OHTL

B Antiquated and overworked

B Objection from inhabitants to construct New T/L

B Unexpected growth in electricity consumption due to recent economy expansion
(commercial, industrial & residential)

Increasing transmission capacity of existing T/L by replacing conductor

HTLS(High Temperat*Low Sag) conductor

Page 65 © 2016 JERA Co., Inc. All Rights Reserved.
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Lineup of HTLS jica’

€ Gap type conductor

The combination of the thermal resistant aluminum alloy and the Gap construction
offers excellent sag and current-carrying characteristics

It was developed more than 30 years ago and used in the world include Japan

@ Invar core conductor

The combination of thermal resistant aluminum alloy and the aluminum-clad invar
which has small thermal expansion coefficient offers excellent sag and current-
carrying capacity characteristics

It was developed more than 30 years ago and used in the world include Japan

€ PS(Pre-stressed steel core) conductor

PS conductor has some excess length in Aluminum layers compared with steel
core length

This construction offers excellent sag and current-carrying capacity characteristics
It was developed more than 10 years ago and used in the world include Japan

€ ACFR(Aluminium Conductor Fiber Reinforced)

The combination of thermal resistant aluminum alloy and carbon fiber composite
cable core which is light and has extremely small thermal expansion coefficient
offers excellent sag and current-carrying capacity characteristics

It was developed more than 10 years ago and used in the world include Japan

Source : Sumitomo Electric Industries, Ltd., TOKYO ROPE MFG. CO., Ltd

Page 66 © 2016 JERA Co., Inc. All Rights Reserved.

Design concept of HTLS conductors (KPT) j?c:)

Al
Under KPT st \_ OverKPT

E ' - ‘ Tension
Tension _é i (Steel core only)

(Whole conductor)

Thermal expansion Thermal expansion
19 ~ 20 x 106 (1/°C) : Steel: 11.5 x 106 (1/°C)

Invar: 3.7 x 106 (1/°C)

Sag (m)

KPT (Knee Point Temp.)

KPT is a temperature, at which Al layers do not bare any
tension due to its thermal expansion in ACSR conductor.

Conductor temperature (°C)

Source : Sumitomo Electric Industries, Ltd.

Page 67 © 2016 JERA Co., Inc. All Rights Reserved.
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Thermal resistant Al-alloy /
Super Thermal resistant Al-alloy =

Extra high strength =
Galvanized steel (ESt)

Gap (filled with
heat-resistant grease)

move separately and smooth

At the time of sagging, all tension is
applied to the steel core by a special

. around 120°C .
stringing method. (arou \ ) _—-ACSR
g
Sagging Temp. = Knee Point Temp. N G(Z)TACSR
Thermal expansion [, ;
ACSR:19 ~ 20 x 106 (1/°C) L = e
Steel: 11.5x10€  (1/°C) emp (C)
Page 68 © 2016 JERA Co., Inc. All Rights Reserved.
"'\
jica’
Invar alloy
*Fe-36%Ni alloy
*Very small coefficient of thermal expansion
*“Invar” is an abbreviation of invariable
[Thermal expansion]
7 Invar alloy : 3.7 x 10 (1/°C)
e Steel : 11.5 x 10 (1/°C)
_ (around 120°C) .-
Thermal expansion - \ .-~ ACSR
ACSR:19 ~ 20 x 10 (1/°C) E | R
> ,
Invar: 3.7 x 10°® 1/°Cc
(e 3 ! ZTACIR
|
Installation method is exactly the : Knee Point Temp. (around 100°C)
same as that of ACSR Temp (°C)
éagging temp. P

Page 69 © 2016 JERA Co., Inc. All Rights Reserved.
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9

PS conductor jica’

Thermal resistant Al-alloy /

Super Thermal resistant Al-alloy

14% conductivity

High strength AL-clad steel (14AC) Ex:j
AL length > Steel length

- Some excess length is provided to Al layer.
+ Unique manufacturing method is applied.

Thermal expansion
ACSR:19 ~ 20 x 106 (1/°C)
14AC: 12.0x 10  (1/°C)

Sag (m)

Knee Point Temp.

around -15~ 30 °C Temp (°C)

KPT depends on
Cradle pulley method or low tension stringing (less * Pre-stress for core
than 1.0 ton) is required.

+ Sagging condition
- Line condition
© 2016 JERA Co., Inc. All Rights Reserved.

Source : Sumitomo Electric Industries, Li
Page 70

Characteristics and advantage of ACFR jiea’
ACFR stands for
“Aluminum Conductor Fiber Reinforced”

Core : CFCC(Carbon Fiber Composite Cable)
mStranded CFRP cable

Conductor : Trapezoidal Shaped Aluminum Conductor

/ Characteristic of ACFR
L

arge Cross Section Area

CFCC

Advantage of ACFR

Non Magnetic Core

Light Weight X 2 More
1 Capacity
ow Creep AND
Low Thermal Expansion s{ Less Sag 20% Lessy
Anti-Corrosion

= Long Material Life

\ Stranded CFCC Core Easy Handling Less Complicate
N—

%) These figure depends on conditions
ce : TOKYO ROPE MFG. CO., Ltd

Page 71 © 2016 JERA Co., Inc. All Rights Reserved.
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Design example of ACFR ji’c:)

mReduction of Transmission Loss

ACFR ACSR
540/55 430/55
Core CFCC Steel Wire 0
Diameter [mm] 28.62 28.62 2 7 A) LeSS
Electric Current [A] 700 than ACSR
Operation Temperature | [°C] 66.55 72.8
Resistance per Length | [Q/km] 0.0623 0.0851
Transmission Loss per [[KW/km] 91.6 125.1
Circuit Length W

® |ncrease of Transmission Capacity

ACFR ACSR
540/55 430/55
Core CFCC Steel Wire X 2 M O re
Diameter [mm] 28.62 28.62
Electric Current [A] 1643 729 than ACSR
Operation Temperature | [°C] 175 75
Resistance per Length | [Q/km] 0.0847 0.0858 [Capacity Upgrade Image ]
Source : TOKYO ROPE MFG. CO., Ltd
Page 72 © 2016 JERA Co., Inc. All Rights Reserved.

Benefit of ACFR using stranded CFCC core  jita)

®Core Durability/Reliability @ Flexibility

ACFR can utilize the
CFRP Rod ‘ “’ ‘ , same reel and stringing
equipment as ACSR.

Crack starts Crack Grows  CFRP Breaks

croc 388w S8

Crack starts No crack to other strand
®lInstallation Efficiency

ACSR ACFR ACCC ACFR has compatibility to
Aromm = e . the conventional

/ o~ installation procedure.

Smm= +1
m /? Better grip strength of the
g B0 @V A\ stranded core surface requires
% only one additional device.
nstall 410 Min 10 Min 30 Min

Time Source : TOKYO ROPE MFG. CO., Ltd

Page 73 © 2016 JERA Co., Inc. All Rights Reserved.
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Track record of HTLS conductors

Records ® Africa (1): ® Africa (1): @ Asia (2): ® Asia (4):
Libya Egypt Vietnam, Japan Korea, China,
® Middle east (6): ® Middle east (1): Indonesia, Japan
Kuwait, Oman, UAE
Saudi Arabia, etc. ® Europe (2):
® Europe (5): France, Italy
UK, Ire land, ® Asia (8):
Russia, etc. China, Korea,
® Asia (9): Japan, etc.
China, Vietnam, @ Other countries (1):
India, Japan, etc. USA
@ Other countries (4):
USA, Brazil, etc.
From Korea,
25 countries, 13 countries, 2 countries, From China,
From Japan From Japan From Japan From Indonesia,
From Japan
Developed 1971 1981 2002 1997
in (Japan) (Japan) (Japan) (Japan)

Page 74

Source : Sumitomo Electric Industries, Ltd.

© 2016 JERA Co., Inc. All Rights Reserved.

Characteristics of LL conductor

Clear advantage
B Reduction of transmission losses in the range of 10-25%
B Almost the same tower loading as convetional ACSR (same diameter, same tensile strength)
B Same installation and maintenance procedure as conventional ACSR

Technical construction
B Adoption of trapezoidal shaped wires instead of round wires
B Adoption of 14EAS(tensile strength: 1770MPa) instead of normal galvanized steel

wires(1290-1340MPa)

Page 75
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9
jica

Source : Sumitomo Electric Industries, Ltd.
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Characteristics of LL conductor ji'c?

Design type
Low loss conductor can have two design types, depending on the purpose or
specific project requirements.

Source : Sumitomo Electric Industries, Ltd.

Page 76 © 2016 JERA Co., Inc. All Rights Reserved.

)

Characteristics of LL conductor

=

Economic comparison

Condition of the comparison:
B Line volatage:400kV B Bundle: 4 conductor/phase B Route length: 200km
B Numbers of circuit:1 B Load factor: 0.5 B Generation cost: 0.07USD/kWh

In this case, low loss conductor(Type 2) can recover the difference of initial cost in 15 years

Source : Sumitomo Electric Industries, Ltd.

Page 77 © 2016 JERA Co., Inc. All Rights Reserved.
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9 )
JICA
TNB / Malaysia | —— Standardize Low Loss conductor for
275 ~ 500kV OHTLs.
JICA Loan Projects
CEB / Sri Lanka —— 220kV Havarana — Veyangoda
220kV Polpitiya — Havarana
Tan Transco Tamil Nadu Transmission System
| India Improvement Project
(110kV and 230kV)
PGCB/ — 230kV Hathazari - Sikalbaha
Bangladesh
PNGP / 132kV Ramu Transmission System
Papua New Guinea Reinformcement Project
Page 78 © 2016 JERA Co., Inc. All Rights Reserved.
9 )
JICA

JCM concept

[ citation: Web site of New Mechanisms Information Platform (http://www.mmechanisms.org/index.html) ]

MRV about calculation of GHG emission reduction by using Low Loss conductor
has been established in Mongolia.

[Title: Joint Crediting Mechanism Approved Methodology MN_AMO001
“Installation of energy-saving transmission lines in the Mongolian Grid” ]

Page 79 © 2016 JERA Co., Inc. All Rights Reserved.
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Lightning countermeasure of the transmission line

2. Duplicated
Grounding wire

. Differentia
Insulation
eIl

Lightning flashover rate (%%

1. Reduction of
é footing resistance

Source : Toshiba Corporation

9
JICA

Effectiveness against double circuit fault
due to lightning flashover.

100
£SO I e R R R L
60 |r--s|  feemeemeemesmescicecieiain] e

100
o T N e I
71
P-Yo N S i S 49 || || el
28
(o]
o
No Reduction of Duplicated Differential Transmission
countermeasure footing grounding wire insulation line arrester
resistance system
Source:

“Experience and Effectiveness of Application of Arresters to Overhead Transmission Lines”
(CIGRE 33-301, 1998)

Page 80 © 2016 JERA Co., Inc. All Rights Reserved.

History of development of EGLA

1986-1990 Development of EGLA for 33- 500kV

1999-2009 Development of arcing horn type EGLA for 33- 500kV

2011 Standardized IEC 60099-8 Surge Arresters Part8
: Metal-oxide surge arresters with external series gap
(EGLA) for overhead transmission and distribution
lines of a.c. systems above 1kV

EGLA has been used not only in Japan but also in Korea, China,
Hong Kong, Vietnam, Thailand, Malaysia, Indonesia, Mexico, Russia

Source : Toshiba Corporation

Page 81 © 2016 JERA Co., Inc. All Rights Reserved.

106




Advantage of EGLA(Externally Gapped Line arresters)i’cA

Comparison between EGLA and gapless type arresters
Both for a 145kV system as an example

Source : Toshiba Corporati

p on
Page 82 © 2016 JERA Co., Inc. All Rights Reserved.

Advantage of EGLA(Externally Gapped Line arresters)i’cA

Comparison between EGLA and gapless type arresters(Image)
Both for 245kV system as an example

EGLA

Conductor

Gapless type
15kg -
Arrester Unit 75kg :
Source : Toshiba Corporation
Page 83 © 2016 JERA Co., Inc. All Rights Reserved.

107



Application of LLS(Lightning Location System) in Japjiea’

] ] Lightning
Direction ]
finder (DF Electromagnetic
wave
! I ?///// -
Point analyzer
(PA station)
[ )
[ | l |
LN N i
i:-=_l-lil .-?-Iﬂ .:-ﬁm s-?-lil = A }
Maintenance office Direction finder
mon ito r Source : Sankosya Corporation
Page 84 © 2016 JERA Co., Inc. All Rights Reserved.

Application of LLS(Lightning Location System) in Japjfea’

: Source : Chubu Electric Power Co., Inc.

Page 85 © 2016 JERA Co., Inc. All Rights Reserved.
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2. Substation equipment

Page 86 © 2016 JERA Co., Inc. All Rights Reserved.

Gas Transformer - to meet metropolitan integration ji.CA

Source : Mitsubishi Electric Corporation.

Page 87 © 2016 JERA Co., Inc. All Rights Reserved.
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Gas Transformer - to meet metropolitan integration

Source : Mitsubishi Electric Corporation

Page 88 © 2016 JERA Co., Inc. All Rights Reserved.

Gas Transformer -to meet metropolitan integration jI’CA

Source : Mitsubishi Electric Corporation

Page 89 © 2016 JERA Co., Inc. All Rights Reserved.
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Gas Transformer - to meet metropolitan integration ji’CA)

Source : Mitsubishi Electric Corporation
Page 90 © 2016 JERA Co., Inc. All Rights Reserved.
—
HVDC i i jica’
- experience of Japanese technologies JICA
. . ~ ‘Hokkaido-Honshu' Italy-Montenegro HVDC
Frecane tomrter o Transmission oW 00KV
q Stgtion Line Transmission System, MONITA
150MW - Year 1979
300MW-Year 1977/2009 - 300MW- 1980
600MW-Year 1992 . 600MW - 1993
DC voltage: 125kV b
DC current: 2,400A
Thyristor: LTT 7.5kV-2440A
Cooling: Water 3
Insulation: Air J/ e
p x /~ Kii- Channel DC
Minami-Fukumitsu Transmission Line
Back to Back Converter . 60Hz 50Hz
Station ' :
_ : 700MW x 2 pole-Year 2000
\ 300MW - Year 1993 . 4 (2800MW in the future)
: gl DC voltage : 250kV
Sakuma \ : p k% : DC current: 2800A . .
Frequency Converter Do Thyristor: LTT 8kV-3500A Uruguaiana Back to Back Station,
Station = oeeiiud ’ CInslulatlon: Air Uruguay
_ ooling : Water
300MW-Year 19?3/1@) : Triggering: Direct Light
e 28] : Quadruple valve size:
: o . : 6.7W-3.7D-8.75H
Ckglg\?::‘tzfglt?tlizun Submarine cable: 50km
: Overhead line: 50km
300MW - Year:2006 |
“Year” indicates Commissioning Year
Source : Toshiba Corporation
Page 91 © 2016 JERA Co., Inc. All Rights Reserved.
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HVDC

- with technologies of thyristor valves

Year|
1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2001 2006 2009
125kV 37.5MW| |125kV 300M! 250kV 300MW 125kV 300MW | [250kV 300MW |125kV 300MW (125kV 300M 250kV 125kV 125kV
i i 1,400MW || 300MW | 300MW
© | |Sakuma FC Shin- Hokkaido- Shin- Hokkaido Sakuma Minami Kii Higashi-| Shin
9 Shinano Honshu Shinano Honshu FC Fukumitsu || Ghannel || Shimizu | Shinano
o FC No.1 HVDC FC No.2 HVDC BTB HVDG || FC FC No.1
E Pole1 Pole2 (replace)
P ) 10.6kV 53 MW
LRlotYIg Shin-Shinano|
Experimental
FC system
~ JaN JaN JAVANRE [T AN
125kV 300A 125kV 1,200A 250kV 1,200A 125kV 1,800A 500kV 3,000A  125kV 2,400A 250kV 1,200A 250kV 2,800A
Air Cooled 0il Cooled Air Cooled Water Cooled Water Cooled Water Cooled Water Cooled Water Cooled
Light Triggered Light Triggered Light Triggered Light Triggered Light Triggered
(7]
<]
2
S
)
[e]
=
2
)
>
=
-
Sakuma FC Hokkaido—Honshu HVDC Shin-Shinano FC Hokkaido—Honshu HVDC Kii Channel HVDC
Air Cooled, Light Triggered Water Gooled, Light Triggered Water Cooled, Light Triggered Water Gooled, Light Triggered
(ASEA) Thyristor Valve Thyristor Valve Thyristor Valve Thyristor Valve
125kV 1200A
250KV 1200A 125KV 2400A 250kV 1200A 250KV 2800A
Source : Hitachi Co., Ltd
Page 92 © 2016 JERA Co., Inc. All Rights Reserved.
———
HVDC installat ifen)
- enhancement of installation purpose of HVDC JICA

-There are 9 HVDC projects in Japan.

To connect

different systems (50-60Hz)

To divide into pieces

in consideration of stability

HVDC can control pow

Therefore, Network Stahiii

“Minami Fikumitsu BTB” and
”KIl Channel HVDC” are
installed based on

the concept of simplification for

system stability

g Function can be applied in accordance with requirement from AC network.

Source : Hitachi Co., Ltd

Page 93 © 2016 JERA Co., Inc. All Rights Reserved.
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9 )
jica

Advanced Control Technology applied to Kii-Channel HVDC

1) HVDC Power Modulation Control for AC power swing
damping

This method controls DC power with using frequency deviation between
both ends of HVDC converter station.

2) Emergency Frequency Control

This method controls DC power with using frequency
deviation between both ends of HVYDC converter station.

3) DC Continuous Operation Control during and after AC fault

This method mitigates communication failure and recovers transport power
faster during and after AC circuit fault.

Page 94 © 2016 JERA Co., Inc. All Rights Reserved.

—

9 )
jica

Power Modulation (PM) for AC Power Swing Damping

Power Oscillation Mode exists in western Japan AC network.
» Frequency mode: 0.3~0.4Hz and 0.5~0.6Hz
» Power Swing appears when AC fault occurred in the network.

Page 95 © 2016 JERA Co., Inc. All Rights Reserved.
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HVDC

- Case of KlIl Channel HVDC - to reduce damping

o’-\J
JICA

Power Modulation (PM) for AC Power Swing Damping
In order to keep network stability, Power Modulation Control Function was

applied to Kii-Channel HVDC project.

AC power

61 ()

]
(62) (V)———

®
‘ (G3)

—
DC power

AVAV,

AC Power

Yae

2

DC Power

(Without control)

(With control)

Page 96

W

PM

W Anan C/S  (ihoku C/S

Mode A Mode B
Calculation Calculation

+ + [
APdp
+Y +
PSS

Pdp

PSS : manual DC power order
Pdp : DC power order

rce : Hitachi Co., Ltd

© 2016 JERA Co., Inc. All Rights Reserved.

H

8s0.00

800.00

VDC

- Case of KlIl Channel HVDC - to reduce damping

With PM function

750.00
=
(5]
%wa.uo- o T -
A-650.00

: DC Power
600.00 ]

.00 e
ss0 5.0 0.0 ' ' 'lﬁ‘b[i

second

 Faulis S

Power

——
o’ J
Jica
Without PM function
720.00
710.00
700.00 ——— y———— P —a
690.00
BB0.00. DC Power
670.00
660.00
650.00
640.00
£30.00
620.00 |
610.00 ]
5.0 second 0.0 15.0 [S]
------------ Line 1
Line I
DC Power
Source : Hitachi Co., Ltd
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HVDC - case of Kl Channel HVDC (EFC) jica’

Emergency Frequency Control (EFC)

Frequency of Shikoku Island becomes unstable when AC fault occurred in
interconnection line between main land. (Shikoku Islanded mode)

Shikoku Islanded mode
Constant frequency 60Hz
by Controlling DC Power

irce : Hitachi Co., Ltd

Page 98 © 2016 JERA Co., Inc. All Rights Reserved.

-

o
HVDC - case of KIl Channel HVDC — to smooth DC Supply jICA)

DC Continuous Operation Control during & after AC Falut

- In order to ensure stable power supply as an interconnection, HVDC system is
required to be stable to AC fault without commutation failure.

- The continuous operation control makes HVDC system capable to maintain stable
commutation even under AC fault close to converter station.

- The continuous operation control can;
- prevent temporally overvoltage caused by reactive power unbalance
- enable the AC power system to be stable caused by power unbalance

DC“POWG" Wait after AC fault with BPP DC“Power DC power recovered quickly
to prevent commutation failure without commutation failure

AC Fault Fault Clear AC Fault Fault Clear
v Vv v Vv

1 1
)~ 1
—{70ms1e—200-300m —»(70ms!
! |
1 1

1

1

1

>

-v

T
By-Pass Pair and Restart Control Continuous Operation Control
(Conventional) Source : Hitashi Co. L

Page 99 © 2016 JERA Co., Inc. All Rights Reserved.
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Operating equipment - synchronous Switching GCB jica

To reduce the stress of contacts and enhance its life time

Source : Mitsubishi Electric Corporation.
Page 100 © 2016 JERA Co., Inc. All Rights Reserved.

Operating equipment - synchronous Switching GCB ji.CA

To reduce the stress of contacts and enhance its life time

Source : Mitsubishi Electric Corporation.

Page 101 © 2016 JERA Co., Inc. All Rights Reserved.
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3. Power System Stabilization

Page 102

© 2016 JERA Co., Inc. All Rights Reserved.

hJ

STATCOM:- in Chubu Electric Power Co. , the world’s largest capacity jICA

Measure for system stability

and overvoltage occurred newly-built
gas-fired PP, 450MVA STATCOM
was installed at 275kV Substation in
Chubu (Central Japan) area.

Page 103

117

Chubu was introducing Rotary Condenser,
SVC and STATCOM
with changes across the ages

Source : Chubu Electric Power Co.,

© 2016 JERA Co., Inc. All Rights Reserved.



oy
STATCOM - Single line diagram of TOSHIN Substation (275kV) jlsCA)

275kV Bus

Source : Chubu Electric Power Co.

Page 104 © 2016 JERA Co., Inc. All Rights Reserved.

~

STATCOM . its feature jloCA)

Dead band : Dead band reduces operation loss in normal voltage condition
Vs Region : Output reactive power is propotional to the voltage deviation between system voltage and reference values (V U, VL)

Source : Chubu Electric Power Co.

Page 105 © 2016 JERA Co., Inc. All Rights Reserved.
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STATCOM - Comparison of SVC and STATCOM jl’CA)
2016 o, . A s e,

o"\

STATCOM - track of Chubu Electric Co.,’s case jICA)

to achieve instant stabilization

Figure : Stability Enhancement at one-line fault on Power line

Figure : Overvoltage control by STATCOM on a route fault of 500kV trunk line

Source : Chubu Electric Power Co.

Page 107 © 2016 JERA Co., Inc. All Rights Reserved.
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Transient Stability Control jien)

Purpose :

. Without stability control, G1 to Gn accelerate during the fault, an )
out-of-step will occur

» With stability control, provided that G1 is tripped following fault
clearance, stable operation will be maintained for the remaining

\_ generators )
Without Stability Control With Stability Control
G1-Gn: Oyt-of-Step G1: Control (Shedding)
P g o = G2-Gn:Stable
c _ i~
/‘\‘ 8 ] éﬂ//“\'ﬁme
Time TR N
Fault Clear Fault Clear Control

Page 108 © 2016 JER:”(ZZ., I::.uAlle:i;h:’:es:rved.

""\
Transient Stability Control - overview jica’

TSC system will be implemented based on the WAMS*1 .

IEDs and PMUs*2 are added receiving function that is to receive information from upper
system of TSC (upper system of TSC is called “parent unit” of TSC, and developed IED + PMU
is called “child unit” of TSC).

3. When the child units of TSC would find the accident, they shed the loads/generators based on
the latest information from the parent unit. )

N

O:protection relay ~ Solar power generation Child unit of TSC
Wind power aeneration

Eljct ic power
company system
System linkage

‘.'

Chlld unit of
Power grid

@Lﬁd—/ ZG)"“&“““ "f/TSC Tran5|ent Stablllty Control

3 1
Substation \ M Load

*1 WAMS: Wide. Area Measurement System Child unit of TSC
*2 PMU: Phasor Measurement Unit

Thermal power
generation plant

(L
s é Child unit of TSC

V Water power/
water pumping
tion plant

Source : Toshiba Corporation

Page 109 © 2016 JERA Co., Inc. All Rights Reserved.
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Transient Stability Control - configuration jica’

. . | Relays for Transformer |
RTU(Remote Terminal Unit) Relays for Transformer

Relays for Lines
Relays for Buses

CB/LS Open/Close status
Voltage ahd Current
A4

Date Capture Fault Detection Trip

Stability Selection of Control BELLEENG
Calculation Control Scenario Signal
Control Scenario
Creation

Central Processing Unit

Generator Shedding Unit

Source : Toshiba Corporation

Page 110 © 2016 JERA Co., Inc. All Rights Reserved.

"‘\

Transient Stability Control - optimal Control jica’
Transmission line power flow Setting to shed 2 generators

2000 |- WWWM‘M for Off-li;\e type
4 ALY
Ly

1500 J/ W 4
Amount of genergtor shedding selected by Off-line typé\w‘\ T

M—L A Setting to shed one

generator for Off-
| line type
About 500MW || || |

Amount of generator shedding selected by On-line type (TSC) Time (hour)

1000 [

o

o

o
T

Amount of Generator Shedding

Transmission Line Power Flow (MW)
Selection(MW)

—_—

TSC enables optimal control of network operation which is changing

Source : Toshiba Corporation

Page 111 © 2016 JERA Co., Inc. All Rights Reserved.
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Integrated Stability Control - Beyond the TSC jica’

Page 112

System phenomenon

Case : Single line trip
in heavy power flow

Generator will accelerate

I
Transient Stability Problem

Voltage Phase difference will enlarge

Complicated voltage fluctuation will occur
by TSC's Generator control

Fault Voltage dip

=

&

[3]

j=2]

S

o°

> Voltage drop

& Above 40%

@

Time[sec.]

© 2016 JERA Co., Inc. All Rights Reserved.

Integrated Stability Control - Beyond the TSC jica’

Page 113
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System phenomenon

Case : Single line trip
in heavy power flow

Generator will accelerate

!
Transient Stability Problem

Voltage Phase difference will enlarge

Complicated voltage fluctuation will occur
by Generator output reduction

Fault Voltage dip

=

=3

[

D

8

=)

> Voltage drop
g Above 40%
@

Time[sec.]
I

Reactive Power loss Problem

© 2016 JERA Co., Inc. All Rights Reserved.



Integrated Stability Control

Page 114

- Beyond the TSC (contd. ji’(:A)

System phenomenon

Case : Route trip
Islanding

I
Load Frequency Control Problem

Plus...
Normal Condition
Active Power flow variation will
cause drastic change of

reactive power loss

)
Voltage Stabilization Problem

© 2016 JERA Co., Inc. All Rights Reserved.

Integrated Stability Control

S 4
3

/

_§

- Beyond the TSC (contd. ji’CA)

System phenomenon

Case : Route trip

Islanding

!

Load Frequency Control Problem
Plus...
Normal Condition

Active Power flow variation will
cause drastic change of
reactive power loss

Voltage Stabilization Problem

TSC + VQC(Voltage — Reactive Power(Q) Control system) drives mutually

l

ISC(Integrated system stability control system) installed in Chubu area.

Page 115
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4. Power System Integration

- Smart Grid

Page 116 © 2016 JERA Co., Inc. All Rights Reserved.

Smart Grid - case in Indonesia with Japanese technology ji.CA

( F/S members : 3 companies and a municipal organization in Japan)

Utilization of the technologies and know-how of a pilot project in Japan

Source : Fuji Electric Co., Ltd.

Page 117 © 2016 JERA Co., Inc. All Rights Reserved.
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Smart Grid - case in Indonesia with Japanese technology ji’(:A)

Project Description
Stabilization of power supply
Optimized energy management by the linkage of DSM and FEMS
Construction of smart community related basic infrastructure

Source : Fuji Electric Co., Ltd

Page 118 © 2016 JERA Co., Inc. All Rights Reserved.

Smart Grid - Community Energy Management System(CEMS)jﬁ:A)

Source : Fuji Electric Co., Ltd

Page 119 © 2016 JERA Co., Inc. All Rights Reserved.
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Smart Grid - Example of CEMS Surface

Eo

Page 120 © 2016 JERA Co., Inc. All Rights Reserved.

Power System Integration

- Battery technologies

Page 121 © 2016 JERA Co., Inc. All Rights Reserved.
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BESS - the would largest class installed in Japan with Lib(SCiB) ji’cA)

Nishi-Sendai Substation, Tohoku Electric Power Co.

B Construction started on Nov. 25, 2013

B Operation started in Feb. 20, 2015.
- Control Scheme Overview -
Wind Farm Wind Fluctuation

Wind Farm

Battery EE .
PV Fluctuation

Substation
Mega Solar

Central Load Dispatch Center

I of Tohoku EPC¢
e Residential PV.
Battery [ Large-scale BESS |
Controller Thermal Power Plant

Grid Frequency

40MW-20MWh BESS for Frequency Regulation remotely controlled
by central load dispatch center.

Source : Toshiba Cooperattion

Super Charge ion Battery (SCiB) - Hi-efficiency LiB j?c:)

Features of SCiB Battery Energy Storage System

Safe X 24
Lower possibility of
rupturing or ignition even
ngr 15,000 gharge- under extreme conditions 20Ah SCiB™ SCiB™
discharggfcycles Battery Cell Module
X22 500kW PCS
Flexible Configuration
Temperature
Operation
Usable with Ngh gable in extremely Battery Panel(24kWh)
current cold environments (connect up to 160panels)

-30°C
¢ ) Battery system

High amount of actual
usable energy over a
wide range of SOC

Excellent features are realized by using

Lithium Titanate Oxide (LTO) in its anode

SCiB : Super Chargeable Li-ion Battery
SOC : State of Charge
Containerized

Source : Toshiba Cooperation

Page 123 © 2016 JERA Co., Inc. All Rights Reserved.
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Battery Characteristics - experiences in TERNA(Italy)  jica’

N

SCiB

Source : Experiences and Initial results from Terna’s Energy Storage Projects (Terna-ltary)

Page 124 © 2016 JERA Co., Inc. All Rights Reserved.

~
Battery Characteristics - experiences in TERNA(Italy)  jica’

AC/AC Round Trip Efficiency Result

SCiB

Source : Experiences and Initial results from Terna’s Energy Storage Projects (Terna-Itary)

Page 125 © 2016 JERA Co., Inc. All Rights Reserved.
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Lib Battery Characteristics - experiences in TERNA(tajfa)

AC/AC Round Trip Efficiency Result

SCiB

Source : Experiences and Initial results from Terna’s Energy Storage Projects (Terna-ltary)

Page 126 © 2016 JERA Co., Inc. All Rights Reserved.

Lib Battery Characteristics — Next Aging Test jica’

SCiB

Source : Experiences and Initial results from Terna’s Energy Storage Projects (Terna-Itary)

Page 127 © 2016 JERA Co., Inc. All Rights Reserved.
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Lib Battery Characteristics — Next Aging Test jen)

Source : Experiences and Initial results from Terna’s Energy Storage Projects (Terna-Itary)
Page 128 © 2016 JERA Co., Inc. All Rights Reserved.

NAS Battery - principle jica’

Source : NGK Insulators  Ltd

Page 129 © 2016 JERA Co., Inc. All Rights Reserved.
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‘\\
NAS Battery — footprint of NAS for multipurpose j{I’CA)

mOutstanding supply record in Large Scale Battery Energy Storage
Total Installation Record of 530MW (3700MWh) (as of Oct. 2015, incl. under construction)
BmAnnual Production Capacity 150MW (1GWh)

Canada BC

MW
USA CA
7MW
USA NM
MW
USA TX
4Mw
USAW;’&'\\,'\'/OH []Load Leveling :
[ Renewable (wind, PV)
[ ]Ancilary & Renewable
[ IMicro Grid
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NAS Batt i i jica’
atltery - footprint of NAS for multipurpose JICA

eI

B Fast and massive growth of renewable energy in south region could not be
transmitted to electrical load center in north due to transmission bottle neck.

B NAS® Battery optimize integration of renewable energy and reduce transmission
congestions, and allow investment deferral of new transmission line.

NAS® connected to transmission line in ltaly, -~ v b

) __J' *_3\,‘%/\—\.__' e
total 35MW/230MWh at 3 substations, & lan ‘%, T w‘

started operation from 2015. . ® - r’“ A ,,_j

t Area of 1|_ 5
oAz electricity ransm|55|0n

~., " load centers R “bot‘tleneck” .
- Rome 1

b=y
L—j i Area of

increased renewable
energy generation

Source : NGK Insulators Ltd
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. . by )
Vanadium Redox Flow Battery - principle jica’
Page 132 © 2016 JERA Co., Inc. All Rights Reserved.
o—-\
Vanadium Redox Flow Battery - advantages jica’
» Long lifetime (20+ years) —
» No limit of cycles at full charge/discharge DoD=100% e _or 5 g
» Long duration (up to several hours) Hybrid Applications:
‘ g P both Energy time-shift
» Fastresponse (< 0.1 sec) & Frequency Regulation
» Accurate SoC (State of Charge) monitoring .
» Non-combustibility, Non-flammability RFB!

100%: | == == = . — = = ———— N
! \ Hybrid application I
& : “ of Energy and Freq. Regulation
=R
g > Energy s |
Q5 M (eg tife-shif)™~~o___ !
B c T s s J
ol i .
el § | Frequency Regulation I
/y
33 [T e—— -1
b= 1 P
o @ ’ 1
£8 “l\;\ ™ LB I
o~ I 1
@ P
o § 7 NaS |
o » /7
0% g ph e mm e e = = = = =
100 1k 10k 100k
Required cycle per year
(needed for Frequency Regulation)
Source : Sumitomo Electric Industry Ltd
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>

Vanadium Redox Flow Battery — Multi purpose of usage

=

Source : Sumitomo Electric Industry Ltd.
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‘=o
ryd
>

Vanadium Redox Flow Battery - nigniighted in us

Source : Sumitomo Electric Industry Ltd.
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Electrification - micro grid technology to off-grid integration jﬂ:A

It's based on the smart grid’s technology to stabilize the grid.

Source : Fuji Electric Co., Ltd.
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To do the better system operations
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i

Weather Forecast - to predict the output from REs jica

Source : Fuji Electric Co., Ltd.
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Demand Forecast - to make the better allocation of Generations jI’CA

Source : Fuji Electric Co., Ltd.
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7. Hydro power technique

-Adjustable speed pumped storage plant

Page 140 © 2016 JERA Co., Inc. All Rights Reserved.

Hydropower technique jica

v Adjustable Speed Pumped Storage Power Plant

v River system Development

Page 141 © 2016 JERA Co., Inc. All Rights Reserved.
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Brief introduction for Advantages of
Adjustable Speed Pumped Storage Plant

jica’
Why is the Adjustable Speed PSPP recommended?

Economical benefit for utility

Back ground of development

How to change pumping input

Operation range of pump-turbine

otk whE

Summary

Page 142 © 2016 JERA Co., Inc. All Rights Reserved.

1. Why is the Adjustable Speed PSPP 8 )
recommended? JICA

High Quality Power Grid is the foundation of High Quality Society

Frequency Control is the KEY factor
to maintain the system stability of Power Grid.

High Quality
Society

Frequency Control by System

- PSPP(Adjustable) Stability

- PSPP(Conventional) (Quality)

- GTCC High Quality
& . Power Grid

PSPP: Pumped Storage Power plant
GTCC: Gas Turbine Combined Cycle Plant

Page 143 © 2016 JERA Co., Inc. All Rights Reserved.
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1. Why is the Adjustable Speed PSPP )
recommended?

Comparison of Characteristic of Plant for Frequency Control

F'gg:t?,:;fy Fuel o&M Erection
Capability(*1) Cost Cost Period

Adjustable

Speed PSPP Very Good Good Good Good Acceptable

COMYEIHerEl Acceptable Good Good Good Acceptable

PSPP

GTCC Acceptable e e Acceptable Good
Good Good

Note(*1) : Response Speed and Availability

Page 144 © 2016 JERA Co., Inc. All Rights Reserved.

1. Why is the Adjustable Speed PSPP )
recommended? JicA

B Advantages
1. Governor Free Operation

2. Wide Operation Range and High Efficiency in
Partial Load Operation

3. Realizing Reduction of Operation Cost for
Thermal Power Plant and Increase of
Operation Profit for Pumped Storage Plant

« Disadvantages
1. Larger size excitation system is required.

2. Longer construction period (3 - 6 months for rotor
assembling work) is required.

Page 145 © 2016 JERA Co., Inc. All Rights Reserved.
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2. Economic benefit for utility i)

AFC Capacity After introduction of Adjustable
Speed System, AFC & GF
Stoppage of capability at night is replaced
from Thermal Power to
Thermal Power .
Adjustable Speed System.
Pumped Adjustable
Speed
Thermal Storage PUMPINg)
Power (Pumping) Thermal umppedg
Power Storage
(Pumping)
Fixed Demand Fixed Demand
Power at Night Power at Night
Source Source

Additional Advantage
-Hydropower equipment are tougher than

Supply Demand Supply Demand Thermal Power equipment to load
variation. To concentrate supply and
Before Introduction After Introduction demand control to adjustable speed system,

it will reduce total maintenance cost of
other equipment.

Page 146 © 2016 JERA Co., Inc. All Rights Reserved.

3. Background of development jiea)

How can Pumped Storage work for

At night, thermal power units stop due to AFC & GF at night ?
demand reduction. It becomes difficult to

maintain AFC & Governor Free capacity. %evn‘:llggénsi';t :;:hse ;\tc‘laj;stable Speed
u r y

Page 147 © 2016 JERA Co., Inc. All Rights Reserved.
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4. How to change pumping input ji’c:)

There are two methods to change pumping input.

@® Changing of wicket gate opening @ Changing of rotating speed

Narrow <——> Wide Low <——> High
Wicket gate opening Rotational Speed
Loss of pumping and machine Pumping input can be changed
vibration increase at narrow area. smoothly and loss of pumping

can be kept at low level.

Advantage of Speed Change

Page 148 © 2016 JERA Co., Inc. All Rights Reserved.

5. Operation Range of Pump-Turbine 8
(Pump Operation) jica

Page 149 © 2016 JERA Co., Inc. All Rights Reserved.
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5. Operation Range of Pump-Turbine jien)

» Conventional System > Adjustable Speed System
Maximum efficiency speed of pump and Actual operation speeds of pump and
turbine is not same. Pump characteristic turbine can approximate to each
is preceded. Actual operation speed maximum efficiency speed. These speeds
does not provide maximum turbine provide higher efficiency.
efficiency.
Turbine operation area
© (Adjustable)
:g k Turbine operation area
li: ' (Caonventonal)
- g Pump operation ares |
= B {Adjustable) b
Q =) Pump operation area
E i {Conventional)
(=8 \ ]
o Pump efficiency 5 \ I
=t [= %
8 _ i ° Maximum efficiency
Wt Turbine efficiency g‘ of turbine
(i)
— = 5 Aaxi iciency
N/“H = " . M_ax:mum efficiency
L Pump efficiency o1 pump 3
Efficiency characteristics of pump-turbine Turbine efficiency
T—\\ e
N/AH
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5. Operation Range of Pump-Turbine =

. i jiea’
(Turbine Operation)
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[for Reference] Deference of Rotor Construction
(Conventional & Adjustable Speed System )

Collector ring

*No. of collector

ring : 2(DC)

Upper Bracket (Bearing)

Stator —

*Coil (3 phase) .
-Core
*Frame

- Pole with rotor coil

Rotor (Salient) |~
(-Rim

Lower Bracket(Bearing)

Page 152

)

jica

Collector ring

-No. of collector
ring : 3(AC)

Upper Bracket(Bearing)

Stator

«Coil (3 phase)
-Core
-Frame

Rotor (Cylindrical)

-Core
= Coil (3 phase)

Lower Bracket(Bearing)

© 2016 JERA Co., Inc. All Rights Reserved.

[for Reference] Deference of Rotor Construction
(Conventional & Adjustable Speed System )

Constant Speed

Type
Generator-motor

Collector ring

.»’-\)
jica

Variable Speed

Type
Generator-motor

Unit-1
Constant Speed Type

Example)

Comparison of collector ring
housing

Unit-2
Variable Speed Type

AC excitation
@ No. of collector

ring is 3 (each phase).

There are much more
brushes than constant type|

@ Motor fan is set for
carbon dust adsorbing

Page 153
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6. Summary jica’

B AFC operation function at pumping

® Adjustable-speed pumped storage can control pumping power by
changing rotating speed, on the other hand conventional type can not.

B Quick response function

® Adjustable-speed pumped storage can control active power instantly
to convert rotational energy to electric energy with controlling AC
excitation device at generating and pumping.

® This characteristic contributes to the suppression of frequency and
voltage fluctuations caused by RE.

B Improvement turbine efficiency and wide operational range

® Adjustable rotating speed make turbine efficiency higher and
operating condition better. Therefore the damage of turbine caused
by cavitation is reduced and available head and output range are
increased.

Page 154 © 2016 JERA Co., Inc. All Rights Reserved.

[for Reference] Adjustable Speed Pumped Storage System.s'\)
- Commissioned Project in the World - ICA

Tokyo Electric Power Co. Yagisawa 80MW*1 Toshiba 1990
Hokkaido Electric Power Co. Takami 100MW*1 HM Hydro 1993
Kansai Electric Power Co. Okawachi 320MW*2 HM Hydro 1995
Tokyo Electric Power Co. Shiobara 300MW*1 Toshiba 1995
Electric Power Development Co. Okukiyosu No.2 300MW*1 Toshiba 1995
Electric Power Development Co. Yambaru sea water  30MW*1 Toshiba 1999
Germany Goldisthal 300MW*2 ANDRIZ 2003
Kyushu Electric Power Co. Omarugawa 300MW*4 HM Hydro 2007
Slovenia AVCE 200MW*1 HM Hydro 2010
Tokyo Electric Power Co. Kazunogawa 400MW*1 Toshiba 2014
Hokkaido Electric Power Co. Kyogoku 200MW*2 Toshiba 2015
Kansai Electric Power Co. Okutataragi 320MW*2 HM Hydro e cton

Source: JICA Study Report 2012, Study team revised
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Brief introduction for
River System Development

.»’“\)
JICA

1. The way of development in river system

in case of Japan

Optimum & safety operation
Optimization for Generation Plan
Safety Dam operation

a. Safety dam control at flood period
b. Simulation system for training

Summary

Page 156 © 2016 JERA Co., Inc. All Rights Reserved.

1. The way of development in river systenji’c:)

B One river system - One developer

» One river system had been developed by
one company/ utility traditionally in

Japan,

e to use the hydro potential at the
maximum, and

« to manage the flood control safety.

Sea

Town / City

Mountain

Page 157 © 2016 JERA Co., Inc. All Rights Reserved.
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B Normal time

v" Operation controlled the guide vane according to
the optimum generation plan

» Optimum operation

B Flood time

v Operation controlled the spillway gate according
to the law/ rule, after reaching the full capacity

> Safety operation

Page 158 © 2016 JERA Co., Inc. All Rights Reserved.

B Annual Plan

» Operational cost, Efficiency, Rule curve, Inflow volume,
Downstream requirement water volume, Outage plan at each PP,
Time of arrival from upper dam

B Monthly plan

» Breakdown of annual plan, considering the relevant information
B Daily Plan (One day before)

» Input the latest information

v' Development of a support system
for the hydropower plant
operation in river system:

Calculate the operation plan at each
power plant to be optimum by
considering/ inputting such as
operational cost and efficiency at each
power plant, rain fall, inflow, reservoir

conditions, and demand.
Support System PC & Server

Page 159 © 2016 JERA Co., Inc. All Rights Reserved.

145



3. Optimization for generation plan

MW

30

-»"-\)
jica

A power plant

30

B power plant

60 =
30

C power plant

60 [~
30

D power plant

0

6 12 18 24

Min. requirement of 30m3/s through a year for
Water usage in region
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Hida River —
Example TS Sl TV
““"z{.q%ﬁmb A,
Example of Hida River Asiaﬁh%(i‘za.- b
T @z g
(Basic features) e @ g ©
m  Hida River (tributary of Kiso River): e e
L=150 km, CA=2,160 sq.km e G ey

m 22 hydropower stations i O R
m  Total generation capacity: 1,145 MW @155@ Sggigé Mé Ligown

(Stages of development)
1. Early days: 1910s - 20s
2.  ROR development period: 1920s - 40s

3. Large dam development period: 1950s -
70s

4. Re-development period: 1970s - 80s

(Centralization of operation)

B Three (3) Dam Control Offices (DCOs) are
operating and maintaining 22 hydropower
stations.

Page 161
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@ Takeharagawa (1922)
Mazegawa 2
® 12w
66.4 MW

Shimohara (1938)
©® 22w

Samigawa o
Ofunato DCO w Samigawa (1914)
Ofunato 330 kW
© o)
6.4 MW
NSidin/ st Shin-Shichiso (1982)
©® @ o
62 MW
Nakura
(1936)
Hida River @r22
KS’;‘;‘;" Shin-Kamiaso (1987)
@27 W @ e
Kawabe Kansai-Ochiai
Kansal-Oi
(1937) @ Kawabe DCO
30MW Kansai-Kasagi

Kansai-Maryyama
( ﬂ ([—rs
500 kW
U NGOGV

Kiso River  kansai-Kaneyama Agigua
JWA-Agigawa
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4. Dam operation jica’

m Normal time
» Maintaining of original function of river

m Flood time
» Secure of safety for downstream

Page 162 © 2016 JERA Co., Inc. All Rights Reserved.

4-a. Safety dam control at flood period ji’c:’

m Safety first operation for downstream

B Forecast the inflow volume analyzing the
precipitation and other weather conditions.

m Strictly rule for Spillway operation
» Limitation of increment and decrement amount of discharge
> Notification

» Alert system of sirens and patrol along river

Page 163 © 2016 JERA Co., Inc. All Rights Reserved.
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4-b. Simulation system for training i)

m Before working at the dam control office
W At transferring to the other dam control office

B Periodically doing training and step up the operator
status

Page 164 © 2016 JERA Co., Inc. All Rights Reserved.

Location Map of Hydropower Plant in CEPCO’s Service Area r# e i ;
| J L b & iad '
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148



—
9 )
. . . JicA
» There are 10 electric power companies (EPCos) in Japan.
» The electric power companies own and operate generation, transmission and distribution
facilities in each region.

(North latitude)

L 45°
| HOKKAIDO Electric Power Co.
HOKURIKU
Electric Power Co.
J. 1 : 40°
' CHUBFJ TOHOKU
. Electric Power Co. " Electric Power Co.
The CHUGOKU ' i
Electric Power Co. ' The TOKYO |
' ' -9 Electric Power Co.

The OKINAWA
Electric Power Co.

------------ 35
TR \ The KANSAI Electric Power Co.
: SHIKOKU Electric Power Co.
E KYUSHU Electric Power Co.
130° 135° 140° 145°

(East longitude)
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m One river had been developed by one company/
utility traditionally in Japan,

» to use the hydro potential at the maximum, and
« to manage the flood control safety.

Training and education system is also important for
safety and optimum operation of the Hydropower
Plant.

Page 167 © 2016 JERA Co., Inc. All Rights Reserved.
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[for Reference] Oldest Hydropower Plants of CEPCOji'éD

(As of October, 2016)

| Rank | PowerStation | __Age | ____COD____| Capacity (kW)
130

1 Iwazu 119 July 1897
2 Susuigawa 116 Dec 1899 390
3 Kawashita 116 Sep 1900 380
4 Ochiai 115 Dec 1900 200
5 Miyagi No.1 112 Sep 1904 400
Iwazu Hydropower Plant (The oldest plant of CEPCO)

Start of operation 1 1897

Output capacity 1 140 kW

Discharge 1 0.37 m3/s

Effective head : 51.73m

At the time of start operation At present
Page 168 © 2016 JERA Co., Inc. All Rights Reserved.

8. Thermal power plant

Page 169 © 2016 JERA Co., Inc. All Rights Reserved.
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1. New Technologies on Thermal
2. USC and A-USC

3. GTCC

4. IGCC

5. CCS

6. Road Map
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1. New Technologies on Thermal ji.cA

New technologies on Thermal are continuously being developed by Japanese
Government and the collaboration with the domestic companies from the beginning
of the 19th century to the present. Currently, the following 4 themes are being
pushed forward as the most important technologies.

USC & A-USC GTCC

High Efficiency High Efficiency
Boiler and Turbine Gas Turbine Combined Cycle
System / System
™~ Japanese
Government
&
Domestic
Companies

e N
IGCC CCS

Integrated coal Gasification Carbon dioxide
Combined Cycle Capture and Storage
System System
Page 171 © 2016 JERA Co., Inc. All Rights Reserved.
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2. USC & A-USC jica’

i i USC (Ultra Super Critical)
TeChnIcaI overview A-USC (Advanced Ultra Super Critical)

] usc A-USC

It is a high efficiency boiler and steam As the advanced-USC technology, it
turbine generation system. That is achieves higher efficiency than USC
making high temperature and high by using higher temperature steam
pressure steam (600deg.C) in the boiler, (more than 700deg.C).

and generating electric power by

rotating the steam turbine.

Outline of System

Year of Commercial

Operation 1995 (year) 2020 (year) as target
Plant efficiency 43-45% (Gross, LHV) 48-50% (Gross, LHV)
USC System (Typical)
Page 172 © 2016 JERA Co., Inc. All Rights Reserved.
~
2. USC & A-USC jica’
. JICA

History of plant efficiency improvement in Japan

- Higher steam temperature and pressure improve thermal plant efficiency.
- In other words, USC/A-USC technology provides economical power production,
fuel energy saving, lower carbon emission and environmental-friendly.

Source : Mitsubishi Hitachi Power Systems

Page 173 © 2016 JERA Co., Inc. All Rights Reserved.
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2. USC & A-USC jica’

System configuration of USC & A-USC (Typical)

Page 174 © 2016 JERA Co., Inc. All Rights Reserved.

2. USC & A-USC jiea’

A-USC technology development plan

Development tasks Schedule for boiler component and turbine rotor test
Boiler pipe welding test Superheater header mock-up Rotor trial forging
Page 175 © 2016 JERA Co., Inc. All Rights Reserved.
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2. USC & A-USC i)

High flexibility operation of PC Boiler

Customers Needs on Current Plant Operation ﬂ Advance Technology respond to Customers Needs
- Minimization of Load Retention for Mill Start/Stop Operation * Application of Wild Range Burner
- Minimization of Time Lag for Load Change Demand - Expansion of Recirculation Oper_atlon Range (Wet Mode)
- EDC/ELD(*) Operation at Minimum Load by Coal Firing + Constant-pressured Wet Operation
(*JEDC/ELD : Economic Load Dispatching Control ~ * Optimized Boiler Control System
Page 176 © 2016 JERA Co., Inc. All Rights Reserved.
o

2. USC & A-USC jiea

Reference plant (in Japan)

‘: W

|| HekinanUnit4 | Hekinan Unit5 |

1,000MWW 1,000MWW
(USC: Ultra Super Critical) (USC: Ultra Super Critical)

Plant Efficiency ~ Approx. 44% (Gross, LHV) Approx. 44% (Gross, LHV)

Capacity

Fuel Coal Coal
(Bituminous, Sub-bituminous) (Bituminous, Sub-bituminous)
COD
(Operation start) AN AL
Page 177 © 2016 JERA Co., Inc. All Rights Reserved.
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2. USC & A-USC jica’

Reference plant (in Japan)

|| Hitachinaka Unit1 | Hitachinaka Unit 2

1,000MW 1,000MW
(USC: Ultra Super Critical) (USC: Ultra Super Critical)

Plant Efficiency  Approx. 45% (Gross, LHV) Approx. 45% (Gross, LHV)

Capacity

Fuel Coal Coal
(Bituminous, Sub-bituminous) (Bituminous, Sub-bituminous)
COD
(Operation start) e AUS
Page 178 © 2016 JERA Co., Inc. All Rights Reserved.
~
3. GTCC jica’
. JicA

Technical overview

GTCC (Gas Turbine Combined Cycle)

I GTCC

It is the highest efficiency generation system in thermal.

QUi @ SEE That is a combination of gas turbine and steam turbine system.

Year of Commercial

Operation 1985 (year) as 1,100deg.C-class GTCC

1,100 deg.C-class 48-50% (Gross, LHV)
1,300 deg.C-class 54-57% (Gross, LHV)
Plant efficiency 1,500 deg.C-class 58-60% (Gross, LHV)
1,600 deg.C-class 60-62% (Gross, LHV)
1,700 deg.C-class 62-64% (Gross, LHV) as target

Boiler (HRSG)

GTCC System (Typical)

Page 179 © 2016 JERA Co., Inc. All Rights Reserved.
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3. GTCC jica

Sectional Figure

Gas Turbine

Steam Turbine

Generator

Sectional Figure of GTCC System (Typical)

Page 180 © 2016 JERA Co., Inc. All Rights Reserved.

3. GTCC jiea

Reference plant (in Japan)

|| FuttsuGroup1 &2 | FuttsuGroup3 | _Futisu Group4 _

Capacity 2,000MW 1,520MW 1521MW
p (1,100deg.C-class GTCC x 14units) (1,300deg.C-class GTCC x 4 units) (1,500deg.C-class GTCC x 3 units)

Plant Efficiency  Approx. 48% (Gross, LHV)  Approx. 56% (Gross, LHV)  Approx. 59% (Gross, LHV)

Fuel LNG LNG LNG
COD
(Operation start) 1985 2001 2008
Page 181 © 2016 JERA Co., Inc. All Rights Reserved.
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3. GTCC jica

Reference plant (in Japan)

_ Kawasaki Group 1 Kawasaki Group 2

; 2,000MW 1,440MW
CapaCIty (1,500deg.C-class GTCC x 4 units) (1,600deg.C-class GTCC x 2 units)

Plant Efficiency  Approx. 59% (Gross, LHV) Approx. 61% (Gross, LHV)

Fuel LNG LNG
COD
(Operation start) 2007 2016
Page 182 © 2016 JERA Co., Inc. All Rights Reserved.

4. IGCC jiea

Technical overview

IGCC (Integrated coal Gasification Combined Cycle)

I IGcC

It is one of GTCC system that uses gasified coal as fuel.

O e That consists of coal gasification system and GTCC system.

Year of Commercial

Operation 2013 (year) as 1,200deg.C-class IGCC

1,200 deg.C-class 46~48% (Gross, LHV)
Plant efficiency 1,500 deg.C-class 50~52% (Gross, LHV) as target
1,700 deg.C-class 54~56% (Gross, LHV) as target

Gasifier Boiler (HRSG)

Coal

IGCC System (Typical)

Page 183 © 2016 JERA Co., Inc. All Rights Reserved.
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4. IGCC jica

Flow diagram of IGCC (Typical)

e GTCC |
. Gasification System | ; :
Page 184 © 2016 JERA Co., Inc. All Rights Reserved.
"
4. IGCC JICA

Reference plant (in Japan)

_ Nakoso Unit 10 Extension Project

250MW 500MW

CapaCIty (1,200deg.C-class IGCC x 1 unit) (1,500deg.C-class IGCC x 1 unit)

Plant Efficiency Approx. 46% (Gross, LHV) Approx. 50% (Gross, LHV)

Fuel Coal Coal
COD
(Operation start) 2013 2020 (as target)
Page 185 © 2016 JERA Co., Inc. All Rights Reserved.
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5. CCS

Technical overview

o )
jica’

CCS (Carbon dioxide Capture and Storage)

] ccs

It is a carbon-dioxide capture and storage system from thermal power

Outline of System

is expected from a lot of industrial.

Year of Commercial

Operation

2012~
Power Plant
Transportation
Land aquifer Pffshore aquife|

CCS System (Typical)

Page 186

generation. Since that is much environment-friendly, early development

© 2016 JERA Co., Inc. All Rights Reserved.

5. CCS

System Configuration

|1. Post-Combustion (Conventional) |

Coal
Air
Boil Flue-gas
oner Treatr%ent
Cco,
Storage
. N Compress
2. Post-Combustion (Conventional) |
Coal Other
Air co,
Compress Storage
Boiler -
O, Generator TFrleuaetr%g?]t
Flue-Gas Recirculation
3. Pre-Combustion (IGCC)
Coal
Air GTCC
ificati Gas
02 Generator - Gasification Treatment Shift
5
torage
Compress 9

Page 187
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6. Road Map of New Technologies

Eo

The road map of Japanese new technologies on thermal

To improve plant efficiency and reduce environmental impact, more and more,
Japanese government and domestic companies continues to implement further
developments with best effort. We would like to share this Japanese technologies
with South Africa countries to assist improvement of SAPP.

700deg.C --

USC & A'USC 600deg.C _ __-——-""'_——__(ngc)

1,600deg.C | "~ ___- -1 -
1,500deg.C RS e

GTCC e I
1,100deg.C ---1"""

1,700deg.C

1,500deg.C _-F
IGCC I,B(geg.c _——"‘
1,200deg.C __( ~~ -
o1

P

Project¢ _ - ¥

Pfoject B _ -
ProjectA | --7

Pilo{Plant__ -~

1980 1990 2000 2010 2020 2030
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ICA

=

Data Source

Source of data & figures in this report

-Literature
(BXRESKHRSMEE NHOREHFDhT)

-Academic journal
(AN—-PMD'OERERE $3%8 SEBLEBNNHFEE(A-USC)RIFHFE)

-IHI
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