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Meter Operation
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Message Lag

HESEE:

Show| =p * entries

Search:

Time If  message source messagelD

2018-05-2811:3308  created{MeterReadings) apig b50c2dcB-fha%-4386-8350-18c4c370b2ed Sz
2018-05-2911:2549  change(MeterConfig) MDMS 02b9b14a-Tde2-4580-9¢63-0db712bdd949 S
2018-05-2911:2501  get(MeterReadings) MDIMS 210214f-860c-4639-36¢5-51c307e38e85
2018-05-2911:23:34  get{MeterReadings) MDMS b2cbb935-44ea-4a74-99c1-fe72092L7495
Z018-05-29 111828 created(MeterReadings) apig Adalfs24-4fdd-499d-bf38-33d 321688364 Sy apzauy
2018-05-2911:03:13  created({MeterReadings) aptg b5bf4e65-ablb-4298-b34c-c542a392db0c
2018-05-29 104806 created(MeterReadings)  aptg 9682304b-cbda-4ala-adi8-03a1743c 33d2

A 18 ¢

System Message Log

& 2HFE - Message Log Detail

¢?xml version="1_8" encoding="UTF-8" standalone="yes"?>
<EventMescage xmlns="http://iec.ch/TC57/2011/schama/message”>
{Header:>
<Werbrcreateds/Verb>
<Noun>MeterReadings</Nounz
<fRevision»1</Revision>
<Cantext»PRODUCTIONS /Context>
<Timestamp>2018-65-29711:32:07.572+88:00</Timestanp>
<Sourceraptgs/Source>
<Messagell>b5@clded-fEa0-4386-8358-18c4c370b2ed /HessagalID>
<{Header>
<Payload:
<MeterReadings wmlns="http://iec.chfTC57 /2611 /MeterReadings#">
<MeterReading>
¢IntervalBlocks>
<IntervalReadings?
<timeStamp>2018-05-29T719:30:00.900+88: 004/ timeS tamp>
<value»787.9545¢ value>
</IntervalReadings>
<IntervalReadings?
ctimeStampy2018-05-29T718:45: 00 800+88: 08« (timeStamp>
<value>»767.9896</values
</Intervelfesdings>
¢IntervalReadings>
<timeStamp>2818-085-29T11:60.00., 680+08. 064/ timeStamp>
<walues788.8233< fvalu=>

% 7 — SF Hhirs
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] & RETE - Message log

= OndemandsT 2525

= Snow  so v entries Search:
& Time IF message messagelD
% 2018-05-29 11:25:01 get(MeterReadings) 210214ff-B60c-46a9-a6c5-51c307e3Be85 s
L]
- 2018-05-2811:23:34 get(MeterReadings) b2cbb935-4ea-4274-9%¢1-fe7 209207495 4EER
&+
2018-05-17 15745 get(MeterReadings) 37864910-27 31-4209-8739-b05d 7cabedy B
&
2018-05-17 10:57:17 get{MeterReadings) 9157175a-d16c-49p0-8108-59400598a708 StaEy
2018-05-17 10:56:13 get(MeterReadings) 212588a3-ec34-4679-acl2-72972fb%13b
2018-05-16 144911 get(MeterReadings) 7bef475-821a-44ef-8d95-5177b2014b41 Sl
2018-05-16 14:46:29 get{(MeterReadings) 08977c2e-0c5f-4765-afaf-b36ea%489616 SR

B 20 on-demand Log
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[2]

[3]

[4]

[5]

[6]

[7]
[8]
[9]

Frcke o WRAEIT Ldudond o

https://www.ey.gov.tw/Page/448DE008087A1971/da819b00-0

c0b-491b-9bae-4086bf6860cf

IERE Electric Power Technology Platform >

https://www.iere.jp/index.html

IEC 62056 Electricity metering data exchange - The
DLMS/COSEM suite - https://webstore.iec.ch/publication/6397

CNS 15593 T4 8 —# % % 2 f a2 T

http://www.gbstandards.org/CNS/CNS standard chinese.asp

?2word=CNS%2015593-21

i1 ¥+ & https://www.titech.ac.jp/

Innogy SE = @ »

https://www.innoqy.com/web/cms/en/3087918/for-your-home/

CRIEPI » https://criepi.denken.or.jp/en/

Enedis= # > https://www.enedis.fr/

CLP = & » https://www.clp.com.hk/zh

[10] KEPCO= # > http://home.kepco.co.kr/kepco/EN/main.do
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Integration of renewables
using smart and hybrid solutions>»

EnBW Energie Baden-Wirttemberg AG
Research and Development

Prof. Dr. Wolfram Miinch, CSO

Kyoto, 22 May 2018

—E&nBW

Profile —En3UW

EnBW Energie Baden-Wurttemberg AG

One of the largest energy supply companies in Germany and Europe
Business segments:
Sales, Grids, Renewable Energies, Generation and Trading

Sales of electricity, gas, energy solutions and energy industry services
Customers: around 5.5 million

Annual revenue in 2017: more than 21 billion euros Ent:

Employees: around 21,000

-;z
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Sales segment in 2017 — &nBW

Sales segment

Sales in 2017 Key figures in 2017

-

3,331 €£330.0 million
employees (as of adjusted EBITDA in
—_ 38.7 billion kWh
Electricity (B2C/ 31/12/2017) 2017
B2B)

57.0 billion KWh____
Gas (B2C/B2B)

€110.6 million 15.6 %
investment in 2017 share of adjusted
EBITDA in 2017

Number of B2C and B2B customers

Key figures in 2017

03 04
5.5 mill . -
Around 9.9 million . . I .Currentvalue
2012 2017 2020 .Targetvalue
3
—&nBW

Grids segment in 2017

Grid lengths in 2017 Key figures in 2017
8,858 employees €1 ,0459 million
O 151,000 km (as of 31/12/2017) adjusted EBITDA 2017
Electricity transmission and

distribution grid

28,000 km €787.5 million  49.5%

investment in 2017 share of adjusted
EBITDA in 2017

0.8 1.0 1.0
64.4 biionkwh  33.7 billion kWh B I I
. Current value

Electricity Gas 2012 2017 2020 .Target value

Gas transmission and distribution grid




Renewable Energies segment in 2017 —&nBW
Renewable Energies e

Development of adjusted EBITDA (in € billion)
0.7

Generation portfolio in 2017’

0.3 —
7,088 GWh 1 |734 MW ;2 . I .Currentvalue
generation installed output 2012 2017 2020 i Teroct value

Key figures in 2017

1 The sums stated for the generation and installed output
in the Renewable Energies and Generation and Trading
segments are not identical to the totals for the
EnBW Group. Some of the generation plants are
assigned to other segments. The total generation of the

1,050

employees (as of

€£331.7 million
adjusted EBITDA

EnBW Group is 50.194 GWh, of which 8,290 GWh or
31/1 2/2017] 2017 16.5% is -generated from renewable energy sources.
The total installed output of the EnBW Group is 13,154
MW, of which 3,381 MW or 25.9% is from renewable
€706.4 million  15.7% energy power plants.
investment in share of adjusted
2017 EBITDA in 2017

—&nBW
m Generation and Trading segment in 2017

Generation and Trading

Generation portfolio in 2017" Development of adjusted EBITDA (in € billion)

‘r

1.2
é'vfh'm 11,234 ww | 203 o
' |
generation installed output 2012 2017 - .Target e

Key figures in 2017

1 The sums stated for the generation and installed output
in the Renewable Energies and Generation and Trading

5 457 € 377 1 - segments are not identical to the totals for the
y . Imillion EnBW Group. Some of the generation plants are
. assigned to other segments. The total generation of the
employees adjusted EBITDA EnBW Group is 50.194 GWh, of which 8,290 GWh or
16.5% is -generated from renewable energy sources.
[as of 31/12/2017] 2017 The total installed output of the EnBW Group is 13,154
MW, of which 3,381 MW or 25.9% is from renewable
o energy power plants.
€£140.2 million 17.8 %
investment in share of adjusted
2017 EBITDA in 2017




loT- technologies to increase elasticity in demand: ——gnBW
smart energy

Yesterday Tomorrow

> Production follows demand > Lnterm:tent renewable production stimulates
eman

> Manage production in many plants/ storage devices
> Mobilize elasticity in electricity demand

r] 28

al '

> Manage production in few large plants

§:2¢9

J_.

Demand determines Production Intermittent  determines Demand
Production
Balancing by few power plants and storage facilities Balancing by smart solutions (DSM, batteries)

71 Minch, EnBW

_ —E&nBW
Smart energy technologies are ready to use!

Utilities _ T
B2B- Decentralized
production

customers

Smart Appliances Storage/ Electric
ring cars

Smart Grid Smart

MeRegio Certificate for emmission reduction

81 Miinch, EnBW




Price signals may manage supply and demand

-EnBW
C0,- Emmissions
Energy market <), Energy supplier
. »»»»»» ¥
-------- O | P
.Smart system platform for energy services”
-
I 4 W T
_________________ s
Distributiongrid
T !x.__‘_._.__._._“‘. Grids .- T N Operator
¥ v “ ¥ :
N C ¢ N & C
u 3 l < 1 , | Smart Metering 1 7 l 3
%) 2 7 A ")
v v v v
- - < ‘
4= B N 4 *
ﬁ . "u & ﬁ [
G i o E“ i . Electric cars
Commetical customers . Households Batteries
Smart appliances

Intermittent Renewables
Smart storage

Decentralized production

91 Miinch, EnBW

Even by manual control: variable prices have an — &n3UW

impact on electricity demand for private customers

7x24h impact on demand: 7-15% ._

500 W average demand per houshold -> 35 - 75 W controllable
demand for grid- or energy services available

Scale-up for all German households: 50% of the current balancing
power market

By higher awareness and efficiency energy usage additionally drops by
1%, i.e., for 1000 customers 43 t CO, less per year

——
=

77 r o o
// /MeReg|0 Su|:|portecl=lii"B‘MWE :_.::—:—.é
{bﬁ% SysTempqu \w 0 I3 12 18 2 t[h]
EENERGY Ann = ol B Normal price (25 ct/kWh)

Low price (20 ct/kWh)
B Very low price (15 ct/kWh)

101 Minch, EnBW




Price signals may manage supply and demand: ——EnBW
need for hybrid technologies

C0,- Emmissions
Energy market & Energy supplier

o
4 o ———

________________ R

e Distributiongrid

____________________ E!-_A-A_‘-.-‘-'_-_“\v Grids III___,_,_._._A_._A,i._4_._4_._._.-.-._.\_\4 Operator
; v . ; v ;
E‘l ﬁ‘l ﬁ-‘lSmartMetering ﬁ,l ﬁ.l E.l

A A A A A A
v v : ' v

v v B v
- © i g o
e E3E N # - =
* r f ﬁ s E

S - Electric cars o RS
Commerical customers Households Batteries Heat storage uCHP Intermittent Renewables

Smart appliances Smart storage

Decentralized production

_

111 Miinch, EnBW

Using heat storage for electricity? ——&n3BUW

Hybridizing heat supply

Hybrid heating device
Uses different energy carriers depending on supply

If there is an over-supply of renewable electricity heat is
produced from electricity

Uses available heat storage (optimizing burner, solar thermal)

wggxre necessary, addtional heating rod needs to be installed

Leistung

{Smar
Power demand’

Erneuerbare
Energien

Quelle: heizung-solar24.de
Renewables = 24h

12 MinchyenBw &8




A hybrid heating device to facilitate sector coupling

—&nBW
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Forecasted renewable production at low electricity
demand can be fully integrated
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Ref: et 5, 44 (2012)

In industry and households all the intermittent renewable production at low prices
(energy, power) of the year 2020 can be used to substitute natural gas

What could be a market model?

141 Miinch, EnBW




Hybridizing heat supply increases renewable share
In primary energy demand substantially

—E&nBW

Renewable electricity for heating?
50% of German household use gas: 390 TWh/a

5 TWh/month- heat demand during the
summer

160 - 400 TWh could be substituted by wind
energy: more than 100.000 MW Wind on-shore
may be installed

Feed- in tariffs for wind are in the range of 50 - 70

$/bbl

Evolutionary decarbonisation of the heating sector by
renewable electricity!

151 Miinch, EnBW

_ _ _ —E&nBW
New regulations are needed to achieve meaningful
price signals
Electricity costs Source: BDEW 2013

Distribution grid: 20%
Taxes, fees, allocations: 50%
Production, marketing: 30%
Today: marginal energy prices are dominated by fixed costs (70%)
Private customer (3500 kWh]: 29 €ct/kWh -> 1008 €/a (84 €/Month)

New price model
Aim:
No additional/new subsidies necessary
Marginal energy prices are dominated by marginal production prices




—E&nBW

Sketch of a price modell with high elasticity

New price model
No additional/new subsidies necessary

Private customer (3500 kWh): 29 €ct/kWh = 1008 €/a (84
£€/Month)

New Price model = 1008 €/a

Marginal energy prices are dominated by marginal
production prices

Fixed monthly rate (,Grid fee"): 59 €/Month \F;a—'\L
— Includes all fix costs: taxes, fees, allocations Production
— Independent of actual usage -/s‘ms-.

Variable prices depending on actual energy needs} -2
8,6 €ct/kWh (avg.) \\_u/_r/y_

— Costs for production and marketing only

6 ct/kWh
6 ct/kWh

Price depends on actual electricity price at the stock [ ==
exchange

For comparison: natural gas price (private customer):
6 €ct/kWh

,Grid fee” enables competition between electricity- and En3UW

gas supply at the final customer site

Actual rate of the grid fee may depend on ...
Technical efficiency: peak power demand, ...

Environmental aspects: energy demand of the building, age of the heating device, total
energy demand, ...Social aspects

Ability for self- supply, renewable capacity installed ...

Competition between electricity- and natural gas usage is easy to manage by politics

Independent of the financial support system for renewables

Sector coupling by market coupling between electricity and gas spot prices

.Grid fee” may have many advantages ...
addtional degree of freedom to politically control energy demand
Promotes renewables without interfering with renewable support schemes

18| Miinch, EnBW




Conclusion —egnBW

»Smart and hybrid solutions are ideal for the integration of
wind and solar energies

> Large shares of intermittent renewables can be
integrated while fossil fuels are cut

» Big opportunities for hybrid heating devices
> Important link between electricity and gas markets

> Integration of intermittent renewables is not just a technical
- but also a regulatory issue!

> New regulations and market rules are needed
> For the future renewable energy system to work

» Smart regulations and rules are more important than
subsidies!

191 Miinch, EnBW

Recent examples of efforts by advanced
aggregators to expand their renewable
energy growth rates

May,22 2018

Japan Electric Power Information Center
(JEPIC)

Joji Kawano




e
Introduction

m Direction of decentralization of electric power systems

Decentralization

Decentralized
supply and demand
adjustments

Highly decentralized power

Supply and demand |
adjustment

Decentralized
generations

Direction of decentralization >

in the U.S.

Centralization

Conven
-tional

power
Q/stem

Centralization Generation Decentralization

Each country has its own direction of different power system decentralization.
v' Germany prefers to decentralized power generations.
=Decentralized generation.
v' The US prefers to decentralized supply and demand adjustments.
=Decentralized supply and demand adjustments.
=The focus of this presentation will be Germany’s decentralized

generation SyStem- Source: Thomas Rowlands-Rees
(Smart energy Week 2018)

Trend of renewable energy growth rate in Germany
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Source: BMWi (Energiedaten 2017)

» Energywende (Energy transition)
» Germany will promote the transition of energy towards the expansion of
renewable energies and the phasing out of nuclear power.
» As for the energy consumption (kWh), the renewable energy ratio already exceeds
30% as of 2016, and the target for 2020 is expected to be achieved.
» Following the Japanese Great Earthquake of 2011, nuclear power plants are
scheduled to be shut down by 2022.




Greenhouse gas (GHG) emissions rate in Germany
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Source: BMWi (Energiedaten 2017)

- GHG emissions control target was set in the Energy Concept program
established in 2010.

- GHG emissions target for 2020 was a 40% reduction from the 1990 level, but
the target is actually expected to be a 33% reduction.

- Based on the climate change action plan agreed to in 2016, Germany plans to
suppress emission of GHG gas in the energy field.

=In order to achieve the 2050 target, it is necessary to close all existing
coal-fired plants.

Power supply configuration in Germany
[GW]
250
200 8.6
10.3
39.4
150 7.4
44.5
100
11.4
27.1
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33.3 .
533 ® wind
0 2.5 _ PV
— o LN ~ [e)] — o LN ~ (o)) — o LN Y

tor in FY2014.

QU

The number indicates output of each gener: s - X
%( ) As of FY1992, < > As of FY2009. % The area of the circle is proportional

XGeothermal is included in Other  Source: BMWi (Energiedaten 2017) to each generation capacity.
Source: 50Hertz, TenneT, Amprion, TransnetBW
internal data

B Distribution and growth of renewable generation
« The total capacity of the power generation facilities is 200 GW.
« Approximately half of the total capacity consist of renewable generation.
» In the last 5 years, PV has doubled, and biomass and wind has increased 1.5 times.
* Nuclear has been reduced by 50% after 2011.




Trend of renewable energy prices and total PV capacity

43.4

PV Capacity
(Applied to EEG)
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Source: BMWIi(EEG-umlage 2000 bis 2018)
(EEG in Zahlen 2017)
= Purchasing electricity from renewable sources became obligatory in Jan. 1991.
Purchasing renewable electricity at a fixed price for 20 years became obligatory in Apr. 2000.

m  Since around 2009, the EEG* has been revised for the purpose of reducing levy cost burden and
reducing output suppression.

*EEG: Erneubare Energien Gesetz (Renewable Energy Law)

e
Measures against increasing VRE

Policy Contents Effect
Preferential treatment of adjustable power i
. supply and highly efficient power supply.
Revision of EEG - - :
(Renewable energy Review purchase price appropriately
law) Initiation of FIP and competitive bidding system. -
Setting the upper limit of subsidies
Deregulation of the | Participation of players such as aggregators for o
electricity market | supply-demand adjustments.

v' There are 2 policies against increasing VRE in Germany.
v Results obtained by the measures can be organized into two categories.

» The installation amount of VRE (such as PV, and WF) is limited.
> The installation of adjustable power supplies is supported.

v

v In this presentation, I will report on the efforts of advanced aggregators in
Germany to enable the installation of renewable energies.




Classification of aggregators in each country

DE: DE: Sonnen GB: Flexitricity,
5 CA: Enbala Power Networks  Open energi
: : US: Sunverge, Tesla, FR: Actility, Ener ool

W Green Charge Networks, US: EnerNOC, Stem

o Solar City Comverge, Building I
Adoption of
renewable energies ‘/ “/ x
Contribution to
supply-demand Large Small Large
adjustment
Roles as a business Supply-demand Total demand minimizer .
operator adjustor

m In this presentation, aggregators are categorized based on whether they adopt
renewable energies and contribute to supply and demand adjustments.

—Next Kraftwerke and e2m can be classified as aggregators that
provide capabilities from renewable energies to the power grid.

X Aggregators such as Sonnen or Sunverge, which make relatively
more use of storage batteries are not subject to this presentation.

T
Advanced aggregator #1 Next Kraftwerke

Next Pool

NK controls
Biomass , customers’ assets

—_—
€ (Reward for output /
demand suppressiol

PV ppression) Ancillary market

Ancillary
Electricity Service
—
e Wind
NK controls the clients’ assets MNext —
group in the next pool € €
while watching market conditions. ' Kraftwerke TSO/S0

Cogeneration

Wholesale market

DR Electricity Electricity

/]

—

Others £

EPEX

B Company information Source: METI
— Established: FY2009
— Location: Koéln, Nordrhein-Westfalen, Deutschland

— Business scale: Employees: 140, Customers (Generation): 5,000 (3,800MW),
Sales: € 273M (FY2015)

— Shareholders: High-Tech Gruenderfonds, etc.
— Business objectives, characteristics

« Next Kraftwerke (NK) is a platform operator, which interconnects power
generators, consumers, system operators, and markets.

« NK has built a network consisting of bioenergy, PV, wind, etc., and small
and medium-sized power producers.

(NK does not have its own power generation facilities)

« Based on the request from the system operator (TSO), NK provides
flexibility enabled by the network managed by NK.
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Advanced aggregator #1 Next Kraftwerke
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m  Concept of NK's assets portfolio Source: Next Kraftwerke

— Assets configuration
« NK does not specify the required amount of equipment for each power supply.

« NK sets the purchase price relatively lower for VRE, such as PV, wind, etc.,
where it is difficult to adjust capacity.

« The value of adjustable power sources such as biogas is high because trading at
high prices can be expected in the spot market.

« For wind and DSM, since the advantage of trading is small, they have not
actively increased in value.

— Measures against fluctuation of Valuable Renewable Energy (VRE) output

« NK combines an exclusive weather forecaster with IT to carry out meteorological
forecasting across a wide area, mainly in Germany.

T
Advanced aggregator #1 Next Kraftwerke

Next Pool > =N

Source: Next Kraftwerke
B Operations of clients assets
« Supply and demand orders to the clients (power producers) are implemented via NEXT BOX.

» NKis certified as an important infrastructure operator by Federal Office for Information
Security (BSI).

v' NK is certified as an information security management system.

v In addition, NK is also satisfied with certification regarding important infrastructure
operators targeted by businesses with power generation facilities with capacity of
430 MW or more. (ISO/IEC-27001, ISO/ICE TR27019)

> NK installed control communication equipment called NEXT BOX on clients.

» By using NB, it is possible to measure the amount of power generation and control power
generation output. (Interactive communications)

» NEXT BOX is developed by NK, has high scalability, and can be used for P2G purpose, can
control air conditioning facilities.

» The time required to control 10,000 NEXT BOX is about 2 seconds.
» From the specification decision, installation time is less than a month.




Advanced aggregator #1 Next Kraftwerke

Our power rates & their potential of optimization

Control every 15 minutes

BEST OF 96 up to 30% of saving

s R L ,—J i "—-’j TAKE YOUR TIME

- g . 24 static price zone Contr0| every 1 hour

1 1 TAKE YOUR TIME 10¢
—_ r — PR up to 10% saving
— 11 static price zone I

Control every 2 hours

G btathe ion-ni Control every 4 hours

Source: Next Kraftwerke
« Characteristics of control logic

> The client is involved in output control up to 96 times a day.

» Similar menus are also prepared on the consumers side, so the contract changes with
the number of times that can be adjusted one day.

v As the adjustable number of times increases, the electricity charge can be reduced
up to 30%.

Advanced aggregator #1 Next Kraftwerke
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Source: Next Kraftwerke

B Operation plan
« Supply and demand adjustment

> A penalty is imposed strictly in Germany when imbalance occurs. Therefore, NK is not to
generate imbalance as much as possible.

The advantage of NK can be summarized as follow:
» The strengths is high precision weather forecasting technology.

» The ability to control adjustable power generation equipment at high speed.
B Others (Supplementary information)

NK considers that there is no benefit from the installation of storage batteries or the
implementation of DR under current German domestic rules. Therefore, they do not consider
these aggressive installations.

NK considers that it is possible to respond quickly even if there are changes in rules, such as
preferential treatment for the installation of storage batteries.




e
Advanced aggregator #1 Next Kraftwerke

Demand response operation of AC systems

(BTSN — —
[Werrace | € : ) Source: Next Kraftwerke

B R&D
« Asof Nov. 2017, eight projects are in progress by NK. Representative ones are as follow:
» Hydrogen storages (P2G)
v' The purpose is to utilize surplus PV output.
v" Aim for hydrogen contamination in natural gas network.

v The goal is to improve accuracy when calculating the amount of Hydrogen
produced.

» Joint project with NEDO in Portugal

v' The goal is to reduce operating costs of air conditioners with electricity charges
and set temperature as parameters.

v' Validation of economics combining PV and Next Box.
v The project period is the end of Dec. 2019.

I
Advanced aggregator #1 Next Kraftwerke

B Summary
— The advantages of NK can be categorized as follow:
» Provision of aggregate adjustment power to the market in a short time.
« Immediate analysis of live data.
— At present, NK does not actively use EV, storage batteries, etc.

« Because NK believes that there are few advantages to adopt under
German domestic rules.

« Along with future rules changes, they will revise priorities as appropriate.

v

— NK can respond promptly to changes, and can be organized with the aim of
to maximizing client profits.




Advanced aggregator #2 Energy to market (e2m)

DECENTRALISED GENERATORS LARGE CONSUMERS

Power marketing Demand response on control power markets

Flexibility marketing Demand Side Management
of power plant deploy Peak Shaving aund Peak Shifting
Power plant monitoring Load Control (e-mobility)

i 3 s[ife]=
]l

‘Optimised storage deployment ‘White label direct marketing
Flexibility marketing in trading and control White label flexibllity marketing
RawEr arkate VPP as a service

Load control (e-mobility)
STORAGE SYSTEMS

Source: e2m

B Company information
— Established: FY2009
— Location: Leipzig, Freistaat Sachsen, Deutschland

— Business scale: Employees: 100, Customers (Generations): 5,000 (3,200MW),
Sales: € 251M (FY2016)

— Business objectives, characteristics

« Energy to market (e2m) is a platform operator, which interconnects power
generators, consumers (include Stadtwerke), system operators, and markets.

« e2m has built a network consisting of bioenergy, PV, wind, etc., and small
and medium-sized power producers.

(e2m does not have its own power generation facilities)

« Based on the request from the system operator (TSO), e2m provides
flexibility enebled by the network managed by e2m.

Advanced aggregator #2 Energy to market (e2m)

ca 3,300 MW installed
generation capacity

Water
0,3 million MWh

] Total portfolio Source: e2m
B Concept of e2m’s assets portfolio

— Assets configuration
« Similarly to NK, e2m emphasizes adjustable power sources, and the ratio of
biomass power generation reaches approximately 80% based on generated
electricity.

+ E2m considers power generators with co-generation assets as adjustable power
producers, and uses them for optimization of their power generation.

« Also, e2m does not specify the required amount of equipment for each power
supply.

« E2m has 50 MW of energy storage batteries. (Germany's first attempt at the
time of installation.)

— Measures against fluctuations in Variable Renewable Energy (VRE) output
« E2m also recognizes that VRE is difficult to handle.
« E2m predicts weather based on information from external organizations.




Advanced aggregator #2 Energy to market (e2m)

e2m BOX

) . central control room
B Operations of clients assets Source: e2m

« Supply and demand orders to the clients (power producers) are implemented via e2m BOX.

> e2m is certified as an important infrastructure operator by Federal Office for
Information Security (BSI).

v' e2m is certified as an information security management system.

v In addition, e2m is also satisfies technical requirements for quality management
system and risk management system. (ISO-9001, ISO/IEC-27001, ISO-31001)

> e2m develops e2m BOX. In addition, the manufacture of e2m BOX is carried out
outsourcing. Installation was carried out by e2m and a lease contract was implemented.

> By using e2m BOX, e2m can instantly provide power generation status to the central
control system in the head office (Leipzig). And also, e2m can control the power
generation output of each power generation facilities.

» From the specification decision, installation time is around 6 weeks.

T
Advanced aggregator #2 Energy to market (e2m)

Solarstrom

Tag una (Vacht

Source: e2m

B Others #1
» Installation of batteries in Switzerland

» Ampard, a Swiss EMS company, is a sub aggregator that bundles 3,000 homes with
home PV and storage batteries, and e2m aggregates Ampard as one of its clients.

» E2m considers that it can create new value by connecting batteries with VPP.

» The storage battery used by e2m in Switzerland already meets the specifications in
Germany, and e2m considers that its storage batteries meet the specifications required
by the EU.

» Compared with the UK, which recognizes batteries as reserve power, e2m considers
that Germany is not very active in installing storage batteries in the current situations.
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Advanced aggregator #2 Energy to market (e2m)

B Others #2
« Demand response by e2m
> E2m will adjust supply and demand for companies (factories).
> Main services are as follows:
v Output control of blower in car factories and in supermarkets.
v" Output control of freezer in Scandinavian countries.
» The scale of output control is 10 to 20 MW as a whole.
» e2m provides flexibility obtained by DR as secondary and tertiary reserve to the market.
> The Order of DR is mainly “Nega-Watt” but “Posi-Watt” is also possible.

m R&D
« Electrification of transport (energy to mobility)
> Participated in demonstration project on street scooter developed by DHL group.
> E2m participates in a demonstration test on EV charging in Berlin, Leipzig.
> In the demonstration test, the smart grid is connected to the power grid.

s
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Source: e2m

T
Advanced aggregator #2 Energy to market (e2m)

B Summary

— E2m has a business form similar to NK. They also utilize biomass that can
be adjusted as a power source for renewable energies.

« The recognition of the problem of VRE is similar to NK.
— One of the differences from NK is the type of customers.

« E2m appeals to customers are large such as Stadtwerke and car
companies.

« E2m introduces customer interaction as publicity activity, such as
opening visitor records from overseas on their website.

— There is also a difference in the utilization of external organizations /
institutions.

« E2m effectively uses external organizations such as weather

forecasters and equipment manufacturers.

— E2m is a rational aggregator, and they outsource a part of their business.




Conclusion

B We conducted an interview with advanced aggregators that use renewable energies as a power
source and reached the following conclusions.

— Germany has developed relevant laws to expand their renewable energy growth rate.
Moreover, since 2000, they have developed laws concerning the promotion of the
development of adjustable power sources such as biogas generation.

— In Germany, advanced aggregators are emerging that combine VRE, such as PV, wind, with
power generation technology that has adjustable power such as biogas.

« Utilizing high-speed ICT and IoT technologies, they realized the power of market trading
through renewable energies such as adjustable biogas.

« Advanced aggregators that promptly respond to changes and seek to maximize profits
are expected to emerge in the future.

« Compared with adjustable biogas, the value of VRE such as PV and wind power is low.

— In this survey, storage batteries were expected to be power generation assets due to their
adjustability, but it was determined that their mass introduction at the present time was
premature.

« Supply and demand can be adjusted with the existing facilities controlled by the
advanced aggregators, so it was determined that batteries are not essential.

« Although there was no negative opinion on the installation of the storage batteries itself,
there was one opinion that it is necessary to lower the cost and increase the subsidy.

« There are already aggregators who intensively install storage batteries such as Sonnen
(Germany).

Demonstration Project of
KANSAI EPCO’s Virtual Power Plant

22nd May 2018
IERE Japan Forum

O¢ Kansai Electric Power Advanced Technology Laboratory
per Wity egrt R&D Center,

THE KANSAI ELECTRIC POWER Co., INC,, Japan

©2016 KEPCO All Rights Reserved.
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KANSAI at a Glance 2
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KUROBE No.4 Hydropower Station 3

“KUROBE No 4
Hydro Power Station”

“Dum Curry Rice”
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KANSAI Electric Power Group Medium-term Management Plan

Business Portfolio after 10 Years
We will achieve a Group-wide profit which exceeds the pre-Earthquake (1.5 times or more)

We will expand our business scale through
proactive investment in international and

Group businesses, thereby creating a

After 10 years (2025)

International/Group 1 2 Comprehensive energy/
businesses Power transmission and

distribution business
times or more

Investment of 1,500 billion yen in international/
Group businesses over 10 years

balanced Group-wide business portfolio.

Before the
Erthquake

1.5

'

“VPP"” is one of the candidate to create new Group Business by Innovation

©2016 KEPCO All Rights Reserved.

The Kansai Electric Power Co., Inc.

Energy Mixture ~ Power supply configuration in 2030~

O Based on the Basic Energy Plan, the government formulated a balanced energy
mixture in July 2015 from the perspectives of "S + 3 E" as a forecast for long-term
energy supply and demand.

O The government has set an ambitious goal of share for renewable energy in the
power supply composition of 2030 from 22 to 24% as doubling from 11% actual

6

the worst ever

result of 2013.
_<FY 2013> Result Goal <FY 2030>
Self- FY 2013 FY 2030 Self-
Renewabl
sufficiency 100%—— o= sufficiency
Geothermal
_ rate | Renewables 11% Doublet !_1 0~1.1% R:‘:et:o
-~ 22~24%
About 6% Ndesr | 1% RN i Biomass about 24.3%
L ) IS 3.7~4.6% (induding Nudear)
— < Wind 1.7% — <
Electricity E] 43% 22~20% Electricity
L Tariff ) s L Tariff )
- : olar d t
Rise highly 50% 7.0% R; Nu(;_,e%o
Industry : 30% up 27% i
. ( Compare with
&Household : 20% up/ FY2013) /
coal | 30%
26%
C02 emissions : Reduce to
from energy Ol | 150 26%
source were 0% 3%

( Compare with




Feed-in Tariff (FIT) /
OFIT has been begun in July 2012 for maximizing the penetration of renewable energy

O FIT Law that obligates retail utilities to purchase electricity generated by

renewable energy for a certain period at fixed price.
O The purchase cost under the FIT system is paid by all consumers at the same time
as the electricity charge as a surcharge

4 J | E Company j | | E consumers j |

- Power generator | o

 &F Solar = N o

| I d Sell S Power

= [1 win '|_Electricity Supplyl/

. MR Small

hydro

| Biomass

888 Geothermal _collect

oo A “._surcharge |

- Household - R

~s  Rooftop |
QEI Solar |
"""""""""""""""""" —- 7
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Penetration Trends in Japan's Renewable Energy Facilities 8

OAt the end of FY 2015 the amount of renewable energy was 39.66 GW, about
3.5 times compared with before starting the FIT system.

O _Solar accounts for 96% (27.27 GW) out of the power plant capacity
(28.43 GW) since starting the FIT formulation

(GW), 1 : Geothermal About 3.5 times > 39.66
40 ] : Biomass GW
[ : Hydro (~30,000kW) FIT start
[ : Onshore Wind I (uly 2012)
[ : solar (Buisiness) | —
[ : solar (Household) I
30 ] |22.87]
|
+28.43GW I o.19
(Solar 27.27GW) I GW
20 I 24,22
I | 12.90
11.23 | | GW
GwW I 14.32
10 I 7.34
1
7.27 |1.60
0.73 0.84 5_5(ﬁ 8.65
0.46 4.08 470| 1 | 567 6.98
2.17 2.90 I R
2009 2010 2011 2012 2013 2014 2015
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Solar PV Capacity and Additions, Top 10 Countries, 2016 9

Gigawstts
—+34.5
50
86 .15 ,148
2015 40 i e
total
a0
20 +0.4
+2
+4.1
Source: See % — = ";EE’ —+0.97 0.1
endnota 13 = |

for this section. 1

ChinaJAPAN Germany United Italy United India  France Australia Spain
States Kirgdom

Japan became the 2nd country in accumulated PV introduction in the world

LResource] :REN21.”Renewables 2017 Global Status Report
www.ren21.net/wp-content/.../2017/06/17-8399_GSR_2017_Full_Report 0621 Opt.pdf

©2016 KEPCO All Rights Reserved. The Kansai Electric Power Co., Inc.

Challenges of power supply dispatching for the mass penetration of variable renewables 10

-Increase in proportion of Solar and wind during light load period
-In the daytime, the supply-demand balance is maintained by the pump-up
of pumped-storage power generation.

As solar increases further, it is necessary to curtail solar power.
-Net load sharply drops in the morning and rises sharply in the evening.
This makes supply / demand balance difficult. (Duck curve problem)

kW

r

Pump-up

Loa —
Renewable

| (Solar+Wind)

0 12 24
Exmple:Image of supply-demand balance in Kyushu area
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Contents 11
<1> Introduction of KANSAI Electric Power Company
(KANSAI EPCO) & Japan
<2> KANSAI EPCQO’s VPP _(Virtual Power Plant)
<3> Feasibility/Profitability of VPP
(Moukarimakka? ./ E2/MDFE > H ?in KANSAI dialect
: How is business?)
Energy Resource Aggregation Business (ERAB) =VPP 12

Supply and demand matching
with large scale power

Thermal

4

Nuclear

Pumped
storage

Expansion

renewable energy

of variable

o

Building Heatpump

B
Storagql a,w ery,/EV/pHV
ﬁ— . '] I
Smart Iar sy : III /:¢’
I
Meter L ES] ANTH PR

Dissemination of DER(x1)
and energy storage system
Xl Distributed Energy Resources

: ﬂhl
FaCtorY BatIery ea g

styrage Fuelcell

II @ﬁg u, ‘,

’

-
-~

\

o Demand increase

Progress of IoT

Solar

Wind
( Legacy 1

Supply and demand matching with

large scale power plants

HousEhon' and/or decrease
by aggregation of
consumer-side

resources

[ Circumstance ]

Penetration of variable

| Buisiness | @‘

renewable energy

By aggregation and control of consumer-
side resources, it is used like VPP

L Innovation |

‘—-

Progress of IoT and dissemination

©2016 KEPCO All Rights Reserved.

DER and energy storage system
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VPP (Virtual Power Project) Image 13

[Outline of VPP ] By changing demand-side facilities which scatter in electricity-network (Resources ) into IOT (Internet of Things) and
by contorting these resources together at the same time, we aim at developing system/mechanism to utilize effectively demand-
supply regulating power from demand-side facilities and making them function as if it were a Virtual Power Plant (VPP).

As a result, demand-supply regulating power are reinforced and further introduction of Renewable Energy become able to be realized.

Large Scale Generation

Thermal Power Plant

% Nuclear Power Plant
N

X =)
—

Controlling operationf
Home appliances

Hydro Power Plant

Charging/discharging
Battery in Buildings

or Factories
PV (Solar)

‘ : Wind Power Gy
Charge/Discharge of ]‘ . .
Electric Vehicle (EV) = T | More Effective Utilization

of Renewable Energy

In case of Generation Surplus : Demand Increase Control (Charging Battery, Thermal Storage, etc.)
In case of Generation Shortage: Demand Decrease Control (Discharge, Decreasing Demand (e.g Air-Conditionor)

©2016 KEPCO All Rights Reserved. The Kansai Electric Power Co., Inc.

Services to be provided by VPP 14

By remotely controlling end-use devices and adjusting for demand, aggregators will be able to

provide the following services;
> To [(1)Retailers]:
Secure greater balance between demand & supply by controlling demand of consumers / communities
> To [(2)grid system operators]:
Create additional demand or supply by keeping a balance between supply and demand
>To [(3)renewable generators]:
Help avoid sudden curtailment by creating demand
> To [(4)consumers and communities]:
Facilitate “self-consumption” by utilizing renewable behind the meter, and reduce energy costs

(2)Grid System Operator]

[(1)Retailers]

-procurement of 1

regulation power‘rrj | 1 aiiey
-maintain quality :\___% ______

(Acare _Q%GIQi:Er_iC_itY ~7\ | -avoid curtailment |
——————————————————— ggregator 0 - ol
-procurement of electricity :

|

I

' -avoid imbalance between | ‘
1 supply and demand !

Aggregation of
consumers resources

[(4)Consumers/Communities]

i 8

ona }
* Utl I IZG renewable energy_ _I The Kansai Electric Power Co., Inc.
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Service image of ” Avoid for Solar curtailment” 15

id
Grid system operators FIT [Example:Use of battery for VPP]

&8
(Reguest  Renewable LY | Demand increase request

PV generators
curtanment g | Charge in daytime
Proft g
Battery
. ! [ Char\ge
0 .Reques?:.‘ 24H
ﬁ Proflt ~
House | =
Hold
Baseline | : .
0 ‘ Reque§t 24H
Consumers and communities m\/Pp
Insentive from Renewable
= Profit generators
Profit B Consumers and communities
Insentive from VPP
©2016 KEPCO All Rights Reserved. . . The Kansai Electric Power Co., Inc.
Kansai VPP Project Overview 16

14 Japanese companies” launched “Virtual Power Plant Experimental Project”

* Kansai Electric Power Company, Fuji Electric, Sansha Electric Manufacturing, GS Yuasa, Sumitomo Electric, Nihon
Unisys, NTT Smile Energy, Enegate, ELIIY Power, Obayashi, Kansai Electrical Safety Inspection Association, DAIHEN,

Nature Japan, Mitsubishi Corporation

» Government support:
> Initiative subsidized by the arm of Japan’s Ministry of Economy Trade and Industry
> In line with government’s plan to rebalance Japan’s energy mix**
» Contribute to develop for a new energy management system to facilitate energy use
more effectively in the context of deregulation and reform of power system in Japan.

* VPP
» The objective is adjustment with demand and supply can be more effectively for
available capacity by creating VPP to device across power grids through IoT.
» Enhancing the system for adjusting electricity supply & demand will make it easier to
introduce renewables into the power grid.

» Goal:
> Set up a comprehensive system for controlling end-use devices and to develop new
energy management systems through bundled technology and the installation of
renewables
» Contribute to low-carbon society

©2016 KEPCO All Rights Reserved. The Kansai Electric Power Co., Inc.




Kansai VPP Project and its VPP resources (FY2017) 17

16 Companies applied for demonstration project and have been doing
(Project A) Kansai Electric, Fuji Electric , Sumitomo Electric, Nihon Unisys, Yokogawa Electric
(Project B) NTT Smile Energy, Enegate, ELIIY Power, DAIHEN, Nature Japan, Mitsubishi
Corporation, Kyocera, Sharp, Panasonic, Fukushima Industry, Yokogawa Solution Service

[Role sharing] Resources of FY 2017
Air .
EMS Conditioner Boiler EV-PHV Battery Generator
; . | H hold ' Private car |}/ Small scale || Roof PV 1 Household
HEMS Air conditioner E I?lgslfoiloer E i battery E = E Co-generation
=] | | fe ol | I Eg
HhOL;Ze .............................................. E ........................ E ........................ EN‘I‘I’ i 'E'h'e'r"é)'yni ........................ :, ........................
0 | Kansai Electric | : Mitztlg?;t:;o&er;o- | i
1 Sumitomo Electric | Kansai Electric | . ! Mitsubishi H
Enegate Nature Japan | Nihon Unisys ' Sumitomo Electric ! Kratlon ! Corporation !
| Enegate | : yocera | :
i 9e i i Panasonic | |
X . X Sharp . X
BEMS FEMS Industrial H Industyial [ company Car ./ Large scale :Me a Solar POWGr‘I . :
Air conditioner | HPboiler 1| oo A tery O | Co-generation
A : I : ( I : =TT
"I]T q o i 1 e = 1 1 H 1 1
Industr|| " — ﬁﬁF O 1 I !ﬁ : Hj : | AEpiEEE
y Mg s o At : : s
Electric ! ' ! ' !
DAIHEN ! I 1 Kansai Electric 1 !
Fukushima . | Enegate i Fuji Electric 1 |
Industry H ' H ' H
Yokogawa s.s. ; J ; } y
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Demonstration of remote control for EV-charging 18

O Grasp charging capacity based on information form VPP server connecting
EV manufacture’s server, and control charging remotely to adjust power

(Grid System (Business connection) _
[Image] v [Renewable Generator] [Retailers)

Operator] - &

Kansai Electric Order to adjust supply

< <> >anddemand

VPP server
Order of DR Nissan

Server
Request for Cooperation

participation by e
smart phone Car information

Control signal Carin capacit

e A &
SWItChi‘y‘ Switch i«—-ac. Switch K {(. \/
i ] W,
EV

Sumitomo
Electric

EV/PHV

EV/PHV EV/PHV Nissan Nissan

EV/PHV_60 Vehicles EV
©2016 KEPCO All Rights Reserved. The Kansai Electric Power Co., Inc.
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System configuration and contents of FY 2017

[Main Project]
Reinforcement of connection to service provider for upper side (Grid System Operator), resource
server for down side (as a parent aggregator), and construct function to aggregate various

resources (as a resource aggregator), not depend on manufactures (multi vendor)
(Related Project] Gather resources, construct remote control system (resource aggregator)

@ Improvement for Ib ® Connect to DRAS l
(All servers) (Waseda Uni.) ‘ X Relation company
(Retailers] (Grid System OpeWable Generator] @ 5 Companies | <«—» FY 2017
H s | t. Y0 ga @Connectto | added FY 2016
Cldd o ; Cogzﬂia:ed . " [Partner’s Relted
onsolidated server : = o | .
e . [Main Project] T Project]
Bl ”Kansai Electric l l l 1 l l 1 l 1 l l 1
gl Fuji Sumitomo Stérlr;icttor:?o Du’ rﬂMitéJr‘b’i;hi f‘“ﬂ DmN m !"ﬂ , ’ ’F szmé‘
Large scale __Flectric lectric Nihon  NTT ELIY > Sumitomo Nature Sharp s
FJ P Unisys  Smile POWerCorporat|on Electric Enegate Kyocera PanasonIirg:dustry Yok(;gsawa

Battery server

(Frequency Yl
control) Large scale EV battery HP Boiler

Battery server server server

¢

=5 - _ — Pumps
=, (s
d - S.S. LS. sS. BEMS FEMS HEMS Household -
@ S Battery S.S.Battery RF LS. EV,EQ i gm?n Refr'gﬁrator
< =8 Battery Battery Battery S.S. e cale .
L.S. EV HP ry Conditioner Conditioner
Battery B?;Et?ry boiler Co-generator ~ Battery SRl
uasa . .
Yokogawa .. - cha Electric XL.S.:Large Scale Resources total 15MW, 51MWh
Electric S.S.:Small Scale
X Based on rating output

The Kansai Electric Power Co., Inc.
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Communication protocol and security is constructed based on guideline of cyber security

©2016 KEPCO All Rights Reserved.

Schedule (FY 2017)

Demonstration of
Upward DR and

Improvement of Consolidated = Connect to Downward DR . v2:IAE
: ; Reserve time z
Server, setup resources relation project 4th each Report
Main — > i
roiect (Upward DR and 1/22~2/16 Demonstration of
Proj Downward DR) adjustable power Ib
Analysis
=>
Demonstration of
Upward DR and
; Improvement of resource Connect to Downward DR Reserve
Partner’s Server, setup resources relation project (4th each) time W¥16:SII
Related = Report
project (Upward DR and
Downward DR) 1/22~2/16 Demonstration of
adjustable power 1b

=>

©2016 KEPCO All Rights Reserved.
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Communication specification

21

B Communication specification (protocol) and Cyber Security

[Renewable
[Retailers] Generator)

(Grid System
Operator]

TSO~Consolidated server

[Communication Protocol] OpenADR2.0b
[Cyber Security]“mutual authentication” & “code”

Consolidated server|

Resource server [ [0

AT -~

GateWay(GW) E]E
/EMS

Resources

©2016 KEPCO All Rights Reserved.

Consolidated server ~ Resource server

[Communication Protocol] OpenADR2.0b
[Cyber Security] “mutual authentication” & “code”

(Main PJ)
[Communication Protocol] OpenADR2.0b

[Cyber Security] certification and cipher code
(Related PJ)

[Communication Protocol]
-OpenADR2.0b, MQTT, original protocol, etc.
[Cyber Security] “mutual authentication” & “code”

GW/EMS~ Resources

(Household) [Communication Protocol]

- ECHONET Lite, and original protocol
(Industry) [Communication Protocol]

- Modbus/TCP, and original protocol

The Kansai Electric Power Co., Inc.

[Outline 1/2] Demonstration of Regulation Power I b (Secondary Control)

22

demand ammount when under control

O Check whether aggregator can “change demand to the ordered target within 15 or 5 minutes”
and "maintain target demand for 4 hours” based on the order from (TSO's) dispatching system.
O Check whether “change speed” and “control time” is appropriate or not by measuring several

1‘ Requestfor  Start  control duration StOP  Request for last report
control |t - > I
kW | Request for| it Report (Telemetry) Last Report (History)
first report| . gefore and after 5 minutes -Between start and stop
Base -Every 1 minute data 1 *Every 1 minute data
line N F-=-==f _A<£-c=---- )é N
Target
demand
&\
12:45:00 13:00:00 17:00:00 18:00:00 I

©2016 KEPCO All Rights Reserved.

*Image of menu A (time is example)

Time

The Kansai Electric Power Co., Inc.




[Outline 2/2] Demonstration of Upward Demand Response* (DR) and Downward DR 23

<Downward DR>

O [Assumption] severe supply and demand,[> decrease demand in 60 minutes after order

O check whether demand is decreased until target demand every 30 minutes or not
<Upward DR>

O[Assumption]avoid to renewable resources curtailment» increase demand of tomorrow

O Check whether demand is increased/produced until target demand every 30 minutes or not

*Upward DR (means increase demand when there is surplus of electricity )< Downward DR

Definition of response and continue time
 Response time Continue time

TSO/BG :
Downward DR order
for preparation
Aggregators
Downward DR !
Consumers order ' Downward |
i =
(Factory, home) Demand[kW] DR 5
WO 0 | oer | Continuetime | PO
Dowggvard Before 60min 1~2hours /\_/—\f\
Upward Previous day 18:00 1~2hours

©2016 KEPC( DR : The Kansai Electric Power Co., Inc.

[Result 1/3] Demonstration of Regulation Power I b (Secondary Control) |24

mContent 1/22~2/16 8times (MenuA:4times, MenuB:4times) DR

1/25 I b Result Example for keeping target demand
[iow] (Whole project) (Typical Aggregator)
12,000 -
d Base ] I
11,000 Yot C gl _~line .‘ ; \
K0 "\ Target demand ; . e
_— Demand Nl L .a
' | N "' Target value ’
8,000 & Demand
7,000 w b
20
&,000 L 0 i j J
13:30 14:00 14:30 15:00 15:30 16:00 16:30 17:00 1?:30[h0ur] 7:00 2:00 9:00 10:00 11:00 12:00 [hour]

% 3 Area (Tokyo, Kansai, kyusyu) Summation
m Results

[Measure] -Almost reported in 1 minutes. But a few resources aggregators delayed in report.
-There were variations of measuring time and time stamps among Aggregators.
It is necessary to measure within “seconds - 1 minute” and unify time stamps in
order to improve accuracy of control.
[Control] -Almost controlled to target demand in several time as a whole, but not controlled
cases were seen, and a few subjects are found. (above figure left side)
-Some Aggregator controlled correctly (right side) , but not cases were seen.
-Forming adequate portfolio and feedback control are required to improve control.

©2016 KEPCO All Rights Reserved. The Kansai Electric Power Co., Inc.




[Result 2/3] Demonstration of Upward DR and Downward DR 25

mContent 12/25~1/12, 2/19~2/23 Upward DR: 3 times, Downward DR:4times DR

1/12 Upward DR 12/26 Downward DR
(kW] (Whole project) % [ (Whole project)
16,000

16,000
Target demand Demand B_ase
M Demand 14,000 line \
12,000 s 12,000 -
%
10,000 | line 10,000
LA kw | Avg. | L w | Ave |
Controlled demand —1,437 Controlled demand 4,513 Target
6000 - Target demand  —1,146 8000 Target demand el demand
Attainment rate 125% Attainment rate 107%
4,000 | i [ L | L L i ] 4,000 f 1 i i L L [hOL'lI‘]
g8 9 10 11 12 13 14 15 16 17 18 19[hour g8 9 10 11 12 13 14 15 16 17 19
X4 Area (Tokyo, Kansai, kyusyu, Chugoku) Summation %6 Area (Tokyo, Kansai, kyusyu, Chubu, Chugoku, Shikoku)
Summation
m Results
[Control]

-Adequate results were gotten as a whole , both in Upward DR and Downward DR

(above figures)

- Difference of ability are seen among resource aggregators for accuracy of control and
responsibility of capacity

-In order to increase accuracy, it is necessary to form optimum portfolio by main (parents)
aggregator and to make feedback-control, although required accuracy is different
depending on each use case.

©2016 KEPCO All Rights Reserved. The Kansai Electric Power Co., Inc.

[Result 3/3] Demonstration of Upward DR and Downward DR (EV Charge)| 26

m Content System image

-Upward DR, Downward DR: one time Consalidated 1
-Control EV/PHV 60 vehicles by EV Switches I Vehicle ~ Maker's
’ —————— ->
Place and use Vehicles EV battery m
Working Vehicles 42 server %, Smart #
Commute to office 10 %Charging in office . S phone /
[EV switch] J
Household 8 -Charge On/Off D !
% Valuated at charging point -Measure current ( /@i
B Results
2/20 Upward DR 2/21 Downward DR
QéT] (EV/PHV) | Eo[kyv] (EV PHV) .
Control time _" }'_ Upward DR was Downward DR was done,
| 201508 done, ordered at = =0 ordered 1 hour before
_ previous day w0 | 14kW Decreased
" iharglngsptd)wer evening Charging power
o | (Avernge 5 days) 48kW s0 |(Average 5.days) Base
Increased line
= 'j' "\\ 2T ,-".‘%ontrol time
=3 . . 17:30~
10 i \"':\:’\Base 0 } ‘o
’ i \ @h 18:3
(4] — el k- t - P 0 L | ‘-"\.,2\
] 2 4 6 8 10 12 14 16 18 20 0 2 4 6 3 10 12 14 16 18 20 2zho
ur

== 32/52 Vehicles started charging, then 8

yehicles stopped in a few minutes 4/58 Vehicles stopped charging

The Kansai Electric Power Co., Inc.
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FY 2017 Results (Summary) -+ FY 2018~ future plan 27

B Summary of demonstration-results in FY2017

-Develop VPP system for Regulation Power Ib (Secondary Control), connect all

resource aggregators and did some demonstrations

- I b (Secondary Control) : Some subjects are found in measurement and control
-Upward DR and Downward DR : Adequate results were gotten as a whole, both

in Upward DR and Downward DR

W Issues as Aggregators and future plan after FY 2018

(2) Improvement of accuracy in measurement and control for Regulation Power I b
(2)Securing accuracy of control in Upward DR and Downward DR, in accordance

with each use case
(3)Further Expansion of aggregation scale (VPP resources and aggregators)

©2016 KEPCO All Rights Reserved. The Kansai Electric Power Co., Inc.

Contents 28

<1> Introduction of KANSAI Electric Power Company & Japan

<2> KANSAI VPP (Virtual Power Plant)

<3> Feasibility/Profitability of VPP

(Moukarimakka? /E2H\DFEDH ?in KANSAI dialect
: How is business?)

©2016 KEPCO All Rights Reserved. The Kansai Electric Power Co., Inc.




Contents 29

<3> Feasibility/Profitability of VPP

OFeasibility to realize VPP system

OProfitability of VPP Business

(Moukarimakka? /& 2>MDFE>H ? in KANAI dialect
: How is business?)

©2016 KEPCO All Rights Reserved. The Kansai Electric Power Co., Inc.

Remote control system of electric power company 30

s o “m Network
- Technical
Dispatching Center Control Center Center

M

Building

_________ Hydro 2;
'_d Y ' I Substation 55
! 395E¥ % High Voltage 154kV _ % T T 66kV
v 1 . Sstatlon |% Primary ﬂ
KNy frut gl
kV

I

:

|

|

! Substation 7/

| Secondary 100~200V

: Nuclear :-ggg e i Substation

I — (]

N NN i — 1 B

' ; 500kV -

: FOS" ueI i 275kV % Fossil fuell el %7 kV %33 iZkV Household

! HEH | % \ 4

I =T=T=T=1/. " i _

M . Y Large ]| Factory
Factory H L Building

High reliability
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Remote control system of VPP

c’%\ i
/ = Vo © l’\ T Hmﬂl o] | =
f = =) = - % =
Large Heart
Nuclear Factory Second Pomp °
Battgry !
[l \ y Fuel Cell
o = 2
Il = /
. (=] | small  /
Fossil fuel Building \ Second
Pumped storage Network RpP \ Baftery

Boiler  \ | /'EV/PHV

PV

]
_————— -
-

Smart Meter f=

Wind Power Mega Solar Power

Household Aggregator

Low cost = General technique + IoT
Subject : Cyber security + Communication speed

©2016 KEPCO All Rights Reserved.
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Contents

<3> Feasibility/Profitability of VPP

OProfitability of VPP Business

(Moukarimakka? /E23HDFE D H* ? in KANAI dialect
. How is business?)

Booming/Profitable? or Not?

©2016 KEPCO All Rights Reserved.




Value for Participation of VPP

33

[Retailers]

(Grid System Operator]

© How much value for VPP

© Preparation of market-design is important

©2016 KEPCO All Rights Reserved.
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Introduction schedule of each markets

34

Markets

Spot Market

FY2005

FY2009

FY2017 FY2018 FY2019 FY2020 FY2021

FY2022

Pre-trade
Market

Sit

(Fixed trade)

Hours ahead
Market

Base Load
Market

Start(Trade)

Star

Iy

(Delivg

ry)

>

Capacity
Market

Capacity cg

ntract publish

#[ %

>

RegulationMa
rket

rket ﬁ;ndahion

Non-fossil
fuel Market

Start (FIT

| Power only

Si (No

n-fossil fuel

bower)

e W e W ol o W Gy, W, W i, Ny

Suitable market design is Key for VPP’s profitability
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Thank you.

\(Cﬁ sl Nagoya University

Estimation of Time-series Data of Electricity Demand
in Distribution Network
based on Public Statistical Data

Power transmission and distribution systems in the next generation

The 18th IERE General Meeting & Japan Forum
May, 21 — 24, 2018 at Kyoto, Japan

Yasuyuki Kunii, Junzo Takemura
(Energy Applications R&D Center, Chubu Electric Power Co., Inc.)

Tetsuya Matsuki, Muneaki Kurimoto, Takeyoshi Kato
(Institute of Materials and Systems for Sustainability (IMaSS) Nagoya University)
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&Cﬁ- UMM Nagoya University

Background

® |n order to realize effective asset management of a number of
distribution networks, utilization status of individual distribution network
for the next few decades should be evaluated.

® Proper estimation of future installation number and geographical
distribution of distributed generators, electric vehicles, stationary
batteries, electric water-heater pump is essential.

® For this purpose, social statistical dataset, such as grid-square
statistics provided by government is useful.

2
Copyright © CHUBU Electric Power Co. Inc. All Rights Reserved.

G G
Considered Voltage Class in this study
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. Pole-mounted
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Distributien
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&& UMM Nagoya University

Requirements of Modeling

» Modeling can be only based on social statistic datasets
without using any observations of line current, metering
data, etc.

« Following items can be taken into account:
o Electricity demand of various consumer types

+ Future electricity demand by change in population
density/distribution

+ PV power output in consideration of spatial distribution of
irradiance

4
Copyright © CHUBU Electric Power Co,, Inc. All Rights Reserved.
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Objective

To Develop estimation model of electricity demand in
distribution network based on social statistical dataset

(Contents)
1. Modeling procedure
2. Validation of model

3. An example of application of model
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1. Modeling procedure
Preparation of grid-square statistics

® Provided by Statistics Bureau in Japan

® Reorganized dataset in terms of the Population Census, the Economic
Census and the Establishment and Enterprise Census in small region
of approximately 1km square and 500m square by dividing the whole
area of Japan by latitude and the longitude
R o P

e e
1 A = i :_’_'_
it e s
Rl H Y T HH
::%.Ef: H b =
& iz L Population (persons)
Hh o = —_ P . —
= T et H EH B B O O [
Bisinsazat- - oy C——_ 10,000 3,000 1,000 300 100 30 1 0
: 2 ? 2 2 !
s e it 9,999 2,999 999 299 99 29 A
S ErasENEy ian==222T5
;-L 5 i e

- 6
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1. Modeling procedure
Estimation of hourly electricity demand

Based on unit demand value per floor space by purpose and total floor space
in each 500m square for each user type in residential and commercial sectors

. |

Total floor space in each
Industrial and nighttime demand is 500m square is estimated
calculated by distributing observed annual based on social statistics
value into each 500m square

Copyright © CHUBU Electric Power Co. Inc. All Rights Reserved.




MY Nagoya University
1. Modeling procedure
Estimation of total floor space for each user type

< Residential sector (detached house and apartment) >
® estimated by multiplying a number of households in 500m squarel!l and
percentage of households by space classification(?!

< Commercial sector (office, store, hotel, hospital, restaurant, school) >
® estimated by multiplying the national average floor space per an employee
and the number of employees in each 500m squarel3!

[1] 2010 census
[2] 2008 Residential land statistics survey

[3] 2006 Statistical survey of companies and offices

8
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1. Modeling procedure
Estimation of electricity demand for
industries and street lighting

< Industrial electricity demand >

® Total industrial electricity demand in utility area is assumed to be
about half of electricity demand directly supplied with 6.6 kV line

® Total industrial electricity demand is divided into each 500m square
based on share of land use data in each 100m square

< Nighttime electricity demand >

® Total nighttime electricity demand is for the public street lightning etc.

® Total nighttime electricity demand is divided to each 500 m mesh
based on total floor space of residential and commercial sector

Copyright © CHUBU Electric Power Co. Inc. All Rights Reserved.
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Objective

To Develop estimation model of electricity demand in
distribution network based on social statistical dataset

(Contents)
1. Modeling procedure
2. Validation of model

3. An example of application of model

10
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(YR Nagoya University |
2. Validation of model
Three distribution network areas

Area A : residential area dominated by detached house
Area B : residence and factories complex area
Area C : farms dominated area with some factories

Geographical size The number of households
16,000.0

14,000.0

| 12,000.0

' 10,000.0

' 8,000.0

' 6,000.0

[ ] i | 4,000.0 I
A B c 2,000.0
Area 0.0 . :
A B C

Area

numeber of household[households ]
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2. Validation of model
Bird’s eye view of Area-A

12
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2. Validation of model
Estimated and observed value in each Area

Distribution network area

® Estimated demand is sum of electricity /"\ ¢ 500 m
demand in 500m square included in a \\ meshes
distribution network area / /

® Observed demand is adjusted by adding
estimated PV power output because
residual demand subtracting PV power
output is observed

Actual demand

\\

Observed
® Monthly average of observed demand demand
and estimated demand for weekday and

. PV power output
weekend is compared

13
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2. Validation of model
Comparison of estimated demand and observed demand

Area-A, May, Weekday

35 I school
g 30 B restaurant
- :
= Observed demand hospital
£.25 7 + PV output m hotel
g 20 - I store
£ 15 m ofice-OA
2 office
g Y one-room
.*% ° I gpartment
8 0 m detached
m . .
0 3 6 9 12 15 18 21 I nighttime
B industry

Estimated demand is almost same as observed demand

14
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2. Validation of model
Comparison of estimated demand and observed demand

/ May, weekday \
55 Area-A s Area-B 35 Area-C s 5O
= = = mmmm restaurant
% 30 % 30 % 30 == hospital
525 5 25 525 o hotel
© « © e ofice-OA
§ 15 § fg § . ~ offce
one-room
= = - S = mmm gpartment
kS S 10T = o mmmm detached
© o 5 © m night
2 2 2 s industry
0 ) ) "
\ 036912151821 03691215182 * Erroris large in midnight
° © + Further improvement is necessary
f May, week | based on investigation
. Area-A .5 Area-B : - Area- —
= = = mmmm restaurant
% 30 % 30 % 30 = hospital
= 25 = 25 / = 25 / mmmm hotel
g g / g / m— store
mmmm ofice-OA
¥ i ¥
© ° © one-room
2 " _ = ,
5 10 S 10(4 = S 10 (7 e oched
© © © m night
% > % ° % ° s industry
0 0 0 e 0bs demand
036 912151821 0 36 912151821 0 36 912151821 ~——demand+PV
time time time 15
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2. Validation of model
Comparison of estimated demand and observed demand

f August, weekday \
4 Area-A 4 AreaB 35— Ar€aC o
g | | E g mmmm restaurant
< 30 H = 30 < 30 == hospital
=, = = mmmm hotel
% 25 '(% 25 i g 25 — store
| gl | = ofice-OA
aE> 20 g 20 = H g 20 i
215 215 % 215 one-room
= = 1 = —— mmmm gpartment
S 10 S 10/_L_L| g 10 —dgtached
L 2 2 mm industry
0 0 . . o
\ 036 912151821 03691215182 * Erroris large in midnight
ime me  Further improvement is necessary
f December based on investigation
i Area-A ; rea-B 25 Area-C S——
E = / g = restaurant
= 30 i < 30 y = 30 = hospital
= 7~ = = mmmm hotel
g 25 B < g 25 / '(gu 25 = store
- =8 ofice-OA
£ 20 s £ 20 i £ 20 office
o1 215 S 2 15 one-room
:é 10 ? 107 § 10 _ggfar(t:rp:gt
5 5 B night
% ° % > % S mmmm industry
0 0 0 e 0bs demand
036 912151821 036 912151821 036 912151821 demand + PV
time time time 16
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Objective

To Develop estimation model of electricity demand in
distribution network based on social statistical dataset

(Contents)
1. Modeling procedure
2. Validation of model

3. An example of application of model
v' Estimation of electricity demand with high penetration electric vehicle (EV)

17
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3. An example of application of model
Electricity demand with high penetration electric vehicle

Assumptions on EV penetration, usage, etc.

o Penetration rate of EV is 50 % of current passenger vehicles in distribution network,
which is estimated based on relation to number of households (left graph).

« Energy efficiency of EV is 8 km/kWh.
« Vehicle usage only for commuting to workplace is taken into account.

o Cumulative ratio of returning home from workplace along with time and round trip
distance is estimated based on person trip data (right graph).

—
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g | | Lt ' S 70 /// Nagoya(NorthEast)
E 200000 +------- deen 156 bo-o - - 6;8' ________ ! = // — NagoyAa(SouthEast)
g | yz 20X | ﬁ.' 1 | l@)] 60 / —— Tsushima-Ama
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5] 1 ..,96 1 ! ! ;5 40 / — Owarl(l?lorth)
"g 100000 +-------- :— & - - -: -------- o i ] / —— Kasugai
= o I 1 1 o 30 Seto
= 50000 - -2 L i b R j o 20 / e
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Time 18
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3. An example of application of model
Electricity demand with high penetration electric vehicle

Assumptions on EV charging
o Charging rate: 3kW

o Schedule:
+ JRH case:
+ H23 case:

Start charging just after returning home
Start charging at 23:00

+ SOC case: Start charging based on predetermined schedule depending on SOC
and time of returning  pvym
=i« 6:00—12:00 12:00—17:00 17:00-22:00 22:00-6:00
85% < Just after 13 hours latter 7.5 hours latter Finish at 6:00
75% - 85% Just after 12 hours latter 7 hours latter  Finish at 6:00
< 75% Just after 11 hours latter 6 hours latter ~ Start at 23:00
Rural area
2500 p==---m---mem e e e e mm e e m e ———— o A
£2000 A - 1['
& :
%01500 . -
£ :
§ 1000 - - =
2 500 -

b

(=}
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3. An example of application of model
Electricity demand with high penetration electric vehicle

Suburban area

6000 -
5000 ~
4000
3000 +
2000 ~
1000

(kW]

demand

y

t

b=
Q
5]
—_—
(&)

T1C1
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Conclusion and Future Works

Conclusion

» Modeling of electricity demand in distribution network is developed
based on social statistics.

« Estimation accuracy is good enough for the first step analysis on
influence of high penetration of photovoltaic power generation,
electric vehicle, etc.

Future works

« Improvement of based on investigation of recent electricity demand
profile, change in lifestyle, etc.

o Impact assessment of high penetration of PV, EV, etc. on utilization
status, voltage profile, etc. of individual distribution networks.

21
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Thank you for your attention
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Background

» Installation of Renewable Energy (PV, Wind)
» FIT scheme was started in 2012
» Self-consumption of PV power using Battery Energy
Storage System (BESS)
» FIT tariff will be cheaper than the electric price in near future
» BESS cost will be decreased in near future

Smart Communities using various distributed energy
resources (PV, BESS, EV, HP, etc.) will appear to
realize efficient use of energy in demand areas.

© CRIEPI 2018 The 18th IERE General meeting & Japan Forum S1-6 2

Installation of PV in Japan

» In Japan, feed-in-tariff (FIT) scheme has been started in 2012,

then Installation of Photovoltaic (PV) is accelerated.
80 r

o

o
g
<

Installed Capacity [GW]
S
o

2016 37GW
20 Wind
2010 3.6GW pr— . 10GW
0 : |
2000 2010 2020 2030
Year

Installed Capacity of PV in Japan
(After 2020: "Outlook of long-term energy demand”, Ministry of Economy, Trade and Industry, 2015)
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FIT scheme in Japan

» FIT tariff was very high at the start of the FIT scheme in 2012.
» Now, FIT tariff becomes about the same level as electricity price.

» In future, FIT tariff will be lower than the electricity price.
v’ Self-consumption will be economical for customers.

Energy PV
Source
year 2012 2018
Category | >=10kW | <10kW | >=10kW | < 10kW
Tariff 40 + Tax 42 18 + Tax 26
ven/kWh | yen/kWh | yen/kWh | yen/kWh
Duration | 20 years 10years | 20years | 10 years

Electricity charge for household customers is about 25 yen/kWh

© CRIEPI 2018 The 18th IERE General meeting & Japan Forum S1-6 4

W

Cost of BESS

» Although the cost is high at present, BESS is expected to be
installed in the future.

» If the target price of 2020 is achieved, BESS will be installed in

more customers because investment recovery is possible.
250,000

200,000

150,000 -

100,000 -

50,000 -

Target Price of BESS (yen/kWh)

0 1

2016 2017 2018 2019 2020

Year
Target Price of BESS in Japan (METI)
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Contents

B Development of analysis tool of energy community
v An analysis tool to evaluate the impact of the
autonomous operation of a local energy community
using DERs is developed.

B Simulation using the analysis tool
v’ By simulation using the developed analysis tool, the
impact on the voltage and current of the distribution
system by smart community using BESS is estimated.

© CRIEPI 2018 The 18th IERE General meeting & Japan Forum S1-6 [

Purpose of the Analysis Tool

B\When the flexible distributed energy resources (DERs) are
installed in local energy communities, DERs may be operated as a
virtual power plant (VPP) to realize their objectives.

v’ Cost minimization, efficient use of energy, load shifting, etc.
MIf the DERs are operated to optimize the local objectives, it may
cause problems on the distribution system operation.

v" Voltage fluctuations, Increase of peak load, etc.

An analysis tool is necessary to evaluate the mutual impact
between the community and the distribution system.

© CRIEP] 2018 The 18th IERE General meeting & Japan Forum S1-6
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Community to be analyzed

BAutonomous operation using DERs (PV, BESS, EV, HP, etc.)
v'Centralized control by the community operator
v'Local control by the customer using HEMS

HWVarious conditions
v'Target area, Installation ratio (PV, BESS, EV, HP)

Operator

1
P
i
Iy
LI
'
) !

Local Control Local Control

© CRIEPI 2018 The 18th IERE General meeting & Japan Forum S1-6 8

kY

__________

Analysis Tool of Energy Community

B Analysis tool to simulate community and distribution system
BMDemand data can be created by developed programs
HMThe tool has DR calculation function to evaluate measures

Input "\ /" Analysis Tool of Energy ™ /~  Output

7 ™ Community
. ElF_,'ctric den'!a_nd e : Y + Load, PV output, BESS
* Price (electricity, PV) Operation Planning charging/discharging
+ Installed capacity (PV, BESS, of Community » Voltage and currentof
CI_-IP}_ ) ) _ ) distribution line
+ Distribution feeder (Line type, Create optimal operation « Cost (operator, customer)
length, control equipment) \_ plan (cost min., etc) Y, « Others
&- Others
p < 4 Simulation of )
Demand Simulation Distribution System
Calculate electricity demand of Calculate line voltage, =
residential customers in any area \_ current, power flow, etc. /
% 4 r N
EV Simulation Demand Response
Signal Calculation =, -
EV charging demand by running Taim duck
: prove duck curve, ;
\| simulation ! ~.\ S load leveling, etc. ) Y Graph Output

A
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Outline of Analysis Procedure

» The community model simulates the operation of a smart community and
customers. The distribution system model simulates the operation of the

distribution system. These models a

Input

re interconnected.

Input

Community Model

Community Operator \

Information from
Upper Power System

* Price, DR Information . «(Cost Minimization
o PYsweeression L 2l { Operation Plan
]
Configuration of Community | [e55] - -
3‘ « Area Structure (Ratlo Price, DR Water
;. of Residential and Information Heater g

Commercial Area)
* Amount of PV, BES,
CHP, Water Heater

distribution system

""" > Demand Simulation
{peratlon of Customer’s Equ@

P T T
=l
B BES BES
Other Loaus connectign} A | A
Reflect operat\on of] _ i

Distribution System Model

-

Substation

LRT <— Voltage

Control

Inter

* Purpose: To minimize
Cost, Energy Loss, etc.!

‘ Simulation Output

Reflect operation of
smart community

* Method: Autonomous |

Operation, Centralized
Operation :

Community and Customer
* Energy Loss
* Opportunity Loss of PV
Generation
¢ Cost

Distribution System
« Line Voltage, Current
* Peak Power, Load Factor
« Operation of Voltage Control
Equipment (LRT, SVR)

© CRIEPI 2018 The 18th IERE General

meeting & Japan Forum S1-6

Configuration of
Distribution System

+  Distribution Line (Type, |

Length, Branch)

* Installation Point of

Communities, DERs,
BESs, CHPs

* Voltage Control

Equipment (Tap settlng
of LRT, SVR)

* PV Output Control

(Constant power factor, |
Suppress voltage)

10

Effectiveness of the Analysis Tool

/

aggregators

Transmission and Distribution

v’ Appropriate planning of the distribution system with PVs and DERs
(Voltage control equipment, Slimming of the distribution feeders)
v’ Efficient operation of distribution system voltage and power flow by

N
-

conditions and DR signals

affecting the stable operation

-

Community Operator and Aggregator
v’ To create an economical supply and demand plan under arbitrary

v' To control the supply and demand of the power system without

AN

AN

© CRIEPI 2018

4 . . .
Electricity Retailing
v' To analyze pricing and revenue including DR
\- J
The 18th IERE General meeting & Japan Forum S1-6
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Simulation using the Analysis Tool

B BESS is the most flexible among the DERs.

B Impact on distribution system by
economical operation of BESS is
simulated.

M Local Control
v’ BESS is controlled by HEMS at each

customer

B Centralized Control
v’ BESS is controlled by community

Local Control

PV : 4kW

Installed in each customer
BESS : 2kW, 5kWh

Local Control

Local Control Local Contro

Centralized Control

|
L -
2.
perator s |

T ot
] 6 12
8 Time

Power System
(Market)

O

Community operator
procures electricity at

Operator Centralized i:o-r:troid! “~~__market price
BESS %\ BESS i BESS ? BESS
PV PV PV
© CRIEPI 2018 The 18th IERE General meeting & Japan Forum S1-6 12
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Operation

» Community operator creates an optimal plan to operate BESS
considering economic efficiency of the smart community.

Creates a charge /

[Power Ge“eration] discharge plan for BESs

Company

based on the predicted

Buying eIectricityT i Selling electricity | values (demand, PV)

Wheeling Community

Gas Company

Power charge
Distribution Operator
Company B

Heat supply

; - by Buying electricity\ "~ ®
Selling eIectncnty,,' NN Selling electricity

(PV surplus)

Residential Area

Commercial Area

----% |ncome
— Expenditure
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R,
Simulation Conditions (1)

> Voltage and current of the  (Community operatr
distribution system are simulated Sma”c°mf?f’,”,'fY-——

when the BESs are operated by Cost Minimizaton usingBEs

-

‘‘‘‘‘

community operator to minimize s [+
cost of the community. / { e } “ H

S
Water =
PV BES Heater ’ PV | BES H CHP

Commercial Area

Residential Area

» Total charging capacity of the
BESs is equal to 2 hours of the
capacity of the distribution line. I

/ Simulation Cases \
* Residential case
v" residential areas only
 Commercial case
v' commercial area only
* Mixed case
\ v’ residential and commercial areas are mixed j

© CRIEPI 2018 The 18th IERE General meeting & Japan Forum S1-6 14

Simulation Conditions (2)

» Voltage and current of the distribution system were simulated
using the distribution system model.

» Ratio of residential and commercial area, installed amount of PV
and BESS, etc. are parameters.

| | Residential Area
| ' (About 4km)
Substation | | i
@ |‘\ PVs, BESs are installed /!
LDC DTSRRIyt uf e -
(Line Drop ST .
Compensator) [~ !
| \ / / i Commercial Area
i 3 CHPs are installed ' (About 2km)
' PVs, BESs are installed )

_________________________________
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Simulation Conditions (3)

1

1

=09 = 09
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Bo07 B
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8 Active Power 2 N
205 < N\ g 04 // A
S04 A 4 E 03 — ceacive
] \ / \A 5o eactive Power
%0‘3 ‘\\ / e *—, + Reactive Power % 01 Pl
s 0.2 L a— g N q O T
2 0.1 A S 0.1 -y ______./‘/_ Ty |
' \'_—-\I—I—I—I/./ —e—s e
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Time Time

Load Curve of Residential Area

1

Load Curve of Commercial Area

CRIEPI
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PV Generation
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-§- 20 with PV, BESS
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o f \ e m— Gy Ny i Ll S

®10 L - e
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&

v -10 e

PV :35MW
BESS : 30MW, 60MWh
-20
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Time
Community Load (Mixed Case)
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Simulation Results (2)

» Voltage and current of the distribution system were simulated
using the distribution system model.

> If the BESS is operated by community operator, the maximum
voltage and current is increased.

108 _ 100
-+-without PV, BESS E -+-without PV, BESS
> -= with PV, without BESS '_; 20 | = with PV, without BESS
"; 107 with PV, BESS = with PV, BESS
g gl -V, ]
ol s A e TS — 7 e — ": —
£ —— 5 E
> 106 7 o
E 3 s
2 Maximum Voltage is ‘E & : .
S 105 PEiaassy 5 In the case with BESSf charging
g E concentrates at midnight, and
r;-l the maximum current increases
104
0] 25 50 75 100 0 25 50 75 100
Ratio of Commercial Area (%) Ratio of Commercial Area (%)
Impact on maximum voltage Impact on maximum current
© CRIEP]I 2018 The 18th IERE General meeting & Japan Forum S1-6 18

Conclusions

» An analysis tool to evaluate the impact of the autonomous
operation of a local energy community using DERs is
developed.

» The impact on the voltage and current of the distribution
system was calculated by some example cases.
» The results show that if DERs are operated to optimize
the local objectives such as cost minimization, the power
quality becomes worse.

» The improvement of the analysis tool will be continued.

© CRIEPI 2018 The 18th IERE General meeting & Japan Forum S1-6 19




The new world of energy
And how to prepare it

Dr. Isabelle MORETTI, Engie Scientific Director

KYOTO - May 2018

IERE - CRIEPI - Kansai Electric Power system

Engie Research

. CNGie
A GLOBAL AND DIVERSIFIED FOOTPRINT*
ENGIE ID
card
€66.6 billion HELulE0 153,090 evrLoYEES GE _“m“w_”_.ﬂmumvo_ _Emw
OF REVENUES IN 2016 70 CouNTRIES ACCROSS THE WORLD PRODUCTION CAPACITY
133,770 emp.
4,350 emp. 2016 rev.: €52.7 3,130 emp.
.. €4, ion 44.7 GW instal 201 5 €2.9 billi
11.7 GW installed*™* % oq.m M«< m:m»m__ma__w:
[ tortaneica oy sia
6,235 emp.
2016 rev.: €3.9 billion 3,825 emp.
17.2 GW installed**** 2016 rev.: €1.6 on
Latin America 3.9 GW installed™
[ oceania ]
G e X

5/22/2018

5/22/2018

EGNGie

Energy Price [

Wind Cost Per Kwh [US)
an__a.l-_

22x Price Decline

e Wind and solar are now
cheap

PV price evolution

-

e They may compete with
fossil fuels even without tax
incentives

_E:_________ B
Iinssassantias,

| BINGREYRNREEHERNRENEARARARRARMAGAE |

om\mﬁm.m:n nin Chile wind 298
m . .

e Pay back time for a solar
farm in sunny area (like
North Chile) could be as low
as 7 years.

In Engie we consider that the energy is now cheap and could
remain cheap.

Other points that change the game: sun, wind, among others,
are Decarbonized and Decentralized, big installations are not
necessary, a lot of citizens may produce there own electricity
=> the peer to peer of electron is starting, Digitalization is S e

mandatory
S - L ] G -
_ éneie
The 3D
The new energy world is characterized by decarbonization, decentralization and
digitalization (the 3 “D”).
’mﬁﬁgﬁol * JECENTRALIZATION DIGITALIZATION
Worldwide renewable Decentralized solutions Digital disrupts energy
energies: annual to more than double by systems and improves
additional capacity to 2030 customer offers
grow by +70% in 2030
vs 2015
S0 TO BE THE WORLD LEADER IN ENERGY TRANSITION
ambition
S - L GEEES e, X




The ongoing ruptures

The stakeholders are interested by a

Smaller and decentralized systems larger offer of energy sources

Price ¢ environnement

Scale /1000

CNGie

Gas and electricity grids are no New aternatives: ENR / H2— Digital: clients are no longer
longer independent, storage biogas / Mobility, Biomass/ passive, they want to control and
becomes key to optimize.

Electrolyseur

| i | D

water & —— .oN H,
m . {v:m 6 CH,
Méthane

LTIy R
c_% &
Fuel Gell Ethanol

Electricity

ENGIE RESEARCH : We manage pilot projects together with
partners to co-develop and test new technology based solutions

Hyingasgrid O\ \ H, in vehicles Decentralized Energy Biogas Local
Ghryd Hyway System for Islands Liquefaction
REIDS Lillibox
[ k™S
ey S5
]
i -
[T
Dunkerque \ / Grenoble Singapore France
H; to store wind \ m_camﬂmu:a%mv/ Small LNG

Organic PV and
smart Electric
Vehicle charge

Mhyrabel Drogenbos LNG Lift

Bruxelles Lorraine // Brussels \ / Global

GNGie

5/22/2018

Chemico-physical properties make H, a challenging
energy vector to transport

e Smallest element on earth

—High diffusivity (passes easily through a lot of materials)

eLightest element on earth
—Extreme low density

—1 Liter of H, (at 1 atm and 0 °C) weights only 0.2 g whilst one Liter of gasoline
weighs 730 g

e High energy content per kg but very low energy content per L

Hydrogen transport implies the ‘moving or storing’ enGie

of large volumes per unit of energy

=133 LofH,

How to transport (20 °C, 350 bar), gas

10 kWh of
energy? =77 LofHs
(20 °C, 700 bar), gas
= 42LofH;
TR PR Wy WRey (72070 1o Jau
o = 3.1 Lof NHs
PR TRy eTR=e  (-30°C, 1 bar), liquid
R = 1.7 LofCH,
{-160 °C, 1 bar), liguid
= = 1.1 L of gasaiine
CH,OH not depicted but must be situated in betwaen CH, and NH, @230
s L ] GEEEES e X

5/22/2018




Decentralized energy system

e Local production: Solar + Wind
o Local storage: Battery + H2
o Local use: electricity + mobility (H2 fuel car)

What we test with our partners mn—.w_ﬁ_mq_n_.wm
o Material

e Power Management System

e Energy Management System

Current issues arise when working on the interface between
EMS and PMS and SCADA on the breakdown of functionalities
and added value to the whole system.

The boundary EMS&PMS is not standard in the industry (both time and functionalities), although <15 min:

« Characteristic time for stabilization of a variation of load/production: ~ a few seconds

+ Automation and real time control deals with issues on that particular time scale, so targets for the next 15 mil
sufficient as the information supplied to the PMS is too limited for the PMS to rely completely on it and have stability

Blending: H2 + Natural gaz or how to store the green
electricity within the existing natural gas grid ?

e In the past we was using mainly town gas, from coal, which contained up to 50% of H2. So
having this blend in the grid is not a major issue.

e Through hydrolysers one may transform the green electricity to H2, by mixing it with the
natural gas we may use all the storage and transport facilities that already exist.

e Existing projects in Europ:
— Germany, UK (HyDeploy in the Keele university gas network), France (Dunkerque)

— FCHJU project: pre-normative effort to have a common law at the level of the EC (% of H2, quality ..)
o Hythane (H2 + CH4) as a fuel
e Which % and changes of % for the transport and distribution grids ?

o Another solution: synthetic methane (2H, + CO, = CH, + O,)

5/22/2018

CNGIC

GRHYD - Two pilots based on Hydrogen to assess the
relevance of underlying Power to Gas supply chain

GRHYD Objective : Produce H2 from renewable electricity, supply it to customers as an
NG-H2 mixture by means of the gas distribution grid, and consume it locally

Residential use, heating, cooking, hot water, CHPF, and mobility (fuel for buses)

A NEW TYPE OF GAS FOR GRID SUSTAINABLE MOBILITY

A new kind of gas for homes
A new 200-home estate will be supplied with
NG-H2 blends.

A new fuel for urban buses
By piloting Hythane® fuel on a commercial level.
The NGV station and dozens of urban buses

The H2 content may fluctuate but will never will be adapted to Hythane® (20% vol. H2)

exceed 20% vol

e —

CNGie

To conclude: Gas/elec - Energy System Convergence

e Future Networks will work together

e |, |

* SMART
« Integrated

« Flexible

e The industry’s biggest challenge since
the last transformation

Solar and wind farms extend the number
of countries that are now producer (it
extends even the stakeholder since
individual consumer may be producer); it
is the same for the biogas, countries
without HC resource may generate
biogas.

e parts

+

K e
e H2 is a game changer to link both

5/22/2018
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ﬂ_ that context, the engie’s strength :
be present along the overall chain

Almost all our thematic labs are involved in
designing the territories of tomorrow

m:msxm

for your attention
And for the invitation in the
beautifully city of Kyoto

Disclaimer

presentation or which is supplied subsequently, has been obtained from or is based upon
/ed to be reliable but has not been independently verified and is not guaranteed as to accuracy

and will not be, responsible for all risks i ith the
in have been identified or disclosed, nor for provi
onthe ion to be used for the

-%.mg,?_umzaam:nme
after h idered,
any transaction,

understand the financial a and to enter into such transaction in reliance on
your own judgment and that of your advisers and not on any views expressed by ENGIE.

The opinions set out in this document are purely indicative and are subject to the final expression of the terms
detailed ina

-ontents may be disclosed to, reproduced or used or relied upon by, any other person or used
urpose without the prior written consent of ENGIE.

in result from the ENGIE at a given moment, in
function of the parameters which ENGIE has selected, and are thus subject to market variations. The prices
estimated in this manner have only an indi and do not constitute in any manner a commi

from ENGIE.
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Introduction Use Case ll: Predictive
maintenance

Data analytics: New
business opportunities for Summary
DSQ’s?

Use Case I: Charging
infrastructure for
E-mobility

1 Data analytics: New business opportunities for DSO’s?

®
How can data analytics enhance innogy's core business? []

innogy

#3
11.5GW worldwidein DSOs have access to an
RES ffshore wind i
Renewables offshore win extensive amount of data

capacity! by installed

capacity

from the operation of
their grids.

3 #1
Grld & largest €13.5bn
electrici regulate
Infrastructure {%P Ssom it
Germany

DSQ’s can develop
new business models
from this.

#1

largest
electricity
retailerin
Germany

Retail

1 Installed capacity + projects in development

innogy SE - May 2018




2 Data analytics: New business opportunities for DSQO’s?

O
Data is everywhere: different sources from grid planning, U
operation, and maintenance can be interlinked ogy
Structured data
* HV/MV stations » Status reports
* Transformers * Failure reports
* Power poles * Maintenance plans
* Metering points * Geo data
* Suppliers & clients
Unstructured data Time-series
* Innogy internal standards, &_v—ﬂ‘ * @ sub-stations: voltage, current, frequency
e.g. maintenance guidelines, * @ transformer: temperate, alarms
worlf safety DSO * Power data logging at customer premises
* Public data * Weather data

How can one use this data ?
Future DSO = Data Hub? .

innogy SE - May 2018
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innogy

Charging infrastructure for E-
mobility




3 Use case |: Charging infrastructure for E-mobility

New challenges for utility companies & grid planning: E

increasing number of electric vehicles

innogy

17,000 charging points in over 20 countries 10 Mio. EVs by 2035 worldwide

\

0
—
[
3
c
2
=

Nb. charging points
<15

M 15-50

M s0-150

B >150

Source: Wood Mackenzie, Product Market Service

innogy SE - May 2018 6

3 Use case I: Charging infrastructure for E-mobility

o
Pro4Grid enables the identification of charging hotspots []

innogy
Input Charging “hotspots”

Geospatial data on street level %\@

=)
* Population density, income & age distribution IEE’.IJE|
* Household type & size, purchasing power

* Commercial & infrastructure data, such as Model E}@
parking garages, motorway service areas,
super markets & E-cars fleet locations

(correlation of different
data sources)

aae

Scenario assumptions =it
P ==

* Different market penetration of EV's & Eﬁ@ o
charging stations:
* 1Mio.EV’s & 731,500 wall boxes
* 500,000 EV’s & 360,000 wall boxes
* 100,000 EV’s & 87,500 wall boxes

innogy SE - May 2018 7




3 Use case I: Charging infrastructure for E-mobility

O
EV penetration not only affects the charging capacity, but also leads to
a different spatial distribution of the charging hot spots U
innogy
Example of the city of Essen, Germany
100,000 EVs 500,000 EVs 1,000,000 EVs
. 2 I =
e ‘ sNt:;cif)hnasrging
0.0-0.8
b 0.8-1.0
- 1.0-2.0
2.0-4.0
4.0-6.0
3 Use case I: Charging infrastructure for E-mobility o
The tool offers a wide range of added value for different U
customers .
innogy

® Tool focuses on socio-demographical / socio-economical impacts

® Developed by innogy with Westnetz and already in use at a utility company
® Easy to use product for grid planning and sales of charging stations (B2C, B2B)
®

Extendible for other countries and other applications, e.g. rollout of FTTX, Smart
Meter

©

Potential Customers: DSOs, municipalities, real estate owners, operators of public
buildings, stores, service stations, car-sharing companies, car manufacturers

|
|,
{

TETRN

innogy SE - May 2018 9




Predictive maintenance

(

innogy

4 Use case |l: Predictive maintenance for transformers

A Health Index can help to control investment decisions and
maintenance effort

Health Index in years

innogy SE - May 2018

(,,Biological Life Time")

Each dot indicates
one gas-oil measuring

Implementation of Health indices helps to
control investment requirements (delay of
CAPEX)

Lifetime extension

Increased reliability by failure prediction

Less maintenance effort, reduced OPEX

Transformer with a strong damage
of the transformer oil with a later
stabilization

15 20 25 30 35 40 45 50

Life time in years

Old transformer in bad
condition

Old transformer in a
rather "young" condition

Transformers
[l B-01-0148
[ B-01-0148
W B-01-0148

B-01-0148

11

O

|

innogy




4 Use case ll: Online monitoring of 110 kV cables o)

A new concept for real-time monitoring of construction works to []

identify potential threats to electricity, gas, and water infrastructure .
innogy

® Problem: high number of cable failures due to construction works
® Solution: an app was developed that tracks all construction work sites

(® Dispatcher are able to locate potential threats due to construction
works near the gas, electricity, and water infrastructure

How it works

. . L . . . Selected ground
Contractor places their Online submission of Dispatcher efficiently can ——
£e me:
1

marker in the app the construction site identify potential threats p—
Street furawia 35

Ty ench MV cable

‘ _ ] 100m
- Kablex sp. J.

> @)

Warszawa 567 798 Hxx

=g =g
a

innogy SE - May 2018

5 Summary o)

Extended use of data promises manifold advantages for utilities. []

However, various challenges have to be addressed .
innogy

Specific advantages of use cases
® DSO’s have access to large sets of data, which enables new business cases; the DSO of the future
therefore is likely to act as a data hub

® Data analytics can help to predict the future E-Mobility charging infrastructure and thus enable
various applications for different customers (e.g. efficient grid planning at DSO level)

® For life time predictions of transformers, data analytics enables the reduction of Capex and Opex

® Online monitoring of cables help to decrease the failure risk of the cable

Challenges
® Digital transformation in energy business is a complex tasks. Joint effort of
various departments and integration of external stake-holders is key to success

® Extended use of data promises manifold advantages for utilities. However, various challenges
have to be addressed, particularly with regard to Technical, Operational, and regulatory
challenges

innogy SE - May 2018 13
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Estimation of Frequency of Lightning
Strokes to Distribution Lines Based on
An Observation of Lightning Channels

Kenichi Kanatani, Satoshi Morimatsu,
Susumu Matsuura, Kazuo Shinjo
(Hokuriku Electric Power Company)




i 1. Introduction

= Outages on 6.6-kV overhead distribution lines
caused by natural phenomena mainly occur due to
lightning strokes in Japan.

* The lightning protection is important to prevent the
outages.

= Several evaluation methods of lightning
performance of distribution lines have been
proposed.

However gl

= Lightning outage rate calculated using one of the
proposed methods is several times larger than the
actual lightning outage rate. 2]

i 1. Introduction

* One of the causes may be that the frequency of
lightning strokes to distribution lines used in the
calculation deviates from actual conditions,
particularly in winter.

ot

* In order to find out the actual frequency of lightning
strokes to distribution lines, an observation of
lightning channels using lightning-video cameras has
been carried out since 2016 in Hokuriku region,
Japan.

[3]




* 1. Introduction

[ Contents of This Study]

- We present the observation results of lightning
channels captured by the video cameras. We estimate
the location error with the video cameras.

= Based on the location error, We calculate the
frequency of lightning strokes to distribution lines
from observation data.

2. Observation Method
2.1 Lightning-Video Camera

= The video camera system is installed on a distribution pole .

-.-";I::-.'- ..:lﬂ-' I:-:.:E I1 ._. - ¥ _— :. | I i -.
Power supply umt
Distribution pole




2. Observation Method

2.2 Observation Area

- Nigelvideo cameras are placed to observe lightning channels
widely
- The range that can be recorded by three or more lightning video
cameras is set as the ""evaluation area’ (about 113 km?2).

2 \
R
| Nl
= __/\j
[L,_,» Sl
fhell
SeaofJapan |
4
/’ /
¢ (}
-v—'_"‘—)r : /C
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VR OB A =
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® Lightning video camera

Evaluation area

Toyama Bay

§
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.
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— o
e
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{ % T
.l wh\, Al
o NS (i €
L o o iy ,  Toyama Pref.
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Ishlkav\ aPref. ),-f’ {
) .\< ] ;
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About 11 km

3. Observation Results

3.1 Observation Results of Lightning Channels

(from November 2016 to October 2017)

= The percentage of observation data of the video cameras to LLS
is 177% (69/39) in winter, 109% (229/207) in summer.
= The video cameras have a high capture rate, especially in winter.

Observation results of Location results
o Number of data Sub total Total
lightning video cameras of LLS et ot ¢ ubtota ota
Lightning stroke 39 * *2
Lightning stroke ghining (13)*1 [26]*2 69 @3)" | [46]”
Non data 30 (10) [20] 85
. ightni 7
Winter Cloud discharge ngl;?;;l%:g‘)ke . 16
Non data Lightning stroke 5 S 5
Total in winter 90
o Lightning stroke 207 76" | 113117 .
Light trok L L 229 1 )
ightning stroke Non data %) EERIEE (83) [146] 250
. ightni 26
Summer Cloud discharge ngl;\; I;:%‘: :;Oke 7 30
Non data Lightning stroke 93 93 93
Total in summer 352

*1 (') is number of lightning strokes recorded by two or more video cameras.
*2 [ ] is number of lightning strokes recorded by only one video camera.




3. Observation Results

3.2 Location Error

- Five lightning stroke points could be found out.

= Three data were the lightning strokes to transmission lines
(Data 1, 3 and 4) and two data were the lightning strokes to
distribution lines (Data 2 and 5).

- In all data, the lightning stroke points could be located by their
images of the video cameras.

Data No. 1 2 3 4 5
Date 2016/12/9 2016/12/9 2017/5/31 2017/6/2 2017/11/15
14:11:05 14:21:36 22:39:25 5:57:40 22:57:31
Location error
of lightning 69 m 64 m 30 m 52m 76 m
video camera
Location error
386 m - 220 m 1,356 m 200 m

of LLS

3. Observation Results
3.2 Location Error (Data 1) 2016/12/9

= The lightning struck to the overhead ground wire of the
transmission line.
= The location error with the video camera data is 69 m.

Image of lightning video cameraNo.2




3. Observation Results

= If the distribution lines exist within a radius of 100 m from the
location point by the video cameras, we assume the lightning
strokes to the distribution lines.

3.3 Frequency of Lightning Strokes to Distribution Lines

= The frequency in winter is 6.5% [(9.8-9.2)/9.2] higher than that

in summer.
Number of Number of Frequency of
lightning strokes lightning strokes | Ground stroke density | lightning strokes
in evaluation area to distribution lines [strokes/km*/year] to distribution lines
[strokes] [strokes] [strokes/100km/year]
(@) (b) (c=a/113km?) (b/c/753km*100km)
Winter 23 15 0.20 9.8
Summer 83 51 0.74 9.2
Total 106 66 0.94 93
i 4. Conclusions
\

" We have observed lightning channels using
lightning-video cameras from November 2016
to October 2017, in order to find out the actual
frequency of lightning strokes to distribution

L lines. )

g8

The observation results are summarized as
follows;




i 4. Conclusions

* The video cameras have a high capture rate,
especially in winter.

* The location errors of the video cameras are
approximately from 30 m to 80 m.

* The frequency of lightning strokes to the
distribution lines in winter is 6.5% higher
than that in summer.

[12]
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Contents

@ Current State of RE in Korea

)
(@) Project Overview )
)
)

@ Cooperative Voltage Setting

(4) simulation & Field Test

** Renewable Energy Interconnection Process

= Verification RE Interconnection Effect : Overvoltage, Accumulated volume,

Protection Coordination etc.

= 61.9MW RE is waiting for Interconnecting to network due to overvoltage

Excess M.tr D/L Overvoltage Sum
Volume(MW) 345.9 113.2 61.9 521
% 66.4 21.7 11.9 100
Customer 516 137 148 801
% 64.4 17.1 18.5 100

€ 5 ICEPCO 3




Current State of Renewable Energy in Korea

“ DG Operation Setting

= Power Factor Control for Voltage Regulation at PCC

Voltage Voltage Rise 2 Violation of Upper Limit

------------------------------------------------------- i Upper Limit

Line Impedance Sending

S/S @ Utility Grid Voltage e PV output=0
Substaion CVoltage VCB '

: Voltage <= !,—) Distance
: 000 Substaion » » PV Plant
DG-AVM va\ Transformer ; pf control pf 100%

: AC H
TR Inverter :

DC ! ‘v L
POWer FaCtOr § S T - Sy Upper Limit

Voltage

Lower Limit

v Same Active Power outpu
<= > Distance

Photovoltaic Power Plant Substation PV Plant
: pf 90% lead(lag for grid)

% OLTC Operation Setting

= No consideration LV customer, One Peak load case, Equivalent circuit

T e % [Fasdalaedel] Lr | Lx | Ur | Ux |258)] a8
] | = 2| 5 6 |0.460 [0746 | 050 | 0801 285 | (588 A0S
L D-‘éﬂ! ML 09be 18 Eo 15 515|028 0522|029 |06 ] 24 C5.15)
il a l A 1 216 | 0083 | 0049 | 003 | 06 ] 235 CLE), AL0S6)
% g—“vw—ﬁsr M uEs] 1 149 0093|0149 | 010 | 016 | 235 | COLIR), AWGLL
0,254 =51]9'§ a4 8.5 102 | 0BI1 | 1302 | 081 | 146 ] 235 1§ Cia36), ALBL
D—W—TM - 452 0L s s 9% | 348 5 0359|0573 040 | 064 ] 255
i = = - RHFUE  28km, MEo| : Skm
- ] ¢ 28900/110 = 20818, AR = 20005 (400:1)
233y ok e L4 - AF : CNOV 25uf, ALOC 160nf DA WFE) = 600/5 (120:0)
il - DA 17k AAAF ¢ 6008, DAL #H3F 235 4
Data Input Calculation Customer
OLTC Setting Voltage Problem
(LDC, DVM) Occurrence

e ——

€ 2 KEDCO No real-time feed back 5




Current State of Renewable Energy in Korea

~ «% Limit of a non-cooperative voltage control

= No cooperation with OLTC and DG makes voltage problem

Line Impadance
"

PCC - _
Utility Grid
Sstoion e
H ;
2L Transformer

Photovaltaic Power Plant

Project Overview

s Objective

= [ncreasing DER hosting capacity without investments and voltage problem

% Proposed VVO method

= Voltage control devices operate based on their local setting

= [t don’t need real-time central control and communication

= Local setting of each voltage control device is calculated from history data
» Real-time central control needs robust communication infrastructure

» Operator of each device could be different




% System configuration

Voltage management system

Control System Analyzing System

Function
SCADA I — |
« « = Voltage Control Device Setting «
DMS = CVR effect calculation

. J \ J

Measure
-ment

= AMI

= OLTC, SVR
= DG, ESS

« Information Flow « Control Flow

OA

network
FA
LDC, I?VM network
Setting
i -
1
i LDC, DVM 1 Q(V) curve 1 Q(V) curve !
L i Setting ! Setting ! Setting | Setting :
_______________________________________________________________________ )y

DER-AVM PF control, maintain v range

PCC Voltage Upper-Lower
Monitoring / |Violation Chec

€ 2 ICEPCO




Cooperative Voltage Setting

* Feature
= Voltage control devices operate based on their Local Setting
= Local Setting 1s each Voltage control device is calculated
v History data (AMI, OLTC, SVR, DG, ESS)
v Cooperation among voltage control devices
= The Setting is changed by DMS periodically

v’ System reconfiguration, a change of season, voltage problem occurrence

+* Process

= ]st: HV operation range calculation

v Calculation Proper HV range at each section by using AMI data

= 2nd: Worst case analysis
v Voltage profile with DG and ESS reactive power support
v Max (+), (-) voltage difference between S/S and H/V node
= 31d: Voltage control device Setting calculation
v DG: Upper and lower voltage limit, ESS: Q(V) curve
v OLTC, SVR: LDC, DVM parameter

€ 5 ICEPCO 11




s HV operation range calculation
= There are various LV system design according to field characteristic

= Thus, it is not suitable to use fixed HV operation range

Cooperative Voltage Setting

“* HV operation range calculation

I I
| LV1 || Lv2 I LV3 Lv4
1 Volt 1 Vot
Upper limit Upper limit
[ el | | : HV operation i | | I HV operation
® Range = Range
- ®
Time Time

€3 IKKEPCO 13




Cooperative Voltage Setting

* Worst case analysis
= Check max Volt difference case with DG, ESS reactive power support

= Voltage (max, min) margin can be obtained from the worst case

103 % ACSR 160sq, 20km

< Min/Max load: 2, TOMW, PF 0.95

% HV operation range
» 2~5node: 0.97~1.01pu

1.02

1.01 ........................

’] R A A A A R A R A R AR A AR A ARAARAEARARARARARARARARARARAARARARA AR

0.99

» 6~21node: 0.97~1.0pu
098
ey ZQ S NS CEPSS) SO . S . % NS ) S A S A S S S S % Uncontrollable DG

Lower limit » 5~10, 12~20 node, each 400kW

0.96
095 «» Controllable DG
0.94 > 11, 21 node, each 2000kW

093 > Max Q output (+/-)1.0MVar
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

—e— 1 L:min, G:max, Qcontrol : X —8—®) L:min, G:max, Qcontrol : O

—o— @ L:max, G:0, Qcontrol : X ~ —8—@ L:max, G:0, Qcontrol : O

¢ Voltage control device setting calculation

= Qutput: DG upper/lower voltage limit, OLTC LDC/DVM parameter

1.03
1.02
1.01

0.99
0.98
0.97

0.96
0.95
0.94

0.93

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

—e— (D L:min, G:max, Qcontrol : X ——(2) L:min, G:max, Qcontrol : O

—e—@®) Lmax, G:0, Qcontrol : X —e—@) L:max, G:0, Qcontrol ; O

€3 KKeEPCco 15




——o——9
——e B il
09324

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 13 20 21

~o—-2G0 -e—-12G2 e 2G4 -e—-12G6 -e-2G8 -o-L2Gl0 —e—l4G0 -e—Ll4G2 -e—l4G4 -—e—L4GE

. ——2G0 —e—L2G2 -e-12G4 —e—L2G L2G8 -o—12Gl0 ——4G0 —8—l4G2 —e—l4G4 —e—L4GE
~0—14G8 -—e—l4Gl0 —e-L6G0 —e-L6G2 *-16G4 —8-16G6 -—o-L6G8 ©-16Gl0 —e—18G0 —e—L8G2
——14G8 —8~l4GIC ~8—l6GC —e—LlEC -5 G4 —o—L6GE —e—-L6G8 L6 Gl0 —8—18GC —e—L18G2
~——18G4 —0—L8BG6 —e—L8G8 —e—L8Gl0 —e—L10G0 —e—L10G2 L10 G4 —e—L10 G6 L10 G8 L10 G10 -804 —0=l8G6 —0—l30G8 —8—L(3Cl0 —#—L10G0 —o—L10G2 L10 G4 —e—L10 G6 —o—-L10G8 110 G10
- - - -
= No DG reactive power & OLTC operation » Application of CVS

= Maximum voltage variation 9.7% at last node » There is no violation at every point

1 2 3 4 5 L] 7 8 ? 1 n p+ 13 14 15 16 17 18 19 20 2

= Voltage variation is under 3% at last node

% Simulation Information
= Single line diagram

= 3 Volt meters (2~7 node), 2 SVRs

R e = === = = e ——— ==y -
1
ESS1 H AT
i 4
SVl A1 A2 T A4 S A5 A6 T Ess2  SVRS DG
|- |- L i L L L 8
: 1 2 3
i
A3 1 5[] as
!
9 ]
= Period: 18.1.26~30 : 6 [ o
!
1
]
]
1

* LV Volt meter at T/r secondary is for conversion into HV

= Controllable DG (8 node), max Q is 500k Var

€ 5 ICEPCO 17




Simlation &_I_:ield Test

“ HV operation range

= LV standard voltage range (0.94~1.06pu, 207~233V)

1.04 1.04 1.02
1.02 'lhﬁf"""']’"““""" 102W ko ; 1 MA'!
— fimi ——max limit i 2R

= ! _Ea:ﬁ_ = ! ——min limit | — 0.98 ; _mlaxlﬂr'l'lllt i
S098 =t S098 i S.096 min limit
[ ) T i o
£ 096 AMIS(Bus2) 1050 A lﬁ(Rtjl‘wR} Foos \MT'?(F;:hmcﬂ
= H > :

200

400 600

200 400 600

Time Time

B~ B B

| i | f ]

= : ! : ——max limit i L[ max limit

1 H ——max imitf 5 ggl i ——min limit 0,98+ | T IR limit |
S 0.98 : —minlimit | = : - |
T ? £096 : 2096 ;
© 0.96 i 2! i T ]

2 AMI8(Busb) g o4 AMI9(Busb)......b....... Zooaf ...AJVI[IU(ESUS.’Z).... i
2 0.94 : S s }
i 0.92 0.92 :

0.9 g g ()| S— e
i 0.88 : 088 :

200 400 600 200 400 600 200 400 600

Time Time Time

Simlatn & Field Test

< Calculation result
= HYV operation range

Min(Hvmax(t))
1.04 /
vzl e AMI5 AMI6 AMI7 AMI8 AMI9 AMI10
1 ——max limit
= ——min limit
g0 Vmax  1.0147  1.0172 09899  1.0151 1.01 1.0028
£ " AMI5(Bus2)
M T i 09322 09376 09182 09095  0.9009  0.9178
0.92% \ M% i Vmin
09 200 400 600 ~
= Max(Hvmin(t))
= SVR, DG operation setting
Min Max Range
VSVR (DVM) 0.9193 0.9642 0.0449
VoG 0.9088 0.9626 0.0538
€ 5 ICEPCO 19
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Only SVR control, No cooperation = Cooperation with SVR & DG

SVR range: 93.9~98.1% (4.2% = SVR range(LDC): 91.2~98.0% (6.8%

There is V violation possible * 2.6% is increased compared to before

= There 1s no V violation possible

2IKCEPCO 2

Thank you

2th May, 2018 | KEPCO Research Institute (one_kepco@kepco.co.kr)




Advanced Challenges of Kyushu
EPCO due to Rapid PV Penetration

Kyushu Electric Power Co., Inc.
May 22, 2018

Today’s Topics
1. About Kyushu and Kyushu EPCO

2. Issues of Rapid Spread of Photovoltaics (PV)
(1) Demand-Supply Balance
- Output-Control system
- Large-Capacity Storage Battery
(2) Power Quality
- Voltage Flicker due to Reactive Power

3. Kyushu EPCO'’s Challenge

? KYUSHU ELECTRIC
All rights reserved by Kyushu Electric Power Co., Inc. 2018 POWER CO. INC.




About Kyushu and Kyushu EPCO

? KYUSHU ELECTRIC
All rights reserved by Kyushu Electric Power Co., Inc. 2018 POWER CO, INC.

Outline of Kyushu (principal indicators)

The economic scale, population and area of Kyushu account
for approximately 10% of Japan.

Area Population =~ Nominal gross product

42 = wﬁ 12.97 @Ilion & “Whillion

11.2% 10.2% 85% 1‘?? \
|C production Steel production  Vehicle productibn
$7 . n 17 0 .h tons U/ n Vehicles
CF)
30.6% 15.0% 14.6% Na?

? KYUSHU ELECTRIC
All rights reserved by Kyushu Electric Power Co., Inc. 2018 POWER CO, INC.




About Kyushu Electric Power Company

Amount of Sales $ 15.1 billion  (1,696.3 billion JPY)

Total Asset $ 36.9 billion  (4,141.5 billion JPY)
N f

umber o 13.053
Employees

78,619 millions of kWh (10% of Japan)

Electric Sales
- light: 28,535

Volume
- power: 50,084
Date of
May 1, 1951
Establishment /
Capital Fund $ 2.1 billion (237.3 billion JPY)
All rights reserved by Kyushu Electric Power Co., Inc. 2018 mr&uc%ﬁguc

Many Requests for PV Connecting to Power Grid

» Peak demand in summer time was about 15,500MW. (2016)
» The capacity of connected PV was about 7,870MW. (2018.2)

Feed- in Tariff scheme has started

MW on July 1st, 2012.
. _\
15,000 TPt The total capacity waiting for
4440 U grid connection exceeds
10,000 |- ARSI 9,000MW.
Rapid [
increase — :
5000 | S/ 5| O Under consulting to connect
£870 | O Under technical investigation
739 — to connect
o | o B />/> - == @ Contracted to Connect
2011 2012 2017 @ Connected

2018.2
Fiscal Year ( )

? KYUSHU ELECTRIC
All rights reserved by Kyushu Electric Power Co., Inc. 2018 POWER CO. INC.




Capacity of PV Generators in December, 2017 6 |

130MW
1oy !kaw
%Nzé 340MKW Total
A0 Kitak}/UShU 190MW 1 2,01 0 MW
o o 270MW
i K f 470MW contr t
4 ‘- umamoto ontracted toconnec
250@6@ {20MW 4,300 MW Acceptable
390M BOMW, & el capacity
T _ v 8,170 MW
Nagasakl 610MW Extra hig 1,040 MW
oMW
80MW High
490MW 2.830 Connect *
] r 7,700 MW
§3 Mlyazak| |
7 | | Low voltage
) j/ 3,840 MW
¥ Lo ,
Kagoshima
[ gosh Z *1 18% of Japan
All rights reserved by Kyushu Electric Power Co., Inc. 2018 ? mﬁ”ﬁﬁg‘m
Demand-Supply Balance on April 30, 2017

The power supplied from PV has exceeded 70% of the demand
in April 30, 2017 in Kyushu area.

12 Absorption of surplus electricity by

[GW] pumped storage operation

Pumped storage

10 Pumped storage
generation

generation

Demand

6 Thermal and
others

Stopping the pumping and
increasing the generation
of thermal power plants.

2 Nuclear Hydropower and

09 6 12 18 24 g usome

All rights reserved by Kyushu Electric Power Co., Inc. 2018 @@ PUWER CO,INC.




Issues of Rapid Spread of Photovoltaics
- Demand-Supply Balance

? KYUSHU ELECTRIC
All rights reserved by Kyushu Electric Power Co., Inc. 2018 POWER CO, INC.

Development of Output-Control System

» To resolve the issue of adjusting the supply-demand balance,
It is necessary to develop the output control system of PV
facilities and introduce it quickly.

» Two types of output control system are developed to achieve
the sure and precise output control.

- Connection Voltage = 66kV

Interactive communication system ,
via dedicated line.

- Connection Voltage < 66kV

One-way communication system ,
via the Internet.

? KYUSHU ELECTRIC
All rights reserved by Kyushu Electric Power Co., Inc. 2018 POWER CO, INC.




Details of Output-Control System

Power Utility  Control Server

Connection Voltage = 66kV : Interactive communication via dedicated line

Output Control
Signal ey

=

&= Oytput data |
of PV

Transmitting Device of
Output Control Signal

Il Dedicated Line of':CycIic

Digital data Transmission

. Receiving Device
. of Output Control
Slgnal

Connection Voltage < 66kV : One-Way communication via the Internet

Control Schedule

Power Utility

r

Dlstrlbutlng Serve

_________________________________

________________________________

’ g - ; Public Line Network —
gLy = L[p Internet =
“Output Control Access to Server | PCS
Schedule
KYUSHU ELECTRIC
All rights reserved by Kyushu Electric Power Co., Inc. 2018 ? POWER CO,INC.

» The demonstration project to
verify the reliability of output E «a&:j .
control system was started in o it ST =
June, 2015 b N BT A

> It completed successfully in i SR T %
February, 2016. ?’3,_##, . -3

<Facilities under control’> 7w I ,;
Copnected | Number | - kw & ¥4 " J/
<6.6kV> 22| 27,000 AN ed
Low * :Above 66kV
<200V> il I 9%%%%&%%‘&%&%?3@?
Total 83| 107,300 4 IV Roof Top
* Facilities were selected by public offering. - Distributor Sysktfsmmm
All rights reserved by Kyushu Electric Power Co., Inc. 2018 POWER CO, INC.




Result of Output-Control System Operation

. Connected Voltage : 200V (One-way communication)
'Date : January 20, 2016

. Weather : fine and then cloudy

’ (The percentage of cloud cover is below 10%)

100 —=— Ratio of output to Capacity(%)
—— Qutput indicated value(%)
— - Indicated value+5%
80 |
60 (™ ¢\ tr
|
40
DO [ N R R A—
Estimated output curve ' N
0 ~ without output control N it - | | | |
10:00 11:00 12:00 13:00 14:00 15:00 16:00
All rights reserved by Kyushu Electric Power Co., Inc. 2018 Time

Large-Capacity Storage Battery

Buzen Battery Substation located in Fukuoka Prefecture
. - Storage battery capacity: 50,000 kW (about 300,000 kWh)
. * One of the largest system in the world

* Storage battery installation area: About 14,000m?

____________________________________________________________________________________________________________________________________

W No2Bank M NoiBank B 555 | nits of NAS
1 SN Battery container

& -Output 200kW/unit

W -Total 50,400kW

66/6kV Tie-Transformer

? KYUSHU ELECTRIC
All rights reserved by Kyushu Electric Power Co., Inc. 2018 POWER GO, INC.




Issues of Rapid Spread of Photovoltaics
- Power Quality

? KYUSHU ELECTRIC
All rights reserved by Kyushu Electric Power Co., Inc. 2018 POWER CO,INC.

Prevention of Islanding

» The Grid Code in Japan requires both Passive and
Active Methods for surely detecting islanding.

- When output of PV generators and load are almost
equal, deviation of a reference voltage or frequency
are too small for protective relay such as OVR, UVR,
OFR, UFR to detect.

—~———

> Reactive power due to active method has caused
voltage flicker in power system with rapid penetration of
PV.

? KYUSHU ELECTRIC
All rights reserved by Kyushu Electric Power Co., Inc. 2018 POWER CO,INC.




Passive method

O—@

Sub

station
Il
/
PCS detects sudden changes
Vocs in the voltage phase or frequency
K V¥ CB Open
lnon islanding - islanding

/\m/\/\
VALY

\

16.7ms

? KYUSHU ELECTRIC
All rights reserved by Kyushu Electtic Power Co., Inc. 2018 POWER GO, INC.

(60Hz) The voltage phase shifts

Active method

O—QD—
CB
Sub
station
QPCS
P non-islanding > < islanding >
0 . T~ /-\
|\/
2Hz (for example)
fecs[HZ] PCS detects remarkable fluctuations

60

/\/\
\/\/

All rights reserved by Kyushu Electric Power Co., Inc. 2018 POWER GO, INC.
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New Active Method causes Voltage Flicker

» With increase of PV, the detection of isolated operation will
be more difficult, because the disturbance signal of PCS may
interfere with each other.

> “New Active Method” that surely detects islanding has been
introduced into low voltage PCS.

—~————

> Voltage flicker occurs due to reactive power from the PCS.

- Especially, Kyushu EPCO experienced voltage fluctuations
throughout Kyushu twice in 201 7.

» As a countermeasure, we introduced STATCOM and got

results.

All rights reserved by Kyushu Electric Power Co., Inc. 2018 ? mﬁ”ﬁﬁg‘m
Details of New Method
» The specifications of the new method are regulated in JEM

1498.

» Each PCS consumes or supplies reactive power according
to the frequency deviation synchronously.

Reactive power output

consuming VARs
0.25p.u.

001 |
: 0.01 Frequgncy
deviation
\g i\ [Hz]
................................ - 0.25p.u.
supplying VARs ? S
All rights reserved by Kyushu Electric Power Co., Inc. 2018 POWER GO, INC.




Vo|tage/ Zoom-in

6,000V 1 '\‘ll (i “l L LU \ ﬂ h n
=
\ | ‘ \ | ‘ H H | ‘ h ‘ The peak value of the system
6,000V |i\- AT voltage is almost constant.
VoItageA Zoom-in 6Hz

A = Ty
|

_\ il \ ‘ | ’ The periodical voltage fluctuation
HHTHTITT ‘|

I

-6,000V+ | i of 6Hz causes the lighting flicker.
All rights reserved by Kyushu Electric Power Co., Inc. 2018 ? mﬁ”ﬁﬁgm
A measure to Estimate Voltage Flicker

» In Japan, flicker level has been estimated by AV,,.

> That is used for the influence of load fluctuation due to ark
melting furnace (not IEC flicker meter defined by
IEC61000-3-3) .

Awo=Ji<anxAvn>2

n=1

o, -luminosity factor
AV, : rate of voltage fluctuation of each order [%]

» The value of AV,, should not exceed 0.45 .

» However, AV,, tends be higher with increasing the
quantity of reactive power.

? KYUSHU ELECTRIC
All rights reserved by Kyushu Electric Power Co., Inc. 2018 POWER CO. INC.




STATCOM as Countermeasure of Flicker

STATCOM can effectively suppress the voltage flicker.
- without STATCOM with STATCOM
| Averageperminute _STATCOM rechices AV,
b Vo OING b : ¢
AV10 ERET anas  EEE
(V) EJ ____________________________________
0
6h 9h 12h 15h 18h
6h _9h 172h: 15h _18h
_ 0] N T O A A
Active Nt tdd bl L
Boviciliet | N G LA
(kW) 100
-150
? KYUSHU ELECTRIC
All rights reserved by Kyushu Electric Power Co., Inc. 2018 POWER CO,INC.

Kyushu EPCQO’s Challenge

? KYUSHU ELECTRIC
All rights reserved by Kyushu Electric Power Co., Inc. 2018 POWER GO, INC.




B

Distribution Equipment and Others
BN - Distribution Line Simulator

8 - Voltage Control Facilities

"4 - Storage Batteries (Lithium lon Batteries)

? KYUSHU ELECTRIC
All rights reserved by Kyushu Electric Power Co., Inc. 2018 POWER COINC.

Schematic Diagram of Test Facilities

» Adjusting line impedance can simulate distribution line
between 3 and 40km length.

» Load simulator is capable of being simulated both load and
generator.

auIT [eloJawWwo)

1
1
1
1
ASO | g, SVRO1 VRO2 ' !
o ! ReX A | !
1 | ||I
! : I_—l.|0LR ! i
o !
o Load ! i
L Load Load Simulator 1 | PCS |u!
| Simulator Simulator [ =L, | S VIR IR | eom=== !
o PGS0 PCS02 PCS03 |
| 1 1

? KYUSHU ELECTRIC
All rights reserved by Kyushu Electric Power Co., Inc. 2018 POWER COINC.




Example of Test Results
STATCOM reduced the voltage fluctuation from 127V to 50V.

Without STATCOM With STATCOM

—\Vuv —Vvw —Vwu —\Vuv —\Vvw —\Vwu

6.8
127V
6.7 A N 3 Jﬂ. M 65 | 50V [(60% reduction)
s |°7 VAV % e

Voltage |66 \:/“SUMUW"’*
(kV) 6.5 - e—» -
6.4 150ms (6Hz)
0 Time[sec]
150 VW W WallaW
- STATCOM outputs reactive 1007 |
Reactive 7
power in response to change — >
Power of in cyclic voltage fluctuation of X 150ms (6Hz)
STATCOM 6Hz. 0
(kVar)
-50
0 Time[sec] 10
All rights reserved by Kyushu Electric Power Co., Inc. 2018 mﬁuﬁﬁ?w

Kyushu EPCO will further pursue the
improvement of power quality for
expanding the introduction of renewable
energy.

<

¥,

f

? KYUSHU ELECTRIC
All rights reserved by Kyushu Electric Power Co., Inc. 2018 POWER COINC.




The Situation and Future of the Technology for
IEC 61850 based Substation Automation System
in Korea

SEOK-KON KIM

KEPCO Research Institute
KOREA

ICEDCO RESEARCH INSTITUTE

2018 IERE Japan Forum

I.IEC 61850/ TCS57 Introduction
II. The Situation of SA in KEPCO
III. R&D for IEC 61850 SAS in KEPCO

ICEDCO RESEARCH INSTITUTE




TC57 Introductidi:i’i

& TC 57 Scope and Working Group

B Background of TC 57
» TC 57 was established in 1964

= Urgent need to produce international standards in the field of communications
» TC57 changed the title and scope in 1994 and again in 2003

= Need to take into consideration not only equipment aspects, but also growing need
for standardization between IT systems

B Scope of TC 57
» Title : Power systems management and associated information exchange

> Scope : To prepare international standards for power systems control equipm
ent and systems

= SAS, EMS, SCADA, DA, Remote-protection

* 9 IKKEDCO RESEARCH INSTITUTE 3121

€ TC 57 Scope and Working Group
B Composition of Working Groups of TC 57

= WG 03 : Telecontrol equipment and systems — telecontrol protocols
= WG 07 : Telecontrol protocols compatible with ISO and ITU-T standards
= WG 09 : Distribution automation using distribution line carrier
= WG 10(~WG 12) : Power system IED communication and associated data
= WG 13 : Energy management system application program interface(EMS-API)
= WGI14 : System interfaces for distribution management(SIDM)
=  WGIS5 : Power system control and associated communications
- Data and communication security
= WG 16 : Framework for energy market communication
= WG 17 : Communication systems for distributed energy resources(DER)
= WG 18 : Hydroelectric power plants — Communication for Monitoring and Control
= WG 19 : Harmonization of TC57 standards

KEPCO RESEARCH INSTITUTE 421




1C5 7Intr0ductwn IEC Cemi rittees

B Organization of IEC Committees

Control Centre 2
Contro] Centre 1

IEC 61968 "'“| [

IEC 62210 Utility Communication

Network

IEC 60870-5
WG3/7
IEC 62357 IEC 62056

IEC 61850 : IEC 62350
WG 10
| | 1 !
! i — | I Metering
= E !
}g gl |§%I E o | Billing _
Substation Distributed Energie Hydro Power Plant

Resources

ICEPCO RESEARCH INSTITUTE
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B Substation Automation System with IEC 61850

: global standard for ‘Communication Networks and Systems for Power Utility Automation’

As Was As Is [ To Be

Analog S/S (Copper, Analog) Half Dlgltal S/S(Optc+Copper) Full Digital S/S (Optic Cable)

Remote Control Canter Remote Contr nlcunu-«

HostA Host B t mru I Host A Host B | rru |

m!".!_'t_n 4 3;':— E!_'A.L*J

4

Remote Operatioﬂ

GP
=

M

| Station Bus I- Stat/on Bus ||

— g

Metering Tl Con rblu Fault Recorder Ms:h-ﬁng
Hard Wirng_—— ffff..,/flafa,’.."i’!f_/na_.ﬂffffi Process £us| -
_______________________ | =, @
& s . [ ] .l‘i & Marping Usiit Intelligent her Controfler

Field Control EDDIED' T l = s = U &5 = "

!

B& S & g

» It specifies an expandable data model and services

» It does not block future development of functions

» It supports free allocation of functions to devices

» It provides the Substation Configuration description Language (SCL)

ICEPCO RESEARCH INSTITUTE

6/21




IEC 61850 define and describe ?

B Logical node on substation facilities(measurement/control/status)

B Communication services(MMS, GOOSE, SV) for data exchange
® Engineering process of substation automation with SCL

B International standard for communication system of digital substation

IED Q XCBR : LN for circuit breaker

0O XSWI : LN(DS, ES) for switch except CB

---|xsw1| |CILO| |csw1|

--{xcer| [c1o| [cswi] Q MMXU

L] -|XSWI| | CILO | |CSWI| Q PTOC : LN for over current relay
Q PTRC : LN for trip command

O _______ . PTRC 0 GGIO : LN for general input/output

Q CILO : LN for interlock condition for switch control
'"|xsw1| | CILo | |csw1| 0 CSWI : LN for control of switch like CB, DS etc

QO GGIO : LN for general status data related to other IEDs

: LN for Measuring (Voltage, current, frequency etc)

1 @l MMS : Read/Write , Report, Log ... Eth ot
----- wire” ern
rarcwie | | |e6Io| |GGIO| |GGIO| Ethernet : GOOSE Switch
@ ICEPCO RESEARCH INSTITUTE

7/21

Composition of IEC61850 Standards

1. Parts 1 to 3 - Overview and Guide of the standard

2. Part 4 - Project management of products and tenders of IEC 61850
3. Part 5 & 6 - Communication requirements and Language

4. Part 7 - Data models and Transactions

5. Parts 8 & 9 - Required mappings for the network

6. Part 10 - Conformance Testing it . ‘ Statonove
Cantar S Enginsering
Witkplace
Basic principles / Glossary %
General Requirements Gamv ,/"
System and project management e Emaw e B m)
Communication requirements Sy S
S/S Configuration description Language By EDA x!EDB
| | Conlrallar
Basic Communication Structure ] O O
| Principles and models | | ACSI | \ /
Common Data Classes Logical Nodes 2
I ' | I g I Efvernat Switch !ﬁ:ﬁ]ﬂ!&_& Mmm
Mapping to || [ Sampled Measured Values | g RORTE S ESERAR
MMS and - iem
Ethernet || |__Mapping to Ethernet | et
gear
Conformance testing

€2 ICEPCO RESERRCH INSTITUTE

8/21




B Logical Node : Overview

logical device (Bay)
IEC 61850-7-2 Information mod
Services (Virtual World)

Service mode

Gy =
“§| LN — T
N sy & iy

s/l {in
\_ SCSM . \
IEC 618508-1 devices in a
substation
IEC 61850-7-4 logical IEC 61850-7-4
node (circuit breaker) data(Position)

IEC 61850-6
Configuration fiIe, XML Susfem legiyleeriylg

—
H

-

KKEPCO RESEARCH INSTITUTE 921

B Data Model : Example

-

XCBR | logical node of Circuit Breaker Real CB
§ o ——— ¢ Switching operation by command
.-~ POS Status » ¢ Status Data of CB
| (Open/Close)

- Loc (Local/Remote) '

g

101
s 1} }—g
t----Mod Operation Status By
i (On/Blocked)Test/Off) !*E
i = 1
| 22
| N )
i1
] | :___..___m

IKCEPCO RESEARCH INSTITUTE 1021




IEC 61850 $1d - APPLICATION

B Application Layer

» Services : What can you do with IEC 61850?

Server (physical device)

* Naming

* Read/Write

* Self-Description
* Reporting

* Controls
* Logging
* Files

» Object Model : What data can you operate on?
* Logical Nodes
*  Common Data Classes (CDC)

* 2 IKEPCO RESEARCH INSTITUTE 1121

B Data Exchange

IED/Relay Remote Terminal Unit
) . (RTU)
Report information from IED to master
%
5 f"‘
gty T
Client
Measurements
o la(Amps)
o Va (Volts)
o P (Watts)
Status
' o 52a,52b(Pos),50PU 51Tr|p
Named
and | QOrganizes
St BEICRSISICH the Data
into Groups
e
= data, quality, etc.

Blocks

* 2 IKEPCO RESEARCH INSTITUTE 1221




B Service Interface

® C(lient-Server Relation (HMI < IED)

® Define

Communication Service Interface) for
monitoring and requesting data on

power facilities and function operation
* status and measurement values
* Setting values

* Read/Write , Report , Logging etc

ACSI

(Abstract

Physical Device

-

- I—
req/rsp

Physical Device

» ICEPCO RESEARCH INSTITUTE 1321

B Communication Profiles

SLOW
: ‘ : : Long-term
b i o Application (Objects,Services) definitions
ppD " Safe-guarding
omain
Substation A_ investments
Sampled Client - Server
SCORE values communication Abstract
3 T Interface
Adaptation | Mapping | per selected stack
¥ Stack
Interface
FAST ——
MMS
Comn?:?:a?lis Real-time
. n requirements Stack selection
Technology 9 TCP following
l P state-of-the-art
communication
Ethernet Link Layer technology
Ethernet Physical Layer with Priority tagging

2 IKEPCO RESEARCH INSTITUTE 14121




The Situation of SA in Korea -

& The Situation of Substation Automation in KEPCO

B Situation of Operation

Legacy 7
Digital - - 30 - - 30

% Ref. date : 2017.12
34SKV 154KV 66KV 23KV Subtotal  Total
111 681 3 4 806

836

€ The Situation of Substation Automation in KEPCO

B Annual Construction Plan (Digitalization included)
Conversion 1 13) (8 4) 4 @30
New Const. 11 5 6 4 8 16 20 13 - 83+

Cum. total 11 16 22 26 35 (64 (92) (109) (113+)
XL (Estimated quantity)

£ 9 ICEPCO RESEARCH INSTITUTE  16/21




The Situation of SA in Kore

& Test & Engineering Tool Development in KEPCO

B Conformance Verifier

Verifier testing tool for client
- Addresses conformance testing of [IEC 61850 client including HMI, G/W using
object model, the test cases defined in by this UCAlug
- Can Edit IUG test procedures
- Supports assessment result to check fail or pass each step of test case automatically

KEPCO RESEARCH INSTITUTE 17/21

& Test & Engineering Tool Development in KEPCO
B Specification of Conformance Verifier
® Sequential Execution of Conformance Test Procedures

® Model based Editing of Conformance Test Case

® Analyzing Network Traffic, Supporting ACSI Layer

KEPCO RESEARCH INSTITUTE  18/21




The Situation of SAm

4 The Situation of Substation Automation in KEPCO
B Applications — KEPCO Solutions for S/S Automation

e -

|“‘

1] Client C e Verifier
T E==T

A e ————
T

| [4] SCL Validation Checker
e —

Bay
Leve/

[2] KEPCO Virtual Server

Process Bus

KEPCO Solutions
for Substation Automation

ICEPCO RESEARCH INSTITUTE 19721

¢ Future Substation Platform in KEPCO
B Engineering Tool and Test System for IEC 61850 Ed 2

mmizzrtrimal Oevelopmaaenteieasd o1

T eiobiity ) e
LT ey =
2, _I’E ‘
CYTVEES  vomicostame
* o - Construction 30%

Operation Efficiency

HM e

{ : ER (9,
- ¢
Lomtrd levee. lm

< Over view of Technology>

. W b

A
TS

f

=23 Digital Communication

< Engineering Tool >

< Virtual Server >

Core Technology
- Engineering Tool for Verification
- Virtual Server for Protection and Control
- HMI, S/W package, Communication Device, Test tool

2 ICEDCO RESEARCH INSTITUTE  20/21




R&D Plan for IEC6185 0SA

4 Future R&D Plan for SAS in KEPCO
B Business & Product Roadmap

TIME SPAN ~"7 ‘18 19 20 21 22 ‘25 28 "30~

Step
Foundation Technology for Digital S/S 2%8]2?1;08'( /gperation [ Auto/Self-operation of Digital S/S
Hybrid / IED for IED for
OCT / OVT System Centralized System Smart Protection
|OP test—Bed Process bus based Substation Smart Substation Automation
TECH-NOLOGY for Digital S/S Automation System System
Network Design for High Sensor and Intglljgent Device for Full Smart Substation Sensor &
Reliability Digital §/S Device

KEPCO RESEARCH INSTITUTE 2121
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The 18th [ERE General Meeting and Japan Forum

Application of Wearable Devices for
Efficient Maintenance Work of Transmission Lines

Kenichiro YAO

CHUBU
\((A Electric Power
lects

Copyright © CHUBU Electric Power Co. Inc. All Rights Reserved. 1

Application of Wearable Devices for
INDEX  Efficient Maintenance Work of Transmission Lines

01 ‘ Background and Objective

02 ‘ @® Real-time Communication System
03 ‘ @ Maintenance Assist System
04 ® Mountain Walk Navigation System

05 ‘ Conclusion

Copyright © CHUBU Electric Power Co.,Inc. All Rights Reserved. 2




CHUBU
Electric Power

01 ‘ Background and Objective (1)

The towers of power transmission line built in various places.

Transmission Line

|

#

Each of them has its own characteristics. There are various kind of problems in maintenance.

Copyright © CHUBU Electric Power Co. Inc. All Rights Reserved. 3
01 ‘ Background and Objective (2) et bower
1. A lot of Data is necessary for Maintenance Work.
Design books and documents Specification of Equipment
Item Spec
Tower QOOQline No.4
Construct year 1988/5
Voltage 17KV
Insulation Area (¢
Height 53m
Weight 21.8t
Foundation Pile
Pl Foundation Size 1078N
pad | Latitude 136°_56'_54” 400
O | ' | of Longitude _ [35° 03" 26" 100
E_T_éi | & 2
' Past maintenance data
Check Date [Facility trouble data Corresponding Date
1996/06/01 |AAAAAAAA 1997/10/05
2015/11/08 |BBBBBBB 2016/05/20
2015/05/18 |CCCCCCC 2015/11/20
2014/06/08 |DDDDDDD 2015/02/02
2009/11/24 2010/05/18
2009/04/24 2009/04/24
2004/07/04 2004/07/22
2003/08/08 2003/08/12

The maintenance worker can not bring all the documents on an mountainous patrol route.

Copyright © CHUBU Electric Power Co.,Inc. All Rights Reserved.
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CHUBU
Electric Power

01 ‘ Background and Objective (3)

2. Maintenance Work in Mountainous area.

[ Patrol Route }

The worker want a good tool to avoid losing their way in mountainous areas.

Copyright © CHUBU Electric Power Co.,Inc. All Rights Reserved.

01 ‘ Background and Objective (4) o .
3. Natural Disaster and Electric Breakdown.
Natural Disasters A
Lightning Typhoon Snow, and so on AN ,
- — Whatsl?
j t — j, t j Travel to the site happen!:
P Y on G/—-\G as rapidly as possible
- Report to the Office quickly

Electric Breakdowns

Lightning Bird Snow, and so on
o 5
%( N N ol &,
4N 4N 4D
AN AN AN

Copyright © CHUBU Electric Power Co. Inc. All Rights Reserved.




CHUBU
Electric Power

01 ‘ Background and Objective (5)

Wearable Devices are Useful

We need to solve these problems for efficient maintenance.

e

Wearable devices are useful.

Smart Wearable

Smart
Watch Camera

Glasses

Wearable devices realize the hands—free operation and has the feature that can handle a large amount of data.

Copyright © CHUBU Electric Power Co.,Inc. All Rights Reserved.

CHUBU
Electric Power

01 ‘ Background and Objective (6)

Three types of System with Wearable Devices.

3 Mountain Walk Navigation

@ Real-time communication (@ Maintenance Assist

Maintenance

Maintenance Office
Data

Design
Documents

Patrol
Route

Smart

Glasses (AR)

AR=Augmented Reality

Copyright © CHUBU Electric Power Co.,Inc. All Rights Reserved.




INDEX

Application of Wearable Devices for
Efficient Maintenance Work of Transmission Lines

01 ‘ Background and Objective

02 ‘ @ Real-time Communication System

03 ‘ @ Maintenance Assist System

04 ® Mountain Walk Navigation System

05 ‘ Conclusion

Copyright © CHUBU Electric Power Co.,Inc. All Rights Reserved.

02 \ @ Real-time Communication System (1)

CHUBU
Electric Power

Real-time Communication System.

Smart Glasses

(BT-300)

/ Report (video and voice) X

o e e s

::/N Mobile
Router

[ S ——

| Cloud Server |

Mobile
Network

Mobile
Network

_ Wearable Device Specs

Device type Eye glasses type Smart Glasses
Maker/Model EPSON/BT-300
Display type See-through over the glasses

GPS - Gyroscope
Accelerometer+Compass

Weight Headset : 699

Sensor

Advice

Copyright © CHUBU Electric Power Co.,Inc. All Rights Reserved.

Mobile
Router

i o e e
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02| @ Real-time Communication System (2) et bower

The Administrator wants to check the site in real time.

« Natural disaster and electrical breakdown.

* Monitoring construction site.

* Inspection and operation.

« Communication quality of voice and video between the worker on site and the
maintenance office.

» Influence of induction from voltage applied conductor.
(Transmission line and substation)

« Communication quality in underground manhole.

Check Points

Copyright © CHUBU Electric Power Co. Inc. All Rights Reserved. 1 1

02 ‘ @ Real-time Communication System (3) (B e

Result of Verification test On-site

Video data Image

Tower of Transmission line In Manhole Substation

Advantage Point Problem
« Communication quality is good * Noise of the wind sound
* Influence of voltage application has * In manhole, Network was torn down
no problem for data communication and sometimes Interrupted

Time Lag

Copyright © CHUBU Electric Power Co.,Inc. All Rights Reserved. 1 2




CHUBU

02 | @ Real-time Communication System (4) Ll

The Improvement points of the System.

Tower Office

Previous System

Time Lag : 1 ~ 6 second

Danger (Near High voltage)

¥

Improved System
(Data compression and
Bandwidth adjustment)

Time Lag : 1 second

Copyright © CHUBU Electric Power Co.,Inc. All Rights Reserved.

13

Application of Wearable Devices for
INDEX  Efficient Maintenance Work of Transmission Lines

01 ‘ Background and Objective

02 ‘ @® Real-time Communication System
03 ‘ @ Maintenance Assist System
04 ® Mountain Walk Navigation System

05 ‘ Conclusion
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03| @ Maintenance Assist System (B S

Display Image about Maintenance Assist System

( Display Image ]

Actual viewpoint or Camera image |~ | Maintenance Data

~=< Past Photo =~

[Electric Line)

Line: A Line 1L
Built Year: 1999/5
Inter-span length: 190m
Wire type: TACSR/AC
Tension: 36,300N

Facility List
MEND

Black background part with see through.

B

Advantage Point

Hands—free Paperless in on-site work Efficient Maintenance

Copyright © CHUBU Electric Power Co. Inc. All Rights Reserved. 1 5

Application of Wearable Devices for
INDEX  Efficient Maintenance Work of Transmission Lines

01 ‘ Background and Objective

02 | @ Real-time Communication System
03 ‘ @ Maintenance Assist System

04 ‘ ® Mountain Walk Navigation System

05 ‘ Conclusion
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03| ® Mountain Walk Navigation System (1)

Mountain Walk Navigation System

CHUBU
Electric Power

[ System Image ]

_ ‘ _ Sma Glasses View

3

Virtual Line
(AR)

_ Wearable Device Specs

B  Real Field

AR=Augmented Reality

Device type Eye glasses type Smart Glasses
Maker/Model EPSON/BT-300
Display type See-through over the glasses
Sensor GPS - Gyroscope*Accelerometer-Compass
Weight Headset : 69g
Copyright © CHUBU Electric Power Co. Inc. All Rights Reserved. 1 7
03\ 3 Mountain Walk Navigation System (2) CHuBY

Draw the Navigation Image

On N Route (Point A) ‘ #

(Reference Point X)

route
W
User Get position

S From GPS and sensor

Smart Glasses User Navigation Image on the Glasses
(Point C) (Point C)
(Point B) Route AR
File Conversion |(Point B Connect Point X, A~C and

Orientation : North (Reference Poi using perspective method

draw Virtual Line

spread in the width direction

Patrol Route
Virtual Line (AR)

IH-I I

Route Route AR
File Conversion

=)

Out of N (Reference Point X)
route Orientation : West
W
S

=)
«( )

m

IR

Go backward on the way

Display the correct
route on the right side

Patrol Route
Virtual Line (AR)

Copyright © CHUBU Electric Power Co.,Inc. All Rights Reserved.
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03| ® Mountain Walk Navigation System (3) Fetpover

Result of Verification test On-site

Navigation System View e

Worker Image

Directio 7

Toveer 87
Actually See-through Real
@ Viewpoint and AR image can
Forest be overlapped.
Patrol Route

oy g 2 . o f
o e b " “ T - -, 4 2 s &t
= B ok LS

we can investigate the patrol route for two hours, whose distance is about 1.5 km

Copyright © CHUBU Electric Power Co. Inc. All Rights Reserved. 1 9

Application of Wearable Devices for
INDEX  Efficient Maintenance Work of Transmission Lines

01 ‘ Background and Objective

02 ‘ @ Real-time Communication System
03 ‘ @ Maintenance Assist System

04 ® Mountain Walk Navigation System

05 ‘ Conclusion
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05| conclusion R UL

® Conclusion

OFrom the results of a variety of verification test on-site, it is confirmed that smart
glasses are useful for the maintenance work of transmission lines.

@ Real-Time Communication System

B The worker easily communicate to maintenance office for the transmission line
tower and substation while using both hands.

M The system improved to decrease time lag and realize multiple communication.

(@ Maintenance Assist System

M The system easily enables a large amount of data by hands-free operation to
verify the necessary facility data, past photo data, maintenance data, and so on.

(3 Mountain Walk Navigation System
M The system can guide the patrol route on a long distance using AR technique .

Copyright © CHUBU Electric Power Co.,Inc. All Rights Reserved. 21
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CHUBU
\(C,. ElectricPower

Kenichiro Yao
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The feasibility of PV for
Distributed Power Generation;

an assessment of PV Farms for 4 725
replacing Diesel in Indonesia . =" -

Dr. Zainal Arifin
PT. PLN (Persero) — Indonesia

The 18th IERE General Meeting & Japan Forum ool
Kyoto - Japan, 21 - 24 May 2018

www.pln.co.id

Who we are ... ESUCKRUEREI:ESR el ENENECN Al RelelggToETo A 1da1ly
USD 90.9 billion assets and revenue USD 18.2 billion (2015)

PLN is 477 of 500 FORTUNE (2014)

Power Generation Transmission Distribution
Total capacity 52.9 GW: - 41.600 kms Transmission - 809,090 kms Distribution lines
-42 GW (80%) PLN line - 50,150 MVA Distribution transformers
-10.9 GW (20%) IPP - 92,600 MVA Power - Over 62 million customers (more than

transformers 22.2 million using pre-paid meter)
Source : PLN, September 2016




BACKGROUND PLN

1. Based on REN21's 2017 report, renewables contributed 19.3% to humans' global
energy consumption in 2015 and 24.5% to their generation of electricity in 2016.

2. As of 2016, solar power provided just 1% of total worldwide electricity
production but was growing at 33% per annum.

3. Indonesia has an aggressive goal to increase the share of renewable energy in
the country's energy mix to 23 percent by 2025.

4. Yet Indonesia still operates Diesel station within 4.665 units and capacity 3.534
MW as Distributed power generation for electrifying rural areas especially in
some isolated islands.

5. The development of Solar power (PV farm) as Distributed power generation in
Indonesia still have some drawbacks due to some determinant factors; technical,
financial, human resources, policy etc.

RESEARCH OBJECTIVES PLN

RESEARCH QUESTION:

1.How feasible the PV (photo voltaic farm) as Distributed power generation
replacing Diesel station for electrifying some rural areas Indonesia?

2.Is PV farm technically feasible, economically viable, sustainable, and socially
equitable solution to the future of society’s energy requirements?

RESEARCH GOAL:

1.To set-up a guideline assessment for PV evaluation and implementation
process based on asset management approach.

2.To provide an overview of PV farms existing conditions as well as doing
portraits gap analysis assessment of PLN’s PV projects viewed from various
perspectives.




METHODOLOGY

F Harga Pokok Prod | Cost Reduction Vs
Pt Diezel

-
LAGGING NDIATOR

B
-
e
LK
LEADING INDICATOR .73 OPERATION MAN.
Femamiin
- R enance

Reliability
Improvement

“Balance Score Card within Tree Data Structure”

PLN
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PROCESS AND PERSON

REQUIREMENT
BNMALYSIS

GH BITE
ASSESSMENT

TEAM QUALIFICATION:

1.Finance Expert

2.0peration & Maintenance Expert
3.Asset Management Expert

4.PV Expert

5.Electrical Engineer

6.Control & Communication Network
Engineer

7.Civil & Construction Engineer
8.Environment & CSR Analyst

9.IT Engineer

www.pln.co.id

PLN
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MEASUREMENT
Variabel Proses ;
Index % Kategori Keterangan Estimasi umur
Level | Skor skala skala PLTS
0 0 Unsustainable | Keberlangsungan tidak bisa terjadi <3 Tahun
it 20 Minimum Minimal agar mampu bertahan / sustain 5 Tahun
2 { Corrective bersifat reaktif & mulai ada perencanaan 10 Tahun
3 60 Improvement | Terdapat peningkatan berkesinambungan 20 Tahun
4 80 Best Practice | Telah matang dan telah berkembang 25 Tahun
5 100 World class Standar kelas dunia atau melebihi > 25 Tahun
Variable Equipment :
Index % Kategori Keterangan Estimasi umur
Level | Skor skala skala PLTS
0 Unsustainable | Spesifikasi Teknis tidak bisa berlangsung <3 Tahun
1 Unreliable Spesifikasi Teknis tidak handal 5 Tahun
2 Just Enough Spesifikasi Teknis cukup 10 Tahun
3 60 Reliable Spesifikasi Teknis handal 20 Tahun
4 80 High Reliability | Spesifikasi Teknis sangat handal 25 Tahun
5 100 World class Spesifikasi Teknis Kelas dunia atau melebihi > 25 Tahun

N

www.pln.co.id

PLN
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SCORING

v/

Selected lem | KaDePrPhHeMaS0Ce

Equipment Map Appkcation

Search Keyword .

» KaDeFPhSp
wHaDePiPhHe

QT

| KaDePiPhHeMasSoCe | Cell Tempearalura

EquipmentMap | list | Detail | Gauges | Measurement FMEA  Analysis

7] within Child{ Seareh || Find et |

KKE HAME
» RabefF] Finance
® HalbaCu Customer
wHaDePr Process
wKaDePrPh Physical Equipments

Spedfication & Quality
Healh & Perfarmance Realization

¥ KaDePrPhHaMz
wikaDePrPhHelaS0

Main Component
Solar Module

KaDePrPhHeMaSoCe
KaDeFPhHeMaS00u
KaDePrPhHeMaSoH
KaDePiPhHeMz50Pe
KaDePrPhHeMa300=
» KaDePrPhHelain

» KaDePrPhHeMaEBa

Cell Temperature

Dust Concentration

Hot Spot & Browning
Power Perfarmance
Acegsoriss Degradation
Inverer

batiery

Gauge
WEIGH

L
18 200 -
10 B111

10 5049
10 5374

10 4544 |
10 5966

R 540

10 G

L 700

10 & |
 Exm

10 6800

19 554 -

Trend

G_PrPhHeMaSo
Ce

based on description for each KPls.

The research defined 12 KPAs with 34 KPIs which has at least 108 point variables scoring

N

www.pln.co.id

PLN
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UNIT ANALYSIS
No | PV power station Capacity Operation
(kWp)
1 |Gili:
-Gili Trawangan 600 Day — On Grid
-Gili Air 160
-Gili Meno 60
2 | Derawan 170 Day — Off Grid
3 | Bunaken 335 Day — Off Grid
4 |Lembata 200 Day — On Grid
5 | Banda Neira 100 Day — On Grid
6 | Kodingareng 150 Night — Off Grid
7 | Karanrang 200 Night — Off Grid

» Day - On Grid, the solar power operate only at the day for
8-12 hours supplies to the existing small grid within other
power supply.

= Day - Off Grid, the solar power operate only at the day for
8-12 hours, independence and isolated; not connected to
the grid.

= Night - Off Grid, the solar power supply electricity only at
night for 8-12 hours independently and isolated.

B 0

www.pln.co.id

PLN
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ANALYSIS - FINANCIAL

IDR 16,000.00

M Estimasi Desain

LEVELIZED COST OF ELECTRICITY

IDR 13,540 89

IDR 14,000.00
IDR 12,000.00

IDR 10,000.00
IDR 8,000.00

10 6,328.50

IDR 434180

IDR 6,000.00

DR 6,078.62

IDR 2,000.00 - iR 1,62

IDR 4,000.00 e OR33087

IDR0O.OO -

Derawan Bunaken Banda Naera Karanrang

Based on the study, the LCOE of PV is following;

eDay - On Grid : Rp 1,200 — 1,800 / kWh (0.1 —0.15 US$/kWh)
eDay - Off Grid : Rp 3,200 — 3,600 / kWh (0.27 — 0.3 USS$/kWh)
s Night - Off Grid : Rp 5,900 — 6,500 / kWh (0.5 — 0.54 USS$/kWh)

(0.325-0.375 USS/kWh).

B 0

On the other hand the LCOE of Diesel station at the same or near location of PV is on average Rp 3,900 — 4,500 / kWh

www.pln.co.id

PLN
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ANALYSIS - COSTUMER

Relighility
Maintainabilit

Based on field assessment and
measurements, the all PV farm production is
relatively low within kWh production is
below than 50% of its installed capacity on
average.

100%
g
b2
2]
E
PLTS PLTS 3 PLTS PLTS PLTS | PLTS PLTS
DERAW Gl BUNAK | LEMBAT | BANDA | KODING = KARAN
AN EN A NAERA | ARENG | RANG
M ENG, DESIGN, CONSTR. | 10% 3% 2% 1% 2% 14% 29%
B EQPMNT. CHAR 25% 13% 22% 15% 15% 16% 15%
= MAINT / EQ. FAIL 7% 15% 555 1% 20.00% 18% 3%
= OPERATIONAL 41% 20% 1% 7% 4% 11% B
W EXTERNALITIES 1% 9% % 1% 15% 1% 1%

Meanwhile the availability (EAF) of all PV farm is relatively good but the SAOF (Sudden Outage Factor) is
poor affected by the grid quality or other externality factors.

N

www.pln.co.id

PLN
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ANALYSIS - COSTUMER

cEBuE88 38 8E

-

o B 888583888

Produksi

Rediabiiity Avalisbility Maintainabiity

W Derawan

W Bunaken

B Banda Naera
WGl

m Lembata

B Kodingareng
W Karanrang

Value

www.pln.co.id

PLN
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ANALYSIS - PROCESS

Maintenance
Management

Internal &
Business Process |

Grid Stability

Externalities

Py )
Equipment

Operation
Management

Blackout

- -
N-E = —
-—-

www.pln.co.id

PLN
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1. The majority of equipment
specifications = median
range of quality.

2. Their performance and
condition = healthy range
category with some note.

3. Whereas “Build Quality” PV

good quality category.

ANALYSIS — PROCESS - EQUIPMENT

contractor's work of most o
equipment = median- |

IT Readiness Kualitas Enj. Desain. Health Komp. Utama

Kontraktor

IT Readiness Kualitas Enj. Desain. Health Komp. Utama

Kontrakior

N

Health Komp.

Prdkung

W Derawan

W Bunaken
mBanda Naera
WGili
miembata

W Kodingareng

m Karanrang

Health Komp.

Prdkung

www.pln.co.id

PLN
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ANALYSIS — PROCESS - OPERATION

1. The maturity level of SOP and peedl
Patrol check status is still low ne

J0.00
which the sore is only 38% of 0.0

50.00

the world class level. 000

2. No data analysis yet to o
evaluate the PV performance A T
S0P

regularly.

Evaluasi Patrol
Data Check

10000 -

5000 +

8000 +

70,00 W Derawan
E000 - W Bunaken
50.00
4000 +
3000 4
20.00
1000
0100 -

W Banda Maera
mGili
mlembata

W Kodingareng

i Karanrang

0P Evaluasi Patral
Data Check

PLN
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ANALYSIS — PROCESS => MAINTENANCE
10000
20.00
8000 +
1. Overall, all of three nos
indicators (standard job, 00
supply chain and i
LTI S = e =
which score is below 30. . Standar SCH Reliability
. . lok Improvement
2. The score of job standard is B
very poor which is only 25, s
the supply chain is also 25 2010
and reliability. iy
. . T0.00 mDerawan
improvement is about 30. el  Eae
3. While the PV inventory 50001 — mBandaNaera
. . 40,00 WGl
system is still poor and not i | _ L
supports an effective w000 | E— B Kodingareng
maintenance process. 1:$ [ ] IRAEH
. Standar S0 : Refiability h
Job Impravement

PLN
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ANALYSIS — PROCESS -> GRID STABILITY & EXTERNALITIES

100.00 -

1. The power quality of grid at :i
most PV’s are already well 7000 ———
performed with some notes . :i il

2. The operation disruption is more s0m |
affected by human factors rather 30.00 1
than externally natural factors. iﬂi ‘

3. However natural external factors 000

. . . K bilan Grid
such as irradiation, affects N

significantly the operational then
economical feasibility for all PV
farms.

Masyarakat Lokasi Geografis Iradiasi

m Derawan

W Bunaken

_ mBindaNaea
mGii

_ miembata

H Kodingareng
m Keranrang

Iokasi Geografi tradiasi

www.pln.co.id
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ANALYSIS — HUMAN CAPITAL

=

Skill

<
Human

Work ol
Reguirement
Culture 3

Most PV fam have met the minimum
standard allocation of personnel and
their skill. They have sufficient
technical operator who do the patrol
check routines. The operators have
passed basic training of operational
and maintenance periodic.

Yet maintenance technician to do
repair and junior engineer to
perform analysis and evaluation are
relatively limited.

Tools for the minimum operational
requirements and regular
maintenance are less available.

PLN
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ANALYSIS — HUMAN CAPITAL

Instead of technical matters,

there are other factors affecting
to human resources altitude
such as availability of tools and
equipment, limitation of
allocated operator for shift
working and less attention from
stakeholder to PV operational.

In summary, human
resources can be seen as the
figure.

100
20 -
B0 -
70 +
60
50
40
30
2 -+ S
5l -:
0 T
Alokasi personel Knowid. Skill Training Sarana & Tools Work Culture
100
ol
so |
70 B Derawan
60 -+ W Bunaken
&' = Banda Naera
| mGil
a0 |
W Lembata
o ¥ Kodingareng
0 I Karanrang

10 +—

Alokasi personel Knowld. Skill Training Sarana & Tools Work Culture

www.pln.co.id

PLN
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RESULT _—

80 +
62.81
56.01 56.36 sl
=1 46.49
2
40
20 4
0 +
Derawan Bunaken Banda Naera Gili lembata Kodingareng Karanrang
100 -
ll.agglng
538 .
| l
| . I
wy
Derawan Bunaken Banda Naera Gili Lernbata  Kodingareng  Karanrang

PLN
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FINDINGS PLN

1. PV is potential to replace Diesel power in Indonesia at these following conditions:

* PV On Grid (without battery) at all places

* PV Off Grid - day time (PV stand alone with sufficient battery as a buffer) at all places

* 24 Hours Off Grid Solar PV (PV stand-alone modules and battery capacity is able to meet the
needs of 24 hours) in some areas in Indonesia

2. However PV is not able to compete with Diesel yet for 24 hours Off Grid operation with
irradiated below 5 kWh /m? /day (5 hours or Equal Sun Hour).

3. Referring to the tree structural data analysis, the cause of PV farms low production is
“solvable”.

- That causes are a normative technical problems, an incidental occurrence, as well as
operational issues.

- Equipment of PV is in a relatively healthy condition and has good specification.

- The majority of low production problems can be solved by increasing awareness of PV and
competencies of human resources.

CONCLUSION PLN

1. Empirically PV farm is highly potential and feasible to replacing
Diesel station for Distributed power generation at certain
condition.

2. Balanced Score card within tree data structure is effective to set-
up a guideline assessment for PV farm performance and
implementation process.

3. The tool can provide an overview of PV farms existing conditions
as well as doing portraits gap analysis of PV projects viewed by
comprehensive perspectives.
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zainal.arifin22@pln.co.id
PT PLN (Persero)
Jalan Trunojoyo Blok M 1/135

Jakarta Selatan

Indonesia 12160
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Part I: Existent Issues of Operation and b ERER faw - Aa.o
Maintenance of Power Cables WF STAEGRID  vour rower our care
—

Existing difficulties in

inspection of power cables

* Method i1s not varied;

« Utilization rate of inspection data is
low;

* Inspection Personnel cannot get
condition information in real time;

* Inspection cycle and Inspection effect
are difficult to implement;

* Inspection process is not standardized.

Part I: Existent Issues of Operation and Y ERER (new - K<
Maintenance of Power Cable Lines NP SIIEGRD  vour rover our Care
|

> Restrictions for live detection

Along with the all-round promotion of live detection, the contradiction
between the huge number of devices and the limited manpower
become increasingly worse.

Massive devices vs.
limited manpower

High demands Live detection work has high demands on testers, while testing
on testers personnel's quality is generally not high.

GIGERTAGERRI S | The workload of arranging test data is huge in an unstandardized and
L UGRCH A ELEY | Incomplete way.

Safety risk to Great challenges have been posed to the safety of testers, since large
G enli B | number of measure points on site are near the high voltage parts.




Part 1: Existent Issues of Operation and
Maintenance of Power Cable Lines

¥ ERER faw- Ka.<

"\ STATE GRID

»>Restrictions for online monitoring

Your

Power

(0]

ur Care

Unsatisfactory
quality of
equipment

Equipment are affected by high failure rate, short service life, large
maintenance workload, bottleneck of the power supply and difficulty of
communication.

Unsatisfactory Data accuracy, stability, and real-time performance of the equipment are
performance unsatisfactory.

Lack of online
monitoring means

A complete breakthrough has not yet been achieved in on-line
monitoring for important parameters of cable condition.

Low integration of
equipment

The measurement data is not comprehensive because of low integration
of equipment and sensors.

Historical
information

O Cable device
quality

O Installation test

O Repairing
history

Part 11: Outline of Mobile Sensing and
Interactive Diagnostic Technology

The condition of power cables and decision

on power cable maintenance

Condition information
according to detection

Electronic
tags

Mobile
terminal

Sensin

. modules
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Part 11: Outline of Mobile Sensing and
Interactive Diagnostic Technology

ExREM Taw - Ka<o

ﬁé@ STATE GRID Your Power Our Care

I ]
S ——————— Function diagram of mobile sensing and
Core technologies ! o . '
interactive diagnostic system for power cable line

Maintenance Life assessment
decision-making

Multi-source
heterogeneous data Big data analysis
fusion diagnosis

Mobile database Operation and

maintenance

Mobile data knowledge base BARATN B 6 45
synchronization

EnEmns

Part II: Outline of Mobile Sensing and i ERER e w - Aa.s
Interactive Diagnostic Technology W STATEGRID  vour power our Care

' Component architecture Structural diagram of mobile sensing and

interactive diagnostic system for power cable lines

Cable intelligent identifying
tag components

!

Detection components of power cable
lines in operating state

|

Non-contact data sending
components for status
information Z
¥ s
Intelligent inspection f ‘
mobile terminal '

A 4

A

X
State interactive diagnosis and
assessment system platform
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Part 111: Condition Mobile Sensing Components NP STATEGRID  vour pover our care

Cable intelligent identifying tag

components

| (1) Record basic account information of
power cables;

— (2) Asset management and identity label;

" | (3) Automatic linkage of wireless sending
and receiving components;

'.:I_ ! f '
Cable Line |

|
B informan

s * L
L .

I Cable Jiont Cable Pits |
B Tt Camelate
ation information information

— (5) Passive and high reliability; Accounts of ‘%’:‘g: oh ccounts of ccounts of ross-section
Cable Line | Tarminal | Cable Jiont Cable Pltsl of cable du Y
Iy 4 4 ' +

o
Cable
Terminal

— (4) Quick and remote identification;
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(1) Condition data acquisition of power
cable lines.

— (2) Caching of operating state data.

| (3) Modification of condition detection
mode.

— (4) Acquisition and push of abnormal data;

(5) Flexible and highly-reliable power
supply;




lines.

(2) Self-assessment of operating state.

| (3) Networking interaction of failure or risk

warning information.

.| (4) Networking interaction of backstage

and diagnostic information.

| (5) Inspection record and risk point

processing record.

Part 111: Condition Mobile Sensing Components

Non-contact data sending components

. | (1) Sending condition data of power cables

«
(1]
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Part 111: Condition Mobile Sensing Components

Intelligent patrol mobile terminal

| (1) Object information is obtained through

sensing the electronic label;

(2) Power cable lines and channel state data
are collected,

| (3) Inspection plans and assistant inspection

operations are received;

| (4) Devices and facilities defects and

hidden dangers are recorded;

|| (5) Data of the backstage platform are
shared;
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_Basic_ intelligent Acquisition of

(6) Compatibility with traditional online information control device
— monitoring devices acquisition characterlsﬁlés
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Mobile operation Status detection and

terminal sending components
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Overview of Interactive Diagnosis and Assessment System

Foundation of . — .
T T e ED:I Source of input data &= Targets to achieve

Aging theory of insulation

Mobile sensing

Your Power Our Care

To manage the basic records
of cable lines

Comprehensive diagnosis

Offline test and diagnosis

Evaluation of remaining life

Analysis of msulation
material

To manage the operation
information of cable lines

Expert system by Al

Assessment of equipment
and its supplier

To diagnose the faults and
defects of cable lines

Test information of
installation and operation

To assess and diagnose the
conditon of cable lines

Service length and operation

environments

‘To decide the strategy of 1
maintenance >
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Grading evaluation on power cable lines

State monitoring

Line voltage
line current
line temperature
cable PD
current of the cover layer
dielectric loss
o 3 Insulated resistance i | PD ' i Dielectric Loss I | |
Asset registration
Cable information description l
geographical information -
manufacturer State analysis assessment
installer Fault data processing
voltage grade analysis of affecting factors — ‘CCADD — (:d' Y CCADD
i i CCA related coefficient ] maximize maximize (Mix :
I:)::!::s::fy eﬂ;hr:;?:nﬂizt :ff;:::y:i:a:':;]del | related coefficient related coefficient l Copula function model
fine length assessment of current perspective -
installati d suggestions for operation and maintenance — -
npa:»e n:nr: ;:ee """" lsequence of data weight | l ;T;;&;! r:i:a ‘1:;:? I l connectivity function
procurement price yes
cable administrator l
defect and fault records Risk e l miﬂ!ﬁﬁ;; lnf | N\Lt:iagr::uly;er:b:\; yﬁ:;a I l infﬂd:ﬁﬂﬂdunty rule
assessment of sequence
Procurement cost of cables
Aging and remaining value
economic risk
sacial risk
environment risk
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Logic structure of differentiated strategy-making for power cables

Condition detection | ;‘ Grade management is conducted on condition

criteria is optimized of power cable lines.

* k4 The most severe state
Normal Precaution detected'm.the hlstoncal
records is identified for
‘L assessment.
Condition detection period Revision of state Precise measuring of defect ‘L
is unchanged. detection period positioning is conducted. Attentions should be paid
i, ‘, ¢ to variation feature of
— - - — - — - detection value of state
Condition detection period Condition detection Condition assessment is conducted feature and fault data of
is unchanged. means is optimized. after eliminating defects. similar hidden dangers.
Inspection period is Inspection on defect positions Inspection on similar hidden ; ‘L
unchanged are strengthened dangers are strengthened Risk assessment and
ged. g : g : prediction of remaining
L + ] life are conducted.
Differentiated operation and maintenance of cable lines for power transmission and € 17
distribution
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Strategy-making of operation and maintenance
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importance degree of power cable lines
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Part V: Technology Development Trend

To improve the function of mobile sensing terminal

»Multi-state detection and sensing technologies
> Real-time state analysis of cable lines during the
inspection.

To optimize acquisition and sending components

»Coordination with existing online monitoring systems
> Reliability of acquisition and sending components

To expand the function of interactive diagnosis and

assessment system i R g gyl
I!ag|dplgﬁae}|ng [brfcagg'rn'akrg | anf ;
>Improve fault diagnosis function, similar defect codlofeukt | = i i, | il ol N
analyzing function, equipment state monitoring and f == Rl
dynamic assessment function, fault map/image I |Cable defect earas ©
understanding and analysis function, and state warning ) M F==—— - il
Cable state

function. = [ == T U T
I
|
|

History fault Account data 3
data /patrol data Pctccwn Data
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Thank you!
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