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Slstael Electric

@® Area 357 168 km?

@® Population (2015) 81,272 million
® 4 TSOs

@® 883 DSOs

@ 45 million consumers
@ Peak load approx. 86 GW

@® Average interruption of electricity
(2014): <12 min

—

Source: CIGRE 2016 GERMANY
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photovoltaics
wind power
hard coal-fired
gas-fired
lignite-fired
nuclear power
hydro power

biomass

oil

others

Germany — installed capacity

2014

Source: CIGRE 2016 GERMANY
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DSO & TSO cooperation

IS ael Electric In case of (n- dna OST noitareneg desrepsid hgih ot eud dirg-VHE eht ni snoitaloiv ytiruces -(1
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Transmission grid 380 — 220 KV 1SO

Distribution grid 110 — 60 KV

Distribution grid 60 — 6 KV

Distribution grid 230 or 400 V

B Grid area & Generation Y Load
Source: CIGRE 2016 GERMANY
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European Solar Eclipse 2015
challenges and uncertainty

Solar Eclipse trajectory - 20 March 2015

L. - Total Eclipse of the Sun

© HM Nautscal Almanac Office

2015 March 20

AT = 4698
Globe centred om E 8°9 and N 5572

Source: CIGRE 2016 Large disturbance workshop
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Impact analysis & preparation

Continental Europe installed PV capacity in
GW and estimated eclipse impact

* Installed capacity
39.7 GW
* Impact 10.2 GW
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Installed PV Capacity in Continental Europe: approx. 90 GW
Influence: potentially more than 34 GW PV reduction

Source: CIGRE 2016 Large disturbance workshop
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Israel Electric

Impact analysis & preparation

Continental Europe estimated eclipse impact

60,000
/ ﬂ’
|
50,000 i
|
|
|
40,000 I
N I
| 3/GW
|
§ 30,000 ] \ Clear sky
22 GW | )
Sqlar eclipse
= Difference
20,000 / ~—_V = \"4
N
10,000 / \ 18 GW
0 T T T T \ 1
8:00 8:30 9:00 9:30 10:00 10:30 11:00
uUTC

Source: ENTSO 2015

m




Impact analysis & preparation

el cea Impact of the Solar Eclipse on PV Generation
| in Germany, March 20t 2015

L

Demand for flexible power plants
for short production peak in the
morning

Gradient estimated to be 2 to 4 times
higher than normal daily PV ramping

Hist. Maximum
(Wind + PV) am
9. Nov. 2013:
10,5 GW /90min
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Source: CIGRE 2016 Large disturbance workshop
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Impact analysis & preparation

Solar Eclipse ex-ante analysis of German TSOs
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Control enerqgy demand

Solar Eclipse ex-ante analysis of German TSOs
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Impact analysis & preparation

e cecii Preparatlons and Strong Coordination of TSOs in
| advance and during the solar eclipse :

%

Higher Reserves: The German TSOs had procured approximately

double amount of reserves in comparison to normal operation.

= The German TSOs established a special operational concept for

activation of reserves and emergency reserves during the solar eclipse.

@ German TSOs successfully marketed the forecasted amount of PV at
the quarterly hour market. This ensured that the German TSOs only
needed to ensure that they could handle the difference between the
quarterly hour market and the real feed-in with high gradient in real-
time.

© TSOs raised awareness and informed market players, i.e. balancing

responsible parties and Distribution System Operators (DSOs) on the

reSponSIbllltv they had durlng the eClese Source: CIGRE 2016 Large disturbance workshop
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Impact analysis & preparation

ey Preparations and Strong Coordination of TSOs in
_ advance and during the solar eclipse (continue)

= TSOs had stated that they would keep their individual Area Control
Error (ACE) close to zero in real-time (i.e. faster than 10 to 15
minutes).

© TSOs had agreed on to have as little as possible planned outages in
their grid during the time of the solar eclipse.

© An operational teleconference called “real-time frequency monitoring
Telco” was held among the five TSOs of the frequency monitoring
group (Amprion, REE, RTE, Swissgrid, Terna).

© Extra training of control room operators and exercises on
coordination procedures was set up especially for this event.

@ A lot of TSOs organized the control room with extra eperators during
the event.

Source: CIGRE 2016 Large disturbance workshop
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System operations

PV generation - Germany on March 20, 2015

10:58
4.7 GW

12:30

20,3 GW

Relative Leistung vom 20.03.2015 - 09:45 Ubr

Toguwgany der IV Letwang

Relative Leigtung vom 20003 3005 - 1058 Uhr

lagragaieg 40 o Leslabg

Relative Leistung vom 20.03,2015 - 12:30 Ubr

Toguagang der IV Letwoung

= » Cvnrrch bond In Dasrinchisd I Cearrchband
- - ‘
o
o p L _ J o A
| ] N 0G1s 1800 I - [Tt [ E | ] 1S 00
- bo- n -
: - : :
n L. w
8 19 oW e 19 awW 5% 19w
& ‘/( --\ - e
™~ - vew : \heow ™~ oaw g Elnaw " oow 18 ow
ot 2
N v, . Atucte PV Lentung Deutscdland® I T ——— Aetute PV Lentung Deutscdland*
b 13,4GW 4,7 GW 20,3 GW
i
LA §
W .
- - - - -
a 0 010 c J (

Source: CIGRE 2016 Large disturbance workshop

—— e e




20000

15000 -

Mw

10000

5000 -

00:00-00:15 -

00:45-01:00

Svstem operations

PV forecast and generation on March 20th, 2015
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Significant forecast deviations due to unstable weather
conditions require marketing on intra-day market

Source: CIGRE 2016 Large disturbance workshop




Market operations

Electricity market behavior on March 20, 2015
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The market provided the necessary liquidity available at moderate price spikes in the

quarter hours trading Source: CIGRE 2016 Large disturbance workshop
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System operations

Jproet ey Electricity Exchange of Germany on March 20™, 2015

Export of Germany [GW]
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Much of the gradient could be balanced via the electricity exchange
! Austria and Switzerland supported with the management of the quarterly-hour profile

Source: CIGRE 2016 Large disturbance workshop
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System reserves & frequency on March 20, 2015

Systemfdhrung Netze Brauweiler
Regler Ensrgiesirnsats Deutschland

Heute, Freitag, 0. Ba&rzr 2015
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Systemfidhrung Netze Brauweiler
015 - Regler Ensergiesinsats Deutschland

Hewte, Freitag, 20. Mirz 2015

FREQUENCY
RESERVE




System operations

PV generation in Continental Europe on March 20t", 2015
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Lessons learned & recommendations

Slstael Electric

© Analysis of the TSOs met very well the real situation

© TSOs balanced their systems with the available reserves

© Emergency Procedures were not used

© The market provided the necessary flexibility

< Due to the good forecast quality and quarter hour marketing, the

activation of control power could be limited to compensate the

gradients within the quarter hour

¥ The quarter-hour market showed big spreads. A European

coupling of quarter-hour markets should contribute to increase

the liquidity of the market, and reduce these spreads

$ Needs of Controllability and Monitoring of PV generation

s
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Lessons learned & recommendations

BiUnN Man
el Electric

© Thanks to a strong coordination and transparency in the

preparation of the event and during the event, all the TSOs were

aware of the risks and well prepared, knowing the existing

remedial actions and the way of implementing them, and helping

each other in case of need

= In the future, fast gradient changes of PV feed-in are expected

due to the increasing amount of installed PV capacity in the
grids

= The Management of the Solar eclipse event as an excellent

example of strong and successful coordination of the European

TSOs

© Successful stress test of European power system

s




Israeli installed capacity

piina nan

Brael Elect
pract tecly 17537 MW, November 2016
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PV Installations’ map

Total installed Capacity — 862MW , November 2016

2.95%

0.68% 2 .
18.53%

. District MV LV
South 82.83% | 46.60%
B Dan 0.00% | 1.46%
Jerusalem 9.79% | 10.47%
Haifa 1.45% | 5.41%
North 5.93% |36.07%




TSO Control & Monitoring

WEATHER
CONTROL MONITOR MEASURE ShA
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PV’s Grid Support

Frequency and Voltage control

Frequency-dependent control of active power
Frequency > 50,2 Hz reduction of active power
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el Electric

PV generation & voltage

System disturbance on June 7t 2016
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Israeli Grid Future Challenges

Energy - 10% by 2020, 17% by 2030 of renewables

Wstem response

e System inertia
e Power reduction
* Load shedding

System inertia
Power reduction

-,

Frequency regulation
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* Voltage stability
Reactive power injection
* Harmonic resilience

Power

%recast uncertai nty

Ex ante & Ex post

Spinning reserve !|

'

* Undispatchable energy
* System inertia
» Power reduction

l * Black Start
* Anti island mode
» System restoration

Seamless Transition
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I * Forecast

Ex ante & Ex post
Maintenance planning

Island mode

o %al time market

5 * System flexibility
Peak shaving + System restoration

* System inertia
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» Distributed energy
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ENERGY STORAGE

¢ Ex ante & Ex post
* Awareness situation




Questions

Thanks
for
your
attention
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