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50Hertz Transmission

Present and future challenges of RES integration

BETD — 18 March 2006 ‘-@___’,,
Marco Nix, Board Member/CFO JSOhertz

Gunter Scheibner, Head of System Operations
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50Hertz as a part of the European Electricity System

1.50Hertz
2.TenneT TSO
3.Amprion
4. TransnetBW
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50Hertz as part of an international group
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The Transmission System Operator 50Hertz

2015 2010
Area 109,589 km? 109,589 km?
(~31%) (~31%)

Total length of lines|| 10,150 km (~30%)|| 9,800 km (~30%)

Source: 50Hertz

pse Maximum load Approx. 16 GW Approx. 17 GW

(~20%) (~20%)

E”edrgylconsumf’t(jon .|| Approx.96 TWh || Approx. 98 TWh
ased on electricity supplied to end-

E:onsumers in acc. \3//vith ’::e EEG) (~200/°) (~20%)

o
: Installed capacity: 50,528 MW (~27%) 38,354 MW (~35%)
2| - ofwhich RES 26,975 MW (~30%) 15,491 MW (~30%)
s | - of which Wind 14,637 MW (~39%) 11,318 MW (~40%)
Legend Line WK —— o et o bison whtam %
ARy v — ez = [ \Workforce 955 650
o O :::_‘?mw S 1 m;‘:ﬂm @ g
Transtormaton 380,220 @ e L Fumped.siorge plant =) T
- Transkrmation 3801150k @ Phlsced uader ot Onshoreoitshore wind farm uo')
E — R Ezm. ) " 4| Turnover 9.8 bn € 5.6 bn€
i omstnr, W it g| -Grid 1.4 bn € 0.6 bn €
J NS

50Hertz ensures the electricity supply to about 18 million people in Germany

As at 31/12/2015; Provisional data; approved figures will be available in August 2016
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Development of 50Hertz investment volumes
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Transmission grids are the backbone of the energy
supply in Germany and in Europe

§ Owner of the transmission
grid

, Q "Trustee" for managing EEG*

cash flows

Source: 50Hertz * German Renewable Energy Law

In charge of operation, maintenance and the
development of extra-high-voltage lines and
power junctions (substations) as well as for the
connection of large-scale generators and
consumers (including offshore)

Responsible for system stability of the
transmission system around the clock: frequency
control and voltage regulation, congestion
management.

Catalyst for the development of the energy
market, especially in Northern and Central-
Eastern Europe.

Responsible for managing cash flows resulting
from the Renewable Energy Law (EEG).
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RES Development Germany and 50Hertz grid area

80
50
70
40 0
50 47
30
24 25 2 40 40
22 35 37
20 19 a0 28
20
10
10
2011 2012 2013 2014 20157 2011 2012 2013 2014 2015*
W™ Wind Onshore, 50Hertz/Deutschland I Photovoltaik [ Wassar
B Wind Onshore Bl Eicmasse Deutschland
B | wind Offshore Il Biomasse
B Wind Offshore I Wasser
B Photovoltalk Abbildung chne Geothermie und Deponie-, KI&r- und Grubengas
. ) _ - ab 2012 inklusive Direktvermarkiung
Abbildung ohne Geothermie und Deponie-, Klar- und Grubengas * vorlaufige Werte, testierte Werte fur 2015 liegen zum August 2016 vor
" voriaufige Werte, testierte Werte fir 2015 liegen zum August 2016 vor Deutschlandwerte werden mittels einer helleren Farbigkeit dargestellt.
Qiuelle Deutschlandwerte: Kraftwerksliste der Bundesnetz&ga'ltur, Stand Oktober 2015 Quelle Deutschlandwerte: netztransparenz.de, Zahlen fiir 2015 eigene Berechnung

Development of RES capacities Development of RES feed-in

Germany and 50Hertz grid area Germany and 50Hertz grid area
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RES plants in the 50Hertz grid area

Development of RES capacities in the 50Hertz grid area

30 : 25 27
o5 ® Wind m Solar PV  —
= Biomass m Others N —
® 20 —
15 _
10
-1 0 B
0
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Development of RES feed-in (according to EEG) in the 50 Hertz grid area 48
50 -
40
40
S 30
|_
20
10
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2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

RES capacities are steadily growing in the 50Hertz grid area. RES feed-in amounted up to

approx. 49% (knapp 48 TWh) of overall electricity consumption in 2015.
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The German Energy Transition

What are the core elements of German , Energiewende”?

Policy-driven structural changes in the German energy system:

‘A‘ Phase out of nuclear energy production by 2022

*Q{\( Dynamic RES development (EEG 2.0)
M Targets: 40-45% by 2025, 80% by 2050

Greenhouse gas reduction: Future of coal generation in question
F Target: 40% CO, reduction by 2020, 80-95% by 2050

Energy efficiency: 50% increase of electricity efficiency by 2050

Grid extension to transport RES energy to the big industrial centres
in Southern Germany
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Core elements for a successful energy transition

Grid extension Acceptance Transparency

 RES growth requires * No acceptance without security * Open communication on grid

quicker grid extension of supply projects

* Need to speed up approval * Need to contain costs « Data transparency, e.g.
processes * Information, dialogue and 50Hertz load flow data

+ Use of technology participation of the community is «  “WindNODE”, an IT-based

innovations is key ke roject to connect players
\_ AN AN R

Digitalization Fair Cost Sharing

/"« No “‘Energiewende” without\

digitalization *  Need tg distribute costs of
. Need to cross-link system “Engrglewende” egually * High investment volume
operations and market * Regional and social balance requires a stable regulatory
. Visibility and controllability must be observed and political framework
. : » Fair distribution of grid fees over * Economic efficiency is crucial
of multiple decentralized

\_ plants is key AN regions I\ -/

10



System operations — RES Integration is the
essential challenge




The power system in the 50Hertz grid area

TSO-Level 400 kV, 220 kV 9 Windfarms

3 Steel Plants

7 onshore

7 TS0 2 offshore q r
Amprion CEPS b mee

TenneT Energinet.dk ‘ a

TransnetBW PSE () #@ymtz ] Reuter We Rosto

DSO - 1. Level (< 110 kV) 9 Distribution System Operators

Approx. 1200 Windfarms E.DIS Stromnetz Berlin CHP & IPP
— K _ ] ENSO Netz Stromnetz Hamburg )
SW Magdeburg TEN
Avacon WEMAG Netz

PV, biomass and other RES
MITNETZ Strom

159 Distribution System Operators CHP & IPP
] ) [ ———————
DSO - n. Level (< 110 kV) I
PV, biomass and other RES Other DSOs CHP & IPP
_— o - < r"4——————

As at 12/2013

DSO - 2. till m. Level (< 110 kV)
200 Windfarms

PV, biomass and other RES

12



Load dispatching
iIn Germany

50Hertz
Control Area

© Notwendigkeit und Ausgestaltung geeigneter Anreize fir eine verbrauchsnahe und
bedarfsgerechte Errichtung neuer Kraftwerke, Ein Gutachten fir das BMWi,
Frontier Economics and CONSENTEC, November 2008

—Aohertz

Energy consumption

approx. 96 TWh in the
50Hertz grid area*

Share of total power
consumption in
Germany: 20 %*

* Situation in late 2015

13
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Rising share of RES challenges the electricity
system
)78 Renewables Renewables > 40% Renewables
RES g?oiﬂghe asp?ar;lggor RES d(;ﬁ;zarnt

RES have evolved from a niche product to a dominant energy source in the

S50Hertz grid area. The electricity system has to be adapted accordingly.

14



System operations — Challenges from PV




Operational challenges from PV ~ihertz

Solar eclipse 2015 March 20

Kassel. Germany 2015 March 20

9°30'00"E & 51™19'00"N Maximum Obscuration 75.88%
* Zenith *
70T _
/ o ST T
f f o
| / \
‘ @ ! / 1
\ y o
T —— / \\ /I
~ — /
Central
e l .— : - . 0 Il
© 2000 d ;_'ld“t'? Local Circumstances of the Partial Eclipse
~ = . - Phenomenon Time (UT)
A.T.Sinclair homo s
Eclipse begins - First Contact 08:32514 (1)
. o aufsRe W o o & — <] = . Maximum magnitude of 0800572 09:41:021
sunearth.gsic.nasa.gov/eclipse Edlipse ends - Fourth Gontact 1052206 (4)

Installed capacity in Europe:
91.000 MW PV —there of in Germany 40.000 MW

16



Operational challenges from PV —itherte

Solar eclipse 20 March 2015
Simulated PV feed-in

40000

----------------------------------------- Installed PV capacity ======-
35000
30000
25000
MW s
20000
15000
12,6 GW
10000 19,2 GW
5000 0 i Y,
\
0
O N O N O N O INMO MO MO MO NMOIMOINMOWMWO MO WmWOoOWmOo wn o uwn
O N 1 O N H O < N O <N O <N d O MM O <N dO0 < n
COd A MNHIEINBOONIDIDDO ANNNFLSIIINDONGKBOD S A+ N
O O 0O 0O 0000000000 dd dA A = ™ o o o o o 1 = NN AN AN N
—Wolkenlos Orig. Wolkenlos SoFi ~ —Bedeckt Orig. = ——Bedeckt SoFi

German TSOs count on working market mechanisms for basic balancing

17



Operational challenges from PV —ionertz.

Solar eclipse 2015 March 20
PV-forecast - Live extrapolation Germany

25000

AN

20.042 MW -2.674 MW/1/4-h

_— S

PV - Kombi;DE;Dayahead Forecast 08:00 Uhr
PV - Kombi;DE;Hochrechnung

20000

15000

German TSOs can count on market mechanism for basic balancing

18



?

Operational challenges from PV ~Z50hertz

Solar eclipse 2015 March 20
Intraday (8:00 am) Export schedules 50Hertz control area

MW Fahrplanexport 50Hertz Regelzone
3000

7000

G000

5000

4000

3000

2000

1000

o
0000 03:00 0500 09:00 12:00 15:00 18:00 21:00

Market participants followed the Solar Eclips

19




Operational challenges from PV —ionertz.

Solar eclipse 2015 March 20
Reaction on INTRA-DAY Market (EPEX-Spot)

mww Spot-Preis Day Ahead [€/MWh] 464,37 (4956 MWh) L 45122
PV-Hochrechnung €/MWh

=m=|D Auktion [€/MWh] - 350

e==|D kontinuierlich [E/MWh] 300

15 V -100
-164,48 (3110 MWh) - -150
o4+ T + -200
\ \a) ) ) \a) o \a) \ \a) \ \a) \a) ) \a)
N N N N N N N N N N
Q Q Q Q Q Q QO Q Q Q Q Q Q Q
Q Q Q Q Q Q Q Q Q Q Q Q Q Q

The market products that were developed and introduced
over the last years worked properly




Operational challenges from PV ~ihertz

Solar eclipse 20 March 2015
Frequency curve between 08:00am and 12:00 CET

“* 00

Time- CET

21
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Volatile RES feed-in — Solar PV

PV feed-in data 50Hertz area 2015

max.) in one calendar day

Max. feed-in 5,995 MW
Min. feed-in 0 MW
Strongest feed-in increase within 1,061 MW
a Y4 hour slot

Strongest feed-in drop within a 74 -709 MW
hour slot

Strongest feed-in difference (min.- 5,995 MW

PV-feed-in (01/06/2015 — 07/06/2015)

6000

5000

4000

3000

2000

1000

forecast

extrapolation
A Actual feed-in

0 W WwWwWww uwuw uw uw uw w w
OoONONONONONO NO
O~ O~ O~ OO «— QO «—O

Exact forecasts and an extremely flexible and quickly reacting control system

are essential to compensate fluctuations.

22
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Operational challenge due to forecast inaccuracy

PV forecasts for Germany, April 2013
- Dramatic forecast errors of up to 8800 MW in the day-ahead forecast
- Intraday forecasts clearly better in comparison, closer match with actual feed-in

- Control and reserve power exhausted in Germany and German grid no longer

20 independently balanced. — Day-ahead outiook

— Final intraday outlook

A o A~ -
SN S\ A

3. Apr. 4. Apr. 5. Apr. 6. Apr.

Forecasts in GW
)

Incorrect PV forecasts can endanger system security!

23
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Operational challenge PV
5.995 MW, 05.06.2015

PV feed-in curve 5.540 MW, 20.03.2014
5.346 MW, 05.06.2013

5000
PV feed-in [MW] 4.631 MW, 25.05.2012

4500 +
4000 -

3500

3000 -

2500 -

2000 A

1500 -

1000 -

500 A

0_
01.01.2012 01.02.2012 01.03.2012 01.04.2012 01.05.2012 01.06.2012 01.07.2012 01.08.2012 01.09.2012 01.10.2012 01.11.2012 01.12.2012
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Operational challenges from PV —ithertz
Day Ahead Forecast PV/ Intraday update
A
,'.f...'.' o i ‘V// \‘{\
SR / \
det. N4 P ——
Wheather ose-ation SM:A D-all-;tébase Conversion to power PV p;we-r-forgca;?

= External input of meta-forecast:

— Solar power forecast 5 suppliers (EnergyMeteoSystems, Meteocontrol,
Enercast, EnergyWeather, Meteologica) (in operation)

— Areas: Germany, 50Hertz, DSO regions
— Horizon day-ahead <= 96 hours; horizon short term <= 8 hours
— 3 daily updates; 74 hour short-term updates
= Combined Forecast with weighted experience by 50Hertz
— Linear combination of commercially available forecasts

Accuracy of D-1 solar forecast has reached 5-7 % Root Mean Square Error

(RMSE), excluding night hours

25



System operations — Challenges deriving
from WIND
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Volatile RES feed-in — Wind Energy

Min. feed-in 9MW | 12000 /A
Strongest feed-in increase within 1,192 MW 10000 - \ m
a % hOUF S|Ot 8000 _forecast
Strongest feed-in drop within a’4 - 1,395 MW 6000 extrapolation
hour slot ——
Strongest feed-in difference (min.- | 10,277 MW 2000
max.) in one calendar day
0 WO W0 LW WwLWw w w w wuw uwuw w w L
Sl et il Aol b ot Al i
SB=ESESIECERIIETE

Exact forecasts and an extremely flexible and quickly reacting control

system are essential to compensate fluctuations.

27



Fluctuating feed-in of renewable energies — Wind

12.163 MW, 29.11.2015
ene rg y 11.972 MW, 24.12.2014

11.064 MW, 06.12.2013
12000

10000 +
8000 i

6000 -

10.208 MW, 05.10.2012

4000 -

2000 A

o HALRIY

01.01.2012 01.02.2012 01.03.2012 01.04.2012 01.05.2012 01.06.2012 01.07.2012 01.08.2012 01.09.2012 01.10.2012 01.11.2012 01.12.2012

28
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Operational challenges from Wind T50hertz.
Day Ahead Forecast Wind/ Intraday up-date

{

e :9_;;“%:? ;'-_ e b oo e ) -
NWP WP Datenbank Conversion to power Windleistungsprognose

= External input of meta-forecast:

— Wind power forecast 6 suppliers (EnergyMeteoSystems, IWES, EuroWind,
MeteoGroup, WEPROG, Meteologica, Weatherhouse) (in operation)

— Areas: Germany, 50Hertz, DSO-regions
— Horizon day-ahead <= 96 hours; horizon short term <= 8 hours
— 3 daily updates; 74 hour short term updates
= Combined Forecast with weighted experience by 50Hertz
— Linear combination of commercially available forecasts

Accuracy of D-1 wind forecast has reached 2-4 % Root Mean Square Error

(RMSE)

29



System security relevant incidents

Hurricane on 2015/07/07
380-kV Overhead line Lauchstadt-Klostermansfeld-Wolmirstedt
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Disturbance 380 kV Overhead line
Lauchstadt- Klostermansfeld-Wolmirstedt

Where: Regional center West;
switch off 380 kV overhead line
Lau-Wol 535 and Lau-Klm 538
through storm pylons break down

When: 07.07.2015 19:52 h

What: 14 damaged pylons and
3 partly damaged pylons
Pylon 46 until 62

other connected damages
1x DB rail way

2x local street

1x regional street

8 country lanes

31
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Documentation of the damages

21.November 2015 based on provisional
towers.

32



System security relevant incidents

Hurricane on 2015/08/13
380-kV Overhead line Pulgar-Vieselbach




—Aohertz

Disturbance 380 kV Overhead line
Pulgar-Vieselbach

Where: Regional center south west;
switch off 380 kV overhead line Pul-Vib 589/590

through storm pylons break down

When: 13.08.2015; 17:36 h

What: 5 damaged pylons and
2 partly damaged pylons
pylons 123 — 129

34
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Documentation

35



Congestion Management
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RES growth requires an adaptation of the
transmission grid infrastructure

By Overload of he existing transmission grid
/L A _,k between North and South Germany

A ,l\ -> High redispatch costs

Further aggravation of the problem:

Increasing
transmission need
- Wind power generation increases in

the North.

Due to the nuclear phase-out, output
in the South will drop by about 8 GW.

Grid adaptation is key to successfully implement the energy transition

37
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Grid load in the 50Hertz area

Asynchronous line load > 5h/a

e GEPS a8,

Load = 50% Load =2 70%

50% < Load < 70% No Values

Grid load increases dramatically due to the changing generation infrastructure
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Increasing distance between consumption and
production

Offshore-
Windparks

capacity balance 2012 (MW) capacity balance 2022 (MW)
-500 - 9000 - R 9000

Source: GDP 2012, German TSO 31.01.2012
39
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Missing grid capacities lead to overload of lines and

a negative redispatch record in 2015

N
Electricity volumes and costs for redispatch E §
R 350 . 2 =
Figures in GWh Costs inm. € s o
10.000 300 5 P
8.000 250 S 23
6.000 200 TS ES
150 228
4.000 100 L 8 <3
2.000 50 - . - 5 S F
. i N |
0 0 & ¥ Z
2011 2012 2013 2014 2015 2011 2012 2013 2014 2015 EEm
Electricity amounts and costs to curb wind feed-in
_ , 160 _ 35
1 500 Figures in GWh 140 Costsinm. € gg
120 <3
1.000 100 S 2
80 5 3
60 I © g
500 40 §2%
20 B §%'
5 9O =
0 0 | | 2323
2011 2012 2013 2014 2015 2011 2012 2013 2014 2015 e

The only solution to reduce the enormous redispatch costs to prevent grid congestion is

the expansion of the transmission grid.

40
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Congestion of European neighbouring grids due to
unplanned load flows — 50Hertz-measures

Redispatch Phase shifters Grid expansion
(,virtual PST") (physical PST)

- reduces system-security- - reduces system-security- - ensures system-security
relevant flows relevant flows in entire system
- ensuring efficiency and . : :
: _ - investment required - enables integrated
cost effectiveness =
challenge European market

short-term middle-term long-term

41



Control power — maintaining balance
between load and generation
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Balance between Generation and Consumption

Slowly changing
consumption

f\/’\/”‘“\

[pu]
04

Generation with high
share of volatile RES

08

0,6

04

0,2

o
Daily load profile of the 50Hertz
control area

Wind farm feed-in

Challenge for system operation: control the balance between
consumption and generation to ensure a frequency of 50 Hz!
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Three control power types exist to keep frequency at 50 Hz

Control by TSOs
|

Reserve

by suppliers

T, 30s 5min 15 min 60 min
PC: Primary control

aFRR : Automatic Frequency Restoration Reserve = secondary control
mFRR: Manual Frequency Restoration Reserve = tertiary control (minute reserve)

Inertia

Source: 50Hertz

So far there has been no need for significant changes in control power products, as control power prices

have been steadily decreasing in recent years. This might change as the “Energiewende” is gaining pace.

44
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Despite a slight downward trend in the recent years, control
power volumes are expected to increase in the future

Development of control power volumes

GW
12
10
8 = MRL_NEG
® MRL_POS
6 ® SRL_NEG
= SRL_POS
4 m PRL
2
Source: 50Hertz 2010 2011 2012 2013 2014

Grid Control Cooperation (GCC) made it possible to reduce control power volumes in the recent years.

Despite GCC we expect an increase of control power in the future as RES share will continue to rise.

45
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Increase of RES share has a strong impact on balancing
energy demand

Impact of RES on balancing energy demand

Balancing energy, [GW]
.

6 ]

. today /
) /./
/

0 20 40 60 80 100
Installed RES capaity, [GW]

Model: Normally distributed load forecast mistakes, normally distributed RES forecast mistakes
Source: 50Hertz

Increase of installed RES capacity by 1 GW leads to increase of balancing energy demand by 50-60 MW

46



A Aohertz

New providers of control power are very welcome: Electric
boilers and a steel mill prequalified in the 50Hertz control area

Electric boilers Stadtwerke Schwerin

= Three electric boilers prequalified for secondary
control (aFRR) provision

= Up to 10 MW aFRR
= Start of aFRR marketing in December 2013

Steel mill Hamburg

= Electric furnace 3 of ArcelorMittal Hamburg GmbH
prequalified for tertiary control provision (MFRR)

= Up to 70 MW mFRR
= Start of mMFRR marketing in 2010

Sources: Stadtwerke Schwerin, ArcelorMittal Hamburg GmbH

47



%

~Z50hertz |

New providers of control power are very welcome: Batteries
prequalified in the 50Hertz control area

Battery Berlin-Adlershof

= Power: 1 MW
= Capacity: 6.2 MWh
= Technology: Lithium-lon Sodium-Sulphur

= Commissioning: 01/2012
= Usage: primary control

Battery Schwerin

= Power: 5 MW
= Capacity: 5 MWh
= Technology: Lithium-lon

= Commissioning: 09/2014

= Usage: primary control

Source: YOUNICOS

48
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New providers of control power are very welcome: Aluminium
electrolysis and small end-consumer plants in 50Hertz area

Lichtblick pilot (small end-consumer plants)

= Joint project of LichtBlick Energie und Innovation
GmbH and German TSOs

= Startin 2014 with 5 MW secondary control (aFRR)
ot = Potential of up to 100 MW control power

P ¢
R e
s [uhauserattyver

Bhanyinllwiry . J Iuhause

| luhauseKraf < = Ultilisation of storage potentials of the so-called
' Zuhausekraftwerke (Home power plants)

Trimet project (aluminium electrolysis)

= Provision of 30 MW primary control by TRIMET
Aluminium AG via aluminium electrolysis

= Start of primary control marketing in 2011

= Thanks to technology applied best control quality in
the 50Hertz control area

Sources: LichtBlick Energie und Innovation GmbH, TRIMET Aluminium AG

49
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Integration of balancing markets to foster competition and
promote exchange of balancing services

entso®

Heliable Sustainable Connecied

network
codes.cu

i
/,

Source: ENTSO-E; network codes.eu, Wikipedia

Network code on Electricity Balancing

Integration, coordination and harmonisation of
electricity balancing rules

Harmonisation of products

Move from balancing on a national level to larger
markets allowing effective resources usage

Code submitted to ACER in December 2013

Projects with 50Hertz participation

® RZisshort
® RZislong
= control programs

= “NRV programs”
A NTC-Congestion

International Grid Control Cooperation
(IGCC) for imbalance netting in DE, BE, AT, DK, NL,
SH, CZ

Joint procurement of primary control with
Switzerland (25 MW) and Netherlands (35 MW)

50
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|GCC Introduction

Since May 2010, all four German TSOs have launched the so
called Grid Control Cooperation (GCC) to optimize
secondary control procurement and activation

Many aspects of the GCC system are open for a contribution
of TSO'’s from neighboring countries, so called International
Grid Control Cooperation (IGCC)

German TSOs GCC TenneT NL CEPS APG RTE
May 2010 F%mz JL%OQ A$2014 Feb 2016
2010 2011 2012 ikl 2014 2015 2016

Oct 2011 Mar 2012 Oct 2012
Energinet.dk Swissgrid Elia

51
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Grid extension projects 50Hertz area since 2009
(a§ of 015/12/31)

Grid expansion
Grid expansion projects since 2009

Projoct (seloction) Projoct status Lina langth
@  Viermadon - Keajik (section) Oparational 3km
[:] Northern ine Hamburg — Schwerin Operational 85 km
Schieswig- [:] South-wist coupling Ine 1, Lauchstis - Viesobach Oporaticnal 78hm
i
Holstain o 53 cable (Thringia)/ Bavaria borden) CGperationsl 1Bkm
[} Baic 1 offshore wind trm grid connection Operational 75km
/ - [} grid ! Oparational 1hm
.Meck'annurgAw. ‘ Parieberg capacity " Operational 2km
Pomeran
o Migration from 220 KV o 380 kv, Ragow = Thyrow and Ragow - Wstermark Oparational 3km
[+] jon of Eula for in surface mine Opsrational Ekm
Lower Saxony Q Standai £ Wost substation grid conroction Cparaticnal 1km
Saxony- (1] Fo 380 kv gnd Operatonal 12%m
Anhait
' @ Biirwalkdo - Schy KW Oparational 4B km
o Parchim South substation grid connection Opsrational 1 km
@  Souhwest couping ine 2, Viessbach - Altenteld Operational 57 km
[+:] Baltic 2 offshorn wind farm grid connection Oparational -58 kn
@ Capacitor bank Altenfald Cperational =
® Wolmirstodt 380 KV upgrade Under construction Bxm
Offehors wind farms Wikinger and Arkona-Back arid Under i 96 kma
First circuit switched on on 17 December 2015
Jassen North substation grid connection Undear construction/planning appeoval = 1/=2 km
procoodings not started yot
. @) 380 kW Berin Norther Ring wester/eastem part Under construction/In -30/~50km
14 iplanning-approval process
Thuringia () Puitz South substation grid connaction Under construction -5km
(Gransee substation grid connection Undar construction ~1km
Bavaria Czech Republic © 3 intorcomestor to Poland (o Germany/Poland bosder) porcdng® ~10km
(] Uckarmark lino Nowanhagen - Vieaden - Bortikow Planning approval decision ~120km
Le i [a] Bertikow — Passwak In Prioe 1o federal planning slage ~30km
i . Q Wolmirstod! - Porloborg - Glstrow In planning-approval process ~210km
Panving/ ;“:"""‘"‘mm’ [} Kriegers Flak Combined Giid Sclution In the approval process - 27 kms
Approval thge i purped-siorage plat
Under construction ! b, 9 Operational: - 424 km
o Compltnd e Unde comstncton paeed & Under construction: ~185km
& Gther companies . Switching stations (n] In the approval process: =448 km
i oG/ Switching stations planned |
D€ connection B undst constnction
g Other companies o
" Tha kgt inccatos the datanc of S 1ot bitwosn Baltic 1 ond 2. * O snce TIN5,
/ e cablo lengitss caver - 190 ke 1 total Coridor for i . "

= The longth incicaties the distance of o 1ot batweon Lubmin and the planning procedure.
CAWE, the cable lengths covar - 200 km in fotal % Connections Baltic 2 S0Hertz) - Kriegors Flak {Energinet.di), cabie lengths - 55 kam in total.
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Grid development and storage

Maximum available storage capacity of
water storage in 2011 (in TWh)
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Yearly surpluses in Germany
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* Maximum available storage capacity of water reservoirs in 2011

Source: World Energy Council, 2012

Study of World Energy Council proves high economic value between GER and Nordic countries

(between 7 and 12 GW!)
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Federal Requirement Plan 2012 as legal

basis for grid expansion need

hore. Wlnﬂplfku. e
Fu 2 .

xxxxx

o
Windpar
R4 ‘D" Balte 2

*
©GS)

Federal Requirement Plan passed

by German Parliament in June
2013 - Adjustments in Dec. 2015

- Basis: 2012 Grid Development Plan
of the TSOs

- 43 projects confirmed
- 3 HVDC corridors

- Pilot project for respectively 5 direct-
current and alternating current cable
lines

- Current Grid Development Plan
confirms Federal Requirement Plan

ppppp

/7 vorhabenBBRIG  %////% Viarthaben BBFIG vor/im Planfeststellungsverfahren s Vorhaben BBPIG genehmigt oder im Bau

—— Ubertragungsnetz @ Ifd. Nr. des Vorhabens m Iid. Nr. des Vorhabens O Start- oder Endpunkt
[Zustandigkeit der (Zustandigkeit der

Bundesnetzagentur) Landesbehsrden) © Stitzpunkt
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Progress of offshore projects in the Baltic Sea

2011: Commissioning of Baltic 1

2012: Start of construction Baltic 2

2014: Connection granted to windfarm operators in
the “Westlich Adlergrund” region; first cables

"%, CGS Kriegers Fiak
O™ Powreatcs - Vet ordered
~ Qo 2015:

714 OWF Arkona-

BecienSudest o Allocation of grid connection capacity to the
OWF Wikinger (350 MW) and Arkona-Becken
Sudost (385 MW)

. Grid connection of Baltic 2

. Grid Connection ,Westlich Adlergrund®:
Receipt of all necessary approvals for the
construction of the cable connection; start of

----- Exclusive economic zone (EEZ) 380 kV substation in operation

12-seamile-zone/coastal waters © 400 KV substation in operation . . .
— SR 8 fidasdeniane preliminary works for the sea- and landline

------ 150 kV grid connection in planning stage 551 AC/DC-converter
«-e-ee 220 KV grid connection in planning stage < Offshore wind farm under construction
-=== 220 kV grid connection under construction Offshore wind farm in operation
O 150 kV substation in operation - Difshore wind farm in planning stage
© 220 kV substation in operation B (Offshore wind energy cluster

cable laying

Steady development of wind offshore projects in the Baltic Sea — Grid

connections for existing projects according to plan
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Thank you for your attention!

Gunter Scheibner
50Hertz Transmission GmbH
Am Umspannwerk 10

15366 Neuenhagen

+4930 5150 4450
gunter.scheibner@50hertz.com

www.50hertz.com

Neuenhagen, 29.09.2015
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