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® Nord Pool offices
B Nordic/Baltic and UK — day-ahead and intraday

B Intraday with access to Nordic volumes

Serviced markets YTD

*) In the UK, Nord Pool operates under the N2EX brand
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The Nordic is an integrated part of Europe

entso@

Interconnected network

5 \ of Northern Europe
T ICELAND

,,,,,

Norway:
S e T « Population

, e * Peak load:

* Installed capacity:

* Annual Consumption:
* Normal production:

* Variation.

* Hydro production:

Nordic:
* Population >
* Peak load:

& ES'FONIAH 1

< * Installed capacity:

o/ LATVIA
el o

* Annual consumption:
 Production:

5,5 mill

24 000MW

30000MW

119 TWh

125 TWh
60 TWh
99%

24 mill

69 000MW
89 000MW
412 TWh

* Hydro:

* Nuclear:
* Thermal:
* Wind:

52%
14%
32%

2%|
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Bigger market is a better market

Seasonally Situations

Hydro  Hydro

Thermal/
Thermal/ ., cloar
Hydro Nuclear/
wind

g

VUCE Thermal/
Wind

— Security of supply

— Complementary production

Thermal/
_—) st synergies
) Cinate challenge
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Stakeholders

NO
PO

*Owned by Nordic and o L
Baltic transmission system

operators (TSO)

Regulated by Norwegian
Water Resources and
Energy Directorate (NVE)

Statnett — Norway — 28.2% Elering — Estonia — 2%
Litgrid — Lithuania — 2%
Energinet — Denmark — 18.8% AST — Latvia — 2%

Svenska Kraftnat — Sweden — 28.2%

Fingrid — Finland — 18.8%
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® Local energy company
Industry
Large utility
A x380
TSO

® Clearing representatives

® Traders

Other

4
§°,

members from other countries

Nord Pool has altogether
approximately 380 members
Majority of the members are Clients:
— Client: 59% (222)

— Participants: 40% (149)

— Client representatives: 2% (6)

Currently 20 different countries
represented through members

High level of versatility in terms of the
type of market participants:

— End consumers, producers, retailers,
brokers

— Starts ups and very large utilities
— Industrial companies, municipalities,

service providers, etc. (H:'l Fﬁ') /)lxpjo—JI/TjJ 7_25




Products and services

* Application Programming Interface — APls
*NPHiZZHMEL. MBI Z2BHICTHANE AT A

Nord Pool Day-ahead Web
Nord Pool Intraday Web
- Clearing Web

*Compliance REMIT Reporting

*REMIT:REgulation on wholesale energy Market
Integrity and Transperancy

*The first set of common rules for wholesale energy

markets in Europe:

* Compliance UMM
*REMIT Urgent Market Mmessages
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Physical Financial
Financial settlement Physical delivery delivery settlement

(HFR) /WK T—ILT7hHTE—



JILET—I)LDHEIR. YA HBRT 1—I

How the markets work
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The Day-Ahead Market (Elspot)
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PCR:The Price Coupling of Regions

The Price Coupling of Regions (PRC)
initiative now enables the coupling of Day .
Ahead electricity markets (6) in 23

countries representing over 90% of
European power consumption.

FINLAND

I 4

LITHUANIA

[l Part of PCR initiative today
B 4MMC
B Independent

[(IREIRT&EBASNhyT ]
L d NordPool Ko 2 o

Market parties: Nord Pool: PCR Matcher Broker:

Euphemia:

BULGARIA

(HFD /IR T—ILT7HhTE—



System price
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*What you see is what you get
* First come, first served
*Best priced orders first
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XBID : Cross Border Intraday

TS0s and PXs participating for developing
. and implementing the XBID Solution

PXs participating; TSO observer

PXs participating, adherence to NORWAY
joint project ongoing '
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Nord—-Pool, S H DO 5| E (20154F)
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11:04:30 cest M Espen Dovle

Capacities 50HZ, SE2 v Order Depth
% BN 50HZ v ‘ R Bid Ask
NO5 A M NO5S NO5 A M NOS Where Qty Price Price Qty | Where
0.0 0.0 0.0 00 - EEayp 20,0 23,10 24,00 50,0 | EEANP
2= DK 262 23,00 24,10 152 | pmDK1
0.0 6350/ 33593 7482 B AP 15,0 22,70 25,00 350 | gm SE3
172 4828| 34870 7184 am SE2 30,0 21,10 2540 230 | ENO2
5458 542| 37564 7006 s NO5 50,0 20,00 2540 60,0 | g SE2
0.0 6000/ 37327 7871 om SE3 55,0 18,00 2550 15,0 | gm SE3
0.0 6000/ 38665 7804 am SE3 10,0 17.40 25,60 50,0 | gm SE3
0.0 6000/ 38671 768.6 B SE1 50,0 17,20 2590 50,0 | mmDK2
0.0 6000/ 36310 7709 o m SE3 54,0 17,00 26,80 50 | g NO2
u 0,0 6000 33236 7071 u::eez 36,0 16,00 31,00 700 | EE ANP
00 3630, 37297 3630 37,90 40,0 | =FI
00 00| 29790 4130 38,00 10,0 | =FI
38,70 30 | mmlV
39,00 300 | =FI
40,00 50 | g NO2
46,00 10,0 | ==FI
55,00 1511 | EELT
65,00 70 | mELT
80,00 80 | =FI
Source: Nord Pool (H:II Fﬁ) /)bpj_)b?jj _\\E_':$D§Rthu§ 85,00 50,0 | B TTG
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Project of Common Interest

"Bigger. Better
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5. EEX & EPEX-spot
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EEX Group organises markets for
commodity products

energy and

Power Derivatives

B Exchange-traded EEX Power Futures
I EEX Trade Registration Services for Power Futures
I ECC clearing for further exchanges

B Emission Allowances

EUA Primary Market Auction for 25 EU
member states, as well s Germany and
Poland

N

Natural Gas

»~ Location spreads
B Natursl Ges hubs
B MNew Natural Gas hubs

- Freight e 0il
Dry Butk Shipping ~“Fuel Oil Hubs:
Routes Singspore and- -

/
/\ Rottardam

HFT) EEXERIZ T

Power Spot

B GermanyfAustris, Luxembourg

B Frence

[l United Kingdom

B The Netherlands

Belgium

Switzerland

Market Operations for Hungarizn the
Power Exchenge HUPX

Market operation services for South East
European Power Exchenze SEEPEX

— Fertiliser - e Coal O Metals

. Fertitiesr DAP B Delivary points: Iron Ore Tiznjin

~ andUrea ~— _ _ - Amstardam, Rotterdam, European steel
contracts Antwerp, Richards Bay contracts



EEX Group products:Power

Power Spot — Austrian Power Spot (IT|DA) — German Power Spot (ITIDA) FPEYSPO
— Belgian Power Spot (IT|DA) — Serbian Power Spot
— Dutch Power Spot (IT|DA) — Swiss Power Spot (IT|DA)
Covering — French Power Spot (IT|DA) — UK Power Spot (IT|DA)

— French capacity guarantees

Power Derivatives — Belgian Power Futures (F|P) — Italian Power Options np
— Czech Power Futures (F) — Nordic Power Futures (F)
— Dutch Power Futures (F|P) — Phelix Power Futures (F)

) — French Power Futures (F|P) — Phelix Power Options -
market areas in power spot and — French Power Options — Polish Power Futures (F) )
derivatives trading — German Intraday Cap Futures (F) — Romanian Power Futures (F)

— German/Austrian Wind Power — Slovak Power Futures (F|P)
Futures — Spanish Power Futures (F)
— Greek Power Futures (F) — Spanish Power Options
— Hungarian Power Futures (F|P) — Swiss Power Futures (F|P)
TWh — Italian Power Futures (F) — UK Power Futures (F)
3,600
3,200 .
Spot Market
2,800 . .
Derivatives Market
2,400
2,000
1,600
1,200
800
400

2010 2011 2012 2013 2014 2015 2016
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Product innovations for the Energiewende

—— covered by Floor Futures EPAONWARY,

0240 covered by Cap Futures 2016Fy
0.035 =)

0.030
0.025
0.020
0.015
0.010
0.005

0.000

100  ID,-price in €/MWh

1980 1984 1988 992 2000 2004 2008
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Product Innovations for the ,Energiewende

2011 2012 2013 2014 2015 2016
Power
Spot- 15min. Contracts 15-min
Market Intraday Market Intraday Intraday Intraday
(DE) Market Market Auction (DE) —r
EPEXSPOT (AT) (CH) eadtime
reduction
Coupling cross-border intraday ( +UK+Nordics)
Derivatives Day/Weekend ) _
utures ( ) (FRAT/ES) Power Hourly
eeX Futures Options
Cap-Futures®

*Hedging against price risks in the Intraday market

(Hi FT) EEX
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Overview of current setup
Market Setup in Germany - Timeline

Energy Balancing

inc NORD®
U EPEXSPOT

Day-Ahead- | Intraday-
Market Market

FCR/aFRR

ee} "

Forward Market

Energy by Balancing :

Service Providers

Cross Border Capacity Auction

Auction
Cross Border Market Market

Transmission Capacities

Coupling Coupling?

| >

t-6 years t-1 week  t-(1-3) days t-15min t+6sec {t+30sec t+15min

FCR - Frequency Containment Reserve (PRL)

* Nordpool allows local trading within the control area until real time  aFRR - automatic Frequency Restoration Reserve (SRL)
mFRR — manual Frequency Restoration Reserve (MRL)

(HFfr) 50Hertz



Electricity Trading Volumes — Short Term Markets
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Operational challenges from PV
— Solar eclipse 2015 March 20

PV-forecast — Live extrapolation Germany

Megawatt (MW) Lessons learned:
25.000 1 -2.674 MW/1/4-Std - The market products developed
and introduced in the last years
20.000 - o  20.042 MW - worked properly
~13,7 GW
- TSOs properly secured the
150009 251 W system via additional security
e measures
10.000
- Need for increased flexibility
- LYy 6.314 MW shown by this kind of situation as
=000 ' we will face similar needs on a
more regular basis in the future
| ceecssssssssssssssssssssssssssss RNl WIAIZESE
855883388 orvrrrryyrerereees & === PV-Kombi, 50HzT, Dayahead Forecast 08.00 h
=== PV-Kombi, 50HzT, Extrapolation

German TSOs can count on market mechanism for basic balancing.



Operational challenges from PV
— Solar eclipse 20 March 2015

Reaction on INTRA-DAY Market (EPEX-Spot)
S00

Spot-Preis Day Ahead [€/MWh)] 464 37 (4956 MWh) 450
PV-Hochrechnung
=a=|D Auktion [€/MWh] 20
e==|D kontinuierlich [€/MWh] 300
250

164,48 (3110 MWh)

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

worked properly.

(HHFfr) 50Hertz



Three control power types exist to keep frequency at 50 Hz

Control by TSOs
A

PC:
Primary control

" : aFRR:
! PC | Reserve Automatic Frequency

v : Restoration Reserve
by suppllers = secondary control

mFRR:

Manual Frequency

: Restoration Reserve
; = tertiary control

E » (minute reserve)

T, 30s 5 min 15 min 60 min

No need so far to significantly change control power products since control power prices

have steadily decreased in last years. This may change as the Energiewende gains pace.

(HFfr) 50Hertz



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

- Upto 10 MW aFRR
- Start of aFRR marketing in December 2013

Steel mill Hamburg

- Electric fumace 3 of ArcelorMittal Hamburg GmbH
prequalified for tertiary control provision (mFRR)

- Up to 70 MW mFRR
- Start of mFRR marketing in 2010

(HHFfr) 50Hertz



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

: Ik 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

(HHFfr) 50Hertz



New providers of control power are very welcome: Aluminium
electrolysis and small end-consumer plants in S0Hertz area

Lichtblick pilot (small end-consumer plants)

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

- Start in 2014 with 5 MW secondary control (aFRR)
- Potential of up to 100 MW control power

- Utilisation 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

(HHFfr) 50Hertz



Are gradients of residual load a problem?

Hourly Flexibilities of current and future power plant parkt in Germany

Assumption: No new power plants built, technical reasons for existing power plants to quit operation
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g 0

% 2014 2019 2024 2029 2034
8 Quelle: Analysen RWTH-Aachen im Auftrag von 50Hertz

Conventional power plant parkt supplies suffient flexibility
=» no security risk

But: Potentially high costs for flexibility
=» if the frame is correct, the market will provide efficient solutions

[ Turbine

[ GuD (gas-gefeuert)
N Steinkohlekraftwerk
I Biomasse

C Gaskraftwerk

B Braunkohlekraftwerk

[ Gasturbine (gas-gefeuert)
E=m Olkraftwerk

I Kernkraftwerk

@ Gasturbine (ol-gefeuert)
C—Sonstiges

w—— Residuallast
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