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Principles of the electricity market
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Principles of the electricity market

role TenneT
affordable
sustainable
® Regulated activities ® Mission TenneT

- Transport services: - Security of supply

- Reliable transmission of electricity - Facilitating renewable targets

- (newly)build and maintain electricity grid - Facilitate (European) market
- System services: integration

- Maintain balance between demand and supply of

electricity 24 hours per day, 7 days per week
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Principles of the electricity market

market design

Markt System Operations

Security of supply
freedom control targets

connectior voltage
transaction frequency

dispatch load

Freedom of the market is limited by:

Congestion management

Balancing mechanism of scarce (cross border)

transmission capacity
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Balancing the grid

International

The European meshed grid with synchronous zones

IS

EU. EU members

@ UCTE Synchronous zone
@ Synchronous with UCTE area

NORDEL )

IPS/UPS + Baltic States - | ' EE
@ R.of Ireland + N. Ireland '
@ GB

Other systems

The Netherlands are part of the
meshed grid of continental Europe
Equal fregency with synchronous
zone

Stability of frequency is joint
responsibility between TSO’s
Balancing is organised per control
area

TenneT is responsible for Control

Area the Netherlands



Balancing the grid

National cornerstones

1. Program Responsibility

— Each connection is part of the portfolio of a Program Responsible Party (PRP)
- Administrative system to settle market transactions

- Physical net position of a PRP

Imbalance PRP System imbalance
 Difference in consumption « Sum of all PRP
and supply at all Imbalance, or: the
connection points in the Imbalance of the Dutch
portfolio of a PRP control area with it the

other control areas in the
continental European
synchronous system
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Balancing the grid

National cornerstones

2. Market for frequency restoration power

— TenneT is Single Buyer
- Bid and offers of frequency restoration power from the market

3. Settlement of imbalance
- Financial incentive for market to remain in balance, or to assist the system to

restore from an imbalance
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Balanshandhaving

Incentives

System imbalance is
published real-time

System
Imbalance

Imbalance Frequency
PRP 1 restoration

bids

Imbalance

The level of the imbalance price price Most recent bid is published
determines the balancing continuously

strategy
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Balancing the grid

Developments

International Grid Control Cooperation (IGCC) — to prevent counter balancing actions

between Control Areas.

Integration of European balancing markets is logical next step after the integration of

the wholesale markets.

De EU Network Code on Balancing gives framework for further harmonisation of

balancing markets.

A pilot between TenneT and Elia (Belgium TSO) studies the possibility towards

integration and harmonisation of both balancing markets.

Balancing and the realtime balancing market become more and more European
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High voltage grid to facilitate the European market
Statnett
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http://www.statnett.no/no/
http://www.nationalgrid.com/

Allocation of cross border transmission capacity

realtime

Time window for transport

Year ahead Month ahead Day ahead Intra day Balancing
NEG NEWG market market market
Role TenneT: market facilitator / operator Participant
1300 MW 400 MW 2850 MW No reservation of capacity
4 )
Explicit allocation of capacity
by auction in long term Implicit allocation of capacity.
markets Price coupling in day ahead
markets, continuous trade in
Liquid and efficient intra day markets
secundairy market
- /
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Explicit allocation of cross border capacity:

Auction
price
Pclearing = f-=-- SN PPN ISR E
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ATC capacity
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Limitations of explicit auction at day ahead

NL - DE Interconnector usage (2007)
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Resultats implicit auction CWE region:
utilisation of cross border capacity

Interconnector utilization Netherlands - Germany
Q4 2010

10086zation ratio (Flaw/ATG)
[ ]
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Price difference Netherlands - Germany
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Results implicit auction CWE region: high level
of price convergence
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Calculation of cross border tra
ATC methodology

-

/N
. .

Facilitating the electricity market by TenneT |

¢
x.
=

17 July 2014

nsmission capacity

« Zonal model

« Zonal borders are
established historically
by country borders
Capacity is calculated
on a bilateral basis on
borders between
bidding zones - ATC
methodology
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Calculation of cross border transmission capacity
Flow based methodology

A B « Zonal model
/ @ « Coordinated capacity
o o : L2 calculation based on

CB common grid model of
all TSOs.

« Capacity is calculated
on all “critical’
components in the grid,
so called ‘critical
branches’

 Critical branches can

be:

* Crossborder
interconnections

L1 C  Internal components

G2
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Calculation of cross border transmission capacity
Flow based methodology
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Calculation of cross border transmission capacity
Flow based methodology
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Challenges in the coming years

affordable

Energy
policy

reliability
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Sustainable goals of NL and DE

Share of wind and solar
in electricity (%)

2012: realization
2020: projection

In 2020 a very high share
from intermittent sources

25
22

2012 2020

Share of renewable Share of renewable in
energy (%) electricity mix (%)
2012: realization 2012: realization
2020: target 2020: projection
The Netherlands to catch up In 2020 4x more electricity
from renewables
40
35
23
%
% 13 0% 12
10
2012 2020 2012 2020
///7.Germany .The Netherlands
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The meaning of intermittency

® Integration of intermittent sources creates two serious
challenges:

- Having sufficient generation capacity when wind and solar do not
contribute
— Operating a stable system when conventional does not contribute

The share of wind and solar
SySte m 100% TenneTscenario Energieakkoord [2020]
stability | ggo

80%
70% — wind + solar PV (% of load)
60% -
50% |
40%
30% |
20% |
10% -
0%

Generation
7 adequacy

£

Hours in a year ranked from high to low
share of contribution of wind and solar
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Impact on system stability

Conventional .
. Wind Solar
units - - Needed for:

Product:

Active power * Yes * Yes * Yes Commodity
Reactive power ses * Possible * No Voltage control
Flexibility * Yes « Possible * Limited Balancing

Inertia * Yes * Limited * No Frequency stability

Key challenge: having the right generator at the right time
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Increase in RES in Germany

250

prognose ontwikkeling productievermogen in Duitsland
L
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» conventioneel ) )
Overig conventioneel

W Pumped storage
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M Aardgas
M Steenkool

M Bruinkool

M Kernenergie
» conventioneel
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L/

M Overigduurzaam
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B Waterkracht

Opgesteld vermogen in GW

M Biomassa

M ZonPV
Demand peak ~80 GW +*

= duurzaam M Wind offshore

B Wind onshore
50

d
Demand off peak ~ 35 GW * uurzaam

2011 2023 (Scenario B)

® Peak load Germany ~80 GW. Off-peak ~35 GW.
® More and more hours per year RES fulfills complete demand... or even more

® Conventionel power will produce less and less, but remains needed for back-up
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Results implicit auction CWE region: price
convergence February 2011

100% -

90% -

80% -

70% -

60% -

50% -

40% -

30% -

20% -

10% -

0%

86% 86%
82%
‘ 76% ‘ 76% 76% 76% 76%
& P
7 & & ,,@‘0 ,,@ eV A ,,eV
&
Facilitating the electricity market by TenneT |  17July2014 | 26 faking power further



Priceconvergence DE-NL

100% 1

y W B e o @ Lowering prices in Germany,
- o5 even negative prices
8% 8% g P .
8% - 8% ® In 2011 94% of the time equeal
2% 72%
70% - 6% G6% prices in NL and DE
63%
60% .
0 - - (pricesconvergence)
19% 49% ® Today: 29% of the time
50% |
% 104 ® Almost always import from
40% -
- Germany

- 29% " 9%

' @ Shift in merit order in the
20% - Netherlands.
109% - @ Conventional power plants more
" often ‘out-of-the money’

.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
2011 2012 2013
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Thanks for your attention

thomas.donders@tennet.eu

TenneT is Europe’s first cross-border grid
operator for electricity. With approximately
20,000 kilometres of (Extra) High Voltage

lines and 36 million end users in the Netherlands
and Germany we rank among the top five

grid operators in Europe. Our focus is to

develop a north-west European energy

market and to integrate renewable energy.

Taking power further

www.tennet.eu
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