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Regeringens energipolitiske milepaele frem mod 2050

For at sikre, at vi opnar 100 pct. vedvarende energi i 2050, har regeringen en raekke energipoli-
tiske milepaele i arene 2020, 2030 og 2035. Disse malsaetninger er hver isaer skridt i den rigtige
retning, der sikrer fremdrift mod 2050.

2020 2030 2035 2050

Halvdelen af det Kul udfases fra danske  El- og varmeforsynin- Hele energiforsyningen

traditionelle elforbrug kraftvaerker gen daekkes af vedva- - el, varme, industri og

er deekket af vind rende energi transport - daekkes af
Oliefyr udfases vedvarende energi

Initiativerne frem til 2020 resulterer i en reduktion af drivhusgasudledningerne pa 35 pct.
i forhold til 1990

202045 £ Iz 20304 F TIC 2035 £ T 2050¢$’C(:
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Renewable energy Lolland

Bjarne Hansen, January 2017

lollandkommune

2017 7H13H(K)




O 5%,
MOTIXRFETFEMIZoT=0 e

- [{ET. BHRE

/ \_7 Nu vindmeller

T
500&1*1

y€3aE3 o)ﬂ?%f@a =

SSSSSSSSS

. %ﬁ*ﬂd)ﬁtﬁlﬁ%
IN—7)

. ’;‘z@” JF%E%W




OBELRANBE. . REEEHICHL. MTEEMNS20% L E
DHEZEZ(TAEFTHBHTIT
S>BaT=-b0RAE

O hiRH|- - - EEM D EMEZEREDTSD6SLLE

=L, H&EHE O EEERS

il



LOLLAND
FALSTER

Dranskea

’




ﬂ}

IRILF—EHTELE REVERATLS
3001&M 50018

Lolland Guldborgsund

ASUB&I7ILAZEDAA=11A A



[

LOLLAND
FALSTER

Migmi

T




OMmBELLTOREHEDR S

aARUN—HFUTHEDFTER G- arRIN— S THEDHE

L]H

BIRENORED R RYICKE T OEE DI

> BROEFHEHZETAOD IO




A A &

Hi A0 il 0 BAE KBIRILX— N(4FTR

DHA47)L KR NAFHSRE—

COPYRIGHT DIOD DANSK INFODESIGN 2012



F

LOLLAND
FALSTER

% 2 ) —

\ X X3

AN

X ST

v

|

S AR
XXX .0:!»;— '

PADA
T’I’ZQIQ‘Q'&'.-

XX

mEER 1 S mArIL

Copyright DID Dansk InfoDesign 2013




-\ AT —EI
A

¥ 7E D A8 iR

ETE RS

it Shi-faf



A YERBEREIRILFX—ZERATIA
ANRR

INAAIRAKB (73, 9y R
Fv7)

INAAHARR (REORR. A8
ERBERY)

TIRB (REJT=S. EXERD)

RRDY1-Z

RBHHE (CHP)




—H7DE
= DaT
Ry

-

Ll
EnEr G




Braendsel
Forbraendingskapacitet
El-kapacitet
Varme-kapacitet

Braendselsforbrug
Produceret el
Produceret fjernvarme
Indviet

Overtaget af REFA

Halm + frgafrens

8 tons pr. time

12 MW pr. time

25 MW pr. time
52.000 tons pr. ar
60.000 MWh pr. ar
125.000 MWh pr. ar
1999

2012

Maribo — Sakskebing Kraftvarmevaerk

Halmopriver

Varmeakkumulatortank —

Halmlager
Halmkran

1
1!

Indfyringsrampe til freafrens ’

-------------------

‘ Halmdosering 1

Vibrationsrist
El, generator, damp, turbine

Luftforvarmer

Overbeholder

Posefilter
Il

Slaggerum Slag\ger ,/

Fjernvarmeveksler
— Fjernvarme

SAKSK@BING =»

< MARIBO



A few Energy topics from Denmark =

65 % of all households are warmed up
by district heating systems

40 % of all electricity is windpower
The rest of the electricity is mainly

produced on combined heating and
powerplants (CHP)

The heat is maily used for district
heating

REFA
ENErRGI
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Heat ﬁ Flue gas

Product Gas

OIN-OUTD ¥ &l
OAhOl)—AR—-AND%

OKZFHTA

Gas cooler

Biomethane

Biomass

co, b = » 'S) — Heat

Figure 1: Schematic layout of biomass combustion and methanation to produce biomethane

5.16 Gas Safety (Management) Regulations 1996: A partial summary of the key gas quality

requirements from Schedule 3 of the GS(M)R is shown below.

Content or characteristic

Value

Hydrogen Sulphide (H2S)

Less than or equal to 5 mg/m3;

Total Sulphur (including H2S)

Less than or equal to 50 mg/m3;

Hydrogen (H2)

Less than or equal to 0.1% (molar);

Oxygen (02)

Less than or equal to 0.2% (molar);

Impurities and water and hydrocarbon
dewpoints

The gas shall not contain solids or
liquids that may interfere with the
integrity or operation of the network or
appliances

Wobbe Number (WN) (Calorific Value
divided by the square root of the
relative density)

Between 47.20 and 51.41 MJ/m3

Odour

Gas below 7 bar will have a stenching
agent added to give a distinctive
odour
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Strategic cooperation with HOFOR

* Lolland Kommune og HOFOR etablerer et
langsigtet strategisk samarbejde, med fglgende
formal:

At fremme en feelles interesse i udvikling af
Lolland, med udgangspunkt i vindprojekter
og andre vedvarende energiformer (VE) og
baseret pd konkret samarbejde om fem spor
*  Hvert ar udarbejdes en konkret plan for
aktiviteterne det kommende ar.
*  For Lolland er der fokus pa, at projekterne
bidrager til jobskabelse direkte eller indirekte
via erhvervs- og turismeudviklingsaktiviteter.
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Stand  Manufactur  mill type Power  rotor Nav-  Tip-
space er Mw Diamete heigh heigh
r t t
1 EDF Haliade 6.0 150 117 192
Energies 150-6 MW
Nouvelles
2 Vestas Wind V164-8.0 8.0 164 140 222

Systems MW

3 Vestas Wind V126-3.3 3.3 126 116 179
Systems MW

4 Vestas Wind  V110- 2.0 110 98 153
Systems 2.0MW

5 Envision EN-120/ 3.0 120 90 150
Eneray 3.0MW
6 Siemens Swr-7.0- 7.0 154 120 197
Wind Power 154 o
2 xV164-8.0MW , Made Denmark
“ T Siemens SWT4.0- 4.0 130 110 175
v Wind Power 130
i 1
Dsterild Test Center, V164, Denmark ! Data source: DTU Vindenergi as of 1 Feb 2017

20 IMHI Vestas &t#87T @MHI Vestas HQ | 30 March 2017 | RISTRICTED MHI VESTAS OFFSHORE WIND™



QFELRAAD AT F U RERTHIES
International
Wind Academy
Lolland A/S

IWAL

Wind turbine fitter courses
Wind Energy tecnician

Basic Safety Training



The work was done in

~ collaboration with.the
steermg group. conSIStlng

“"*OF

‘DONG Energy A/S

- — »Vestas Offshore A/S
Based on a vision -Slemen A/S

drew up a fasibility study on +Research RISQO
establishment of a Wind Academy

Optimizing windpower
operations

Education

|nstallation

*Service
Research

Eksporiforeningen
Svendborg Brakes A/S
‘Erhvervsrad LF

WAL

‘DRAEBYE

Prestudy, follow up reports, future plan




Optimizing Wind
Turbine operation

Education
*|nstallation
«Service
*Research
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Global Wind Organisation
GWO Sea Survival
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FACTS

Country
United Kingdom

Owner
Vattenialt

Installation year

2010

Number of turbines

106 ‘
Turbine type )

VY33 D MWE

Total output capacity

306 Mw

vk, E (V90-3.0MW) 2010

23 | MHI Vestas £11#37T @MHI Vestas HQ | 30 March 2017 | RISTRICTED

FACTS

Country
Netherlands

Owner
Eneco (50%)
Mitsubishi Corporation (50%)

B Installation year
8§ 2015

Number of turbines
43

Turbine type
V112-3 0 MW@

Total cutput capacity
128 MW

WIBEIRY, A524 (V112-3.0MW) 20155

MHI VESTAS OFFSHORE WIND"
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An array of offshore 0*1_shoFe electricity substation:
wind turbines collects electricity from the wind
< turbines and sends it onshore

A

i o Jack up ba_rge: a ke_y it - R ’/
vessel for installing = 7 : 7
: &7 g Zo

foundations and turbines

e Crew traflsfer, maintenance” Construction/cable
and monitoring vessels laying vessel
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St 6kV of B | 110kV | 0
sy |66V | 0 110kV | 0
6kV of E3 | 110kV 0

3 22%V of L4 | 110kv | 0
kv | 0 110kV | 0

sS4 22%V 0 110KV | 0
6kV 0] L101 | 68«V | 0

S5 kv _| 0] L1 BexV | 0
SB 6kV 0l L1 66KV 0
S7 6V 0] L104 | 68xV | 0
S8 kv _| Of L105 | 6&xv | 0
) 6kV 0f L1068 | 68xV 0
S10 6kV 0] L107 | 68xvV | 0
Bl v | o 225V | 0
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The Nord Pool model for trading power

Financial market
Hedging of prices

Day Ahead market (AKA Elspot)

The DAM is a daily auction that closes at
12:00 every day.

System price and area prices are calculated
for delivery each hour the following day.

Intraday market (AKA Elbas)

The ID is a continuous (24/7) market and
closes shortly before each delivery hour.

Remaining transmission capacity after the
publication DAM prices is allocated to ID.

Balancing markets

Intra-hour market for maintaining the power
balance

Imbalance settlement

Post-hour settlement of deliveries between
market participants

10 years Day-ahead Intraday | Intrahour ‘\1 ,5 months _
| -
Iime
Financial market >
]
A 2
' Reference price 2
! (system price) =
1 O
i -aﬁ- @
' >
1 -
! o
1

Physical Financial
Financial settlement Physical delivery delivery settlement

Nasdaq Nord Pool AS

nordpoolgroup.com/academy



Trading at Nord Pool

08:00-
12:00

Buyers and sellers enter
their bids and offers into
the trading system.

Until
10:00

Before 10:00 power
transmission capacities
are given by the
transmission system
operators to each bidding
area in the market

Until
12:00

Buyers plan how much
power they will need

and sellers, how much
they can provide.

12:00

Auction closes.

markets

1200~
13:00

Based on orders and
transmission capacity,
prices for the Mult:
Regional Co

upling are :

imultaneously 14.00 -
nmon .

n aigoritnm. 15'00

ated for ;
: i = Trades are invoiced
2ach hour of the day.
SEHEEEICCIRE R between buyers and
sellers.

12:42

Prices are announced to the
market.

DAY-AHEAD
MARKET

Trades are invoiced
between buyers and
hours of the following sellers.

Capacities available for
intraday trading all 24

In the intraday market - trading takes
place every cay arcund the clock until
one hour before celivery. Elbas 4 gives
traders a fast, real lime, continuous
crosshorder trading system.

24 hrs

day are published.

1400  J%00-

15:00

TSO

INTRADAY
MARKET

nordpoolgroup.com/academy
Source: Nord Pool



Trading at Nord Pool markets
Day-Ahead (Elspot) trading schedule

During morning
Approximately 10:00 CET
12:00 CET

12:00-12:42 CET

12:42 CET
Approximately 12:51

14:00 CET

Approximately 14:30 CET

Collateral reports sent to members

Publication of transmission capacities<TSO

Auction closes

Calculation of prices and flows < TSO

Publication of preliminary auction results
Publication of final auction results

Nord Pool Intraday market for the
following day opens (08:00 in Germany)

Invoice information available



Transmission capacities and implicit
auction

— Each morning the TSOs determine the
trading capacity between each bidding area:

e Trading capacities for the next day are <20 Price per MW
published on Nord Pool's website at 10:00 S
CET

* All trading capacity between the Nordic and
Baltic bidding areas is dedicated to Nord Pool
for implicit auction

— Implicit auction, performed through market
coupling, simultaneously determines prices,
sell and purchase volumes and flows
between bidding areas: e o

e All trading capacity is available to all market
participants on equal terms

* There are no explicit capacity auctions on
these connections

nordpoolgroup.com/academy
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POWER TRANSFER CAPACITY VARIES WITH LOAD

(WITH IDENTICAL LINKS, TRUE CONSTRAINT ON LINE FROM OLDGEN TO BIGTOWN)

Is The "Interface" Transfer Capacity

1800 MW —»=0"\20

NEWGEN NEWGEN

900 MW? Or 1800 MW?
' '
OLDGEN . OLDGEN
900 MW w0 6o . OMW Q60 "
S % - 900 MW S % = 1800 MW
« § i S rc)g
BIGTOWN | S ‘ BIGTOWN

19964, Transmission Capacity Reservations and Transmission Congestion Contract
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EEHHNHBIES DDispatch ==+ A, B, C, FUYKDKRRD
B R TEEREOEHITFTNS.

AKE HEEXMW 5M/ESN Y
P FEHTE \1800
I A->C:

150(
A—CiEE# : MAX 600MW

900
CEZE DMW

I 900\ b = 1500 x
BHRE HFE=EYMW 10M/E S
A—CEEHEDX Y/ \OTAHAB00MWDIZE
600 =23%xX +1./3%Y -r= Y=1800—2X
D =X 4+ Y =+« Y=D—X
OFEE 900K (X X+Y=900THNIE. A.BLHIIEAH. ZFIEL\DIEZLT
AT SBE © FEHNLLZLVESERL
OFEZE1800MW: 2 TBREM Lt SIS,
OZEE1500MW:AHV 5300 (0-300) MW, BHVi51200(1500-1200)MW it 5



An Evolution of Transmission Capacity Definitions

Contract Path —— Link-Based Paths — Point-to-Point

— —

A= -

Contract Path Fiction Parallel Flows Flows Implicit

Interface Capacity Too Many Links Simultaneous
Varies with Conditions To Acquire Capacity Feasibility
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FERC:1996 £ (Z[ 15Proposed Principles for Capacity Reservation Tariffs J(RM96-11-
000, Washington DC, April 24, 1996, extract of pp. 20-25.)%E & Tl V5,

2.2 T2 TDHPORsEPODsIZETE, FRICTVYRIZINESIERETH1ELD
[Point-to—Point) & A A 1% AR,

FERC's Fifteen Proposed Principles

A capacity reservation tariff might have terms and conditions very much like those for point-to-
point service in the Final Rule tariff. These would need to be modified to accommodate former
network service customers. It is premature to specify detailed terms and conditions of capacity
reservation service in advance of the comments and technical conference. However, we propose
certain general capacity reservation tariff principles for comment.

1. Purpose of reservation service

(B%)

2. Basic service concept

All firm transmission service would be reserved, and all reserved service would be firm
service. Reservations of transmission capacity should permit the customer to receive up to a
specific amount of power into the grid at specified [ ] and to deliver up to a specific
amount of power from the grid at specified | ], on a firm basis
with each other. The customer's capacity reservation would be the
higher of either (1) the sum of the reservations at all PORs or (2) the sum of the reservations at all

PODs. All nominations for a capacity reservation would be evaluated using the same standard; for
example,

3.LITH




2009FENB I R20%EBEAFZMBEICEFH T ITHEUESLERBFICEAT Y Y K
DRED-OHDEARANLBEBETZEHE LTS, ChEéRBICEVRRRBIZESD.
1)y FIREDOHBIZESHTIVS, COEVRAIIZBE T, TTFE2LEED
HBHOrTEERMZ MEBNERNICEDEM) EE&L. ZHLEOXER
] EHEBRL TNV,

2009 E U#RI714 8825 Definitions
‘congestion’ means a situation in which all requests from market participants

to trade between two bidding zones cannot be accommodated because they
would significantly affect the physical flows on network elements which
cannot accommodate those flows.

2009EU#1 81714 Article14

General principles of capacity allocation and congestion management

1. Network congestion problems shall be addressed with non-discriminatory
marketbased

solutions which give efficient economic signals to the market participants and
transmission system operators involved. Network congestion problems shall

preferentially be solved with non-transaction based methods, i.e. methods that do
not involve a selection between the contracts of individual market participants.




EEHHNHSHES DRe-Dispatch

ARE FEEXMW 5H/EEN Y]
ABHE N
| A->C:

150
A—CiEE# : MAX 600MW

900
CEE DMW

900\D=ﬁoox
BRE HEEYMW 10M/EN Y= 1800—2X

OFE 1500MWDEFIZ Ay -7 —4 — TAIZT1500MWADIN, CIZT1500MWADOUT

ETBEA—CRIDF VYNNI T F—/1\—E7D,

OFE 1500MWDBFIZF v/ T1ICIFEY ., RECORZFMIENLLLELHDIE, ADS

300MW(0-300). BA51200MW(1500-1200) D £ %5 D B,
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Efficiency of market splitting

mEREEX SR E g/
Inefficiency | RedispatchaX+& 18 Redispatch7diL

Number
bidding zones

Existing
inefficiencies?

»An inefficient configuration of bidding zones can
lead to high welfare losses

Market Development / Berlin, 27.2.2015 / ME/MI 39/51
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Market System in Germany

Energy trading
oTC OTC Spot Ing;?ay Energy dispatch by TSO
(continuos) (continuos) (continuos) | |Balancing| |Balancing| |Balancing
FCR aFRR mMFRR
auction auction
FCR /aFRR mFRR
EPEX EPEX -
EEX Dispatch and load
Day Ahead Intraday -
Futures (Auction) (Auction/Cont.) by market participants
» >
t-6 years t-1week t-(1-3)days) t-15min t+6sec t+30sec t+15min

FCR - Frequency Containment Reserve (PRL)
aFRR — automatic Frequency Restoration Reserve (SRL)
mFRR — manual Frequency Restoration Reserve (MRL)
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Day-Ahead Market

Day-Ahoad | iniraday 2

(cross-zonal)*
Start intraday

EPEXS POT ( cont. trading

hourly products)

TSOS Gate Closure Gate Closure
Day-Ahead Intraday
schedule schedule
1 :
12 noon I 3pm  4pm t-30min| 1 Physical
I .
[ 230pm [ | t-15min, Delivery
Gate Closure Intraday 15min-  Gate Closure :
Day-Ahead auction, then start Intracjay I
auction cont. trading Trading :
I
1
I

* Nordpool allows local trading within the control area until real time

Dr. Johannes Henkel | German Market Overview | 22.02.2017 5



Mechanisms for balancing: stakeholder roles and responsibilities

* Balancing responsible parties (BRPs): market entities (utilities, sales companies, industrial

consumers) that balance portfolio of generators and/or loads. Each physical connection point is

associated with one BRP. Quarter-hourly' schedules are submitted one day ahead (but can be
adjusted one hour ahead of delivery). Deviations from these schedules are penalized.

* TSO: activate balancing power in balance area if the sum of BRP imbalances is non-zero.

1. Determine capacity of reserves required ex ante

2. Acquire capacity and determine price (capacity and/or energy) ex ante

3. Activate balancing power and determine imbalance price (energy) in real-time

4. Allocate costs (via imbalance price and/or grid fees) ex post

* Suppliers of balancing power: generators and consumers that meet prequalification criteria.
Remunerated with capacity payment (EUR/MW per hour) and energy payment (EUR/MWh)

1: half-hourly in France

Transmission System Operator (TSO)

- Overall a financial neutral position is achieved

- Costs for activated Balancing Energy are charged to BRP_

- Costs for procured Balancing Capacity are part of grid tariff
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Imbalance Settlement
BRP

Balancing Responsible Parties (BRP)
- Settlement to BRPs is based on activated Balancing Energy

- _Germany has an 1-price-system (symmetric price)

- price for positive or negative imbalances of BRPs (reBAP) is the same

- Imbalance Settlement Period = 15min
- Additional price components:
- Benchmark with Intraday price (intraday price is always “better”)
- If activated Balancing Energy exceeds 80%: +50% but min. 100 €/ MWh

- Incentive to be balanced
- By contract BRP is forced to be balanced

- reBAP gives an additional financial incentive

«  Determination of imbalance price
+  EUR/MWh deviation from submitted schedule by BRP
« All costs are born by unbalanced BRPs (same price for under and over supplied BRPs)

- Since May 2010, there is a common German imbalance price reBAP, set for 15-minute settlement intervals as
the average dispatch co net energy payments divided by net balancing energy), which is different to the
energy price in the balancing market (not the marginal cost of activating balancing reserves, even though this
would be most efficient allocation)

«  Prices are published with delay of several months
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Congestion Management at S0Hertz

Congestion management energy in GWh

I 513.2 Curtailment

I 513.1 Redispatch
(national+international)

2189 2,821

2013 2014 2015 2016

*preliminary data as of January 2017; Source: 50Hertz

In 2016 congestion management costs have decreased in comparison to the

previous year.

—phertz

22

50Hertz at a glance

109.589 km? 109.360 km?

(~31%) (~31%)
uge s
L
3 ~16 GW ~17GW
$ Maximum load (~20%) (~20%)
Energy consumption (pased ~95TWh ca. 98 TWh
::Cclc:‘cltr':c‘lhtyet‘::gred to end-consut (-20%) (._20%)
Tt
( Installed capacity: 50.685 MW (~27%) 38.354 MW (~35%)

T A T o 27.132 MW (~30%) 15.491 MW (~30%)
L5 Which Wind 16.171 MW (~39%) 11.318 MW (~40%)

1»)\,/ - K v >

955 650
) ot Turnover 98bn. € 56bn. €
o~ U - of which grid 1,4 bn. € 0.6bn. €

As at 2015/12/31, Source: 50Hertz



Old world:
Bilateral trading
without netting

A

B /[ [/ WY IC

D E

.

Several counterparties
and transactions

Clearing

Bilateral trading
with netting

%
5

One transaction for
each counterparty

nordpoolgroup.com/academy

Most trading nowadays:
Trading with several
counterparties

Always only Nord Pool
as the only
counterparty for all trades!



Trading at Nord Pool markets
Day-Ahead (Elspot) trading schedule

— During morning
— Auction Starts
— Approximately 10:00 CET
— 12:00 CET
— 12:00-12:42 CET
— 12:42 CET
— Approximately 12:51

— 14:00 CET

— Approximately 14:30 CET

Collateral reports sent to members

Publication of transmission capacities<TSO

Auction closes

Calculation of prices and flows <TSO

Publication of preliminary auction results
Publication of final auction results

Nord Pool Intraday market for the
following day opens (08:00 in Germany)

Invoice information available



Day-Ahead price formation in theory

— Day-Ahead prices are calculated
using an optimization algorithm 4
called Euphemia Max EUR/MWh 3000

— Optimization happens through
maximising overall social
welfare

— Calculation methodology
ensures that, based on the
placed sell and buy bids, least-
cost generation unitsare  [rtttttmesmommoooeeeeoe &
activated first*

— Last activated bid sets the price S —
for all production needed to
meet demand

Min EUR/MWh - 500

ordpoolgroup.com/academ
*) The traditional ‘merit order’ of short-run marginal costs of generation is not fmly aprﬁ)icagl<.gtoolnté3rn%tten1/generation a¥it cannot be dispatched to meet peak demand.

Due to zero marginal cost of intermittent generation such as wind and solar, they always become first in the ‘merit order’: they produce when they produce.



Day-Ahead prices are
determined simultaneously
across Europe

The Price Coupling of Regions (PRC) initiative now
enables the coupling of Day Ahead electricity markets
in 23 countries representing over 90% of European
power consumption. o

FINLAND

L LITHUANIA

POLAND

GERMANY

® ¢

LUXEMBOURG CZECH REPUBLIC /
SLOVAKIA

FRANCE ~ \] AUSTRIA HUNGARY

B 4 MMmC — ~5 ROMANIA

[ Part of PCR initiative today

Il Independent RO —

BULGARIA

L
~~_ ANDORRA
—



Bidding Zones

Author Ofgem, FTA Team

SIGEEeE Date July 2014




Multi-Regional Coupling Day-Ahead

Price calculation (Nordic)

DMR CiinhAnain
) Nord Pool ) PR D ) Erinhamia
TSO's PMB Euphemia
Market parties: Nord Pool: PCR Matcher Broker: Euphemia:
* Capacities * Receives input from market * Isthe user interface for * Matches demand and
 Allocation parties the coordinator supply in the different
constraints * Anonymizes block orders * Synchronizes data of all markets
e Orders « Aggregates supply and Power Exchanges (PXs) * Optimizes flows
demand curves * Ensures that all * Calculates prices
« Validates and aggregates information is provided
network constraints * Creates input data for
* Performs portfolio allocation Euphemia

* Sends results to market * Reads output from
parties Euphemia and sends to PX

nordpoolgroup.com/academy



Euphemia

— EUPHEMIA: EU + Pan-European

Hybrid Electricity Market Integration
Algorithm

— |t maximizes the welfare of the
solution:

* Most competitive price will arise

* Qverall welfare increases

180
\_ a l
NL ) ‘ pL l ILBE] |LBI|
1«7/”— 22| 100 ™ ®
{ e
y
G82 8t | o
" x }'

* Efficient capacity allocation

— Utilized by six power exchanges (PX)
each operating several bidding areas:

* All bidding areas are matched at the

same time

e Each bidding area can obtain a
different price. Price must respect
maximum and minimum market price
boundaries

nordpoolgroup.com/academy
Source: EUPHEMIA description and functioning, January 2016
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v
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Potential bidding areas in Europe

Nodal pricing simulation indicating potential design of blddlng areas

h -

High residual load | - It : Strong wind / High Ioad t -

Source: Dissertation C.Breuer (2014), IAEW,

» While the theoretical optimum is either nodal pricing or one single bidding
area, practice means compromising between low redispatch volumes
and high liquidity.



Management of transmission
capacities

— TSOs confirm the capacities available for Intraday (Elbas) trading:

* Available transmission capacities depend on the Day Ahead auction results

* Initial Intraday capacities for all Nordic and Baltic bidding areas are published
simultaneously on Nord Pool website at approximately 14:00 CET

e TSOs can adjust capacities if the status of the transmission system network changes
e Otherwise, Nord Pool’s Intraday trading system automatically calculates and updates
the capacity information, based on realised Intraday trades
— All Intraday trades are fixed deliveries:
* Changes in the status of the transmission system infrastructure cannot lead to
cancellation of Intraday trades
— It is not possible to exceed the Available Transmission Capacity

* Trading system only displays orders that can be filled in each area, taking into account
the available cross-border transmission capacities (Automated Market Splitting)

* For example, if there is a bottleneck between Finland and Sweden, traders in Sweden
don’t see any Finnish sales orders. If there are no bottlenecks, traders in all areas will
see all existing orders

nordpoolgroup.com/academy
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ZINA)
(F)
SWEDEN

[S3] A

NORWAY
(NO)

B / c

4
' Sell 4MW | Buy 10 MW

!

Sell 10 MW

FEES T ERbEs TS .

BoiE B

‘Nord Pool ID

|

Trading platfogm -

Illustrative example without actual bidding areas being displayed

Example: Automatic

- "transmission capacity
management

JlieL Intraday capacity Intraday capacity
Direction mtradgy after 1. trade after 2. trade
capacity
FI — SE3 2 300 2 310 (+10) 2310 (0)
SE3 — Fl 1100 1 090 (-10) 1 090 (0)
NO1 — SE3 2 000 1990 (-10) 1994 (+4)
SE3 — NO1 0 10 (+10) 6 (-4)

Intraday trades:

1. BfromNO1sells 10 MW to Ain FI
- Decreases the ID capacity from SE3 to Fl by 10 MW
- Opens 10 MW from SE3 to NOL1 for trading

2. CfromSE3sells4 MW to Bin NO1
- Does not affect capacity between SE3 and Fl
- Decreases the ID capacity from SE3 to NO2 by 4 MW

nordpoolgroup.com/academy



Curtailment

Having significant oversupply or undersupply in an area incurs the risk of buy and sell
curves not matching. This prevents price from being calculated

In such situation, bid curves will be curtailed on a pro rata basis:

* In an area with oversupply, sales bids are curtailed so that the supply curve intersects with the
demand curve at minimum price

* Inan area with undersupply, purchase bird are curtailed so that the demand curve intersects with
the supply curve at maximum price

The total curtailment in a price area is divided among the affected members based on their
sell or purchase bids at minimum or maximum price (respectively)

Curtailment at min price Curtailment at max price

P max

Buy

P min

MW
Pro rata curtailment of sales bids Pro rata curtailment of buy bids

nordpoolgroup.com/academy



An example of System Price bidding
curves from March 2016

3000

2500

2000

1500

EUR/MWh

1000

500

Price: 21,15
EUR/MWh

-500

Elspot Purchase / Sales curves
05.03.2016 19:00:00, , SP1, Price: 21.15 EUR/MWh

Source: Nord Pool

— Purchase
— Sale

o o o o o o o
8 S S Volume: 8 S S S
s g g | : g 2 g
52 926
MWh

nordpoolgroup.com/academy
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RES development in Germany

oy

~ 30,000 plants ~ 221,000 plants > 1,600,000 plants
Solar PV @ Wind @ Biomass Area proportional to installed capacity

With the introduction of the Renewables Energy Law (EEG) in Germany

in 2000 the RES share started to grow massively

Source: 50Hertz, TenneT, Amprion, TransnetBW, Google Earth
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RES have become a major player in the S0Hertz grid area

Installed RES capacity (MW) S0Hertz grid area RES share in energy consumption 50Hertz

grid area (%)
in MW mPV mWind mBiomass mOther RES 60%
35.000
28,435* o 49% 4g0.»
27.132 50%
20,000 25216 42%
23,587
25.000 ’ 40% R 38%
21,964
18.699
20.000 ' 30% 28%
15,491 o 26% 250
14,350 24% N
15.000
20%
10.000 -
10%
5.000 -
0 | I T T T T O% o I I I I I - - I
2008 20092010201120122013 2014 20152016 2008 2009 2010 2011 2012 2013 2014 2015 2016

*preliminary data as of January 2017; Source: 50Hertz

d0Hertz managed to integrate as much as a ~48% mostly volatile RES share into the

grid (with respect to approx. 30% in Germany) in 2016.
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Connection of offshore wind farms in responsibility of TSOs

North Sea - in responsibility of Baltic Sea - in responsibility of
TenneT S0Hertz

LEISTUNG DER OFFSHORE-WINDENERGIEANLAGEN NORD-/0OSTSEE




< Z50hertz 7

Grid load in the 50Hertz area

Asynchronous line load > 5h/a

Grid load increases dramatically due to the changing generation infrastructure

Load < 50% = 50% < Load < 70% — | 0ad 2 70% No values



Energy balance in 2013 (Volumes in TWh)

acc. to Federal Statistical Office

B 2030

foma, N 2013

Consumption Generation

[TWh] [TWh]

Consumption Generation
[TWh] [TWh]
NW 88,2 150,8

NE 49,0 105,5

MW 1701 129,5

ME 74,7 72,9

SW 88,0 497

SE 93,8 55,2

Southern Germany imported
~12 TWh electricity for industry, commerce
and households in 2013.

- Consumption - Generation



Congestions and Grid Extension Area

Grid utilization at 50Hertz 2015* “Grid Extension Area” until 2019

Non-simultaneous grid utilization >5h/a

ms tilization < 50 % w50 % < utilization < 70 % ) .
w— tilization = 70 % =i value B Grid Extension Area

« Aim of the Grid Extension Area: Synchronisation of grid extension and RES

Installation by limiting RES installations in North of Germany.
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Grid development in Germany in the EU context

2016 - 10 years EU Grid Development Plan German Federal Requirement Plan 2016

" Sweden

Finland

Norway

(e
Prtva

lrelal‘d figdom vy { ‘j ' Belarus
Poland 7,

Ukraine
Slovakl {
‘, 3 wan‘.a 1

4 ‘ Spain q

LA
a9 v \

Turke

7

s,

PV mmm 132-150kY = 110k == OC @ Station Upgrades ® New Stations

Expected investment needs: approx. 150 bn. €

Expected investment needs: approx. 50 bn. €
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Status grid extension Germany Q1 2016

Energy Line Extension Act from 2009:

50Hertz 264 km of 436 km (rd. 61 %)
Amprion 204 km of 713 km (rd. 29 %)
TenneT 162 km of 643 km (rd. 25 %)

TransnetBW 25 km of 25 km (100 %)

Federal Grid Requirement Plan Act from 2014 (only
AC extensions):

Ll

50Hertz 59 km of 781 km (rd. 8 %)
Amprion 38 km of 185 km (rd. 21 %)
TenneT 14 km of 1667 km (< 1 %)

TransnetBW 0 km of 330 km (0 %)

Currently, grid extension at S0Hertz and in Germany is well performing.



Approach to Strategic Grid Development and Market Modelling

Scenario Building

Basic data: Power plants,
RE, Consumption in
Germany and EU (...)

LT renewables outlook

Setting the basic scenario
framework within the NEP-
process / Consultation

Adoption of scenarios for
special purposes

Market Modelling

Setup of Data

Modelling of different
scenarios
Crosscheck of the
Modelling Output

Interfacing with the Grid
Modell

Network Analysis

Network analysis: Load
flow calculations (around
the year runs, special
situations)

Contingency Analysis
short circuit calculations,
stability calculations, etc.

Redispatch



Analysis Criteria Applied in the GDP (1/2)

« Contingency Analysis based on year round simulations:
* Ability of the projectto redu % &iuwe o

core = 2 @)y = (@11 |
=1 =1 t=) ¥

V(at.l.t)(m,,) = 100% a(@i.),,, < 100%

m

« Avoided Redispatch (in year round simulations)

: Redispatch Calculation for Redispatch Calcuation for

Sorting of the Projects Inclusion of the most
according to avoided effective measures in the New Base Grid
Redispach Base Grid
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