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Overview of the electricity value chain
Power exchanges play an important role in the value chain
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Production

» Power production
* Mostly hydropower in Norway

« Mix of wind, hydro, nuclear and
thermal in the other Nordic and
European countries
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Transmission

* Transmission system operators
(TSOs) build and operate the
national high voltage grids

+ Distribution system operators
(DSOs) build and operate the
local distribution networks
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Power
exchange

» Exchange for trading of
electricity with physical delivery

» Services usually include
trading, clearing and settlement

» Large consumers often buy
directly from exchanges
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Brokers, traders
& retailers
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» Resell power to retail and

commercial end-customers

* Own the customer relationship
» Both independent sellers and

integrated companies exist
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Nord Pool plays a part in the wider electricity market

How the power markets fit together Physical

10 years 24 hours Intraday Intra-hour

l
l Day-ahead |
Reference price:
System price I
Reference price: |
Area price
Continuous price |
formation

l
c. 950 TWh 516 TWh 8 TWh c. 2 TWh I
Nordic electricity annually?® through Nord Pool in 2018 through Nord Pool in 2018 through the TSOs in 2018 |
Physical delivery I
o l
Financial market Nord Pool TSO I
«  The financial power market consists of + Day-ahead is the main market, with intraday providing flexibility should variations in supply or |

derivatives used for e.g. hedging and demand occur, providing producers and consumers a marketplace to “trade themselves into * Intra-hour power flow is directly managed
speculation balance” by the national TSOs in order to provide l
ignifi » Increasing presence of speculative traders power balancing in real-time to ensure the |

* Asignificantly larger market than the gp P right frequency of the grid and security of
phys_lcal, _Wlth annual trading representing - Imbalance at the time of intraday gate closure (1h before delivery in the Nordics) will result in supply |
multiple times yearly production penalties by the system balance responsible, the TSOs :

NORD

P O O L 1) Aggregated volume of all Nordic derivatives traded on Nasdaq Commodities in 2018 3



The day-ahead and intraday markets
The day-ahead market is the main arena for physical power trading and is supplemented by the intraday market

Day-ahead market

Auction-based

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
submitted by the transmission
system operators for 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

®
12:00-13:00

Based on orders and transmission capacity,
prices for the Multi Regional Coupling are
calculated simultaneously using the common
European algorithm. Prices are calculated

for each hour of the next day
@ 12:42 14:00-
15:00
Trades are invoiced

Prices are announced to the
market

09:00 10:00 11:00 12:00 13:00 14:00

08:00

In the intraday market trading takes Different types of contracts open Trades are
place every day of the year, around 24 h and close at various times of the invoiced
the clock — allowing for efficient 'S day, with gate closure times! down
balancing of the market to 5 minutes in selected geographies ®

Intraday market
Continuous trading
NORD
P O O L 1) Time between closure of bidding and physical delivery of electricity 4



The day-ahead market is the main arena for power trading

Auction-based power trading for physical delivery next day

Introduction to the day-ahead market

Key factors affecting the day-ahead price formation

+ The DA market is the main arena for power trading,
representing 98% of Nord Pool’s traded volume in

2018

» Hourly contracts with physical delivery

* Auction trading — accumulated bids and offers form
equilibrium via an implicit auction that also reflects
available transmission capacities between bidding

Zzones

Key order types

Exclusive
groups

Flexible
orders

Price and volume given separately for
each hour

All or nothing condition in bid for at
least three consecutive orders / hours

A cluster of sell or buy orders whereof
only one can be activated

Bid that may be accepted in an hour
given if the price conditions are met
(usually high price)

Supply / offer

Variable cost of
production

Plant start-up and
shutdown costs

Carbon price (EU ETS)
Hydrological situation
Wind/sun conditions
New renewable energy
Politics and regulation
Guarantee of origin
Volumes bound to PPAs
El-certificate prices

Price formation

EUR/MWh
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Production

4

6

8

Consumption

10

12

Transmission capacity

Existing interconnectors

Unavailability of interconnectors (faults, maintenance, etc.)

14
MWh

Demand / bid

Mostly inelastic demand

Retail volumes and
delivery obligations

Weather conditions &
seasonality

Time of day / week
Industrial activity

Fixed and variable costs
of consumers

Startup and shutdown
costs

Politics and regulation
Electrification

Cost of alternative
sources of energy

____________________________________________________________________




Calculation of the Nordic system price and different area prices
Prices vary across regions because supply and demand balancing is restricted by transmission capacities

Local transmission capacity limitations necessitates bidding areas

What does EMCO calculate?

» A bidding area is a geographical area where
the assumption is made that there are no
internal bottlenecks in the grid

* The respective TSOs determine the number
and location of bidding areas in each
country — these are a result of bottlenecks in
the grid internally in a country

* Nord Pool currently calculates the price for
the respective bidding areas in the
geographies where it operates the day-
ahead market — currently 15 bidding areas
across the Nordics and Baltics and 1 in the
UK

+ Bidding areas can have a balance, deficit or
surplus of electricity

 Electricity will flow towards the area with the
highest area price

» Grid congestion leads to differing prices
between the bidding areas
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System price:

Area price

Transmission
volumes
& flow

A theoretical common price in the exchange
area based on the assumption of infinite
transmission capacity in the grid

Used as a reference price in the financial market

Based on available transmission capacity

Bottlenecks in the grids result in price
differences

The actual price the consumers pay and the
producers receive

Volumes and flow direction of electricity to be
transferred between bidding areas

Ensures socio-economic surplus

Depends mostly on the grid infrastructure, both
national transmission capacity and cross-border
interconnectors



lllustrative example of the price formation across bidding zones
Actual prices are calculated based on supply and demand between regions with capacity constraints

Area prices with no transmission capacity

Area prices with unlimited capacity (system price)

Area prices with transmission constraints

Norway —
surplus area

Sweden -
deficit area
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Pris (EUR / MWh)

Pris (EUR / MWh)

100

EUR / MWh 100 MW

v

Volym (MWh)

150
EUR/MWh

100 MW

v

Volym (MWh)

Price differences as a result of different

supply/demand balance

Lika pris for
overskottsomrade =
125 EUR / MWh

Lika pris for
underskottsomréde
=125 EUR/ MWh

Pris (EUR / MWh)

Pris (EUR / MWh)

A

100 MW
I

100
EUR/MWh

v

Volym (MWh)

100 MW

150
EUR / MWh

v

Volym (MWh)

Unlimited transmission capacity leads to equal area
prices: Norway and Sweden = 125 EUR/MWh
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-
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Constrained transmission capacity leads to price
convergence; prices vary between bidding area



Why cooperate across borders? The Nordic Model
Connecting the Nordic countries secures optimal use of natural resources and more stable prices

Nordic power production capabilities Connecting markets with differing production profiles provides stability to the system

Seasons
» Hydropower highly seasonal

= Hydro Ao *  Wind power highly seasonal
Thermal * Nuclear neutral
= Wind Dry + Fossil power neutral
Thermal / Hydrology
Nuclear .
nuclear Hydre < Wetyear — more hydro production
= Other Hydro Hydro + Dry year — less hydro production
Thermal /
wi
Low Thermal /
nuclear
Thermal/ reserves nuclear
wind Hydro
Hydro Hydl’O
Thermal /
nuclear
Thermal / 2! /

r nuclear
wind Excess T:férgzlr/
reserves Hydro
Windy

Daily weather situation

* Wind power not flexible or storable Thermal /
« All other sources flexible wind
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The intraday market allows for adjustments to actual conditions
Continuous buying and selling with delivery times as short as 15 minutes

Introduction to the intraday market Why do we need an intraday market?

The second power trading arena, allowing consumers and producers to continuously

Several factors affect the supply and demand
buy and sell 24/7/365

balance, requiring real-time adjustments

Caters to differences between prognoses from the previous day and real-world
conditions, providing balancing opportunities

+ Important for participants to match traded and actual volumes produced/consumed in PI‘OdUC'[I.O? stop at F;(r):r’]irnfilsa;gﬁr
order to avoid imbalance fees imposed by the TSOs power-intensive .
customers Issues

Hourly contracts with physical delivery — gate closures (time to delivery) as low as 15

based

Key order types

Limit
orders

Can be matched either in part or its entirety

minutes in selected geographies
Trading resembles that of stock trading; “what you see is what you get” — not auction

Unexpected
Fill or Kill Order is either filled entirely or cancelled Spike in power ub events
production
inputs
Immediate Order is filled to the extent of the quantity that can be immediately %
or cancel filled at the requested price. The remainder of the order is cancelled
An order for which a total volume and a displayed volume (slice) are
Iceberg o . o )
order specified. When the entire slice is executed, automatically another Weather
slice is entered in the order book changes

ORD
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Subject to national and EU regulations
Network Guidelines in CACM is the backbone

Overview of the relevant marketplace regulation

Key comments

EU directive Third Energy Package

EU applicable law

N
e

National Regulatory

Authorities in

NEMO geographies

Third Energy Package not
formally transposed into
Norwegian law, but the NVE's
practice is supplemented by
CACM principles
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NRAs regulate exchanges
according to CACM, which is the

applicable law in all member states
that have adopted the Third

Energy Package

Nord Pool has historically conducted its business in accordance with national energy regulations applicable in
the markets it has had business operations, and pursuant to a marketplace licence issued by the NVE (the
Norwegian NRA)

CACM (The Network Guidelines on Capacity Allocation and Congestion Management), which is part of the
Third Energy Package, was set forth by the EU in 2015 to harmonise European electricity markets and to
ensure efficient single day ahead and intraday coupling across the continent

CACM directly applies in all member states of the European Union (Member States) where a NEMO
(Nominated Electricity Market Operator) licence is required to operate the market

Pursuant to CACM, a designation as NEMO by the NRAs is required in order to operate the organised Single
Day Ahead and Single Intraday Markets in a Member State. EMCO holds such NEMO designations, and Nord
Pool and EMCO both fulfil individual requirements of the NEMO designations and the underlying CACM
regulations, in combination fulfilling all requirements

Neither the Third Energy Package, nor the CACM, have yet been formally adopted into Norwegian law. In
Norway, EMCO and Nord Pool therefore operate in accordance with applicable Norwegian energy law, a
marketplace licence issued to EMCO and a trading licence issued to Nord Pool. When practicing its regulatory
authority, NVE takes into consideration the principles of CACM

The various European NRAs have the regulatory responsibility for their respective markets and are
responsible for the nomination of NEMOs

EMCO has since the implementation of CACM obtained NEMO licences in 15 European countries in addition
to its Norwegian marketplace licence. Passporting an existing NEMO licence to another Member State is an
alternative to obtaining an actual NEMO licence in the respective country, which is what EMCO has done in
Ireland

As for other NEMOs, the term of EMCO's first NEMO licences will expire in 2019 and 2020. EMCO has
initiated the renewal process in collaboration with relevant NRAs

Over the past year, the TSOs, NRAs and exchanges have worked on establishing multiple NEMO
arrangements in the various EU markets, which allows for multiple exchanges to operate in the same day-
ahead market

This process has been complex and tedious, but most Member States in Europe are estimated to “go live”
during 2019

For more detailed information please visit: http://fsr.eui.eu/cacm-in-need-for-reform-a-nord-pool-opinion-on-the-current-nemo-regulation/ 10



http://fsr.eui.eu/cacm-in-need-for-reform-a-nord-pool-opinion-on-the-current-nemo-regulation/

Expected timing of various European markets to “go live”
Multi NEMO Agreements (MNA) expected to enter into force during 2019, triggering competition

Key characteristics and status of implementation of MNA Expected go-live timing for MNA across Europe

» The Nordics has been one market for the last two decades and regulation is harmonised across the
countries

Nordics and
Baltics

» The Baltic market was developed on the same principles as the Nordic market and is largely
harmonised with the Nordics

» Expected go-live late 2019

* The UK has been competitive since 2014 on the day-ahead market, unique in a European context
* As one of few non-XBID participants in Europe, there is no shared intraday order book dynamics in

UK — could potentially change in 2020 ﬁ ‘ﬁ-ﬁ
* In a “no-deal” Brexit-scenario CACM will likely no longer apply

» Markets in Central and Western European countries are largely operated by EPEX Spot and has
gradually harmonised regulation over the last decade in the wake of EPEX Spot’ geographical
expansion, albeit not to the extent done in the Nordics and Baltics

* Implementation of MNAs expected to become effective during Q2 2019

q '

» CACM has made exception for certain countries including Spain, Portugal and Italy, to remain state Ej EJ
Spain, monopolies under certain conditions

Portugal, Italy * The duration of the exception is commonly two years, but the conclusion is not expected to change in

the foreseeable future, which means that these countries will not be subject to competition

* Hungary, Romania and Bulgaria, among others, defined as natural monopolies according to local

South East regulators — similar to the situation in Spain, Portugal and Italy

» Competition in Croatia and Slovenia, while most other countries in the region are not EU members

Source: Nord Pool 11



A journey towards a single integrated European electricity market

From local to national to regional to European —there have been continuous efforts to integrate markets to strengthen
security of supply, cater for optimal use of natural resources and even out prices for the benefit of the end consumers

Pre 1980s: The local era

Since the early days of electricity, the
local power utilities were responsible
for security of supply and balancing in
their area

» Limited or no capacity to transport
electricity over larger distances

» Large economic inefficiencies in local
hydro plants as they were over
dimensioned to be able to maintain
power supply in worst-case scenarios

NORD
POOL

1980s-1996: The national era

Local utilities grew in size and the grid
was continuously improved

The national grid was further developed

Cooperation between power plants
nationwide to share supply and demand

This led to the deregulation of the
Norwegian power trading market in
1991, and Nord Pool was established

1996-2014: The regional era

Building on Norwegian experience,
Sweden deregulated its market and
formed a joint electricity market with
Norway in 1996

Finland joined the market in 1998 and
Denmark in 2000, completing the
integration of the Nordic market

Cooperation with Baltic and German
power markets during this period laid the
foundations for PCR

Post 2014: The European era

New EU regulation paves the way
for European integration through
the Price Coupling of Regions
(PCR) and Cross-Border Intraday
(XBID) initiatives, conceptualised
and advocated by Nord Pool

The end goal is a single European
market with complete integration of
all countries — aligned with EU’s
stated energy and climate targets

12



European market integration - day-ahead and intraday efforts
Shared order books make liquidity available to all participants

Single day-ahead coupling (SDAC) Single intraday coupling (SIDC) initiatives

Price Coupling of Regions (PCR) Launch 2014 Cross-Border Intraday Project (XBID) Launch 2018

Initiated by five power exchanges, including Nord
Pool, in 2010 to develop a single day-ahead price
coupling solution and algorithm for NWE and SWE.
Currently co-owned by eight power exchanges

Single day-ahead coupling (SDAC)

An implicit cross-zonal capacity allocation
mechanism, with all EEA countries’ TSOs and PXs
as either full or observational members, laying the
foundation for a fully connected Europe. Previously
called Multi-Regional Coupling

Prices and flows for each area are calculated by the common algorithm Euphemia — PCR
members (eight including EMCO) take turns running the algorithm and communicating the
results to the other members

Each power exchange is responsible for own operations, including market (customer)
interfaces and pre / post processes, including bidding, result distribution, clearing/settlement

Prior to launch of PCR in 2014, Nord Pool operated a Nordic market based on the same
principles (the “Elspot” market)

Allows for optimal socio-economic electricity flow, which was formerly based on less
accurate prognosis and explicit auctions

New exchanges must either buy MCO services from existing PCR members or buy into the
common project by covering pro-rata share of historical development costs

NORD
POOL

Initiated in 2012 by four power exchanges, including Nord
Pool, with TSOs from 12 countries joining in 2013, to
enable continuous cross-border trading across Europe

1st wave comprising the countries in dark green, most
other European countries, light green, are due to take part
in the 2" wave go-live with XBID in 2019

Common, live trading platform continuously matching orders within the XBID’s reach, as long
as transmission capacity is available

Algorithm is owned and run by Deutsche Borse

Each power exchange receives orders via its own trading solution and send anonymised
orders to the XBID shared order book, matching the order with any suitable order
irrespective of geography within XBID and prior to local gate closure decided by local TSO

Prior to launch of XBID, Nord Pool operated a Nordic model (the “Elbas” market) — the first
international intraday market as well as intraday trading in UK and Germany

Observations made post XBID launch indicate that most Nordic intraday trading happens
cross-border

13



Nord Pool actively lobbying for a level playing field in Europe

EMCO is designated this responsibility including an obligation to protect Nord Pool’s commercial interests

Nord Pool lobbies directly towards stakeholders as well as towards the broader market and all participants

* Nord Pool is an active proponent of the integration of European power markets having developed the blue-print model for

European integration in the Nordics

« An important premise for continued European integration is a level playing field for all market participants

* Nord Pool contributes in a range of relevant European and global discussion forums and industry organisations to work for a
continued healthy development of European power markets

— APEXx — Association of Power Exchanges; Nord Pool represented on the Board

— Europex — Association of European Energy Exchanges; Nord Pool is represented on the Board and has the Head of

Working Group Power Markets

+ EMCO continuously lobbies governments, regulators and market participants for a fairer and better market for power

exchanges
Key topics Nord Pool is focusing on

Intraday access to the last
trading hour

» The sharing of intraday orderbooks
does currently not include the last
hour before delivery

» Thus incumbents have a competitive

advantage by operating their own
proprietary last-hour market

NORD
POOL

Renewable energy in
Germany

All subsidised German renewable
energy must be traded via “the most
liquid power exchange” according to
regulation, appointing EPEX Spot as
a monopolist in all but name for these
volumes

Harmonised cost recovery
rates across Europe

Recovery rates for costs related to
cross-border project development are
currently regulated by NRAs, with
substantial differences between
countries

Generally currently more favourable
for EPEX Spot due to location of its
costs
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CACM in need of reform? Nord Pool's take on the
NORD ]
POOL current NEMO regulation

Published on 18th March 2019

In this position paper Nord Pool, one of the leading power exchanges (PXs) in Europe, argues that the Commission
Regulation (EU) 2015/1222 establishing a Guideline on Capacity Allacation and Congestion Management (CACM) is in
urgent need of reform

The paper suggests various measures should be implemented in CACM in order to resolve, or at least alleviate,
conflicts of interests which undermine the implementation of efficient pan-European market coupling. A major concern
discussed in the paper is the current governance of the (joint) market coupling operator (MCO) function. Nord Pool
argues for full ownership unbundling of the MCO operatiens from the businesses of competitive PXs. Besides
redrawing the governance of MCO operations, several other measures are deemed necessary: liquidity sharing in fully
decoupled bidding zones, limiting the creation of local and regional markets, phasing out explicit capacity allocation
and turning physical shipping into an MCO task

The paper strongly advecates for the implementation of the above measures and argues that only a “combined
package” will ensure that single European market coupling is implemented in the most efficient and cost-effective way
possible

CACM and the Future
of Power Exchanges

Hans Randen Dire:

The European power market has, in recent decades, been taken through profound changes with the aim
of enhancing security of supply, maximising socioeconamic welfare for end consumers and enable for more
renewable enargy.

A single integrated European energy market has been the agreed way forward from the EU Commission,
and, as such, has been embraced by all stakeholders in the energy market. A well-developed market model
has secured efficient pawer markets across an ever-expanding range of country borders.

At the heert of the development of a s © that
nergy market, sit the powe:
historically operated across several countries

(markets) with a clear role of see he process of recreating
and security of supply. Traditionally ier a Nord Pool

requirements
- t aMarket Coupling
Operator eompany and a Power Exchange company.

ges operated as natural monsepolies in different
geographical areas, eg

Source: Florence School of Regulation, Nord Pool
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