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Some examples of our experiences from developing
International Power Markets

European target model Southern African Power Pool

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! ean
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The energy market: A happy marriage
between engineers and economists

September 27, 2010

What would our world
be like without electricity?
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WORLD

ENERGY Energy index Country profile Regional profile Pathway calculator Maps
COUNCIL!

Energy Trilemma Index

The World Energy Council’s Energy Trilemma Index tool, produced in partnership with Oliver Wyman, ranks countries
on their ability to provide sustainable energy through 3 dimensions: Energy security, Energy equity (accessibility and
affordability), Environmental sustainability. The ranking measures overall performance in achieving a sustainable mix of
policies and the balance score highlights how well a country manages the trade-offs of the Trilemma with "A" being the
best. Use this interactive Index to assess the sustainability of national energy policies.

Explore the Pathway Calculator to determine what it takes to improve your ranking and understand the impact of
policymaking in achieving a sustainable energy future.

Country rankings @
1 Denmark AAA 1 12 4
2 Sweden AAA 9 21 5
3 Switzerland AAA 16 4 3
4 Netherlands AAB 10 3 38
5 United Kingdom AAA 26 15 9
6 Germany AAB 12 17 32
7 Norway BAA 32 23 8
8 France AAA 25 13 6
9 New Zealand AAB 15 19 42
10 Slovenia AAB 2 31 43 b my
1 Finland AAB 3 27 67
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New energy market design

Achieving the EU's Energy Union goals will require a fundamental
transformation of Europe's electricity system, including the redesign of

the European electricity market.

Empowering energy consumers

A new deal for energy consumers recognises the need for Europeans to
be at the core of the Energy Union. It aims to help consumers save
money and energy through better information, create a wider choice of

energy providers, and maintain the highest level of consumer protection.

Consumers need to have the chance to be just as well-informed and
empowered as energy buyers and sellers. And they should be able to
generate and consume their own energy under fair conditions - saving
money and helping the environment.

Helping energy cross borders

Investing in infrastructure that connects countries will make enerqy flow,
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Why cooperate?
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SOS: Security of Supply
Security of Demand
Complementary production

Climate change



Supply and Demand response in all
parts of the market

10 years 24 hours Intraday Intrahour

1,5 months

Financial Market

Physical delivery @

3.7
TWh

Reserve markets

Statnett

ENLERGINET ‘_)& Litgrid
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Physical delivery Financial settlement

Financial settlement Physical delivery

Financial Market Nord Pool
TSO
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Day-Ahead merit order

» From supply focus to include demand
response: “TRANSFORMACIOAN DE LA
DEMANDA” A

Max EUR/MWh 3000

» 2.000-2.500 Day-ahead orders every day
for almost 400 customers across Europe

» 2/3 of all orders are price independent:
Demand is almost inelastic!

» Optimization goal is to maximise social
economical welfare for the whole society Supply and demand

curves meet = price

» Last activated order sets the price for all
production needed to meet demand: a
good reason for consumers to be more
active in the energy market

Demand/
consumption

Min EUR/MWh - 500
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The electricity bill has 3 parts

Electricity
w Tax

® Transmission
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My energy consumption last week:
Monday 22. October 2018 in Oslo

@ .

Pre fa ce The green transformation will not only reduee greenhbuse
gas emissions. The air will bécome cleaner, public transport
will become even better, it will be easier to ride your bicycle,
there will be' more green and car-free spaces in the
city and sgreet life will become morevibrant.

Oslo will cut greenhouse gas emissions in half by 2020.
That's good news for the climate and for everyone who
lives and works in the city.

he climate target gif
tunity to make Oslo
more modern city. | a
Oslo taking the lead A

It's about making the city b
That's why we are not talkin
transformation. We're talkis
the city — the capital becomi
version of itself.

To get where we want to, 1
ration between the municip
business community, organ
the state and other public e
transformation will not only
gas emissions. The air will b
public transport will becom
be easier to ride your bicycl

green and car-free spaces ir
life will become more vibrar E l I R O P E A N
asures will increase quality

thriving business communi! W
public health. G C

In December 2015, a new R E E N A P l T A L
agreement was adopted at f
Conference in Paris, The pa

; : An initiative of the _

global warming to a maxim . = 3
and an make an effort to ke European Lommission i
increase under 1.5 degrees.

Currently, about half the pl
lives in cities, and the urbani

Lan Marle Nguyen Berg,

Wic forr Envirgnment

Raymaond johansen,
Goverming Mayar

continue in the future. Climate and environmen- we must undergo to avoid dramatic climate
tally friendly urban development will therefore change give us a golden opportunity to create
determine whether we reach the target or not. the liveable city.

Being a city rich in resources, in a country with
abundant access to renewahble energy, gives Oslo Let's upgrade Oslo together!




The price drivers Monday 22. October:
More wind than increased demand

(N3 =388 13:18 Spain to receive 16.4 TWh of LNG in November - Enagas 13:06 APX Base Saturday EUR 54.12/MWh (-4.49)

m o nTE L NEVEl Power” Gas Coal Oil Greenmarkets Financial EQ Analysis & Weather My pages Events Classic | Dark Save View Reset
You are here ; - Montel - News
5 Al isemen
23 o ® Eveneiia esu® s w News Search Nasdaq Nordic Power Fut... [CQEETy  Adverisement
Delayed. For real-time, use support link
Al X+ Add filt
anguages + er m Product Last Chg Close| Lot .l'lg
mni
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Montel Al RC1 forecast: Nordic spot Wed 24/10: €38.52MWh (1st 12:50 = ICE Crude Oil USD/bbl ig.X
run) Enghsh | X Delayed. For real-time, use support link
Reino Unido avistaria el cierre del carbon en 2022 - estudio 12:38 rthwest B " it — Product Last
NORDIC - November falls over EUR 1 on mild forecasts | | L e O WTI Front Month 8647
Los estados alemanes exigen EUR 60.000m por cerrar el carbon  11:18 o il Wl Jantd g6.61
: g SHme ® (Montel) Northwest Europe and the UK will turn chilly in November and | gret Front Month e
Briten konnten 2022 Kohleversiromung einstellen - Studie 10:41  with colder than normal weather set to last until January, the Weather R 76.16
Le Royaume-Uni pourrait sortir du charbon d'ici 2022 10:38 Company said late on Wednesday.
ELECTRICIDAD- Spot repuntaria el martes por demanda y edlica 10:08 ICE EVA €1t
Le pétrole en hausse face aux tensions géopolitiques 1004  France set to push nuclear closures beyond 240ct | Delayed. For rea-time, use support link
UK may see end of coal-fired power by 2022 - study 0956 2029 - NGOs Product Last Chg
El precio en Mibgas para el martes baja un 2% 09:49  (Montel) Environmental campaigners fear the French government will not ﬁ % -g- 12
‘ ; = et 1935 0.12
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f for the axe at Fessenheim, in line with demands by EDF, they said on Dec20 19.68 0.1
Nordic news round-up 09:41
; , Wednesday.
Fortum slar ihop Gota Energi och Sveriges Energi 09:35 ICE Coal API2 USD/t 3
GERMAN - Spot eyes steep plunge on 30 GW of wind 09:11 Previous | Delayed. For real-ime, use support link :T;s:;;
El petroleo sigue subiendo ante las tensiones geopoliticas 09:07 Product Last Chg e quanijfy
Danske nyhetsklipp 09:01  MostRead Nov1d 99.30 0 T’Oi
P Dec18 -
Cez halts Ledvice 6 (597 MW) to Thursda 08:47 2 - |
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nea to halt Kozienice ( ) for a weel 8 19 « -/ |Compliance Course
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EDF extends outages at 3 reactors (3.7 GW) 08:21  END OF DAY - Carbon slides on energy complex, dataissues  16:13 | a0 9200 25 |NORD
Oil continues rise amid geopolitical tensions 08:15 "Sverige kan na 70 TWh vindkraft utan ytterligare stod" 14:25 POOL 1November
Montel Al RC1 forecast: Nordic spot Tue 23/10: €39.07/MWh (3rd 0314 Fortum slér ihop Gota Energi och Sveriges Energi (ERIJ CAP UK NBP Gas pencelth - X
run) No change in open interest reporting despite criticism — EEX 18:34 You do not have access to this exchange. Elsertifikat-
Svenska nyhetskiipp 0808 NORDIC - November falls over EUR 1 on mild forecasts 11:18 Chekify0u wish 10 hace access B iferanson
erman utilities restart 3.6 GW capacity over weeken 07:57 - N -
G u VE 6 GW capacity over weekend UK may see end of coal-fired power by 2022 - study 0955 s PO . X 2019
Norske nyhetsklipp 07:55 : - Gardermoen,
o R D - — — Previous |Next | Delayed. For real-time, use support link [ MONTEL 24 januar
Uniper stops Schkopau B (450 MW) until Friday 07:38 Product A-B High Low Last Chg Close | :
P o o L Nordic nuclear output Monday: 7% (+792 MW) 07:36 ONTMONTH - . . . 11
German states seek EUR 60bn pay-out for coal exit 07:22 FRONT-QUARTER i e & s g m
sundav 21 Octoher 2018 I FRONT-YEAR - - - - - | Pl MarketInsights
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MARKET
UPDATES
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MARKET DATA TRADING SERVICES MEDIA Q

Pool can offer

See what Nord L ASolAN s° I ff. o £
impie, efricien

you « & secure

Trade power in 13 markets as

well as adding specific related ) { Nord Pool runs the leading power market in Europe,

services such as compliance, N ) b and we offer day-ahead and intraday markets to

data or courses. : : ! ( our customers. The day-ahead market is the main

arena for trading power, and the intraday

Use the map to find what we upplements the day-ahead market and

offer in our markets or click on :ure balance between supply and demand.

the country you are interested
in. F g products and services that are simple,

2 2 Oct 2 3 Octan-d secure is at the centre of what we do.

DAYAHEAD
SEE SERVICES . Current market

Price Development

25 Oct 26 Oct 27 Oct

49.04
Nordic system price / MWh

L4615 ..

UK day base / MWh

62,01

Delivery date 27 October 2018
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Hafslund

Nett Logg ut Min side

= Meny

E Haakon Reiersen Leknes | 3346796
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Stibber

Replace the energy
company with our app

v, L=

w CRATHE®

PULSE LADEBOKS STROMKJDP TIBBER STORE

Den billigste stremmen er
den du ikke bruker

Charge your car Get awesome Connect
when prices are low energy prices

FHRORGY PRICE

Works with:
Tesla
BMW
Volvo

Volkswagen




My consumption vs the prices each hour

Tilbake




Tesla: Norway Is Leading The Charge

Tesla superchargers per million inhabitants in 2017 (selected countries)

Norway aiss

sweden 122 | -
oenmerk 22 [ ' 7
United States 2= | 20

uk SiZ I o-56

china Bl JJ 0.11

Japan | @ I 0.11

SL0JO,

@statistaCharts Source: Supercharge.info

6.30

Forbes statista s



1.000.000 electric cars in Europe

Electric, hybridand  E]ectric cars exceed 1m in Europe as
low-emission cars 0
sales soar by more than 40%

Milestone reached nearly a year after China but ahead of the US

R e AT A a3 hj‘ A » _

Norway is still leading elect

. . i Adam Vaughan
Plug-in car registrations, first half 2  _
@adamvaughan_uk
i Sun 26 Aug 2018 12.50 BST
8100% electriccars B Plug-
P
f v ® 4
T E—
MOTHEY e ———— ]
[EES e |
Germany |
) E—
UK E—
e E——
France o B
[
Sweden | —
Belgium  —
GLI-EFE“EI'I GFE;'_'.'hil: : ECILi"CEZ EI'L"."".-'ID-IUIT!ES A Between January and June around 195,000 plug-in cars were sold across the EU, Iceland, Liechtenstein, Norway

and Switzerland. Photograph: Miles Willis/Getty Images for Go Ultra Low

There are now more than a million electric cars in Europe after sales soared
by more than 40% in the first half of the year, new figures reveal.

Europe hit the milestone nearly a year after China, which has a much larger
car market, but ahead of the US, which is expected to reach the landmark
later this year driven by the appetite for Tesla’s latest model.

Between January and June around 195,000 plug-in cars were sold across the
EU, Iceland, Liechtenstein, Norway and Switzerland, a 42% increase on the
same period a year before.
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nordpoolgroup.com/academy
With growth speeding up, the cumulative total is expected to hit 1.35m by
the end of the year, according to industry analysts EV-Volumes.




New market developed for demand
response: NODES

10 years 24 hours Intraday Intrahour 1,5 months

Financial Market

Physical delivery @

3.7
TWh

Reserve markets

Statnett

ENLERGINET ‘_)& Litgrid
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Physical delivery Financial settlement

Financial settlement Physical delivery

Financial Market Nord Pool
TSO
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A New Reality requires a new market:
I
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NSDES

The Changing Role of DSO

* Facilitate competition
in supply, generation and flexibility services

* Neutral markets
for more efficient energy system operation

» Promote innovation, flexibility and non-network solution

* Managing the coordination Our approach

of services at the local level
Bottom Up!

Distributed energy
resources,
integrated market
available to both
DSO & TSO

- let the market do
the job!

» Maximizing utilization
of the electrical and communication network for the customers

* Tipping point
20-40% Renewable share

* Fundamental changes
in current market design required

02.11.2048

NODES Presentation 21
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NSDES

The costs of grid congestions are rising...
* 95% of RES are connected to the DSO grid

m Montel LR

The cost of managing congestion on German power line networks surged to a
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record EUR 1.4bn last year as bottlenecks worsened, the head of Germany's BNA
1.000 1 network regulator revealed this week ahead of official data
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NGDES

Live proof of concept demonstrated investment
deferral at Engene substation in Norway
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Alternative to grid investment hwm\ﬂr\f'\’wwm\n Develop a marketplace concept
i
+ Developed a cloud based solution to avoid \_, : « Prototype for a marketplace for decentral flexibility

overload in short periods
» Developed concept for business models and roles for the

e Accessed available flexibility in distribution -
flexibility market

grid
« Alignment to EU winter package and dialog with Norwegian

* Optimised load based on available
regulator

flexibility, price weather data and
production in the area

« Deferred grid investment of approx. EUR 4,5 M

e All data delivered in real time by use of
advanced analytics and machine learning

02.11.2018

=. Microsoft agder energi
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Nos vemos en Bogota 14.-16. Nov 2018

- o Ml &t
International Centre vag] S - .
for Hydropower news courses ~ members  conference  about us X

2018 International Course - . .

Prograre Futuros mercados electricos y nuevas tecnologias (ES)

How We Work i o " Like 56 m
The Process of Social Impact .

T e e Bogota, Colombia | Week 46 | Date: Noviembre 14 - 16, 2018 | Gerentes - .
Assessment in H\;d._.._.l_-,.\_l P Gfecls g

: . . - ) y futuros lideres del sector eléctrico - Apply online
uturos mercados electricos y

nuevas tecnologlas (ES)

Hydropower Financing a

Nianageme“t | = NED:_’F m Embajada de Ngmesa By ey 5 .1»4
NORD | v b W acolgen
P o o L LR R T T

000

"""}H}ﬁrcten QCOPC, %Integral 2 statkraft €O =

WBID Invest

Aprende de los precursores en el mercado mundial de la energia
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Haakon Reiersen Leknes
Senior Consultant

Nord Pool Consulting
Email: haakon.leknes@nordpoolgroup.

nordpoolgroup.com
/consulting




Facts & Figures




Total traded volume in 2017

012w

European intraday: 7 TWh
UK day-ahead: 111 TWh
Nordic Baltic day-ahead: 391 TWh
NORD
POOL



We continue to see steady growth

600 512 TWh

500
400

300

A
200

\1\7—
":...nHIII”“”

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
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Number of customers

@ Local energy company
@ Industry
Large utility
A x380
s X

@ Clearing representatives

® Traders

Other
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Expansion since the 1990s
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1996 1998 2000

Norwegian power market deregulated

Norway and Sweden establish the world’s first international power market

Finland joins Nord Pool

Denmark joins, the Nordic market is fully integrated

UK and Estonia joins Nord Pool

Baltic fully integrated

Nominated Electricity Market Operator in 15 countries

32



The Power Market




How the power markets fit together

10 years

Financial Market

Financial settlement

Financial Market

24 hours

Day-ahead

Physical delivery
Nord Pool

Intraday

Intraday

Intrahour

Reserve markets

Physical delivery

1,5 months
@
o
b
=
>
©
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£
o
Imb. settl.

Financial settlement

TSO
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The day-ahead and intraday markets
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DAY-AHEAD
MARKET

08:00-
1200

Buyers and sellers enter
their bids and offers into

the trading system.

INTRADAY
MARKET

Oo=x

ro

&

Until
10:00

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

In the intraday market - trading takes
place every day arocund the clock

24 hrs

Until
12:00 d

Buvers 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 commeon
European algerithm.
Prices are calculated for
each hour of the day.

12:42

Prices are announced to the
market.

Capacities available for
intraday trading all 24
hours of the following
day ars published.

14:00

14:00-
15:00

Trades are invoiced

Trades are invoiced

14:00-

15:00



A Common European Power Market




A common European power market

» The European Commission has a stated goal of harmonising European power markets.
The aim is to create a pan-European market with closer connecting of power markets to
improve the efficient use of energy across national borders, the European Target Model
for electricity market integration.

» The concept of market coupling and cross border trading was originally developed by
Nord Pool and we are a driver in the European market coupling initiatives

» Close cooperation between TSOs, Power Exchanges and National Regulators across
Europe

Why?

» Efficient use of transmission capacity by trading energy across borders
» A coordinated market development

» Level out electricity prices
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A European market

>

v

v

N
P

2011: Power Exchanges cooperate to develop
a common European day-ahead price
calculation through Price Coupling of Regions
(PCR)

2012: The Cross-Border Intraday initiative,
XBID Project, is a joint initiative by the Power
Exchanges and TSOs to create a integrated
intraday cross-border market

2014: A common algorithm (Euphemia) and
system design (PMB) through PCR is
launched in North West Europe

2014/15: PCR is launching in more European
countries — today covering the green area.

2015: Capacity Allocation and Capacity
Management (CACM) adopted in EU

2015/16: NEMO licenses granted
2018: XBID launched 12. June

2018: Nord Pool will offer day-ahead trading
across 15 European countries

ORD
OOL
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Extra slides




Stakeholders

Owned by Nordic and Baltic transmission
system operators

Regulated in Norway by Norwegian Water
Resources and Energy Directorate (NVE)

Nominated NEMO in Austria, Belgium
Denmark, Estonia, Finland, France,
Germany, Great Britain, Ireland, Poland,
Latvia, Lithuania, Luxembourg, the
Netherlands and Sweden
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Statnett SF (Norway) 28.2%

Svenska kraftnat (Sweden)
28.2%

Energinet.dk (Denmark)
18.8%

Fingrid Oyj (Finland) 18.8%

D
L

Elering AS (Estonia) 2%
Litgrid AB (Lithuania) 2%

Augstsprieguma tikls AS
(Latvia) 2%




Products and Services




Application Programming Interface -

APls

APIs integrate Nord Pool markets with

internal systems to facilitate easy trading

o

Markets
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API

Back-office

Input to reports/
analysis

Internal trading
system

Operations

Compliance



Day Ahead Web

» Access to all Nord Pool day-ahead
markets through a simple-to-use
web-based interface

» Free connected API allows seamless

and fully automated trading "‘"‘-—---.ﬁf_r?_‘?_‘____ Order(s) (...
UK \
» Complete European product offerings Fi ?ﬁnmm :
pL [T
U « iifu
» Set the preferred bid ranges by Msfptember 2016 » Y{-‘:s:“
engaging the adjustable bid 5 5o S T
parameters ' % o - 3;'?3 E’h Lasta : ol
Sl T X
» Records of all trades and volumes . N 2%
quickly and efficiently !
» Flexible and customisable interface to " ‘\
suit your preferences . :..—l_m""""lllr
NORD
POOL 44



Intraday Web

» Unlimited access to all Nord Pool intraday
markets through a web-based interface

» Free connected API integrates your
systems with Intraday Web, allowing
seamless and fully automated trading

» Complete access to the European product
offerings (including 15, 30 and 60 minute,
block and iceberg products)

» Import orders quickly and easily direct
from Excel

» Flexible and customisable interface to suit
your preferences, with unique features for
specific markets

» Specifically developed for cross-border
coupling

NORD
POOL

10 | 2= DK
1a0}::DK1

didbaisin

When
S a few S \
B aminuyte
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Clearing Web

» Clearing Web is a one-stop-shop for B g L 3?
accessing cleared trades,

settlements, invoices and collateral Mg Amou
information 04 32 14 e
< 119 1
» It is web-based and simple-to-use o 22.14 68,107.8
featuring an interactive user interface " 32,14 109.420.6:
that can be customised to suit your 3,404 5 32 14 109,420 6
preferences e 355
32.14 -109,420 63
» Modern REST-based Trade Capture ~ * 191 32.14 68,107 87
API integrates your systems with the 5 Sxr "EETHE
clearing platform, allowing seamless e :
and fully automated trade capture . 32.14

» Compatible with all Nord Pool
markets, across geographies and
trading systems

NORD
POOL 46



Compliance
REMIT Reporting

» Nord Pool's REMIT Reporting make
compliance simple and straightforward

» Flexible and automated reporting

» Options to use Nord Pool as your
Registered Reporting Mechanism (RRM),
use a third party RRM and for reporting of
bilateral contracts

» Simple overviews and detailed reports
through the Nord Pool REMIT Portal for a
clear and concise record of your
compliance

» Connected API integrates your systems
with our REMIT Reporting, allowing
seamless, simple and secure reporting ’
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Compliance
REMIT UMM

» Notify the market about planned or unexpected
changes to generation, consumption and
transmission

Message Information

Time periods

» Comply with European energy market
regulations on information disclosure with
automatic forwarding of data direct to the ACER
REMIT platform and optional reporting to
ENTSO-E Transparency Platform — 5

» Connected API integrates your systems with
UMM, enabling seamless information transfers
between you and the market

» View real time notifications of events, Market Participants

disturbances and price impacts on short and

long term markets

oo e |

» Available in European markets and accessible
alongside all Nord Pool applications via a single,
web-based interface
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The App - FREE

» Access to day-ahead prices with optimal
push notifications when prices are
published

» Graphs — information at a glance with
highlighted max, min and average prices

» Drill down in hourly price table

» Check prices in the currency of your
choice

Free in App Store and Google Play NOW

’ Download on the

@& AppSstore

GET ITON
P Google Play
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EE 29 43

Finland (in EUR)

FI 29,43

United Kingdom (in GBP)
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