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Consultant

Education and Experience

Profile — Hans-Arild Bredesen

Hans-Arild has 25+ years of experience from international projects in the energy sector

Hans-Arild Bredesen

CEO and Owner
Bredesen Consulting

Mobile: + 47 90 70 43 80
hans-arild.bredesen@bredesenconsulting.com

BSc in Computer Science from Hggskolen | Ostfold,
Norway

Involved in the electricity deregulation process since
1992.

Technical project manager for the market systems at
Nord Pool

Former CEO of Nord Pool Consulting

Product manager for wholesale energy market
participant systems for the Nordic market.

Wide international experience from key roles in the
development of strategies for trading, scheduling and
settlement systems for PXs and TSOs in Nordics, EU,
California, Ireland, China, India, Central and Southeast
Asia, Southern and Eastern Africa plus South-east
Europe (both regional and Vietnam and Philippines).

Board member of NODES - the European marketplace
for local flexibility.

Author of the book “Power to the People”

Selected Project References

Southern African national market reforms

South Africa: development of a Market Code, market structure
Namibia: Supporting Nampower developing the MSB

Zambia: Market structure, design and rules for the Open Access
Southern African Power Pool (SAPP)

Supporting SAPP since 2006 with market rules and regulations, design
and implementation of their regional market.

Eastern African Power Pool (EAPP)

Responsible for the recommended market design and capacity building
as well as regulatory development.

Implementing a Wholesale Market Opening for SEE (South-East
Europe)

Creating a regional market design, develop an action plan and support
in the implementation of a wholesale market in SEE.

Various market design and implementation projects for Romania,
Turkey, Albania, Bulgaria, Croatia, Georgia, Moldova and Ukraine

Setting up a national power exchange for India (2006)

Development of market rules and regulations, design of the market
concept for a national Power Exchange in India.

Designing the Chinese national market

Supporting NEA with market design and market rules for a national

market in China including a lot of capacity building
ASEAN/GMS regional market initiatives

Supporting ADB and UN ESCAP in various initiatives for development
of a regional market (incl IEA report)

Global Power System Transformation Consortium
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A market reform is a process and not a project

... And it needs to be agile — support common market reform as well as individual strategies
National market reform (what is it?)

m Regulator

System Operator

@

Market Operator

Global Power System Transformation Consortium | 3
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In a competitive wholesale market — What are we trying to achieve?

At a high level it is easy...

To Produce or not to Produce

Produce
now!

e Optimal
0 production

Water values and
predicted oil,
coal prices

SEVER(S
later!

The fuel value is the opportunity cost of producing now compared
with producing in the future?

Market Principle

Production Consumption

Price

Global Power System Transformation Consortium | 4



The power market: A happy marriage between

economists and engineers

September 27, 2010

What would our world
be like without electricity?

Global Power System Transformation Consortium | 5



There is always a balance to be found....

...between competitive market with few limitations and a constrained real-time operation of the power system

The economist wants: The engineers wants:

- Liquid markets

- Large trading area with no/few
physical constraints

- Standardised products

- Large number of competing
buyers and sellers

- No differentiation between the
different buyers and sellers

- Market representation of the
underlying physical power
system

- Representative trading areas with
with physical constraints

- Customized products for the
physical needs

- Deep knowledge of the sellers
and buyers capabilities

The power market concept needs to take this in account in all market timeframes

Global Power System Transformation Consortium | 6



An Electricity Supply Reform -

Vertically Integrated Supply and Monopoly

Large Scale Consumption

Vertically Integrated Sufply

EREERE
OO0 | L

Small Scale Consumption Global Power System Transformation Consortium | 7



Large Scale Consumption
- hourly metered -
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Small Scale Consumption Small Scale Consumption

- hourly metered - - not hourly metered - Global Power System Transformation Consortium | 8




Trading of Power - Traditionally

« Traditionally customers have purchased all their power needs from a single
supplier that provides all the required services on a fixed price tariff where:

— The customer takes all the risks by complex price tariffs.

— The customer have the advantage in simplicity, but with a disadvantages in cost,
market transparency, flexibility and price setting.

— The supplier takes the risk in many relations among other as future prices, inefficient
operation and balancing service

Fixed price

Volume

Global Power System Transformation Consortium | 9



Trading of Power in a Open Market

* In a market environment the supplier must:
— Both supplier and consumer predict the load for the next day
— Supplier will among many variables value the different production assets marginal prices,
— Predict market prices (Power Exchange)
— Prepare and submit orders for the short-term market
— Report the schedule to the TSO for the country (area)
— Manage the total portfolio on an hourly basis and void the balancing market

Schedule

Schedule1 Orders Orders .
Prices

Prices

Power Exchange
(Counterpart)

Global Power System Transformation Consortium | 10



Power Market — Companies and Relations in a Market

Bilateral Contract

Industrial
Generators companies, Retailers, Traders
Power Exchange
* Forward
* Day-Ahead » Balancing
* IntraDay . Imbal
* Settlement mbalance
Distribution

Global Power System Transformation Consortium
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Overview of the electricity value chain

# 5 A

] . N

® — e o 48 © [14]]

Enterprise
= Power production + Transmission system operators = Exchange for trading of + Resell power to retail and ﬂ
(TS0s) build and operate the electricity with physical delivery commercial end-customers Power-intensive

= Mix of wind, solar,

national high voltage grids industry

hydro,CHPs, nuclear and = Services usually include = Own the customer relationship
thermal » Distribution system operators trading, clearing and . .
(DSOs) build and operate the settlement Both independent sellers and

integrated companies exist

local distribution networks - Large consumers often buy

direclly from exchanges

Global PowreSy NfPPPhReRsHIE%0n Consortium | 12



International best practices for a market reform

« In all aspects of market reforms, stepwise is equally
Im porta nt: Historical consumption level
— New market designs A
Market restructuring
Market opening to new participants

Volume that has
to be purchased
in the market

— ... we don’t want to see California all over again

What went wrong there?
* Nothing wrong with high-level design, but:
+ Big bang implementation
* Nobody understood why, how and what

* Mix of free and regulated market with really bad
outcome

Year 1 Year 2 Year3 Year4 Year 5

Global Power System Transformation Consortium | 13



This is also true.... You have to take the time

We are
too busy

Global Power System Transformation Consortium | 14



A Market Driven by Planning

* The electricity market is driven by planning where the total assets and commitments must
be balanced for every hour.

» A buyer needs to estimate how much energy needed to meet customer demand for the next
delivery day and the price to pay for this electricity volume.

» The seller as the owner of power plants needs to decide how much he can deliver and at what
price.

» This has to be done based on the current market and electricity situation with a view to the
company's short- and long-term strategy.

Global Power System Transformation Consortium | 15



Legal and regulatory framework — Scope, laws provisions

POLITICAL DECISION

MARKET BASED
electricity supply structure

shall be market based demarcation between part of electricity supply structure
(thus not vertically exposed to competition and natural monopoly (infrastructure)
integrated)
ENERGY ACT
COMPETITION
definition of envisioned NATURAL MONOPOLY
competition in the sector, establishment of
roles, responsibilities and new departments within Energy regulatory authority
a legal foundation of the existing authorities
reform
regulation of regulation of terms\
monitoring business of reference
competition premises, structure, arrangement and
market surveillance rate of return, facilitation of
commitments etc. competition )

~
Financial Supervisory

Ministry/Parliament Authority and Energy Regulatory Authority
Competition Authority

Global Power System Transformation Consortium | 16



A market reform needs Independent regulators and

proper governance

« The question of «independent Regulators»

» Transmission System Operators must be
regulated (not in competition on a given
territory)

* As an example, in EU law asks for
Regulators to be «independent from any
other public or private entity»

* Necessary in Europe because of many state-
owned utilities (conflict of interest for several
governments)

» Could argue the same for many other
markets

Legislation/
Energy Act

Ministry
Provisions/ instructions

Regulator
Guidelines

PX—TSO—

Market Participants
Operational Agreements

........

Market Code

A

Objectives, principles
Organise infrastructure
Licensing issues

Responsibilities of key companies
Economic regulation of monopolies
Manage licenses

Overall market rules

Executive body of rules and provisions
Supervise the market

Interfere in procedures that do not perform
Supervise operational procedures

Manage disputes

Operational procedures and rules for power
trade and system operation

* Activities based on overall principles defined
by legislation, Ministry and Regulator

Global Power System Transformation Consortium | 17



How to meet the new market requirements

... But this is not the only path...

s Monopoly Competition Competition in Competition in
Definition at all . ) ) .
in Generation Generation Generation
levels
Competing No Yes Yes Yes
Generators
Cho_lce for No No Yes Yes
retailers
Choice for No No No Yes
consumers

Increasing trend from monopoly towards fully competitive markets presents new requirements

Global Power System Transformation Consortium | 18



Historical evolution of market models

ahien
g
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Generic best practice on Market Structure

Transmission  Generation

Distribution

Competitive Wholesale Electricity Market Structure

Genco Genco | |Genco Genco Genco |, | Genco
B J__ — S W — =
e Poolco j E—— fé
< Grideo Gridco ‘ > z
e _‘I__ ___ System Opcmtor7é_l__—\——"'_ =
| | =
k)
Disco ‘ Disco |, .| Disco ‘ Disco Disco |...| Disco ‘ ‘g
&
| 1 ] I '| @
| | | — &

Liberalization of Energy Markets

i | L _
Bt > CEust .. CEust >

- —_ —_— A
st st . st >

The starting point

Source: Hogan, 1998

. . Generation Generation Generation

Generation 2 =
> Company Company Company Company
: 1 ! I ’
-;':’ Transmission ].—‘ Transmission —J
g I T ; 1
j LB Distribution Distribution Distribution
= Distribution Company r Company —I Company
g I - S—— — |
2 Retail Retail | Retail Retail Retail Retai Retail

[ Cumpanyl |C{)'ﬁpdny Company Company Compdny‘ | Company
T I T I = &
Customer Customer

The best practice

Global Power System Transformation Consortium

. |
Generation




In allocating roles between central bodies and market participants,

market designs are often referred to as ‘centralised’ or 'de-centralised’

- T - —— Features associated with 'De-
Features associated with ‘Centralisation m Centralisation’

Central dispatch vs Parties self-dispatch, with TSO performing
self dispatch residual dispatch to adjust market positions

TSO constructs dispatch schedule and issues
dispatch instructions to fulfil it

Parties { .~ ~wn unit commitment (start/stop)

Continuous trading opportunities without

Discrete vs
interruption

Designated trading windows with dead zones continuous trading

Pay-as-clear vs

Trades priced at common auction clearing price pay-as-bid Trade by trade specific pricing

™ _
% 137 m-%es unit commitment decisions to turn Central commitment vs
E- plant on and off self commitment 3 sions for their units
o
Py g : B : Zonal or na op- pricing over a very wide
Noda' ~ricing within an ISO area ! ! ! Locational vs non-locational . sgraphical area
Single mar. ¢ .. ce option (for particular Single vs Multiple competing  « ketplace options (for
“aframe) multiple market (algorithm) particulai v . frame)
Designated mark.c , ar= mandatory or Exclusive vs Flexibility to choose betwe: . " .ferent markets
exclusive marketpla. 3+ or physical trade non-exclusive (most/all timeti .+ ..)
Gross market (principally .o settle positive Gross or net market Net (residual) market (principally o :ettle delta
volumes) volumes)

Source: AFRY Management Consulting

Global Power System Transformation Consortium | 21



What does Self-dispatch mean? A simplified example
One market participant with three generators — all with 50 MW potential generation for the given hour

Self-dispatch
= i
Portfolio bid

P
combining the ower

exchange
three GUs Schedule

PW] 50 IV'W"—". ﬁf_ﬂ'—[‘?—» 100 MW P’ﬁ 2?2 MW

Pl/ﬁl 50 MW P’ﬁ] -~

Order aggregation, price &
flow optimization

Global Power System Transformation Conso?’um | 22



What does Central dispatch mean? A simplified example
One market participant with three generators — all with 50 MW potential generation for the given hour

Central dispatdhit bids for each GU oMafk‘:t Dispatch instruction
rI_I] 50 MW Qa perator ] 42 MW
Z Prce v
parameters
fi LMP
Tisown — iz O . 7]

]16MW

PW] 50 MW —,

— ///l

Order aggregation, price &
flow optimization

Global Power System Transformation Consortium | 23



The stepwise market implementation

Main targets:

1. Economic-driven price signals
2. Regain trust in the system

3. Support the energy transition and the
technology disruption

* moving towards unbundled, cost-
reflective tariffs to better reflect
electricity services

« .. while increasing security of supply and reduce
load shedding

Market Market
liquidity reliability
increases increases
Market Trading and
becomes more investment
attractive and activities
transparent increase

Global Power System Transformation Consortium | 24



The BRPs are self-balancing the portfolio through the

different market segments

Optimizing portfolio with long terms contracts and spot markets
250
* BRPs need to plan how to sell or cover
their needs for electricity in the different
market segments 200

» Own production and bilateral long-term

contracts will provide a baseline of their 150 DM Trading
planning m DAM Trading
I Bilateral Contracts
100 . Own Production

+ DAM and IDM allow for self-balancing
before physical delivery

e Total Supply

« The BRPs need to forecast and execute *

the portfolio balancing activities as their
daily routine & responsibility

0

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Selling the difference between long term contracts and estimated total supply to DAM/IDM = self-balancing

Global Power System Transformation Consortium | 25



Regional markets




The European Challenge — Pre Target Model

Europe had many
interconnections, where
different regimes are used to
handle the exchange

« implicit (Nordic)
» explicit
* market coupling

How can we characterize the
handling of interconnections
in Europe when we today
have to state that explicit
handling of interconnections
“produce” wrong flows in up
to 25% of the operational
hours (2008)?

PT

Global Power System Transforrremmo
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An Example

B CENTREL U Commercial flow: 100 MW
PL,CZ SK, |l A ‘1'
R B e
O G D-
| =
B-
= w7
= B-F 27
-u _H_ <
G O pF 36
RS, ME, MK|| R 2
= Cl':'" 21
©
S|, HR, BA S F -6
O
< [ S 2

Based on a study from ENTSO-E
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Different types of regional markets:

Multinational Standardized Regional Bilateral Trading

Power flow
Money flow

Information
and data flow

» Monetary
transactions
based on the
contract

Al

Producer

» Preliminary ATC,
wheeling charge and
losses information

» Willingness to
trade regionally

» Bilateral » Counterparty discovery
contract
management » Registered regional
contracts information
as needed
. _—
Regional ——

Market
Operator

» Preliminary ATC for
regional trades

» Preliminary ATC,
wheeling charge and
losses information

» Willingness to
trade regionally

» Counterparty discovery

Consumer

Power

» Wheeling charge
payments (based on
contract structure)*

1
1
1
1
¥

Wheeling
(if required)

» Wheeling charge
payments (based on
contract structure)*

Power

—— o —— -

Global Power System Transformation Consortium
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Different types of regional markets:

Multilateral regional market

Market Participants (selling)

. » Willingness to trade
» National » Settiement regionally (bilateral) | ' » Settlement and Clearing

trades :
of National » Residual volumes Power
trades

» Results and/or

» Bilateral contract » National » Wheeling charge Counterparty discovery

management results collection (if agreed) (bilateral)
. Power flow ¥ Orders for the DAM » Information on regional
and IDM contracts
. Money flow
. . » Wheeling charge

g nformation National Residual volumes Regional distribution Wheelin (if

——- —_—
and data flow System/Market |rem— Market reqjﬁ;g? (i

A ————————————

Operator Results and S&C Operator » ATC information

(if existing) (Bilateral,
organized
markets, CCP)
r ¥ 3
» Willingness to trade
» Monetary regionally (bilateral) » Settlement and Clearing
transactions » National » Settlement » Residual volumes
based on the trades of National ) Power
contract trades » Wheeling charge » Results and/or
» National collection (if agreed) Cc_:unterparty discovery
results » Orders for the DAM (bilateral)
& and IDM

Market Participants (buying)

Global Power System Transformation Consortium | 30



[l Power flow
. Money flow

. Information
and data flow

» Monetary
transactions
based on the
contract

Different types of regional markets:

Fully integrated regional market

Market Participants (selling)

» Wheeling charge » Settlement and Clearing
collection

» Willingness to trade
regionally (bilateral) » Results and/or

» Bilateral contract
management

Power
Counterparty discovery
» All volumes traded (bilateral)
through the regional
market

» Information on regional
contracts

» Wheeling charge

Regional distribution

Market —_—

Operator » ATC information

Wheeling

(Bilateral,
organized
markets, CCP)

» Wheeling charge

collection » Settlement and Clearing

» Willingness to trade
regionally (bilateral)

» All volumes traded

through the regional
market

» Results and/or

Counterparty discovery
(bilateral)

Power

Market Participants (buying)

Global Power System Transformation Consortium
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Regional markets — the need for a flexible approach

Allowing for regional cooperation, but maintaining national control of the assets

= , Create NEC
= M — ¢—~'> new players

- Market Platforms — managing changes in

h National Market Operator 1 Flexibility is needed in:
Market Participants 2 . . .
Bldding P Bid Bidding process I_* - Market design — allowing future evolution of
G || B . markets
=t = - Market Rules — easy access to markets to

Scheduling Prices , the market framework

-sc <

areas

Result

- Legacy contracts — respecting these

- Market opening — not a big bang where all

join at the same time

Calculation of

TC for all

interconnection
t s

National Market Operator n or
Single buyer or National utility
(no national market)

Common/integrated
solution

Ewonnh

Create NEC

Its/Settleme

Prices

areas
Flow ,ics
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The regional market — two-tier dispatch

The primary purpose and criteria for the design of a regional power market is optimal resource
allocation and by this increase efficiency, enhance integration of renewable generation and
reduce the overall cost of generation, including increasing the security of supply.

To achieved this the concept is based on,

Creating economic merit orders while taking transmission constraints into account

Short-term optimizing of the power system and formation of a dispatch schedule from a regional
perspective down to the local dispatch

“‘Regional market”, connecting countries in a stepwise manner

The regional trading provides (all or) parts of the interconnector flows between the countries
The trades in the regional market is considered in the local dispatch together with the national
schedule

1st-tier 2nd-tier
1 1

Regional National Local
schedule schedule dispatch

Global Power System Transformation Consortium | 33




Regional markets — will it provide affordable prices?

ACER has recently done an in-depth study of the impact of the EIM in light of the events the last period

Case: Cross-border trade delivers substantial benefits and mitigates price volatility

To estimate the benefits from cross-border electricity trading in Europe in 2021, ACER asked the European
NEMOs to conduct an analysis for 2021 It compared actual 2021 market results (historical' scenanio) with
a scenano where all cross-border capacities were set to zero (the 'zero scenanc’, implying no electricity
frade across Member State borders)®. The difference in welfare benefit between the historical and the zero
scenario (see Figure 11) is a proxy for the yearly welfare benefits cumently obtained from cross-border
frade in day-ahead markets. The benefits of cross-border eleciricity trading amounted to around 34 billion
Euros in 2021 (source: ACER based on NEMOs). More than one third of these benefits comespond fo the
last quarter of 2021, when power prices were at their highest.

Figure 11: Estimated monthly welfare benefits (Billien EUR) from cross-berder electricity

trade in 2021

Eource” ACER based on NEMOS™ simufations.

Source: ACER, 29.04.2022: Final Assessment of the EU Wholesale Electricity Market Design,

In addifion to the considerable savings associated with the current kevel of market integration, the analysis
shows that thiz integration alzo reduces significantly price volatility. Figure 12 displays the differences in
average price volatility between the two scenanos. It shows that price volatility would have been congider-
ably higher {around seven fimes as high) if national markets were isclated.

Figure 12:  Price volatility (EUR/MWh ) in integrated and isolated electricity markeis in the EU
in 2021

Sowce: ACER based on NEMOS Simuianions.

Volatiity was estimated by using the standard dewiation of fay-ahead wholesale prices. The standard deviation was calculated per
bidding zone for the whole year, then averaged oul 3cross ihe EUL

“Overall, in 2021, cross-border trade delivered an estimated

34 billion Euros
of benefits while helping to smoothen price volatility.”

Global Power System Transformation Consortium |
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https://extranet.acer.europa.eu/Official_documents/Acts_of_the_Agency/Publication/ACER's%20Final%20Assessment%20of%20the%20EU%20Wholesale%20Electricity%20Market%20Design.pdf

... and if this is not hard enough —

Trends are challenging the traditional power systems

Trends Challenges Solutions

Conventional  Renewable Grid instability Smart grids

~
~
- -9

g

/7 \

Key
~ ! /\"' - -\'
il ) Flexibility
Intelligent
markets
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Global drivers for change

Climate Change Technology Consumption Patterns

Global Power System Transformation Consortium | 36



The changing role of the TSO and DSO in the future

Conventional scenario
=» Unidirectional
flow of electricity
=» No smart
grid/homes
=» Limited share
of renewables

Large-scale

. — Transmission ——»
generation

% 7 Local storage W_
] R |
Large-scale u.-] % % f x
renewables W_ W_ o
= . & @ - % G
m Emerging scenario '

=» Emergence of DERs

Baseload/backup -» Renewable generation technologies on —>
distribution and transmissaion networks

=» Local battery storage deployment Local generation !
=» Smart homes and smart grids N e e eeecmememeececmememeeceaaan. ‘

b
"ﬁ

Source: IRENA (2019), Innovation landscape brief: Future role of distribution system opera(or%m%wé‘algmnby,@h%irmation Consortium | 37



Words of wisdom

(my favorite market reform quote):

If you can’t fly, then run,

if you can’t run, then walk,

if you can’t walk, then crawil,

but whatever you do,

you have to keep moving forward.

— Martin Luther King Jr.

Global Power System Transformation Consortium | 38
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