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In late 1990s wholesale electricity markets were developed across globe
to encourage competition in electricity generation...

Two key objectives of market reforms
were uniform across the globe...

...with aim of delivering lower wholesale prices,
efficient new build and ongoing security of supply

m Generators compete to sell power into the
wholesale market...

m ...incentivises owners to be efficient in
operation, reduce operating costs etc

m Downward pressure
on wholesale prices to
minimise cost of
meeting demand

m De-centralised
operational and
investment
decision-making....

Short term

efficiency of
dispatch

m ..considered
preferable to
central planning
alternatives

Long term m Investment in new generation in response to
price signals

m Investors bore risks but got rewards of
investment decisions

m Incentivised efficiency
in investment..

investment
efficiency

m ..and secure supplies

...but varying approaches adopted to achieve these aims

Key design features eventually
incorporated into European Target
model

m Independent system operators (ISOs) -
under “not for profit” model

m Self despatch market m Variety of approaches initially m Self despatch market

m Emphasis on market trading ex ante developed... m Emphasis on market trading ex ante

m Single GB energy price = ..settled on “standard market design” m Single energy price in each state

m “Residual” system operator — for profit m Centralised dispatch market m Non-firm access for generation
privately owned m Locational (i.e. nodal) energy price = Independent system operators (ISOs)

- under “not for profit” model




In 2000s, generation fleets evolved slowly.

The evolution of generation capacity mix in the National
The evolution of generation capacity mix in Great Britain? Energy Market (Australia)®
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The evolution of generation capacity mix in the US3 The evolution of generation capacity mix in Germany*

Sources: 1.) National Grid ESO, FES 2020, (link) [Note: Used System Transformation Scenario] and DUKES, 2000-2020, (link). 2.) AEMO, ISP 2020, (link) and AEMC, Annual Market
Performance Review, 2020, (link). 3) EIA, Annual Energy Outlook 2020 (link), and EIA, Annual Energy Review, 2011 (link). 4) ENTSO-E, TYNDP 2020, (/ink) [Note: Used National Trends 3
Scenario] and EIA, International database (/ink).


https://www.nationalgrideso.com/future-energy/future-energy-scenarios/fes-2020-documents
https://www.gov.uk/government/collections/digest-of-uk-energy-statistics-dukes
https://aemo.com.au/en/energy-systems/major-publications/integrated-system-plan-isp/2020-integrated-system-plan-isp
https://www.aemc.gov.au/data/annual-market-performance-review-2020/nem-generation-capacity-installed-megawatts-by-fuel-type-2001-2019
https://www.eia.gov/outlooks/aeo/
https://www.eia.gov/totalenergy/data/annual/
https://www.entsos-tyndp2020-scenarios.eu/download-data/
https://www.eia.gov/international/data/country/DEU

By 2020, the rise in renewables generation has meant in many regions
systems are becoming increasingly challenging to operate...

Deteriorating frequency performance in the NEM? Deteriorating frequency performance in GB2

Increase in the number frequency deviations above
75 mHzin Continental Europe3 Global security and reliability issues

-

...yet market design has only partially evolved since 2000 - with LMPs in
all US and overlay of capacity mechanisms in some markets

Sources: 1) AEMO, National Electricity Amendment Rule 2020, March 2020, (link). 2) National Grid ESO, Historic frequency data, (link). 3) ENTSO-E, Report on Deterministic Frequency
Deviations, November 2019, (link).


http://www.caiso.com/Documents/Preliminary-Root-Cause-Analysis-Rotating-Outages-August-2020.pdf
https://www.ofgem.gov.uk/publications-and-updates/investigation-9-august-2019-power-outage
https://www.aemc.gov.au/sites/default/files/2020-03/ERC0274%20-%20Mandatory%20PFR%20-%20Final%20Determination_PUBLISHED%2026MAR2020.pdf
https://www.nationalgrideso.com/balancing-services/frequency-response-services/historic-frequency-data
https://consultations.entsoe.eu/system-development/deterministic_frequency_deviations_report/user_uploads/report_deterministic_frequency_deviations_final-draft-for-consultation.pdf
https://www.aemo.com.au/-/media/Files/Electricity/NEM/Market_Notices_and_Events/Power_System_Incident_Reports/2017/Integrated-Final-Report-SA-Black-System-28-September-2016.pdf

With increased difficulty, many system operators are intervening more
and spending more .....

GB Balancing costs! CAISO ancillary services costs?
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..meaning the System Operator is increasingly involved in “the market” —
a distinct departure from original design intentions.

Sources: 1) NG ESO, MBSS data ( , ) 2) California ISO, Annual reports 2012-2019 (link). 3) Bundesnetzagentur, Monitoring reports, 2010-2019, (link). 4) EPRG, Competition in Market
for Ancillary Services, 2019 (link).


https://www.nationalgrideso.com/industry-information/industry-data-and-reports/system-balancing-reports
https://data.nationalgrideso.com/balancing/mbss?from=0#resources
http://www.caiso.com/market/Pages/MarketMonitoring/AnnualQuarterlyReports/Default.aspx
https://www.bundesnetzagentur.de/EN/Areas/Energy/Companies/DataCollection_Monitoring/DataCollectionMonitoring_node.html
https://www.eprg.group.cam.ac.uk/wp-content/uploads/2019/08/1928-Text.pdf

Given system changes, the design of the electricity market seems set for
further evolution....

Review of market in Australia and some parts of GB market (SO arrangements). Less fundamental design debate in US...

Cost of Energy Review System Operator review! Market Review

m “Standard market
design” generally
approved of...

m ..ongoing debate on
merits of Capacity
Mechanisms

Some calls for “capacity only” markets given proliferation of zero marginal cost of renewables generation and infrequent running of thermal
plant. But:

m Thermal generation (or storage assets) with non-zero marginal costs likely to be marginal plant for at least next 30 years.
m Real time energy price signal likely to be highly important for demand side — allows to signal consumption preferences
m Similarly, a real time price signal for energy storage vital for operation

If policy makers wish to deliver on original design objectives of efficient operation and efficient investment by decentralised decision makers then
real time energy prices will increase in importance in coming years

Lots of issues to consider in energy market design — in time available
will briefly outline trends in 3 key areas

Institutional arrangements

Locational pricing Ancillary services markets
for system operators

Not discussing today: Capacity mechanisms, Day Ahead markets, Local energy markets, etc...

Note: 1) Due to be published in December 2020.


https://esb-post2025-market-design.aemc.gov.au/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/654902/Cost_of_Energy_Review.pdf

o Locational pricing

Currently, strength of locational signals varies markedly across markets...

Weaker

locational

signals

m Singe energy price

m No charges on
generation

m Congestion solved
through SO re-
despatch

m Singe energy price

m Transmission
charges send
locational signal to
generators.

m Congestion resolved
through re-despatch

m Singe energy price
in each state

m No charges on
generation

m Locational signals
through connection
times.

Day ahead market
optimisation taking
account of country
to country
transmission

Optimises
interconnector
usage

EU market
coupling

Stronger

locational

signals

North
America

m Locational
wholesale energy
price

m All areas now
adopted approach
(ERCOT in 2010,
Ontario in process
at moment)

v

A

»

A

No location in wholesale energy price

v

A

(Typically very big) zones, but wholesale energy
price derived taking account of transmission
between zones

»

Nodal wholesale energy price



o Locational pricing

...but markets with weaker locational signals increasingly relying on ad
hoc rules and transmission investment to preserve market integrity.

Weaker Stronger
locational locational
signals signals

Germany EU market Nor:th
coupling America

1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
m Largeincrease on m 20 fold increase in '| = Nointra-regional m Consideredto have || | ® Locational market
congestion costs.... congestion costs... : congestion costs.... been successful — : power issues needs
m ..big transmission m ...despite | = ..but risk of “dis- especially since I to be managed
investment transmission : orderly” bidding flow-based market | ' | m Volatility hedging
programme investments i and possible coupling introduced i tools developed...
m Rules on generator m Licence conditions ! distortion of m Significant vl - ..liquidity of trading
redespatch bids on generator bids : wholesale price improvement in : derived at
m Sub optimal scaling m Transmission | m Risk merit order interconnector | “hubs”...which are
back of charging review | not respected usage | determined by
interconnector flows ongoing (as ever) : : market
1 1

m Congestion costs increasing materially over
time....... despite large programmes,
transmission investment can’t keep up (and
less needed if sent right signals in first place)

m Portion of stakeholders with existing
generators sometimes resistant
(dependent on location) — perhaps some
form of grandfathering offers way out...

Implementation
issues for more
granular
locational

Current
approachiin
Europe and

Australia m Ad hoc rules (eg. Australia “disorderly bidding”

and Europe 70% rule) — risk efficiency of
despatch

m Concerns about consumer “fairness”;
however, in some non-LMP markets
consumers in low demand areas
currently subsidise consumers in high
demand areas; in others all consumers
pay artificially high prices.

signals(e.g.
LMPs)
significant, but
probably not
insurmountable

appears
increasingly
unsustainable m
in long term

Forward bilateral trading in LMP markets highly
liquid, so initial design concerns of US model
not materialised




Ancillary services markets

System operators increasingly considering introducing real time markets
for some ancillary services in addition to conventional procurement

Real-time
markets

Spot market-based services

= Services procured through spot market-
based mechanisms, close to real-time

Ad hoc
bilateral

Directed / self-provision of services

= Services are not formally procured as a
structured ‘product’

Structured procurement of services

= Services are formally procured through a
structured mechanism

= Demand curves express the SO’s
willingness to pay services

= Main procurement avenues are:
Q bilateral contracts
Q transmission network company’s
network standards

= May be provided:

Q by-product of generation
via ad hoc, reactive SO interventions
Technical/performance standards
Network assets
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= Potential for co-optimisation

= May be combined with forward

contracting using CfDs
Frequency
Response

00O

= Often contracted far ahead of time

Mandatory Primary
Frequency Response

| System |
1

ORDC Response
NYISO P

= SO interventions commonly used during

- = Regulation and reserves in the US, e.g.
unexpected events, e.g. generator failures

NYISO, PJIM and ERCOT’s ORDCs

= GB ESO: Competitive tenders widely used

= NEM: Transmission companies contract for

= |nertia and system strength typically provided . .
y gth typicallyp inertia and system strength

= Little precedent for other services
as a by-product




Ancillary services markets

Real time markets already introduced for reserves in ERCOT, being
considered for inertia in NEM...

Real Time
price of ) lDemanc! curve may.be , * Slope of demand curve reflects decreasing likelihood of shocks
; capped’, representing the SO’s hifti - .
service _ - shifting the system below minimum levels. Needs to consider
maximum willingness to pay ) ] ] )
) Q Size of the single largest credible contingency
* This could be based on VOLL )
Q Penetration of renewables
Max SO O Consideration of potential multiple contingencies and/or less
willingness credible contingencies
to pay O Interaction with other services
| -
u
I EEEEEEEEEEEEEEEERN
u
I .
u
| m
u
I "
u
u
Market | m
. . EEEN I S S S S S S S S - E B EEEENEBR
clearing price |
|
I ‘ EEEEEEEDR
|
| - = Volume at which a greater volume is of
l - no value
| I 7
u
0 Minimum requirement for Market clearing itv of
system securit . Saturation point Quantity o
y y quantity service

...can still have long term contracts, with a CfD against _
real-time clearing price



System operators

Role of System Operators in all jurisdictions evolved over time — now
cover contrasting patchwork of activities....

Electricity market roles GB ISO Model Germany NEM

= Energy balancin
1. System balancer 8y . 8
= System balancing

= Options
assessment

N
2
0]
(=4
g
]
=
~
=5
[Y]
>
3
1]
=

= Approvals &
Consents

= Constructor
3. Network provider = Operator

Scot TOs

4. Long term security of = Setting standard

supply = Delivery (e.g. CM)
5. Market design " Wholesale
market
6. Supporting new = Selection
technologies (“tilting = Delivery
playing field”) (e.g. CfDs)

) m Potential m Susceptibility m Congestion m Overreaching
Emerging concerns about Conflicts of to political cost m Concerns
arrangements for SOs in 1 ENY Interest with interference /transmission over
jurisdictions transmission m Unduly . m Loop flow excessive

owner role conservative across Europe costs
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System operators

Ownership model and extent of profit incentive for system operators are

two main policy levers....
Publicly owned

Publicly owned, not-for-profit Publicly owned, for-profit

Not-for-
profit

» [ ;(r);}it
ol @ @

2018 - 2011-2018 2001-2011

Privately owned, not-for-profit Privately owned, for-profit
A 4

Privately owned

m Increasing tension of system operator undertaking network planning and system operation while
operating (for profit) transmission business....

m ....likely to become even more acute at distribution level
m ISO model seems increasingly favoured option but ongoing uncertainty on governance model

m SOs (of all varieties) have a difficult task: consequences of failure (black outs) very observable but
very difficult to assess whether acting efficiently (classic regulatory issue of asymmetry of
information)...

m ....likely to lead to conservative behaviour and tendency for excessive costs (true also for regulators
and politicians) regardless of model.

12



Answer to system operator governance issue may lie, in part, in market
design — putting the “residual” back in the role of the system operator...

Reduce quantum of activity that SO needs to do
by improving wholesale market design...

...and, where SOs are needed, introduce real

....reduces overall quantum of bias towards time markets

conservativism that inherent to SOs
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20 years on we know now that markets can do
more:

m LMPs work: More granular locational energy

prices means congestion solved by market — no
need for SOs to resolve congestion

Consider move towards shorter duration
balancing periods (5 mins, maybe less as
technology improves)

Focus on real time pricing of scarcity (scarcity
pricing) to incentivise market participant hedging

service

service

SO will always be needed to take co-ordination
role...

....developing real time markets for ancillary
services —e.g. inertia, reserves, system strength —
could be beneficial

Improves transparency of monopsony purchasing
decisions....

...and still allows for longer term contracting (and
ad hoc trades) if needed

13



Jason Mann
Senior Managing Director

London, UK
jason.mann@fticonsulting.com

Note: GB System Operator Review due to be published in December 2020.
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https://www.fticonsulting.com/our-people/jason-mann
https://www.fticonsulting.com/insights/reports/essential-system-services-national-electricity-market
https://www.fticonsulting.com/~/media/Files/emea--files/insights/reports/2020/sept/resource-adequacy-mechanisms-national-electricity-market.pdf
https://www.ofgem.gov.uk/system/files/docs/2017/04/ena_working_group_report_16_feb_2017.pdf
https://www.aemo.com.au/-/media/files/electricity/nem/planning_and_forecasting/planning-and-network-regulation/final-fti-cl-report---full---transmission-network-planning-in-the-nem---13-december-2018.pdf?la=en&hash=C837DB4A8CDCDDC3544172291772A6E3
https://scholar.harvard.edu/whogan/files/embracing_merchant_transmission_investment_-_15_october_2018_updated.pdf

