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Locational Marginal Pricing and the transformation of energy
systems around the world

Context: potential market * Constraints in transmission and sparse generation location: the assumption of a single national
failures in current market market or few “price zones” is inaccurate

designs - Missing market for locational signals

» Energy transition is changing wholesale markets
Why do locational signals » Network congestion becomes more frequent and increases costs for the ESO — constraint
constitute an increasing management becomes crucial

tension? « Management of the network through locational signals is relevant to Net Zero goals as new
renewable capacity will need to be accommodated in the near future

) i » LMP as a “best practice” for an evolving electricity system — most famous examples are U.S.
LMP as a potential solution: markets

locational signal is in the

wholesale price » GB is considering the impacts of LMP — recent study estimates £24 billion in social benefits and

£51 billion in consumer benefits over 15 years

In this presentation we will cover:
- Key theoretical benefits of LMP
- Main case studies on jurisdictions that have introduced LMP (including the recent study commissioned by Ofgem and

NERA'’s analysis of the Australian NEM)
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The key benefits of LMP derive from more efficient locational
signals and dispatch

LMP incentivises more efficient dispatch

-« Short-term benefits: LMP allows the System Operator to dispatch the lowest cost plants to meet system load (subject to constraints)

Long-term benefits: As the system evolves, the variable cost of generation may fall because of better-located generation and storage

The scope and size of potential benefits varies depending on the specific characteristics of the market:

:» Level of congestion and congestion management processes
‘e Firm generator access v. non-firm
;= Generation mix
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Studies internationally suggest that capital cost savings from more efficient
location may be the most material benefit — but we have few estimates

Evidence from other jurisdictions Evidence from NERA's electricity
(NYISO ex-post study) market modelling for the NEM

The recent GB study assumes the
same capacity levels in all scenarios,

therefore does not record capital
cost savings

i» NYISO: Published estimated savings i» We estimate benefits of AUD 367 The studv hold I v b
i of USD 500 million per annum (in : million per annum on average for the t ehs lf y ho stovetra capacity by
2010$) . NEM (from 2026 to 2040), or AUD 1. 7 echnology constant across scenarios |

: (but allows re-siting)
i+ However, it is unclear how the USD billion in NPV terms

:« More efficient siting enables lower

500 million per annum figure was i« In NERA'’s estimate, this is about 90% _ _ ; :

derived and exactly what benefits it :  higher than benefits from more : prices and increased wind export, but :

covers . efficient dispatch (of existing plants) . no capital costs savings '
— Likely an overestimate Our modelling study relies on long- This likely underestimates the

: : term capacity planning studies under . potential benefits from LMP ;

LMP and zonal pricing . — However, some benefits may arise :

from non-economical plant
available for production in LMP
scenario

A
&NewYork ISO IS - B AEMC — 'Aofgem
% Independent System Operator : : N NN
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Additional benefits accrue to consumers and/or generators

through transfers

Beyond the evidence on benefits to the system from the implementation of LMP, market participants
could be affected by distributional impacts depending on the existing and reformed market design

Changes in wholesale prices

Average LMP < National Price
NV

‘v Generator Revenues

NV

Generators Transfer Consumers

Changes in Out-Of-Merit (OOM) Payments

National Pricing

LMP

Constrained
OFF plant

Compensated with
OOM DOWN payment

Low LMP, no compensation

Generator Transter  Consumer

Constrained
ON plant

OOM UP payment to
generate

High LMP

Generator  Transfer Consumer

The evidence on the GB study suggests high transfers to customers in the base case (£51bn total

customer benefits v. £24 bn society benefits)
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Our review of case studies finds posi
efficient dispatch and location of gen

5.00

4.00

Estimated benefit (£/MWh)

3.00

2.00

1.00

0.00

www.nera.com

Comparison of annual benefits estimates
per unit of energy in selected case studies

MISO ERCOT CAISO IESO
Market

This
corresponds to
a total social
benefit of
£24bn over 15
years

NYISO

m Benefits from more efficient generator siting (2024 £/MWh)

m Total Socioeconomic Benefit - not separated (2024 £/MWh)

m Competition benefit (2024 £/MWh)

Introduction of dynamic losses (2024 £/MWh)
m Benefits from more efficient dispatch (2024 £/MWh)

NEM

GB

social benefits from
tors and storage

What drives the high social
(and consumer) benefits

estimates for GB?
N

\

Key assumptions:
The status quo is national
- The base case
assumptions are conducive
to high benefits (great
electrification vs. slow
transmission development)




Conclusions

There is potential for LMP to bring benefits to consumers and society in GB, although current
benefits estimates may be overly generous

There are several influences that may explain the high
estimate for GB relative to other jurisdiction...

... However, all jurisdictions surveyed show clear
evidence of net benefits

— GB arrangements in particular present the

size, but the size of the benefits depends on the arrangements

in place in each market and the assumptions in each study ~ : opportunity for high consumer benefits
: — There is a case for LMP in GB, although we
A consumerLwe currently do not have all information to verify

Status quo with national price estimates

Preferred scenario maximises benefits

arrangements

No capital cost savings

f High consumer benefits because of current

No disorderly bidding incentives in status quo
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An illustration of dispatch under LMP: consider a simple two-
node system

In the absence of congestion, the price of power is
the same across nodes because of the uncongested
transmission line, and is set by the solar plant

If instead the transmission line has a lower capacity,
the price of power differs across nodes due to
congestion. At Node 1, the price is set by the gas
plant; at Node 2, by solar

Load: 100 MWh

Price: 0 $/MWh

Load: 100 MWh

Generation Capacity | SRMC . Capacity [ SRMC Price: 10 SIMWh
(MW) ($/MWh) Generation (MW) ($/MWh)

Solar #1 70/80 0 Solar #1 80/80 0

Gas #1 0/50 10 Gas #1 5/50 10

Gas #2 0/50 10 Gas #2 5/50 10

30/100 MW Transmission Line

10/10 MW Transmission Line

. Capacity | SRMC . Capacity | SRMC
Generation
MW) | ($/MWh) Generation (MW) | ($/MWh)
Solar #2 50/50 0 Solar #2 30/50 0
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Load: 20 MWh

Price: 0 $/MWh

Load: 20 MWh

Price: 0 $/MWh
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Case study overview: Regulators and policy makers have

introduced LMP since the 1990s

NYISO MISO SPP ERCOT CAISO IESO NEM GB
Generator LMP? v’ v’ v’ v’ v’ v v’ v~
Consumer LMP? x x x x x x x v’
LMP Year 1999 2005 2007 2010 2009 2023 TBD TBD
A Move to Move to comp. Move to comp. High intra-zonal High intr.a—zonal High intra-zonal High intr.a—zonal Aeress
Motivation comp. . congestion and . congestion and congestion/energy
market market congestion s congestion . I
market strategic bidding strategic bidding transition
Annual Load in TWh 147 (1999) 595 (2006) 210 (2007) 319 (2010) 207 (2009) 143 (2021) 196 (2018/9) 286 (2022)
Bq@msﬁmnmom « v v v v S iy v
efficient dispatch
Benefits fro_n:n efficient v x x v x x v v
generator siting
Capital cost savings
from more efficient v’ x x x x x v’ x

siting

www.nera.com
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ABOUT US

NERA Economic Consulting (www.nera.com) is a global firm of experts dedicated
to applying economic, finance, and quantitative principles to complex business and
legal challenges. For more than six decades, we have been creating strategies,
studies, reports, expert testimony, and policy recommendations for government
authorities and the world’s leading law firms and corporations. We bring academic
rigor, objectivity, and real-world industry experience to issues arising from
competition, regulation, public policy, strategy, finance, and litigation.

NERA's clients value our ability to apply and communicate state-of-the-art
approaches clearly and convincingly, our commitment to deliver unbiased findings,
and our reputation for quality and independence. Our clients rely on the integrity
and skills of our unparalleled team of economists and other experts backed by the
resources and reliability of one of the world’s largest economic consultancies.
Continuing our legacy as the first international economic consultancy, NERA
serves clients from major cities across North America, Europe, and Asia Pacific.

www.nera.com
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VISIT US ONLINE

NERA Economic @NERA_Economics
Consulting

%

To receive publications, news, and
insights from NERA, please visit
www.nera.com/subscribe.
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OUR PRACTICE AREAS

For more than six decades, NERA experts have played critical roles in client success in some of the world’s
highest-profile cases related to litigation, regulation, and business challenges.

 Antitrust and Competition Intellectual Property

e Auctions International Arbitration

Bankruptcy and Financial Distress Litigation Labor and Employment

Life Sciences
Mass Torts and Product Liability
Securities and Finance

Communications, Media, and Internet

Energy

Environment

Health Care  Transfer Pricing

Infrastructure « White Collar, Investigations and Enforcement
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OUR CLIENTS

For over half a century, NERA experts have played critical roles in client success in some of the world’s
highest-profile cases related to litigation, regulation, and business challenges.

NERA has worked with all
100 of the American Lawyer
Global 100 largest law firms.

www.nera.com

81|97

81 of the Fortune Global
100 largest corporations

have been NERA clients.

97 of the Fortune US
100 largest corporations

have been NERA clients.

NERA experts have worked
with clients in more than 130
countries around the world.
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QUALIFICATIONS, ASSUMPTIONS, AND LIMITING CONDITIONS

This report is for the exclusive use of the NERA Economic Consulting client named herein. This report is not intended for general circulation or publication,
nor is it to be reproduced, quoted, or distributed for any purpose without the prior written permission of NERA Economic Consulting. There are no
third-party beneficiaries with respect to this report, and NERA Economic Consulting does not accept any liability to any third party.

Information furnished by others, upon which all or portions of this report are based, is believed to be reliable but has not been independently verified, unless
otherwise expressly indicated. Public information and industry and statistical data are from sources we deem to be reliable; however, we make no
representation as to the accuracy or completeness of such information. The findings contained in this report may contain predictions based on current data
and historical trends. Any such predictions are subject to inherent risks and uncertainties. NERA Economic Consulting accepts no responsibility for actual
results or future events.

The opinions expressed in this report are valid only for the purpose stated herein and as of the date of this report. No obligation is assumed to revise this
report to reflect changes, events, or conditions, which occur subsequent to the date hereof.

All decisions in connection with the implementation or use of advice or recommendations contained in this report are the sole responsibility of the client.
This report does not represent investment advice nor does it provide an opinion regarding the fairness of any transaction to any and all parties. In addition,
this report does not represent legal, medical, accounting, safety, or other specialized advice. For any such advice, NERA Economic Consulting
recommends seeking and obtaining advice from a qualified professional.
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