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1. Introduction and summary findings

National Grid Electricity System Operator (SO) and Ofgem have launched reviews of Locational Marginal
Pricing (LMP) as a potential basis for GB market reform. This focus on LMP has been prompted by the rise
in balancing mechanism costs and a belief that constraint costs will continue to escalate in a high
renewable energy, net zero scenario. A parallel Review of Electricity Market Arrangements (REMA) being
carried out by the Department for Business, Energy and Industrial Strategy (BEIS) also plans to consider
LMP, but is taking a broader view of potential market reform to deliver net zero electricity by 2035, ranging
from radical change to a more incremental modification to existing arrangements.

This insight paper looks at existing LMP markets in the US to better understand: LMP working in practice;
the impact that this type of market design may have on both low carbon generation and strategic network
investment; and whether there are lessons that can be learned and applied to the reform of the GB market.

The analysis of US markets concludes that an LMP market design does not create a natural pathway to net
zero and, without substantial state actions, increases investment risk for low carbon technologies to the
point where investment would likely stall. The assumption that low carbon generation would relocate in
response to locational price signals is not supported by the evidence, although there could be a case that
solar energy (both grid connected and off-grid) is more locationally fluid than wind, hydro and nuclear.

The lessons from Texas’ stop-start wind investment highlight the importance of having a long term plan
and strategic commitment to support renewable energy deployment. In Texas, this included making
anticipatory strategic network investment (especially through the Competitive Renewable Energy Zone
(CREZ) investments made between 2009 and 2013) to ensure sufficient grid capacity was available to
enable wind farm development in West and North West Texas. Without new network capacity, as
constraint risk rises, investment in generation quickly stalls.

Having experienced a second period of renewable energy growth from 2014 to 2021, constraints are rising
again, and so Texas energy authorities are considering another round of major grid investment to get to
the next level in its net zero transition. There is a big question, however, whether the structure and
governance arrangements of the energy market will enable their previous strategy to be repeated.

The western Texas case study has some similarities with the position of Scotland in the GB energy system;
lots of potential energy resource, a high level of ambition and challenge of network constraints. Lessons
from the Texas and US experience suggest that for the GB electricity system:
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U An LMP market design will increase investment risk for low carbon generation and would
jeopardise progress towards a net zero electricity system.

U This risk could be mitigated by making anticipatory network investment, to guarantee capacity, or
by providing another form of revenue guarantee. The Texas experience suggests that a “build and
connect” strategy would be required for grid infrastructure.

U  While GB's current ‘connect and manage’ approach has led to increasing constraint costs (almost
all in Scotland), this could be reduced by making more timely network investment, modernising
dispatch process and greater use of flexibility assets.

U Whether a LMP plus ‘build and connect’ approach would be more economical to deliver net zero is
questionable. If generation investors require certainty that capacity is available before committing
investment, it may in fact require more network investment, and result in less use of flexibility
solutions. An outcome would indicate that the SO is better placed to manage the risk of
curtailment, and the use of flexibility, than individual generators.

U Most renewable and nuclear technologies are unlikely to shift their location based on a marginal
price signal. Part of the problem is that the LMP signal is transitory. Plus they are already
responding to other stronger locational signals including resource, planning and access to grid.
Locational signals could be better given through ongoing network charging and access
(connection agreement) reform.

U Demand is similarly difficult to shift based on marginal price signals alone, although there are
some outlier exceptions such as cryptocurrency mining.

U Thereis no evidence from US markets that LMP increases investment in flexibility such as storage
and demand response for constraint management. Recent battery growth in Texas has been
mainly in areas of high demand to provide network services and resilience after recent outages.

2. Locational Marginal Pricing — brief overview

Interest in the concept of LMP has grown because of the increased occurrence of network constraints
which has in turn led to an increase in balancing mechanism charges' and the need for the SO to “re-
dispatch” higher volumes of power. It currently does this by curtailing some generation assets while
bringing others on-line to meet consumer demand.

In this context, LMP is viewed by some as an effective way to manage network constraints and, by
centralisation of dispatch decision making, giving the SO control room greater ability to optimise the
generation mix and, in particular, to more efficiently dispatch fossil generators.

There are many potential options and variations in LMP market design including: whether locations are
defined as zones or at network nodes; the degree of centralisation of the dispatch function; and the extent
to which LMP price signals are reflected in the end-consumer bill.

' Wind farms receive a small proportion of constraint management costs. The bulk of costs are incurred to turn up
generation on the other side of boundary constraints to satisfy demand. A recent study by LCP identified that 85% of
the consumer cost from constraint management was for turn-up payments, almost all of this (94%) was paid to large
CCGT plants. 82% of constraint costs were at Scottish boundaries.
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Current Wholesale Market Zonal LMP Design Nodal LMP Design

In the period 2020 to
2021, 82% of
constraint costs were
incurred at Scottish
boundaries.

This should be
substantially reduced

from 2028 onwards.
Source LCP report 2020

» Single geographic GB wholesale market

» Bilateral trading arrangements over multi-time periods > Zonal markets — e.g. based on grid zones or  » Nodal markets — e.g. based on many grid nodes

up to gate closure ) ) constraint boundaries. Could be 10-207 (e.g. Grid Supply Points or Bulk Supply Points)
> "Decentralised" dispatch + balancing mechanism to » Possibly only the main constraint boundaries » Market clearing price determined by nodal
manage final balance and operability shown in bold, i.e. Scotland and rest of GB. constraints. Possibly hundreds of nodes.
» Hedging via advance or long term PPAs
# Grid locational signals via network charging (TNUoS Most Likely LMP Design but there are other options
and DUoS) and access to grid » Centralised dispatch based on merit order and operability
# Both firm and non-firm connections by contract » Most likely, an auction “pool” and clearing price arrangement
» CfD, RAB and Cap and Floor Investment models » Hedging via Financial Transmission Rights (FTRs) (if available??)
» “"Connect and manage” for Transmission investment » Grid locational signals via constraint marginal pricing
¥ Generator pays for share of Distribution reinfarcement, » non-firm connections without constraint curtailment payments (for all?)
changing to shallower charge with a high cost cap » Treatment of distribution generation, CfD holders, RAB models, existing
connection contract holders? -
» Treatment of long term PPAs? regen &

Current GB market arrangements

In theory, the current GB electricity trading market operates? under a system of decentralised self-dispatch
with bilateral trading. In simple terms, the current market arrangements in GB are:

U Market participants (buyers and sellers) can bilaterally trade® energy with each other on the basis
that that electricity will be dispatched.

U Wholesale trading (with long-term, day-ahead and intra-day trades) continues up to the point of
‘gate closure’ for each half-hourly settlement period. At this point, balancing market participants
must submit their Final Physical Notification (FPN) to the SO for that period.

2 New Electricity Trading Arrangements (NETA), introduced in early 2000s, created an integrated GB market, including
Scotland, replaced previous Electricity Pool of England and Wales (the Power Pool), culminating in the Electricity
Market Reform (EMR) in 2013.

3 Trading can be via long term PPA, month(s) ahead, day ahead and intraday auctions. Note: it is wrong to say that
the GB market has one single market price or that the wholesale market ‘clears’ at a single price.
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