» RAP

7 MRE IR A

Regional Electricity

Markets in China

A review of China Southern Grid’s proposed

regional market design
By Fredrich Kahrl & Jingying Chen




Summary

Over the past decade, Southern China has been at the forefront of the

development and implementation of electricity market rules

From mid-2022 to July 2023, the South China Energy Regulatory Office of the National
Energy Administration ([ % f8¥i )5 B 7 % /%), the China Southern Grid Dispatch Center
(CSGDC, 1 [ g Jy 5 W Ha, /71 & 42 il 1402 ) and the Guangzhou Power Exchange ()M B /158
AR5 F)) released a series of documents proposing a regional electricity market
design for the China Southern Grid region. This report provides a brief review of the proposed
market design. The report is based primarily on the June 2023 Southern China Regional
Electricity Market Operation Rules (Draft for Comment) (Fg 77 [X 38 1 /) i i & #U0)) (“Market
Rules” or “Rules” in this document), but to some extent draws on multiple “detailed
implementation” (341 U) and other documents as well.

Regional electricity markets can enhance reliability, lower emissions, integrate renewable
energy at lower cost, more fairly allocate costs, and improve price and cost transparency.
The Market Rules are an important first step in advancing a regional electricity market for
Southern China. They lack clarity in some key areas, however, and have not yet fully
addressed several important design issues, the most important of which are:

= A potentially flawed settlement system.

= Cash imbalances for market operators (power exchanges) caused by entities that are not
settled at spot market prices.

= The lack of regional dispatch control.
= Considerations around regional resource adequacy.
= Market price regulation and oversight.

None of the issues identified in this report, including those not explicitly mentioned, are
insurmountable. The report outlines potential strategies for addressing these challenges. In
addition to concrete design issues, less tangible considerations, such as political support and
education for market participants on rules and strategies, will serve as important foundations
for fostering and sustaining active participation in the regional spot market.

The report is organised into three sections:

= Regional market design. Reviews the regional market design proposed in the Market
Rules and, to a lesser extent, the detailed implementation documents.

= Market price regulation and oversight. Examines price limits that may be imposed on
the regional market and the potential oversight process for dealing with market
manipulation.

= Conclusions and recommendations. Identifies and summarises priority areas for
improving the Market Rules.



Regional market design

The proposed regional electricity market design is based on three principles, each dictates
the operation of various parts of the electricity market:

= For contract markets, “two-tiered markets with orderly coordination” (B2 i3 H FEf4%).
= For spot markets, “unified clearing and coordinated operations” (& Hii . W R 1E).

= For ancillary service (AS) markets, “step-by-step consolidation with close coordination” (7
e, REEE).

Contract market design

Contract settlement

In the Market Rules, electricity medium and long-term (MLT) contracts ({4 [F) consist of
four types of transactions: (1) planned interprovincial transactions (& 1L5611H %I %), (2)
market-based interprovincial transactions (54 K #1415 %), (3) market-based
intraprovincial transactions (& W KA 1351622 %), and (4) grid company default
procurement (HL AV AREEIG HEAZ 5 ). These are consistent with the design of existing MLT
contract markets in China.

Currently, and as described in the Rules, at least the first three transactions are centrally
settled. Interprovincial contracts are settled by the Guangzhou Power Exchange; provincial
contracts are settled by the corresponding provincial power exchanges.

Contract settlement is part of a three-settlement system: contracts are settled at the
contract price; deviations from the contracted quantities in the day-ahead markets are settled
at the day-ahead price; lastly, deviations from the day-ahead cleared quantities are settled at

the real-time price.' This three-settlement system uses “power curves” (4 Hi /i £k) —
contracted energy (e.g., MWh per month) translated into hourly supply and demand (MWh
per hour) — to measure deviations for day-ahead market settlement. With a single pricing
zone, this approach is similar to contracts for differences (CfDs).2

1 Both provincial and interprovincial transactions would be settled using this approach. The original text is: FREHIR SR RIFIRH KT SINMEEE,; HFElE
BERESTPKIBEERZEEZANRELRR, RHORNEEEERZTANEEHRINESER, TRHTSENEEEERZANRERR, KIHH
LR ER BB ELANSEE.

EXREERERARER. (2023, 2 June). EAXIFEBEIAIAHEENN (117) (FEREFE) [Southern China Regional Electricity Market Operation Rules
(Trial)(Draft for comments)]. http://nfi.nea.gov.cn/adminContent/initViewContent.do?pk=4028811c878cd78f01887b3a4ef000be.

2 For generation and loads (separately), the total contract and day-ahead market settlement over some period t will be 3, ¥; Qf x P£ + (QEA - in) x PPA +
(QFT — @P*) x PET, where Qf; is the quantity for contract i at time t, P¢ is the price for contract i, QP4 is the quantity that clears the day-ahead market, P4 is the
day-ahead price at time t, QX7 is the quantity that clears the real-time (spot) market, and PET is the real-time (spot) price at time t. Rearranging terms gives

Y XiQ5 x (PE — PPA) + QP4 x (PPA — PET) + QFT x PRT. The first term pays the difference between contract(s) and day-ahead market price (forward premium),
the second term pays the difference between day-ahead and real-time (day-ahead premium), and the third term is real-time market settlement. This three-
settlement approach guarantees contract revenues, per the power curve, regardless of whether a generator operates, but generators may need to buy back
their power curve schedules if they do not clear the market. Multiple contracts for the same generator or load require separate settlements for each generating
unit or load.


http://nfj.nea.gov.cn/adminContent/initViewContent.do?pk=4028811c878cd78f01887b3a4ef000be

However, because the regional spot market will be
dispatched nodally and settled at locational marginal
prices (LMPs), it is unclear how this three-settlement
system would work in practice. Settling contracts and
spot markets incrementally through a three-
settlement system is equivalent to paying generators
at the delivery node price, rather than at the
generator node price (see sidebar). This approach
could create large cash imbalances for both the
regional and provincial power exchanges and is
unlikely to be sustainable (see Appendix 1).

A more ideal approach, potentially aligning with the
intention of the Rules, would be to settle all day-
ahead generation (load) at day-ahead generator
(load) node prices, settle real-time generator (load)
deviations from day-ahead quantities at real-time
generator (load) node prices, and use contracts for
differences only to pay the difference between
contract and nodal prices at quantities agreed upon
in the contracts. The example in the appendix
illustrates the difference between these two
approaches. The next section on spot market design
discusses issues around congestion costs and risk
allocation in spot markets.

Transmission limits in contract

markets

Accounting for transmission limits in contract markets
may seem to be a way to limit spot market settlement

Incremental versus
Nodal Settlement

Consider a hypothetical example,
in which a generator at node A has
a 300 yuan/MWh contract with a
load for 500 MW at node B, for
delivery at node B.

If the day-ahead and real-time clearing price is
250 yuan/MWh at node A and 350 yuan/MWh at
node B, and if the generation and load are
exactly 500 MW in day-ahead and in real time, in
the three-settlement approach the generator will
earn +150,000 yuan/h (= 500 MW x 300
yuan/MWh + 0 MW x 250 yuan/MWh) and the
load will pay -150,000 yuan/h (= -500 MW x 300
yuan/MWh + 0 MW x 350 yuan/MWh).

With nodal settlement, the generator earns
+$125,000/h (= 500 MW x 250 yuan/MWh) from
the spot market and pays the load -$25,000/h (=
[$300/MWh - $350/MWh] x 500 MW) for the
contract for differences, for a net settlement of
+$100,000/h. The load pays -$175,000/h (= 500
MW x 350 yuan/MWAh) in the spot market and
earns +$25,000/h (= [$350/MWh - $300/MWh] x
500 MW) from the contract for differences, for a
net settlement of -$150,000/h.

In three-settlement, the market operator
assumes congestion risk for contracts; with
nodal settlement, market participants assume
this risk.

imbalances, but if limits are based solely on contract paths (i.e., without the foundation of
power flow models), transmission limits are neither very accurate nor meaningful. The Rules
and detailed implementation documents are unclear and somewhat contradictory about
whether and how contract markets will account for transmission limits. In the Rules, the only
MLT transactions subject to transmission security review are planned interprovincial

3 The Rules state that “contract transactions will be linked to the spot market through contracts for differences” (KRB AEE R R RBITEMN S LEEN SIS

IR REE T ZHITE1E), that “congestion costs for interprovincial contracts should be accounted for separately and negotiated between buyers and sellers” (
BEERKIAZZASANNAEEZRAERTE, BERNSBETNEAEST,), and “... the reference point for settling interprovincial transactions will be the
border flow gate in the importing province, and the border flow gate should include all nodes in the province” (BIMER, BEETKEIZZNEESE SBHENIXE

HKAESZImE (X) APEhRO, B XOEZERERIESmE (K) & R). These may suggest a nodal approach to settlement, rather than a
simple three-settlement one in which transactions are settled incrementally. With incremental settlement, there are no congestion costs for contracted energy,

for instance.



transactions, which can be curtailed if they exceed transmission transfer capability.+ All other
transactions are only checked for basic feasibility (e.g., generator capacity limits).

In the detailed implementation document for contract market, however, contract markets are
subject to transmission capacity constraints, with transmission capacity allocated to the
transactions. What this allocated transmission capacity represents (e.g., is it a transferrable
right, does it carry over into the spot markets) and how transmission limits would be
implemented in practice, is unclear. It may be less complex and more efficient to let market
participants manage congestion risk in contract markets rather than setting ex-ante limits.

Overall design

The Rules create separate interprovincial and provincial contract markets. While the
coexistence of a regional, LMP-based spot market alongside a mixture of provincial and
regional contract markets may strike a balance between political forces and economic
efficiency, it also constrains market liquidity and has the potential to create confusion. For
instance, a buyer in Dongguan, Guangdong would need to evaluate prices in a range of
provincial and interprovincial contract markets without confidence that prices would remain
stable.

A more efficient yet politically challenging approach would involve consolidating the provincial
power exchanges into a single exchange (the Guangzhou Power Exchange). This strategy
would include standardising centralised contracts, settling them at designated trading hubs,
allowing market participants to choose delivery points in bilateral contracts and publishing
trading hub prices along with detailed LMPs so that market participants can more easily
evaluate their options for MLT contracting. In this case, a buyer from Dongguan looking for a
two-year contract for power delivered within Guangdong (perhaps Guangdong South) in the
regional contract market would be indifferent to whether the power was generated within or
outside of Guangdong.

The Rules emphasise that planned interprovincial transactions have priority dispatch
(discussed in the next section). These transactions are remnants of earlier non-market-based
agreements among provinces, including the West-East electricity transfer (V4 Hi 7<i%) and the
Three Gorges transfer. Many projects in these agreements are direct current (DC) lines
connecting individual power plants to Guangdong — they are not grid-to-grid transfers and are
more akin to power plants operating in Guangdong than transfers between provinces. The
scale of planned transactions is large, which means that they are likely to be a drag on

4 However, the Rules also state that MLT contracts will be allocating transmission capacity based on “transaction sequence” (A¢3Z/If%). The detailed
implementation for contract market specify that the sequence refers to: (1) the timing of the transaction (longer-term transactions have priority), (2) if the same
time, the kind of transaction (bilateral, matched, auction in that order), and (3) if the same time and kind, priority status (planned transactions and clean energy
have priority).



market efficiency in both contract and spot markets.s However, price signals can provide a
powerful force for transitioning away from these kinds of legacy arrangements.

Thus far, the Market Rules and the detailed implementation documents provide reasonable
clarity regarding the participation of non-thermal generation and electricity storage in contract
and spot markets but are less clear on the specific methods and timing.s In principle, the
existing contract market design could be workable for all resources, but it may require more
generic power curves and a shift in the mindset of market participants on what power curves
represent — from expected delivered power to a means to shape financial contracts and
manage spot market risk.

In centralised contract markets, power curves are already standardised using a “typical”
power curve (#7 H12k), which helps to increase market liquidity. But to be useful for all
resources, these typical power curves will need to be more generic (e.g., on-peak/off-peak).
In bilateral markets, allowing flexibility in power curves would enable market participants to
figure out the best way to manage and allocate risk. For instance, a wind seller and buyer
may not want to use a year-ahead hourly forecast as the power curve in their contract,
preferring instead to use something simpler and manage spot market risk through other
means. Allowing for flexibility also appears to be the approach taken in the detailed
implementation for contract markets.”

Spot market design

The spot market design is based on a security-constrained, nodal economic dispatch
covering the entire China Southern Grid footprint. The spot market includes a bid-based day-
ahead energy market with security-constrained hourly scheduling and a bid-based real-
time energy market with security-constrained 15-minute dispatch. Market participants have
three pathways to participate in the spot market: (1) full optimisation (5¢4:fl1t) through

quantity-price bids, including unit commitment; (2) partial optimisation (X [a]{f4t) through

5 The key issue in dealing with legacy arrangements in spot markets is transmission service, which affects both the ability to deliver energy and capacity in
contracts and the cost of doing so. In the U.S., MISO (“Grandfathered Agreements”) provides a reference for how legacy agreements can be managed in a
regional spot market when the volume of those agreements is large.

6 The Market Rules appear to envision market participation by non-thermal generation as a longer-term development, whereas the detailed implementations for
spot market and for contract market appear to envision participation upon inception of the regional market. In its “market development” (Fi3%& &) section, the
Market Rules have language about creating pilots for wind, solar and storage to participate in markets (FFEXEB. ARG BERER. /KSR IiEsEES
58 3m3%iis). The detailed implementation for spot market (BIESFEEBEE AL ZLHEHHTS) state that all resources except run-of-river hydro and nuclear should
bid into spot markets (JABE. WAS. 7KEB. XFB. HAERZRTTRAIRERN SIS EIERZZ). The detailed implementation for contract market (FF1<HEFBEE
B3R5I state that power curves for clean energy could be based on clean energy forecasts (MEEE At BT S BB MIFGSR AR, (S Ea0EEM
FRHA. FEEBESKES) and give priority to clean energy transactions in allocating transmission capacity ([EZEBIMRIIREIAE BB BRIR S S AL RS TIRRERAES).
FERFSFEMEDEEEGFO MINBENRZHOBREEAT. (2022, 4 August). BT XIS DAL FEREE R Z SN (RIE1T 1. 0 hR) (B7FEMEE
(2022)8E Kff{43) [Southern China Regional Electricity Market Detailed Implementation for Spot Market (Trial Version 1.0)].

SPERITFEREEIREESTL IHEBARZPOEIREEAR]. (2022, 4 August). B/ KIFFEAIHEHREAFEAE B BTN (HIZ1T 1. 0 hR) (RE77FEMNIE
18 (2022)85 [fff42) [Southern China Regional Electricity Market Detailed Implementation for Medium and Long-Term (MLT) Contracts Market (Trial Version
1.0)].

7 The detailed implementation states that “power curves for bilateral contracts are to be negotiated between the two parties” (BT REEE N O EHHLE).



quantity-price bids over a limited operating range (e.g., 200 MW for a 600 MW facility); (3) no
participation (A2 51t4b). Initially, spot market participation by loads will be limited to bidding
quantity but not price in the day-ahead market.

Cost imbalances

The Rules appear to allow generators and loads to participate in the spot market voluntarily
(pathway 3), and leave open the option for provinces to join the spot market at different
times.e Generators and loads that do not participate in the spot market have their schedules
set by provincial dispatch organisations using power curves, though it is not clear how
deviations from schedule and congestion costs for non-participating generators would be
settled. Provinces that do not participate in the spot market are still required to submit
schedules to the China Southern Grid Dispatch Center, which would include any
interprovincial flows as constraints in its spot market optimisation. Again, however, it is not
clear how deviations from the schedule would be settled. Allowing simultaneous participation
in contract markets and voluntary participation in spot markets could create opportunities for
gaming and cost-shifting.c Congestion and imbalance costs to the power exchanges, if not
paid for by market participants, could cause financial stress to these organisations and lead
politicians and market participants to lose faith in the market. The Rules lump congestion
costs and other differences between what generators are paid and what loads pay into a
single category of “cash imbalances” (4 *F-fiii %t 4:). They distinguish between provincial
imbalances and interprovincial imbalances. Provincial imbalances include any differences
between payments to and from generators, including differences that result from congestion
and those that result from loads — presumably mainly grid company default service (H M{{E
Iy ) providers — that may not be settled at spot market prices." Provinces would develop a
mechanism for allocating these costs. Interprovincial imbalances are due to price differences
between exporting and importing nodes. Interprovincial imbalances would be settled through
contracts and bilateral arrangements between provinces.

Management of these cash imbalances is probably the largest weakness of the market
design proposed in the Rules. The Rules appear to assume that imbalances within and
between provinces due to congestion, energy imbalances and partial market settlement will

8 The text states that “while the regional market is being developed, import export curves between participating and non-participating provinces will be
constraints in the real-time optimization” (FEXIFHiAEIZSEFR, ERAAKBIETHNE (K) SERMAXEREHHNE (K) ZBFXZBEMmE, FA
XIBIMEEERER R ZNFEM).

9 For instance, loads could sign contracts with generators in lower-cost areas that they know to be undeliverable and push the higher costs of real-time re-
dispatch to serve their load (congestion costs) onto other loads. This problem was a key reason for moving to gross pool, LMP-based markets in the U.S.

10 The Rules define cash imbalances as cash imbalances that result from differences in energy and prices between generators and loads (Kigiiig A~ FEEE

SIERENSHEANEEE. BNEREEBEERRT4ENESRE). Based on the description in the Rules, these differences could result from deviations
from contracts that are not settled in the markets, differences in generation and load settlement that arise from the three-settiement system (including
congestion costs), and differences between wholesale and retail settlement that result from, for instance, frozen rates for residential and smaller commercial
customers.

1 This includes interprovincial transactions and may include planned transactions. The Rules use the term “interprovincial export classes” (Z&E%EREZE])
that is not defined elsewhere within the document or online but seems to refer to defined arrangements between provinces. For these transactions, buyers and
sellers would allocate cash imbalances based on ratios (R&ENXEE L BIF AL ER S HWEN S LIS D =).



be easy to isolate and manage internally within provinces, but this is unlikely to be the case in
a regional wholesale market.

China’s own experience with power pools and California’s experience in the early 2000s
illustrate that cash imbalances can cause markets to fail.’2 The two prerequisites for
managing cash imbalances are (1) clear and consistent spot market prices and (2) retail
pass-through of wholesale market costs. For a regional market design, the goal should be to
ensure that the regional market operator (in this case, Guangzhou Power Exchange) is
revenue-neutral and that its only sources of revenue “non-neutrality” are congestion rents and
marginal transmission losses.

Addressing imbalances

Market designers in Southern China must deal with a challenging problem: how to allow the
regional market to grow organically (voluntarily) over time, both in terms of individual market
participants and provinces, while ensuring that the mix of non-market and market
participation does not lead to market failure by, for instance, leading to power exchange
insolvency or system blackouts. At some level, however, this requires prices and incentives,
at least on the margin, to be aligned with the need for reliable operations rather than allowing
some participants to avoid all exposure to the spot market. There are likely to be three main
groups of non-participants that would require special attention in the market design, each of
which may need a separate solution:

= Planned generation could be settled at contracts for differences at the generator node,
ensuring that generators are guaranteed the contract price, with any deviations from
contract settled at market prices at the generator node.

= Imports and exports from non-participating provinces — either within or outside the

Southern region and not including planned generation — could be settled at the border
LMP of the participating province or provinces, with no spot market settlement of internal
transactions in the non-participating province. With contracts for differences, only
deviations from scheduled imports and exports would be exposed to spot market prices
because there is a single price node for settlement.

= Other non-participants, including grid companies providing default service, could be
price takers in the market, with deviations from contract settled at nodal prices and
congestion costs managed by contract buyers and sellers or, in the case of grid
companies, by settling them at load nodes. In cases where market participants are at the
same node or in the same price zone, spot market exposure would be mostly limited to
deviations from schedules.

12 These two power pools were in the Northeast and Eastern regional grids. Anecdotally, they collapsed because of challenges in passing on higher fuel costs.

More recently, the inability to pass on wholesale costs has been a challenge in several electricity markets throughout China. See 58&%T [Fan Ruohong]. (2022,

4 November). EBZ:RIRE2/EREF=4EAY [How the Hole in Electricity Fees Came About]. #/#7/3/F/, S54385.

13 This approach will guarantee contract revenue for the generator at the generator node, which seems appropriate given that many of these projects were
developed to provide low-cost power to more affluent provinces and spur development in poorer ones.



Among these issues, the most challenging is likely to be how to deal with default service and
residential rate impacts. The Rules envision that provinces could use non-market generation
to meet as much of this demand as possible, contract for the expected remainder and
allocate any additional costs to industrial and
commercial customers. Provinces will indeed
need to deal with market imbalances, but a

condition to joining the market should be that all Incentives for market

metered demand — and thus all deviations from participation
contracts — will be settled at spot market prices.

Without this condition and commitment, it is unclear A hypothetical 200 MW generator
how a regional market can be sustainable. with a contract for 350 yuan/MWh
Even if spot market bidding is limited at first, settling and a fuel cost of 320 yuan/MWh,
energy imbalances and congestion at market prices who does not participate in the spot

is an important first step in aligning incentives and
operations and encouraging more generators and
provinces to participate in the spot market (see
sidebar). Dispatch centres, power exchanges and
government agencies may need to support training

market, is likely to forego potential
earnings if spot markets clear at
prices lower than 320 yuan/MWh.

If the generator has fuel costs of 320 yuan/MWh
and day-ahead and real-time prices clear at 300

for market participants to educate them on market yuan/MWh, the generator’s total net income if it
participation and rational bidding strategies: even does not bid into the spot market and clears the
. . . . market will be 6,000 yuan/h (= 200 MW x [350
genera.tors with contracts will want to bid their full Juan/MWh — 320 yuan/MWhI). ts net setflement
output into the spot market. if it bids into the spot market (and does not clear)

will be 10,000 yuan/MWh (= 200 MW x 350
yuan/MWh + (0 — 200 MW) x 300 yuan/MWh).

Dispatch control

In the real-time market, CSGDC will dispatch

resources according to schedules and market optimisation every 15 minutes across the
region. The Rules appear, however, to maintain China’s traditional control structure for
dispatch, with separate regional and provincial dispatch centres and continued provincial
control over provincial generators.* The rights and responsibilities section states that
provincial dispatch centres are still responsible for provincial balancing and appears to
assume that they are responsible for AS provision.’s The Rules require provincial dispatch
centres to implement real-time dispatch instructions but allow them the flexibility to deviate
from real-time dispatch within the 15-minute dispatch interval for reliability reasons.'® The
Rules do not specify what happens if generators or dispatch centres do not follow 15-minute
dispatch signals or if provinces do not meet their frequency balancing obligations.

14 This traditional control structure is “unified dispatch, management by level” (F—EEE. DRETE).

15 The text states that “provincial dispatch centres are responsible for balancing management and organizing intraprovincial AS transactions; CSGDC will work
with provincial dispatch centres to implement spot market and AS market transactions” (8 (X) FiEfa=4ss (K) BHEETEERE, HAR8 (K) W8
NEBRS S, BMERRRSPREREECREARIEREERS. ENEMRSZZERIT).

16 The original text is: BB AT IRIEFE MRS TE MR AL LB T SEHHIIHEEE, RRZLSE—HENHANSIHERTL. B
BRITRISHI TR



Regional markets that are effective (for variable renewable generation and efficiency overall)
do not require regional frequency balancing, but they do require regional dispatch control. For
instance, in the Western Energy Imbalance Market (WEIM), the California Independent
System Operator (CAISO) sends five-minute dispatch signals to individual generators, but
participating utilities are still responsible for frequency balancing through automated
generation control (AGC) systems. The CAISO'’s five-minute dispatch instructions, however,
are physically binding, meaning that generators that do not follow these instructions are
assessed penalties for uninstructed deviation and may be found in violation of the CAISO
tariff, in which case they may lose their eligibility to participate in the CAISO market. Without
clear penalties for non-compliance with dispatch instructions, generators (and provincial
dispatch centres) can “self-dispatch” (e.g., a generator dispatched for 100 MW could
generate 120 MW). Self-dispatch creates larger balancing needs and potential reliability
issues within dispatch intervals, as well as opportunities for gaming, and has been an issue in
electricity systems from California to India."”

In principle, CSGDC could send automated dispatch signals directly to generators based on
real-time market cleared quantities. The provincial dispatch centres add an unnecessary
layer of complexity. Even if the provincial dispatch centres are responsible for sending
dispatch signals to generators, CSGDC can still set penalties for non-compliance with real-
time dispatch signals to ensure that its real-time dispatch instructions are physically binding.
Even if the provincial dispatch centres are still responsible for final balancing within 15-minute
intervals, there should be a limited number of situations (e.g., multiple contingency events) in
which provincial dispatch centres would need to change the CSGDC'’s real-time dispatch
beyond what could be managed through provincial AGC systems. CSGDC’s market rules
should explicitly clarify what these situations are and require provincial dispatch centres to
document any situation in which they override CSGDC'’s dispatch instructions. Ideally,
emergency dispatch instructions should come from CSGDC rather than the provincial
dispatch centres. The reliability benefits of regional dispatch and control were a key driver
behind the development of regional transmission organisations (RTOs) in the U.S.

The Rules do not state explicitly that real-time settlement will be based on metered supply
and demand. Metered real-time settlement at real-time prices aligns market prices
(incentives) and system control (reliability), giving generators an incentive to be available
when needed and to follow the system operator’s instructions. For instance, a generator that
needs to be dispatched for emergency reasons within the dispatch interval or a generator that
is providing regulation energy could not have done better by withholding energy from the real-
time energy market and getting paid for providing energy or other services within the dispatch
interval. The market rules should ideally clarify that metered energy is the basis for final
settlement and that all deviations from schedules cleared in day-ahead markets will be settled
at real-time prices.

7 As long as prices are aligned with reliability needs, self-dispatch is generally not an issue: generators have an incentive to operate in line with system needs.
However, in CAISO’s case, generators discovered that they could influence real-time prices by withholding in both day-ahead and real-time and then over-
generate (i.e., generate in excess of dispatch instructions) in real-time at higher prices. India’s deviation settlement mechanism (DSM), which is a system of
penalties and rewards tied to system frequency, was intended to address self-generation issues in a multi-state (regional and now national) electricity system.



Ancillary services markets design

The Rules propose bid-based regional markets for three AS products — frequency regulation,
contingency reserves and “peaking” services (iilE 4Bk %5) — but are light on details. It
does not appear that the Rules envision a centralised AS market in which CSGDC procures
all AS for the region. Instead, the Rules suggest AS transactions occur between provinces,
with provincial dispatch centres responsible for managing their own AS.'s For instance, the
Guangdong provincial dispatch centre could procure some of its contingency reserves from
the Yunnan provincial dispatch centre. In general, the only AS product that is likely tradeable
in this way is contingency reserves. If provinces have different definitions of AS products
(e.g., ramp time for spinning reserves) and some have AS markets whereas others do not,
trading AS across provinces will be complex and may not be worth the effort.

As an alternative, it may be more strategic to focus efforts on developing the regional spot
energy markets before trying to develop regional AS markets. For contingency reserves,
waiting to develop a regional market would not preclude an interprovincial reserve-sharing
mechanism if this did not already exist. The regional spot energy markets would help to
facilitate regional contingency reserve sharing by ensuring that replacement energy is
delivered to areas that experience generator or transmission outages. Contingency reserve
sharing does not necessarily require a regional market for reserves, though it does require
standard reserve definitions.

If CSGDC assumes responsibility for regional dispatch control and frequency regulation, it will
begin to make more sense for CSGDC to procure AS regionally and operate centralised
markets for AS. If the day-ahead and real-time energy market is established, AS markets and
procurement can be co-optimised with procurement. The three most important AS products
will be: (1) frequency regulation reserves, (2) spinning contingency reserves and (3) non-
spinning contingency reserves. Peaking services are not a reserve (capacity) product and
should be procured through the energy markets.©

AS costs are currently allocated to generators rather than to loads. From a beneficiary pays
perspective, loads should pay for these costs. In the U.S., AS costs are typically allocated
among loads on a load ratio share (share of load) basis. The transition to load payment for
AS costs could be part of the shift to regional AS procurement and markets.2

18 The rights and responsibilities section of the Rules states that CSGDC is only responsible for interprovincial AS transactions and that each provincial
dispatch centre is responsible for organising intraprovincial AS transactions (FEMSEASEMEAKIFIBEEERS. BE5E (K) WBOHIRSRZZNE
ASBIETT, ARAXHNEBERXZNEEENHNRSRS, 88 (K) PERRFE (K) BOBEFEER, ARE (K) NBELHHERSRZS).
19 Peaking ancillary services allow generators to pay other generators to reduce output, potentially to low generation load factors. These transactions would be

internalised in a spot energy market: generators report their economic minimum generation levels to the market and system operators, which optimise dispatch
while accounting for generator constraints.

20 The Rules appear to be heading in this direction; they state that “according to a ‘who supplies receives payment, who benefits pays’ principle, establish an
AS cost sharing mechanism, gradually moving toward a mechanism where loads share the costs of AS” (IREBIEIRML. KR, WS, R HNERN, &7

(ELIHENRS WA D INE, BSETBHBFSSHEIIRS S EHZIE).



Resource adequacy

The Rules do not explicitly discuss regional resource adequacy. Currently, resource
adequacy is the responsibility of provincial planners.2' If provinces are not resource-
adequate, provincial dispatch centres may need to curtail load. Load curtailment has been
relatively common in China during some periods over the past two decades. The lack of
discussion on resource adequacy in the Rules suggests that a Southern regional electricity
market would, at least initially, maintain this status quo.

However, regional spot energy and AS markets do create some new stressors for resource
adequacy, and it will be helpful to think these through. From a market design perspective, the
most important questions are: to what extent can generators withhold from the spot market?
For instance, consider a situation in which regional electricity demand is very high, such as
during a heat wave or cold snap that affects the entire region, and there are limited supply
resources available. Should hydro generators in Yunnan be allowed to bid very high prices
(e.g., at or above the offer cap) or simply not bid into the market during these periods, to
ensure there is enough within-province generation to meet local demand in a later hour?
What would happen if these generators had contracts with loads or provincial government
agencies in Guangdong but were forced to withhold power by provincial officials?22

In a regional spot electricity market, provinces are more interconnected both in terms of
economics and markets, but also in terms of short-term and longer-term reliability. Even if not
explicitly discussed in the Market Rules, it would be useful for the South China Energy
Regulatory Office, CSGDC and the Guangzhou Power Exchange to consider scenarios where
the system is stressed due to lack of supply or higher than normal demand, for instance
during summer peak events (illl§¥ &), and whether the market design will be robust to
these scenarios.

It would also be useful to consider longer-term strategies to ensure that the region remains
resource adequate as participation in spot markets continues to grow. Questions to address
include determining which entities will be responsible for system-wide resource planning,
which entities will be responsible for investing in and signing contracts with new resources,
and how can reserves be shared across the region to take advantage of load and resource
diversity.

Transmission costs

The Rules are largely silent on transmission costs and their allocation. Costs for
interprovincial transmission were negotiated as part of a framework agreement among
Southern provinces and were mostly allocated to higher-income provinces. The potential

21 Some resources that are likely counted toward resource adequacy within provinces are external to them. For instance, resource adequacy in Guangdong
relies on the availability of generators outside of the province, but many of these are directly tied to the Guangdong network and are, for all intents and
purposes, within Guangdong.

22 This appears to have happened in several provinces in 2022. See Fan (2022), Footnote 13.



reallocation of these costs as a result of spot market participation appears to be a concern to
some provinces.z2?

The Rules do appear to maintain the current approach to charging for interprovincial
transmission on a transaction basis, which, with a regional spot market and no physical
transmission rights, may be problematic.2* Presumably, interprovincial transmission costs
would be allocated based on interprovincial contracted energy — according to the Rules,
transmission fees are not included in market optimisation. However, there may be little
relationship between contracted energy and actual power flows, and market participants will
already pay for transmission through congestion costs. As a result, it remains unclear what
buyers or sellers would receive in exchange for paying for transmission.2> Charging for
transmission on a transaction basis may also lead to rate “pancaking” and discourage cross-
border trade.2

In general, there appears to be a persistent misconception among parts of China’s electricity
industry that cross-border trade is only cost-effective if the generation plus average
transmission cost in the exporting province is lower than the generation cost in the importing
province.2” From an expansion (long-run marginal cost) perspective, this may be true; but
from an operations (short-run marginal cost) perspective, it is not. For instance, if the
marginal cost of generation in Yunnan is 300 yuan/MWh, the marginal cost of generation in
Guangdong is 320 yuan/MWh, and the transmission fee (cost) between them is set at 100
yuan/MWh, the cost-minimising regional dispatch will still be for Guangdong to import from
Yunnan. Guangdong should import from Yunnan as long as the price difference between
them is larger than marginal transmission losses. Fixed costs for existing transmission are
sunk and should not affect marginal decision-making.

An alternative approach to allocating the costs of interregional transmission would be to
allocate to provinces based on a combination of historical arrangements and estimated
reliability and economic benefits, and to loads within a province based on shares of monthly

23 For instance, Guangxi’s Electricity Market Plan states that provincial agencies will encourage regional market participation as long as the “poverty alleviation
electricity agreement” is maintained (FES&SLEEHAR BB EMVUATER E, SBRIRAABEN, EBAT WRRZXZAF) RERAEEERSSEEMHHNRS
; IR ANFIS XIRR AT, RBRXETHEE XSRS SRIET).

I AERRX TWFSEEMLT. (2022, 13 December). 20235 FEEB M7 5 15 SRAVBIRARIE [Policy Interpretation of 2023 Guangxi Electricity Market
Trading Plan]. http://gxt.gxzf.gov.cn/xxgk/fgzc/zcid 8292605/t14279694.shtml.

24 The Rules state that “transmission fees to interprovincial transmission (including losses) will be settled on the basis of actual imported demand; transmission
and distribution fees in exporting provinces will be settled on the basis of demand within their borders” (&R (SXTERE) KBLMANKESHE
#E, Eire (X) NEERHRERLIREARNZEH X OEEEELEE). This could also refer to allocation between provinces rather than allocation to individual
loads.

25 For instance, in cases where loads pay for transmission and contracts are settled at the generator node, loads would pay both the average cost of
transmission and congestion costs. If contracts are settled at the load node, loads paying for transmission is akin to buying a financial transmission right (the
right to earn nodal price differences), but loads would need to pay an average cost, and administratively set the cost of transmission to earn this right —

administratively set even on a cost basis because the conversion of yuan/MW-yr costs to yuan/MWh requires an implied capacity factor for the transmission
line or path.

26 A load in an importing province would need to pay for local transmission, transmission infrastructure between provinces and some amount of the higher
voltage transmission system in the exporting province.

27 See, for instance, XIZEET [Liu Liangi]. (2023, 13 September). £5E7ER 75 XIHREDMESTHIFIRITSHE [Settlement on the horizon: Concerns of the Spot
Market Design in China Southern Grid]. BE#4E http://lwww.sgcio.com/news/haiwaidianli/116574.html.
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coincident peak transmission system demand or monthly transmission system energy
demand.z¢ This approach is consistent with a beneficiary-pays principle since all loads in
importing regions benefit from lower wholesale prices that result from transmission. It also
addresses the difficulty of allocating transmission costs on a transaction basis and the
obstacles that transaction-based transmission costs may present to efficient use of the
transmission system.

Market price regulation and oversight

Spot market price regulation

The detailed implementation for spot market specifies that generating units participating in
the spot market will receive a spot market clearing price determined through the market,
while those who do not participate in the spot market receive the on-grid power price, which
is determined administratively.2 The detailed implementation place price regulation from two
separate perspectives. First, offers submitted to the day-ahead market are subject to the offer
price ceiling and floor (FiLAE & H i1 4% L FFR).% The detailed implementation allow these
offer limits to be dynamically adjusted based on market conditions. In Guangdong, for
example, the offer price ceiling is refreshed weekly based on the price of primary energy
sources (implying gas and coal prices).3' Additionally, the spot market clearing price is also
subject to a ceiling and floor (i HEM# L NER), independently applied to each LMP.
When the locational clearing price exceeds the market clearing limits, the LMP is adjusted to
the market clearing limits.32

Information about the actual values of the offer limits and the market clearing limits is sparse
and often unclear. It is also unclear why there are two distinctive price limits. Based on
various news reports and observations from the Guangdong spot market daily reports, it
appears that the provincial spot market price ceiling for both offer and clearing prices is set at
1.5 yuan/kilowatt-hour (kWh), while the price floor is at 0 yuan/kWh. The regional spot market

28 |n the U.S., most transmission providers charge on a coincident peak (CP) basis using CPs from multiple months.

29 The original text is: FI7H|EIEFRAE RS FIBISTIZ AR RINERIREHE; IFHFTEERBITHREATENE, FUTIRHE EREBMAIARE
H,

30 The original text is: &ZFE3 53 8 TTE Al BUFEAE B I% IR AL RIS RS BIT I EFBRE B BIRINES LIRS,

31 3HE=Hh [Hong Jialin. (2022, 11 November). [ HREE IS IAIEEHE EE{T—/EEE [Guangdong spot market marks one year of continuous settlement

operation]. https://www.hxny.com/nd-80320-0-50.html.

32 The original text is: 27 HiBERINT MR BT THIBHIBNE LIRAT, %5 AIEZ SR RN AHHHBENE LIRS, ShHFTHEEaNTS
BIMETIRHENE TR, ZHREZR 2RI AR B BN E TRCE.


https://www.hxny.com/nd-80320-0-50.html

has a separate price ceiling of 3 yuan/kWh. 33 For comparison, the weighted average clearing
price in the Guangdong spot market for Jan.-dJun. 2023 is 0.484 yuan/kWh.34

The spot market’s offer and clearing price regulation in the Southern Grid rules would benefit
from careful examination, as overly constrained prices may interfere with scarcity pricing
signals. Scarcity pricing sends important signals for market efficiency and renewable
integration. The market design should exercise caution to ensure that the price limits do not
obstruct these signals.

In specific scenarios, such as when market power poses a significant challenge and a
comprehensive market monitoring and power mitigation framework is not in place, a clearing
price ceiling may be justified as a measure to control market power. However, the current
lack of clarity regarding the calculation method for offer and clearing price regulation prompts
vigilance on the part of policymakers. Setting the price ceilings too restrictively may reduce
the effect of price signals, restrain system flexibility and disrupt rational investment cues.

Meanwhile, a price floor is more difficult to justify. Negative prices can play a crucial role in
reflecting market conditions, indicating the availability of renewable resources, the need to
retire noneconomic resources and encouraging investment in demand-side resources.3s

MLT contract price regulation

In 2021, the NDRC and the National Energy Administration (NEA) jointly published a
document about on-grid electricity price, stating that, “In principle, all coal-fired power
generation enters the electricity [MLT contract] market, with the on-grid power price
determined through market transactions within the range of ‘base price + fluctuation’.3s The
base price depends on the cost of coal, and the fluctuation range is currently set at 20% up
or down.

On the other hand, the Market Rules mention a transaction price limit applicable to MLT
contracts.s” The Market Rules do not explicitly establish a direct connection between the
“base price + fluctuation” contract price limit dictated by the national policy and the
transaction price limit outlined in the Southern Grid Market Rules. However, the upper and

33 34 [Zhang Ting]. (2023, 20 October). BUEEHRIE | B IITESTHIZRIRATRLF CRFH— MR DIMEETIFZIR TIFRIERT) ENK [Policy
Interpretation | A booster for the construction of the electricity spot market — "Notice on Further Accelerating the Construction of the Electricity
Spot Market" is issued)]. https://mp.weixin.qq.com/s/G9t7 1bHTrRs20zzQqWILiw. EEE#E [Wu Weinan]. (2023, 13 July). &a8EHIMEMNE LIRIEZE3T/FE

Ff! [The upper limit of interprovincial electricity spot price is reduced to 3 yuan/kWh!]. https:/mp.weixin.qg.com/s/6-gC-h6YLvsma69pumYccw.

34 PR AR FIEIREIEAT]. (2023, August). [ ZREBIRIIH2023 IR [Guangdong Electricity Market 2023 Semi-annual Report].
https://pm.gd.csg.cn/views/page/downfile/infoAdmin/info/202308301107 31/ 25 Hi /3 111372023 4F 2| 4E 4. £520230830110818. pdf.

35 For more discussion, see Regulatory Assistance Project. (2023, 8 June). & (BB BIIEEINME—H & ERL RS FEIR H 4EMax Dupuy [A brief
discussion on the positive value of "negative electricity prices" - Interview with RAP program director Max Dupuy]. https://www.raponline.org/blog/negetive-
pricing-discussion-cn/.

36 The original text is: JAKEAFEFB RN ELEHNBANE, BUGGRBE EEN+ LTI BERMAE LM, ERAZRESESR. (2021, 11 October).
ERARHER X TH—E RN A R EREBN TR SERIEEN (A5UN18(2021) 14395) [Notice on further deepening the market-oriented reform of on-
grid electricity prices for coal-fired power generation]. https://www.ndrc.gov.cn/xxgk/zcfb/tz/202110/t20211012_1299461.html.

37 The original text is: FHIKHAFAERR B RNEBEFRTIATAREM: RAMEETR, THRRABE TR, THREEE FTRS.



https://mp.weixin.qq.com/s/G9t71bHTrRs2OzzQqWlLiw
https://mp.weixin.qq.com/s/6-gC-h6YLvsma69pumYccw
https://pm.gd.csg.cn/views/page/downfile/infoAdmin/info/20230830110731/%E5%B9%BF%E4%B8%9C%E7%94%B5%E5%8A%9B%E5%B8%82%E5%9C%BA2023%E5%B9%B4%E5%8D%8A%E5%B9%B4%E6%8A%A5%E5%91%8A20230830110818.pdf
https://www.raponline.org/blog/negetive-pricing-discussion-cn/
https://www.raponline.org/blog/negetive-pricing-discussion-cn/
https://www.ndrc.gov.cn/xxgk/zcfb/tz/202110/t20211012_1299461.html

lower limits for the average transaction price of annual contracts (a part of the MLT contract
structure) in Guangdong resemble the structure defined by the national policy. It sets the
base price at 0.463 yuan/kWh, with a price ceiling of 0.554 yuan/kWh and a price floor of
0.372 yuan/kWh (equivalent to +20% of the base price).3 This suggests that the Southern
Grid regional market will inherit the MLT contract price regulation established by the national

policy.

Market monitoring and market power mitigation

Both the Southern Grid Market Rules and the detailed implementation documents outline
provisions for market monitoring and market power mitigation. Notably, the detailed
implementation for spot market represent a significant advancement by establishing
reference prices (Z%11#%) and approved costs (# 7 i 4<) for individual generation units.
These parameters, among other purposes, are used for market power monitoring and
mitigation processes.* However, no information can be found regarding the calculation
methods for reference prices or approved costs.+ To support this measure, a detailed, well-
defined method for determining the reference prices should be developed and published,
specifying, among other things, the categories of cost components that need to be included in
the calculation.4

The reference price contributes to another important market monitoring provision: the
automated market power screening and mitigation mechanisms. The detailed implementation
for spot market specifies various market power screening tests, namely, the “behavioural
test” (17 4illiX) and the “market impact test” (3 Mlli). These tests compare the offer prices
against the reference prices and serve as the basis for automatically screening the bidding
price to shield against market manipulation. In addition, the system also requires the
monitoring of bidding prices for the last 30 days. If the most recent bidding from a particular
unit exceeds the 30-day average by a certain ratio, the most recent bid will automatically
convert to the 30-day average.

While a standardised procedure to mitigate market manipulation is a positive step forward,
some implementation details remain unclear and certain aspects may pose challenges. For
instance, the 30-day average rule may interfere with the efficient formulation of hourly and
daily scarcity pricing.

38 PR ETES ERASESRASES. (2022, 14 November). [ IREAEER ERESEBRS MEBXT2023EENHFA S E X EIINEN (EE811(2022)

90 &) [Notice on matters related to electricity market transactions in 2023]. https://www.yd380v.com/article-2976.htmi#.

39 The original text is: #ZRERAS SR T A A B BT AR FE BAMEER R FBANNE (SR E) U R B AR, REMAR T EABRBETTEITHIMESRA,. T
RRBITRIRENRENESNE, LIRATHEHENSERERT.
40t is possible that they are established but not publicised. The only searchable result on reference price is published by Zhejiang province, where the Annual

reference price is the weighted average of annual contract trading. i TEBJ 132 Z ). (2023). 2023F 1 TR ITIAERESEM [Annual reference price of
Zhejiang electricity market in 2023]. https://m.bjx.com.cn/mnews/20230130/1285073.shtml.

41 For example, it could state that generator investment and fixed operation and maintenance costs should not be included in the reference cost level.
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The national level Basic Rules of the Electricity Spot Market give relative local power
exchange and market operator the authority to investigate and recover excess income above
the “reasonable income level” under the oversight of the NEA, if necessary,#2 and the detailed
implementation for spot market states that additional post-market-clearing procedures are to
be “researched” to further monitor and analyse market activity.«> However, the Rules do not
mention the appointment of an independent third-party monitoring organisation.44s

Conclusions and recommendations

The Market Rules are an impressive achievement and an important first step: they propose a
comprehensive, detailed regional market design for the Southern China region. With targeted
fixes, these rules could support the vision of a regional electricity spot market that enhances
reliability, lowers emissions, integrates renewable energy at lower cost, fairly allocates costs
and improves transparency. The report identified several areas where greater clarity and
improvements in market design might lead to better outcomes.

= Nodal settlement. If truly settled incrementally, the three-settlement system will likely
lead to significant cash imbalances for market operators. A more financially sustainable
approach would be to use a two-settlement system, settle generation at generator nodes,
settle loads at load nodes, and use contracts for differences to settle price differences
between contract and market prices at the agreed upon delivery node.

= Market settlement for non-participants. A key challenge for regional spot market design
will be how to insulate non-participating provinces, loads and generators from spot market
prices, while at the same time ensuring that market prices are meaningful and market
operators remain financially viable. In the near-term, the most straightforward way to do
this will be to settle non-participants at spot market prices on the margin: settling
imbalances with non-participating provinces at border LMPs; settling planned generation
imbalances at generator node LMPs; and settling non-participating load imbalances at
load node LMPs. An overarching goal for spot market design should be to make market
operators revenue-neutral, which can only be accomplished if non-participants pay market
prices on the margin. This means that a precondition for provinces joining the spot market

42 The original text from the Basic Rules of the Electricity Spot Market HEREEERBIRENME. & (K. ™) NEEEXEE IRIBRS/ERTZ TR, ..

ERERYER, EREEEB. (2023, September). EBHIEFHIZEANN(4T) [Basic Rules of the Electricity Spot Market (Trial)].
https://www.ndrc.gov.cn/xxgk/zcfb/ghxwij/202309/P020230915357678894853.pdf.

43 The original text from the Market Rules is: HI5XFFE M FATZ I8 Bau N SE,

44 The appointment of a third-party agency was required in the 2019 “Guangdong Electricity Market Supervision and Implementation Measures” to be
responsible for market result analysis, market rules modification, violation investigation, etc.

EREREEARER. (2019, 7 May). XFEKmES (LU RSB R EmiAERESTENEA R M ES5 B UAIR (R IeEmiARA(2019) 78 5), Mif4—:
(TR OHIHSELE/NE)  http://nfi.nea.gov.cn/adminContent/initViewContent.do?pk=402881e569d686de0 16a8fef7c19007d.

45 The appointment of a third-party agency was also mentioned in the “Notice on Further Accelerating the Construction of the Spot Electricity Market”. The
notice quotes, “The primary responsible entity should commission a third-party organisation with professional capabilities and experience to conduct an
assessment and produce an official assessment report.” It is likely that the purpose of the assessment is to evaluate the spot market’s readiness to enter formal
operation after over a year of trial operation.

EREEEZDINT ERERBEEE). (2023, 12 October). X F#H—EIMRE AT HIAEIR TIERIER (RBUMA(2023) 8135).
https://www.gov.cn/zhengce/zhengceku/202311/content 6913560.htm.
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must be that they will commit to paying wholesale market costs regardless of what
happens to wholesale market prices. Exposing non-participants to spot market prices on
the margin can provide incentives for increasing demand bids and supply offers in the
spot market, which will increase liquidity and lead to more meaningful prices.

Market participation models for non-thermal generation and energy storage. The
proposed market design can accommodate all resources, though it is unclear as to
whether all resources would be able to participate in the spot market from the outset. It
would be useful to incorporate different participation models (e.g., forecast-based
resources, reservoir hydro, battery storage) in dispatch and settlement software from the
outset rather than trying to do so later, even if non-thermal resources are initially only able
to participate in the spot market through pilots.

Regional dispatch control. Continued sharing of dispatch authority between CSGDC
and provincial dispatch centres could create issues for reliability and for variable
renewable generation integration if dispatchable generators do not follow CSGDC
dispatch instructions. For a regional real-time market, it will be important for CSGDC to
have full regional dispatch control (including at the five-minute level) even if it is not
responsible for AS procurement and frequency balancing within dispatch intervals.
Settlement of all metered supply and demand at real-time prices would help to align
supplier incentives and operational needs.

AS markets. The regional AS market design proposed in the Market Rules is provincial
AS procurement with trading among provinces. It is not clear that this is worth the effort,
relative to something like a non-market-based contingency reserve sharing agreement. In
the near-term, it may make more sense to focus on the spot energy market and allow a
regional AS market to take shape alongside it as the provinces get more comfortable with
a regional system operator.

Resource adequacy. Under the status quo, provinces are responsible for their own
resource adequacy and curtail load if they are short. However, it is important to recognise
that a regional spot market will begin to tie together resource adequacy across the region.
At a minimum, in the near-term, it will be useful to think through market rules governing
supply withholding when the system is operating under stressed conditions. In the longer-
term, a regional approach to resource adequacy could reduce the total amount of
generation needed to reliably meet demand and lower total investment costs.

Transmission costs. Costs for interprovincial transmission appear to still be charged on
a transaction basis, which may be problematic in a regional market with nodal dispatch.
An alternative approach that would be more consistent with the Market Rules would be to
allocate transmission costs to provinces and charge all loads within a province for
transmission costs on the basis of coincident peak use of the transmission system or
energy demand.



Price regulation. The Market Rules, coupled with the detailed implementation
documents, introduce multiple layers of price ceilings and floors to both the MLT contract
market and the spot market. These price boundaries, along with other market monitoring
and mitigation mechanisms, are important for ensuring market competitiveness. However,
it is worth being cautious when designing these market control processes to ensure that
the advantages of a market system, such as scarcity pricing, are not unduly constrained
by excessive restrictions.

Market oversight. The Market Rules do not yet clarify how mechanisms to mitigate
market power in the regional spot market would be designed, which organisation would be
responsible for monitoring and enforcing market rules, and whether there would be a
third-party organisation responsible for market monitoring. It would be prudent to have the
details of these and other market oversight issues worked out before the spot market
begins operation.



Appendix: Three-settlement versus nodal settlement

Consider a region with two transmission nodes (A and B), with 200 MW of transmission
capacity between them. The two regions have the following generation supplies.

‘ Maximum generation ‘ Marginal cost
Node A

Generator A (G.A) | 1,000 MW | 100 yuan/MWh |
Node B

Generator B (G.B) 500 MW 270 yuan/MWh
Generator C (G.C) 500 MW 350 yuan/MWh

Loads in nodes A and B have the following contracts with these three suppliers.

Buyer Supplier Amount ‘ Price

Load A(LA) | GA 500 MW 150 yuan/MWh
LoadB(L.B) | G.A 300 MW 200 yuan/MWh
LoadB(L.B) | G.B 400 MW 300 yuan/MWh

In day-ahead and real-time (assuming they are equivalent for simplicity) during some hourly
interval, L.A has 425 MW of demand and L.B has 825 MW of demand. Economic dispatch,
incorporating transmission constraints will be:

Generator Dispatch

G.A 625 MW
G.B 500 MW
G.C 125 MW

Market clearing prices will be 100 yuan/MWh in node A and 350 yuan/MWh in node B.

Settlement in a three-settlement system

In a three-settlement system, market settlement is incremental to contract settlement at
generator and load nodes. Table 1 on the next page shows the settlement for each entity.
The residual 25,000 yuan/h is an amount that the market operator owes to generators (i.e.,
is a net cost to the market operator).



Table 1. Example settlement in a three-settlement system

Entity Contract ‘ Market ‘ Net
+135,000 yuan/h -52,500 yuan’/h
G.A (= 500 MW x 150 yuan/MWh + | (= [625 MW - 800 MW] | +117,500 yuan/h
300 MW x 200 yuan/MWh) x 100 yuan/MWh)
+35,000 yuan/h
GB i ig’é’f\’ﬂo\/ﬁag% awhy | (= [500 MW — 400 MW] | +155,000 yuanih
(= yuan/MWh) | » 350 yuanMwh)
+43,750 yuan/h
G.C 0 yuan/h (=125 MW — 0 MW] x +43,750 yuan/h
350 yuan/MWh)
75,000 yuan/h DU
LA . (= -[425 MW — 500 MW] | -67,500 yuan/h
(=-500 MW x $150 yuan/MWh) MW x 100 yuan/MWh)
-180,000 yuan/h -43,750 yuan/h
L.B (=-300 MW x 200 yuan/MWh + | (= -[825 MW — 700 MW] | -223,750 yuan/h
400 MW x 300 yuan/MWh) x 350 yuan/MWh)
Totals 0 yuan/h +25,000 yuan/h +25,000 yuan/h

Nodal settlement

With nodal settlement, market participants are settled at respective nodes and contracts for
differences (CfDs) pay the difference between nodal prices, here settled at the load node.

The residual 50,000/h is paid to the market operator by loads, as seen in Table 2.

Table 2. Example settlement under nodal settlement

Entity Market ‘ CfD ‘ Net
-20,000 yuan/h
+62,500 yuan/h -
_ (= [150 yuan/MWh — 100 yuan/MWHh] x
G.A (L:rf/fw'\\;'v\’:)x 1001 500 MW + [200 yuan/MWh — 350 +117,500 yuan/h
Y yuan/MWh] x 300 MW)
+175,000 yuan/h -20,000 yuan/h
G.B (=500 MW x 350 | (= [300 yuan/MWh — 350 yuan/MWh] x | +155,000 yuan/h
yuan/MWh) 400 MW)
+43,750 yuan/h
G.C (=125 MW x 350 | 0 yuan’/h +43,750 yuan/h
yuan/MWh)
-42,500 yuan/h -25,000 yuan/h
LA (= -425 MW x (= [100 yuan/MWh — 150 yuan/MWh] x | -67,500 yuan’/h
$100 yuan/MWh) | 500 MW)
65,000 yuan/h
288,750 yuanh | 1
- (= [350 yuan/MWh — 200 yuan/MWh] x
LB (Lai?ﬁv“\//'x\)’ X350 | 300 MW + [350 yuan/MWh — 300 -223,750 yuan/h
Y yuan/MWh] x 400 MW)
Totals -50,000 yuan/h 0 yuan/h -50,000 yuan/h




Comparison between three-settlement and nodal settlement

In nodal settlement, the market operator earns congestion rents, which will be transmission
capacity (200 MW here) times the nodal price difference (250 yuan/MWh). In three-
settlement, the market operator earns congestion rents plus the difference in internodal
contracts multiplied by the nodal price difference.

R=Tx (P*—P5B)+ Cx (P8 —p4)

where R is the market operator’s residual cash flow after settling market participants, T is
the transmission capacity between A and B, P? is the price at node B, P* is the price at
node A, and C is contracted capacity from A to B. (If there were contracted capacity
between B and A another term would be needed here, multiplied by P* — P?). In this case

R =200 MW X (—250 yuan/MWh) + 300 MW X (250 yuan/MWh) = 15,000 yuan/h

If infeasible contracts between nodes (contract > transmission capacity) can be limited,
three-settlement and nodal settlement will lead to similar results but with opposite signs:
rather than earning congestion rents, the market operator would need to pay them to
generators. Presumably, market operators would need to collect these costs from loads as
an uplift charge. In practice, it may also be difficult to impose transmission limits on
contracts, as described in the text. For both of these reasons, a more straightforward
approach to market settlement will be to use nodal settlement.
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