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Proposed Method for Determining Price Cap in the Korean Electricity
Market Applicable to TWBP

Dong-Joo Kang t Young-Hwan Moon* and Balho H. Kim**

Abstract - This paper proposes the level of price cap in the TWBP(Two-Way Bidding Pool) market in
Korea for which the draft of market design has been prepared by KPX. Max GMCP(Maximum
Generation Market Clearing Price) and APC(Administered Price Cap) would be separately applied as
individual price caps for a normal period and a Price Capping period in TWBP. The level of price cap
is determined for inducing optimal investment in the Korean Electricity Market considering the
“electricity resource baseline plan” published by the Korean government in 2002 for maintaining
government-leading resource planning in Korea. In this regard, Max_GMCP is calculated from the
equilibrium condition of investment based on reliability standard and fixed cost of the peaking plant.
For verifying the propriety of the proposed price cap, this paper compares the proposed value with the
estimated VoLL(Value of Lost Load) based on Korea’s GDP(Gross Domestic Product).
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1. Introduction

Since the Korean Government unveiled “The Basic Plan
for Restructuring of the Power Industry” in 1999, the
Korean Electric Power Industry has been undergoing major
restructuring. Consequently, the Cost Based Pool has been
operated by the KPX (Korea Power Exchange) as of 2001,
and market design of the Two Way Bidding Pool is coming
to a close. According to market rules proposed for the
TWBP, a price cap would be introduced to restrict the
volatility of market pricing. Implementation of the price
cap involves two phases, one is for normal dispatch periods
and the other is for abnormal periods in which the market
price has been kept too high. A price cap would not be
necessary in an ideal market, but there have been
inflexibilities on both the sides of producers and customers
in the electricity market. Many generators have start-up
and ramp-rate constraints, and few purchasers have the
ability to control the amount of electricity they are taking
from the wholesale market at any time. Furthermore supply
and demand must be kept closely balanced at all times in
order to protect the integrity and security of the power
system. Thus the market operator needs to have the
authority to cut off customer load when necessary [1].
Moreover, it has been accepted that a price cap is
warranted in the early stages of the market to guard against
the consequences of unmanageable risk. It is expected that
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price cap will be set by the Reliability Committee of the
KEC(Korea Electricity Commission). However, it has been
argued that too low a value of a price cap would deteriorate
the overall level of system reliability through discouraging
investment and encouraging mothballing. On the other
hand, too high a value of price cap would increase risks
and would probably result in over-investment in reserve
plant and voluntary load interruption schemes [2]. This
paper calculates the level of price caps for inducing optimal
investment considering “electricity resource baseline plan”
published by Korean government in 2002 for maintaining
government- leading resource planning in Korea, and
compares the result with the estimated VoLL based on
Korean GDP. The proposed level of price cap and the used
calculating method can be the guidance when the
Reliability Committee of the KEC sets the Max GMCP
and APC, and periodically reviews these values.

2. Price Caps in Electricity Market
2.1 Price cap design

Various forms of wholesale price cap regulations are
noted in electricity markets around the world. Wholesale
electricity price cap can be broadly summarized to fall into
one of the following three categories [3,4].

- Hard price caps;
+ Soft price caps; and
Bid caps.
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2.1.1 Hard price caps: Australia, Singapore and Alberta

Hard price caps are regulatory-imposed maximum
wholesale electricity prices that utilities or system operators
will pay to generators.
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Fig. 1 Hard Price Cap

The enforcement of hard price caps requires involuntary
load curtailment during periods where supply is scarce.

2.1.2 Soft price caps: California

Soft price caps were introduced in California in
December 2000 after hard caps increased the problem of
scarcity in California in a couple of ways. In the
Californian experience, the adoption of a soft price cap has
been debated and is seen to raise current and forward
electricity prices. Its enforcements remain a key issue
where ‘out of market’ transfer or ‘sale’ can undermine any
benefits.
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2.1.3 Bid caps: New York, APX(AMSTERDAM), PJM,
New England, ERCOT and Alberta
Bid caps are generator specific and are seen by some as
compatible with a gradual transition to a workable
competitive market and a more preferred way of market
power mitigation as compared to the effects of hard price
caps[5].
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Fig. 3 Bid Caps

2.2 The level of Price Caps in key electricity markets

Fig.4 summarizes the level of price caps of key
electricity markets around the world.
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Fig. 4 The price cap of key electricity markets

3. The Framework of Price Regulation in the
TWBP

In the TWBP, the price cap would be introduced to
restrict the instability of market pricing. This price cap is
considered to be a hard price cap, and has two phases; one
is for normal dispatch periods and the other is for abnormal
periods where the market price has been kept too high.
Fig.5 shows the outline of price regulation in the TWBP.

According to the market rules proposed for the TWBP,
the GMCP which is the dispatch price for the reference
node in the first dispatch period of an unconstrained
dispatch schedule is equal to Max GMCP if the dispatch
price exceeds Max GMCP. Moreover, if the arithmetic
mean of the GMCP in the previous (12*24*7) dispatch
periods, where 12 refers to the previous 12 dispatch
periods, 24 refers to the number of hours in a day and 7
refers to seven days, exceeds the APT(Average Price
Threshold), a dispatch period is to be a price capping
period. During these price capping periods, the APC which
is much lower than Max_ GMCP is applied to the GMCP as
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a price cap. The dispatch period occurs in a trading day in
which a prior dispatch period is a price capping period.

It is expected that the Reliability Committee of the KEC
sets the Max_GMCP and APC including APT according to
the market rules. This paper proposes the level of
Max_GMCP.
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Fig. 5 Comparison of price caps in the TWBP market

According to the market rules proposed for the TWBP,
the GMCP, which is the dispatch price for the reference
node in the first dispatch period of an unconstrained
dispatch schedule, is equal to Max_GMCP if the dispatch
price exceeds Max GMCP. Moreover, if the arithmetic
mean of the GMCP in the previous (12*24*7) dispatch
periods, where 12 refers to the previous 12 dispatch
periods, 24 refers to the number of hours in a day and 7
refers to seven days, exceeds the APT(Average Price
Threshold), a dispatch period is to be a price capping
period. During these price capping periods, the APC which
is much lower than Max_GMCP is applied to GMCP as a
price cap. The dispatch period occurs in a trading day in
which a prior dispatch period is a price capping period.

It is expected that the Reliability Committee of the KEC
sets the Max_GMCP and APC including APT according to
the market rules. This paper proposes the level of
Max_GMCP.

4. Max_GMCP Determination Based on the
Condition of Optimal Investment
4.1 Considerations for setting Max_ GMCP

A value for Max_GMCP is mathematically necessary to

ensure that a GMCP can be set in the market when there is
insufficient generation to meet non-scheduled load, and so
the dispatch price is not well defined. However, it is also
economically important to ensure a well-behaved and
rational market during times of supply scarcity. There can
be some issues like followings to consider when determining
a value for Max_ GMCP.

a) The value that consumers place on supply reliability
and continuity; or, conversely, the cost to consumers
of supply interruptions.

b) The level of supply reliability that is required by the
Reliability Committee under the Power System
Security and Reliability Standards(PSSRS)

¢) The prudential and financial risks implied by the
potential for extreme price outcomes.

d) The use of a price cap as a mechanism for mitigating
generator market power.

The setting of Max_GMCP will be a trade off between
the theoretical efficiency of maintaining required levels of
supply reliability with KPX intervention and the practical
impact of extreme and volatile prices on trading risks and
market power. From this viewpoint of this view, VoLL
(Value of Lost Load) has been recommended as the
reasonable level of price cap; Max_GMCP because the
system operator must purchase power on behalf of load
when demand exceeds supply and instructs it to pay VoLL
whenever some load has been sheded.

4.2 Market equilibrium

Fig.6 describes the relationship of market equilibrium.
The core of that equilibrium process is the loop of casual
links from the market through prices, investment, installed
capacity and back to market. This circularity determines
the long-term market equilibrium. If prices are high,
investment will be encouraged, and installed capacity will
increase. With more installed capacity, prices will fall. The
system is in equilibrium if installed capacity, combined
with exogenous factors, causes prices that are just
profitable enough to cover the fixed cost of the installed

capacity [6].
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Fig. 6 Relationship of market equilibrium

From the market equilibrium, the condition for optimal
installed capacity can be described as follows.
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VoLL * D =FC (1)

Where VoLL is Value of lost load, D is duration of lost
load, and FC is fixed cost. From this condition VoLL can
be calculated by FC/D.

4.3 Calculation of VoLL (unit : Won/kWh)

In this paper, VOLL is calculated from the condition for
optimal installed capacity; VoLL=FC/D. For doing this,
duration of lost load is taken from LOLP (Loss of Lost
Probability); ‘0.5day/yr’ applied in “the 1% electricity
resource baseline plan” published by the Korean government
in 2002 for maintaining government-leading resource
planning in Korea. Generally, the fixed cost of a generating
unit is calculated by the following equation.

FC = CC* {r*(1+1)"}/{(1+1)"-1} )

Where CC is capital cost of investment, r is discount rate,
and n is generator lifetime(yr).

In the Korean electricity market, the Gas—Turbine
generating unit is usually a marginal peaking unit. So, the
fixed cost of the Gas —Turbine unit is used to calculate
VoLL. Table 1 summarizes the cost information of the
Gas—Turbine unit used to calculate the fixed cost.

Table 1 Cost information of Gas—Turbine unit(300MW)

Czjlpltal cost Fixed O&M G'ene.rator Discount
of investment lifetime rate
Kw-
300,000wonkw | S 7won/kw 30 years 8%
month

Based on the values of the duration of lost load, and
fixed cost above, VoLL is calculated like follows.

VoLL = FC/D = 31,148[won/kW-yr]/12[hr/yr]
=2,596[won/kWh] = 2,163'[US$/MWh]  (3)

In this paper, this VOLL is proposed as the level of Price
Cap; Max_GMCP in TWBP.

5. Review of the Proposed Price Cap

According to the actual results of market(cost based
Pool) operation published by KPX in 2002, the annual
average of the marginal market price was about 47.35
[won/kWh]; 39.46[US$/MWh]. So the proposed level of
price cap is as high as about 50 times of the annual average
of marginal market price. This ratio is lower than that of

1 1.200won/US$

the National Electricity Market in Australia which is about
300, and higher than that of electricity markets in the USA,
which are about 20~40. Considering that the capacity
reserve has been managed and will be maintained by the
Korean government in at least the early stages. of the
TWBP at least, price cap should be set to stabilize
electricity market rather than to induce new investment
when the TWBP is opened. In addition, Korean price cap
needs to have a great margin than that in the USA because
there is only the energy spot market exists and market
participants must recover all their costs from the energy
spot market in the TWBP[7,8].

In addition to this, this paper compares the proposed
price cap with the estimated value of VoLL based on the
GDP. CRIEPI(Central Research Institute of the Electric
Power Industry) has estimated the VoLL using this method
in 1982, and 1987. In this method, VoLL was estimated by
the following equation.

VoLL = GDP[$]/Sum of consumed electric power[kWh]
C))

Table 2 presents the estimated VoLL based on this
relation in Korea.

Table 2 Estimated VoL.L based on Korean GDP

Year GPP Electric Power Estimated VoLLL
(*10” won) sold(GWh) (won/kWh)
1991 | 216,511 104,374 2,074
1992 | 245,700 115,243 2,132
1993 277,497 127,733 2,172
1994 323,407 146,540 2,207
1995 377,350 163,270 2,311
1996 | 418,479 182,470 2,293
1997 453,276 200,783 2,258
1998 444,367 193,470 2,297
1999 482,744 214,214 2,254
2000 521,959 239,535 2,179
2001 551,558 257,731 2,140

From the results of Table 2, the level of VoLL is
estimated to be about 2,000~3,000[won/kWh], and this
level corresponds to the proposed value of Max GMCP in
this paper.

6. Conclusion

This paper calculated VoLL from the condition for
optimal investment in the electricity market, and proposes
this as the level of Max_ GMCP which will be introduced
into the Korean electricity market as a price cap when the
TWBP is opened. This paper also verified the proposed
level of Max GMCP by comparing it with the estimated
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VoLL based on Korean GDP. Price cap is a very strong
mechanism to regulate market price, and it has a direct
effect on reliability and risks in the electricity market, so its
level must be set considering various timely statuses of the

electricity market, and reliability policy of the regulator etc.

Therefore, it is very important to periodically review the
level of price cap. The proposed level of price cap and the
used calculating method used in this paper can act as
guidelines for this.
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