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DISCLAIMER 

The Lantau Group and its authors make no representation or warranty as to the accuracy 

or completeness of the material contained in this document and shall have, and accept, 

no liability for any statements, opinions, information or matters (expressed or implied) 

arising out of, contained in or derived from this document or any omissions from this 

document, or any other written or oral communication transmitted or made available to 

any other party in relation to the subject matter of this document.  The views expressed in 

this report are those of the authors and do not necessarily reflect the views of other TLG 

staff. 
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1. EXECUTIVE SUMMARY 

The Energy Market Authority (EMA) engaged The Lantau Group (TLG) to assist in 

conducting a comprehensive review of the Vesting Contract Level (VCL) and Period 

Weighting Factors (PWF) for the period 1 Jan 2015 to 31 Dec 2016.  Note that this report 

does not review the long-run marginal cost (LRMC) parameters used for setting the 

Vesting Contract price.1  

This summary discusses the role of vesting contracts as a mechanism to curb the 

excessive exercise of market power.  We review the pool price history over the last five 

years and select the period Q2 2009 through Q1 2014 as our historical “calibration period” 

for the 2015-16 price forecast.  We analyse the key drivers that underlie the relationship 

between average Uniform Singapore Energy Price (USEP) and the LRMC of a CCGT (i.e. 

Vesting Price) – and show why the change in fundamental market supply will push the 

average USEP well below the Vesting Price.  Next, we analyse the effect of VCL and 

period weighting factor on USEP in 2015-16, which again shows that the forecast USEP 

in 2015-16 will be below Vesting Price even at Liquefied Natural Gas (LNG) vesting 

contract quantities.  From the current market information, we conclude that significant 

reduction of the VCL from 40 percent would not allow generators to exercise undue levels 

of market power.  Based on our sensitivity analyses, this result is also resilient to 

exogenous developments.  

This revised draft report differs from the preceding draft report in several ways:   

1. We revised the base case forecast to account for the full historical data set in Q1 

2014 and the latest future supply and demand forecast.  We also impose minimum 

LNG take-or-pay constraints on all gencos.    

2. We added sensitivity cases to account for different assumptions with respect to: 

- concurrent occurrence of higher demand and delayed commissioning of new 

capacity; and 

- retirement of steam units.  

3. We updated the Vesting Price parameters to reflect the updated draft determination 

paper on Vesting Price parameters. 

 

                                                 

1  These parameters are subject to a separate analysis and consultation process. 
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1.1. VESTING CONTRACTS AND MARKET POWER 

Vesting Contracts were introduced in the National Electricity Market of Singapore (NEMS) 

in 2004 as a regulatory instrument to mitigate the exercise of market power by the three 

dominant Gencos2.  Vesting Contracts are essentially two-way swap contracts written 

against the half-hourly USEP with hedge quantities and price referred to as the VCL (as a 

percentage of total electricity demand) and the Vesting Contract price.  The Vesting 

Contracts remove the incentives for Gencos to exercise their market power by withholding 

their generation capacity to push up spot prices in the wholesale electricity market.  

Vesting Contracts are allocated only to the Gencos3 that had made their planting 

decisions before the decision was made in 2001 to implement Vesting Contracts.  The 

allocation is made in proportion to the licensed capacity eligible for Vesting Contracts as 

shown in Table 1 below.  

Table 1:  Maximum capacity eligible for Vesting Contracts 

Genco Maximum Capacity (MW) 

Seraya 3,100 

Senoko 3,300 

Tuas  2,670 

SembCorp  785 

Keppel  470 

PacificLight Power  800 

Source:  EMA 

 

Vesting Contracts apply to both the generation and retail segments of the market.  For the 

generation segment of the market, the hedge quantity is allocated to each generation 

company based on the proportion of the generator’s installed capacity to total capacity of 

generators eligible for vesting contracts.  For the retail segment of the market, Vesting 

Contracts cover the non-contestable load first, plus a fraction (the Vesting Hedge 

proportion) of contestable load. 

The impact of Vesting Contracts is dependent on the VCL, which determines the quantity 

of hedges, and the PWF, which determines the relative allocation of quantities between 

the peak, shoulder and off-peak periods4.   

                                                 

2  Senoko, Seraya and Tuas are the three dominant Gencos.   

3  These Gencos are Senoko Energy (Senoko), YTL PowerSeraya (Seraya), Tuas Power Generation (Tuas), 

SembCorp Cogen (SembCorp), Keppel Merlimau Cogen (Keppel) and PacificLight Power.   

4  LNG vesting contracts also need to be considered in the forecast period, which will be discussed in more detail 

in section 1.4.   
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These hedges effectively “lock in” the revenues associated with some fraction of the 

output of those Gencos with vesting contracts.  In doing so, the hedges reduce the 

incentive of these Gencos to withhold capacity and bid up prices.  The vesting parameters 

determine a quantity of hedges, which affect Gencos’ bidding incentives, which in turn 

interact with underlying market conditions to yield a set of market prices over time.  This 

interaction must be estimated based on projections of market conditions.  

We use TLG’s NEMS model to estimate the VCL required to reduce the Gencos’ 

incentives to withhold capacity to raise spot prices in the wholesale electricity market 

above the target price (i.e., the Vesting Price).  The VCL is set to target the LRMC of a 

theoretical new entrant using the most economic generation technology in Singapore that 

contributes to meeting at least 25 percent of total demand.  The intent is to reasonably 

approximate the outcome of a competitive market over the long run, ensuring that 

appropriate price signals remain for investors to plant new and efficient generation 

capacity as needed to meet demand growth.  The PWF is then set so as to strike a 

balance between the objective of providing the same degree of market power mitigation in 

each period and the objective of yielding the same weighted-average price in each period.  

1.2. HISTORICAL POOL PRICE BEHAVIOUR  

Figure 1 compares the historical monthly average USEP against the quarterly Vesting 

Price.  The Vesting Price represents the LRMC of a theoretical new entrant using the 

most economic generation technology in Singapore that contributes to meeting more than 

25 percent of the total electricity demand (gas-fired CCGT, which is the dominant base-

load generation source).  Accordingly, the relative balance between average USEP and 

the Vesting Price is a key measure of the extent to which Gencos are exercising market 

power.  The Vesting Price is defined in advance on a quarterly basis, using forward HSFO 

prices.  By contrast, the average USEP is derived from wholesale electricity market 

interactions, which in turn are driven by spot HSFO prices.  Accordingly, timing 

differences and uncertain variation between spot and forward prices introduces noise into 

the comparison – such as in Q4 2008, when the Vesting Price moved sharply upward 

while average USEP dropped sharply. 
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Figure 1:  Historical monthly average USEP versus quarterly vesting price 

 

Note:  The vesting contract price is the balanced vesting contract price in Q3 2013 – Q2 2014 

 

We restated the Vesting Price using the actual HSFO spot prices in each month (rather 

than the assumed forward prices) to create a comparable “spot” measure of the Vesting 

Price.  Figure 2 shows the resulting comparison over time.  Over most periods, the 

average USEP was below the Vesting Price.  However, in Q2 2009 – Q1 2012, the 

average USEP rose above the Vesting Price for extended periods as highlighted in the 

yellow circled areas.  Since Q3 2012, average USEP has declined below Vesting Price as 

new CCGT capacity, bridging PNG, and later LNG, have been introduced into the market.   
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Figure 2:  Historical monthly average USEP versus adjusted vesting price 

 

 

Although the market supply and demand fundamentals are shifting over time, the 

underlying drivers for the exercise of market power will continue to affect prices in the 

future.  Accordingly, we chose the period from Q2 2009 to Q1 2014 as our calibration 
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1.3. STARTING CASE 2015-2016 FORECAST 

Our starting case forecast assumes that the VCL of 40 percent and peak PWF of 1.10 in 

2015-16.  The LNG regasification terminal, a pivotal element in the development of the 

Singapore gas and electricity markets, commenced commercial operations in Q2 2013.  

By relieving PNG supply constraints, the introduction of LNG fundamentally altered the 

underlying dynamics of the wholesale electricity market.  Figure 3 shows the projected 

average USEP for the starting case, LRMC (Vesting Price),5 and the system marginal 

cost based solely on the economic short run marginal cost (SRMC).6  The Vesting Price7 

over this period declines over time, driven by the assumed lower PNG prices (which are 

driven by the assumed HSFO price).       

Figure 3:  Starting case forecast of monthly average USEP, quarterly vesting price and 

SRMC for 2015-20168 

 

                                                 

5  The Vesting Contract price is based on an HHV heat rate of 7145.5 btu/kWh and a non-fuel component of 

$44.69/MWh based on the consultation paper “Review of the Long Run Marginal Cost (LRMC) Paramters for 

setting the Vesting Contract Price for the period 1 January 2015 to 31 December 2016” released on 29 May 

2014 in EMA website.  We calculated the gas cost using our projected price of PNG. 

6  The economic SRMC is the implied short run marginal cost with the consideration of constraints.  

7  Our vesting price in the chart is assumed to be the balanced vesting price.  The LNG vesting price is about 0.4 

percent higher than the balanced vesting price under our price assumption.   

8  For our USEP and SRMC price forecast, we have only considered the prices in the Singapore main Island.  If 

we include price in Tembusu and Jurong Island, which are behind the transmission constraints, the load 

average price is about 0.3 percent lower.  
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The updates of the assumptions increase the forecast USEP by about 5 percent, which is 

mainly driven by the increase in the fuel price assumption9 and higher annual demand 

growth10.   The changes in the assumed Vesting Price parameters11 have little impact on 

the Vesting Price, but higher fuel price assumption increases the Vesting Price by about 4 

percent.   Although the revised starting case forecast is slightly different from the Draft 

Report, the monthly average USEP is projected to be well below the Vesting Price in 

2015-2016, due to the fundamental changes in market dynamics.  The availability of LNG 

is projected to lower average USEP, by relieving the PNG supply constraints that have 

caused the average USEP to trend upwards in 2009-2012.  In addition, as new CCGT 

capacity comes online, price will fall relative to the Vesting Price as the reserve margin in 

the market will remain well above 60 percent – thus, CCGT capacity is more than enough 

to meet load in all the hours in the forecast period.  This change of market dynamics has 

started to show in the price since early 2013.  The average USEP dropped by 22 percent 

from S$ 222/MWh in 2012 to S$ 173/MWh in 2013, and further dropped to S$ 139/MWh 

in Q1 2014.   In 2013, the average USEP price was S$ 22/MWh lower than the vesting 

price.  With more new capacity coming on-stream and a ramp-up of LNG supply volumes, 

we forecast that the USEP will continue to remain close to SRMC. 

In Singapore, Gencos have strict LNG annual take-or-pay terms with BG, so we have 

imposed minimum annual take-or-pay LNG quantities on them.  For PNG, their take-or-

pay terms are more flexible, such as allowing banking of gas for up to five years.  As 

Gencos have more flexibility to balance their gas portfolio across the years, we have not 

imposed minimum PNG constraint for the Gencos.   We understand that this could be an 

optimistic assumption and our forecast USEP could be biased-high.  Nonetheless, even 

with this biased-high USEP forecast, the 2015-16 forecast prices are well below vesting 

price, so it does not affect our recommendations for the VCL and PWF.   

1.4. VESTING CONTRACT ANALYSIS 

In this section we analyse the impact of changes in the VCL and peak PWF on prices.  

There are several steps to this quantification.  The first step is to determine the change in 

the effective contract cover that a Genco sees as a result of a parameter change.  The 

second step is the translation of a contract position for each Genco into a market price 

forecast.  This requires the use of a calibrated market model.  We calibrate QUAFU (our 

NEMS bidding and pricing model) based on observed relationships between prices and 

market conditions over the period Q2 2009 through Q1 2014.  Once calibrated, we then 

set up QUAFU to account for changes in contract cover and portfolio bidding.   

                                                 

9  We updated our previous fuel price forecast based on the June 2014 Brent forward prices.  Because of recent 

turmoil in the Middle East, the crude forward price in 2015-2016 has increased by 4-5 percent from our previous 

forecast done in January 2014. 

10  EMA has revised the annual demand growth of 2015-2016 from 3.5 percent to 4.1 percent.  

11  The HHV heat rate was increased slightly from 7103.4 Btu/kWh to 7145.5 Btu/kWh, but this is offset by a 

reduction of non-fuel component from S$ 45.2/MWh to S$ 44.69/MWh.  
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The impact of an increase in the VCL will affect both Gencos and retail consumers.  The 

Gencos’ Vesting Contract defines a hedge quantity by day type (weekday, Saturday, and 

Sunday/public holiday) as well as by period type (peak, shoulder and off-peak).  Each 

hedge quantity is a flat profile across each day-type and period-type combination.  These 

hedge quantities are allocated among the Gencos, based on their share of generation 

installed capacity.   

Retail contracts with contestable consumers also represent contracts that provide some 

hedging capability, depending on the risk exposure inherent in the pricing terms in the 

retail contracts, contractual switching flexibility, and propensity to switch.  Many of these 

issues are hard to quantify.  Practitioners typically assume that given the potential 

volatility of prices in an energy-only market like the NEMS, a significant proportion 

(between 50 and 90 percent) of retail sales contracted represents “effective” contract 

cover in the short-term.  We assumed a value of 80 percent.  Defining this ratio allows us 

to determine an initial contract cover position. 

The other area of focus is how retail contracts allocate risk to customers.  Originally, 

vesting credits transferred more or less directly to consumers.  In recent years, however, 

a predominant retail contract form has evolved such that retailers retain all vesting credits.  

Accordingly, changes to the VCL tend to accrue directly to the retailers, at least in the 

short-term.  These retailers typically are affiliates of Gencos (and thus are sometimes 

termed “gentailers”).  As a result, if the Genco’s retail arm has a market share of 

contestable customers equal to its share of generation, the increase in its retail arm’s 

share of Vesting Contract quantities associated with an increase in the VCL will offset the 

increase in vesting credits for its generation arm.   

Besides the generation and retail vesting contract quantities, we need to consider the 

LNG vesting contracts that are linked to LNG prices.  In 2010, EMA introduced the “LNG 

Vesting Scheme” to reduce price risk of LNG buyers.  LNG vesting contracts have started 

since Q3 2013, and they need to be considered as they affect the hedging quantity and 

effective contractual coverage.  LNG vesting quantity (LVQ) is part of the total allocated 

vesting quantity (AVQ) given to gencos, but it sets the lower limit for AVQ.  LVQ is 

allocated equally across every half-hour.     
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Figure 4:  Impact of vesting contract level on average USEP for retail cover at 80%12 

 

Figure 4 illustrates the prices for different VCLs on prices in 2015-16.  The forecast USEP 

is well below the vesting price under different VCLs, even when LNG vesting contracts set 

the lower bound of vesting quantities.  Thus, we conclude that a significant reduction of 

the VCL from 40 percent would not elevate average USEP anywhere close to the vesting 

price in 2015-16. 

We also observe that prices increase more when VCL is reduced from 30 percent to 20 

percent than the case when the VCL is reduced from 40 percent to 30 percent.  These 

price differentials are due to the following reasons: 

 When the VCL is higher than the NCC load (30-38%), the effect of increasing VCL 

has small impact on the effective contract cover and market price as incremental 

increases in the VCL would have induced incremental increases in retail hedges that 

largely offset the incremental increases in generation hedges; 

 For VCL between 20 percent and 30 percent, the price is relatively sensitive to the 

change in VCL because an increase in vesting contract quantity is allocated to non-

contestable customers, which directly translate to the effective contract cover.13  

                                                 

12  Our vesting price in the chart is assumed to be the balanced vesting price.  The LNG vesting price is about 0.4 

percent higher than the balanced vesting price on average in 2015-2016 under our price assumption.   

 Data for Figure 4 is provided in the table in Appendix A.  
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Under the previous cases, we have assumed a retail cover fraction of 80 percent.  As the 

wholesale market price in Singapore has declined substantially in the past year, it is 

possible that more contestable customers may be more willing to take up contracts that 

directly link to USEP so as to benefit from the falling USEP in an over-supply market.  

Thus, we have simulated another set of cases with retail cover fraction set at 40 percent, 

which is a relatively extreme assumption
14

.   The average price is increased by S$ 7-

11/MWh15, but it is still more than 10 percent less than the vesting price for most of the 

months.  Thus, our conclusion of forecast USEP much lower than the vesting price at any 

VCL is resilient to changes in the retail cover fraction assumption.  

Figure 5:  Impact of vesting contract level on average USEP for retail cover at 40% 

 

                                                                                                                                                  

13  We assume that the MSSL does not hedge the NCC load that is not covered by vesting contracts in our 

simulation.  As a result, lower VCL results in less contract coverage for gentailers, which in turn leads to higher 

USEP.  If the MSSL fully hedges the NCC load that is not covered by vesting contracts, then the effective 

contract coverage level would stay constant, even as the VCL drops below the NCC load.  In this case, lower 

VCL would not lead to higher USEP (although prices with hedging will obviously be lower than the prices without 

hedging).    

14  From what we understand, practitioners typically assume that some fraction of all retail contracts – between 

50% and 90% - corresponds to effective contract cover. 

15  The impact of lower retail fraction assumption is surprisingly moderate, mainly because the entry of new players 

and addition of new capacity by Keppel and SembCorp reduce the ability of the dominant Gencos (Senoko, 

PowerSeraya and Tuas) to exercise market power and also reduce their market share of retail sales.  
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The exercise of market power during the peak period accounts for the dominant share of 

the impact of market power on prices.  Accordingly, the VCL during the peak period is the 

most important determinant of average prices.  Therefore, a proportionately higher peak 

PWF can to some extent offset the impact of a decrease in VCL during time of tight 

market supply.   

However, given the current over-supply situation, the ability of the gencos to exercise 

market power during the peak periods is relatively limited.  Figure 6 illustrates the impact 

of PWF on USEP, which only affect prices marginally (<$1/MWh) when PWF is changed.  

PWF has no impact on the prices at the LNG vesting level as the allocation of LNG 

vesting quantities across periods is independent of the PWF.   

Figure 6:  Impact of period weighting factor on prices 

 

1.5. SUMMARY AND RECOMMENDATION 

The underlying intent in setting the VCL is to mitigate the exercise of market power by the 

incumbent Gencos.  If average USEP climbs above the Vesting Price, then the theory is 

that higher VCLs will dampen Gencos’ incentives to bid so as to elevate prices materially 

above competitive levels.  Conversely, if average USEP falls below the Vesting Price, 

then it is possible that the market has become sufficiently competitive as to support a 

reduction in the VCLs.  Modelling can then confirm the degree to which changes in VCLs 

mitigate any remaining market power. 

150

160

170

180

190

200

210

Jan-15 Apr-15 Jul-15 Oct-15 Jan-16 Apr-16 Jul-16 Oct-16

A
v
e

ra
g

e
 P

ri
c

e
 (

S
$

/M
W

h
)

Only LNG vesting

20% VC level, 100% PWF

20% VC level, 110% PWF

20% VC level, 120% PWF

30% VC level, 100% PWF

30% VC level, 110% PWF

30% VC level, 120% PWF

40% VC level, 100% PWF

40% VC level, 110% PWF

40% VC level, 120% PWF

SRMC

Vesting price

Balance Vesting 
Price

Only LNG Vesting

20

40

SRMC

30



Review of Vesting Contract Level for 2015 and 2016  
 
 
July 2014  
 

 
 

Revised Draft Report   Page 12 

 

Because of the relief of gas constraints due to the start-up of the LNG terminal and large 

addition of new CCGT capacity, we forecast that the market prices will stay well below the 

vesting price under the different VCLs, even when LNG vesting contracts set the lower 

bound of vesting quantities.  Thus, we conclude that a significant reduction of the VCL 

below 40 percent is feasible for the period 2015-16.  Reducing the VCL down to the limits 

set by the LNG vesting contracts will not risk giving rise to any excessive exercise of 

market power in the energy market.  Even at this VCL, under any foreseeable conditions, 

average USEP will be well below the vesting price.   

When VCL is lowered to LNG vesting quantity, the period weighting factor (PWF) has no 

role in setting the vesting quantities as the LNG vesting quantity will be allocated equally 

across every half-hour.  Thus, there is no associated PWF in 2015-16.  

Table 2:  Summary of recommendation for VC level and PWF 

Period VC Level (percent) Peak Period Weighting factor 
(PWF) 

2014 (Current) 40 1.1 

2015 (Proposed) Only LNG vesting (average 16.6) N.A 

2016 (Proposed) Only LNG vesting (average 16.2) N.A. 

Table 2 summarizes our recommendation for VCL in 2015-16.  Figure 7 presents the 

results of our forecast, as modified to reflect the implementation of our recommended 

VCL Under this recommendation, USEP is still projected to remain well below the Vesting 

Price on average.   

Figure 7:  Forecast “Policy USEP” with recommended reduction in Vesting Contract Level 
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1.6. SENSITIVITY ANALYSIS 

We ran four sensitivity analyses to test the robustness of our recommended option.  

These sensitivity analyses examine the impact of:  (1) load growth in Q1 2015 to Q4 

2016; (2) delays or cancellations in the assumed new plantings that are under 

construction; (3) both higher load growth and delay of new plantings that are under 

construction; and (4) retirement of steam units.  

Our consideration of exogenous developments via our sensitivity analyses confirms that 

the wholesale prices will be affected by all these events, but never to a degree that they 

would exceed the vesting price.   

1.6.1. Sensitivity to load growth 

The first sensitivity analysis examines the impact of changes in the electricity demand 

assumption on the price forecast for the recommended option.  In particular, we examined 

the effects of three growth scenarios in which the load continuously grows from our base 

case scenario at a rate of +0.5%/+1%/+1.5% per quarter (~+2%/+4%/+6% per year), 

starting in the first quarter of 2015.  Figure 8 compares the projected average USEP for 

these higher demand growth cases against the forecast “USEP” for the base case and 

the Vesting Price. 

Figure 8:  Sensitivity analysis for changes in electricity demand growth 

 

Higher electricity demand growth is expected to yield higher prices; the increase is 

predictably greater during the periods with higher electricity demand.  However under the 

three sensitivity cases with higher demand, the USEP is still below vesting price for quite 
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1.6.2. Sensitivity to delayed planting 

This sensitivity analysis explores the impact of delays or cancellations in the assumed 

generation planting schedule.  As the SembCorp CCP3 and Tuas Tembusu expansion 

are already commissioning, they are unlikely to be delayed beyond 2016.  For the other 

plants that plan to come on-stream in 2015/2016, they may be delayed.   

Table 3:  Assumed planting schedule in 2015-16  

Unit Capacity (MW) Commercial operation 
date 

Status 

Shell (embedded 
generation) 

67.8 
April 2015 Under construction 

SRC (embedded 
generation) 

42.0 
Q1 2015 Under construction 

SRC (embedded 
generation) 

42.0 
Q2 2015 Under construction 

Tuaspring CCGT 411 Q2 2016 Under construction 

We ran two associated sensitivity cases:  one on the embedded generation units (i.e. 

Shell and SRC units) being delayed beyond the end of the forecast horizon (i.e. Q4 2016) 

and the other on both the embedded generation units and Tuaspring CCGT being 

delayed beyond Q4 2016.  Figure 9 shows the associated impact of the two cases on 

average USEP.  

Figure 9:  Sensitivity analysis for delays in plant additions 
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Due to the current market conditions with over-supply, the effect of the unavailability of 

these two units is relatively limited, even in the unlikely case that both units are delayed 

beyond the forecast horizon.  

1.6.3. Sensitivity to delayed planting and higher load growth 

For the extreme case of higher demand growth (1.5 percent per quarter) and delayed 

planting (both embedded generation and Tuaspring), the forecast USEP price is still more 

than S$ 20/MWh lower than the Vesting price in most of the months in 2015-16. 

Figure 10:  Sensitivity analysis for higher demand and delays in plant additions 
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We formulate the market supply and demand situation using the ratio of the net load and 

net capacity of the dominant Gencos16.  With the assumption that all steam units are 

retired in January 2015, the average net load/net capacity ratio in 2015-16 is increased 

from 0.41 under the base case to 0.54, which is close to 2010-12 period (Figure 11).  

Although the market tightness increases to similar level seen in 2010-2012, the forecast 

market prices in 2015-16 are only increased by S$ 3-17/MWh from the base case, and 

they are still less than the vesting price.  This is because there is no shortage of gas 

supply in 2015-16, unlike in 2010-12 when the market experienced gas shortages and the 

Gencos bid up their marginal cost of CCGT to that of oil-fired steam units. 

Figure 11:  Supply and demand situation with and without retired steam units 

 

                                                 

16  Details are discussed in section 3.2.2. 
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Figure 12:  Sensitivity analysis for retirement of steam units 
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2. MARKET POOL PROJECTION 

This section describes the assumptions and methodology that underpin the projection of 

generation quantities and energy prices.  Our modelling forecasts market prices by 

dispatching generation to meet load, with strategic bidding of Gencos (as discussed in 

Chapter 3).  The major forecast drivers are the assumptions with respect to generation 

capacity, the load forecast, ancillary service supply & demand, fuel prices and fuel 

availability. 

2.1. GENERATION 

Our approach to generation (and similarly matching capacity) has been to segment the 

generation / generating units into: 

 the major Gencos (Tuas, Senoko, Seraya, Keppel, SembCorp, PacificLight Power 

and Tuaspring); and 

 ‘fringe’ generators (including incinerators and the embedded generators). 

The focus of our historical analysis and projection is the first of these segments, as these 

represent the majority of generation and they are in all likelihood the entities who would 

exercise market power. 

2.1.1. Capacity in January 2014 

Table 4 summarises the existing gross capacity available in the market based on data 

provided by EMA.  “Fringe” capacity includes incineration and embedded generation 

capacity.  

Table 4:  Existing gross registered capacity (MW, January 2014) 

Company  Steam CCGT OCGT Other Total 

Seraya 1,448 1,472 180  - 3,100 

Senoko 493 2,807 -  - 3,300 

Tuas 600 1,440  - 101 2,141 

SembCorp  - 785  -  - 785 

Keppel  - 1310  -  - 1310 

Fringe*  - -   - 672 672 

Total 2,541 7,814 180 773 11,308 

Source:  EMA; TLG analysis 

Note:  * Includes the incineration and embedded generation capacity 

To account for the auxiliary and station own-use, we discounted these gross capacities 

based upon historical averages. 
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2.1.2. Changes to capacity 2014 – 2016 

On top of this existing base capacity, we have accounted for additional re-powering, 

additions, and retirements consistent with information provided by EMA.  Table 5 details 

the capacity change by unit.  Table 6 summarises the quarterly changes from Q1 2014 

through Q4 2016.
17

      

During the forecast horizon, the output of units located in Jurong Island in general, and 

the Tembusu block in particular, is limited by transmission constraints.  We incorporated 

these limitations by treating Singapore as three separate zones connected by constrained 

transmission links. 

Table 5:  Projected commercial operating date (COD) of new capacity by unit  

Company  Plant Type 
Capacity Change 

(MW) 
Month Year 

PacificLight Power  CCGT 400.0 January 2014 

PacificLight Power  CCGT 400.0 February 2014 

Tuas CCGT 405.9 April 2014 

Tuas Coal and biomass 32.5 May 2014 

SembCorp CCGT 400.0 August 2014 

Soxal Steam 5 Q4 2014 

SLNG CCGT 15.6 Q4 2014 

CGNPC CCGT 9.9 Q4 2014 

Biofuel Industries Other 9.9 Q4 2014 

Shell 
Embedded 
Generation 

67.8 Apr 2015 

SRC 
Embedded 
Generation 

42.0 Q1 2015 

SRC 
Embedded 
Generation 

42.0 Q2 2015 

Tuaspring CCGT 411 Q2 2016 

 

  

                                                 

17  QUAFU is built around a quarterly representation of the load duration curve.  Accordingly, we have adjusted the 

timing of all capacity changes to coincide with the beginning of the closest quarter.  
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Table 6:  Projected quarterly capacity (MW) changes according to commercial operating date 

Company  Q1 2014 Q2 2014 Q3 2014 Q4 2014 Q1 2015 Q2 2015 Q2 2016 

Tuas  - 438.4 - - - - - 

SembCorp - - 400.0 - - - - 

Tuaspring - - - - - - 411.0 

PacificLight 800.0 - - - - - - 

Fringe* - - - 40.4 42.0 109.8 - 

Total 800.0 438.4 400.0 40.4 42.0 109.8 411.0 

Source:  EMA and TLG analysis 

Note:  * Includes all embedded generation capacity  

2.1.3. Historical generation 

For the historical analysis, we used IEQ reports, representing net injection in MWh, to 

form a historical picture of half-hourly generation quantities from each station.   

Auxiliary & station own-use 

Generation returns were used to develop a picture of the historical auxiliary and station 

own-use by each unit.  The average figure between January 2013 and December 2013 

for auxiliary and station own-use were about 2.6 percent for CCGT and 5.9 percent for 

steam plants. Our analysis replicates supply and demand on a net basis, after deducting 

generation for auxiliary and station-own use.   

Availability and fixed generation 

We used IEQ generation data, AGOP maintenance data, and forced outage records to 

build up a half-hourly generation and available capacity series.  

For the fringe generators (the incineration and embedded generation plants), they are 

assumed to generate and operate in the same manner in 2015-2016 as their observed 

generation from April 2009 to March 2014 presented in the IEQ reports.  Similarly, we 

assumed that new fringe units will operate in a same manner to existing units of the same 

type.    

2.1.4. Generating unit parameters 

Table 7 summarises average heat rates and variable operation & maintenance (VOM) 

assumptions for 2013.  
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Table 7:  Average heat rates and VOM by company 

Company 

 

Heat Rate (GJ/MWh) 
VOM in 2012 

($/MWh) 

Seraya Steam 10.2 4.4 

 

CCGT 7.6 6.7 

 

OCGT 16.4 3.6 

Senoko Steam 10.6 4.4 

 

CCGT 7.8 6.7 

 

OCGT 16.4 3.6 

Tuas Steam 10.4 4.4 

 

CCGT 7.6 6.7 

SembCorp CCGT 7.6 6.7 

Keppel CCGT 7.6 6.7 

Newly committed CCGTs CCGT 7.1 6.7 

Source:  EMA and TLG analysis 

We assumed the same heat rate will be applied for the projection horizon.  For the 

variable operations & maintenance costs (VOM), we assumed 6.7 SGD/MWh for CCGT 

plants, and 4.40 SGD/MWh for steam units.  

2.2. HISTORICAL AND FORECAST LOAD  

We adopted EMA’s internal load forecast, which is a projection of historical system 

demand.  These data are based on gross generation returns and include distribution 

losses, transmission losses, station load, gross generation from the EGs (including their 

own consumption) and only the legacy set for Exxon-Mobil.  It does not include the other 

legacy EGs of Shell, Elba, etc.   

In our market modelling, we simulated only the centrally-dispatched entities 

corresponding to the IEQ data.  Accordingly, we subtracted off an allowance for the 

generation from the legacy ExxonMobil unit (118.17 MW).  We then netted off the 

average fleet-wide auxiliary use (Figure 13).  This resulted in a revised average net 

demand illustrated in  

Table 8.   
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Figure 13:  Understanding different sources of load data  

 

 

Table 8:  Gross and net electricity demand from Q1 2015 to Q4 2016 

  Gross demand (GWh) Net demand (GWh) 

Q1 2015  11,605 

Q2 2015  12,286 

Q3 2015  12,364 

Q4 2015  12,143 

Q1 2016  12,114 

Q2 2016  12,790 

Q3 2016  12,897 

Q4 2016  12,630 

2015 51,270 48,398 

2016 53,385 50,432 

Source:  EMA and TLG analysis 
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The load-duration curves in Figure 14 illustrate that the seasonal shape is relatively similar 

from year-to-year.  The load ratio used to define the load-duration curves is the ratio of 

the load in each half hour to the average load for the respective year.  Normalising in this 

fashion allows for comparisons across different years.  Because of the stability of the load 

shape, the projected profile of demand can reasonably be based on the 2013 load shape.  

Thus, the projected half-hourly profile is the 2013 half-hourly profile, adjusted by the day 

profiles each year in 2015-2016.   

Figure 14:  Load-duration curves for 2010-2013 

 
Source:  EMA; TLG analysis  
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We assumed that the plants’ existing characteristics (i.e. supply limit, reserve proportion 

and reserve effectiveness) will still apply in the forecast period, while future capacity 

additions will exhibit characteristics similar to the existing plants with the same type of 

technology.   

For ancillary service demand, we assume that the reserve and regulation demand will not 

grow in our forecast period, and the demand for ancillary services (primary, secondary, 

contingency reserves and regulation) in 2015-2016 is assumed to be equal to the average 

demand from Q2 2009 to Q1 2014.   

2.4. FUEL FORECAST 

The key components of the fuel forecast are fuel prices, availability and minimum take-or-

pay constraints, which together influence the SRMC/LRMC18 ratio.  The relative fuel 

prices translate into SRMCs based on the heat rates of the various conversion 

technologies and the shadow prices of different fuels.  Whilst strategic bidding may 

influence the general level of electricity prices, the relative fuel prices are key drivers of 

the differences in SRMCs that largely determine dispatch. 

Gas quantity constraints associated with take-or-pay contracts represent a secondary 

consideration.  These gas constraints may cause the shadow price of the gas to differ 

from the contract price.  In that event, the SRMCs that Gencos use to develop their 

bidding strategies should reflect these shadow prices, rather than the contract prices.19    

2.4.1. Prices 

We use futures price as the basis for setting expectations of future spot prices.  This is a 

widely-accepted practice, at least for relatively short forecast horizons.  For longer-term 

forecasts, other issues arise – namely the liquidity of the futures contracts and the 

magnitude (and sign) of risk premiums implicit in these futures prices.  Nonetheless, 

these issues are insignificant over our 3 years’ forecast horizon.  Moreover, to the extent 

that there do exist liquidity biases or risk premiums, they would affect USEPs and the 

LRMC on an essentially commensurate basis.  So they are irrelevant to our analysis of 

the comparison between USEP and LRMC. 

Brent is widely recognized as a global crude benchmark, and it has a liquid and 

transparent forward market.  Accordingly, we used the Brent forward prices on 24
th

 June 

2014 as its future prices and our basis of other fuel prices forecast.  Figure 15 shows the 

historical spot prices and our forecast based on futures prices on 24
th
 June 2014.  

                                                 

18  Short-run marginal cost/long-run marginal cost. 

19  In practice, Gencos do not typically base bid prices on the shadow price of gas.  Instead, they set bids relative to 

the perceived competition so as to achieve capacity factors that realise their target gas burns.  Nonetheless, 

while this thought process is different, the end result is functionally equivalent – bids are set so that the Gencos’ 

gas burns meet their quantity constraints.  
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Figure 15:  Brent historical price and forecast price 

 

Historical and forecast key fuel prices are given in Figure 16.  More details are explained 

in the following sub-sections. 

Figure 16:  Historical and forecast fuel prices 
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All the fuel prices here are converted from US Dollars to Singapore Dollars using the 

exchange rate projection as discussed later in this section.  To get the delivered fuel 

prices used for dispatch, we add small transport differentials to the commodity price 

forecast. 

LNG  

In Asia Pacific, long-term LNG contracts are usually indexed to JCC prices (Japan 

Customs Cleared).  We understand that the LNG aggregator in Singapore (BG) indexes 

its LNG contracts with the Gencos to Brent.  We used a specific price relationship that is 

consistent with the underlying contracts, yielding an LNG price in US$/MMbtu.  We then 

converted the LNG price in US$/MMbtu to S$/GJ and added a regasification cost to 

reflect the regasified LNG price.  In addition, we back-tracked historical LNG prices for 

comparison by assuming that the LNG formula applies historically.   

HSFO 

HSFO is a product from refineries (which used crudes as feedstock), and thus its absolute 

price is closely correlated with crude prices.  After analysing the historical trend of the 

HSFO 180 CST/Brent ratio, we have concluded that the ratio is slowly trending up, rather 

than reverting to its historical long-run average.20  Given these observations, we used an 

average per GJ price ratio of HSFO 180 CST/Brent (0.87) as the base.  We also assumed 

that this 0.87 ratio would stay constant through the forecast horizon, from which we 

projected fuel oil prices based on future Brent prices.  We then applied a delivery charge 

to historical and projected HSFO prices. 

We also accounted for environmental constraints that force the Gencos to burn lower-

sulphur fuel oil.  These constraints differ by Genco and unit.  Low sulphur fuel oil merits 

higher prices.  We assumed that the HSFO price as a function of sulphur content was 

linear in the price differential between 2 percent and 3.5 percent sulphur HSFO grades.  

As some low sulphur fuel oils may be imported, we have adjusted their transportation cost 

up to reflect the higher cost.   

PNG 

Projected PNG prices are calculated from the average HSFO price in the previous month, 

as given in Figure 16.  On a $/GJ basis, PNG is priced 10 percent higher than HSFO.  We 

then added a delivery charge to account for the average PNG transmission charge.   

Diesel 

Similar to fuel oil, diesel is a product from refineries that use crudes as feedstock, and 

thus its price is closely correlated with crude prices.  We have used the Singapore Gasoil 

0.5%s/Brent ratio (1.12) as the base to forecast diesel price.   

                                                 

20  The upward trend is likely due to the upgrading of refineries in the past decade, leading to less fuel oil 

production.  
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Foreign exchange 

For the future exchange rate of US dollar/Singapore dollar, we assume that it is the same 

as the latest traded exchange rate.  Figure 17 shows the historical spot exchange rate 

and our forecast. 

Figure 17:  US dollar / Singapore dollar exchange rate history and projection 
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3. MARKET POWER ANALYSIS 

Essentially all market price forecasting models estimate market-clearing prices by 

replicating the supply and demand balance.  Many such models assume that the 

underlying supply curve reflects the true marginal costs of generation.  In some markets – 

such as South Korea – Gencos must submit cost-based bids, so the “perfect competition” 

assumption is inherently appropriate.  In some other markets, there is arguably sufficient 

competition for this to be an adequate assumption.  In most energy-only markets like 

Singapore, however, strategic bidding by generators can significantly affect price.      

This section discusses the analytical underpinnings of our modelling with respect to 

market power modelling; the historical benchmarking required to estimate the key 

parameters, and the resulting projections.  

3.1. COURNOT STRUCTURE 

While there are many alternative game-theoretic models in existence, two types of 

models are most commonly used to model strategic bidding in the electricity industry: 

 Cournot; and 

 Supply Function Equilibrium (SFE). 

In its analytical form, our analysis is based on a Cournot model; however, our use of 

Cournot modelling is more closely aligned with the assumptions underlying SFE models.  

We will illustrate the structure using a simple example.  Figure 18 depicts the supply and 

demand intersection associated with a perfectly competitive market outcome.  In this 

example, there are five competitors, each having an identical marginal cost supply curve.  

The solution is given by the intersection of the aggregate supply curve and the demand 

curve – as shown by the blue dot.   
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Figure 18:  Perfectly competitive market outcome  

 

Both game-theoretic models rely on the central idea of a bid curve – a description of the 

offered quantity as a function of the market price.  Such bid curves are used commonly in 

many markets.  The 10-step bid curve used in Singapore is a typical market mechanism.  

In the perfectly competitive example – in which there is no strategic gaming – the bid 

curve for each competitor would simply equal its underlying marginal cost curve. 

By contrast, the game-theoretic models assume that each generator forms its bid curve 

so as to maximise its profits, given some view of competitors’ behaviour.  The two models 

primarily differ in terms of the assumptions made with respect to competitors’ behaviour.    

3.1.1. Traditional Cournot  

The traditional Cournot model begins by assuming that demand is price-elastic.21  In the 

simple example of Figure 18, this elasticity is shown by the fact that the demand curve is 

not strictly vertical.  Each competitor is then assumed to form a bid curve that consists of 

a defined quantity of output.  Each competitor sets its defined quantity so as to maximise 

its profit, subject to the quantities set by all of the remaining competitors.  The existence 

of forward contracts mitigates the extent to which competitors can profit from strategic 

bidding, and therefore reduces the divergence between the purely competitive solution 

and the Cournot outcome.  For this simple example, we have assumed that there is no 

forward contract cover. 

                                                 

21  Without this assumption (or an explicit price cap), the optimal solution would simply be to withhold enough 

generation so as to cause a shortage and drive the price to infinity.  
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Figure 19 displays the resulting solution.  The dashed line shows the residual demand 

that each competitor would face if the other competitors continued to generate at the 

1000 MW level in the perfectly competitive solution.  The optimal strategy for each 

competitor, however, would be to reduce its output level.  Accordingly, once we account 

for the competitors’ lowered offer quantities, the residual demand curve shifts to the right.   

Figure 19:  Traditional Cournot model outcome  

 

The optimal strategy for each competitor is to maximise its profit, subject to this residual 

demand curve – as shown by the shaded trapezoid.  The red dot shows the resulting 

Cournot solution.   

3.1.2. Supply function equilibrium (SFE)  

The SFE formulation for this example is largely similar.  The key difference involves the 

form of the bid curve.  Whereas the Cournot model assumes that the bid quantity for each 

competitor is fixed, the simplest SFE formulation assumes that each competitor’s bid 

curve is a linear function of price and optimises to find the respective linear forms that 

maximise each competitor’s profits, given the profit-maximising actions of its 

competitors.22  Figure 20 shows the resulting solution. 

                                                 

22  The SFE formulation allows considerable flexibility in the specification of the bid curve.  For the simple case of a 

linear marginal cost function and no capacity constraints (as in this example), a linear bid curve yields a unique 

optimum.  Furthermore, in the presence of stochastic demand shocks, the linear bid curve yields a weakly stable 

solution, whereas bid curves that depart from linear form are unstable.  
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Figure 20:  Supply function equilibrium outcome  

 

Once again, the dashed line shows the residual demand that would arise if all competitors 

still generated at 1000 MW.  In this case, however, the effect of strategic bidding – by 

causing each competitor to adopt an upward-sloping bid curve – is not only to shift the 

residual demand curve, but also to change the underlying slope.  In the Cournot case, the 

slope of the residual demand curve was solely due to demand elasticity.  In the SFE case, 

the slope of the residual demand curve reflects both demand and supply elasticity. 

Once again, the firm’s optimal generation level maximises its profit.  The lower slope of 

the residual demand curve, however, results in an optimal generation quantity that is 

much closer to the perfect competition result.  The red dot again shows the resulting 

solution.   

3.1.3. QUAFU Cournot  

The Cournot formulation is quite robust.  As long as there is some underlying demand 

elasticity, there will be a unique solution.  The problem, however, is that actual market 

outcomes do not seem to conform to the predicted prices and quantities.  In general, 

Cournot solutions predict quantities that are too low and prices that are too high. 

By contrast, SFE models predict outcomes that are more consistent with actual market 

results.  But the models are not as consistently analytically tractable.  In particular, step-

function supply curves and quantity constraints cause problems.  In some cases, 

equilibrium solutions do not exist.  In other cases, there may be an infinite number of 

alternative solutions.  Even in cases where unique equilibria exist, the solution may be 

unstable.   

0

50

100

150

200

250

300

0 200 400 600 800 1000 1200 1400 1600

Single Firm Generation (MW)

P
ri

c
e

 /
 C

o
s

t 
($

/M
W

h
)

Single Firm 

Supply 

Residual 

Demand

Market 

Price

Single Firm 

Generation

Shifted 

Residual 

Demand

Profit



Review of Vesting Contract Level for 2015 and 2016  
 
 
July 2014  
 

 
 

Revised Draft Report   Page 32 

 

Our QUAFU Cournot model attempts to combine the best attributes of each approach.  

We use the mathematical structure of the Cournot model,23 which guarantees a robust 

solution – but we use a residual demand curve that has the significantly lower slope 

associated with the SFE model, which provides a more accurate forecast of actual prices 

and quantities.   

We estimate the associated slope coefficients from historical data.  For example, in this 

case we would use the observed market outcome – optimal generation quantity and 

market price – to determine the underlying slope of the residual supply curve.  The 

Cournot model that yields this solution will have a slope coefficient that precisely matches 

the slope of the residual demand curve for the SFE solution.  

The relative magnitude of generation and contract cover levels has a significant effect on 

strategic bidding incentives.  This section attempts to lay out the basic concepts in a 

visual format.  Figure 21 depicts a hypothetical bid function for a generator, on the 

assumption of perfect competition.  The bid curve consists of three steps, corresponding 

to CCGTs burning PNG, steam units burning HSFO, and GTs burning diesel.  The steps 

correspond to the capacities and dispatch costs for each block.  Note that – in contrast to 

a usual supply (or merit order) curve – the quantity offered is a function of the spot price.      

                                                 

23  Our QUAFU Cournot framework does incorporate one nuance not in the usual Cournot formulation.  We 

assume that demand is essentially inelastic in the short run.  Accordingly, we assume that all of the elasticity in 

the residual demand curve is driven by the supply elasticity of other competitors.  We then constrain the 

resulting solution to require that the total generation equal the exogenously-specified load.  In other Cournot 

models, this constraint is only guaranteed to hold via appropriate setting of the input parameters.      
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Figure 21:  Bid curve under perfect competition  

 

Each market participant will have a corresponding offer curve.  The spot price is 

determined by the point at which the aggregate offer curve intersects total demand.  Each 

competitor’s market-clearing generation level is then determined by the intersection of this 

spot price with its own offer curve.  Under the assumption of perfect competition, the spot 

price in this example is $250/MWh; consistent with its offer curve, the Genco generates 

1400 MW. 

If Gencos have the ability to exercise market power, then they have an incentive to 

withhold capacity so as to elevate the market price.  By withholding capacity, they forego 

a margin on incremental volumes.  Conversely, these higher market prices yield large 

margins on their existing generation quantities.  The bid curve for each market participant 

balances these two opposing forces.   

Our Cournot modelling assumes that each competitor faces a residual demand curve that 

is implied by the aggregation of every other competitor’s bid curve.  The shape of the 

residual demand curve is largely determined by the underlying capacities and marginal 

costs of each unit.  In addition, however, the residual demand curve has a slope (defined 

as $/MWh change in spot price per MW of offered generation).  We estimate the slope for 

each settlement period from our analysis of USEPs and SRMCs over a historical 

calibration period.   
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Figure 22 depicts the effect of the slope in the residual demand curve on the optimal bid 

curve for each competitor.  The offer curve essentially consists of an infinite number of 

offer pairs, each of which is a given quantity at some price.  Increasing the offer price for 

any offer has two impacts on profitability:  (1) it increases the margin on each generated 

MW; and (2) it reduces the market-clearing generation level (and thereby total profits), 

due to the slope of the residual demand curve.  The optimal bid curve balances these two 

effects.  Note that while QUAFU works by optimising each Genco’s profit simultaneously, 

the form of the solution is exactly as portrayed in these figures.24   

Figure 22:  Bid curve with strategic bidding 

 

                                                 

24  The simultaneous profit optimisation problem in the presence of a linear residual demand curve can be 

structured as a quadratic programming (QP) problem – which is what QUAFU solves.  The first-order conditions 

associated with this QP give rise to an equivalent linear complementarity problem (LCP).  These simple 

diagrams depict the underlying solution of the equivalent LCP.  
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If we assume that the slope parameter for any settlement period is a constant, then the 

optimal bid curve equals the underlying SRMC curve shifted to the right by an amount 

that is strictly proportional to the offered generation quantity.25,26  If we assume that all 

competitors have similar offer curves, then the shift in the curve for each competitor 

affects the equilibrium spot price – but not the market-clearing generation level for each 

competitor.  Given the assumed slope parameter for the residual demand curve, the spot 

price in this example with strategic bidding increases from $250/MWh to $530/MWh.   

The prior analysis of strategic bidding assumes no contract cover – accordingly, an 

increase in the spot price creates an increased margin on every MWh generated.  If the 

generator has contract cover in the form of vesting, wholesale, or retail contracts at fixed 

prices, then the effective margin on these volumes would be fixed, regardless of the spot 

price.  The fact that the margin on these hedge volumes is fixed changes the optimal 

balance between the two impacts on profitability discussed previously.  An increased 

price would still reduce quantity (and incremental profits) just as much as before, but it 

only improves the margin on the net generation quantity (i.e., generation level net of 

contract cover).   

Figure 23 shows the resulting optimal bid curve.  The entire offer curve now shifts to the 

left by a distance that is proportional to the hedge quantity (as shown by the dashed 

green line).  For the case in which the entire generation quantity of 1400 MW is backed by 

contract cover (and all competitors are similarly covered), the shift completely offsets the 

impact of strategic bidding – leaving the spot price unchanged at $250/MWh.  This is 

consistent with the intuitive notion that a fully-hedged generator has no incentive to 

exercise market power.      

                                                 

25  At first glance, it would appear unreasonable to assume that the slope of the residual demand curve – which is 

directly related to the ability of market participants to exercise market power – is a constant, regardless of the 

load level.  It seems more natural to assume that the slope should be higher at higher load levels.  The analysis 

of the impact of market power, however, is really governed by marginal changes in bidding strategy, given the 

load level for that half hour.  Since we change the slope as a function of the assumed load level in each half 

hour, the effective slope does, in fact, change as a function of the load level.  The constant assumption merely 

allows us to depict the relationships in visual fashion.  

26  Given these assumptions, the form of the optimal bid curve becomes a continuous, kinked set of sloped and flat 

line segments.  In practice, bidders must specify a 10-step curve.  We can therefore consider these 10-step 

curves as approximations to an underlying family of these kinked curves associated with different expected 

demand levels (and associated slope parameters).   
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Figure 23:  Effect of two-way contract cover  

 

Note, however, that at higher generation levels, the generator is less than fully hedged 

(and at lower levels is less than fully hedged).  These higher or lower market-clearing 

generation levels would arise if all other generators were not similarly fully hedged.  

Accordingly, it follows that the failure of any one competitor to be fully hedged may cause 

adjustments in its underlying offer curve that affect the spot price and generation levels 

for all other competitors.  Thus, the incentives for any one competitor – and the resulting 

market-clearing solution – are a function of the hedge positions for all players. 

3.2. HISTORICAL BENCHMARKING 

Unlike the SFE formulation – in which the residual demand curve for each competitor is 

determined endogenously – the QUAFU Cournot framework requires that we estimate the 

required slope parameters exogenously.  For this purpose, we fit the parameters to 

historical data.  For our calibration exercise, we used Q2 2009 through Q1 2014 as the 

base period. 

The parameters implied by this historical analysis should allow us to make accurate 

predictions about future price levels under future competitive conditions that resemble 

those in the base period.  As we project across time in different scenarios, however, 

future competitive conditions will look quite different from those in the base period.  This 

requires that we have a mechanism to adjust the parameters to account for the underlying 

changes in competitive conditions.  
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3.2.1. Price/cost mark-ups 

To initiate the calibration exercise, we ran QUAFU assuming that all competitors are 

strictly price-takers – in other words, that their bid curves equal their marginal cost curves.  

The resulting forecast yielded a separate price for each of the 87,600 half hours in the 5 

year calibration period.        

3.2.2. Net load/capacity analysis 

Both theory and intuition suggest that the mark-up of price over cost should increase as 

the market becomes more concentrated.  For example, in the equilibrium solution for a 

Cournot oligopoly, the Lerner Index – which is defined as the ratio of market price to 

marginal cost – is proportional to the industry HHI.  Accordingly, we attempted to explain 

the USEP/SRMC ratios in terms of a measure of industry concentration.   

In order to be a useful predictor, the measure should respond to changes in the market 

shares of the dominant firms.  But the overall load/supply balance is another key driver of 

market prices.  Price spikes tend to occur when operating margins are low.  Accordingly, 

we wanted to use a measure that would incorporate the effects of changes in load/supply 

balance, in addition to changes in market concentration.  Since the three dominant 

Gencos are really the entities most likely to exercise market power, we focussed on a 

measure that would most directly characterise their ability to exert market power. 

In the past, we have used a measure equal to the net load (total load, net of embedded 

generation and station own use) to the residual capacity (total capacity less the capacity 

held by the largest competitor).  This ratio is essentially the inverse of the residual supply 

index, which was used extensively during investigations of market power abuse in 

California and in the EU Sector inquiry.  In this Vesting Contract analysis, we departed 

slightly from this approach for two reasons: 

1. We had accurate information on the historical availability and generation of each 

generating unit.  Given this information, we could eliminate the proportion of the 

load and capacity associated with those generators who would be unlikely to 

exercise market power; and   

2. The three dominant Gencos are of similar size, so deducting the capacity of the 

largest Genco from the capacity total does not usefully change the relationship 

implied by the resulting measure.  

Accordingly, we used a simpler measure – the ratio in each half hour of the load met by 

the three dominant Gencos to the sum total of their available capacity.  We term this the 

“net load/capacity” ratio.  For each of the half hours during the 5 year calibration period, 

we determined the net load from the IEQ data, by subtracting out the generation supplied 

by Keppel, SembCorp, PacificLight and the various smaller fringe generators.  Similarly, 

we estimated the available generation using the IEQ data, maintenance schedules, and 

forced outage data.  This analysis yielded net load/capacity ratios for each half hour for 

the three dominant Gencos. 
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We then matched these net load/capacity ratios with the USEP/SRMC ratios from our 

price/cost mark-up analysis.  Next, we sorted the data points in terms of the net 

load/capacity ratio and grouped the observations into batches of 48 data points each.  For 

each batch, we calculated the average USEP/SRMC and net load/capacity ratios. 

The scatterplot clearly suggests that the USEP/SRMC ratio is an increasing function of 

the net load/capacity ratio – but the relationship is quite noisy, for two main reasons.  

First, electricity market prices are highly volatile and vary for reasons that are not always 

traceable to fundamental drivers.  Second, our SRMCs are simply estimates, based on a 

large number of input assumptions and our QUAFU modelling.27  Nonetheless, the 

overall relationship is undeniable.   

We developed an underlying quantitative relationship for the average USEP/SRMC ratio 

via the following logic.  We split the overall range into separate regions and developed a 

linear regression (i.e., a simple trend line) for each region.  We chose the region 

boundaries so that the ends of the regression lines formed a smooth function.  This logic 

yielded distinct three regions.   

3.2.3. Model calibration 

We used this postulated relationship as the basis for our calibration of the parameters in 

our Cournot model.  These parameters are conceptually quite simple.  In each half hour, 

we assume that the residual demand curve facing each Genco is linear with a common 

defined slope (which is denominated in $/MWh per MW of overall generation).  The 

greater the slope, the greater is the incentive to exercise market power.  A slope of zero 

yields a perfectly competitive outcome – i.e., one in which the USEP/SRMC ratio equals 

one. 

For the off-peak region, our postulated USEP/SRMC ratios is often less than or equal to 

one – due to the fact that our modelling of operating constraints is not sufficiently precise 

to accurately estimate true SRMCs (including the shadow prices of all operating 

constraints) under off-peak conditions.  Accordingly, for all half hours whose net 

load/capacity ratios fall in this range, we simply effect a post-processor adjustment.  We 

assume that the USEP/SRMC ratio follows the relationship described in Section 3.2.2, 

thereby guaranteeing that the average forecasted USEP for the half hours in each region 

will precisely match the actual average USEP. 

                                                 

27  In particular, QUAFU dispatches units based on the opportunity cost of fuels.  The opportunity cost of natural 

gas before the start-up of the LNG terminal during the calibration years was set by the shadow price of the PNG 

contract constraints.  We assumed that constraints, when binding, were based on the actual gas usage in a 

given quarter.  In fact, the gas contracts give Gencos some flexibility to accelerate or bank gas takes that we did 

not incorporate into our modelling.  Accordingly, our simpler modelling structure undoubtedly introduced error 

into our estimates of opportunity costs.  
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For USEP/SRMC ratios greater than one, the underlying Cournot theory dictates that – all 

other things being equal – the price/cost mark-up will be proportional to the slope of the 

underlying demand curve.  Since the price/cost relationship is assumed to be piece-wise 

linear in the net load/capacity ratio, this suggests that the associated slope parameters 

should also be a piece-wise linear function of the same ratio.  Accordingly, our calibration 

process consists of finding the two parameters defining this piece-wise linear function that 

yield forecast USEPs that – on average – equal the average USEPs in each region.   

To perform this calibration, however, we must account for the impact of forward 

commitments associated with Vesting Contracts and retail sales.  In each half hour, we 

estimated the hedge quantities (extent to which generation is covered by forward 

contracts) for each Genco.  The hedge (or contract cover) quantities act to mitigate the 

incentive to exert market power by raising price.  As the hedge quantity approaches the 

generation quantity, a generator’s bid curve approaches its marginal cost curve.  If the 

hedge quantities match the generation quantities for all competitors, then the resulting 

price forecast approaches a perfectly competitive SRMC outcome. 

The contract cover providing this hedge capability consists of two sources:  generation 

Vesting Contracts and retail contracts with contestable customers.  The generation 

vesting quantities are fixed amounts, based on projected load and each Genco’s licensed 

capacity.  The retail contract quantities are determined by actual sales.  To some extent, 

however, the retail contracts are also hedged by the Vesting Contracts; this retail vesting 

proportion (the “”vesting hedge proportion”) must be netted out of the retail contract 

quantities.   

For a variety of reasons, however, the retail contracts themselves do not provide a 

complete hedge.  In other words, we cannot count every MWh of retail sales as providing 

a MWh of contract cover.  Some small proportion of the retail contracts are based on 

floating or indexed prices, rather than fixed prices – and thereby do not provide a 

complete hedge.  When contracts “churn” – that is, when they end and are renewed – 

they are signed at prices tied to then-prevailing expectations, which means that they do 

not provide a perfect hedge with respect to expectations at an earlier time.  Lastly, the 

imperfect correlation between the retail sales and the generation hedge quantities means 

that, in accordance with standard hedging theory, the retail sales are less than perfect 

hedges.  In recognition of these factors, only a fraction – which we assume to be 80 

percent – of the retail sales qualify as hedge quantities. 

The resulting hedge quantities are defined as follows: 

   = Total hedge quantity 

   = Generation Vesting Contract quantity 

   = Retail sales quantity 

   = Share of retail load acting as hedge quantity 

   = Share of retail load backed by retail Vesting Contract 
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For the historical calibration period, we had available the actual generation Vesting 

Contract and retail sales quantities.   

3.3. FORECAST PROJECTION 

The calibration exercise yielded residual demand slope coefficients for each half hour 

from Q2 2009 through Q1 2014.  For our 2015-2016 forecast, we estimated the net 

load/capacity ratio for each half hour and calculated the associated residual demand 

slope coefficients using the same piece-wise linear relationship.   

We then estimated the hedge quantities in each half hour, using logic that largely parallels 

the calculations in Section 3.2.3.  In this case, however, we had to forecast the generation 

hedge quantities, retail sales quantities, and vesting hedge proportions.  For each day 

and period type combination for each quarter, we estimated the average load.  Based on 

the VCL and PWF, we then determined associated generation hedge quantities.  The 

generation vesting quantities for each Genco equal these generation hedge quantities 

times the projected capacity shares for each Genco in each month.   

The retail sales quantities are quite straightforward.  They equal the half-hourly load times 

the historical average retail shares for each Genco across the calibration period. 

The vesting hedge proportions follow the traditional Vesting Contract logic.  The 

contestable customer fractions are based on the 2013 quarterly fractions by day and 

period type.  Using these fractions, we calculated a total contestable load by day and 

period type for each quarter.  The retail hedge quantities equal the total contestable load 

times the VCL (adjusted by period for the PWF).  The vesting hedge proportion for each 

day and period type for each quarter is then the ratio of the retail hedge quantity to the 

contestable load. 28 

                                                 

28  Besides the typical vesting quantities derived from the setting of the VCL and PWF, LNG vesting contracts also 

need to be considered in the forecast period of 2015-2016.  The “LNG vesting contracts” were developed to 

reduce risk to LNG buyers, and those have started since Q3 2013.   The LNG vesting quantity (LVQ) is part of 

the total allocated vesting quantity (AVQ) given to Gencos, but it sets the lower limit for AVQ.  LVQ is allocated 

to each Genco equally across every half-hour.   
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APPENDIX A:  SIMULATION RESULTS 

 

Table 9 shows the simulation results for the impact of vesting contract level on average 

USEP as illustrated in Figure 4.   

Table 9:  Impact of vesting contract level on average USEP for retail cover at 80%, S$/MWh 

 
SRMC 40% VCL 30% VCL 20% VCL LNG VC 

Balanced 
VC Price 

Jan-15 162.6 163.4 164.6 168.3 171.1 205.2 

Feb-15 162.5 163.4 164.6 168.0 170.7 205.2 

Mar-15 163.4 164.8 166.7 171.6 175.5 205.2 

Apr-15 161.9 162.3 164.3 169.3 173.4 203.0 

May-15 161.7 162.1 164.0 168.6 172.3 203.0 

Jun-15 162.2 162.8 165.1 170.5 174.9 203.0 

Jul-15 159.4 160.0 161.8 166.2 169.9 201.1 

Aug-15 159.5 160.3 162.3 167.0 170.9 201.1 

Sep-15 159.4 160.2 162.0 166.6 170.3 201.1 

Oct-15 157.8 158.9 160.6 165.3 169.1 199.1 

Nov-15 157.5 158.6 160.1 164.5 168.1 199.1 

Dec-15 157.0 157.8 159.0 162.5 165.3 199.1 

Jan-16 155.9 156.8 158.7 163.2 166.9 197.5 

Feb-16 155.7 156.7 158.4 162.6 166.1 197.5 

Mar-16 156.7 158.3 160.7 166.4 171.1 197.5 

Apr-16 154.4 154.4 155.7 160.2 164.8 196.0 

May-16 154.4 154.4 155.7 160.1 164.4 196.0 

Jun-16 154.8 154.8 156.4 161.6 166.8 196.0 

Jul-16 152.9 152.9 154.2 158.4 162.5 194.6 

Aug-16 153.2 153.2 154.6 159.2 163.8 194.6 

Sep-16 152.9 152.9 154.1 158.2 162.2 194.6 

Oct-16 152.1 152.1 153.3 157.6 162.1 193.3 

Nov-16 151.8 151.9 153.0 156.8 161.1 193.3 

Dec-16 151.2 151.2 152.1 154.8 157.9 193.3 

 


