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Disclaimer: 

 

The information in this document is subject to change and shall not be treated as 

constituting any advice to any person. It does not in any way bind the Energy 

Market Authority to grant any approval or official permission for any matter, 

including but not limited to the grant of any exemption nor to the terms of any 

exemption. The Energy Market Authority reserves the right to change its policies 

and/or to amend any information in this document without prior notice. Persons who 

may be in doubt about how the information in this document may affect them or 

their commercial activities are advised to seek independent legal advice or any 

other professional advice as they may deem appropriate. The Energy Market 

Authority shall not be responsible or liable for any consequences (financial or 

otherwise) or any damage or loss suffered, directly or indirectly, by any person 

resulting or arising from the use of or reliance on any information in this document. 
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ENHANCING THE SINGAPORE WHOLESALE ELECTRICITY MARKET 

FOR SUPPLY RELIABILITY, ECONOMIC EFFICIENCY  

AND FINANCIAL SUSTAINABILITY 

 

INFORMATION PAPER 

 

Introduction 

 

1 The Energy Market Authority (“EMA”) is the statutory board responsible for 

ensuring reliable electricity supply to all consumers in Singapore. In this regard, EMA 

will plan and ensure that there is sufficient generation capacity available to meet the 

electricity supply reliability standard (“Reliability Standard”). 

 

2 In 2003, EMA introduced the Singapore Wholesale Electricity Market (“SWEM”) 

to facilitate competition among power generation companies (“gencos”). The gencos 

compete in the SWEM to sell energy for each half-hourly trading period, by submitting 

price-quantity offers. The highest marginal offer (i.e., the offer that is required to meet 

energy demand) sets the spot energy price for a given period, providing competitive 

price signals to guide efficient consumption behaviour as well as investments in new 

generation capacity to meet the Reliability Standard.  

 

3 Currently the SWEM is designed as an energy-only market (“EOM”) (i.e., 

without any capacity payment), in which the gencos are remunerated primarily based 

on spot energy prices. This was the best practice adopted in the early 2000s by other 

established competitive electricity markets such as in Australia, New Zealand, the 

United Kingdom and the United States.  

 

4 The EOM, by design, provides short-term price signals to guide longer-term 

investments in generation capacity. Specifically, gencos make commercial investment 

decisions based on their own market outlook, including their projections of longer-term 

supply and demand conditions, and the corresponding spot energy prices. The 

experience in other jurisdictions with EOMs is that spot energy prices can be highly 

volatile and there is no assurance of adequate and timely investments in generation 

capacity to ensure electricity supply reliability.  

 

5 EMA has considered various market design options to ensure that the 

Reliability Standard can be consistently met in each year and in a manner that will be 

financially sustainable for investors. We have assessed that a forward capacity market 

(“FCM”), together with the current real-time spot energy market (with ancillary 

services), is the best market mechanism to achieve the following objectives: 

 

a. Maintain the Reliability Standard by providing adequate incentives to 

existing and new resources; and 

 

b. Maximise economic efficiency to minimise long-run costs to consumers. 
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6 This information paper sets out EMA’s assessment.  

 

Concerns with the Current SWEM 

 

7 In the current SWEM, gencos compete to be dispatched to generate electricity, 

by submitting price-quantity offers for each half-hourly trading period. The highest 

marginal offer required to meet electricity demand for each trading period will set the 

spot energy price. Typically, generating units with offers up to the spot energy price 

will be dispatched to generate and supply electricity to the grid, and they will be paid 

the prevailing half-hourly spot energy price for the electricity that they generate.  

 

8 Under the EOM design of the current SWEM, gencos rely primarily on the net 

spot energy market revenue (also referred to as the “spark spread” between variable 

cost and the prevailing spot energy price for electricity generated) to cover their capital 

and fixed operating and maintenance (“FOM”) costs. Gencos will make their own 

commercial decisions on whether and when to retire old capacity and invest in new 

ones, based on the potential to recover these costs, which in turn is guided by their 

outlook of electricity supply and demand as well as projections of the spot energy 

prices over the economic lifespan of the asset – that is, up to 25 years for a combined 

cycle gas turbine (“CCGT”) unit.  

 

9 To meet the Reliability Standard, the Singapore power system requires a 

minimum amount of spare generation capacity above peak demand, to cater for 

planned and unplanned outages of generating units in a given year – referred to as 

the required reserve margin (“RRM”).1 The actual reserve margin (“RM”) may be 

higher or lower than the RRM, depending on the summation of individual gencos’ 

commercial decisions to invest in new capacity or retire old ones in each year as well 

as the actual peak demand: 

 

a. As the RM tightens due to demand growth and/or generation capacity 

retirements, spot energy prices are expected to rise towards (and above) 

the long run marginal cost (“LRMC”)2. Thereafter, as lumpy new capacity 

enters the market, spot energy prices are expected to fall towards the 

prevailing short run marginal cost (“SRMC”) of producing energy. 

 

b. Over time, this translates to a generation capacity cycle (illustrated in Figure 

1) that causes the RM and spot energy prices to rise and fall in cycles that 

will affect supply reliability, price volatility and financial risk to both 

consumers and gencos. 

                                            

1  Given the characteristics of the Singapore power system, a RRM of at least 27% above system 
peak demand is needed to meet the Reliability Standard of no more than three expected Loss of Load 
Hours (“3 LOLH”) in each year. The RRM corresponding to 3 LOLH may vary over time as the power 
system’s generation fleet and load characteristics evolve. For more information, please refer to EMA’s 
Operating Reserve Policy at https://www.ema.gov.sg/System_Planning.aspx. 

2  The LRMC for a generating unit comprises capital, FOM and variable costs. 

https://www.ema.gov.sg/System_Planning.aspx
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Figure 1: Generation Capacity Cycle 

 
 

c. While high prices may eventually attract new generation capacity 

investments, there is no certainty that they will be adequate or timely, to 

maintain the RRM to meet the Reliability Standard in each year. One reason 

is that the construction lead-time is about four years for a new CCGT unit, 

and it is likely that the RM will fall below the RRM during this period. This 

would result in consumers suffering from unreliable electricity supply and 

high electricity prices, potentially for protracted periods. The sustained high 

prices may in turn attract over-investments in new generation capacity, 

resulting in another cycle of depressed energy prices and financial 

challenges for gencos. 

 

d. More renewable generation capacity is expected to enter the Singapore 

power system over time, especially solar which has zero marginal cost to 

produce electricity.3 While this is a positive step towards a cleaner energy 

landscape, CCGTs will continue to remain as the main technology for 

meeting baseload electricity demand in the foreseeable future. But CCGTs 

will face greater uncertainty in recovering their LRMC. The generation 

capacity cycle associated with the EOM, and its adverse impact on supply 

reliability, will be amplified as gencos would likely wait for prices to rise 

higher and over longer periods of time, before committing to investments in 

new CCGTs (refer to Figure 2). 

 

                                            
3  In Oct 2019, Singapore announced 4 switches as part of our Energy Story towards a cleaner, 
affordable and reliable energy landscape. These include: (a) more efficient power from diversified gas 
supply sources; (b) deploy at least 2 GWp of solar PV by 2030 with 200 MW of energy storage systems 
beyond 2025; (c) tapping on regional power grids; and (d) investing in emerging low-carbon alternatives 
such as carbon capture, utilization and storage (“CCUS”) and hydrogen. For (c), EMA is exploring the 
possibility of importing electricity through a trial via the existing interconnector with Peninsular Malaysia, 
starting with 100MW by 2021, to be increased to 200MW by 2022/23. 
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Figure 2: Generation Capacity Cycle with High Penetration of Solar Resources 

 
 

10 Today, spot energy prices are depressed due to over-supply, with a RM of 

about 70% as at end-2019 (refer to Figure 3). This arose from some gencos’ 

investment decisions, made around 2010, to increase CCGT capacity to run on 

regasified liquefied natural gas (“LNG”) and to meet their own bullish demand 

projections, which ultimately did not materialise.  

 

Figure 3: Historical Spot Energy Prices and Reserve Margin 

 
 

11 The COVID-19 pandemic has reduced electricity demand. However, when the 

economy recovers post-COVID-19, electricity demand is expected to normalise and 

start growing over the medium to long term due to new emerging electricity-intensive 

sectors such as data centres, electrification of vehicles, agri-technology and 5G 

telecommunications. Considering that about 2.8 GW of generation capacity is 

expected to retire or mothball over the next few years, new investments will need to 

take place to ensure sufficient generation capacity to meet the Reliability Standard. 

However, it is likely that these investments will neither be adequate nor timely, for the 

reasons set out above. 
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Options to Address the Limitations of an EOM 

 

12 Singapore is not alone in experiencing the limitations of an EOM. Other 

jurisdictions have faced or are facing similar challenges and have adopted or plan to 

adopt some measures to supplement their EOM. EMA has considered three main 

options: (a) Capacity Assurance Scheme (“CAS”); (b) Scarcity Pricing; and (c) FCM. 

 

CAS 

 

13 Under the CAS, EMA will call a competitive tender for new investments in CCGT 

capacity when the RM is projected to fall below the RRM in four years – this 

corresponds to the time needed to build a new CCGT unit in Singapore. The most 

competitive bid will be awarded a fixed-term contract, that guarantees payment at the 

tender price for electricity generated and sold by the new CAS-capacity.4 

 

14 While the CAS will ensure sufficient generation capacity to meet the Reliability 

Standard, it is susceptible to gaming and creates an unlevel playing field between new 

and existing capacity. First, as the CAS-capacity is guaranteed its awarded tender 

price, it will bid low to secure dispatch in the spot energy market, lowering the overall 

spot energy price. This will have an adverse financial impact on existing generation 

capacity that do not hold CAS contracts, that would deter market-driven investments 

from entering. Second, the existing gencos may game the system by bringing forward 

their plant retirement plans, in order to trigger EMA to conduct more CAS tenders.  

 

Scarcity Pricing 

 

15 Scarcity pricing entails raising the spot energy price via raising the spot energy 

price cap and/or administratively determined price-adders when the real-time 

operating RM tightens.  

 

16 Scarcity pricing mechanisms have been implemented in other jurisdictions, 

such as Texas and New Zealand. Such mechanisms enhance the short-term pricing 

signal. However, the experience in these jurisdictions is that this results in higher spot 

energy price volatility, with little certainty of adequate and timely investments. 

 

FCM 

 

17 The FCM is a competitive auction that is held annually to procure sufficient 

generation capacity to be available to meet the Reliability Standard in a future delivery 

year. Different capacity resources (including new, existing, thermal, renewable and 

                                            
4  This fixed term contracts to be awarded under the CAS are similar to the Vesting Contracts 
(“VCs”) which EMA introduced in 2004 to control market power. The key difference is that the VC price 
is administratively determined based on LRMC, and the contract quantities are allocated among the 
incumbent gencos to remove their incentives to unilaterally exercise market power to drive up spot 
prices in the SWEM. EMA has phased out VCs since Jul 2019. 
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demand response) compete by offering capacity prices. The highest marginal offer 

price required to meet capacity demand in the delivery year will set the FCM clearing 

price (“FCM Price”). Typically, resources with capacity offers up to the FCM Price will 

be cleared in the auction and are subject to capacity supply obligations (“CSO”) for 

availability in the delivery year. In return, these cleared resources will receive the FCM 

Price in the delivery year, with penalties if they fail to fulfil the CSOs. 

 

18 The FCM is intended to complement the existing spot energy market to achieve 

the following objectives: (a) maintain the Reliability Standard by providing adequate 

incentives to existing and new resources; and (b) maximise economic efficiency to 

minimise long-run costs to consumers. The FCM achieves these objectives by 

promoting competition among new, existing and different capacity technologies, to be 

remunerated for being available in the delivery year. This facilitates their entry and exit 

in a coordinated and orderly manner, without resulting in the RRM being breached in 

each delivery year. This mitigates the generation capacity cycle associated with the 

EOM. In the long run, the capacity charge and spot energy prices that consumers pay 

in the enhanced SWEM (i.e., FCM plus spot energy market) is expected to be around 

the LRMC.  

 

Financial Sustainability of the Proposed FCM Design for Singapore 

 

19 EMA has a statutory responsibility to ensure a reliable electricity supply to all 

consumers in Singapore. The current EOM design of the SWEM, as explained above, 

does not provide assurance that there will be adequate and timely investment in 

generation capacity to achieve the Reliability Standard. Having considered the various 

options to enhance the SWEM, EMA’s assessment is that the FCM is the most 

economically efficient market mechanism for Singapore to achieve the Reliability 

Standard in each year. 

 

20 EMA is developing the detailed FCM design in consultation with industry 

stakeholders. A key concern raised by gencos is that the proposed FCM design may 

not improve financially sustainability for the industry, as forecast errors can potentially 

result in an over-procurement of capacity through the FCM. This may in turn lead to 

excessive competition, resulting in depressed spot energy and FCM prices, and 

undermining gencos’ ability to recover LRMC moving forward. In this regard, EMA 

notes that: 

 

a. Regardless of whether a FCM is introduced, it is necessary for EMA to 

project supply and demand on a four-year ahead basis to determine the 

RM. If the projected RM is below the RRM to meet the Reliability Standard, 

EMA has the statutory responsibility to ensure this does not occur. In the 

absence of a FCM, pre-emptive regulatory actions such as out-of-market 

procurement of generation capacity through the CAS and/or additional 

contracted ancillary services would have to be undertaken. The preferred 

alternative is to procure via the FCM, which is comparatively, a more 

transparent and economically efficient mechanism. 
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b. While EMA is mindful of the need to minimise demand projection errors and 

will continue to regularly review the forecasting methodology5, a key feature 

of the FCM is the conduct of Rebalancing Auctions, that is intended to 

mitigate potential under-/over-procurement. These are held after each four-

year ahead Base Auction and before the start of each delivery year, to 

procure additional capacity or release excess capacity that had been 

cleared previously, using updated demand projections. 

 

c. In addition, a FCM is expected to result in a more efficient and stable RM 

from year to year, as it is unlikely that investors will make a Final Investment 

Decision to invest in new capacity or refurbish existing capacity if they do 

not clear a FCM auction, as they would be less competitive without a 

capacity payment in the delivery year. As such, there will be coordinated 

and orderly entry of new cost-competitive capacity and exit of aging 

inefficient existing capacity. Existing resources that do not clear a FCM 

auction can also be mothballed to manage costs.  

 

d. The FCM provides revenue certainty for investors via the capacity 

payments for resources to be available in the delivery year, regardless of 

whether the resources are generating electricity. In comparison, resources 

in the EOM have to compete to be dispatched to generate electricity in the 

spot energy market and there is no certainty that they will make sufficient 

net spot energy market revenue, in the long run, to recover their capital and 

FOM costs. 

 

21  In developing the detailed FCM design to enhance electricity supply reliability, 

economic efficiency and financial sustainability, EMA will need to calibrate the design, 

considering the context and unique circumstances in Singapore. For example, the role 

of CCGT capacity in improving the overall energy efficiency of the power generation 

sector:  

 

a. Over the next decade, gas-fired CCGTs will continue to be the main 

generation technology to meet baseload electricity demand efficiently. They 

are also proven frequency responsive resources which provide online 

reserves which are essential for maintaining power system security. With 

growing electricity demand and significant CCGT capacity reaching end of 

life, there is a need to facilitate the adoption of more efficient CCGTs to 

meet baseload demand as well as provide reliable online reserves so that 

the overall energy efficiency of our power generation sector can also be 

improved. 

 

                                            
5  For more information, please refer to EMA’s “Singapore Electricity Market Outlook” available at 
https://www.ema.gov.sg/semo.aspx. 

https://www.ema.gov.sg/semo.aspx
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b. Thus, to facilitate this transition, EMA intends to offer multi-year 

commitments (“MYCs”) of 10 years for any new/repowered CCGTs with an 

economic lifespan of at least 25 years and which meet the proposed heat 

rate standard for power generation6, in the first auction that the CCGT 

clears over the next decade. 

 

c. EMA will review and calibrate the duration and eligibility threshold for MYCs 

over time, as new technologies evolve and mature. 

 

22  EMA has conducted simulations to analyse the financial impact on existing 

CCGT capacity as well as new investment in advanced CCGT capacity based on the 

proposed FCM design and implementation timeline set out in the Third Consultation 

Paper.7 The simulation assumptions in respect of a new 600 MW advanced CCGT 

unit entering the system are provided in Appendix A. The results show that the 

proposed FCM is financially sustainable for new as well as existing CCGT capacity. 

To summarise: 

 

a. For a given delivery year that requires new CCGT capacity to meet the 

RRM, it is assumed that this will be met by a new 600 MW advanced CCGT 

unit. The unit’s capacity offer price, of up to the FCM Price Cap of 1.5 times 

the Net Cost of New Entry (“CONE”), will set the FCM Price for that year. 

The unit will also receive this capacity payment for 10 years under the MYC. 

 

b. For a given delivery year that does not require new CCGT capacity to meet 

the RRM, the FCM Price is assumed to clear at the FOM cost of a CCGT 

from EMA’s Vesting Contract Parameters Review. 

 

c. In respect of each existing and new CCGT unit, we simulate the unit’s 

annual revenue from the FCM (“Capacity Revenue”) and the Net Spot 

Energy Market Revenue, based on (i) the above assumptions; and (ii) 

over a range of new CCGT offer prices from 1 to 1.5 times Net CONE. 

The sum of the annual Capacity Revenue and Net Spot Energy Market 

Revenue, less the FOM of the CCGT unit, represents its annual earnings 

before interest, taxes, depreciation and amortisation (“EBITDA”).     

 

d. The first new 600 MW advanced CCGT unit is assumed to be needed in 

2023 to meet the RRM. Based on the set of assumptions used, the 

simulation results show that the unit is estimated to earn total EBITDA (net 

present value in 2023) of $1.4 bil to $1.8 bil over its economic lifetime. 

                                            
6  Please refer to EMA’s Consultation on “Heat Rate Standard for Power Generation” available 
at available at https://www.ema.gov.sg/ConsultationDetails.aspx?con_sid=20190610AkFa3aH9d5bm. 

7  Please refer to EMA’s Consultation on “Developing a Forward Capacity Market to Enhance the 
Singapore Wholesale Electricity Market” available at 
https://www.ema.gov.sg/ConsultationDetails.aspx?con_sid=20190610AkFa3aH9d5bm. 

https://www.ema.gov.sg/ConsultationDetails.aspx?con_sid=20190610AkFa3aH9d5bm
https://www.ema.gov.sg/ConsultationDetails.aspx?con_sid=20190610AkFa3aH9d5bm
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corresponding to initial offer prices of 1 to 1.5 times Net CONE. This 

translates to an estimated internal rate of return (“IRR”) of 13% to 18%.  

 

e. EMA will separately share genco-specific assumptions and results with the 

relevant gencos due to confidentiality of the data and information. 

 

Conclusion 

 

23 Enhancing the SWEM to incorporate the FCM will provide more certainty to 

gencos than the current EOM design. First, EMA will forecast and publish the minimum 

amount of generation capacity needed to be cleared through each FCM auction to 

meet the Reliability Standard. This reduces the risk of over-bullish investments in 

generation capacity by providing a strong signal of the generation capacity need in 

each year. EMA will also continue to regularly review the forecasting methodology and 

plans to conduct Rebalancing Auctions to mitigate potential under-/over-procurement. 

Second, the steady stream of capacity payments will provide more revenue certainty 

to investors for the recovery of capital and FOM costs. Simulations carried out by EMA 

show that gencos are more likely to recover their LRMC with the enhanced SWEM 

(i.e., FCM plus spot energy market) compared to the EOM. 

 

*     *     * 
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Appendix A 
 

KEY ASSUMPTIONS FOR ECONOMIC DISPATCH MODELLING 

 

1 EMA conducted economic dispatch modelling, using the PLEXOS Integrated 

Energy Model software to simulate future half-hourly spot energy prices in the SWEM 

and project the Net Spot Energy Market Revenue. The key assumptions used in the 

modelling, covering various supply and demand parameters, are in Table 1. 

 

Table 1: Simulation Assumptions 

Demand 

1 Electricity 

Demand 

Forecast 

• Based on EMA’s Electricity Demand Forecast 2019.8 

Supply – Thermal Combined Cycle Gas Turbines (CCGTs) 

2 Plant Lifespan • Retires after 25-year economic lifespan. 

3 New Entrants • 600MW H-Class CCGT. 

• LRMC comprised of capital, FOM and variable costs 

from an EMA study with external consultants. 

4 Heat Rates • Modelled heat rate curves for existing CCGTs based on 

existing EMA data from previous genco submissions. 

• Class average for new H-Class CCGTs (6.92GJ/MWh 

at 78.4% average loading level) from an EMA study with 

external consultants. 

• 3% heat rate degradation per annum. 

5 Bidding 

Behaviour 

• Cournot competition setting within the PLEXOS 

software. 

6 Gas Prices • Projected for each genco based on (i) gas contracts; 

and (ii) Brent and High-Sulphur Fuel Oil price 

projections from the International Energy Agency (“IEA”) 

until the contracts expire. 

• Existing contracts once expired are assumed to be 

replaced by LNG supply.  

• Projected new LNG prices are based on the correlation 

between IEA’s Brent price projection and the historical 

average of LNG contract prices. 

• New entrants are assumed to use LNG only. 

Supply – Other Resources 

7 Solar • Quadratic growth to 2GWp by 2030 and linear growth to 

4GWp by 2050. 

                                            
8  For more information, please refer to EMA’s “Singapore Electricity Market Outlook” available at 
https://www.ema.gov.sg/semo.aspx. 

https://www.ema.gov.sg/semo.aspx
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8 Electricity 

Imports 

• 100 MW by 2021 through a trial, and another 100 MW 

of imports in 2022. 

9 Thermal 

Embedded 

Generators 

• Assumed historical output. 

10 Bidding 

Behaviour 

• Assumed to be price-takers. 

 
 


