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Disclaimer: 
 
The information contained 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 (‘EMA’) 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.  EMA reserves the right to change its policies and/or 
to amend any information contained 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.  EMA 
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 contained in this 
document. 
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1 Introduction 
 
1.1 Regulation reserves are required to balance variations in grid frequency which are 

caused by differences in the system demand and output from generation facilities.  
 
1.2 In the National Electricity Market of Singapore (NEMS), generation registered 

facilities (GRFs) such as conventional combined-cycle plants that are capable of 
responding to Automatic Generation Control (AGC), are eligible to provide 
regulation reserve via the frequent adjustment of their output. 
 

1.3 GRFs dispatched or instructed by the Power System Operator (PSO) to provide 
regulation reserves are placed under the control of the AGC subsystem of the 
PSO’s Energy Management System (EMS). The PSO sends a series of AGC 
commands from the EMS to the GRFs to automatically increase and decrease their 
output, correspondingly providing regulation up and down. For the PSO to operate 
GRFs through AGC, the GRFs’ output must be within a certain range. This 
regulation range is bounded by the RegulationMin and RegulationMax of the GRFs. 
 

1.4 To ensure that scheduled GRFs are able to provide regulation reserve throughout 
the dispatch period, they are expected to maintain unused generation capacity 
(corresponding to their scheduled regulation quantities) during the dispatch period. 
In addition, the GRFs’ regulation reserve offers are considered for regulation 
reserve service only when their expected generation levels at the beginning of the 
dispatch period are within the regulation reserve range. 
 

2 Regulation Effectiveness Factor 
 
2.1 Some jurisdictions such as US and Australia have implemented mechanisms to 

recognise performance of providers of regulation reserves. In particular, US 
differentiates performance in terms of speed and accuracy of regulation reserves 
provided. 
 
a. In the US, the Federal Energy Regulatory Commission (FERC) Order 755 

directed system operators to implement a two-part payment for frequency 
regulation – a capacity payment and a payment for performance which reflects 
the quantity of frequency regulation service provided. FERC Order 784 required 
transmission providers to take into account the speed and accuracy of 
resources in determining its reserve requirements when procuring from ancillary 
service markets. 
 

b. In the UK, the transmission network operator National Grid launched a pilot 200 
MW Enhanced Frequency Response (EFR) tender in 2016 for new fast 
response capacity. This capacity is required to supply power in less than one 
second instead of within 10 seconds, which generally can only be met by 
batteries and interconnectors rather than traditional ancillary services providers. 
Subsequently, National Grid announced that it would review and simplify the 
process for frequency response procurement, including the design of a new 
suite of fast responding services. 
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c. In 2013, the Australian Energy Regulator (AER) asked AEMO to develop a 
methodology to examine the performance of providers of regulation services 
and to review whether participants were delivering these services in a way that 
was consistent with the FCAS specification, while meeting AEMO’s 
expectations. If an initial performance review indicated that there were potential 
compliance concerns, AER would follow up with the relevant participant, to 
ensure that it was capable of delivering (and actually delivered) the appropriate 
amount of regulation services at the appropriate time in accordance with the 
Electricity Rules. 

 
2.2 The Energy Market Authority (“EMA”) wishes to assess the effectiveness of 

generation technologies in providing regulation reserves through a Regulation 
Effectiveness Factor, and whether these generation technologies should be 
rewarded accordingly. Regulation Effectiveness Factor measures the 
responsiveness of a given regulation provider and in turn translates into settlement 
payments. This ensures that these providers are provided with the correct 
incentives to be responsive to regulation signals. 
 
 

3 Proposed Methodology for Regulation Effectiveness Factor 
 

3.1 The proposed methodology for Regulation Effectiveness Factor (REF) comprises 
the Correlation score and Precision score of the desired responses compared with 
the actual responses at minute level intervals. In accordance to Market Rules 
Appendix 5A1.5, the maximum response period when increasing or decreasing 
output shall be 60 seconds.  
 

3.2 The Correlation score is determined, by the goodness-of-fit (of 30 samples) between 
the desired and actual responses of the regulation providers over the 30-minute 
dispatch period. 

 
 

Correlation Score
𝛿=1 𝑡𝑜 30𝑚𝑖𝑛

=  𝑟 𝛿 (𝑆𝑖𝑔𝑛𝑎𝑙,   𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒) 
 

 
 
where  𝑟  is the statistical correlation function which measures the degree of relation 
between the signals.  

 
3.3 The Precision Score is the absolute difference between the actual output versus 

desired output requested by regulation signal. For each 1- minute sample averaged 
over a half hourly basis when the GRF or centralised ESS1 is scheduled to provide 
regulation reserve, the Precision Score is calculated as the absolute error (ε) as a 
function of the resource’s regulation capacity: 
 

      𝐸𝑟𝑟𝑜𝑟, 𝜀 = 𝐴𝑣𝑔 𝑜𝑓 𝐴𝑏𝑠 |
𝐴𝑐𝑡𝑢𝑎𝑙 𝑂𝑢𝑡𝑝𝑢𝑡 − 𝐷𝑒𝑠𝑖𝑟𝑒𝑑 𝑂𝑢𝑡𝑝𝑢𝑡

𝐷𝑒𝑠𝑖𝑟𝑒𝑑 𝑂𝑢𝑡𝑝𝑢𝑡
| 

 

                                            
1 ESS that is centrally controlled and dispatched. 
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                                                                    𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 𝑆𝑐𝑜𝑟𝑒 = 1 −ε 

 
 
3.4 The Performance score, which reflects the regulation reserve providers’ accuracy 

in varying their output in response to PSO’s dispatch signal, is an average of all the 
Correlation and Precision scores, assigned with equal weights and computed on a 
quarterly basis. 

 
 
    𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 𝑆𝑐𝑜𝑟𝑒 =  0.5 ∗ 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 (𝐶𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑆𝑐𝑜𝑟𝑒𝑠 𝑖𝑛 𝑎 𝑞𝑢𝑎𝑟𝑡𝑒𝑟) +

                                                                0.5 ∗  𝐴𝑣𝑒𝑟𝑎𝑔𝑒 (𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 𝑆𝑐𝑜𝑟𝑒𝑠 𝑖𝑛 𝑎 𝑞𝑢𝑎𝑟𝑡𝑒𝑟)   
 
 

Similar to the Reserve Provider Group (RPG) for reserve ancillary services, the 
regulation reserve provider will be assigned a grade associated with the 
Performance score as tabulated below. The grade will determine whether the 
regulation reserve provider will be paid the full amount of regulation reserve 
scheduled, and if there is a need to conduct AGC re-test.  

 

Grade 
Range of Performance 

Score (PS) 

Effectiveness 
function to the 

MCE 

A 0.9 PS  1.00 

B 0.8 PS < 0.9  0.85 

C 0.7 PS < 0.8  0.75 

D 0.5 PS < 0.7  0.60 

E PS < 0.5  0.25 

 
3.5 EMA notes that Energy Storage Systems (“ESS”) are capable of responding much 

faster than conventional generation. As ESS progressively enters our system and 
provides regulation, EMA will study the additional value that the system may gain 
when faster-responding technologies provides regulation. If it is shown that there 
are systemic benefits for ESS to provide regulation, EMA may review the Regulation 
Effectiveness Factor to encourage this. 
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4 Request for Comments and Feedback   
 
4.1 EMA invites comments and feedback on the introduction of the Regulation 

Effectiveness Factor and proposed methodology.   
 
4.2 Please submit your written comments and feedback via https://go.gov.sg/ref or 

through the QR code link appended below by 30 Sep 2019.   

 
4.3 Anonymous submissions will not be considered. 
 
4.4 EMA reserves the right to make public all or parts of any written submissions made 

in response to this Consultation Paper and to disclose the identity of the source.  
Any part of the submission, which is considered by respondents to be confidential, 
should be clearly marked and placed as an annex.  EMA will take this into account 
regarding disclosure of the information submitted.  

 
~ End ~ 

 
 

https://go.gov.sg/ref

