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SECTION C: LINEAR PROGRAM 

D.14 OBJECTIVE FUNCTION 

D.14.1 The NetBenefit is maximised, where:  

 

NetBenefit = ∑ PurchaseBidPricep,j ×PurchaseBlockp,j

{j,p|j∈PURCHASEBIDBLOCKSp, 

where p∈ENERGYBIDS}

 

− ∑ GenerationOfferPriceg,j ×  GenerationBlockg,j

{j,g|j∈GENERATIONOFFERBLOCKSg, 

where g∈OFFERS}

 

− ∑ EnergyStorageOfferPrice
es,j

 ×  EnergyStorageBlockes,j

{j,es|j∈ENERGYSTORAGEOFFERBLOCKSes, 

where es∈ENERGYSTORAGEOFFERS}

 

− ∑ ReserveOfferPricer,j ×  RawReserveBlockr,j

{j,r|j∈RAWRESERVEBLOCKSr, 

where r∈RAWRESERVEOFFERS}

 

− ∑ RegulationOfferPrice
l,j
 ×  RegulationBlockl,j

{j,l|j∈REGULATIONOFFERBLOCKSl, 

where l∈REGULATIONOFFERS}

 

− ∑ ExcessGenerationPenalty
n,j

 ×  ExcessGenerationBlockn,j

{j,n|j∈EXCESSGENERATIONBLOCKSn, 

where n∈NODES}

 

− ∑ DeficitGenerationPenalty
n,j

 ×  DeficitGenerationBlockn,j

{j,n|j∈DEFICITGENERATIONBLOCKSn, 

where n∈NODES}

 

− ViolationPenalties  

− TieBreakingPenalties 

Explanatory Note:  NetBenefit is the sum of producer surplus and consumer 

surplus.  The objective of the MCE’s optimization process is to maximize the 

value of economic welfare, as measured by the sum of producer surplus and 

consumer surplus, which is equivalent to minimizing the cost. 
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D.15 CONSTRAINTS ON ENERGY GENERATION AND PURCHASES 

D.15.1 Generation Constraints 

D.15.1.1 Generation Block Constraint: 

GenerationBlockg,j ≤ GenerationBlockMaxg,j 

{j,g | j∈GENERATIONOFFERBLOCKSg, where g∈ENERGYOFFERS} 

D.15.1.2 Generation Summation Constraint: 




=
gj

jg,g

SOFFERBLOCKGENERATION

BlockGenerationGeneration  

{g∈ENERGYOFFERS} 

D.15.1.3 Mixed Integer Program Based Minimum Stable Load 

constraints:  

D.15.1.3.1 Minimum Stable Load Decommitment 

Constraint: 

Generationg – InfinitePositiveValue × 

MSLSelectorg – ExcessMSLg ≤ 0 

{g∈ENERGYOFFERS, for which MinimumStableLoadg>0} 

D.15.1.3.2 Minimum Stable Load Commitment 

Constraint: 

Generationg – MSLSelectorg × 

MinimumStableLoadg + DeficitMSLg ≥ 0 

{g∈ENERGYOFFERS, for which MinimumStableLoadg>0} 

 

D.15.2 Purchase Constraints 

D.15.2.1 Purchase Block Constraint: 

PurchaseBlockp,j ≤ PurchaseBlockMaxp,j 

{j,p | j∈PURCHASEBIDBLOCKSp, where p∈ENERGYBIDS} 

D.15.2.2 Purchase Summation Constraint: 

=
 Pj

jp,p
DBLOCKSPURCHASEBI

ockPurchaseBlPurchase  

{p∈ENERGYBIDS} 
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D.15.2.3 Total Purchase Calculation: 





=

ERGYBIDSINTERTIEEN
ENERGYBIDS

p
p

pPurchaseaseTotalPurch   

 

D.15.3 LRF with REB Constraints 

D.15.3.1 LRF Nodal Purchase Limit Constraint: 


 pj

jp,np,np,
DBLOCKSPURCHASEBI

ockMaxPurchaseBlProportionPurchase  

{p∈ RESTRICTEDENERGYBIDS, n∊ NODESp} 

D.15.3.2 LRF Nodal Purchase Aggregation Constraint:   




=
pn

np,p

NODES

PurchasePurchase

 

{p∈RESTRICTEDENERGYBIDS} 

D.15.3.3 Load Curtailment Calculation:  

p

j
jp,

p

p

Purchase

oadCurtailedL

 

ockMaxPurchaseBl

,dMaxPurchaseEn

Min

DBLOCKSPURCHASEBI

−
















=

 p

{p∈RESTRICTEDENERGYBIDS} 

D.15.4 Energy Storage Constraints 

D.15.4.1 Energy Storage Block Constraint for Discharging: 

   0 ≤ EnergyStorageBlockes,j ≤ EnergyStorageBlockLimites,j 

{j,es | j∈ENERGYSTORAGEOFFERBLOCKSes  

where EnergyStorageBlockLimites,j ≥ 0} 

D.15.4.2 Energy Storage Block Constraint for Charging: 

   EnergyStorageBlockLimites,j ≤ EnergyStorageBlockes,j ≤ 0 

   {j,es | j ∈ ENERGYSTORAGEOFFERBLOCKSes  

where EnergyStorageBlockLimites,j < 0} 
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D.15.4.3 Energy Storage Discharging Constraint: 

EnergyStorageDischarging
es

 

= ∑ EnergyStorageBlock
𝑒𝑠,𝑗

𝑗∈𝐸𝑁𝐸𝑅𝐺𝑌𝑆𝑇𝑂𝑅𝐴𝐺𝐸𝑂𝐹𝐹𝐸𝑅𝐵𝐿𝑂𝐶𝐾𝑆𝑒𝑠|
𝐸𝑛𝑒𝑟𝑔𝑦𝑆𝑡𝑜𝑟𝑎𝑔𝑒𝐵𝑙𝑜𝑐𝑘𝐿𝑖𝑚𝑖𝑡𝑒𝑠,𝑗≥0

 

{es ∈ ENERGYSTORAGEOFFERS} 

D.15.4.4 Energy Storage Charging Constraint: 

EnergyStorageCharging
es

 

= ∑ EnergyStorageBlock
𝑒𝑠,𝑗

𝑗∈𝐸𝑁𝐸𝑅𝐺𝑌𝑆𝑇𝑂𝑅𝐴𝐺𝐸𝑂𝐹𝐹𝐸𝑅𝐵𝐿𝑂𝐶𝐾𝑆𝑒𝑠|
𝐸𝑛𝑒𝑟𝑔𝑦𝑆𝑡𝑜𝑟𝑎𝑔𝑒𝐵𝑙𝑜𝑐𝑘𝐿𝑖𝑚𝑖𝑡𝑒𝑠,𝑗<0

 

{es ∈ ENERGYSTORAGEOFFERS} 

 

D.15.4.5 Energy Storage Summation Constraint: 

EnergyStorageTransfer
es

 

= EnergyStorageDischarging
es

− EnergyStorageCharging
es

 

{es ∈ ENERGYSTORAGEOFFERS} 
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D.16 TRANSMISSION 

D.16.1 Node Balance 

D.16.1.1 Node Balance Flow Constraint: 

+

−=





==

LINES3ARTIFICIAL
LINES1ARTIFICIAL

,LINES
2
1

}LINES{}LINES{

k
k
k

k

nf(k)NodeAtEndO|k
k

ntOf(k)NodeAtStar|k
kn

n

LineLoss

LineFlowLineFlowectionNodeNetInj

 

 {n∈NODES} 

D.16.1.2 Node Balance Generation Constraint: 

NodeNetInjectionn 

= ∑ Generation𝑔

g∈ENERGYOFFERS𝑛

 

+ ∑ EnergyStorageTransfer
𝑒𝑠

𝑒𝑠∈ENERGYSTORAGEOFFERS𝑛

 

− ∑ Purchase𝑝

𝑝∈ENERGYBIDS𝑛

 

− ∑ Purchase𝑝,𝑛

𝑝∈RESTRICTEDENERGYBIDS𝑛

 

+ ∑ DeficitGenerationBlock𝑛,𝑗

𝑗∈DEFICITGENERATIONBLOCKS𝑛

 

− ∑ ExcessGenerationBlock𝑛,𝑗

𝑗∈EXCESSGENERATIONBLOCKS𝑛

 

 

{n∈NODES} 

D.16.1.3 Deficit Generation Block Constraint: 

DeficitGenerationBlockn,j ≤ DeficitGenerationBlockMaxn,j 

{j,n | j ∈ DEFICITGENERATIONBLOCKSn, where n∈NODES} 

D.16.1.4 Excess Generation Block Constraint: 

ExcessGenerationBlockn,j ≤ ExcessGenerationBlockMaxn,j 

{j,n | j ∈ EXCESSGENERATIONBLOCKSn, where n∈NODES} 
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D.16.2 Line Flow 

D.16.2.1 Flow Reverse Constraint: 

LineMaxReversek ≤ LineFlowk + ExcessLineFlowReversek 

{k ∈ LINES, k ∉ ARTIFICIALLINES1 ∪ ARTIFICIALLINES3} 

D.16.2.2 Flow Forward Constraint: 

LineMaxForwardk ≥ LineFlowk − ExcessLineFlowForwardk 

{k ∈ LINES, k ∉ ARTIFICIALLINES3} 

 

D.16.2.3 Node Angle Constraint: 

LineFlowk = LineAdmittancek × (NodeAngleNodeAtStartOf(k) − 

NodeAngleNodeAtEndOf(k) + PhaseAngleShiftk ) 

{k ∈ LINES, k ∉ ARTIFICIALLINES1 ∪ ARTIFICIALLINES3} 

However, in the case where the constraint in this section D.16.2.3 

corresponds to a notional line connecting two electrically equivalent buses 

introduced to the dispatch network in accordance with section D.6.3.4, then 

the following constraint shall be substituted: 

0 = (NodeAngleNodeAtStartOf(k) − NodeAngleNodeAtEndOf(k)) 

{k ∈ ARTIFICIALLINES3} 

D.16.2.4 Reference Node Angle Constraint: 

NodeAngleREFERENCENODE = 0 

 

D.16.3 Line Losses 

D.16.3.1 Line Flow Constraint: 

kk

j

k,jk,jk

k

eFlowExcessWLinneFlowDeficitWLi

WeightLineFlow

−+

= 
DISCRSUB

nstLineFlowCo
 

{k ∈ LINES, k ∉ ARTIFICIALLINES1 ∪ ARTIFICIALLINES3} 

D.16.3.2 Line Loss Constraint: 
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


=
kj

k,jk,jk

DISCRSUB

nstLineLossCo WeightLineLoss  

{k ∈ LINES, k ∉ ARTIFICIALLINES1 ∪ ARTIFICIALLINES3} 

D.16.3.3 Weight Summation Constraint: 

1
DISCRSUB

=
 kj

k,jWeight  

{k ∈ LINES, k ∉ ARTIFICIALLINES1 ∪ ARTIFICIALLINES3} 

 

D.16.4 Relaxation of Line Constraints 

The provisions of this section shall only apply to a re-run of the market clearing 

engine under Section 10.2.3A.2 and section 10.2.5B of Chapter 6. 

D.16.4.1 Revised Flow Reverse Constraint 

LineMaxReversek ≤ LineFlowk + ExcessLineFlowReversek 

{k ∈ ARTIFICIALLINES2} 

This constraint will replace constraint in D.16.2.1 

 

D.16.4.2 Revised Flow Forward Constraint 

LineMaxForwardk ≥ LineFlowk − ExcessLineFlowForwardk 

{k ∈ ARTIFICIALLINES1 ∪ ARTIFICIALLINES2} 

This constraint will replace constraint in D.16.2.2 

 

D.16.4.3 The constraint in section D.21.2 shall apply in place of the 

constraint in section D.21.1. 

 

D.16.4.4 Revised MaxLineRating 



Singapore Electricity Market Rules Energy 
Appendix 6D Market 
1 July 2026 Authority 

 
 

  Page 8 

2LineRatingRevisedMax
1NumPoints

1j

LineRatingRevisedMaxnstLineFlowCo

ingMaxLineRat

21NumPoints(

ingMaxLineRat

2

NumPointsAdditional
LineRatingRevisedMax

)ReverseLineRatingrwardneRatingFomaximum(LiingMaxLineRat


−

−
+

−=

+

−
=

=

k

k

kjk,

k

k

kk
k

kkk

/)

,

 

            }LINESARTIFICIAL   LINES,where},NumPoints,...,1{{  kkj|k,j k  

This section will replace section D.9.3 for the purposes of constraint 

relaxation. 

Explanatory Note: Additional line flow/line loss points are required in 

order to accommodate the increased flow that may occur when line 

flow constraints are relaxed. 
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D.17 RISK AND OPERATING RESERVE 

D.17.1 Risk 

D.17.1.1 Generator Risk Constraint: 

Riskc ≥ RiskAdjustmentFactorc × RawCalculatedRiskg,c 

where:

 

RawCalculatedRiskg,c = Generation𝑔 − PowerSystemResponse
𝑔,𝑐

 

+EstReserveEffectivenessr(g,c)×RawReserver(g,c) 

+ ∑ (Generationh+EstReserveEffectivenessr(h,c)×RawReserver(h,c)
hϵSECONDARYRISKGENERATORS,h≠g

) 

and  




−





=

gi,i

ic

c

c

cg,

ERATORSDAMPINGGEN

tDampingEstGTOutpu

pingEstLoadDam

ionFreqDeviatAcceptableioneContributEstInterti

Generation

aseTotalPurch

mResponsePowerSyste

 

{g,c|g∈RISKGENERATORS, c∈RESERVECLASSES}  

 

D.17.1.1A Energy Storage Risk Constraint: 

 Riskc ≥ RiskAdjustmentFactorc × RawCalculatedRiskes,c 

where: 

RawCalculatedRiskes,c 

= EnergyStorageTransfer
𝑒𝑠

− PowerSystemResponse
𝑐
 

+ EstReserveEffectiveness𝑟(𝑒𝑠,𝑐) × RawReserve𝑟(𝑒𝑠,𝑐) 

+ ∑ (Generationh+EstReserveEffectivenessr(h,c)×RawReserver(h,c))

hϵSECONDARYRISKGENERATORS

 

and 

PowerSystemResponsec = 
EstIntertieContribution × AcceptableFreqDeviation𝑐 
× EstLoadDamping

𝑐
× TotalPurchase 

−EstGTOutputDamping
𝑐
× ∑ Generation𝑖

𝑖∈DAMPINGGENERATORS

 

{es,c|es∈ENERGYSTORAGEOFFERS, c∈RESERVECLASSES} 
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D.17.1.2 Minimum Risk Constraint: 

Riskc ≥ MinimumRiskc 

{c | c ∈RESERVECLASSES}  

D.17.2 Supply of Reserve  

D.17.2.1 Raw Reserve Block Constraint: 

jrjr ,, BlockMaxRawReserveBlockRawReserve  

}OFFERSRAWRESERVEwhere,BLOCKSRAWRESERVE|,{  rjrj r  

D.17.2.2 Raw Reserve Summation Constraint: 




=
r

jr,r

BLOCKSRAWRESERVEj

BlockRawReserveRawReserve  

}OFFERSRAWRESERVE{ r  

D.17.2.3 Reserve Proportion Constraint: 

g(r)rrr GenerationeserveExcessRawRRawReserve − portionReservePro

}OFFERSGENRESERVE{ r  

 

D.17.2.4 Reserve Generation Max Constraint: 

r

rl(r)rg(r)

erationMaxReserveGen

−++ enExcessResGRegulationRawReserveGeneration
  

}OFFERSGENRESERVE{ r  

 

D.17.2.4A Energy Storage Reserve Max Constraint: 

EnergyStorageTransferes(r) + RawReserver + Regulationl(r) - 

ExcessResGenr ≤ ReserveGenerationMaxr  

{𝑟 ∈ STORAGERESERVEOFFERS} 

 

D.17.2.5 Reserve Generation Segment 1 

)HighLoad Slope

 serveHighLoadRe

g(r)g(r)

rrr

−

+−

n(Generatio 

enSegment1ExcessResGRawReserve

 

OFFERS}GENRESERVE{ r  

where: 

)HighLoad  rationMaxeserveGene(StandingRserveHighLoadReSlope g(r)g(r)r / −−=  

D.17.2.6 Reserve Generation Segment 2 
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rrr ReserveMediumLoad− enSegment2ExcessResG  RawReserve

)MediumLoad  (  Slope g(r)g(r) −+ Generation   

 }OFFERSGENRESERVE{ r  

where: 

)MediumLoad (HighLoad            

  )ReserveMediumLoadeserve(HighLoadRSlope

g(r)g(r)

rr / 

−

−= 
 

 

D.17.2.7 Reserve Generation Segment 3 

)LowLoad  (  Slope

  erveLowLoadRes

g(r)g(r)

rrr

−

+−

Generation

enSegment3ExcessResG  RawReserve

 

}OFFERSGENRESERVE{ r  

where: 

)LowLoad MediumLoad (

  )erveLowLoadResdReserve(MediumLoaSlope

g(r)g(r)

rr / 

−

−= 
 

 

D.17.2.8 Mixed Integer Program Based Reserve Constraints 

The provisions of this section D.17.2.8 shall apply only to 

primary reserve in solving the linear program. 

D.17.2.8.1 Mixed Integer Program Based Zero Raw 

Reserve Constraint 

RawReserver – InfinitePositiveValue × 

ReserveEligibilitySwitchg(r) ≤ 0 

{r|r ∈ GENPRIRESERVEOFFERS} 

 

D.17.2.8.2 Mixed Integer Program Based Reserve Low   

Load Constraint 

Generationg(r) + InfinitePositiveValue × (1 − 

ReserveEligibilitySwitchg(r)) ≥ LowLoadg(r) 

{r|r ∈ GENPRIRESERVEOFFERS} 

 

D.17.3 Matching of requirements and availability 

D.17.3.1 Group Response Constraint: 





xx r

r

j

jx,

OFFERSRAWRESERVEUPBLOCKSRESERVEGRO

RawReservenseGroupRespo  
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{XRESERVEGROUPS} 

 

D.17.3.2 Group Response Block Constraint: 

jx,jx, nseMaxGroupResponseGroupRespo  

}UPSRESERVEGRO  whereUPBLOCKSRESERVEGRO{  xj x  

 

D.17.3.3 Effective Reserve Constraint: 




=

x
j

jx,jx,x

UPBLOCKSRESERVEGRO

essEffectiven nseGroupRespoeserveEffectiveR

{XRESERVEGROUPS} 

 

D.17.3.4 Reserve Balance Constraint: 

cc

c
x

x RiskerveDeficitReseserveEffectiveR +
 UPSRESERVEGRO

 

{CRESERVECLASSES} 

 

D.17.3.5 Zone Summation Constraint: 

=
 cz,r

rcz,
OFFERSRAWRESERVE

RawReserveseZoneRespon

 

{z,c | z∈LOADZONES, c∈RESERVECLASSES}

  

D.17.3.6 Zone Response Constraint: 

z

p
pcz,

z

seMaxZoneRespon

ENERGYBIDSRESTRICTED



+


oadCurtailedLseZoneRespon
 

{z,c | z∈LOADZONES, c∈RESERVECLASSES} 

 

D.17.3.7 Interruptible Load Max Constraint 

cc
z

cz, RiskseZoneRespon 


onMaxILProporti
LOADZONES

 

{c∈RESERVECLASSES} 

 

Note that Constraints D.17.3.6 and D.17.3.7 will limit the raw reserve. 
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D.17.4 Load Curtailment Restriction Constraints 

D.17.4.1 Load Response System Wide Limit:  

xResponseMaSystemLoad

+ 
ENERGYBIDSRESTRICTEDLOADZONES




 p

p
z

cz, oadCurtailedLseZoneRespon
 

{c∈ RESERVECLASSES} 

 

D.17.4.2 Mixed Integer Program Based Load Curtailment and 

Reserve Constraints 

D.17.4.2.1 Load Curtailment Constraint: 

CurtailedLoadp(r) ‒ InfinitePositiveValue × 
LoadEnergyReserveSelectorp(r) ≤ 0 

{r∈DISPLOADRESERVEOFFERS} 

D.17.4.2.2 Load Reserve Constraint: 

RawReserver ‒ (1‒ LoadEnergyReserveSelectorp(r)) × 
InfinitePositiveValue ≤ 0 

{r∈DISPLOADRESERVEOFFERS} 
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D.18 REGULATION 

D.18.1 Supply of Regulation 

D.18.1.1 Regulation Block Constraint: 

jljl ,, BlockMaxRegulationBlockRegulation  

}OFFERSREGULATIONwhere,SOFFERBLOCKREGULATION|,{  ljlj l  

 

D.18.1.2 Regulation Summation Constraint: 




=
lj

l,jl

SOFFERBLOCKREGULATION

BlockRegulationRegulation  

}OFFERSREGULATION{ l  

 

D.18.1.3 Mixed Integer Program Based Regulation Max Constraint: 

( )

g(l)

l

lg(l)

MaxRegulation

1esitiveValuInfinitePo



−

−−+

ySwitchEligibilitRegulation

enExcessRegGRegulationGeneration l

 

{𝑙 ∈ GENREGULATIONOFFERS} 

 

D.18.1.4 Mixed Integer Program Based Regulation Min Constraint: 

( )

g(l)

l

lg(l)

MinRegulation

1esitiveValuInfinitePo



−

++−

ySwitchEligibilitRegulation

GenDeficitRegRegulationGeneration l

 

{𝑙 ∈ GENREGULATIONOFFERS} 

 

D.18.1.5  Mixed Integer Program Based Zero Regulation Constraint 

0esitiveValuInfinitePo − ll ySwitchEligibilitRegulationRegulation  

{𝑙 ∈ GENREGULATIONOFFERS} 

 

D.18.1.6  Energy Storage Regulation Max Constraint: 

EnergyStorageTransfer
𝑒𝑠(𝑙)

+ Regulation
𝑙
− ExcessRegGen

𝑙
≤ RegulationMax

𝑒𝑠(𝑙)
 

{𝑙 ∈ STORAGEREGULATIONOFFERS} 

 

D.18.1.7  Energy Storage Regulation Min Constraint: 
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EnergyStorageTransfer
𝑒𝑠(𝑙)

− Regulation
𝑙
+ DeficitRegGen

𝑙
≥ RegulationMin

𝑒𝑠(𝑙)
 

{𝑙 ∈ STORAGEREGULATIONOFFERS} 

 

D.18.2 Matching of requirements and availability 

D.18.2.1 Regulation Balance Constraint:  

tRequiremenRegulation
OFFERSREGULATION

+


ulationDeficitRegRegulation
l

l  

 

D.19 RAMPING 

D.19.1 Energy Ramping Constraints 

D.19.1.1 Up Ramp Constraint: 

Generationg ‒ ExcessUpRampg ≤ GenerationEndMaxg 

{g∈ENERGYOFFERS, g∉INTERTIEENERGYOFFERS} 

 

D.19.1.1A Energy Storage Up Ramp Constraint: 

EnergyStorageTransferes ‒ ExcessUpRampes  

≤ EnergyTransferEndMaxes 

{es∈ENERGYSTORAGEOFFERS} 

 

D.19.1.2 Down Ramp Constraint: 

Generationg + ExcessDownRampg ≥ GenerationEndMing 

{g∈ENERGYOFFERS, g∉INTERTIEENERGYOFFERS} 

 

D.19.1.2A Energy Storage Down Ramp Constraint: 

EnergyStorageTransferes + ExcessDownRampes  

≥ EnergyTransferEndMines 

{es∈ENERGYSTORAGEOFFERS} 

 

D.19.2 Combined ramping, reserve and regulation constraints 

D.19.2.1 Reserve Ramp Constraint: 

RawReserver + ReserveResponseRatior × (Generationg(r) –

ExpectedStartGenerationg(r)) – ExcessResRampr ≤ 

MaxResponse r 
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{r∈GENRESERVEOFFERS, where ReserveResponsePeriodc(r) > 

CombinedRampThreshold} 

 

D.19.2.2 Reserve Proportion Ramp Constraint: 

RawReserver + ReserveResponseRatior × (Generationg(r) – 

ExpectedStartGenerationg(r)) – ExcessResPropRampr ≤ 

ReserveProportionCombined r × Generationg(r) 

{r∈GENRESERVEOFFERS, where ReserveResponsePeriodc(r) > 

CombinedRampThreshold} 

 

D.19.2.3 Regulation Ramp Constraint: 

Regulationl + RegulationResponseRatio × (Generationg(l) –

ExpectedStartGenerationg(l)) – ExcessRegRampl ≤ 

MaxResponse l 

{l∈GENREGULATIONOFFERS, where RegulationResponsePeriod > 

CombinedRampThreshold} 

 

D.19.3 Load Ramping Constraints 

D.19.3.1 Up Ramp Constraint: 

Purchasep ‒ ExcessUpRampp ≤ PurchaseEndMaxp 

{p∈RESTRICTEDENERGYBIDS} 

D.19.3.2 Down Ramp Constraint: 

Purchasep + ExcessDownRampp ≥ PurchaseEndMinp 

{p∈RESTRICTEDENERGYBIDS} 
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D.19A STATE-OF-CHARGE 

D.19A.1 Combined Reserves Energy Regulation Minimum SoC Constraint: 

 

(EnergyStorageDischarging
𝑒𝑠

+ Regulation
𝑙(𝑒𝑠)

+RawReserve𝑟(𝑒𝑠,𝑃𝑟𝑖𝑚𝑎𝑟𝑦) ×
PriResSustainTime

DispatchPeriod

+RawReserve𝑟(𝑒𝑠,𝐶𝑜𝑛𝑡𝑖𝑛𝑔𝑒𝑛𝑐𝑦) ×
DispatchPeriod − PriResSustainTime

DispatchPeriod
)

DischargingEfficiency
𝑒𝑠

 

−EnergyStorageCharging
𝑒𝑠

× ChargingEfficiency
𝑒𝑠

 

−ExcessDischarging
𝑒𝑠

 

≤
SoCDischargeLimitMWh

𝑒𝑠
 

DispatchPeriod/3600
 

{𝑒𝑠 ∈ ENERGYSTORAGEOFFERS} 

 

D.19A.2 Combined Primary Reserve Energy Regulation Minimum SoC 

Constraint: 

 

EnergyStorageDischarging
𝑒𝑠

+ Regulation
𝑙(𝑒𝑠)

+ RawReserve𝑟(𝑒𝑠,𝑃𝑟𝑖𝑚𝑎𝑟𝑦)

DischargingEfficiency
𝑒𝑠

 

−EnergyStorageCharging
𝑒𝑠

× ChargingEfficiency
𝑒𝑠

 

−ExcessPrimaryDischarging
𝑒𝑠

 

≤
SoCDischargeLimitMWh

𝑒𝑠
 

DispatchPeriod/3600
 

{𝑒𝑠 ∈ ENERGYSTORAGEOFFERS} 

 

D.19A.3 Combined Contingency Reserve Energy Regulation Minimum SoC 

Constraint: 

 

EnergyStorageDischarging
𝑒𝑠

+ Regulation
𝑙(𝑒𝑠)

+ RawReserve𝑟(𝑒𝑠,𝐶𝑜𝑛𝑡𝑖𝑛𝑔𝑒𝑛𝑐𝑦)

DischargingEfficiency
𝑒𝑠

 

−EnergyStorageCharging
𝑒𝑠

× ChargingEfficiency
𝑒𝑠

 

−ExcessContingencyDischarging
es
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≤
SoCDischargeLimitMWh

𝑒𝑠
 

ConResSustainTime/3600
 

{𝑒𝑠 ∈ ENERGYSTORAGEOFFERS} 

 

D.19A.4 Combined Energy Regulation Maximum SoC Constraint: 

 

(EnergyStorageCharging
𝑒𝑠

+ Regulation
𝑙(𝑒𝑠)

) × ChargingEfficiency
𝑒𝑠

 

−
EnergyStorageDischarging

𝑒𝑠

DischargingEfficiency
𝑒𝑠

 

−ExcessCharging
𝑒𝑠

 

≤
SoCChargeLimitMWh

𝑒𝑠
 

DispatchPeriod/3600
 

{𝑒𝑠 ∈ ENERGYSTORAGEOFFERS} 
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D.20 GENERIC AND MULTI-UNIT CONSTRAINTS 

D.20.1 Generic constraint  

D.20.1.1 Generic Security Constraint: 

∑ SecurityGroupLineWeight
s,k

×LineFlowk

k∈SECURITYLINESGROUPs

 

+ ∑ SecurityGroupNodeWeight
s,n

×NodeNetInjection
n

n∈SECURITYNODESGROUPs

 

+ ∑ SecurityGroupGenerationWeight
s,g

×Generationg

g∈SECURITYGENERATIONGROUPs

 

+ ∑ SecurityGroupStorageTransferWeight
s,es

es∈SECURITYSTORAGETRANSFERGROUPs

 

×EnergyStorageTransfer
es

 

+DeficitSecurity
s
≥GenericSecurityLimit

s
 

{S ∈ SECURITYCONSTRAINTS} 

 

D.20.2 Multi-unit Constraint 

D.20.2.1 Multi-unit Constraint:  

0

LineWeight MultiGroup
SGROUPRAINTSLINEMULTICONST

,

=−+




ss iExcessMulttiDeficitMul

LineFlow
sk

kks

 

}ONSTRAINTSMULTIUNITC{ s  
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D.20A TIE-BREAKING CONSTRAINTS 

D.20A.1 Energy Tie-Breaking Constraint: 

 

 

( ) ( )( )

( ) ( )( )

( ) ( )( )

( ) ( )( )
GenerationBlockMax GenerationBlockMax

g o , j o g' o , j' o

g o , j o g' o , j' o

o o= −

−
GenerationBlock GenerationBlock

EnergyTieBreakSlack1 EnergyTieBreakSlack2

  

{oTIEDENERGYOFFERBLOCKPAIRS} 

 

GenerationBlockg(o),j(o))

GenerationBlockMax(𝑔(𝑜),𝑗(𝑜))

−
EnergyStorageBlock

(es(o),j'(o))

EnergyStorageBlockLimit
(𝑒𝑠(𝑜),𝑗′(𝑜))

 

= EnergyTieBreakSlack1
𝑜
- EnergyTieBreakSlack2

𝑜
 

{oϵTIEDENERGYOFFERBLOCKPAIRS, where 

 g(o)ϵENERGYOFFERS, 

 es(o)ϵENERGYSTORAGEOFFERS, 

EnergyStorageBlockLimit
es'

>0} 

 

EnergyStorageBlock
es(o),j(o))

EnergyStorageBlockLimit
(𝑒𝑠(𝑜),𝑗(𝑜))

−
EnergyStorageBlock

(es'(o),j'(o))

EnergyStorageBlockLimit
(𝑒𝑠′(𝑜),𝑗′(𝑜))

 

= EnergyTieBreakSlack1
𝑜
- EnergyTieBreakSlack2

𝑜
 

{oϵTIEDENERGYOFFERBLOCKPAIRS, where  

es(o), es'(o)ϵENERGYSTORAGEOFFERS,  

 

D.20A.2 Reserve Tie-Breaking Constraint: 

 

 

( ) ( )( )

( ) ( )( )

( ) ( )( )

( ) ( )( )
RawReserveBlockMax RawReserveBlockMax

r o , j o r' o , j' o

r o , j o r' o , j' o

o o

−

= −

RawReserveBlock RawReserveBlock

ReserveTieBreakSlack1 ReserveTieBreakSlack2

  

{oTIEDRESERVEOFFERBLOCKPAIRS} 

 

D.20A.3 Regulation Tie-Breaking Constraint: 

 

 

( ) ( )( )

( ) ( )( )

( ) ( )( )

( ) ( )( )
RegulationBlockMax RegulationBlockMax

l o , j o l' o , j' o

l o , j o l' o , j' o

o o

−

−

RegulationBlock RegulationBlock

RegulationTieBreakSlack1 RegulationTieBreakSlack2=
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{oTIEDREGULATIONOFFERBLOCKPAIRS}  

 

 

D.20A.4 Tie-Breaking Penalty Constraint: 

 

( )













+

+

=

 

 

 

)ack2TieBreakSlRegulation ack1TieBreakSlRegulation

)2BreakSlackReserveTie 1BreakSlackReserveTie

  reakSlack2EnergyTieB  reakSlack1EnergyTieB

 x gPenaltiesTieBreakin

LOCKPAIRSTIONOFFERBTIEDREGULA

KPAIRSEOFFERBLOCTIEDRESERV

PAIRSOFFERBLOCKTIEDENERGY

 ]+

+(

+ [

 ctorgPenaltyFaTieBreakin 

o

oο

o

oo

o

oo
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D.21 VIOLATION GROUP CONSTRAINTS 

D.21.1 Line Flow Constraint: 

kkk

k

j

jy(k),

y(k)

eFlowExcessWLinneFlowDeficitWLieFlowReversExcessLine

dFlowForwarExcessLineroupBlockViolationG

+++


 LINROUPBLOCKSVIOLATIONG  

 LINESARTIFICIAL,LINES  kk  

 

D.21.2 Line Flow Constraint (applies only to a re-run of the market clearing 

engine under section 10.2.3A.2 and section 10.2.5B of Chapter 6): 

k

k

j

jy(k),

y(k)

eFlowExcessWLin

neFlowDeficitWLiroupBlockViolationG

+


 LINROUPBLOCKSVIOLATIONG  

 LINESARTIFICIAL,LINES  kk  

 

D.21.3 Deficit Reserve Constraint: 

c

j

jy(c),

y(c)

erveDeficitResroupBlockViolationG 
 RESROUPBLOCKSVIOLATIONG

 

{c ∈ RESERVECLASSES} 
 

 D.21.3.1 Reserve Violation Group Block Constraint 1: 

ViolationGroupBlocky(c),1 ≤ ViolationGroupProportionc x 
Riskc  

{c ∈ RESERVECLASSES} 
 

 D.21.3.2  Reserve Violation Group Block Constraint 2: 

ViolationGroupBlocky(c),1 + ViolationGroupBlocky(c),2 ≤ Riskc 

–  MinimumRiskc  

{c ∈ RESERVECLASSES} 

 

D.21.4 Deficit Regulation Constraint: 

ulationDeficitRegroupBlockViolationG 
 on)y(regulatij

jon),y(regulati

REGROUPBLOCKSVIOLATIONG

 

 

 D.21.4.1 Regulation Violation Group Block Constraint 1: 

ViolationGroupBlocky(regulation),1 ≤ RegulationRequirement – 

MinimumRegulation 
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Explanatory Note: There are three tranches of ViolationGroupBlock for 

deficit reserve and two tranches of ViolationGroupBlock for deficit 

regulation. The quantities within each ViolationGroupBlock are determined 

by constraints described in sections D.21.3.1 and D.21.3.2 (for reserve) and 

in section D.21.4.1 (for regulation). The ViolationGroupBlockPenalty 

corresponding to each ViolationGroupBlock is specified in section J.3 of 

Appendix 6J. 

D.21.5 Facility Constraint: 

g

gg

gg

g
j

jy(g),
y(g)

LViolationFacilityMS

ationneFlowViolFacilityLilationltiUnitVioFacilityMu

nmpViolatioFacilityRaolationgulationViFacilityRe

tionserveViolaFacilityReroupBlockViolationG

+

++

++


 FACROUPBLOCKSVIOLATIONG

 RSENERGYOFFEg  

 

D.21.5.1 Facility Reserve Constraint: 

 

 RSENERGYOFFEg  

 

D.21.5.2 Facility Regulation Constraint: 

l(g)l(g)

l(g)g

ampExcessRegRGenDeficitReg

enExcessRegGolationgulationViFacilityRe

++

=
 

 RSENERGYOFFEg  

 

 

 

























++

+

+

+

+

=

SSESRESERVECLASSESRESERVECLA

SSESRESERVECLA

SSESRESERVECLA

SSESRESERVECLA

SSESRESERVECLA

SSESRESERVECLA

c

r(g,c)

c

r(g,c)

c

r(g,c)

c

r(g,c)

c

r(g,c)

c

r(g,c)

c

r(g,c)g

ropRampExcessResPampExcessResR

enSegment3ExcessResG

enSegment2ExcessResG

enSegment1ExcessResG

enExcessResG

eserveExcessRawRtionserveViolaFacilityRe
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D.21.5.3 Facility Ramp Rate Constraint: 

FacilityRampViolationg = ExcessUpRampg + 

ExcessDownRampg 

 RGYOFFERSINTERTIENE RS,ENERGYOFFE  gg  

 

D.21.5.4 Facility Multi-unit Constraint: 









+

=

ONSTRAINTSMULTIUNITC

)(

ONSTRAINTSMULTIUNITC

)(

s

gs

s

gsg

iExcessMult

tiDeficitMullationltiUnitVioFacilityMu

 

 RSENERGYOFFEg  

D.21.5.5 Facility Connection Line Flow Constraint: 





















+

+

+

+

=

LINES2ARTIFICIAL

)(

LINES2ARTIFICIAL

)(

LINES2ARTIFICIAL

)(

LINES2ARTIFICIAL

)(

LINES1ARTIFICIAL

)(

2

2

2

2

2

2

2

2

1

1

k

gk

k

gk

k

gk

k

gk

k

gkg

eFlowExcessWLin

neFlowDeficitWLi

eFlowReversExcessLine

dFlowForwarExcessLine

dFlowForwarExcessLineationneFlowViolFacilityLi

 RSENERGYOFFEg  

D.21.5.6 Facility Minimum Stable Load Constraint: 

FacilityMSLViolationg = DeficitMSLg + ExcessMSLg 

{g∈ENERGYOFFERS, for which MinimumStableLoadg>0} 

 

D.21.5A LRF with REB Facility Constraint:  

p
j

jy(p),
y(p)

nmpViolatioFacilityRaroupBlockViolationG 
 FACROUPBLOCKSVIOLATIONG

{p∈RESTRICTEDENERGYBIDS} 

 

D.21.5A.1 LRF with REB Facility Ramp Constraint: 

FacilityRampViolationp = ExcessUpRampp + 

ExcessDownRampp 

{p∈RESTRICTEDENERGYBIDS} 
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D.21.5B Energy Storage Facility Constraint: 

∑ ViolationGroupBlock𝑦(𝑒𝑠),𝑗

j ∈VIOLATIONGROUPBLOCKSFACy ( es )

 

≥ FacilityRampViolation
𝑒𝑠

+FacilityReserveViolationes 

+FacilityRegulationViolationes + FacilitySoCViolationes 
+FacilityLineFlowViolationes 

{es∈ENERGYSTORAGEOFFERS} 

 

 D.21.5B.1 Energy Storage Facility Ramp Constraint: 

FacilityRampViolationes = ExcessUpRampes + ExcessDownRampes 

{es∈ENERGYSTORAGEOFFERS} 

 

 D.21.5B.2 Energy Storage Facility Reserve Constraint: 

FacilityReserveViolationes = ∑ ExcessResGen𝑟(𝑒𝑠,𝑐)

𝑐∈𝑅𝐸𝑆𝐸𝑅𝑉𝐸𝐶𝐿𝐴𝑆𝑆𝐸𝑆

 

{es∈ENERGYSTORAGEOFFERS} 

  

 D.21.5B.3 Energy Storage Facility Regulation Constraint: 

FacilityRegulationViolationes = ExcessRegGenes + DeficitRegGenes 

{es∈ENERGYSTORAGEOFFERS} 

 

 D.21.5B.4 Energy Storage Facility State-of-Charge Constraint: 

FacilitySoCViolationes  

= ExcessDischarginges + ExcessPrimaryDischarginges  

+ ExcessContingencyDischarginges + ExcessCharginges 

{es∈ENERGYSTORAGEOFFERS} 
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 D.21.5B.5 Energy Storage Facility Line Flow Constraint: 

FacilityLineFlowViolationes 

= ∑ ExcessLineFlowForwardk(es)
k∈ARTIFICIALLINE2

 

+ ∑ ExcessLineFlowReversek(es)
k∈ARTIFICIALLINE2

 

+ ∑ DeficitWLineFlowk(es)

k∈ARTIFICIALLINE2

 

+ ∑ ExcessWLineFlowk(es)

k∈ARTIFICIALLINE2

 

{es∈ENERGYSTORAGEOFFERS} 

D.21.6 Deficit Security Constraint: 

s

j

jy(s),

y(s)

urityDeficitSecroupBlockViolationG 
 SECROUPBLOCKSVIOLATIONG

 

 NSTRAINTSSECURITYCOs  

 

D.21.7 Violation Group Block Constraint: 

y,jy,j axroupBlockMViolationGroupBlockViolationG  

}ROUPSVIOLATIONGwhere,ROUPBLOCKSVIOLATIONG{  yj|j,y y  
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D.21.8 Violation Penalties Constraint: 

( ) 
 





ROUPSVIOLATIONG ROUPBLOCKSVIOLATIONG

enaltyroupBlockPViolationG
y j

jy,jy,

y

roupBlockViolationG

enaltiesViolationP
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SECTION D: POST-PROCESSING 

D.22 LOSS CALCULATION CORRECTION 

D.22.1 The EMC shall set and publish the following values: 

D.22.1.1 the system loss error tolerance; and 

D.22.1.2 the maximum number of times the equations in section C 

(“the linear program”) may be solved for the purpose of loss 

calculation correction under section D.22 for any given 

dispatch period in any given run of the market clearing 

engine. 

The EMC may update and re-publish these values as required.   

D.22.2 After each solution of the linear program, the EMC shall carry out the 

procedures in sections D.22.3 to D.22.7 to the extent provided in those 

sections. However, the EMC shall not do so if any of the line violation 

variables, ExcessLineFlowForwardk, ExcessLineFlowReversek, 

DeficitWLineFlowk or ExcessWLineFlowk, for any dispatch network line 

k is greater than zero. 

D.22.3 Subject to section D.22.2, if the following condition: 

Weightk,j = 0 or Weightk,i = 0 

       }1,LINESwhere,DISCRSUB,,{ + jikij|j,ik k  , 

is false for any pair of non-adjacent line flow/line loss points i and j on any 

dispatch network line k, section D.22.4 shall apply. Otherwise, the EMC 

may accept the current solution of the linear program. 
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D.22.4 Subject to section D.22.3, the total erroneous losses in the solution of the 

linear program, SysError, shall be calculated and checked as follows: 

=
k

korCircuitErrSysError  

where: 

kk ActualLossorCircuitErr −= LineLossk  

)
,

nstLineLossCo-
1,

nstLineLossCo(

,
nstLineFlowCo-

1,
nstLineFlowCo

,
nstLineFlowCo-

,
nstLineLossCoActualLoss

ikik

ikik

ikk

ikk

+


+

+

=

LineFlow

 

  

































=



kk,j

k

k

DISCRSUBNjj|
i

kik|i

LineFlownstLineFlowCo

),(
Max

,LINESwhere,DISCRSUB,

 

If SysError is less than the system loss error tolerance established by the 

EMC under section D.22.1.1, the EMC may accept the current solution of 

the linear program. Otherwise, section D.22.5 shall apply. 

D.22.5 Subject to section D.22.4, if the number of times the linear program has 

been solved for the purpose of loss calculation correction for a given 

dispatch period in a given run of the market clearing engine: 

D.22.5.1 is equal to the maximum number established by the EMC 

under section D.22.1.2, and that run of the market clearing 

engine is to produce: 

a. a real-time dispatch schedule, the EMC may halt the 

process of loss calculation correction and the provisions 

of section 9.1.2.2 of Chapter 5 and section 9.3.2B of 

Chapter 6 shall apply; or 

b. a short-term schedule, pre-dispatch schedule or market 

outlook scenario, the EMC may accept the current 

solution of the linear program; or 

D.22.5.2 is less than the maximum number established by the EMC 

under section D.22.1.2, sections D.22.6 and D.22.7 shall 

apply. 
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D.22.6 Subject to section D22.5, for each dispatch network line k, the ordered set 

of line flow/line loss points in set DISCRSUBk shall be adjusted according 

to sections D.22.6.1 and D.22.6.2. 

D.22.6.1 Line flow/line loss point i shall be identified such that: 

. 

If there is no line flow/line loss point jDISCRSUBk where j 

> i, no adjustment shall be made. Otherwise, all line flow/line 

loss points jDISCRSUBk where j > i shall be discarded and 

a new line flow/line loss point with line loss and line flow 

given by LineLossConst′k,i+1 and LineFlowConst′k,i+1 shall be 

defined: 

SysErrornst'LineFlowCo 1, +=+ kik LineFlow  

( )ik,1ik,

ik,1ik,

ik,k

ik,1ik,

nstLineLossConstLineLossCo

)nstLineFlowCoonst(LineFlowC

nstLineFlowCoSysError)

nstLineLossConst'LineLossCo

−

−

−+
+

=

+

+

+

(LineFlow
 

D.22.6.2 Line flow/line loss point i shall be identified such that: 

SysError)}nstLineFlowCoMin(LINESwhere,DISCRSUB{ −= kjk,k ji,kii LineFlow|| . 

If there is no line flow/line loss point jDISCRSUBk where j 

< i, no adjustment shall be made. Otherwise, all line flow/line 

loss points jDISCRSUBk where j < i shall be discarded and 

a new line flow/line loss point with line loss and line flow 

given by LineLossConst′k,i-1 and LineFlowConst′k,i-1 shall be 

defined: 

SysErrornst'LineFlowCo 1, −=− kik LineFlow
 

( )ik1ik

ik1-ik,

ikk

ik1ik

nstLineLossConstLineLossCo

nstLineFlowCoonst(LineFlowC

nstLineFlowCoSysError)

nstLineLossConst'LineLossCo

,,

,

,

,,

)

−

−

−−
+

=

−

−

(LineFlow
 

D.22.7 The re-defined set of line flow/line loss points determined in section 

D.22.6 for each dispatch network line shall be used to re-solve the linear 

program for the given dispatch period in the given run of the market 

clearing engine.  

D.22A COUNTERFACTUAL SOLVE WITH EXCLUSION OF RESTRICTED 

ENERGY BIDS SUBMITTED FOR LRFS WITH REB 

D.22A.1 After each solution of the linear program for a dispatch period that involves 

at least one restricted energy bid, the EMC shall carry out the procedures 

 )SysErrornstLineFlowCo(Max,LINESwhere,DISCRSUB jk, += kk j|ikii| LineFlow
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in D.22A.2 to determine the counterfactual solution for that dispatch 

period. 

D.22A.2 If the following condition: 

0
ENERGYBIDSRESTRICTED


p

poadCurtailedL  

is true, then the linear program shall be re-solved with a revised bid price 

for the restricted energy bids of all LRFs with REB held by the EMC for 

the dispatch period as referred to in section 9.2.2.1 of Chapter 6. Such 

revised bid price shall be the value of 10×VoLL, with the VoLL value as 

specified in section J.2 of Appendix 6J.  

D.22A.3 The solution arising from the procedures described in this section shall 

only be used to derive the counterfactual uniform Singapore energy price 

referred to in sections D.24.8 and D.24.9. 
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D.23 QUANTITY FORMATION 

D.23.1 Energy quantities scheduled from each generation registered facility are 

given by the values of the Generationg and EnergyStorageTransferes 

variables. 

D.23.2 Reserve quantities in each reserve class scheduled from each reserve 

provider are given by the values of the RawReserver variables. 

D.23.3 Regulation quantities scheduled from each regulation provider are given 

by the values of the Regulationl variables. 

D.23.4 Energy quantities scheduled for import to Singapore across the interties are 

given by the values of the Generationg for the intertie dispatch network 

nodes. Energy quantities scheduled for export from Singapore across the 

interties are given by the values of the Purchasep variables for the intertie 

dispatch network nodes. 

D.23.5 For the purposes of calculating the load curtailment quantity and load 

curtailment price as described in Appendix 6L, the reference energy 

withdrawal level for each LRF with REB associated with restricted energy 

bid p shall be calculated as follows: 

ReferenceEnergyWithdrawalp = Purchasep + NonDispLoadp 

{p∈RESTRICTEDENERGYBIDS} 

where:  

−=
 pj

jp,pp
DBLOCKSPURCHASEBI

ockMaxPurchaseBlTotalLoaddNonDispLoa  

TotalLoadp is the total load capacity of a given load registered facility 

associated with restricted energy bid p, as stated in such restricted energy 

bid p and as referred to in section 5.2A.2.4 of Chapter 6. 

 

  



Singapore Electricity Market Rules Energy 
Appendix 6D Market 
1 July 2026 Authority 

 
 

  Page 33 

D.24 PRICE FORMATION 

D.24.1 The market energy price or MEP for each market network node shall be 

calculated as follows: 

D.24.1.1 For generation registered facilities that are not multi-unit 

facilities, and for generation settlement facilities that are not 

pseudo generation settlement facilities, represented as 

synchronised in the dispatch network data or connected to 

the dispatch network in accordance with section D.6.5 in the 

dispatch period, the market energy price shall be calculated 

as follows: 

MEPm(g) or MEPm(es)= EnergyPricen(m) 

where: 

EnergyPricen(m) is the dual variable corresponding 

to constraint D.16.1.2 for the dispatch network node 

n corresponding to the market network node m 

The price MEPm shall then be further modified in accordance 

with section D.24.5 for dispatch periods where the temporary 

price cap is not in effect, or in accordance with section 

D.24.5A for dispatch periods where the temporary price cap 

is in effect. 

 

D.24.1.2 For generation registered facilities that are multi-unit 

facilities represented as synchronised in the dispatch 

network data or connected to the dispatch network in 

accordance with section D.6.5 in the dispatch period, the 

market energy prices shall be calculated as follows: 

MEPm(g) =  

( )











g

g

u

u

u

unu

NITSCONNECTEDU

NITSCONNECTEDU

)(

Proportion

Proportion eEnergyPric

 

where: 

Proportionu is the relevant proportion of generation for 

generating unit u of a multi-unit facility associated with 

energy offer g specified by the EMC in accordance with 

section D.7.3; 

EnergyPricen(u) is the dual variable corresponding to 

constraint D.16.1.2  for the dispatch network node n 

corresponding to the market network node m; and 

The price MEPm shall then be further modified in accordance 

with section D.24.5 for dispatch periods where the temporary 

price cap is not in effect, or in accordance with section 
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D.24.5A for dispatch periods where the temporary price cap 

is in effect. 

 

D.24.1.3 For pseudo generation settlement facilities, the market energy 

price shall be calculated as follows: 

MEP =

∑ (Generationg×MEPm(g)
g∈ENERGYOFFERS )

+∑ (EnergyStorageTransferes×MEPm(es))es∈ENERGYSTORAGEOFFERS

∑ Generationgg∈ENERGYOFFERS

+∑ EnergyStorageTransfereses∈ENERGYSTORAGEOFFERS

 

where:  

MEPm(g) or MEPm(es) is the market energy price for market 

network node m corresponding to the generation registered 

facility that energy offer g or energy storage offer es is for, 

calculated in sections D.24.1.1 or D.24.1.2 after it has been 

modified in accordance with section D.24.5 for dispatch 

periods where the temporary price cap is not in effect, or in 

accordance with section D.24.5A for dispatch periods where 

the temporary price cap is in effect. 

D.24.1A The reference market energy prices or RMEP for each market network node 

shall be calculated as follows: 

RMEPm =  MEPm 

where: 

MEPm is as calculated in sections D.24.1 and its subsections, and then 

further modified in accordance with section D.24.5. For avoidance of 

doubt, the MEPm for the calculation of the RMEPm will not be modified in 

accordance with section D.24.5A.  

D.24.2 Nodal spot prices for dispatch network nodes or NSPn shall be calculated 

from the values of EnergyPricen, the dual variables corresponding to 

constraint D.16.1.2 for the relevant dispatch network node, and then further 

modified in accordance with section D.24.5 for dispatch periods where the 

temporary price cap is not in effect, or in accordance with section D.24.5A 

for dispatch periods where the temporary price cap is in effect. 

D.24.2A Reference nodal spot prices for dispatch network nodes or 

RNSPn shall be calculated from the values of EnergyPricen, 
the dual variables corresponding to constraint D.16.1.2 for the 

relevant dispatch network node, and then further modified in 

accordance with section D.24.5. 

D.24.3 Reserve prices for each reserve class shall be calculated from the values of 

ReservePricec, the dual variables corresponding to constraint D.17.3.4, 
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and then further modified in accordance with section D.24.5 for dispatch 

periods where the temporary price cap is not in effect, or in accordance 

with section D.24.5A for dispatch periods where the temporary price cap 

is in effect. 

D.24.3A Reference reserve prices for each reserve class shall be calculated from the 

values of ReservePricec, the dual variables corresponding to constraint 

D.17.3.4, and then further modified in accordance with section D.24.5. For 

the avoidance of doubt, reference reserve prices will not be modified in 

accordance with section D.24.5A. 

D.24.4 The market regulation price or MFP shall be calculated from the values of 

RegulationPrice, the dual variable corresponding to constraint D.18.2.1, 

and then further modified in accordance with section D.24.5 for dispatch 

periods where the temporary price cap is not in effect, or in accordance 

with section D.24.5A for dispatch periods where the temporary price cap 

is in effect. 

D.24.4A The reference regulation price shall be calculated from the values of 

RegulationPrice, the dual variable corresponding to constraint D.18.2.1, 

and then further modified in accordance with section D.24.5. For the 

avoidance of doubt, the reference regulation price will not be modified in 

accordance with section D.24.5A. 

D.24.5 The market clearing engine shall produce the following modified prices 

corresponding to the prices referred to in sections D.24.1 to D.24.4 for each 

dispatch period: 

D.24.5.1 if the price referred to any of sections D.24.1 to D.24.4 is 

between the applicable upper and lower limits specified in 

Appendix 6J section J.1.7, then the modified price shall equal 

that price; 

D.24.5.2 if the price referred to any of sections D.24.1 to D.24.4 

exceeds the applicable upper limit specified in Appendix 6J 

section J.1.7, then the modified price shall be set to that upper 

limit; and 

D.24.5.3 if the price referred to any of sections D.24.1 to D.24.4 is 

below the applicable lower limit specified in Appendix 6J 

section J.1.7, then the modified price shall be set to that lower 

limit. 
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D.24.5A If the temporary price cap as referred to in section N.3.1 of Appendix 6N 

is activated, notwithstanding section D.24.5, the market clearing engine 

shall apply the upper and lower limits under Appendix 6J, section J.1.7A 

in its determination of modified prices as referred to in D.24.1 to D.24.4 

for each dispatch period the temporary price cap is active for. For the 

avoidance of doubt, the upper limits under section J.1.7A of Appendix 6J 

shall not be applied in the determination of the RNSPn as referred to in 

D.24.2A. 

D.24.6 The market clearing engine shall, for each dispatch period, determine the 

uniform Singapore energy price for the settlement interval corresponding 

to that dispatch period in accordance with the following formula: 

USEP 

 

= 

= 

uniform Singapore energy price  

n (Wn  NSPn) / nWn 

where: 

{n|nNODES} 

 










−

=

n

n

j

jn

p
p

p

n

CKSERATIONBLODEFICITGEN

,

ERGYBIDSINTERTIEEN
,ENERGYBIDS

ckerationBloDeficitGen

PurchaseW

 

   

NSPn = the nodal spot price for DNN n referred to in section 

D.24.2 after it has been modified in accordance with 

section D.24.5 or section D.24.5A where applicable. 
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D.24.6A The market clearing engine shall, for each dispatch period, determine the 

reference uniform Singapore energy price or RUSEP corresponding to that 

dispatch period in accordance with the following formula: 

RUSEP 

 

= 

= 

= 

reference uniform Singapore energy price  

n (Wn  RNSPn) / nWn 

where: 

{n|nNODES} 

 










−

=

n

n

j

jn

p
p

p

n

CKSERATIONBLODEFICITGEN

,

ERGYBIDSINTERTIEEN
,ENERGYBIDS

ckerationBloDeficitGen

PurchaseW

 

   

RNSPn = the nodal spot price for DNN n referred 

to in section D.24.2A after it has been 

modified in accordance with section 

D.24.5.  

 

D.24.7 The market clearing engine shall, for each dispatch period, determine the 

market reserve price or MRPx for each reserve provider group x, in 

accordance with the following formula: 

MRPx = ReservePricec  Effectivenessx,j 

where: 

{x|xRESERVEGROUPSc} 

ReservePricec = the reserve class price referred to in section D.24.3 after 

it has been modified in accordance with section D.24.5 or section D.24.5A 

where applicable. 

Effectivenessx,j = the effectiveness multiplier of raw reserve in block j of 

reserve provider group x, where: 

j is the last effectiveness block in  

RESERVEGROUPBLOCKSx for which  

GroupResponsex,j >0 

or j = 1 if GroupResponsex,j = 0 for all effectiveness blocks in 

RESERVEGROUPBLOCKSx. 
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Explanatory Note:  Reserve effectiveness describes the contribution that 

reserve scheduled for each reserve provider group makes to the reserve 

requirement for the relevant reserve class, and could include reliability of 

response as well as the profile of reserve response.  There are several tranches 

of effectiveness specified by the PSO (see Section G.5.3 of Appendix 6G) with 

the effectiveness declining with increasing reserve supplied from a reserve 

provider group.  The price for each reserve provider group is the reserve class 

price modified by the marginal effectiveness from the reserve provider group – 

i.e. the effectiveness corresponding to the last piece-wise linear tranche from 

which reserve has been scheduled from that reserve provider group, or by the 

effectiveness corresponding to the first piece-wise linear tranche for that 

reserve provider group if no reserve is scheduled from that reserve provider 

group. 

D.24.8 The market clearing engine shall, for each dispatch period for which the 

linear program was re-solved pursuant to section D.22A, determine the 

counterfactual uniform Singapore energy price, or CUSEP, for the 

settlement interval corresponding to that dispatch period in accordance 

with the formula in section D.24.6, for dispatch periods where the 

temporary price cap is not in effect, or in accordance with section D.24.6A 

for dispatch periods where the temporary price cap is in effect, subject to 

section D.24.9.  

D.24.9 If, for any settlement interval where the temporary price cap is not in 

effect, 

D.24.9.1 CUSEPh= USEPh = 0.9×VoLL; and 

D.24.9.2 shortfalls in energy were scheduled in the counterfactual 

solution referred to in D.22A for the corresponding dispatch 

period, 

then the value of CUSEPh shall be further modified and set to 1×VoLL. 

D.24.9A If, for any settlement interval where the temporary price cap is in effect,  

D.24.9A.1 CUSEPh= RUSEPh = 0.9×VoLL; and 

D.24.9A.2 shortfalls in energy were scheduled in the counterfactual 

solution referred to in D.22A for the corresponding dispatch 

period, 

then the value of CUSEPh shall be further modified and set to 1×VoLL. 

 

Explanatory Note: The CUSEP is modified in an energy shortfall situation to 

better reflect the value of dispatchable load that was voluntarily curtailed by 

LRFs with REB. 

D.24.10 The load curtailment price, or LCP, for each dispatch period shall be 

calculated in accordance with section .4 of Appendix 6L. 
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D.25   ADDITIONAL OUTPUTS 

D.25.1 The market clearing engine shall, at a minimum, produce the following 

information for each dispatch period: 

D.25.1.1 the total load scheduled to be supplied at each dispatch 

network node:  

Purchasep 

{p∈ENERGYBIDS}  

and in aggregate:  





RGYBIDSINTERTIENE
ENERGYBIDS

p
p

pPurchase  

expressed in MW; 

D.25.1.2 the total generation scheduled at each generation registered 

facility: 

Generationg 

{g∈ENERGYOFFERS}  

   EnergyStorageTransferes 

{es∈ENERGYSTORAGEOFFERS} 

and in aggregate, 

∑ Generationg

g∈ENERGYOFFERS

g∉INTERTIEENERGYBIDS

 

+ ∑ EnergyStorageTransferes
es∈ENERGYSTORAGEOFFERS

 

expressed in MW; 

D.25.1.2A the total energy scheduled to be withdrawn for each restricted 

energy bid associated with an LRF with REB:  

Purchasep 

{p∈RESTRICTEDENERGYBIDS}  

expressed in MW; 

D.25.1.2B the load curtailment in respect of each LRF with REB: 

CurtailedLoadp 

{p∈RESTRICTEDENERGYBIDS}  

and the total load curtailment in respect of all LRFs with REB: 
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
 ENERGYBIDSRESTRICTEDp

poadCurtailedL  

each expressed in MW; 

D.25.1.2C the total transmission losses in the system: 

   

   expressed in MW; 

D.25.1.3 the extent of any shortfall in energy, by dispatch network 

node: 


 }CKSERATIONBLODEFICITGEN|{ njj

jn,ckerationBloDeficitGen  

}NODES{ n  

and in aggregate,  


 NODES}where,CKSERATIONBLODEFICITGEN|{ njnj,

jn,
n

ckerationBloDeficitGen  

expressed in MW; 

D.25.1.4 the extent of any surplus in energy, by dispatch network node: 


 }KSRATIONBLOCEXCESSGENE|{ njj

jn,krationBlocExcessGene  

}NODES{ n  

and in aggregate, 


 NODES}where,KSRATIONBLOCEXCESSGENE|{ njj

jn,
n

krationBlocExcessGene  

expressed in MW; 

D.25.1.4A total reserve requirement by reserve class: 

 

}SSESRESERVECLA{ c  

expressed in MW; 

D.25.1.5 total reserve scheduled to supply each reserve class, from 

each reserve provider group: 

EffectiveReservex 

}SSESRESERVECLAwhere,UPSRESERVEGRO{  cx c  

and in aggregate,  


 cx

x
UPSRESERVEGRO

eserveEffectiveR  

}SSESRESERVECLA{ c  

expressed in MW; 


LINESk

kLineLoss

cRisk
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D.25.1.6 the extent of any shortfall in reserve, by reserve class: 

cerveDeficitRes  

}SSESRESERVECLA{ c  

expressed in MW; 

D.25.1.6A total regulation requirement: 

   RegulationRequirement 

   expressed in MW; 

D.25.1.7 total regulation scheduled: 


 OFFERSREGULATIONl

lRegulation  

expressed in MW; 

D.25.1.8 the extent of any shortfall in regulation: 

ulationDeficitReg  

expressed in MW; 

D.25.1.9 predicted power flows on dispatch network lines 

kLineFlow  

}LINES{ k  

and energy losses on dispatch network lines 

kLineLoss  

}LINES{ k  

expressed in MW; 

D.25.1.10 a list of security constraints and generation fixing constraints 

applied, which is the set SECURITYCONSTRAINTS; 

D.25.1.11 details of the extent of any constraint violations 

  
 y(s)j

jy(s),

SECROUPBLOCKSVIOLATIONG

roupBlockViolationG  

}ROUPSVIOLATIONG{ y  

;  

D.25.1.12 the value, in dollars, of the objective function value 

NetBenefit specified in section D.14; and 

D.25.1.13 the estimated hourly energy uplift rebate (HEUR) in 

accordance with the following formula: 

Estimated HEUR =  
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[
 
 
 
 ∑ (MEP𝑚(𝑔)

𝑔∈𝐸𝑁𝐸𝑅𝐺𝑌𝑂𝐹𝐹𝐸𝑅𝑆 ×Generation𝑔 × 1
2⁄ )

+∑ (MEP𝑚(𝑒𝑠)
𝑒𝑠∈𝐸𝑁𝐸𝑅𝐺𝑌𝑆𝑇𝑂𝑅𝐴𝐺𝐸𝑂𝐹𝐹𝐸𝑅𝑆 × EnergyStorageTransfer

𝑒𝑠
× 1

2⁄ )

−(USEP × ∑ Purchase𝑝 × 1
2⁄ )𝑝∈𝐸𝑁𝐸𝑅𝐺𝑌𝐵𝐼𝐷𝑆,

𝑝∉𝐼𝑁𝑇𝐸𝑅𝑇𝐼𝐸𝐸𝑁𝐸𝑅𝐺𝑌𝐵𝐼𝐷𝑆 ]
 
 
 
 

∑ Purchase𝑝 × 1
2⁄𝑝∈𝐸𝑁𝐸𝑅𝐺𝑌𝐵𝐼𝐷𝑆,

𝑝∉𝐼𝑁𝑇𝐸𝑅𝑇𝐼𝐸𝐸𝑁𝐸𝑅𝐺𝑌𝐵𝐼𝐷𝑆

 

 

Explanatory Note: The estimated hourly energy uplift rebate 

produced by the market clearing engine for each dispatch period is 

meant only to serve as an indicative figure of the hourly energy 

uplift rebate and will not be used for settlement. 

 

D.25.1.14 the estimated end-of-period SoC in accordance with the 

following formula: 

EndSoC𝑒𝑠

= ExpectedStartSoC
𝑒𝑠

−
EnergyStorageDischarging

𝑒𝑠
×

DispatchPeriod
3600

DischargingEfficiency
𝑒𝑠

× MaxCapacity
𝑒𝑠

+
EnergyStorageCharging

𝑒𝑠
× ChargingEfficiency

𝑒𝑠
×

DispatchPeriod
3600

MaxCapacity
𝑒𝑠

 

{es ∈ ENERGYSTORAGEOFFERS} 

 


