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SECTION C: LINEAR PROGRAM 

D.14 OBJECTIVE FUNCTION 

D.14.1 The NetBenefit is maximised, where: 
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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: 
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D.15.3 LRF with REB Constraints 

D.15.3.1 LRF Nodal Purchase Limit Constraint: 


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D.15.3.2 LRF Nodal Purchase Aggregation Constraint:   
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D.15.3.3 Load Curtailment Calculation:  
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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: 
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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} 

 

D.16.2 Line Flow 

D.16.2.1 Flow Reverse Constraint: 

LineMaxReversek ≤ LineFlowk + ExcessLineFlowReversek 

{k ∈ LINES, k ∉ ARTIFICIALLINES1 ∪ ARTIFICIALLINES3} 
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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
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{k ∈ LINES, k ∉ ARTIFICIALLINES1 ∪ ARTIFICIALLINES3} 

D.16.3.2 Line Loss Constraint: 





kj

k,jk,jk
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nstLineLossCo WeightLineLoss  

{k ∈ LINES, k ∉ ARTIFICIALLINES1 ∪ ARTIFICIALLINES3} 
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D.16.3.3 Weight Summation Constraint: 

1
DISCRSUB
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 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 
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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 × RawCalculatedRiskc 

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

D.17.1.2 Minimum Risk Constraint: 

Riskc ≥ MinimumRiskc 

{c | c ∈RESERVECLASSES}  

 

D.17.2 Supply of Contingency Reserve  

D.17.2.1 Raw Reserve Block Constraint: 

jrjr ,, BlockMaxRawReserveBlockRawReserve  
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D.17.2.4 Reserve Generation Max Constraint: 
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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: 
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D.17.3.2 Group Response Block Constraint: 
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D.17.3.3 Effective Reserve Constraint: 
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D.17.3.4 Reserve Balance Constraint: 
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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
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D.17.3.7 Interruptible Load Max Constraint 
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{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
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 p
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z
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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  
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D.18.1.2 Regulation Summation Constraint: 
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D.18.1.3 Mixed Integer Program Based Regulation Max Constraint: 
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D.18.1.4 Mixed Integer Program Based Regulation Min Constraint: 

 

g(l)

l

lg(l)

MinRegulation

1esitiveValuInfinitePo







ySwitchEligibilitRegulation

GenDeficitRegRegulationGeneration l

 

}OFFERSREGULATION{ l  

 

D.18.1.5  Mixed Integer Program Based Zero Regulation Constraint 
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}OFFERSREGULATION{ l  

D.18.2 Matching of requirements and availability 

D.18.2.1 Regulation Balance Constraint:  
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D.19 RAMPING 

D.19.1 Energy Ramping Constraints 

D.19.1.1 Up Ramp Constraint: 

Generationg ‒ ExcessUpRampg ≤ GenerationEndMaxg 

{g∈ENERGYOFFERS, g∉INTERTIEENERGYOFFERS} 

 

D.19.1.2 Down Ramp Constraint: 

Generationg + ExcessDownRampg ≥ GenerationEndMing 

{g∈ENERGYOFFERS, g∉INTERTIEENERGYOFFERS} 

 

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 

{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∈REGULATIONOFFERS, where RegulationResponsePeriod > 

CombinedRampThreshold} 

 

D.19.3 Load Ramping Constraints 

D.19.3.1 Up Ramp Constraint: 

Purchasep ‒ ExcessUpRampp ≤ PurchaseEndMaxp 
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{p∈RESTRICTEDENERGYBIDS} 

D.19.3.2 Down Ramp Constraint: 

Purchasep + ExcessDownRampp ≥ PurchaseEndMinp 

{p∈RESTRICTEDENERGYBIDS} 

  



Singapore Electricity Market Rules Energy 
Appendix 6D Market 
1 January 2018 Authority 

 
 

  Page 16 

D.20 GENERIC AND MULTI-UNIT CONSTRAINTS 

D.20.1 Generic constraint  

D.20.1.1 Generic Security Constraint: 
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D.20.2 Multi-unit Constraint 

D.20.2.1 Multi-unit Constraint:  
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D.20A TIE-BREAKING CONSTRAINTS 

D.20A.1 Energy Tie-Breaking Constraint: 
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D.20A.2 Reserve Tie-Breaking Constraint: 
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D.20A.3 Regulation Tie-Breaking Constraint: 
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D.20A.4 Tie-Breaking Penalty Constraint: 
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D.21 VIOLATION GROUP CONSTRAINTS 

D.21.1 Line Flow Constraint: 

kkk
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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.21.6 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  

 

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.  

 )SysErrornstLineFlowCo(Max,LINESwhere,DISCRSUB jk,  kk j|ikii| LineFlow
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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 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 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. 
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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: 

MEP
m(g)

 = 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 MEP
m
 shall then be further modified in accordance 

with section D.24.5. 

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: 

MEP
m(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 MEP
m
 shall then be further modified in accordance 

with section D.24.5. 
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D.24.1.3 For pseudo generation settlement facilities, the market energy 

price shall be calculated as follows: 

MEP
m(g)

=  

where:  

MEP
m(g)

 is the market energy price for market 

network node m corresponding to the generation 

registered facility that energy offer g 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. 

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. 

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, 

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

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. 

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, 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, 

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, 

then the modified price shall be set to that lower limit. 

 











RSENERGYOFFE

RSENERGYOFFE

MEP

g

g

g

m(g)

g

Generation

Generation
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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 (W
n
  NSP

n
) / nW

n 

where: 

{n|nNODES} 

 














n

n

j

jn

p
p

p

n

CKSERATIONBLODEFICITGEN

,

ERGYBIDSINTERTIEEN
,ENERGYBIDS

ckerationBloDeficitGen

PurchaseW

 

   

NSP
n
 = 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. 

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. 

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, subject to section D.24.9.  

D.24.9 If, for any settlement interval, 

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. 

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 L.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}  

and in aggregate, 

 

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: 


 ENERGYBIDSRESTRICTEDp

poadCurtailedL  

each expressed in MW; 





ERGYOFFERSINTERTIEEN
RSENERGYOFFE

g
g

gGeneration
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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  


LINESk

kLineLoss

cRisk
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expressed in MW; 

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

accordance with the following formula: 

Estimated HEUR =  

 

2
1

ERGYBIDSINTERTIEEN
ENERGYBIDS

RSENERGYOFFE
ERGYBIDSINTERTIEEN

ENERGYBIDS
2

1
2

1  USEPMEP


















 








p
p

p

g
p
p

pg

m(g)

Purchase

PurchaseGeneration

 

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. 

 


