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Overview

 Market application sequence

 Mixed Integer Linear Programming optimization

 Imbalance reserve procurement in IFM

 Reliability capacity procurement in RUC

 Power balance constraints

 Network constraints

 State of Charge constraints

 Resource Supply Index in Market Power Mitigation

 Price formation
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Market Application Sequence
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Integrated Forward Market (IFM)

● unit commitment

● energy scheduling

● ancillary services procurement

● imbalance reserve procurement

Residual Unit Commitment (RUC)

● additional unit commitment

● reliability capacity procurement

Market Power Mitigation (MPM-RUC)

● additional unit commitment

● reliability capacity procurement

● reliability capacity bid mitigation

Market Power Mitigation (MPM-IFM)

● unit commitment

● energy scheduling

● ancillary services procurement

● imbalance reserve procurement

● energy and imbalance reserve bid mitigation

Market close (10am)

Result publication (1pm)



Mixed Integer Linear Programming Optimization

Slide 41/4/2023DAME Draft Technical Description

Network Analysis (NA)

Input Data

● network model

● resources and capabilities

● bids

● demand/VER forecast/uncertainty

● outages

● network constraints/limits

Security Constraint Unit 

Commitment (SCUC)

● unit commitment

● economic scheduling

● power balance constraint

● no network constraints

● capacity/ramp/energy constraints

Security Constraint Unit 

Commitment (SCUC)

● unit commitment

● economic scheduling

● linearized power balance constraint

● linearized network constraints

● capacity/ramp/energy constraints

Results

● schedules

● awards

● pricespower flow

network 

topology

losses

loss penalty factors

critical constraints

shift factors



Imbalance Reserve Procurement in IFM

෍

𝑖

𝐸𝑁𝑖 ,𝑡 +෍

𝑖

𝑉𝑆𝑖,𝑡 =෍

𝑖

𝐿𝑖,𝑡 +෍

𝑖

𝑉𝐷𝑖,𝑡 + 𝐿𝑜𝑠𝑠𝑡

෍

𝑖

𝐼𝑅𝑈𝑖,𝑡 ≥ 𝐼𝑅𝑈𝑅𝑡

෍

𝑖

𝐼𝑅𝐷𝑖 ,𝑡 ≥ 𝐼𝑅𝐷𝑅𝑡

𝐿𝐸𝐿𝑖,𝑡 + 𝐼𝑅𝐷𝑖,𝑡 ≤ 𝐸𝑁𝑖,𝑡 ≤ 𝑈𝐸𝐿𝑖,𝑡 − 𝐼𝑅𝑈𝑖 ,𝑡

𝐸𝑁𝑖 ,𝑡 − 𝐸𝑁𝑖 ,𝑡−1 ≤ 𝑅𝑅𝑈𝑖 𝐸𝑁𝑖 ,𝑡−1, 𝑇60 − 4 δ 𝐼𝑅𝑈𝑖 ,𝑡

𝐸𝑁𝑖 ,𝑡 − 𝐸𝑁𝑖,𝑡−1 ≥ −𝑅𝑅𝐷𝑖 𝐸𝑁𝑖 ,𝑡−1, 𝑇60 + 4 δ 𝐼𝑅𝐷𝑖 ,𝑡
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Reliability Capacity Procurement in RUC

𝐸𝑁𝑖 ,𝑡 , 𝐼𝑅𝑈𝑖,𝑡 , 𝐼𝑅𝐷𝑖 ,𝑡 fixed

෍

𝑖

𝑅𝐸𝑁𝑖,𝑡 ≡෍

𝑖

𝐸𝑁𝑖 ,𝑡 + 𝑅𝐶𝑈𝑖 ,𝑡 − 𝑅𝐶𝐷𝑖,𝑡 = 𝐷𝑡

𝐿𝐸𝐿𝑖,𝑡 + 𝐼𝑅𝐷𝑖,𝑡 ≤ 𝑅𝐸𝑁𝑖 ,𝑡 ≤ 𝑈𝐸𝐿𝑖 ,𝑡 − 𝐼𝑅𝑈𝑖,𝑡

𝑅𝐸𝑁𝑖,𝑡 − 𝑅𝐸𝑁𝑖 ,𝑡−1 ≤ 𝑅𝑅𝑈𝑖 𝑅𝐸𝑁𝑖 ,𝑡−1, 𝑇60 − 4 δ 𝐼𝑅𝑈𝑖,𝑡

𝑅𝐸𝑁𝑖,𝑡 − 𝑅𝐸𝑁𝑖 ,𝑡−1 ≥ −𝑅𝑅𝐷𝑖 𝑅𝐸𝑁𝑖,𝑡−1, 𝑇60 + 4 δ 𝐼𝑅𝐷𝑖,𝑡
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Power Balance Constraints

 IFM
෍

𝑖

𝐸𝑁𝑖,𝑡 +෍

𝑖

𝑉𝑆𝑖,𝑡 =෍

𝑖

𝐿𝑖,𝑡 +෍

𝑖

𝑉𝐷𝑖 ,𝑡 + 𝐿𝑜𝑠𝑠𝑡 ⟹෍

𝑖

∆𝐸𝑁𝑖 ,𝑡
𝐿𝑃𝐹𝑖 ,𝑡

+෍

𝑖

∆𝑉𝑆𝑖,𝑡
𝐿𝑃𝐹𝑖 ,𝑡

−෍

𝑖

∆𝐿𝑖,𝑡
𝐿𝑃𝐹𝑖 ,𝑡

−෍

𝑖

∆𝑉𝐷𝑖 ,𝑡
𝐿𝑃𝐹𝑖,𝑡

= 0

 RUC
෍

𝑖

𝐸𝑁𝑖,𝑡 + 𝑅𝐶𝑈𝑖,𝑡 − 𝑅𝐶𝐷𝑖,𝑡 = 𝐷𝑡 ⟹෍

𝑖

∆𝑅𝐶𝑈𝑖,𝑡

𝐿𝑃𝐹𝑖 ,𝑡
(𝑟)

−෍

𝑖

∆𝑅𝐶𝐷𝑖,𝑡

𝐿𝑃𝐹𝑖 ,𝑡
(𝑟)

= 0
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Network Constraints

 IFM

𝐿𝐹𝐿𝑚,𝑡 ≤ 𝐹𝑚,𝑡 ≤ 𝑈𝐹𝐿𝑚,𝑡 ⟹ ෪𝐿𝐹𝐿𝑚,𝑡 ≤ ෨𝐹𝑚,𝑡 +෍

𝑖

∆𝐸𝑁𝑖,𝑡 + ∆𝑉𝑆𝑖,𝑡 − ∆𝑉𝐷𝑖 ,𝑡 − ∆𝐿𝑖,𝑡 𝑆𝐹𝑖,𝑚,𝑡 ≤ ෫𝑈𝐹𝐿𝑚,𝑡

𝐿𝐹𝐿𝑚,𝑡 ≤ 𝐹𝑚,𝑡
𝑢
≤ 𝑈𝐹𝐿𝑚,𝑡 ⟹ ෪𝐿𝐹𝐿𝑚,𝑡

𝑢
≤ ෨𝐹𝑚,𝑡

𝑢
+෍

𝑖

∆𝐸𝑁𝑖,𝑡 + ∆𝐼𝑅𝑈𝑖,𝑡 + ∆𝑉𝑆𝑖,𝑡 − ∆𝑉𝐷𝑖 ,𝑡 − ∆𝐿𝑖,𝑡 𝑆𝐹𝑖,𝑚,𝑡 ≤ ෫𝑈𝐹𝐿𝑚,𝑡
𝑢

⟹

෪𝐿𝐹𝐿𝑚,𝑡 ≤ ෨𝐹𝑚,𝑡 +෍

𝑖

∆𝐸𝑁𝑖 ,𝑡 + 𝐼𝑅𝑈𝑖,𝑡 + ∆𝑉𝑆𝑖,𝑡 − ∆𝑉𝐷𝑖,𝑡 − ∆𝐿𝑖,𝑡 + 𝐷𝐹𝑖 ,𝑡
𝑢 𝐼𝑅𝑈𝑅𝑡 𝑆𝐹𝑖,𝑚,𝑡 ≤ ෫𝑈𝐹𝐿𝑚,𝑡

𝐿𝐹𝐿𝑚,𝑡 ≤ 𝐹𝑚,𝑡
(𝑢)

≤ 𝑈𝐹𝐿𝑚,𝑡 ⟹ ෨𝐹𝑚,𝑡
𝑑 +෍

𝑖

∆𝐸𝑁𝑖 ,𝑡 − ∆𝐼𝑅𝐷𝑖,𝑡 + ∆𝑉𝑆𝑖,𝑡 − ∆𝑉𝐷𝑖 ,𝑡 − ∆𝐿𝑖,𝑡 𝑆𝐹𝑖,𝑚,𝑡 ≤ ෫𝑈𝐹𝐿𝑚,𝑡
𝑑 ⟹

෪𝐿𝐹𝐿𝑚,𝑡 ≤ ෨𝐹𝑚,𝑡 +෍

𝑖

∆𝐸𝑁𝑖 ,𝑡 − 𝐼𝑅𝐷𝑖 ,𝑡 + ∆𝑉𝑆𝑖,𝑡 − ∆𝑉𝐷𝑖 ,𝑡 − ∆𝐿𝑖,𝑡 − 𝐷𝐹𝑖 ,𝑡
𝑑
𝐼𝑅𝐷𝑅𝑡 𝑆𝐹𝑖 ,𝑚,𝑡 ≤ ෫𝑈𝐹𝐿𝑚,𝑡

 RUC

𝐿𝐹𝐿𝑚,𝑡 ≤ 𝐹𝑚,𝑡
(𝑟)

≤ 𝑈𝐹𝐿𝑚,𝑡 ⟹ ෪𝐿𝐹𝐿𝑚,𝑡
(𝑟)

≤ ෨𝐹𝑚,𝑡
(𝑟)

+෍

𝑖

∆𝑅𝐶𝑈𝑖 ,𝑡 − ∆𝑅𝐶𝐷𝑖 ,𝑡 𝑆𝐹𝑖,𝑚,𝑡 ≤෫𝑈𝐹𝐿𝑚,𝑡
(𝑟)
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State of Charge Constraints

 IFM
𝑆𝑂𝐶𝑖,𝑡 = 𝑆𝑂𝐶𝑖,𝑡−1 − 𝐸𝑁𝑖,𝑡

+
+ 𝜂𝑖 𝐸𝑁𝑖,𝑡

−

0 ≤ 𝐸𝑁𝑖,𝑡
+
≤ 𝑢𝑖,𝑡 𝑈𝐸𝐿′𝑖,𝑡

1 − 𝑢𝑖,𝑡 𝐿𝐸𝐿′𝑖,𝑡 ≤ 𝐸𝑁𝑖,𝑡
−
≤ 0

𝐸𝑁𝑖,𝑡 = 𝐸𝑁𝑖,𝑡
+
+ 𝐸𝑁𝑖,𝑡

−

𝑆𝑂𝐶𝑖,𝑡−1 − 𝑅𝑈𝑖,𝑡 − 𝑆𝑅𝑖,𝑡 − 𝑁𝑅𝑖,𝑡 − 𝐼𝑅𝑈𝑖,𝑡 ≥ 𝑆𝑂𝐶𝑖,𝑡

𝑆𝑂𝐶𝑖,𝑡−1 + 𝜂𝑖 𝑅𝐷𝑖,𝑡 + 𝐼𝑅𝐷𝑖,𝑡 ≤ 𝑆𝑂𝐶𝑖,𝑡

𝑆𝑂𝐶𝑖,𝑡
𝑢
= 𝑆𝑂𝐶𝑖,𝑡−1

𝑢
− 𝐸𝑁𝑖,𝑡

+
− 𝜂𝑖 𝐸𝑁𝑖,𝑡

−
−𝐴𝑅𝑈𝑡 𝑅𝑈𝑖,𝑡 ≥ 𝑆𝑂𝐶𝑖,𝑡

𝑆𝑂𝐶𝑖,𝑡
𝑑
= 𝑆𝑂𝐶𝑖,𝑡−1

𝑑
− 𝐸𝑁𝑖,𝑡

+
− 𝜂𝑖 𝐸𝑁𝑖,𝑡

−
+ 𝜂𝑖 𝐴𝑅𝐷𝑡 𝑅𝐷𝑖,𝑡 ≤ 𝑆𝑂𝐶𝑖,𝑡

𝐶𝐹 𝑅𝑈𝑖,𝑡 ≤ −𝐿𝐶𝐿𝑖,𝑡 − 𝑅𝐷𝑖,𝑡

𝐶𝐹 𝑅𝑈𝑖,𝑡 ≤ max 0,−𝐿𝐸𝐿𝑖,𝑡
𝐶𝐹 𝑅𝐷𝑖,𝑡 ≤ 𝑈𝐶𝐿𝑖,𝑡 −𝑅𝑈𝑖,𝑡

𝐶𝐹 𝑅𝐷𝑖,𝑡 ≤ min 0,𝑈𝐸𝐿𝑖,𝑡

 RUC

𝑆𝑂𝐶𝑖,𝑡−1 − 𝑅𝑈𝑖,𝑡 − 𝑆𝑅𝑖,𝑡 − 𝑁𝑅𝑖,𝑡 − 𝐼𝑅𝑈𝑖,𝑡 − 𝑅𝐶𝑈𝑖,𝑡 ≥ 𝑆𝑂𝐶𝑖,𝑡

𝑆𝑂𝐶𝑖,𝑡−1 + 𝜂𝑖 𝑅𝐷𝑖,𝑡 + 𝐼𝑅𝐷𝑖,𝑡 + 𝑅𝐶𝐷𝑖,𝑡 ≤ 𝑆𝑂𝐶𝑖,𝑡

Slide 91/4/2023DAME Draft Technical Description



Resource Supply Index in Market Power Mitigation

 IFM

 RUC
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𝑆𝐶𝐹𝑖,m,𝑡 = −min 0,𝑆𝐹𝑖,𝑚,𝑡 min 𝑈𝐶𝐿𝑖,𝑡 − 𝑅𝑈𝑖,𝑡 − 𝑆𝑅𝑖,𝑡 − 𝑁𝑅𝑖,𝑡 , 𝑈𝐸𝐿𝑖,𝑡

𝑆𝐶𝐹𝑖,𝑚,𝑡 = −𝑤𝑖,𝑡 min 0,𝑆𝐹𝑖,𝑚,𝑡 max 𝐿𝐶𝐿𝑖,𝑡 + 𝑅𝐷𝑖,𝑡 , 𝐿𝐸𝐿𝑖,𝑡
𝑊𝐶𝑖,𝑚,𝑡 = 𝑆𝐶𝐹𝑖,𝑚,𝑡 − 𝑆𝐶𝐹𝑖,𝑚,𝑡

𝐷𝐶𝐹𝑖,𝑚,𝑡 = −min 0, 𝑆𝐹𝑖,𝑚,𝑡 𝐸𝑁𝑖,𝑡 𝑅𝑆𝐼𝑚,𝑡 = ൘෍

𝑖∈𝐹𝐶𝑆𝑚,𝑡

𝑆𝐶𝐹𝑖,𝑚,𝑡 + ෍

𝑖∈𝑃𝑃𝑆𝑚,𝑡

𝑆𝐶𝐹𝑖,𝑚,𝑡 ෍

𝑖

𝐷𝐶𝐹𝑖,𝑚,𝑡

𝐷𝐶𝐹𝑖,𝑚,𝑡
(𝑢)

= −min 0, 𝑆𝐹𝑖,𝑚,𝑡 𝐸𝑁𝑖,𝑡 + 𝐼𝑅𝑈𝑖,𝑡 𝑅𝑆𝐼𝑚,𝑡
(𝑢)

= ൘෍

𝑖∈𝐹𝐶𝑆𝑚,𝑡

𝑆𝐶𝐹𝑖,𝑚,𝑡 + ෍

𝑖∈𝑃𝑃𝑆𝑚,𝑡

𝑆𝐶𝐹𝑖,𝑚,𝑡 ෍

𝑖

𝐷𝐶𝐹𝑖,𝑚,𝑡
(𝑢)

𝐷𝐶𝐹𝑖,𝑚,𝑡
(𝑑)

= −min 0,𝑆𝐹𝑖,𝑚,𝑡 𝐸𝑁𝑖,𝑡 − 𝐼𝑅𝐷𝑖,𝑡 𝑅𝑆𝐼𝑚,𝑡
(𝑑)

= ൘෍

𝑖∈𝐹𝐶𝑆𝑚,𝑡

𝑆𝐶𝐹𝑖,𝑚,𝑡 + ෍

𝑖∈𝑃𝑃𝑆𝑚,𝑡

𝑆𝐶𝐹𝑖,𝑚,𝑡 ෍

𝑖

𝐷𝐶𝐹𝑖,𝑚,𝑡
(𝑑)

𝑆𝐶𝐹𝑖,m,𝑡 = −min 0,𝑆𝐹𝑖,𝑚,𝑡 min 𝑈𝐶𝐿𝑖,𝑡 − 𝑅𝑈𝑖,𝑡 − 𝑆𝑅𝑖,𝑡 − 𝑁𝑅𝑖,𝑡 − 𝐼𝑅𝑈𝑖,𝑡 , 𝑈𝐸𝐿𝑖,𝑡 − 𝐼𝑅𝑈𝑖,𝑡

𝑆𝐶𝐹𝑖,𝑚,𝑡 = −𝑤𝑖,𝑡 min 0, 𝑆𝐹𝑖,𝑚,𝑡 max 𝐿𝐶𝐿𝑖,𝑡 + 𝑅𝐷𝑖,𝑡 + 𝐼𝑅𝐷𝑖,𝑡 , 𝐿𝐸𝐿𝑖,𝑡 + 𝐼𝑅𝐷𝑖,𝑡
𝑊𝐶𝑖,𝑚,𝑡 = 𝑆𝐶𝐹𝑖,𝑚,𝑡 − 𝑆𝐶𝐹𝑖,𝑚,𝑡

𝐷𝐶𝐹𝑖,𝑚,𝑡 = −min 0,𝑆𝐹𝑖,𝑚,𝑡 𝐸𝑁𝑖,𝑡 + 𝑅𝐶𝑈𝑖,𝑡 − 𝑅𝐶𝐷𝑖,𝑡 𝑅𝑆𝐼𝑚,𝑡 = ൘෍

𝑖∈𝐹𝐶𝑆𝑚,𝑡

𝑆𝐶𝐹𝑖,𝑚,𝑡 + ෍

𝑖∈𝑃𝑃𝑆𝑚,𝑡

𝑆𝐶𝐹𝑖,𝑚,𝑡 ෍

𝑖

𝐷𝐶𝐹𝑖,𝑚,𝑡



Price Formation

෍

𝑖

∆𝐸𝑁𝑖,𝑡
𝐿𝑃𝐹𝑖,𝑡

+෍

𝑖

∆𝑉𝑆𝑖,𝑡
𝐿𝑃𝐹𝑖,𝑡

−෍

𝑖

∆𝐿𝑖,𝑡
𝐿𝑃𝐹𝑖,𝑡

−෍

𝑖

∆𝑉𝐷𝑖,𝑡
𝐿𝑃𝐹𝑖,𝑡

= 0 𝜆𝑡

෍

𝑖

𝐼𝑅𝑈𝑖,𝑡 ≥ 𝐼𝑅𝑈𝑅𝑡 𝜌𝑡

෍

𝑖

𝐼𝑅𝐷𝑖,𝑡 ≥ 𝐼𝑅𝐷𝑅𝑡 𝜎𝑡

෍

𝑖

∆𝑅𝐶𝑈𝑖,𝑡

𝐿𝑃𝐹
𝑖,𝑡

(𝑟)
−෍

𝑖

∆𝑅𝐶𝐷𝑖,𝑡

𝐿𝑃𝐹
𝑖,𝑡

(𝑟)
= 0 𝜉𝑡

෍

𝑖

∆𝐸𝑁𝑖,𝑡 + ∆𝑉𝑆𝑖,𝑡 − ∆𝑉𝐷𝑖,𝑡 − ∆𝐿𝑖,𝑡 𝑆𝐹𝑖,𝑚,𝑡 ≤ 𝑏𝑚,𝑡 𝜇𝑡

෍

𝑖

∆𝐸𝑁𝑖,𝑡 + 𝐼𝑅𝑈𝑖,𝑡 + ∆𝑉𝑆𝑖,𝑡 − ∆𝑉𝐷𝑖,𝑡 − ∆𝐿𝑖,𝑡 𝑆𝐹𝑖,𝑚,𝑡 ≤ 𝑏𝑚,𝑡
(𝑢)

𝜇𝑡
(𝑢)

෍

𝑖

∆𝐸𝑁𝑖,𝑡 − 𝐼𝑅𝐷𝑖,𝑡 + ∆𝑉𝑆𝑖,𝑡 − ∆𝑉𝐷𝑖,𝑡 − ∆𝐿𝑖,𝑡 𝑆𝐹𝑖,𝑚,𝑡 ≤ 𝑏𝑚,𝑡
(𝑑)

𝜇𝑡
(𝑑)

෍

𝑖

∆𝑅𝐶𝑈𝑖,𝑡 − ∆𝑅𝐶𝐷𝑖,𝑡 𝑆𝐹𝑖,𝑚,𝑡 ≤ 𝑏𝑚,𝑡
(𝑟)

𝜇𝑡
(𝑟)

⟹

𝐿𝑀𝑃𝑖,𝑡 =
𝜆𝑡

𝐿𝑃𝐹𝑖,𝑡
−෍

𝑚

𝑆𝐹𝑖,𝑚,𝑡 𝜇𝑚,𝑡 −෍

𝑚

𝑆𝐹𝑖,𝑚,𝑡 𝜇𝑚,𝑡
𝑢
−෍

𝑚

𝑆𝐹𝑖,𝑚,𝑡 𝜇𝑚,𝑡
𝑑

𝐼𝑅𝑈𝑀𝑃𝑖,𝑡 = 𝜌𝑡 −෍

𝑚

𝑆𝐹𝑖,𝑚,𝑡 𝜇𝑚,𝑡
𝑢

𝐼𝑅𝐷𝑀𝑃𝑖,𝑡 = 𝜎𝑡 +෍

𝑚

𝑆𝐹𝑖,𝑚,𝑡 𝜇𝑚,𝑡
𝑑

𝑅𝐶𝑈𝑀𝑃𝑖,𝑡 =
𝜉𝑡

𝐿𝑃𝐹𝑖,𝑡
(𝑟)
−෍

𝑚

𝑆𝐹𝑖,𝑚,𝑡 𝜇𝑚,𝑡
𝑟

𝑅𝐶𝐷𝑀𝑃𝑖,𝑡 = −
𝜉𝑡

𝐿𝑃𝐹𝑖,𝑡
(𝑟)
+෍

𝑚

𝑆𝐹𝑖,𝑚,𝑡 𝜇𝑚,𝑡
𝑟
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