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	SEMO
	17 July 2012
	Standard
	Mod_15_12

	Contact Details for Modification Proposal Originator

	Name
	Telephone number
	Email address

	Niamh Delaney
	(01)  2370321
	niamh.delaney@sem-o.com

	Modification Proposal Title

	Inclusion of ATC limit slack variables and associated penalty cost parameters

	Documents affected

	Section(s) Affected
	Version number of T&SC or AP used in Drafting

	T&SC
	Appendix N, Glossary
	V.10 and Mod_18_10v2

	Explanation of Proposed Change
(mandatory by originator)

	Interconnector Unit Nominations calculated in EA2, WD1 and Ex-Post runs are limited in aggregate in each Trading Period in the relevant Optimisation Time Horizon by the Maximum Export Available Transfer Capacity and the Maximum Import Available Transfer Capacity for a given Interconnector. This is currently described in Mod_18_10v2 in Appendix N.17.4 for EA2 and WD1. However, these limits also apply to the Ex-Post runs, which are not mentioned in N.17.4. In addition the UUC Certification review has recommended that clause N.17.4 in Mod_18_10v2 become a sub-clause of N.17.3 as it more logically fits into this constraint group which describes constraints on the scheduling of energy.
The UUC Certification review also recommended that the same constraint be included in N.18.3, as it also applies to the economic dispatch. 
As part of the software implementation of these limits for Intra Day Trading, the CMS vendor has included two additional slack variables and associated penalty costs. This modification proposes to more accurately describe the implementation of these constraints and to document them in the Code.


	Legal Drafting Change
(Clearly show proposed code change using tracked changes, if proposer fails to identify changes, please indicate best estimate of potential changes)

	N.17 
[bookmark: _Ref168282052]The Unit Commitment Schedule shall have the following features:
1. It shall be formulated, along with an energy schedule for each Price Maker Generator Unit that is not Under Test, so as to minimise the mathematical function comprising the sum of:
1. the sum of the MSP Production Costs incurred in each Trading Period in the Optimisation Time Horizon by each Price Maker Generator Unit that is not Under Test; and
a. the cost of violating any constraint where no feasible solution would otherwise exist, as described in paragraph N.17.54.  
1. Constraints shall be imposed upon the Unit Commitment Schedule based on applicable Technical Capabilities, so that, in relation to each Generator Unit and  subject to paragraphs N.17.5 4 and N.17.65:
1. the duration of each Contiguous Operation Period shall be less than or equal to the Maximum On Time for that Generator Unit (for Interconnector Units this limit is set to a value which will impose no restrictions on the Market Schedule Quantity of the Generator Unit);
the duration of each Contiguous Operation Period shall be greater than or equal to the Minimum On Time for that Generator Unit (for Interconnector Units this limit is set to a value which will impose no restrictions on the Market Schedule Quantity of the Generator Unit);
whenever that Generator is scheduled to stop producing Active Power, any applicable Minimum Off Time is observed relative to the Trading Period in which it was last scheduled to stop producing Active Power (which Trading Period can be in a prior Trading Day as determined by the Preceding MSP Run or Preceding MSP Runs) (for Interconnector Units this limit is set to a value which will impose no restrictions on the Market Schedule Quantity of the Generator Unit);
in the case of Pumped Storage Units, the Generator Unit shall be scheduled to be committed in either Pumping Mode or generating mode and all committed Pumped Storage Units linked to the same reservoir shall, while committed, be committed in the same mode – a Pumped Storage Unit must have a scheduled level of Output of not more than 0 MW when in Pumping Mode and a scheduled level of Output of not less than 0 MW when in generating mode, and for the avoidance of doubt, a Pumped Storage Unit can simultaneously be committed, have a scheduled level of Output of 0 MW, and be in either, but not both, of Pumping Mode or generating mode;
when a Generator Unit other than a Pumped Storage Unit is operating its average scheduled Output over each Trading Period is at a level not less than its Lower Operating Limit (see Appendix N.40) and not greater than its Higher Operating Limit (see Appendix N.37);
in any Trading Period where a Generator Unit is scheduled to perform a Market Schedule Start, its Output level shall be not more than the greater of its Lower Operating Limit and the sum of the Block Load corresponding to its Market Schedule Warmth State and half the Single Ramp Up Rate (a Block Load value of zero is to be used for Generator Units that are Pumped Storage Units or Interconnector Units);
in the last Trading Period prior to when a Generator Unit is scheduled to stop operating, having been operating, its Output level shall be not more than the greater of its Lower Operating Limit and half the Single Ramp Down Rate; and
in implementing the above conditions the relevant data for the Market Schedule Warmth State of the Generator Unit shall be used.
2. Constraints shall be imposed on the scheduling of energy so that, subject to paragraphs N.17.5 4 and N.17.65: 
1. in each Trading Period, the total Output of all Price Maker Generator Units that are not Under Test shall be scheduled so as to equal Schedule Demand in that Trading Period;  
d. limits, determined by the Single Ramp Up Rate and the Single Ramp Down Rate, on the maximum amount by which each Generator Unit’s Output can change between Trading Periods shall be observed (including relative to the Generator Unit’s Output from the last Trading Period of the previous Trading Day as determined by the Preceding MSP Run); 
e. limits determined by the Aggregate Interconnector Ramp Rate, on the maximum amount by which total flow on an Interconnector can increase or decrease between Trading Periods shall be observed (including relative to the total flow scheduled on that Interconnector from the last Trading Period of the previous Trading Day as determined by the Preceding MSP Run);
in each Trading Period, the total flow scheduled in respect of Interconnector Units for a given Interconnector shall not be less than the most recently Accepted Maximum Export Available Transfer Capacity and not more than the most recently Accepted Maximum Import Available Transfer Capacity for that Interconnector;
f. the energy scheduled from any Energy Limited Generator Unit on both the Trading Day and (separately) in the Ending Overlap Optimisation Period shall not exceed the relevant Energy Limit over the relevant period;
g. the energy (in MWh) maintained within each Pumped Storage Unit reservoir shall be not less than its Minimum Storage Capacity (PSMINLut) and not more than its Maximum Storage Capacity (PSMAXLut);
h. the energy (in MWh) maintained within each Pumped Storage Unit reservoir shall meet the Target Reservoir Level in the final Trading Period of the Trading Day, and the level calculated in accordance with paragraph 5.117 in the final Trading Period of the Optimisation Time Horizon; and
i. a relationship is observed whereby the generation of each 1 MWh from a Pumped Storage Unit in generating mode lowers its associated reservoir by 1 MWh while the pumping of each 1 MWh by a Pumped Storage Unit in Pumping Mode raises the associated reservoir by a number of MWh equal to the Pumped Storage Cycle Efficiency for that Pumped Storage Unit.
3. Constraints shall be imposed on the scheduling of energy in each Ex Ante Two MSP Software Run and Within Day One MSP Software Run in respect of Interconnector Units so that, subject to paragraphs N.17.5 and N.17.6: 


Where:
MIEATClh is the most recently Accepted Maximum Interconnector Export Available Transfer Capacity for Interconnector l in Trading Period h.
j. MSQuh is the Market Schedule Quantity for Interconnector Unit u associated with Interconnector l in Trading Period h.
k. MIIATClh is the most recently Accepted Maximum Interconnector Import Available Transfer Capacity for Interconnector l in Trading Period h.

4. The MSP Software shall include the following variables, which allow such constraint limits to be violated at a high cost if no feasible solution would otherwise exist:
1. the Over-Generation MSP Constraint Cost, which shall apply in any Trading Period in which total scheduled Output as calculated by the MSP Software, for Price Maker Generator Units which are not Under Test, exceeds Schedule Demand, and these circumstances comprise an Excessive Generation Event for the relevant Trading Period;
m. the Under-Generation MSP Constraint Cost, which applies in any Trading Period in which total scheduled Output as calculated by the MSP Software, for Price Maker Generator Units which are not Under Test, is less than Schedule Demand, and these circumstances comprise an Insufficient Capacity Event for the relevant Trading Period;
n. the Aggregate Interconnector Ramp Rate MSP Constraint Cost, which applies to an Interconnector in any Trading Period in which the Aggregate Interconnector Ramp Rate for that Interconnector is breached; and
o. the Maximum Export Available Transfer Capacity MSP Constraint Cost, which applies to an Interconnector in any Trading Period in which the Maximum Export Available Transfer Capacity for that Interconnector is breached;
p. the Maximum Import Available Transfer Capacity MSP Constraint Cost, which applies to an Interconnector in any Trading Period in which the Maximum Import Available Transfer Capacity for that Interconnector is breached; and

q. the Energy Limit MSP Constraint Cost, which applies to each relevant Generator Unit in any Trading Period in which the Energy Limit for an Energy Limited Generator Unit or any of the reservoir target levels or reservoir capacities for a Pumped Storage Unit is breached.


N.18     The Economic Dispatch shall have the following features:
1. It shall be formulated to determine the Shadow Price (SPh) value, and the Market Schedule Quantity (MSQuh expressed in MW) for each Price Maker Generator Unit that is not Under Test, for each Trading Period, so as to minimise the mathematical function comprising the sum of:
1. the total MSP Production Cost incurred by all Price Maker Generator Units that are not Under Test in all Trading Periods in the Optimisation Time Horizon; and
s. the cost of violating any constraint where no feasible solution would otherwise exist, as described in paragraph N.18.4.  
2. Constraints shall be imposed on Market Schedule Quantities determined as part of Economic Dispatch and based on the Unit Commitment Schedule so that, subject to paragraphs N.18.4 and N.18.5 :
1. a Generator Unit shall have a Market Schedule Quantity of 0 MW in any Trading Period in which the Generator Unit is not scheduled to operate;
u. a Pumped Storage Unit that is scheduled to operate shall have an Output not less than 0 MW if the Pumped Storage Unit is committed and in generating mode;
v. a Pumped Storage Unit that is scheduled to operate shall have an Output not more than 0 MW if the Pumped Storage Unit is committed and in Pumping Mode;
w. when a Generator Unit is scheduled to operate, its Output is at a level not less than its Lower Operating Limit (see Appendix N.40) and not greater than its Higher Operating Limit (see Appendix N.37);
x. in a Trading Period where a Generator Unit is scheduled to start operating, its Output shall not be greater than the maximum Output level allowed for that Trading Period in the Unit Commitment Schedule; and
y. in a Trading Period where a Generator Unit is scheduled to stop operating, its Output shall not be greater than the maximum Output level allowed for that Trading Period in the Unit Commitment Schedule.
3. Constraints shall be imposed on the Market Schedule Quantities determined as part of Economic Dispatch so that subject to paragraphs N.18.4 and N.18.5:
1. in each Trading Period, the total Output of Price Maker Generator Units that are not Under Test (calculated as the sum of their Market Schedule Quantities) shall equal Schedule Demand in that Trading Period;  
aa. limits, determined by the Single Ramp Up Rate and the Single Ramp Down Rate, on the maximum amount by which each Generator Unit’s Output can change between Trading Periods shall be observed (including relative to the Generator Unit’s scheduled Output from the last Trading Period of the previous Trading Day as determined by the Preceding MSP Run); 
ab. limits, determined by the Aggregate Interconnector Ramp Rate, on the maximum amount by which total flow on an Interconnector can increase or decrease between Trading Periods shall be observed (including relative to the total flow on that Interconnector from the last Trading Period of the previous Trading Day as determined by the Preceding MSP Run);  
ac. in each Trading Period, the total flow scheduled in respect of Interconnector Units for a given Interconnector shall not be less than the most recently Accepted Maximum Export Available Transfer Capacity and not more than the most recently Accepted Maximum Import Available Transfer Capacity for that Interconnector;
ad. the energy scheduled from any Energy Limited Generator Unit on both the Trading Day and (separately) in the Ending Overlap Optimisation Period shall not exceed the Energy Limit over the relevant period;
ae. the energy (in MWh) maintained within each Pumped Storage Unit reservoir shall be not less than its Minimum Storage Capacity (PSMINLut) and not more than its Maximum Storage Capacity (PSMAXLut);
af. the energy (in MWh) maintained within each Pumped Storage Unit reservoir shall meet the Target Reservoir Level in the final Trading Period of the Trading Day, and the level calculated in accordance with paragraph 5.117 in the final Trading Period of the Optimisation Time Horizon;
ag. a relationship is observed whereby the generation of each 1 MWh from a Pumped Storage Unit in generating mode lowers its associated reservoir by 1 MWh while the pumping of each 1 MWh by a Pumped Storage Unit in Pumping Mode raises the associated reservoir by a number of MWh equal to the Pumped Storage Cycle Efficiency for that Pumped Storage Unit.



14. [bookmark: _Ref167792213]The Market Operator shall make a report to the Regulatory Authorities at least four months before the start of each Year, proposing values for each of the following parameters to be used in the MSP Software for that Year:

1. the Over-Generation MSP Constraint Cost;
2. the Under-Generation MSP Constraint Cost;
3. the Aggregate Interconnector Ramp Rate MSP Constraint Cost;
4. the Energy Limit MSP Constraint Cost; and
5. the Maximum Export Available Transfer Capacity MSP Constraint Cost;
6. the Maximum Import Available Transfer Capacity MSP Constraint Cost; and
7. the Tie-Breaking Adder.



[bookmark: _Toc159867245][bookmark: _Toc166060023]Glossary
	Maximum Export Available Transfer Capacity MSP Constraint Cost
	means a value that is used within the MSP Software as set out within Appendix N: “Operation of the MSP Software”.

	Maximum Import Available Transfer Capacity MSP Constraint Cost
	means a value that is used within the MSP Software as set out within Appendix N: “Operation of the MSP Software”.






	Modification Proposal Justification
(Clearly state the reason for the Modification)

	

Interconnector Unit Nominations calculated in EA2, WD1 and Ex-Post runs are limited in aggregate in each Trading Period in the relevant Optimisation Time Horizon by the Maximum Export Available Transfer Capacity (MEATC) and the Maximum Import Available Transfer Capacity (MIATC). This is currently described in Mod_18_10v2 in Appendix N.17.4 for EA2 and WD1. However, these limits also apply to the Ex-Post runs which is not mentioned in that sub-paragraph. 
In this Modification Proposal, the specific references to EA2 and WD1 runs are removed, making the paragraph applicable to all MSP Software runs. It should be noted that the Interconnector Units would be bound individually by their capacity holdings in EA1 and by their MIUNs in EP1 and EP2. As such, MEATC and MIATC are only important in EA2 and WD1. However, as the problem formulation contains these constraints in the EA1, EP1 and EP2 MSP Software Runs, they have been included for completeness.
In addition, the software implementation of these limits has included the addition of two additional slack variables and associated penalty costs. This modification proposes to more accurately describe the implementation of these constraints. It also addresses drafting comments arising from the UUC Certification review. 

The CMS vendor has introduced two additional slack variables into the Unit Commitment problem, Interconnector Import MSP Constraint Cost and Interconnector Export MSP Constraint Cost. Adding slack variables in constraints is a standard approach in Economic Dispatch and Unit Commitment. It allows optimisation engines to produce feasible solutions when constraints are not feasible. 
These slack variables were introduced to account for the unlikely scenario that where there is a change (reduction) in ATC between MSP Software Runs and the MIUN calculator is not triggered in sufficient time to calculate new MIUN values corresponding to the new ATC limit. 
The penalty costs associated with the Interconnector Import and Interconnector Export slack variables will be included in the annual T&SC parameters review sent to the Regulatory Authorities as annual settings. For IDT Go-Live the parameters have been set to values above the Over-Generation and Under-Generation MSP Constraint Costs,  so that in case of infeasibility the Under and Over Generation constraints would be breached first and the Interconnector Import and Export constraints should never be breached for economic reasons.
The constraints detailed in paragraph N.17.4 are also referenced in Section 3 of the Market Operator Solver Policy. The policy document will be updated to include the new constraints. 





	Code Objectives Furthered
(State the Code Objectives the Proposal furthers, see Section 1.3 of T&SC for Code Objectives)

	This Modification Proposal aims to further Code Objective 1.3.5, namely
“to provide transparency in the operation of the Single Electricity Market”. 

	Implication of not implementing the Modification Proposal
(State the possible outcomes should the Modification Proposal not be implemented)

	
The description of the treatment of slack variables and their associated penalty costs in the Central Market System shall not be fully transparent.  


	Working Group
(State if Working Group considered necessary to develop proposal)
	Impacts
(Indicate the impacts on systems, resources, processes and/or procedures)


	No
	No systems changes necessary.

	Please return this form to Secretariat by email to modifications@sem-o.com





Notes on completing Modification Proposal Form:

1. If a person submits a Modification Proposal on behalf of another person, that person who proposes the material of the change should be identified on the Modification Proposal Form as the Modification Proposal Originator.
1. Any person raising a Modification Proposal shall ensure that their proposal is clear and substantiated with the appropriate detail including the way in which it furthers the Code Objectives to enable it to be fully considered by the Modifications Committee.
1. Each Modification Proposal will include a draft text of the proposed Modification to the Code unless, if raising a Provisional Modification Proposal whereby legal drafting text is not imperative.
1. For the purposes of this Modification Proposal Form, the following terms shall have the following meanings:

Agreed Procedure(s):	means the detailed procedures to be followed by Parties in performing their obligations and functions under the Code as listed in Appendix D “List of Agreed Procedures”.
T&SC / Code:	means the Trading and Settlement Code for the Single Electricity Market
Modification Proposal:	means the proposal to modify the Code as set out in the attached form
Derivative Work:	means any text or work which incorporates or contains all or part of the Modification Proposal or any adaptation, abridgement, expansion or other modification of the Modification Proposal

The terms “Market Operator”, “Modifications Committee” and “Regulatory Authorities” shall have the meanings assigned to those terms in the Code.  

In consideration for the right to submit, and have the Modification Proposal assessed in accordance with the terms of Section 2 of the Code (and Agreed Procedure 12), which I have read and understand, I agree as follows:

1.	I hereby grant a worldwide, perpetual, royalty-free, non-exclusive licence:

0. to the Market Operator and the Regulatory Authorities to publish and/or distribute the Modification Proposal for free and unrestricted access;

0. to the Regulatory Authorities, the Modifications Committee and each member of the Modifications Committee to amend, adapt, combine, abridge, expand or otherwise modify the Modification Proposal at their sole discretion for the purpose of developing the Modification Proposal in accordance with the Code;

0. to the Market Operator and the Regulatory Authorities to incorporate the Modification Proposal into the Code;

1.4	to all Parties to the Code and the Regulatory Authorities to use, reproduce and distribute the Modification Proposal, whether as part of the Code or otherwise, for any purpose arising out of or in connection with the Code.

2.	The licences set out in clause 1 shall equally apply to any Derivative Works.

3.	I hereby waive in favour of the Parties to the Code and the Regulatory Authorities any and all moral rights I may have arising out of or in connection with the Modification Proposal or any Derivative Works.

4.	I hereby warrant that, except where expressly indicated otherwise, I am the owner of the copyright and any other intellectual property and proprietary rights in the Modification Proposal and, where not the owner, I have the requisite permissions to grant the rights set out in this form.

5.	I hereby acknowledge that the Modification Proposal may be rejected by the Modifications Committee and/or the Regulatory Authorities and that there is no guarantee that my Modification Proposal will be incorporated into the Code.
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