Derivation of changes to Appendix M.

The following is a derivation of the expressions that are proposed to replace the existing paragraphs in Appendix M. As will be highlighted along the way, the expressions are only changing in their arrangement and will not change the outcomes produced by the current set of rules.

It was felt necessary to change the equations due to a number of errors in the Interconnector forced outage rate calculation.

While correcting these errors it became clear that the conventions used in the existing 6 equations vary considerably and unnecessarily, making the underlying calculation difficult to follow.  

What is proposed here reduces the 6 expressions down to 2 expressions and aligns the conventions used for the non-interconnector calculation and those used for the interconnector calculation. This makes the calculations clear and easy to understand.

Acronyms used throughout (in alphabetical order)
All terms in bold font remain in use after this mod. All terms in normal font are intermediary variables that are used in this part of Appendix M only. They are no longer required if this mod were to go through. 

AAIClh is the Adjusted Aggregate Import Capacity of Interconnector l in Trading Period h.

AIClh is the Aggregate Import Capacity of Interconnector l in Trading Period h; 

APuh is the Availability Profile of Generator Unit u in Trading Period h; 

IAFUly is the Interconnector Annual Forced Unavailability of Interconnector l in Year y;

IFORly is the Interconnector Forced Outage Rate for Interconnector l in Year y;
IFUlh is the Interconnector Forced Unavailability of Interconnector l in Trading Period h;
ISOIlh is the Interconnector Scheduled Outage Indicator for Interconnector l in Trading Period h;
MIATClh is the Maximum Import Available Transfer Capacity of Interconnector l in Trading Period h;

RCu is the Registered Capacity of Generator Unit u; 

TCFuh is the Temperature Correction Factor for Generator Unit u in Trading Period h;

TPD is the Trading Period Duration;
UFORuy is the Unit Forced Outage Rate for Generator Unit u in Year y;

UFUuy is the Unit Forced Unavailability of Generator Unit u in Year y;

USOIuh is the Unit Scheduled Outage Indicator for Generator Unit u in Trading Period h;

UTIuh is the Unit Test Indicator for Generating Unit u in Trading Period h; and

UTUuy is the Unit Total Unavailability of Generator Unit u in Year y;

Derivation of proposed equations
For non-interconnector units (M.9, M.10 & M.11)

Consider M.11,
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Using M.10, 
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And substituting for UFUuy, (1) becomes,
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Using M.9,
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And substituting for UTUuy, (3) becomes,
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And since, 

6. 
[image: image6.wmf](

)

å

å

å

-

=

÷

÷

ø

ö

ç

ç

è

æ

-

hiny

h

h

hiny

h

hiny

h

B

A

B

A


 We can rearrange (5) as,
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Rearranging again, (7) becomes,
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For binary variables USOIuh and UTIuh, 
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(8) becomes 

10. 
[image: image10.wmf](

)

(

)

(

)

(

)

(

)

{

}

(

)

(

)

(

)

(

)

(

)

0

1

1

1

1

0

,

0

1

1

=

´

-

´

-

´

´

´

-

´

-

´

-

´

=

¹

´

-

´

-

´

´

å

å

å

UFORuy

else

TPD

UTIuh

USOIuh

TCFuh

RCu

TPD

UTIuh

USOIuh

APuh

TCFuh

RCu

Max

UFORuy

then

TPD

UTIuh

USOIuh

TCFuh

RCu

if

hiny

hiny

hiny


 Removing unnecessary brackets and rearranging, (10) becomes 
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The above expression clearly defines the calculation of UFORuy. It replaces three overly complex expressions (M9,10 and 11) with one simple expression.

It can be readily seen from the expression the individual components that make up the UFORuy, which makes the overall calculation comprehensible without having to step carefully through three overly complex equations.

The summation above the line is the annual unavailable energy excluding period when the unit is on scheduled outage or under test. 

· The first factor in the summation above the line is the difference between the unit’s temperature corrected Registered Capacity and its Availability Profile. This is the amount of unavailable capacity in MW in a Trading Period. This has to be greater than or equal to zero.
· The second factor converts this to unavailable energy in MWh by multiplying by the Trading Period Duration.
· The third factor is a filter that removes instances of unavailable energy due to Scheduled Outages.

· The fourth factor is also a filter that removes instances of unavailable energy due to a Unit being under test.

The summation below the line is annual theoretically possible available energy excluding periods when the unit is on scheduled outage or under test.

It is the same as the calculation above the line without subtracting the Availability Profile value.

For interconnectors (M.14, M.15 and M.16).

Examining M.14, we highlight some inconsistencies in the formulation,
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M.14 is the interconnector equivalent to M.9 for non-interconnector units. 

MIATClh is the interconnector equivalent of APuh

AIClh and AAIClh are the interconnector equivalents of RCu. 
RCu is a time-invariant variable, hence the lack of time ‘subscript’. AIClh and AAIClh are also time invariant quantities that should be written as AICl and AAICl. It is important that they are time invariant as they are use in the convolutions used to calculate the annual LOLP table. 

AAICl is the same as AICl except if the RAs set it to be less for reasons other than being on forced or scheduled outage or under test. However, if the AAICl was less than the AICl, the above expression would attribute this reduction to the forced outage rate of the interconnector. This is incorrect.

To correct this, (12) becomes,
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Writing the ISOIlh part of the ‘if’ statement into the calculation, (13) becomes
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Writing the remaining part of the ‘if’ statement into the calculation, (14) becomes
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Examining M.15, 
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The index i does not correspond to the RHS, it should be l.
Correcting this, (16) becomes
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Using (15) and substituting for IFUlh in (17), we have
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Considering M.16, 
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Making the same changes to (19) as were made in (12), (19) becomes,
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Using (18), we substitute for IAFUly in (20),
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 Removing unnecessary brackets and rearranging, (21) becomes
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Comparing with (11),
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,
Where we consider (i) AAICl and (RCu x TCFuh) and (ii) ISOIuh and USOIuh as analogous and that (iii) UTI applies non-interconnector units only, we can see the similarity between both calculations. (22) and (23) concisely and clearly set out the calculation of FORs for non-interconnector units and interconnector units respectively. In addition a number of errors in the interconnector calculations have been fixed. It is important to note that these expressions will produce the exact same result as the existing expressions.
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