TRANSPOWER ELECTRICITY Zis
AUTHORITY
e S

Reserve shortfall modelling using
simplified worked examples

—

COMPETITION + RELIABILITY - EFFICIENCY



Contents of this pack

These illustrative results were obtained using a simplified Excel model

The first section shows the flaws in using the current reserve deficit
constraint model under RTP (ie, in trying to use ‘real’ CVP values)

The second section shows similar conditions using the risk-violation
curves
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Worked examples of the (failed) reserve deficit approach
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Market Scenario Example
one risk setter and both reserve classes constrained

North Island
Demand: 1650 MW

ILFIR : 100 MW @ 100 $/MWh
ILSIR : 100 MW @ 200 $/MWh
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ENRG: 1500MW @ 1005/MWh

FIR : 200MW @ 20 S/MWh
SIR : 250MW @ 30 $/MWh

I

South Island

Ignoring transmission
Demand : 1000 MW

losses, net free reserve,
HVDC ramp up, HVDC
capacity, reserve
sharing and reserve
requirement in S|

ENRG: 3000MW @ 0.01$/MWh
Energy CVP = 10k
FIR CVP = 10k
SIR CVP = 10k

HYDROELECTRICITY




Market Scenario Example
one risk setter and both reserve classes constrained

North Island
Demand: 1650 MW

ILFIR : 100 MW @ 100 $/MWh -> 100 MW
ILSIR : 100 MW @ 200 $/MWh > 100 MW

Y som ”’;’g’? Energy price: $10k/MWh
T ke - JMBR  FIR price: $100/MWh
e SIR price: $9899.99/MWh

===

ENRG: 1500MW @ 100S/MWh - 1300 MW
FIR : 200MW @ 20 S/MWh > 200 MW

South Island
Demand : 1000 MW

HVDC
NI €< Sl

300 MW ENRG: 3000MW @ 0.01$/MWh
- 1300 MW

HYDROELECTRICITY

SIR : 250MW @ 30 $/MWh > 200 MW Energv Shortage: 50 MW



Market Scenario Example
one risk setter and both reserve classes constrained

North Island
Demand: 1650 MW

ILFIR : 100 MW @ 100 $/MWh
ILSIR : 100 MW @ 200 $/MWh
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ENRG: 1500MW @ 1005/MWh

FIR : 200MW @ 20 S/MWh
SIR : 250MW @ 30 $/MWh

I

South Island

Ignoring transmission
Demand : 1000 MW

losses, net free reserve,
HVDC ramp up, HVDC
capacity, reserve
sharing and reserve
requirement in S|

ENRG: 3000MW @ 0.01$/MWh
Energy CVP = 10k
FIR CVP = 4.5k
SIR CVP = 4.5k

HYDROELECTRICITY




Market Scenario Example
one risk setter and both reserve classes constrained

North Island
Demand: 1650 MW

ILFIR : 100 MW @ 100 $/MWh = 100 MW

ILSIR : 100 MW @ 200 $/MWh = 100 MW
N=Y ",'f',@ ”Zz”g Energy price: $9,000.01/MWh
T bk MK FIR price: $4,500.00/MWh
e é SIR price: $4,500.00/MWh

ENRG: 1500MW @ 100S/MWh - 1300 MW
FIR : 200MW @ 20 S/MWh > 200 MW

South Island
D------"- 1000 MW
HVDC
NI & SI
350 MW

ENRG: 3000MW @ 0.01S/MWh
- 1350 MW

HYDROELECTRICITY

SIR : 250MW @ 30 $/MWh > 200 MW FIR/S'R Shortage 50 MW



Market Scenario Example
three risk setters

North Island lgnoring transmission South Islland
Demand: 1510 MW losses, net free reserve, D-~—--- : 000 MW

h ENRG: 350MW @ 0.015/MWh  Hy/DC ramp up, HVDC
S PR : 20MW @ 18/MWh '

@u@' SR : 30MW @ 18/MWh capa.C|ty, reserve
sharing and reserve

. ENRG:350MW @ 0.02$/MwWh  requirementin Sl

“% FIR : 20MW @ 25/MWh ENRG: 3000MW @ 0.01$/MWh
SIR @ 30MW @ 25/MWh Energy CVP = 10k

' ENRG: 100MW @ 5k$/MWh FIR CVP = 10k
SIR CVP = 10k

HYDROELECTRICITY

Ll Jl ENRG: 1000MW @ 1003/MWh
e a8 FIR 1 200MW @ 3$/MWh
SIR : 300MW @ 3$/MWh



Market Scenario Example
FIR shortage: 10 MW rs

North Island South Island

Demand: 1510 MW | Demand: 1000 MW

ENRG: 230MW @ 0.01$/MWh
FIR : 20MW @ 1$/MWh
SR : 30MW @ 1$/MWh HVDC

" NI € S|
'+, ENRG:230MW @ 0.025/MWh

5 FIR @ 20MW @ 2$/MWh 250 MW ENRG: 1250MW @ 0.01$/MWh
SIR : 30MW @ 2$/MWh

- ENRG: OMW @ 5k$/MWh

Energy price: $3334.35/MWh
FIR price: S10k/MWh
”’"m SIR price: S$3/MWh ARG e
ENRG 800MW @ 100S/MWh
* FIR : 200MW @ 3S/MWh
" SIR : 200MW @ 3S/MWh




Market Scenario Example
three risk setters

North Island
Demand: 1510 MW

h ENRG: 350MW @ 0.01$/MWh
[

e . FR : 20MW @ 1$/MWh
%ﬁ,@' SIR : 30MW @ 1$/MWh

<. ENRG:350MW @ 0.025/MWh
2 FIR : 20MW @ 25/MWh
SIR : 30MW @ 25/MWh

ENRG: 100MW @ 5k$/MWh

o
A lﬁ@ L) |
Tﬁ' ﬁ ENRG: 1000MW @ 100S/MWh

g FIR 200MW @ 3S/MWh
SIR : 300MW @ 3S/MWh

South Island

Ignoring transmission
D----"-. _"000 MW

losses, net free reserve,
HVDC ramp up, HVDC
capacity, reserve
sharing and reserve
requirement in SI

ENRG: 3000MW @ 0.01$/MWh
Energy CVP = 10k
FIR CVP = 15k
SIR CVP = 15k

HYDROELECTRICITY




Market Scenario Example
three risk setters

North Island

Demand: 1510 MW

ENRG: 220MW @ 0.01$/MWh
FIR : 20MW @ 1$/MWh
SIR : 30MW @ 15/MWh

Baw '." ENRG: 220MW @ 0.0ZS/MWh
2 FIR : 20MW @ 2S/MWh
SIR : 30MW @ 25/MWh

& ENRG:30MW @ 5k$/MWh

Energy price: $5000/MWh
FIR price: $14,996.96/MWh

Rey -‘—"'l@ ":?"Z”m SIR price: S$3/MWh
I olly - &l ENRG: 800MW @ 100S/MWh

g FIR 200MW @ 3S/MWh
SIR : 190MW @ 3S/MWh

South Island
D-~--" b 000 MW
HVDC
NI < SI
240 MW

ENRG: 1240MW @ 0.01S/MWh

HYDROELECTRICITY
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Worked examples of the risk-violation curve
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Ignoring transmission losses, net

Ma.rke.t Scenarlo Example free reserve, HVDC ramp up,
(1 risk setter — No shortfall) HVDC capacity, reserve sharing

and reserve requirement in Sl

NI demand HVDC Sl demand
1000 MW CE Risk Shortage Energy shortage
1595 i i< N )
[295 MW]. - ww PR SR b

price price

1 10 4.5k 4.5k 80 10k

ENRG: 3000MW @ 1S/MWh 2 20 12.5k 12.5k 160 15k

[1295 MW]
ILFIR : 100 MW @ 100 $/MWh [95 MW] S I I
ILSIR : 100 MW @ 200 $/MWh [95 MW] The lowest cost supply of an additional MW in the NI
[ o L :
O QI Qyt— o would be via the HYDC @$301/MWh (S1/MWh +
e oo  Enersy price: >301/MWh $100/MWh + $S200/MWh). Reflected in the NI price.

JARR FIR price: $100/MWh

whbe
mfﬁ SIR price: $200/MWh _ . _
— Relationship between energy and reserve prices send

consistent signals to market participants.

ENRG: 1500MW @ 100S/MWh [1300 MW]

FIR : 200MW @ 20 S/MWh [200 MW/]
SIR : 250MW @ 30 $/MWh [200 MW] 1MW offered into the energy market is more valuable

than the same MW offered into NI FIR and/or SIR market.



Ignoring transmission losses, net

Ma rkEt Scena rio. Exa m ple free reserve, HVDC ramp up,
(1 risk setter — FIR risk shortfall) HVDC capacity, reserve sharing
and reserve requirement in Sl

NI demand HVDC SI demand
1000 MW CE Risk Shortage
1605 N € 5 | oo

[305 MW] MW FI.R S!R MW Price
price price
1 10 4.5k 4.5k 80 10k

ENRG: 3000MW @ 1$/|\/|Wh 2 20 12.5k 12.5k 160 15k
[1305 MW]

3 100 175k 175k 1,3k 20k
The lowest cost supply of an additional MW in the NI would
be via the HYDC @54,701/MWh (S1/MWh + $4,500/MWh +
oo ‘ﬁ@ il Energy price: $4,701/MWh $200/MWh). Reflected in the NI price.
Prodbly-AEE  FIR price: $4,500/MW/h [SMW]
i é SIR price: $200/MW/h Relationship between energy and reserve prices send
consistent signals to market participants.

ILFIR : 100 MW @ 100 $/MWh [100 MW]
ILSIR : 110 MW @ 200 $/MWh [105 MW]

ENRG: 1500MW @ 100S/MWh [1300 MW]
FIR : 200MW @ 20 S/MWh [200 MW]

SIR @ 250MW @ 30 $/MWh [200 MW] A MW offered into the NI energy MW is more valuable than

the same MW offered into the NI FIR and/or SIR market



Ignoring transmission losses, net

. Market ScenariO Example free reserve, HVDC ramp up,
(1 risk setter — FIR and SIR risk shortfall) Hvoccapacity, reserve sharing

and reserve requirement in S|
NI demand HVDC Sl demand
1610 ww NI <5 oo [
g MW FIR SIR W

[310 MW]

. . Price
price price

1 10 4.5k 4.5k 80 10k

ENRG: 3000MW @ 1$/|\/|Wh 2 20 12.5k 12.5k 160 15k
[1310 MW]

3 100 17.5k 17.5k 1,3k 20k

The lowest cost supply of an additional MW in the NI would
be via the HVYDC @59,001/MWh (S1/MWh + $4,500/MWh +

e ‘ﬁ@ 00T Energy price: $9,001/MWh $4,500/MWh). Reflected in the NI price.
sats JARK  FIR price: $4,500/MW/h [10MW]
A e

whbe

] SIR price : $4,500/MW/h [10MW . ) )
é . > /MW/h helatlonshlp between energy and reserve prices send
consistent signals to market participants.

ILFIR : 100 MW @ 100 $/MWh [100 MW]
ILSIR : 100 MW @ 200 $/MWh [100 MW]

ENRG: 1500MW @ 100S/MWh [1300 MW]

FIR : 200MW @ 20 S/MWh [200 MW/]
SIR : 250MW @ 30 $/MWh [200 MW] A MW offered into the NI energy MW is more valuable than

the same MW offered into the NI FIR and/or SIR market



Ignoring transmission losses, net

Market Scenarlo Example free reserve, HVDC ramp up,
(3 rlSk SEtter — NO Shortfa”) HVDC capacity, rfeserve sharing

and reserve requirement in S|

NI demand HVDC Sl demand
/ 1000 MW CE Risk Shortage Energy shortage
1580 nes I_-

” [240 |V|W] 0 Price
4 price prlce

e -

| - @’@ Y 1 10 45k 45k 80 10k

ENRG: 350MW @ 0.01$/MWh [220MW] ENRG: 3000MW @ 1$/MWh 2 20 125k 125k 160 15k

FIR 20MW@1$/MWh [20MW] [1240 MW]
3 100 175k 17.5k 1,3k 20k

SIR MW @ 1S/MWh [30MW]

N LT PN Energy price: $100/MWh
; * ENRG: 220MW @ 0.02S/MWh [220MW] FIR price: $296/MW/h
FIR : 20MW @ 2S/MWh [20MW] SIR price : $3/MW/h

SIR : 30MW @ 25/MWh [30MW] )

Marginal MW of FIR ~ 3 x marginal MW of

ENRG: 100MW @ 9.5k5/MWh [0MW] energy (reflects the increased impact of a
marginal MW of reserve versus energy on the
i system at the optimal solution)

¢oe  ENRG: 1100MW @ 100S/MWh [900MW]
FIR : 200MW @ 3$/MWh [200MW]
=82= SR : 300MW @ 3S/MWh [190MW]




Ignoring transmission losses, net

Market Scenarlo Example free reserve, HVDC ramp up,
(3 rlSk Setter — FIR Shortfa”) HVDC capacity, rfeserve sharing

and reserve requirement in S|

NI demand HVDC Sl demand
/ 1000 MW CE Risk Shortage Energy shortage
1585 nes I_-

[245 |V|W] i o
P [SMW shortfall] price prlce
- ﬁ w 1 10 4.5k 4.5k 80 10k
% Gl : .
ENRG: 350MW @ 0.01$/MWh [220MW] ENRG: 3000MW @ 1$/MWh 2 20 125k 125k 160 15k

FIR :20MW @ 1$/MWh [20MW] [1241 MW]
3 100 17.5k 17.5k 1,3k 20k

SIR MW @ 1S/MWh [30MW]

5 LT P Energy price: $4501/MWh
; * ENRG: 220MW @ 0.02S/MWh [220MW] FIR price: $13498/MW/h
FIR : 20MW @ 2S/MWh [20MW] SIR price : $3/MW/h

SIR : 30MW @ 25/MWh [30MW] )

Marginal MW of FIR ~ 3 x marginal MW of

ENRG: 100MW @ 9.5k5/MWh [0MW] energy (reflects the increased impact of a
marginal MW of reserve versus energy on the
i system at the optimal solution)

¢oe  ENRG: 1100MW @ 100S/MWh [900MW]
FIR : 200MW @ 3$/MWh [200MW]
=82= SR : 300MW @ 3S/MWh [190MW]




Ignoring transmission losses, net

Market ScenarIO Example free reserve, HVDC ramp up,
(3 r|Sk Setter - FIR + SlR Shortfa”) HVDC capacity, reserve sharing

and reserve requirement in S|

NI demand HVDC Sl demand
/ 1000 MW CE Risk Shortage Energy shortage
1585 nes ! I_-

” [240 MW] R Price
it price prlce
= g ‘ 1 10 45k 45k 80 10k
% e
ENRG: 350MW @ 0.01$/MWh [225MW] ENRG: 3000MW @ 1$/MWh 2 20 125k 125k 160 15k
[SMW FIR and SIR shortfall] [1240 MW]
FIR : zcagw @ 1S/MWh [20MW] 3 100 17.5k 175k 1,3k 20k
20MW.@ 15/MWh [2 OMW Energy price: $9000/MWh
: Wi I:$I4RG 2 é 0.025/MWh [220MW] FIR price: $13499/MW/h

B S FIR 20|v|w @ 2$/MWh [20MW]
< SIR : 20MW @ 2S/MWh [20MW] Pricélgf arglnaﬁ?lg /n“éngré risk shortage tranch

reflected in energy price.

ENRG: 100MW @ 9.5kS/MWh [0MW]
Marginal MW of energy can reduce FIR and SIR shortage

) | (reflected in price)

m ENRG: 1100MW @ 100S/MWh [900MW]

FIR : 200MW @ 35/MWh [200MW] Marginal MW of FIR and SIR can reduce FIR and SIR

a82= SR : 200MW @ 3S/MWh [200MW] shortage costs by 3 (reflected in price)




