The Curious Case of ...
Renewable Spill

EPOC Sep-2025

Grant Telfar, Industry Advisor



The curious case of renewable spill

Energy spill is a largely unavoidable
part of NZ power system operation

Power system spill MERIDIAN ENERGY LIMITED 2



The curious case of renewable spill

Energy spill is a largely unavoidable

part of NZ power system operation
History (HMD)

Has been restricted to historic hydro spill, 8% Hydro Catchment Spil

« Nl annua | ener;
of total flows, typically concentrated over a Y — —
small number of weeks, with large variability. e | mmviaids

e=m/\verage

4,000 I I
3,000 | I I I I I
|

2,000 S = = —I
]
I

1,000 ] L B e =
il |I | | '|| |I

1980 1985 1990 1995 2000 2005 2010 2015 2020

spill [GWh]

hydro

Power system spill MERIDIAN ENERGY LIMITED 2



The curious case of renewable spill

Energy spill is a largely unavoidable

part of NZ power system operation
History (HMD)

Has been restricted to historic hydro spill, 8% Hydro Catchment Spill
« Nl annua | ener;

of total flows, typically concentrated over a N — —

. . ope i Clutha Waikato
small number of weeks, with large variability. Ve | mmviitad

e=m/\verage
Reflects the nature of NZ catchments: I
I I

3,000 I I I I
n

2,000 S = = —I
]
I

1,000

hydro

1980 1985 1990 1995 2000 2005 2010 2015 2020

MERIDIAN ENERGY LIMITED 2

Power system spill



The curious case of renewable spill

Energy spill is a largely unavoidable

part of NZ power system operation
History (HMD)

Has been restricted to historic hydro spill, 8% Hydro Catchment Spill
o annual ener,
of total flows, typically concentrated over a . ———
. . ope i Clutha Waikato
small number of weeks, with large variability. Ve | mmviitad
e=m/\verage

Reflects the nature of NZ catchments: I
* Modest in capacity (months), : I I
* Geographically narrow, E‘m || .I I I I
 Volatile weather systems, " 2000 -1

. rl o 0 l
* Flashy inflows, I l
* Too expensive to create structures to capture all | II I I .I I I

H H B II I-II-_. | I SENENEE I AERNEER I ]

of the inflows, all of the time.

1980 1985 1990 1995 2000 2005 2010 2015 2020

Power system spill MERIDIAN ENERGY LIMITED 2



The curious case of renewable spill

Energy spill is a largely unavoidable
part of NZ power system operation

Has been restricted to historic hydro spill, 8%
of total flows, typically concentrated over a
small number of weeks, with large variability.

Reflects the nature of NZ catchments:

Modest in capacity (months),
Geographically narrow,
Volatile weather systemes,
Flashy inflows,

Too expensive to create structures to capture all
of the inflows, all of the time.

The nature of the power system is changing —
especially thermal coming out and
renewables coming in, with more active
consumer engagement.
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What happens to renewable energy spill?
And should we care?
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Power system by 2050 could be 50-
100% bigger than in 2025
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100% bigger than in 2025

Modelled outcomes: revenue adequate

Agreement™ on the direction of travel, and NZ Power System Generation Summary
Meridian (Revolution)

on the scale of the new energy challenge: . —

* More renewables, mostly intermittent, ey

e Retirement of thermal plant,
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Consensus on future power system?

Power system by 2050 could be 50-

100% bigger than in 2025

Agreement™ on the direction of travel, and

on the

scale of the new energy challenge:

* More renewables, mostly intermittent,
e Retirement of thermal plant,

* 2Xxm

Power system spill

ore capacity than energy, meaning:

more flexibility needed: BESS, V2G, smart-
load, industrial DR, lake management,
hydro capacity and operation, transmission
operation, security standards, etc...

annual generation [GW]

30

25

20

15

10

Modelled outcomes: revenue adequate

NZ Power System Capacity Summary

Meridian (Revolution)
i /BESS Discharge

>100% growth
in capacity

[71BESS Charge

W New Flexibility

M Industrial Response

M Dispatchable Load
Thermal

m Auxiliary

Solar

® Geothermal
Wind
m Hydro
FY2026 FY2035 FY2051

35TWh of new generation: grid & roof,

2.5GW of grid BESS,

1GW of seasonal flexibility,

$30b in grid-level capital,

Core-grid line upgrades,

2-4GW of consumer load shifting; 4M light-fleet BEV.

MERIDIAN ENERGY LIMITED 3




Consensus on future power system?

Power system by 2050 could be 50-
100% bigger than in 2025

Agreement™ on the direction of travel, and
on the scale of the new energy challenge:

* More renewables, mostly intermittent,

e Retirement of thermal plant,

e 2x more capacity than energy, meaning:

— more flexibility needed: BESS, V2G, smart-
load, industrial DR, lake management,
hydro capacity and operation, transmission
operation, security standards, etc...

Hydro’s role becomes that of a swing plant:

* From week-to-week where large-scale storage is
available: ~50%,

e Within-day and from day-to-day where run-of-
river head-ponds exist ~50%,

e Lake storage held higher as insurance against
low energy events.
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Future supply has distinct
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Anything that can flex in the system will flex:
* Hydro is a big part of the solution,

* |tis NZ's super-power,

* (Almost) all 5.5GW of NZ hydro can move,

* Without it, NZ would face bigger problems,
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The rise of intermittency

Future supply has distinct
operational modes; demand is less

. lllustrative intermittent schemati
passive; new flexibility emerges ustrative intermittent schematic

NZ wind and solar fleet intermittent hourly supply & demand
scaled to WMO totals in 2050; wind 4.5GW, solar 7.0GW

Anything that can flex in the system will flex: 15
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The rise of intermittency

Future supply has distinct
operational modes; demand is less

. lllustrative intermittent schemati
passive; new flexibility emerges ustrative intermittent schematic

NZ wind and solar fleet intermittent hourly supply & demand
scaled to WMO totals in 2050; wind 4.5GW, solar 7.0GW

Anything that can flex in the system will flex:
* Hydro is a big part of the solution,
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The rise of intermittency

Future supply has distinct
operational modes; demand is less

. lllustrative intermittent schemati
passive; new flexibility emerges ustrative intermittent schematic

NZ wind and solar fleet intermittent hourly supply & demand

. . . scaled to WMO totals in 2050; wind 4.5GW, solar 7.0GW
Anything that can flex in the system will flex: 15 R _
] ) ) very high wind & solar in 2050 (Nov-2018)
* Hydro is a big part of the solution,
* |tis NZ's super-power,
* (Almost) all 5.5GW of NZ hydro can move,
* Without it, NZ would face bigger problems,
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e Significantly more spill becomes an inevitable
feature of the future...
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Future supply has distinct
operational modes; demand is less

. lllustrative intermittent schemati
passive; new flexibility emerges ustrative intermittent schematic

NZ wind and solar fleet intermittent hourly supply & demand
scaled to WMO totals in 2050; wind 4.5GW, solar 7.0GW

Anything that can flex in the system will flex: 15

* Hydro is a big part of the solution,

* |tis NZ's super-power,

* (Almost) all 5.5GW of NZ hydro can move,

* Without it, NZ would face bigger problems,

* Nature of future hydro swing is: 7
— sustained “on” for a few hours Jm

very high wind & solar in 2050 (Nov-2018)
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— then sustained “off” for a few hours
* Dunkelflaute must be managed, 2255888883883z 3333888888885555
. L i . . [JGas+BESS+DR [IHydro [ /Wind Solar EmGeothermal NZ Load (underlying) NZ Load (+boilers+BEV)
e Significantly more spill becomes an inevitable
feature of the future... .... unless you find large, cheap to build load,

that doesn’t need to be running 24x7,
capable of spinning up during unpredictable
periods of surplus.
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The NZ power system has long
managed large (hydro) uncertainty
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The nature of the resource ... and balance

The NZ power system has long
managed large (hydro) uncertainty

Underlying data
NZ is well placed, at least initially, to manage

NZ inflow and hydro fleet: Resource & Generation

Increased |nterm|ttency, Compared tO OtherS scaled to WMO totals in 2050; wind 4.5GW, solar 7.0GW
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The nature of the resource ... and balance

The NZ power system has long

managed large (hydro) uncertainty
Underlying data

NZ iS WE” placed; at IeaSt |n|t|a“y; tO ma nage NZ inflow and hydro fleet: Resource & Generation
. . . scaled to WMO totals in 2050; wind 4.5GW, solar 7.0GW
increased intermittency, compared to others: »

* Flexible assets — hydro, thermal, transmission,

e Experience with uncertainty from year-to-year.
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The nature of the resource ... and balance

The NZ power system has long
managed large (hydro) uncertainty
Underlying data
NZ iS We” p|aC€d, at IeaSt |n|t|a“y; tO Mma nage NZ inflow and hydro fleet: Resource & Generation
increased intermittency, compared to others: el DT AR e S el 7 AE
* Flexible assets — hydro, thermal, transmission,
e Experience with uncertainty from year-to-year.

10

——Daily Inflows:HMD

——30min Hydro:Mkt

------- Hydro+Spill
Thermal

NZ is also familiar with the idea that there is
no such thing as a perfect power system:

e Building to an acceptable security standard is
the only pragmatic solution, given cost, but ...

* With hydro-thermal balance in mind.
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The nature of the resource ... and balance

The NZ power system has long
managed large (hydro) uncertainty

NZ is well placed, at least initially, to manage

increased intermittency, compared to others:

* Flexible assets — hydro, thermal, transmission,
e Experience with uncertainty from year-to-year.

NZ is also familiar with the idea that there is
no such thing as a perfect power system:

e Building to an acceptable security standard is
the only pragmatic solution, given cost, but ...

* With hydro-thermal balance in mind.

The scale of wind and solar aspiration will
rapidly consume ‘spare’ MW and challenge
the nature of what normal looks like:
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The nature of the resource ... and balance

The NZ power system has long
managed large (hydro) uncertainty
Underlying data
NZ is well placed, at least initially, to manage NZ wind and solar fleet: Hourly Resource
increased intermittency, compared to others: e o TR D wing £ s 7
* Flexible assets — hydro, thermal, transmission,
e Experience with uncertainty from year-to-year.

Wind Solar

NZ is also familiar with the idea that there is
no such thing as a perfect power system:

e Building to an acceptable security standard is
the only pragmatic solution, given cost, but ...

* With hydro-thermal balance in mind.
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The scale of wind and solar aspiration will prob of excesdance [¥]
rapidly consume ‘spare’ MW and challenge

the nature of what normal looks like:
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managed large (hydro) uncertainty
Underlying data
NZ is well placed, at least initially, to manage NZ wind and solar fleet: Hourly Resource
increased intermittency, compared to others: e o TR D wing £ s 7
* Flexible assets — hydro, thermal, transmission,
e Experience with uncertainty from year-to-year.
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Wind Solar ——Wind+Solar

NZ is also familiar with the idea that there is
no such thing as a perfect power system:

e Building to an acceptable security standard is
the only pragmatic solution, given cost, but ...

* With hydro-thermal balance in mind.
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* This could occur faster than we think, if thermal
comes out quicker than anticipated and if n-1

region transmission limits aren’t resolvable
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The NZ power system has long
managed large (hydro) uncertainty
Underlying data
NZ is well placed, at least initially, to manage NZ wind and solar fleet: Hourly Resource
increased intermittency, compared to others: e o TR D wing £ s 7
* Flexible assets — hydro, thermal, transmission,
e Experience with uncertainty from year-to-year.

Wind Solar ——Wind+Solar

NZ is also familiar with the idea that there is
no such thing as a perfect power system:

hydro operational
potential

average generation [GW]

e Building to an acceptable security standard is
the only pragmatic solution, given cost, but ...

* With hydro-thermal balance in mind.

The scale of wind and solar aspiration will prob of excesdance [¥]
rapidly consume ‘spare’ MW and challenge

the nature of what normal looks like:
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Managing periods of surplus and deficit,
maximizing current asset capabilities, moderated

* This could occur faster than we think, if thermal by technology and investment, will define the
comes out quicker than anticipated and if n-1 appropriate balance between spill on one hand
region transmission limits aren’t resolvable and shortage on the other.
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What happens to spill?

Capacity grows faster than energy;
periods of surplus create spill
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What happens to spill?

Capacity grows faster than energy;

periods of surplus create spill
Modelled outcomes

Annual Sp|“ increases from 3‘5% Of tOta| Annual Renewable Spill
energy supply to 8-10% of total supply:
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What happens to spill?

Capacity grows faster than energy;

periods of surplus create spill
Modelled outcomes

Annual spill increases from 3-5% of total
energy supply to 8-10% of total supply:
* Some arbitrariness in: o0
— measurement of spill,
— analytical choice as to which renewable ' I l l
tech spills first with SRMC ~S0/MWh.
e Significant summer spill,

2,000
* Some spill is more visible: = . . .

— especially with lakes being held higher, o = =

Annual Renewable Spill
average across all hydro sequences
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What happens to spill?

Capacity grows faster than energy;

periods of surplus create spill
Modelled outcomes

Annual spill increases from 3-5% of total
energy supply to 8-10% of total supply:
* Some arbitrariness in: o0

— measurement of spill, l
— analytical choice as to which renewable ' I l l

tech spills first with SRMC ~S0/MWh.
e Significant summer spill,

Annual Renewable Spill
average across all hydro sequences
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* Some spill is more visible: == . . . . .
— especially with lakes being held higher, ] - . . . . . .
° Assu mes transmiSSion and Secu rity ConStraintS ’ FY2025 FY2026 FY2027 FY2039 FY2040 FY2041 FY2049 FY2050 FY2051
are minimized along With highly Competitive M Reservoir M River Wind Solar m Geothermal
behaviour:

— otherwise, spill, especially in the regions,
will be higher and/or investment won't
occur.
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What happens to spill?

Capacity grows faster than energy;
periods of surplus create spill

Annual spill increases from 3-5% of total
energy supply to 8-10% of total supply:
* Some arbitrariness in:

— measurement of spill,

— analytical choice as to which renewable
tech spills first with SRMC ~S0/MWh.

e Significant summer spill,
* Some spill is more visible:
— especially with lakes being held higher,

e Assumes transmission and security constraints
are minimized along with highly competitive
behaviour:

— otherwise, spill, especially in the regions,
will be higher and/or investment won't
occur.

Power system spill

Modelled outcomes

Annual Renewable Spill
average across all hydro sequences
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Related areas of particular interest:
1. Dry-year management,

2. Spot prices, especially seasonal,
3. Generation investment dynamics.
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1. Dry-year management

With the decline of thermal, what
provides more energy in a dry-year?
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1. Dry-year management

With the decline of thermal, what
provides more energy in a dry-year?

The worst hydro deficit is 3-3.5TWh; storage Dry-year Extremes
moderates the inflow deficit of 4-5TWh: R

MBIE history
e Historically we have seen additional thermal 3000
generation, and some modest demand
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1. Dry-year management

With the decline of thermal, what
provides more energy in a dry-year?

Modelled outcomes
The worst hydro deficit is 3-3.5TWh; storage Dry-year Extremes

. o . where does the extra energy come from?
moderates the inflow deficit of 4-5TWh: T

MBIE history
e Historically we have seen additional thermal 3000
generation, and some modest demand
response, make up the difference,

* |nthe future, as thermal exits, we expect:
— industrial response; avg CF=5%,
— new flex; GWAP>5500/MWh; avg CF=10%
— residential demand response? Maybe.
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1. Dry-year management

With the decline of thermal, what

provides more energy in a dry-year?

The worst hydro deficit is 3-3.5TWh; storage
moderates the inflow deficit of 4-5TWh:

e Historically we have seen additional thermal
generation, and some modest demand
response, make up the difference,

* |nthe future, as thermal exits, we expect:
— industrial response; avg CF=5%,
— new flex; GWAP>5500/MWh; avg CF=10%
— residential demand response? Maybe.

e BUT this only totals <1,500GWh in a dry-year
— What makes up the rest?
— The hydro deficit hasn’t changed.
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With the decline of thermal, what

provides more energy in a dry-year?

The worst hydro deficit is 3-3.5TWh; storage
moderates the inflow deficit of 4-5TWh:

e Historically we have seen additional thermal
generation, and some modest demand
response, make up the difference,

* |nthe future, as thermal exits, we expect:
— industrial response; avg CF=5%,

— new flex; GWAP>5500/MWh; avg CF=10%

— residential demand response? Maybe.

e BUT this only totals <1,500GWh in a dry-year
— What makes up the rest?
— The hydro deficit hasn’t changed.
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2. Spot prices

Spill and periods of low prices share
the same underlying drivers
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underpinned by a simplified view of thermal Aug-2020; hydseq: 2014
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cost & a stochastic view of reservoir storage: :
e Asthermal retires what happens to structure?

e Suggestive of strong modal pricing outcomes:
either SO/MWh or VolLL,

* Fortunately, stochasticity, hydro storage, and
demand response help moderate this ...
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2. Spot prices

Spill and periods of low prices share

the same underlying drivers
Modelled outcomes

SUpply & dema nd tOday haS SRMC structure Historic & Modelled LWAP : probability exceedance
o . o o . WMO23-peak: all weeks, all hydrologies, all periods

underpinned by a simplified view of thermal

cost & a stochastic view of reservoir storage:

e Asthermal retires what happens to structure?

e Suggestive of strong modal pricing outcomes:
either SO/MWh or VolLL,

* Fortunately, stochasticity, hydro storage, and
demand response help moderate this ...

100MW @ $200/MWh

=$16m income

in current market

enough to cover fixed
costs of a new turbine
only (NOT storage) 100MW @ $200/MWh

=$45m income

in 2050

enough to cover fixed
costs of a new turbine
AND storage

price [$/MWh]
&
S

Periodic surplus capacity combined with low *
SRMC drives bulk of pricing towards SO/MWh: O6 0K 2% 3% M SO6 606 706 80K 0% 100%

2050 model ———0TA2201: 2014-24
* Peak prices during deficit increase to
compensate, otherwise efficient peaking or
energy investment doesn’t happen,
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the same underlying drivers
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underpinned by a simplified view of thermal
cost & a stochastic view of reservoir storage:
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* Fortunately, stochasticity, hydro storage, and
demand response help moderate this ...
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SRMC drives bulk of pricing towards SO/MWh:

* Peak prices during deficit increase to
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the same underlying drivers
Modelled outcomes

Supply & demand today has SRMC structure Benmore weekly TWAP

underpinned by a simplified view of thermal - raseraleeterall ydroloies

cost & a stochastic view of reservoir storage: se00
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* Fortunately, stochasticity, hydro storage, and 6200
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SRMC drives bulk of pricing towards SO/MWh:
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energy investment doesn’t happen, novel contracting needed

* Low prices feature especially strongly in
summer, driven by rooftop and grid solar.

26Aug
23Sep
210ct
18No
16Dec
13%an
10Feb
09Mar
06Ap
04May
0lJun

=
N
N

O0lul

[ 5-25th %ile  Wmm 25-75th %ile W 75-95th %ile  ——— Mean - Min - Max

Power system spill MERIDIAN ENERGY LIMITED



3. Generation investment

Investment requires a leap of faith:
Will | get my money back?
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3. Generation investment

Investment requires a leap of faith:

Will | get my money back?
Satellite History
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3. Generation investment

Investment requires a leap of faith:

Will | get my money back?
Modelled outcomes:revenue adequate

Investment at spot requires taking a view on a Investment Dynamics for Wind and Solar
far more Volatile future for 3+ decades: - how much of average price and average generation is expected?
* Prevailing build costs for energy, peak, & flex, os1%
e Large increase in future earnings volatility, T
85%
* Exposure to spill, prices, and constraints: 2 o
— Not a new risk ... but, g 7o W
— Will get much bigger: uncertain generation £ ™ W
65%
revenue is the key investment risk, "
55%
50%
FY2025 FY2026 FY2027 FY2039 FY2040 FY2041 FY2049 FY2050 FY2051
[ Price Participation Price Participation Net Wind Output Net Solar Output
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Will | get my money back?
Modelled outcomes:revenue adequate

Investment at spot requires taking a view on a Investment Dynamics for Wind and Solar
far more Volatile future for 3+ decades: - how much of average price and average generation is expected?
* Prevailing build costs for energy, peak, & flex, a5 .

e Large increase in future earnings volatility, R
e Exposure to spill, prices, and constraints:

* Risks partially mitigated via PPAs or VI etc: ss%
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Will | get my money back?

Investment at spot requires taking a view on a
far more volatile future for 3+ decades:

* Prevailing build costs for energy, peak, & flex,

e Large increase in future earnings volatility,

e Exposure to spill, prices, and constraints:
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* Risks partially mitigated via PPAs or VI etc:
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Beware exciting debt & asset beta convos,
Counterparty risk,

Credit risk,

JVs require a lot of effort,

Regulatory and political risks.
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Modelled outcomes:revenue adequate

Investment Dynamics for Wind and Solar
how much of average price and average generation is expected?
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Mathematically this all works:
e Spot prices still play a pivotal underlying role,
* Price is the axis around which it all turns,
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Mathematically this all works:

e Spot prices still play a pivotal underlying role,
* Price is the axis around which it all turns,

* BUT novel contracting & partnering needed.
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Spill has long been a feature of the NZ power

landscape:
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* Was a key concern for original market design.
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Final thoughts

A highly renewable (100%) power system will look very different to history

Spill has long been a feature of the NZ power Future investment still works, with revenue
landscape: adequacy — on average — over asset lifetime
« Can be highly contentious, still the gold standard:

* Was a key concern for original market design. Intermittent generation,

* BESS,

* New sources of flexibility.

* |nvestment volatility much higher, absent

Spill in the future will be much higher:
* Up to 10% of total energy supply,

* Concentrated seasonally, especially in summer, structures and contracting to de-risk income.

e Possibly less prominent if not hydro,

* Can help shrink the dry-year problem. Spill is a prominent feature of the future
system — in-and-off-itself not a bad thing:

Prices and spill are driven by the same * Helps with efficient investment — especially

underlying high capacity/low energy supply: avoiding over building,

* Low prices can be expected for extended * In the absence of new lines, helps with

periods of time, regional investment decisions,
* Concentrated seasonally, e Can help with dry-year management,
* Peak prices will be much higher. * |s part of efficient price discovery.
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