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Purpose

To assist stakeholders with their understanding of
the cost benefit analysis and charges modelling

to assist with preparing their submissions
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Protocols

Respect

Ask relevant guestions
Provide relevant answers
Park and move on

On time
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Agenda

1 Introduction

2 Cost Benefit Analysis

3 Lunch

4 Modelling of indicativecharges
5 Coffeeand tea on departure
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09:00
09:15
12:00
12:30
15:00
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Cost Benefit Analysis
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Cost Benefit Analysis

A. CBAg purpose and our approach

B. Grid use
Basicset up
Consumers
Generators

Coffeebreak
Transmission investment
Investment in Batteries
Decomposition of benefits over time

C. Investment efficiencies

Start
9:15

9:30

9:45

10:10
10:30
10:45
11:00
11:20
11:40
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Significant long-term benefits for consumers

TPM proposal 6s estimated net benefit
o $2.36b: grid use efficiencies (net of increased costs)
o $200m: investment efficiencies (batteries)

o  $145m: investment efficiencies (generation, large load, transmission,
investment certainty)

Quantified range: $0.2b 1 $6.4b

Some benefits not quantified, e.g. mass-market battery investment
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CBA process: quantifying costs and benefits

Define the problem

Select options for addressing the problem that will be assessed

Specify the baseline to measure costs and benefits against

Identify the effects of the proposed options to address the problem

Assess the effects of the proposed options

Evaluate against decision criteria

Test the sensitivity of the results
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High level outline of grid use model

1 Generation :
| volumes I
| \ 4
Possible 1’| Generation | ! Generation
projects I | investment : prices
|
I | Generation : T T I Transmission :
L _____ m_k > CLZTZ?S'SSD”A JI revenue and |
investment
I L iU
A
Costs | Transport | Propensity to export
"| costs B or import electricity
A
Demand Grid
alternatives
= exogenous
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Time of use energy prices and consumer welfare

Consumer surplus under the baseline

Note: illustrative only, not to scale

350 R= interconnection revenue 180
200 C= cost of raising revenue 160
T= transport cost 140
250 . :
----------- N Price including 120
43:200 ; interconnection charge 'g 100
= i = ,
F0 R 5 80 |- T & Nodal price
! e~ oMY L% ——
----------- ¢ Nodal price 60 : Energy cost
100 ! P .
i Energy cost 40 :
50 ! 50 i
O : O 1
5.0 5.2 5.4 5.6 28.0 29.0 30.0 31.0 32.0
Peak MWh Millions Off-peak MWh Millions
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Time of use energy prices and consumer welfare

Consumer surplus under the proposal

Note: illustrative only, not to scale

350
300
250

g 200

%150
100

50

giC= reduction in cost of raising revenue

R = interconnection revenue

C= cost of raising revenue
T= transport cost

52

Peak MWh

I

New price including
interconnection charge

Nodal price
Energy cost

5.4 5.6

Millions

S/MWh

180
160
140
120
100
80
60
40
20

New price including
interconnection
____________ S charge |
___________ R <«— Nodal price
o N Energy cost
28.0 29.0 30.0 31.0 32.0

Off-peak MWh Millions
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Demand model(s) i elasticities

Distribution connected demand

Time of use elasticities, holding total expenditure constar

Quantity

Price Peak DG peak Shoulder Off peak
Peak -0.4¢ 0.02 -0.15 -0.43
DG peak 0.61 -0.4C -0.8¢ 0.21
Shoulder -0.1¢ -0.0¢ -0.23 -0.4¢
Off peak -0.2€ 0.0C -0.21 -0.5E
Expenditur

e 1.011 0.467 0.991 1.01¢

Adjusted for aggregate demand elasticityo(11 from
dynamic panel)

Quantity
Price Peak DG peak Shoulder Off peak
Peak -0.0% 0.0C -0.01 -0.0%
DG peak 0.07 -0.04 -0.1C 0.02
Shoulder -0.0z -0.01 -0.02 -0.0t

Off peak -0.0¢ 0.0C -0.02 -0.0€

Grid connected demand

Time of use elasticities, holding total expenditure constar

Quantity

Price Peak DG peak Shoulder Off peak
Peak -0.13 -1.0€ -0.2¢ -0.2¢
DG peak -0.0z 1.33 -0.0¢ 0.0C
Shoulder -0.2C -1.9¢ -0.0¢€ -0.1¢
Off peak -0.64 0.7C -0.6C -0.57
Expenditur

e 0.98¢ 0.98(C 0.991 1.007

Adjusted for aggregate demand elasticity0{02 from cost
model)

Quantity
Price Peak DG peak Shoulder Off peak
Peak -0.00¢< -0.024 -0.00¢€ -0.00¢
DG peak 0.00C 0.02¢ -0.001 0.00C
Shoulder -0.004 -0.04z -0.00z -0.004
Off peak -0.014 0.01f -0.01: -0.012

ELECTRICITY Zui
AUTHORITY\\'—

\ 12

COMPETITION = RELIABILITY = EFFICIENCY



Summary of sensitivities results

Aggregate demand elasticity 2,603 NN 4,591
Generation investment
Generation share of reliability benefits 37.6%

70% of benefits from reliability investments
Battery investment response
Battery cost
TPM changed in 2024

Tiwai smelter closes in 2030

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000

i scenaio (52018 mons peses e)

. . ELECTRICITY Za
COMPETITION © RELIABILITY < EFFICIENCY AUTHORITY —

E MANA HIK

13



S/MWh

Energy costs and total surplus

140
120
100
80
60
40

20

42.0

Short run effects

Change in
consumer surplus

producer
surplus

44.0 46.0
Total market MWh

48.0

Millions

S/MWh
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0

Long run effects

Change in consumer surplus, including
efficiency improvement
Baseline
Proposal,
lower cost of
o supply
Lo
|
Producer surplus, : !
under proposal L
42.0 44.0 46.0 48.0
Total market MWh Millions
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Supply modelling

Shortrun costs/prices Longrun costs, example
800
R o 250
700 :

8 ] 200

o 600 ]
£ I
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Summary of sensitivities results

Aggregate demand elasticity

305 5,995
Generation investment |

Generation share of reliability benefits 37.6%
70% of benefits from reliability investments
Battery investment response
Battery cost
TPM changed in 2024
Tiwai smelter closes in 2030

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000

Range of net benefits, relative to central scenario ($2018 millions, present value)
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Allocation of transmission revenue under proposal

7 historical transmission investments allocated to benefit-based charge
o Share of charges by backbone node determined externally to modelling
Remaining historical transmission investments allocated to residual charge

o Share of charges by backbone node determined by eac

years, of New Zealand historical peak demand
All future transmission expenditure allocated to benefit-based charge ex $160 million
o 50% = economic i share of charges by backbone node determined by loss & constraint excess

o 50% =reliabiltyi share of charges by backbone node deter mine

previous 3 years, of average New Zealand peak MWh (demand + generation)
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Transmission prices and revenue

Transmission investment rises under the

Peak prices rise in the baseline, a _ _
proposal, with lower battery investment

battery investment effect

200 4.0% __ 9.0% 1000
-
180 3.0% =2 ES.O% - 900 .
160 R —---"7" 80 8
e o =
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(8]
50 2 R10% IIII 100
_ 0,
40 2.0% X 0.0% 0
3.0% © 2008 2013 2018 2023 2028 2033 2038 2043 2048
20 U2
g I Change in revenue requirement (left axis)
0 -4.0%

5008 2013 2018 2023 2028 2033 2038 2043 2048 Revenue from load customers, proposal (right axis)

= = Revenue from load customers, baseline (right axis)
I Annual growth in peak demand (right axis) ~===RCPD ($/MWh)
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Summary of sensitivities results

Aggregate demand elasticity
Generation investment
Generation share of reliability benefits 37.6% B 2,986
70% of benefits from reliability investments
Battery investment response
Battery cost
TPM changed in 2024
Tiwai smelter closes in 2030

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000

Range of net benefits, relative to central scenario ($2018 millions, present value)
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Battery strategies

Probability of hitting peaks

UNI  LNI usSlI LSI Average
p(Peak|strategy) 0.5¢ 0.7C 05t 0.71 0.64
Cycles/day 4 3.5 7 7 5.37¢
Charging at peak 09C 09C 0.9C 0.9C 0.9C
Discharge at peak 1.5 1.8 1.8 1.8 1.7:
Peak displacement
(ratio) 0.4 0.5 0.5 0.5 0.4¢

E.g. Upper North Island peak avoidance

(9]

rg

State of cha
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e
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R [

0:00 400 800 12200 16:00 20:00
Trading periods
I Probability of peak  =—==State of charge
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Battery cost/configuration assumptions

Single configuration modelled

Assumed battery configuration

(2017)

Battery life (years) 15
Capacity (MW) 1
Capital cost ($/kW) 738
Fixed O&M (p.a., % capital cost) 1%
E/P ratio 1.2¢€
Round trip efficiency 0.C
Discharge/Charge (h), constant

power 1
Present value fixed O&M ($/MW) 62,741
Present value fixed cost ($/MW) 795,74

Assumptions about effects on system

Assumed effects of batteries on energy demand

MW

For each additional MW of DG
1 MW DG/battery capacity means DG output increas

by

of which peak grid demand declines by
with charging at peak of
while charging occurs at shoulder

and charging occurs during gieak periods

0.8C

0.3¢

0.41

COMPETITION = RELIABILITY e EFFICIENCY
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Accelerated battery investment

» 90 700,000
[
> @]
g = 80 600,000
N =70 00,000
& 500,
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|5 400,000
e 50 e
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m i
i | il
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2019 2024 2029 2034 2039 2044 2049
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Summary of sensitivities results

Aggregate demand elasticity
Generation investment
Generation share of reliability benefits 37.6%
70% of benefits from reliability investments
Battery investment response B 3,380
Battery cost 1,303 | 3,082
TPM changed in 2024
Tiwai smelter closes in 2030

0 1,0002,0003,0004,0005,0006,0007,000

Range of net benefits, relative to central scenario ($2018 millions, present value)
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Decomposition of grid use benefits (discounted)

2,500

2,000
1,500

Millions

1,000
500
0

-500

-1,000
-1,500

-2,000

-2,500  change in consumer surplus from change
in shoulder interconnection costs

-3,000
2022-2026
C— Peak nodal price = DG nodal price B Shoulder nodal price
— Off-peak nodal price Peak interconnection cost s DG interconnection cost

= Shoulder interconnection co&===1 Off-peak interconnection codzz1 Transfer

mm |nefficient battery investment= = = Net benefits
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Decomposition of grid use benefits (discounted)

2,500 . . .
Avoided inefficient

investment in batteries

2,000
1,500

Millions

1,000
500
0

-500

-1,000

-1,500

-2,000

-2,500 ' change in consumer surplus from change
in shoulder interconnection costs

-3,000
2022-2026 2027-2031
C— Peak nodal price = DG nodal price B Shoulder nodal price
— Off-peak nodal price Peak interconnection cost s DG interconnection cost

= Shoulder interconnection co&===1 Off-peak interconnection codzz1 Transfer
mm |nefficient battery investment= = = Net benefits
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Decomposition of grid use benefits (discounted)

Millions

4,000

3,000

2,000

1,000

-1,000

-2,000

-3,000

Additional revenue recovered

J«— from load (transfer)

Avoided inefficient
investment in batteries

N,

Change in consumer surplus from change
in shoulder interconnection costs

2022-2026 2027-2031 2032-2036
C— Peak nodal price = DG nodal price B Shoulder nodal price
— Off-peak nodal price Peak interconnection cost s DG interconnection cost

= Shoulder interconnection co&===1 Off-peak interconnection codzz1 Transfer

mm |nefficient battery investment= = = Net benefits
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Decomposition of grid use benefits (discounted)

Millions

5,000

4,000

3,000

2,000

1,000

0

-1,000

-2,000

-3,000

Additional revenue recovered

from load (transfer)
Avoided inefficient
investment in batteries
-~ |
Change in consumer surplus from change
in shoulder interconnection costs
2022-2026 2027-2031 2032-2036 2037-2041
1 Peak nodal price s DG nodal price mmmmm Shoulder nodal price
1 Off-peak nodal price Peak interconnection cost sttt DG interconnection cost

1 Shoulder interconnection co=—1 Off-peak interconnection coLFzFF Transfer

mm |nefficient battery investment= = = Net benefits
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Decomposition of grid use benefits (discounted)

5,000

4,000

Millions

3,000

2,000

1,000

0
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-3,000

Additional revenue recovered .
Change in consumer surplt

from load (transfer)
Avoided inefficient \
investment in batteries =

S

from change in peak
/ interconnection costs

Change in consumer
surplus from change in
off-peak energy prices

Change in consumer
surplus from change
in peak energy prices

Change in consumer surplt

Change in consumer surplus from change .
. . . from change in ofpeak
in shoulder interconnection costs interconnection costs
2022-2026 2027-2031 2032-2036 2037-2041 2042-2046
— Peak nodal price = DG nodal price s Shoulder nodal price
— Off-peak nodal price Peak interconnection cost ==& DG interconnection cost

1 Shoulder interconnection co=—==1 Off-peak interconnection coLZz=A Transfer

mm |nefficient battery investment= = = Net benefits
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Non-battery investment benefits

Lower Upper
Central sensitivity sensitivity
($m) ($m) ($m)

More efficient investment in generation &
load 42 8.9 110.7
Reduced uncertainty for investors 26 0.8 48.3
Scrutiny of major capex 46 22.8 68.4
Scrutiny of base capex 31 6.3 56.4
Total 146 48 284
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-TITION = RELIABILITY * EFFICIENCY AUTHORITY\\

29



Benefits from greater transmission investment scrutiny

Closer scrutiny modell ed as product.i
o 4% (sensitivities: 2% and 6%) for major capex reviewed by ComCom

o 4% (sensitivities: 2% and 6%) for E&D base capex not reviewed by ComCom

o 2% (sensitivities: 1% and 3%) for E&D base capex reviewed by ComCom

o 2% (sensitivities: 1% and 3%) for R&R base capex that could be covered by
deeper connection charges and which has been reviewed by ComCom

o 1% (sensitivities: 0% and 2%) for R&R base capex that could not be covered
by connection charges or deeper connection charges and which has been
reviewed by ComCom

ELECTRICITY Zzuit
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More efficient investment by generators and large

consumers
Top-down analysis Price Marginal social
Marginal cost
. . benefit
Assessing net benefit from generator / N . Marginal private
o . . . 1 t
consumer in a region not making investment / | o8
. . . .. . L A N
consumption decision requiring transmission AN
Polrmmmmmmmmm e oo -
investment =
Externality framework used: L
o marginal private cost < marginal social cost o
. . . .. * uanti
o socially optimal quantity of transmission @ e uantty
investment: Q*, not Q Excess demand for electricity transmission when

transmission price does not reflect marginal social cost

= 2 % ELECTRICITY Zit
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Benefits from increased certainty for investors

Uncertainty increases:

Value of delaying investment

Ox¢

Level of private benefits required to trigger an investment

We draw on findings from USA, UK and NZ studies

O«

Electricity

Ox¢

Telecommunications

O«

Economy-wide

. ELECTRICITY Zit
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Case study: Undergrounding transmission in Auckland

Transpower 6s bl ueprint for Auckl and
lines between 2030 and 2050

o Brownhill Road to Otahuhu (as part of North Island Grid Upgrade)

o Pakuranga to Albany

We are concerned about change in probability of economically inefficient
l nvest ment i n undergrounding Auckl an

Assume 25% change in probability between baseline and proposal
Sensitivities: 0% and 50%

A : ; ELECTRICITY Zui
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Costs

(pp35-40 were not able to be presented at workshop)
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Costs

Quantified costs Proposal ($m) |Alternative ($m)
8 6
TPM development / approval (4-12) (3-8)
- - 9 4
TPM implementation costs (4 - 13) 2 - 5)
: 9 0.3
TPM operational costs (5 - 14) (0.2 - 0.5)
- 188 135
Grid investment brought forward (51 - 324) (6 - 264)
Load not locating in regions with recent grid 1 B
investment (0-2)
Efficiency costs of price cap 1 --
. 215 144
Total quantified costs (65 - 366) (11 - 278)

ELECTRICITY Z
AUTHORITY\\
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Cost to develop, implement, operate TPM

Have drawn on 2016 Transpower cost information
5 2019 proposal & Transpowerdéds fAhigh com
5 2019 alternative & Transpower os dl ow ¢

Have based estimated stakeholder submission costs on types of TPM
submi ssions received since 2011 b wi

o Lengthy, with reports / supporting material from 3 or 4 subject matter experts

o Internally prepared with no external advice, including e-mail, social media post

: : ELECTRICITY Zuit
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Cost to develop, implement, operate TPM (cont)

Key changes to 2016 Transpower cost information

w

o From fAhigh complexityo solution, removV

Transpower cost for additional components in 2016 proposal

Transpower cost to determine charges for 7 historical investments

v

o From Al ow complexityo solution:

Remove our estimate of Transpower cost to develop, implement and operate
a benefit-based charge

Include our estimate of Transpower cost to develop, implement and operate
MWh residual charge and proposed PDP

ELECTRICITY Zzuit
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Cost to develop, implement, operate TPM (cont)

Key TPM development / implementation / operation assumptions:

0

0

O«

¢

O«

(@]

Continuation of same amount of sharing of expert resources by submitters seen since 2011

Transpower does two rounds of formal/structured engagement with stakeholders during
TPM development process

Transpower does not establish TPM working group to assist in detailed design of proposed
TPM

50% of distributors require IT changes
A PDP assessment occurs once every 3 years

1/3 of transmission customers engage every 10 years in process for optimising a

transmission investment

i : e ELECTRICITY”
RELIABILITY = EFFICIENCY AUTHORITY —
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Cost of load not locating where recent transmission

capacity investment

Demand may be displaced from a region with recent transmission
iInvestment

Inefficiency arises If:

v

0]

v

o

Displaced demand relocates to another region, and

Speed and scale of transmission investment in other region exceeds need for
incremental transmission investment in region with higher recent transmission
investment and higher benefit-based charges

Tk ADI IT CECIAIEAIAY ELECTRICITY Zz
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Cost of load not locating where recent transmission
capacity investment (cont)

Model cost of bringing forward transmission investment in region to which
di splaced demand rel ocates b consi de

o Quantity of displaced demand that relocates to other region
NB: non-electricity factors in demand location decision

o How much sooner transmission investment in other region occurs

ELECTRICITY”
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Modelling the transmission charges
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Modelling of indicative charges

Start
A. Indicativecharges 12:30
B. Benefit based chargesallocators for historical assets
vSPDmodelling approach 12:45
Virtual price offers (VPO) 13:30
Netting approach 13:45
C.Residual charges 14:00
D.Cap 14:45
E. Afternoon tea on departure 15:00

: ‘ ELECTRICITY Zzi
ON * RELIABILITY < EFFICIENC AUTHORITY
N
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Indicative charges introduction

COMPETITION  RELIABILITY * EFFICIENCY

ELECTRICITY Z=

AAAAAAAAAAA

43



EMI file structure 7T impacts modelling structure

MAIN INPUTS
vSPD nputs / EMI files address:
https://www.emi.ea.govt.n

inputs inputs
- VSPD run z/Wholesale/Datasets/ Ad

- remove infeasibles d ItIOHal I nfOrmatlon/Su ppor
General Processing: Final processing tingInformationAndAnalysis
- Mapping of generation/demand - Estimation of

data to POC/Network to residential impacts
Transpower customer - Cap calculation

- Calculation of Gross AMD - ACOT impact on
residential impacts

Transpower
inputs/
information
disclosures

vSPD outputs -

benefits by POC for File name: READMEUIDE

benefit-based charge

TO IMPACTS ANALYSIS
v5SPD Post-processing: C L [ 9 { é

- Multiple customers adj't
- Draft netting decisions
- Calculate net vSPD
- Inclusion of new DG
- NgaWha adjustment

- Charge allocation

- Stat TPM - Residential impacts
us quo Residual charge -

charges ) - ACOT payment
- Proposed charges options and gross impacts - Traditional vSPD benefits
AMD I
- LCE Refund il - Capped proposal - Net vSPD benefits

MAIN OUTPUTS

ELECTRICITY?
TION * RELIABILITY © EFFICIENCY S
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COMPET

a4


https://www.emi.ea.govt.nz/Wholesale/Datasets/_AdditionalInformation/SupportingInformationAndAnalysis
https://www.emi.ea.govt.nz/Wholesale/Datasets/_AdditionalInformation/SupportingInformationAndAnalysis
https://www.emi.ea.govt.nz/Wholesale/Datasets/_AdditionalInformation/SupportingInformationAndAnalysis
https://www.emi.ea.govt.nz/Wholesale/Datasets/_AdditionalInformation/SupportingInformationAndAnalysis

Indicative charges at implementation

TPM Revenue Draft determination 21/22 $848m
Less connection charge -$111m
Less PDP -$3m
Lesd CE revenues -$55m

Recovewia Benefitbased and residual charge $679m

ELECTRICITY”
TION * RELIABILITY * EFFICIENCY S
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Proposed charges, 2021/22 pricing year

9alL wWSTY CAf ¢

Status quo versus proposed charge revenue srgplgsgfm%p?\d; -
(2021/22) (KSSi &C2NBO
500 revenue.

1% 700

ﬁ 600

E 500

o 400

o

@ 300

C

g 200

<

& 100

Status quo Proposal

® Interconnection charge m HVDC charge

B Benefit-based charge ® Residual

ELECTRICITYg
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Walkthrough of SQ charge

A EMI file 2019 Proposal impacts model | i
A Al so sheet ACurrent TP charges?o.

A 2019-2020 TPM from disclosure = $926m ($129m connection, $797m IC +
HVDC)

R . o T ELECTRICITY Zz
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Data and adjustment process

A 6Pl ease review your quantities/reference
there are any 1 ssuesbo

A Refer EMI File A2019 Proposal | mpacts mod
150420190

A Column A: POC_Network
A Column F: Transpower customer

A Columns Hto K: Gross Flow i 4 years in kWh

A le. POC_Network (ie, BDEO 111 Brydon&l Rayonier Limited) = Unique ref

E e
COMPETITION * RELIABILITY * EFFICIENCY | AUTHORITY =
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Schedule 1 is proposed, not indicative

A 6Pl ease review your quantities/reference
there are any 1 ssuesbo

Schedule 1 Annual benefit-based charges for the benefit-based investments

North Island UNI

Bunnythorpe- LS| LSl grid Wairakei dynamic

Haywards HVDC Reliability | Renewables upgrade Ring reactive
Alpine Energy 3.11% 0.85% 1.49% 2.98% 0.30% 0.24% 0.30%
Aurora Energy 5.71% 1.57% 0.90% 4.48% 0.30% 0.27% 0.30%
Beach Energy Resources (Kupe) 0.03% 0.07% 0.10% 0.08% 0.03% 0.04% 0.03%
Buller Electricity 0.27% 0.08% 0.12% 0.20% 0.03% 0.02% 0.03%
Centralines 0.07% 0.21% 0.24% 0.17% 0.05% 0.01% 0.05%
Contact Energy 2.11% 12.55% 23.98% 0.09% 5.96% 21.25% 5.96%
Counties Power 0.32% 1.06% 1.08% 0.85% 2.62% 1.41% 2.62%

R s S ELECTRICITY Zzuit
COM ON * RELIABILITY < EFFICIENCY AUTHORITY —
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Comparison of indicative charges: 2016 and 2019 proposals

m Status quo 2016 ($m) = Proposal 2016 ($m) = Status quo 2019 ($m) = Proposal 2019 ($m)

300

UNI distributors LNI distributors Sl distributors NI generation Sl generation Major industrials NZAS

250

N
(=]
o

Charges $ million

)]
o

o

. . ELECTRICITY Zuit
COMPETITION  RELIABILITY  EFFICIENCY ‘ AUTHORITY =
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Benefit-based charge

. . ELECTRICITY Za
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Benefit-based charge for 7 historical investments

A NIGU ($876m) Modelled
A UNIreactive ($110m)

amount

recovered

Investment ($m in 2022

A WairakeiRing ($141m) NIGU 60.50
UNI dynamic reactive

A BPEHAY reconductoring ($161m) | SUPPOTt 4.90

A& HVDC Pole 2 Wairakei Ring | 9.10

A HVDC Pole 3 ($673m) BPE-HAY reconductoring 6.50
HVDC (Poles 2 and 3

combined) 98.90

A LSl reliability ($62m) LSI Reliability 2.40

A LSl renewables ($197m) LS| Renewables 270

. . ELECTRICITY Za
COMPETITION  RELIABILITY * EFFICIENCY AUTHORITY —
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Bunnythorpe-Haywards HVDC LS| Reliability LS| Renewables Pocm

2022 charge: $6.53M 2022 charge: $98.93M 2022 charge: $2.44M 2022 charge: $2.67TM @) Z: d
) 0%
| X . Y & We use
. N @ .. S 20
\;:': “)"?n-' ,V':o .u’,u { i SPD
S T Vv to
N/ \:’. p \.’ ‘ S M LoaD
o " s ¥ 2! estimate
& 2 o o
e [ % % 8 -
s 2y P 4 ’ A who benefits
- ¢ &
< ;'07‘3’.1900. © OpenStieciMap
North Island Grid Upgrade  UNI Dynamic Reactive Wairakei Ring Total f ro m eaC h Of
2022 charge: $60.52M 2022 charge: $4.92M 2022 charge: $9.15M 2022 charge: $185.16M

"t. * seven recent

0.
=
% K.
5 e i

major

investments

@ ‘il.': ® ‘3 oty e Sl

‘, 3 ‘f & ‘! ‘ v

© 2019 Mapbox © OpenStreeiMap
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vSPD modelling approach

COMPETITION  RELIABILITY * EFFICIENCY

ELECTRICITY Z=

AAAAAAAAAAA
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Ex post vSPD versus forecast vSPD

A 2019 proposal i ex post vSPD as a proxy for future benefits
A 4 recent past years selected

" . - e, ELECTRICITY Z
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Datasets i a broadly representative time period

Flow across the HVDC

120%
---\

100%
80%
60%
40%
20%

0%
Jul 2009Jul 2010Jul 2012Jul 2012Jul 2013Jul 2014Jul 2015Jul 2016Jul 2017Jul 2018AverageAverageAverage
-Jun -Jun -Jun -Jun -Jun -Jun -Jun -Jun -Jun July July whole

- Jun
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2016to 2014 to period
June June
2018 2018

m Northward m Southward
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Consumer and producer surplus calculation

Price ($3/MWh)
r 3
S2 (Solve 2)
S1 (Solve 1)
A
P2 = ,
B |
P1 g S C_ i- - E)_ _———
| G l
E F ! |
|
I |
| | D

I |
L.
H | |
I |
I |

! I .

Q2 Q1 Quantity (MW)
Solve 1 Solve 2 Change
Demand (offtake) A+B+C+D A B+C+D
Supply (injection) E+F+G B+E F+G-B

-
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With NIGUP
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With NIGUP constraint
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Without NIGUP



