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50 & R iE i > Transpower p 2012 # 42 @ * £ & 2 2 (ensemble
approach) » ™ A Al A 2w Wi 2 BRE A PTS LPRRARES
RIFTZ B o F1 5 H - #A| G458 537 Fe UG » FIP P gy 3 'J?‘f‘%
wAp R il FEEES S 0 A2 R LA fe(distribution of
uncertainty) o £ % L HA| L F R E LT ER C(D)FE ST fES Q)i A 2 K
LR E U ER A B S E mﬁi%l SR U MHERE &
WH- SO R CFFRAP e 2R/ M §/RBLE/ZTE U2
P90/ % '}E_(prudent)/?ﬁﬁﬂ (expected)1 X /| Prac o Haz > ;N L b - wl e |
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> PR RELE
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2. B3 - 23 PFIE R (high level forecasting models, HLFMs) > H ¢ = 3 -
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4. ERMUTHIEN=
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FrE s AR R >
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’Ffr GDP(95/96 + %+ i) #3535 B &
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= ~ P 2 #3(The endogenous HLFM)

AR A @ EARRIE A AiRdy 1997 E 2R K E S L F
FE ARE R o B H 2 U f PR R s By a2
FHE TS

> E AR LI ARSI THERE
AR R IR PR ASCUE TR A F ST §

> ;\j{—?—;é‘; E—,’——,;%}}:I‘i%iL }f&?’?l‘ )\J};}:& °

Fe > B2 % Transpower 7 704 - ® fF >
> # £ FOR
>t AR E LR A TR A Dk A USRI

o
S
;0

:é—/

2

=5

2
N

=
= 5
¥ |

1‘5

.
Fehi 4 gk
BV R ORFLRCAESE -

g

> i

T & %(2008-2010)% & FF ek 4§ % KA E 0 A T AT EHFAF
Moo F % R A R
> FRoABE 2010 £ FAL S K FRE

S

=30 -



I

> B RRT 2010 E FH O X EFRK
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KRR o p 2 HAF AT S
Dy=aitbi(y-y) + white noise(c) + "1 £ 2 A 4TBF T XA ¥ T+HR BT ¥ H
2 5 ai~N(4,0,) bi~N(,6A’,0'/})

~ & & 3E 283 (The ad hoc HLFM)

ad hoc #£7] % £ > Transpower f 1 e BLIET > T @323 L 4F o 444t
O fgdeimd BF MuF? 2 g4 %137 4 L Transpower & 117 = fE g i3 ¢
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D, = U,*(1+ white noise(op)) + Tiwai ¥ & & 1§ /I}?L
Ey= U,/0.178*(1+ white noise(og)) +Ty
He 5> gDd 2011 #0.02 M H 4 2 2030 £ 10.04
oE d 2011 £ 30.01 &34 3 2030 £ 20.02

s g R kR4 104 (The MED-derived HLFM)
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10000 : : . . . . :
Econometrnc P90 ya o
9500 — — Endogenous P90 #H' Vi -
—— — Ad hoc P90 / <
BDUD I MED PQD rd - / . /"-" - ;.-*j
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FEIAER R hx Rg £ %k p SADEM(Supply and Demand Energy
Model)#-3] » %8 E ~ ] R 2 ,‘:‘Eiif’“ﬁtf LR AP R Y E oA X R i
¥ou Bk p SADEME A et % > 2 o T ERY R B H i kp
5 SADEM S BTl % e ~ B A B e ~ - F CRp R B

=~ % IRR

T4 BB WRDIFREA* A 7 (deterministic) st o fm > v F W??i‘g

© ik ehE ) i % 2 & (Long Run Marginal Cost, LRMC) ; #73) LRMC &4 teri

FraREF AT o I ENPV)E-EE(0) 0 A AR 8% T I F iaa‘}’q
i ts (post tax) ~ F B cF(real)
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Borhd Brifide 0 2 F - AT B B EF AR A - B EER
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\fﬂb 5534

GEM#-4]» *if 5 3+ 8 = :#% = 4 (Short Run Marginal Cost, SRMC)h+
WAl v B kP LA ?gﬁﬁvjéﬁ(eam) HEFICCETENERES
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FL A o
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g&

RS SRR

T % B i 1t #5-3] (Price Optimisation Model, POM)&_{]* GAMS:% % # 8 » &_
- RERFAR 0 v P RS BcE BF i) 1 (to minimize total revenue)
B AR di i
Minimize X o2, XX 2Zny { Pyobny ¥ Genygiphy )

He

g

y= FEBIE F (011 T 2040)

t=F%((114%)

b= f§#wH( I 9B ®M’L)

hy= -k4 % % F4(1998 1 2007)

p=d MPRIE REF AR EB(E- E - F-F)

Cen=g &Mk -EF -~ F-FHFELTEMWh)> v A ks GEM chg %
A3 I

#7411 Ann_rev_newyy >= LRMC_rev_new,y

He

Ann_1ev Newy, =Y new 2t 2 ib Dhy | Pyetbny ¥ GeNgiyiibhy |
LRMC rev_newy =% gnew 2t 2 1b 2hy | LRMCy * Gengy yiibhy |
k= 785 THMECR 4 S PFAFER kA EE)
T#/7¥ 2 Ann_rev_exist,; >= SRMC_rev_esist,,* SRMC_margin
He
Ann_rev_existy ;=X gexist Lt 2 1b S hy | Pytibhy ¥ GeNgkytivhy )
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CCGT_TOP
He
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EXend v 2RI 3 R B W S R AR TR e R e
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SRMC_Whiriy>= Py j=7ny
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1. # & (North island) g 8 #9% T % B4 32 § s % £
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RIAFP e f PETE R
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5. SERIAAL D B (X 2 (DD AFRIQ)A L PR TRITA A 8D
2 (TransGrid)™ p {722 = B § §Y 90 RIIAR ©
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r

TAIWAN POWER COMPANY A

PRESENTATION AGENDA

Thursday 25 October 2012

Meeting Title Taiwan Power Company (TPC) Date 10 am to 12 noon
Chair

Location Tesla Boardroom — Level 9 person Bruce Howard

Attendees Reference

Stephen Clark (part), Warren Barat (part)
Bruce Howard, Anndam Sen, Gordon Burbidge, Michael Bradbury, Connie Liang

Agenda items

Topic Presenter Time Allocated

1. Introduction to TransGrid & welcome Stephen Clark 10:00 to 10:10 (10 min)
2. The Australian Electricity Market & TG role Bruce Howard 10:10 to 10:40 (30 min)
3 Ngbm:rk Reliability, Standards & non network Gordon Burbidge 10:40 to 11:10 (30 min)
solutions

4. Load Forecasting Arindam Sen 11:10 to 11:40 (30 min)
5.Questions and general discussion All 11:40 to 12:00 (20 min)
Other information

Resources

Overhead projection

Questions submitted by TPC:
Load Forecast methodology

1. What modeis/methods do you apply to carry out yearly and monthly load forecast?
2. What key factors are considered in forecast modeis?

3. How do you carry out regional load forecast?

4 How do you handle effect of special events on long-term load forecast?

Network reliability standard

1. What reliability standards are imposed on the transmission system?

2. Which agent takes charge of setting these reliability standards? How are these standards determined and
how often are they revised?

3. Is there any plan to upgrade the grid to accommaodate more intermittent renewable energy or to build a
grid-base storage system, such as pumped storage? What is the criterion for building a pumped storage?
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— ~ Introduction to TransGrid & welcom

Welcome

Taiwan Power Company

Stephen Clark

Executive General manager / Network Planning and Performance

Thursday, October 25, 2012 @) caring | £ enterprising | [ committed | BH coltaborative

=  Welcome to Taiwan Power Company

=  We are pleased to be able to co-operate in information exchange with
your company

= We look forward to sharing information about load forecasting
processes and reliability standards with you

Thursday, October 26, 2012 @) caring | 3 enterprising | [ committed | B collaborative
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= ~ Australian National Electricity Market(NEM) & TransGrid Role

Taiwan Power Company Presentatlnl‘i
25 October 2012

Australian National Electricity Market (NEM)
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TransGrid Information

About 1
Electrical Officers, Apgrentices,
Tradespersons, Power workers

12,600 kKilometres of high voltage transmission ines

91 substations and power station switchyards

MNetwork Assets $6.2 billion

DOperating Profit $243 million

Metwork Availability 98.99%

S5 year capital expenditure currently $2.6 billion over 5 years

Australian National Electricity Market

Thirsday, Ociober 75, 2042 w coring | G ensmeaing | [ commites | B colaborathe
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Networks in Australia

= — _R: i g 3
- el Sl —
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e iy
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Tasmania t Hokiar

Thersday, Ooiober 20, 2012 [ sl | B ertweprnng
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Networks in Australia

Durmarasag

Power from
Queensland .
A, w=. NSW Main Trans. System
renel / Delivers Power from
b ; Generation Sources to
- T e Major Load Areas
NSW Generators j
Mt FperWang \:b
_Miagga ‘!; /.'
W e T -m/ Power from
w7 Vigtoria and Snowy
mm,mzs.;ﬁiz-.,__ W) caring | X enterprising | [ committed | B collaborative

~49 -



Transmission Revenue Regulation

* Arrangements set out in National Electricity Rules and AER Guidelines (certainty)
» Future revenue is capped for five years where the revenue each year is cap based on:
— Required return on the value of assets employed (asset value X rate of return)
~ Remm of capital over economic life of assets employed
~ Forecast operating expenditure requirements for each year
—~ Estimated tax payable
* Incentive based regulation
~ Revenues set with reference to ‘benchmark’ requirements
—~ Revenues set for a § year mininnun control period to encourage and allow
businesses time to respond to incentives
— TransGrid can keep share of cost savings made during the five years
— Service incentives and penalties also apply
* Rules require Australian Energy t;%ulator to accept eupenditure proposals if

Australian Energy Regulator is satisfied that the proposals “reasonably reflect” efficient
and prudent costs of meeting obligations

Thursday, October 25, 2012 Wil carng | &% enterprising | [ committed | B collaborative

TransGrid’'s price compared to total
price of electricity

Labour (10%)
Distributio

Costs 0%
Energy & Capital
Losses Related {su%}
Cost
S
(20%)
Average Retail Wholesale TransGrid
Price Price Component
Thursday, October 25, 2012 W caring | £k emerprising | [ committed | B collaborative
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- 3 PHYSICAL MARKET o .

SUPPLY - DEMAND

BALANCE
/ﬁ:}hm and Syetens m
/ R

Role of Participants
| No direct
Z customers
Thursday, October 25, 2012 Wy caring | £ enterprising | [ committed | B collaborative

Thursday, Oclober 25, 2012 W) carng | £¥ enterprising | (4 committed | FH collaborative
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Capital Wind Farm

TR

VR
Taiwan Power Company Presentation
25 |

|

I\ [\ [\

] 'Mﬂu" =h i/

Bruce Howard Network Planning & Development Manager

bruce.howard@transgrid.com.au
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= ~ Network Reliability and Non-network Options

Network Reliability and Non-
network Options

Taiwan Power Company

Gordon Burbidge Acting Manager/ Network Support and Consultations

Tahwan Power Company Thursday 25 November 2012 ) carng | £F emerprising | [ comminea | BH collaborative

”~

»

»

”~

Generally N-1

A higher standard (modified N-2) is used for the Sydney
inner metropolitan area (which includes the CBD load)

Set by the NSW government technical regulator (presently
the Department of Trade and Industry)

Generally based on international practice
Reviewed on an “as required” basis
Desire to harmonise standards between the states

A review is likely in the next couple of years

Taiwan Power Company Thursday 25 November 2012 oy canng | £ enterprising | [Ej committed | H collaborative
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Planning / Consultation ProceSs &

» TransGrid uses “standard” network planning
techniques and tools

» Planning Process
o ldentify a need (shortfall in network capacity)
o ldentify feasible options

» The consultation process is defined by the
National Electricity Rules

o Consult with market participants and other interested
parties about the need, the feasible options and how
the best option is determined

Tamwan Power Company Thursday 25 November 2012 @ caring | Lxememprising | [ committed | B collaborative

Consultation Process

» Three part consultation process (with dispute
process)

» First part (Project Specification Consultation
Report)
o The limitation and how it was determined
o Possible feasible solutions
o What non-network options would need to deliver

Tawan Power C ¥ Th y 25 November 2012 w caring | ¥ enterprising | [@] committed | BH collaborative

-54 -



Consultation Process (2)

» Second part (Project Assessment Draft Report)
o Considers submissions received (if any)
o Undertakes an economic analysis
o Recommends a preferred solution
» Third Part (Project Assessment Conclusions
Report)
o Considers submissions received (if any)
o Makes a determination on the solution

Tatwan Power Company Thursday 25 November 2012 W) canng | L enterprising | Iz comimitted ! B cotlaborative

Dispute Process

» Dispute Process

o Limited to application of the economic test and
interpretation of some relevant definitions

o Determination by the economic regulator (the
Australian Energy Regulator) '

o There have been no disputes under the present
consultation arrangements

Taiwan Power Company Thursday 25 November 2012 e carng | %% enterprising | [ committed | BY collaborative
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Non-network Options

» TransGrid is the leading Australian network owner
in implementing non-network options

» The Australian “non-network market” is not mature

» TransGrid activities include

o Seeking cost effective non-network options to meet
particular needs

o Developing the “non-network market”
= Primarily collaboration with distributors
= Research with universities
= Trials / demonstration projects

Taswan Power Company Thursday 25 November 2012 ) carng | £ enterprising | [ committed | BH colaborative

Non-network Options (2)

» There is increasing recognition of the importance
of non-network options

o Obligations in the National Electricity Rules to consider
non-network options

o Non-network options are being increasingly supported
by the AER

Taiwan Power Company Thursday 25 November 2012 Wy canng | 4 enterprising | [ committed | FH collaborative
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Intermittent Generation

» Two issues

o Impacts of generators on TransGrid’'s transmission
network (and other networks)

o Quality of supply impacts on other customers (including
those connected to other networks)

» Two timeframes
o When connecting
o When operating

Taiwan Power Comparny Thursday 25 Novemnber 2012 W@ caring | %F enterprising | [ committed | B collaborative

Intermittent Generation (2)

» Quality of supply issues (to all customers) and
impacts on all networks are considered when
generators are connecting, including

o Fault levels

o Equipment loadings/ratings
o Voltage fluctuations

o Harmonics

Tamwan Power Company Thursday 25 November 2012 Wy caring | Leenterprsing | [ committed | [BH collaborative
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Intermittent Generation (3)

» Day to day management of other impacts, such as

frequency control and voltage, is the responsibility
of AEMO

» Longer term development of networks is the
responsibility of network owners

o TransGrid's network must be able to accommodate a
range of reasonable generation patterns, including both
high and low levels of intermittent generation at critical
times

Taiwan Power Company Thursday 25 November 2012 ) caring | £k enterprising | [ committed | BH collaborative
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= ~ Load Forecasts for NSW Region

TransGrid

Load Forecasts for NSW Region

Arindam Sen

25 October 2012

/4:? TransGrid
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4""’- TransGrid

Forecasting Processes

Till 2011...
= AEMO made formal request for NSW Global Native Demand and Energy
forecasts

= AEMO provided

= Economic inputs

= Projections of the contribution from renewable sources
= TransGrid provided the model

* three related models

=  minor post modelling adjustments (eg. for PV)

=  remaining input data from recongnised sources eg. Bureau of Meteorology

temperature data, Australian Bureau of Statistics, Reserve Bank of Australia
etc.

From 2012...

=  AEMO uses its own models for forecasting energy and maximum demands

-60 -



Energy and Maximum Demand Models -
Predominantly Top-Down

Econometric equation: relates energy
consumption to economic & demographic
variables

Some bottom-up consideration: large
industrial loads treated separately

4> TransGrid

Model Inputs

Population
State Income (Real state final demand)
Real average electricity price in c/kWh

Heating degree days, using region-representative weather
stations

Cooling degree days, using region-representative weather
stations

Average air-conditioning ownership, ratio of number in regular
use to total number of households

-61 -



™

4?/ TransGrid

2012 NIEIR Economic Scenarios

A High
Scenario 3

3 Planning
&
= Medium grermeh
E Medium ‘Scenario 5 Medium commodity
@ Slow rate of prices and Treasury
i change BGLP carbon prics:
L =i}
c 5% CO2 emnigsion
ﬁ Love growth meduction by 2020
a Lo commodity
= Low prices. Treasury

SGLP carbon prce

for first 3 years and

zem afies thad
5% C02 emasion
Law Medium High

Increasing Economic Growth =»

4? TransGrid

Energy Forecasts (Medium Scenario)

80,000
E?S.OW/-_“\\ //—',/
2 70000
2 65000 |
-
=
© 60000
=
4 55000 |
50,000
-3 ~ - o - - -~ - - - - - - [ ] — -~
:n‘“é,n-‘:nn & = A M W AR 8 = W o=m = =
- = = = - - (-] = - = = - s = =
-~ =1 —~ ~ S —~ —~ -~ — - - ~ e~ —~ —~

—Actual ——2012 Medium
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4‘,& TransGrid

Summer Max Demand Forecasts

(Medium Scenario)

16,000
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TransGrid

Winter Max Demand Forecasts

(Medium Scenario)
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Winter Maximum Demand |MW)
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NSW Summer Peak Demand (VW)

Trarmgrd Network Pesk Demand (MW

15,000

14,500

14,000

13,500 1

13,000

12,500 3

12,000
11,500
11,000
10,500

10,000

4} TransGrid

Backcasting

Summer Peak
Demand

2002/03 2003/04 2004/05 2005/06 2006/07 2007/08 2008509

20,000

19,000

18,000

17.000

16.000

15,000

14 000

13,000

12,000

—— Actual —e— Forecast - = - - Upper confidence bound «----- Lower confidence bound

TransGrid

Comparison with Distributors’

Forecasts

2003-04 2005-08 2007-08 2009-10 2011-12 2013-14 2015-18 2017-18

—— Actual =—e—TransGrid 10% POE Baseling growth scenario
== Aggregate DNSP projection == TransGrid 50% POE Baseline growth scenario
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S RN R F3k 1T F (AEMO)A 2 T AL

LONG TERM POWER SYSTEM
DEVELOPMENT

October 2012

NATHAN WHITE, MANAGER
SUPPLY FORECASTING

OVERVIEW

AEMO'’s Role in the National Electricity Market

System Reliability

System Security

Long Term Planning Methodology

SLIDE 2
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AEMO'S ROLE IN THE NATIONAL
ELECTRICITY MARKET € AEMO

NATIONAL ELECTRICITY MARKET - .
AEMO's ROLES &) AEMO

Managemeni of the NEM

Crwerseeing reliability and security of the NEM

Ensuring supply resarnve o help meet reliability standards

Directing generators to increase production during periods of supply shortfall

Implementation of reserve trading to improve supply and reliability levels through
demand-side responsa

Facilitation of Full Retail Contestabiliity (FRC)
Electricity emergency management

SUDE 2

March 2012
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AEMQO's Role in The Power System

—ws Electricity flow

— Control and data signals
March 2012

SLIDE 5

SYSTEM RELIABILITY €-) AEMO
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System Reliability

{’W"'}
SUPPLY Zl..\-' n./__l_x- DEMAND
'r:'_---'-'-'—-__-
AEMO must ensure that supply and demand are
instantaneously balanced 24/7

Sumrmann C=argy Macss Cpermne Bason Hivl SLDE T

Planning to meet demand
!_. - Dispatch

| . 5-minute
[ predispatch

’, Predispatch

ST PASA ‘
|
MT PASA
I
Statement of Opportunities |
5 1 48 8 2 10
Mins Hr Hrs days Years Years
< |
Security Reliability SLI0E B
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THE RELIABILITY STANDARD

“There should be sufficient generation and
transmission capacity so that, over the long term,
no more than 0.002% of the annual energy
requirement in any region is at risk of not being
supplied.”

SLIDE B

MINIMUM RESERVE LEVELS (MRLs) &) AEMO

= Operational form of the reliability standard.

= Represents the minimum amount of installed capacity
required to meet the reliability standard.

» Calculated using market simulations.

= Used in MTPASA to:
o allow participants to manage their maintenance scheduling
o allow AEMO to intervene to maintain reliability

* Used in Supply Demand Calculator to:
o ldentify the need for investment

SLIDE 0
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HOW THEY ARE APPLIED

:: B —;—T
1--
! R
-  ESOO Tl
Disgaich of summer peak .l-"‘J -i". -"'-r-"- .-'"1'"- J" -F.-ul"' -F"I
" o T R (DTS g
i L 1]
| . MTPASA |_ : *"r'h'rrﬂ"'f_ﬁiﬂﬂ.ln' TII"'I"‘lf'ﬂ‘r
Dispatch of dally paak =,
| - L __,. __.-'_ .'__ ;
ELI0E 11

Reserve Adequacy

=  Medium-Term and Short-Term PASA:

o Provide 2 year outlook including planned maintenance — allow market to
respand through changed maintenance patterns.

Monitor Reserves — Market Notice
Issue Direction — Geanerator, Market Customer, Metwork Servica Provider
Intervene using Reliability and Emergency Reserve Trading (RERT)

» Electricity Statement of Opportunities (ESOO)

o Provide 10 year outlook — allow market to respond through investment
o Flag investment drivers that may inform policy decisions

March 2012 V%"
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SYSTEM SECURITY

€~ AEMO

System Security

Maintaining power system security is a core operating

responsibility for AEMO that is executed in real-time through

co-primary control centre infrastructure.

‘Keeping the lights on and mainiaining

B 1 Bl ™ Erei Iy W R Chpaseninr

quality of supply”

MEEL sioe
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System Security

= Constraint Equations
= Ensure power system operated within technical limits
= Interconnector and intra-regional limits
« System normal and outage
= Contingency management — Constraint Automation

= Contingency Plans
« Re-configure Network
* Issue directions
= Involuntary Load Shedding — Priority Order

 Ancillary Services
=  Metwork Control NGn-Mariet
= System Restart
=  Frequency Control

SLIDETS

Market March 2012

LONG TERM PLANNING &) AEMO
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KEY AEMO PLANNING PUBLICATIONS #-)ﬁ!':ﬂ‘@

«  \fictorian Annual Planning Report
» Transmission investmant neads (WVIC)

= South Australian Energy Report
*  Generation and DSP investmeant needs (SA)

» Electricity Statement of Opportunities
* Generation and demand-side invesimeant nesds
and opportunities

= NMational Transmission Network
Development Plan

Generation and transmission outlook

+« Gas Statement of Opportunities
F  Transmizsion and supply side oullock

* MNational Electricity Forecast Report
+ Regional alecinicity lorecasts

UNCERTAINTIES - SCENARIO PLANNING

HLIDE 18
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QUESTIONS? € AEMO
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ELECTRICITY DEMAND FORECASTING IN
THE NEM

October 2012

JESSE OLIVER, ANALYSET
EMERGY FORECASTING AEMG

OUTLINE €) AEMO

1. Defining demand

2. Data, inputs and major assumptions

3. Energy forecasting methodology

4. Maximum Demand forecasting methodology
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DEFINING DEMAND

In the electricity network, demand must always equal supply.

There are many more demand points (customers) than there

are supply points (generators). To measure demand, we

therefore measure the electricity supply from all significant

generators.

The resulting *demand’ which is forecast by AEMO is

made up of:

o Consumption by customers;

o Losses on the transmission and distribution networks; and

o Consumption by generators themselves, to run their power
stations.

SLIDE 33

HISTORICAL DATA INPUTS REQUIRED .
. -
FOR EACH REGION € AEMO
Data = ollactiaen: Data colleciion:
“Commercial weathar providen sHEM madus systems for
daiivars dets for load cerdres in schaduled, sami-scheduled and
thia Siffarent MEM regicns = . somae non-schaduled panarsiors
Dala avadable ssance 2000 il | o “Melering datatases for mamaining
) noe-sohanuled ganaratar dets
B 1 R P P sHistorical dasta avalatie
e T snce 1998 (ecapr
B Ta el Tasmana, which omed e
BTl HEM in 2005)
.-ﬂ-| e II -
il
3 S]]
i 1
Data collection: i Il R Data collsction:
sHaH-hourly demand dala for : Y Ty J Austrafan Bursau
large Adualrs custamear s " 4 of Stalishcs data on
«[ala avatabdily can ba @ g Gross Siate Proguct, populalicn
problem, for mdeedusl mebars 5 | . 8nd slaciricity prices. |
Y Shaie-based cala is availabla
Bach Saveral decades, bul quality
ard conslsiency can ba &
prablam
SLIDE 24
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MAJOR INPUT ASSUMPTIONS FOR

FORECASTS €&) AEMO

= Economic outlooks and electricity price projections are
developed for 3 scenarios: high, medium and low growth.
= Policy & technology changes:
o Assumptions are made about future energy and climate change
policies and their impacts on:
= Electricity prices
¥ Demand (directly and indirectly, through prices)
o Assumptions are made about the changing cost and uptake of
technologies such as air-conditioners, PV etc.
= Climate change impacts are incorporated into temperature
modelling of the forecast period.
= Changes to major industrial loads are based on the best
available information from customers themselves (eg.
expansion plans, plant closures, etc).

SLIDE 25

ANNUAL ENERGY FORECASTING

METHODOLOGY

» Demand data is divided into
o Auliary Loads
o Transmission Losses
o
(=]

Large Industrial Loads
MNon-Lange Industrial Consumption
» Estimates of PV (rooftop photovolteic's) added

= For the non-industrial component, the relationship between annual demand and
various drivers is derived:
o macroeconomic indicators (GSP, population)
o ahkectricity prices
o Heating degres days (HDDs) and cooling degres days (CDDs)

« Transmission losses and auxiliary loads are also modelled.

+ Industrial demand s forecast separately based on the data and information
collected from industry

* Annual demand is then forecast for a 20-year outlock, for the 3 economic
scenarios

* fF'ucst maodel adjustments for Energy Efficiency and PV offset the annual engray
orecast.
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ANNUAL ENERGY FORECASTING
FRAMEWORK

MOMN-INDUSTRIAL
COMNSUMPTION MODEL

MOM-INDUSTRIAL
COMNSUMPTION FORECAST

Post Model .l Pv | s
Adjustments ; | e

________

ENERGY FORECASTING PROCESS
SUMMARY

INPUTS

FINAL
OUTPUTS
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CHALLENGES FOR ENERGY
FORECASTING

Solar quer

Data collection

efﬁclancyﬂ
Price Elasticity .

Energy

MAXIMUM DEMAND FORECASTING
METHODOLOGY

1. Data sei separaied:

Buniliary Loads

Transmission Losses

Lange Indusinal Loads

Hon-Large Industrial Consumption

» Estimates of PV (roohop pholovolaic's) sdoed.

1. Annual Energy forecasts for Non-Large Industrial Consumption developed as an nput

2. Hab-hourly demand variations for Non-Lange Industrial Consumption are modeiled:
o r-hrr—hnug moded based on the temperalure/demand relabionship and time of daytime of
e .

- The demandftemperatura relatonship at one ime will dapend on the , timie af . and
= temparatures ovear the past 24 hnump . o
o Differant models are developed for each hail-hourly period throughoul the sumimes

1o R« O N |

3. Bootsirap rasa used to create a sl of simulated weather and residual scenarios for
the half-nourly 1.000 per forecast year (similar to Monte Carlo analysis).

4 Hali-houry simulated results are combined with the annual model to creale a probability
distribution of MD for each forecast yaar.

5. Add oilher com s of paak demand. Large Industrial, Auxiliary Loads, Transmissbon

Losses and PY and Energy Efficiency offsets
SLIDE 30
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The historic
demand set is
normalised for
average annual
demand to
analyse
variations due to
temperature and
time of day/year
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MD MODEL SUMMARY

INPUTS

_f

DEVELOPMENT OF
REGRESSIONMODEL f ™

= J

DEVELOPMENT OF :
SIMULATIONS N FINAL
e Y OUTPUTS

RN S
mmprl g Pui ] Wealher
¥ fial 11

bt
=N

(LTS
- _? AagFEsninm
P

flnoratiap

Wl

MODELLING

Hinnclahure

SLIDE X

MD MODEL OUTPUTS
Example MD output for base case:

= Probability distribution for

Base
1M
B e summer MD for each forecast
- M 1
N | EE| e
Il | - - 10%, 50% and 90%
1 — probability of exceedence
E =] / ? '| values are presented in
I '“ '. AEMO forecasts
o I|II III |II |I
= II. {1\ |
I I '\ 1
|II II I-- lll'
ol L h\\h
25 30 35 40 45 50 55
Demand (GW SN
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QUESTIONS? €~ AEMO

RENEWABLE ENERGY IN THE
AUSTRALIAN NATIONAL ELECTRICITY
MARKET

October 2012

JESSE OLIVER, AMALYST

EMERGY FORECASTING Q&E_@Q
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AUSTRALIA'S RENEWABLE ENERGY

TARGET ) AEMO

- Bipartisan legislation to achieve 20 % of electricity
generation by 2020

* Introduced, in its original form, in 2001

« Currently

o 13,700 GWh of large-scale renewable energy generation
(approximately 9%)
o Powering the equivalent of over 2.1 million households

» Revision of target currently in progress

RENEWABLE ENERGY CERTIFICATE

SCHEME

= Price ~$40/MWh

‘ﬂ

: " ) 2% Rl

sales Government

Retailer

SLIDE 38
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RET LEGISLATION

= The legislation is split into two parts:
o Large-scale Renewable Energy Target (LRET)

o Small-scale Renewable Energy Scheme (SRES)

SLIDE 2

LARGE-SCALE RENEWABLE ENERGY

TARGET (LRET) E)AEMO

« The LRET scheme is achieved by:
» Large-scale Generation Certificates (LGCs) for
megawatt hours (MWh) generated

o LGCs can be sold or traded to liable to entities, in addition
to the power station’'s sale of electricity to the grid

o generated by a renewable energy power station, or small-
scale solar panel, wind or hydro system or displaced by a
solar water heater or heat pump

= Liable entities (usually electricity retailers) have a legal
regquirement to purchase LGCs and surrender them on
an annual basis

SLIDE 40
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SMALL-SCALE RENEWABLE ENERGY

SCHEME (SRES)

A financial incentive for owners to install eligible small-
scale installations such as solar water heaters, heat
pumps, solar panel systems, small-scale wind systems,
or small-scale hydro systems.

Legislated demand for Small-scale Technology
Certificates (STCs) to be created for these installations
for megawatt hours (MWh) generated or displaced over
a time period

Liable entities (usually electricity retailers) have a legal
requirement to purchase STCs and surrender them on
an quarterly basis.

SLIDE 41
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k= L e F W ii;f] T o @ (Transpower)#d - L

Electricity Demand Forecasting

Hunter Humphries
Grid Investment

TRAMEFOWER

] o I >

Objective

1. Overview of our forecasting methodology
2. Brief explanation of current situation

g paieg (e eriargy [Towdsg TRANIFOWER
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Forecasting Methodology

GARY'S

WEATHER FORECASTING STONE

(=] _TLRT Y]

N

Two Approaches

= Top-down: We produce national and regional
peak and energy forecasts using a top-down
approach i.e. national = region.

« Bottom-up: We also survey our customers to see
what their demand forecasts are, and use this
information for producing forecasts at grid exit
points.

N
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Top Down Models

Top-Down Modelling Approach
(An ensemble approach)

el T Sl S G g P e ey

i

1

i

b

SEEE)

e R L LN T R L]

(=== T'.] \

i .
=== = \  Monte

\ Carlo
[JL‘ /  Process
e

]

Kereping the resrgy lewing TRANERFOWILN
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Exogenous Model — National Energy

« Based on this relationship:

NZ Energy forecast =
exp(a + B, In(Population forecast) +
Paln(GDP forecast) + random factors)

= Based on historical relationship derived from
data from 1990 to 2011

« Largest industrial user treated separately from
model.

« NZ peak forecast derived from historical
relationship between NZ energy and NZ peak

S

Endogenous Model — National Peak

» Forecasts peaks and then derives energy
forecast.

* Divides NZ demand into components:
- industrial users
- embedded generators
- new step loads
- other regional loads called residual loads.

Eerning [he enargy fhrsring TARANSFOWILAN
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Endogenous Model — National Peak

- Different approach for each component:

— Industrial demand and embedded generation
are forecast based on historical levels.

— New step loads are specified.

— Residual loads are forecast based on
historical trends:

Residual New Zealand Peaks
= a + f,(yvear — mid year) + random factors

S

s e e i o 55 i e |
MBIE Model - National Energy

« Based on the model and results produced by the
Ministry of Business, Innovation, and
Employment (MBIE).

« MBIE’s model is an econometric model similar to
Transpower’s.

» NZ peak forecast derived from historical
relationship between NZ energy and NZ peak

R
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Monte Carlo Process Produces Variety of Future Paths

L e

Prudent Forecasts

» Prudent forecasts are produced for
planning purposes.
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Seasonal and Regional forecasts

* The national forecasts are used to
produce seasonal and regional forecasts.

erping MM pnengy _"||_|-.-.-' TAANSEFODOWEL A

Current situation

Hawping 1 eaengy awing TRANMIEFOWER
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Nationally - strong growth in electricity demand to 2004 ... Bul relalively
flat since ~ 2006 (except for 2011 “polar blasi™ )

M Tealand electricity demand
50,000 L Y- =]
&% 000 / [ 1]
0, 000
- - - . & . - ?m
LLAE —aw. v - 4,000
o0
§, b
Gwh 35,000 L
4,00
0,000
15,00 -
10,000 L0
5,000 (N ]
— - - Lot -—
E B B B -~ (- - - | 4} E
R EEEEE8gRegzEzaff
@ Fningy ———Fapbctad anargy demand Paak D il Eapstctad pemk o i

N

Energy and peak are following a broad relationship ... and
an early estimate has 2012 right back near 2006
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Regionally ...... strong growth to 2006 ..... but restrained since then,
particularly in the North Island

Electricity, peak demand - growth

n - -

-

"I.l. LA

f 74 ff’ff’f A

1T,

....with the decline in Bay of Plenty and Central North Island reflecting
the decline in Wood, Pulp and Paper

R ——
W L L e e i ] TR ANE PO

Canterbury has been affected by the after effects of the earthquakes.
Bul also in 2011 was hit by a polar blast thal has lead to some
disconnect between peak and energy growth. ..

Canterbury electricity demand
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