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EXECUTIVE
SUMMARY

The Australian Energy Regulator (AER) engaged ACIL Allen Consulting (ACIL Allen) to ¢
Value of Customer Reliability (MGR{léspread and long duration outages (WALDO) for the
National Electricity Market (NiEbt)ictioriajsing a macragwmic modelling methodology
supplemented by other appropriate approaches.

For the purposes of this analysis, a WALDO is defmatd@es i@mging in severity fidfida
Watthours (GWh) to 15 GWh of unserved energy.

In its instructions to ACEnAthe AER specified that WALDO VCRs are to be derived in this
by reference to the energy lost and not by direct referepeeificagite or location. Rather, the
derived values are based on a synthesis dfaksidemmercial, industridisocial activity such
as may be found in various regions of Australia within the NEM, but loosely informed by «
of a rangef potentially representative locations.

The intention of this work is to help gurdmtdgement of risk by NEMcaegeby identifying the
potential impact were a widespread or long duration outage event to occur. The AER doe
consider any of geenarios discussed herein are likely to occur.

This model does not attempt to moaetsifinpm a natural disastente its usage is restricted to
the impacts arising from events solely within the NEM.

Approach to modelling the WALDO VCR

As illustratkinFiguréeS1, the WALDO VCR comprises:
a regdential component

a commercial / industrial component

social costs associated with WALDOs.

Each component is estimated using a separate methodology anddheto esihgie WALDO
VCR for a given set of parametars1S Excel model.

1WALDO VCRs are not required for the Nttty
2 Australian Energy Reguldadues of Casher RliabilityrinaDecisionNovember 2019, page 17
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ACIL ALLEN CONSULTING

FIGURES1 OVERVIEW OF THE WALDO VCR METHODOLOGY

/ﬁ‘ RESIDENTIAL Outputs
J— [SsS==
Location : Cost
— A Adjustments to standard VCR A Based on analysis of energy inputs A Adjustmentto the residential
Timing A Based on assessment of impact of on economic autput componeandthe commercial / IRk
outages being widespread, as A Adjusted for likely responses, industrial component :

Severity ! opposed to narrow energy alternatives, and restart A Examination the importancd ! Impact breakdow
costs several sociactors :

SOURCHEACIL ALLEN

User inputs to the model

The WALDO VCR depeammdthe:
timing of theutage

location of the outage

load impacted by theage
characteristics of the outagat.

Qx Ox Ox Ox

These factors are provided as an input to the model, as illustrated atRidnigdERRel in

Load calculation

FIGURES2 USER INPUTS TO THE MODEL

Input 1. Season Define general location Input energy breakdown Inputduration or Unserved
Specify location Residential energy consumption Energy (USE)
Input 2. Day of week characteristics (climate Business energy consumption | - If duration entered, USE

calculated; if USE entere
duration calculated

zone, remoteness, Industry proportions

Input 3. Start ime (of day) wideness (area) of outage) (energy or $)

SOURCHEACIL ALLEN

Timing othe outage

The timing of the outage is specified by reference to:
8 the seasohsummer or winter
d the day of the wéekeekday or weekend
d start timé which indicateshether the outage occurs during peak tirpeais tirffie.

These parameters aligntwitho s e  u s e d f o which haee bees detarmidea bydh@
AER8

Location

The location of the outage is specified by referentim&tetzone and th@ogeness (CBD,
suburban and regional). There are 19 combinations of climate ztereasdaatign with the
|l ocations for the é6éstandardd VCRs which

3 Australian Energy Reguldadues of Customer ReliabHityal DecisipBecember 2019

VALUE OF CUSTOMER RELIABILITY FOR WIDESPREAD AND LONG DURATION OUTAGES
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Load impacted by the outage

The residentahd business load (iWiGper annum) is specified. The business load is further
broken down by industry sesitog the one digit Australian and New Zealand Standard Indu:
Classification (ANZSIC), with a further disaggregation of the mactdadttmingesa smeltin
and manufacturing excluding metal smelting, due to the unique charactedstith asstiate
smelting.

Nature of the outage

The outags specified in terms of the duititve outage the unserved enelfythe durin of
the outage isesgfied, the unserved energy is calculated, and vice versa.

Residential component of MALDO VCR

The residential component of the 6éstand
are prepared to pay to avoid ageo@atages may typicgphan up to a few suburbs. It is
therefore inherent VCRsthahcastomerstwoullehave the optibn o
travelling to a different location to spend their time (e.g. at a shopping centre er cidema),

bestalternatid t o being at home, or to buy mea
A WALDO limits the ability of residential ecusta@nédhis, depending on how widespread the
outage is. The result is that the O6$tan

financial and nfirancial impacts on customers.

Additionally, the 0st gnod2houHduratiGhRA long dutatiors
outage could extend beyond 12 hothis.casehte 6 st andar dd VCRs a
the dbnger duration of theage.

FigureeS3 outlines the broad approadstimating the residential impadvVALDOthe
unserved energy (USE)isiinyp | i ed by the O6standardé VC
an adjustnmé factor that accounts fonthéeD® ei ng wi der and [ or |
outageThe output is in dollars.

FIGURES3 APPROACH TO CALCULATING THE WALDO VCR FOR RESIDENTIAL CUSTOMERS

A4

Calculated from mod
inputs + residential
load profile

Based 0B019VCR —
estimates Based on OwWrT de
Selected by outage and length of outage

timing / location

SOURCHACIL ALLEN

Resdential USE

The residential USE is calculated based on the residential loatthgrofile and
annual energpnsumption by the residential customers impacted by the outage
timing aheoutage (season, day of week and time of outage)

duration dheoutage

The model includes a residential load profile for each climate zone, by semamet faynd wint
weekday and weekéfidn e se are based on metemergy ng da
consumption bill benchmarks and are the same as those usedhby thbeeAER iU | at i n
VCRs.

4The residential load profiles are providgaagiap.

VALUE OF CUSTOMER RELIABILITY FOR WIDESPREAD AND LONG DURATION OUTAGES
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6Standardd VCRs

The calculation of the WALDOVCR hises 6 st andardé VCRs for
determined by the AER for eaahidn option (combinations of remoteness and climate zone
foreachtimgn opti on (season, @Paewpkodéf bweek Sandt

Ther el evant o6standardé VCR(s) is usé&OR.If o
more than one combination of remoteness and climate zone ie ssbeletealdhages the
6standardé VCRs for each combination of

Adjustment factor

Two adjustment factors are used to calculate the WAL®D® &R on the wideness of the
outage and one based on the duration of the outage.

Wehave assumed three levels of wideness:

outages with a radius less than 5 km, whizkvitlereess factor of 1.0 applied

outages with a radius between 5 km and 85 kmyevhighdmness factor of 1.1 applied
outages with a radius greater than 85dmhavie a wideness factor of 1.3 applied.
The wideness levels and multipliers haugfdreesd by a literature review.

We fitted a |l ogaritbmVERsufve tesedeht s
the four data points for outageer than 12 hours.

Commercial/industrial component of the WALDO VCR

FigurdeS4 outlineshie approach to calculating the commercial / industrial component of the
VCRThe estimate is mddeeaclndusty sectoby multiplying thetential economadue lost
during the outages estimatesingnacroeconomettigp{#Output or®)modellindyy a

recovery factor for ihdustry sector, and adding restart costs

FIGUREES4 APPROACH TO CALCULATING THE WALDO VCR FOR COMMERCIAL / INDUSTRIAL CUSTOMERS

Calculated from mod
inputs + I/O tables +

1-Proportion of value

added that can be Based onstandard  —

energy intensity + VCRs
industry load profile EEDIEIEE
SOURCHEACIL ALLEN
Potential economic value lost
The | oss of power to a busi fhepotentidl economis

value lost byaeh industry sector during a WALDO is estimat€dmsitgilirfgThe modelling
condilers the economiaredbst by 20 industry sectdr® 62 di gi t 6 Austr
Standard Industrial Classification (ANZSIC) sectors with metaisoekidgeparately.

[-Otables, which are taken from theQofuuit tables in thetfal@n National Agnts are used
to estimate the impact on the businesses in the area directly impacted byltipienstage. M
which are calculated for CBiyylban and regioastasased on the Iryiitput tables for a
sample of locatipasount for theffecton upstream and downstream industries.

Thel-Omoddingassumethat the loss of economic value is tentpataspusinessswill
restartdilowing the outage.

5The 6standardd VO are provided as Appendi
6 Further information-@nrhodelling is provided as Appendix D.
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The estimate of the potential economic value lost also ta&astitie &allowing inputs:

energy intensity by industry sector, which is calculated for each industry sector based on
Output tables and assuming the Yaleetdcity genexdtis $100 per MWh

the load profile for each industry sectowavh@hestimated for each industry $ector
the following inputs to the model:

annual energy consumption or economic output by industrial customers in the scenari
timing of the outagegson, day of week and time of outage)
duration of the outage.

We hag assumed that the load profile aligns with the profile of economic output, consiste
assumption made indaeelopment of a blackout simulator for tearkEUruph.

Recovey factors

The actual impact of an outage on the economy is basedion économic activity can be
recovered following an outage, for each industRoses@mple, manufacturers might schedu
an additional shift so they iveutime but not tis¢al loss for the period of the outage. Similarl
and a wholesataight be delayed in sending orders but none are foregone so the economi
during the outage is largely recovered. However, lost accommodation night#yannot be r
recovered andestaurant at full capacity will lose sales.

We assumed the recofemtor for each industry sector based on:

the characteristics of the industry sector, such as the ability to continue production withot
electricity supply, thditglto defer pradion, and the time to restore production following the
restoration stipply

the extent to which the industry sector hap aokration installed.

Accordinglyecovery factors for each industry sector are set to one of four levels:
low, which hasexovery factor of 0.1

medium, which has a recovery factor of 0.5

highwhich has a recovery factor of 0.9

smelted metals, for which we have dthaméd the outage exceeds 4 hours, the metal pots v
solidifyand the economic iatpa the outage yn@ersist for around three months.

Restart costs

After an outage os;uhere is a cost to restart a buslimeskterature review identified that the
costs associated with long duration outages comprise three types of costs:

Fixed cstsi these costg@incurred, regardless of the duration of the outage.

Flow cosfsthese costs are the value of lost opportunities arising from a lack of power. FIc
may increase or decrease over time, depending on the extent to wiachbettifatie.

Stock costisthese costs occur after a period of time when stasKdsdgistarts to spoil, but as
time goes on, there is less staghoil@nd the stock costs deéline.

We assumed that the fixed costs are the restaviecesisateéhe fixed costs by assuming that
the 6standar doé V Che fixan costs anathefflowrcests, arfd dha ftow co
are the costs incurred for one hour based on the VCR for hours 6 to 12.

The 6standar dodo etesnmed byshe ABRGRdirechcanneet custensers
(industrial, metals, mines and sjraiwe for natirect customers (agricultural, commercial anc
industrial, by small/medium ancclsstgenejs The restart costs were calculated for each of th
0sndardd business VCRs.

7The industrial load profiles are provided as Appendix E.

8 Johannes Reichl, Michael Schmidthetieodology, Assumptionsaampplication of blackouulator.cqrinergie Inttt, pge 6

9 For exampl&ean Ericson, Lars Liseflexible framework for modelling customer damage functions for p&nergyufgstems
(2018)
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We proportioned the busi npesscatdgariestie ableto o s
allocate the restart costs to@atie 2dhdustry sector

Social costs

The final component of the WALDO VCR is the broadeacozidhe outage, which captures
the costs of WALDOSs that are not captured thresglettil and commercial / industrial
components of the WALDO VCR.

The types of social costs that are irdwniregda WALDR@I vary depending on the remetdnes
the outage. For example, the transportation impacts (congested roads, pruiytierahlepuilt
be greater in urban areas than rural areas, but the animal welfare impacts will be greater
than in urban areas. Households inapghttifdings impacted by inoperable lifts are more like
be in urban areas, and holgeleliant on water for pumping are more likely to be in rural a

The literature reviewed concludes that it is difficult to quantify the socialreaktpersditaty a
on the specific circumstances of the outage and the socioeconomiosbatitherigetture
reviewed references the costs associated with ibteeck®ut in New York City, which lasted fo
about 25 hours.

On the face of it, theordtindirect costs to direct costs was approximately 5, which is consis
a2014estmate from insurance industry eljséoisever, there are some costs that have beer
categorised as indirect that are included in the residential and cwhstnietdahiponents of
the WALDO VCR, and some costs associated with arson andraoyirsgutiias attribute to the
particular socioeconomic circumstances of New York at that time. If these costs are norn
costghat are not includedhagsidential and commercial / industrial components of the WA
VCRare approximately €7 gent of the costat are included

Given the uncertainty of the data on social costs, and the variability in the social costs ba
outage, locationch®cioeconomic conditions, we have applied a multiplier of 1.3 to the res
and comnneial / industrial components of the outage costs (other than for metal smelting)
WALDOSs to represent the social costs. No multiplier has been appdigdctstedar metal
smeltings we have assumed that the recovery factor for metptenddtgr these costs

Calculation of the WALDO VCR

The approach to calculating the WALDO VCR isFguodiSb. The outage costs incurred by
residential and commercial / industrial customers dubh@ a&\8ummed, multiplied by the
social cost weighting and divided by the total unserved energy.

FIGURES5 CALCULATION OF WALDO VCR

'y

Residential
component +

ESHESS
component

—

Social cost Total Unserveqd

L WALDO VCR
weighting

SOURCHEACIL ALLEN

10Hugh Byrd, Steve Matthewinargy and the City: the Technology and Sociology of Powdsufeaibfre)ban Technology
(2014)

Vi
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Modelling the WALDO VCR

TheWALDO VCORodelvas used to:
estmate the WALDO VCR for three scenarios:

regional Victoria on a winter weekend commememgwvithsan unserved energy of 1 GWh
suburban Queensland on a sumniefayemmmencing at 7 am, with an unserved energy
7GWh

South Australia on a summeddageommencing at 7 am, with an unserved energy of 14

test the sensitivity of the rdsutisanges in the timing of the outage (the season, day of the
andstart time).

These scenarios are presented in the report for illustrative purposes only

They should not be interpreted as any reflection of any assessment that has been undert
that these scenarios are more likely to occur than any other outay@oscen

Results from modelling the scenarios

The estimated WALDO VCR, and the estistaiéthemutage, for each of the scenarios is
illustrated RigurdeS6 and set out TrableES 1.

FIGURES6 ESTIMATED WALDO VCR AND OWD®SES FOR EACH OF THE THREE
SCENARIOS ($2019) ‘

WALDO VCR ($/kWh)

a o N
o O O

VCR ($/kWh)
[C N
o O

N
o

o &

Regional VIC Suburban QId South Australia

Scenario 1 Scenario 2 Scenario 3

W Residential ' Agriculture™ Industrial 2 Commercial® Social & Overall

Costs ($ million)

700
600
500
400
300
200
100

. I I —

Regional VIC Suburban Qld South Australia

Costs of outage ($ million)

Scenario 1 Scenario 2 Scenario 3

H Residential © Agriculture ¥ Industrial 2 Commercial® Social

SOURCHEACIL ALLEN ANALYSIS BASED ON WALDO VCR MODEL

Vil
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ESTIMATED WALDO VCR AND OWIRA&E FOR EACH OF THE THREE SCE$RRIOS

Scenario D Regional Victoria Scenario d Suburban Scenario ® South Australia

WALDO VCR ($/kWh)

Queensland

Residential 124 238 A7
Agricultural 418 308 30.2
Industrial 35.0 39.6 574
Commercial 325 208 293
Social 57 9.1 9.1

Overall 305 416 47.3
Cost of outagéb million)

Residential 53 16.1 65.5
Agricultural 1.3 26 94

Industrial 9.4 92.6 2370
Commercial 89 1161 224.6
Socal 57 639 126.2
Total 305 201.3 662.8

SOURCE: WALDO VCR MODEL

The unserved energy for the regional Victorian outage is significantly less than the unser
for the suburban Queensland outage, which is significantly less than thegyrfsethed ene
South Australian outage. As a consequence, the autsgeciased with the regional Victoria
outage are significantly less than for the suburbam@oetsgta which are significantly less
than for the South Australian outage.

The oeraWALDQ/CR isessfor thaegional Victonatagdéhan for theuburban Queensland
outagewhich is less than the WALDO VCR for the South Australitye osideetial VCR in
regional Victoria is lower than in suburban Queensland andaBauamduspresents a higher
proportion of the outags s This is partly offset by a higher agricultural VCR in regional Vi
which represents a higher prapoftibe outage costs than in suburban Queensland and So
Australia.

The overalVAIDOVCR for the South Australian outage is highetnhantfages in regional
Victoria and suburban Queensland. This is:because

the outage is over a larger arethamdore there is a higher wideness factor that is applied t
0 s t a ViGR doresidéntial customers

the outage is shorter than ttagen regional Victoftlhe VCRenerallgecreaseas the outage
gets longgr

TheWALD/CR for industigalstomers in South Australia is higher than for industrial custol
impacted by thetage in suburban Queensiahith ikighethan for industrial customers
impacted by the regional Victoria outad#teféeces in the WALDO VCR are attribtitable to
differentomposition of the industrial seetwhirof the three scenarios.

Results from modelling the sensitivities

The sensitivity testing indicates that the outage costs associated \ait M¢heDQrs
weekdays than on weekends, higher for outages during peak times-phktithas, Gthd
similar in summer and winte

The WALDO VCRs do not necessarily follow this same pattern. For example, the outage
industrial customdrsing the South Australian outaghigheréor an outage on a weekday

viii
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ratherhtan a weekend, but the WALDO VCRyheson the weeleaather than on a weekday.
This is because the unserved energy for manufacturirgduwrstgnaeroutage on the weekenc
is significantly lower than on a weekday, which incké@Bedttis is offset in part by the minir
load which is the same eagh but with a higher unserved energy on the weekend because
outage would beddbours duration if it occurred on a weekend with total unserved energy o
14GWh, compared tatours duration if it occurred on a weekday with the same total unse
energy.

Findings

The modelling of the scenarios and sensitivities has demonstritédd DAt WMCR is dependen
on:

the characteristics of theildhd proportion of the resmlantstomer load to the business
customer load, the breakdown ofylaradlistry sector, and the profile of that load over the da
week

the characteristifsthe outage, in particular whether the outage occurs on a weekend or a
what time ¢houtage commences and the duration of the outage

the wideness of theagd the wider the outage, the higher the wideness factor that is appli
residatial load.

The WALDO VCR appears to be similar regardless of whether the outage excoursiimesum
This is because the business load is higher thalethialresad, and for the purposes of the
modelling has been assumed to be the samee and/in summer.

The results from the WALDO VCR model need to be treated with aara asitiieze af
assumptions that have been made. In particular:

the muiplier that is applied for social costs

the multipliers that are applied for the widehessutage

the industry recovery factors

the industrial load profiles.

Further researcheasammended to better inform these settings in the model.

Other than thedustrial load profiles, the model has been set up so that these factors can |
updated as more information becomes a¥ilaaldition, it has been set up to readijg:chan
the proportion of business customers that are direct cosnecteddiect connected

the breakdown of direct connected customers

the ratio of large to small business customers that are not direct connected

the constraints that are placea andtiel:

the minimum outage duration
the minimum and maximum unsermweyy e

11The industrial load profiles can also be changed, but not as readily as the other factors.
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INTRODUCTION

The Value of Customer Reliability (VCR) seleks therefilue that customers place on the
reliability of their eleityrisupply.ifta critical input into identifying efficient levels of network
expenditure.

VCRs were first estimated by the Yaatoeian electricity transmission planner, VENCOD
with updates in 2002 and 202012, Oakley Greenwoodme)yCRs for New South Wales ft
the Australian Energy Market Commission (AEMC).

In 2009, the Australian Energy Nigriettor (AEMO) was established, subsuming VENCorp
well as thBational Electricity Market Management Company (NEMMCO) afdtheumber o
jurisdictional market operators. In 2013, AEMO commenced a review to develop VCRs tt
applied acrodset National Electricity Market (NEM). The objectives wfitiwdudsieto
reconcile the VCRs that haddmstignated fdfictoriand NSW, to update the Victorian &i@Rs
to develop VCRs for each NEM region.

The AEMO published a s¢€&s in Semnhber 2014vhich included weighted averagé?VCRs
for:

residentiscustometsyNEM region

businesses by sedtagriculture, commdrdiadustrial and direct connected customers.
Despite undertaking this review, AEMO did not have formal respi#isitilityng VCRs and
updating them. In December 2017 theED&wy§ Council proposed a rule change to give fort

responsibilityrfdetermining VCRs to the Australian Energy Regulator (AER). A new rule w
approved on 5 July @0t requires th&R toamong other things

develop, publicly consult on, anshpalnliethodology for estimingCRs on a consistent basi
acrossite NEM and the Northern Territory

publish the first set of VCRs using this methodology by 31 December 2019

ensure theethodology and VCRs are fit for purpogectorent and potahtrange of uses of
VCRs.

The AER commendsdeview of VCRs D&October 2018 apdblisheis final reparh
18De@mber 201%he final report sets out VCR values for unplagesddup to 12 hours in
duration (i.e. standard outages) fEMeand the Northern Territory.

12\/CRs for outages of damd#ss than 1 hour, between 1 and 3 hours, 3 and 6 hours, and between 6 and 12 hours were wei
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1.1 VCRs for widespread and long durabatages

To ensure that the method@dogstimating VCR valsés for purpose for any current and
potential apggditions of VCRs, the AER is seeking to separately estimatesvuGs fuf
widespread and long duration outages @VABSe VCRsay have applications in:

reviews of the system restart st aaswesr d, dec|
coming out of the AEMC Black Systeimelziess

T h e sAral&eGision on the methodology for estimating VCRs conalseleofthat DO
VCR cost curvareto beestimatedsing a macroeconomic modelling methsajodemented
by other@propriate approachealso defined a WALDO as an outage iraagirggity from
1-2 Giga Watth@{GWh) to 15 GWh of unservedyéferg

1.2 Purpose and structure of this report

The AER engaged ACIL Allen ConsultingligxC ko develop WALDO VCR costfouthe
NEM jurisdictiokg he purpose of this documemt is

d set out the methodologgdueloping a modedétermimthese cost cunsxin chapte?)
d present the results from the model for three scenarios3jn chapter

In its instructions to A@lén, the AER specified that WALD@NA&esderived in this model
by reference to the energy lost and not by direct reference to any specific site or location
derived values are based on a synthesaeotisdscommercial, industnd social activity such
as may be fodin various regions of Australia within tHuNBbd&ely informed by consideratio
ofa range of potentially representative locations.

The intention of this work is to helgtguidanagement of risk by &€¥cies by identifying the
potential inapt were a widespread or long duration outage event to occur. The AER does
consider any of the scenarios discussed herein are likely to occur.

This model does not attempt to theidepactefa natural dister ever{such as storms or
bushfireshat may cause widespread and long duration outagds. iRatlpelis restricted to
modellintheimpacts arisisglelffrominterruptions to the supply of electricity

B3 Awstralian Energy RegulMalues of Customer ReliabBilitgDecisionNovember 2019, page 19
14ibid, page 17
1SWALDO VCRs are not required fdottern Territory
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APPROAH TO
MODELLINGIHE
WALDO VCR

This chapter sets out the methodology for calculating the WAS DIOstf&tied kigure2.1,
the WALDO VCR comprises:

8 aresidential component
8 acommercial / industrial component
d social cos@ssociated with WALDOs

Each componésestimated using a separate methodology and then combined\ii&d_B&ingl
VCR for a given set of paranietars1S Excel model

FIGURR.1 OVERVIEW OF THE WALDO VCR METHODOLOGY

; /ﬁ‘ RESIDENTIAL Outputs
5 v e — K
Location : E Cost
— A Adjustments to standard VCR A Based on analysis of energy inputs A Adjustmentto the residential
Timing ! A Based on assessmentofimpactof ~ °" &conomic output componeandthe commercial / R
. outages being widespread, as A Adjusted for likely responses, industrial component :
Severity : opposed to narrow energy alternatives, and restart A Examination the importancé ! Impact breakdow
costs several sociakctors ;
L

SOURCHEACIL ALLEN

Theuserinputs to the model are described in 2ekclidre methodology for estimaging th
residential component oA DO VCR is described in sec@mmd fothecommercial /
industriadomponetn sectio.3 The methodology for estimatingcibbcasts associated with
WALDOs is described in set#iorhe calculation of the WAMCR is described in se2t®on

2.1 User nputs to the model

The WALDO VCR degen the:
timing of the outage

location of the outage
loadimpacted by the outage
characteristics of the outage.event

ox Ox Ox Ox
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These factors are provided as anartpatmodels dlusttedat a high levelFigur€.2. The
inputs are described in further detail in the following sections.

FIGURR.2 USER INPUTS TO THE MODEL

'y

Input 1. Season

Input 2. Day of week

Input 3. Start time (of day)

Load calculation

Input energy breakdown Inputduration or Unserved
Residential energy consumption Energy (USE)
characteristics (climate Business energy consumption | - If duration entered, USE
zZone, remoteness, Industry proportions calculated; if USE entere
wideness (area) of outage) (energy or $) duration calculated

Define general location

Specify location

SOURCHEACIL ALEN

0
0

2.1.1 Timing of the outage

The WALDO VCR will depend on the timengubége as the energy that will be unserved dut
the outage will depend on the season, the day of the week and th&heriamfteethe
modefor the timing of the oetrg smmarised ifable2.1.

TABLE2.1 USER INPUTSTIMING OF OUTAGE

Input Input options
Season Summer
Winter
Day of week Weekday
Weekend
Startitne A time dumnthe dain onéhour blosk

SOURCEEMAIL FROM JAMES CRITICOS DATEIYOBER 2019

The timing inputs inform how much load is affected by the outagesidadunaiiatthe
outagertheunserved energy applicable to the calofitt@wALDO VCR

As discussed below, the ingbacWALDO oesidential stomerss calculated adjushgthe
Gtandar@d/CR curve3hemodel referersg i f f enrdeanrtd 60 Bs/€dbesdetermimed by
the AER using survey techniques, depenlengedected timing of the WALDO. Specifically, t
WALDO VCRs for resithl customereecalculateffom:

peak VCR curvdsr(whickome or all of the outage occurs betivéeraih obi 8 pm)
offpeakVCR curvefof whichllof theoutage occubetween 10 aindb pm obetween

8pmi 7 am)

Accordingly, the inpatians for the season and the day of the week are contistemisitt
bythe AERo det er miWiGRs.t he éstandard

2.1.2 Location of the outage

Climate zone and remoteness

The locatioof the WALDiSspecified in a generic manner thatvétighe lcatiorparameters
for thestandar@/CRslIn addition, themeeseparate input options for the CBD area of each ca
cityin the NEM

The locatidea combination of tienateane and remotenessasimarised Trable2.2.

The useisable to enter multiple combinations of climate zone and révherenesstiple
combinations of climate zone and remoteness are entered, the esdtiak dsswoaracteristics
of the load and outage are the same @ordxthation of climate zone and remoteness. For
example, if two combinations of climate zbrese@rness are entered, then it is assumed th
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half of the total load impacted bytidge is in each combination of climate zone and remotel
and thathe industry structure is the same in each.

If the characteristics of each combinationetol@aind remoteness are quite distinct, then 1
model should be run separatelycforarabinaticend the results aggregated.

TABLE2.2 USER INPUTS.OCATION OF OUTAGE

Input Input options
Climate zone Remoteness

Location 1 Regional Australia
2 CBD Brisbane
2 Suburban Australia
2 Regional Australia
3&4 Regional Australia
5 CBD Sydney
5 SuburbaiNew South Wales
5 CBD Adelaide
5 Suburban South Australia
5 Regiona\ustralia
6 CBD Melbourne
6 Suburban Victoria
6 Suburban New South Wales
6 Regional Australia
7 CBDCanberra
7 CBD Hobart
7 Suburban Australia
7 Regional Australia

Note:

1. The climate zones are mapped for Australia and each State andideeritefpundtath e Au st r al i a n Clilhaté Zomk
map: Australia Wide, https:/abeiugov.au/Resources/T@alsulators/ClimaeneMapAustrali&Vide

2. Unlessbher wi se specified, fAregional o includes inner regio
SOURCE: EMAIL FROM JAMES CRITICOS DATED 15 OCTOBER 2019

Wideness (area) of the outage

Thesize othearea impacted by the outage (the level of widérassimpact the WALDCR

The model providesee input optidios the level of widenessset out ifiable2.3. These input
optionsvereinbrmed bg literature revie@ur approach to literature revéesebutBox 2.1 and

the papers reviewed are summarised in A@pendix

TABLE2.3 USER INPUTSSIZE OF AREA IMPACTED BY THESBUTA
Input Input options

Area impacted by outage 1. Radius of impacted area <5 km
2. Radius of impacted area between 5 and 85 km
3. Radius of impacted area > 85 km

SOURCE: ACIL ALLEN
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BOX21 OUR APPROACH TO URIDAKING LITERATURE REVIEWS

yy

The first step we undertake to conduct literature reviews is to determine the parameters of th
that it is targeted appropriately aresses thissues raised. The review edbeth national and
internatnal literature, and indymber reviewed and grey literature. Other key considerations for
literature search incthide

definition of search terms, inclddiagf publicatioclusioand exclusion criteria
data sources

search methodologies

assessment of tiyeality of evidence

other recently published literature reviews.

A literature review framewarkleveloped that clearly articltla¢eparameters of the reviewdimglu
defining search terms and databases, as well as our ap@igatigtthariterature. Search databas
include:

ABI Inform Professioniamultidisciplinary business research database

British Libraries Insidéonferencé details of papers giaemongresses, symposiums, conference
expositions, workshops, aredings received at the British Library Document Supply Centre.

Business & Industiiyfacts, figures and key events dealing with companiesamiinsariksts at an
international kv

Current Contenfsbibliographic coverage of articles in eviewy jleachal in the sciences, social scie
arts and humanities worldwide.

Econliti Economic development, history, macroeconomics, micrégoanmah&sicles, books and
dissetations

Ei EnCompassLiTcoverage of literature related to thepetrgletrochemical, natural gas, and eni
related industries.

FDAnews$ U.S. and inteational regulatory, legislative, and business news and information for
companies and origations that are regulated by the FDA and the European commission.

Gak Group PROMTmultipléndustry database providing broad, international covenageiesc
products, markets and applied technologies for a wide range of industries.

Gale Group @de & Industry Databasenultindustry database covering interhatbomaany, industry
product, and market information

Inspec® bibliographic databasetldwide literature on physics, electrical & electronic engineeri
computer & control engingemformation technology and mechanical, manufacturing and prodt
engineering.

ProQuest Dissertations & Theses Professiotissertations and thesies official digital dissertatior
archive for the Library of Congress and the databaséofgrechrate research.

ProQuest Professional Newsstanelading newapers and wires from the US and around the wo|
Many titles are in full text, witbpth coverage of each issue, and indexing for companies, indus
and geographies.

SciSearchi an international, multidisciplinary index to the litscétncesf

The information identified by the seasateviewdd extract and synikeghe information that is of n
relevance to addressing the issues raised.
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Two studieswiewed quantified a higher willingness to pay for widesprédaoheutaghs
identified the willingness to pay (WTP) to avoid an adageethtdiree provinces in Austria
(rather than one t h¥ whiathefsecanddstidentified thedVETP tow
avoid an outage that affected the wholg @ather than a residential street’only).

Austria has nine provimeaging in size from 415 square km to 19,178 square km. The thre
smallest contiguous provinces have an apead®8,000 square km which equates to a radi
around 85 km. Thghest level of wideness is therefore for outages that coveh anradaaswit
greater than 85 km.

The AEROGs choice modelling tesitoaldndt wo |
Awi despreado, whi ch i s rdgeoaltown. The fowestdevef o w
wideness is for the local outag@sg dehich customers will have no more than 5 km to travel
to an unimpacted area. The middle levehe$svisiéor those outages that are between the lo
and upper levetkat is, the impacted area has a radius between 5 and 85 km.

2.1.3 Load impaed by the outage

TheWALDO VCR depends on the load that is impacted by the outage. The model require
characteristics of the load impacted by thebewtatgred

At the lghest level, the annual energy consumption for residential cusiomesisiassl
customers in the area impacted is dieBdtiiper annujn

The business customer load is Hagygigated by industry sector. The industry sectors aligt
the onaligit Australian and New Zealand Standard Industrial Clasf8ia@)aro¢iéeMitha
furthedisaggregation of the manufacturing sector into metal smelting and manpifactsaing
smeltingdue to unique characteristics associated wstineltéatgl

The business customer load can be disaggregated bas&itypnaisamption or by economic
outputThe breakdown of the business customer load by economic-pappuaiegtmsed on
the combination of climate zone and remdteeedtave been derived from Australian Bureal
Statistics (ABS) tabled eensus data.

The load characteristic inputs retrieve and weight the relevant load profiles for residentia
industrial customers #ratusetb calculate the

amount of unsedvenergyf thenature of the outage is defined by referencaitagieluration
or

duration of the outgfithenature of the outage is defined by referencasered engy.
Theloadinformation to be enténéal the modislset out ifable2.4.

TABLE24 USER INPUTS.OAD IMPACTED BY THE OUTAGE
Input Input options

Residential stomer load in the Annual energy consumptid@/finper annum)
location impacted

Business customer load in the Annual energy consumptid®¥in per annum)
location impacted

Breakdowof industrial load by Flagi breakdowentered in tais of % @nergy consumed or % of
industry sector economic output
The useinpus thedataat an aggregated ldiel by ondigit ANZSIC

as well as fametal smeltingsing thendustrial load sectassset out
below

16 Johannes Reichl, Michael Schmidthaler, Friedrich Stieneddies, of supgearity: The costs of power outages to Austrian
households, firms and the public, #&wtogy Economics 36 (20126256
17Johannes Reichl, Michael Schmidthetleodology, Assumptions, and an Application e$iblatkimutcqrinergie Institu
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Input Input options

Industry sector

Businestoad sectors Agrecultureforestry and fishing

Mining

Manufacturing, excludmg@l smelting

Metal smelting

Electricity, gas, water and waste services

Construction

Wholesale trade

Retaitrade

Accommodation and food services

Transport, postabamarehousing

Information, media and telecommunications

Financiand insurance services

Rental, hiring and real estate services

Professionakcientifiand technicadiwices

Admirstrative and support services

Public administratiod aafety

Education arichining

Health care and social assistance

Arts and recreation services

Other services
SOURCEMAIL FROM JAMES CRITICOS DATED 15 OCTOBER 2019

The percentages for éadistry sectorust sum to 100 per centrdn messagsdisplayed if
they do not.

2.1.4 The nature of the outage
TheWALDO VCR is based on the nature of the outage.

Theunserved energy during an outage is a functidurafitimeof the outaagwell as the timing
and load characterisfit®e usr can enter into the model either the duration of the outage (ir
or the unserved energy. The model will catculedertied energy if the duration of the outage

entered, or will calculate the duration of the outage if the unserveteesgrgy is e

The minimum duration of the outage that can be entendly se¢uor3 hours, although this
could be changedthe future, if required. If the durdtienudfige enterédr calculateid)
shortethan the minimum duration, an ersagees displayed.

The model currently assumes that a businesartdiftezsan outage ocowrgch is most likely

tobe the case if the outage is less than. df weekutage duration entered (or calculated) is I
than a week, warning meggawill be displayed. The maximum outage duration that can be
is currently set to thneenthsif the duration lo¢ ioutage entered (or calculated) is longer than

maximum duration, an error message is displayed.
In practice, the duratioh@butages not the same for all customehe area impacted by the

outage thesupply of electricgigenerallgrogessively restoredcustomers over time. We have

assumed a Pareto distributittmthe suppiystored t80 per cent of custasneithinxhours after

the outageommenceand the supply to the ramgi20 per cent of customers restored over a

longeperiod of time.
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For the purposes of this analysis, we assume that the supply to all customers is restored
x hours. Accordinghe duration of the outidge isSnpuinto the modelpresestthe duration of
the outage experiencedusgfomers representingedCcent of the total load imp#cted.

If the duration of the outage is iiputpdel calculsitbe Unserved Eng(ty SEpased on the
duration of the outapeannual energy consuampandheload profiles, using the @gogr as
described in sectih@for the residential load and as described ir2 fotitime commercial /
industrial load.

The USE must be within the randel6fGWhalthough this range could be readily changed i
futureIf the USE calculated is outside this range, an erroisilispsaged

Ifthe USEsinputthe duration of the outagalculatedased othe USBheannual energy
consumption atitbload profileFhe valid ranges for the USE and duration of outage will be
above, with error messages displdymdafe outsidhe valid ranges.

2.1.5 Model input screen

An example of the model ipeess is providedragure?.3.

18The model could be run twice (or more tomes)for an outage representing the experience of 80 per cent of castecosis and
time for an outage representing the experience of 20 per cent of customers, and then aggregating the results.
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FIGURR.3 MODEL INPUT SCREEN

A4

VCR for Widespread And Long Duration Outages

Control sheet
Step 1. Select timing Step 2. Select location / area Step 3. Describe load Step 4. Describe event
Location High level sector energy usage
Location Glimate zone Selection Unserved encrgy
Regional Ausiraliia 1 Mo Residengal 500 Amount 5 Giwh
CBD Brisbane z No Busmess 1500
Suburban Auseia 2 No
Regicnal Australia 2 No Unserved energy 5 Givh
Inner and cuter regional Ausralia 354 Yes Industry breakdown Outage durasion 245 hours
CBD Sydney 5 No Breakdowm by: Economic oufput
Suburban New South Wales 5 No Error messages: MNone
CBD Adelaide 5 No
Suburban South Australia 5 Mo Industr ANZSIC code Economic output Suggested values
Regional Austalia 5 No Agricubure, forestry and fohing 1 19% %%
CBD Melboume [ Mo Mining 2 W
Suburban Vicionia [ No Manufacuring, excluding Metal smeling 3 %
Suburban New South Wales [} No Medal smeling 3 0%
Regicnal Australia [ N Eleciicity, gas, wiater and wiaste service: 4 8%
CBD Canberra 7 No ‘Construciion 5 10%
CBD Hobart 7 Mo Wholesale rade & ¥
Suburban Australia 7 Mo Retal rade 7 % o
Regional Ausraia 7 No Accommodason and food services 8 % %
Transport, postal and wanshousing 9 3%
media and L 10 1% n
B5 km radius) Financial and insurance services 1 % 2%
Rentgl, hiring and redl esizle services 12 1% b
Professional, sciendiic and technical send 13 % %
Adminisirafive and support services 14 % 2%
Public admmisraion and salety 15 3%
Educasion and fraining 16 3%
Healh care and socid assistance 7 ¥
Ars and recreaion senvices 18 [
Other services L] 1% b
Total 100% 0%
Industr ion large business
Agriculiure 8%
Indusirial 4%
‘Commercial 843

SOURCBNALDO VCR MAQDE

10
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2.2 Residential component of MALDO VCR

The residential compdradrthestandar@/CR is based thre amountat individual households
are prepared to pay to avoid an oOtagges may typically spatoa few suburblksis
thereforeherenin the estimatesft t h e ¢ sthatanstamers wodld havedpion of
travelling to a different | ocation to s
best alternatatweupmeals bei ng at home

A WALDO limihe ability of residential customers t depleinding on howegfilead the
outage is. The result is thaétdnedard/ CRhavebeenadjusted to account for these different
financial and nfinancial impacts on customers.

Addi ti omallalryd,6 tVICR st dased on an atiomage
outage could extend beyond 12 hotlmis.caseh te 0 s t asarctajusted to Accbent for
the longer duratwithe outage

Figure.4 outlines the broad approach to estimating the residerdfa Wipa&Othe

unserved energy is multiplied Byshe a n d (@ dadllads p&\@)Rvhictis multipliedy an
adjustment factbat accounts for IWALDMeing widerandfomlger t han a 0 ¢
The output is in dollars.

FIGURR 4

APPROACH TO CALCULATING THE WALDO RERIBERTIAL CUSTOMERS

Yy

Calculated from mod
inputs + residential
load profile

Based 02019VCR —
estimates Based on 6wl de
Selected by outage and length of outage

timing / location

SOURCHEACIL ALLEN

Each of the factors that contributesésittential component of the WALDO VCR is discusse
the followingstions.

2.2.1 Residential USE

The residential USEalculated based onrtrsdential load profile and the following user inpu
the model:

annual energy consumption by the residetdiakrs impacted by the outage

timing aheoutage (season, dayweék and time of outage)

duration dheoutage.

The modéhcludsa residential load profile foramsate zoneéy summer and winter and by
weekday and weekend. Thedmsasedomet er i ng dat a enerdyl ect ed

consumption bill benchendarethe same as those used by the AER in catcllaging 6 s t
VCRsThe residential load prdilesach climate zame illustrated in AppeBdix

The residential load prisfiealed by tlnual energy consumpoitthe residential customers
impacted by the outage. A section of the residential iséldepraéieified to correspond with
the timing of the outagedamdtion of the outage. The energy represented by tbfdisgéotidn
profilés the residential USE.

Figure.5 provides an example of the selection of a section of a residential load profile.
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FIGURRS EXAMPLE OF THE SELECOBHN SECTION OF THE LOAD PROFILE

Yy

Outage USI

SOURCHEACIL ALLEN

222 6Standardd VCRs

The model inclsde 6 st a rnfal mesiddndial cdstoRierseach location option identified in
Table2.2 (combinations of rematerand climate zoaall for each timing option identified in
Tabll( season, day ofpeoaké& hbhasedpeesétdthandi
6 st an d dorresiiienfialCBstontbas have beekrterminelly the AERre provided as
TableC.1inAppendik.

The r el ev ardsisusestd calculdta tresidential c@Rponent oA& DO VCR.
more thaane combinatiorremotenesand climate zone is selected, the model averages the
6standar dé VCRsrehotenesmdelomate zomemb i nat i on of

2.2.3 Adjustment factor

The adjustmefactoin the caldation of the WALDO VCR for residential custoprégss two
compoensT one based on the area impacted by the(ihatagdenesahd the second based
on the duration of the outage

Area impacted by the outage

As discussed in 8en2.1.2 wo studiesvewedjuantified a higher willingness to pay for
widespread outadgesne study identifiedttheWTP to avoid an outage that covered three
provinces in Austria (rather than omaeftifate c t e d 0 n eiH26.75@av cent highere e
while the send study identifibdithe WTP to avoid an outage that affected the whole count
(rather than a residential streei8B/y per cehigheg?

We have nominated three lewelsef area impacted by the outage, as séable2iB Based

on the literatureviewedve assumed t hat the multiplier
residential customersafozlatively localisedage (impacted ahes a radidess than 5 km) is
1.0 and for a wigeead outage (radius of impacted greater than 85 kmj.[3.

We used our judgement to assign a multiplier of 1.1 for outages with an area impacted tf
between these tlgwels

The multiplietisat we have assunf@dthe size of area iotpd by the outages set out in
Table2.5. These multipliers could be readily updated in the model iifi thectrtcings
undertaken identify an Austraiggoecific multiplier

19 Johanes Rehl, Michael Schmidthaler, Friedrich Schiheidatue of supply security: The costs of power outages to Austrian
houseéolds, firms and the public s&atergy Economics 36 (20126256
20 Johannes Reichl, Michael Schmidthetleodology, #Asnptins, and an Application of blaskaoulaitor.corinergie Institut
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TABLE2S MULTIPLIERSIZE OF AREA IMPACTED BY THE OUTAGE

Area impacted 0 St a@vE@Ramudiplier
1. Radius of impacted area <5 km 1.0
2. Radius of impacted area betwaed 85 km 1.1
3. Radius of impacted area > 85 km 1.3

SOURCE: AGNLLEN

Duration of the outage

Studies have identified that the costs associated with long duration outages comprise thr
Ccosts:

Fixed costisthese costs are incurred rdbgss of the duration of the outage. Estimates for sh
duration ougas provide a proxy for these costs.

Flow cosfsthese costs are the value of lost opportunities arising from a lack of power. Flc
may increase or decrease over time, deperidengxtent to which activities can be deferred,
ony for a perdbof time, and the ability to adapt.

Stock costisthese costs occur after a period @flienestock (such as food) starts {dapai
time goes othere is less stoclspmiland the stock costs degéline

The costassociated witin outagearetherefore high for a short duration outage during which
fixed costs and flow costs are incurred. The flow costs are sustained throughout the outa
stock costs increasiisgstock spoils and then decreasing to zero whierisadipsiitiihe

resulting ndimearity in the costs occurred over time has been identified in a number of stL

For the purposes of our analyssssume that when the duration of an gu&sgisd.2 hours,
thecosts incurred are the costs as=heiith a Iibur outage plus flosv costior the remaining
duration of the outage

We analyskeach setdf s t a n d dor rdsiilentialCEsmontedetermine the flow costs that
are incorpated in thetn determine the V@&dong durationagasWe didhis by fitting a
logarithmic curve to the four datagpaingso c i at ed wi tfdnresidangal costomera
The data points wtre total outage costs associated WitiR®r-Q hourtheVCR for-3

hours, the VCR fe Bours and th&CR for-62 hours, assuming a 1 kW load, as illustrated in
Figure2.6.

21For exampl8ean Ericson, Lars Lisdflexibledmework for modelling customer damage functions for powEemergtages
Systems (2018)
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FIGURR.6 TOTALCOST ASSOCI ATED WITH AN EXABPLE ¢
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For each set eathen piojettal the tatal coéts fev@iR thremontiperiod
based on the logarithmic casgeming a 1 kW lead calculatl the VCR for each ltafter
12hourspy dividing the total cogtthb duration. The resultant long duration VCRs for the e;
set of 0 9inFguréd.6 baskdon ¥ Ci\slead illustratedigure2.7 (up to
70hours) This illustrates the declining growth in the outage costs over time and the declini

FIGURR.7 TOTAL COSTS AND LONG DURATIGR @I R THE EXAMPLE S
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SOURCHACIL ALLEN ANSIS
2.3 Commercial / industrial component of the WALDO VCR
The | oss of power to a business 6turns

businesses upstream @manstrearithe commercial and industrial comptihentVALDO
VCR etimate thepotentiahider economic impact of longer duration outages through
macroeconomic modellidg have alsacoumdforthelikely behaviooibusinesses to recover
some afhe value of their lost output following arandtdgecosts to tas production foilogy
an outage
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The literature review identifiedhénatare three types of macroeconomic models that have b
used to estimate treader economitpact ofutages on the commercial / industrial sector
Computable General Exgitim (CGE) modeipukOutput {O) models and macroeconometric
modelsThe three different forms of models are dedgaki2d in

I-O nodels are simpler than CGEImdule do not capture the substétféots that are captured
in CGE models. However, substitution is less likely to occur in the short run, which is the
under consideration for an outage.

Given the range of@mptions that have haade to estimate the WALDO VCRs, we are of tt
view that the simplicity of@henbdelling is appropriate for this pdip@seodel is therefore
based onr® modelling.

BOX2.2 DESCRPTION OF THE DIFFEREDRMS OF MODELS

yy

InputOutput @O) modelsepresent all iriedustry relationships or flows in an economyj, i.e., how
out puts of industries are used as inputs
demando) produced by al | dthesystestofrinduestsy fransastions i
represented in matrix form. The key technical featoredsfis is the assumption of fixed coefficier
proportions determining {optutelations between industries. That is, the amount of input X ths
required to produce a unit of output Y by a given industry does not change according to scale
substitution with different inputs depending upon relative prices chaagek,afy fas axample,
technological change. Essentially feegbig the basi©l accounting framework does not represer
actions that firms might take in order to adapt to the loss of electricity.

CGE models=present in simplified but éxptiti all supplies and demands in an economy and b
direct adindirect market interactions. Supply and demand are determined by the economic (o
choices of consumers and firms. CGE models are therefore based on microecottoegiagincip
complete numerical representations of economies ioffystiemma of ndinear algebraic equations
related mathematical structures. By comrtastddéls, the inpuitput relations among industries ar
nonlinear and to a degrealflexa function of technology assumptions, prices and other factors.

Macraeconomic modelare systems of statistical forecasting equations, with parameters statis
estimated on historical times series data. These have most commonly usedtionepeessomies
and to study inflation and other monetary pheaswelhas aggregéun)employment. However, thi
have also been used to analyse rdgi@miaconomies. Unlike most computational economic moc
(including CGE), they do natityplepresent the decisiaking behaviour of consumers or dirrtie r
equilibratioof supply and demand in markets.

SOURCE: ALAN SANSTAD, REGIONAL ECONOMIC MODELING OF ELECTRICITY SUPPLY DISRUPTIONS: A REVIEW AND RECO!
RESEARCH, ERGY ANALYSIS & ENVIRONMENTAL IMPACTS DIVISION (2016)

Figure.8 outlinede approach to calculating the commercial / industrial component of the
VCRThe estimate is mddeeaclndustry sectby multiplyg thepotential econonsédue lost
during the outages estimateding 4O modellingya recovery factor for thadtistry sect@nd
adding restart cogisch of these factors is discussed in the following sections.

FIGURE.8 APPROACH TO CALCULATING THE WALDQRVGBRVMERCIAL / INDUSTRIAL CUSTOMERS

yy

Calculated from mod
inputs + /O tables +
energy intensity +
industry load profile

1-Proportion of value
added that can be
recovered

Based on standard —_
VCRs

SOURCHEACIL ALLEN
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2.3.1 Potential economi@aiue lost

Thepotential economalue lodtyeachindustry sectduring a WALD€estimated ugjn
[-O modellingased an

I-O tables

multipliers

energy intensityibdustry sector
theload profile feachindustry sector
the following user inputs to the model:

annual energy consummti@tonomic outpytindustrial customarthescenario
timing aheoutage (season, day of week and time of outage)
duratiolftheoutage.

Qx Ox Ox Ox O«

The 4O modelling assumes that the loss of economic value is temporary; that is, business
restart following the outage.

[-Otables

The model inclisdeset ofOtablego estimate the potential value lost by the business direct
impacted by the outage

The value added and economic output (Australian production) for each of thewadustry se
taken from the Infuitput tables in the Australian Naticoah#sc The value adaesl

calculated as a percentage of the econtpufor each indussgctor, as set oufgble2.6.

The same percentages wae in eaclocatiomombination @motenesand climateone.

TABLE2.6 VALUE ADED AS A PROPORTION OF OUTPUT, BY INDUSTRY SECTOR
Industry sector Value added Economic output Value added ag

a % of economif

Agriculture, forestry and fishing $47,868 $102,069 47%
Mining $134,325 $222,390 60%
Manufacturing $101,759 $343,542 30%
Electricity, gas, water and waste service $300 $687 44%
Construction $43,893 $109,032 40%
Wholesale trade $134,196 $428,504 31%
Retail trade $69,606 $134,334 52%
Acconmodation and femdvices $75,916 $124,758 61%
Transport, postaldawarehousing $41,102 $85,831 48%
Information, media and telecommunicati ~ $83,053 $180,433 46%
Financial and insurance services $43,883 $102,661 43%
Rental, hiring and esthteservices $153,106 $243,510 63%
Professional, scientific anbrtical services ~ $53,090 $105,227 50%
Administrative and support services $117,804 $228,904 51%
Public administration and safety $56,176 $93,751 60%
Education and training $2,653 $149,071 62%
Health care and social assistance $83,346 $121,31 69%
Arts and recreation services $119,265 $172,917 69%
Other services $14,082 $37,495 38%

SOURCE: AGNLLEN ANALYSIS BASED ON DATA IN 5209.0.55.001 AUSTRALIAN NANCNANPAQILOBUT TABLES, 2046TABLE 8
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The value added and envooutput were escalated frorlZ0bESeptember 2019 dollars usin
the Consumer Price IndeG(Alps, weighted for eight capital cities).
Multipliers

The model also includes afseultipliets estimate the impact on businesses upstream and
dowstream of the business directly impacted by the outage

The multipliettsat were used in the madet derived bistcalculating the multipliers by indust
sector fa number tdcations acroddferent climate zones and remataaesss out in
Table.7.

TABLE2.7 LOCATIONS FOR WHICH MULRPOELCULATED

State Area Remoteness Climate zoe
New South Wales Statewide
Sydney CBD CBD
Broken Hill Regioal Hill
Wagga Wagga Regional
Queensland Statewide
Brisbane CBD CBD
Gold Coast Suburban 2
Rockhampton Regional
South Australia Statewide
Mt Gambier Regional 6
Tasmania Statewide
Hobart Regional 7
Victoria Statewide
Mebourne CBD CBD
Geelong Suburban
Bendigo Regional 6

SOURCHEACIL ALLEN

Our analysis indicated thanthigipliers varied by industry sextavere relativeignilafora
giverremotenesgegardless of tbikmate zone. We therefore atdduhree multipliers for each
industry sectbone for each of CBD, metropolitan and fdayoaraging theultipliers in the
relevant locations.

While the multipliers coelddtimated with a greater level of accuracy, the accuracyheith wt
have been calculated for the purposes of the model at this time is proportional to the acc
associated witie model as a whole.

The multipliers that were used are sefahlex8.

TABLE2.8 MULTIPLIERS USED IN THE WALDO VCR BMODEIUSTRY SECTOR

Industry sector CBD Suburban Regional
Agriculture, forestry and fishing 0.25 0.21 0.20
Mining 0.10 0.12 0.15
Manufacturing 0.19 0.19 0.18
Electricity, gawater and waste services 0.12 0.15 0.11
Construction 0.36 0.13 0.16
Wholesale trade 0.12 0.11 0.13
17
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Industry sector Suburban Regional
Retail trade 0.09 0.09 0.11
Accommodation and food services 0.15 0.14 0.15
Trarsport, postal and warehousing 0.17 0.12 0.13
Information, media aec@mmunications 0.11 0.13 0.16
Financial and insurance services 0.05 0.12 0.09
Rental, hiring and real estate services 0.14 0.09 0.09
Professional, scientific and technical ser 0.09 0.10 0.13
Administrative and support services 0.07 0.09 0.11
Public administration and safety 0.08 0.08 0.10
Education and training 0.08 0.07 0.07
Health care and social assistance 0.07 0.07 0.07
Arts and recreation services 0.10 0.13 0.15
Otlerservices 0.00 0.10 0.10

SOURCE: ACIL ALLEN ANALYSIS BASED OIN3269.8.565.001 AUSTRALIAN NATIONAL ACCOUNJISTINPUTABLES, 2016TABLE 8

Scaling the-O tables to the location impacted by the outage

To calculate the commercial /iiiatlastmnponent of the WALDO VCR, the economic output b
industry sectiorthe area impacted by the oistagguired so that the data ifQhaklles can be
scaled to the locatibat is impacted by the outemedo thishe user inminto the medleither:

the economic contribution of each industry to theascaparotagedr
the energy consumed by each indissépe(centage).

Both of these data points are required in the model, bisiothlg tsguired to input one, while
the oheriscalculated in the model, as discussed below.

Calculating theamnomic output by industry sector from the industry breakdown of
economic cotmibution

If the contribution by eadhstry sectisinput as percentage of economic doyndusty
sectorthelevel oéconomic outgdot eackectoiscalculated imgthe total level of business
energy consumption in the location impatiedlitagevhich is entered by the aserthe
energy intens{iyhich is discussed in the follovatgd&he useisrequired tmputhetotal
energy consumptforbusiness customershe location impacted by the outage

The economic autthbyindustry sectfar the locatidgg calculated by

multiplying the percentage of economic onghugthy sectby the energy intensity for that
industry sectvWh pedollar output)

scaling that energy consumption based on the total energy consumjdioassyshemers in
the location impacted by the qiederive the energy consupeddiindustry sector

multiplying the energy consumed bipdastingectoby the engy intensity for thatustry
sector

Calculating the economic output by industry sector from the industry breakdown of ene
consumption

If the contribution byreadustry sectistinput as percentage of energy consuniyyfiiodustry
sectortheenergy consumption for sactois calculated by multiplying the percentage
consumption by the totsinessonsumptioif hiss therconverted conomioutpuby industry
sector using the energy intensity ratios disttieseliowing section

18
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Energy intensity
The energy intensity is the relationship between the energy consumption and economic «

We have estimated the energy intensity by industisirgpctata from the Australian National
Accounts. The Australiaroh&tiAccounts indé:

the value of electricity that is generated as an inpundousagetor

the value of the output (Australian production).

We have assumed that the vakleatricity generated is $100 per MWh, and then calculatec

electicity generated (1\Wh) as a function of the value of the output. The energy intensity f:
have used are set oltdhle2.9.

TABLE2.9 ENERGY INTENSITY BYBIIRIAL LOAD SECTOR
Industrial load sector Energy intensity

(MWh permillionsof output)

Agriculture, forestry and fishing 24.8
Mining 73.2
Manufacturing, excluding Metal gmeltin 63.4
Metal smelting 194.7
Electricity, gas, water and wasteeservi 142.4
Construction 55

Wholesale trade 23.3
Retail trade 55.6
Accommodation and food services 68.7
Transport, postal and warehousing 21.2
Information, media é&ldcomomications 23.9
Financial and insurance services 6.3

Rental, hirirand real estate services 63.9
Professional, scientific and technical services 15.0
Administrative and support services 7.1

Public administration and safety 81.1
Education arichining 13.9
Health care and social assistance 14.2
Arts and rea#on services 14.5
Other services 11.4

SOURCE: AGNLLEN ANALYSIS BASED ON DATA IN 5209.0.55.001 AUSTRALIAN NATIONAL ACTOBNTS ABPES, 2016TABLE 8

Load prdfes

The model inclisdead profilshow energy is consumed acr@geénjor eacindustry sector
identified ihable2.4, by weekday/weekan@ develagpla set oBynthetitoad profifor each
industry ssor whiclwasinformed by energy data collgnteamnme sectorstler publicly

available information and our judgement as to the likely. [Dlael ipchiérial load profiles are
illustrated ippendik. Given the assumptions made to develop the synthetic loadhpradiles,
not differentiated the load profile by climatelsoseason

The load proSlarescaled by the annual eneoggumption by the customers indhstry
sectothat arampacted by the outaysection efach industrialad profilisidentified to

19
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correspond with the timing of the outage and duration of the outage. The energy represe
sectioofthe profils the USEor thaindustry sectfrefer t&-igure2.5).

We havassumed thditet energy consumption profils aiitprthe profile of romic output. This
hels toidentify the potential impact on the economy associated witlexperonagay that
indusry sectoiThis assumption is consistent with an assumption endeleeiopment of a
blackout simulator for the European Rt and Schmidthaler noted that:

é electricity is an essenti al isupplyudeal damage v a | |
even when happening duringrauctive hourscBuwlamages stem from e.g. inoperable cooling
appliances oafety facilitiés.

2.3.2 Recovery factor

The actual impact of an outage on the eisdas®g ohow much economic activithean
recovered following an outageadbindustry sectdWeassumethe recovery factor for each
industry sectbased an

the characteristics ofitisistry sect@uch as the ability to continue production without an
electricity supply, the abililefer production, and the time to restore production following tf
restoration of supply

the extent to whichitigustry sectbas backip generation installed.

Recovery factors for each inciestiyareset toone of four levels:

lowi the sectdras no baeakp generati@nd the production that is lost duringetpgaogely
cannot be recovered follolwangutage

mediuni the sector loses some but not all production, through the-upegehbeation and/or
recovery of some productilmvfop the outage

highi either the sector has sufficienuipeg&netion to continue operation for the erfitifety
outage and / or the produtttadis lost during the outage can be fully recovered following the
outage

smelted metdlsfbackupgeneration is not installedt@dutage exceddarhours, thendh
model assumes thatapots will soligiénd the economic impact of the maggersist for
aroundhree months.

Therecovery level assigned to iedcistry sect@nd thgalies that are assigned to each level
are set out able2.10 The model has been set up so that these values can be readily upd
the future.

22 Johannes Reichl, Michael Schmidtheti@dology, Assumptions, and an Application ofdiiacladat.cqrinergie Institut, page
6
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TABLE2.10 RECOVERKACTOR

Recovery levelndustry sectors Proportion of value that ca
berecovered
Low Electricity, gas, water and waste services 0.1

Accommodation and food services
Information, media and telecommunications
Financial and insurance services

Public administoatiand safety

Arts andecreation services

Medium Agriculture, @mtry and fishing 0.5
Mining
Manufacturing, excluding metal smelting
Construction
Wholesale trade
Retail trade
Transport, postal and warehousing
Rental, hiring and real estate services
Prdessionagcientific and technical services
Administrative and supgamitices
Health care and social assistance
Other services

High Education and training 0.9

Smelted metals (with no-paeneration) [1-3 months / duration of
interruption (inonths)]

SOURCE: ACIL ALLEN ASSUMPTION

Therédhasinevitably leasome averaging in assigning a level to an industry sector. For exar
the production that is lost during the outage by an industry sector cannot be recovered, tl
sectohasbesnassigned a level of low (that is, the proportion of vailee thextaseered is 0.1).
However, if 50 per cent of that sector hap gaderation installed which can supply electricit
through the period of the outage, then thdlasbetrassigned a level of medium instead (tha
is, the proportion of valeeddn be recovered is 0.5).

The recovery factors are currently set so that they are the same, regardless of the durati
outage. The model could be set up in the futureesoateavaried over time. However, this
implies a higher level ofracgun the results than has been modelled.

2.3.3 Restart costs

After an outage occurs, there is a cost to restart a business. We estimatedthennestart co:
6st andar ddéssésalesthan those irbthe snetal smelting sector

The recoveryctar for the metal smelting sector has been calculated in a different way to t
sectors as it is assumed that there will be a period over which economic value aiided will
to the solidification of metal Plagse will be some value adsleatiatedith the work required to
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restore production. We have therefore assumed that the refsatt tbestslue added during
recoverphaseand so we havetaocounted fonyadditional restart costs.

As discussed in secBdhthe costs associated with long duration outages comprise three t
Ccosts:

Fixed costisthese costs are incurred, regardless of the duratiatagétHestimates for short
durationwtages provide a proxy for tleste.c

Flow cosfsthese costs are the value of lost opportunities arising from a lack of power. Flc
may increase or decrease over time, depending on the extent teewbah laetileferred, but
only for a pied of time, and the abilitgddpta

Stock costisthese costs occur after a period of time when stock (such as food) starts to sj
time goes on, there is less steploii@nd the stock costs decline.

We assumed that:
the fixed costs dhe restart costs
t he

6 ¥/CRafor thafirsthdéur congthisefixed costs and the flow costs

the flow cosése the cosiacurred for one hour based an$hée a ViIGIR dor hduds 6 to 12.
The AER determiied t a n d a r dféllowh@ graups fofdusingsshcastomers:

not diect connected

agriculturalsmalmedium and large
industridl smalmedium and large
commercialsmalimediunand large

direct connected
services
industrial
metals
mines.

T he déastdadn V CR sustbneens ard puosidediialeS. 3in Appendi@

Table2.11sets out the correlation between theyindsste c t or s

VCRdor business cusens

TABLE2.11
Industry sector

CORRELATI ON BETWEEN

and t

he gr

| NDUSTRY SE£CTORS
Not direct connected Direct connected

Agricliure, forestry and fishing Agricultat Services
Mining Industrial Mnes

Manufacturing, excluding Metal smelting Industrial Industrial
Metal smelting Industrial Metals

Electricity, gas, water and waste services Commercial Services
Construction Commaial Services
Wholesale trade Commercial Services
Retail trade Commaeial Services
Accommaodation and food services Commercial Services
Transport, postal and warehousing Commercial Services
Information, media and telecommunications Commercial Services
Financial and insurance services Commercial Services
Rental, hiringnd real estate services Commercial Services
Professional, scientific and technical services Commercial Services
Administrative and support services Commercial Services
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Industry sector Not direct connected Direct connected
Public admstration and safety Commercial Services
Education and training Commeral Services
Health care and social assistance Commercial Services
Arts and recreation services Commercial Services
Other services Commercial Services

SOURCE: ACIL ALLEN

We haveroportioned the businessdoad o s s t he 6 st aliustrateddnd6 b u:
Figure2.9.

FIGURR.9 PROPORTI ONI NG BUSI NESS LOGAD ACROSS

Businesmad
100% metal smelting load 100% mining load

! Balance 1 17% 83% 6% 94% 16%]
proportioned
across
Industrial remaining Services
industry
sectors with

weighting of 0,

25%
Not direct
connected
customers

Note: proportions between small/medium and large customers after load for direct connected custor

0.1o0r1)

SOURCHEACIL ALLEN BASED ON INFORMATION PROVIDED BY THE AER

The busess load is propoeitimetween small/medium and large customers that are not dire
connected, and direct connected custmeedson information provided by the AER. We hav
assuned that 75 per cent of the business load is used by custonmetsdinettecennected and
25 per cent is used by customers that are direct connected.

We have assumed that the proportion of the business load that is used by small/medium
busnesscustomerthat are not direct connested set out Table2.12 These proportions are
applied to each industry sector within the relevant grouping.

TABLE2.12 PROPORTION OF BUSINESS LOAD FOR CUSTOMERS THAT ARE NOT DIREC

CONNEED
Grouping Small/medium Large
Agriculture 0.17 0.83
Industrial 0.06 0.94
Commercial 0.16 0.84

SOURCEAER

We have assumed that the business load for direct costometaid proportioned across the
industry sectors by assuming that

d 100 perent of thbusinestad for metal smelang mininig by direct connected customers
d none of the business load for the following sectors is by direct connected customers:

retail trasl
accommodation and food services
financial andsurance services

23
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renal, hiring and real estate services
administrative and support services
health care and social assistance
arts and recreation services

other services

We have then assumed that thecbalathe business load that is used byodinected
customers iggportioned to the remaining industry sectors with the following weightings af
the energy used in those sectors:

d aweighting of 1 for manufacturing, excluding metal smelting
d aweighting of 0.1 for:

agriculture, forestry &slking

electricity, gawater and waste services
construction

wholesale trade

transport, postal and warehousing
information, media and telecommunications
professional, scientific and technical services
pubic administration and safety

education and tiaim

2.4 Social costs

The ihal component of the WALDO VCR is the broader social impact of the outage, whicl
the costs of WALDOSs that are not captured through the residential and commercial / indt
components of the WALDO VCR. The typesofsiteed here incltide

8 financial cost of managing social responses to an outage (e.g. increased crime)

d financial and ninancial costs for consumers being unable to access the services #igy ha
organised to access.

Thenonfinancial casfior consumers gmamarily relateddoganisedctivities, rather than
activities that are undertaleaihe consumarresponse & outage. For example, the disbenefi
that a consumer experienceshaving a knee operationmshyde the pain and discomfort
associatkwith waiting for thegaleeduled procedure, and the financial costs of additional
medications and travel.

Examples of social costs might include:

d Emergency and essential servit@slice would need to pserittsponses as traffic congests,
publidransport halts, security systemautalic lighting faited opportunistic crime ;risespitals
will have to cancel elective surgery and procedures, and will be puvitmaer istregase in
traffic adidents caused by the congestionjsordipmates may be confined td-grellalarm
systems may be inoperable and firefighting may be hampered in those areas where som
required to pump waBmods ancdesvices requiring a contrefwéfonment, such as
pharmaceuticalse tlood bank, and frozen samples, may be ifipaeday also be safety
concerns with fallen power lines.

8 Transpori traffic would congest with trafficdightentilation fangunnels inoperalgetrol
stations would close, train and traicesemould halt, potentially stranding many passengers
air travel may be limifédere may be major delays at airports, with ripple effects through th
network.

d Communicatiosi mobile phones, computedsheandheld devices that are the mainsta
modern communications may run out of charge and/or be inoperable as communication 1
down when (ffackupbatteries are depleted. This would disrupt people Buokatypreeenting
them from ctacting emergency seryiaad will impt on the operation of emergency services
that depend on telecommunications

d Commercial sectérbanking operatiansluding ATMs and EFTPOS mauelilines significantly
impactedusinesses and shopping ceateclikely to close early without dooglsstricity for air
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conditioning or to operate emergency exits and fire alarm systems. The impact of this rez
lost commerce to include loss in activity through $bopigints end lifts woulddfaientially
trapping people in officether buildings or forcing them to use stairs to exit (not an option f
with reduced mobility). Entertainment venues will close with commercial impact, but also
entetainment to would be patrons.

Commercial anthdustry sector in addibn to the costs identified through the macroeconom
modelling, there may be additional costs associated with materials loss/spoilage and equ
damagewhich are not reflectedarrastart costs

Households and individualsnost houselasl would benable to perform their usual routines
which, for some, causes increased tension and may result in increased levels of violence
vulnerable (the very young, elderly and pecpl®mitior serious health conditions) will be at
geneally, butlao due to lack of cooling or heating. Depending on time and duration, food 1
and be discardékt.the extremégre have been deathorteduring electricity outages due to
lack of cooling, heating, inoperability of medicacuippw@ht spoilt foodResidents in
apartment buildings may be impacted by inoperable lifts and water pumps.

Animal welfaré animals will also be at 8sksitive processes include immubatiking,
pumping, heating;anditioning and refiagienimpa&ts may be felt on farms and at veterinary
hospitals and in other contexts.

The types of social costs that are irduwnirggda WALDGI vary depending on the remoteness
the outagy For examplédhe transportation impacts will be gnaatean aas than rural areas,

but the animal welfare impacts will be greater in rural areas than in urban areas. Househ
apartment buildings are more likely to be in urban areasheldd helizge on water for pumpin
are more likely to beurral areas

The literature reviewed concludes that it is difficult to quantify the social costs as they are
on the specific circumstances of the auddtpe socioeconomic condiitwrss of the literature
reviewed references the costsiatsbwitthe 197 blackout in New York City, which lasted fo
about 25 hours. The costs associated with that blackout are surabie2is@d heseare
identified in the literature as direct and indirect costs.

TABLE2.13 COSTS ASSOCIATED WITH 1977 NEW YORK CITY BLACKOUT

Impact areas Direct cost ($ million) Indirect cost ($ million)
Businesses Food sptage 1.0 Small businesses 155.4
Wages lost 5.0 Emergency aid (private sector) 5.0
Securities industry 15.0
Banking industry 13.0
Government (Npuablic Federal Assistance Programs 11.5
services) New York State Assistance Progri 1.0
Consolidated Ediso Restoration costs 10.0 New capital equipment (program i 65.0
(electricity authority)  Overtime payments 2.0 installation)
Insurance Federal crime insurance 35
Fire insurance 195
Private property insurance 10.5
PublidHealth Services Public hodpisi overtime, emergen 1.5

room charges

23For example, Royal Acaderngineeringounting the cost: the economic and social costs of electricity shortfalls in the UK:
for the Countilr Seence and Technolo@p14) and Office of Technology AsseBsiysingl vulnerability of electric systems to

natural dissters and sabota@®ngress of the United States, June 1990
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Impact areas Direct cost ($ million) Indirect cost ($ million)
Other public services Metopolitan Transportation Authorit MTA vandalism 0.2
(MTA) revenue: MTA new capital equipment requi 11.0
Losses 2.6 RedCross 0.01
MTA overtime and unearned wage: 6.5 Fire Department overtime and
damaged equipment 0.5
Police Department overtime 4.4
State Courts overtime 0.5
Prosecution and correction 1.1
Westchester County  Food spoilage 0.25

Public services equipment damage 0.19
overtime payments

Totals

55.54 290.16

SOURCHEFFICE OF TECHNOLOGY ASSESSMENT, PHYSICAL VULNERABILITY GGTEMECTRINANJRAL DISASTERS AND SABOTAGE, CONGRESS OF THE UNITED S°
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On the face of it, the ratio of indirect ctissttoosts was approximately 5, suicisistent with
an estimate from insurance industry &perts.

There ae some costs that have been categorised as indirect that are included in the resid
commercial / industrial components of the V@R, rOp¥rticular, the costs for sma#ddaes.
Additionally, there are some costs associated with atorgahdtimany studies attribute to tt
particular socioeconomic circumstances of New York at that time.

If we assume that:

the smabusiness costs of $155.4 millimch have beelassified asdirect casireincludetih
thecommercial / indigttomponent of the WALDO VCR

the indirect costs incurred by the electricity authority are %tdCmesieoanecludedh the
commercial / industriminponent of the WALDR VC

half of the remaining indirect costs incurred are associatacawithoating,

the indirect costet not included in the residential and commercial / industrial components
WALDO VCé&te apmximately 47 per cent of the directraissis included in the residential anc
commercial / industrial comporfehs WALDO VCR

We have appligubtsocial costs as a multiplier on the residential component and commerc
industrial componenhefWALDO VCR.

Given thancertaintyf the datan social costs, and the variability in the social costs based ol
outage, location and socioeconomic conditiomse appliadnultiplier of 1.3 to the residential
and commercial / industrial compohéheoutage coster WALDQsther thaoif metal
smeltingp represent the social cbkisnultiplier has bepplied to the outage costs for metal
smelting.

The social cost multiplier could be readily updated in the model in thedhtigeidedaken
to identify a more contemypd@astraliaspecific multiplfér.

2.5 Calculation of th&/ALDO VCR

The apmach to calculating the WALDO VCR is deigouinQ Theoutage costs incurred by
residential and commercial / indasstiainers dng aVALDO are summed, multiplidue
social cost weighting anidetivby the total unserved energy.

24Hugh Byrd, Steve Matthewinaargy and the City: the TeclynatoBociology of Power (Faildognal of Urban Technology
(2014)

3t has been commented that the costs associateall with
Commission into the bushfires could be used twist@icost multiplier. However, those costs relate to thedthshtines the
loss of electricity. It has also been commented that the number of excess deaths following FebAtaipR08Y heatwave in
Victoria could also be usedettmsimilarly, these excess deaths largely relate to the pratveticgettions rather than the loss o
electricity.
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FIGURR10 CALCULATION OF WALDO VCR

A4

Residential
component +

EISHESS
component

—

Social cost WALDO VCR

weighting

SOURCHEACIL ALLEN

The residential component 8¥#&ieDO VCR (in dollars) is calculated in accordance with
sectior?2.2 the commercial / industrial componewaiLih® VCR (in dollars) is calculated in
accordance with secBd@and the social cost weighting is calculated in acsihdsecio? 4
The calculation of the residential USE is discussed2r?aadtite calilation of the USE for
eachindustry sectisrdiscussed in seclah

The outputs of the madel

residential component of the WALDO VCR

commercial / industrial component of the WAI_BYagGeulturadustrishnd commercial
customers

social costs of the WALDO

overall WAO VCR
Each of these outparspresented in dollars &th
We have also presented the results as a cost in dollar terms.

There are two outputs screardetailed output screeth @ summary output screen that also
includes the key inputs to thelmdmdexample thfe detailesutput screen is provided as
Figure.11 and the summary output screen is prowapdedd 2

If the WALDO VCR for a particular ouwtelge éstimated from multiple runs of the model, the
outage costs and the unserved energy sk@gcegatednd the WALDO VCR recalculated. T
WALDO VCRs should not be aggregated.
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FIGURER.11

EXAMPLEF THE DETAILED OUTPUT SCREEN

A4

VCR for Widespread And Long Duration Outages
VCR Outputs

Residential Component
Residential USE 0.36 GWh
WALDO VCR cumulative cost $7.54  $milion
Residential VCR $20.79  $/kWh

Business component

Output lost pe

day Daily energy output lost

Sector $m)

1 Agriculture, forestry and fishing Agriculture $9.39 0.233
2 Mining Industrial $12.19 0.892
3 Manufacturing, excluding Metal Industrial $4.78 0.303
3aMetal smelting Industrial $0.43 0.083
4 Electricity, gas, water and waste Commercial $5.09 0.725
5 Construction Commercial $10.35 0.057
6 Wholesale trade Commercial $3.56 0.083
7 Retail rade Commercial $5.46 0.304
8 jon and food servi i $4.45 0.305
9 Transport, postal and warehousfgmmercial $5.04 0.107
10 Information, media and telecomr Commercial $2.18 0.052
11 Financial and insurance service€Commercial $3.43 0.022
12 Rental, hiring and real estate sei@mesnercial $2.87 0.183
13 Professional, scientific and techr Commercial $3.65 0.055
14 inistraive and support servi i $1.84 0.013
15 Public administration and safety Commercial $3.56 0.289
16 Education and training Commercial $3.03 0.042
17 Health care and social assistanc€ommercial $6.07 0.086
18 Arts and recreation services ~ Commercial $1.44 0.021
19 Other services Commercial $2.88 0.033
Total business $91.70 3.888
Total business (excl. smelting) $91.27 $3.80

Value added
Restart cost
Agriculture $0.33 $1.07 0.019
Industrial $40.26 $5.45 0.206
Commercial $4.34 $16.86 0.392

Social component
Social multiplier: 13

Social cost $11.01  $milion
Social VCR $11.37  $/kwh
Overall
0.98 GWh
$86.86  $million
$88.62  $/kwh

Total cost summar
Residential $7.54 $20.79

Agriculture $1.40 $74.86
$45.71 $221.39
$21.20 $54.02
$11.01 $11.37

Total cost (SmWALDO VCR ($/kwh)

Outage

$0.76
$1.78
$1.01
$0.06
$0.95
$1.19
$0.50
$0.74
$0.94
$0.70
$0.42
$0.62
$0.37
$0.49
$0.25
$0.48
$0.41
$1.17
$0.29
$0.59
$13.71
$13.65

Value addec

lost

Recovery

05
05
05
NA
01
05
05
05
0.1
05
0.1
0.1
05
05
05
0.1
09
05
0.1
05

Outage VA

$39.13

$0.13
$0.23
$0.41
$0.16
$0.16
$0.35
$0.09
$0.13
$0.07
$0.27
$0.03
$0.40
$0.10
$0.15
$43.20
$4.07

Multiplier

0.20
0.14
0.18
0.18
0.13
0.14
0.12
0.10
0.15
0.12
0.14
0.10
0.09
0.12
0.10
0.09
0.07
0.07
0.14
0.10

Total

Industry Restart
Multipler VA~ VA

costs

$1.07
$2.21
$3.24

$4.84
$0.31
$0.57
$2.63
$2.51
$0.81
$0.36
$0.14
$1.33
$0.32
$0.08
$1.71
$0.25
$0.60
$0.15
$0.24
$23.38
$23.38

Business

SOURCBEVALDO VCR MODEL
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FIGURR12 EXAMPLE OF THE SUMMARY OUTPUT SCREEN
VCR for Widespread And Long Duration Outages
Scenario summary
Season Winter
Day type Weekend
Start time: 5:00 PM
Location Suburban New South Wales CZ6, Regional Australia CZ6
Area Moderate (e.g. between 5-85 km radius)
Annual energy consumption (C 2500
Proportion residential: 20%
Business characteristics Economic share  Proportion direct conned®roportion large busine
Agriculture 6.9% 83%
Industrial 22.1% 94%
Commercial 71.0% 84%
Unserved energy 1 GWh $100
Outage duration 35 hours $90
Peak / Off peak Peak $80
~ $70
2
Total cost ($m) ~ WALDO VCR ($/kWh) % $60
R ] $7.54 $20.79 S $50
Agriculture $1.40 $74.86 g
Industrial $45.71 $221.39 g M0
Commercial $21.20 $54.02 $ s
Social $11.01 $11.37 $20
Overall $86.86 $88.62
$10
% I
¥ Residential “ Agriculture  ®Industrial & Commercial “ Social
SOURCBNALDOCR MODEL
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MODELLING HE
WALDO VCR

TheWALDO VCORodel described in chapieais usetb estimate th#ALDO VCIar three
scenarios, and to test the sdysitithe results to changes in the timing of the outage.

The scenarios and sensitivities are described B sa&¢teoresults frone timodelling of the
scenarioare presented in secBd@andof thesensitivitida sectior8.3 The results are compared
with the 0st addkeyfiddings\Wr@Rise moglelitie scenariooane
discussed in sectibb

These scenarios are presented in the report for illustrative purposes only.

They should ndie interpreted as any reflection of any assessment that has be¢akender
that these scenarios are more likely to occur than any other outage scenarios.

3.1 Descripion of the senariosand sensitivities

X Ox Ox Ox Ox

The model was used to calculate the WALDO \#eRstentmiapecified by the AHRe key
characteristics of the tlmmmarios are summarisdalies. 1.

One of the scenarios modelled is an outage in SouttSAutirAlistralia Hagcombinations
ofclimate zones and remoteness:

3 & 4 Regional Australia

5/ CBD Adedie

5 / Suburbe®outh Australia

5/ Regional Australia

6 / Regional Australia.

Where there are multiple combinations of climate zones and remoteness, the model avel
parameteffor each combination of climate zone and remoteness. For thitipeimposietiiag,
we have assumed that South Australia comprises three combinations of climate zone an

I those in climate zorieds the other three combinations of elimetend remoteness are likely
to make a small contribution to theQMATRDor thissenario

To estimate a more accurate value of the WALE@@heSRuth Australian oytidgemodel
would be rdivetimes once for each combination of clinmatezd remoteness.

30

VALUE OF CUSTOMER RELIABILITY FOR WIDESPREAD AND LONG DURATION OUTAGES



ACIL ALLEN CONSULTING

TABLE3.1 CHARACTERTICS OF THE SCENARIOS MODELLED
Scenario D Regional Victoria Scenario @ Suburban Scenario ® South Australia

Queensland

Timing of outage

Season Winter Summer Summer
Day of weel Weekend Weekday Weekday
Start time 5 pm (peak) 7 an (peak) 7 am(peak)
Location
Climate zorlgemotenes: 6/ Regional Australia 2/ Suburban Australia 5/ CBD Adelaide
5/ Suburban South Australi
5/ Regional Australia
Area imgcted Medium Medium Large
Residential load impacted 258 GWh pa 1,176 @/h pa 3,877 GWh pa
Business load impacted 774 GWh pa 5,881 GWh pa 11,631 GWh pa
Business composition by indu Assuggested by the model baAs suggested by the model biAs suggested by the model bk
sector on the inputs aNational on the inputs and National  on the inputs and National
Accaints Accourst Accounts
Nature of the outage USE =1 GWh USE =7 GWh USE = 14 GWh
Duration = I%hours Duration =5hours Duration =%hours

Note: Duration of the outage is calculated hasshardresrgy, timing of outage and load profile
SOURCE: AUSTRALIAN ENERGY REGULATOR

For each of the scenarios, we have not changed the default breakdown of the industry se
between smé@hedium and large business customers. The proportions ane Bebet 1t |

The model was also used to test the sensitivity of the WALDO VCR to changes in the inf
scenarios, in particular taéirtie at which the outage commeirceammer compareditder, a
weekday compared to the weekenadt, diffdrent timegtoéday. The sensitivities that have bee
modelled are summarisdaine3.2.

TABLE3.2 SENSITIVITIES MOCHDL

Scenario / sensitivity Season Day of week Start time

Scenario B Regional Victoria Winter Weekend 5 pm (peak)
Sensitivity TIAsummer Summer Weekend 5 pm (peak)
Sensitivity IiBveekday Winter Weekday 5 pm (peak)
Sensitivity TiCoffpeak Winter Weekend 8 pm ¢ffpeal
Scenario 3 SuburbarQueensland Summer Weekday 7 am (peak)
Sensitivity 2Awinter Winter Weekday 7 am (peak)
Sensitivity 2Biveekend Summer Weekend 7 am(peak)

Sensitivity 2Coffpeak Summer Weekday 8 pm (ofbeak)
Scenario 30 South Australia Summer Weekday 7 am (peak)
Sensitivity JAwinter Winter Weekday 7 am (peak)
Sensitivity 3Bwveekend Summer Weekend 7 am(peak)

Sensitivity 3Coffpek Summer Weekday 8 pm (ofbeak)

SOURCE: ACIL ALLEN
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3.2 Results from wdelling the scenarios

The estimated WALDO VCR, and the estimated cost of the outage, for each of the scene
illustrated fRigue 3.1 andset ouin Table3.3.

FIGUR31 ESTIMATED WALDO VCR AND OUTAGE COSTS FOR EACH OF THE THR
SCENARIOS ($2019) A‘

WALDO VC/kWh)

a o =~
o O O

VCR ($/kWh)
w D
o O

N
o

"
0 ]
Regional VIC Suburban Qld South Australia
Scenario 1 Scenario 2 Scenario 3
W Residential ' Agriculture™ Industrial 2 Commercial= Social & Overall
Costs ($ million)
= 700
2
= 600
IS
€ 500
()
& 400
>
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o
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[e]
© 100
o — I I
Regional VIC Suburban QId South Australia

Scenario 1 Scenario 2 Scenario 3

B Residential @ Agriculture ® Industrial @ Commercial® Social

SOURCHACIL ALLEN ANALYSIS BASED ON WALDO VCR MODEL

TABLE3.3 ESTIMATED WALDO VCR AND OUTAGE COSTS FOR EACH OF THE THREE SCENARIOS ($2019
Scenario B RegionaVictoria Scenario 3 Suburban Scenarid® d South Australia

Queensland

WALDO VCR ($/kWh)

Residential 124 238 A7
Agricultural 418 308 30.2
Industrial 35.0 39.6 574
Commercial 325 298 293
Social 57 9.1 9.1
Overall 305 416 47.3

32

VALUE OF CUSTOMER RELIABILITY FOR WIDESPREAD AND LONG DURATION OUTAGES



ACIL ALLEN CONSULTING

Scenario B RegionaVictoria Scenario 3 Suburban Scenarid® d South Australia

Queensland

Cost of outagéb million)

Residential 53 16.1 65.5
Agricultural 1.3 26 94

Industrial 9.4 92.6 2370
Commercial 89 1161 224.6
Social 57 63.9 126.2
Total 305 2013 662.8

SOURCE: WALDO VCR MODEL

The unserved energy for the regional Victorian outage is significantly less than the unser
for the suburban Queensland outage, which is significantlydesstraad energy for the
South Australian outage. As a consequence, the autsgeciased with the regional Victoria
outage are significantly less than for the suburbam@oetsgta which are significantly less
than for the South Australitage.

The overalALDQY/CR igessfor thaegional Victonatagdhan for theuburban Queensland
outagewhich is less than the WALDO VCR for the South Australitve osideetial VCR in
regional Victoria is lower than in suburban Quaedstauth Australia, and represents a high
proportion of the outags s This is partly offset by a higher agricultural VCR in regional Vi
which represents a higher prapoftibe outage costs than in suburban Queensland and So
Australia.

The overalWALDQ/CR for the South Australian outage is highethantfages in regional
Victoria and suburban Queensland. This is:because

the outage is over a larger arethamdore there is a higher wideness factor that is applied t
6 3 n d ¥CRdadd residential customers

the outage is shorter than ttagen regional Victoftlhe VCRenerallgecreaseas the outage
gets longgr

TheWALD/CR for industigalstomers in South Australia is higher than for industrial custol
impacted by the outage in suburban Queenkiahdiighethan for industrial customers
impacted by the regional Victoria outad#feFbrces in the WALDO VCR are attribtitable to
differentomposition of the industrial seetmtirof the tlerscenarios.

The VCR for mining is lower than for mangfalkterproportion of mining is greatest in regior
Victoria, which lowers the WALDO VCR, and lowest in suburbah The®tdafor metal
smelting is significantly higher than for ndmimgnaifacturing. While the proportion of metal
smelting i®W in all three scenarios, it is higher in regional Victoria and Souwthi&ustralia
increases the WALDO @R in sulsban Queensland. WsLD/CR for metal smelting is
higher iSouth Astraliand suburban Queensland because the outage ibaharteegional
Victoria

Figure3.2illustrates the breakdown of the outégjocbsisiness customers for each of the
scenarios. It illustrates the outage costs for agricultural customers are relatively low acros
three scenarios, and that the value added lost by industrial qusiponeosiaiguch lower in
suburbn Queensland than in regional Victoria or South Australia.

The restacosts represent a higher proportion of the costs for business custirigrshimpa
outage in suburban Queensland than customers impacted by the other outages. This is |
restart costs are lower in mining than the other industriad sieeterts aery little mining in
suburban Queensland.
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FIGURB.2 BREAKDOWN OF THE COSTS OF AN OUTAGE FOR BUSINESS (328T9M
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SOURCHEACIL ALLEN BASED ON WALDO VCR MODEL

3.3 Results from modeily the sensitivities

Theresultdrom the modedi of theensitivities are presented for each scenario in the followir
sections. The sensitivity of the estimates of the WALDOWELR aosits to changes in the
timing of the outage (season, daywédk and time of the day) are tested.

3.3.1 Scenario 1: Regiohdictoria

Thesensitivity of thetimated WALDO VCR, and the estimated cost of tfor ectageio 1
(regional Victdrisa illustrated Figure3.3 andset ouin Table3.4.

The overalWALDQ/CRand outage costs are slightly higleniar than iminter and higher on
weekdays than orelkends. The overall VCR and outage costs are lower when theoutage
during offeak times than when it occurs during peak times.

The residentIALD®/CR is higher in summer than in wintebdrivem h i g h e for 0 ¢
residential customiersummer than in winter.

The industrfALDOYCR is lower in sumthan in winter because, for thetetahmserved
energy, the duration of the outage is longer in summer than in wisiieéal Tdaelirsciihe same

in winter as in summer antesanserved energy for industrial customers is higher in summ
in winter, reducing the VCR.

The commercial WALDO VCR is higher on a weekday than on a weekend because the r
are higherelative to the value added lost on a weekdaythecausge is shorter in duration.

The agricultural WALDO VCR is bigheveekday than on a weekend because the unserve
energy is lower on a weekday than the weekend because the outagdusasiborter i
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FIGURB3  SENSITIVITY OF THE ESTIMATED WALDO VCR AND CGBIBABERCECENAR
(REGIONAL VICTORS2019)
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TABLE34 SENSITIVITY OF THE ESTIMATED WALDO VCR ANIZTOST3EGER SCENARIBEGIONAL VICTORIA)
$2019

Scenario B Regional Sensitivity 1A summer Sensitivity 1B weekday Sensitivity 1@ off-peak

Victoria

Characteristics of outage

Season Winter Summer Winter Winter
Day of week Weekend Weekend Weekday Weekend
Timing Peak Peak Peak Offpeak
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Scenario D Regional Sensitivity 1A summer Sensitivity 1B weekday Sensitivity 1@ off-peak

Victoria

WALDO VCR ($/kWh)

Residential 124 188 133 121
Agricultural 418 377 44.8 26.0
Industrial 35.0 301 374 317
Commercial 325 305 388 271
Social 57 6.3 6.7 50
Overall 305 332 348 275
Cost of outagé$ million)

Residential 53 59 55 47
Agricultural 1.3 1.4 1.2 09
Industrial 9.4 9.8 95 9.4
Commercial 89 9.8 119 75
Social 57 6.3 66 50
Total 305 332 348 2715

Duration of outage (hours)

105 13.0 9.5 12.5

SOURCENALDO VCR MODEL

3.3.2 Scenario 2: Suburb&ueensland

The sensitivity of the estimated WALDO VCR, and the estimated cost of the outage, for ¢
(suburban Queensland) is itedtirdrigure3.4 and set ol Table3.5.

The overalWWALDQ/CR and costs for the outage in suburban Queensland are similar if the
occurs in summer or imtewj busubstantially lower if the outage occurs on a weekend rather
weekday and duringpbk times rather than peak times.

TheWALDQ/CRs for each sector follow a similar pattern, although the difference betweer
WALDQ/CR for outages occurringglpgak and ieak times gseater for industrial customers
and less for commercial customers. This outconsisebecause of thiéferences in the start time

for the outage, the duration of the outage and the load profile

When th@utage is assumed to start during a peak time, ifastagasdatasts fBy2hours (uotil
12.30pm). When the outagassumed to start during goealf time, it starts at 8pm and lasts fa
12/4hours (until®am the next morning). Theepoafile for manufactyfongxample, is such

that it is low overnight, ramps up from armund5zeak around 1pm and then declines to a |
level at around 5pm.

When the outage is assumed to Stanrt,dhe load for manufacturing would otherwise have b
high during the entire period®thour outage. When the outage is assumeat@stasthe

load for manufacturing would have sthazem low for 9 hours of #a@dr outage, but then
substantially higher for theYakb8rs of the outage.
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FIGURB4  SENSITIVITY OF THE ESTEDAVALDO VCR AND OUTATST S FOR SCENAR
(SUBURBAN QUEENSLASED)9) A‘
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TABLE3.5 SENSITIVITY OF THEIEBATED WALDO VCR ANDAGHTCOSTS FOR SCENARENBURBAN QUEENSLAND)
$2019

Scenario d Suburban  Sensitivity 28 winter  Sensitivity 2B weekend Sensitivity 2@ off-peak

Queensland

Characteristics of outag:

Season Summer Winter Summer Summer
Day of week Weekday Wedday Weekend Weekday
Timing Peak Peak Peak Offpeak
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Scenario d Suburban  Sensitivity 28 winter  Sensitivity 2BYweekend Sensitivity 2@ off-peak

Queensland

WALDO VCR ($/kWh)

Residential 238 238 131 16.2
Agricultural 308 308 248 26.3
Industrial 39.6 37.7 319 168
Commercial 298 300 226 276
Social 91 9.0 58 6.0

Overall 416 41.0 27.3 280
Cost of outagés million)

Residential 161 165 20.5 244
Agricultural 26 26 40 1.4
Industrial 92.6 880 230 342
Commercial 1161 116.8 103.0 A1
Social 639 62.8 40.8 419
Total 291.3 286.7 1913 196.0

Duraton of outage (hours)

55 55 10.0 125

SOURCE: WALDO VCR MODEL

3.3.3 Scenario 3South Australia

The sensitivity of the estimated WALDO VCR, and the estimated cost of the outage, for <
(South Australia) is illustrateigime3.5 and set out irable3.6.

The overallALDQYCR and outage costs are similar for as@agesg in winter and in summel
and lower for outages occurring on the weekend than ay, anekdutages stgrin an off
peak time rather than a peak time.

The costs for residential customers are higher when an outage occurpadilriimgeathaff
during a pedkneThis is because the outage that was assumed to starpaalrgibe
commenced atriiaat the beginning of a work day when the load for business customers i
increasing, while the outage that was assumed togsthe dipeak time commenced at 8pm,
when the load for business customers is relativedydomsesgience, the outagd 52hours

in duration when it starts at 7anotaitmserved energy ofG@Wh and is of‘ahours in duration
when it starts &pmwith the same total unserved effdrgyosts for residential customers of a
12Z4hour otage are substantially higiemn for a/shour outage.

The difference between the WALDO VCRs is not as significant because the unserved en
residential stomers during avAliour outage is also much higher than disimgua Sutage.

The WALDWCR4y sector do not necessarily fottevgame patteas for the overall WALDO

VCRs. For example, the outage costs for industrial cdstomgele South Australian outage
werehigher for an outage on a weekday radreatweekend, but the WACR®wakigher on

the weekend rather than on a weekday. This is because the unserved energy for manufa
customerduring an outage on the weekend is significantly lower than on a weekday, whi
theVCR. This is offset in part by the fnadnghich is the same each day, but with a higher
unserved energy on the weekend because the outage @bald$duwhtion if it occurred on a
weekend with total unserved energ§Wt,£ompared tatours duration if it occurred on a
weekday thi the same total unserved energy.
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FIGURB5  SENSITIVITY OF THE ESTIMATED WALDO VCR AND OUTAGE COSTS F&
(SOUTH AUSTRALSRJ9) A‘
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SOURCHACILALIEN ANALYSIS BASED ON WALDO VCR MODEL

TABLE3.6 SENSITIVITY OF THE ESTIMATED WALDO VCR AND OUTAGE COSTS FRBOUENARISTRALR2)19
Scenario ® South Sensitivity 38 winter  Sensiitvity 3Bdweekend Sensitivity 3@ off-peak

Australia

Characteristics of outags

Season Summer Winter Summer Summer
Day of week Weekday Weekday Weekend Weekday
Timing Peak Peak Peak Offpeak
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Scenario & South Sensitivity 38 winter  Sensiitvity 3Bdweekend Sensitivity 3@ off-peak

Australia

WALDO VCR ($/kWh)

Residential A7 295 24 27.3
Agriculta 30.2 30.8 252 278
Industrial 574 574 67.7 406
Commercial 293 30.2 241 290
Social 91 89 66 7.1

Overall 47.3 46.8 365 386
Cost of outagés million)

Residential 65.5 69.7 86.6 117.9
Agricultural 94 92 136 43

Industrial 2370 2207 137.9 1533
Commercial 224.6 2297 181.8 166.7
Social 126.2 124.3 91.2 97.9
Total 662.8 64.7 5111 540.1

Duration of outage (hours)

5.5 55 9.0 115

SOURCE: WALDO VCR MODEL

34Compari son of WALDO VCRs to 06st

Tabl7c ompares the WALDO VCRs f or t dggregateh r e
VCRs as published by the AER.

T he 06 saggeegat€R fdrdesidentiastomers in climate zoneiéraigs much higher
than the WACDVCRorresidential customers uadenario due to the differences in the timing
and the duration of the outages.

The 6standardd VCR i s ef f eingtinsunenienandan wimteri
onweekdays and weekends, and geakagnd gfieak times, and of duratidhhours,

1-3hours, & hours and® hours. Scenario 1 occurred on a weekend in winter and was of
10 hoursT h e 6 st asradveinrwihter tharCsBmmer, lowareekends than weekdays anc
decrases as the duration increases. Accordingly, the WALDO VCR for residential custon
scenari o 1 i s mc laglg«rR fgradsidemtmbstomarein dfinsate @omed
regional.

The 06st agatd\AOR fobresi@entiplrcessdmelimate zone 2 CBD and suburban is
3.7 per cent lower than the WALDO VCR for residential customers under scenario 2 prim:
the 10 per cent wideness factor applied to tadcWatEDO VCR, offset by ta@atuof the
outage being longfgin the average outage duration (with a lower VCR).

Similarly, the O6standardé aggregate VCR
South Australia i¢ ger cent lowtran the WALDO VCR. In adiditibe wideness factor and the
longer duration of the outage, the scenario includes residential customers in climate zone
for which the O0standardd aggr egatzae 5\CBR
and suburban Soutlsthalia.

The 6st anaVLR dréagriaujugal cestpmdrs is lower than the WALDO VCR for
agricultural customers in regional \(sdenario Bnd higher than for agricultural customers ir
suburba@ueenslan@enario 2and South Austrgieenario 3Yhe WALDO VCR foicadpural
customers in regional Victoria (scenario 1) is higher than for agricultural customers in sul
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Queensland and South Australia because the restart costs are relative!lip ighvalad
added lost focenario 1 compared to scenaaong 3. The value added that is lost under
scenarid is low relative to scenarios 2 and 3 because of the timing df shermariage
commences at the end of the day when the livedfond the value addedyvisvtale

scenarios 2 and 3 statha beginning of the day when the load (and therefore the value ad
high.

The VCR is calculated by dividing the outage costs by the unserved energy. If the unsen
relativly low (or high), the VCRasively high (or low).

Thereartour O6éstandardd aggregate VCRs that
customerst he O6st andardé aggregate VCRs for i
for direct emected customers that aretimlymetals and mines. Théfsut andar d 6
VCRs vary within a range from $19.86/kWh to $117.99/kWh. The WALDO VCRs lie withi

The differences between the WALDO VCRs are due to the diffemnbtormdpssigiin each of
the senarios and the different tiafitige outages, which affects the unserved energy, as dis
in sectioB.2

The O6standar doé nemgig custaners are vigoekit slepénding orcwdheather
the commercial customer is direwated or not. The WALDO VCRs lie within this range. Tt
WALDO VCRs vary less for commercial customers across the scenarios than for other ty

customers.
The WALDO VCR includesasocdamponent that is not incl
TABLE3.7 COMPARISON OF THE ESTIMATED WALDOO/CR HE 6 ST AM2DIWRD6 VCR
Scenario BRegional Scenario 3 Suburban Scenario & South 60 St a raghegatd 6

Victoria Queensland Australia VCRs

Residenal ($/kWh)

Climate zone 6 regional 124 21.77

Climate zone 2 CBD & 238 22.95

suburban

Climate zone 5 CBD & 33.23

suburban SA 347

Climate zone 5 regional 24.57

Business (&Wh)

Agricultural 418 308 30.2 37.87

Industrial 63.79

Direct conneictndustrial 117.99

3.0 39.6 574

Direct conneicimetals 19.86

Direct conneictmines 35.16

Commercial 44 52
- - 325 29.8 293

Direct conneicservices 10.54

Social ($/kWh)

57 91 91 N/A
SOURCE: WALDO VCR MODR, VAEUESF CUSTOMER RELIABILFIMAL DECISION, DECEMBER 2019, PAGHS 14, 17
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3.5 Findings

PobdpE

Qx Ox Ox Ox

The modelling of the scenarios and sensitivities has demonstrated that the WALDENWCR
on:

thecharacteristicé the loatithe proportion of tesidential customer load to the business
customer loatthe breakdovarfi load by industry secnod the profile of that load over the day a
week

the characteristics of the optagticular whether the outage occurs on a weekend or a we
whd time the outage commences and the duration of the outage

the wideness of the outatipe widahe outage, the higher the wideness factor that is appliec
residential load.

The WALDWCR appears to be similar regardless of whether the osiiageuoutar or winter.
This is because the business load is higher than the residenliaétefate has a greater
influence on the WALDO ¥@&Rfor the purposes of the modedimgsiness loddhs been
assumed to be the same in winter amdhires

The results from the WALDO VCR model need to be treated with care as there are a nur
assumptions that have been made. In particular:

the multiplier that is applied for sot$al cos

the multipliers that are applied for the wideness oéthe outag

the industry recovery factors

the industrial load prafiles

Further research is recommenthettéo inform these settings in the model.

Other than the industrial load profesptidias been set up so that these factors can readily
updated asare information becomes avaitdibladdition, it has been set up to readily change
the proprtion of business customers that are direct connected versus not direct connecte
the breakdan of direct connected customers

the ratio of large to smalhless customers that are not direct connected

the constraints that are placed on the model:

theminimum outage duration
the minimum and maximum unserved energy.

26The industrial load profiles can also be changed, but not as readily as the other factors.
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LITERATURE
REVIEW

TableA. 1 summarises the literature reviewed.
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TABLEA.1 SUMMARY FROMERRATURE REVIEW

Ref.

2

Summary

ACIL ALLEN CONSULTING

Sunhee Baik, Alex Davis, AssesWidespread, long Widespreaahd longasting outages can have seveviliatlind societal racts. Examples include the&téem that hit southern
the Cost of Lar§eale Power duration outages Quebec, Ontario, and nortdem York in 1998, leaving many customerpavitbotdr several weeks in treeafesintgaffecting
Outages to Residential Customeggci| costs 2.3 million people, economic losses $4 dtion, arible loss of 44 lives), and the extensages along the East Coast after
Risk Analysis (2017) Hurrican8andy (affecting more than 8 million people, éossesrot over $50 billion, alehst 147 diretgaths). These large
outages are not limiteeitreme weathmrents, but can also result flang@ solar mass ejection (for example, the gecst@mgme
on the United States and Quebecgrigethat caused a blackout in 2889¢|l aphysical and cyber attacks on grid infrastruc

The following takgeovides a list of services that will and will not work in homes and communities when the power is out

In community

Will not verk Will work
Old style telephorikat * New style telephones’

have a raty dial. include a plug to aveo
Anything that runson ¢  outlet.

battery, as long as the * Al electrical appliance

battery lasts (e.qdios, that cannot also run ¢

flashlightsaptop batteries, including ai
computers, acéll conditioners and blow
phones). that circulate air.

Natural gas andradfmal’ Cable and Internet
water and sewservices  service.

Emergency service inclu’
911 (via cell phe or rotary
dial phone). '
Hospitals, police stations’
and otheplaces that have
backupgenerators.

TV and radio stations (m
havebackupgenerators).
Natural gas and all norm
water and sewer service!
Bus service. '
GPS service.

Will not work

Traffic signals.

Street lights.

Banks and ATMs.

Most gas stations (pumps need
ekectricity).

Food stores (lights, refrigeration,
cash registers will not work).
Most restaurants (very few Ihasle
upgenerators).

Elevatarin buildings withbatkup
Ventilatdians and lighting in traffi
tunnels.

Electric trolley service.

Airport major delays.

The study results suggest that the value of serving High Priority (HP) dervieamd®#boarang¢age (M6.75/kWh) was
significantly higher than that of lianityRLP) demands (M= $0.51/kWh).

If it is assumed that the&t oban outage increases proportionally to the duration, scaling the Sullivan et dhoasoltatea 24
suggestsacostofpMh i | e t he esti mat edi riotsitali sf shibegkpserWee M=aBdo)rtieks] h
than the number they got from the final stage (M= $51). Importantly, the increase comes from the HP denderdandset fr

Al 2

VALUE OF CUSTOMER RELIABILITY FOR WIDESPREAD AND LONG DURATION OUTAGES



ACIL ALLEN CONSULTING

Ref. Summary

4 Alexis Blue, Assessing economiMacroeconomic  Using-D modelling helped highlight sector deperitlencas be enhanced to improve regional didasteeresi
impacts of disrupp n t o  Omodelling
energy infrastructure to enhance
regional disasteesilience, WWU
Graduate School Collection (201

321
6 Mark Burlingame, Patty Walton, Long duration One of the primary questiondg oi mv eatsitgarnead oifn at hpirsolroe

gnalyms of various reliability The éllowing costs were identified as hardships and costs of residential customers being without electricity:
improvement projects from the €

userso perspect i Ruined footlprobably the most common cost for residential customers in@upagligttht of ruined food. According to
USDA, theefrigeator will keep food safe for up to 4 hours. According to a Con Edison study, the average values of fi
refrigerator and freezer for 12 or more hours ranged from $72 to $125.

T Being without water (if on a well and septicisgete@muratustomers would experience costs due to inoperable electric
wells and septic systems. These costs include the purchase of drinking water. There is a possible costsiénepaivied
féwast ewat er c onk, krefmment unit gr dasing tankhdaringstlee léctrical otitage.

i Operating a home genefiatnany residential customers investigate the possibility of installingapkupgeretation.

T Hotel oomi in cases of prolonged outages or due to dah®bertmtustomers may choose to relocate to a hotel.

T Relocating a horhased businessnany people work out of their homesbéfsdenork requires a wspéce,
telecommunications, internet commgefiling and storage space and climi@te. The reseaintlicates that for the first few da
an outage, customers may not require a new workplace, and that a customer would-tieteraftenéodaysll

T Accommodations for the eldadydisablddthe study used the costtaftal room as a prdar the cost of relocating the elde
from residences or from assisted living.

i Reduction in lost productivity, wages, and revenue to business&ers who are paid hourly, lostlveagene a very
substantial cost.

T Road/Trapertation Disruptiooustomers who live in areas where travel becomes difficult or impossible due to downe
inoperative traffic lights may be delayed in travel or find it necessarynd titettaledraneas. Traffic delays cosstsiotor
$22per hour dmyed. If motorists must take a detour, the proxy used was the US Internal Revenue Service mileage
was $0.565/mile for 2013.

T Other costs to maintain basic comfort andynlevetsiin a residence, including gasdagte stovdsckupbattery supply for
electronics, candles, ice and kerosene heaters.

The survey showed thatd® % of respondents |listed Al ost hexltdxanad rcu
face in a prolonged out@yer half of respents listed losing and/or resetting electronic devices as problematic followed ¢
losing lighting.

Ai 3
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Ref. Summary

Commercial customers
The following costs were identified as hardships andmosts@akcustomers being without gfectricit

Ruined foofbr afood service, entertainment or accommodationibiisimessarch indicated that the costs of food for
accommodations and food service establishments varied between 25% and&8%of total re

Being without water (if on a wetBegtic systefor asmall or rural busijéssommercial customers operating on wells and
systems are assumed to be small and rural.

Operating backupgenerataor microgrid.

Relocating a horhased bsinesemployeeéisif a company has employees working at lnoane wiable to continue doing sc
then the company may need to provide temporary workspace for those displaced workers.

Reduction in lost productivity, wages, and revenue to bdsngssesble to carmd normal business operations are subjec
lost revenues. This is truer for businesses whose sales depend on day to day operations. Other firms maysoohlasa
those firms with longer sales cycles.

Other costs suchthese related éguipment damage, other restart costs, ramecekasts, abdckupbattery supply for
electronics for up to 30 minutes.

The commercial segment is diverse in size and type, whether it is segmented by revenues, empogsesptietedthcdty
significantly affects individual direct costs.

Industrial customers
The following costs were identified as hardships and costs of industrial customers being without electricity:

Being without water and waste water treatment fopintess&s onsie industrial water and waste water treatrigcdliy
necessary for the following industrial processes: Iron and steel industry, Mines and quarries, Food indirstostBulp a
Chemicals industry, and Nuclear industry.

Orerating a genevabr micro grid
Reduction in lost productiviges, and revenue to businesses
Other costs such as materials loss/spoilage, other restart costs, and equipment damage.

As with the commercial customer segment, industrial custib@ewsserieigreé diversity in terms of energy consumption.
Thee sectors of the U.S. economy are particularly sensitive to power disturbances:

The digital economy (DE). This sector includes firms that rely heavily on data storage arutessieyabrdamebrand
development operations. Specificieslirstiude telecommunications, data storage and retrieval services (including co
facilities or Internet hotels), biotechnology, electronics manufacturing, and theyfinancial industr

Continuous process manufacturing (CPM). This sectaranciiadésring facilities that continuously feed raw materials, «

high temperatures, through an industrial process. Specific industries include paper; chemicals; petiadtystondbaay
and glass; and primary metals.

Al 4

VALUE OF CUSTOMER RELIABILITY FOR WIDESPREAD AND LONG DURATION OUTAGES



ACIL ALLEN CONSULTING

Ref. Summary
i Fabricatioand essential services (F&ES). This sector includes all other manufacturing industries, plus utilities and ti
facilities such as railroads and mass transit, water and weatewatett, and gas utilities a
EPRI determined dosiger power outages created greater costs for businesses.
Value of lost load

For all customer segments, on a $/kW basis -#édiuss Gre when costs rise at a logarithmic rate.iaft€8 thours, costs on a
per kW basis level off, becorrimgndy a function of the length of the outage. An approximate 24 hour outage cost could
multiplying an 8 hour outage by 3 for residential custohwrsoAtage doast mry much in cost from £ @4r outage for
commercial custasie

7 Royal Academy of Engineering, Social @sts Estimates of VoLL are highly sensitive to the charattiwéstatage, in particular the timing, duration, location.
Counting the cost: the economic Outage duration
social costs of electricity shortfal
the UK: a report for the Council 1
Science and Technology, (2014

For businesses, many short outages have a more pronounced impact than one long outage, whereas Hierteddbysozme:
long outage. Both households and businesszy aoncerned about data loss and damage to computing equipment; it is \
that this can occur even if the outage is just for one second. One important point whictitwaseraised ismay be 6
duration, such as timeet it takes for food to go off in a fridge, or for a generator to run out of diesel.

Social and political impacts

The studgtidnot reveal any recent-vaald examples of outdgadinga considerable social unfiget only example found was t
Brox riots in the 1970s, bt UKO6 s previ ous experience of outages oc¢
limited that projections cannot really beithambedience.

Nevertheless, demand for electricity is notoricatsly Hieddricity shortfalls lead to rising prices, which could increase fuel |
Moreover, several respondents suggested that there is evidence that outages leakitmconstfedblbetween sectors,
especially as economies are noversmimtected. However, the aroekfects are dependent on value chains; the higher up 1
chain, the greater the impact extim®my as a whole. So for example, an bateg®@ay supplying vital components for a lar
manufacturing firm ddwve knoakn effects to all the companies in that supply chain, and in turn could have an impact o
of consumers; on the other hand, an outage at the end pictierggppistance, a retail unit) would probably only affeeinithe
users of that specific company

The i mportance of O6tipping points6é on the i mpawnnsgootf
becausef a lackf power for ATMs, or emergencybaenerators running bdtesel. Because of this, estimates from Europ
suggested that an outage of more than four day salitheseur
impacts would involve outages of 48 hours or more over gyeegyapiyeal area, a scenario that is highly unlikely and wou
occur as the result of agobability/higimpact event or combination of events which would be ingpedgible to
Case studies
Case 1: Canada/Northeast US 2003:

Area affectedghbi US states, one Canadian province

Number of people affected: ~50 million

Al 5
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Ref. Summary

Duration: between one and four daysdé blackout; rc«
Casts: beteen $4.5 billion and $8.2 billion, including $4.2bn inddstvimckers and investors, $15m to $100m in ex
to government agencies, for instance due to overtime and emergency séPboercostssdib the affected utdities,
betwen $380m and $940m in costs associated with lost or spalliedsddrerhtackout happened after trading on th
exchange had closed for the day, meaning that the impact on financial services from the blackout on Wall Stre
Cost datagood availability of data; poor reliability of estimptgeridssmates lost earnings (using GVA data) and
a 510% spoilage rate for grocery store goods.

Major impacts: high number of calls to 911; fires caused by carmidewneiina wsual; minimal social unrest.
Impacts on society

The outagienmediately affected water supplies and transportation. Subway systems halted and traffic became snarled.
up in Detroit, and the governor of Michigan hatl 4o atiegency meeting without the use of lights or computers. éegethe
1,000 flights were cancelled. Telephone services were severely disrupted, with disruption to mobile phonesucgased by
demand on the mobile networks. Casfgileitise ani ng t hat peopl e wi t hopli¢sofcandldsor
batteries.

Up to 11 deaths were linked to the blackout (numbers vary according to different news sources). Hospitairathmyssions
attacks increasexhd c#d to 911 soared. However, hospitals managed teupsgdraators to maintain service. It is also wortt
noting that of the thousands of <calls to 91 ippingraatefarm w
systems. There were reports of 300 fires caused by candlese $bere isolated (and unofficial) reports of looting; howevel
was minimal, and New York actually recorded a lower crime rate than usual. At first, residentatibie asacetned tArroris
attack. However, officials soon made annoanc t s , and once residentsd fears wi
and | ooting which had been exper i enfc eady 6ipra ntohsep hlex 720s a
into the streets.

Impacts oimdustry

i Daimler Chrysler: lost production at 14 plants. The company estimated that ~10,000 cars that were movirmgpshabtitd
time of the outage had to be sctappe

i Fordat one Ford plant, the outage caused molten metal tad®lidi/afshe furnaces. It took them a week to repair the

i Marathon Oil: a refinery had to be shut down. During this process, a small explosion viap czpeseshoydihdracarbon
monoxide boiler. As a precaution, a one mileisttitharoompound was evacuated, including hundreds of residents.

Case 4: Europe 2006:
Area affected: 20 countries in Western and Eastern Europe and North Africa
Number gfeople affected:5-million
Duration: up to two hours
Costs: no data availalbl@werall economic costs; ~$100m costs to service industry in spoiled products

Al 6
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Ref. Summary

Cost data: very limited

Major impacts: rescue services under strain due to trippisgstéalarand peoppapped in lifts; political debate over
future of Europealectricity transmission integration.
Impacts
i In Coburg, Germany, four men broke into a hardware store
i In Cologne, 70 people were trapped for half an hour in ehcalkl¢heaRhaine
i DerSpi egel reported that Artledetathe tipping kfelarmsysteans e i n con
i In France, firemen responded to around 40 calls from people stuck in lifts.

There were long delays in rail transport, affectid®@ trains migiin Germany. Subways had to be evacuated. Costs to res

and bars in spoiled products and | ost sales totalled
There were no reports of injuries due to the blackout. However, the impacts could havetthedlagkeatehdyege on a
weekday

Case 5: Italy/Switzerland 2003:
Area affectelfaly and parts of Switzerland
Number of people affected: ~56 million
Duration: between @amela-half and 19 hours
Costs: economic impacts estimated at 01, 182m
Cost d&a: very limited
Major impacts: around 30,000 people were trapped on traégmgrandditrdnsport; up to four deaths (unofficial).

The Italian power system faced its worst disruption in 50 years, which also affected parts af@witz&6anidiwsitipeople in

total. The total energy not delivered was roughly 180GWh.

The blekout happened overnight, meaning that impacts were less severe than they could have been otherwise. Howfe
the annual Nuit Blanche camiRdme, meaning that meoglp were on the streets at night than usual. 30,000 peapleeden
trains, and several hundred passengers were stranded on underground transit systems. The subway had tatbeveracu
cancelled.

Despe the disruption, the pakported no serious incidents; however, there wereepodificathree deaths attributed to the
blackout, mostly elderly people falling down the stairs in the dark. Some news sites reported traffic €t@dSodigtite fadet
posibly causing one death. Hospitals useqb lggeierators sucsfiedly, meaning that no hospital operations were affected

Supplemental Case Somerset 2014
750,000 homes lost power, with electricity restored for 90% iof dhahese with

Al 7
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Ref. Summary
The case studieslicate that social impacts are perhaps more limited tharesayeranected; it appears as if the trend in a ¢
towards societal@peration, and this study did not reveal evidence of an outage directbl cavsgigtsogiever, the sasdies
illustrate that the lorgem impacts on both poticythe economy may be significant.
10  Sean Ericson, Lars Lisell, A flexiLong duration Sustained loss of power can halt daily activities, leapbtofdpoilla disrupt industrial processes, and can lead to arson, loot
framework for modelling customoutages and death
damage functions for power out: The authors categorise the types of costs a power outage ctiméeccatiegories of costsdfcosts which do not depend on
Energy Systen0(8) outage duration, flow costshweticrue as outage duration increases, and stock costs which relate to the loss of a perishé

goods. Some costs, such as damage to machinenmedately while othetsgasich as food spoilage take time to begin ac
Therefore clear understanding of how different types of outage costs vary over time is integral to accurately dsiirtegim
duration on total outage. cos

Most studies do not emtiintosts for outages exceeding 8 hours in duration andtaldyosstimates costs for outages exceed
24hours. Survey estimates therefore have limited applicability to estimating outage costs from extsadmericamets, \whothe
can havenpacts lasting for several days or weeks.

Fixedcosts includéastdown costs and stactgis which do not depend on outage duration. Some examples include comg
damage to machinery, system reboot times, and process interruptidailegdtitput. Estimates for short duration outages
usal as a proxy for fixedtso

Flowcosts are the value of lost opportunities resulting from a lack of power. Some examples of flow costs include loss
services, suffering dueisabled health equipment, costs of lost utility servibgbté&strestier treatmeitt,), lost worker and
machinery productivity, lost business revenues, diesel furdagisyfstems, loss of leisure time, discomfort from lack af h
air conditioning. Flow costs can increase, remain camease@nder time depenon the ability to substitute production or &
the outage. Businesses that can shift workers to activities which do not require electricityr tostgrodakéarplfp increasin
output in subsequent periodialyl have increasiogvfcosts over time. This is due to the diminishing ability to substitute pi
outage duration increases. On the other hand, customers with trepghilightasby brindiagkupgenerators dime, or
customergho can change locatoich as residential customers who may leave the house until power is restored, may e:
to decrease over time.

Stockcosts are damages that occur dpeitage, expiration or vandalism. While a flow cost suarkes lpoductivity caour in

multiple periods, once an item spoils it will not spoil again in later periods. Some examples of spoiladi¢ Istodiditglode |
mortality due lack of power, cleaom contamination due to lack oftieentiitolen or brokeseds due to looting and vandalism
food spoilage, steel cooling, and missing contract obligations. Oftentimes the time at which a stocks spfidses stoaksyr
such as various food products, spoil at manytidiféstdPtoducts are niitedy to spoil as the outage duration increases, but .
goes on there is also less stock that can spoil. The authors assumed that 10% of thereghes®tamdpioilp50% of the sto
spoils within the first 4rfi@amd 90% of the stqubils within the first 8 hours of a power outage. These assumptions coincid
manufacturing plant which requires raised or lowered temperature forwhmheéctiorguction process is time sensitive.
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Fixed damages lgad high initial costdatock spoilage results in incremental costs increasing from hours 1 to 4. As the
increases however, the effect of spoilage reduces and icostsrimegal to decline, due to the fact that there is $ssstack te
spoil.

11  Joseph Eto, Et al, Scoping studyWidespread long Reports on thests of large outage events are not well documented; timegenelafterl based onyapglrules of thumb derivec
trends in the economic value of duration outages from existing studies extrapolated to a current situation. There have been few systematic studies of thescalst®ofagtua
electricity reliability to the US Studies of hypothetical outages are typically orgaryigehdhappear to suppritapolation of outage costs to the preparatiol
economy (2001) aggregate estimates of these costs.

I nsurance claims for fAdata | osses0 are a growing iss

13  ICFConsultingh€ economic costWidespread long An analysis done on the 1977 outage in New York City that resulted in a loss of more than 5,000 MW andilasted! fiia®
of the blackout (2003) duratiomutages  the direct cost was about $OM6 (for exgue, losses due to spoilage, and lost production and wagésjjracticost of $3.45/k

(due to the secondary effects of the direct costs).

15  Michael Schmidthaler, Johannes.ongduration Sectors that are particularly vulnerabledior&dityn outages are the semiconductor industry, papermakigenanaticiata
Reichl, Assessing the socio outages processes.
economic effects of power caitac
ad hoc

16  Thomas Schroder, Wilhelm Social costs Technical and systemic characteristics
KU_C‘_(Sh'n”ChS: \./_ah_le of lost loac The consequences for electricity customers (material damage, costs) are not usualbaaffecitthbyritesioptand are
efficient ecor}armmdlgatorrfqnower contingent on how much they depend on eleeiatigsasow long they are being interrupted. The consequences are affec
supply security? A literature revi factors influencing the outage, which are inherent to each individual cage.of tieecimalisictusdtbrs and their combination
Frontiers in energgpearch (2015) determine the extent of the conmseegieEach outage, therefore, represents a unique event that affects electricity custom

extents.

The factors influencing the blackout are divided itauttb c at eldor c @k HBadBOEacOoOfikoadart

Thetechnical factordescribe the framework conditions constraining the interruption, the characteristics of which are de
consequences of a blackoutlo@kside factorgoncerrhe effects that exacerbate the damage arising as a congbguence ¢
structure of the electricity customer af f e cThedahdide factorst
are naturally @emined by the techhfactors. Finally, soeial factorglescribe the influended affect the consequences of the
blackouts but which are difficult to assess objectively. These are mainly culturally related differencessiocibéstmbn@siof
differentegions, which lead to differences in power supply secuitityalTlaetors cannot be modelled appropriately.
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Factors influencing power interruptions

Technical factors Loadside factors Social factors

i Duration T Type of eleitity customer Special cultural and aldeatures
i Region T Number of customers affected and lev

i Frequency dependence on electricity

i Time i Degree to which process steps can be

. . . substituted

I Dimension

i Advance warning i Existence of standby peupply

T Accustomed level of supply sect

Time characteristics

The duration of an interrupfitie power supply is an essential influencing factor
Cost categories for damage and mitigation

Direct damage costs are taken to mean thosénthatradedirectly by the companyinditfidual affected. For example, loss of
production can be reigaras direct damage for the manufacturer. This loss of production then makes itself felt as indirec
companies in the form of detislectries. Mitigation costs are toalbréor example, as costs for the procurement and opera
standby generators.

Structure of damage and mitigation costs

Economy (industry, commercial users) Private industries
Damage costs Mitigation costsDamage costs Mitigation costs
Direct ‘Indrect Direct Indirect
a) Opportunity cost(a) Delayed Procurement of (a) Restrictions on Restrictions on Procurement of
of idle resourcés deliverieslang the standby activities, lost leisureacquisition of goodsstandby generators
labor, country, value chain generators, stress Costs for other batteries, et
capital, profits (b) Damage for ~ batteries, etc. () Financiabstsi private individea  Investments in grid
(b) Production ~ consumers if the INVestmentsin gamage to premises @nd companies  construction via
holdups and restaricompany pdaces ~9rid constructiorang real estate, food charges (network
times anend product ~ Viacharges  gpgilage, data loss tariffs)
(c) Adverse effects (c) Costs/benefits f((network tariffs) (c) Health and safely
and damageto  some manufacturer aspects
capital goods, data(d) Health and safe
loss aspects
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(d) Health and safe
aspects
18 Jeffrey Simoneffal, Electricity General An analysis of events reveals thatardbsses were higher for events caused by natural disaster, crime, unkrebtiirdause
case: statistical analysis of elect party, and lower for incidents resulting from capacity shortage, demand reductiarfadlnceehoigmgrall else in the model f
power outages, Published Article
and paper@005) Paper 162
19 Michael Swén et al, Pacific Gas Longduration outag

Electric compat
service study (2012)

Table 1-2:
2012 Cost per Outage Event Estimates by Region and Customer Class

Outage Residential SMB Large Business Agricultural
Duration ($/Event) ($/Event) ($/Event) ($/Event)
5 minutes $8.18 §585.2 £761,784 $124.1
1 hour 81322 326794 861,359 $2993
Bay Area 4 hours £19.59 $6,607.7 $1,073,743 $2512.2
8 hours §26.63 $16,463.6 $1,080,310 $4 866.9
24 hours §37.83 $33,780.9 §2,252,293 $8,3921
5 minutes $6.96 $159.0 $24 308 $1475
1 hour $10.71 $973.9 554,970 4616
e 4 hours $14.89 $2,761.1 $113,746 $1,201.5
8 hours $19.79 $4,435.0 5147383 $2 496.6
24 hours $26.03 $8,514.5 $615,402 $5,763.9
5 minutes 5741 $379.8 §454 675 §146.1
1 hour £11.89 $18488 5449 655 54535
All 4 hours $16.82 34,7743 $506 675 $1.230.7
8 hours §22.89 $10,568.7 £617,196 $2,549.4
24 hours 83167 $21,3394 $1,472 497 358424

The report tabulates the cost per outage by region and customer class, foathonagesidites; 1 hour, 4 hours, 8 hours an
hours. They 8luate that the cost per event increases as the duration increases, bus thedimzaase
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23  Executive office of the PresidentWidespread long Between 2003 and 2012, an estimated 679 widespreadgums occurred due to severe weather. Power outages close sc
Economic benefits of increasingduration outages down businesses and impedegemgy services, costing the economy billions of dollarstemgcticéslives of millions of Americi

electric grid resiice to weather gqcjal costs Case Study: Superstorm Sandy

outages, The White House (201 Superstorm Sandy made landfall near Atlantic City, New Jersiegmsad pasone on October 29, 2012 armhthered
northwest over New Jersey, Delaware and Pennsghatioien lamaged 650,000 homes and knocked out power for 8.5 m
cusbmers.

Sandy directly caused the deaths of 72 people in the United States and an estimated $65 billiopimddecthgesuS=hthe
death of another 87 people, 50 of whéchttributed to power outages. Numerous senior citizens webddumdambthermia
while other victims died of carbon monoxide poisoning due to improperly vented generators

Case Stdy: Hurricane Irene

Hurricane Irene made landfall near Capgt,Lldoktb Carolina on August 27, 2011 as a category one hurenazmntndeti nort
eastward making a second landfall near Atlantic City, New Jersey. More than 6.5 neillimitpe &ikges thst power during
Hurricane Irene, which inclodes30 percent of the people living in Rhode Island, Conneartytaméind M

Irene caused the death of 41 people in the United States and resulted in $15.8 billion in total damages
Outag distribution data

All of the fourteen stoutageorofiles resnble one another, even though they range in duration from J e 2 ofdnes. of
customers affected rises sharply in the first few hours of the event and peaks 15 to 2o{at charatioto Bmver is restored t
majority of customeratiedly quickly, however a substantial number of customers réepavenitmguafter the event begins.

Social costs

The estimates in this report are based on private costs bomerbyndustose power. In addition to private costs, outages
produce externaliidsoth pecuniary and nonpecuniary. For exaagss, that limit air transport produce negative network e:
throughout the country. Generally speakiogtstoé major outages are borne not only by those witHmuttgdsover;, the millions
people inconvenienced in other ways.

Some dhe lost GDP arising from storms is made up later by overtime hours, additional hiring, and additietd addgiong
expenditures counteract the negative effestoofritten GDP, but they do not increase welfare. EssentiallyeG Bifeisehig
homeowner restocks the refrigefatbthe homeowner is worse off for having to do so.

Many of these atitthal benefits of grid resilience constitute positiveeskteocaial benefits beyond the direct costs avoidec
electric ctiemers. For example, power outages can hinder public safety since police, firefighters and emergensyrogegi
to provide assistance during outages (Sullivaf®t Ma2Qifacturing businesses far removed from an outage mayidamestsc
if their supply chains are disturbed. Online businesses engalistdncddngnsactions may also bvedgaffected by reduced
internet traffic.

24  US Departmenttafergy, ValuatioMacroeconomic  Models of the whole economy of a country or other begimeddn estimate the ecomadeyeffects of power outages.
of energy security for the Unitedmodels
StatesReport to Congress (2017
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Long duration CGE models the parameters in CGE models are typicalgvett mitended for estimatinglongquilibrium effects. In a power

outages outage, however, firms are limited to the substayteamsrnake quickly. The CGE model is likely to overestimoate tie
substitution that would occur and thus underésticast to the economy from the outage. Similarly, production functions i
models are typically estimated frotedongdta and are therefore likely to overestimate the amoumeot &utistould occur in
response to an outage. That, td@lysto cause CGE models to underestimate the cost to the economy from the outage.

CGE models could be adapted to bettetieasinedfects of resilience on the costs of power outagesit ldppears that at pres:
no empirical estimates exishort term substitution elasticities or production functions that capture theeeffiesthatishort

Inputout models typical inpttutput models assume that a fixed amount ofie@chaegded to produce the output of each se
it effetively assumes that all elasticities of substitution are zero. The real elasticities of substitution withiclaeaysoozreveel
than are the real elasticities of substitutioreaiithiso this assumption of fixed input requiremeresmalfysoeeakness in
simulating a power outage than in simulatidgdtingeshenomena.

Macroeconometric modélsis in CGEodels, the estimates of relationships in such models lgrlggnaredlationships, while
the economyide effects afi outage usually result fromrsimorglationships.

Standard CGE, inputput, and macroeconometric approaches do ndbacostsbther than lost production, and in account
lostproduction, assume that the amount of production lbshig tgtiee amount that would have occurred during the time o
outage. This is true of proxy methods as well. In faet aiverecosts, and production may be disrupted for lthegeuthge last:

A hypothetical long duration outage

Sullvan and Schellenberg (2013) offer an instructhmseadvetudy of the estimated costs of a long electricity supply outag
similar to the shtatm work of Sullivan et al. (2009, BOflBonsiders outages lasting 1 day to 7 weeks.

Table 4.4. Total estimated direct and indirect costs of hypothetical San Francisco outages, by duration
[millions of U.5.5)

Range of Total Indirect Outage Costs
Outage Total Direct

Duration Outage Cost Low High
(Direct Cost x 0.5) | (Direct Cost x 2.0)

24 hours $125.7 $62.9 $251.4
4 days $407.4 $203.7 $814.8
3 weeks $1.417.0 $708.5 $2,833.9
T weeks $29226 $1.461.3 $5,845.2

Source: Sullivan and Schellenberg (2013)

The shaest outages have the highest estimated cost per unserved kWh. The estimated cost per kWh is approximately
week outage as in-@dy outage.
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25 lan Wing, Adam Rose, EconomiMacroeconomic  Sanstad (2016) and others have reviewed various modelling approaches teestiominidetitypically at the regionbal leve
consequence analysis of electricmodelling impacts of eleicity outages. The general leanhgsefassessments is that CGE models are the preferred appoagult. {Dput
poweinfrastructure, US DoE (20Resilience models are limited by their inherent linearity, lack of hmttavibaaidcabsence of considerations of prices and markedsl<CG
are able to maintain the bestré=apf-O modefssectoral detail and ability to trace interdepedadntEas/ercoming these
limitations.

The most recent advances in modelkagioenic consequences of electricity disruptions relatsstypesuaf resilience. The f
hereshifts to the customer side, since there are so many more tactics available, and they are much less cosily deat ek
conservation necthan pays for itself (energy efficiencyip lpecieratorsearelatively inexpensive, shiftingcgiordto other facilitie
that have electricity as well as excess capacity is relatively inexpensive, as is recapturing lost praslbgtiworkirey latesr s
and extra shifts. Moreover, most ofatés®reed not be put in place Wefavatage, but can simply be implemented-on an a
needed basis once an outage occurs. Other tactics include use of inventories, inputsiylisgitonaye, @nanported goods frc
other regions or countries.

The studies all found that resiliebststially moderates losses.

29  Sinan Kufeloeglu, Matti LehtoneSocial costs Thre direct impacts of interruptions include the direct effects of power cuts that cause economic losses dutlaasfaetasii(
Interruption costs of service seci interruption of services, suspension of tasiospayioiled materials, damages on the electric equipmeetaodic data, other
electricity customers, a hybrid damages and accidents resulted from interruptions or, worst of all, injuries and deaths. The analysis tfthesasyeriisri
approach, Ekical Power and they are compared toitigérect impacts.

Energy Systems 64 (20155988 The indirect effects of power outageseofmasons, looting, public disorder and crimes due to blackouts, possible sharp

the insurance rates, property losses, overtime payments, cancellation of sociw aciviesdotie costs for recovering fra
looting and so dre economic worth of the indirect impacts can be much higher than that of direct ones.

31 Kristina H. LaCommare, JosephLongduration Residentialector costs of reliability events include elements such as the cost of consumable goods (e.g. flashlights ant
Eto, Cost of power interruptions outages inconvenience costs (e.g. resettikg,adbanging plans, and coping with inconvenience tfeatcanxie
electricity consumers in thietUn A subtle issue that is gaining recognition is that business losses are not always directly proportionaktiabiktylevestian of

States (US), Energy: The
International Journal (2006)

32  Peter Larsson, Alan Sanstad,, Resilience There are two types of resilianesponse to widespread;darajion power outages: (i s Datr esi | i enc e,
Krigina LaCommare, Joseph Etcpacroeconomic  Efficient use of readily available resources in the short term (i.e., hours, days) after the outage occuirsy uolladicesohe
Frontiers in the Economics of modelling adisrupton occur s (2) what refargoyhe effwient useioflrgsnuacesithat@nablesas ecbnionayri(
Widesmad, Lon@uration Power from an outage over time, such as making investments to replace damaged equipment or structures durimgothi  resuidt
Interruptions: Proceedings from years.

Expert Workshdmwrence Important outage impact categorigitiodoss of human life, the migration of affected populations and firms, argwther Ic
Berkeley National Laboratory (2! effects.

CGE modelling is in general the preferred macroeconomic method because of ésgapacdyégont cust omer
resiliencemitigdabn) in the face of power outages, while also acknowledging the usefulness of I/O for practical reasants,
use, relatively low expense (compared to CGEs), andesdiidayirigrfirstder direct impacts.
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There are traddfbetwer CGE and 1/0 models, including pragmatic considerations such as usability and cost, where 1/(
advantage, and completeness of the representations of economies artd trabageasilience mechanisms, a strength of
CGEsThe vale of relatively simpler models was also reiterated.
34  Pedro Linares, Luis Rey, The coSocial costs The consequences of electricity integgptine classified in three categories:
of electricity interruptions in Spa i Direct economic impadtss of production, restart costs, equipment damage, raw material spoilage
Are we sending the right signals . . T . . i .
: i Indirect economic impadhe cost of income beiogtgoned, the financial cost of loss of market share
Economics for Energy (2012 o i ] .
T Social imgési uncomfortable temperatures at work/home, loss of leisure time, risk to health and safety
Not all electricity interruptions hasantieeconsequences. Social and indirect econotwiarenpager when interruptions are
unexpected. Likewise lomgrimptions have mainly direct economic impacts.
The impact of electricity interruptions will vary by industrial sector. Slectiédifgriseme activities such as textileslaadtloer
hand, construction can be active without electricity.
The costs related to equipment damage aumg sbats are fixed, independently of the length of the interruption, and theref
interruption may cause higher costs in thelisdotgrithan in the rest of the sectors.
35 Evan mills, Richdahes, An Widespread long Ekctricity service disruptions have important direct lirdd tiskessuch as property damages and business interruptions, a
Insurance Perspective on U.S. duration outages indirect links to events such as civil unrest and varidglisiacktouts.
Electric Grid Disruption Costs, T For a variety of reasons, insured legsesent only a portion of total economic losses. Théasefdetorcomplete penetration
Geneva Papers on Risk and insurance, deductibles, limits, and exclusions among those who are insured.

insurance Issues and Practice

41(4) (2016) 5EB6 In addition to standamperty damages, liability claims may also beumesdan@Holmer 2013), among which are environme

liability clns stemming from disruptions in wastewater treatment or pollution controls dependent on electricity for pum|
communications, andiidsystems (NIST 2015). A wide variety of aditecsgdeutcomes have also been associated with

outages.
Only two events (the 1977 New York City Blackout and the 2003 Northeast Blackout) have been recorded and quantif
insurance ndustrydéds centr al l oss tracking system.

1977 New YofEity blackout the total economic costs were $1,348 mildotho{20s). Public and private insurance mechanis
participated in shouldering the costs, amounting to $131 million, or 10% of the $1.35 billion total econorder imgeist.(iBe
thiscase fires and looting) resulted in substaititaleddttsured losses. Formal or informal limits on coverages attenuated tl
paid claims.

2003 Northeast Blackadueft almost 20% of the U.S. population in darkness fongegpismahisuto days. Within 8 minutes,
outage took thguévalent of 62 billion watts of power offline (more than 500 generating units at 265 sites, including iten
process impacting 50 million people across 8 stategpantd laff @ria Canada (U-Sanada Power System Outage Ti&sk Fo
2004). Power was largely restored in the U.S. within 30 hours (an important consideratiopenididitesfugtlilag), but took
significantly longer in parts of Canadac®ntahic cosstimates range from $4 to $10 billie@¢baf&ower System Outage T
Force 2004), with $6 billion ($7.7B in 2014 dollars) quoted by the U.S. Department of Energy as the cenital sstiesdtea
the costs could haverbieice as Hidhad it not occurred late in the working week.
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Summary

Exanples of specific impacts include:

T Daimler Chrysler: production disruption at 14 of 31 plants, e.g., 10,000 vehicles stranded in the paintingcesmseachly
Direct costs not oefed.

i Ford Mtor Company: solidified molten metal in feateceacoreeek disruption. Direct costs not reported.

T Marathon Oil Corporation: Emergency shutdown procedures triggered boiler explosion, followed by evacudtentsf |
Direct costs heeported.

T Nova Chemicals Corp. Business dissuptiuced earnings by $10 million at 7 facilities.
i Duane Reade Inc. Drugstore chain closed all of its 237 stores, losing $3.3M in sales.
i Airports. Closed in 13 locations, with 1606dtighlled.if®ct costs not reported.

i New York City: $250fidren and perishable food destroyed, among other losses.

36

Aaron Praktiknjo, Stated prefereLong duration In the case of tlemgeterm interruptions, the impact of household income on the costs of an interruption increasestHoam
based estimation of power outages interruption) to 33 percedaflinterruption) and to 36 pdreelatybreak). Possibly, the influence of income on th@mystp
interruption costs in private further increases with the duration of the interruption, because households with higher income are proigataypmpoaeHigal
households: an example from amount to avoid loss of comftsyodéntad higher compensation payments in order to relioopnirton

Germanygnergy 76 (28) 8290
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Fig. 6. Distribution of the shares of the four areas of inconveniences on interruption costs.

The diagrams above illustrate how the different impacts vary as the duration of an interruption increases.

The fact that the relative distance between WTA and WTP inaegse#awitiptions suggests that the possibility to fintesuk
for electricity decreases with the duration of the interruption.

The results show that the derived VOLL decreases instead of increasing with the duration of interruptéorms BlledadLL r
average cost. With increasing interruption thedtital costs increase and the average costs decrease.
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A househol ddés blackout costs can be divided i nbtdle a f
variake costs @-change while the fixed cost®@ain awstant.
The sudden loss of data can best be regarded as mainly independent of the duration of the power cut.
The average proportions of the areas of food spoilage and loss of copifuted@withethe duration of interruption. During
minuténterruption the area of food spoilage accounts for about 5 percent of the total cost. This proportion risgsrtaf@iof
durations of 4 days. The area loss of comfats do8quercent of total costs during 15 minute interngpiimmeases to around .
percent for interruptions of 4 days.
Limitations of activities due to power interruptions have a more or less constant proportion of the tdtalthedmestigateds
interruption durations.

37 Johannes Reichichael Widspread atages The economic aftereffects of electricity oatalgeslivided into three categories:

Schmidthaler, Friedrich Schneid i direct costs

The value of supply security: Th

costs of power outages to Austri [ indirect costs

households, firms and the public i resulting lofigrm costs of macroeconomic relevance.
sector, Energy Economics 36 (2 In the public eye the direct economic losses are usually at¢HestoPfatie total economic losses, they are the padirbett is
256261 result of the failure. Direct economic losses are usually limited and subordinate to indirect economic losses.

Indirect costs also arise in direct connection with the faéyteelpegtto that part of the total losses resulting fsencthefab
electricity supply in the aftermath of the failure, such as production outages or lost value added.

Longtermeconomic effects of blackouts are understood to be the econantcaiigmgds in the behaviour of market particip
a resulbf a perceived lelegm change in the level of supply security. Part of this category of losses is foteinStdnugnecpc
on the choice of a place as a business locatodantia price rise for production facilities due to the: neeeéddmckup
systems, or customer churn due to unreliability regarding delivery daadimesohomcexffs cannot be assigned to individt
events.

The econometric modetifngillingness to pay (WTP) to avoid power cuts yielded aimheainreo f 0 17 . 3houp e r
outage. Intheeventof-aur out age a me an o&vdidPa-Hour power cut hOuselwadds wedk avitllireg d¢otf
(3.8 on avege, and willingness to pay to avdidwi power cutswasassdsaati 1. 4 on average

The authorsd survey consi dgdifferdntiated lmetwgeeny mited putagecwdith aftegtdd o1
one's own street/road andugage which affected one's own home province and twogpighiboret The WTP coefficient fo
outage area of 3 provinces was 0.2675 (5% significance), that is, éhatisawdraud/ TP 26.75% more to avoid an outage 1
extends over 3 prags than for a local outage.
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38 Adam Rose, Shiliao, Gbadebo Widespread outageDarkness arising from an elgctigage can ing@hr into the population, spur crime, give cover to further terrorist activity,
Oladosu, Business Interruption Resilience the economy.
Impacts of a Terrorist Attack on Broader considerations in assessing the impact of etageityotude the value of any lives lost, increased cotogigagych
Electrl|c Power System of Los trauma, somefrastructure costs, and property damage.
Angeles: Customer iResce to a . . . - . . . .
Total Blackout, Published Article The more widespread |s an electricity outage, the rr'1.Cfre d.n‘fl'cult |'t is for businesses to cope during the oumgestoreédvhe
Papers (2007) Paper 68 Some examples of resilient responses for dbatiegtvitity distioms include:
i Conservatidrutilising less electricity per unit of output
T Fuel substitutidatilising some other fuel
i Backuppowed utilising an alternative sourgeraration
T Production rescheddingpking up lost productienlater date
T Electaity importangatilising the portion of a business that has no need for electricity.
For the case of electricity disruptions, conservation is a limited optidhebalbensthing nature of the situation.
Thus, a centralisgldctricity systeamn be characterized as fAblacked out, o
unaffected as a resutiaafkuppower. Onite alternatives tatralised electricity delivery cover values ranging frorast G#cions
to 50% imectors with very large firms (e.g., petroleum refining), sensitive production processes (e.g., semiconductors),
implementation is relatively easy (e.gty $golers).
Companies outside the area affected by aryedetagetneed to cayth reduced supplies of goods and services from those
companies whose production was curtailed by the electricity outage.
39 Alan Sanstad, Regional EconoirMacroeconomic  There is emerging interest among regulators and industry experts in the potential qpomentiseggisrd on larger geogra|

Modelingf Electricity Supply models
Disruptions: A Review and
RecommendationsResearch,

Energy Analysis & Environment:

Impacts Division (2016)

and economic scales, amangfer durations.

finputOutput @O) 6 nrepdesehtwll iMadustry relationships or flows in an economy, i.e., how the outputs of industrie
inputs to others, and thexeoV | out puts of consumer mdustries as@Gystems dfflinear aghatia
the system of industry transactions is represented in matrix form. The key tech@cabfbeltuietbblassumption of fixed
coefficiesor proportions determining-ouaptit relations between indsistrhat is, the amount of input X that is required to pr
unit of output Y by a given industry does not change according to scale, or through substitution withndiffg ngmd mnpaléside
prices changes, or as a result of, for exachplelogical change. Essentially for this reason, {beabasimting framework doe:
represent the actions that firms might take in order to adapt to the loss of electricity.

CGEmodelsrepresent in simplified but explicit form all supgéesandd in an economy and both their direct and indirect m
interactions. Supply and demand are deteyitieetbnomic (optimising) choices of consumers and firms. CGE erefdeds a
based on microeconomic principles; they are compkerepresgntations of economies in the form of systdimsasf non
algebraic equations or related mathematical structures. By-Comtoalisisothe imputput relations amongdniges are ndimear
and to a degree flexible, a functionraflegghassumptions, prices and other factors.
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Macreeconomic modelare systems of statistical forecasting equations, with parameters statistically estimated on histol
dataThese have most commonly used to represent national ecanosthidy arfthtion and other monetary phenomena as v
aggregate (un)employment. However, they have also been used to adalalesmgiondes. Unlike most computationaicecc
models (including CGE), they do not explicitly represisitdimakiag behaviour of consumers or firms, nor the equilibratiol
and demand in rets.

Each of the three model types has been applied testiadelamaysis of powangtiwns. Each model type has both advantag:
limitations:d models are conceptually and computationally relatively more tractable, and pose fewer data demands, wi
suited for analysing resilience. CGE models are more demaabingteseeard to data requirements in addition to the nec
underlying economic transaction data akin to-opiapiype; the additional data include, in particular, values for exogeno
parameters of the type described above, subsi#tiditesednd productivity trends. However, CGE modelshedstapagiyt to
incorporate resilience and other dynamic effects.

Direct and indirect costs of disruptiérfaced with a loss of electricity, an industry will curtail its output byt $onms®Er@o
duratiod the associated economic losses from #suseanigally its direct costs. However, every industry also uses the outpu
industries (i.e., in addition to that of the electricity "industry") as inputs. So a disffgticthevdlvaitability of these other inpt
Generally speakitige indirect costs are those resulting from thieseistitgioutptetinput interruptions and how they determin
propagation of the disruption effects across an economy.

In fOmalels, all intémdustry flows are as noted above assumexfitceteroportidnse., firms/industries do not have the cap
to substitute among inputs

Resiliencé a key topic in this application of ecanordye mo d e | s i snartieh te pofiver @issuigtiganerallyc e 0
speaking, the capacity ofwcaess, firms, and markets to temporarily adjust, adapt, or otherwise compensate for the loss
ways that mitigate economic impacts.

42  Systems control, Impact assessiWidesprahlong The cessation or interruption of a human activity whether it be conducted for leisure or occupational ppapbsEsdas a soc
ofthe 1977 New York City blackuration outage  changes aratlaptatins made in response to these disruptions which are ofdapdysialah nature are also social impacts. It i
Energy Systems Division Social costs difficult to assign, objectively, dollar values to these activities and adaptations. Social impacts weanpattiell@TRsgnifi

York City blackout due to its unique demographic amicgdwgeaperistics. The looting and arson that accompanied the bl
aside the NYC experience from other similar power failures.

A power outage, much like a natural disaststiated with a sudden disruption in a community. It diffexsalrdisassers (e.g.,
earthquake) in that little physical destruction and few physical injuries are visited on the community. Ukioe p effielet e @rie
those usuglimore ependent upon a technological ecdivimgyin high rise boddi electric space heating, computerized infor
system, etc.

The interruption of usual community activities may be accompanied by a suspension of cepiaiticstdiahosrmekating to

legitimate community leadership and authtinitsicyegf the agencies.dbw and order, and individual rights and private prog.
of the reason for the helpless ness of police in such situations is that thheyafe tatmedg e ner al | y accefg
do so when thegue at least acit community support. When these social norms and community support are in abeyanct
resort to force, as in a military situation, to reimpose ordeardmeeap what di saster researcl
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(the many individuals and groups who provide assistance and relief to victims), is a community's attenips to reiclstitote
legitimacy for its organisation.

Social mpact imlicators
The following are some indicators that are usehutierising a variety of social impacts.

Movement of People and Goods. This indicator looks at changes in the flow of people and goods within arateatsid
The infonationells us little about the types of activities, however.

The Flowf Information. This is useful in getting an impression of public activity in and outside of the impacted area.

Economic Impacts. Indicators of economic activity, partietilachiiynate most likely to be recorded and accessible. Th
useflisince in some cases social events are paralled by economic events.

Impacts on Health Organizations. Information on health impacts, particularly mortality and mlerbiolityo spéad\aildioity
statistics. Health impacts on individualssdomlk strains may be difficult to address if at all.

Credibility of the Electric Utility. The effects on Consolidated Edison are primarily economic but may bey stroatyhaint
and political considerations.

Civil Disorder. Here we denshe acts of civil disorder that were carried out, the geographic, economic, racial and ott
associated with the disorders, and the response of the criminahjustice syst

Levds of inconvenience

In order to arrive at some estimate ofigdérmpacts associated with a power failure, we first identify some of the most sig
uses of electricity in New York City. These are (in no particular order):

Elevators

Space @ating
Space cooling
Ventilation
Water heating
Cooking

Lighting
Refrigeration
Water pumps
Sewage disposal
Electric tools and machines
Office appliances
Fuel pumps.
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Figure 4.1 displays a possible approach for represectimgearence index for differsical uses of electricity as a function of
duration of thewer failure. The duration is a key variable in attempting to estimate the costs of a blackout.

Presumably these inconveniences can be weighted and sanelopdtthl inconvenienet fi@veach class of customer.

INLUNVEN ] ENLE TTIDEA FUR LR1 1L UAL USES
OF ELECTRICITY DURING A
PROLOMGED POWER OUTAGE
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High - The consumer feels great inconvenience and is forced to make adaptations.

Medium = The consumer feels inconvenience and may choose to make adaptations.

Lo = The consumer feels onlyslightinconvenience and will not make adaptations.
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Summary

Office of Technology Assest, Widespread long Table 1 summarises the coste dfa77 blackout in New York City, which lasted for albsut 25 hour

Physical vulnerability of electric duration outage
systems to natural disasters and

sabotage, Congress of the Unite

StatesJune 1990

Blackouts have impacts that are both direct (the interruption of an activity, function, or service thaaneguides el ¢dtrecity)
interrupted activities or serviEgajmples of direct impacts include food spoilage, danteggdalata, and the inoperability of
support systems in hospitals and homes. Indirect impacts include property losses resulting fronoeesimepayoodints to
police anfire personnel, and potential increases in insurance ratdstailalist of direct and indirect costs are setoutin T
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