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ERCOT: Texas power grid was ‘seconds,

minutes’ away from catastrophic blackout event lexasMonthly

‘ The Texas Blackout IS the

’- Story of d Dlsaster Foretold
Rollmg power blackouts turn

e into lengthy outages in Texas as |
energy demand reaches record
high

s deregulated power sector were warned again and again that
the electric gr’id was vulnerable.

o Fcollateh Why every state is vulnerable

to a Texas-style power crisis

Texas Blackout: Death Toll Mounts “The infrastructure we have built right now really isn’t ready.”
While Food and Water Are Impacted *§ By Umair fan | Mar 11,2021, 430pm EST
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48 BILLION HOURS -

“LOST" HUMAN TIME WORLDWIDE DUE T POWER INTERRUPTIONS

Estimations done by researcher based on The World Bank Doing Business Report 2020
Interrupted Human Time = SAIDk Electricity Accessx Population
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Infrastructure and
Public Services

Direct costs

A Opportunity cost ofidle A
resources '
A Spoilageand damage

T T I

Indirect costs r

A Costs to public usersof g
impacted services and g ® ~
Institutions -

A Health and safety effects

A Potentialsocial costs A
stemming from looting,
vandalism, etc.

A

A

(Munasinghe 1988; Praktiknjo, 2014; Kim et al, 2015; Linares & Rey, 2013)

Photo: Reuters

Industrial, Commercial,
and Agricultural Firms

Direct costs

Opportunity cost ofidle
resources (labor, land,
capital, profits)

Shutdown and restartcosts
Spoilageand damage
Health and safety effects

Indirect costs

Cost on other firms supplied
by impacted firm‘(nultiplier
effect)

Costs on consumersif

impacted firm supplies a final

good
Health and safety-related
externalities

Photo: CNN
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Residential Consumers

Direct costs

Inconvenience discomfort, lost
leisure, stress, etc.

Restriction ofhousehold
activities

Difficulty onICT access
Limited use offinancial services
Lostincome

Water shortage

Out-of-pocket costs (Spoilage,
property)

Health and safety.effects

o oI IoIoIo Do Do

Indirect costs

N AW D4

A Costs on other households and
firms associated with household
members (spillover effecty
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diminished

"QUALITY OF

Imensional character of living conditions

(Krause, 2016)

e —— .Q\

-

—



IMPACT VALUATION APPROAGHES

IC

Mostly tangible,
direct approach,
accounting

Power interruption
Impacts

Mostly intangible,
Indirect approach




IMPACT VALUATION APPROAGHES

L Cost per unit of J { Cost per unit time J
unserved energy

ATypical unit: $/kWh, $/kwW ATypical unit: $/hour; $/year
(normalized) ATerminologies
ATerminologies ACustomer Interruption Cost
Avalue of Lost Load ADamage Cost
ACustomer Interruption Cost AValue of Losteisure
ACost of Energy Not Supplied AUseful for network reliability
AMost commonly used Investment planning (d¢oolij et
AUseful for scarcity/ration planning al, 2007)

(de Nooij et al, 2007)



IMPACT VALUATION APPROAGHES

IC

Mostly tangible,
direct approach,
accounting

Power interruption
Impacts

Mostly intangible,
Indirect approach
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RESEARCH GAP

Power
interruptio e
: Mostly intangible,
Impacts Indirect approach

v
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RESEARCH GAP

X
How and
~ Power by how
Interruptio 3 7
Impacts omuc '
(abl ac

Becker et al, 2016;
V Morrissey et al, 2018 V
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IMPACT VALUATION STUDIES IN THE RESIDENTIAL SEGMENT

A & B |-aawkadels (Becker et al.,
2016; Morrisey et al., 2018)

A Nonstandard methodology

A Lacking irinternational comparability
(Schroder &Kuckshinrich2015)

A Potentiallgpeculative / hypothetical |
(de Nooij et al, 2007;Shivakumast f
al., 2017) Only 52 countries so far have published work

on guantifying impacts of power interruptions
on the residential segment (33 are in Europe)




OBJECTIVE

Mapped and
Power b=
. . guantified
interruptio -1 . -
. Impacts on
Impacts

Quality of Life

v
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WHY STUDY IMPACTS OF POWER INTERRUPTIONS

ON QUALITY OF LIFE?
E W

Sociallyoptimal Inclusive Energy Enhanced
Electric Utility Investment Policy and Regulations Quality of Life
and Operations




OBJECTIVE

Mapped and
Power b=
. . guantified
interruptio -1 . -
. Impacts on
Impacts

Quality of Life

v
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METHODOLOGY

Contingent
Valuation
Power
: : Impact Impacts on .
WCUBIYIC ] Categories ALi fe bamage Function

Impacts

Raw inputs Proposed Power Interruption Impact Existing methods
Assessment (PlIA) Model
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FRAMEWORK BASED ON LIFE CYCLE IMPACT ASSESSMENT (LCIA}

Selection

Classification

Characterization

A4

Normalization*

¥

|

Welighting*

J

*optional components as per ISO 14044

Elementary flows from Life Cycle Inventory e.g. Cd, SO,, C¢Hg, CO,, iron ore

Selection of impact categories, category

- A e.g. ecotoxicity, climate change
indicators and characterization models

Assignment of LCl results to the
selected impact categories CO; etc. assigned to climate change
(classification)

Calculation of category Climate change impact in kg CO,-eq/functional
indicator results unit at midpoint or in DALY/functional unit at

(characterization) endpoint

Calculating the magnitude of
category indicator results relative Climate change impact in person.yr/functional unit
to reference information
(normalization)

Converting indicator results of different
impact categories by using numerical
factors based on value-choices
(weighting)

Weighted impact scores ready for
comparison or aggregation across impact or
damage categories

Fig. 1.1 The five steps of life cycle impact assessment

Hauschild& Huijbregts, 2015



LGIA: ENDPOINT MODELLING

Inventory flow Areas of Protection

Co, Sea level rise

CH, Atmospheric Radiative Atmospheric

concentration forcing temperature Melting of Loss of human life
N,O increase increase increase Flooding _‘V
<
I
Extreme Droughts “ y 5

weather
events

Midpoints Endpoints

Impact pathway

Fig. 1.2 Simplified impact pathway for global warming connecting elementary flows from the
inventory to the areas of protection

Hauschild& Huijbregts, 2015

Endpoint indicators
~damage mode



CHARACTERIZATION OF "ELEMENTARY FLOWS™ IN LCIA

Generic framework

Based goroportion Based osensitivityf Effects of exposumne
anddurationf flow receiving environment targets for the impact
category

Hauschild& Huijbregts, 2015
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POWER INTERRUPTION IMPACT ASSESSMENT (PIIA)

Conceptually based on Life Cycle Impact Assessment (LCIA)

IF

Interruption
Impact Factor

Based dinequency Based on Rateeffects of
andduratioof selfreported impacten
interruptions* electricitydependence = | i f e rol es
(2018 values) of respondents

*as affected by advance notice and intermittency
21
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* QUICK FACTS (as of Mar 201¢

1.3 million population
275,601 househaolds (2015)
191,275 electr|C|ty
subscribers

'88. kWh average reS|dent|aI

- electricity consumptiotf) (19
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30 HIGHEST FREQUENCY OF
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‘HIGHEST NUMBER OF
* MOMENTARY INTERRUPTIONS -

_.x\f \ 1’\ - u\>\ (duration < 5 pins)
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STUDY AREA: ALBAY, PHILIPPINES

170 25, DEPENDING ON LOCATION 3 1013, DEPENDING ON LOCATION

monthly power Interr
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POWER INTERRUPTION IMPACT ASSESSMENT (PIIA)

Conceptually based on Life Cycle Impact Assessment (LCIA)

Based dinequency Based on Rateeffects of
andduratioof selfreported impactsn
Interruptions* electricitydependence | i fe r ol es
(2018 values) of respondents

*as affected by advance notice and intermittency
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POWER INTERRUPTION IMPACT ASSESSMENT (PIIA)

Conceptually based on Life Cycle Impact Assessment (LCIA)

Based on
selfreported
electricity dependence
of respondents
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POWER INTERRUPTION IMPACT ASSESSMENT (PIIA)

Conceptually based on Life Cycle Impact Assessment (LCIA)

Based on
selfreported
electricity dependence
of respondents
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POWER INTERRUPTION IMPACT ASSESSMENT (PIIA)

Conceptually based on Life Cycle Impact Assessment (LCIA)

Based dinequency Based on Rateeffects of
andduratioof selfreported impactsn
Interruptions* electricitydependence | i fe r ol es
(2018 values) of respondents

*as affected by advance notice and intermittency
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POWER INTERRUPTION IMPACT ASSESSMENT (PIIA)

Conceptually based on Life Cycle Impact Assessment (LCIA)

Discomfort

Canot watech TV shows

Rateaffects of

impacten Cannot charge wobile phove
life rol es—

Selfreported impacts and disruption levels (04)

O O O O O

0 1 2 3 4
Not disruptive at all Not too disruptive; Somehow disruptive; Disruptive; few or  Totally disruptive
many alternatives enough alternatives inconvenient
alternatives



POWER INTERRUPTION IMPACT ASSESSMENT (PIIA)

Conceptually based on Life Cycle Impact Assessment (LCIA)

Based dinequency Based on Rateeffects of
andduratioof selfreported impactsn
Interruptions* electricitydependence | i fe r ol es
(2018 values) of respondents

*as affected by advance notice and intermittency
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METHODOLOGY
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CONTINGENT VALUATION

aThere I s a device you can rent 5ShM@ars you can
15 mins

auring power interruptions to power up ALL your
appliances and devices at home. You will be shown
scenarios based on duration and a corresponding
price for usage of such device. If you are willing to
pay for 1 t, select YES. O

d \' -:’,..7 _,"‘ ‘H- -2
¥ i |
& ,

[ ect NC

Bidding Game elicitation method _ _ _
(Online survey: Payment Cards) Interruption Duration Scenarios
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FIELD SURVEY

A Groupadministered surveys held
In the top 10 most populous
cities and towns of Albay
(78% of population) in
October 2019

A Stratified random sample invited
from local government household

25 iy = 7| Pretest survey (n=13) held on delzloREs
1 March 23, 2019 A n =151 (34.3% response rate)

34



ONLINE SURVEY

B e T ~ SALAMAT PO SA MGA
Interruptions on Quality of Life oament Receiied NAG_PARTISIPAR'
° Primary Info T i :

SANA PO NA-RECEIVE NINDO AN SAMONG SADIT

SAMGA GUSTO PA PONG
et ' MAG-PARTISIPAR SA SATONG
i il e PAG-AADAL, PWEDE PA PO
,,,,,,,, T HANGANG MAY 9 (SABADO)

your experience
buying load on GCash?
Answer survey O

FULL SURVEY PARA SA PC/LAPTOP

tiny.cc/brownoutsurveylite D

Philippines
i y FULL SURVEY PARA SA CELLPHONE/TABLET
Guinobatan, Albay + 33 km \

WANNA BE UPDATED? LIKE DUR PAGE:

Albay
Brownout
Study

y.

Albay Brownout

00 | Fc nager
Potential reach: 950,000 people S‘ I

Your audience is defined.

NA TOKEN OF APPRECIATION SA SAINDONG TABANG.

brownoutsurvey.com

A Online validation survey

A Online snowball approach
(March 24 to April 28, 2020)

A Combined w/ Facebook ads
(April 28 to May 9, 2020)

A n =207
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DAMAGE ESTIMATION

Stevens Power Law
a.k.a. Psychophysical Power Law

~

[ ‘o

© = sensation magnitudet = physical magnitude
b = power exponent k= dimensional constan

[

General law describing
guantitatively the relationships
betweerhuman sensatioras well
as other subjective impressions
and thephysical stimutinat evoke
them. Power exponent is the
asignaturea of

Median value

BishopandHe ber | el
LogLogistic Probability Model

P

00 OAOEIUAGE :

Median WTP:6* Q!

l

. Damage
Responses— per InterruptionR— . >
: Function
Duration

N €olsistent with a Random Utility
Model (RUM), which assumes
commingling o$tochastiand
deterministicomponents of WTP and
Is considered to be suitable for the
prediction of behavior and evaluation
of welfare. lanemanmndKanninen
1996)

Damage
Estimation

including Value of
Lost Load YoLL)

t

h e



METHODS

Analysis of
Power
Interruption
Data

Preliminary
Online
Survey

and
Literature
Review

Impact

(

|

I

I

|

I

|

: Predicted
|

I Categories
I

|

I

|

I

I

|

\

Question
naire
Survey
(Field and
Online)

Data Collection

Damage
Estimation

Impact
Assessment

Y

Data Analysis



METHODOLOGY

Contingent
Valuation
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: : Impact Impacts on .
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Raw inputs Proposed Power Interruption Impact <«  Existing methods
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MODEL OUTPUT

POWER INTERRUPTIONS

Health and
Comfort
Home and
Family

Leisure 4%

Livelihood

) ' '_@
A4 by \ .
ICT Access and | K4 g; . Occupation
ey Data Security o i
14% . ;

Raw impacts

Household
Assets

Entertainment and
Recreation 8%

‘1 Personal Care
25%

WEIGHTING

Home and
Family
39%

e Leisure 3% ey [nterruption

Damage
Cost

Occupation £3.05/hr
32% ($0.06/hr)

Personal Care
26%

Value of
Lost Load
(VoLL)

£19.69/kWh
($0.39/kWh)

Power Interruption Impact Assessment (PlIA) Model
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MODEL OUTPUT

POWER INTERRUPTIONS

Raw impacts

Health and
Comfort
24%

Household
Management
18%

Work and
Livelihood
16%

ICT Access and
Data Security
14%

Household
Assets
1%

Entertainment and
Recreation 8%

Impact Categories

Home and
Family
38%

Occupation

Personal Care
25%

WEIGHTING

Home and
Family
39%

Occupation
32%

Personal Care
26%

Impact on Life Roles

i Interruption
Damage
Cost

£3.05/hr
($0.06/hr)

Value of
Lost Load
(VoLL)

£19.69/kWh
($0.39/kWh)

Socio-economic valuation
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MODEL OUTPUT

wmans | 48 Health and Comfort
Comfort i

2% | g A Discomfort due to hot temperature

A Cannot sleep well

N omagement I | A Getting sick
18% 5!

Household Management

A Cannot do household chores needing electr
equipment/appliances

A Food spoilage

A Difficulty of caring for household members,
especially those vulnerable

POWER INTERRUPTIONS
Raw impacts

m > Mostly linked to duration
Impact Categories




MODEL OUTPUT

POWER INTERRUPTIONS

Raw impacts

Health and
Comfort
24%

Household
Management
18%

Work and
Livelihood
16%

ICT Access and
Data Security
14%

Household
Assets
1%

Entertainment and
Recreation 8%

Impact Categories

Home and
Family
38%

Occupation

Personal Care
25%

WEIGHTING

Home and
Family
39%

Occupation
32%

Personal Care
26%

Impact on Life Roles

i Interruption
Damage
Cost

£3.05/hr
($0.06/hr)

Value of
Lost Load
(VoLL)

£19.69/kWh
($0.39/kWh)

Socio-economic valuation
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MODEL OUTPUT

POWER INTERRUPTIONS

Health and
Comfort
Home and
Family

Leisure 4%

Livelihood

) ' '_@
A4 by \ .
ICT Access and | K4 g; . Occupation
ey Data Security o i
14% . ;

Raw impacts

Household
Assets

Entertainment and
Recreation 8%

‘1 Personal Care
25%

WEIGHTING

Home and
Family
39%

e Leisure 3% ey [nterruption

Damage
Cost

Occupation £3.05/hr
32% ($0.06/hr)

Personal Care
26%

Value of
Lost Load
(VoLL)

£19.69/kWh
($0.39/kWh)

Power Interruption Impact Assessment (PlIA) Model
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MODEL QUTPUT:

POWER INTERRUPTIONS

Time of Day

Value of
Damage Lost Load
Cost (VoLL)

P3.05/hr P19.69/kWh
(80.06/hr) (80.39/kWh)

u

E S
g g
g I
E 5
= g
& S

High component of effects on
personal care; mostly asleep

Day of Week

Personal care time

POWER INTERRUPTIONS

BY PART OF DAY

Health and
Comfort
26%

Household
Management
18%

Work and
Livelihood

Raw impacts

Data Security
15%

Household

Entertainment and
Recreation 8%
Exfuty and 3sourtty 2%

Educational Aotivities 2%

OTHERS 3%

ICT Access and | [l

/
"
|Ill I

Home and
Family
29%

Occupation
7%

Personal Care
64%

Interruption
Damage
Cost

£3.50/hr
($0.07/hr)

Value of
Lost Load
(VoLL)

£22.60/KWh
($0.45/hr)




Value of
Lost Load
Cost (VoLL)

P3.05/hr P19.69/kWh
(80.06/hr) (80.39/kWh)

POWER INTERRUPTIONS
Raw impacts
WEIGHTING

A Work day usually begins at 8AM
A Mostly long interruptions

6AM-12PM

Occupation/Work time



