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VENEZUELA (2019)
Affected people: 30 MILLION

Duration: 4 months (series)

Cause: ELECTRICAL FAULT

ARGENTINA,

PARAGUAY, and

URUGUAY (2019)
Affected people: 48 MILLION

Duration: 7+ hours

Cause: DESIGN ERRORS

JAKARTA (2019)
Affected people: 30 MILLION

Duration: 9 hours

Cause: GRID INSTABILITY

SOUTH AFRICA (2019-)
Affected people: Up to ~20 million at a time

Duration: 2-4 hours at a time (rolling)

Cause: ENERGY CRISIS

CALIFORNIA (2019)
Affected people: 2 MILLION

Duration: 1 month (rolling)

Cause: WILDFIRES
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UKRAINE (2015)
Affected people: 230 MILLION

Duration: 6 hours

Cause: CYBERATTACK

ITALY (2003)
Affected people: 58 MILLION

Duration: 12 hours

Cause: TREE BRANCH

FLORIDA (2008)
Affected people: 3 MILLION

Duration: 4 hours

Cause: HUMAN ERROR

KENYA (2019)
Affected people: 10 MILLION

Duration: 4 hours

Cause: MONKEY

JAPAN (2006)
Affected people: 1.36 MILLION

Duration: 3 hours

Cause: SHIP CRANE
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Estimations done by researcher based on The World Bank Doing Business Report 2020

Interrupted Human Time = SAIDI × Electricity Access × Population
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for the future in which they will appear with greater

frequency and severity.

(Byrd & Matthewman, 2015)
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Direct costs

• Opportunity cost of idle 

resources

• Spoilage and damage

Indirect costs

• Costs to public users of 

impacted services and 

institutions

• Health and safety effects

• Potential social costs 

stemming from looting, 

vandalism, etc.

Direct costs

• Opportunity cost of idle 

resources (labor, land, 

capital, profits)

• Shutdown and restart costs

• Spoilage and damage

• Health and safety effects

Indirect costs

• Cost on other firms supplied 

by impacted firm (multiplier 

effect)

• Costs on consumers if 

impacted firm supplies a final 

good

• Health and safety-related 

externalities

Direct costs

• Inconvenience, discomfort, lost 

leisure, stress, etc.

• Restriction of household 

activities

• Difficulty on ICT access

• Limited use of financial services

• Lost income

• Water shortage

• Out-of-pocket costs (spoilage, 

property)

• Health and safety effects

Indirect costs

• Costs on other households and 

firms associated with household 

members (spillover effects)

Infrastructure and 

Public Services
Industrial, Commercial, 

and Agricultural Firms
Residential Consumers

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

multidimensional character of living conditions

(Krause, 2016)
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Socio-economic 

indicators / 

Valuation

Infrastructure and Public 

Services

Firms

Residents / Private 

individualsP
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Mostly tangible, 

direct approach, 

accounting

Mostly intangible, 

indirect approach 
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Cost per unit of

unserved energy

•Typical unit: $/kWh, $/kW 
(normalized)

•Terminologies

•Value of Lost Load 

•Customer Interruption Cost

•Cost of Energy Not Supplied

•Most commonly used

•Useful for scarcity/ration planning 
(de Nooij, et al, 2007)

Cost per unit time

•Typical unit: $/hour; $/year

•Terminologies

•Customer Interruption Cost

•Damage Cost

•Value of Lost Leisure

•Useful for network reliability 
investment planning (de Nooij, et 
al, 2007)
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Valuation
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Socio-economic 

indicators / 

Valuation

Residents / 

Private 

individuals

Power 

interruption 

impacts
Mostly intangible, 

indirect approach 
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Socio-economic 

indicators / 

Valuation

Residents / 

Private 

individuals

Power 

interruption 

impacts

How and 

by how 

much?

(“black box”)

Becker et al, 2016; 

Morrissey et al, 2018
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• “Black-box” models (Becker et al., 

2016; Morrisey et al., 2018)

• Nonstandard methodology

• Lacking in international comparability 

(Schroder & Kuckshinrichs, 2015)

• Potentially speculative / hypothetical 

(de Nooij, et al, 2007; Shivakumar et 

al., 2017) Only 52 countries so far have published work 

on quantifying impacts of power interruptions 

on the residential segment (33 are in Europe)
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Socio-economic 

indicators / 

Valuation

Residents / 

Private 

individuals

Power 

interruption 

impacts

Mapped and 

quantified 

impacts on 

Quality of Life



Socially-optimal

Electric Utility Investment 

and Operations

Inclusive Energy 

Policy and Regulations

Enhanced

Quality of Life
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Socio-economic 

indicators / 

Valuation

Residents / 

Private 

individuals

Power 

interruption 

impacts

Mapped and 

quantified 

impacts on 

Quality of Life
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Power 

interruption 

impacts

Impact 

Categories

Impacts on 

“Life Roles”

Contingent 

Valuation

Damage Function

Damage Estimation

(incl. VoLL)

Raw inputs Existing methodsProposed Power Interruption Impact 

Assessment (PIIA) Model



Selection

Classification

Characterization

Normalization*

Weighting*

*optional components as per ISO 14044 Hauschild & Huijbregts, 201518



Hauschild & Huijbregts, 2015

Endpoint indicators –

“damage modelling”
19



CF
Characterization 

Factor

FF
Fate Factor

= XF
Exposure Factor

EF
Effect Factor

• •

Based on proportion

and duration of flow

Based on sensitivity of 

receiving environment

Effects of exposure on 

targets for the impact 

category

Hauschild & Huijbregts, 2015

Generic framework
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CF
Characterization Factor

FF
Fate Factor

= XF
Exposure Factor

EF
Effect Factor

• •

Conceptually based on Life Cycle Impact Assessment (LCIA)

Based on frequency

and duration of 

interruptions*

(2018 values)

Based on 

self-reported

electricity dependence

of respondents

Rated effects of 

impacts on 

“life roles”

*as affected by advance notice and intermittency

IF
Interruption 

Impact Factor

IX
Interruption

Index

=
ED

Electricity 

Dependence

IS
Impact

Salience

• •

21



Analysis of 
Power 

Interruption 
Data

Preliminary 
Online 
Survey 

and 
Literature 
Review

Predicted 
Impact 

Categories

Question-
naire

Survey 
(Field and 

Online)

Damage 
Estimation

Impact 
Assessment

Data Collection Data Analysis
22
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QUICK FACTS (as of Mar 2019)

• 1.3 million population

• 275,601 households (2015)

• 191,275 electricity 

subscribers

• 88 kWh average residential 

electricity consumption (19th)

Albay,
Philippines

(duration < 5 mins)
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15 13
times hours

monthly power interruptions



Analysis of 
Power 

Interruption 
Data

Preliminary 
Online 
Survey 

and 
Literature 
Review

Predicted 
Impact 

Categories

Question-
naire

Survey 
(Field and 

Online)

Damage 
Estimation

Impact 
Assessment

Data Collection Data Analysis
25



Conceptually based on Life Cycle Impact Assessment (LCIA)

Based on frequency

and duration of 

interruptions*

(2018 values)

Based on 

self-reported

electricity dependence

of respondents

Rated effects of 

impacts on 

“life roles”

*as affected by advance notice and intermittency

IF
Interruption 

Impact Factor

IX
Interruption

Index

=
ED

Electricity 

Dependence

IS
Impact

Salience

• •
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Conceptually based on Life Cycle Impact Assessment (LCIA)

Based on 

self-reported

electricity dependence

of respondents

ED
Electricity 

Dependence

Life Role Time-use Inventory

Family/ 

Household

Leisure

Studying Work

Community Personal 

Care*

“Life Roles”

(Nevill & Super, 1986)
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Conceptually based on Life Cycle Impact Assessment (LCIA)

Based on 

self-reported

electricity dependence

of respondents

ED
Electricity 

Dependence

Electricity dependence schedule (0-4)

0 Not at all 

dependent

1 Slightly 

dependent

2 Dependent

3 Very 

dependent

4 Totally 

dependent
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Conceptually based on Life Cycle Impact Assessment (LCIA)

Based on frequency

and duration of 

interruptions*

(2018 values)

Based on 

self-reported

electricity dependence

of respondents

Rated effects of 

impacts on 

“life roles”

*as affected by advance notice and intermittency

IF
Interruption 

Impact Factor

IX
Interruption

Index

=
ED

Electricity 

Dependence

IS
Impact

Salience

• •
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Rated effects of 

impacts on 

“life roles”

IS
Impact

Salience

Conceptually based on Life Cycle Impact Assessment (LCIA)

Self-reported impacts and disruption levels (0-4)

0

Not disruptive at all

1

Not too disruptive; 

many alternatives

2

Somehow disruptive; 

enough alternatives

3

Disruptive; few or 

inconvenient 

alternatives

4

Totally disruptive

30



Conceptually based on Life Cycle Impact Assessment (LCIA)

Based on frequency

and duration of 

interruptions*

(2018 values)

Based on 

self-reported

electricity dependence

of respondents

Rated effects of 

impacts on 

“life roles”

*as affected by advance notice and intermittency

IF
Interruption 

Impact Factor

IX
Interruption

Index

=
ED

Electricity 

Dependence

IS
Impact

Salience

• •
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Power 

interruption 

impacts

Impact 

Categories

Impacts on 

“Life Roles”

Contingent 

Valuation

Damage Function

Damage Estimation

(incl. VoLL)

Raw inputs Existing methodsProposed Power Interruption Impact 

Assessment (PIIA) Model



“There is a device you can rent that you can use 
during 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 it, select YES. Otherwise, select NO.”

Bidding Game elicitation method

(Online survey: Payment Cards)

5 mins

1 h

4 h8 h

Interruption Duration Scenarios

15 mins
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• Group-administered surveys held 

in the top 10 most populous 

cities and towns of Albay

(78% of population) in 

October 2019

• Stratified random sample invited 

from local government household 

databases

• n = 151 (34.3% response rate)
Pre-test survey (n=13) held on 

March 23, 2019

34



• Online validation survey

• Online snowball approach 

(March 24 to April 28, 2020)

• Combined w/ Facebook ads

(April 28 to May 9, 2020)

• n = 207
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Analysis of 
Power 

Interruption 
Data

Preliminary 
Online 
Survey 

and 
Literature 
Review

Predicted 
Impact 

Categories

Question-
naire

Survey 
(Field and 

Online)

Damage 
Estimation

Impact 
Assessment

Data Collection Data Analysis
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Responses

Median value 

per Interruption 

Duration

Bishop and Heberlein’s

Log-Logistic Probability Model

Pr{response = "yes"} =
1

1 + 𝑒−𝛼+𝛽ln𝐴

𝐶∗ = 𝑒 Τ𝛼 𝛽Median WTP:

Consistent with a Random Utility 

Model (RUM), which assumes 

commingling of stochastic and 

deterministic components of WTP and 

is considered to be suitable for the 

prediction of behavior and evaluation 

of welfare. (Hanemann and Kanninen, 

1996)

Damage 

Function

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

𝜓 = 𝑘𝜙𝛽

Ψ = sensation magnitude ϕ = physical magnitude

β = power exponent k = dimensional constant

General law describing 

quantitatively the relationships 

between human sensations as well 

as other subjective impressions 

and the physical stimuli that evoke 

them. Power exponent is the 

“signature” of the stimulus.

Damage 

Estimation
including Value of 

Lost Load (VoLL)
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Analysis of 
Power 

Interruption 
Data

Preliminary 
Online 
Survey 

and 
Literature 
Review

Predicted 
Impact 

Categories

Question-
naire

Survey 
(Field and 

Online)

Damage 
Estimation

Impact 
Assessment

Data Collection Data Analysis
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Power 

interruption 

impacts

Impact 

Categories

Impacts on 

“Life Roles”

Contingent 

Valuation

Damage Function

Damage Estimation

(incl. VoLL)

Raw inputs Existing methodsProposed Power Interruption Impact 

Assessment (PIIA) Model
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Power Interruption Impact Assessment (PIIA) Model
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Impact Categories Impact on Life Roles Socio-economic valuation



Impact on Life Roles Socio-economic valuation

Health and Comfort

• Discomfort due to hot temperature

• Cannot sleep well

• Getting sick

Household Management

• Cannot do household chores needing electrical 

equipment/appliances

• Food spoilage

• Difficulty of caring for household members, 

especially those vulnerable

❖Mostly linked to duration

42

Impact Categories
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Impact Categories Impact on Life Roles Socio-economic valuation
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Power Interruption Impact Assessment (PIIA) Model
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12-6AM

• High component of effects on 

personal care; mostly asleep

Personal care time
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• Work day usually begins at 8AM

• Mostly long interruptions

Occupation/Work time
6AM-12PM
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• Work day usually ends at 5PM

• Shift to household activities observed

Home/Family time
12NN-6PM
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• Peak of household activity 

and leisure

• Mostly short interruptions

Leisure time
6PM-12AM
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Estimated Power Interruption Costs in 2018

62% 30%

8%

$97 MILLION Total

Cost

$26 MILLION Residential 

Segment Cost

$3 MILLION
Residential Segment Cost

(QoL Damage)

(9.5%)
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• QoL impacts are mostly linked to duration and heat-related effects

• Interruptions at different parts of day affect people differently

• Effects on QoL are more salient at night (6PM-6AM) than during the day 

(6AM-6PM)

• Might have changed during the pandemic

• High value placed on the Home/Family life role than Work/Occupation

• As an effect of the pandemic, almost all impact categories are already 

situated within homes
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Impact Categories Relative Importance

and Vulnerability

Temporal Variations



52

Impact Categories

• Prioritization of healthcare facilities

• Provisions for ventilation and hydration

• Decoupling of water and electricity 

supply
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Impact Categories Relative Importance

and Vulnerability

Temporal Variations
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• Budgeting/Allocation of resources 

based on revealed relative importance 

of impact categories and electricity-

dependent life roles

• Use of VoLL and damage cost 

estimates for cost-benefit analyses and 

resource allocation among consumer 

groups

Relative Importance

and Vulnerability
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Impact Categories Relative Importance

and Vulnerability

Temporal Variations



Temporal Variations

56

• Operational decisions by electric 

utilities must consider time-dependent 

consumer behavior
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Performance 

Evaluation

Deep-dive on particular 

Impact Categories 

and/or Life Roles

Explore applicability to 

other utilities
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Stakeholders

Survey Facilitators

Additional support from the Environment Research and 

Technology Development Fund (S-14) of the Environmental 

Restoration and Conservation Agency of Japan

Scholarship from the Ministry of Education, Culture, Sports, 

Science and Technology (MEXT)
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