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What is Electrification?What is Electrification?

At least three definitions:
1. Access to Power
2. Use of Power 
3. Pervasiveness of Electricity in the Economy

I will focus on #1 and #2.
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This talk: three pointsThis talk: three points

• Broad Patterns in Electrification

– Global, Regional, National & Household

• Evidence on the Causes and Consequences of 
Electrification

• Industrial Organization & Electricity Policy
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1. Broad Patterns in Electrification1. Broad Patterns in Electrification
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Global Access to Electricity Global Access to Electricity –– 1970 to 20301970 to 2030

People with Access to Electricity

People w/o Access to Electricity

2000 – Total population 6B

Source:  World Energy Outlook 2002, IEA

1.6B/27%
1.4B /17%

2030 – Total population 8.2B

1970 – Total population 3.7B

1.9B /51%
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Regional Electricity Access: LimitsRegional Electricity Access: Limits

Source: International Energy Agency, WEO 2002
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% Electrified, Southern Africa (1999): % Electrified, Southern Africa (1999): 
The RuralThe Rural--Urban DivideUrban Divide

<165Zimbabwe
118Zambia
113Tanzania
242Swaziland
4680South Africa
526Namibia

<117Mozambique
<111Malawi
414Lesotho
226Botswana

RuralUrbanCountry

Source: Gaunt, Load Research Programme, Energy Research Centre - Cape Town South Africa, 
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% Households Electrified by Income Quintile % Households Electrified by Income Quintile 
(1988)(1988)
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Average Energy Demand by Income Segment:Average Energy Demand by Income Segment:
Nairobi, Kenya (1988)Nairobi, Kenya (1988)
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Average Energy Demand by Income Segment, 
Brazil (1988)
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Lighting Efficiency for a Rural Village in South 
Africa: Base Case lighting services and fuel use

Source: Howells et al., WP18, PESD (http://pesd.stanford.edu)



Program on Energy and Sustainable Development - http://pesd.stanford.edu/ 12

Some Additional Issues: Some Additional Issues: 
Measurement & TheoryMeasurement & Theory

•Measurement:
– (eg.) Village vs. Household electrification in India: 

• 85 % villages electrified
• 37% households electrified

•Theory:
– (eg.) Is theft an electrification strategy?
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Electricity Losses By CountryElectricity Losses By Country
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2. On the Causes and Consequences of 2. On the Causes and Consequences of 
ElectrificationElectrification

•Economy

•Urbanization

•Policy

•Health

•Literacy
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Cause and Consequence: Economic GrowthCause and Consequence: Economic Growth
Consumption of Electric Power and Economic Output, 1999

0

5000

10000

15000

20000

25000

30000

35000

40000

45000

50000

0 5000 10000 15000 20000 25000 30000

Electric Power Consumption (kwh/capita)

Ec
on

om
ic

 O
ut

pu
t (

G
D

P/
ca

pi
ta

, P
PP

)

Norw ay

Luxembourg

Bahrain

Finland
Cyprus

United States

Mexico

China

Source: World Development 
Indicators, 2002 
(114 countries report ing both series)

1000 
kw h/capita 



Program on Energy and Sustainable Development - http://pesd.stanford.edu/ 16

Causes: Urbanization (2000)Causes: Urbanization (2000)
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Cause: PolicyCause: Policy
South AfricaSouth Africa’’s National Electrification Achievements National Electrification Achievement

PAST

FUTURE?PRESENT

FUTURE!
FUTURE?

Source: Gaunt, Load Research Programme, Energy Research Centre - Cape Town South Africa, 
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Consequence (?): HealthConsequence (?): Health
Global Burden of DiseaseGlobal Burden of Disease

0 5 10 15 20

Malnutrition

Alcohol use

Tobacco use

Illicit drug use

Unsafe sex or unwanted pregnancy

Hypertension

Physical inactivity

Poor water and sanitation

Occupational hazards

Outdoor air pollution

Indoor air pollution

Source: Smith (2000) and Murray and Lopez (1996), as summarized in WEA (2000).

% of Total



Program on Energy and Sustainable Development - http://pesd.stanford.edu/ 20

Consequence (?): EducationConsequence (?): Education
Electricity Consumption and Literacy (1999)Electricity Consumption and Literacy (1999)

Consumption of Electric Power and Adult Illiteracy 
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3. Industrial Organization & Policy: 3. Industrial Organization & Policy: 
Implications for ElectrificationImplications for Electrification

• Load Management

• Organization of the Power System
– Markets
– The Social Contract
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South Africa, estimated typical winter week South Africa, estimated typical winter week 
peak cycle, 2015peak cycle, 2015

Source: Eskom (draft)
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Controlling Peak Electric Power DemandControlling Peak Electric Power Demand

CFLs

Residen
tial Peak 
Demand

5

10

15

20

25

2am 6am 10am 2pm 6pm 10pm

G
W

Water Heating Control

Reference
CFLs

Source: Bushinksy, Joshua M. 2004. Optimizing Residential Demand-Side Management in the South African Electricity Sector. 
Stanford University Honors Thesis. 
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Peak Residential LoadPeak Residential Load
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Stanford University Honors Thesis. 
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BEST Electricity Subsidy: Measured Effects BEST Electricity Subsidy: Measured Effects 
(7(7--15 kWh/month)15 kWh/month)
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Organization of the Electric Power System: Organization of the Electric Power System: 
MarketsMarkets

Source: World Bank. PPI Project Database.


