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Developing countries will drive future energy 
consumption…

• The EIA projects that virtually all of the growth in energy demand over the 

coming decades will come from outside of the OECD.



…and have been driving recent growth



1. What is the demand for electricity connections in rural areas?

1. What economies of scale in costs can be achieved from a mass 
connection program?

1. How do newly connected rural households consume energy?

1. What are the social and economic impacts of rural electrification?

Motivation



• We address these questions in an RCT of electricity access in Kenya, 

launched in 2013 in partnership with the Rural Electrification 

Authority (“REA”).

• We will cover three topics:

1. “Under grid” households in Kenya [Working paper - NBER]

2. The demand for and costs of rural electrification [Working paper]

3. Planned IE on social and economic impacts of electrification

Motivation



Research paper #1

Barriers to Electrification for “Under Grid”
Households in Rural Kenya

[NBER Working Paper #20327] 



• In May 2012, Kenyan newspapers reported that “73% of the population in the 
rural areas [now had] access to electricity," with “access” defined as living 
within 1.2km of a low-voltage line.

Opportunity
for mass 

connections?

“Under grid” households in Kenya



In September 2013, we 
collaborated with REA to identify a 
representative sample of 150 rural 
transformers in Busia County and 
Siaya County in Western Kenya.

Quasi-random selection criteria to 
ensure that:

1. Distance between any two 
transformers was at least 1.6km

2. Each transformer represented a 
unique REA project

3. Each transformer in service for at 
least one year

Building our sample of communities



Main objectives:

1. Estimate “local” electrification 
rates in communities where REA 
has recently installed transformers.

1. Build a database of unconnected 
structures to use as a sample for 
subsequent stage of our overall 
project.

Building our sample of communities
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What did we learn from this activity?



Pattern #1: Despite large investments in grid 
infrastructure, electrification rates remain low.



Pattern #2: Connectivity is low even for 
relatively well-off households and businesses.



Pattern #3: Half of the unconnected 
households in the study are “under grid.”



1. Despite large investments in national grid infrastructure, rural electrification 
rates remain low, even up to five years after transformers have been built.

1. Half of the unconnected households in our sample are “under grid,” or 
clustered within 200 meters of a low-voltage line, and could be connected at a 
relatively low-cost.

1. Prioritizing the connections of these “under grid” households could rapidly 
increase electrification rates.

1. Given the large economies of scale associated with network infrastructure, 
connecting groups of neighboring households through a mass connection 
program could potentially lower per connection costs.

Policy conclusions from Paper #1 (2014)



Research paper #2

Experimental Evidence on the Demand for 
and Costs of Electricity in Kenya

[In Progress – Preliminary Draft] 



“Last-mile” connectivity in Kenya

• National electrification rate is estimated to be roughly 32%.

• Over 80% of the population is now believed to be “under grid.”

• The high cost of “last-mile” connectivity has emerged as a major policy 

issue—until last month, the price was 35,000 KSh (≈ $398).

– Government subsidizes difference between actual cost and price

• Our goal is to answer two questions:

1. What is the demand for electricity connections in rural areas?

2. What economies of scale in costs can be achieved from a mass connection 

program?
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Distance to LV line is approximated by 
the distance of the unconnected 
household to either: (1) a transformer, or 
(2) a connected household, public facility 
or business.

This sampling procedure was determined 
in collaboration with REA, in order to 
reduce the average costs of connections.

Transformer & 600 meter radiusT

Legend

Randomly selected REPP households

Random sampling:

…and sampled 15 households per community



Between January and May, 2014, we enrolled 2,504 rural households 
across the 150 transformer communities into our research program.

Conducted a detailed 1.5 hour interview to collect baseline 
information on social and economic living standards, including:

• Household quality and assets

• Employment

• Education

• Energy consumption

• Time use

• Other modules

Final sample of 2,504 households





In our experiment, we provided 
households in randomly selected 
transformer communities with an 
opportunity to connect to the national 
grid at a subsidized price.

The experiment generated random 
variation in:

1. Effective connection price (at the 
community-level)

2. Number of households connecting 
to the grid at the same time from 
each community

Intervention: Subsidized connections



The design allowed us to trace out:

1. Experimental demand curve

2. Experimental average total cost 
(ATC) curve associated with 
connecting groups of households at 
the same time

Intervention: Subsidized connections



Experimental research design



Step 1: IPA distributes “subsidies” to households



Step 2: REA extends national grid to households



Step 3: IPA provides “ready boards”



Step 4: Kenya Power installs prepaid meters
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Example of natural monopoly #2
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Preliminary Experimental Results
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a. Pre-analysis plan assumptions

In 2014, we made assumptions about take-up, mostly for budgeting purposes, and 
recorded these assumptions in our pre-analysis plan.



b. Kenya Ministry of Energy assumptions

In 2014, the Ministry of Energy shared a draft of its National Electrification 
Strategy (NES) Policy document which included a set of assumptions on demand.
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c. Experimental WTP #1

During the baseline survey, 2,094 households were asked whether they would be 
willing to pay a randomly selected price for an electricity connection.
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d. Experimental WTP #2

Survey respondents were then asked whether they would be willing to pay the 
price if they were given six weeks to complete the payment.
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e. Experimental demand curve

In our experiment, we trace out the actual demand curve for electricity connections 
at four different price levels: 0 KES, 15,000 KES, 25,000 KES, and 35,000 KES.



f. New connection policy

In May 2015, Kenyan newspapers reported that the connection price will be 
reduced from 35,000 KSh ($398) to 15,000 KSh ($171). 

May 2015

Deputy President William Ruto
announces that new connection 
price will be reduced from 35,000 
to 15,000 KES.



Economies of scale in mass connections

Electricity network has important economies 
of scale in terms of costs—when one 
household connects, it becomes far cheaper 
for neighboring households to connect.

Substantial economies of scale could be 
achieved by connecting clusters of households 
along at the same time.

Our experiment generated random variation 
in the number of households connected at the 
same time, allowing us to trace out an average 
total cost (ATC) curve.



Experimental ATC curve

Using our experimental variation in scale, we trace out the average total cost 
(ATC) curve based on the number of households connected.
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We also plot an experimental ATC curve based on the proportion of each 
community connected.
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Experimental ATC curve (cont’d)



We also asked REA to design and cost 60%, 80%, and 100% “saturation” projects, 
using 16 randomly selected “transformer communities.”
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[Preliminary – In progress]

Experimental ATC curve (cont’d)



Experimental model of natural monopoly

We overlay both of our experimental curves, revisiting the standard model of the 
natural monopoly.
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[Preliminary – In progress]
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Substantial time costs to complete connections

Panel A: Household

Panel B: Supplier

A1. Offers received

A2. Offers expire 

A4. Metered 

B1. Payment received 

B5. Construction
complete

B6. Metered

0

A3. Metering applications complete

B2. Designed B3. Contracts prepared

B4. Construction
begins

60 days

The World Bank estimates that it takes 163 days to complete a connection. Our 
findings are in line with this figure, although construction is still in progress.

[Preliminary]



1. Take-up is low, even when the connection price is 15,000 KSh. 
Take-up may be higher if credit constraints are removed.

1. ATC curve is substantially [higher] than the demand curve.

1. Substantial economies of scale can be realized when [X%] of the 
transformer community is connected at the same time.

1. If there are sufficient economic impacts, externalities, or efficiency 
improvements (e.g. social benefits of electrification or households 
“sharing” access with neighbors, reduced “leakage” in 
construction), the gap between the demand and ATC curves may 
be minimized.

Preliminary policy conclusions from Paper #2



Research paper #3

The Social and Economic Impacts of
Rural Electrification
[Ongoing Research: 2015 – 2017]



Impact Evaluation (IE) questions of interest

1. What are the impacts of household electrification?

2. How do newly connected households consume power over time?

3. What are the spillovers associated with household electrification 
(in light of large public subsidies required)?



Identifying impacts w/ baseline data is difficult



The impacts of electrification?

Mechanism:

Longer lighting hours

Mechanism:

Acquisition of household 
electrical appliances

Choice sets:

Establish new businesses

Preferences:

Demand for higher quality 
goods

C. INTERMEDIATE 
OUTCOMES 

HHs electrified

 Nearly 500 
households 
connected by 
June 2015
 Identify causal 

impacts of 
electrification 
by comparing 
treatment and 
control groups

B. OUTPUTSA. INPUTS

Connection subsidies

 In partnership with 
REA, researchers 
distributed national 
grid connection 
subsidies to households 
in 75 randomly selected 
communities with 75 
additional communities 
serving as a control.

A. Energy

Expenditures

Usage 

Quality 

D. LONG-TERM
OUTCOMES

B. Human Capital 

Household Head

Children 

Neighbor Spillovers 

C. Household Wealth

Household Quality

Asset Ownership

Land ownership and 
agriculture 

D. Empowerment

Safety

Political Awareness

Information Access 

Savings and Credit

Migration

E. Gender/Women

Employment

Decision Making

Labor Force

Health

Source: Concept Note, World Bank i2i Dime Grant Application



Future research directions

1. Consumption patterns for newly-connected households and 
businesses

2. Measuring variations in, impacts of and valuations for reliability

3. Improving monopoly service delivery (e.g. governance & 
accountability in infrastructure delivery)

4. Price elasticity of demand (for connected households)

5. Productive-uses of power

6. Others?



Appendix



Predictors of connectivity



Rich census data on rural businesses



Demand-side regression results


