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AFRIC

POWER” The Challenge

« Estimated 600+ million people in sul
Saharan Africa without electricity
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For those with access, power is often

expensive and/or unreliable
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Estimated $835 billion investment
needed to achieve universal electricity
access by 2030

Electricity access is critical for economic
growth, health, education, and stability. It
is a development and security
Imperative




WHO WE ARE

PRIVATE COMPANIES

RESULTS TO DATE

HOW WE WORK

Power Africa uses the il breackh of US,
Government anx other donor tooks 10 support
sub-Saharen African goverrenents and the prvate
sector by ursticking deals, creating an attractve

rvestment emveonment and driving reforms

POWER AFRICA TOOLBOX
<Examples of US. Government Tools-
I CAPACITY BUILDING
USTDA rwmcye trace masons Departiieeds of
of Energy and Tresasury techrical mxpertie,
LSAID ambedded acvivors

t._/_mm
ORC, XM and USAL losns and purantoes

7 INFORMATION RESOURCES
Departmeet of Comemerts hanciooks for ING,
Power Purchase Agreements, and Project Finance

[ TRANSACTION ASSISTANCE
US Embansy stafl and USAID Advisars in 20+
countnes Commeorce Departrmant Advoracy

“7% POUCY/REGULATORY REFORM
MCC compacts: State Departmant dplomacy

(] GRANTS
T LUSADE communitydevel grants USTDA,
feasbaity studes MCC iofrsyuciure grants

84 transactions (7,351 MW) to financial close
Over 10 million new connections (on-grid, off-grid, mini-grid)

WHAT WE WILL ACHIEVE

30,000 MW
of new generatad power by 2030

60 million
W COnECtions 1o reach 300 milon Akcars

$50+ billion
Brivine and noo-USG puble sector financing

‘ 40,000+
US. jobs by 2030

$10+ billion
US. exports

“The Cap des Biches financng agreement is
tangble evdence of the power of Fower Alrica, |
1 18 by far the fssteaproect that | have ey
worked on in Afrnca, and Power Afnca made 3l the
Aference. This project would have taken four
years in the absence of Power Africa. Instead
it ook one year. Tha i the power of an ea
that & embraced and sporsoned by the

Unised States, B
CEQ of ComouGilobal




POWER An Integrated Approach to Access

AFR|CA Optimizing On- and Off-Grid Solutions

Beyond the Grid (BTG) Opportunities
* Price decreases

* Quality improvements

« Scalable products

Grid Roll Out Opportunities

Under-grid populations

Rapid urbanization

Commercial and industrial users

Improved technologies / lessons learned from the off-grid sector

Our Goals:

* Optimize the mix

» Accelerate universal access
» Ensure long-term viability




AFRICA

POWER’ Challenges for Grid Connection

Dispersed, low-income populations

Politically driven electrification plans

Dilapidated infrastructure - high technical losses

Theft + billing/collection challenges - high commercial losses

Non cost-reflective tariffs

High upfront cost of connection




POWER Only 2 utilities in sub-Saharan
AFRICA Africa actually cover their costs

Migeria
Cote d'lvoire

Mauritius

Burundi

Central African Republic
MNiger

Swaziland

Congo, Rep.

Ethiopia

Tanzania

Malawi

Cameroon

Uganda

Zimbabwe

Sudan

Ghana

Mozambigue

South Africa

Lesotho

Zambia

T T T T T 1
0 010 0.20 0.30 0.40 0.50 0.60 0.70
Dollars

Source: Kojima, Masami; Trimble, Chris. 2016. Making Power Affordable for Africa and Viable for its Utilities. World Bank, Washington, DC.



POWER Strategic Pillars for Grid Roll Out
AFRICA

* GIS mapping * Loan
* Models for guarantees
commercial e Direct
viability investment

Electrification

Planning Financing

4
o/

Utility End-User
Operations Affordability

» Technology - Pre-financing
pilots connections

» Loss reduction » Payment
- Management models




AFRIC

POWER’ Key Questions We Consider
A

Where, and in what sequence, can we intervene to
have the greatest positive impact on a distribution
system?

Do incentive structures need to be changed? If so,
how?

What political considerations are in play?

What data is available to inform electrification
planning, and the optimization of on- and off-grid
solutions? What data do we need?
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Millennium Challenge Corporation’s
Energy Sector Project in Tanzania

e Compact ($700 million)

— Roads
— Water
— Energy ($200 million)

e Today’s presentation focuses on two components of
the energy project
— Line extensions ($126.2 million)
— Low-cost connection offers ($2 million)

MATHEMATICA 13
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Evaluation Questions

* What impacts do line extensions have on connection
rates?

* What impacts do low-cost connection offers have on
connection rates?

* What impacts does actually connecting have on
household outcomes related to energy use, education,
health, and economic well-being?

— Provides suggestive estimates of potential
Impacts of line extensions and/or low-cost
connection offers if connection rates were high




Line Extensions ($126 million)

e Rationale: 4% of rural
Tanzanians have electricity

e The Initiative:
Communities targeted for
line extensions based on
estimated costs and
benefits

e The Evaluation

— 178 treatment
communities

— 182 matched comparison
communities

— 2,595 km of lines

O Intervention

Mwanza .
@ Comparison

Dodoma

—

Morogoro

{
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600 Kilometers

T
0 300
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Low-Cost Connection Offers ($2 million)

e Rationale
— Connection fee high: $110 (rural) to $200 (urban)

e The initiative
— Fee lowered by at least 80%
— Communication campaign

e The evaluation
— 178 line extension communities
— Randomly chose 27 for treatment

— All households in treatment communities given
low-cost offers

MATHEMATICA

Policy Research 16




Baseline and Follow-up Data

e Baseline surveys: 2011

— 10,210 households in 360 communities

— Excluded those connected or within 30 meters of grid at baseline
e Follow-up surveys: 2015

— 8,899 households in 360 communities

— 20-34 months after new lines,

— 14-24 months after low-cost connection offers

| 201112012/ 2013 | 2014 2015 ] 2016

Line Extensions —

Low Cost Connections —

Data Collection — —
MATHEMATICA
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Line Extensions and Low-Cost Connection
Offers Increased Connection Rates

35%
30%
@ 25% 13%***
©
c 20%
Qo
3]
g 15% 10%***
c
@)
O 10%
5%
0%
Line Extensions Low-cost Connection Offers
m Comparison/control households m Estimated impact
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Methods: Estimated Impacts of Actually
Connecting

e Treatment group =
households connecting
to MCC and non-MCC
lines

o Comparison group =
matched non-connected
households in study
communities

e We addressed potential
limitations of a quasi-
experimental design

MATHEMATICA 19
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Actually Connecting Reduced Generator and
Battery Use

60%

55%

50%

V)
40% 36% 3404++*

30%

21%***
20%

10%

0%
Percent owning a generator Percent using drycells

m Not-connected households m Connected households

MATHEMATICA
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Actually Connecting Had No Clear Impact on
Internal or External Air Pollution

500 276 272
250
200 186
150
100
50
0
Monthly internal pollution from Monthly external pollution from
soot (grams) carbon (kg CO2)
® Not-connected households = Connected households
MATHEMATICA
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Actually Connecting Increased Studying and TV

1.60
1.45***

1.40

1.20
1.00 0.95***

0.80 0.71

0.60***
0.60

0.41
0.40

0.20

Hours per day

0.00
Studying at night Total studying Watching TV

m Not-connected households m Connected households
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Impacts of Actually Connecting on Income much
Lower than Costs of Lines

8,000

6,000

4,000

2015US $

2,000

: _

Impact on household income Cost per connected household for
lines

1USD =2,126 TZS

MATHEMATICA

Policy Research 23




Actual Number of Connections to the Grid were
Much Lower than Assumed

35,000 assumed by MCC

10,794 actual

MATHEMATICA 24
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Challenges to Increasing Connection Rates

e Line placement
o Utility capacity
e Customer costs

e Customer awareness

Lines follow the road, but the
population lives away from the road
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Housing that poses challenges
to electrification

MATHEMATICA
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Summary

e Impacts of new lines on connection rates modest
e Cost of lines $6,694 per connected household

e Impacts on household income $500-$900

e Other benefits found on education and safety

e Expanding access cost-effectively challenging

Future research could target

— Longer-term impacts on connection rates
— Reduced wiring costs
— Better information

— Improving incentives for utilities

MATHEMATICA

Policy Research 26
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Why we need an Electrification Masterplan
for Africa

—~ . 47 T 2
Jorg Peters P v

Passau University




Our Work on Energy Access: Impacts and Adoption

Out of Africa:
Indonesia, Nepal

Senegal , e L

Ethiopia

) [ ]<
N ~ Uganda /,f 7\
Ghana %E‘E% ~ i \ h : /

Benin

T Cookstoves S e B f@\

Burkma Faso

"4 Solar Panels

y )
" d.- Village-grids S i %

#
. Mozambique

@ Grid extension
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Four Key Messages

Electricity has a high priority for the rural poor

Electricity consumption in connected areas is very low

Impacts on economic development are modest

On-grid electrification is rarely cost-effective

30/11/2017
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Electricity has a high Priority for the rural Poor
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Electricity has a high Priority for the rural Poor

Willingness to pay for off-grid solar as a share of monthly expenditures

400
343 %
350
300
250
X
200
150
100
61.4%
50
19.8% .
0 ]
Solar Solar Lantern+ SHS (several lights,
Lantern Phone Charger radio, small TV)

Source: Grimm et al. 2017
30/11/2017 31



Low Consumption in Connected Areas

Monthly electricity consumption in Rwanda (in kWh)

-:r__

Fraction
2
|

0 20 40 a0 20 100 120 140 160 180
IMPLUTELD: maonthly EWh consumption EWSA electricity

Rural households use lighting, radio and sometimes TV sets
Electricity is (virtually) never used for cooking and refrigeration

30/11/2017
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Modest Impacts on Economic Development

Impacts on home business activities, firm creation and expansion are very
modest

Electricity is not the main bottleneck

Access to supra-regional markets is extremely limited

If business potentials exist they are already exploited using generators

No electric pumps for irrigation

30/11/2017 33
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Towards an Electrification Masterplan

Whatever the true costs and benefits of rural electrification are...
...connecting every single African village to the grid is not reasonable

Given the SE4All-goal and the limitations of public budgets we have to
develop an

Electrification Masterplan

....that is pro-poor and more cost-effective

Grid extension should focus on selected thriving regions and rural industrial zones

Off-grid solar should be promoted (subsidized?) to reach the vast majority of the
rural poor

30/11/2017 35
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Some further reading: Mike Toman & myself on Let’s Talk Development
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Rural electrification: How much does Sub-Saharan Africa need
the grid?
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An intense debate continues on how best to provide electricity to the 1.1 billion
people currently vithout access to it -- of whom 600 million are living in Sub-
Saharan Africa, many of them in rural areas. According to a 2015 IEG
evaluation, low-access countries received about 3.6 billion USD per year into the
electricity sector from all sources over 2000 - 2014. The bulk of these funds
has gone into extension of the traditional electricity grid. The IEG report also
states that to achieve universal grid access in current lov-access countries by
2030 vill require over 17 billion USD per year, including about 12 billion USD per
year for new transmission and distribution capacity. An additional 20 billion USD
per year vill be needed to address current supply inadequacies and expand
generation capacity to meet groving demand. The largest share of this

invastmant wnuld ha in Suh-Saharan Africa aivan tha ciza of tha nanulation

D BY MICHAEL TOMAN ON TUE, 07/11/2017
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Policy Research 36

Malomlaim o Do o


http://blogs.worldbank.org/developmenttalk/rural-electrification-how-much-does-sub-saharan-africa-need-grid

Discussant Remarks

Shreena Patel, MCC
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For More Information

 Mathematica’s Center for International Policy Research
and Evaluation
« CIPRE@mathematica-mpr.com
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