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This is what energy poverty looks like.
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Energy- enabler for basic human
needs Sustainable
Development Goals

Correlation between HDI,
electricity consumption, and

oL Agenda 2063
electricity access

Energy features prominently
in international goals and
agreements

Paris Climate
Agreement

THE AFRICA WE WANT

72NN United Nations
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ELECTRICITY ACCESS 2010

- ||
w mm 5 MILLION PEOPLE

Sub-Saharan Africa

oooooooooooooooooooo >600 MlLLlON
IIMRETARERARRE  YITHOUT ACCESS




63% URBAN
HAS ACCESS

14% RURAL
HAS ACCESS
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E LEC l Rll lCA l lON Decision tree to determine the lowest-cost electrification system
8 EDL = Economic
MODEI Blsance @ distance limit
Decision 1 — central grid <= EDL LCOE = Leveli.serd cost of
AND electricity
LCOE central grid <=
LCOE decentralised
system
Central grid Decentralised system
Yes Distance to
(o) (o) ( central grid <= 50 km
0.5°X0.5° GRID-CELL
Decision 2 —
LCOE mini-grid <=
LCOE stand-alone systems
AND
population density * per capita
electricity demand >= 37.000
kWh/km?/year
\ 4
Mini-grid
+ Diesel Generator
+ PV Panels
- Wind Turbine Stand-alone system
-+ Small hydropower
+ Hybrid PV-diesel - Solar Home System
+ Hybrid wind-diesel + Diesel Generator =
a

Source: PBL



2l PBL Netherlands Environmental
oA Ls

Assessment Agency
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RENEWABLE ENERGY RESOURCES

TECHNICAL POTENTIAL
Solar PV Wind power Mini-hydro

.
- h =
< < 5
] 2 a
Source: PBL
Renewable energy potential
(GWh per year per 0.5 x 0.5 degrees grid cell)

Solar PV

Wind power (wind speed > 4 m/s) Mini hydropower
2000 4000 6000 8000 10 000
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DEVELOPMENT IN RENEWABLE ENERGY PRICES

USD per kWh
0.20
~
o
015 @ . o
- ' Sub-Saharan African regions
o ® Western & central Africa
® Eastern Africa
0.10 P ' '
® ® o @® Republic of South Africa
g P ® o © ° Rest of southern Africa
2 e o e © ©
0.05 @ - C C Source: PBL
C o
<
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O
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Solar PV Wind power Hydropower Coal Natural gas

Range
2010
2030

2050
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RENEWABLE ENERGY RESOURCES Economic POTENTIAL

P\Xh/year
Mini-hydro é ‘ é
10 Renewable energy economic
. Y Y potential for under 0.20USD/KWh
Wind power ‘ in 2010
8
6
Solar PV 4

2
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RENEWABLE ENERGY RESOURCES Economic POTENTIAL

P\Xh/year
Mini-hydro é ‘ o
10 Half the potential is in
T western § central Africa
Wind power

8
Competition between CSP and PV

6
CsPpotential is higher than PV potential

4 because the thermal storage increases the

Solar PV B capacity factor.
2
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RENEWABLE ENERGY RESOURCES Economic POTENTIAL

P\Xh/year
Mini-hydro é ‘ o
10 Half the potential is in
T western § central Africa
Wind power
8
6 Total eLeotric’Lta
demand tn SSA
Solar PV 4
2
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Baseline (BL) -~ Business-as-usual

SCENARIOS

Universal access (UA) ---- Electricity access for all in 2030

Universal access with climate mitigation policy (UA-CP) ----
Stringent global climate policy in a form of carbon tax
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ACCESS RATE - SSP2
MMM ’ﬁ‘ == 5 MILLION PEOPLE
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MM 830 MILLION

MM WITH ACCESS

.................... Regional differences
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ACCESS RATE - SSP2
URBAN RURAL
88% HAS ACCESS 36% HAS ACCESS
et
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HOUSEHOLD DEMAND 2030
Rural Urban
kWhy Year/HH
Income class
Qufnt?le 1
4000 B o
B Quintile 4
Regional differences W | Mountles | |
Urban-Rural differences

2000

Western  Eastern Republic Therest Western Eastern Republic The rest
& Africa of South of & Africa of South of
central Africa southern central Africa southern
Africa Africa Africa Africa
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TOTAL RESIDENTIAL DEMAND

A TWh

300 266
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100

SSP2



Universal
electricity
access adds
little to the
total
residential
demand
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Universal
electricity
access adds
little to the
total
residential
demand
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ELECTRICITY SYSTEM-MIX

At a very low consumption level (Tier 1-
4.5kWh)

>500 mil more
people connected to
standalones (80%
SHS)
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ﬁ% Assessment Agency

At projected consumption levels based on
GDP per capita, fuel prices, appliance
efficiency, etc..

>110 mil more
people off-grid
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CLIMATE CHANGE MITIGATION POLICY

UA scenario

| . - Tt |
_:' S
Sl . Legend
: "y [ | No access
Ry : - Central grid
A ' B vini-grid
ﬂ: ' d : Stand-alone

Niger, Chad, Ethiopia, Somalia, Angola, Namibia
& Madagascar rely largely on standalone systems

Southern and Western Africa can be economically
connected to the central grid

UA-CP scenario

llllll

A considerable shift from fossil fuel to
renewable under UA-CP!
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EMISSION

Mt CO,
45

+27% { ) a' 7%

L 57 The contribution of S5A's
residential sector to global
emissions in 2030

30

/5

Sub-5aharan Africa reglons

The rest of southern Africa

m Republic of South Africa

W Eastern Africa

BL UA-CP
2010 ®m Western & central Africa

2030
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FUEL MIX

Electricity generation

Without global climate policy With global climate policy

c Regional differences in RE shares 2030
2050 '

l O% iN RSA
‘j°3°‘. 70% jowcarvor, 6 5% In Eastern Africa

electricity | electricity

eneration eneration

5 5% fossil fuel

" 2010
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ELECTRICITY COSTS
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Western & central Africa

Eastern Africa

Republic of South Africa

The rest of southern Africa

- -
UA  UACP UANCP UA  UACP UANCP  UA  UACP UA-NCP UA  UACP UA-NCP
Scenarios

25-120% increase

The higher the fossil fuel share in the mix,

the higher the cost increase
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ELECTRIFICATION INVESTMENT

Billion USD
900

600

16 billion
US>/ year

300
T

0 .

BL

=3 billlon
USDH/ gear

UA-CP

2F billion
Uus»/ year

UA

Baseline requires 16-19
billion USD/year

Universal access needs 27-
33 billion USD/year

7/0-80% goes toward T&D

+ recurring costs- fuel, O&M
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Conclusion
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CONCLUSIONS

Business-as-usual # Universal electricity access

Synergies between climate mitigation and universal access to electricity

Imposing carbon price can increase electricity prices in the regions

The increase in CO, emissions due to achieving universal electricity
access is small

Achieving universal electricity access requires at least a tripling of the
current annual investments

Decentralized systems will play an important role to meet the SDGs
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STRENGTHS

* high resolution data
* dynamic elec. consumption levels

* various technologies

UNCERTAINTIES AND WEAKNESSES

SOCio-economic projections
some aggregated variables
simplified network design
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www.pbl.nl

Twitter: @Antex _GD

Thank you
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Methodology

Drivers

R
<
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Access target

Useful energy
demand module

Final energy
demand module

Energy conversion
sub- module

Coal

Oil

Natural gas
Mod. Biomass

Industry Trad. Biomass

Transport

] . e':tric-lty

Services
Others

Heat
H2

Electricity &
Heat

A Electricity sector

Carbon price

Electricity prices

Emission of greenhouse gas
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IMAGE-TIMER MODEL

Primary energy supply

sub- module

For Central grid
Coal

oil

Natural gas
Mod. Biomass
Trad. Biomass
Nuclear

Solar

Wind

Hydro

For Mini-grid
Solar

Qil

Wind

Hydro

Solar/Qil hybrid
Wind/Qil hybrid

For Stand-alone
Solar
Qil

Decision tree to determine the lowest-cost electrification system

Decision1 —

Decision2 —

—

N

Source: PBL

Distance to
central grid <= EDL
AND
LCOE central grid <=
LCOE decentralised
system

Central grid

A\ 4
Mini-grid

Diesel Generator
PV Panels

Wind Turbine
Small hydropower
Hybrid PV-diesel
Hybrid wind-diesel

EDL = Economic
distance limit

LCOE = Levelised cost of
electricity

Decentralised system

‘

Distance to
central grid <= 50 km

LCOE mini-grid <=
LCOE stand-alone systems
AND

population density * per capita
electricity demand >= 37.000

kWh/km?/year

Stand-alone system

« Solar Home System
« Diesel Generator

pbl.nl



Western & central Africa

GWwh
160 100%

80 50%
0 0%
UA UA-CP
Republic of South Africa
GWh
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40 50%
0 0%

UA

Eastern Africa
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® Hydro
Wind
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® Biomass
B Nuclear
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® Natural Gas
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m Coal
+ Share of RES

Assessment Agency
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UTOPIA:
Sustatnable development, Low

SSP1 73 population growth, high economic
growth, high urbanization,
emphasis is on human wellbeing

® © 6 6 6 00 606 0 O
SSP2 e2%
®© 00000000 PYSTOPIA: o
Extereme poverty, regional rivalary,
SSP3 57%  moderate economic growth, rapial

growing population, emphasis on
wational security
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kWh/mz/day 600'7.0 500'600 4.5'5.0 4.0'4.5 3.0'4.0 205'3.0 105'205



