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Excellence in green energy in East Africa for 5+ Years

«” PowerGen

RENEWABLE ENERGY

Proven Track Record Country Experience

AFounded ire011

A70+full-time employees with offices Nairobi, Kenya and
Arusha, Tanzania

Somalia

ALeading micragrid installer in Africa, by grids installetb)

Countries of
operations

T Connected?,000+homes and business

. Systems
A200+renewable energy systems installed across installed
7 countries Mozambique
A >$1mof revenue in 2015 and 2016
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Topics of this presentation
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2.

Do autonomous systems make sense for the African
consumer?

Can we solve energy access with clean energy?

How do we converge on the future grid?

. What is a micragrid?

. What will it take to scale?
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Addressing some biases

1) An endorsement of fossil fuels
DNAR& R2y Qi 1y2¢6 YR R2y QU Ol
come from

2) An endorsement for centralized generation
Electric cables are OK with electrons moving either direction

3) Going away
Our energy system is evolving, but in a way that makes grids
more important, not less



'VVhat grids are: the biggest, cheapbatterieswe have

Grids are about storage, not generation

1) / 280G4& GBNAIRE a2NSF SEGNBYSte KAIKTI S@PSy AT

Average costs to go offrid ¢ for storage only, excluding generation costsor

average homes in a selection of countries, based on current and future costs for
battery storage:

USA Germany
(30kWh/day) (10kwWh/day) (2.5kWh/day)

$200/kKWh $200/kKWh $200/kKWh
Current: $350/kWh Current: $350/kWh Current: $350/kWh

> $40,000 > $10,000 > $3,000
S0 $10,000 $20,000 $30,000 $40,000 $50,000 |$0

India

$5,000 $10,000 $15,000 | %0 $1,000 $2,000 $3,000 $4,000

Grids are networks, and wethanaged networks
drive resource utilization efficiency



What grids are: the best chance we have at controlling carbon
long-term through renewable energy

2 S OF yQu -effSctive Kidbvati-hGuesimegawatt-hours andgigawatt-hours
without a grid

A Demand for power in emerging markets will grow dramatically in the coming decades
(despite great progress with energy efficiency).

A Installing largescale renewables requires a large, smart, robust grid.

Al2YY2y YA&AO
OLy 68 &0 f
A This is wrong:

A Solar may be dowscalable, but storage is not!
6FYR WoA3d aid2NX3a3SQ I ANARO

AtcKS 2yte NBlFazy az2tlFN KIFra ag2N] SRE A
big, free battery they get to feed into called the g¢zhd billions of dollars in
subsidies)



'Scaling renewable energ\a visual of the limitations of the non
grid approach

If M-KopaScaled 0xin

Kenya (~40MW)

Installed Capacity of
M-KopaSystems (~4MW)
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The consolidated version of this section:

Grids are big batteries, and they
are critical for scaling up
renewables



So commercial and industrie
appllcatlons need grid, but
gKIF O | o2dzi Oz
this about energpccess




'SHS provide high value energy in a closed system
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S/ kWh

? Phone
Charging

+ LED Ligh

Radio
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Energy Value vs. Consumption per Day

SHS operating regime
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But what happens when consumers want more than a few dozen
watt-hours per day?

Bad Thing 1 Bad Thing 2
Power systengost Consumewillingness to
scales exponentially X pay dropsquickly as _  Really hard
because demand their consumption grows ~—  to scale up
grows exponentially (on per WH basis)
Phone Energy Value vs. Consumption per Day

Charging

LED Lighting

S / kWwh

CFL Lighting
Radio

Fridge Blow Dryer
—®

> Consumption per Day
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ut what about appliance energy efficiency?

Efficiency improvements will absolutely lower the necessary consumption to live a well
powered life, but probably not to levels where it will be affordable without a grid

Solar Home System
. (0.05 kWh / day)
Q ’ ()

American Household European Household Future Global Household? Indian Household
(30 kWh/day) (10 kWh / day) (4 kwh / day) (2.5 kWh / day)

Gl 26 YdzOK SYSNH& R2 ! FNAOIY O2yadzYSNAR Yy S¢S
guestion to answer, but if you value using any electric appliances in your home that create

heat (showers, toasters, kettles, microwaves) you need the capackiydweatt-hours
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ome actual numbers that illustrate the challenge of scaling up

SHS

Assume that PV generation costs per electron are at true grid parity (a generous
assumption to solar), then frame the problem based on battery storage costs versus grid
O2yySOuGA2YyX

Many people can be

connected to grids for
cheaper than this

¥
> $3,100

American Household European Household Future Global Household? Indian Household
(30 kWh/day) (10 kWh / day) (4 kwh / day) (2.5 kWh / day)

Storage cost values are based on Lithium lon batteries at $0.35/WH installed, assuming 90% DOD, and 2 day autonomy

: Solar Home System
factor. Battery replacement costs not included.

(0.05 kWh / day)

These battery costwill come down, but even at $16050/kWh the cost/benefit versus a grid connection is challenging.
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The consolidated version of this section:

Autonomous systems (SHS) are
excellent for initial energy access,
but do not scale up well
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Can we solve energy acces:
with clean energy?
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1) Energy access , ., LA 3 )
2) Clean energy Notad 23 NA Re OISNRREmA a2 7F7F
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uncoordinated, and sometime contradictory thinking about optimal solutions.
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The current landscape,feamed along more useful dimensions

No Grid
(autonomous,
discrete energy)

"Most Likely Future"
zone

Energy access axis

Multi-directional grid
Clean energy axis (distnbuted energy)

Only fossil fuel

generation renewflbles

genefation

Centralized grid (mono-directional,
large generation only)

18
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Where different players sit

0 .
< No Grid Solar Lanterns .
®© | (autonomous,

o Currently the only real 8
option for off-grid %
productive power >
(small gensets) o
GCJ "Most Likely Future"
L Zone
Solar-only micro-grids
Multi-firectional grid
Clean energy axis (distributed energy) Rooftop solgr e
Dn!’yfassﬁfue! Hybrid AC gridkintegrable e
. micro-grids
generation renewables
. genefation
® (& fossil fuel developers Progressive uti
, C&l RE developefs
cdmpanies
® (il / Gas Companies Utility-scale RE @
Most African governments, @ developers
donors, DFIs . _ J ‘
Centralized grid (mono-directional,
@ Conservative utlitiy | .
, arge generation only)
companies
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he global future of power

The future power grid will resemble a mesh of distributed storage, generation, and
consumption nodeg rather than its current monedirectional architecture

Old Model
75 A
— !I 2 B3 —) —
[5<)
Fossil fuel Centralised Transmission & Retail/ Customers
Extraction Generation Distribution Supply
New Model
‘ Customers engage @
actively with the market Smart
Meters
Fossil fuel
Generation
..\ Interconnection
»
Transmission & i
NN Retail/ Customers @
Distribution Supply
Distributed
‘ Customers generate Storage
and store locally
T Intermittent }
Renewable i
generation U
20 Energy Distributed

Generation
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nother visual of the same concept
From IEEE

Today's Electricity Tomorrow's Choices

Photwoltalcn

n‘ Combined Heat

Load as a and Power
Resource
Fig. 1. The IEEE's version of the Smart Grid involves distributed generation, information networks, and system coordination, a drastic change from the existing utility

configurations.
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The consolidated version of this section:

Energy access and clean energy
can be better solved by focusing
on building the grid of the future,
UKIFY o0& RIBINARAY
a 22FNRA RE
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The question for Africahow
do we converge?



'/NJ’\(J)\ OFf F2NJ ! TNAOF Qa futleaf$hN) a
global grid, not the old/current model

A Smart Metering
A Distributed Generation
A Distributed Storage
A More Renewables
ExistingGrid A Deregulation Future State of
Architecture in > Global Power
the West System

Bad!
0320QlH X R2

5CL NRA&]0U

NXE
Good!

Parallel African
System,Unique

from the Rest of

Bad! _ the World
(SHS sector risk)
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case study in convergence: telecoms

What has worked:

What we need to be careful of:

AC smart grids everywhere in the world,
except Africa where we have small,
25 autonomous, DC systems?
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The consolidated version of this section:

I TNAOIF Qa O2Y JSNE
energy system Is critical
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PowerGermpower had




400/()reported that

PowerGemower enabled
their children to study
longer hours

940/(hre keen to

consume more power
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Africa electricity sector

% of Population Without Electricity

26-50%
<25%

Source: McKinsey & Company and World Bank.
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There Is enormous potential for growth in the Sdharan

6 OO M people without

power = 100M connections

40% addressable by private
utilities =40M

connections
W

$4Bc $7B

annual market
opportunity







