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o Time to Light up Africa
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o The Journey Begins

MYWORLD
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Understanding the Dynamics
Overcoming the Constraints
Getting the ROI right
Getting the timing right



o What is Off Grid Energy
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Wwith enough renewable technologies you will only need the grid to help pay your bills
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o The Problem

OFTOMORROW

More than 70% of people in sub-Saharan Africa, do not have access to
electricity. Moreover, the majority of this population that lacks access to
electricity service lives in rural areas. Renewable energy-based off grid and
mini-grids (RE mini-grids) solutions offer a significant opportunity to increase
access to reliable electricity services.
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Emerging Mega Cities
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Luanda & Dar Es Salaam
= 2020, Luanda is expected to grow from
4.7 million in 2010 to over 8 million by
2025 forming a mega-city
of high population density and
commercial activity

Lagos and Eko Atlantic City Region

* Lagos’s Eko Atlantic City will merge with == AW .-»“‘/,,/
the city of Lagos to form a future busine o
gateway to Africa—a
mega-region of over 16 million

K"V‘
Abidjan — Accra — Lagos & North South Corridors /"'
« Transport routes across the region will be '\\/,v’

expanded and integrated to create corridor,
trade and inter-

-continental co-operation by
linking mega-cities
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Impact of Urbanisation
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* Energy demand

e Traffic congestion

e Sanitation and health
* Security

e Slums develop
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Forecast of Major Slums in Africa
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Splintered Urbanization

African urban communities will be
comprised of 70% informal
settlement dwellers living alongside
an emerging middle class. similar to
condition in India.

Percentof Urban Residents by Type of
Settlement, Africa, 2020

Not
Living in
Sums
30.0°%%
Living in
Shums
700°%

- ! ad
| 99 4% of country’s

population lives in informal
settlements

s
— Ethiopia
——— 99.4% of
\ © country’s
-~ . population lives
] N1 in informal

Lagos, Nigeria settlements
75% of population

lives in informal settlements Nairobi, Kenya
Kiberato have 1
million-plus

people

Kinshasa, Democratic
Republic of Congo

Luanda, Angola
Cacuaco to have
600,000-plus people =

Maputo, Mozambique
Johannesburg/Pretoria
Soweto

Cape Town, South Africa
Khayelitsha

Soue UNHabtx and Frost & Sulivan analysis
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o Diverse Energy Projects in Africa
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o Many Power Projects for Africa
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Africa power plaogf,, aevelopmen%sf expect

North

Nt

Atlan

Oceal [Desertec] said that a first §
power plant project of some

150 megawatts would be

built in Morocco, possibly

generating power by 2015 or

2016.
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Ghana will be home
to Africa's largest solar
power plant by 2015.
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o South Africa Wind and Solar
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Investment by Country and Sector, 2013 (in USS billions)
China garners 29% of G-20 dean energy investment
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o Water Resource
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Freshwater availability,
cubic metres per person and per year, 2007.

Scarcity
Source: FAO, Nations unies, Stress =
World Resources Instiiute (WRI). [_ ‘—Vulnerabllty
PHLPPE REKACEWICZ [— ] Data non available
RY 2008

o 1000 1700 2500 6000 15000 70000 684 000
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Economic Water Scarcity W\
MTWORSD vA

Bl Physical water scarcity ] Approaching physical water Il Economic water scarcity I Little or no water scarcity.
water resources development is scarcity. More than 0% of river [human, institutional, and Abundant walter resources
approaching or has exceeded flows are withdrawn. These financial capital limit access to relative to use, with less than
sustainable limits]. More thamn basins will experience physical water even though water in 25% of water from rivers
75% of the river flows are wiater scarcity in the near future, nature is available locally to writhdrawn for human
withdrawn for agriculture, meet human demands]. Water PuUrposes.
industry, and domestic purposes resources are abundant relative
[accounting for recycling of return to water use, with less than 25%
flows]. This definition—relating of water from rivers withdrawn
water availability to water for human purposes, but
demand—implies that dry areas malnutrition exists.

are not necessarily water scarce.

L - Physical water scarcity

- Approaching physical
water scarcity

:N- - Econamic waler scarcity
fs‘l Bl Littie or no water scarcity

[] Mot estimated

7

v e

Source: Comprehensive Assessment of Water Management in Agriculture, Z007
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Wind & Solar and Desalination
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Blgwmdnown'

2012 2014 2015 2016 2017 2;;;8 2019 2020
1.

Innovating to Zero

+ Productionof waterasing renewatle windpowrer

+ Useof energy storage to stabilize th e consumption of energy

Future Infragructure Devel ppment

+ Bigwindwil address desalination’s nead forh:gh ene:gy consumption
+ CZomncrioutestowardswater seaurity

FROST & SULLIVAN

Inclustry Initiatives

+ Multiple stad:es a1 renewable
decalinatica kawve been
commissioned by th: World
Bank, resultiag :n the
putlication of ‘Renewable
Energy Desaliration: An
Emerging Solaticn to Close
MENA's Water Gad". (MENA =
Midcle Zzst, Morth &friz)

¢+ GE anzd Saudi Aramco hes
launched = globa innovation
callz nge to irnorove the energy
ef ficizncy of se3swater
desalination, mduiing the use
of rexnewseble energy resources

+ Feasibi ity studies hzve just
begun on combining renewable
energy and dasalization. Thus,
YOIwill only be after 2018,

. Business
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o Sunshine in Africa
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o Diesel & Coal vs Solar for now
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. . . . . Business
Yellow is where Solar wins Blue is where Diesel/Coal win at moment brovahttoueu by Coninexion
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o Diesel figures \'\"4
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Approximate Fuel Consumption Chart

This chart approximates the fuel consumption of a diesel generator based on the size of
the generator and the load at which the generator is operating at. Please note that this
table is intended to be used as an estimate of how much fuel a generator uses during
operation and is not an exact representation due to various factors that can increase or
decrease the amount of fuel consumed.

Generator Size (KWW) 1/4 Load (gal/hr) 172 Load {(gal/hr) 3f4 Load {gal/hr) Full Load {(galihr)
20 0.9 1.3 1.6

0.6

30 1.3 1.8 2.4 2.9
40 1.6 2.3 3.2 4.0
80 1.8 2.9 3.8 4.8
T5 2.4 3.4 4.6 6.1
100 2.6 4.1 5.8 7.4
125 3.1 5.0 7.1 9.1
135 3.3 5.4 7.6 9.8
150 3.6 5.9 8.4 10.9
175 4.1 6.8 a.7 12.7
200 4.7 T.T 11.0 14.4
230 5.3 8.8 12.5 16.6
250 5.7 9.5 13.6 18.0
300 5.8 11.3 16.1 21.5
350 7.9 13.1 18.7 25.1
400 8.9 14.9 21.3 28.6
S00 11.0 18.5 26.4 35.7
&00 13.2 220 31.5 42.8
50 16.3 27 .4 39.3 53.4

.6 Gal = 2.27125 Litres per Hour for

Business

5KVA Diesel price 1 Oct ZAR 12.13 brougn 1o you by Camenion
Electricity 115.32 ¢/kWh e



Real Africa
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o MIT's All-in-One Solar ORC

MYWORLD Provide Heat, Electricity, and Hot Water For African Communities
OF TOMORROW

Sunlight wsonrerssms ~ S0lAr ORC: How it Works

collectors and is concentrated 40-fold SorptsM e S15 Intes nelisne)

Solar Thermal Energy

from the concentrated sunlight is absorbed
in @ heat transfer fluid (HTF) circulating
inside of a heat collection element (HCE - a
selectively ccated pipe with glass
insulation) in the focus of the parabolic
trough collectors. The temperature of the
HTF reaches up to 160°C

Storage
A quartzite pebble bed
tank is used in the HTF
loop between the
collectors and ORC,
both as a thermal
battery and to moderate
temperature changes,
providing a stable
thermal source for the
power block

Electricity i produced inthe
power block by thermadynamic processes
known as the organic Rankine Cycle
(ORC). Using

refrigerant 245fa, the Organic Rankine Cycle
ORC absorbs heat bt
from the HTF in the
vaporizer at high
pressure, while tha
pressure is lowered L - IR
In the condenser

using air fans ; Busines§
Batween the two, an o et Cool Air brought to you by Cmne)“on
expander-gonoralor s "™ is circulated through a heat exchanger in the ORC called the :

extracts work from o

i condenser. Because waler Is often too precious for coolin
the hot vapor while a WoAkg R P ¢

our system uses the ambient air to provide the necessary



CSP Concentrated Solar Power
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Khi Solar One, a 50MW power tower plant on the outskirts of Upington
KaXu Solar One, a 100MW parabolic trough plant near Pofadder

" Business
brought to you by Cq@nnexion
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o Quick Facts
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OF TOMORROW

Two-thirds of the continent's population are not
grid-connected

Kenya has set a target of 16.9GW of solar power
by 2030 Wind plans have changed this

PV sales in Tanzania have been growing at 15%
per year from the last 5 years

In Ghana, the 155MW Nzema Solar Project,
Africa's largest, is in the final stages of financing

oy =T/
{ 2y,

WY
V‘ k\ /‘

Africa has one of the highest solar irradiation
levels in the world, up to 200KMW m®fyear
(Source: NASA)

Uganda targets 61% of energy consumption
from renewables by 2017, up from 4% today

The Nigerian government is looking to establish
a 'silicon valley' style science park to develop a
domestic PV manufacturing industry

Senegal has allocated 120MW of independent
power producer PV capacity to be commissioned
before 2017

) Business
brought to you by C@neXlOn



o Hang on a second

OFTOMORROW

* Around 77% of South Africa's energy needs are directly derived from coal and 92%
of coal consumed on the African continent is produced in South Africa

e Coalis South Africa's third largest source of foreign exchange; Platinum being the
largest and gold second.

* The largest contributor to coal-derived air pollution is household coal usage (65%),
followed by industry (30%) and electricity generation (5%).

e Usage of coal and liquid fuel derived from coal accounts for around 86% of the 113
million tons of CO, South Africa produces annually and represents around 40% of

. . .. Business
Africa's total coal derived CO, emissions brovght o you by Coninexion



o Many factors to consider
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o Energy Efficiency
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Percentage of energy input
that does useful work in
an energy conversion
system

Fuel celir éiearﬁ turbine Human bod
60% 45% 20-28%
;‘“‘rz,w 5 O .
=L -~ == 8= -l
Fluorescent Intemal combustion Incandescent
light enﬁlne light
229, (gasoline) 10% 5%

) Business
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Currently America's large commercial
wywortp  fuel cell producers are:

OF TOMORROW

Plug Power Inc. (PLUG) (market cap: $780M USD)

FuelCell Energy Inc. (FCEL) (market cap: $611M USD)
Ballard Power Systems Inc (BLDP) (market cap: S$540M USD)
Hydrogenics Corp. (HYGS) (market cap: $173M USD)

Bloom Energy

All of those fuel cell startups -- targeting the backup power market -- lost
money in 2013, despite generating substantial revenue.

Business
brought to you by Cq'meXIOn


http://www.nasdaq.com/symbol/PLUG
http://www.nasdaq.com/symbol/FCEL
http://www.nasdaq.com/symbol/BLDP
http://www.nasdaq.com/symbol/HYGS

o Halfway on our Journey

MYWORLD Basis for moving forward.
OF TOMORROW

Solar Bio Wind and Coal have a place

in Hydrogen Generation.

Current Economics has a big influence.

25 Year ROI will not work.

Has to be less expensive than current models.
Fuel Cells seem to be the long term answer.

Business
brought to you by Cgnnexion



o How is hydrogen produced?

OFTOMORROW

 Hydrogen is not a source of energy; it is an energy carrier.
 Before it can be used, it must be separated from the molecules containing it.
 Hydrogen can be produced from water, from hydrocarbons such

as coal, crude oil and natural gas, and from biomass.

Business
brought to you by Cgnnexion



Supply Side Demand Side

OF TOMORROW

Solar PV

SUPPLY =
wWind
MNuclear
Matural i
gas
Turbines,
1C engines
PrOr_eSS‘
DEMAND

Residential

generation

Business
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0 Solar Wind Hydrogen Energy Cycle
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Fuel Ceoll

Water (H20)

‘ Business
brought to you by C@'IHEXEOI'I

Source H-TEC



o Renewable Energy
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CYCLEor

=t al=AWi=1=1=]
Hvdrogen

brought to you by Et&.sinesg
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Indicative Costs of Hydrogen Production W\7¢

(=3

\J

Biomass conversion

CO,-free from natural gas
Surplus nuclear electricity
Wind farms

Solar parabolic trough plants

Source: www.hydrogen.org

4.5

4.6-6

5-7

7.5-15

15-20

VA‘_\/‘
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o But Wait there is more to consider

MYWORLD
OFTOMORROW

Batteries normal have a lifespan of 3 years
The Sun does not shine all the time
Hail damages certain Solar Panels

The Wind does not always blow.
Hydrogen causes embrittlement in many metals

Business
brought to you by CQ'meXIon



o The two Cycles
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Creating Hydrogen (Electrolyser)

Catalyst Catalyst

Oxygen
from
Air
Hydrogen
ﬁfm nk Exhaust

Electrical Current
B Sohatz Energy Ressarch Cehiter

Generating Electricity (Fuel Cell)

Business
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Solar PV Efficiency w\7¢
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Approaches to PV Cell Efficiency

100% M Thermodynamic Limit
- Circulators Solar3D vs. Standard Cell
80% i W Hot Carrier 20 I
~@- Solar3D
M Multijuntion 6 — 25 | -~ Standard Cell
S0 M Thermal, ThermoPV % 20
. S
_ 'Multijuntion 3 =
o 1s
4°°/0 : - —
H Impact Isolation 3
| ~ 10
M Multijuntion 2 8
20% i @ s
Open-converters
B Shockley-Queisser °o 20 ao 60 80 100
0%

Limit Incident Angle of Sunlight (degrees)
Source: Martin Green, University New South Whales
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o H2Generator \\(4

mrworid  Eliminates the Need for an Electrolyzer! '{h

OF TOMORROW

/

Artificial photosynthesis hits milestone Iin
producing cheap, clean hydrogen from

water
\
o, iz
. Water
Anode Cathode

) Business
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Less Solar Cells W\

MYWORLD Before HyperSolar After HyperSolar
OF TOMORROW .

~ NyporSclar™ Layor

Foles Cobs
Bickrrenr

Favil wotrmiog

- Lots of solar cells - Fewer solar cells
< High cost - Low cost

a
ogeg *
10* — 107 PAHS in1 o alumin: 0"
s i om? porous alumina egege

Enbkuged view of individual PAH units Inexpensive baggy reactor with suspended H
PAL units producing 1 bubbles BRI S oD B Business
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Metal-free catalyst outperforms
platinum in fuel cell

Source:

Case Western Reserve University
Researchers from South Korea, Case Western Reserve University and University of North Texas
have discovered an inexpensive and easily produced catalyst that performs better than
platinum in oxygen-reduction reactions.

The finding, detailed in Nature's Scientific Reports online today, is a step toward eliminating
what industry regards as the largest obstacle to large-scale commercialization of fuel cell
technology.

The catalysts are more stable than platinum catalysts and tolerate carbon monoxide poisoning
and methanol crossover."

And, in their initial tests, a cathode coated with one form of catalyst -- graphene nanoparticles
edged with iodine -- proved more efficient in the oxygen reduction reaction, generating 33
percent more current than a commercial cathode coated with platinum generated.

The research was led by Jong-Beom Baek

Business
brought to you by CmneXIOn



=3
0 Diesel-like hydrogen breakthrough (/4

myworlD  rekindles platinum fuel-cell excitement

A\ /
The technology is focused on the safe storage of hydrogen, a frequent energy storage medium. ‘

While existing technologies store hydrogen either under extremely high pressures of up to 700 bar, or in liquid form at —=253 °C,
this technology binds the hydrogen molecules to LOHCs, which facilitate safe, easy-to-handle, high-density energy storage at
ambient conditions, addressing the existing challenges associated with storing gaseous hydrogen.

HydroStore, which stores energy generated from renewables in a power-to-power storage regime, offers flexibility to decouple
input and output power from the storage capacity, making it a widely applicable energy storage system, which contributes to
electricity grid stabilisation and grid independence.

The breakthrough technology has been developed and optimised by Teichmann and the university’s professors Peter
Wasserscheid, Wolfgang Arlt and Eberhard Schliicker, together with their research teams at the University of Erlangen—
Nuremberg.

A new building at the top of the University of Cape Town’s (UCT's) upper campus forms the backdrop to one of
the components of Hydrogen South Africa (HySA) Catalysis Centre of Competence, part of the South African
government’s programme in hydrogen and fuel cells.

UCT Faculty of Engineering and the Built Environment and Mintek, the national research and development
organisation for mineral processing, are among the co-hosts of HySA, which hopes to capture 25% of the global
fuel-cell and hydrogen catalyst market by 2020.

When the fuel-cell technology industry takes off, it is expected to be a multibillion-dollar market,,.. . ..., ggmﬁngi?on



CoBalt-Graphene vs Platinum \\4
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A cheaper catalyst alternative

Can cobalt-graphene catalyst beat
platinum?

October 16, 2012 Contact: Kevin Stacey 401-863-3766

Platinum works well as a catalyst in hydrogen fuel cells, but
it has at least two drawbacks: It is expensive, and it
degrades over time. Brown chemists have engineered a
cheaper and more durable catalyst using graphene, cobalt,
and cobalt-oxide — the best nonplatinum catalyst yet. Their
report appears in the journal Angewandte Chemie
International Edition.

Business
brought to you by Cq@nnexion
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Cheap hybrid outperforms rare metal as \‘\}7

wwonn  Tuel-cell catalyst ~

OF TOMGRROW | 4 ‘ ‘\
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Coal

processing

m — Boron- and nitrogen-doped

Grapﬁite' graphene quantum dots
on graphene

Rice University scientists combined graphene quantum dots, graphene oxide, nitrogen and boron into a
catalyst capable of replacing platinum in fuel cells at a fraction of the cost. lllustration courtesy of the Tour
Group

) Business
brought to you by C@neXlOn



Types of Fuel Cells
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DEFARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

FUEL CELL TECHNOLOGIES PROGRAM

(SOFC) lized zirconia

1202-1832°F

Electric utility
Distributed generation

= Fuel flexibility

= Can use a variety of catalysts
= Solid electrolvte

= Suitable for CHP & CHHP
Hybrid/GT cvcle

Comparison of Fuel Cell Technologies
Fuel Cell Common Operating Typical Stack | Efficiency Applications Advantages Disadvantages
Type Electrolyte Temperature Size
Polymer Perflucro 50-100°C < TKW-100KWW 60% = Backup power = Solid electrolvte re- - Expensive catalysts
Electrolyte sulfonic acid 122-212° transpor- = Portable power duces corrosion & electrolyte = Sensitive to fuel impurities
Membrane typically tation = Distributed generation management problems = Low temperature waste
(PEM) 80°C 359% =+ Transporation = Low temperature heat
stationary | = Specialty vehicles = Quick start-up
Alkaline Aqueous 90-100°C 10100 kKW 60% - Military = Cathode reaction faster = Sensitive to CO,,
CAFC) solution of 194-212°F - Space in alkaline electrolyte, in fuel and air
rotassium leads to high performance = Electrolyte management
hydroxide = Low cost components
soaked in a
matrix
Phosphoric | Phosphoric 150-200°C 400 kKW 40% = Distributed generation = Higher temperature enables CHP | - Pt catalyst
Acid acid soaked 302-392°F 100 kKW = Increased tolerance to fuel = Long start up time
(PAFC) in a matrix module impurities = Low current and power
Molten Solution 600-700°C 200 45-50% = Electric utility = High temperature cor-
Carbonate | of lithium, Mmza-1292°F KW-3 MW = Distributed generation rosion and breakdown
C(MCFC) sodium, and/ 200 kW = Can use a variety of catalysts of cell components
or potassium module = Suitable for CHP = Long start up time
carbonates, = Low power density
soaked in a
matrix
solid Oxide | Yttria stabi- 70O0-1000°C 1 kW-2 MW 60% - Auxiliary power = High efficiency = High temperature cor-

rosion and breakdown

of cell components

= High temperature opera-
tion requires long start up
time and limits

For More Information

More information on the Fuel Cell Technologics Program is available at AttosZiviwn hvadrogenandfuelcelis.energy.gow.

) Business
brought to you by Cgnnexion
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2 to 80 Kw Fuel Cell \\(
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o The Catalyst
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o DC Grid current legislation is for AC

MYWORLD
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Biock Diagram of Photovoltaic Village Power (PV-VP)
A 15kWp PV Mini-grid (typical configuration)

48 x 2V x 1S00AN » 1846Wh

PV area Powerhouse Distribution

. Business
brought to you by Cqmexuon



o High purity Hydrogen generator

OFTOMORROW

Main Technical Specification:
Price ZAR 23,930.32

(1) The purity of produced hydrogen: 99.999%

(2) The output flow: 0-1000ml/min

(3) The output pressure:0~0.5MPa

(4) The power required: The routine alternating current of 220V/50Hz
(5) The peak power consumed:210w

(6) The size of appearance:520x240x450 mm(LxWxH)

(7) Weight:29kg

Business
brought to you by Cq'meXIOn



o Hydrogen Commercialisation
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Transitional Phases

Strong Government RED Rola s

2020

PHASE |

PHASE Il

PHASE Il

PHASE IV

Technobogy Development

2010

Rasaarch 1o mest «
requingments and establish
business case kadi boa

CONTHTIENCESE ZALON OECIion

Initial Marked Penetraticn
Poabis power and stadonang
Fransgpon sysiess begin
commerialzaton;
Infrastruchis invasimast begins
with govermmenlal polices
Infrastructure Investment
H2 powes @nd Fanpon $ysiems
commercialy avalable;

nfrasiraciue bosiness case
raalized

Fully Developed Market
and Infrastructure Phase
HZ posses and ranspon sysiams
commercially meallabia in ol
regions; netioral infrasinucien

ROD&ED

-
i
i
q
{

A Commarcializatien Decigion

Tranzition lo
the Marketplace

Expansion of Markats
and Infrastrusture

i Realization of the Hydrogen Er.mlml>

) Business
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o Network Chain - Value Chain

vyworn Operating Model
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[ Raww Materials,
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Dim ension
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njf e '3'4"?7
) 0

END-USERS

Diagonal

Dimension

. Business
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o The Green and Red Model
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Source

% Storage Fuel Cell
5

U

0 =
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Ei::::: /

m am e

BIOGAS
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o The Green Model over time
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Source

% Storage Fuel Cell
5

U
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m am e
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o Our Journey to be Continued..... W\¢
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Gateways to Growth: Our Stage Gate Model

Gates represents a Decision Making Moment
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o Thank you
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“To enrich communities by making the
impossible possible, through technology”
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Steam reforming of natural gas: Natural gas is reacted with steam to initially form ‘
hydrogen and carbon monoxide. Further reaction forms more hydrogen and carbon
dioxide. Currently, steam reforming of natural gas is the most common method of
producing hydrogen; however, it does result in greenhouse gas (GHG) emissions.

Electrolysis of water: An electric current is passed between two electrodes submerged
in water. Hydrogen accumulates at the cathode and oxygen at the anode. This method
of producing hydrogen results in no GHG emissions. However, if the electricity used
was generated by coal-, oil-, or gas-fired thermal processes, some GHG emissions are
associated with the hydrogen production life cycle. If the electricity used was
generated by hydro, nuclear, solar or wind power, no GHGs are produced or emitted.

Waste stream hydrogen: Hydrogen is a byproduct of some industrial processes such as
the manufacture of sodium chlorate via electrolysis of sodium chloride brine.
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Hydrogen from coal: Coal is first gasified by exposure to oxygen under high ‘ /

pressure. The resulting synthesis gas is then steam reformed in a process similar to
steam reforming of natural gas.

Hydrogen from biomass: Hydrogen is produced from biomass in a process similar
to that used for coal. Biomass is both renewable and carbon neutral.

Biological water splitting: Photosynthetic microbes create hydrogen from water as
part of their normal metabolic processes.

Photoeletrochemical water splitting: Specialized photovoltaic cells convert
sunlight to electricity in sufficient amounts to electrolyse water into hydrogen and
oxygen.

Solar thermal splitting: Concentrated sunlight is used to generate temperatures

high enough to split methane into hydrogen and carbon. i
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o Hydrogen Production
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Hydrogen can be produced locally, at large central plants or
in small distributed units located at or near the point of use.

This means that every community, even remote areas, can
become an energy producer.

When produced using renewable energy sources and
powering highly efficient fuel cells, the environmental
benefits of hydrogen are even greater.

Plus, hydrogen can be produced and stored using off-peak
energy produced by renewable energy technologies such as
solar, wind and tidal generation.

When used with energy efficient fuel cells, hydrogen will
play an important role in extending our current energy
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