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Introduction

A choice between various countries

Each year, Post Master OSE’s students go abroad for a 1-week study 
trip, to grasp the energy panorama and issues in a foreign country. 
This year, we have chosen one of the most surprising country, South 
Africa.

First feelings

To discover a new country from an energetic point of view, it’s great 
to visit and exchange with local specialists, energy producers or 
major consumers, but speaking with ordinary people can also bring 
a lot of information. These first feelings came from some informal 
exchanges during the very first days after arrival, prior to professional 
meetings. 
Arriving at Johannesburg’s airport on Saturday’s noon, our trip began 
with a journey through the north-east of the country, from Jo’burg 
to Swaziland’s border and Kruger National Park in a 6-hour roadtrip. 
This trip went through the heart of the Mpumalanga province. 
Especially in an area called « Emalahleni », which is for « place of 
coal » in Zulu (formerly called Witbank) we had the feeling that 
people from Saneri were right: « We have coal and that’s all! ». Coal 
mines, power plants and huge factories are localized there, in the 
same way as the first cities were localized around gold mines, sugar 
factories at the end of the sugar cane’s fields or paper industry near 
the Forest Mountains. South Africa’s industry grows at the rhythm of 
its resources, which are huge! 
But even there a lot of problems to be faced by the country are just 
round the corner: coal is transported by road because the railways 
failed to be efficient enough; or power generation is concentrated in 
that very area. One other point is the very cheap energy, paying 0, 
75 € for one liter of oil, or a cheap pre-paid electricity around 0, 32 € 
per kWh, it’s not exactly a problem for the customers but it prevents 
the system to move towards sustainable energy, renewables or 
carbon sequestration.
Finally in the Kruger Park we found some green energy but in 
microscopic units like a water pump. These first feelings were 
obviously subjective but a good teaser to discover which challenges 
South Africa is facing in its way to grow and develop in a sustainable 
way.
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Geography

located in the southern part of 
the African continent, the South 
African republic is 1 219 912 km², 
more than two times the French 
country. Surrounded, from North 
to East, by Namibia, Botswana, 
Zimbabwe, Mozambique and 
Swaziland, the country is more 
than 1500 km long on its longest 
side. South Africa is divided in 
nine provinces presided by the 
president of the republic. Pretoria 
is the administrative capital, Cape 
Town is the legislative one and 
Bloemfontein is the judicial one.

Population

South Africa population is about 
49 million inhabitants. Most of 
them are black people, accounting 
for 79%; white and half-blood 
communities are in minority, 9% 
for each ethnic. 
Apartheid has considerably 
affected the population, in 
particular in the education field. 
Even though the government 
made huge efforts to permit 
black people to have access to 
education, expenses for education 

are four times lesser for black 
than for white. Today, 50% of the 
black population is still illiterate.

Political evolution

The country has known several 
periods of domination from 
European populations. The first 
ethnic to occupate these lands 
were the Khoïsans, 40 000 years 
ago.
The European history began with 

the landing of Bartolom Bieus in 
1488 and Vasco de Gama in 1497, 
two Portuguese navigators. In 
1652, some of them settled for 
trading purpose with Jean van 
riebeeck. First contacts with local 
populations started from 1770. 
These contacts were immediately 
conflicting. In 1779, the first of 
the nine Cafre war began. They 
will last until 1878.
dutch left the African lands to 
British in 1806. After their defeat 
in 1879, the British took their 
revenge during the second boers 
conflict where concentration 
camps first appear. 
In 1948, the national party 
won the general elections. New 
Prime Minister, daniel François 
Malan, started the policy of the 
apartheid. This period lasted 
until 1990 when new president, 
Frederik de Klerk legalized the 
ANC, all black movements and 
freed all common criminals like 
Nelson Mandela.
In June 1991, the government 
abolished the last apartheid law 
and started a transition period. 
On April 27th, 1994, the first 
multiracial elections took place, 
electing Nelson Mandela.

South Africa Through maps
SOUTH AFRICA

Map source: Central Statistical Service, 2000 (1994 census)
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SOUTH AFRICA

South Africa has 11 officials 
languages, among which the 
most spoken are English, 
Afrikaans and Zulu. Four-fifth of 
the population is Christian, and 
10% are animists.

Resources

South Africa is a surprising 
country, with a huge bench of 
natural resources (figures from 
2002).

South Africa energetic profile

South Africa (SA) is facing 
the challenges of developing 
countries: energy and power 
demand, driven by the fast 
growing economy and industry 
in all parts of the country, are 
sharply increasing and even 
exceeding production although 
grid access is still limited to 
75% of households. dealing with 
the situation the government 
promotes electrification 
programs, confronting itself 
to the significant distances 
characterizing this majestic 
country. At the same time, 
South African concerns join 
the occidental preoccupations 
of environment conservation, 
emissions reduction and 
sustainable power production. 
These two views combine and 

offer a particular context for all 
the present actors in the energy 
sector of South Africa.
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Primary energy

South African economy is 
extremely dependant on coal. 
Coal produces more than 90% 
of national power, more than 
30% of national fuel demand 
(via the Coal-to-liquid process). 
Moreover, the nation is the 4th 
world biggest coal exporter. 
Other energy sources are the 
traditional fuel product (South 
Africa is importing crude oil and 
refining it inland), renewable 
energies and nuclear: the 
proportions of each in the 
primary energy mix are given on 
the folowing Figure. 

As a consequence of this mix, 
SA is ranking 13th largest CO2 
polluter worldwide. The major 
contributors are Eskom, the 
national power company, Sasol 
and PetroSA.

Oil, gaz and synthetic fuels

Synthetic fuel is an important 
sector in SA leaded by the 
public company PetroSA 
and Sasol, an important 
petrochemical company. PetroSA 
(The Petroleum, Oil and Gas 
Corporation of South Africa 
(Pty) limited) operates South 
Africa’s assets in the petroleum 
industry, continuously exploring 
new opportunities in Africa. The 

corporation owns also refinery 
utilities and one of the biggest 
Gas-to-liquid facilities in the 
world (in Mossel Bay, Western 
Cape). Sasol is a private listed 
company owning the only Coal-
to-liquid facilities universally 
known. 

Electrification 

In 1994, studies evaluated 
the number of non electrified 
households to 6 millions. 
Since, government act 
through numerous programs 
of electrification, declaring in 

2000 the social right of power 
and water access and fixing the 
objective of universal access by 
2010. The rate of electrification 
reaches today 75 % of the 
households on the whole South 
African territory, with strong 
variations according to regions 
(from 60 % in the Eastern Cape 
to 86% for the Western Cap). It 
also amounts to approximately 
88% of the households in urban 
areas against only 55% in rural 
areas or in township. In these 
areas the main obstacle to the 
electrification is the illegality and 
the precariousness of housing.

Electricity

South Africa owns the most 
important power fleet of 
the continent. In 2007, the 
production reached 266 TWh for 
an installed capacity of 43 650 
MW (approximately 40% of the 
installed capacity on the African 
continent).

The coal is at the origin of the 
great majority (94 %!) of this 
production, completed by a 
nuclear power plant (Koeberg, 
1800MW), as well as by the 
renewable production.

SOUTH AFRICA

Power production mix
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SOUTH AFRICA

development of new capacity 
was made at a reduced rhythm 
since 1994, giving priority to the 
program of electrification. Today, 
because of the growth and the fast 
industrialization of the country, 
the production is insufficient. 

In January 2008, numerous 
power outages throughout all 
the country revealed the energy 
crisis in which the country was 
swallowed. The government 
and the national company have 
since launched vast programs of 
energy efficiency, demand-side 
management and development 
of installed capacities. Their wish 
is to diversify the energy mix to 
decrease the carbon footprint of 
the fleet, counting in particular 
on the renewable energies and on 
the nuclear power. They also seek 
to attract international companies 
in the energy landscape, this was 
up to now impossible because 
of the crushed electricity prices, 
South African prices being 
among the lowest in the world 
(approximately 0.027 $ /kWh). 

These are going to increase, 
accordingly to the massive needs 
of investment in the next years.

The national utility Eskom 
produces 97 % (the rest being 
produced by communities and 

industries or imported from the 
South African Power Pool) of the 
national electric demand and 
also operates the high-voltage 
transmission lines (more than 
300 000 kilometers of lines).

The supply of electricity is directly 
made in 55% of the cases or 
by means of the municipalities 
(45 % of the cases). An SA 
particularity is the prepaid pricing 
of electricity. Indeed, in the rural 
zones or in the townships, certain 
households use a system of 
prepaid cards giving them access 
to electricity consumption.

South African Power Pool 

Set up in 1995 the South African 
Power Pool (SAPP) gathers today 
Angola, Botswana, lesotho, 
Malawi, Mozambique, Namibia, 
Swaziland, Tanzania, Zaire, 

Zimbabwe and South 
Africa. This pool is 
based on cooperation 
principles linking 
the various electric 
operators to increase 
their reliability and 
minimize their cost. 

Fifa World Cup 2010

This panorama can 
seem poorly reassuring 
for the world football 
fans… These can feel 
at peace, everything 
is organized to insure 
the event. We learned 
that, according to the 
Fifa regulation, every 
stadium welcoming a 
game has to be provided 
with its own power 

production (mainly by diesel 
engines), independently from the 
network. Eskom has nevertheless 
strengthened the lines around 
each of these stadiums, prepared 
in case of a possible breakdown 
of these autonomous systems. 
Finally, numerous agreements 
were specially concluded with 
SAPP members to guarantee 
the electric supply in any 
circumstances.  Here, we are 
safe ! 

National transmission grid
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Topic: 
Renewable Energy in South 

Africa

Speaker: 
Tony Surridge, Sr manager of 

Fossil Fuels Department 

Context
South Africa is a coal-based 
country. Coal reserves are 
estimated to 55 billion tons. If we 
assume an energy consumption 
growth of 1.8%, the peak coal is 
estimated to appear in 2050. 
Why going towards rES 
(renewable Energy Sources)?
- To anticipate the after coal 
peak in a context of growing 
consumption.
- To enforce and diversify 
energy supply: fossil fuels and 
nuclear are banked energies but 
resources are limited; rES are 
sustainable flux energies but 
can’t be stored. 
- To create jobs and sustain the 
country economy
- To act for a sustainable 
development: mitigation. 
“If climate change didn’t exist, 
we should go for rES anyway” 
Tony Surridge.

Existing rES plants:
- Hydropower plants: 2 pumped 
storages and 2 dams (cf. Palmiet). 
No more resources available for 
further development inland.
- Wind energy: darling wind farm 
(100 MW)

Perspectives
rECOrd (renewable Energy 
Centre fOr research and 
development) focuses on near 
commercial technologies for 
which it can add values to 
international researches and 
which can be applied in South 
Africa while supporting its natural 
resources. 
- Solar PV – silicon thin films: 
high solar potential but high 
economic cost for harnessing.
- Solar water heaters: still costs 

between r10, 000 and r30, 000 
to install on your house.
- Ocean energy
- Bio energy 

Topic: 
Clean Coal Issues / CCS 

(Carbon Capture and 
Storage) in South Africa

Speaker: 
Tony Surridge, Sr manager of 

Fossil Fuels Department 

Context
South Africa is a coal-based 
country. Plant lifetime is about 
40 to 60 years. New coal-fired 
electricity plants are expected 
(Mudupi, Kusile). 
CCS can be used to reduce GHG 
emissions: the major technique 
is injection of carbon dioxide into 
geological formations. There exist 
diverse technologies for capture 
e.g. chemical-
amine, and 
different types 
of reservoirs: 
depleted oil/
gas fields; un-
minable coal 
sites but this 
latter option 
sterilises coal for 
later exploration; 
deep saline 
aquifer but 
p o l l u t e s 
u n d e r g r o u n d 
water. 

Perspectives
Theoretical storage capacity in 
South Africa: 104 billion tons.
Current estimated cost: $US 50-
70 per ton of CO2
Agenda: 
- 2009: creation of a centre for 
CCS
- 2010: publication of a geological 
atlas
- 2016: tests of injection
- 2020: demo plant
“CCS in developing countries will 
not be possible without a carbon 

market (Clean development 
Mechanism)”, said Tony Surridge

Topic: 
Smart grids

Speaker: 
Minnesh Bipath, Sr manager 
of Energy Infrastructure and 

End Use.

“Smart grid is defined as a broad 
range of solutions that optimise 
the electricity value chain” 
Electricity advisory committee, 
USA, dec. 2006.
Integration of two infrastructures: 
electrical and telecom.
Context
For the first time, in 2008 
electricity expenditures exceeded 
revenues. In 2006, outages in 
South Africa costed r50 billions.
- Primary energy cost increased 
by 24% over the last four years 

including transport, peaking 
stations used for base load.
- Additional costs due to climate 
change (CCS – Carbon Capture 
and Storage)
- OEM (Original Equipment 
Manufacturer) cost increase
- lack of competent skills: 
competences often go for high 
paying industries e.g. banking or 
abroad (USA, China). 
Electricity in South Africa is in a 
declining state: no real decisions 
to build new power plants, no 

Activity overview : South African National Energy Research Institute

SANERI
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clear directions.
“If you don’t know where you 
are going, it doesn’t matter 
which path you take”  Alice in 
Wonderland.

Smart Grid drivers:
- Growing demand for energy
- Energy independence
- Greenhouse gases reduction
- Need for economic growth (job, 
business)
- Policy and regulation: rEFIT, 
Energy Efficiency and demand 
Side Management targets, 
Copenhagen targets
- Technological advancement
- Increased efficiency through 
grid optimisation
- Advanced consumer services
- Infrastructure reliability and 
security

Perspectives
Smart Grids is an opportunity 
for South Africa: for the 
energy sector, and beyond 
that for the economy vitality. 
However, although demand-side 
management is crucial to take up 

the power challenge, one should 
note that about half of the rural 
households don’t have access to 
the grid.

Topic: 
Energy Efficiency in Buildings

Speaker: 
Mr. Chris Cooper

Nowadays, energy efficient 
structures are built everywhere in 
Europe, as many energy efficiency 
policies have been developed. 
In South Africa, bigger issues 
remain to secure energy facilities 
and build a better electricity grid. 
Nevertheless, the SANErI team 
aimed at anticipating future 
policies and at convincing the 
local communities that energy 
efficient houses could be built in 
South Africa, considering small 
additional costs (+8%).
According to Mr. Chris Cooper, 
some features of CEF new 
building are:
- double glazing, especially 

SANERI 

Topic: 
NEEA initiatives in South 

Africa

Speaker: 
Barry Bredenkamp, Head of 

NEEAS.

Context
demand has been exceeding 
power supply for several years: 
- residential demand 35.1% vs 
consumption 17.2%
- Industrial demand 35.4% vs 
consumption 37.7%
New capacities are expected to 
be operational by 2015. 
Core business: EEdSM (Energy 
Efficiency and demand Side 
Management)

Activity overview: NEEA (National Energy Efficiency Agency)

designed for CEF windows
- Enhanced roof and ceiling 
insulation, 
- Optimized structure of the whole 
envelop, with special attention to 
future PV project
- Solar Water Heater on the roof
- Centrally controlled air 
conditioning system
- More efficient elevator (60% 
reduction compared to typical 
consumptions)
Net consumptions of such a 
building are about 164 kWh/
m²/year, which is sensibly less 
than the future 200-kWh/m²/
year limit given by SA future 
government policies regarding 
new buildings. However, Chris 
Cooper believes that the CEF 
building energy efficiency can 
largely be improved, since air 
conditioning is still used 24h a 
day and 15 kWh/m².year are 
required to power the server 
room at night

demand side options:
- Pricing currently very 
cheap in South Africa, has to 
double in the next 3 years. 
Currently r0.15/kWh for 
commercial and industrial, 
r0.60/kWh for residential
- Power buy back: diesel 
generators commonly used by 
small businesses or individuals.
- load shedding
- load reduction
- Power conservation: program 
which states that one has to 
decrease ones consumption by 
10%; if consumption exceeds the 
cap, one has to pay a penalty.
- Public awareness: many 
different languages and cultural 

differences make the awareness 
and education more difficult
- demand side management:
    o Energy efficiency: tableau 
  o load management: ripple 
control and peak clipping
Perspective: smart metering 
required now but technologies 
and equipments need to be 
imported and South Africa is far 
away from manufacturing places 
(Europe, China)
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PHAMBILI ENERGY

Phambili Energy
Phambili Energy is a South Afri-
can company which brings on an 
innovative solution for energy ac-
cess to isolated African villages. 
Its business model is based on 
the deployment of small-sized, 
biomass-based generators in 
house.
Africa has one of the lowest elec-
trification rates in the world: 
80% of the African population 
has no access to electricity and 
most of the connected areas are 
urban areas ; in rural areas, 98% 
of population has no access to 
electricity. low population den-
sity and lack of financing make 
it impossible for every village to 
rely on centralised power gener-
ation utilities through large and 
extended grid. Therefore, in the 
first time rural electrification in 
Africa will certainly rely on small-
er decentralised power genera-
tion units.
Today, African villages are es-
sentially dependent on biomass. 
The main energy carrier remains 
charcoal, which is mainly used 
to produce heat for cooking. The 
use of this resource, generally 
not optimised, has already led 
to severe deforestation and de-
sertification problems. The es-
timated South-African charcoal 
production is 205 000 tons per 
year, 34% of which are used by 
households, 42% by industry and 
24% are exported (for barbecue 
market).
Phambily Energy’s business mod-

el consists in providing energy to 
rural areas essentially for cook-
ing, which is the major energy 
use, by using the traditional fuel, 
namely biomass. It can also fos-

ter economic growth by opening 
new markets to rural areas.
« An African solution to an Afri-
can problem »
The development scheme plans 
to install a charcoal production 
plant which would cover the vil-
lage’s fuel needs. The process in 
this plant consists in transform-
ing pre-treated biomass, which 
has been mechanically com-
pacted, in a solid, high lHV fuel. 
Biomass for this plant can come 
from savanna grass, agricultural 
residues, wood and invasives. 
These products are first mixed, 
then dried and compacted in the 
plant before being transformed 
into charcoal in a furnace. This 
high-temperature transforma-
tion of biomass produces char-
coal, along with a synthetic gas 
and pyrolysis oils, which can be 
valorised in the production chain. 
Gases are burnt to produce the 
heat in the furnace and a part 
of the heat is used in the dry-
ing process. The pyrolysis oils 
produced by the process can be 
used instead of diesel to produce 
the pellets. The plant’s capacity is 
200 tons of charcoal per year and 
700 tons of biomass are used.
Households’ energy needs are 
covered by a small cogeneration 
unit using charcoal and called « 
Phenix ». It is a 5 kW unit made 
up with a charcoal combustion 
chamber and a heat loop associ-
ated to a 33W electricity genera-
tor. It can cover a family’s needs 

for cooking (two hot 
plates), electricity, heat 
and can even be used to 
purify water.
The business model also 
relies on a complete 
cooperation between 
Phambily Energy and 
the villages. The con-
struction of a charcoal 
plant in a village and of 
several Phenix units in 
households can help en-
ergy independency and 

produce electricity locally 
for lighting and little electrical 
equipments. These new products 
improve the use of the resource 
and open new development per-
spectives. By selling the surplus, 

charcoal can induce incomes and 
open a new economical path to 
these rural areas. These equip-
ments are financed by Phambily 
Energy, which retributes itself by 
taking a percentage on the pro-
duced charcoal. Villages become 
owner of the equipments after 
five years of use, and Phambiliy 
Energy is responsible for selling 
the charcoal produced in excess.
This rural electrification scheme 
seems to perfectly fit the needs of 
African villages. It relies on tra-
ditional resource and opens the 

way to a better economic devel-
opment with a better local adop-
tion by communities. Phambily 
Energy has been supported by 
the South African government, 
and the deployment of 122 Phe-
nix units and one plant is under-
way in a community. let’s hope 
that this first realization serves as 
an example. For more informa-
tion : www.phambili-energy.co.za
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OASIS WATER

A South African success story

Oasis Water is a franchised busi-
ness operation funded in 2003. 
Employees of the Johannesburg’s 
franchise welcomed us warmly 
and thus allowed us to discover 
the smart business model of the 
company and understand the 
techniques used to purify water.
Business model
Oasis Water aims at answering 
the issue of the need for a reliable 
and clean water source. Based on 
the assessment that South Afri-
can municipal water is heavily 
polluted in some areas (e.g. by 
un-dissolved and dissolved sol-
ids, pesticides, bacteria, sodium, 
chlorine), the key idea is to buy 
this municipal water, then to pu-
rify it, and to sell it in the end. 

Water is sold directly to custom-
ers in retail stores which are fran-
chisees of Oasis Water company. 
As far as the retailing is con-
cerned the key idea is: the first 
time you buy water at Oasis you 
pay for the water and the bottle. 
The next times if you come with 
your empty bottle, you only pay 
for a refill at a very lower price. 
This concept is on the one hand 
eco-friendly and on the other 
hand very economical for cus-
tomers (whereas a 5-liter can 
of standard mineral water costs 
between r16 and r25, a refill of 
Oasis’ water only cost r4).

Innovation goes beyond, since 
Oasis’ water is ozonated (i.e. 
molecules of O3 are added to 
Oasis’ beverages). Ozonation 
first allows to kill bacteria and 

viruses. Furthermore ozone can 
provide direct benefits to the 
customer body : 
- Ozone is a powerful oxi-
dizer, it neutralizes free radicals 
or positively-charged particles.
- Ozone increases the up-
take and utilization of oxygen by 

stimulating the formation of anti-
oxidant enzymes.
- Ozone improves blood cir-
culation thus enabling more oxy-
gen to reach the cells.

This concept has been varied into 
several products since Oasis Wa-
ter currently retails still water, 
sparkling water, flavoured spar-
kling water and juices.
N.B. : Oasis Water’ stores are 
also collecting points for recy-
cling plastic bottles.

Water purification techniques
The “polluted” municipal water 
is purified using a row a several 
standard methods plus reverse 
osmosis and ozonation.
After being stocked in a tank, 
water is de-polluted thanks to 
the following steps :
- Sand filtration : it re-

moves dirt and un-dissolved sol-
ids
- Carbon filtration : it re-
moves hormones, pesticides, 
chlorine and organic chemicals
- Element filtration : a row 
of 5 micron and 1 micron ele-
ment filters respectively remove 
un-dissolved solids of size up to 5 
micron and 1 micron
- reverse osmosis : tanks 
to a membrane which pore size is 
0.001 micron, this steps allows to 
remove sodium and 98% of un-
dissolved solids
- UV treatment : sanitizes 
the water
 

Then, before being retailed, water 
is ozonated so as to kill remaining 
bacteria and viruses and to pro-
vide water the healthy character-
istics described above.

Some key figures
Cost of a refill : r 80c/l.

Production of the Johannesburg 
franchise : 100,000 l/month 
(max. capacity : 320,000 l/
month).

Business expansion: 110 stores 
in South Africa (March 2010).

Conclusion
Based on an efficient and innova-
tive business model Oasis Water 
is growing faster and faster in 
South Africa, and begins to ex-
pand in Botswana. The simple 
techniques that are used to pu-
rify water allow to retail sanitized 
water at a very economical price. 
Thus Oasis Water plays a great 
role in the process of improving 
the access of affordable sanitized 
water.
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Key facts

Formed in 1950, Sasol is an 
integrated chemical and energy 
company. Its main activity, started in 
1955, is the synthesis of liquid fuels, 
fuel components and chemicals 
from coal. This is based on the 
Fischer-Tropsch (FT) process, which 
is the company’s property. Sasol 
extracts coal in South Africa and 
also performs the FT process with 
gas produced in Mozambique and 
oil in Gabon. This old 
and strong experience 
in this activity makes 
Sasol one of the world 
leading companies in 
this business. Sasol 
refines imported crude 
oil as well and retails 
liquid fuels in its network 
of convenience centres. 
With its international 
subsidiaries, Sasol is 
pursuing a strategy 
of commercialising its 
gas-to-liquids (GTl) 
and coal-to-liquids 
(CTl) technologies: it 
started up a GTl plant in 
Qatar and has another 
one in development 
in Nigeria, both in 
partnership with local 
oil companies.

Sasol operates in 
about 30 countries 
and employs almost 
30,000 people, most 
of which in South 
Africa. Privatised in 1979, Sasol is 
listed on the JSE in South Africa, 
and the New-York Stock Exchange. 
Sasol has a market capitalisation 
of almost US $40,000 and realised 
in 2008 a turnover of about US $ 
18,000. The first CTl complex was 
launched in 1955 in Sasolburg and 
another one was commissioned in 
the early 70’s to face the growing 
demand and started to operate in 
1976 in Secunda, which holds its 
name from this historical fact: it 

is the second CTl plant of Sasol. 
Since then, another CTl plant was 
built in Seconda, and the city is now 
equipped with 2 very similar plants, 
both bigger than the Sasolburg one.

Our visit

Our visit at Secunda was very 
comprehensive and was organized 
in 2 main steps. We were welcomed 

at Sasol Coal Supply (SCS) where 
we highlighted the coal supply 
issue and had a tour around the 
infrastructures. We then moved to 
Sasol Shared Services for a broader 
presentation of the company and 
ended the day with a general plant 
tour.
We were first received in SCS offices 
by Abrie Eckard, Manager at SCS. 
Abrie and two of his colleagues 
gave us a broad presentation of 
SCS and the way it works. SCS is 

SASOL

SASOL

the upstream part of Sasol which 
produces coal and supplies the 
synfuels factories 24/7. The site of 
Secunda was precisely built close to 
coal mines and SCS today produces 
coal in 6 mines, the furthest being 
at about 30 km from the site. SCS 
has a long term supply contract with 
the synfuels factory, running until 
2050 under the same conditions. 
SCS started its mining activities in 

1975 and today extracts 
more than 40 million 
tons of coal per annum, 
which amounts from 1975 
to up to 1 billion tons 
already extracted. The 
coal extracted from each 
mine is stored in a specific 
stockpile. The coal then 
undergoes the process of 
blending which consists in 
homogenizing the inputs 
for the factories. South 
African coal is generally 
of bad quality: after 
burning, 35% of its mass 
is ashes. They are stored 
on site, and this is why 
MPumalanga has become 
mountainous recently! 
Since the coal produced 
by the mines is of different 
quality, the coal is blended 
on the stockpiles to reduce 
the variability in the quality 
of the coal that is fed to the 
plants. A coal blend plan 
is prepared on a weekly 
basis to reduce these 

variations while adhering to the coal 
feed requirements from the plants. 
These stocks are “livestock”, that is 
to say the coal is directly available for 
the factories. There are 3 stockpiles 
for each factory, containing more 
than 700,000 tons each. There is 
also a strategic stockpile, amounting 
to more than 2 million tons in case 
of supply default. The conveyors 
supply the factory at a 6000 tons/hr 
flow. The idea is to keep the bunkers 
of the mine empty and those of the 
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SASOL

factories full. This process is 
monitored in the control room, which 
we also visited. It is important to 
keep in mind that a significant part 
of the coal produced is exported to 
Europe and SCS even exceptionally 
supplied Eskom with 8 million tons 
in 2005.

After this presentation we had a tour 
around SCS infrastructures where 
we could realize the amazing size of 
stockpiles and length and speed of 
the conveyors!

Then, the visit continued to Sasol 
Shared Services where Maureen 
Mboshane gave us a comprehensive 
presentation of the group, putting 
the emphasis on Sasol main activity: 
the synthesis of petrochemicals 
from coal, from the Sasol owned 
FT process. The different steps of 
the process were detailed. At the 
end of the day, the two factories 
of Secunda can produce 155,000 
barrels equivalent per day in terms 
of refined products, consisting at 
52% of petrol, 26% of gasoil and 

11% for internal customers. As a 
comparison, the new GTl plant 
in Qatar produces 30,000 barrels 
equivalent per day.

regarding our specific concerns 
in terms of energy and water 
consumption, a liter of synfuel 
requires 12 liters of water to be 
produced. The electric needs for the 
whole complex in terms of power 
are 1250 MW (only 15kW for SCS) 
and 400 of them are produced 
locally (with coal obviously), the 
rest being supplied by Eskom 
through the national grid. One of 
the strategic developments of the 
group is to increase the level of 
electrical independence. Besides, 
we were all very impressed with 
the numerous cooling towers, 
which are actually necessary all 
along the process, but in particular 
for the steam generation and the 
oxygen production which amount 
to 40 tons per day!

This visit in the number one 
industry of the country was 

fascinating and we would like 
to thank sincerely Sasol’s warm 
welcome and very interesting tours 
and presentation.
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University UWC 

As postgraduate students, one 
of our major achievements is to 
give a talk during the study trip. 
This year, the talk focused on 
“Water Use in Energy Systems: 
a Sustainable Approach?” and 
was given at Western Cape 
University in Cape Town in front 
of an audience composed of 
students and professors of the 
Geohydrology department. The 
University and the students have 
been introduced by Prof. Yongxin 
Xu, a Hydrology Professor and 
the holder of the Unesco Chair 
in Geohydrology. Among other 
responsabilities, he is in charge 
of several training and research 
projects, and together with his 
team he especially focuses on:

- Fractured rock aquifers
- Protection of groundwater 
resources
- Interaction between ground-
water and surface water bodies
- Social economical values of 
water resources
- Integrated management of 
water resources

South Africa is subject to a very 
important hydric stress. Its 
industrial development in the field 
of energy is almost exclusively 
based on coal: from coal power 
plants for electricity production 
(90% of its production) to coal-
to-liquid (CTl) industries for 
fuel production; both of these 
industries are very demanding 
in water. Beside this, in the 
next few years, South Africa 
will have to face an increasing 
energy demand, combined with a 
demographic expansion, making 
the water issue even more 
critical.

The talk was introduced by dr. 
Gilles Guerassimoff, head of 
Mastere OSE. He first presented 

Mines ParisTech 
and its Applied 
Mathematics Centre 
(CMA), to finish with 
the Mastere OSE 
program and its students.

This brief introduction was 
followed by the students’ talk: 
“Water Use in Energy Systems: 
a Sustainable Approach”. The 
students wanted to give a specific 
direction to the talk starting with 
a state of the art regarding water 
consumption in the whole energy 
chain: from mining extraction 
to electricity production through 
transformation processes of 
raw material. To go towards a 

panel of possible technical and 
managerial solutions has been 
considered, which consider water 
and energy managements not 
independently but as tightly 
dependent. Finally an overview 
of prospective studies, which is 

one of the major research field of 
CMA, has been presented.

The discussion that followed was 
the occasion for students and 
professors to exchange about 
addressed issues. One of the 
most discussed issues concerned 
surface water and groundwater 
pollution as a consequence 
of mining industry (coal and 
uranium) activities in South 
Africa.

Mastère OSE presentation: «Water use in energy systems : A 
sustainable approach ? » at UNESCO Chair in Geohydrology of 
the University of the Western Cape. 
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ESKOM

Eskom company
Eskom is the main South African 
electricity company, founded in 
1923 by the electricity supply 
commission.  It generates 
about 95% of the South 
African electricity  and 44% of 
the electricity on the African 
continent.  Eskom is a parastatal, 
and one of the ten major 
electricity companies worldwide 
and counts approximately 4.3 
million customers.
Eskom also operates on electricity 
transport and sells principally 
to municipalities which are 
responsible for distribution. 
The selling prices are set by a 
national regulatory commission: 
the National Energy regulator. 
Electricity production is 
undoubtedly dominated by 
coal-fired power plants, which 
represent 90% of electricity 
production, the other 10% 
is provided by nuclear power 
plant (6%), gas power plants (4 
units), dams or pumped storage, 
geothermal plants and wind 
turbines. 
The following table presents the 
different types of power plant 
throughout the country (Source: 
Eskom):
The installed capacity in South 
Africa is about 45 GW. The 
current peak demand is about 
the same quantity, and is steadily 

increasing. Therefore in the short 
term, the demand would even 
exceed the  supply capacity. 
Contrary to the French system, 
which has access to the 
European electricity market to 
ensure supply capacity, South 
Africa cannot benefit from an 
extended, transnational power 
grid (the SAdC - Southern African 
development Community – has 
got many projects, but there is a 
long road to the achievements). 
In this context, facing this 
increasing demand, Eskom is 
developing new projects including 
new power plants and “return to 
service” stations (power plants 
on re-commissioning after being 
mothballed in 1990).
Although this situation is critical, 
Eskom is still exporting electricity 
to other countries, due to long-
term contracts. On the other 
hand, South Africa also imports 
a small quantity of electricity 
from Mozambique. In addition to 
production capacity, Eskom and 
South Africa have to face serious 
problems of power transmission: 
because of the nature of the fuel 
(i.e. coal), the plants are located 
near the mines, most of them in 
Mpumalanga province. 
This grid must manage both 
the local congestion and the 
transport of electricity over long 

distances. The South African 
power grid consists of 390,000 
km of lines, from  132V to 765 
kV synchronised at 50Hz. Among 
them, 27000 km constitute the 
transport grid.
Not only the use of coal 
as main energy source for 
electricity generation creates 
grid management issues , it 
also grants the South African 
electricity a terrible carbon 
footprint.
Projects 
In order to respond the 
demand, a massive increase of 
the installed capacity is being 
expected. Eskom plans to double 
it  by 2026 in order to reach 80 
000MW installed. Key projects 
include: Medupi (2012 - Coal , 
dry-cooled - 4800 MW, limpopo 
province), Ingul (2013 - STEP 
- 1400MW, border Free State – 
KwaZulu Natal), Komati (2011 
– Coal, return to Service - 965 
MW, Mpumalanga), Grootvlei 
(1200 – Coal, partly dry-cooled 
- 1200MW, Mpumalanga)... 
Constructions of new nuclear 
power plants in the western part 
(Western Cape province?) of the 
country.are also considered 
In the past, South Africa used 
to produce  enriched uranium 
; however, given the limited 
number of purchaser, this activity 
has been neglected. If new 
nuclear facilities are developed, 
the country may carry out this 
activity again.
And what about the 2010 World 
Cup?
Today, offer can barely keep 
up with demand, so we may 
believe that the Football World 
Cup could lead to catastrophic 
situations (chain outages?). 
Nonetheless Eskom claims to 
have introduced “secure means”. 
FIFA anyway requests that each 
stadium have its own generator 
and be connected to the grid 
to compensate for a possible 
malfunction of the latter.
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ESKOM

Alsthom (conventional island) 
and Framatome (ex. Areva, for 
the nuclear part). It has been 
grid-connected on April, 4th 
1984.

Both 900 MW reactors are PWr 
(Pressurized Water reactors) 
and are the only ones built on 
the African continent. The yearly 
average production of the site 
is approximately 13.668 GWh. 
Initially planned for 40 years of 
operating time, lifespan has been 
extended by another 10 year 
period.
Particular attention is paid on the 
preservation of wildlife around 
the site, and on the control of the 
temperature of discharged water.
At the time of our visit,the station 
was on maintenance, thus we 

located 30 km from Cape Town 
by the seaside, the Koeberg 
nuclear power station is the only 

nuclear facility in the country. Its 
construction began in 1976 and 
was conducted by a consortium 
of French companies: Spie 
Batignolles (civil engineering), 

were not able to visit the facilities

Eventually, this visit allowed 
us to understand some energy 
issues specific to South Africa: 
a carbon-intensive production, 
predominantly localized around 
the coal mines which are 
concentrated in the Mpumalanga 
province; a large country that 
require significant investment 
in electricity grids; a desire for 
expansion of nuclear power 
plants slowed by a lack of 
financing or concerns about 
wildlife preservation

A visit at Koeberg’s plant

Palmiet pumped storage scheme 
is one of the two peakload power 
stations in South Africa. It is 
located in the Hottentots Holland 
Mountains in the Western Cape, 
in the middle of the Kogelberg 
Nature reserve. It contains two 
dams: Kogelberg dam on the 
Palmiet river (lower dam) and 
rockview (on the watershed 
between Palmiet river and 
Steenbras river). The reservoirs 
are linked by a 2 km waterway. 
The site is equipped with two 
200MW reversible Francis 
turbines, at a 60m depth below 
ground level. After a tour at the 
visitor centre, where educational 

material was displayed to help 
us to become familiar with the 
site, we started the visit of the 
plant, and went down to the 
third floor underground to have 
a closer look at the valve, the 
control station, and the different 
basement stages.

More than a power supplier, the 
site is also used to contribute 
to water supplies devoted to 
the Cape Town metropolitan 
area. This contribution reaches 
an average of 25 million cubic 
metres per year.

The infrastructures have been 
designed to operate in three 
modes.
• The generating mode is 
used during the peak periods, 
about 20% of time. The potential 
energy will be converted into 
electrical energy to transfer 
power to the national network. 
The water flow amounts to 185 
m3/s.
• The pumping mode, 
during off-peak periods, enables 

the water from the lower reservoir 
to be pumped back to the upper 
reservoir when electricity is 
available at a low cost. (30 % of 
time)
• The synchronous 
condenser mode (50% of time) 
is used to control and adapt 
the voltage on the transmission 
system. 

Given that this site faces a real 
ecological sensitivity; particularly 
about the fynbos and protea 
species conservation, the 
impacts of the scheme on both 
natural and human environment 
were carefully studied. The flora 
and fauna diversity of the region 
still attract numerous scientific 
research projects. It is worth 
mentioning that Palmiet was 
built at a time when the rules 
were looser than today, but 
nevertheless, the site became 
a forerunner of environmental 
management. 

A visit at Palmiet’s plant
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