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BUSINESS CASE

wo of South Africa's
largest self-generation
plants have been imple-
mented by Absa and
MTN. While Absa has

taken the cogeneration route, MTN
has chosen tr igeneration. The major
drivers for these massive invest-
ments are reduced operating expen-
diture, and the provision of rel iable
and secure customer service. JFM
investigated the business case
behind self-generation.

Five-year ROl expected
The Absa Campus in central
Johannesburg is supported by gas

engines with an initial capacity of
11,2 MW and a p lanned expans ion
up to 19 MW. The f inal business

case for the cogeneratron plant at
Absa Towers West was approved by
Absa in October 2OOB and the plant

came into operation in May 2010. l t
was based on the projected Eskom
tariff hikes, together with the fact
that, at the t ime, signif icant load
shedding was predicted with the
price of diesel at an al l- t ime high of
around R12/t.

Ken Gafner of Single Destination
Engineering imparts: " ln the init ial
phase of operation, the projected
saving was not gained. However,
with the increase in electricity tariffs
in  2011,  the sums begin  to  work
and get progressively better." The
total capital expenditure on the plant

was R22O-mil l ion, the expected
return on investment (ROl) is around

five years and the plant is operating
at about 36% efficiency. "Carbon tax
has not been factored into this busi-
ness case yet," Gafner adds. "There

are also a number of programmes
from Eskom and the National Energy
Regulator of South Africa (NERSA)
which could have a substantial posi-
tive impact on the energy centres
busrness case, given that Absa now
has a basket of 24-million kWh which
can be factored into the equation.
The extension of the plant through
low-temperature hot water and
absorption chi l lers would also quali fy

as an Eskom Demand Side
Management project. The capital
contr ibution by Eskom could be as
h igh as R13-mi l l ion or  R5,2-mi l l ion
per MW of load reduction."

The Absa Towers West addition to the
Absa campus in Johannesburg was init i -
ated in 2006 and an energy centre was
proposed to support security on the cam-
pus by ensuring availability of power. Ken
Gafner of Single Destination Engineering
notes: "We examined all available options
- diesel power emergency back-up, rotary
UPS backup, gas engines, gas engines
plus using waste heat, gas turbines, and a
hybrid of gas and diesel backup. Our
modelling was done on 250 to 500 hours
of load shedding per annum and revealed
that the most cost-effective would be the
gas-engine option."
Although an accepted technology in
Europe, it had never been done in South
Africa at this scale and there were con-
cerns from Absa around the reliability of
the gas network on a project of its size, as
well as the independence of the gas and
electrical networks which had not been
proven. Egoli Gas had to increase the
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pressure of its network in central
Johannesburg and link three separate net-
works to supply the capacity required.
Absa decided to retain its existing standby
diesel generators in each building and add
new diesel generators for Absa Towers
West as a reserve supply.

Campus resilience improved
The system comprises four gas engines
split into two pairs to ensure reliability dur-
ing operations. The associated medium
voltage (MV) reticulation is also split into
two separate sections to guarantee unin-
terrupted functionality of the MV
switchgear.
A limited amount of the available waste heat
is used for building heating and domestic
hot water for the new Absa Towers West
buildings. Several campus buildings are
scheduled for refurbishment, allowing signifi-
cantly more waste heat to be efficiently
used. Absorption chillers can be added

when required to optimise waste-heat utili-
sation. "The power on site is set up so that,
if the energy centre goes down, the campus
can be supported from the grid-supplied
substation and local diesel generators or, if
the substation is lost, the campus will be
supported by the energy centre and genera-
tors," Gafner states.
"This strategy substantially improves the
resilience of the camous as a whole. On the
energy-efficiency side, we can tailor the level
of generation to what is most sensible eco-
nomically. The plant is operating during the
summer months to maintain a level of power
taken from City Power at7,5 MW This flat-
tens out the demand of the campus on the
grid and allows the engines to operate com-
fortably in the middle of their range."
The peak gas supply is at 160 GJ/hour -

enough to support 15,5 MW/h power gen-
eration. Annual consumption is set at
240 000 GJ - just under 24-mil l ion kWh of
own generation - with a minimum



"Our modelling
revealed that
the most
cost-etfective
option would
be the gas

engine,"

Absa's modelling
revealed that the
most viable would
be the gas-engine

option. The expected
return on investment
is around five years.

Gafner says that the major challenge dur-
ing construction was commissioning the
plant without placing the operational cam-
pus at risk.
"We intended to use the campus load to
commission the gas engines but this did
not materialise as expected. So we had to
temporarily install additional transformers
in Absa Towers West and bring in 3 MW of
load banks for the testing and commis-
sioning which took about two months."
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Utility electricity (off peak)

Utility electricity (standard) including MD saving

Utility electricity (peak) including MD saving

Gas generation

Diesel generation

contracted gas usage of around I 000 GJ
per month.
The gas is piped to four Jenbacher J620
internal-combustion spark ignition engines
which generate electricity directly at 11 kV
and do not require step-up transformers.
These sets synchronise to and run in par-
allel with the main supply.
During a power outage, if there is sufficient
gas-generator capacity online to support
the campus, it will move over to the gas-

fidm**s;
. All rates normalised t0 2010 rand (excludes South

African consumer price index)
. Off-peak electricity rate is City Power

off-peak kWh rate
. Utility electricity (peak and standard) is the City

Power kWh rate plus MD component
o Gas tariff includes maintenance. carbon credits

subsidy and ops costs

engine supply without any disruption. lf
not, the generators will shut down and the
campus will go into a black-start sequence
- the diesel generators start and then the
gas engines start. The two systems
sequence together and the load is slowly
transferred to the gas engines. The whole
process takes around 15 minutes. Once
grid power is restored, the energy centre
brings itself into sync with the City Power
source in a seamless process.
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Methane gas most viable
"The availability of power was a prob-
lem," states Willem Weber, MTN
manager: core implementation.
"NERSA then released a white paper
indicating a 25o/o increase year on
year until 2013. When you calculate
the figures from 2009 to 2013, you
will pay in excess of 1OO% more for
your power. In the current economic
climate, reducing our operating
costs has become a top priority."

He states that MTN looked at
alternative technologies such as
solar and wind but decided on
methane gas as the most viable
option. "Our rates from City Power
are 85c/kWh and we are able to

"0ur rates from

City Power are

85c/kWh and

we are able to
generate

electricity at

62clkWh."

generate electricity at 62clkWh. We
have a 1O-year contract with Egoli
Gas which has considerably lower
escalation rates than the Eskom
rates in coming years. Also, in terms
of reliability, Egoli Gas is very stable -

we have had no outages to date."
Among the other opportunities
offered by the self-generation plant, it
allows the property owner to let
space at lower rates because of the
lower cost of generating power. The
resale value of the property is dra-
matically increased for the same rea-
son. lt also allows MTN to maintain
its competitive edge and the com-
pany was awarded carbon credits in
late 2010.

The capital cost for the plant was
R22-million and the Jenbacher
machines are running at 85% effi-
ciency. Based on the forlhcoming
increase in power rates, Weber says
that the estimated ROI is around four
years, excluding the anticipated new
government carbon tax.

Etficiency enhanced
The capacity of the plant on the
MTN campus will increase until it
eventually runs totally off-grid but sev-
eralfactors need to be considered.
such as the availability of gas and the
infrasiructure required, Weber notes.
"To go off-grid, we would need
100 GJ of gas or five times the

lil @D
The MTN methane trigeneration plant is
the first of its kind on the African conti-
nent, says Willem Weber, MTN manager:
core implementation. Right on the edge of
the Egoli Gas methane-pipe network, the
company had to sponsor the final 6 km of
pipeline to the MTN Campus on 14'h
Avenue in Fairlands. Weber points out that
20 GJ/hour of gas is supplied by Egoli
Gas and this gas is used to generate
2 MW of electricity.
During Stage 1 of the process, the gas is
burned in two 1 MW Jenbacher internal-
spark ignition engines. The electricity gen-
erated is fed into an 11 kV ring-circuit
system to the new test and data centre on
the campus, as well as the buildings in
phases 1 and2.
Stage 2 of the trigeneration process
involves three closed-loop systems which
involve water:

o hot water heated by the Jenbacher
exhaust to 97oC, circulating between the
engines and three lithium bromide
absorption chillers returning to the
engines at 82"C;

o condenser water circulating between the
absorption chillers and six cooling towers
cooled from 35"C to 28"C; and

o chilled water circulating between the
absorption chillers and the air-
conditioning units in the buildings at
6'C and returning at 12"C.

The 400'C heat from the exhaust gases of
the engines is reclaimed via a shell-and-
tube system and transported via g7"C

water in a closed-loop system to the
lithium-bromide absorption chillers. In a
chemical rather than mechanical process,
this heat is used to produce cold water
which is fed to the chilled-water air-
conditioning system.
The absorption chillers use water as the
refrigerant and, by ensuring constant

pressure differences in the vessels of the
absorption chillers, water is evaporated at
different temperatures; creating the cool-
ing effect. The lithium bromide helps with
transportation of water (the refrigerant)
between the chiller vessels. The con-
denser water is circulated to six cooling
towers. This water is used to reconcen-
trate the lithium bromide and condense
the water (the refrigerant). The chilled
water produced from this process exits
the absorption chillers at 6'C (the temper-
ature required by the air-conditioning
equipment), picks up heat from the build-
ings and returns to the plant at 12"C.

Additional benefits reaped
As an added benefit, the water used to
cool the condenser water is not wasted
but is used as a greywater source for
flushing the toilets in the Phase 1 building
on the campus. Stage 3 of the trigeneration
process uses the waste heat from the
engines even further by heating up a
closed-loop water system which is used to
heat the office areas when required.
The gas is used to generate electricity at a
comparative equal efficiency to coal-
generated electricity but the waste heat is
used to create cold water which is used to
cooldown the building/equipment and hot
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current capacity," MTN is implement-
ing a similar, slightly more advanced
trigeneration system on its new cam-
pus rn Centurion and it expects to
gain one year on Fairland's ROl. "We

have learned a few lessons and will be
able to do it more efficiently," says
Weber. "And there is new equipment
on the market. Rather than use water
to transport the heat to the absorption
chillers, we can couple the exhaust
pipe directly to the absorption
chi l lers. This wil l  cut losses with cir-
culating water and reduce the pump
power required to move water. The
end result is that we can do it within
a smaller footprint, more efficiently
and cheaper."

water to heat the building as and when required.
The system is fully automated so the flow of water
can be altered for maximum efficiency;taking
demand within the various zones of the building
into account. The building load is between
TOOW/m'?and 1 400 W/m2.
According to Weber, the biggest challenges in
implementing the system were finding the technical
expertise to design the system locally and obtain-
ing the necessary equipment which, at the time,
was not supported in South Africa. "After we pur-
chased the machines, and thanks to the additional
demand from Absa, Jenbacher was able to open
a local support office in South Africa which is a
step in the right direction."
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#fu*ffip*n" The gas is used to generate electricity at a comparatively
equal etficiency to coal-generated electricity but the waste
heat is used to create cold water which is used to cool down
the building/equipment, and hot water to heat the building as
and when required.

Using the trigen-
eration process to
heat and cool the
buildings on the
MTN Campus cuts
costs significantly
for grid electricity.
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Ditferent approach required
Maintenance of MTN's trigeneration
olant includes that of the traditional
air-conditioning units on the floor as
well as the plant itself and the
20 GJ/hour gas in lieu of electricity.
"Because we are running the chillers
on heat reclaimed from the engine in
a chemical rather than mechanical
process, we save about 3,8 MW"
says Weber.

In terms of maintenance, MTN has
a contract with Diesel Electric Services
on the Jenbacher engines for a year's

service and warrantee. Two MTN
employees were sent to Europe to be
trained at the factory to handle the
first line of maintenance.

The life cycle of the components
is 20 years. A major overhaul is
scheduled on the Jenbachers at five
years and the l i thium-bromide
absorotion chillers should run for the
full 20 years with some maintenance
along the way. According to Weber,
considering these overhauls and
maintenance, as well as running a
generator for the time the system is
down during overhaul, the project

makes business sense,
At Absa, Diesel Electric was ini-

tially responsible for the
maintenance of the energy centre
for six months but this contract will
be continued indefinitely. Gafner
says that the cycle of the sets is
60 000 hours before the sets are
taken out and shipped back to
Jenbacher to be fully rebuilt and
returned as zero-hour sets and sub-
stantial maintenance will be under-
taken at 30 000 hours. Accordino to

"Considering
overhaul$ flnd

maintenance,
the project

makes
business
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Investors in energy self-generation plants need to be aware of
the commitments required in terms of skills and costs to make
these plants viable and etficient.

Gafner, 60 000 hours running 24/7
is around 8,5 years. "We are
expecting to run these sets for 20
years - from 05:45 to 20:15 on
weekdays and for brief spells on
Saturdays. The maintenance con-
tract runs for 12 years or 30 000
hours and it includes all servicing
and parts. This is not a standby plant
powered by gas rather than diesel. As
a self-generation centre, it requires an

entirely different approach to reliability
and serviceability."

While advancing, cheaper tech-
nologies and the increased tariffs on
grid-supplied electricity are making
energy self-generation an attractive
option. Investors in these plants

need to be aware of the commit-
ments reouired in terms of skills and
costs in order to make these plants

viable and efficient. I
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