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⎪ Sustainable energy and energy management ⎪

A
dry-type transformer, says Low, has 
no oil in it, which has a number of 
benefits. “There are several types 
of dry-type transformers. The 

first-ever transformers were open wound 
transformers where the coils were visible 
and these were air-cooled. One of the major 
drawbacks of this type of transformer is that 
the coils are not kept structurally rigid in 
fault conditions. Currents passing through a 
transformer coil produce forces – (Fleming’s 
left hand rule – and if these currents are exces-
sive, such as in short circuit conditions, then 
the transformers are subjected to very large 
radial and axial forces, which very likely will 
damage the coils,” he tells MechChem Africa.

“Mechanically, it is very important to keep 
a transformer’s coils as rigid as possible and 
prevent any movement of the windings, which 
is where cast resin type transformers come 
in,” he continues.

Describing the construction of a typical 
cast resin transformer, he says that, instead 
of rolling transformer wire onto a cotton-reel-
like core, “we use flat foil windings like those 
on a roll of paper towel or an old-fashioned 
film reel. Usually the windings are made 
from aluminium foil but copper is also used. 
Separating the winding is a double layer of 
insulating film. For the HV coil for cast resin 
transformers we connect ten or more of these 
pancake coils in series and stack them in col-
umns to form the complete coil. Compared 

Greenergi (Pty) Ltd, the sole distributor of cast resin transformers (CRTs) from Trafo 
Elettro Italy, has established a relationship with Martec – now part of the Pragma 
Group – to take this dry-type transformer technology further. MechChem Africa 
talks to Mervyn Low, the company’s MD.

GreenErgi can offer 11, 22 and 33 kV cast resin transformers, with the largest supplied to date in South 
Africa being a 5.0 MVA unit for the Stortemelk Hydro plant near Clarens.

For CRTs, instead of rolling transformer wire onto a cotton-reel-like core, flat foil windings are used.

The high voltage (HV) coils and the low voltage coils 
(LV) are nested in the same column on a common 
core, with an air gap between them for cooling.

Cast resin transformer technology
an efficient low-risk option

to conventionally wound transformers, this 
pancake/foil coil construction reduces inter-
turn stresses with the benefit of increased re-
sistance to high-voltage impulses, ” Low says.

“The high voltage (HV) coils and the low 
voltage coils (LV) are nested in the same 
column on a common core, with an air gap 
between them for cooling. For transformer 
with higher power ratings, the LV coils are 
manufactured with gaps in the LV winding 
itself to promote airflow for better cooling. 
The cast resin HV coils, due to their construc-
tion, have the benefit of significantly reduced 
partial discharge – typically less than 10 pC 
(picocoulomb),” he explains.

“For three-phase cast resin transform-
ers, we use an EI-core with the I forming the 
yoke across the top to close the magnetic 
flux circuit. Mechanically, the construction is 
very simple and this enables us to make these 
transformers robust and reliable,” he adds.

But it is the construction and materials 
used that make this technology electrically 
efficient and safe. 

Describing the material used for the cores, 
Low says they are made from grain oriented 
silicon steel (GOSS), which reduces the in-
duced losses associated with the magnetic 
flux. “Transformers are constantly running at 
50 Hz. Depending on the grade of steel, the 
losses in the core can be minimised by reduc-
ing the material’s ‘resistance’ to the magnetic 
flux. Reduced losses translate into less heat 

generated in the core which, over the life of 
the transformer, are significant,” he adds.

From an efficiency perspective, he says 
distribution transformers are typically con-
nected all the time. “From an 11 kV three-
phase supply, these would typically be 
stepping the voltage down to 400 V phase to 
phase (or 230 V phase to neutral) on the LV 
winding. Even if no LV current is being drawn, 
the transformer is still idling, with switching 
50 Hz flux heating the core – and this is going 
on 24/7/365 over the life of the transformer.

“A resin type transformer was installed in 
1983 at the BMW Rosslyn plant and this is 
still in operation today. If it had a more energy 
efficient core, just think how much energy 
could have been saved over those 30+ years,” 
Low suggests, “and we can also now use an 
amorphous core material, which offers even 
better efficiencies as the composition of the 
core reduces the eddy current losses signifi-
cantly,” he adds.

As well as core losses, all transformers 
exhibit I2R or copper losses, which produce 
waste heat in the windings as the transformer 
is loaded. Transformers can be made more ef-
ficient and the losses reduced by using more/
thicker winding material, which reduces the 
resistance and hence the losses. 

Regarding the choice of coil winding 
material, “we use aluminium foil/strip as the 
conductor material, for a number of reasons: 
it’s cheaper than copper; the expansion coef-
ficient of Al is closer to that of the resin we 
use, which reduces the expansion stresses and 
the likelihood of expansion cracks; over and 
above this, aluminium is not as great a target 
for theft compared to copper,” Low continues.

Describing the HV coil manufacturing pro-
cess, he says that a double layer of insulation is 
placed between the flat aluminium strip dur-
ing the winding process. “This creates a double 
layer of insulation between each loop of the 
pancake coil whereas some manufacturers 
use a single layer,” he explains.

The coils are then connected in series and 
stacked on top of one another – suitably spaced 

of course. Once the full stack of coils has been 
connected, the stack is reinforced, inside and 
out, with glass-fibre matting and placed into a 
mould. The moulds are placed inside a vacuum 
chamber to remove air. The resin must be 
pumped in under vacuum to prevent bubble 
formation, which would very likely become a 
source of partial discharge (PD) in the HV coil. 
Once the correct vacuum level is reached, the 
heated epoxy resin mixture is pumped into the 
mould to encapsulate the entire coil. 

“The coils are then heated and cooled in 
an autoclave at closely controlled rates to 
maximise the strength of the cast HV coils. 

The vacuum casting and baking process have 
crucial and ensure that each HV coil is very 
solid and rigid and able to withstand mechani-
cal stresses and exhibit extremely low levels 
of partial discharge,” he tells MechChem Africa.

In addition, the fibre-reinforcement gives 
the coil the lateral strength to resist cracking 
due to expansion or shock loading forces. 
“The result is an extremely strong coil that can 
safely operate at transformer temperatures 
between -25 to more than 120 °C,” Low says.

A fire-retardant resin composition is 
responsible for the extremely low fire risk 
associated with cast resin transformers, while 

precise outside and inside resin thicknesses 
enable sufficient air-cooling. “The enemy of 
coil-based machines such as transformers, 
motors or generators, is heat,” Low notes. 

“For CRTs, air gaps between the HV and LV 
coils as well as the LV coils and the core allow 
cool air to enter the bottom, which rises due 
to convection and cools the transformer. The 
upright design enables cooling via natural con-
vection in most cases, but if the transformer is 
placed inside an enclosure, then the enclosure 
needs to be designed to allow for adequate 
ventilation to enable the heat to dissipate into 
the atmosphere. 
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W
hile copper has been assumed 
to be the material of choice for 
transformer windings, global 
specialist WEG Transformers 

has successfully manufactured thousands of 
transformers with aluminium windings.

An important factor behind this is the 
likely future increase in the price of copper, 
as worldwide reserves of the metal gradually 
decline. The price of copper has fluctuated 
greatly in the past and has recently risen much 
faster than the price of aluminium, making 
the winding of conductors with aluminium 
increasingly attractive.

After years of testing, it has been estab-
lished that there are no significant differences 
between the use of aluminium windings and 
copper windings in designing and manufac-

Global specialist, WEG Transformers, has successfully manufactured thousands of 
transformers with aluminium windings, even though, historically, copper has mostly 
been the material of choice. It turns out that either metal gives the transformer the 
same quality of operation and performance.

Motors hunger for power
Over 40% of global electricity is consumed by electric motors, 
and the figure for South Africa is higher still, according to Zest 
WEG group sales engineer, Machiel de Bruyn.

“This is an indication that most farmers are not fully aware 
of how much their motors are costing them in electricity,” says 
De Bruyn. “In turn, this explains why many farms hang on to 
old, inefficient motors for longer than they should, thinking 
they are saving money.”

Farms incur particularly high electricity costs to drive pumps 
working in energy-heavy applications such as irrigation. While 
in previous decades the price of electricity was much lower and 
less of an impact on the financial bottom line, rocketing energy 
costs in recent years have meant that the electricity bill is now 
a major factor in farm viability and profitability.

De Bruyn says the cost of running a motor, even viewed over 
just 12 or 24 months, is many times greater than the motor’s 
original purchase price. “Up to 90% of an electric motor’s cost 
of ownership relates to the power it consumes, so it may not 
make sense to keep repairing a low-efficiency motor in the belief that 
this is a cost-saving exercise,” he says. “In fact, modern high-efficiency 
motors can pay for themselves in a relatively short time, and then 
start saving the farm money into the future.”

An effective strategy employed by some of the country’s most 
successful farms has been to steadily replace the older, less efficient 
motors whenever they fail. This approach provides an affordable 
way of working towards a lower-cost operation, without having to 
jettison existing assets.

Zest WEG Group was the first equipment supplier to move from 
IE2 compliant (high efficiency) to IE3 compliant (premium efficiency) 

motors, raising the bar with WEG’s fit-for-purpose design for the 
African market. Using even less electricity than the old IE2 units, 
WEG IE3 motors were introduced at no additional cost to Zest WEG 
Group customers.

De Bruyn says many farmers have also reduced energy costs by 
installing variable speed drives (VSDs), which control the speed at 
which motors run depending on the required power output at any 
stage in the pumping cycle. 

“Combining VSD technology with the new WEG IE3 motors gives 
farmers two of the best strategies for improving their cost structure 
in respect of power consumption for activities like irrigation,” De 
Bruyn concludes. q

WEG Transformers has successfully manufactured 
thousands of transformers with aluminium 
windings.

Aluminium offers benefits 
in transformer windings

turing distribution transformers, as well as 
small to medium power transformers. Either 
metal gives the transformer the same quality 
of operation and performance.

Since 1970, aluminium was used intensive-
ly in the United States and the technology of 
aluminium-wound transformers was further 
enhanced; it has now gained widespread ac-
ceptance in European countries and other 
parts of the world.

One of the myths that has been disproved 
is the belief that aluminium-wound transform-
ers are associated with bigger power losses. 
While the aluminium conductors are larger 
than copper conductors, they are lighter. 
The result is that the mass of the core in an 
aluminium transformer is 5.0 to 20% more, 
but the total transformer mass is almost the 

same – for the same level of electrical loss.
With regard to the respective thermal 

properties, aluminium has a lower melting 
point than copper but it is still well above the 
real working temperatures of the windings. In 
normal circumstances, the ‘hot-spot’ temper-
ature in the windings is between 105 °C and 
120 °C, while aluminium only melts at 665 °C. 

More importantly, the lower thermal 
conductivity of aluminium does not affect the 
performance; the temperature differences in 
the conductor are negligible in relation to the 
temperature difference between the ambient 
air and the windings. q

Zest WEG Group has a comprehensive product and solutions offering for the ag-
ricultural sector, including IE3 compliant (premium efficiency) motors, which can 
also be installed with variable speed drives (VSDs) in order to minimise electricity 
costs and, therefore, total costs of ownership.

“If needed, however, we can also incor-
porate squirrel cage fans to the system, one 
placed on each side of each transformer coil. 
Then, when the LV winding temperatures 
reach 70 °C or so, the fans kicks in to force-
cool the transformer until the temperature 
subsides to a temperature of 60 °C. 

Pt100 temperature probes measure the 
temperature on each of the LV coils, and 
temperature controllers designed for cast 

Pt100 temperature probes measure the tempera-
ture on each of the LV coils, and a temperature 
controller designed for cast resin transformers 
manages the fans and alarm and trip alerts.

resin transformers manage the fans and alarm 
and trip alerts are made available to prevent 
the transformer being damaged due to over-

heating ,” Low explains.
Why is the use of cast resin transform-

ers growing? “Many projects have and 
plan to implement dry-type cast resin 
transformers. This is mostly related to 
the much higher fire risk associated with 
oil-filled transformers,” he responds. 

With respect to costs, he says that 
the capital costs are largely dependent 

on infrastructure. “Typically oil-cooled 
transformers are separated from the main 
building with a bund wall to contain the oil in 
the event of a leak and a fire suppression/de-
tection system. Furthermore high current LV 
cable has to be run much longer distances to 
connect into the facility’s electrical systems.

“By installing a resin cast transformer, 
which can be located in the centre of a 
building in a basement very close to the LV 
switchgear, cabling costs can be significantly 
lower – 120  m of LV-cabling for a 2.0  kVA 
transformer can cost close to R1-million – and 
no additional civil works are required for an 
external outdoor substation.

More importantly, the long-term op-
erational costs come down dramatically, first 
because of lower energy losses (I2R) in the LV 
cables, but also because cast resin transform-

ers require lower maintenance requirements. 
An oil-filled transformer should be constantly 
monitored and if possible an annual DGA 
(dissolved gas analysis) performed.  This all 
adds to the TCO (total costs of ownership). 
Cast resin transformers simply need cleaning 
occasionally and the bolts re-torqued,” Low 
informs MechChem Africa.

GreenErgi can offer 11, 22 and 33 kV cast 
resin transformers, with the largest supplied 
to date in South Africa being a 5.0 MVA unit 
for the Stortemelk Hydro plant near Clarens. 
“Grid connected hydro, wind and PV plants 
are ideal applications for cast resin technol-
ogy. The plants are often geographically 
remote, so ease-of-maintenance becomes 
more important as well as product reliability 
over the lifetime of the plant.

Total ownership costs are a big thing for 
owner operator plants on tariff-based pro-
curement contracts, because ongoing costs 
directly impact long-term profitability. More 
efficient and maintenance friendly cast resin 
transformer technology is, therefore, often a 
preferred solution.

 General industry is the biggest user of 
power, however, and here too, the long term 
savings can be significant. We have transform-
ers in hospitals, hotels, office parks, exhibition 
centres, fuel refineries, water treatment 
plants, and factories,” Low concludes. q




