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In the last decade, South Africa’s power stations have been sub-
jected to extreme pressure as a result of continuous increase in the 
load demand, without a significant increase in generation capac-

ity. This change in the status quo should be the starting point for the 
South African authorities and associated bodies to consider revising 
the current transformer standards and also adopting new standards 
and technologies to reduce transmission losses.

The unavoidable losses in the country’s transmission and distri-
bution networks include transformer losses. Distribution transformer 
losses account for an estimated one third of the total electricity net-
work losses prompting us to use more efficient transformers to realise 
cost savings for consumers and freeing up generation capacity relief, 
among others. 

The majority of users of distribution transformers in the South 
African market such as Eskom, large municipalities, mines and large 
industries specify or base their specification on the SANS 780, 4th 
edition (2009) for maximum component losses that include the no-
load and load losses. 

Evolution of the SANS 780 standards

From 1966 to 2014, the South African National Distribution Trans-
former Standards (SANS 780) has had substantial changes in the 
standard as shown in Table 1, but very little change in the losses. 

In 1966, a committee representing both the manufacturers and 
users of distribution transformers convened giving birth to the 1st 
edition of SABS 780: 1996, which was published the same year, 1966 
[3]. Reference was made to various international standards such as 
the British Standards (BS) and the International Electrotechnical Com-
mission (IEC) standards. 

The standard component losses for the three-phase distribution 
transformers according to SABS 780:1966 were given at 12 kV or less, 
unless the manufacturer declared other voltages.
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Low energy costs and sufficient generation capacity put little pressure on energy efficiency in the past in South Africa.

Table 1: Evolution of the distribution transformer standards and manufacture 
in South Africa since 1966.

Standard Edition Year (published / 
amended)

South African Bureau of Standards 
(SABS 780 - 1966)

1st 1966

SABS 780- 1966 Amendment No.1 6 August 1966

SABS 780- 1966 Amendment No.2 12 March 1973

SABS 780- 1966 Amendment No.3 14 November 1973

SABS 780- 1966 Amendment No.4 20 August 1975

SABS 780- 1966 Amendment No.5 9 March 1976

SABS 780- 1979 2nd 1979

SABS 780- 1998 3rd 4 May 1998

South African National Standards 
(SANS 780:2003) Amendment No.1

3.1 2003

SANS 780:2004   Amendment No.2 3.2 2004

SANS 780:2009 4th April 2009

These losses were categorised as high-loss type (no-load and load 
loss) and the low-loss type (no-load loss and load loss). The SABS 
780:1966 standard amendment No 1 on 6 August 1966 did not in-
clude the transformer losses, but rather focused on other aspects 
such as the fitting of the cruciform skid, modernisation of the under 
base and jacking pads and others. On 12 March 1973, amendment 
No 2 to SABS 780:1966 resulted in the altering of both the load and 
no-load losses [3].

Amendments No 4 and No 5 on 20 August 1975 and on 9 March 
1976 to SABS 780:1966 respectively considered other aspects of 
the transformers, but did not adjust the transformer losses [3]. The 
2nd edition of the SABS 780:1979 was revised to 3rd edition on the 4 
May 1998 [4]. The SANS 780:2003 3.1 edition replaced the 3rd edition 
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SABS 780:1998, according to the Government Notice No. 1373 on 
8 November 2002 [1]. There were no changes made with respect 
to the standard power ratings and standard component losses of 
dual-ratio transformers (other than auto-transformers) published in 
the 3rd edition SANS 780:1998 standard [4]. Again, in 2004, the same 
committee (National Committee) approved the SANS 780:2004 3.2 
edition [4].In April 2009, the 4th edition of the SANS 780: 2009, was 
published and it superseded the SANS 780:2004 3.2 edition, with no 
changes to the losses [1].

Efficiency Levels

Power efficiency is generally an efficiency level determined by the 
instantaneous load power and the power losses in a system. How-
ever, since SANS 780 is based on the IEC transformer standards, 
the transformer rating is based on the rated input (primary side) 
parameters (see Equation 1) and not load side parameters or load 
side measurements.

Efficiency =                                       (1)

where:   Power Input - active power supplied to the transformer
PNL  - represents the power loss in the core at the rated voltage
PCU   - represents the copper losses at rated capacity.
PSLL  - represents the stray load losses 
PLL - load losses are the sum of PCU  PSLL

Losses - total losses are sum of PNL and PLL

The maximum efficiency of transformer occurs on a load when the 
variable load losses become equal to the fixed iron losses. Thus, 
the maximum efficiency point of any given transformer is given as:

 
% Maximum Efficiency =                      =              × 100 %     (2)

 

where:             - rating of the transformer at maximum efficiency
              - rated apparent power of the transformer

Abbreviations 

AMDT – Amorphous Metal Core Distribution Transformer
BRICS  – Brazil, Russia, India, China, South Africa
BS  – British Standard
CRGO  – Cold-rolled Grain Oriented
HEPL  – Hansen Experimental Physics Laboratory
IEC  – International Electrotechnical Commission
MEPS  – Minimum Energy Performance Standards
SABS  – South African Bureau of Standards
SANS  – South African National Standard
SEEDT – Strategies for Energy Efficient Distribution Transformers
TOC  – Total Owning Cost

The percentage loading of three-phase liquid-immersed distribu-
tion transformers toSANS 780 for maximum efficiency is shown in 
Figure 1. The operating efficiency of most distribution transformers 
is low since they do not operate at the maximum efficiency point all 
the time. This maximum efficiency point (usually between 40 % and 
50 % loading), is a point where load losses, proportional to square of 
load current, are equal to the no-load losses. The calculated power 
loss of the SANS 780 transformers for 50 % loading at power factor 
of 0,8 lagging are shown in Figure 2.

Figure 1: Percentage loading of three–phase liquid-immersed distribution 
transformers to SANS 780 for maximum efficiency.

Figure 2: SANS 780 Liquid-immersed distribution transformer power ef-
ficiencies at 50 % loading.

The transformer efficiencies with different international specifications 
(see Figure 3) shows the SANS 780 efficiency is trailing the specifi-
cations in the first-world and BRICS (Brazil, Russia, India, China and 
South Africa) countries. It is evident that South Africa’s SANS 780 
standards have not closed the gap with other countries. The mild 
over-fluxing of the existing old transformers, when the secondary 
voltage of distribution transformers was changed from 380 V to 400 V 
standard, resulted in the no-load losses of these transformers being 
increased since the no-load losses are directly proportional to the 
cubed of the per unit change voltage (∆PFE α∆V3).
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Changing SANS 780 will help avert the 
current energy shortage in the country – 

and save money.

Forty eight years (1966 – 2014) since the birth of the 1st edition 
of the South African Bureau of Standards (SABS 780: 1966), 
little has been done in South Africa to reduce the distribution 
transformer losses as compared to first-world and BRICS 
countries, with the current edition having been released in 
2009. Achieving increased energy efficiency through tech-
nological advancement is vital in South Africa to reduce 
emissions, ease pressure on generation capacity and assist 
in alleviating the current energy crisis the country is facing. 
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Figure 3: SANS 780’s benchmark with respect to other international coun-
tries.

Distribution transformers 
Transformer technology

Most distribution transformers used in South Africa’s distribution 
networks are the liquid-immersed type made from cold rolled grain 
oriented silicon steel material. Modern grain-oriented silicon steel 
gives relative low losses, due to improvements in its treatment such 
as cold-rolling and laser cutting. Future improvements in standard 
silicon steel losses can be realised, but this is not likely to yield any 
significant step change in the losses, thus an improvement in losses 
using traditional core steel will relatively be modest. Distribution 
transformers built with amorphous iron cores have 70 % lower no-
load losses compared to the best conventional designs, achieving up 
to 99,7 % efficiency for a 100 kVA unit [5]. High efficiency transform-
ers, not only yield a net economic gain, but are advantageous to the 
environment, reducing greenhouse emissions.

Transformer losses

These losses are not significant in terms of individual units, but they 
cause large amounts of losses on a macro scale as they happen 
continuously over lifetime of the transformer (40 - 50 years). In South 
Africa, the evolution of the transformer no-load and load losses for 
12 kV distribution transformers has shown little change from 1966 
to 2009 (see Figures 4 and 5).

Figure 4: Evolution of the SANS 780 distribution transformer no-load 
losses (1966 – 2009).

Figure 5: Evolution of the SANS 780 distribution transformer load losses 
(1966 – 2009).

Transformer loading

Loading distribution transformers lightly or heavy increases the im-
portance of losses. The majority of electricity supply utilities generally 
operate their transformers under light load most of the time with only 
small periods of loading at high levels. The average loading levels 
are relatively low for utility transformers being about 25 % to 30 % 
in most systems, thus energy losses optimisation under such situa-
tions will not be inevitable [8]. The variation of the load and losses 
in the so-called ‘all-day’ or ‘standby’ distribution transformers is 
always present since the no-load (magnetising) current must always 
be present, even without load, resulting in the unavoidable losses in 
the electrical networks.

Transformer life cycle cost 

The actual life of a transformer is typically 40 - 50 years. The life cycle 
cost / total owning cost / total cost of ownership (TOC) of a trans-
former takes into account the initial cost of the transformer and the 
cost to operate and maintain the transformer over its life, including 
the adjustment for tax, cost of borrowing money, difference energy 
rates and others. Transformers with a low TOC are expected to have 
longer life and lower failure rate. The capitalisation formula (3) can 
be specified as an incentive to the transformer supplier so as to of-
fer optimised transformers that are in line with the cost of electrical 
energy available in South Africa.

TOC = A + [(F]NL  × PNL) + [(F]LL  × PLL)                                                      (3)

Where: A -  Cost of purchasing the transformer in ZAR 
TOC - Total Owning Cost
FNL -  No-load Loss Factor in ZAR /kW
FLL  - Load Loss Factor in ZAR/kW
Also
FNL = Unit cost of electrical energy × 24 hours × 365 days × N years in           kWh         (4)
    
FLL = Unit cost of electrical energy × 24 hours × 365 days × N years × Load factor in           kWh             
                                                                                                             (5)
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Considering a 315 kVA, 11 kV /400 V three-phase distribution trans-
former with a life span of 40 years, reducing losses by 50 % (as 
proposed in the August 2014 meeting by the SANS 780 Review Com-
mittee), yields a TOC value of ZAR 1,18 million, which is lower than a 
standard transformer, with a TOC value of ZAR 2,25 million (Table 2) 
for 2014. The TOC of a standard transformer has double over the last 
four years. We can effectively roll the clock back to 2010 if we halve 
the losses in transformers. 

In South Africa many companies and government institutions 
buy their transformers considering only the purchase price and not 
the TOC value. 

A premium-efficiency transformer costs more initially, but saves 
money over time. It is cost-effective to pay a little more up front for 
a premium transformer and save money over the life of the unit, 
rather than save a few rand on a low-first-cost standard efficiency 
transformer and continue to spend more money on wasted electric 
power for 30 to 40 years.

Table 2: Comparison of the TOC of a 315 kVA 11/0,4 kV distribution trans-

former for the years 2006, 2010 and 2014.

Year Pur-
chase 

Price in 
ZAR

Load-
ing in 
p,u,

No-
load 

Losses
(PNL) in 

kW

Load 
Losses 
(PL) in 

kW

Energy 
cost in
ZAR/
kWh

No-load 
Loss 

Factor in 
ZAR
(FNL)

Load loss 
factor in 

ZAR
(FLL)

TOC in 
ZAR

2006** 64 980 0,40 0,84 3,8 0,37 43 062 487 007 595 049

2010** 64 980 0,40 0,84 3,8 0,71 83 367 942 837 1 091 183

2014 64 980 0,40 0,84 3,8 1,51 177 779 2 010 595 2 253 354

2014 
[reduced 

losses 
(50 %)]

90 672* 0,40 0,42 1,9 1,51 88 889 1 005 298 1 184 859

Note: * estimate value** adjusted with CPI to 2014 values
 

Transformer loss saving opportunities

Today, a number of countries are employing a number of strategies 
to further reduce transformer losses by adopting new technology and 
changing the materials (amorphous core). 

In South Africa, amorphous core type transformers have not 
become popular yet as only a small number of the transformers have 
been made. Its full scale implementation can enable utilities to cost-
effectively accommodate long-term growth in demand for power. 
The following methods could be employed to reduce distribution 
transformer losses in South Africa:
o Amorphous metal core (AMDT)
o Improved designs
o Adding more copper or aluminium
o Use of electric shields
o Smart Grid Monitoring

Policy instruments and programmes

South Africa’s main policy instruments promoting energy efficient dis-
tribution transformers include the maintenance of SANS 780 standards 
for medium-to-low voltage liquid-immersed distribution transformers. 
The SANS 780 standard is mandatory for liquid-immersed distribu-

tion transformers and little effort has been made in South Africa with 
respect to policy instruments and programmes regarding distribution 
transformers as compared to other international countries:
• South Africa should use energy efficiency transformers like India, 

China, Japan, European Union, China, USA and others
• South Africa is still using M5 and M6 cold rolled grain oriented 

steel in transformer manufacture, a high loss material that has 
been banned in USA and other countries

• There is no labelling scheme in South Africa to differentiate 
between the performances of transformers based on the same 
rating, like in India (1 - 5 Star scheme), China (Grade 1 – 3 (CRGO), 
Australia and New Zealand (MEPS and HEPL levels), EU (Harmo-
nised HD428 : List A – C). 

• There is no visible and effective state or industry funded pro-
grammes / initiatives to improve the efficiency of distribution 
transformers as compared to EU (Strategies for Development and 
Diffusion of Energy Efficient Distribution Transformers (SEEDT) 
project), Australia and New Zealand [Australian and New Zealand 
Minerals and Energy Council (ANZMEC) Policy (1999); National 
Appliance and Equipment Energy Efficiency Program (NAEEEP) 
(2002 - 2004); Regulatory Impact Statement (RIS) (2002)].

Conclusion

Years of cheap and abundant electricity in South Africa are gone, 
requiring us to challenge transformer technology and efficiency 
standards. Many companies and organisations are purchasing their 
transformers using the purchase price rather than on the loss capi-
talisation formula. 

They enjoy low initial costs, with higher operating costs over its 
life, thereby increasing the distribution transformer losses in the net-
work systems. Reducing losses by 50 % reduces the TOC significantly, 
lowers failure rates and prolongs the transformer life. 

The question is, ‘What miracles will have to take place in order 
to change the ‘purchasing culture’ to focus on energy efficiency’? 
Changing SANS 780 will help avert the current energy shortage in 
the country and save money.
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