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Abstract. The importance of distribution transformer no-load loss on the operation of modern 
electrical grids is often underestimated. Internationally, distribution transformer no-load loss 
constitutes nearly 25% of the transmission and distribution losses of electrical grids. The losses in 
European Union distribution transformers are estimated at about 33 TWh/year whereas, reactive 
power and harmonic losses add a further 5 TWh/year. In the Greek electrical grid the no-load losses 
of 140,000 distribution transformers are estimated at about 490 GWh/year. This paper has two goals: 
The first one is to illustrate the significance of distribution transformer no-load loss in periods of high 
electric energy cost. The second goal is the presentation of a novel numerical methodology for wound 
core transformers no load loss analysis, enabling to determine the economically and technically 
optimum transformer for every use. 

 

1. Introduction 
No-load loss is the most important operating parameter of transformers, since the transformer is continuously 
energized in contrast to load losses, which occur only when the transformer is operating under load. Thus, 
while no-load loss is a fraction of the load losses in nominal load, the energy consumed in the magnetic cores 
of typical distribution transformers during a year is 300% higher than the energy consumed in the windings 
[1]. Given that the lifetime of a typical distribution transformer is more than thirty years, operating costs due 
to no-load loss far exceed the first cost of the transformer [2]. The effect of no-load loss of distribution 
transformers are the following:  

• Increase in operating cost of the transformer. 
• Greenhouse gas emissions due to the combustion of fossil fuels to offset no-load losses of the 

transformers installed in the distribution grid. 
• Wasting of fossil fuels and raw materials. 

As a result, the reduction of no-load loss of distribution transformers has attracted in recent years the interest 
of researchers, transformer manufacturers, and electrical utilities. 
 
2. Losses in the Electrical Grid 
High efficiency distribution transformers constitute a technology that is capable of reducing network losses 
due to the following reasons [3]:  

• Distribution transformers represent the second major component of losses in the network.  
• Replacement of transformers is easier than changing high and medium voltage cables or lines.  
• There are significant margins for reducing transformer losses, as there are nowadays technologies 

capable of reducing losses up to 80% during the lifetime of a transformer.  
On this basis, it becomes clear that there are several reasons for using high efficiency distribution 
transformers as a technology for improving the efficiency of the electricity grid. 
In recent years, studies in European and international level, involved the recording of installed transformers 
and distribution losses. Among them is the Leonardo energy program, conducted by the European Copper 
Institute.According to Leonardo energy program, losses in the electricity network worldwide are estimated to 
about 1,279 TWh, or 9.2% of total electricity generated.In the European Union (EU-27), according to 
Strategies for development and diffusion of Energy Efficient Distribution Transformers (SEEDT), losses of 
distribution transformers are calculated at 33 TWh / year [3]. In addition, the reactive power losses and 
higher harmonics contribute a further 5 TWh / year, resulting in total losses of about 38 TWh / year [1], [3]. 
Due to the loading conditions of the EU-27 distribution transformers, the ratio of no-load losses to load 
losses is equal to three. This means that 75% of total losses of distribution transformers are due to no-load 
losses and only a 25% is due to load losses. 

 

3. Distribution Transformer No-Load Loss Evaluation  
In this work the calculation of no-load losses is achieved through a combination of the locally-computed 
peak flux density distribution with the experimentally determined local specific core losses [2]. In this 
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fashion the resulting error in predicting no-load losses is kept to a minimum regardless of the geometry of 
wound cores. Therefore this methodology is suitable for application in the transformer manufacturing 
industry. The determination of the local peak flux density distribution is performed using the finite element 
method. The authors have developed a systematic numerical iterative method by which the evaluation of the 
peak flux density distribution is achieved using only magnetostatics analysis. As a consequence, the 
aforementioned method results in low computational cost and improved precision in contrast with 
conventional techniques which are widely used like the finite element harmonic or the finite element 
transient analysis. Fig. 1 shows the flux density distribution of a 1-phase distribution transformer and Fig. 2 a 
comparison of computed and experimental local flux density distribution. Figs. 3 (a), (b) show a comparison 
of computed and experimental 1-phase distribution transformer no-load loss using the conventional 
analytical method and the proposed numerical method respectively.  

 

 
Fig. 1.  Flux density distribution of 1-phase, wound 

core, shell type transformer 
Fig. 2. Comparison of computed and experimental 
local flux density distribution at core leg, 1.86 T 

  
(a) (b) 

Fig. 3.  Comparison of computed and experimental no-load loss 
(a) Analytical method (b) Proposed numerical method 

 

4. Conclusion 
The paper addresses the problem of wound core transformer no-load losses evaluation and the development 
of new methods to minimize their manufacturing and operating cost. The development of the proposed 
methods has led to the reduction of the manufacturing and operating costs of wound core distribution 
transformers. This in turn led to significant economic and environmental benefits and improvement of 
transformer efficiency. 
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