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Abstract − In the paper is presented a useful method for electric energy losses evaluation 
in two-winding transformers. An adequate mathematical model for the case of several 
transformers working within the same power station is developed, by supposing an 
unbalanced transformers load. 
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1. INTRODUCTION 
 
In distribution grids two components (namely, technical and commercial) of the energy losses can by studied. 
Technical component consists of two sub-classes, i.e. the real and the theoretical one. Having in vue that the 
technical component of energy losses could be minimized, it follows that electric energy losses may represent an 
index characterizing the operating performance of a distribution network. 
 
2. INPUT DATA AND LOAD INDEXES
 
Usually, the input information necessary to compute the energy losses in a power station (PS) concerns the rated 
transformer characteristics and the PS topology. 
The rated characteristics of the transformer are: Snk – apparent rated power of Tk transformer; Pok – no-load 
power losses; Psck – short-circuit power losses; iok - the no-load percentage current; usck – the short-circuit 
percentage voltage. 
 
By supposing that one have information, at the low voltage level voltage, concerning U, current I, real power P 
or real energy Wa, reactive power Q or reactive energy Wr, all at equally-spaced time intervals Δt, one can 
evaluate the load indexes. 
 
The most used are: 
- average total power Smed: 
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where: Wa is real energy 
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and Wr - reactive energy 
rCrBrAr WWWW ++=           (3) 

In the above relations: WaA, WaB, WaC are average operational active energy and WrA, WrB, WrC are average 
operational reactive energy by phase of transformer Tk,. 
- fill-up coefficient ku: 

maxS
S

k med
uS =              (4) 

where: Smax is the maximum total power, while tf is the operating time of customer. 
- time wastage uttermost τ, evaluate by 

( )[ ]uuf kakat ⋅−+⋅⋅=τ 12                 (5) 

where: a is coefficient for maximum total power [ ]3,0;1,0∈a , while tf is the operating time of the customer. 

3. ELECTRIC POWER LOSSES IN TRANSFORMERS

Using the relations for a single-phase transformer energy losses, one can write for symmetrically built three-
phase transformer the following equations: 

active energy losses ∆Wak • 
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reactive energy losses ∆Wrk • 
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In the case of unbalanced loads it is needful to use the symmetrical components. In such a case it is possible to 
calculate the current zero and negative factors as: 
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Now it is possible to define the positive sequence total power as: 
++ ⋅⋅= IUS nk 3                           (10) 

Noting by: 
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the total power loading coefficient and using the above relations, the equations (6) and (7) become: 
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where: 

fkooka tPW ⋅=Δ  and fkookr tQW ⋅=Δ                        (16) 

fsckscka tPW ⋅=Δ  and fscksckr tQW ⋅=Δ                (17) 

The functions  and ( Sk
nes

a fW α=Δ ) ( )Sk
nes

r fW α=Δ  are presented in figure 1. 

 
a. active energy losses ΔWak b. reactive energy losses ΔWrk

Fig.1. Energy losses ΔWak  and ΔWrk  operating regime 

4. SOME RESULTS 

The presented model has been used to evaluate the losses corresponding to a two transformer PS configurations, 
with characteristics given in table 1. 

 
Table 1. Equipment characteristics and loading scenarios for transformer 25kVA 

Unp[kV] 20 kI
- kI

o

Uns[kV] 0,4 0 0 
Po[kW] 0,175 0,06 0,06 
Psc[kW] 0,957 1,59 1,59 

io[%] 2 2,01 2,01 
usc[%] 6   

 
The power losses variation, as a function of the total power loading coefficient, for the case a 25kVA PS, is 
presented in fig.2, for symmetrical regime. 
For the same PS configuration the active energy losses variation, as a function of no symmetrical coefficients kI

-

=kI
o=0,06 are presented in figure 3, for kI

-=kI
o=1,59 in the figure 4. 
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Reactive energy loses T-25kVA
IA=IB=IC=63A
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Fig. 2. Active and reactive power losses as function of symmetrical regime for transformer – 25kVA 
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Reactive energy loses T-25kVA
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Fig. 3. Active and reactive power losses as function of non-symmetrical regime case kI 
-= kI

o = 0,06 for 
transformer – 25kVA 
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Fig. 4. Active and reactive power losses as function of non-symmetrical regime case kI 
-= kI

o = 1,59 for 
transformer – 25kVA 

5. CONCLUSIONS 

The presented model allows estimating the energy losses in unbalanced operation of transformers. In is worth to 
underline that such operation produces a diminution in the efficiency of the electricity. Thus, for the sake of 
increasing the economic efficiency of the distribution industry, several technical measures are recommended. 
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