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Abstract: This paper deals with the procedure for 
determining the size and the class of a distribution 
transformer in the existing distributive network that 
ensures minimization of the total present worth cost, 
which consists of the cost of investment, present worth 
maintenance cost and present worth cost of losses 
(power and energy losses) during the expected life-time 
of the transformer. The size and class of transformer are 
determined on the basis of the forecasted peak load, 
initial loading of transformer, its parameters, duration of 
the peak load, and the ambient temperature. The classes 
of transformers are defined by EN 50464-1 standard 
according to the level of efficiency. The most efficient 
transformers are in "A-class" while the least efficient are 
in "D-class". The analysis were conducted for 20/0,42 
kV/kV transformers of rated  power of  250 kVA, 400 
kVA and 630 kVA taking into account the current 
prices/costs in Serbia. The obtained results along with 
the proposed procedure provide the guidelines for the 
selection of the appropriate transformer size (rated 
power) and class in the new distribution substations.  
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1.  INTRODUCTION 
In order to enable selection of the economically 

justifiable size and class of distribution transformers, 
which is the main goal in this paper, the following input 
parameters and assumptions are considered: 
− new transformer will operate with the assumed load 

factor and peak load during the life-time (30 years), 
− selection of the classes of the transformer (A, B, C 

or D-class) will be done according to the standard 
EN 50464-1 [3], 

− analysis will be conducted for the three most used 
sizes of the transformers in distribution networks in 
Elektrovojvodina:  250, 400 and 630 kVA, 

− investment cost for different sizes and classes of the 
transformers are the following: 
o 250 kVA:  Tna2=7.000 (€);   Tnb2=6.300 (€);    

                  Tnc2=5.600 (€);   Tnd2=4.800 (€),  

o 400 kVA:  Tna4 =11.200 (€);   Tnb4=10.100 (€);  
                  Tnc4 =  8.960 (€);    Tnd4 =7.680 (€), 

o 630 kVA:   Tna6=16.800 (€);  Tnb6= 15.300 (€);   
                   Tnc6=13.440 (€);  Tnd6= 11.520 (€) 

− cost of energy losses is Cw = 0.06 (€ / kWh) 
− cost of power losses is   Cp = 4.50 (€ / kW,year). 

Power losses in iron (PFe), at the rated voltage, and in 
copper (PCu), at the rated loading, for transformers of 
different sizes and classes (A, B, C, and D class) are 
given in Table 1. 
 
Table 1.  Rated power losses in irone and copper 

Sn 

(kVA) 

A-class(kW)  B-class(kW) C-class(kW) D-class(kW) 
Pfe Pcu Pfe Pcu Pfe Pcu Pfe Pcu 

50 0,09 0,75 0,11 0,87 0,13 1,10 0,15 1,35 
100 0,15 1,25 0,18 1,47 0,21 1,75 0,26 2,15 
160 0,21 1,70 0,26 2,00 0,30 2,35 0,38 3,10 
250 0,30 2,35 0,36 2,75 0,43 3,25 0,53 4,20 
400 0,43 3,25 0,52 3,85 0,61 4,60 0,75 6,00 
500 0,51 3,90 0,61 4,60 0,72 5,50 0,88 7,20 
630 0,60 4,60 0,73 5,40 0,86 6,50 1,03 8,40 

1000 0,77 7,60 0,94 9,00 1,10 10,50 1,40 13,00 
1250 0,95 9,50 1,15 11,00 1,35 13,50 1,75 16,00 
1600 1,20 12,00 1,45 14,00 1,70 17,00 2,20 20,00 
2000 1,45 15,00 1,80 18,00 2,10 21,00 2,70 26,00 

 
Taking into account the rated power losses, shown in 

Table 1, and assuming the average power factor (cosφn) 
of 0.9, the efficiency (ηn) of the considered transformers 
is calculated for rated loading conditions. The results are 
presented in Table 2 and plotted in Fig. 1.   
 
Table 2.  Efficency of considered transformers 
ηn 

(%) 

Sn (kVA) 
50 100 160 250 400 500 630 1000 1250 1600 2000 

ηA 98,17 98,47 98,77 98,84 98,98 99,03 99,09 99,08 99,08 99,09 99,09 
ηB 98,87 98,20 98,45 98,63 98,80 98,85 98,93 98,91 98,93 98,94 98,91 
ηC 97,34 97,87 98,19 98,39 98,57 98,63 98,72 98,72 98,73 98,72 98,73 
ηD 96,77 97,39 97,64 97,94 98,16 98,23 98,36 98,42 98,45 98,48 98,43 

 
It should be noted that difference in efficiency between 
class A and class D transformers (ηA and ηD) is higher 

for transformers of smaller sizes (ηA -ηD≈ 1 %, for sizes up 
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 Fig. 1. Efficiency of different sizes and classes of 
transformers 

 
to 400 kVA) then for transformers of larger sizes (ηA -ηD≈ 
0,7 %  for sizes higher than 630 kVA). 

2. TOTAL PRESENT WORTH COST 
CALCULATION 

Calculation of the total present worth costs of the 
transformer in the life-time period (30 years) is based on 
the following expressions [4]: 
a) calculation of fixed costs: 

30
f V Fe P Fe W

0

1T I (P C +P C 8760)
(1 )tt d=

= + ⋅ ⋅ ⋅ ⋅∑
+

  (1) 

IV – investment cost (€),  
PFe – no-load power losses (kW), 
Cp – price of power losses (€/kW), 
Cw - price of energy losses (€/kWh) 
  d - discount rate. 

It is assumed that the annual maintenance cost of 
transformer is 2% of its investment cost during the 
liftime period.  
b) calculation of variable costs:  

30 n 2 n 2tr tr
p F P F WCu Cun n0

S S1T {P ( ) EQ C +P ( ) EQ C 8760}
S S(1 )tt d=

= ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅∑
+

(2) 

n
CuP - power losses in copper at the rated loading,      

 nS - the rated capacity of the transformer,  

 trS - peak loading of the transformer, 
FEQ - loss factor, according to [5] it is calculated as:  

1.912
F FEQ (LD )=     (3) 

LDF - load factor,  
t - time (years).  
It is assumed that the load factor is LDF=40% and the 
discount rate is d=8%. 

The relationships (1)-(3) along with the parameters 
given in the section 1 are used to calculate the cost 
curves that include initial (fixed) cost and future losses 
costs for different sizes and classes of transformers, as 
shown in the sequal. 

2.1.  Total present worth costs for 250 kVA 
        transformer 

The total present worth (TPW) cost for four classes 
(A,B,C,D) of the 250 kVA transformer are calculated 

using expressions (1)-(3) and baseline parameter data 
presented in the section 1. Obtained results are shown in 
Fig. 2, where the following notation is used:           
 - Ta2(St): TPW cost of A-cl,  - Tb2(St): TPW cost of B-cl,                     
 - Tc2(St): TPW cost of C-cl,  - Td2(St): TPW cost of D-cl. 
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Fig. 2. Cost (€) curves for different classes of 250 kVA 
transformer including initial and the present worth of 

future losses costs against annual peak load (St) 
  

  2.2.  Total present worth costs for 400 kVA 
           transformer 

As in the previous case, the total present worth (TPW) 
cost for four classes (A,B,C,D) of the 400 kVA 
transformer are calculated using expressions (1)-(3) and 
baseline parameter data presented in the section 1. 
Obtained results are shown in Fig. 3, where the following 
notation is used:   
 - Ta4(St): TPW cost of A-cl,  - Tb4(St): TPW cost of B-cl, 
 - Tc4(St): TPW cost of C-cl,  - Td4(St): TPW cost of D-cl. 
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Fig. 3. Cost (€) curves for different classes of 400 
kVA transformer including initial and the 

present worth of future losses costs against 
annualpeak load (St) 
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2.3.  Total present worth costs for 630 kVA 
         transformer 

In the same way as in the previous cases, the total 
present worth (TPW) cost for four classes (A,B,C,D) of 
the 630 kVA transformer are calculated. Obtained results 
are shown in Fig. 4, where the following notation is 
used:  
- Ta6(St): TPW cost of A-cl,  - Tb6(St): TPW cost of B-cl, 
- Tc6(St): TPW cost of C-cl,  -Td6(St): TPW cost of D-cl. 
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Fig. 4. Cost (€) curves for different classes of 630 kVA 
transformer including initial and the present worth of 

future losses costs against annual peak load (St) 

3. PROCEDURE FOR DETERMINING THE SIZE 
AND THE CLASS OF THE TRANSFORMER 

The procedure for determining the size (rated power) 
and the class of the transformer comprises of the 
following steps:  
1. Calculate cost curves, as described in section 2, for 

the considered/available sizes of transformers. 
2. Forecast the peak load of the transformer in the 

future period. 
3. Determine the long-term (e.g., 2-4 hours) 

transformer overloading capability that will not 
cause the decrease of normal life expectancy. It is 
determined on the basis of the parameters defined in 
[6, 7, 8] (ambient temperature, loading level before 
the overloading (initial loading), duration of the 
overloading, etc). 

4. Determine the possible transformer sizes based on 
steps 2 and 3.  

5. Using the cost curves calculated in step 1 select the 
transformer size and class that ensures minimal 
TPW cost among the sizes obtained in step 4.  

 
It should be emphasized here that the above 

procedure, besides the size of the transformer, 
determines the most economical class of the transformer 
[3] and thus improves the widely applied procedures for 
determining the most effective size of the transformers in  

 
 

distribution networks proposed in [4], which does not 
consider different classes of transformers.   

In order to demonstrate the usage of the proposed 
procedure the following cases are considered:  

I. Forecasted peak load of the transformer is 350 kVA, 
the average ambient temperature during the peak 
loads is 0 °C, the duration of the peak load is 3 hours 
and the initial loading is 180 kVA. 

II. Forecasted peak load of the transformer is 350 kVA, 
the average ambient temperature during the peak 
loads is 0 °C, the duration of the peak load is 4 hours 
and the initial loading is 230 kVA. 

III. Forecasted peak load of the transformer is 550 kVA, 
the average environment temperature during the 
peak loads is 10 °C (ambient temperature in the 
cabinet/kiosk/concrete case during the winter), the 
duration of the peak load is 3 hours and the initial 
loading is 280 kVA. 

3.1 Case I 

Taking into account previously defined input 
parameters, the possible options for transformer sizes 
and classes in this case are the following:  
• 250 kVA transformer. The permissible overload of 

this transformer, under the given conditions, is 150% 
without decreasing the normal life expectancy 
[6,7,8]. Hence, this transformer meets the forecasted 
peak load of 350 kVA. According to Fig. 2 the total 
present worth cost for the given peak load is lowest 
for the A-class of 250 kVA transformer and amounts 
13.800 €.  

• 400 kVA transformer. This transformer meets the 
peak load of 350 kVA without overloading.  
According to Fig. 3 the total present worth cost for 
the given peak load is lowest for the A-class of 400 
kVA transformer and amounts 16.800 €.  

• 630 kVA transformer. According to Fig. 4 the total 
present worth cost for the given peak load is lowest 
for the D-class of 630 kVA transformer and amounts 
22.500 €. 
Based on the above discussion, the 250 kVA 

transformer of A-class is the best option in the Case I. 

3.2 Case II 

In this case, taking into account the predefined 
conditions, the possible options for transformer sizes and 
classes are the following:  
• 250 kVA transformer. The permissible overload of 

this transformer, under the given conditions, is 140% 
without decreasing the normal life expectancy [6,7,8]. 
Although this transformer can meet the forecasted 
peak load, the permissible overload (352 kVA) is 
very close to the peak load (350 kVA). Because of 
that and due to the uncertainties related to the 
assumed conditions (e.g., value of ambient 
temperature, amount of forecasted load, duration of 
peak loads) this size of transformer is not considered 
as a possible option in this case. 

• 400 kVA transformer. This transformer meets the 
peak load of 350 kVA without overloading.  
According to Fig. 3 the total present worth cost for 
the given peak load is lowest for the A-class of 400 
kVA transformer and amounts 16.800 €.  
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• 630 kVA transformer. According to Fig. 4 the total 
present worth cost for the given peak load is lowest 
for the D-class of 630 kVA transformer and amounts 
22.500 €. 

Based on the above discussion, the 400 kVA 
transformer of A-class is the best option in the Case II. 

3.3 Case III 

 In this case, under the given conditions, the possible 
options for transformer sizes and classes are the 
following:  
• 400 kVA transformer. The permissible overload of 

this transformer, under the given conditions, is 145% 
without decreasing the normal life expectancy [6,7,8]. 
Hence, this transformer meets the forecasted peak 
load of 550 kVA. According to Fig. 3 the total 
present worth cost for the given peak load is lowest 
for the A-class of 400 kVA transformer and amounts 
21.000 €. 

• 630 kVA transformer. According to Fig. 4 the total 
present worth cost for the given peak load is lowest 
for the A-class of 630 kVA transformer and amounts 
25.300 €. 
Based on the above discussion, the 400 kVA 

transformer of A-class is the most effective option in 
the Case III. 

4. CONCLUSION  
In this paper is presented the procedure for the 

selection of the size and class of new transformers to be 
used in the existing distribution networks with the goal 
of minimizing total present worth cost (cost of losses, 
maintenance cost and cost of investment) in the 
transformer life-time. The possible overload of the 
transformer that does not affect the normal life 
expectancy is taken into account according to the related 
standards and recommendations [6,7,8]. The proposed 
procedure includes consideration of classes of the 

transformers [3] in the decision making process, which 
was not considered in one of the most applied procedures 
[4]. 

The presented numerical results are obtained on the 
basis of certain assumptions regarding the costs (e.g., 
price of electricity (losses)) and conditions (e.g., ambient 
temperature, initial loading, forecasted peak load). The 
value of some of those parameters is not certain, i.e. they 
could not be treated as deterministic values. Therefore, in 
the future work the procedure for the selection of the best 
size and class of the transformer in the presence of 
uncertainty will be considered. In such environment the 
decisions will be made on the basis of risk assessment, 
using the appropriate tools for measuring and managing 
risk.  
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