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Abstract

With the increasing electric power demand, the power losses
will also rise. Thus, its losses are need to be calculated
accurately and become one of most important things that need
to be considered in the expansion of electrical line.

This research served the method to calculate the power losses
in medium voltage power distribution 20 kV includes with the
result according to the load curve in every distribution
transformer. The losses on the medium voltage line were
calculated according to the current in the line, and the losses
in transformer were calculated according to the loads those
change every time. The calculated sample of feeder was taken
from the power substation focused on UZB line. The loss
calculations were also used by using the simulation, so that
the calculations could be compared each other.

The loss result in the transformers had the biggest one, that
was 5% of transformer capacity, and the biggest power loss in
transformers was occurred in ALTA distribution transformer,
as 5.8005% and the lowest was occurred in GKSI distribution
transformer, as 0.3158%. Thus, the result could be considered
to plan the electrical power distribution because they had
some impact in investment.

Keywords: power loss, energy loss, medium voltage feeder,
distribution transformer, distribution transformer

INTRODUCTION

To meet the electricity demand of society in a region, it is
need a distribution system of plant to the consumers. The
electric power distribution system that relates directly to
consumers is contained in the distribution system. Therefore,
the distribution system has an important role in the
distribution of electrical energy to consumers.

In the distribution of electrical energy, the continuity of
proper service is necessary to consumers. This will affect the
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reliability of system and lead to blackouts when the system
reliability is not proper, so that the consumers will feel be
aggrieved. To overcome this case, the system must expand the
distribution network, and one of the criteria that must be met,
such as high efficiency, without ignoring the economic aspect.
The high efficiency will be achieved if the energy loss can be
minimized. Currently, the company is expanding the
distribution network system to improve the service needs due
to increasing load, the losses that occur in the network
distribution system must be taken into consideration, both in
planning and in operation. It will affect the cost of investment.
By knowing the power loss, an enabling research was carried
out on the possibility of additional investments to reduce the
losses.

On the basis for the ideas, it was intended to conduct the
research on power losses in the distribution network system.
Therefore, it was captured the calculation analysis of power
losses in the feeder on the medium voltage side, including the
distribution transformers.

LITERATURE REVIEW

The losses in distribution lines are caused by line conductor
losses and transformer (copper and core) losses. The losses
could be reduced as possible and could be estimated. They
affect voltage profiles [1-34].

Generally it was used capacitor banks for improving power
factors and reducing losses [35, 36]. However, they generated
harmonics, although not so high for additional losses [37].
The unbalanced and location loads would affect the feeder
losses and voltage drop [38]. The regulatory authorities’
penalty system would ensure better service standards for
customers [39]. Power losses were also occurred in renewable
energy generation, such as wind farms [40-42]. Power losses
were significantly occurred in power and distribution
transformers and they should be reduced as well as harmonics
and unbalances [43-77].
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The objectives of research in this study were to investigate the
power losses in the feeder at the substation taking into account
the loading curve and to provide a recommendation to
minimize the losses on the network. It was limited the scope
of discussion, namely the research was only used one feeder
that was originated from the substation and the power loss
calculations of in the distribution transformers were core and
copper losses.

The states of the art of research were to calculate the power
losses in the medium distribution lines and in the medium
voltage sides of distribution transformer copper as well as
core losses. These computations were not only in rating
condition, as usual where relatively simple, but as far as in
real condition in sites according to the measurement results.
The computation results were compared to the simulation
results. Finally, they could be analyzed by those comparisons.

METHOD OF DISTRIBUTION SYSTEM POWER LOSS
CALCULATION

There were some steps to undertake the problem analysis. The
process of analysis in this study was divided into several
stages described schematically and systematically as shown in

Figure 1.

Load data on low
voltage side

[Load data on medium voltage side]

)
/ Trandsi:;-mer /

1. Transformer loss calculation ’

2. Medium voltage side power
3. Medium voltage side current

!
/ Line data /
!

1. Line loss
2. Total loss

Figure 1. Flowchart of research

The next stage after the obtained data was necessary to
perform data processing to determine the power losses on
each phase for each distribution transformer. The steps of
calculations can be described in Figure 2, which shows the
power loss calculation steps along with the used formulae.
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Figure 2. Steps of power loss calculations

The load data on the medium voltage side were obtained by
the transformations of load parameter values on the low
voltage sides and in the transformer rated voltage ratios.

, V

I, =—"1 (1)
MV VMV LV
, V

Vi =22V, )
MV VLV Ly

S/'w =VA'/IV I/'m/ 3)

Where IMV ', VMV ', SMV ', IMv, VMv, SMv, VLV were current
load on the medium voltage side (A), voltage on the load side
of medium voltage (V), power load on the medium voltage
(kVA), current in the medium voltage side (A), voltage at 20
kV medium voltage (V), power at the side of medium voltage
(kVA) and secondary 400 V voltage transformer (V)
respectively.

The transformer capacity data and brands were acquired from
the company, while the data regarding the amount of iron loss
and copper loss of transformers were obtained by using the
datasheets of transformers and the standard, where these
losses were for the three-phase transformers.

If S, Presph, Pcusph Were capacity transformer (kVA), iron loss
(watt) and copper loss (watt) respectively, the iron loss per
phase (Preipn) was

P

Fe3ph
PFelph: 83[] (4)

the copper loss per phase (Pcuiph) was

P

_ " Cu3ph
PCulph - 3 (5)

the transformer nominal current (I,,)

S
[,=—F="— (6)
V37,
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the resistance of copper per phase (Rcu)

P

_ " Culph

- 2
IH

(7

Cu

The transformer loss was calculated per phase at each
distribution transformers and on any encumbrances. The iron
losses were assumed to be constant, while the copper losses
depended on the load or current. The iron loss was as Preiph,
so that the loss of copper was

o2

P.=1,, R, (®)
The total transformer losses (Pr) was
By :PFelph +})cu1ph (C)]
The apparent transformers total loss (kVA) was
P,
S, =i (10)
cos @
The transformer efficiency was
P
n=——x100% (11)
P+P,

The apparent power on the medium voltage side (kVA) was

SMV=S;|/,V—1-S7 (12)
The current in medium voltage side was
S
1, =2 (13)
Vir

The cable or conductor data were obtained from the company,
including the type, length, resistance and reactance. The active
power loss of conductors was

2
P,=1,,rl (14)
The apparent power loss of conductors was
P

Sy, =tk (15)

cos @
The efficiency line was

P, —P
7, =2 x100% (16)

MV

The total losses were the transformer losses and distribution
line loss between X and Y as

PLTot:PLT +PLL (17)

The power transformer losses could be written by the
following equation as
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I)LT:PFe—i_PCu (18)
DATA, RESULTS AND DISCUSSION

The used networks in the calculation of power losses were the
medium voltage of UZB feeder, using the medium voltage
cable, as shown in Figure 3.

4 EVAsc
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Figure 3. Network system feeder of UZB

Table 1 list the data of conductor feeder UZB that be
investigated. The longest line was between PGG and OGA, as
2,402 m and the shortest one was between PRA B and ALTA
as 32 m, where the resistances were 0.124 Q/km for all feeder
conductors.
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Table 1: Data of conductor feeder UZB occurred in 18:00 and 19:00 o’clocks, as 103 A and 104 A for
e phase-S, 91 A and 92 A for load data phase-R and phase-T,
Distribution transformer ivel
No — Length (m) respectively.
Beginning End
1 H LIKA 411 o
5 LIKA LIK 347 Table 3: Measurement of distribution transformer of LIKA
3 LIK PRA A 1070 Hours Phase Current (A) Phase Voltage (V)
4 PRA A PRA B 60 R S T R S T
5 PRA B ALTA 32
6 ALTA CWI 254 0:00 87 95 83 223 223 224
7 CWI VTX 483 1:00 84 96 84 222 222 221
8 vIX GKSI 86 2:00 81 93 81 224 224 223
9 GKSI PCN 409
10 PCN MSG 273 3:00 80 92 80 225 225 224
11 MSG PGG 275 4:00 82 94 82 226 226 225
12 PGG OGA 2402
5:00 79 91 79 224 224 223
The distribution transformer data were necessary to calculate 6:00 83 95 83 226 226 225
power losses in the distribution transformers for each load :
condition. The distribution transformer data can be shown in 7:00 81 93 81 228 228 227
Table 2. The table lists that the highest transformer capacity 8:00 79 91 79 227 227 226
was 1 300 kVA, as PRA A, GKSI, MSG and OGA
distribution transformers. The copper resistances and the 9:00 82 94 82 226 225 224
power factors were assumed 0.02 Q and 0.8 lagging
respectively. 10:00 85 97 85 225 224 223
11:00 87 99 87 227 226 225
Table 2: Distribution transformer data for feeder UZB 12:00 ]7 99 87 227 226 225
No Distribution Tran.sformer Core loss 13:00 87 99 87 227 226 225
transformer capacity (kVA) (Watt)
1 LIKA 250 600 14:00 89 101 89 228 227 225
2 LIK 400 930 15:00 8 97 85 224 222 225
3 PRA A 630 1300
4 PRAB 400 930 16:00 88 100 88 225 223 222
5 ALTA 250 600 17:00 86 98 86 227 225 224
6 CwI 400 930 18:00 91 103 91 231 231 231
7 VTX 400 930
] GKSI 630 1300 19:00 92 104 92 231 231 231
9 PCN 250 600 20:00 91 99 87 228 228 227
10 MSG 630 1300
21:00 86 94 82 229 229 228
11 PGG 250 600
12 OGA 630 1300 22:00 92 100 88 230 230 229
23:00 90 98 86 225 225 224

The load data were the amount of use of electrical load
(current), which were obtained by the measurements every
distribution transformer. The load data can be seen in Table 3
for LIKA distribution transformer. The highest currents were
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Table 4 lists the load data for LIK distribution transformer. Table 5 lists the load data for PRA A distribution transformer.
The highest currents were occurred in 18:00 and 19:00 The highest currents were occurred in 18:00 and 19:00
o’clocks, as 315 A and 316 A for phase-S, 350 A and 351 A o’clocks, as 214 A and 219 A for phase-S, 207 A and 208 A
for phase-R and 389 A and 390 A for phase-T, respectively. for phase-R and 195 A and 196 A for phase-T, respectively.
Table 4: Load data of distribution transformer LIK Table 5: Load data of distribution transformer PRA A
Hours Phase Current (A) Phase Voltage (V) Hours Phase Current (A) Phase Voltage (V)
R S T R S T R S T R S T
0:00 346 307 381 223 222 221 0:00 203 211 187 217 221 222
1:00 343 308 382 220 219 218 1:00 200 212 188 215 219 220
2:00 340 305 379 221 220 219 2:00 197 209 185 216 220 221
3:00 339 304 378 222 221 220 3:00 196 208 184 217 221 222
4:00 341 306 380 223 222 221 4:00 198 210 186 218 222 223
5:00 338 303 377 219 218 217 5:00 195 207 183 214 218 219
6:00 342 307 381 220 219 218 6:00 199 211 187 216 220 221
7:00 340 305 379 221 220 219 7:00 197 209 185 217 221 222
8:00 338 303 377 218 217 216 8:00 195 207 183 215 219 220
9:00 341 306 380 216 215 214 9:00 198 210 186 214 218 219
10:00 344 309 383 214 213 212 10:00 201 213 189 213 217 218
11:00 346 311 385 217 216 215 11:00 203 215 191 216 220 221
12:00 346 311 385 217 216 215 12:00 203 215 191 216 220 221
13:00 346 311 385 217 216 215 13:00 203 215 191 216 220 221
14:00 348 313 387 217 216 215 14:00 205 217 193 218 222 223
15:00 344 309 383 217 217 211 15:00 201 213 189 225 222 223
16:00 347 312 386 225 226 226 16:00 204 216 192 229 229 229
17:00 345 310 384 226 227 227 17:00 202 214 190 229 229 229
18:00 350 315 389 212 215 215 18:00 207 219 195 229 229 229
19:00 351 316 390 228 228 228 19:00 208 220 196 222 221 227
20:00 350 311 385 222 221 220 20:00 207 215 191 215 217 214
21:00 345 306 380 223 222 221 21:00 202 210 186 219 223 224
22:00 351 312 386 224 223 222 22:00 208 216 192 220 224 225
23:00 349 310 384 222 221 220 23:00 206 214 190 216 220 221
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Table 6 lists the load data for PRA B distribution transformer.
The highest currents were occurred in 18:00 and 19:00
o’clocks, as 193 A and 194 A for phase-S, 184 A and 185 A
for phase-R and 216 A and 217 A for phase-T, respectively. In
this distribution transformer, the current in phase-T was
higher than that in phase-S.

Table 6: Load data of distribution transformer PRA B

Table 7 lists the load data for ALTA distribution transformer.
The highest currents were occurred in 18:00 and 19:00
o’clocks, as 133 A and 134 A for phase-S, 126 A and 127 A
for phase-R and 193 A and 194 A for phase-T, respectively. In
this distribution transformer, the current in phase-T was
higher than that in phase-S.

Table 7: Load data of distribution transformer ALTA

Hours Phase Current (A) Phase Voltage (V) Hours Phase Current (A) Phase Voltage (V)
R S T R S T R S T R S T
0:00 180 185 208 226 227 225 0:00 122 129 182 231 231 231
1:00 177 186 209 222 223 221 1:00 119 126 186 229 229 229
2:00 174 183 206 223 224 222 2:00 116 123 183 230 230 230
3:00 173 182 205 224 225 223 3:00 115 122 182 231 231 231
4:00 175 184 207 225 226 224 4:00 117 124 184 232 232 232
5:00 172 181 204 220 221 219 5:00 114 121 181 230 230 230
6:00 176 185 208 222 223 221 6:00 118 125 185 231 231 231
7:00 174 183 206 223 224 222 7:00 116 123 183 231 231 231
8:00 172 181 204 222 223 221 8:00 114 121 181 229 229 229
9:00 175 184 207 221 222 220 9:00 117 124 184 227 227 227
10:00 178 187 210 220 221 219 10:00 120 127 187 225 225 225
11:00 180 189 212 224 225 223 11:00 122 129 189 228 228 228
12:00 180 189 212 224 225 223 12:00 122 129 189 229 229 229
13:00 180 189 212 224 225 223 13:00 122 129 189 230 230 230
14:00 182 191 214 226 227 225 14:00 124 131 191 231 231 231
15:00 178 187 210 217 219 216 15:00 120 127 187 215 214 206
16:00 181 190 213 223 221 222 16:00 123 130 190 225 220 215
17:00 179 188 211 225 223 224 17:00 121 128 188 229 228 220
18:00 184 193 216 231 231 231 18:00 126 133 193 231 231 231
19:00 185 194 217 231 231 231 19:00 127 134 194 231 231 231
20:00 184 189 212 231 231 231 20:00 125 132 192 231 231 231
21:00 179 184 207 223 224 222 21:00 120 127 187 232 232 232
22:00 185 190 213 225 226 224 22:00 126 133 193 233 233 233
23:00 183 188 211 224 225 223 23:00 124 131 191 230 230 230
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Table 8 lists the load data for CWI distribution transformer.
The highest currents were occurred at 18:00 o’clock as 205 A,
180 A and 200 A for phase R, S and T respectively, and at
19:00 o’clocks, as 192 A, 169 A and 187 A for phase-S, 126
A and 127 A for phase-R and 193 A and 194 A for phase-T,
respectively. In this distribution transformer, the current in
phase-R was higher than that in phase-S.

Table 8 Load data of distribution transformer CW1I

Hours Phase Current (A)  Phase Voltage (V)
R S T R S T
0:00 125 108 120 214 213 212
1:00 125 108 120 215 215 215
2:00 128 113 123 216 216 216
3:00 129 114 124 216 216 216
4:00 127 112 122 216 216 216
5:00 130 115 125 215 215 215
6:00 180 165 175 215 215 215
7:00 180 165 175 215 215 215
8:00 184 169 179 209 209 209
9:00 190 170 185 214 214 214
10:00 196 177 191 218 218 218
11:00 173 150 168 215 215 215
12:00 170 147 165 218 218 218
13:00 167 142 162 218 218 218
14:00 160 138 155 218 218 218
15:00 158 126 153 207 209 207
16:00 168 143 163 228 228 228
17:00 187 173 182 220 220 220
18:00 205 180 200 228 228 228
19:00 192 169 187 228 228 228
20:00 198 179 193 228 228 228
21:00 196 177 191 228 228 228
22:00 176 153 171 225 225 225
23:00 144 128 139 225 225 225

Table 9 lists the load data for VTX distribution transformer.
The high currents, for all R, S and T phases, were distributed
in some hours, not only on one or two hour(s). The currents

those had higher values than 150 ampere were occurred at
00:00, 01:00, 02:00, 03:00, 05:00, 09:00, 11:00, 18:00 and
22:00, as well as for nearly 150 ampere it was at 23:00 on
each phase. Thus, the time range where the current values
were high was from 22:00 until 03:00. This case was
reasonable because the feeder supplied almost the industry.

Table 9 Load data of distribution transformer VTX

Hours  Phase Current (A) Phase Voltage (V)

R S T R S T

0:00 171 173 221 223.66 22572 225.32

1:00 155 161 203 221.71 223.65 223.34

2:00 163 167 212 22190 223.82 223.38

3:00 153 159 203 223.58 22548 22493

4:00 134 140 181 223.57 22547 22492

5:00 151 156 197 221.14 223.12 22282

6:00 111 118 157 223.52 22544 22498

7:00 126 127 172 22410 22596 225.46

8:00 136 133 179 221.87 223.87 223.36

9:00 150 151 193 220.59 222.57 222.10

10:00 118 122 162 219.52 22150 221.04

11:00 154 152 196 21994 22199 221.54

12:00 121 124 166 22042 22243 22194

13:00 121 124 166 219.95 22195 221.54

14:00 132 131 174 220.25 22232 221.89

15:00 137 135 179 21997 222.11 221.64

16:00 123 122 167 221.78 22379 223.33

17:00 129 130 171 222.12 22420 223.85

18:00 154 156 197 220.07 22237 222.22

19:00 127 132 172 220.01 22235 222.13

20:00 128 132 173 22048 22271 222.50

21:00 126 131 172 22193 224.11 22395

22:00 160 160 204 223.11 225.15 22481

23:00 147 149 193 22271 224.69 224.28
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Table 10 lists the load data for GKSI distribution transformer.
The highest currents were occurred at 14:00 o’clock as 288.2,
308.6 and 288.4 amperes for phase R, S and T respectively,
and at 16:00 o’clocks, as 289, 308.4 and 288.4 amperes for
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phase-S, phase-R and phase-T, respectively. Thus, in this
distribution transformer, the high currents were ocurred in
14:00 and 16:00 o’clocks in ranges. This case was not usual
than other ones.

Table 10: Load data of distribution transformer GKSI

319.2 and 358.4 amperes for phase R, S and T respectively,
and at 01:00 o’clocks, as 297.2, 310.8 and 350.0 ampere for
phase-S, phase-R and phase-T, respectively. Thus, in this
distribution transformer, the high currents were ocurred in
00:00 and 01:00 o’clocks in ranges. This case was not usual
than other ones.

Hours Phase Current (A) Phase Voltage (V)
R S T R S T Table 11: Load data of distribution transformer PCN

0:00 2654 2974 2774 223.55 22557 225.13 Hours Phase Current (A) Phase Voltage (V)
1:00 2772 298.8 280.0 221.62 223.52 223.12 R S T R S T
2:00 2622 282.6 263.8 221.94 223.79 223.28 0:00 | 306.8 | 319.2 | 358.4 | 223.94 | 222.25 | 224.26
3:00 253.6 273.6 2540 22330 22524 224.69 1:00 | 297.2 | 310.8 | 350.0 | 225.22 | 223.60 | 225.43
4:00 2544 2748 2548 22341 22533 224.79 2:00 | 278.4 | 292.8 | 326.0 | 222.57 | 221.08 | 222.89
5:00 193.8 2104 193.8 221.35 22330 222.87 3:00 | 294.4 | 308.8 | 343.6 | 223.65 | 222.24 | 223.99
6:00 2044 2206 2022 22325 225.13 224.70 4:00 | 256.4 | 272.4 | 307.6 | 224.29 | 222.87 | 224.59
7:00  199.0 2144 1958 22431 226.17 225.63 5:00 123721 245.2 | 284.8 | 222.67 | 221.14 | 223.04
8:00 1932 2082 189.8 222.05 223.97 22341 6:00 | 14121 132.8 | 185.6 | 223.20 | 221.62 | 223.46
9:00 232.6 253.0 2328 220.96 222.87 222.29 700 (175.6 | 170.4 | 226.4 | 225.06 | 223.72 | 22546
10:00 2554 2734 253.6 219.53 221.50 220.94 8:00 | 169.6 | 164.0 | 218.4 | 223.94 | 222.43 | 224.20
11:00 2742 2942 2744 219.67 221.68 221.20 9:00 1 132.0 | 127.6 | 173.2 1 222.45 | 221.00 | 222.83
12:00 282.6 3024 283.0 22053 22248 221.94 10:00 | 146.8 | 153.6 | 193.2/) 221.01 | 219.60 | 221.34
13:00 280.8 302.4 281.0 220.00 221.98 221.48 11:00 | 13921 144.8 ) 184 | 220.46 | 218.93 | 220.74

12:00 | 139.6 | 148.4 | 187.6 | 221.25 | 219.77 | 221.59
14:00 2882 308.6 288.4 220.17 222.19 221.65

13:00 | 150.0 | 160.4 | 198.8 | 221.28 | 219.81 | 221.67
15:00 2852 305.8 285.6 220.18 22220 221.67

14:00 | 143.2 | 151.6 | 190.4 | 221.07 | 219.52 | 221.40
16:00 289.0 308.4 2884 220.81 22278 22223

15:00 | 124.4 | 126.8 | 166.4 | 221.31 | 219.75 | 221.66
17:00 278.8 299.8 279.2 22232 22433 223.88

16:00 | 143.2 | 151.2 | 191.6 | 221.19 | 219.60 | 221.50
18:00 274.6 299.8 279.2 220.02 22227 222.11

17:00 | 149.6 | 150.8 | 197.6 | 223.53 | 221.96 | 223.80
19:00 280.0 305 2842 219.87 222.12 221.96

18:00 | 134.4 | 122.8 | 171.2 | 221.75 | 219.73 | 221.82
20:00 277.8 303 2814 220.19 22241 222.19

19:00 | 132.4 | 120.8 | 168.8 | 221.29 | 219.20 | 221.31
21:00 2740 297.8 276.6 221.83 224.00 223.68

20:00 | 1352 | 123.6 | 172.4 | 221.72 | 219.70 | 221.82
22:00 282.6 3064 2852 223.76 225.78 225.41

21:00 | 142.8 | 130.4 | 183.6 | 222.48 | 220.50 | 222.60
23:00 277.6 2982 279.2 222.99 224.89 224.45

Table 11 lists the load data for PCN distribution transformer.
The highest currents were occurred at 00:00 o’clock as 306.8,
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22:00 | 150.8 | 138.8 | 191.6 | 223.97 | 222.13 | 224.12

23:00 | 155.2 | 144.4 | 197.6 | 224.45 | 222.86 | 224.65




International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 14 (2017) pp. 4264-4281
© Research India Publications. http://www.ripublication.com

Table 12 lists the load data for PGG distribution transformer. Table 13 lists the load data for MSG distribution transformer.
The highest currents were occurred at 18:00 o’clock as 146, The high currents were occurred at the range of 8:00 until
172 and 233 amperes for phase R, S and T respectively, and at 15:00 o’clocks, where the current values between 45 and 71

19:00 o’clocks, as 147 A, 173 A and 234 A for phase-S, amperes.
phase-R and phase-T, respectively.

Table 13: Load data of distribution transformer MSG

Table 12: Load data of distribution transformer PGG

Hours Phase Current (A) Phase Voltage (V)
Phase Current (A) Phase Voltage (V)
Time R S T R S T
R S T R S T 0:00 29 25 23 22232 22434 222.84
0:00 142 le4 225 221 218 215 1:00 28 27 23 221.07 222.89 221.45
1:00 139 165 226 219 216 213 2:00 26 25 22 22240 22436 222.78
2:00 136 162 223 220 217 214 3:00 27 25 22 22274 22472 22296
3:00 135 161 222 221 218 215 4:00 27 25 22 220.87 222.75 221.18
4:00 137 163 204 270 219 216 5:00 27 26 21 22193 223.86 222.27
5:00 134 160 1 218 15 12 6:00 27 25 21 223.80 225.75 223.86
7:00 26 24 21  221.89 22392 222.18
6:00 138 164 225 219 216 213
8:00 52 62 533 220.71 222.69 221.02
7:00 136 162 223 220 217 214
9:00 46 58 48 219.23 221.30 219.45
8:00 134 160 221 219 216 213
10:00 59 71 62 218.72 220.86 219.06
9:00 137163 224 218 215 212 11:00 47 53 48 219.82 221.89 220.16
10:00 140 le6 227 217 214 211 12:00 49 54 49 21956 221.67 219.91
11:00 142 168 229 220 217 214 13:00 50 56 52 219.46 221.63 219.86
12:00 142 168 229 220 217 214 14:00 45 56 50 219.68 221.87 220.19
13:00 142 168 229 220 217 214 15:00 45 55 48 219.70 221.88 220.20
14:00 144 170 23] 275 222 214 16:00 25 22 22 221.77 22395 222.23
15:00 140 166 227 230 231 231 17:00 25 24 22 219.38 221.77 220.47
18:00 27 24 21 219.05 221.42 220.16
16:00 143 169 230 229 229 227
19:00 28 26 19  219.46 221.83 220.53
17:00 141 167 228 230 230 228
20:00 28 25 20  220.80 223.08 221.74
18:00 146 172 233 231 231 231
21:00 28 24 21 222.57 224.68 223.44
19:00 147 173 234 231 231 231 22:00 29 25 22 22299 225.02 223.63
20:00 146 168 229 220 217 214 23:00 28 25 22 22232 22434 222.84
21:00 141 163 224 222 219 216
22:00 147 169 230 223 220 217 Table 14 lists the load data for OGA distribution transformer.
The highest currents were occurred at 19:00 o’clock as 463 A,
23:00 145 167 228 220 217 214 530 A and 568 A for phase R, S and T respectively, for phase-

S, phase-R and phase-T, respectively.
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Table 14: Load data of distribution transformer OGA

respectively. Therefore, the iron loss per phase was 200 watt
and the core resistance was 666,667 Q.

The transformer copper loss at the loading Pcuiphase Was
0.119072 watt. The transformer iron loss per phase was
200.014 watt. Therefore, the distribution transformer loss was
200.223 watt. Finally, the apparent power loss was 250.028
VA and the efficiency, based on the apparent loss, was
0.88808%.

The apparent power on the medium voltage side Stm was
28.43215 kVA. While, the current on the medium voltage side
Itm was 2.4616 A.

The line data between PRA and ALTA were medium voltage
power cable, 0.032 km and 0.14 Q/km. Therefore, the line
loss between PRA and ALTA was 0.02715 watt, or 0.0339
VA or 0.00012% of apparent power. The total loss between
PRA and ALTA was 200.14615 watt or 250.18 VA.

Table 16 shows the values of power losses in the distribution
transformers for feeder UZB. There were not all power losses
of transformers could be calculated, because there are some
distribution transformers owned by the customer or commonly
called the medium voltage customers on UZB feeder.

If a transformer has medium voltage status, then the company
only provide power only to the customer and can not see how
much power is used on the transformer.

Table 16: Distribution transformer losses on feeder UZB in

Time Phase Current (A) Phase Voltage (V)
R S T R S T

0:00 458 521 559 218 218 218
1:00 455 522 560 215 215 215
2:00 452 519 557 216 218 216
3:00 451 518 556 217 219 217
4:00 453 520 558 218 220 218
5:00 450 517 555 215 217 215
6:00 454 521 559 217 215 217
7:00 452 519 557 218 216 218
8:00 450 517 555 216 214 216
9:00 453 520 558 215 213 215
10:00 456 523 561 214 212 214
11:00 458 525 563 217 215 217
12:00 458 525 563 217 215 217
13:00 458 525 563 217 215 217
14:00 460 527 565 219 217 219
15:00 456 523 561 200 204 211
16:00 459 526 564 215 218 215
17:00 457 524 562 216 219 216
18:00 462 529 567 213 210 206
19:00 463 530 568 220 210 213
20:00 462 525 563 222 222 218
21:00 457 520 558 224 224 224
22:00 463 526 564 225 225 225
23:00 461 524 562 220 220 220

Power Loss Calculation on feeder of UZB

On the distribution transformer of ALTA, on 0:00 o’clock, the
load data of low voltage side were Itr and Vrr as 122 A and
231 V respectively. Thus, the load data of medium voltage
side are shown in Table 15.

Table 15: The medium quantity parameters

one day
Distribution Transformer Trj;ls;f(;;:ner Tranlifsosrmer
transformer  loss (kW) (lfV A)y %)
LIKA 15.0048 250 5.7378
LIK 23.3221 400 5.2830
PRA A 32.52431 630 4.7162
PRA B 23.27215 400 5.4818
ALTA 15.0132 250 5.8005
CWI 23.2651 400 5.2162
VTX 23.25 400 0.3812
GKSI 32.5 630 0.3158
PCN 15 250 0.3827
PGG 15.0197 250 5.4478
MSG 23.25 400 0.3812
OGA 32.6592 630 4.5184

Parameter Quantities
I™’ 2.44
Vrm’ 11550
Stm’ 28.182 kVA
P’ 22.5465 kW

The distribution transformator data of ALTA were Kianst,
Presphase and Ry as 250 kVA, 600 watt and 0.02 Q

4273

To know the values of power losses based on the calculations
in the feeder of UZB on any loading for one day, it can be
seen in Table 17. The table shows that the total loss as 11.96
kwatt and above were occurred at the range of 16:00 until
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22:00 o’clocks. This case was reasonable due to, in this time, until 23:00. Nevertheless, the latter was significantly higher
usually it was in peak load conditions. Otherwise, the highest than the former. This case was reasonable due to, in the latter
percentage was occurred at 5:00 o’clocks, due to in this time, time, it was usually peak load occurred.

it was the lowest loss.

Table 18: Simulation of losses on feeder UZB in one day

Table 17: Calculation of losses on feeder UZB in one day - - - -
Simulating Simulating

Simulating Total

Calculating Calculating Ca.lculating Total Loss . transformer line Loss
Hours loads transformer  line loss loss Time  loads loss
(kWatt)  loss (kWatt)  (kWatt) ~ (kWatt) (%) (kWatt loss loss  (kWatt) (%)
M fwatt)  (kWatf)

0:00 941.4 10.96 0.95 11.92 1.27
0:00 987.4 11 1 12 1.22

1:00 929.7 10.96 0.94 11.90 1.28
1:00 975.4 10.7 0.9 11.6 1.19

2:00 925.7 10.96 0.94 11.90 1.29
2:00 970.4 10.7 0.9 11.6 1.20

3:00 926.4 10.96 0.94 11.90 1.28
3:00 972.4 10.7 0.9 11.6 1.19

4:00 936.8 10.96 0.95 11.91 1.27
4:00 981.3 10.9 1 11.9 1.21

5:00 913.0 10.96 0.92 11.89 1.30
5:00 957.3 10.3 0.9 11.2 1.17

6:00 958.2 10.96 0.97 11.93 1.24
6:00 1005.2 10.8 1 11.8 1.17

7:00 954.6 10.96 0.97 11.93 1.25
7:00  1000.3 10.8 1 11.8 1.18

8:00 939.1 10.96 0.95 11.91 1.27
8:00 984.3 10.5 1 11.5 1.17

9:00 949.3 10.96 0.96 11.92 1.26
9:00 994.3 10.5 1 11.5 1.16

10:00 960.3 10.96 0.97 11.94 1.24
10:00 1005.4 10.6 1 11.6 1.15

11:00 966.0 10.96 0.98 11.94 1.24
11:00 1011.3 11.1 1 12.1 1.20

12:00 966.0 10.96 0.98 11.94 1.24
12:00 1011.3 11.1 1 12.1 1.20

13:00 964.4 10.96 0.98 11.94 1.24
13:00 1009.3 11.1 1 12.1 1.20

14:00 974.9 10.96 0.99 11.95 1.23
14:00 1021.3 11.5 1 12.5 1.22

15:00 930.9 10.96 0.94 11.91 1.28
15:00 9773 10.5 0.9 11.4 1.17

16:00 984.8 10.96 0.996 11.96 1.21
16:00 9523 11.6 1 12.6 1.32

17:00 992.1 10.96 1.00 11.97 1.21
17:00 1040.3 11.5 1.1 12.6 1.21

18:00 1009.8 10.96 1.02 11.99 1.19
18:00 10553 11.5 1.1 12.6 1.20

19:00 1021.6 10.96 1.03 11.997 1.17
19:00 1069.3 12.1 1.1 13.2 1.23

20:00 1003.8 10.96 1.02 11.98 1.19
20:00 1051.3 11.7 1.1 12.8 1.22

21:00 989.9 10.96 1.00 11.965 1.21
21:00 1037.3 11.2 1.1 12.3 1.19

22:00 1004.2 10.96 1.02 11.98 1.19
22:00 1050.3 11.9 1.1 13 1.24

23:00 966.9 10.96 0.98 11.94 1.24
23:00 1013.3 11.4 1 12.4 1.22

Table 18 lists the results of loss simulation in the feeder of
UZB. The total losses those higher than 12 kwatt were Figure 4 shows the chart of load comparison between the
occurred in the ranges from 11:00 until 14:00 and from 16:00 calculation and the simulation results. Although experienced
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little difference between them, both charts had similar
behavior, where the peak load range was from 16:00 until
20:00.
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Figure 4: Load comparison charts between the calculation
and simulation

Based on the chart in Figure 4, the full load was occurred at
19:00 as 1021.592 watt. Nevertheless, it is shown in the
simulation, it was occurred at 19.00 as 1069.29 watt.

Figure 5 shows the chart of transformer loss comparison
between the calculation and the simulation results. Although
experienced very small difference between them, both charts
had similar behavior, where the peak load range was from
16:00 until 20:00.
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Figure 5: Transformer loss comparison charts between the
calculation and simulation

From the calculation results, it was obtained by the average
distribution transformer losses during the first day amounted
to 10.96 kW. While the results of simulation was 11.06 kW
for the same load condition. Thus, the difference between the
calculation and the simulation was 0.1 kW.

Figure 6 shows the chart of line loss comparison between the
calculation and the simulation results. Although experienced
very small difference between them, both charts had similar
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behavior, where the peak load range was from 16:00 until
21:00.
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Figure 6: Line loss comparison charts between the calculation
and simulation

Figure 7 shows the chart of total line loss comparison between
the calculation and the simulation results. This loss consisted
of both transformer loss and line loss. Although experienced
very small difference between them, both charts had similar
behavior, where the peak load range was from 16:00 until
21:00.
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Figure 7: Total line loss comparison charts between the
calculation and simulation

The line average power loss during one was 0.97 kW. While,
the results of simulation for the same feeder and same load
was obtained as 1 kW. Thus, the difference between the
calculation and simulation results was equal to 0.03 kW.

From the tables, it is shown that the power losses in the
transformers and the lines followed the shape of curve load.
Thus, the greater the load, the power losses would be greater.

From the calculation results, it was obtained the average
power losses, during one day, amounted to 11.93 kW. While,
the results of simulation, for the case of feeders with the same
load condition was obtained the yield of 12.07 kW. Thus, the
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difference between the calculation and the simulation was
0.13 kW.

For the energy loss in the feeder UZB during one day was
obtained by the calculation amounted to 298.42 kWh, and for
one month was 8.96 MWh.
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Figure 8: The load simulation results

CONCLUSION

From the calculation results, it was obtained that power losses
in the conductor had little value, to the line feeder UZB,
which was 0.48 kW. This was caused by the used conductor
of UZB feeder had the small resistance of 0.124 Q/km, and
the distance between distribution transformers was short,
under 1 km.

While, the transformer power losses had considerable value,
above 5% of transformer capacity. The greatest power loss
was in the transformer of ALTA distribution transformer, as
5.8005% and the lowest was occurred in GKSI distribution
transformer, as 0.3158%.

The maximum limit of losses to be achieved by the company
was 10% for the no-load loss and + 5% for the total loss.
According to the total calculation, the loss in the transformer
had met the standard as 5%.

By the calculation result, it was obtained the feeder power loss
for 1 day amounted to 11.93 kW. While, for same feeder and
same load condition, the result of simulation was obtained as
12.07 kW. Thus, the difference between the calculation and
the simulation power was 0.13 kW.

By the calculation results, it was obtained the transformer loss
for 1 day amounted to 10.96 kW. While, for same feeder and
same load condition, the simulation result was obtained the
yield of 11.06 kW. Thus, the difference between the
calculation and the simulation powers was 0.1 kW.

The line power loss during the one day was 0.97 kW. While,
for same feeder and same load condition, the result of
simulation was obtained as 1 kW. Thus, the difference
between the calculation and the simulation was equal to 0.03
kW.

The feeder UZB energy loss during the one day was obtained
by the calculation amounted to 298.42 kWh, and for one
month was 8.96 MWh.

The losses contained in the line feeder of UZB were line loss
and distribution loss. Furthermore, they also were identical to
energy losses.

On the simulation, it could be known that the power
equilibrium on the medium voltage network system, has been
met. It can be seen that the source of power supply was 1003
kW and 620 kVAR, and the power on the load was 995.3 kW
and 618.19 kVAR, the loss power in the transformer was
11.06 kW and 9.5 kVAR, and the loss power in the line was
1kW and - 7.8 kVAR.

A recommendation for improvement, it should be advised to
do an addition of new substation with larger capacity.
Furthermore, it could be changed the type of cable to be larger
on the cross-sectional area of conductor. Finally, it should be
advised to re-line or re-setting the distance between
distribution transformers.
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To obtain the power loss at medium voltage distribution
network more rigorous, it should be considered other loss
factors, such as inductance, leakage current due to medium
voltage on the line, and so forth.
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