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(A Study on the Harmonics Measurement, Assessment and Resonant Filter Application
of the Electrolyzer Loads)
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Abstract

Heavy chemical industries have nonlinear loads including electrolyzers. The electrolysis consists of AC-DC
converters which generate harmonic currents and create distortions on the sinusoidal voltage of the power
system. This paper provides in depth an analysis on harmonics field measurement for the electrolyzer loads,
adding a single—tuned filter at the customer bus for reducing harmonic distortion and harmonic assessment by
the international harmonic standards IEC 61000-3-6 and IEEE Std. 519. The EDSA program was used as a
simulation tool for the case study.
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Fig. 1. One-line diagram of the system under
study case
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Fig. 2. Measuring equipment
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Table 1. Measured data by BMI-PX5

A% B & CH

g V] 22783 22920 22826

A [Al 461.75 467.11 465.0

A4APE %] | 2172 2.172 2.256

AR E [%]| 9356 9.875 9.488
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Fig. 3. Measured voltage waveforms and histograms Fig. 4. Measured current waveforms and histograms

PCCellM 9] At 43 E(THD, Total Darmonic

... |BC 61000-3-6
Distortion) &A1A] &7 A3 2172(%], 2172(%), A% | Planning tevel | A ¥ | B¥ | C#
22%[%]i IH: 61(XX)‘3“6 7]";!_&7_4(65[%]) E'_E]' ‘51' 8 04 0103 0113 01
of mzs} A e o}, BE viddER 4 9 12 0603 | 0569 | 0553
A= AL neshd 28 2 Holth A2 ¥ 10 0.4 0025 | 0034 | 0016
e 3008 7IELR st AU 11 3.0 0381 | 0281 | 0356
12 0.2 0 0028 | 0.041
E 2. X0 @Y W} 13 25 0288 | 0.272 | 0.266
Table 2. Harmonic voltage assessment
14 0.2 0072 | 0063 | 0.041
s |EC 61000-36) ' gy | ¢ 15 03 0081 | 0072 | 0063
Planning level
16 0.2 0075 | 0056 | 0041
2 16 0.059 | 0.128 | 0.078
17 16 0381 | 04 | 0422
3 40 0731 | 0525 | 1216
4 1.0 0.038 | 0019 | 0028
50 0.2 0053 | 0078 | 0.091
5 5.0 1147 | 1.275 | 1.034 .
6 05 0059 | 0013 | 0038 ([‘y]; 6.5 2172 | 2172 | 2256
0
7 40 0456 | 0516 | 0.494
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Table 3. Harmonic current assessment

Ae |BEESIO 4y gy | cu
limits

3 4.0 1.094 0.978 1.416
5 40 8406 | 8.706% | 8.284x
7 4.0 2.563 3213 3.266
9 4.0 0.109 0.059 0.106
11 20 1.681 1.803 1531
13 20 0.706 0.747 0.778
15 20 0.044 0.022 0.022
17 15 1.206 1.231 1.078
19 15 0.903 0.963 0.897
21 15 0.016 0.044 0.003
23 0.6 1166« | 1.213+ | 0.097*
25 0.6 0.759* | 0.891* 0.8+
49 0.3 0.088 0.097 0.106

TDD

(06D 5.0 9.356% | 9.875% | 9.488*
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Fig. 6. Harmonic current assessment
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Fig. 8. Impedance response of the 5th resonant
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Table 4. Current magnitude and total harmonics

distortion
Measured | Simulated | With the

values values filters

A% IA [A] 461.75 46140 45454
ITHDA[%]| 93% 9.3 369

B & IB [A] 46711 46979 463.80
ITHD,B{%] 9875 9.87 440

C 4 IC [A] 465.0 46559 459.80
ITHD,C(%] 9488 948 438
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Fig. 9. Current waveforms and histograms without the resonant filters
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Table 5. Voltage magnitude and total harmonics

distortion

Measured | Simulated | With the

values values filters

A VA [V] 22783 22789 22875

° |VIHDAI%)| 2172 217 108

B 4 VB [V] 22920 22926 22922

VTHDB[%}| 2172 218 114

C 4 VC [V] 2282% 22833 22828

° | VTHDCI%) | 2256 296 122

FZ QHE Hgehd 787 2] A A4BE
o] oF 22(%lelA < 115[%]2 o] ZHAHATH

Tz Welg Hesle W nzn WRE
IEEE Std 51991 2j3} @7tep7|2 @ & 62 1%
% AF B7F 23S 23 2 Aolx, 2¥ 11
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Table 6-1. Harmonic current assessment(phase A)

2o IEEE 519 | Measured | Simulated Wi.th the
limits values values filters
3 40 1.094 1.09 115
5 4.0 8.406% 8.41% 0.05
7 4.0 2.563 2.56 2.28
9 4.0 0.109 0.11 0.1
i1 20 1.681 1.68 1.59
13 2.0 0.706 0.7 0.67
15 2.0 0.044 0.04 0.04
17 15 1.206 1.20 1.22
19 15 0.903 0.90 0.99
21 15 0.016 0.02 0.02
23 0.6 1.166x 1.16% 0.0
@

. | IEEE 519 | Measured | Simulated | With the

a4

limits values values filters
25 0.6 0.759%* 0.76x 05
TDD
5.0 9.356* 9.35% 3.69
([%1)

7] x& 712AE 2343

flr
=
tlo
T
R
=
0

E:3 6-2. X1} HF OB &)
Table 6-2. Harmonic current assessment(phase B)

. IEEE 519 | Measured | Simulated | With the
A o )
limits values values filters

3 4.0 0.978 0.98 1.02
5 4.0 8.706+ 8.71% 0.07
7 4.0 3.213 321 3.09
9 4.0 0.059 0.06 0.06
11 2.0 1.803 1.80 1.80
13 2.0 0.747 0.75 0.75
15 2.0 0.022 0.02 0.02
17 15 1.231 1.23 1.24
19 15 0.963 0.96 0.98
21 15 0.044 0.04 0.04
23 0.6 1.213+ 1.21# 0.01
25 0.6 0.891= 0.89+ 0.87x

TDD

(96D 5.0 9.875% 9.87% 440
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Table 6-3. Harmonic current assessment(phase C)

2} IEEE 519 | Measured | Simulated | With the

limits values values filters
3 4.0 1.416 1.42 147
5 4.0 8284« 8.28+ 0.06
7 4.0 3.266 3.27 3.11
9 4.0 0.106 0.11 0.10
11 20 1531 153 152
13 2.0 0.778 0.78 0.78
15 2.0 0.022 0.02 0.02
17 15 1.078 1.08 1.09
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IEEE 519 | Measured | Simulated | With the

A% limits values values filters
19 15 0.897 0.90 091
21 15 0.003 0.003 0.003
23 0.6 0.097% 0.10% 0.01
25 06 0.8 0.8 0.78*

3 5 7 8 N 1315 7 198 A B B F IJ N B B ¥ B 4
HOrdar

[ T iE€E 519 imts —— Measired curent —=— Simulatad current —e— Wit & and 23 Fitera |

(a) A &

/ \\/) ‘\_/:\l O e

3.5 7 9 1 13 315 17 1@ A B B X W/ H P I ¥ B A
HOrder

[+ IEEE 515 kit —e— Moasured cument —»— Simutated current —v— Wih 4h and 23n Fiters |

(b) B &

305 7 9 11 1B 1B YW A B BTBNB BT B
HOrder
[C» IEEE 519 limits " Measured cunent s Simutated curent - WAh Sh and 23 Fitars
A
(c) C &

g 11, Dxn ®F o}
Fig. 11. Harmonic current evaluation
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