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Source Model for Harmonic Interaction Analysis between Renewable Energy
Generators and Power Distribution System

* - + wk = sk
WA QAT A A

(Sung-Min Cho - Hee-Sang Shin - Won-Sik Moon - Jae-Chul Kim)

Abstract - As increase of nonlinear loads and renewable energy generators (REGs) being connected to power
distribution system via inverters, the concern on harmonic problems have increased. Recently, the harmonics evaluation
method considering TDD (Total Demand Distortion) is used to analyze the effect of harmonics from inverters on power
distribution quality. Harmonic current sources are typically used for simulation of nonlinear load. Most inverter type for
REGs is voltage source inverter (VSI). So, harmonic voltage sources are more suitable to analyze impact of renewable
energy generator on harmonics problem in power distribution system. In this paper, we presented the circuit model to
analyze interaction between harmonics from nonlinear load and REGs. We verified that the harmonic analysis using the
proposed circuit model is more appropriate than the harmonics evaluation method considering TDD through case study
using PSCAD/EMTDC.

Key Words : Harmornics, Renewable energy generators, Superposition
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2.1 |IEEE 519-1992

IEEE 519-1992¢] W gAgol gk nxs A A &
o] & 1o A= Ut olE = Jt¥ =] 22.9kV
A A A o] T 7} AL 789 3%E HoW ¢
3l Z% 9% & (Total Harmonic Distortion, THD)S 7] ¥-3}
A%k 5% 5 WA A Aok gk o] 3 W9 ol
2 axm AgS #EEy] A8 & 20 dERd A 2ol
webulo] whebA] aLxsh R[5 Al gro]l Folxith

E 1 dg nxm HE

Table 1 Harmonic voltage distortion limits

e 7 Ag B
PEC RSV | Gz 4200 | 8¢ THDC)
69kV o] 3} 3.0 5.0
69kV<V,<161kV 15 2.5
161kV =3} 1.0 15
E 2 6% DET MY

Table 2 Harmonic current distortion limits in % of I

Va<69kV

11<h |17<h |23<h
Isc/Ip h<11 <17 <93 <35 35<h | TDD

<20 4.0 2.0 15 0.6 0.3 5.0
20-50 7.0 3.5 2.5 1.0 0.5 8.0
50-100 10.0 4.5 4.0 1.5 0.7 12.0
100-1000 | 12.0 5.5 5.0 2.0 1.0 15.0

>1000 15.0 7.0 6.0 2.5 14 | 20.0
69kV<V,<161kV
<20 2.0 1.0 0.75 0.3 015 | 25
20-50 3.5 1.75 1.25 0.5 025 | 4.0
50-100 5.0 2.25 2.0 125 1035 | 60
100-1000 | 6.0 2.75 2.5 1.0 0.5 75
>1000 7.5 3.5 3.0 1.25 0.7 10.0
Vi>161kV
<50 2.0 1.0 0.75 0.3
=50 3.5 1.75 1.25 0.5 0.25 | 4.0

A3 Arje] 1zxy HAF HA oA PCC
(Point of Common Coupling)oll A< ©
current, Iso)7t #&F5 1xg Hdstel wAE o]
A st Aolth. & g #AdY

A=}
il T
aRQd HAEE nxy Age =7

2 WA A

v Az guusd oA 24 Aok ague v
AF7F & AAEL Az duu Ayt Zrola] v]AE HElo
% mzxnt Aske] EAol AA dEhuA Hia wE G
FAF7E A A2 AE dudart a7] wie] g
Fatol o gk wxu Hghel Aol A dEhA " R
ske] nzxd AFE ATdFste e AYGIArt I AR

129 AYS JAA FEoR fA st AP HStd dFS
FA He As BHAA7) Al 2R [EEEVEdA = o
gulo] M 1xa AFFS Asen sk o714 HdF
8} A F (maximum demand load current, I)= g A9
Hol H3t AR Hugoer unxm AF A7|o oA
712 #e®  AgEd. o714 TDD(Total Demand

Distortion)x= ot 9] 43 o] HjFstdFol W z
o] st AFgHe] Hl& ol tH13][15].

/s
D=""2 < 100% &
[L

A7NA, [,=7t nxy AFE A7) (rms amps)

S

I =3 ) 531 5 (rms amps)

2.2 |EEE 1547-2003

IEEE 15472 #4H8 Mo AlS Al &3 7|Fo =
71 mzye B3 F5LS F 3o At o JES
F 29 A WA PeA AL WEYES & 4 9tk TDD
= 9 FIke AF nzuEs msy] 98 9E A=
o ourt AL E mEge] glo] HToliE TRD
(Total Rated Distortion)2 W& = o] Alg¥ 3 ¢H3][16]

£ 3 24ty Mol oA ®F D=x=o K shgk

Table 3 Harmonic  current  distortion  limits  for DG
interconnection

Lz h<1l 11<h | 17<h | 23<h 35<h | TDD

2 <17 <23 <35
H) & 4.0 2.0 15 0.6 0.3 5.0

2.3 IEC 61000-3-6

[EC61000 A&=2E mzite] AZ=3 Hrtd dia)A 2A
gE1 9gon % IEC61000-3-62 wid A Eol s)ga}
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Table 4 Planning levels for Harmonic voltage for MV
system
71 1z
TR [ Fo s
2% h .ﬂi{% KRl ‘}hfr _15%2 KRl ‘}h-*r 13&%2 A
5 5 3 4 2 1.6
7 4 9 1.2 4 1
11 3 15 0.3 6 0.5
13 25 21 0.2 8 0.4
17 1.6 >21 0.2 10 0.4
19 1.2 12 0.2
23 1.2 >12 0.2
25 1.2
>25 10.2+0.5%25/h
) &% 1x3 43 E(THD) : 65%

E 5 88 Mt Ixm 58 5%
Table 5 Permissible levels for Harmonic voltages in KEPCO
714 nx3 o v
B 3o Wi
wET A FEE LT nE A
244 % 244 % 2k %
h |wldA | $d | h |wid | $d] h |widA| 54
= AE As | A% & AlF
5 3.8 1.7 3 3.1 14 2 1.3 0.6
7 3.1 14 9 0.9 0.4 4 0.6 0.3
11 2.2 10 | 21| 02 0.1 6 0.3 0.1
13 1.9 0.9 8 0.3 0.1
17 0.6
19 05
23 0.4
25 0.4
29 | {1.36 | 03 {(0.15
31 * 03 |>21] 02 | 01 ¢
35 (17{h)} 02 >8 (loih)} 0.1
37 1 016 | 02 0.15
41 0.2
43 0.2
47 0.2
49 0.1
F) % uzy JFE(THD) : MiAAFANA 5%
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Table 8 Harmonic current emission for load
Vs Tr.1 | | R L Tr.2 R 33 %9} 51 % v} 7323}k
l { linez Lline2 ’ 2 ala=2 alazl alAaza
~N-@o) 7453 [A] 5.30[Al 35[A] 2.83[A]
=
’; Casel Line Harnonic Current
o | linet
3 %] :
o EnEST
4.00 4
a3 3 AgHolMe 9IE Bo| HE 3w Y
2504 —
Fig. 3 Model system circuit for simulation 200 LaLES
oieo—'”ﬂz
x 6 2o HES Hp 0501
DED
Table 6 Model system parameter ©D Sorl
- 0.30 502 uf
o4 T A v 11 0207 e
| 60 [MVA] 2;2
Tr. 1 Impedance 15 [%] Y 5 Y I % S =5
Ratio 154 : 23 ST S AN
L2 1 [MVA] s I
i 248 MY AAAe M2 DxId MR
Tr. 2 | Impedance 5 [%] _':I 4 , i ,I xS AT
Ratio 23 : 0.38 Fig. 4 Harmonic current at linet, 2
Riinet, Riine2 0.185 [ohm]
Liinet, Liine2 0.94329 [mH] a9 40 YeEbH A Z linel¥} line2o] &2+ 24 1x3}
Rroad 238.26 [ohm] 2MW AfFe A7E #4H8 AY 59 AF2 FE3 1 99
L 02077 [H] pf: 0.9 Helskch & 8ol Uehdl Ratel s fUHE mzs A
F7F 24k A F9 AFER 7 AR EU|FHo 2
A nxukel BAMY Yy 1z A 9IS 4 = AE & F Urh
sk7] 918l & 7ol dEbd AF o] 37HA caseE F-E5H
Zelstadt E 9 EAMY Mo o MF M2 DxO MF
Table 9 Harmonic current under DG interconnection
= 7 29| case &
Table 7 Simulation cases GALA] 31 % Sa1x 3 (ELEE,
DG Liine1 5.23 3.46 2.76
7:”126‘ ‘t?‘tﬂ' T’E‘/}_sé ;\ﬂ% El"?:} 2 IlineZ O O O
Casel 15 A w5 wA - 3HA) 5.23 3.46 2.76
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Table 10 DG Harmonic voltage emission
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Table 11 Harmonic current due to DG harmonic voltage
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Table 12 Harmonic current due to DG and load harmonic
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