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Thesis Title Impact of Grid-Connected Solar Roof-Top System on Low Voltage

Distribution System

Name - Surname Mr.Thitikorn Srivorakul
Program Electrical Engineering
Thesis Advisor Associate Professor Krischonme Bhumkittipich, Ph.D.
Academic Year 2018
ABSTRACT

This thesis aimed to investigate the impact of the grid-connected solar roof-top system on
low voltage distribution system for the hospitals with different load profile, buses and locations. The
DIgSILENT PowerFactory program was selected to simulate and analyze power flow, voltage profile,
energy losses and power factor that affected low voltage distribution system for existing PV
installation or the future project.

In order to analyze the impact of the grid-connected solar roof-top system for the hospital
load in the PEA’s distribution network, this thesis was designed to install the grid-connected solar
roof-top system capacity as 5%, 10%, 15%, 20% and 27% of 1500 kVA 22/0.4 kV transformer. The
study considered the different load profiles, buses and locations. It showed that the installation 15%
of capacity on every bus yields the voltage profile at the end of bus (350 meter), which was raised
from 0.939 to 0.956 per unit. The results of the 7 installation patterns showed that the transformer
loading of the system had decreased from 79.91% to 75.56%, 71.32%, 67.36%, 67.11%, 63.07% and
57.85% respectively, but the effect of power factor had decreased from 0.88 to 0.86, 0.85, 0.83, 0.83,
0.80 and 0.76 respectively. The Inverter’s power factor setting on the solar roof-top system from 1.0
to 0.9 affected the power factor of grid system, which increased from 0.83 to 0.88.

The analysis results showed that the optimized installation of the solar rooftop on every
bus at 15% of transformer improved the voltage level at the far-end bus and it also reduced power
losses of the system. The optimized inverter’s power factor setting improved the power factor to meet
the requirements of the Electricity Authority. The improved power quality resulted in direct and

indirect energy saving.

Keywords: grid-connected solar roof-top, voltage stability, energy losses, power factor
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3 U 2.6 4-Quadrant representation of power factor and power flow
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Load (kW) 200 550 525 9.9 49.5 49.5 49.5
% Load 50% 35% 15%
PV (kWp) 100 100 200 0 0 0 25

fivuanoudaa Tl vura 1500 kvA Wia 2204 kv aretlou'ld Tvaa 1

J a 14 { 1 1
ATNI51NABTH1IATINAITIN 4.1 1agNINNYIIN1891N Main Feeder llﬂ!,maxﬂqué”l%’qmmm

<
TN 4.2
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MInaaesmMrualiimsaaas PV lununlsesneviandseneuaieainisoruiems
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C1, C2, C3 uag 4 sulesidudmdsgaudovesniioudaslvivh ardlszneudidaluvh (Power

factor)

Y Y s
QU 1 3

v A v Y o o o w a 4 4 a
TN‘LlEJ\‘lIlﬂTI"Iﬂ151/Iﬂa’ENﬂ15ﬂiﬂ@\iﬂﬁ@nﬂigﬂ@‘ﬂﬂ”lf‘]\i"l]ﬂ\?ﬂﬂl'l@il@]ﬂﬁiﬂig‘]_l‘]_lNEW]

v a d v ° a o 1 { 1
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M319N 4.3 JuuumMsaaas PV ieunuvdenias vwauazduiinsanainie

s
YUIAAANN PV (kWp) AN U

aiudi PV kwp) % PV/TR » ” ”
e A e B ver C
1 0 0% - - -
2 75 5% - 75 -
3 150 10% - 150 -
4 225 15% 100 125 -
5 225 15% 100 100 25
6 300 20% 150 150 -
7 400 27% 200 175 25

4.4 M3nam)5un5331n 51241 DIgSILENT

VNt 4.1-43 §390 1819 T1)51n 53 DIgSILENT iiiesiiniseenuulaszunsy
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va'lildh Traans1dau Sludu Taold laszunsy da31li 4.4 naz 4.5
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| DIgSILENT PowerFactory 15.1 - [Graphic : Grid\Grid IntGrinet] - X
l File Edit View Inseit Data Coloulation Output Tools Window Help -
FFeBET L2 PLEE o0 B2 0|80 v [Ee20W A r e i
4 Sty Case —lla|p m}] b T SEH @@ |G E =< > 4 & B|foan~]asc & @
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4] | el ]ziM]e]p] )'[’Griu/vmpu[ ,{a r-Diagramid) | Rar-Disgram(3) [amm[ Voltaga Profiie-Feedar 1| Rar.Diagram(5) [ Path Diagram(1) | Hﬂ 3
~ea
| Zoad Flow Calculation Total System Summary | :'3
1 AC Load Flow, balanced, positive seguence 1 Automatic Model MBD(ACJ.DD for cConvergence no 1 2
1 Automatic Tap Adjust of Transformers Yes 1 Max. Acceptable Load Flow Brror for I J
1 1 Nodes 0.01 kVvA | L]
1 1 Modal Equations 0,108 | | a
Gid [Freeze. Ortho  Snap | X= 287.035Y= 258993 | DB9405 01/07/2002 124500 |TTS-Thesis Opt.15%pf0.9

51U 4.5 maldauTi)sunsy
a ' o ALY
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4.4.1 Data Management IN039M 39030 139015390
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A @ ' P 9 1 AR Y
msaensuTdsunsumanemym 2 Jeya asglunundny ldun
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2) Busbars/Terminals
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DIGSILENT
PowerFactory
15.1.7

Project:

Date: 9/15/2018

Load Flow Calculation

Total System Summary

AC Load Flow, balanced, positive seguence Automatic Model Adaptation for Convergence No
Autcmatic Tap Adjuat of Transformers No Max. Bcceptable Load Flow Error for
Consider Reactive Power Limits No Nodes 0.01 kvAa
Model Equations 0.10 %
Total System Summary Study Case: Study Case Annex: /1
No. of Substations 2 No. of Busbars 3 No. of Terminals 10 No. of Lines 11
No. of 2-w Trfs. I No. of 3-w Trfs. 0 No. of syn. Machines 0 No. of asyn.Machines 0
No. of Loads 48 No. of Shunts 0 No. of 8V3 0
Generation = 0. kW 0. kvar 0.00 KVA
External Infeed = 1068.81 kW 590.75 kvar 1221.21 kvAa
Load P(U) = 1045.29 kW 506.2 kvar 11€1.43 kVA
Load P (Un) = 1088.86 kW 527.36 kvar 1209.84 kVA
Load P{Un-U) = 43.57 kW 21.10 kvar
Motor Load = 0.00 kW 0.00 kvar 0.00 kvA
Grid Losses = 23.52 kW 84.50 kvar
Line Charging = 30.52 kvar
Compensation ind. = 0.00 kvar
Compensation cap. = 0.00 kvar
Installed Capacity = 0.00 kW
Spinning Reserve = 0.00 kW
Total Power Factor:
Generation = 0.00 [-]
Load/Motor = 0.90 7/ 0.00 [-]
a
1J1n 4.6 Load Flow Calculation (Total System Summary)
DlgsiLeNT Project:
PowerFactory
1%.1.7 Date: 5/15/2019
Load Flow Calculaticn Busbars/Terminals
AC 0048 Flow, Dalanced, positive sequence ACTORAT IS Nodel Adapration for Convergence No
Aa‘cr.a‘.ic Ta8p Adjust o. T Yes Max. Acceptable load Flow Error for
Consider Reactive Power L %o Node 0.01 VA
Madel Equatices 108
Grid: Grid Systen 3tage: Grid l Study Case: Study Case Anrax: /3
Active Reactive Power
oe Bus-voltage Power  Power  Factor Current L:adir: Addicional Data
(p.u.] 1L32) Ieeqi {1 { i 5! (3 nl
0.3% 1.04
0.96 0.45  0.%0 1.48 12 0.50 ix 0,44 kvar
.40 4.8  0.90  15.35¢ 3 9,90 W 4.7% kvar
.45 4.59 0.90 15.54 P .50 W 4.79% kvar
.45 4.3 0.0 19.%4¢ P 5.50 ¥ 4.7% kvar
¥.4% 4.5% 0.50  15.54 23l 5.90 4.79% kvar
2 5.90 ¥ 4.75% kvar
12 5.50 k% 4.75% kvar
? .90 4,76 kvax
? 9,90 4,70 kvax
P .90 oW 4.7% kvar
=3%.81  -12.80 ~0.%0 ¢3.5% 9.95 | 0.01 iw 9.00 kver L: $.00 m
3s.02 12.80
infeed
22.00 1.02 22, -28.41
Cub_1 /Xnet 845,42 501,04 0.8%  I¢.82 Sk®: 900,00 MvA
Cu 2 /T2 849.€2 - 581.04  0.83  T€.52  €7.3€ [Tap: 3.00 ¥in: 1 Max: 1
LV-source
cub_1 TN €7.3¢ 3.00
Cub_2 €.8% 30.10 1.8) iw
Cub”S $17.00 €1.5) 1.37 %
Cub_€ 271.53 50.45 S.44 W
Lire
N> variable selection found for Load FOK®_Ho sp‘:al -
Scazt Time Sweep at 2002-0:1-01, 00 00:00.7
Stop Time Sweep at 2002-01-02, 00:00:00.
Sumnazy:
Total External Infeed = 18347.943¢ Muh
Total Generation = 1629.653 Muh
Total Load = 19562,.557 Muh
Total Losses = 415.02% mah

ﬂﬁ 4.7 Load Flow Calculation (Bars/Terminals & Time Sweep)
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4.5 NANSIVY
4.5.1 wamsasenaninszuy 1w (Voltage Profile)

M3199 4.4 WANIFIVIALTIAULAN PV LA VUIALAZAILHUIA 9

Voltage, Magnitude in P.U.
Bus NoPV PV 5% PV10% PV I15% PV*15% PV20% PV27%

Infeed 1.019 1.019 1.019 1.019 1.018 1.010 1.018
LV 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Al 0.993 0.993 0.993 0.994 0.994 0.997 0.995
A2 0.985 0.985 0.985 0.987 0.987 0.995 0.988

B 0.978 0.982 0.986 0.984 0.983 0.985 0.986
Cl 0.967 0.967 0.967 0.967 0.973 0.968 0.973
C2 0.960 0.960 0.960 0.960 0.967 0.962 0.967
C3 0.955 0.955 0.955 0.955 0.963 0.956 0.963
C4 0.939 0.939 0.939 0.939 0.956 0.941 0.956

Bus Voltage, Magnitude in P.U.
1.04
1.02

0.98
0.96
0.94
0.92

0.9
0.88

Infeed LV B
® NoPV mPV5% mPV10% PV15% ®WPV*15% ®mPV20% MPV27%

=
AN IS r
\\ Via

y /4

I "] e W/
A LR RO e \¥

11

sUn 4.8 Asag llihiiae 9 uaziia C4 sﬂuuum 5
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Bus Voltage, Magnitude in P.U. (Distance)

1.03

1.02

1.01

0.99

0.98

0.97

0.96

0.95

0.94

0.93
Infeed LV Al A2 B C1 C2 c3 c4

=== NOPV === PV 5% PV 10% PV 15% e=@umPV* 15% em@umP\ 20% ==@==P\ 27%

511 4.9 Awseau Tlihindaae q awszezneaelvonlng 1 lnaga (c4)

Y

4 @ 1

Y
mmﬂmizuuwam‘lﬂﬂmawmummmmmumwwua TINDNTSNUADAN
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2 1 a v Y Y

[ v ?1}1 oY A =) ! v A s d‘
mmuWﬁﬂu‘uzﬁuu f AUVUIANTAIAAN LL@]?JWﬁ@]E]‘UﬁTIlliJNﬂ"Ii@ﬂ@Qu@Ellﬂﬂ Taefiid C4
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' A = @ o o ! A 4
3383%13ﬁ1ﬂﬁ@1ﬂaq@‘ﬂ 350 1R 1]5zﬂ‘]_lllﬁQﬂuuh’\lﬂ1ﬂ'lﬂ'3']1n§l§§']uﬂ 0.939 1lesatia anu
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a o ' [ =
4.5.2 wamsaveammaimsgydeszun Tl (Power Losses)

519N 4.5 wamsaseammasmsgadeluszuy T

System Summary NoPV PV5% PV10% PV 15% PV*I5% PV20% PV27%

PV (kWp) 0 75 150 225 225 300 400
P (kW) 1,068.81 994.64 921.05 846.51 846.55 773.29 674.36
Q (kvar)  590.75 586.24 582.31 577.90 578.68 574.84 571.19
Infeed
S(kVA) 1,221.20 1,15455 1,089.69 1,024.96 1,025.44  963.54 883.75
P.F. 0.88 0.86 0.85 0.83 0.83 0.80 0.76
TR Load (%) 7991% 7556% 7132% 6736%  67.11%  63.07%  57.85%
Grid (kW)  23.52 20.98 19.03 18.65 16.24 17.07 13.11
Losses (kvar) 84.5 78.61 73.32 68.78 68.27 64.36 58.63
Line Charge (kvar)  30.52 30.52 30.52 30.52 30.52 30.52 30.52
Infeed (MWh/yr) 19,953 19,411 1,873 18,329 18,330 17,793 17,107
Total PV (MWh/yr) - 543 1,086 1,630 1,630 2,173 2,861
Total Load MWh/yr) 19,470 19,491 19,511 19,513 19,526 19,554 19,554

Total Loss (MWh/yr) 483 464 458 446 433 432 413

Monthly ~ (kWh) ~ Based 1,601 2,084 3,129 4,160 4257 5,851

Saving (THB) Based B 5,605 B 7,294 B 10,950 B14,559 mB14,898 120,480

A a g’/ a [ a Jd '
ﬂ13LW1J"’lJu1ﬂﬂ1iﬁﬂ@l\‘]‘i%UUNaﬂ1Wﬂ1W6N1uLLﬁQ611’m8 Eﬂ%ﬁﬁﬂiﬂ%’ﬂﬂ']ﬂﬁal%}

wasnuveslsaneniald Taslimshauveadontdad i vazaidalwihgydeluszuu

9
(4

AAIMUVINANAANT uadanad e 1iA 152N UMEIU0ITTUVAAAUTUN Y LASHINNITAL

v A

Y
NITAANI PV* YUIA 15% maawmwﬁ'euﬂmLmuﬂizmanmﬁ Nﬂ”lﬂ”l'iﬂi%ﬁﬂﬂWﬁQﬂ"lUlIWWW
Y

gdevoTZVUMING 14,559.00 VINABIADY FININNIVLIAAAAINMIAUILDIRWIZUE 1A

9
Glﬂﬁl?]ﬂ\‘lﬂﬂ“llu']ﬂﬁﬂﬂﬂ 20% ﬂJ@QWﬂﬂﬂﬁI@!Lﬂﬁ\‘l
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453 wamsdemdlszaeumaaliih (Power Factor, PF)
o a 4 a ¥ a (X a -4
mmsainnzigduuumsaadsszuusdaa T mdsaunaeiing 15% (225
v v H H Y Y
kwp) veaias Ivldhnldaou awgiluoun 4 Tuasied 4.3 inszoens 3 17 Tagshinislsoea
1w o w v Aa 4 J a o a d I
amdlsznoumasliiharvunesmeivesszuunaa liihmasnuuasorfiadain 1.015u 0.9

9 a o d' o 1 d'
hlﬂWﬁﬂTi’J%ElGﬂiJ@lTﬁNVl 4.6 ngﬂﬁﬂi%ﬁﬂﬂﬂﬂﬂﬂ?@ﬂuﬁnﬁﬂﬂ 4.7

ci awv A (v 3’/ ' o o w Aa J 4
M13190 4.6 Nﬂﬂ”lifﬁ]ﬂﬂimﬂi‘]J@Nf’ﬂG]’Jﬂi%ﬂﬂ']Jﬂ”IENll‘I/\lﬁWli’Jul’Jﬂilm@iﬂlﬂﬂ PV

Total Losses
System Summary P(kW) Qi(kvar) S(kVA) P.F. TR Load

(kWh/Month)
Infeed System
No PV 1,068.81  590.75 1,221.20 0.88 79.91% 40,268
PV 15% pf=1.0 849.62 581.04 1,029.30 0.83 67.08% 36,108
PV 15% pf=0.9 859.83 469.43 979.63 0.88 64.34% 33,509
PV System
PV pf= 1.0 setting 223.35 \ 223.35 1.00

PV pf= 0.9 setting 211.40 108.17 237.47 0.89

maan 4.7 msdszudaa lihanmslsudalszneumadIniindunesimesves Pv

Q (kvar) Actual
Infeed System kvar charge 56.07 B/kvar
61.97%x P (kW) Q (kvar)
No PV 662.34 590.75 No Charge
PV 15% pf=1.0 526.51 581.04 55 B 3,083.85
PV 15% pf=0.9 532.84 469.43 No Charge

Y
vziiu ldnmsUsuasmalseneumas Iihvedunesmes luszuunda ladh
o Aa I o Y oo o w ddy
NFIUUEID1NHA8919 1.0 1511 0.9 ansai lvmalszaeumads liihvesszuu@au 910 0.83
il 0.88 ogludeimuaveans T sihlduseudanldsean)suiTansnsaiaunu .85 I8
Y
3,083.85 vmasidou Mg Iiudondas llihvanas dawademimas lWihgaydoves

FTUVAAAUFUNY
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9 v
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5.2 verauenuztazuuamant lviam

dmsudlFllhnguTssnugaamnssy ifin3essnslnans e Tnaauemes S ina
wn mdtlszneuiidsvesdldamazdunn endauiies 0.5-0.7 hldiAaa 14801 o
Uszneumasliihoinmsliihg 18 Saveduaueuuanialunseysndndinudmiuszuy
dasre lihilFan lueaamnssu Yszneu'lugqe

521 misldudemlas ldszaniaings nndenldndoudasliiad
UszAnsnwganionuuanuguidod Fesiimnsgadeluinuman (Core loss) naza1ns
gapdeluuaain (Copper loss) MnIuuusssna whliaamslimdanm llihaqlg

5.2.2 mydFulgesaadszneuiias Il madsvdlgedlszneumasludldegdlu
szaufimnzan Tasmsannigan1t3ne$ (Capacitor Bank) flumsaafmdsgadondanuag
18 wazdeasumsidemiiunnmams llihsuiesnnmdtlsznenias Tihding o.ss
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"lwﬂm%mﬁaﬂ@%q“l%’qmqﬂﬂinfﬂi"mzﬁmﬂﬁu (Voltage Regulator)
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5.2.4 myaamasgadevas lutivas widoudas iheelimdsgadeTunnuman
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1.1 gt 1 sl IddhwesTsanenna lifimsaaas pv

Total System Summary

Ro
0.01 kVA
0.10 %

Total System Summary

Case: 3Study

1.Machines 0O

Load Flow Calculation

AC Load Flow, balan
Automatic Tap Adj
sider Reactive

Automatic Model Adaptation fo
No Max. Ac table Load Flow Er
No Nodes

Model Eguations

srid

Grid: Study Case: Study Case Annex: i |

rated EX
Voltage Bus-voltage Current-Loading ditional Data
[kvl [p.u.] [kv] [deg] [kw] (&1 [%]
LV-source
0 -0.00
Cub 1 -1068.59/ -512:8 3.00. Min:
Gl /15 61.48 4.90 kw cLod: 0.0 m
566.56 2 13, 98 1.58 kW cLod: 0 m
370.28 177.8 8.68 kW cLod: 0. m
=81 0. 31.46
1068.81 0. 31.46 TES91 Min: 1 Max: 5
0% 77
0.40 1.38 Q 0.44 kvar
4.37 d 576, Q2 4.79 kvar
4.37 5.16 Q 4.79 kvar
4.37 15.1% Q 4.79 kvar
4.37 Lo 6 QL0 4.79 kvar
4.79 kvar
4.79 kvar
4.79 kvar
4.79 kvar
4.79 kvar
+36.93 Asl . 8A~—0_391 62402 L) g0 0.00 kvar L: m
36.93 17.88
Lins
Line (2)

Start Time
Stop Time

Summary:
Total External Infeed =

= 483.217 MWh
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1.2 gt 2 ms e lldhvesTsanenna msaaaa PV vina 75kWp (5%) 0

o

aB

Load Flow Calculation Total System Summary
AC Load Flow, balanced, positive sequence Automatic Model Adaptation for Convergence No
Automatic Tap Adjust of Transformers Yes Max. Acceptable Load Flow Error for
Consider Reactive Power Limits No Nodes 0.01 kva

Model Equations 0.:100%

Total System Summary study Case Annex: /1

No. of Substations 4 No. of Busbars 3 No. of Terminals 10 of Lines 11

No. of 2-w Trf 1 No. of 3-w Trfs. 6] No. of syn. Machines 0 of asyn.Machines 0

No. of Loads 48 No. of Shunts 0 No. of SVs (4]

Generation = kvAa

External Infes = kVA

Load P(D) = kVA

Load P(Un) = kVA

Load P(Un-U) =

oa = 0.00 kvA

Line arging =

Compensation ind. =

Compensation cap. =

talled Capacity =
Spinning Reserve =
Total Power Fac

Generation =

Load/Motor = 0

Load Flow Calculation Busbars/Terminals
AC Load Flow, balanced, Autcmatic Model Adaptatic No
Automatic Tap Adjust of T Max. Acceptable Load Flow
Consider Reactive Power Limits No Nodes 0.01 kva

Model Equations 0.10 %
Grid: Grid syst Study Case: Study Annex: ia
rated
Voltage Bus-voltac PO current Loading Additional Data
[kvl [p.u.] [kV] [deg] [kW] A1 [%1]
LV-source
0.40 1. 0.40
Cub_1 /Tr2 g 5 o] -994.44 -53i3.91 - 75.56 |Tap: 3 a3 Max: 5
Cub_ 2 /Lne LineLV-C 131.75 b1.48 49.26 (Bv: 4 0.00 kvar L: 150.00 m
Cub_5 /Lne LineLv-a 566.56 273-49 68.33 |Pv: 1. 0.00 kvar L: 15.00 m
Cub 6 /Lne 296512 178.44 53.66 [Pv: 6. 0.00 kvar L: 100.00m
-28.14
994.64 0.86 Sk
594.64 0.86 75.56 |Tap: Min : ¥ Max: 5
077
0.82 0.40 0 1294 P10: 0.90 kW 0.44 kvar
9. 03 4.37 0.90 s _Jdb| BAGT 9.90 kW 4.79 kvar
5 43 4.37 0.90 15.186 P10O: 9.90 kW 4.79 kvar
9.03 4.37 0.90 15.16 P10: 9.90 kw 4.79 kvar
9.03 4.37 0.90 2S5 LE Bl0: %9 4.79 kvar
P10: 9 4.79 kvar
PMDE 2 4.79 kvar
P10: 9 4.79 kvar
P10: 9 4.79 kvar
P10: 9 4.79 kvar
§86.93 =17 .88 _.~0.90 62..02 L 71 ¢ BV 0 0.00 kvar L: 5.00 m
36.93 17=88
Line
Summary:
Total External Infeed 9411.329 Mwh
Total Generation 5

Total Load
Total Losses

"463.999 Mih
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1.3 3w 3 sl e Tsanena msdaas PV vuia 150 kWp (10%) 0

o

aB

Line Charging
Compensation ind.
Compensation cap.

Installed Capacity
Spinning Reserve

Total Power
Generation
Load/Motor

Fac

kvar
kvar
kvar

Load Flow Calculation Total System Summary
AC Load Flow, balanced, positive seguence Automatic Model Adaptation for Convergence No
Automatic Tap Adjust of Transfo rs Yes Max. Acceptable Load Flow Error for
Consider Reactive Power Limits No Nodes 0.01 kvA

Model Eguations 0.10 %
stem Summary study Case: study Case Annex: /1

No. of Substations 2 No. of Busbars 3 No. of Terminals 10 No. of Lines 11

No. of 2-w Trfs. 1 Mo. 0 No. of syn. Machines 0 No. of asyn.Machines 0

No. of Loads 43 No. [¢] No. of svs a

Generation kvar kvA

External Infeed kvar kVAR

Load P(U) kvar kVA

Load P (Un) = kvar kva

Load P (Un-T) kvar

Motor ad 0.00 kva

Grid Losses =

Load Flow

Calculation

Busbars/Terminals

AC Load Flow, balanced, positive seque Automatic Model Adaptation for Convergence No
Automatic Tap Adjust of Transformers Yes le Load Flow Error e
Consider Reactive Power Limits No 0.01 kva
Equations 0.10 %
Grid: Grid Study Case: Study Case Annex ! a
Active Reactive Power
Bus-voltage ower PoWeT Factor Current Loading Additional Data
[kv] [deg] [kwl [kvar] £=1 a1l [%1]
a
-920.85 -514.15 -0.87 Tap: : Max: 5
N €1.48 0.91 Pv: 0.00 kvar L: 150.00 m
25 24349 0.80 PV 0.00 kvar L: 15.00 m
918 0.78 PV 0.00 kvar L: 100.00 m
—28 27
8249, 05 0.85 Sk":
92105 0.85 71.32 |Tap: Min: L Max: 5
0. 0.77
0.82 0.40 0.9%0 1.38 0 0.44 kvar
9.03 4.37 0.20 15.16 9 4.79 kvar
9.03 4.37 0.90 15716 92 4.79 kvar
g.03 4.37 0.80 15.36 9. 4.79 kvar
Cub 9.03 4.37 0.90 #5716 9 4.79 kvar
Cub 9 4.79 kvar
cub_22 /Lod 4.79 kvar
Cub 23 /Lod 9 4.79 kvar
Cub_24 /Lod ] 4.78 kvar
Cub 25 /Lod 9 4.79 kvar
Cub_10 /Lne $86.93 =17.88_~0.90 62.02 s 7 v} 0.00 kvar L: 5.00 m
36.93 17.88
Line
start Time Sweep at
Stop Time Sweep at 2
Summary:

Total External Infeed
Total Generation
Total Loa

Total Losses

-138 MwWh
MWh
6 MWh
8.210 Mwh
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1.4 3uuuui 4 msla e Tsanena msdaas PV vuia 225 kWp (15%) 0

o

TAlDE B

Load Flow Calculation Total System Summary
AC Load Flow, balanced, positive sequence Automatic Model Adaptation for Convergence No
Butomatic Tap Adjust of Transformers Yes Max. Acceptable Load Flow Error for
Consider Reactive Power Limits No Nodes 0.01 kva

Model Eguations 0.10 %

Total System Summary Study Case: Study Case Annex: /1

No 2 No. of Busbars 3 No. of Terminals 10 No. of Lines 11

No. of 2-w Trf 1 No. of 3-w Trfs. [} No. of syn. Machines 0 No. of asyn.Machines 0

No. of Loads 48 No. of shunts 0 No. of svs 0

Gensration kVA

External Infee = kVA

Load P(U) = kVA

Load P(Un) = kva

Load =

Motor Load = kva

Grid =

Line arging =

Compensation ind. =

Compensation cap. =

talled Capacity =
Spinning Reserve =
Total Power Factor:
Generation =
Load/Motor

Load Flow Calculation Busbars/Terminals
AC Load Flow, balar positive sequence Automatic Model Adaptation for No
Automatic Tap Ac Transformers Max. Acceptable Load Flow Err
Consider Reactive Limits Nod 0.01 kva

Model Equations 0.10 %

Grid: Grid System Stage: Study Case: Study Case Annex: /1

Active Reactive Power
Bus-voltage Power Factor Current Loading additional Data
-1 [kV] [kvar] =1 a1 [%1
LV-source
0.40 -0.
cub 1 /Tr -514.18 Tap: L Max:
Cub_2 /Lne 6l.48 v kW 0.00 kvar L: 150 m
Cub 5 /Lne 273718 Bv: kW 0.00 kvar L: 15 m
Cub_6 /Lne 178.92 PV: kW 0.00 kvar L: 10 m
Infeed
—28.41
Cub_1 B46.41 ai <93 0.83 Sk": 500. MVA
Cub_2 546 57743 0.83 26.41 67.08 |Tap: 3. Min: i Max: 5
BusC3
0.40 .38 077
Cub_16 /Lod 9.82 0.40 0 1234 0.44 kvar
Cub_17 /Lod 5.03 4. 37 0 15.16 4.79 kvar
Cub 18 /Lod 9.03 4.37 0 15.16 4.79 kvar
Cub 19 /Lod 9.03 4.37 0 5. 76 4.79 kvar
/Lod 9.03 4.37 0 15.16 4.79 kvar
/Lod 4.79 kvar
/Lod 4.79 kvar
/Lod 4.79 kvar
/Lod 4.79 kvar
/Lod 4.79 kvar
/Lne 536.93 —17.88 .—0.90 8,71 0.00 kvar L: 5.00 m
Load: 36.93 17.88
Line
Start Time 4
Stop Time
Summary:
otal External Infeed -772 MWh
Total Generati .648 MwWh
Loa 19512.741 MWh
Losses = 445.675 MWh
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1.5 3w 5 msldIldhveslsanenna msaana PV e 225 kWp (15%) 9

g

a A, Buaz

C nlvanaren1e C4 5282 350 1WA 910 LV Source

Load Flow Calculation

Total System Summary

AC Load Flow, balanced,
Automatic Tap Adjust of
Consider Reactive Power

positive sequence
Transformers
Limits

Automatic Model Adaptation for Convergence No
Max. Acceptable Load Flow Error for
Nodes
Model Eguations

0.01
0.10 %

Total System Summary

Annex: /1

No.
No.
No.

of Substat
of 2-w Tr
of Loads

ns

]

o

Generation =
External Infee =
Load P(U) =
Load P(Un) =
Load P(Un-U) =
Motor Load =
Grid Losses =
Line Charging =
Compensation ind. =
Compensation cap. =

Installed capacity =
Spinning Reserve =

Total Power Fa
Generation =
Load/Motor = 0.90 /

"
o

of Lines 11
of asyn.Machines 0

c

Load Flow Calculation

Busbars/Terminals

AC Load F1 balanced,
Automatic Tap Adjust of Yes
Consider Reactive Power No

Automatic Mo s
Max. Acceptal
Nodes

Model Eguations

el Adaptation for
le Load Flow Error

nvergence
T

Grid: Grid Study Case: Study Case Annex: /1
rated Active Reactive
Voltage Bus-volt Power  Power Current Loading Additional Data
[kvl  [p.u.l [kv] (kW] [kvar] [2 1 [%]
LV-source
J 0.40
Cub 1 Tr —846.36\,:-514/,89 €7.11 |Tap: i Max:
LineLV-C 207.37 62.44 42.08 |Pv: 0.00 kvar L: 150.00 m
LV-A 467.46 A7 1B 58.84 |Pv: 0.00 kvar L: 15.00 m
neB 2gi.52 178.067 50.45 |Pv: ¢.00 kvar L 100.00 m
55 578.68 883 skn:- 500.00 MVA
85 578.868 0.83 67.11/ | Tap: 3.00 Min: . Max 5
BusC3
Cub_16 -83 0.40 0.90 P10: 0 0.44 kvar
Cub_17 218 4.45 0.80 P10O: o 4.79 kvar
Cub_18 .18 4.45 0.90 P10: 9. 4.79 kvar
Cub_19 .18 4.45 0.90 P10z 95 4.79 kvar
Cub_20 .18 4.45 0.90 P10: b 4.79 kvar
Cub_21 P10 g 4.79 kvar
Cub_22 BPlO: I 4.79 kvar
Cub_23 Plo: o 4.79 kvar
Cub_24 P10: 9 4.79 kvar
Cub_25 P10: 9. 4.79 kvar
Cub_10 —3T\Qh 82.56 B Y PV 0 0.00 kvar L: 5.00 m
Sy 18.20
Line
Start Time Sweep
Stop Time Sweep
Summary:
Total External Infeed = MWh
Total Generation MWh
Total Load MWh
Total Losses MWh
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1.6 uuuuin 6 msldIvldhveslsanenna msaana PV v11a 300 kWp (20%) 9

g

TAlDS B

Load Flow Calculation

Total System Summary

AC Load Flow, balanced, positive sequence Automatic Model Adaptation for Convergence No
Automatic Tap Adjust of Transformers Yes Max. Acceptable Load Flow Error for
Consider Reactive Power Limits No Nodes
Model Eguations
Total System Summary Study Case: Study Case Annex: X
No. of Substations 2 No. of Busbars 3 No. of Terminals 10 of Lines 11
No. of 2-w Trfs. 1 No. of 3-w Trfs. 0 No. of syn. Machines 0 of asyn.Machines 0
No. of Loads 48 No. of Shunts 0 No. of SVS 0
Generation = .80 kW kvar 287.80 kva
External Infeed -19  kw kvar 963.468 kva
Load .64 kW 510. kvar 1171.82 kVA
Load = .86 kw 527.36 kvar 84 kvA
22 xw d: kvar
00 kW kvar 0.00 kva
= 35 kW kvar
Compensation ind.
Compensation cap. kvar
Installed Capacity = 18000.00 kW
Spinning Reserve = 0.00 kW
Total Power Fac
Generation = 1. =3
Load/Motor = 0.90 / 0. -1
Load Flow Calculation Busbars/Terminals
AC Load Flow, balanced, positive s Automatic Model Adaptatic No
Automatic Tap Adjust of Transfor es Max. Acceptable Load Flow
Consider Reactive Power Limits No Nodes 0.01 kva
Model Equations 0.10 %
Grid: Grid Study Case: Study Case Annex: /1
rated Reactive
Voltage Bus-voltac Power Current Loading Additional Data
kvl [p.u.l [kV] [deg] [kvar] [ 1] [%]
LV-source
0.40
Cub_1 /Tr2 -772.99 -515.04 Tap: 3 s Min: 1 Max: 5
Cub 2 /Lne 131n1h 61.48 Pv: 4 kW cLeod: 0.00 kvar L: 150.00 m
Cub_5 /Lne 467.46 273.78 a1 1.17 kW 0.00 kvar L: 15.00 m
Cub 6 /Lne 173.78 17%.78 Pv: ¢.00 kvar L: 100.00 m
Infeed
22.00
Cub 1 /Xnet 173.13 574.87 0.80 24.82 SK":
Cub 2 /Tr2 793:-19 STEET 0.80 24.82 €63.06 |Tap: 1 Max 5
BusC3
0.40
Cub_ 16 /Lod 0.82 0. 40 0.20 38 0.44 kvar
Cub_17 /Lod 9.03 ). 3, 0.90 15.16 4.79 kvar
Cub_18 /Lod 9.03 4.37 0.80 15.16 4.79 kvar
Cub 19 /Lod 9.03 4.37 0.90 15.16 4.79 kvar
Cub_20 /Lod 9.03 4.37 0.90 25718 4.79 kvar
Cub_21 /Lod 4.79 kvar
Cub_22 /Lod 4.79 kvar
cub_23 /Lod 4.79 kvar
Cub_24 /Lod 4.79 kvar
Cub_25 /Lod 4.79 kvar
Cub_10 /Lne Y eE-53 =17.88 ~0.90 62.02 Sl 0.00 kvar L: 5.00 m
36.93 1788
Line
start Time Sweep a " ff

SN

Time Sweep a

Losses
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1.7 gt 6 ms e IdhwesTsanena msaaas PV vuia 400 kWp (27%) 0

o

aA,Buaz C

Load Flow Calculation

Total System Summary

AC Load Flow, balanced, positive sequence Automatic Model Adaptation for Convergence No
Automatic Tap Adjust of Transformers Yes Max. Acceptable Load Flow Error for
Consider Reactive Power Limits No Nodes
Model Eguations
Total System Summary Study Case: Study Case Annex: X
No. of Substations 2 No. of Busbars 3 No. of Terminals 10 of Lines 11
No. of 2-w Trfs. 1 No 0 No. of syn. Machines 0 of asyn.Machines 0
No. of Loads 48 No 0 No. of SVS 0
Generation = L10 kw kva
External Infeed 23 kW 5 kva
Load 213 kW 5 kva
Load = 86 kW 5 kva
73 kW
00 kW kva
= 21 xw
Compensation ind.
Compensation cap.
Installed Capacity =  22600.00 kW
Spinning Reserve = 0.00 kW
Total Power Fac
Generation = [-1
Load/Motor = 0.90 / -1

Load Flow Calculation

Busbars/Terminals

AC Load Flow, balanced, p tive seguence Automatic Model Adaptation for Convergence No
Automatic Tap A st of Transformers Yes Max. Acceptable Load Flow Error for
Consider Reactive P Limits No Nodes 0.01 kvA
Equations 0.10 %
Grid: Grid Study Case: Study Case Annex !
rate Active Reactive Power
Voltage Bus-voltage Power Power Factor Current Loading Additional Data
[kv] -1 kvl [deg] [kw] [kvar] =L a1 [%1
LV-source
0.40 0.40 (
cub 1 /Tr2 -516.04 -0.80.1231.02 1 Max: 5
2.44 0.86. 179.28 0.00 kvar L: 150.00 m
274.18 0.80. €63.16 0.00 kvar L: 15.00 m
179.41 0.75 .391.04 0.00 kvar L: 100.00 m
)
679.23 S35 T g
67.9:23 ST 0.77 58.10 |Tap: Min: x Max: 5
0.86
0.83 0.40 LAY 0.44 kvar
9.18 4.45 @5 . 28 4.79 kvar
9.48 4.45 154729 4.79 kvar
g.18 4.45 35 . BT 4.79 kvar
918 4.45 35 29 4.79 kvar
4.79 kvar
4.79 kvar
4.79 kvar
4.79 kvar
Cub_25 4.79 kvar
Cub:l'} /Lne =387.57 =0 B0 62.56 8L 19 0.00 kvar L: 5.00 m
37,97
Line

Start Time Sweep at 2002-01-01,

Stop Time Sweep at 2002

Summary:

Total External Infeed = 17106.782 MWh
Total Generation = 2860.944 MWh
Total Load = 19553.731 MWh
Total Losses = 413.991 MwWh
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2. N3A3INENLIAAAAS PV 4110 225 kWp (15%) nuunszaieiita A, B, uaz € Tugduuun s

a

o v v 1w o w a d d a I
Iﬂtﬁ’nﬂ]ﬁﬂﬁ‘ﬂﬂﬂﬂ1ﬂ3ﬂ§$ﬂ@‘ﬂﬂ1ﬁﬂ (Power Factor, PF) 191139316193 9101AN 1.0 !‘]J“M 0.9

Load Flow Calculation

Total System Summary

AC Load Flow, bkalanced, positive seguence Automatic Model Adaptation for Convergence No
Automatic Tap Adjust of Transformers Max. Acceptable Load Flow Error for
0.01 kva
0.10 %
Total System Summary Annex: /1
No. of Substations Lines 11

No. of 2-w Trfs.
No. of Loads

]

Generation

rnal Infeed
Load P (U) =
Load P (Un)
Load P(Un-U)
Motor Load =
Grid es
Charging
Compensation ind.
Compensation cap.

kW
kW

Installed capacity
Spinning Reserve

Total Power Fac
Generation
Load/Motor

of

asyn.Machines 0

Load Flow Calculation

Busbars/Terminals

AC Load Flow, balan Automatic Model Ad ior nvergence No
Automatic Tap Adjust Max. Acceptab for
Nodes 0.01 kva
Model Eguations 0.10 %
Grid: id study case: Study C Annex: /1
rated Active Reactiwve Power
Voltage Bus-vol Power Fower Factor Current Loading Additional Data
[kv] L1 [kv] [kW] [kvar] T a1 [%1
LV-source
0.40 0.40
Cub 1 /Tr2 TC 3 1
/Tne LineLv-c 1 0.00 kvar
/Lne LineLV-2 4 0.00 kvar
/Lne LineB 4. 0.00 kvar
Infeed
Cub 1 Sis,
Cub_ 2 64.34 |Tap: Min: 1 Max: 5
BusC3
0. 0.42 D.90 1.41 B10O: 0.44 kvar
B> 4.58 \ 54 4.79 kvar
9. 4.58 2 4.79 kvar
N 4.58 al 4.79 kvar
B 4.58 1 4.79 kvar
4.79 kvar
4.79 kvar
4.79 kvar
4.79 kvar
) 25 4.79 kvar
Cub_10 €3.47 9 838 0.00 kvar L: 5.00 m

Line

Start Time
Stop Time

Summary:

Total External Infeed = MWh
Total Generation MWh
Total Load MWh
Total Losses MWh

65



MANHIN VU

NANUANUINAINS

aQ

= C4

a 4 aAa aa a [
1. 3an3 A3790Q, NHYUYUN Qunmwmy.“Waﬂﬁwummiwuwaﬂ"Mﬂmawm

)

oa Y

LENOIMAINANAIUUNEIMADTZUDTIMINENTIaUa,” msdszgadmimamadmnssulih,

EECON, A59% 41, 21-23 WQAIMoU 2561, gUas1s51il,. pp. 109-112.



SPU

SRIPATUM IEm
UNIVERSITY

MsUs:sU3MSMOIAONSSUWWA ASON co
The 41" Electrical Engineering Conference (EECON-41)
3UN we - om WOFOMEU &&ve

Tsousuata 1nsus Toina eus AoUIUBU 1BUINDS PDRINOUaSISSIT
IMMWIAIU UMdNENagouUasIssIt lla: UMmonenaaAsunu

Twirnav N
a1annselndniiao
s:uuAJUAULLA:N1SINAL
nasuUs:udawadnyryrrunadmnoaa
lwlnond

67



s P U 17352 ANZNTTUNTIUMSIANTITUSTYUNTU TN
é ;
)

SRIPATUM IEEEN

i

R Avnasmaddanssulvii asel e

UNIVERSITY
Uszsu
NRLATEANS  edande witiveTaeguaT sl
nrAsnsiy  gayimuna wTivieTae AUy
nssuNTsENieY
SR Ty ninduudy PIAIRTEMTINEdy
Aas ATl Asguuiviaiy wreasnen saad
AR AT dauns UMTIVENAENTUNN
AALYIA qvisisey uvTivenaemeusia
AATusIm Gaetuanns UWTIVENS LB ULAY
80Py PREVILAS 9 wriverasBe vl
nearinTas  lraeved wwivendawaluladwizaamndmizuanivila
aavendy  yInRuiIyd wrTvenauwAlulagwssTamna RS
HFLATALLIAT Waidu wrrivendamAluladuwmns
smasupty  Udanan wirivenauwalulagTnaiyyi
smasuuns  Jyaeim IV TINAARS
LATANTI  Awdfinng UMTINEndELvina
aALavaun - iRsansa UMTINEELSAER
LR PRI WIMEEeATuRT Il
url Fute HulnIna WTInederEUY
B.AT.LRR usidy ITINEAs TR TUNS
HPLAT.HIENT UM uvTinendesem
weLes Tty fuad uinedavansale
sPLATuAA - Aaie uvTinedsagaatAue
nAATEIE  vugEulv anuwaluladwszsaunaiaauniaansed
HAATENAT ARG wnivenduwaluladsnaasyuas
neAgdrin  dunied wnTinzrdewaluladstueadsaungl
DATENDUT  DUTIERY wnTinandeganavnsing
HAALYTM  Asdund IVMTINENAL LIS
e Ufnm fien wTinadndaiiiuads
HAATTIMT  WAmEED uvTinandeauas sl
As.dsuns Buniam mudmalulabBidnvseiinduasasufinnaiuini
8.0 Tumne wfinadomaluladsmuaaduun
aasqidan  AdRudssiaig wingrsewaluladsrtuaanginw
The 415t Electrical Engineering Conference (EECON-G1) | Ubon Aatchathani University and Sripatum University

68



ANENTIUNTTUNTIAMSUsEYUNTTU TS Y
315MIAINSIU LN AT <o

SRIPATUM I : :
UNIVERSITY » [SLIpge

SPU 4 j

w & ow o ar
stanadng  Snithulve IMTINEAENEE
SALMuE Aty wrmneasmalulagsueada
sMpsfisd  Yosnads uinendemeluladasuni
ansvimin a3 wiinedodadudy
He e st Aadng wriinendomelulagsoueea faulndund
N33UN1sUNU
gaLdgmd  dwiauyn uingndeAalng
LEYIYNG
B Uty dulnsea unvinedediuny
The d1st Electrical Engineering Conference (EECON-41) | Ubon Ratchathani University and Sripaturn University

69



2=y .
FIPUNUFWNTUIUNANY (Reviewers)
MUszEuImnIndainssuluih asi «e

SPU A

SRIPATUM e
UNIVERSITY o

Reviewer Organization
fkekachai Ceesir Sripatum Unwersity
Amanin Ratanavis kine Monekut's University of Technoloey North Banskok
Amnoiy Fuenewaree Fajamaneala University of Technoloey Thanyaburi
amorn Jirasereeamornkun Mahanakorn University of Technoloey
Anon MNarmin Rajamangala University of Technoloey Lanna
Anuree Lorsawatsin Mahanakom University of Technology
Aphibal Pruksanubal Kine Monegkut's University of Technoloey North Banekok
Aphirak Jansang kasetsart Unwersity
&pichai Bhatranand Kine Meonekut's University of Technoloey Thonburi
Apinan Aurasopon Mahazarakham Uniersity
Apiwat Lekuthai Chulalonekorn Unieersity
Araya Florence Ubon Ratchathani University
&iporn Teerarmonegkon rasm ee Chulalonekorn Unieersity
Arthit Sodeyome Siam University
Arthit Srikaews Suranaree University of Technology
Atipone Suriya Ubenratchathani Liniversity
Atipone Suriya Ubon Ratchathani University
Bhichate Chiewthanakul khonkhan University
Bonekoj Sookananta Ubon Ratchathani University
Boonchai Boonchu Mahanakorn University of Technology
Boonchai Techaumnat Chulalonekorn Unieersity
Boonchuay Supmonchai Chulalongkorn Unieersity
Boonlert Suechoey Southeast Asia University
Boonruang Marungsr Suranaree Lniversity of Technology
Boonsong Sutapun Suranamee Lniversity of Technoloey
Boonsi Kaewkhamai Chiane Mai Lniverishy
Boonyang Flangklang Fajamanegala University of Technology Thamyaburi
Budhapon Sawetsakulanond Mahanakomn University of Technology
Cattareeya Swwanas kine Mongkut's University of Technoloey North Bangkok
Chai Chom pooinwai kina Monekut's Institute of Technoloey Ladkrabang
Chainarin Ekkaravarodome Kina Mongkut's University of Technoloey North Bangkok
Chainaron e Wisassakwichai Fajamaneala University of Technoloey Krunethep
Chaiwut Chatuthai kine Mongkut's Institute of Technoloey Ladkrabang
Chaiyachet Sanwichit Chulalonekorn Unieersity
Chaiyan Jettanasen King Mongkut's Institute of Technoloey Ladkrabang
Chaivaporn Lothonegkam Mahanakorn University of Technology
The d41st Hlactrial Enginearing Conforence [EECCN-410 | Lbor Ratchathan! University and Stipatum Universiy

70



FgUENTANUNAY (Reviewers)
| M3U39039IN151193ANT 33 I AT <o

SRIPATUM
UNIVERSITY

SPU

Reviewer Organization
Chaiyo Thammarat South Fast Asia University
Chaiyut Sumpavakup Suranaree University of Technology
Chalee Vorakulpipat National Electronics and Computer Technology Center
Chanchai Dechthummarong Rajamangala University of Technology Lanna Chiangmai
Chanchai Thongsopa Suranaree University of Technology
Chanchana Tangwongsan Chulalengkorn univerisy
Chanin Wissawinthanon Chulalengkorn univerisy
Channarong Banmongkol Chulalengkorn University
Chantana Chantrapornchai Kasetsart University
Chanwit Kaewkasi Suranaree University of Technology
Chaowanan Jamroen King Mongkut's University of Technology North Bangkok
Charnyut Karnjanapibocn Rajamangala University of Technology Lanna
Chatchai Suppitaksakul Rajamangala University of Technology Thanyaburi
Chawasak Rakpenthai University of Phayao
Chirawat Kotchasarn Rajamangala University of Technology Thanyaburi
Chirdpong Deelertpaiboon King Mongkut's University of Technology North Bangkok
Chokchai Sangdao Mahanakern University of Technology
Chonlatee Photong Mahasarakham University
Chowarit Mitsantisuk Kasetsart University
Chutham Sawigun Mahanakarn University of Technology
Chutham Sawigun Mahanakorn University of Technology
Chuttchaval Jeraputra Mahidol University
Chuwong Phongcharoenpanich King Mongkut's Institute of Technology Ladkrabang
Danucha Prasertsom King Mongkut's University of Technology North Bangkok
Daranee Hormdee Khonkhan University
David Banjerdpongchai Chulalengkorn University
Decha Wilairat Mahidol University
Denchai Worasawate Kasetsart University
Doldet Tantravivwat Chiang Mai Univeristy
Don Isarakorn King Mongkut's Institute of Technology Ladkrabang
Duangarthit Srimoon Rangsit University
Dulpichet Rerkpreedapong Kasetsart University
Dusit Thanapatay Kasetsart University
Jakkree Srinonchat Rajamangala University of Technology Thanyaburi
Jantana Panyavarapom Burapha University
Jasada Kudtongngam National Electronics and Coemputer Technology Center.

The 41st Electrical Engineering Conference (EECON-41) I Ubon Ratchathani University and Sripatum University

71



ﬁwu’m@ﬁaﬁmﬂwm’m {Reviewers)

SRIPATUM NN
UNIVERSITY

SPU 4

mMsussguimmanaiaanssuluih asw e

Revigwer Oreanization

Jedsada Arunruerk Rajamaneala University of Technoloey Thamyaburi

Jirapat Sangthong Mahanakomn University of Technoloey
Kina Mongkut's University of Technology North Bangkok

Marasanen Lniersity

Jirasak Chamwutitum
Jirawades Folprasert
Jukkrit Kluabwane

Jukkrit Tagapanij

kKarn pol Woradit
kanokphan Lertniphonphan

Rajamaneala University of Technoloey Lanna Tak
Mahanakomn University of Technology
Srinakharinwirot Liniersity

KOO Research

karn Patanukhom Chiang Mai Lniversity

khanit Matra
khanittha Kaewdane

Kiattizin Kanjanawanishkul

Srinakharimedrot Liniersity
Ubon Ratchathani University

Mahazarakham Uniersity

kittaya Somsai Rajamangala University of Technoloey zan Saken Nakhon

kittisak kerdprasop Suranaree Lniersity of Technoloey
Kittisak Tripipatporn chai Ranesit Liniversity
Kitthwrann Mimkerdphol Fajamaneala University of Technology Thanyaburi
kasetzart Linkersity

komson Caroj Ubonratchathani Liniversity

Komsan Honeesombut
Kormchawal Chaipah khon Kaen University

Kirg Monekut's University of Technology North Bangkok
Chulalonekorn Unheersity

Rajamangala University of Technoloey Thanyaburi
Chulalongkorn University

Kina Mongkut Uniersity's Technoloay Thonbur

Kraisorn Chaisaowona
Krerk Firom sopa
krischonme Bhumkittipich
Mana Srivudthsak
Mongkol Konehirwn
Monthon Mawone
Machirat Rachbures

Malin Sidshao Mahanakorn University of Technology

Rajamaneala University of Technoloey Thamyaburi
Rajarmaneala University of Technoloey Thanyabur
Mararat Ruanechaijatupon khon Kaen University
Marone Yoothanom Sripatum Linpersity
Maronerit Sanajit Mahanakorn University of Technoloegy

Kine Mongkut's University of Technology North Bangkok

Rajamaneala University of Technology Thamyaburi

Matee Thongun

Mathabhat Phankong
Mattachai Watcharapinchai Mational Electronics and Computer Technology Center
Mattachote Ruethaicharoencheep Rajarnaneala University of Technoloey Phia Makhon
Mattapone Phanthuna

Nattha Jindapetch

Rajamaneala University of Technoloey Phra Makhon
Frince of Sonakla University

The d41st Hlactrial Enginearing Conforence [EECCN-410 | Lbor Ratchathan! University and Stipatum Universiy

72



FUNENTUUNA1Y (Reviewers)
| n13UsEgudYIN AT inih ATl e

SP

SRIPATUM
UNIVERSITY

Reviewer Organization
Natthawuth Somakettarin Rajamangala University of Technology Thanyaburi
Nimit Boonpirom Sripaturmn University
Nirudh Jirasuwankul King Mongkut's Institute of Technology Ladkrabang
Nisachon Tangsangiumvisai Chulalongkorn University
Nisai Fuengwarodsakul King Mongkut 's University of Technology North Bangkok
Nit Petcharaks Dhurakij Pundit University
Nithiphat Teerakawanich Kasetsart University
Nitikarn Nimsuk Thammasat University
Nitipong Panklang Rajamangala University of Technology Thanyaburi
Nopporn Patcharaprakiti Rajamangala University of Technology Lanna
Norasage Pattanadech King Mongkut's Institute of Technology Ladkrabang
Noraset Wichaipanich Rajamansgala university of Technology Thanyaburi
Nuttaporn Ritnoom University of the Thai Chamber of Commerce
Nutthaphong Tanthanuch Thammasat University
Ongart Sadmai Rajamangala University of Technology Thanyaburi
Pakit Suwat Siam University
Pakpum Somboon Chulalengkorn University
Panich Intra Rajamangala University of Technology Lanna
Panjai Tantatsanawong Silpakorn University
Panuwat Janpugdee Chulalengkom University
Parachai Juanuwattanakul Sripatum University
Parnjit Damrongkulkamjorn Kasetsart University
Pasawee Srimode Sripatum University
Pasist Suwanapingkarl Rajamangala University of Technology Phra Nakhon
Patamaporn Sripadungtham Kasetsart University
Pattarawit Polpinit Khon Kaen University
Pauline Kongsuwan Rajamangala University of Technology Thanyaburi
Peerapol Yuvapocsitanon Mahanakorn University of Technology
Petch Nantivatana Sripatum University
Phakkawat Jantree Rajamangala University of Technology Suvarnabhumi
Phayung Desyoo King Mongkuts University of Technology North Bangkok
Phichai Youplao Rajamangala University of Technology Isan Sakon Nakhon
Phisan Kaewprapha Thammasat University
Pichai Aree Thammasat University
Pichaya Chaipanya Srinakharinwirot University
Pinit Jitjing Rajamangala University of Technology Thanyaburi

The 41st Electrical Engineering Conference (EECON-41) I Ubon Ratchathani University and Sripatum University

73



ﬁwu’m@ﬁaﬁmﬂwm’m {Reviewers)

SPU

SRIPATUM NN
UNIVERSITY

A

Revigwear

mMsussguimmanaiaanssuluih asw e

Oreanization

Finit Muanepirom Rajamaneala University of Technoloey Lanna Chianeg Mai

Finit Thepsatom Srinakharimedrot Liniversity
Fipat Frommee
Fisut Raphizak

Fitikhate Sooraksa

Kina Mongkut's Institute of Technoloey Ladkrabang
kaszetsart Linkersity

Kine Monekut's Institute of Technoloey Ladkrabane
Kina Monegkut's University of Technoloey North Bangkok
Banekok University

kasetzart Linkersity

Rajamaneala University of Technoloey Phia Makorn

Fokkrone Wongkoon
Foompat Saenesudomlert
Foonlap Lamsrichan
Foonsri Wannakam
Fornrapeenat Bhasaputia
Fracha Khamphakdi

Frajuab Fawarangkoon

Thammasat University

Ubon Ratchathani University

Mahanakom University of Technology

Ubon Ratchathani University

Rajamangala University of Technoloey Rattanakosin

Frasit Nakonrat

Prasopchek Hothonekham
Frattana Kaewpet kina Mongkut's Institute of Technoloey Ladkrabang
Franoth kim sawat
Fromsak Apiratikul

Fruet Boonma

Suranaree university of technology
Fajamaneala University of Technoloey Thanyaburi
Chiang Mai Liniversity

Funyaphat Fhumiphak
Fachu Punchalard

Fanesan Wongsan
Rathdharshagorn Suriyakulnazyu dhya
Raeeid Banchuin
Fungsimant Sitdhikorn
Sakhon Woothipatanapan
Saliltip Sinthusonthishat
Samroene Hintamai
Sanchai Dechanupaprittha
Sangsures Vasuponeayys
Sansanese Auepharwiryakul
Sermsak Uatronejit

Settawit Foochaya

Sipat Trivkose

Sirichai Danegeam

Sirichai Triarmlumlerd

Siriroj Sirisukprasert

Mahanakorn University of Technoloey
Mahanakomn University of Technology
Suranaee University of Technoloey
kasetsart Link ersity

Siarm University

Mahanakorn University of Technology

Rajamaneala University of Technoloey Phra Makhon

Mahanakorn University of Technolooey
Sripaturn Unjversity

kazetzart Linwersity

Frince of Songkla University

Chianemai University

Chiane Mai Lniversity

Suranamee University of Technology
Chulalongkorn Unieersity

Rajarmaneala University of Technoloey Thanyabur

Rajamaneala University of Technoloey Thamyaburi

kasetsart Linwersity

The d41st Hlactrial Enginearing Conforence [EECCN-410 |

74

Lbor Ratchathan! University and Stipatum Universiy



FgUENTANUNAY (Reviewers)
| M3U39039IN151193ANT 33 I AT <o

SRIPATUM
UNIVERSITY

SPU

Reviewer Organization
Sirivat Poonvasin Kasetsart University
Sitthidet Vachirasricirikul University of Phayao
Somboon Sooksatra Rangsit University
Somchat Jiriwibhakorn King Mongkut's Institute of Technology Ladkrabang
Somphop Rodamporn Srinakharinwirot University
Sompeb Polmai King Mongkut's Institute of Technology Ladkrabang
Somying Thainimit Kasetsart University
Songphol Kanjanachuchai Chulalengkorn University
Suchin Trirongjitmoah Ubon Rachatani University
Sudarat Khwanon Suranaree University of Technology
Sunisa Kunarak Srinakharinwirot University
Supachai Vorapojpisut Thammasat University
Supachate Innet University of the Thai Chamber Commerce
Supakit Kawdungta Rajamangala university of Technology Lanna Chiang Mai
Suparerk Janjarasjitt Ubon Ratchathani University
Suparerk Manitpornsut University of the Thai Chamber Commerce
Supat Kittiratsatcha King Mongkut's Institute of Technology Ladkrabang
Supattana Nirukkanaporn Rangsit University
Suphattra Phetnil Mahanakorn University of Technology
Surachai Chaitusaney Chulalengkorn University
Surachoke Thanapitak Mahidol University
Suradej Tretriluxana King Mongkut's Institute of Technology Ladkrabang
Surapong Suwankawin Chulalengkorn University
Suree Pumrin Chulalengkorn University
Surin Kittitornkun King Mongkut's Institute of Technology Ladkrabang
Surin Ngaemngam Rajamangala University of Technology Thanyaburi
Suwannee Adsavakulchai University of the Thai Chamber Commerce
Suwat Pattaramalai King Mongkut's University of Technology Thonburi
Suwit Kiravittaya Naresuan University,
Tatpong Katanyukul Khonkhan University
Teeraphon Phophongviwat King Mongkut's Institute of Technology Ladkrabang
Teerasak Somsak Rajamankala University of Technology Lanna
Teratam Bunyagul King Mongkut's University of Technology North Bangkok
Thanakom Khongdeach Kasetsart University
Thanakorn Namhormchan Fastern Asia University
Thanapat Promwatthanapakdee Sripatum University

The 41st Electrical Engineering Conference (EECON-41) I Ubon Ratchathani University and Sripatum University

75



FgUENTANUNAY (Reviewers)
| M3U39039IN151193ANT 33 I AT <o

SRIPATUM
UNIVERSITY

SPU

Reviewer Organization
Sirivat Poonvasin Kasetsart University
Sitthidet Vachirasricirikul University of Phayao
Somboon Sooksatra Rangsit University
Somchat Jiriwibhakorn King Mongkut's Institute of Technology Ladkrabang
Somphop Rodamporn Srinakharinwirot University
Sompeb Polmai King Mongkut's Institute of Technology Ladkrabang
Somying Thainimit Kasetsart University
Songphol Kanjanachuchai Chulalengkorn University
Suchin Trirongjitmoah Ubon Rachatani University
Sudarat Khwanon Suranaree University of Technology
Sunisa Kunarak Srinakharinwirot University
Supachai Vorapojpisut Thammasat University
Supachate Innet University of the Thai Chamber Commerce
Supakit Kawdungta Rajamangala university of Technology Lanna Chiang Mai
Suparerk Janjarasjitt Ubon Ratchathani University
Suparerk Manitpornsut University of the Thai Chamber Commerce
Supat Kittiratsatcha King Mongkut's Institute of Technology Ladkrabang
Supattana Nirukkanaporn Rangsit University
Suphattra Phetnil Mahanakorn University of Technology
Surachai Chaitusaney Chulalengkorn University
Surachoke Thanapitak Mahidol University
Suradej Tretriluxana King Mongkut's Institute of Technology Ladkrabang
Surapong Suwankawin Chulalengkorn University
Suree Pumrin Chulalengkorn University
Surin Kittitornkun King Mongkut's Institute of Technology Ladkrabang
Surin Ngaemngam Rajamangala University of Technology Thanyaburi
Suwannee Adsavakulchai University of the Thai Chamber Commerce
Suwat Pattaramalai King Mongkut's University of Technology Thonburi
Suwit Kiravittaya Naresuan University,
Tatpong Katanyukul Khonkhan University
Teeraphon Phophongviwat King Mongkut's Institute of Technology Ladkrabang
Teerasak Somsak Rajamankala University of Technology Lanna
Teratam Bunyagul King Mongkut's University of Technology North Bangkok
Thanakom Khongdeach Kasetsart University
Thanakorn Namhormchan Fastern Asia University
Thanapat Promwatthanapakdee Sripatum University

The 41st Electrical Engineering Conference (EECON-41) I Ubon Ratchathani University and Sripatum University

76



ﬁwu’m@ﬁaﬁmﬂwm’m {Reviewers)

SRIPATUM NN
UNIVERSITY

SPU 4

mMsussguimmanaiaanssuluih asw e

Reviewer Creanization
Thanaset Thosdeekoraphat Suranaree University of Technoloey
Thanatchai Kulworawanichpone Suranaree University of Technoloey
Theerswut Chaiyatham Ubon Ratchathani University
Theerayod Wiangtong Kina Monekut's Institute of Technoloey Ladkrabang
Thurmmaros Ruethum Uben Ratchathani University
Thurmronerst Amoraraksa Kina Monegkut's University of Technoloey Thonburi
Toempone Fhetchakul kKine Monekut's Institute of Technoloey Ladkrabane
Tosaporn Marongrit Suranaree University of Technology
Touchai Angchuan Frince of Songkla University
Ukrit Mankone Chiang Mai Lniversity
Upachy Hatthasin Fajamaneala University of Technoloey Lanna Chianemai
Uzana Tuntoolavest kasetzart Linkersity
Uthen kamnarn Rajamaneala University of Technoloey Lanna
Uthen Leston Suranaree Lniersity of Technoloey
Wara Warawithya Kina Mongkut's University of Technology North Banegkok
Warakom Kasemsuwan Kina Mongkut's Institute of Technoloey Ladkrabang
Wichakorn Hengsritawat Sripatum Unpeersity
Wijit Kinnares kine Mongkut's Institute of Technoloey Ladkrabang
Winai Silarwam Mahanakorn University of Technoloey
Wirote Firginanchai Fajamaneala Univesity Technelogy Thamyabur
Worapo] Patanavijit Assumption University
Wuttipon Tarateeraseth Srinakharimedrot Liniversity
Wachira Chonebures Kasetsart Linkersity
Wanayuth Sanngoen Sripatum Lin e ersity
Wanchai Chankaipal Sripatum Unkersity
Wanchai Chimchaves Unersity of the Thai Chamber Commerce
Wanchai Khamsen Rajamaneala University of Technoloey Lanna Lampans
Wanchai Subsingha Fangsit Liniversity
Wanchak Lemwari King Monekut's University of Technoloey Thonburi
Wanchalerm Pora Chulalonekorn Uneersity
Wannarat Suntiamorntut Frince of sonekla universty
Wannaree Wongtrairat Rajamaneala University of Technoloey |san
Warin Sootkaneuns Fajamaneala University of Technology Fhia Makorn
Watanyu Measisuk Makhon Pathom Rajabhat University
Watcharee Veerakachen kasetsart Uniersity
Wattana Punlumjeak Fajamaneala University of Technoloey Thamyaburi
The d41st Hlactrial Enginearing Conforence [EECCN-410 | Lbor Ratchathan! University and Stipatum Universiy

77



SP

SRIPATUM
UNIVERSITY

FgUENTANUNAY (Reviewers)
| M3U39039IN151193ANT 33 I AT <o

Reviewer Organization
Wekin Piyarat Srinakharinwirot University
Werachet Khanngern King Mongkut's Institute of Technology Ladkrabang
Wichian Ooppakaew Rajamangala University of Technology Thanyaburi
Wijittra Petchakit Walailak University
Wipavan Narksarp Siam University
Wirconsak Santipach Kasetsart University
Wirot Ponglangka Rajamangala University of Technology Lanna Chiang Rai
Wirote Sangtungtong Suranaree University of Technology
Worakarn Wongsaichua Ubon Ratchathani University
Worapong Tangsrirat King Mongkut's Institute of Technology Ladkrabang
Worawat Nakawiro King Mongkut's Institute of Technology Ladkrabang
Worawat Sangiamvibool Mahasarakham University
Wuthiporn Loedwassana Mahanakorn university of technology
Wuttipong Kumwilaisak King Mongkut's University of Technology Thonburi
Wuttiwat Kongrattanaprasert Rajamangala University of Technology Krungthep
Yongyuth Naras Siam University
Yutana Chongjarearn Dhurakij Pundit University
Yuthapong Somchit Chiang Mai University
Yuttana Kumsuwan Chiang Mai university
Yuttapong Jiraraksopakun King Mongkut's University of Technology Thonburi
Yutthana Kanthaphayao Rajamangala University of Techology Suvarnabhumi
ienly vaa oz Siam University
s manag Rajamangala University of Technology Krungthep
Usiued viawin Suranaree University of Technology
Usilamd afudsmed Rajamangala University of Technology Krungthep
Temarl eaudsiadios Siam University
AuYa 1Ty Rejarnangala University of Technology Krunsthep
antu nadad Rajamangala University of Technology Krungthep

The 41st Electrical Engineering Conference (EECON-41) I Ubon Ratchathani University and Sripatum University

78



#191UNAIY
nsUsERdvImMmIeiaInssuivi AT <o

SPU 4, |

UHIVERSITY ~

Inithinaa 27 unATIY
Electrical Power System (PW)

fidnvsaiindrig 28 uvAITY
Power Electronics (PE)

Tihdogs 15 UMATY

Communication (CM)

‘isuumua‘uua:mﬁ'ﬂqu 11 uvA7A
Control system and Instrument Technology (CT)

- g -
tianvsating 7 uwAIY
Electronics (EL)
a e
AsUssuInRadRNURIR D 6 UWATIY

Digital Signal Processing (DS)

prufneeikaswAluladansaume 12 v

Computer and Information Technology (CP)

Tlmiind 2 umATy
Photonics (PH}

- -y £
AMINTTUTINTIRWWE 6 UVATI
Bio-Electronics (BE)

miAdeidatesiuimngulii 32 wvATIY
General Research Related to Electrical Engineering (GN)

57U 146 uvA7U

The d1st Electrical Engineering Conference (EECON-41) | Ubon Ratchathant University and Sripaturn University

79



SPU

SRIPATUM IS

2 gsUgunAY

B »
UNIVERSITY msUszgudnmsndanssulidh asi «e
it Haumaay w1
P2s  HAnTsMURRsssIuNA s UL R AR s srela s au st 109
Pi2s  Hamarre UL S i e s suuEnl i e nd s fin dea S iaidin o 113
il s Al U s UL I BRI uAA T
P27 Under Frequency Load Sheddineg for ECL System 117
IPEO1  Desien of Light Electric Wehicle for Commerdial Use 121
IpEDz  waflanisuaguane T helef e dsanm e frmuduneinadaus st velaagaimia 1285
PEOL  wuudmasmandinmamivanamEnus s inssRusueTnd A m o eusaiugs 129
PEDZ  msmuRaNeEdvinaim A usuuind Faniiidnaamusadug 133
PED3  msdunnwginsaus wirssasrinfilnwaraasyalraumaina s ﬂa}ian"umu{lﬁuﬁﬂ“nmuau 137
PENY  sruudmsyadmstayn st ss Bl wlaaiunTisle Ssnune v wamantuaa 1a 141
PEDS sy et asiuuBumadin ¢ admiussuugladtiamadiai 145
FEDS  State Cbserver-Based Parameter Estimation for PFMSM Crive by using Extended Luenberoer Obsever 149
FEOT  State Cbsercer-Based Parameter Estimation for PrS Drive by using Non-linear State Chsenver 153
PEOS  frsATuRiEUG adead 5 sutl winEes Furdusaduen e Sd il iha kg 157
Fartdurmafinm wrtdale g et mssunusaedung
PEDS  misimend et mamtaiFasannlAnlimay 161
PE10  msmankuundfndaanaiunimnearaura fa selanman e i daalnanfl/ifedammy 165
AR AF TS U R TR Tine
PE1L  mradserndra unadwasuuusanlaamadldinlu ssdnmtheassuundn b fiead e 169
wers A uu*ﬁugﬁmaai wkaaul it s en S AL Ty AT et SR e g
PE1Z  wUdTAaMRdnATaRsTa T e A man fildnium s Sl as il usdn 173
P13 migiAaesindnnisun e @ Buan i maeaigdminsn i rdmtaka 177
PEL4 Funmdmaduuuiadmnudihas et e nssaunasEEa Al s s i 181
PE1S  madiudsnlsdvianmeanawaildiong s sanunssfusenTrsldnagm umn sy 185
PELS  frsnwansliudseimlehlnunundaemuad it ussnd e Save wadli e 189
PELT  maBudnuiiru RN SR e msnsasT s nft s ussu STl 193
PE1E  Miamanuuulrsnss ahduanfiduuueuudmiunisiidsssuafintusuusdaliia 197
PELS  selumtURNLsst Ut ns vl smsnsasidananfindaiaunuiilainas omdsrumeaiufi 2m
1587
PE20 mmmanwuumakdnaduldingsummadlaiinssuead v uraasfinyai raunadoe § 205
PE21  wdsharhdal s sumed Uil e unamasuuulaEe AaeeduuueeSatumd sl insdladei iy 209
PE22  frismnw s s TR fan st aiuiis EFHErIg R ATnduntsismmd snuldm sy 213
indaud
FE2Z  miamenLuLLAVAELTaTT e R e s il 217

The 4ist Electrica [ Ergineering Conference [EECON-41] | Ubon Ratchathand Unhearsity and Sipatum Universiy

80



nmvssysdninTsmedmnsainiy a5 <o UssT1T v unrinenatguaiveidsanuumy Inenataiuys

a o o dam
Naﬂ‘a‘wuma&‘ixuumﬂ‘lﬂmwawmumamm‘nﬂﬂ

»
or

AIVHKAINADTLULNHH ENT I

IMPACT OF SOLAR ROOF-TOP GRID-CONNECTED FOR LOW VOLTAGE DISTRIBUTION

SYSTEM

oo = < < SE D &
FAns A3asna az noual HRARTYY
aninmirnnss Wi aasdmarsuman

39 ¥ 1 auNTada-uATIeN(Maeatn) Sunotn

1

<

<

3 Tanetaoma lu Tadsmuanataf

-

a o @
k) ’i]ﬂﬂ?ﬂﬂ‘l‘]l]‘mu 12110 Tn3fnn 02-549-3571

E-mail: thitikorn@mail.rmutt.ac.th, krischonme.b@on.rmutl.ac.th

o
UNAALD
dn . o o :
unanuiinnzirantsnuvesr ruudnibonsedu i
9 & ' = w a vhda b o q ¥
lumsirodeszuundan ihwdnuuesofindifanauundam 14
szuusmhalihvesms Idihdauglan (va) Tuszuusmihe
22/0.4 kv vinawdoutlas Il 1500 kvA vz Tvaauuuaszia
AT2A07 50%, 35% Lz 15% Taotindeammdan T luua
Az (Load Profiley AlnAMany Aethusinendonaz Trananna /i
. s
myfaensieudessuusan ihwdanunmafindinansuu

. dde 2 R N, e
waamatimainseaanazdunilaiuand iy Tagld Tisunsy
DlgSilent PowerFactory #1mis1asaaz Inizd ;i luaveaszuuy
Tdhus sdud eBosatwus s nadvou lidhgande naz Ao
o o o ' = &
lszneudids fAdanansenudsszun e as@nutiannse
asaaoUNanTENUYIMsLIFoudes ruunda T ihwdiau

= oA qaq = %q
nsaemadive ¥ luairesnnuuiazAeal luauian

2
mmé‘fcg: wmﬂuumﬂnmsjfuuummuuﬁmm, HIAUINH,

warm Iihgapde, dnlrzroumaaiih

Abstract

This article analyzes the impact of grid-comected solar rooflep for
high penetration in low vollage distribution network of the 22/0.4 kV grid
system. Transformer capacily is 1500 kV A which each loaded 50%, 35%
and 15% respectively. The study considers the different load profiles at
hospital and household. The solar-powered systems installed at rool that
is varied the PV capacily and location. In this study, the DIgSILENT
PowerFaclory program is used o simulate and analyze Power flow,
Vollage stability, Cnergy loss and Power [actor at the proposed
distribution network. The study can be verified thal it can express the
impact of solar roof~lop grid-comected design and installation for the

[uture work.

Keywords: Grid-Connected Solar Rooflop, Overvoltage, Cnergy Loss,

Power Faclor.
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