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SOLAR PHOTOVOLTAIC POWER PLANT
SIRIWAT TECHAPAKAPONG: A Case Study on Using Battery Energy Storage
System with Mini-Hydro Power Plant to Minimize the Impacts of Solar PV
Generation on Electrical Network of Amphoe Mueang Mae Hong Son.

ADVISOR: ASST. PROF. SOMBOON SANGWONGWANICH, 90 pp.

The electrical system of Amphoe Mueang Mae Hong Son contains several
renewable energy sources, such as a mini-hydro power plant and a solar
photovoltaic (PV) power plant with a battery system. If the slow-response-time and
low-inertia constraints of the mini-hydro power plant can be handled, the system
will have the potential to operate as an islanded microgrid during the failure of the
115 kV transmission line. The objectives of this thesis are first to evaluate the voltage
and frequency variation problem caused by power fluctuation of the solar PV power
plant and the load, and then to propose a solution based on the battery system
working cooperatively with the mini-hydro power plant. The battery system has two
main functions: 1) smoothing the output power of the solar PV power plant, and 2)
using the load frequency control (LFC) function to reduce the impact of load
fluctuation on the system frequency. In this thesis, the LFC function is shared
between the battery system and the mini-hydro power plant. This method can
reduce the battery size significantly compared with the LFC method which uses only
the battery system. In addition, this thesis also uses the 10-second historical data on
the solar irradiance and output power of the solar PV power plant for the
assessment of power quality through spectral analysis method. The design guidelines
for the filters used in the PV smoothing and the frequency division of the LFC signals
are also given. The simulation results using DIGSILENT program show that the
proposed method can keep the voltage and frequency of the system within the

standards during the grid-connected and islanded microgrid modes.
Department: Electrical Engineering Student's Signature

Field of Study: Electrical Engineering Advisor's Signature
Academic Year: 2017
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- Frequency Deviation P Controller for
Battery System

l_ High Frequency
Components i i
O A — Active Power Setpoint

Tau_SM of Battery System

Power Output of Solar PV Power Plant 1/(1+Ts)

Low-Pass Filter
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Active Power Dispatch
of Mini-Hydro Power Plant

" Low Frequency
- Frequency Deviation | 1/(1+Ts) | Components PI Controller for

Tau_LFC Mini-Hydro Power Plant |

Active Power Setpoint
p—= >—m= of Droop Control
of Mini-Hydro Power Plant

Low-Pass Filter

High Frequency
Compoficnts P Controller for
Battery System
l_ High Frequency
Power Output of Solar PV Power Plant 1/(1+Ts) . Components A Active Power Setpoint
o —— —_—— ——

N/ N/

Tau_SM of Battery System

Low-Pass Filter
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Frame_PV_System:

a7

larray

Photovoltaic Model
EImDsl*

Solar Irradiance E
mDsl*
Ppv Measurement . P_conv

StaPgmea*
>
©
E
©
=}

AC Voltage .

StaVmea*

Phase Measurement
ElmPhi*

DelaE Time 1 ms
ImDsl*

Vmpp_arra
PP ar Y~

id_ref

Simple Converter
ElmDsl*

cosref

Static Generator
ElmGenstat*

Solar Irradiance (W/m2)

Power Output
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7.3 wuusiaesszuuadvauvaslssliimdnivuadnuiszeuazuntas

5Ufl 7.4 uansuuuassszuumuauvadtsdliihmdnivuadnuslasauaskvesd
Mlunsfinwseu leglduuudaesssuuauauusadulnindnlud@ (Automatic voltage
regulator, AVR) #n0119357U 1968 IEEE Type 1 Excitation System (IEEET1) ¥yan1uUAY
Aaiulselnil (Governor, GOV) auanasgIu 1981 IEEE type 3 turbine-governor model
(IEEEG3) wazhuudiasaszuumuaunisauaunuilvanveslsslnli fauandluguil 7.5,

7.6 WA 7.7 MUANU

SYM Frame :

cosn
sgnn

Voltage Measurement u AVR slot ve 0
StaVmea* EImDsl*
0
0 SYM Slot !
EImSym*
—1
GOV Slot pt 4
ElmDsl*
Frequency Measurement Fmeas LFC DG Controller psco 3 3
EImPhi* EImDsl*
-3

JUT 7.4 wuudaesszuumuanvedlssliimanvuadnulas ke UDS

AVR_IEEET1: 1968 IEEE Type 1 Excitation System

voel

vuel

usetp

u 1/(1+sT)
- Tr

upss

Ve

Vbias

avrref

7
N,/

£
N/

» -

se

Vrmax

{K/(1+sT)}
Ka,Ta

Vrmin

Se

e
'

vr yi

vy
\/

9 sK/(1+sT)
Kf,Tf

e

Se(Efd)
E1,Se1,E2,Se2,0

—

1/(K+sT) 4
Ke,Te
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GOV_IEEEGS: IEEE Type 3 Speed-Governing Model

psco

Gto Pmax

al1,a13,a21,a23,Tw

= d at ¥ turb
2 w —: ) w —< : — (1K) — (s} ) - a23(1+(a11-a13a21/a23)sTw)(1+a11sTw) ptul ot
Tg

0
4 PUPturb
PN

e

K
Sigma

KsT/(14sT) 4
Delta,Tr

sgnn

cosn

JUN 7.6 wuudnaesynAuauiaiulssluih

LFC_DG_Controller:

Const o K 4
50 Kd_dg
Fmeas - N 1/(14sT) N psco
.
' <« ™1 300 Y i
K/s
Kidg T
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14 A Y a 14 a ° LY o 3 [ 1
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A159% 7.1 Ardusvadlselninduivunaanuilazaiasniued

Auuslu Wauwsiazan y :
318013 - - LWOUNIUBY
DIgSILENT Yaf 1,2 4af 3,4
Aildannmsvagaulsslnia [14]
Rated apparent power of generator (MVA) sgn 3.375 3.3125 4.53
Power factor cosn 0.85 Lag 0.80 Lag 0.85 Lag
Rated voltage (kV) ugn 33
Rated active power of turbine (MW) PN 2.55 2.65 0
Governor hydraulic theoretical opening time (s) 1/Gto 23 A mudoundaya
Governor hydraulic theoretical closing time (s) -1/Gtc 5 Wﬁ 1,2
Reactance in p.u. (referred to rated generator kVA Base)
- Direct axis Xd (p.u.) xd 1.25
- Quadrature axis Xq (p.u.) xq 1.156
Transient reactance
- Direct axis Unsaturated X'd (p.u.) xds 0.37
- Quadrature axis reactance X'q (p.u.) Xqs 1.16
Sub-transient reactance . ..
- Direct axis X"d (p.u.) xdss }mmém 0.25 j‘vm@‘nm
Woullasa RGN
- Quadrature axis X"q (p.u.) XQss 4 0.42 2
ol 3,4 4l 3,4
Negative sequence reactance X2 (p.u.) x2sy 0.34
Zero sequence reactance X0 (p.u.) x0sy 0.19
Armature leakage reactance Xl (p.u.) xU 0.18
Generator time constants
- Direct axis transient short circuit T'd (s) tds 0.42
- Direct axis transient short circuit time constant Td" (s) tdss 0.04
Inertia constant of the generator based on the generator KVA (s) h 0.57
afidanlflunssraasszuy
Controller gain Tg 8
Permanent droop (p.u.) Sigma 0.05
Temporary droop (p.u.) Delta 1.4
Governor time constant (s) Tr 15
Afildannisduam
Water starting time (s) Tw 2.2347 ‘ 0.9133
Mechanical damping (p.u.) dpu 0.114 ‘ Tamudounsiasn yai 1,2

NG NITATAUARILUS PN 1nAU 0 UunNNefe n15A1nuali Rated active power of

turbine #ALYAU Rated active power of generator
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Mechanical damping Tuardenuae dauseanmu 10% veaanasssntdalniilglunis
159ANULSITOUIUDIANUSIAAR, Ty, Faiivthoduiund waziia i ldlunslnasnfateiu

11, Ty Tusmdigdund ansnsasuwindlaanaunisy (7.1) wag (7.2) muansu

T, =2-H (7.1
T, = Lo (7.2)
g-A-Hy,
Tagfi
H  fo masheadesveanieaiudaliih Guad
L #o erwemveviodai (uas)
0 Ao Sarnislvavesiiiteiut @uiadiunseiund)
g o mmsaflosnnusliiudaswedlan Gleuszann 9.81 wmssolunfirdas)
A e fufivihdaluufeinveiode (nsiauns)

Hy f9 A20geueain (Wns)

Ansulssluiindsinvuadnudasa ds1eaziden fail

- Anugvesviedai 1,346.5 LUAS

- Sasnsinavesidifsiuii 311 gnuiAnlunsieIui
- it dslununseainuosviedain 0.95 AIILUAT

- mmqwaqﬁaﬁw 201 LURS

PMNAUNTT (7.1) Uag (7.2) 8@ WITOAIUINAT Ty, WLNNAU 1.14 Uil wag Ty, 1inAu

2.2347 U9 ANUAIRU

(%
=]

° U o 3 [ 1 = a (Y
LLaSﬁ’lﬁiUIi\‘ilWﬁ’]‘WﬁQUW%U’mLaﬂNW‘UEN U3NYasLagn ANU

ANUYIIVDIVIDEIUN 76 LUAS

(%
o o

9M51N15 Iave NN 3.8 anuUIARLLASHIUT
U

(%
Y

- NUNUTNARIULLIAIRINVBIYIBAIET 1131 ANSI9LUAS

ALEIVRIIN 285 Lums

NAUNIT (7.1) wag (7.2) EIUITAAUINAT Ty, LAWIIAU 1.14 U9 wag Ty, AU

0.9133 U9 ANUAIRU
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7.4 LUUINRDITLUUATUANYBITZUULUALADS
JUTN 7.8 Uag 7.9 KARIMUUTIABITEUUAIUANTDITEUURUAWMBSTILELUNSAN IS UY
wAzWUUTIARITEUUAIUANMSUTUBUMATlhanlse i ndsnuuatofingsaufussuy

AIUANNNTATUANAIHDLYAAMETEUULUALADT MINEIAY

Frame_BESS:

cosref

Frequency Measurement
ElmPhi* Fmeas
3 5 0
BESS Controller Converter
ElmDsl* EImGenstat*
Ppv-Measurement Ppv id_ref
StaPgmea* 1 - s i @ -

JUT 7.8 LUUTIRDISYUUAIUALYBITLUURUALADS

BESS_Controller:

Load Frequency Control

Const

50 LFC (BESS only)

Fmeas - '

N\
N/

K
s, Kp_bess1

G

LFC (BESS+DG)

o — K >(

| 1/(14sT) |} » L
300 Kp_bess2

N
N/

p.u. Ratio Compensation

Ppv ' 7

PR 1/(14sT)
! hd = Tau_sM -

N
N/

K 1K
SgnPV == sgnBESS

PV Power Smoothing Control
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JEUUAIUANNITAIUANAIUALAARMIETEUULUALADS



unN 8
NAN1531889N151191U8952UU IR v naLiloanidasdaau

o

Ingndnusdlanruaiuiniduns@nwinansenuanAUiuNILTe ian LAz
Mawaalnihanlsalnindinusaseindnivesiivunn 3.5 wngind Nlisenmn1nlndi
lusguuliiruiuudtaessyuulnihvesdineilouisesasu lngddadoyansiaini
a & a4 R P o < o v a S o I
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i Tssliuaseinduues Tsdlviindahuunadn SHUUUUALADS
\Weuso .
e 4 s995U AIUAN nsusu AIUAN
NIUANYIN WU AIUAL AIUAN AIUAN 4 o 5
- | vaa / MPPT \ . AR Seu AUl
115 Alalad ussnuluiin ussiulndlh | Aanudangy .
Tvan maalvis Tnan
1 o F1-F8 X 0) MSN MSN X X X
2 0 F1-F8 X 0 MSN MSN X (@] X
3 X F1-F8 X o MSN MSN X X X
q X F1-F8 X (e} MSN MSN X O X
5 X F1-F8 X (o) MSN MSN X (e} (e}
6 X F1-F8 X (0] MSN MSN MSN O (e}
7 X F6 - F8 X (6] MSN MSN X X X
8 X F6 - F8 X ¢} MSN MSN X O X
9 X F6 - F8 X ) MSN MSN X o) o
10 X F6 - F8 X ¢} MSN MSN MSN O ¢}
11 X F6 X X PB PB X X X
12 X F6 X X PB PB X X (@]
13 X F6 X X PB PB PB X o

newe MPPT 6911370 Maximum power point tracking
MSN muneds Tsslwianasiauadnuaiaza

PB v Isalndwdainvunadnuiuas
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JUT 8.1 uansiuudnaesszuudmiunsdlfinud 1 uag 2 U7 8.2 wanauuuinges
sEUUdmSuUNIUANYIN 3 89 6 JUTN 8.3 wanawuudnassszuudmiunsdlfinean 7 s 10

JUN 8.4 uansuuuinaasseuudmsunsdlfinwdl 11 89 13 uagaAiiudsvesssuuniunuild

TunsAneszuy FakandlunnsIen 8.2 audisu

115 kV MHS | 115kVPAl |,  115kV MTG |
é F5 F10 é é é

22 kV INC1[ = 1 INC2 22kV External Grid

F1] F2[ F3] Fa] F6| F7| F8| F9 ;L

LT

R N
by l vy - vﬂ
.

3.85 MW
J7 RL J7pcc ! MAE SA NGA DAM
Y

(2x2.52)+(2x2.65) MW

é é é $ PHA BONG PV PHA BONG BESS

3.5 MW 4 MW MAE HONG SON DIESEL

(2x1)+(3x0.8) MW
i \Y l l l

JUN 8.1 wuudnaessyuudmiunsdlfinui 1 uae 2

INC2

22 kV INC1[

F1| F2| F3| F4

F6| F7| F8| F9

T Ry =
L i ]

|-
V é } PHA BONG DAM @ @

3.85 MW
J7 J7 J7pcc MAE SA NGA DAM

(2x2.52)+(2x2.65) MW
é é ; - é PHA BONG PV PHA BONG BESS
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—Without PV Power Smoothing :
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Active Power Output of
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= — Active Power at PCC
5 3r —— Active Power Output of Battery System
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Active Power at PCC (MW)

Frequency at PCC (Hz) Voltage at PCC (p.u.)

Active Power Output of
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