SHE IATINIT SUTT-703-48-12-75

A

%@aam@@

""“‘!su:m-ml'ui'a“'a

TIIUNSIY

o Y o 9/ v ef
mswmmmmmﬁmmwaﬂ"lﬂﬂumzmmiaummﬂmﬂ

TaglHmuanmas et Ua8IN1eon

Development of a pilot small-scale electricity and heat production
station using a hybrid updraft-downdraft biomass gasifier
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Abstract

The cbjective of this research was to study and develop a small scale station for electricity
and heat generation using hybrid updraft-downdraft biomass gasification technology. Also, the test
and evaluation of the system were carried out in order to initiate an approach for systematic use of
:_E_._t.aiomass energy in agro-industry production. The study was divided in to four parts, namely;
1.} designing an energy production station which is capable of generating electricity and heat
:: 'e.lpproximately 40 kWh and 500 kWth, respectively, 2) setting up the heat system used in drying
_:'._a_npplication, 3) fabricating the electrical connecting system and 4) doing cost-profit analysis of the
whole system. In this study, giant leucaena (Leucaena leucocephala (Lam.) de Wit) was used as
a feedstock,

The results showed that the gasification efficiency obtained was 80% with the biomass
consumption rate of 63 kg/hr. The heating value of producer gas was 5.36 MJ/Nm" which would be
sufficient for use in drying application or electricity generation. Moreover, tar content in producer
gas was low with a value of 3.1 mg/an because the gasification system was added up the cleaning
system consisting of scrubber and condenser, For electricity generation test, the producer gas used
with a gas engine gave the electrical efficiency 12.52% at the electrical output of 40 kW, At this
condition, the biomass consumption rate was 1.81 kg/kWh. In case of using a diesel dual engine,
the electrical efficiency achieved was 15.93% at the electrical output of 53%. The specific fuel
consumption (diesel oil) was found to be 0.06 VkxWh or 2.98 Vhr, and the specific biomass
consumption rate was 1.01 kg/kWh which was approximately 80% replacement. For the test of
producer gas in cassava chip drying using a rotary dryer, 't};é temperature in a burner was 323.6°C at
the gas flow rate 250 m’/hr. Cassava chips were fed to the dryer with the feeding rate of
77.17 kg/min, and the time required to pass the dryer was 47.12 min. The cassava chips were
circulated six rounds to achieved moisture content lower than 13% w.b. The specific energy
consumption for the drying was approximately 9.73 Ml/kg, . The stability of electricity was
found to be in a standard range. Considering the cost-profit analysis of the system, the net cost of
investrment is 834,600 Baht and the system is able to retumn the money 173,789 Baht/yeas, which
resulted in five years of payback period. The results found in this_stﬁdy:__can ensure the use of
a small scale station for electricity and heat generation using. hybfid_'P'}__f_dr.élﬁ-.dowwraﬂ biomass

gasification technology in rural communities.
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American Society for Testing and Materials
Biological Oxygen Demand

Energy Dispersive X-Ray Fluorescence Spectrometer
Gas Composition (%V)

High Heating Value of biomass (MJ/Nm”)

High Heating Value of gas (MJmes)

Ash Production (kg/hr)
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Not Detected

Electrical Power

Producer Gas Temperature (Gas Outlet (OC))
Reactor Temperature

Impurities (Tar & Dust) After Biomass Filter Box (mg/Nm")
Producer Gas Temperature (Cleaned Gas (OC))

Gas Flow Rate (le/h)

Gasification Efficiency

Engine-generator Efficiency

Electrical Efficiency
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Gasification Efficiency ( Hg) = [Rate of energy carried by producer gas]/
[Rate of energy supplied to reactor]

Gasification Efficiency (7)g) = [V, x HHV }/ [m x HHV_ | (1)
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trical Efficiency (77el) = [Energy equivalent of electrical power)/
' [Rate of energy supplied to reactor]
lectrical Efficiency (77el) =[3.6 x P )/, x HHV,_ ] 4)

3 = a o £ o
st s ans N MU UATBIUA Dual Engine (Dual Engine -generator Efficiency)

Engine-generator efficiency (7],) = {Energy equivalent of electrical power] /

[Rate of energy supplied to engine]

;'Edgine-generator efficiency (77)=[3.6 x PJ/[(V,x HHV ) + (M, x CV )] (3)
- Lﬁa
P, = Electrical Power Qutput [kW] . .
M, = Diesel consumption [kg/h] °

CV, = The net heating of diesel [MJ/kg] i
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Bngine -generator Efficiency)

f lbiency (17.) = [Energy equivalent. of electrical power]/
| {Rate of energy supplied to reactor]

al_"eff_“iciency (17.)=0[3.6xP])/[(m,, x HHV, )} + (M, x CV )} ()
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ific Fuel Consumption = [m,J/ [P ] (7)

a3 19iRR1$ Uz (Specific Ash Consumption: kg/kW)

_ep;_f_ic Ash Consumption = [m,}/ [P ] (8)
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:'3-:Temperature : 50°C : 50°C
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500 kW, ,40 kWe

e
Wood, Cassava Stock -~ "

1. Hybrid updraft-downdraft Gasifier 1 unit
2. Twin Cyclone | | 2 unit
3. Gas line (Blower, Valve, Fi'lfer._)?;_}i'_' : 1 unit
6. Control panel including air pipe " 1 unit
7. Fuel Feed System .. 1 unit
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SURANAREE UNIVERSITY OF TECHNOLOGY

500 kW, , 40 kWe

Wood, Cassava Stock

8. Scrubber

9. Hyro-cyclone

- 10. Structure with floor & Shed

11. Engine-Generator set with electric control panel

12. Dual Engine-Generator set with electric control panel

13. Bumer, Heat exchanger, Batch Dryer

2 umit
I unit
1 unit
1 unit
I unit

1 unit

() miﬂizﬂ@ummaz‘izuﬁjam‘?jamm LazY# Scrubber

ey

=t 94 a 4 = i G ﬁ&w
31J°n 4-2 MIETIUAINABDIND T HDZNTIARNY nTai ATl IR

= FEL A oa g o a 2 ¢ A M w3
szuvaaindanssua Ivfhuazaimiou uasmsiadsgunio ipaleInA N




2
§
£
Fd

5

; g
P9I 21IUNIUAY Electric control panel () ARRITEVUMIUAN Electric control panel

! &
’ljﬁ 4-2 msﬁﬂumwam‘mmm L!.ﬁ“’ﬂ'liﬁlﬂﬂ\‘lﬂﬂﬂ‘im Lﬂ?’ﬂx‘]l!f)‘)ﬂ (G’I’E))

‘413 maasiunsessunialsms

e

A 9 A4 v ot w 3 & = 5 A
Eﬂ3EJ\‘I@Ullﬁﬁi?ﬂ’ﬁﬁuﬂﬁﬁ“‘?‘nﬂ]iwmu1“\]““]3"3%33Jﬂ15ﬂ131u@\@1u@@ #1173



e

"

i

-~
~
i:“';‘

e

~

o
.-—{

51} 4-3 Conceptual design i3 psoUU T3m

= 9
TIAULYL

4-6



:‘J : d ar A
4 puaadaniewuniuanlmaluiontalviih

2 5 ) T
ERE T RL LY 3 Basuss asoudduatdne luenaa i 2 nuy fe

' s 24 1

d‘ dy 95 x:‘;’nu =y A oA T 9 éj =y
1) lﬂ‘iﬂﬂﬂuﬂﬂl”ﬁﬁ&lﬂ‘ﬁi?NﬂUlSﬂﬁlﬁﬂ&Wﬁ\i HIDLFUNI 1‘}5!,"]1@“"1?13@

o 3/

: g a @ o o8
e or Dual-Fuel Engine) Taeltudadamamausueiniendiy lefidioam Ind

i

f i

4. ITnand1a89 (Resistant Load)

A

c; o' 9 as o g Py
3l 4-5 S osuARmN TN VIR LTBIWAS



; A o=t ah ar &y d’: -
@ﬂﬂ%ﬂ&tﬂi@dﬂuﬂﬂmauﬂ%ﬁ TJUNULNTIYDINGY

DENYO : DCA-2205PK3

50

continuous 200

standby 220

3-Phase 4-Wire

v 2 Dual Voltage
0.8 (Lagging)
% Within 0.5

Brushless, Rotating Excite (with A.V.R)

Class F

Komatsu S60125E-2-A

Inlined Direct Injected Turbo Changed

PS/rpm 242/1500

kW/min"' 178/1500

mm 6x125x150

L 11.046

ASTM No.2 Diesel fuel or Equivalent

L/ 31.5
mp Capacity L 42
L 36
145G51X2
L 380

Length mm | 3650

Wide mm 1300

Height mm | 1750

ke 3670

A 1500/1800 rpmvmin = 83 dBA
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. _ 2
Senerator teHannszie I eonn duuun TssMhGunaviadni Aanse

I A190Z, -2

Four stroke, water cdo]&:d_,_ natural aspiration

* Four cylinder, inline -

tal displacement L




E’f}.\:‘ﬂﬂﬁiax‘iﬁuﬁl { Engine Specifications) (#0)

min

JA190Z, -2
kW 140
r/min 1000
r/min 600
kI/kWh 12000
g/kWh <15
e <580
T <85
T <90
;nh‘;‘ain oil passage  kPa 400-800
% =5

Forced water cooling
Pressure and splash lubricating
Watch from flywheel end
Sparkplug ignition
1-2-4-3
24V DC starting motor
Counterclockwise
Flywheel drive
2240x1120x1656
2800

Set



 100GF-PIG

kW

cosg

mIn

ooz
100
215
400
0.8 (lag)
50
24V DC starting motor
AVR (Automatic voltage regulation)
Electronic speed governing
Brushless
Three phase, four wiring
Closed (remote cooler)
Flexible coupling
4045=1600=1910
7000

Rotary

Lineat = -

Propdrti_é):_ryai'_'__: 5

Sealed, without sliding parts
Multiple

Automatic fuel shu't'_—"o_ff"\i'fheﬁ:de _nerg:i'iec_i
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3U7 4-7 Actuator ADB 225 SERIES
- ﬁﬁ’mmmyﬂmuf}uﬁﬁn {Control Panel Specifications)

asimew Tusszuuduganan i wwaivgulasgadaonna PLR-100
i T 100 kWh FayagnouTna dsznouludawgunssl lundude o]

- Measuring Systems fauaaglu gﬂ‘f’it 4-8

- Monitoring Systems fataadlu g‘ﬂﬁ 4-9

- Control Systems fateraslu gﬂ% 4—IQ P

fety Systems A9uaAaly 3111“% 411

Grid Connection Method Aaiiaayiu guii 4-12
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31!?34-9 Measuring Systems UREMonitoring Systems

Measuring Systems
(1) Generated Power
(2) AC Voltage

(3) Frequency

(4) Power Factor

(5) AC Ampere

Monitoring Systems
(6)Rotation Speed Meter
(7) Oil Pressure
(8)Water Temperature
(9) Oil Temperature

(10)Synchronization

4-14



P
gﬂ‘ﬂ 4-10 Control Systems

Centrol Systems

(11)
(12)
(13
(14)
(15)
(16)
(17)
(18)

Govemor Power Supply
Voltage Setting

DC Power Supply
Synchronization

Speed Trim

Electricity
Emergency Shutdown

Idle/Rated Speed



gﬂﬁ 4-11 Safety Systems

¢ Safety Systems
{(19)Reverse Power
(20)Over Current
(21)Under Voltage
(22)YUnder Frequency
{23)YWater Pump Operation
24} Low Oil Pressure

(25)Over Speed

(26) High Water Tem';ié'r'a'ﬁzzre:'- -



ﬂ‘ﬁ 4-12 Grid Connection Modules (Semiautomatic Pseudo-Synchronous Mode)

Femstwenlsaszuung Grid

'
i £R] o

.. 1 o
15idou Tsasz g Grid 1y Tau 1935 e9n Tuiifi(Semiautomatic  Pseudo-

2

Mode) Taeldgunsaidauandly gt 48 §a g 412 FIMBaIntIn TN

' _mﬂ'smaumaummm “Idle Speed” Dl')ll‘iwl!”ltl! 15-30 W ﬂiﬂ%uﬂ’ﬂ@ﬂ&ﬂﬂ&]

sture Tloudle 47 °C sz Toszadail

5 3 ,
Tavinauuiiei) Cooling Fan

T ar ' P 4 o ' w s
wntluduiseson' 1 “Rated Speed” (ATDIEUATEITI50UEA TUIR

. & dq w 4 o , -

SuseuAspIuUA I AINTIToIATDaEUA 1000 H/min UTEINAL 10 WA (WUBYAUNIS
W oo o) o 9l e 1 ° ' A
SunRaldmngauiuvesdifuszu) dewhmatewse “syn” 1o

U5 Volt Setting 1 IdRmA1v0eu59fUN181DN Main Breaker (380 Volt) Tasgain

nihwetined uazVolt Meter (AC Voltage)
ﬂﬁ‘ﬂﬁ Energy Storage (W9itla Main Breaker

ﬂﬁ!‘ﬂll “Syn” 1B Syn it aduudBella “syn” Device -

'.‘lJﬂ'J'lﬁ’}uﬂﬁLW’e}mmL‘iGﬂullﬂf{ t18% Flow Gas iﬂﬁﬂ-fﬂﬁﬂﬂﬂ?ﬁ\‘l“d’@ﬂ‘lﬂﬂ'!

Sudt Tnan ew) Taeldju Speed Trim ma“lﬁ'lmmmﬁﬁ do
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: Qe £1 di!’ = a4 3 - a  d
ammwmﬂmmmaswmmmﬂuﬂsmuaﬂy

a d 9 & or &
WI51HIAN05 Nainszoudny

Proximate Value

%MC 0.63
%YM 81.00
%Ash 1.78
%FC 16.59
Calorific (MJ/kg) 18,776
Ultimate Value
CHNS-932
%C 47.55
%H 6.55
%N (.38
S 0.01
%0 (By difference) 42.72
EDXRF
%%Cl 1.789
%Cu 0.068
%Fe 0.869
Sin 0.067
%Cd ND
%Pb 0.006

sy

2 s w & QY i e 3
nadins e uaudavosdiulalinsstudnd muldhlinnumusauivsinnld
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ao 'l wamanadey a3 lAdero i
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1) wamsaupulSinasasdaaiumsensimn ABORTINS IMavewnY
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masnunifinuuazdadiumsiiousinia dedasims Inaveuns
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smuguiinauasdadaumsilonend dssaans Tnavowis

1/§1 Blower 99 U5u Blowergaoima  8a31m3 ina .
BATING 1@

DIMFGUA DBAIAINY Frequency  YDIDINIAILAINGN S
YURT (m3/hr)

._requency (Hz) (Hz) {m3/hr)

40 30 127.68 68.22
40 40 159.67 122.59
50 50 197.55 151.96

2) wamamuaufimnamesFadiunsieuninmia Aegunminvsuia
A o oy 9 a oer d
womdanldan nszaudny e
r'd o :_21’ = = iy 2 ] -y A &P 3 - o
2315z nouYDIUAFOINRURGY zmzmmmsaum@as,mm%maamas
’lwammammmmwmm 3 seau Aaaaely m*m*n 4-8 ’W‘U’E'l?)\‘iﬂﬂﬁ ARUUDILAH
amwmi"lwaumm”lnmﬂamu Tae CO, H, ‘ez CH °lua'ﬂmu1wﬂ“mmmmau

4- 18.97 %, 16.05-17.35% tLﬁw134~224% ﬁ'!llﬂ'tﬂﬂ Iﬂﬂ‘ﬂﬂ’lﬂ’é’llﬁ‘i@u‘imﬁllﬂﬁ
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3-5.53 MINm® Tasmanuieoudildnnnis Mdaewasldnszdudng Taigs

b
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3 i Py
sanlsznouvssudmyamiae (%)

1884 HHV

; cO H, CH, N, 0, CO, :

/hr) {(MJ/Nm')
18.97 16.05 2.24 48.14 2.04 12.56 5.53
18.65 15.53 1.34 52.30 2.07 10.11 5.05
1834  17.35 1.56 50.04 1.50 10.61 5.36

] 34
s AN AT ITIIN

MsnaaeulszENEMNNITNENNAINUVDITEUY

)ﬂsx?m%mwmm?msaﬁrmfﬁmwaa (Gasification Efficiency)

NI NARDUALT LI AR N B T az 1M Tnadety duaaslud
'ﬂwﬂszﬁﬂ%mwmiWﬁmaﬁ"m%mwﬁq (Gasification Efficiency) g4 tafeoiidy
st’ﬁﬁﬁwam”lﬁ’ﬁ@mﬁwu"'ﬁmmmﬂ@haﬁ’umﬂ aiildnanlidiedu manudoud

o ¥
719 503 -5.53 MI/Nm' aanudsusiainsod W 1FlumseuudaFomasiiuaa

Biomass Ash Impurities (mg/Nm’)

HHV Gastfication
,  Consumption Production Tar Dust

(MJI/Nm) Efficiency %

(kg/h) (kg/h) (%)

293 40 243 6.08 2.20 3.70 §5.29
5.05 52 3.25 6.29 0.40 1.80 75.24

5.36 63 3.87 6.14 0.40 81.29
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pungiadavulumuezszezanuge dwaaslu 10 415 vy duvesgungll

o

ar ) d’l’ = 3’; t 1 9l = as
Profile) ¥845031013 IMavewRAFaWEd 4 dnizegluyilaaimuanu
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. gamgihumeanunaisava

m’/hr) T1 T2 T3 T4 TS5 T6

22 550.60 518.67 413.94 606.24 549.88 410.65
22.59 397.29 621.96 498.07 649.85 611.80 478.73
96 310.03 623.87 509.11 644.72 592,20 489.10
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Distanice From the top of the reactor(mimy

& 4 a2
4-15 Temperature Profile Y898A51MT IMaveuATIFOMAY 3 0192
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1m'smaauﬂiwﬁmmwmmmuﬁmuwa@mmﬁwﬁmawmmmu RN

-downdraft biomass gasifier Tasldidomasidnsyiudng mmmﬁsﬂ"lﬂmu

) msaaanssuaihlaglvniowuande Uszinsammsnaa IWfhvesszuy
Ao w = L 1 g ~ A 1 r
1252 % Amidemsnda lWih 40 kw Tunsfidnandiuademadnld egluas

_ﬂ_ﬂﬁsﬂﬁamsmﬁaﬂ%’ Tu a3iah 4-11

__2) mwaﬂmwutr‘MvIﬂﬂsﬂmﬂ‘smﬂuﬂﬂwaﬁ’mnmmﬁmamm sz ANTAIMNT
2ITTUY IGAIAL 15.93 % Fergemswnda il 53 kw Sasims A asariuiy
06 UKW 1o 298 Vi JunsfidindvFinendomaeils 28 1459 1.01 kg/kW

BT NAUNY (%Replacement) 11533101 80% Tavagimanisveaoy’ld lu masn 412
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A3NAABI LRI 1lEnE

427

T3 Youa
a (kg) 2,323.98
Al (Y%wb) 60.1
Y10 (Yewb) 12.82
mae (kg/min) 77.17
UIATOIDUENA (h) 4712
2
msouNHIN LA (h) 8.74
' 9 o
WRVLHIV UV URDE (°C) 323.6
wauLiIoenmiY (°C) 159.1
ROIMABVUTT (m'/s) 0.071
4 (kg/h) 144 21
ar 9 sf
AVUITUNAT (kg/h) 121.70
;" 23 o 3
Vavesunamay (m'/h) 250
PoIUNT MI/m) 5.30
; 9/ o
UANNIBUNLngE (M) 11,580.5
v ld (kwh) 211.65
v v 761.94
umglumsszmod) (Mikg 9.79

o o 1 - af
ﬁﬂﬁmu‘}miumﬁuﬂ HUANRDYUDIYDYOATDANTIVNIATDY
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2) 11limsiha Voltage Fluctuation Fudefuanasissunsz ety
Wi ifonsaeafigadesay

3) gwnrasauinrd i ifegluussd 50 £ 0.5 soudedud

£ pnmsnagoumsne e dse i ldnammaaoudsuansa

409 Active Power, Reactive Power, Apparent Power, L10¥ Power Factor

utedu asaasiu silh 418

20038 1:05:00°5 24,03/ 2008 02: d 24/08/2008 01:05:060 > 24/08/2008 020500

AR, . 1.5-

. STAULTIAY ¥, LSIAUNTLIWDN (Voltage Fluctuation)

AR 2005 00500 5: 2470572

24708) 7008 OL1245
v o%araw |

S OT0500 0118550113457

OLI950 0K3457 014955 020458

: 3. HAnN13IAAINR9974 (Active Power
A, Awa Wi ( )

e A 1
g‘ij 4-18 MINATDUA U DYINTHVNINITIHDURARIZ VY
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3 24702000 ;0500 > 244082008 (205 ]
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i AREIAVA - b 370
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Reactive Power 2.715IANINTAUOWWUTUN (Apparent Power)

et 1 124208/2008 010500

i FIUE R T
FLeLs.s.
Sy

1 w T o o a
%, A3 IAAT Power Factor (Llwﬂmﬂﬁﬂ'IﬁQ)
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Timms@uszun TseIWdna sqauis uazdenTos iludgszuy vie
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Agaam Iihwes Tnanh linsiudsauaay wio luaauuunnda (Dynamic Load)
. -4 )i T =S [} = A g
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P, dussgunsdion wazamnud Wi SAuniny 4224 Volt, 1.5%, 50.02 Hz
Uage1 Power Factor Anqfiiald fadiiidenss, Avsueaiiv, A WOHNUTUN
© as = ¥

no3thds Ay 237873 W, 114121 Var, 28669.1 VA 11z 0.82 Amddy minka
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aaaliada Flicker tANNIMIEIU PRC - PQG - 02/1998 (wsam:umiﬂﬁuﬁgwalﬁ)
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3. Induction Generator > 1.25 MVA / / - - /
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4, szuulasiuuas nwn.
mafsanszuutlasiuses nwa. ssueandly 2 nstimumnanisue iwfhuas vsPp Ae
4.1. n581 VSPP muesnnnT 500 kW wasilluzile synchronous generator
- CB figonillnFust nWn. @aell Block Reclose Relay Taanuy
- Recloser 'mesdauﬁqqm%aﬂm VSPP @4#i Block Reclose Relay {aiunned
_ Ussanemansiae Block Reclose Relay Uas PT faesf CB
- Uszunums ﬂ'ﬁﬁﬂﬁgﬂ Block Reclose Relay ﬁmé?@ﬁ Recloser
- MeNLUUYSEaINgae Nas.
4.2 nsdl VSPP swadanil 500 kW "nﬂﬂ'ivLﬂmaqsﬂémﬁnﬁmlw%

— hmawmmaﬂmmﬁmmﬂmwwwm avn. iy

__ mswmsmwmmsmmuwaﬁvuu{la\muwm ana, TdvRnsanUTuseszaznalums
© ¥Nuwes Circuit Breaker Familuae ava. Sautenandiu 2 drna fo

1. First Dead Time 284 CB ﬂﬁﬂ?ﬁﬂ@t@ﬂi'}’iﬂ‘lﬂ‘{ﬂ VSPP GIENIN‘L!BEJF!’H 5 U

- (et Tudsle? naw dneliumslid)

9. First Dead Time %09 Recloser fidglf VSPP ma\ﬂ,uu_aﬂmw 5 mm_
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1. seuuilesiu o gadanlavssuulvii (protective Relay)

. Idfensadiui munsandealaezunsuluanaiswuy

- sdasainidssniulymumasumng

9, wﬂauﬂmlﬂﬁw {Transformer)

- ﬂiﬁﬁﬁ?ﬂlﬂﬁ’m’mﬂ’i‘l 3 Mw vld Winding Connection Wukuy YoD

- psdifenalshiiosnds 3 Mw WY Winding Connection tduuvy DYn

- mssBALULLaEMIRnssdanadaeiuInasPumsGanamaihamSudssmelneues
FnasdmnsTugouniey sundlne (2En.)

3 vilauUansLuaEas M BLUBILTIAY (Current Transformer, Voltage Transformer)
o Cast-resin insulated, Dry type

- CT 1#Class 5P20 w3pgnD

4. nuanWe (Surge Arrestor)

- FEIFEDAARBINUNIATIFIU IEC 99- 4 %38 ANSKIEEE C62.11

Rated voltage (Ur) 21 kV dnfuszuu 22 kv, 30 kV dmiuszuu 33kV, 24 kV
% o o v e O B
SSuamilWHfifase Neutral Grounding Resistance ( NGR) was vspp Faslaslu

g8z 0 - 10 AN WavzuIm 96 kv FIMSUTIUL 115 kV

1

Rated frequency 50 Hz
- Rated discharge current 10 kA
5. aunsnidamsidoulos
5.1 Circuit Breaker
-~ Vacuum CB or SF6 CB
- Rated voltage 24 kV #wi5UszUU 22KV, 36 kV dwsuswuy 33kV uas 123 kv
dmiu 115 kv
- Rated short-circuit breaking current 12.5 kA %38 25 kA §wmiuseuu 22 kv, 33
KV uar 2100 31.5 kA W30 40 kA dmSusruu 115 kv ﬁgqgiuagﬁvszuuﬁ
ioulay
5.2 Disconnecting Switches
- HanesIUTaNTUSLUU Scada
- outdoor type standard IEC 129 o
- Rated voltage 25.8 kV dwiuseuy 22kV, 38 KV dWduszul 33 kV uszung

123 kV #SUSEUY 115 kV



- Rated frequency 50 Hz

- Rated normal current 600 A §m5UssUL 22KV, 33 kY Wz 2,000 A §IM5UIFUL
115 kV

- Rated short-time withstand current (1 second) 12.5 or 25 kA @W3UTzUY 22KV,

33 kV tar 40 kA d%SuUssUY 115 kV

6. Inverter HANFDAARBDINUMIATIIY [EEE 929
7. mmsvnugasssuulanuuey VSPP
mmsvhuepsssuuasiuaas vspp tu Huindlutadeiidduinn wxdasinsanli
ulaeiuwas vspp vinuldluszaznmidmue tellesiuliliiieanudsmadaszuy
yla Futsaenmusisveunissiuinld 2 Uszion fa
7.1 nsdledasin@a Wi Synchronous 38 Induction @oalee 22 (33) &V vidausein
mnmé’qif
- Over Voltage Relay
® + 10 % nod Trip mulu 3 Jud
- Under Voltage Relay
® - 15 9 @es Trip mealu 3 Jurf
- Over Frequency Relay
® : 0.5 Hz fa¢ Trip mylu 0.5 hundl
- Under Frequency Relay
® - 0.5 Hz fed Trip Melu 0.5 3
- Directional Over Current Relay (87/67N)
® 110 % wnsfifavouaiaaidlalth das Tip metu 0.3 Jnd
® ground setting 30 %84 Phase
- Zero Zequence Over Voltage(59N)
® 109 3sec to 309 Instantaneous
~ Phase overcurrent (50/51)
® Pickup 120 waasmnaaiasilaliih wisnavioulass
vspp uduanentaiianias nh
® Stadard Inverse Curve(IEC or ANSI)
® Time delay Gi4vNUFINTI Fuse HV %38 Recloser w38 CB#
amitnsaisulinnnin.uezdashnuiiind CB v3e Recloser

254 NN, 92 Reclose AN



® 51750 dasthondandy Fuse usvgawes na.nsdigeulaeiu 400V

o o o = v om i

7.2 nedivasaemilinlvWihalin Inverter(PV)
- V> 110% @iad Trip malu 2.4 Sundi

~ V < 80% #ia4 Trip mely 2.4 5109

- f » 50.5 Hz @99 Trip melu 1.2 Jindl

- f <49.5 Hz @89 Trp maly 1.2 Jind

~ 67/67N W38 32 Fmuamunarauaissiliauasa s N
CB W38 Recloser 789 NWA.9% Reclose ASILSN

3, MInadauszuvuiiaanuray VSPp

Tumsmegauszuuilasiusas VSPP 1t THARNTaneauemzailseeun VSPP wanlaadn

fussuy fn
8.1 n3dil vspp Faulas 22,33 kv Ussnaude
- Commissioning Test
* ity Synchronous Generator JUIANINAT 500 kW 14 nas.
PagBUMINNY 289588 lasAnarldean VSPP
o nidimlasiiialvihunalsiiu 500 kw 1 vspp shmsnadev
Toodaaily Site Test iin Usznausoadnipe
- Protective Function Test
- Trip Test
- Inservice Test
- Interconnection Test
® Block Closing while deenergize Test
® Synchronization Test
® Non Islanding Test tawieniti VSPP Humwnmluifiu 500 kva
- Trip interconnection breaker 4@7 generator trip Maluia 5 Jind
- Production Test
o gunsalffiddmnaiindesiinamsnassunngiuia
8.2 nadl VSPP (Hanles 400V Usznauaae
~ Production Test

o o

¢ed o ] S
® qﬂn‘smﬂmﬂmuun’éummawwamwmﬁaumngwam
- Interconnection Test

® Block Closing while deenergize Test

® Synchronization Test



® Non Islanding Test .:
- Trip interconnection breaker &7 generator breaker trip Mg

Tyt 5 St
8.3 Nyl VSPP #dla PV Usznaus

- Production Test

e gunsaimnufiadavihminegauningude

- Interconnection Test
® Bilock Closing while deenergize Test
®  Synchronization Test

® Non Islanding Test

-~ Yan Fuse U596 UWAT generator trip meluia 5 Fud
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- lifimadiudpessuuimbelidh Rthe
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: 1,600~
- SEULULTIEN
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10,000-
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t g o ar [ P &
1.3 mldfanmnduszuuiiaenu wwzwSosinda lihuvy
Synchronous
- nsghaoaduile ldinuisiiund 6 Mw  Suld dmusliGias 200,000
Qﬂﬂ‘in? Synchronous check Relay HigmillWi¥huas nvin, (gnaz)
mignolumanaagsy - | 2.1 Mevedausuusmisesgunsol wlsananasneenni e
Sof fudia v
P
2.1.1 9% 1 Mw Buly 15,000
2.1.2 2u1e 501 — 999 kw 10,000
2.1.3 U@ 101 - 500 kW 5,000
2.1.4 mnalibiu 100 kw 2,000
L ar 1 d 4 o kd
2.2 mmedavssuuiiaany wiNaawIesIRYaIRIasfEe lWih
2.2.1 winafmflelWfhuwy Synchronous ARUMAY 500 kW 50,000
2.2.2 wigamdialWiwuudy 9
2.2.2.1 w1 MW 3l 20,000
2.2.2.2 #uha 501 - 999 kW 10,000
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2.2.2.4 mnaliiiu 100 kW 3,000

WG
* psdheSesiiBalwihonadund 500 kw duly mnfienudssasdesdaasgunsel Synchronous
P P ) - & r P 22 ES '
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5. Anti-islanding protection
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wilh 5

Folwihmodrsuulaiifn e uinsiac)

835,450
476,267

485,925

OFff Peak
281,325 wisy
3.500 KW
200 KVAr
141 KVAr
656,425 By
T et HuIw
554,125 1,574,158.30
281,325 344,510.60
3,000 630,000
1414 1,976.82
835450 655,159.89
22817
224,422.36
343045694
-
tiuany WY
2,217 Wi
7,502 wiag
108,609 iy
367,598 wios
554,125 1,574.158.30
08,609 317,083.97
281,325 344,510.60
367,508 410,018.81

2,646,671.67

655,159.88
370,822.00

3,672,653.56

145,777.50

3518,431.08

267,280.17

4,085,721.24
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T
amdainds : dauaa

o a - P
uml28f VSPP Zaavnnisiwiladhod g
aaanTIwa Wi
dasn1IvAa S waafivl

- . ey I 3
fadudnwiaafmant (un » 61.97% Besnudormnis g Peak)

g \ T B4
una8h VSPP mnoeimsuunasnt T iWsadhodmdn

vt e nslditd  odmiae (veep Saan nsldidhedving 1,321,375

Peak
Off Peak
daamuivivh (umidaw)
ugsmTwaa Wit (umikwn
nasuresad (UmkVAn
ummyan)

53 (Uniiteu)

(umitdiaw)
7%
Arlriinstilifihes i 3eaio wmndew o)
3R AN Wi mas VSPP (VSPP st i dhusaneg 1,321,375
NEANAUMT 2 % snwtias? VSR mosnnida Peak
Off Peak
ziw‘lviﬂﬂﬁmiquﬁ wRswnaduilumT 2% Peak
Off Peak
wnmihaidanniwdaihauigavinms ldiadrodmin (Peak) : Tiswydn
Wb ofannaiigenams Wi oming (Peak) : TITILEY
wwmisAdannhwiewniuiSasinme i oy (Cfi Peak) : mamulin
__wmmi'zuﬁmnnﬁﬁ‘?;amnn-ﬁ‘ivlﬁmw:;a'wmhu (Off Peak) : AR
was i (umndau)
Ft{umimian) olin
wpdaliy
uimds W iuazi
MEnu A laTL (Adder) (rm) (minafl > Savnmstiidhodming vInndumian 2%) Hma

frlvisIn Adder (uamndiaw)
VAT 7%
s WA VSPP Sunifin (umndiow) {2}

8. msdnamdr iihand
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o s o
(1) wiqma/any Il&llﬂﬂ:'ﬂ'l\!i')ﬁ'l (Peak, Qff Peak) LYrnu

. caloulationVSPP-netadderTOU> 1MW-squal (1)

664,950

3,000

664,950
wiig
it e}

2.8408
1.2246

210.00
14.02
0.7842

wiy

a8

2.8408
2.9278
1.2246
1.1154

0.7842
G.7787

Off Peak
656,425 vl
3,500 kW
2,000 kVAr
141 KVAr
656,425 wilag
H3um Hugaa
664,250 1,688,989.96
656,425 803,858.06
2,692,848.02
3000 630,000
141 1.976.82
1,321,375 1,036,222.28
228.17
4,361,275.28
305,288.27
4,666,564.55
Hium Hugan
- wilng
- wian
- wuan
- wilay
664,950 1,888,989.96
0 .00
656,425 803,858.06
] 0.00
2,692,848.02
1,321,375 1.038,222.28
0 0.00

3,72¢,070.29

0.00
3,729,070.29
261,034.92

3.990,105.21
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TORRIPOT PEAC VI
AT e

wlaitAv 6 tainzSo)

- 2 T B & iy edah, LA .-.;:". . . @
itz Milssinnfsmmmwianaty - ¥ 711 TOU wigdvs (VSPP sl Ruisainnridihihesmimg

nmé'amﬁa 1 Fana

0 Off Peak
wip VSPP Jonnmriaiihodamiog 664,550 656,425 wize
psn s vt 3,000 3,500 kW
goanysvaividueafiv 2,000 kVAr
saduduwnzofudewmed (Uil > 61.97% vossmudaammvidaTriihluzag Peak) 141 kvar
umiaed VSPP moidiszuuaasmsiviadusimig 664,450 656,025 Wiy
mimaman ithoaomstiihdhpswine (vsPP Savnmisliihihuswaing 1,321,375 i3y
' 3181 UIum WK
Peak 2.8408 664,950 1,888,989.96
Cff Peak 1.2246 656,425 803,858.06
Wil (umnden) 2,592,848,02
QUGBIMTHASIVT (UkW) 210.00 3000 620,000
ﬁna{uﬁmaaé {(UMKVA 14.02 141 1976.82
! i) 0.7842  4.321,375  1,086,222.28
_rﬁ-: {umiifiou) 228.17
u ('mvmﬁau) 4,361,275.28
305,289.27
ﬁ'ﬂﬂﬂﬁﬁn171ﬂﬂ1ﬂwaﬁnﬁﬁﬁut%ﬁntﬁu_(u-mna"au) o) | 4,666,564.55
msdwraan Wi VPR (VSPR wra iyl fhed g 1,321,375 i
iang Uinon Wi
frdniiums 2 % winmuand VSPP anpunndnde Peak . mizy
Ofi Peak - wiay
ﬂﬂ‘lu‘ﬂﬂwﬁm’iuz‘m'ﬁ wiawnddiuiiunas 2% Peak 2 wiog
Off Peak - wian
fmvmv‘nuﬁiaum‘m'-’:awhﬁnﬁ%amnmﬂvlﬂnﬂmn‘wmu (Peak) : Timanein 2.8408 664,450  1,887,569.56
wneinfannniriidannnriid oimine (Peak) : mIsINBA 2.9278 c 0.00
unmianfiasnimiaviAufidesinms siahodwing (OF Peak) : mannodan 1.2246 656,425  B03,856.06
Sunmmbisfmnnriagernms Wi sdming (Off Peak) : $1A18F 1.1154 500 557.70
v Wi (uansidew) 2,691,985.32
Ft (unidan) mmlin 0.7842 1,320,875 4,035,830.18
el 0.7787 500 389,35
i lWifusses Ft 3,728,204.84
FnRBAIESY (Adden) (Uv) (wian? > Somnnstrifadias e vanndumiig 2%) e 0.30 4 .00
i Acder (umidisy) 3,728,204.84
260,874.34

3 989,1?9.1?

i - 3 P » = -
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{2) miaoSomn lundastaanen (Peak, OF Peai) Taitsariu

calculalionVSPP-netadder/TOU>1MW-equal (2)



inmAamnas : na

i % e g
Jumauh VSPP inadismnimaams il whainmibe

Fmamdar idihwas VPP (vsPP s TinsTiitdhus i
WRMITT 2 % PInwiEf VSPP ssnnnie
ol Aatuan® wisdnsrdniiunts 2%
unumbafi dlainm sl odiming (Peak) : TAnanos

. ve T ;
winnrzsimobitems o (Off Peak) : :1mwioas

was il (umafau)

F, (Ui
yfrwaswliwezd F,

mgwlﬁ'uﬁ‘lﬁ?u (Adder) (un) (wibistWihdaduans vannduwiae 29)
Tt Adder {wmiRiau)

T 7%

sianlrihi vsPP Sumfiu inndaw)

: il .
mng : Fanudsain daya o fisuduiag 2549

calculalionVSPP-netadden/TOU>BMWnoL cuslomer

2,958,175

Peak
Off Peak
Peak
Off Peak

' o
VIUFIARL

Fna

1,551,550

b
3

2.8278
1.1154

0.7787

0.30

Off Peak

1,406,625

Wanm
31,031
28,133

1,520,518

1,378,493
1,520,519
1,378,493

2,892,012

2,958,175

Wiy

(it}
NI
nHag
Wiy
wia

4,451,775.53

1,537,570.53

5,980,346.06

2,257,460,26

8,246,806.32
887,452.50
9,134,255.82
§39,398.12

9,773,656.83
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sadumadmamenlriihdmiu vsk Hmnaufsanaanitie ainetod) -

Audlbilssanfamsawatvo - §611 TOU usding (vsPP wsldiintasnihfiganiomsiihihed i

Ao : Funa

Off Peak
mmhuﬁ VSPP Szannmslrtidhoiwmine C 1.773.200 1,594,175 winy
aanuddini 8,000 8,500 KW
RIS W Lan v 5,000 KVAF
eciussfaRes (@ > 61.97% vasnrimdaamawasiihludie Peak) 42 KVAr
wizufl VSPP weidszuuzsanslihthedmian 1,662,375 1,219,075 nilze
sewimar IWissnstdidh ss g (vePP Savnmaliihihedwmiam 3,367,375 i
feiiznl dinam Sutam
Peak 2.5408 4,773,200 5,037,306.56
Off Peak 1.2246 1,594,175 1.952,226.71
i uanadew) 6.989,533.27
QuasmTHaS T {UTikwg 21000 8,000 1,680,000
nasuvlataad (Umkvan 14.02 42 504 45
0.7842 3,367,375 2,640,695.48
228.17
11,311,051.36
{ 791,773.80
s.iEi'_ﬂriﬂ'nﬁn111ﬂﬂ1ﬁnué1uﬁﬂut'%ﬂnlﬁu (irnifiau) (4} 12,102,824.95
nrsdwandridihaas vspp (vspR aalinsliihdhedwihm 2,881,450 misy
38D Winam Butm
aHAUNIT 2 % T VSPP mnpannnivda Peak - Wi
' Off Peak - wiag
"w'lﬂﬂ?ﬁmﬁuqn% wiawnFA LT 2% Peak - wian
Off Peak - vy
usmbounliiumihdhesiwing (Peak) | AR 29278 1,662,375  4,867,101.53
wrnmdagdnelituns Wi dhedmiae (Off Peak) - 5o Mg 1.1154 1,218,075 1,359,756.26
watw i (umniew) 6,226,857.78
1 Ft pndag) sdsais 0.7787 2,881,450  2,243,785.12
THsw§ I IR R 8,470,642.90
e laR (Adder) (Um) (wik W Radugms wanniuwdan 2%) Fam 0.30 s 0.00
T Adder (@) 8,470,542.90
VAT 7% 592,945.00
Tl vsPR Sunifi (unndaw) _ (2) 9,063,567.90

3. msdnamanidihang

3 P a =
VllJ'lUl\wW‘i s Ftonodin us: Ftodaady oA m \ARUuEUTIRY 2549

calculaticnVSPP-netadder/TOU>6MW.perchase
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AadianTid I ne T AT VSPP wlsasiSe

Azt dtnn Aentsuwrelng - Ba TOU usedudn ivees

A
ssuAnidaas : Banaa

s brithenaafissiniainnda 6 nsiae)

Off Peak
a_-mmmi'mﬁ VSR Famnmslvlidnsdimbg ' 1,329,800 937,750 win
usaInTad levh 6,000 5,000 KW
anedaamInas Wi Sueeniu 5,000 KVAr
kVAr Aalduduminofiimand (Ui > 61.97% vesrmudnam R Wi tugng Peak) 1,282 kVAr
_mmwuimﬁ VEPP msvisiunasnns Wil odiviae 1,773,200 1,408,625 iy
. nraaani idihoasmsTidhadnaiag (vspp Fovmnmalifedmiag 2,267,650 miqg
Ealik) Y HuTu
Peak 2.8408 1,329800  3,777,979.92
Qff Peak 1.2246 937,750 1,148,368.65
s Wi (umadiau) 4,926,348.57
gz Ings i (unkw) 210.00 5,000 1,260,000
onefuriead (uInkvA 14.02 1,282 17,870.84 °
P i) 07842 2267650  1,778.291.13
U™ (UmAfau} 228.17
W (Unifon) 7.982,838.71
AT 7% 558.798.71
1mh"!ﬂﬁ"nﬁmi‘[ﬂﬁ1£hué1mhu'.‘-’mntﬁu (unhdan) )] 8,541,637.42
. arvdnsamd e vaep (vspp ann i sl s 3,179,825 Wi
fritin) 3o HwId
AR uiums 2 % namisedl VSPR vpmnrhds Peak 8,866 wiy
Off Peak 9,378 v
: Hﬂ‘jﬂ\lﬂﬂﬂﬁﬁ‘lﬁuf‘mﬁ' wRIMDAEHAUNT 2% Peak 434,434 wisn
: Oft Peak 459,498 Wiy
bl dioimean (Peak) : TieTIDES 2.9278 1,764,334 5,165,617.09
: Fvunizefireliiumhihdodmieg (Off Peak} : Tien88s 1.1154 1,397,248 1,556,489.86
“dwdse Wi (umnfen) 6,724,105.95
" Bt (umimsion) oaaaiy 07787  3451,581.5  2,461,923.51
il se F 9,186,030.46
rwRRAle% (Adder) (m) {‘mi'm'lﬂﬂﬁmﬁuqn% uannauriaLg 2%) Fna 030 912,175 273,652.50
s WA Adder (Ui} 9,459,682.96
VAT 7% 662,177.81
ﬂs’xji:éh‘[ﬂﬂ&ﬁ'vsiw'ﬁ-‘gmﬁu [nidan); et e S SR 10,121,866.77

3. nidw i Wihagnd

1 d a .
HI.I"IE}I.?‘IH‘ : Ft meufin uas Ft PIUFRDRY VYR D IBAUTUIINY 2549

calculationVSPP-netadde /T OU>6MW-sell




: Ca i ok ) ; " . I
fitudld vilssumfansawianany - S8 TOU nrednet (vsee snnlvihirauisosinmaididhss s

e
wnntand : 3r1a

Uiz VSPP daninmsiiadandaming 1 ,773,20(.).
paaamsnar Wi 8,000
sudaarnwdstinuaativ

v}\r fmSudnmiafuriniasd (Faud > 61.97% vasamusainswiy lifludas Peak)

Sunmianf VSPP anmdhssunmaansleiihdasimehe 1,773,200

it as s s iag (vsPP SavinnsTiitidhndming 3,179,825 bz

fenlin)
Peak 2.8408
Off Peak 1.2246
waw i (umafew)
aTmgaInTwa T (Ukw) 210.00
:mmasrwlmmaf' (UTMARVAT) 14.02
Ft (Lmimiag 0.7842
T (Uidiau)
% {UAREY)
AT 7%
uFiﬂﬂﬁ':ﬁmﬂﬂmﬂmi'rmiwﬁumﬁ_n {umhiian) n
magamAr IWhees vspe (vsPP sslinsiiiafhesamdig 3,179,825 iz
e il
;R'mhmtﬁumi 2 % Tmwizan VSPP momnnniia Peak
Off Peak
ﬁ»iw‘ivlﬂwﬁmﬁus‘m% waaknardIinng 2% Paak
- Off Peak
_;'-hmuw.buﬁmu'lﬁr‘fums‘lﬂﬂwr)hﬁ%"mu‘nﬂ (Peak) : TN 2.9278
FwammbefneliTums i (Off Peak) : T2 1.1154
AW uadew)
Fn Ft (uvi/msiag) 1pEsaRY 0.7787
i_huﬁ‘uwé’anu"lv.lﬂ'ma:ih Ft
::.Fi"l?huiﬁll}ﬁ‘lﬁ‘;l! (Adder) (Um) (wiaedl > Sovnmsldithadmie vnnaLwie 2%) Fana 0.30

‘il Adder (Lmadion)
VAT 7%
Jamaalihi vsPP Sumifin (undan) oy

3 avvdmnnedt iiians

o 2
'ﬂmumq : Ftmanl@n ke Ftanudaaio yEERR \RaufuIAY 2549

(1) mirpdoins lundactraam (Peak, OF Peak) 1Hfn. -

calculationV SPP-netadder/TOU>6MW-equal (1)

Off Paak
1,406,625
7,500
5,000
42
1,406,625

Yium
1,773,200
1,406,625

8006

42
3,479,825

YSunoy

1,773,200
1,408,625

3,179,825

Wiz
kw
kVAr
kVAr

FA T

(1 et

5,037,306.56

1,722,552.98

6.759,858.654
1,680,000
594.45

2,493 518.77
22817

16,934,300.92

765,401.08

11,6992,701.98

W IIH
Wiy
win
wiay
wiIn

5,191,574.86

1,568,849.53

6,760,524 .49

2,476,129.73

9,236,654.21
0.00

9,236,654.21

646,565.79




ragiemsAmaame Il d 1wl VSPP wSssmmsiwden (3inmmdalivheasdnssuuannnd 6 tins

. . . : i e 5 ; : @
iiwdlE b umiismmwianans - S TOU wxodue (VSPP sl iudgesinnysiihidhoswdim

.'.mm-ﬁ'amﬁd s Hwa

: ) et Off Peak
wwibao VPP Favinms e ming ' 1,773,200 1,406,625 wikan
rudgamanas i 8,000 7.500 KW
Qissanma v Tuaniiv 5,000 KVAr
A BaduFiweRlaiead (@il > 61.97% tasenessamanin Wi ugas Peak) 42 KVAr
wmiaeft VSPP mavihstuuzaams i i 1,772,700 1,407,125 wian
s s ihosteiae (vsee #oonmsTiadhesmiam 3,179,825 sy
. 7187 WSunm Huia
Peak 2.8408 1,773,200 5,037,306.56
Gif Peak 1.2246 1,406,625 1,722,552.88
Wil madien) £.750,859.54
annudesmawds i (umikw) 210.00 8000 1,680,000
sadiraieasd (umkvar) 14.02 42 594.45
.Fl (gmimia) 0.7842 3,179,825  2,493.618.77
Fi5ns (Umifaw) 22B.17
51 (umifion) 10,634,300.92
AT 7% 765.401.06
b Iihihedmioundiy (umadam) ) 11,699,701,98
S man i ses vsPe (vspp anstinidihddingg 3,179,825 i
feulih) Panm Qwras
Ansidiunms 2 % VIR VSPP mnannninda Peak . wihy
Off Peak - i
wizntihAaduand wdsinddufiuni 2% Peak - wi
Off Peak - widag
sl gL sEming (Peak) : metnad 29278 1,772,700  5180,111.06
numiznArpiAumsiWidhodming (Off Peak) : mimod 1.3154 1,407,125  1,569,507.23
Adaauluily umndion) 6,759,618.29
m Ft (Ui uEaRY 07787 3,179,825  2,475,129.73
mudmdaruliuazdn F 9,235,748.01
}'-;ﬁ'nﬁmtfiuﬁ‘lﬁ"s’u {Adder) (un) (wian? > Saminmtifdhsdaming winnduwion 2%) s 0.30 . 0.00
st Adder (umidan) ©,235,748.01
: _VAT 1% 646,502.36
viud i@ vsee sTanifin (unndaw) e AR Y 9,882,250.37

3, madwaman ihans
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(2) wiand amns lundasdaaiis (Peak, Off Peak) hitviniu

caleutationVSPP-netadderTOU=0MW-equal {2)
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