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ABSTRACT

The current energy crisis which is the high consumption rate and continuously increasing
move over the price of main resources are high, there fore a new energy and clean energy has been
considered for the replacement. Fuel Cell Energy is one of the alternative energies for electric
generation in future.

The paper develops a model of PEMFC by MATLAB and constructs a prototype of the
operation control system of Proton Exchange Membrane Fuel Cell of 1.2 kW 46A. The study shows
that the performance of fuel cell depends on pressure, temperature, gas flow rate and humidity. The
control system performance in the aspect of these parameters is evaluated.

The control system performance is determined by comparing between the fuel cell powers
from both experiment and model simulation. The output voltage level can vary from 97.21% (at no
load) to about 90.19% (at the full load). The power level can vary from 100% (at no load) to about
83.61% (at the full load) compared simulation result. All aspects of PEMFC electrification will be
fully investigated in order to develop the alternative sustainable PEMFC energy sources and to
study the fundamental principles of fuel cell technology. Moreover, the calculation of operation
performance of PEM by real-time recorded data is implemented. The results show that PEMFC can

be used for sustainable energy supply in future.

Keywords: Fuel cell, Energy, Electrification, Study, Analysis.
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MOLTEN CARBONATE FUEL CELL
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Ballard Generation Systems’
250 kW Natural-Gas Fueled
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bF Wiilizeeme !
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exchange membrane fue!
cell stacks are the most

powertful in the wofld

Couresy of Ballard Power Systems, Inc.
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Phase 2 Bus (1995}

-

L
Phase 3 Bus (1998). A fieet of
six of these buses was put into
revenue service in Vancouver
and Chicago for 2 years.

Phase 4 Bus (2000). This
bus endured desert
conditions during a 1 year

field trial in Paim Springs. Courtesy of XCELLS1S Fuel Gell Engines, Inc.

DaimlerChrysler: Opehgakiz

MAN: Brennstoffzellenbi
NeCar 3, 4 und 5

Bora: VW, Y ¢ | _' | Daimler
PSI, FEV = . ! : Chrysler:
- NEBUS

Toyota: FCHV-4 Renault: FEVER BMW: APU DC: DMFC Gokart

P
70 Y @ J a
V) ‘mﬂuﬁGl%wmmumﬂmam%mm [16]
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2546 2548 2553 2558 2563
1-100 kW 5,285 3,819 1,624 1,079 901
100 kW - IMW 6,231 3,920 1,777 1,230 1,041
1-10 MW 7,250 3,983 1,813 1,249 1,087

kWe fio nladaa 1l

{ a J g a
A15190 2.8 5mnm3mi1Jizmuﬁmmmﬁzummam%mm [13,17]

o y a a a 4
whyevesnmszuusaayamasrsiia lsanoon lad (SOFC)

FuauszUUIEAdIFeING SOFC (EURO)

Natural Gas SOFC 1=900 + 500 x power (kW)

Heating Oil SOFC 1= 1,400 + 500 x power (kW)
ﬂ'wﬂwga%’nyﬁzummaﬁﬁfyamﬁa SOFC (EURO/)) OC =100 + 100 x power (kW)
MdyIns 19UsLUY SOFC 250 EURO/Y
1NN
e Iihdwmsuthuinends 0.1402 EURO/kWh + 46.26 EURO/
IIMAMMEEITNNASMT VTN 1Y 0.0389 EURO/kWh + 94.90 EURO/)
simsmismndmsuThuine i 39 EURO/100 liter
s s edhszun (Fed in Power) 0.025 EURO/kWh
Guatiuayui It ed1seun (Subsidy for Fed in Power) 0.0511 EURO/kWh
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A1319% 3.1 ¥9810AUD9 The Nexa' " Power Module

Lowest Acceptable Concentration of Hydrogen

Power' Rated Power Capacity at Standard Conditions, BOL 1200 W
Voltage Operating Voltage Range 22VtoS50V
Voltage at Rated Power 26 V
Start-up Time Minimum Time to Achieve Rated Power from a 2 Minutes
Cold Start Condition
Emissions Noise Minimum Noise Emission at 1 m 72 dBA
Water Minimum Quantity of Liquid Water Produced at | 870 mL/hr
Rated Power
Physical Dimensions LxWxH 56x25x33
cm
Mass Total System Mass 13 kg
Lifetime Operating Life Minimum Number of Operating Hours before 1500 hours
EOL
Cyclic Life Minimum Number of Start-up & Shut-down 500
Cycles before EOL
Shelf Life Minimum Storage (Non-Operation) before EOL 2 years

Fuel Purity 99.99% H,
(vol)
Pressure Allowable Range of Inlet Supply Pressure’ 70-1720
kPa(g)
Acceptable Maximum Total Inert Fluids (Including Helium, 0.01% (vol)
Impurities Argon. Nitrogen and Water Vapour)
Maximum CO and CO, Combined 2 ppm (vol)
Maximum Total Hydro Carbon 1 ppm (vol)
Maximum Oxygen 500 ppm
(vol)
Consumption Maximum Fuel Consumption at Rated Power <18.5 SLPM
Power Current Ripple Maximum Acceptable Current Ripple at 120 Hz. 24.7% RMS
Conditioning with Respect to Average DC Net Output Current | 35% peak-
peak
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A1319% 3.1 ¥9817AUD9 The Nexa' " Power Module (§19)

Environment Specified by

DC Power Voltage Allowable Range of Input Voltage 18Vto30V
Supply Power Maximum Power Draw During Start-up 60 W
Operating Location Acceptable Locations for Use Indoors&
Outdoor
Environment Temperature Range of Acceptable Ambient, Cooling air and 3°C-40°C
Range Oxidant air Temperatures
Relative Range of Acceptable Ambient Relative Humidity | 0% - 95%
Humidity (Non-
Condensing)
EMI Tolerance Tolerance to and Operates Safety in the EMI UL 991
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3.1.1 M3AAAI The Nexa' ' Power Module
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1. ﬂ1§ﬁ15ﬂ51ﬂ1§"l“r‘iﬁ‘lli’)ﬁﬂ~na (Mass Flow Rates)

Work, W,

T

H(g)atT,P,m,, —
FuelCell ~ [——> HOMatT,Pomyy,
O,(g)atT,P,m,, —

A =
ETJ‘VI 3.21 518ﬁ$£ﬂﬂﬂﬂ15ﬁﬂﬂaﬂﬂa

2H,(g) + O,(g) — 2H,0(1)

wel ldunmsauaauianianil

m,., +m + Wel

H2 02 = mH2O

v
P GR L RURTGA

S, M Q@ _P
M _ 02 H20 ca Vs &

H20,airin
T,

02 nF Pca -(P ca va

cell

9

172v049%1 generated

I
MHZO,gen = —M H20
nF
g A o
HIANUDIUTIDUAA
M B 802 " o2 [Mmo Pis I
H20in,H20ut D
o 4F P_-Ap_-P
ca ca VS
ANNAUDNA
P _ eaT-l +b+cT+dTT +eTTT + fIn(T)
oMy Py
S,out_
m. P-P
air VS
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Mo vs

Xs,in -
rrlair P- @)Vs
Y

1A

my,o= Xm,,

)

AITNIDU

Q = Hair,out - air,in - HHZO,in

= &
uUMatyesnnudulueinmed

h

vair

= C, tTX(C,, t+hy)

p.air

- H
PUNAY VDI

= C

vwater p.water

A 1Y o a g} o] O a gz Ao 9
NANUAU 1 U3 UNHUU 67 C=340K 1J5mmumm”lmmmamam 0.532 g/s

4

-5800.2206 b = 1.3914993 ¢ = -0.048640239 d = 0.41764768x10
-0.14452093x10" f = 6.5459673
P _ eaT-l+b+cT+dTT+eTTT+fln(T)

Vs

02

= 27.366 kPa
Ty, My, 4F(P, - APca - Pvs)
- * 15,
Mo Py I

0.2095x 0.532 x 4 x 96485(101.325-27.366)

+0.2095
18.015x27.366x42x 43

3.783
_ Mmoo Pis
m. P-P
air \'S}

18.015 27.366

0.231 g,,/g

air

28.85 (101.325-27.366)
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M = X..m

H20 S air

0.231x0.128 = 0.0296 g,,/s

Y
a v o d
QUHANeINIA 28 °C ANUFUTUINT 66%

PVS _ eaT-l +b+cT+dTT+eTTT + fIn(T)
= 3.7822 kPa
XS _ mHZO va
mair p- va
18.015 0.66x 3.7822
= = 0.016 g,,0/8,.
28.85 (101.325-0.66 x 3.7822)
Mo = Xem,,
= 0.016 x 0.128 L 0.002 g0/
h = 1.01 x 67 +0.231 (1.87 x 67 +2500)
= 674.11 Jg
h .= 1.01x28+0.016(1.87 x 28 +2500)
- 69.118 J/g
h,.= 4.18x65 A 271.70 Jig
Q = 674.112x0.128-69.118 x 0.128 —271.70 x 0.0157
= 7317 W
3.783 18.015 0.66x 3.7822
Mo = x42x43
0.2095 4 x 96485 (101.325-0.66 x 3.7822)
= 0.00998 g/s
42
My gor = ——x18.015
2 x 96485
= 0.00392 g/s
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m,

A
S, (NNATON)

m

mHZO,gen -

m

{ o 4
NANWAY 2115 Qan

\&}

02

H20in,H2out

H20,0ir

H20in,H2out

2 M0

(3.783 - 02095) 18.015 27.366

= x 42 x 43
0.2095 4 x96485 (101.325-27.366)
= 0.5321 g/s
= 30
30 18.015 0.66x3.7822
x42x43
0.2095 4 x 96485 (101.325-0.66 x 3.7822)
0.3049 g/s
42
x18.015
2x 96485
0.00392 g/s
30-0.2095 18.015 0.66x27.366
x42x43
0.2095 4 x 96485 (101.325-0.66 x 27.366)
4.4354 g/s

A

23111 65 °C = 338.15°K  USwanihndaldnnmnaaes 1.352 g/s

QU

aT-1+b+cT+dTT +eTTT + f In(T)
(5]

25.0387 kPa

4F(P_, - APca-Pvs)

+ oo

M, P, In

H20 " v cell

0.2095x 1.352 x 4 x 96485(202.65-25.0387)

+0.2095
18.015x 25.0387x42x 43

24.0435

P-P

VS

25.0387

= 0.088 g,/

air

28.85 (202.65-25.0387)
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H20

= XS'mair

0.088 x 0.128 = 0.0113 g,,/s

k4
a v o d
QUKANeINA 28 °C ANUFUTUNNT 66%

mH20,air

H20,gen

m,

H20in,H2o0ut

aT-1+b+cT+dTT +eTTT + fIn(T)

3.7822 kPa

m_. P-P
VS

18.015 0.66x 3.7822

0.0078 g,,,/g

air

28.85 (202.65-0.66 x 3.7822)

XS'mair

0.0078 x 0.128

0.0009968 g,,, /s

1.01 x 65 +0.088 (1.87 x 65 + 2500)

296.35 J/g

1.01 x 28 +0.0078 (1.87 x 28 +2500)

48.19 J/g

4.18 x 65 = 271.70 J/g

296.35x 0.128 - 48.19 x 0.128 —271.70 x 0.0157

27.498 W

24.04 18.015 0.66x 3.7822
= x42x43

0.2095 (4 x 96485) (202.65-0.66 x 3.7822)

= 0.244 ¢g/s
42

= —x 18.015

2x 96485
= 0.00392 g/s

24.04 -.02095 18.015 25.0387
= x42x43
0.2095 (4 x96485) (202.65-25.0387)
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A
S (NATON)

mH20,air

H20,gen

m

H20in,H2out

3.148 g/s

30

30 18.015 0.66 x 3.7822
= x42x 43

0.2095 4 x 96485 (202.65-0.66 x 3.7822)

0.1506 gfs

42
= ———x18.015

2x 96485

0.00392 g/s

(30 —0.2095) 18.015 0.66 x 25.0387

0.2095 4 x 96485 (202.65-0.66 x 25.0387)

= 1.6899 g/s

A

A o s J o a 2 Ao yy
NANUAU 3 VT Qﬂ!ﬁﬂ‘JJHW 65 C ﬂsanmmm@"lmmmm@am 1.448 g/s

\&}

02

H20

U

aT-1+b+cT+dTT +eTTT + fIn(T)
(5]

25.0387 kPa
Ty M o 4F(P,, - APca - Pys)
+ A
M H20 'va An cell

0.2095x 1.448 x 4 x 96485(303.975-25.0387

+0.2095
18.015x 25.0387x 42 x 43

40.297 =40

H20 Vs

air Vs

18.015 25.0387

0.056 g,,,/g

air

28.85 (303.975-25.0387)

XS'mair

0.056 x 0.128

0.00717 g,,o/s
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k4
a v o d
QUHNNeINIA 28 °C ANUFUTUNNS 66%

P _ eaT—l +b+cT+dTT +eTTT + fIn(T)
= 3.7822 kPa
XS _ mHZO va
m_. P-P
air VS
18.015 0.66x 3.7822
= = 0.00517 g,,0/8.:
28.85 (303.975-0.66 x 3.7822)
My = Xgm,,
= 0.00517 x 0.128 = 0.000651 g,,./s
h,,, = 1.01x65+0.056 (1.87 x 65+ 2500)
= 21246 J/g
h, = 1.01x28+0.00517 (1.87 x 28 +2500)
= 41.48 J/g
h,,.= 4.18x65 = 271.70 J/g
Q = 21246x0.128-41.48x0.128 —271.70 x 0.0157
= 1762 W
40 18.015 0.66x 3.7822
Mo = x42x43
0.2095 4 x 96485 (303.975-0.66x 3.7822)
= 0.035 g/s
42
M0 en = —x18.015
2 x 96485
= 0.00392 g/s
40-02095 ) 18.015 25.0387
My 00, Hoout = x42x43
0.2095 4 x 96485 303.975-25.0387
= 1.448 g/s
So,(1NIATOY) = 30
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mH20,air

H20,gen

m

H20in,H2out

30 18.015 0.66x 3.7822

x42x43
0.2095 4 x 96485 (303.975-0.66x 3.7822)

0.1075 g/s

42
x18.015

2x 96485

0.00392 g/s

30-0.2095 18.015 0.66x 25.0387
x42x43

0.2095 4 x 96485 (303.975-0.66 x 25.0387)

1.1577 g/s

{ @ 4 a :’ a 3’ { o
NANWAL 4 115 gaunniii 66 °C =339.15 K USwnanihindaldninmsneass 1.189 g/s

\&}

02

H20

aT-1+b+cT+dTT +eTTT + fIn(T)
(5]

26.1802 kPa
Ty M 0 4F(P,, - APca - Pys)
=S DX
M H20 'va In cell

0.2095x 1.189 x 4 x 96485 (405.3-26.1802)

42.99

Mo

m._.
air

18.015

+0.2095
18.015x 26.1802 x 42 x 43

P

Vs

P-P
v§

26.1802

28.85

0.0431 g,,./g

air

(405.3-26.1802)

XS'mair

0.0431 x 0.128

0.00552 g,,,/s

Y
a v o J
QUHNNOINIA 28 °C ANUFUTUINT 66%

aT-1 +b+cT+dTT +eTTT + fIn(T)
€
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3.7822 kPa

X, = Mo P
m. P-P
air VS
18.015 0.66x 3.7822
= = 0.0039 g,,0/8.:
28.85 (405.3-0.66x3.7822)
My = Xgm,,
= 0.0039 x 0.128 = 0.000495 g,,,./s
h,,, = 1.01x66+0.0431 (1.87 x 66 + 2500)
= 179.73 J/g
h, , = 1.01x28+0.0039 (1.87 x 28 + 2500)
= 38.23 J/g
h,,.= 4.18x65 = 271.70 J/g
Q = 179.73x0.128 -38.23x0.128 —271.70 x 0.0157
= 1378 W
42.99 18.015 0.66x 3.7822
Mo = x42x43
0.2095 (4 x 96485) (405.3-0.66x 3.7822)
= 0.1072 g/s
42
M0 en = —x18.015
2 x 96485
= 0.00392 g/s
42.99 - 02095 18.015 26.1802
mH20in,H20ut = X 42 X 43
0.2095 (4 x 96485) (405.3-26.1802)
= 1.189 g/s
So,(1NIATOY) = 30
30 18.015 0.66x3.7822
m = x42x43

H20,air

0.2095 (4 x 96485) (405.3-0.66 x 3.7822)
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= 0.0748 g/s

42
m = —x18.015

H20,gen
2 x 96485

= 0.00392 g/s

m x42x43

H20in,H20ut

(30-0.2095) 18.015 0.66 x 26.1802

0.2095 (4 x 96485) (405.3-0.66 x 26.1802)

= 0.8278 g/s

Y

fanwau 5 115 gungiith 66 °C = 339.15 °K  USmanhiiialdnnmsnaaes 1.145 g/s

aT-1 +b+cT+dTT +eTTT + fIn(T)

VS

26.1802 kPa

0oM 0 4F(PCa - APca- Pvs)

Soy = + N

1Y P N

T,

cell

0.2095x 1.145 x 4 x 96485 (506.63 - 26.1802)
= +0.2095

18.015x 26.1802 x 42 x 43

52.43

Myyo P

m. P-P

air Vs

18.015 26.1802

0.034 g.../g

air

28.85 (506.63-26.1802)

M = XS'mair

H20

0.034x0.128

0.0044 g, /s

k4
gangleIna 28 °C ANNFUFUINS 66%

aT-1+b+cT+dTT +eTTT + fIn(T)
€

3.7822 kPa
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X, - Mo P
m. P-P
air VS
18.015 0.66x3.7822
= = 0.0031 g,/
28.85 (506.63x3.7822)
My = Xgm,,
= 0.0031 x 0.128 = 0.000396 g,,,./s
h,,., = 1.01x66+0.034(1.87 x 66 +2500)
= 155.86 J/g
h,, = 1.01x28+0.0031 (1.87x 28 + 2500)
= 36.19 J/g
e = 418 %65 = 271.70 J/g
Q = 155.86x0.128—36.19x0.128 —271.70 x 0.0157
= 10.986 W
52.43 18.015 0.66x3.7822
Mo = x42x43
0.2095 (4 x 96485) (506.63-0.66 x 3.7822)
= 0.1045 g/s
42
M0 en = — x18.015
2 x 96485
= 0.00392 g/s
52.43-02095 18.015 26.1802
mH20in,H20ut = X 42 X 43
0.2095 (4 x 96485) (506.63-26.1802)
= 1.145 g/s
So,(1NIATOY) = 30
30 18.015 0.66x3.7822
m = x42x43

H20,air

0.2095 (4 x 96485) (506.63-0.66 x 3.7822)

0.0598 g/s
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m

m

H20,gen

H20in,H20ut

42
= —x18.015

2x 96485

= 0.00392 g/s

18.015

0.66 x 26.1802

= 0.6532 g/s

(30 - o.2o95j
02095 /(4 x96485) (506.63-0.66 x 26.1802)

x42x43

] Y Y
fanuau 6 115 gungiith 66 °C =339.15 °k  USmanihinialdninmsnaaes 1.2055 g/s

VS

02

H20

aT-1 +b+cT+dTT +eTTT + fIn(T)

26.1802 kPa

T,

oM o 4E(P,, - APca - Pvs)

M, ,,-P..In
Vs

H20 cell

+ T,

0.2095x 1.2055 x 4 x 96485 (607.95-26.1802)

+0.2095

18.015x 26.1802 x 42 x 43

66.78
Myyo P
m. P-P
air VS
18.015 26.1802

28.85 (607.95-26.1802)

= XS'mair

= 0.0281 x 0.128 =

k4
a v o d
QUHNNeINIA 28 °C ANUFUTUNNS 66%

aT-1+b+cT+dTT +eTTT + fIn(T)
€

3.7822 kPa

H20 Vs

air Vs

111

0.0281 g,,,0/8..

0.0036 g,,/s



18.015 0.66x 3.7822

0.0026 g,,,/g

air

28.85 (607.95-0.66 x 3.7822)

My = Xgm,,
—  0.0026x0.128 - 0000329 g, /s
h, = 1.01x66+0.0281 (1.87 x 66 +2500)
~ 14038 /g
h . = 1.01x28+0.0026 (1.87 x 28 +2500)
— 34.92 Jg
h,.= 4.18x65 - 271.70 J/g
Q = 140.38x0.128—-34.92 x 0.128 —271.70 x 0.0157
= 9168 W
66.78 18.015 0.66x3.7822
Mo = x42x43
0.2095 (4 x 96485) (607.95-0.66 x 3.7822)
= 0.1108 g/s
42
My = ———— 18015
2 x 96485
= 0.00392 g/s
66.78 - 02095 18.015 26.1802
My 00, Hoout = X 42x43
0.2095 (4 x 96485) (607.95-26.1802)
= 1.2055 g/s
So,(1NIATOY) = 30
30 18.015 0.66x3.7822
Mo = x42x43
0.2095 (4 x 96485) (607.95-0.66 x 3.7822)
= 0.0498 g/s
42
M0 gor = —————x18.015
2 x 96485
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= 0.00392 g/s

30-0.2095 18.015 0.66x 26.1802
My i Hoout x 42 x 43

0.2095 (4 x 96485) (607.95-0.66 x 26.1802)

= 0.5394 g/s

a A ¢ A a
2 ﬂﬁ‘l’i1ﬂ5$ﬁ1’lﬁﬂ11"ﬂli’)ﬂ!“l§ﬁﬁl‘lﬁ’)!waﬂ
= 9 Aa va o Y a gl A v

Fannmsnadoulunealiams i ldawnsonswlsunaniingniassesnuiain
14 g a a :l o o 1 o 1 1 [
mam%mm, QUNHUUDIU %Q‘I/]111’??(13J1iﬂﬂ11&’)%1!W?ﬂ'lﬂl?)\‘i@@]i?ﬁ"Jui%W’JNllEﬁﬂilfﬂuﬂ‘ﬂ
2 C . . = = a o Ay y a ey
DONFIIY (Stoichiometric Ratio) tazilsswievsuanimldnnaumsneadiamansiu

a 2’ : < 4 a
Usunahannmsnadey ‘gﬁhléf%?ﬂﬁﬂﬂ1ﬁﬁuﬂﬂﬂ3ﬁﬂl@ﬂ&“ﬁﬁaL%@LWﬁ\1

Work, W
Ha(g) at T, P, Xp, M I
N
H,O(l) at T, P, Xm0, Mo
Fuel [Cell ——
Ox(g) at T. P, Xp, Mo
J——— m
Heat, Q

= =
51UN 3.21 3YACLBYANITANAANIA

u

wa‘”wmﬁ@aﬂmﬂwam%amﬁﬂ

Y
a A d a
ﬂi:ammwmmmamﬁ%mm = 3 " Py
wasnunne i UaaseINa

Hyoin THairin T HH20 Airin

Hairout THH20 Air,out

9
anusulalasou 1115 quugii 67 ]

) IS4 (o) a oy Ao
C 9uvuHo328 C ﬂﬁi]ﬁlﬂlu'lcl/]'gﬂulﬂfﬂ']ﬂﬂ']ﬁﬂﬂﬁaq

= 0.532 g/s

H m Tout + hfg)

H20_Airout H20_Airout X (Cpino

= 0.532 x (1.85 x 67 +2500) = 1,396 W
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I 2,000
mmoﬂgen = _MHZO = —.x18.015
2F

2x 96487

= 0.1867 g/s

The water mass balance

M6 Aicin M0 Airout - Mi20,gen
= 0.532 - 0.1867 = 0.345 g/s
Hipo airin = Mypo Ajrin X (Cpyyyo Tin + hfg)
= 0.345 x (1.85 x 28 +2500) = 880.37 W

ANUAUBUAIN 67 °C

AMUAUDUA?
PVS _ eaT-l +b+cT+dTT +eTTT + fIn(T)
m P
H20 Vs
XS,out =
m_. P-P
air Vs
m
Xs,in _ H20 Vs
mair P Z @)VS
Pvs(67) = 27.366 kPa
Xs = 023 1 gHZO/gair

v A o A § v o
ANUAUDUAIN 28 OC ﬂ')uJ%uﬁiJWﬂ‘ﬁ 66%

Pvs(28) = 3.7822 kPa
Xs = 0.016 g,/
hyp = Cpyy, X t+ X5(28) x (Cpyppp x t+hy)
= 14.2x28+0.016 (1.87 x 28 +2500) = 438.44 J/g
Hp, = hyp i X My, = 438.44x2.0158 = 883.81 W
hyw = Cp,;, x t + Xs(28) x (Cp; o X t + hfg)
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= 1.01 x 28 +0.016 (1.87 x 28 + 2500) = 69.12 J/g
= hy,xM,, = 69.12x0.128 = 8.85 W
Dy = Cp,;, x t + Xs(67) x (Cp;pp X t + hfg)
= 1.01 x 67 +0.231 (1.87 x 67 + 2500) = 674.11 J/g
H,,. = By XMy, = 674.11x0.128 = 8629 W
UszAnsmwvoasadisomas - Hpir out THH20 Air,out

HH2O_Air, in + HHZ,in + HAir, in

86.29+1,396
= x 100

880.37 +883.81 1 8.85

= 61.95%
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= a 4 a 4 dil a a
msAnywazinzimInaa liihnnaadiFemaPEMEC 1.2 kW, msdsgauinnminig
Y v
Janssulvlih asan 33 (BECON-33)
= a 4 a 4 dy a a
msan ez nIzimnan ihnnaeasem@sPEMEC 1.2 kW, midszyuimnms
Y ]
YIeaema lu lags1vuena A590 3 3 RMUTCON)
= a 4 a 4 dy a a
msan ez mIzimnan WihneedlemasPEMEC 1.2 kW, msdszyuisnms
Y v
(AT DVIINAINUUNITZNA NG ASIN 6 (ENETT 2010)
=4 a Jd a J dy a .
MIAnazInTIzmInan lWihaneadi%emaIPEMEC 1.2 kW, Thailand Renewable

Energy Community Configuration Conference (TREC 2)



|

a;zz nN1suUs=dudd1n1s

- TWwhmao (Pw)
- dl1annsetndniav (PE)
- ouSvBRIAsdTavRUSAdINSSUTWIA (GN)
- Twuhdeans (CM)
olannseund (EL)
nisUs:udawadryryiruivnea (DS)
STUUAdUAUIA=NMSIAAY (CT)
Wlatnd (PH)
- aoulinesuaznaluladansaume (CP)

- 3@onssudonisuwng (BE) %

2,

Sougalie
amuunalulagws ool
Un19N81asiggy)

117



Reviewer

Adisom Leelasantitham
Alkaraphunt Vongkunghae
Amnart Suksri

Amorn Jiraseree-amommbun
Amporn Poyai

Anuchit Charean

Anures Lorsawatsiri
Anuwat Jangwanitlert
Aphibal Pruksanubal
Apichai Bhatranand
Apichan Kanjanavapastit
Apinunt Thanachayanont
Apirada Namsang

Apiwat Lek-uthai

Arpomn Teeramongkonrasmes
Arthit Sode-Yome
Athikom Roeksabutr
Atthapol Ngaopitaklul
Boonchuay Supmonchai
Boonlert Suechoey
Boonmk Chipipop
Boonsri Kaewkham-ai
Boonyang Plangklang
Budhapeon Sawetsakulanond
Bunlung Neammanee
Cattareeya Suwanasri
Chai Chompeo-inwai
Chainarong Klimanee
Chaiwat Nuthong
Chaiwat Sakul

Chaiwut Chat-uthai

Chaiyachet Saivichit

eFeHNNTANUNANY

£

madszygudnmsmaianssulilih

i g
=i.

n3dn 33

Affiliation

University of the Thai Chamber of Commerce
Maresuan University

Khon Kaen University

Mahanakomn University of Technology

Thai Microelectronics Center

Kasem Bundit University

Mahanakomn University of Technology

King Mongkut's Institute of Technology Ladkrabang
King Mongkut's University of Technology North Bangkok
King Monglut's University of Technology Thonburi
Mahanakomn University of Technology

King Monglut's Institute of Technology Ladkrabang
Rajamangala University of Technology Thanyaburi
Chulalongkom University

Chulalongkom University

Siam University

Mahanakorn University of Technology

King Mongkut’s Institute of Technology Ladkrabang
Chulalongkom university

South-East Asia University

King Mongkut's University of Technology Thonburi
Chiang Mai University

Rajamangala University of Technology Thanyaburi
Mahanakom University

King Monglut's University of Technology North Bangkok
Naresuan University

King Mongkut's Institute of Technology Ladkrabang
Srinakharinwirot Uunversity

King Monglkut Institute of Technology Ladkrabang
Rajamangala University of Technology Srivijaya, Trang Campus.
King Monglut's Institute of Technology Ladkrabang
Chulalongkom University

P
k
C
(&
M

1 mtszyaiy smsanssdllhassh 33 EECOX-33) 13 Smiaw 2553 SanTadoalvisl dniae foa, wr. s
The 33 Electrcal Engineering Conference, 1-3 December 2010, Ozganized by KMITL, CMU, MUT

118



Reviewer

Chaiyaporn Lothongkam
Chaiyut Sumpavakup
Chakkaphong Suthaputchalun
Chanatip Tumrongwittayapak
Chanchai Thaijiam
Chanchana Tangwongsan
Chanin Bunlaksananusom
Chanin Wissawinthanon
Channarong Banmongkol
Chaodit Aswakul

Chaovalit Thamwviriyakul
Chamchai Pluempitiwiriyawej
Chatchai Suppitaksakul
Chatree Mahatthanajatuphat
Chedsada Chinmingrueng
Chiranut Sa-ngiamsak
Chirasak Sinsukudemchai
Chivalai Temiyasathit
Chokchai Sangdao

Chow Chompoo-inwai
Chuttchaval Jeraputra
Chuwong Phongcharoenpanich
Danai Laksameethanasan
David Banjerdpongchai
Deacha Puangdownreong
Decha Wilairat

Diew Koolpirmuck
Duang-arthit Srimoon
Dulpichet Rerkpreedapong
Ekachai Leelarasmee

Ekachai Phaisangittisagul

1B NNITANUNAI

u

msdszgadnmsmaianssulilih

i g

=h.

A337 33

Affiliation

Mahanakorn University of Technology

Mahanakorn University of Technology

Bangkok University

Kasem Bundit University

Srinakharinwirot University

Chulalongkom University

King Mongkut's Institute of Technology Ladkrabang
Chulalongkom university

Chulalongkom University

Chulalongkom University

Mahanakorn University of Technology
Clmlalongkom University

Rajamangala University of Technology Thanyaburi
King Mongkut's University of Technology Nerth Bangkok
Chulalongkom University

Khon Kaen University

South-East Asia University

King Mongkut's Institute of Technology Ladkrabang
Mahanakorn University of Technology

King Monghkut's Institute of Technology Ladkrabang
Mahidol University

King Mongkut's Institute of Technology Ladkrabang
Mahidol University

Chulalongkomn University

South-East Asia University

Mahidol University

King Monghkut's University of Technology Thonburi
Rangsit University

Kasetsant University

Chulalongkom University

Kasetsant University

I
k
L
[

M

] mdsgdnmImsiang WllFhassi 33 EECON-33) 1-3 £umnAw 2553 Taniadualiisl dnlay aaa. ur. uma.
The 33¢ Electrical Engineering Conference, 1-3 December 2010, Organized by KMITL, CMU, MUT

119



I FIHNINFANUNANY

Ef A
E - -
¢ mstszpmnmamadanssullih
NE nsafi 33

Reviewer Affiliation

Ekapon Siwapornsathain King Monghkut's University of Technology Thonburi
Issarachai Ngamroo King Monghkut's Institute of Technology Ladkrabang
Jakkree Srinonchat Rajamangala University of Technology Thanyaburi
Jirasuk Vilasdechanon Chiang Mai University

Juldktrit Tagapanij Mahanakom University of Technology

Kamol Kaemanngsi National Electronics and Computer Technology Center
Kamon Jirasereeamornkul King Monghkut's University of Technology Thonburi
Kampol Woradit Srinakharinwirot University

Kanadit Chetpattananondh Prince of Songkla University

Kanokvate Tungpimolmut National Electronics and Computer Technology Center

Kasin Vichienchom King Monghkut's Institute of Technology Ladkrabang
Keerati Chayakulkheeree Sripatum University

Khatathap Swatdipisal King Monglut 's University of Technology North Bangkok
Kittiphong Meesawat Khon Kaen University

Kittisak Tripipatpornchai Rangsit University

Komsan Hongesombut Kasetsant University

Krischonme Bhumkittipich Rajamangala University of Technology Thanyabury
Kunnthphong Srisathit Mahanakom University of Technology

La-or Kovavisaruch National Electronics and Computer Technology Center

Lunchakorn Wuttisittikulld) Clmlalongkom University

Mana Sriyudthsak Chulalongkom University

Manop Aorpimai Mahanakorn University of Technology

Manop Wongsaisuwan Chulalongkom University

Miti Ruchanumcks Kasetsart University

Mongkol Konghirun King Monghkut's University of Technology Thenburi
Mongkorn Klingajay Rajamangala University of Technology Thanyabury
Meonthon Leelajindakrairerk King Monghkut's Institute of Technology Ladkrabang
Montri Kamjanadecha Prince of Sengkla University

Montri Pannarnt National Electronics and Computer Technology Center
Montri Suwanapinglkarl King Mongkut's University of Technology Thenburi
Naebboon Hoonchareon Chulalongkorn University

Nalin Sidahao Mahanakomn University of Technology

F
I
4

The 33 Electrical Engineering Conference, 1-3 December 2010, Organized by KMITL, CMU, MUT

- | o T | T
ﬁ | m's1J';ﬁi;sﬁimwmﬁmmw‘lﬂﬁm‘;an 33 (EECON-33) 1-3 §41A3 2553 a1 iamadlid 3n1ny @08, 41, s,
M

120



TN NITAUNANN

o

msilszyanmsmadansslilih

Agan 33
Reviewer Affiliation
Nararat Ruangchaijatupon Khon Kaen University
Narisara Sophayont TOT Public Company Limited
Narong Buabthong Thammasat university
Narong Yoothanom Sripatum University
Narongrit Sanajit Mahanakorn University of Technology
Natham Koedsam-ang Kasem Bundit University
Nattavut Chayavanich King Monghut's University of Tecnology Thonburi
Natth Junkrob South-East Asia University
Mattha Jindapatch Prince of Songkla University
Natthaphob Nimpitiwan Banghok University
Natthawuth Somakettarin Rajamangala University of Technology Thanyaburi
Nimit Beonpirom Sripatum University
Nipapon Siripon Chiang Mai University
Niphat Jantharamin Naresuan University
Mopadol Uchaipichat Thammasat University
Noppadol Wanichworanant Mahidol University
Nuntiya Chaiyabut Bangkok University
Opas Chutatape Rangsit University
Ouen Pinngern Ramkhamhaeng University
Pakomn Kaewtrakulpong King Monglut's University of Technology Thonburi
Panrases Ritthipravat Mahidol University
Pazawee Srimord Sripatum university
Patamaporn Sripadungtham Kasetsart University
Pathomthat Chiradeja Srinakharinwirot University
Peerapol Yuvapoositanon Mahanakorn University of Technology
Peerayot Sanposh Kasetsart University
Petch Nantivatana Zripatum University
Phaiboon Booppha Kasem Bundit University
Phakkawat Jantree Rajamangala University of Technology Suvamabhumi
Phichet Moungnoul King Mongkut's Institute of Technology Ladkrabang
Phoemphun Oothongsap King Monglkut's University Technology North Bangkok

P
I
[«
&

PP B e d 3 g
ﬁ midszgnmamann e 33 @ECoN-33) 13 fumau 2553 JanTamealid dalng aaa, wr, wna,
I

The 33+ Electrical Engineering Conference, 1-3 December 2010, Organized by KMITL, CMU, MUT

121



S1¥BEHDISANUNAY

ER u
E - -
C msdszgadnmsmaaanssulilih
NE ¥
331 33
Reviewer Affiliation
Phomphop Naiyanetr Mahidol University
Pichai Aree Thammasat University
Pichaya Tandayya Prince of Songkla University
Pinit Jitjing Rajamangala University of Technology Thanyaburi
Pinit Kumhom King Mongkut's University of Technology Thonburi
Pinit Thepsatorn Srinakharinwirot University
Pisit Liutanakul King Mongkut's University of Technology North Bangkok
Pisit Phokharatkul Mahidol University
Pisit Wisutmetheekom Mahanakorn University of Technology
Piya Warabuntaweesuk Banglkok University
Pongsack Promwong Mahanakorn University of Technology
Ponpraned Didsayabutra California Independent System Operator
Pornchai Chanyagom Mahidol University
Pornchai Supnithi King Mongkut's Institute of Technology Ladkrabang
Prajuab Pawarangkoon Mahanakorn University of Technology
Pramin Artrit Khon Kaen University
Pranchalee Rattanasakornchai King Mongkut's University of Technology Thonburi
Prayoot Akkaraekthalin King Mongkut's University of Technology North Bangkok
Preecha Kocharoen Sripatum University
Puangtip Phadungrot Mahanakorn University of Technology
Punyaphat Phumiphak Mahanakorn University of Technology
Bachu Punchalard Mahanakom University of Technology
Rangsipan Marukatat Mahidol University
Ravee Phromloungsri Udon Thani Rajabhat University
Rungsimant Sitdhikern Mahanakom university of technology
Sakchai Thipchaksurat King Mongkut's Institute of Technology Ladkrabang
Saliltip Sinthusonthishat Mahanakorn University of Technology
Samphan Phrompichai Mahanakorn University of Technology
Samroeng Hintamai Sripatum University
Sanchai Dechanupaprittha Kasetsart University
Sangsuree Vasupongayya Prince of Songkla University
Sansanee Auephanwiriyakul Chiang Mai University

] ﬂﬁlJ?ji:ileiﬂﬂ'l'mNe)ﬂ'm‘i’;iﬂﬂﬁ'lﬂ’;iﬁ 33 (EECON-33) 1-3 £3man 2553 Sandmdualind dalay aea. ur. uns.
The 33< Electrical Engineering Conference, 1-3 December 2010, Organized by KMITL, CMU, MUT

122



YR UNANN

o

msdszgadnmsmaianssulilih

A3 33
Reviewer Affiliation
Sanya Khunkhao Sripatum University
Sanya Mitaim Thammasat University
Saowapak Thongvigitmanee National Electronics and Computer Technology Center
Sarawan Wongsa King Mongkut's University of Technology Thonburi
Sarawuth Chaimool King Mongkut's University of Technology North Bangkok
Samn Sumriddetchkajom National Electronics and Computer Technology Center
Sermsak Uatrongjit Chiang Mai University
Sirichai Dangeam Rajamangala University of Technology Thanyaburi
Siriluck lorepunmanee Suan Dusit Rajabhat University
Siripong Chaysin Srinakharinwirot University
Sirirej Sirisukprasert Kasetsart University
Sirivat Poonvasin Kasetsart University
Sirivit Taechajedcadamngsri Khon Kean University
Siriwich Tadsuan South-East Asia University
Somboon Nuchprayoon Chiang Mai University
Somboon Sangwongwanich Chulalongkomn University
Somchai Biansoongnem Rajamangala University of Technology Thanyaburi
Somchai Hiranvarodom Rajamangala University of Technology Thanyaburi
Somchat Jirtwibhakern King Monglkut's Institute of Technology Ladkrabang
Sommart Sang-Ngern Mahanakom University of Technology
Sommnida Ratanapanachote Mahidol University
Sompongse Toomsawasdi Siam University
Sompom Sirisumrannubkul King Monglut's University of Technology North Bangkok
Somsak Walatracht King Monglut's Institute of Technology Ladkrabang
Somying Thainimit Kasetsart University
Somyot Kaitwanidvilai King Monglkut's Institute of Technology Ladkrabang
Songkran Kantawong Bangkok University
Songphol Kanjanachuchai Chulalongkormn University
Suchada Sitjongsataporn Mahanakorn University of Technology
Suchada Tantisatirapong Srinakharinwirot University
Suchart Yammen Maresuan University
Sumate Naetiladdanon King Monglut's University of Technology Thenburi

F
i
[
&

- | " e e al e
ﬁ | m'sd?ﬁgsﬁi1m';mﬁmn'sw'lvlﬁm'nn 33 (EECON-33) 1-3 §111103 2553 Saninme el dnlay a9a. ue. s,
[y

The 33 Electrical Engineering Conference, 1-3 December 2010, Organized by KMITL, CMU, MUT

123



1e¥aHTinsaNUNA NN

L'}

msilszpnmmsmadanssulilih

A3 33
Reviewer Affiliation
Sumrit Hungsasutra Ehon EKaen University
Suneat Pranonsatit Kasetsart University
Suntom Witosurapot Prince of Songkla University
Supakit Chotigo King Mongkut's University of Technology Thonburi
Supakomn Siddhichai Mational Electronics and Computer Technology Center
Supaporn Kiattisin University of the Thai Chamber of Commerce
Supatana Auethavekiat Chulalongkorn Univeristy
Supavadee Aramvith Chulalongkom University
Supawan Phonphitakchai Naresuan University
Suphattra Phetnil Mahanakom University of Technology
Surachai Chaitusaney Chulalongkom University
Surachai Limyingcharoen EKhon Kaen University
Surakarn Duangphasuk Mahanakom University of Technology
Surapan Airphaiboon King Mongkut's Institute of Technology Ladkrabang
Suratose Tritilanunt Mahidol University
Suree Pumrin Chulalongkomn University
Surin Khomfoi King Mongkut's Institute of Technology Ladkrabang
Suthee Rukkaphan Kasem Bundit University
Suwat Pattaramalai King Mongkut's University of Technology Thonburi
Tanin Duangjan Srinakharinwirot University
Tanit Malakom Naresuan University
Tasanee Chayavanich King Mongkut's University of Tecnology Thonburi
Teeravisit Lachapensaeng Mahahakomn University of Technology
Thanadol Pritranan Mahidol University
Thanapat Promwattanapakdee Sripatum University
Thanaphat Sittithumwat Siam University
Thanapong Suwanasri King Mongkut's University of Technology North Bangkok
Thavatchai Tayjasanant Chulalongkormn University
Thawatchai Thangrattanasuwan Prince of Songkla University
Theekapun Charoenpong Srinakharinwirot University
Theerapol Muankhaw Rajamangala University of Technology Thanyaburi
Theerayod Wiangtong Mahanakom University of Technology

B REzE] | o EE Tt wismainnisdllihaian 33 EECON-33) 1-3 §imaw 2553 TanTaduslid dalng Faa. s, s,
m;a The 33 Electrical Engineering Conference, 1-3 December 2010, Organized by KMITL, CMU, MUT

124



=

Swiedfinsanuna I

madszyanmsmaianssulilih

A7 33
Reviewer Affiliation
Theerayut Janjaem Kasem Bundit University
Toempong Phetchaloul King Monghkut's Institute of Technology Ladkrabang
Ukrit Watchareeruetai King Mongkut's Institute of Technology Ladkrabang
Varakorn Kasemsuwan King Mongkut's Institute of Technology Ladkrabang
Varathana Arjrith Srinakharinwirot University
Vech Vivek King Mongkut's University of Technology North Bangkok
Veerachai Malyawvej Mahanakom University of Technology
Viboon Chunkag King Mongkut's University of Technology North Bangkok
Vichai Saelee South-East Asia University
Vijit Kinnares King Monghkut's Institute of Technology Ladkrabang
Virasit Imtawil Ehon Kaen University
Virote Pirajnanchai Rajamangala University of Technology Thanyaburi
Vladimir Buntilov Mahidol University
Vorapong Silaphan Mahanakom University of Technology
‘Wanchai Chankaipol Sripatum University
Wanchai Chimchavee University of the Thai Chamber of Commerce
‘Wanchai Pijitrojana Thammasat University, Rangsit Campus
I“'ﬂ.nchak Lenwari King Mongkut's University of Technology Thonburi
‘Wannarat Suntiamormntut Prince of Songkla University
‘Warawat Tangsrianugul King Monghkut's Institute of Technology Ladkrabang
‘Warayut Kampeerawat Mahanakom University of Technology
‘Watcharachai Wiriyasuttiwong Srinakharinwirot University
‘Weerapun Rungseevijitprapa Chulalongkomn University
‘Wekin Pryarat Srinakharinwirot University
‘Werapon Chiracharit King Monghkut's University of Technology Thonburi
‘Wichian Premchaiswadi Siam University
Wichit Krueasuk Sripatum University
‘Wijittra Petchalkit ‘Walailak University
Wiklom Teerapabkajorndet Prince of Songkla University
Wilaiporn Lee King Monghkut's University of Technology North Bangkok
‘Wipavan Narksarp Siam University
‘Wisut Titiroongruang King Monghkut's Institute of Technology Ladkrabang

i
I
=
[
M

1 miU;ﬂ‘iuemmsmﬁmniw‘lﬂﬂmiﬁﬁ 33 (EECON-33) 1-3 $3m1as 2553 Saniadudlvidl Sninu aoa. s, amst.
The 33+ Electrical Engineering Conference, 1-3 December 2010, Organized by KMITL, CMU, MUT

125



Reviewer

Wongwit Senavongse
Worakam Wongsaichna
‘Wuthipom Loetwassana
Yatongchai Auychai
Yodchanan Wongsawat
Yongyuth Naras
Youthana EKulvitit

Yuttapong Jiraraksopakun

FFIHNINFANUNANY

u

msdszgadnmsmadnnssulilih

w
ar

HER|

=h.

33

Affiliation

Srinakhaninwirot University

Ubon Ratchathani University

Mahanakom University of Technology

Rajamangala University of Technelogy Isan Sakhon Nakhon Campus
Mahidol University

Siam University

Chmlalongkom University

King Monghkut's University of Technology Thonburi

126



PW 18

v
o =

i1

Uszmundueon

Duangtawan Grand

wATnd yundvlnm

PW-090 1a113.00-13.201.

a : 4 e W g 4 -
MDA rmRIDsauS el iuamae sl s nda
- y =y aa
warnulasliszuuauaumsssnes masahoia
Tudns wordanAnA weds es Drua uns fisA sweqafs
¥
wnaneddumsinruantasnuuasaiyrauauisau s neaima
. - ¥ . & , = ¥ -
Fmivisaliuawma doudlanimsizreamimiveruinivesnnatasiy
amedl i auduiniauauil a_ﬂ’lu‘ﬁ’aa assmenwina B AT Euaen
[ ¥ oo 4 = . = d »
nauaatas iR lfRtaaliuamallas sarsiauduanady Suuwuya
w = - ) . 1 r
m'J.lq:.mﬁausemamnmaaluﬂ"ﬁihaﬂmsaﬂauuammnuﬁagh{auuaﬁju
» , . v
-ua;_.la1umimuqumwmwamaauisummmn"lmﬁu'lﬂmumaspumﬁ:ma
21 !ﬁmuqu'ﬁ'namzmuammﬂi:ﬂau'Iu?hu qaaﬂii‘uiwwnw{'laaﬂ TR
- ) - 2w . . 4 ¥ k]
ardvamaEauIng uasyriurd vine maiuseudlalauannieme
4 ' = . . ¥ ¥
Trea: lgAdurhus AT wTai A R INUALTNERAND WRRINRERAMN 7 Sepment
. . - - P ¥
uardamalufiluTasaau Imfalaaimamﬁwasmuqummfﬁ 2WAUNAADINATY
0 P ¥ - . ¥ -
SRR SEwsaliudanmETnennEla 4+ iy TeeRadaiy
. ¥ ) » & '
mauaviuvauasslasasmavanuadauTnamelusas  dlalifianw
F {u_ = . . ¥
wazu Atz mafs R TR nammmeaaiuvaliy
] : F —
ovmefauanfizemailaiely 25 © ATwiuduing son sumpilamouanas ©
- . . - R
ATIHTUAME 50t MU IUUA R T AL T UIER AR FT T LT AN

o
Tfaamerzuenmembui Al s

PW-091

= .
ﬁ'l‘il.lﬁ:lll‘l.li!ﬂﬂ'l llAasHa

1101 13.20 - 13.40 1.

4
asasnanlva mnEadald

wasszuundatih
- R
vitug st un: TadiAdonaze
msuﬁa'lﬂ'ﬂwmnﬁ'ﬂau'lrfl'i‘umiﬁmmasﬁ'luﬂ'imﬂﬂﬂuﬂi!ﬁu AT

’ ,
ﬁﬁlm.laﬁmsﬂ'zlﬂuquﬁ1tmn1wﬁa1ﬂ1imnﬁdau uaznznzznyiildaay

FefalAverzuumaniin iaﬂa:ma"anmgammﬁmumala dazapuduminizag
fwadiagarrmi iy liyad dadsnadema e g uiid
sritrea 3T suhdeda i n md s ifasen andu
?\11.1111]'1.;1Ji:n?ua.mi1ua:Haﬂs:ﬂu\iai:uuuia'lﬂ'm alu’iimn{ugwmaam‘m
iy FEanitumaamsai i A i e T
nasavwadlneda T

UANTN 3 $121AN 2553 1901 13.00 - 14.40 1.

andumalulainizaewnidnammnimaniz i

PW-092 11a113.40 - 14.00 .

- P £ 3 .
maAnumariATinsHanlivhanyadivawds PEMFC 1.2 kW
whiiaa wmanfa nas yada thianan
o - - 4 4
awFedla Aauwvvdesmuademand AlldaunTy Masb dalAned
X od ;- .
AT TSl TuEanEa Tl eey mnamd i L2 ew
. sd v .
uazlaiasmarawraddamds sl diEnrrrla sy uannlBewTdsaew (eEMEC)
- . o 2 . .
w101R 12 W 464 Tnatlss AnBa mmteie s ea i@ ety sy agfvATIANERY
- L. o Fl
Talraiau gamailmainm dasns Inavesemmainlalane usaimduesema
. il ) .
mantrnfions AnEamasinuesarad e nhuusiasmademnaai
. s d v v .
ua:'nnaaamm141waal'ri|alsaln3a1u11am.ﬂ1ﬁmﬁﬂua'm1='ls AR LiAvIEEaEET
i ) ca il ) . -
raddam Bt 97 215 il AvsarediSom3 st 1005 uATuvaed ImaRgiEA
- 4 . .- io ¥ + 4 . &
ussAnnaanvRuradiFamd sz souse AMFanilasaradiamla se1s dla
- - & - . «d é . -
Aevfuuuviza: dovmdantainminesds Tifhee arad Famds Tomdintwdu
. . 2 .
wpiirlalaraulnadamaiiouesarsddamd  uasmamAasIII R aNTAd
Fi - 4 . - -
wemidwianlfiimdldmraaninananimameasiwuiasmandaman

PW-093 1101 14.00 - 14.20 i,

Development of a new Program for Design and Analysizs of FV Hybrid System for

Target Area in Thailand

Surasak Noindbtim and B

Thiz paper presents the developroent of a new sofiware program for the Design and

Fl

Aralysis the FV-Hybeid system for Thailand that mever publizhed snywhere before. The Utility of
thiz sofrwaze is Snding of sizing and categorizing of cptimal rystem in trget area of Thadand. In
thiz paper, we uze bourdy sdnmiation technique roethods The first seep in sizing, the loag tem
dursion of mnthine dam recorded for Sve years are used to caloulae the daily mean movise
dursion supchive in 3 year. These dam are uzed to ssimare the global radiation cn borizoar:l
surface from linear relation in Anpstram squaticn. Net, the calculated rdistion data iz wsed 2
initia inpus to zyztems_ Finally, we sobve siring of FV kybrid syztem by near propramrming model.

The reliabiticy level iz meazured in term of lozz of load probabiticy (LOLF).

PW-094 1a114.20 - 14.40 31,

avsaamunasdamwaslnnuEasuadimadng 2 Aladad dmivdniuau
) e ga 4
Tyoz Faonydand un: dadad e
x ) )
v rndliuriear ALY ITmaLLAE Ta i EReuneiee iawa 2 Aladed
.o 4 ¥ o ¥ = PR
Fmiufiniuay Fasmuuvinmd@asaiadnelasameu v iinawneasam
ﬂl?m:aﬁﬁjﬂiw anzinn bidnszumiuinzzus i ngamm sy E_Nﬁu
) ’
TREHTEMIER T F UM Aouuny awamsqﬂuiuqa‘lﬁ"iumqn'f‘w wannadidmauen
. v ¥ . L v
a1r|mm1¢'lﬂﬂmn:iﬁqﬂmmuau ANanTeRALYLIERT @M T uAte Tl uaT
¥ . o ¥ - Ly ¥
Bspice  UaRaIMIAN 2avaflonanuua e aletmelaanisuriduguiniingzuud
H
sz EnBamyguasio s"iunnﬁuﬁuu.a‘la’iuhdﬂ"’m (o240 Taad) wiamiauaama Anssu
msﬁ‘ldmiamaﬂ|a:a‘1u1m1§uaﬂ1751aaaﬂﬁﬁmu‘h.lmiﬂ'muwﬂﬁ'ﬁqﬂmii"lﬁ'

L d o - v
msdszgwinmemaimassdllihasai 33 EECoN-33) 1-3 Fimaw 2553 TanTadiodhil dalne a9a, ur. wnw,

E
L5
b The 332 Electrical Engineering Conference, 1-3 December 2010, Orpanized by KMITL, CMU, MUT

18

127



nauddnsunnuon

msfnrmazinnzimswaalddhansadiyowa PEMFC 1.2 kw

Study and analysis of 1.2 KW PEMFC Electrification

- » - -
thiam udaudn, ygyda danan

maizianssalifh uminedoma TuTadsusaasay3 dnusil 12110

Tn3. 086-8963741 , 0-2545-3420 387 0-2549-3422 E-mail- panuddal9(@hotmail com, pboonyang(@hotmail com

.
Unanao
e duy o . - v
AuFied A dauwuuitasamuaadesiani A1e
Tlsunsy MathLab iadwsizHaussauzmainuvausad
s .
WomdAriasmurunandou Tlsnou vwadida vt 120w
N
uazldvimmageuisad Fomas luiaal jiAnsviia sanusu
uamilasuTlsmeu (PEMFC) wuta 1.2 £W 464 Taods=dngam
p v s
MINITUYBUTAA TN A Y n:iuagﬁunamﬁ'uuaqg’m
- - - o
leTaziau guungiiniaini animilnaveseimauasna
p
Talanau uazarwivvesana santsnlFsudeuls=angam
.
AminuvsuEadamAT I NIUT e Ad A AR A
. i oy a2
naagImIiTvauTaaiiama lwiaal fiAmadaluan:
¥ - - S - -
1 Tnan wssdusmenvausadiFomasaziing 97.21% Adaaud
p
TvaaradiFamaaziia 100% urluvarilnangagaussau
+d o - L =y s ”
ypanvaasadiFamdaziiat so19% Mdsudldvousad
& e an I . & .
FomBailan 83 61% dlaMeuduuuudians ansiundnais
. = P I . - o
vinmlumandaifhvsuvadiFomd Fmuimiudusaiing
- i - 3 ., -
lalasinuiinanamainuveusadivamis uaznmaasints

. - ¥ - - -
'I‘l'l‘l"l'l-l“.lil‘ll'ﬂﬁﬂlﬂiamﬁql]'l-lﬂilI]J.ﬂﬂﬁfl'lil-lﬂ'lﬂ']'ll-lﬂﬁ'lﬂlﬂﬁEJ'I-I

I.I'Iflﬂ']"lfl'ﬁ'l‘lﬁﬁEI\'Iﬂ”'JJI.I.'.I.ILIﬂ"IﬁEII'I’IHFI'B‘Iﬁﬁ"Iﬁﬂ{

e s A - . -
ATHAD  TAATFImad, WuueImed mm'].limmﬂL'JJﬁal'l.lTﬂmau,

- S m
'ij = a“ﬁ AMNLTATITDINGD

Abstract

This paper iz to study a performance of PMFC by
developing a model of PEMFC using MATLAB as well as to set up
an experiment of PEMFC 1.2 kW, 46A. All aspects of PEMFC
electrification were fully imvestigated in order to develop the
alternative sustainable PEMEC energy zources and to study the
fundamental principles of fuel cell techaology. Morsover, the
caleulation of operation performance of PEM by real-time recordad
data was implemented. The resuliz show that the operation
performance of fusl cell depended on pressure, temperature, gas

flow rate and humidity. The results showed the companzon of both

results that control system performance in the aspect of these
parameters was evaluated. The control system performance was
determined by comparing the fuel cell power, on test station and
maodel simulation. The cutput voltage level conld vary from 97.21%
(at no load) to about 90.1%9% (at the full load). The power level
could vary from 100% (at a0 load) to about 83.61% (at the full load)

compared to simulation result.

Keywords: Fuel cell, PEMFC, Exchange membrane fuel cell,
Efficiency of PEMFE
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Abstract

The paper develops a model of PEMFC by
MATLAB and constructz a prototype of the operation control
system of Proton Exchange Membrane Fuel Cell of 1.2 kW
46A. The study shows that the performance of fuel cell
depends on pressure, temperature, gas flow rate and
humidity. The control system performance in the aspect of
these parameters iz evaluated. The control system
performance is determined by comparing between the fuel
cell powers, on test station and model simulation. The output

voltage level can vary from 97.21% (at no load) to about

90.19% (at the full load). The power level can vary from
100% (at no load) to about 83.61% (at the full load)
compared simulation result. All aspects of PEMFC
electrification will be fully investigated in order to develop the
alternative sustainable PEMFC energy sources and to study
the fundamental principles of fuel cell technology. Moreover,
the calculation of operation performance of PEM by real-time
recorded data will be implemented. The results will be

compared between simulation result and experimental result.
Keywords: Fuel cell, PEMFC
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