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Electrochemical Activity of Platinum Nanocatalysts

Deposited on Carbon Supports
RS SNESE AR AN & V- F=lo
Yu-Chun Chlang, Pai-Hsuan Wu, Heng-1 Yueh, Chia-Chun Liang
and Chun-Ping Chung
A BRI RE

Department of Mechanical Engineering, Yuan Ze University
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Pt/cG v PUC 2. § i* 8 & 1+ & f‘(ECSA)A\ %% 55-884r 46 m2/g > A iETRIE (T
600 [l s » ECSA th% g & 4 w5 5 8% (PU/CCNT) ~ 7 % (Pt/cG)4r 33 % (Pt/C) -

MR T A K RLE TR IR TR R

Abstract

Electrochemical activity and stability of the catalysts applied on proton exchange
membrane fuel cells (PEMFCs) are one of the most important know-how for PEMFCs
towards commercialization. In general, the enhancement of the activity can be
achieved by reducing the particle sizes of the catalysts or improving the dispersion of
the particles on the supports. In this study, the platinum (Pt) nanoparticles were
deposited on oxidized carbon nanotubes (cCCNT) or graphene sheets (cG) using the
reverse micelle process. Results showed that the Pt nanoparticles on Pt/cCNT and
sizes of Pt nanoparticles were 1.90 + 0.99 and 2.08 + 0.52 nm, respectively, where
the mean size of Pt particles on Pt/C (JM) was 1.96  0.50 nm. The crystallinity of Pt
particles and the oxygen resistance of the samples followed the order of Pt/cG ~
Pt/cCNT > Pt/C. The metal Pt was the predominant Pt chemical state on all samples,
where 52 at. % on Pt/cCNT ~ 60 at. % on Pt/cG and 53 at. % on Pt/C (JM)

A B R 25 ko B %42 E-mail:ycchiang@saturn.yzu.edu.tw
"*59'"" FRR1ag i 5L

/



were observed. The results from the cyclic voltammetry analysis showed that the
values of electrochemical surface area (ECSA) were 88 m2/g (Pt/cG) and 55 m2/g
(Pt/cCNT), much higher than that of Pt/C (JM, 46 m2/g). The long-term test
illustrated the degradation in ECSA exhibited the order of Pt/C (33 %) > Pt/cCNT (8
%) > Pt/cG (7 %).

Keywords: Carbon nanotubes; Graphene; Catalyst; Electrochemical activity;
Characterization
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+ - =i epE(DDT) » £ 1* < £ 04 33 -k (80°C)2 i G T AN o ik dE
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x;\[;\;? N



2.3 Hiklgit e 47

*EF A B R4 F BN 7 3 B s(High resolution transmission electron
microscopy, HRTEM, Tecnai G2, 200kV) ~ # £ » 47 ;* (Thermalgravimetric analysis,
TGA, TA Instrument 5100) ~ X k& 384 % 33 3L pt(X-ray diffraction, XRD, MAC
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25 50
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4B RV i 648 fr 7T15°C (R B m *t ) K 2. > i * PUCUIM)FE 4~ 4 & 414°C
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U VP ORER AL G Rty et R PtRFaARERERES
% & CNTs ff & s g8 2t > R 4k~ Sd§ 40 4 /% o & %4 £ 1000 °C * ¢
A F B A S5 116 (PYCCNT) ~ 12.2 (PUCCNT) ~ 4v 20.4 (PUC) Wt. % 5 F] % &+ +
LeF RPAT(Ti s 2B S H 8285 E) cCNT v ¢G Y~ 5§ 7
224 2.8 Wt %sras B (R AT 4 )o etk 2395 A ehiEk T A 5 d cCNT
f-PUCCNT en TGA A G £ > i & Pténg £ 96wt % 4 ¢G fr Pt/cG «H TGA
ATE GEPtHFREHITWL%- a7 * PUC (IM)R|d ICP-AES 4 45 18 s A
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3. fR4t% & 2 8 £ 4 45 (TGA) B %
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1 i 7
Pt(220) ~ {- PY(311) % Pt s picd » T4 APt e 2 (fec)H o @ & C
SR T 4 L PUC & b 0 C(002) 4% ' 18435 5 F 2 » PUCCNT 4= Pt/cG
AR P A ELE T C(002) Peake &7t CNTs fr 7 & % chig & 1 A2 & P & 08¢
LR S ES D T P SR

(c) Pt/C (JM)
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C(002)

(a) Pt/cCNT
Pt(111)

Pt(200)
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B 4. R4t A cn XRD A 478 %

L ADXPS 2 BT - AL 2R CLls~ Ols ~ fo PtAf ; =+
vL i (atomic ratio, at. %) 4 %) % 97.3 1 2.0 : 0.7 (Pt/cCNT) ~ 93.5 : 5.5 : 1.0 (Pt/cG)
v 91.2:59:29 (PU/C) - st 2 2 2% 3 R+ Z EM RS > Briis L4 R
L pRARADPt ZEGEFHPUC en- L 53522 TCGA s %4ptt o £ 1
% PU/CCNT~Pt/cG 4 Pt/C #& & 2. XPS Ptaf 3 f247 4~ #7.% % > £ f#47 11 3 = doublets ;
A wl e 71 4 74356V (Pt°) ~ 72.4 4o 75.75 eV (Pt(Il)) ~ 74.9 4= 78.25 eV (Pt(IV)) -
FRERZBEAAZAP Eant b A 4piT o SR RAFOPURES ot LA &
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£ 4 & 0Pt ()4 Pt (IV) G Bl 4p T o
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X J
3 100 . PUCCNT
—— . Pt/cG
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» 80
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L 40
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© 20
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Elements on surface

B5 utthcnis ~2 e

% 1. 4% & 2 XPSPWf 3 j2 47 4 17 5 * (at. %)

Binding energy (eV)

Sample Pt° Pt (I1) Pt (IV)
71 74.35 2.4 75.75 74.9 78.25
Pt/cCNT 29.8 22.4 12.7 9.5 14.6 11.0
Pt/cG 34.50 25.88 11.40 8.55 11.24 8.43
Pt/C (JM) 30.4 22.8 13.4 10.0 13.4 10.0

W6 & &t A2 TR RS R ?%fifu@-02~o1vg%rfﬂ*mi A i F
W [%. %44 oPUCCNT 4r Pt/CG 3 2 % 100 Bl 1R+ £ T i & 75 1 PUC (IM)
m* % 30 B IR A A M BT Pt/cCNTﬂfrPt/cG BAZERE S ERT o
PodoA R TR L A S M it B 2 % 5 PYCCNT ~ Pt/cG v PY/C (M) ECSA
A ul¥ % 55-884r46 Mg Bir PUCG e it B 512 i PUCCNT » lﬁ ]
* PY/C (IM) - @] 6 7 55% 7 CV ¢hE 3 jplz & % (30" ~ 600" cycles) » v 2| 4~
P VAR o & B2 ECSA it E %% > 4k 20 600 cycles i » ECSA
ch3 RS R A PHUCG (7 %) < PUCCNT (8 %) < PUC (IM) (33 %) o 4+ 47 F 4 % &g
7087 PUC (M)Apdie s % F fic¥s % 9 & & 1 PUCG 4= PUCCNT £ 4 i+ th
TEEE A AR EREEOETR L BF R PYCIM) -
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- ‘ . , ' ' —--— ----- ‘soom
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B 6. fRL-H ~2 TR R A
% 2. # &2 2. ECSA(M?g)% % i¥ % (%)
Sample Parameter 30" 100™ 200" 300" 400" 500" 600"
ECSA (m?/g) 48 55 52 53 52 52 51
Pt/cCNT -
Degradation (%) — — 5 4 6 6 8
DG ECSA (m?/g) 82 88 87 85 84 84 82
Degradation (%) — — 2 3 5 5 7
- ECSA (m?/g) 46 40 34 33 33 33 31
Degradation (%) — 13 26 28 29 28 33

LA

AT FILF Mk S - BRI PUIELS S BT ST A S hPLET X ]
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AGEAEIAMARH FHFLE B ERPCERS BP0 PUCG £
Fod PETRRE A 478 % 8 oPUCG 2 ECSA ¥ F i 88 m?/g- ik F >t PUCCNT
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Deep Oxidation of VOCs Catalysed by Silver-metal Oxide
Composites
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Abstract

This work was targeted to enhance the activity of the silver catalyst for low
temperature oxidation of VOCs. The methodology used to meet the goal was the
optimization of the loading of the Silver-manganese-cerium catalyst. The activity of
Ag-Mn-Ce, 20-40-40 mole ratio, is higher than the other catalysts for IPA and
Acetone oxidation. The results show the of Tgg of IPA and Acetone were 190°C and
200°C, respectively. The complete oxidation was obtained in the case of IPA by silver
catalysts.

Keywords: volatile organic compounds, silver catalyst, Ag-Mn, Ag-Ce, Ag-Mn-Ce
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Studying of the 30kwWt Chemical Looping Process of New
Combustion Bench Scale
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Abstract

Among the various CO2 capture technologies, chemical loop technology
combines high energy efficiency, low emissions and low cost of carbon dioxide
capture feature. It is the most forward-looking technology advantages and
development potential. Industrial Technology Research Institute (ITRI) has
established a 30kWt chemical loop system at Nanzi district, Kaohsiung city. The
system selects the moving bed technology. Design a continuous operation of the
demonstration system. After the methane gas feed, it can produce high concentrations
of CO; in the reducing reactor. Oxygen carrier in the oxidation reactor mixed with
steam can produce high concentrations of H2. It has been initially completed 30kWt
chemical loop combustion system performance verification. This system can also be
used as an oxygen carrier performance test platform and accelerate the development
of chemical looping technology.

Keyword: chemical looping process, CO, capture, oxygen carrier
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Abstract

In this study, gasoline passenger cars with different accumulated mileage were
tested to investigate the ethanol-gasoline blend effect on emission abatement.
Three ethanol-gasoline blends, containing 3, 10, and 20 % ethanol by volume in
gasoline and with a constant research octane number were used as test fuels. The
commercial unleaded gasoline (G95) was also tested as a reference case. Volatile
organic compounds, carbonyls, and six organic air toxics were evaluated on a chassis
dynamometer using the United States Federal Test Procedure. The results of seven
gasoline passenger cars using E3 as fuel showed that the total organic air pollutant
emission factors were lower than those of G95 for the test vehicles, but the emission
reductions are lower than 10%. BTEX emissions also showed a low emission while
using E3 as fuel at all tested vehicles. High emission reductions of organic air
pollutant were observed at new or low-mileage cars. In addition, the results of two
passenger cars with different accumulated mileage, i.e., mid-mileage (35,000 km),
and high-mileage (140,000 km) cars, and three ethanol-gasoline blend s showed that
the exhausts of these total organic pollutants and BTEX (benzene, toluene,
ethylbenzene, and xylenes) were lower while using ethanol-gasoline blends, even in
the case of the high-mileage car fuelled with an E3 blend. However, formaldehyde
and acetaldehyde emissions increased as the ethanol content in the gasoline was
increased. The influence of ethanol blends on acetaldehyde emissions was more
significant for the high-mileage car; there was an increase of 38% as compared to
commercial gasoline. The emission factors are from 20 mg/km (G95) increasing to 27
mg/km (E20) in the high-mileage car.

Keywords: Gasoline passenger cars, ethanol-gasoline blend, commercial unleaded
gasoline, organic air pollutants, air toxics.
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24~ 23R E32 G5 TR F T 5 F 5 %4 £k thdi(mg/km)

3% % #c(mg/km)
b BlRRE :
¥ "E ¥ -9¥  ap o
Fra 10.8 29.0 6.6 22.7 1.9 2.6
MTARDfm 107 90.6 11.3 28.5 3.6 4.7
E3
P 2i2d 4 169 103.8 10.0 37.7 4.5 5.2

BLARDE 737 382.4 53.9 110.5 9.5 13.8
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Fra 12.2 31.9 7.5 24.0 2.0 2.4

M2 AR 4w 145 94.5 13.1 29.4 3.8 4.1
G95

L I 20.9 109.4 10.1 39.1 4.7 5.0

B2 4pd 78.2 407.1 52.4 113.9 9.5 13.2

(Z)BMIARTE R 2 b GLFPIT B 2 P

¥ 3 fg(M2)2 F 2 A2(H1)% - 388 327 7 b Fpi R £ 7779 (E3-E10 2 E20)
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PRAEA B LARRGERE R A RIFHR LM TREAET T T F TR
PR GE T RIES TR TR F ARG MY Fh G oY 2
Apd 2 " F P e i 111 mg/km (G95) ~ 109 mg/km (E3) ~ 80 mg/km (E10) % 62
mg/km (E20)> = 6 #8F T 2 # 5 Z 4§ 2 45-53%; % 2 42% 5 391 mg/km
(G95) ~ 385 mg/km (E3) ~ 329 mg/km (E10)* 250mg/km (E20) > it 6 #6% = % #
B AP E 2 54-62% 0 BB B d 2 T OF R g v E3 ,fﬁat,,b—fr,m o
Mo 8 1% ¥ Y B4R 2 B 3 fRipiEd @ % E10 A4 T v% M2 28% 3 44% o
% E20 PR et h G 16%% 36%F R 0 - BRSO FEE BN
Vi S H 4@ 3 4e (] 6) o

FRATL G B0 E s ¢ 2R R £ 59 23% (E10)2 34%
(E20) » % 2 428 32 £ 54 16% (E10)2 27% (E20) o »Hipp it #ri e ¥
220 FRERRT B Mo B RV BIREA S Y o iR E O e e o
Zervas et al. (2004) [17]4p d1id & ¢ e 4 gy ge e s 2 4z L (dealkylation) ) = =
A%pd A odeFpod AT TR A BT HENSFAT F oo FREAR
PN EREA R DT Rd AR FEMCS P o - BE AT Ra A
*O-CHy» R ? AAife* A5 e 5029 FRTETHN 3L 7 M 23 57
REETGAEAM G o d & 2R £ AT EL0 2 BE20 FpE AR 2 4 P S
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RrA R FEF BTEX o F 54 q i@ ¢ 5§ F e +5|
FRfF 137 % " Ffeo 9 ¥EF T FA4F2%5 L FE[418]
ﬁpzﬁ%%%@Tfﬁmﬁ7°m2§%&%”é’w“@#ﬁﬁﬁﬁii
B

K’T @ E3¢h > PR o BER GBS INRRA TR Y el £ e @
HAv o B 2 ATS & % E20 2 ¢ {2 (27.3 mg/lkm) & 73 BIFEELE P B F FooB
OB AP R e X) 38% 0 ¢ B AR PovH 4K 32% o R FFHEIT Y 5
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T TR TV
Rl v REe s ————L :fi,* - ?Lﬂ #Ej{jft (mgi,kg;,) 7
G95 29.0 110.7 11.7 447 6.2 5.2
M2 E3 28.5 109.3 11.7 43.5 6.2 5.2
(F 2 4%) E10 22.4 80.2 10.3 35.1 6.6 5.9
E20 19.2 62.2 9.8 32.3 7.0 6.9
G95 62.8 391.4 47.8 102.0 12.9 19.7
H1 E3 60.8 385.6 46.9 100.5 131 20.0
(% 2 42) E10 52.9 329.1 45.0 90.8 14.7 24.1
E20 46.2 250.2 40.4 80.8 15.3 27.3
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Feasibility of Application for Medium Recycling with Low
Nitrogen Source on Microalgal Carbon Dioxide Elimination
and Cost Down
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7 7 k% % Arthrospira platensis (A. platensis) 17 = fa4~ 4% ik & 3 e
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Abstract

Elimination of carbon dioxide from power plant, one of major sources of carbon

dioxide emission, is an effective strategy for retardation of global warming.
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Comparing to higher plants, microalgae is taken as a valuable candidate for
bio-fixation of carbon dioxide due to its higher growth rate and various added values.
However, high cost and energy use on nutrient and water production is the major
obstacles for this application in our previous study via a pilot plant (tons) system test.
Therefore, the further test on difference between recycling and fresh medium
cultivation of Arthrospira platensis (A. platensis) is carried out based on two different
intial nitrate concentrations in this study. Life cycle analysis is performed for
evaluation of carbon dioxide elimination on several medium compositions, housing
materials, energy use, and so on. Furthermore, economic analysis is carried out while
the biomass productivity is taken as the index. The results show the notable
advancement on carbon dioxide elimination (25%) and cost down (53%) can be
obtained since A. platensis can grow well by using recycling medium in fewer cost
and energy use.

Keyword: Carbon biofixation, Life cycle analysis, CO; elimination, Cost benefit
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BozReg iz ekl A grd ;@t:«@rmrg BkE e Tt - & VR EE R R
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B 2T 0 7 LI R TG 28 v gl AL R S SR ek
Elcdy o i 2 . AR A &3 9 8 (Life cycle inventory) ki (7 i3 47 o 11 3 3R L
AT REB 1A R G- - BER RERFEFAS D LN IR
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RERZ ERE Y B ERBE AEYITE R LAOE A ERRL R
FE Ak o

ZNPE R
2.1&47;“

T2EIp R AL AR SR BAEE LA AR T2
ﬂ@%‘rp%éérKﬁm%wﬁﬁmi~#ﬂﬂ7+1¢%9#%#mgﬂ*o

211 M3t % 2 A 45

¥ 2 % tk Arthrospira platensis (A. platensis) i d & & LB 4 FF7 5 ¢ B {Fo
¥ % H 4 Zarrouk medium (ZM) > # = & % (g L) 2.5 NaNOs~ 0.5 K,HPO,~ 1.0
K,S0,4~1.0 NaCl-~0.04 CaCl,~0.08 Na,EDTA ~0.2 MgSO,4+7H,0~0.01 FeSO,4-7H,0
z 1 mL L™ Trace elements solution [7] -

B A2 F BELFE 15tons 2 1 xt%ﬁﬁ%’é— LExfedmn =
EH2ZRFEHL60UmMING B3- 9100m? 4 [ 2 B¢ o AR AR R
H5T75mg/ll wmrescE R 045 um g MR 2 G0 E 0 R B R
38 o | _§ %2 (C-phycocyanin » CPC)* 2_ gz % # F 4812 vacuum freeze-dryer
(FDU-1200, EYELA, Japan)i& 74 %% % * o CPC 2z il @_» tari A k2 e
[8] -

212 #4427 [9]
AL 2% E N GHG Z 8% > fi e 25040
B = Q1 X L (eq.1)
Ei: 238 P 2 - § *si#2c g (kg CO,-eq./ 1 kg dried algae)
Qi: txpPp2*E & ik kzxit82% (kWh,L,g/1kgdried algae).
li: 238 p 2 3% 5 (kg COz-eq./kWh, L, or g)

213 & 23 %[9]

SN N TIPS S
Totalcost = Y(C; X Q; XY D)+ Cy xH+E+M+G
Ci: %P i A(TWD g-1, kWh-1, L-1)
Qi : 7 P i eh#cE (g, KWh, L/1 batch cultivation)
Y : Dried algae yield (kg dried algae/1 batch cultivation)
CH: 4 4 2 4 (TWD/h)
H: x4 & % (hrs)
E: X # ¥ (TWD/1 kg dried algae)
M: agy (TWD/1 kg dried algae)
G : g 7232 ¥ (TWD/1 kg dried algae)
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223 R 3 B2 N2}

Yo® 1 9Ton 0 @ 452 4R F (Housing) ~ 33 % (Cultivation) ~ 1z = (Harvesting) ~
ic% (Drying)~ 573~ 1 £ % 2 4 (Extration to CPC)- & 4 % % st2 ¥ % (boundary) ;
AHF(Z)E R T o ARALRE S A B FATRRR A LR

YR 297w 0 BHEFRERZBARARE BRL I 2FIFRE 0 LATR

- F RRER(UT R )2 Rl o BRI 35 T D e PR
\ﬁ“ T T FEAE T A G FE AT 2 TR (R S Ak

Housing materials

fox. Seel, Alumidiin #ic) Electricity Medium, water Electricity  Filter

Residue

. . Electricity Chemicals, Water Sunlight ~ Wind
(after extraction) . 5

B 1 7% P x4z (Flow chart)

Goal & Scope
Definition

GHG =Q <EF, Data Collection
Qi Quantity of product i K /

EFi: Emission factor of product i,
data from:

Literatures Experiments

® Chemical balance method or .
otherspy Databases (Pilot scale)

® Ecoinvent database (SimaPro
73.3)

Data Validation

® Curran. (2006)10]

Cost Evaluation

Low nitrogen source

Life Cycle Inventory
(LCI) Analysis

Medium Recycling

Hotspot Analysisyy

Impact A ent J

GHG emission Profit

2 EK#E;‘ I T E T A
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Abstract

According to the regulation of the calculation method of air pollutants emission
form stationary sources, the pollutants emission concentration, flow rate, dilution gas
concentration of the factory must corrected to the standard condition of 273K, 1 atm
and dry base. There are three methods to detect the moisture, one is the on-line
moisture analyzer, another is the moisture data from Relative Accuracy Test Audit and
the other is that using the detection of dry and wet base of the dilution gas
concentration to get the moisture percentage. Among the three methods, only the
RATA detection moisture data has followed the standard method. There is no data
quality assurance and control for the on-line moisture analyzer. According to clear the
difference of the moisture data from on-line moisture analyzer and RATA process, we
choose 3 municipal and hazardous waste incinerator from north, middle and south
Taiwan, respectively. We calculated the data difference between on-line moisture
analyzer and RATA. The results show that all the RA is in the range 10.7%~55.35%
larger than the regulation 10% of 40CFR75 Appendance A.

Keyword: Relative Accuracy Test Audit, The on-line Moisture Analyzer, Munipal and
Harzardus Wast Incinerator, Continuous Emission Monitoring System
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s | A B [Wi=AB)|A[B[Wi=AB)| A] B [(i=A-B)| A | B [ (di=A-B)
#di- |422] 45 028 [107]764] 306 [2.45[251] -0.06 [2.93[4.32] -1.39
- | 42 [419] 001 [664[7.04] -04 [214[249] -035 [3.19[3.25] -0.06
#h= | 51517 -007 [3.26[4.38] -1.12 [2.27]2.34] -0.07 [3.07]36] -053
ghe | 3737 0 |aoile.13] -122 |25[2.66] -0.16 [2.88[4.39] -151
ghy  |743] 75| -007 [9.13[107] -157 [2.29[254] -025 [2.99]37] -0.71
gh- 766795 -029 [2.13[2.45] -0.32 [2.13[224] -011 [3.09[255] 054
#yh-  [882]897] -015 [3.94[59] -196 [6.35] 6.7 -035 [2.41]3.24] -0.83
#ch ~ [1074[11.43] 069 [1.98]4.64] -266 [2.92[281] o011 [2.08[4.35] -2.27
g4 |9.24]933] 009 [2.25[3.49] -124 Ja25[435] -01 [241] 4 | -159
B #cr151679)697 -018 [4.995.82] -083 [3.03]3.18] -0.15 [2.78]3.71] -0.93
¥ 4l 0.17 1.25 0.11 0.66
o 251 5.15 41.57 8.67 57.08
PHFRE 0.23 1.38 0.18 1.06
gy | A | B [di=A-B) A B [di=a-B)| A | B’ [di'=a-B)] A | B’ [di=A-B")
#i- |422]392] 030 [107]720] 350 [2.45[2.37] 0.08 [2.93[4.03] -1.10
#h- | 42 [372] 048 |6.64[6.67] -003 [2.14[236] -022 [3.19]3.00] 0.19
#h= | 51453 057 [3.26[4.49] -1.23 [2.27]2.30] -0.03 [3.07[3.45] -0.38
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POOL P002 P003 P04
w2kt | A] B |(=AB)| A| B |(di=AB)| A| B | (di=AB)| A| B | (di=A-B)
Whe | 37]353] 017 |491582] -091 |25|263] -013 [2.88]4.09] -121
Wi |743]668] 075 [9.13]9.90] -077 [2.29[2.59] -0.30 |2.99[3.46] -047
Wi~ |766]702] 064 [2.13220] -016 [213[229] -016 [3.00]2.30] 0.79
Wi~ 882|858 024 |[394)558] -164 [6.35]7.02] -067 [2.41]2.86] -0.45
Wt~ |10.74]10.64] 010 |1.98/438] -2.40 [2.92]2.90] 002 |2.08/3.98] -1.90
Wejii |924]862| 062 |2.253.16] -091 |425(439] -014 [2.41]3.60] -1.19
BT 192 6.79|636| 043 499550 051 |3.03]321| 017 [2.78]3.42| -0.64
=i 0.18 1.28 0.17 0.63
| 251 ] 898 35.77 11.31 45.32
PHERE 5 o4t 1.19 0.23 0.84

% 8 % 414 % B2402442 # i* i P001~P003 § § ©* 4~ 2 RATA i it %

POOT P02 P003
kR | A | B [(G=AB)| A | B |([G=AB| A | B [(dFAB)
Bjh- | 9564 [110.11| -1447 |11124]123.23] -11.99 |11158|113.97] -2.39
Bji- | 100 [113.71] -13.71 |115.82[124.78] -8.96 | 100.8 |103.60] -2.89
By - | 0000 [103.74] -12.75 |115.32|131.87] -16.55 | 84.33 | 90.87| 6.54
Wiz | 120113861 1751 |100.31|121.08] -12.67 | 85.15 [93.08] -7.93
Wi |112.08]128.32] -16.04 |118.28|132.17] -13.80 | 91.22 [98.26] 7.0
B> |103.37]110.08] -15.71 |124.06|140.65] -16.50 | 91.71 [101.71] -10
Byl - |110.21]128.28] -18.07 |114.78|118.94] -4.16 |109.26|121.21] -11.95
By~ | 97211026 -530 |119.20[124.44] 515 |110.50|119.901] -0.32
Wi 1 | 1033 [118.77] -15.47 | 98.96 |101.21] -2.25 |103.96|115.12] -11.16
T BT 15w 103.77|118.14] -14.37 |114.12|124.36| -10.25 | 98.73 |106.42] -7.69
C Ak 2.9 413 259
o N1 16.64 12.6 10.42
WHERE 9.59 7.09 571
ek | A | B [d=AB) A | B [[@=AB) A | B [[d-AB)
Wii- 9564 117.92| -22.08 |111.24|13952| -28.28 |111.58|112.88] -1.30
Byi- | 100 [12050] 2059 |115.82|132.97] -17.15 | 100.8 |106.75| -5.95
Bk - 0000 [113.22] 2223 |115.32{139.86] 2454 | 84.33 | 92.47| -8.14
Wbz | 121.1]145.15] -24.05 |109.31|124.84] -1553 | 85.15 |93.60| -8.54
Wi [112.08]131.26] -19.18 |118.28]135.35] -17.07 | 91.22 |103.27] -12.05
Wl [103.37]119.44] -16.07 |124.06|143.18] -19.12 | 91.71 |105.04] -13.33
Wi~ [110.21]130.02] -19.81 |114.78|119.02] -4.44 |109.26]124.63] -15.37
Wi ~ | 97.21]106.00] -8.79 |119.20]127.52] -8.23 | 110.59]124.09] -13.50
Wi { | 103.3]122.61] -19.31 |98.96 [101.15] 2.19 |103.96]117.57] -13.61
T BT 155 [103.77|122.91] -19.14 |114.12129.29] -15.17 | 98.73 |108.93] -10.20
=i ik 347 6.74 351
o P} 21,79 19.20 13.89
MHERE ) 12.56 1217 7.62

# 9 ¥ #1355, B2402442 4 i § POO1~P003 = ¥ i* £r2. RATA i3 & 3% %

POOL P002 P003

Pk | A | B [(d=AB)| A | B [(@=AB)| A | B |(di=A-B)
#cyh- | 181 | 1.85 | 004 | 1.01 | 0.14 | 087 | 3.79 |409] -0.3
Wcyh- | 235 | 246 | 011 | 099 | 0.16 | 083 | 2.89 [3.22] -0.33
#cyi- | 1.76 | 1.86 | 01 | 096 | 0.34 | 062 | 2.33 [256] -0.23
B e 2 | 2.02 | 002 | 118 | 122 | -004 | 351 |349] 002
#cyhii | 220 | 235 | 006 | 091 | 1.14 | 004 | 3.05 [329] -0.24
By~ | 1.73 | 1.81 | 008 | 094 | 067 | 024 | 1.95 [2.22] -0.27
Wcyh- | 241 | 247 | -0.06 1 | 036 | 058 | 1.98 |2.16| -0.18
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POOL P002 F003
B ] A | B [@=AB | A | B |[@=AB | A | B |(G=AB)
Bk~ | 186 | 21 | 024 | 1.06 | 025 | 075 | 212 |2.04] 008
Wil | 1.86 | 205 | 019 | 004 | 038 | 068 | 231 |245| -0.14
THIiow| 197 | 207 | 010 | 100 | 052 | 051 | 266 |2.84] -0.18
ik 0.06 0.26 0.11
. 1 787 81.03 10.74
ar i P
WHERE 0.19 0.96 0.36
ek | A | B |@=AB) A | B [@-AB) A | B |[[{i=AB)
- | 181 | 177 | 004 | Lol 016 | 085 | 3.79 [437| 058
- | 235 [ 234 001 | 099 017 | 082 | 280 (361 0.2
W= | 176 | 181 | -005 | 006 | 037 | 059 | 233 [283| 050
Frr > | 188 | 012 | 118 | 126 | -008 | 351 [379] -0.28
T | 229 | 216 | 013 | 001 | 118 | 000 | 3.05 |380| 0.75
o | 173 | 164 | 009 | 004 | 060 | 022 | 195 [251| 056
W= | 241 [ 197 | 014 1 1037 | 057 | 198 [244| 046
Wi~ | 186 | 192 | 006 | 106 | 026 | 074 | 212 |231] -0.19
Wii | 186 | 190 | 004 | 094 | 038 | 068 | 231 272 041
THIiow| 197 | 1.93 | 004 | 100 | 0.00 | 049 | 266 [3.15] -0.49
E R 0.06 0.27 0.14
o P 504 80.7 23.02
R — 0.13 0.05 0.8

# 10 ¥ 41%%. E5002890 F A v Jxfx PO01~P003 % ¥ it - 2. RATA i3 it % %

POOL P002 P003
FEERE ] A | B [(G=AB)| A ] B |([G=AB)| A | B [(dFAB)
BE- | 7786|8139 -353 |107.35|1115| 415 | 808 [8497| -417
Bt~ |10532]105.08] -0.66 [108.08] 110.9| -11.82 | 86 |93.34| -7.34
B 9637|9821 | -1.84 [11262] 122 | -938 | 81.03 [8539| -4.36
Bhe | 975 |98.99| -1.49 |9258|9924| -6.66 | 88.96 |93.38| -4.42
Wb |113.49(112.48] 101 |95.04 10489 9.85 | 9244 [99.11| -6.67
B [93.11[96.02| -291 [94.59[102.96] -8.37 98.7 [102.16] -3.46
Bji- | 8787|9414 627 [95.23]99.01| 468 | 8122 |8762| 64
Byt~ |107.19]106.49] 0.7 [ 108.7 [120.24] -11.54 | 90.53 [97.79] -7.26
Wi 1 |116.61]117.60] -1.08 |106.35[115.72] -9.37 | 80 [87.35] -7.35
T Htto@| 9948 [101.27] 179 |102.28[110.71] 842 | 86.63 |92.35] 5.71
Rk 1.72 211 122
o A1 353 10.3 8
W ERE 1.05 5.85 3.85
ek | A | B [[@=AB) A | B |d@-AB) A | B |[[di-AB)
WE- | 77.86|8161| 375 |107.35[11412] 6.77 | 80.8 |86.25] 545
Bk - |105.32|104.44] 0.88 |108.08|110.54| -11.46 | 86 [93.71] -7.71
W= | 96.37 |100.83| -4.46 |112.62|121.74] -9.12 | 81.03 |82.84| -1.81
Bber | 975 (9764 014 |9258(10037| -7.79 | 88.96 [91.88| -2.92
Bt 7 |113.49]106.13] 7.36 | 95.04]100.38] -5.34 | 92.44 [101.06] -8.62
Wi | 9311]9315] -0.04 [9459|101.74] 7.5 | 98.7 |99.94| -1.4
Wi- | 87.87]9503| -7.16 [9523|102.01] 6.78 | 8122 [86.72] 550
%~ |107.19]101.67] 552 [108.7|118.13] -9.43 | 90.53 |98.81] -8.28
W1 |116.61]10057] 7.04 [106.35[112.27] 592 | 80 |88.80] -8.80
T Bl io7%| 9948 98.00| 058 |102.28110.03] -7.75 | 86.63 |92.22] -5.59
C Ak 401 1.49 23
o N1 461 9.03 9.11
LLESE S 2.55 513 438
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# 11 & 41%%. E5002890 7 /& » 4z g PO01~P003 = % it iz RATA i3 I % %

PO0L P002 P003
Pkt | A | B [G=AB)| A | B |[@=AB)| A | B |(di=AB)
¥JEi- | 06 | 043 | 017 | 1.02 | 286 | -1.84 | 0.69 |0.86] -0.17
WJji- | 053 | 043 | 01 | 067 | 207 | 1.4 | 0.82 |0.72] 0.1
Wiz | 055 | 047 | 008 | 1.31 | 262 | -1.31 | 0.62 |159]| -0.97

iy e 05 | 044 0.06 0.72 | 145 -0.73 0.73 |1.43 -0.7

By 1 0.46 | 0.36 0.1 0.7 | 1.79 -1.09 081 [119] -0.38

Hc k- 0.47 | 0.39 0.08 0.81 | 2.32 -1.51 0.76 [1.13]| -0.37

Bedg - 0.56 | 0.43 0.13 0.73 | 3.02 -2.29 0.78 [151] -0.73

ey N 0.52 | 041 0.11 0.78 | 3.59 -2.81 085 |144| -0.59

LS5 0.42 | 0.36 0.06 0.87 | 6.13 -5.26 1.01 |1.02| -0.01

T#tom| 051 | 041 | 040 | 085 | 2.87 | 203 | 079 [1.21| -0.42

B 0.03 1.05 0.27

o 1 2458 363.77 88,81

UEER R 0.16 3.84 0.87
ek | A | B |@=AB) A | B |[d=AB) A | B |[[{=AB)
Wi- | 06 | 043 017 [ 102293 | 191 | 069 [087] -0.18
Whi- | 053 | 042 | 011 | 067 | 206 | -139 | 082 072 0.0
W= | 0551048 | 007 | 131|261 | 130 | 062 |154] -0.92

ﬁiz:b‘i; 0.5 [ 043 0.07 0.72 | 147 -0.75 073 [141| -0.68

LS 0.46 | 0.34 0.12 0.7 | 171 -1.01 081 [121| -0.40

Hchp - 0.47 | 0.38 0.09 O.él 2.29 -1.48 076 |111| -0.35

ey - 0.56 | 0.43 0.13 0.73 | 3.08 -2.35 078 {149 -0.71

e N 0.52 | 0.39 0.13 0.78 | 3.53 -2.75 085 |145| -0.60

LS/ 042 | 0.34 0.08 0.87 | 5.95 -5.08 1.01 |1.04| -0.03

F#T5E| 051 | 041 0.11 0.85 | 2.85 -2.00 079 121 -042

B ik 0.03 1.01 0.26

DA 25.8 356.37 86.72

R — 0.17 3.77 0.85

%4 CEMS 7§ % fitdi-= RATA 2 4p $H28 Fw & 140 240 (1 3200k R 2 2
T RRR LS AR X)
1.8 345 % =100 ppm ﬁ
QPRI TRl 4B kT o = 4R 8 50%pF ¢ <20% (4258 1)
DBz 8 B 5 P & 4 18 5 45T 3018 <R 8 50%PF ¢ =10% (4r 2 5% 2)
2.3 3R % <100 ppm ﬁ D =15% (4= 5% 2)
d+|cc)
FEERR I VR
AP = \a\ +1od
B
(CCf: (B e
A=E B e 2 > 2 £ Rl Ech;
B=% I3k % 2 R #icp
B'=% ipl3% %5 £ Rl #icdp (74 RATA -k A He i)
di(% &)=A-B
di'(£ #)=A-B’
¥ 4] %55 A4000283 # it o § § 1t 47 220 fRE=220 ppm
¥ 4155 A4000283 A it = F 1t ArpEaciR =150 ppm
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FF1 S5 B2402442 A 1 B F 1 47 %4 =180 ppm
¥ 41 %55 B2402442 4 i = § 1 Frgt i =80 ppm
¥ 41 %35 E5002890 ‘//EIW”]U’@ § 1t 4 iR =180 ppm
¥ #1335 E5002890 7 iR ¥ fc = § 1t Ard ik =80 ppm
Sl BRORATREYES B FETL§ F L § L E T RATA
TiaEign o L iET RATA w8 R P HRRP R T RSB sTI0E
<EARRE 50%pF o Rz o gt 2(E R ) R R o B R B L AR
iR gL 4 0 @ RATA EARHE ] o 2R Eg 30 > <3
¥ i 7] RATA 'w R B BT x&ﬁ#wx%ﬂﬂ@%% g Aoz T B e
FILF A2 5 L~5 342 SFFETE > U 242 \fif% T2 W AR R K
AREERA S F LR 3P FHITRE S RPAE - RiRF £ CEMS ¥ By
h *“icigf’:'*ryk,g\ TR E AR W R A R TR D H TR
SEE D BRIk B IS N T RSy B2 EE 7 2o
.ﬁ%# o

B
oo F gk RATA LG AR & & @ 5 0 % 14 4 B 40CFRT5 g A -k
A RATA ic 24 10%0F 2 ¢ 41 8% -3 A M R - L 2872 & o d ot
VA A kA AT RT E L2 g@g\wﬁ-w? B LIRS FoArt SR IR
T»M FHAR RFRA BRI R RZ L BB o FETLF
- F taEATY RATA T32Eig ¢ > £ iE 7 RATA W H3 I > 3 HpliE
BT R e S iE e T 0 < PR B0%PF s B 12 o N 2R iR )i 7 E
EH L RE2 LR Ep LY L @ RATA EApH% | - FH#E%
TR FE o AWML T ] RATA i 2 & o AR AR iR
RN TE
i A %Je
1. r%iiﬁ%i&i%iﬁ%@%ﬁﬁiéﬁr%;‘fiﬁ'léi%@%ﬂ?’%iéylﬁ%ifﬁ%?
0920058967 55 = 4. » 2003 °
2. WRA - {Ec TRAITSARIFAFF AL BT R F L2 E3
3 0 AR EER Y BNR > P3-1~3-17 - 2014 -
3. USEPA, 40CFR75: Continuous Emission Monitoring System, Jan 24 2008.
4. Plain English Guide to the Part 75 Rule- U.S. Environmental Protection Agency
Clear Air Markets Division 1200 Pennsylvania Avenue, NW Washington, DC
20460 June, 20009.
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CEMS & *ARF R MEF 5 3%y 4
CEMS Applied on the Control and Management of Air
Pollutants Emitted from Stationary Sources
(R
Tsung-Wen Chien.

RIRESPARE- SI 5 35 K i M
Sustainable Environment Research Center, National Cheng Kung University

W2

CEMS £- 55 A hfrk il M S p§ 4% § » chF 21 2 o955 4
BEiEA R a5 3 B ”%ﬁd 10 E Ry TR LS 4‘/751‘ff'ﬁ 4‘}‘7??{% i
Hop g oG sendl (R G~ BT a4 ;r;fr%ﬁg Z 5 ¥ d 2 DAHS
BoFe R (T AR B BcdR cnit AT AR 0 § 4 T LA 4 fod A o $Fi ?ﬁﬁfﬁg B ’CEMS

EREYp TV RAPMEEA R TEHES ARG 45}* ks - g4 R

LT 'liji“ﬁ:,T AR E R 2 ('lif':‘_ﬁi r'r?ﬁz VLR R ER S 4/);?/}5\‘ T

Bi1) T d tah CEMS E RIS E 4RI AR B oz i fotp e 2

T R B R R T S R  5T 4R T iq‘“ AR
B/ GG for § &R ERITE 2 R o

MoEE R B E R S B BRI W R e}

Abstract

CEMS is one useful tool for stationary source owners and competency
authorities. For sources owners and operator, they could use the CEMS data to operate
the relevant stationary sources and air pollution control devices, adjust the
maintenance SOPs, and submit the emission reports. For the competency authorities,
they could use the CEMS data to know the real-time status of emission from
stationary sources, calculate the emission amounts and air pollution fee, amended the
relevant regulations and emission standards, and to be the database of emission
inventory and air quality modeling.

Keywords: CEMS, Control Chart, Emission Standards, Cap-and-Trade

TR A A FAFRE PR e B
E-mail: twchien@mail.ncku.edu.tw
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-~ H -;

ERRVRRES LR PR I S R RS - T WA DR Rl ok
FRABVEFIAFIAFDLIRAARA LN R Ao F R F R
o §F "REZF AL LR —?_}{"rj\//ﬁ‘l RN o e -’L,)ﬁzm%’;%* KB
T B AL A A~ B AR OE B Ao iF 44%4;;;;# AR FIP TS LR E A g 3%
WEBLE RFL L RERPFTT R DL IR ITEE (o g 351‘%
FUCER R ER)odpl LR R T AR s~ WARSR T SR B R (4
SN AT IR R RIBR R VGEToRiR bR e SRR R R BN sk
RATE R ~ F WA RE P E S o g WA AR F)[1] - Rl
o [2] 4 % 3p R A # 3 Fop) k%t (Predictive Emission Monitoring System,
PEMS)[3-5] % -

W RE FEAFEE T AHFARTF ST R LA EmE
BHERAARZFAAPECER o % EL - EL M- a3 FEZF
AAPRERIETINEEATT L AR CEETF SAPRE BT RN
(Continuous Emission Monitoring System, CEMS ; & B /2 % EN14181 ] p 2004
Az sl CEMS 5 AMS (Automated Measuring System) ; i& B2 P 82 TMS
(Tele-Monitoring System) # 7 )~ €_#p ﬁ;;ﬁj\#t K x”‘*ﬁ!t‘fr";ﬁﬂ THrE AfE NE D o
higi it E 5P 5 d 3t CEMS &3 F BFER L LRSS RS
%i“% SRR B ErE Sl o 2 A0 mr] T5 A RRKE CEMS & % pF i

B ZR &%géﬂ@ﬁﬂ ?ﬁﬁrﬁg » 1A T IS L RER R .

"CFELF p BT RIPTFD FEH I XGRS AERHF L DFRET
CEMS @ = & % & B%h G M £ 425 LR mfei 2 8 7 ¢ $lic ke
B1E2 - o p FRBEFFIMMEI 1975 & 7 L & 5L 254 * CEMS B 4 -
PEE 2P » F4u s B SR S p A~ 28(1993 EA2) s g B~ FT4esl > ¢ R &

CEB B R LER Y FAAMNZL R RFLEEY O AFTERKE
CEMS -

% CEMS HiF$ B F i v arad 4 o FZ Ra g B - §F L&
ERATM I OBREREI R AL TERDFT LS G R o - B &
Ble BAs R kR g g A R ey CEMS, B R} hE R
P i 7 & % 5 (Opacity, OP)& 42,k ;5 44~ R EA(PM) ~ = § 4 (SO)~ ¥ ¥
it (NOx) ~  # (O2)* = 5 it B (CO)frt 2xim 5 o

@ F CEMS o * = iRl 2 BRI Hep F S8 o & R BB R
¥ CEMS 2 3 2 mHBHINE 8534k o Bhes REEE ~ R0 ~ 1L R~ 8
ffféf& NESfrr gt 1 {1ARE B RRE DT PRIE D " FUED B R ARR
B 4 — § 1 %(CO)~ 3B RAL(TRS) & it & (HCI)~ 4 i+ & (HF) <51t & (HoS) -
Bopt g it &4 (THC) ~ B W4 405 125 % 4~ (speciated VOCs)fr # i 4 %
(gaseous total mercury) & ; f84 3 2 2R ¢ & TP F (NHg) o 37 & 5 e 88 %
FH2z A RS RS S 1ISO o CEN)RI S F £ 4137 CHs - N2O 2 3%

71



P 2B R SR o [67]
CEMS K B2 P éeni & A3 2305 795 28 $lrc R endl 728 ok o

LR R

L FHEFRRE B AP FIRE 2RIk

2. FEEG TR

3. BRI F S AP EEA LT @ ot g

4, Hefria R : FmEpad

5. RGP P EERETF SFTHGEERATR TR RE T

YL R W) g CEMS EORIBCIRAE Y A5 AR FIR A R TE s Bk R AL
T e PR s PR RS e F A AP RE AR EY 2

[

S FARREAfRE R R

- Lm0 RNES LRk 1T g A - Tehg § vk (Air Fuel Ratio, AJF) &
@mﬁﬁo;ﬁﬁ%iiﬁ%%ﬁﬁbﬁﬁﬁ&@ﬂﬁﬁ%%’NFiﬁgﬁé
WLl e BHEF A S EREYER R oS T oA 50 JURE R
Foe#eF § Rk A (thermal NOX)'T ¥ A& b= @ sl > Ft i ¥ ¢ J5d 2
el 5 i B ~ Oz~ CO v COp enE il k34 705 4 ihdn B 48 o

Fobodof PS5 AR * bl fodk (FIE LR AR A LT HF S
FAHEF WM O2 & CO)k & € fo— TR %1t o 4ok 3 RAPM £ R
e AZB R A DEILER 0 2 TS LR R o CEMS & B4t
AAPBEE TERE R > S N4 A SRy 2 wig4p o B 1 5 H[8] 0 - A
%%ﬂcmﬁﬁﬁﬁﬁﬁ1ZM%%%@W%“’WWdﬁﬂﬁﬁ%&%§ﬂ’
2 CO, ik -&ﬂﬁgﬁﬂ%ﬁ’ﬂiﬁﬁlN%MT°;W#¥W?3#
(Shewhart Control Chart » B8] 2 #7757 ) % A4 BE F 1503k & i is 2 o
%%ﬁﬂﬂCamﬁﬁgﬁﬁﬁﬁ%’@ﬁﬁ$C@%&%ﬁ%%mo*dw
g e d AT Fars 325 4RI ¥ 0 CEMS S F5F 2 B 41 77 S

EREEITAR S AT EFAMZLS L RE P FERIGHBRFENGET D Z
+ﬂ} FERBHEF MR FRMBEFE T BTLE E ] FIRCO E Rl E Y
Tig % SO, fr NOx %73 4 Flig * o - &Fh CO kR EFHREREB L A 3
MAR T E o M F PR .

~m)
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Hourly CO2 Concentration Data
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Date Time

B 1 wfsppd g COkR A it & &)[8]

Daily Average CO2 Concentration Control Chart

16
15
14
13

12

CO2 Concentration

11

10

9

6/1/2 7/1/2 7/31/ 8/30/ 9/29/ 10/29 11/28 12/28 1/27/ 2/26/ 3/28/ 4/27/ 527/ 6/26/ 7/26/ 8/25/ 9/24/

006 006 2006 2006 2006 /2006 /2006 /2006 2007 2007 2007 2007 2007 2007 2007 2007 2007
Date

— AA ¢ DAILLYAVGCO2 = AuditUCL = Audit LCL
+ Baseline DATA -~ Warning UCL ~—— Warning LCL + Conc OOB (V)

B2 #* 58 BHri2)er CEMS  plicdy 8.7 £ % 2 4 6/[8]

Pied s WEBRNHE R L BHBERF PMERET F EFRAIHKD
R LG - R F B o - L FORRAE L RE e S g R
FIE o FIp > T %ﬁd fdhp 15 m o % E (economizer) & 3 F Ar AU E T R
FEER O ARk FFd O kR LT} B ¥ a2 LR FHPILAE

73



%% (preventive maintenance) - j& > ¥ fodfk (2 A cdf 4 o

o EEREFRS TR

Y- HAT P TR F R R E T ¥ 2 (Combined Cycle Gas Turbine, CCGT) 5 &1 »
UARATFFREFAFEFRF R G TR E > EKIT F R NOx#x
L % 40 ppm (372555 2 R E] S 10 ppm) » L B E A BN 49 b CCOT etk &
PSRRI 0 & CCGT#&?EH’JNOX#E{I%}\_XEQ&_Q 18-25 ppm z ¥ o

dNFER A TR FFLBE B REEY TR LG R tlbg e &%
TR A X Azikgg 2 ITHOGY o Flpt 0 H NOx 2k R BEAR & lﬁi\'l‘gbng/& 7 A
25ppm > T L i AR (ded 197w ) 0 e B d 3> CCGT 2 4> # fﬁr&ﬁﬁ
Febodr g 3 @ eng Jk & NOx # 3% ii 2 [9-11](4r R 3 ~ % 24r 4 3) > # H NO;
it NOx 't &](% 20~30%H % ¥ it % iF 50%)* &% ;tﬂég(g d2F 5 (4o® 4) 0 E
RARFIFIrB S ? NO A chf ¢ 0 m w R FBHEE - 5l > 7
d CEMS & p pap 4 | WXy I5ABTHERAFRRERF FLHe
NOx kB %1 £ Z & B S4F 0L » 4~ ]8T % § B T8 o dh (k2 2 £ plik
AT AL o

1 R 98~101 # B P WA T AV F 18 e NOx £ 22k & (ppm)
F L EmiE b i

g | AR BRER CRAE ) DRAC e o001l 2 PS04
P01 P01 P01 P01
98 10.0 11.2 206 16.0 12.9 185
99 103 12.4 235 9.9 11.6 18.6
100 9.0 115 250 12.7 12.1 19.0
101 9.4 12.2 23.0 124 143 19.2
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5

0

09:1509:4510:1510:4511:1511:4512:1512:4513:1513:4514:1514:4515:1515:4516:1516:4517:1517:4518:1518:4519:1519:45 20:15 20:45 21:15 21:45

090989116&1038150311’]33MSI}ZH:BBQBBB1}33%%1534@6%1‘733116!]81(7%11?6021715311508EMQSDSBBBMMIUZGEEESAYBBAE08

d TERFRREF AR RS2 R
ERCECES SR S/ A

10 R B R AR o g
R X A

WeFE it - CEMS Epl2
fod 3) 0 v FHMY HTRE

=@==NOX_orig (ppm)

B\%?I&ﬁ

=@=NOX_adj (ppm)

02_orig (%)

02_startup (%)

- B R A R T NOx k& % 1

BT F R

—l P SR R 2 AR T AE S
P o d 3 CCGT chffe (F4d » 4c b p b % 5 8 ¥ 1 ¢h SCR eh
A %> 300-400°C 2 FF (B&2R p %0 & F —

(RS R

EEIEL % é\%&

NOx £ ik & frdt §

31 E8
BE 5 &4 fle 7 A8 100-200°C 2 [ £
% P fNOxm#“i ° 'ﬂt“ ’

i%%&@$’%ﬁﬁﬁﬁﬁﬁﬁm%@kﬁiiﬁﬁﬁ%%’Q&Qﬁ&ﬂ

BRIE AP B (Erd 2
ZE o4 BF B > BEN LA

Bo oA 0 T o NOX 2 %08 5 40 ppm » = 3 T Jop Pt 12 As 6 6 1 (4eid A2
BSRE 5 5-6 ) BF » fAss b 2~4 [ )5 A 0 A E AT BRECRE G

- ETaE L AR

Bt BRI 2 % b -

% 2

EBTROTET P 14 p A4=4% NOx £ 22k & % 14 [12]

T L L 41 CEMS ORISR FEN 5 4 R

T

rpm

i
(Nm®min
@15%0,)

144§
%

NOx ik &
(ppm)

I

(%)

40.28

0.21

0

20.7

41.35

0.22

0

20.7

52.23

0.28

0

20.6
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4 7 42.95 0.23 20.6 37
5 7 70.15 0.37 20.6 35
6 7 1738.08 9.27 38.65 20.6 62
7 3605 7286.93 38.86 75.87 20.3 123
8 3600.8 10115.93 53.95 90.01 17 110
9 3604.5 18301.25 97.61 4.84 13.9 126
10 3599.3 18750.15 100.00 0.69 13.8 129
11 3601.3 18655.6 95.00 5.56 13.9 129
12 3601.8 18699.8 99.57 5.47 13.9 129
13 3602.5 17674.33 94.26 6.09 13.9 126
14 3597.3 18755.53 100.03 5.66 13.9 128
15 3600.3 18725.55 99.87 5.13 13.9 129
16 3600.3 18651.88 99.48 5.25 14 129
17 3599 18582.95 99.11 6.28 14 129
18 3604 17319.33 92.37 6.06 14 126
19 3600.3 16222.6 86.52 6.44 14 122
20 3601.3 18506.5 98.70 5.59 13.9 128
21 3600.3 18305.6 97.63 6.84 13.9 128
22 3598 1857.35 9.91 0 13.9 92
23 6.5 49.08 0.26 0 18.2 51
24 6.5 40.78 0.26 0 20.8 46
%3 EATHROITET Y 15 p #448 NOx # %k & %1 [12]
L B
g fof (rfhi/;in et | NOxikR | 5% |#iEn

rpm @15%0;) % (ppm) (%) °C
1 6.5 37.78 0.20 0 20.7 45
2 6.5 47.63 0.25 0 20.7 45
3 6.5 51.73 0.27 0 20.6 43
4 6.5 43.43 0.23 0 20.6 44
5 6.5 32.00 0.17 0 20.6 42
6 6.5 33.65 0.18 0 20.6 42
7 6.5 157.33 0.83 12.59 20.3 52
8 3546 6011.55 31.82 80.5 17.0 116
9 3602.5 18236.00 96.52 5.84 13.9 126
10 6301.3 18893.10 0.00 6.09 13.8 128
11 3605 18828.30 99.66 6.31 13.9 129
12 3601.5 18681.50 98.88 6.44 13.9 129
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13 3601.3 18362.90 97.19 5.97 13.9 128
14 3600.3 18583.90 98.36 6.28 13.9 128
15 3599.8 18562.30 98.25 6.63 13.9 128
16 3602.3 18556.30 98.22 6.09 14.0 128
17 3599.3 18511.10 97.98 6.31 14.0 128
18 3601.3 18524.20 98.05 5.69 14.0 128
19 3598.3 18562.20 98.25 5.69 14.0 128
20 3602 18566.80 98.27 4.78 13.9 128
21 3599.3 18534.00 98.10 5.22 13.9 128
22 3600.3 18233.40 96.51 5.81 13.9 128
23 3598 1805.45 9.56 0 18.2 92

24 7.75 26.43 0.14 0 20.8 50

Noload 10 MW

20MW 30 MW

40 MW

50 MW

60 MW

100
90
80
70 -
60 -
50
40
30
20 -
10 -

0

Concentration (ppm)

0

B4 - LAFHREBPELET R LI E NO2 & NOx k& %1 13

® 5

. NO, %
#oom /%/’ \
/ \%/
// A\ // \\\
Y \§/ o0
d
NO,
L ! ! L L 1 | !
10 20 30 40 50 60 70 80

Power output (MW)

70 MW 80 MW

- AT AR AR FINO, A, 2§t 2T
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FARZ s Wb R SRR BT R R oY 5 AR
CEMS £ l#icdh - 7 £ MR iRF 2012 & 4T 4 £ en TR 2 25 4 5%
% | (Mercury and Air Toxics Standards, MATS) 3 &) » # & & % 2 4= Y (startup)
ScX S RIFE 8 SRR AR ES LA SES T AR RS R
Bif ot MATS 2205 > 38 5 T4 S5 £RMEFF @ - RELLT
B OEEEEE o P EREEF FLLF A RPOT R B A 4e[13] - #
FenFR N F @ 35 414 1 7 4 3K (Electric Generating Units, EGU» iz & /5 % ik »
% 7] ARP ~ NBP ~ CAIR fr CSAPR # 41)¢i5 % B4 (dode T ft & I Tefh 4 %
Balh LR R ARR) AT G BT (¢ § R A Az 4 pE) 7 AR E P
* % 2 H 48 (wet/dry FGD ~ SCR ~ non-SCR # uncontrolled) ~ %5 % R4z % i
ERAAPHIRAT MR AeD ¥ 55 Ay St R L2 CEMS £ RHER(2
5 SO.NOx 3k B ~ #3% %ﬁfé_fr#kﬂ:’{ﬁi)éfi % %8z H 2011-2012 & ¥ ch4p
B By o

dod 4~ B 6 oWl 7 47T 0 F RBRFF A 40 AT 0500 £ & 2R flfr pe
SHsp o R ] KR H (414 B EGUs) A 45 b 0 F ik gh 2 R § chi
oo ddE R & R E4F e 120EGUS 4x 12 A 45 0 d gt EGUS i B Sicdh 3
R R U N SR VRN - E AR B VE S AR Ly 5 I g
U HETRA S R R R TS 7 2en EGUs B & Rt LT F R

% o

% 4 2011-2012 & # B EGU A= %% % & A 45 534 [13]

-

Boiler-control Normal starts Failed starts Total starts
PC EGU 7,364 2,103 9,467
Supercritical w/ FGD 1,612 369 1,981
Supercritical w/ SCR 1,413 324 1,737
Subcritical w/ FGD 4,827 1,335 6,162
Subcritical w/ SCR 2,578 823 3,401
CFB EGU 208 44 252
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400
Cold

350 - B Warm

300 + l Hot
250 -
200 -+

150

Number of failed starts

100

50

1 3 5 7 9 11 13 15 17 19 21 23 =24
Hours of fossil fuel combustion

B 6 &FFAlpiist o Azlp & prarif 42 cnpE A A3 [13]

900 -
Cold

800 -
B Warm

700 M Hot
600
500
400
300

200

Number of normal starts

100

1 3 5 7 9 11 13 15 17 19 21 23 >24

Hours of fossil fuel combustion before generation
E] 7 {E. fﬁ_:‘lﬁ{)‘é v}’_g"f;\ ) ”’E‘?‘f'] il'i{{é E'L'r/ﬂ%f- ‘:’ﬁﬂé’: & .f‘fb'f;‘l‘ [13]

Ed EwmdF T A1 0 2R ES 2014 E 11 7 19 p 337 MATS 2 42
BB I RADFTEEIMWE T F A B s BB T8dmd | @
TR F PR R DR RACRIRFFARL G T T AR
(1) BAclpld R BG T i i ™ fo
(2) tdhlp B AsP r R DLB L PR > Rkt 5 412 413K & (PM control device)

&® RHAnie 7 AT RS
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) *’tfﬁ’-" FEMA G T 2 JEGUSTofis 44 B 413K & 6 b B /R4
B 'ilEGUS‘fr'L_;}%ﬁ AP Ak REE NS BN T o

AR XGTF AL PR 20103 & 12 7 01 p 83748 » RTH
Av B B ARLAIEE 4ok 5 #rF)) e nd & 6 S RET > BP U4 CCGTs et
FRfaiRT o By O2 k& 73 15% ok g WP T H LS 4k
T AFRE P BT RIS PR e R PR ER m; HE= T
RS SRS SE-NERECER R R S ST R FU PV
FEAYERBEFFOEZEF{ Fwhofr IR NP EF jz-mwir;u/ 27
%

%

25 AWTAXGEF AP EEA B D
A REA T | F iR
L2 XAME | HERBPE
Ipop R BN | dp P ke de gl ﬁéﬁ@% LB ED B
e | EEEACFF PERRIRG CERREA | (F) LG BRE

g |FATEBRLIE B X T S PR T R

51 EF % k)

iTHp B o 15% 2_ & T8 | (TH R o TSGR I
B oo PERZ_MEITHR o
B2 |G AR FE T BALEHMP R FEF R
WE | AP Eer R IRFY 33 FAFER AL P2 TR -

46 N FE98~101 & BN A T R F 18 O 3k B (%) & T 35E 1 R1[7]

g | ARAC BERERCCER DER L 0001lF 7 5 PS04
POO1 POO1 POO1 POO1
08 13.8 15.6 15.2 13.6 135 15,5
99 13.8 155 14.9 13.3 135 15.4
100 13.7 155 15.4 13.1 13.6 15,5
101 14.3 15.0 15.4 135 13.7 15.4

Fobo A 100 £ 40 PRI RFIREAFRFSAEAL S - BREEL
AR F CEMS Z Rl Beandk & o Gpt - 215> A FLRF G BR
M o#-F A% CEMS hie f e ficdp 3 P~ 2 @ & % (Data Acquisition and
Handling System DAHS):g BEengic 48 4o 02 { 370 @ B R4 & ¥ T Be % et o
RAHBARARLE AREL DA KA (4o SCR)sHm T » B NOx £ ik
R g F AL B R4 o eind f A E 4B CEMS E ipl#icdh NOx
VT 5 EAB R R (- B 8)2 S B M A BRI EL T # (A 100 £ 4 )
4150 8 NOx " T /ig 411 % 40 ppm > &7 3%55 4 k73 CEMS &
Rl Bk g 2 cKRERE R F O A RIS R DT F
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S AD Al

300.00

250.00 g 962F
NOX H 55
NOXH ¥

150.00 984
NOXH F13

100.00 _994%
NOXH 15

50.00 1004E
NOXH ¥+
0.00 T T T
mromromromr oroomromr mro mr [momr mr

B8 X% ihlpici 4 NOx kA 96-100 & # [ # T 350 $ 1 454

P PR REFHELS

R ERE RS PR UE SRS E s T A T
FErRFAFERE BB EE Y 2 PR BB EE S Y
BRI} B 25 AR & SOxfr NOx #3254 & #1382 S et 52 5 o
Hc SOx ~ NOx "L i * 2 2 i 3V Y 4775 F > SOx ~ NOx ¥ 4R+t b i 43,
~@¢%¢&5%,ﬂ@ﬂé@$ﬁﬂ%*@%’ﬁbﬁﬁ@ﬁ%ﬁﬁ+““?ﬁ
R B R S F BT 0 B SOx 2 NOx#:c g (b8 7.8%% 5.0% o = * &P
Bolp? E ML 364% S BALF - D F BT KRAIZ ALTAR > H SOk
2 NOx @Y 22 26.0% HERFE MY FHF 2R LR
EXRAFAPTRRAZXAANFT LR ¥ W YRTE RS AR S E 22% 0 @
SOx 22 NOx #2328 1t &) 66.2%% 69.0% o [14]d p* ¥ 4v » CEMS B2 8 % % e
SRS R SRR X ST Lk X LAY o3 S

B9 5 sz 100# K %5 % %F@$“ﬁ1\7$kﬁmk@$ﬁ4$
VOCs 4z 47~ SOx # 3£ ~ NOx #: % £ 2 VOCs Az g #rik 7 4
2 ARa AT E o

AN

=]
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LI SOxNOx A2 28 47 R # B SOxHE# ¥ B NOxHE # 3

mVOCs # 42 ¥ 4k #1 DO VOCs # 42 kA%
100%
80% r
-
>
e 40% F
20% r
U% I i |
153 el B H & F4(V0Cs) H A A5 (VOCs)

S22 345 (VOCs) 64 B MR P8 ~ i P 4RAETANL &
B9 =AR100 & Rp HE5 F kg ¥ 452 50 0 B[14]

FAEE R LR F A AE DL 0 S5 AT FroE HIH 0 (R S
AP AR BNV F L@ REESEBFIR JEA LR F AN R R
ERTILE T > FPF S BRSAREOR R T B AP E e H Ik
Je B v B AT AR B (4 42 AR B 50 80-90%) 0 I P 0T AR EE & f i S
EOFRT O FAFFER T E G HMAR  HT § &F et d v Lo

SRR R R RE S AR R R E ol FIAHL SR AR LA

WERME TN L JR AP RFRRTF AP e o d v EH 5
ARNZFAFPHF R FERNSFT LI A A TR A a7 ’5?
FHRIZFP A 2RAEARZF AAPHRA AT RERT FLEPHRE > H e
TAr e W IT AR E PR B A#L*I%F—rf% TR e IR G B 2000
ELBAWELRE IR A ERE TR AERE AP HRE
(FGD/SCR e 2 %% 3] 30%) » 3 2 % { ¥ % ifrm #M i o

P FREMLF AP R RTE I RATGFEETF AR F RS
4 4% * performance-based approach sz £ » do#s i 8 # F1fe# 22 £ 2 4 3 #[15]
HiT2 AR UREE P A R &L F BF 4 RA o 2 (allowance -
Fo R L 1SR R)ER AEAN B PRBEART SR
LR S PR L e E P B ARE £ R PR 0 BIAZ3 (excess
emission)shE g - B3 A RIS HERAF Feh 30 B oo g iTE g
FFARBHES DT FIHNOFEREDTFFIEINTLAPAIRAERE 2
Pt A }Fﬁﬁ,«\#ﬁ%v@ P B R SRR AP FIREERF T A
WEATF AR S aF AR 0 2 WF R HATE DR G M 0T 5 0 koengtak

FER L7 R B S o (R e B4R 8 R 1 AR % 4o 10 #77 [16]
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% 2006 & £ ‘*J&@%’A—ip#k%xgmg@ #1600 # ~ - ZH 759520
) o Fgb v 3 kA R LA hE R TR b 2R E R A (Flue Gas
Desulfurization , FGD){wi% #% 4§ i J % &' (Selective Catalytic Reduction, SCR)
RLFERP ARG -

$1,800 2.00
$1,600 1.80
oy
1.60
$1,400 c
£ 2
140 =
o T
S $1,200 B
v 1.20 ~
~  $1,000 )
B~ 1.00 g
S $800 -
e os0 O
-a $600 -
£ 060 ©
& %
o $400 0.40 c
= o
$200 0.20 -
$0 0.00
g & & 5§ & & &8 5 8 8 & & 8 & &
= x s & = = = = = = ks 5 5 = 5
- = = & = = = =T =T = - =& = = -
Date
Note: Transfer volume data provided only through December 2007,
I ) b

M 10 2B SO #%® 2 s B2 b § 1% 1 484[16]

£ Wt - FE 7§ # #(Clean Air Markets Programs) # #1#c i % p 1995 & B
47 5 > R anfk & 3+ % (Acid Rain Program, ARP) » &g #& % 2003-2008 # #p F 3
dv— ¥ & i PRt % 3+ F (NOx Budget Trading Program, NBP) » #2009 & ** it
ARP 4= NBP < d &f? i ® 7§ i# (Clean Air Interstate Rule, CAIR)#& =+ - 3 7 2015
£ B4s o BIEd B F F 73 4 F 41 (Cross-State Air Pollution Rule, CSAPR) » 1
& SOz = NOx 2 *ﬁfﬂ‘w“’iﬁ%‘% SRR E A e

P AEKET Y ERE R AR P E P RS E S AR
SO, fr NOx 4 B poit ' K (4] 11 fr4 7 #7%) > & @ ¢ % R (4oB) 12
T L R ERE L o A RBE N AR AF L o
BB rc R E R dn d B AR R T R AR E A A B TE S A g
AR REHIREA Gt ViR HE 0 F i 4010
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20.0

18.0
_16.0 CAIR 50, units not in the ARP
% All ARP units, including
E 14.0 future CAIR SO, units
g also in the ARP
£ 120 | mm  ARP units not covered by
Py . the CAIR S0, program
=
2 100 . ARP units covered by the
A CAIR 50, Program
E 8.0
ucju m— ARP budget
Q 60
- — S50
40 - d
||
2.0
0.0
1980 1990 1995 2000 2005 2010 2011 2012
Bl 11 % & 1980-2012 & 7 4 % SO, # <& % i 485 [17]
# 7 % § 2000-2012 # ¢ * ¥ & @ vk SOy 3§ % 1t 84 [17]
SO, Emissions (thousand tons) SO, Rate (Ib/mmBtu)
Primary
Fuel 2000 | 2005 | 2009 | 2010 | 2012 | 2000 | 2005 | 2009 | 2010 | 2012
Coal |10,708 | 9,835 | 5,653 | 5,090 | 3,291 | 1.04 | 0.95 | 0.63 | 0.53 | 0.41
Gas 108 91 22 20 6 0.06 | 0.03 | 0.01 | 0.00 | 0.00
Oil 385 292 38 31 6 0.73 | 0.70 | 0.27 | 0.19 | 0.04
Other 1 4 8 26 16 0.22 | 0.27 | 0.27 | 0.53 | 0.29
Total | 11,201 | 10,223 | 5,722 | 5,168 | 3,319 | 0.88 | 0.75 | 0.46 | 0.38 | 0.26

84




1989-1991 2010-2012
=¥ f e £ . A | 77 : 4 f

Wet SO
(kgéha)

HL‘
-8
-12

-16
-20

24
28
>32

B 12 % 55 SO, fr NOx B & 419 18 & 3 JBA S mpe g Jk B % 1 [18]

pane R E F 1 EE b R RS 35 £ B CAIR 1 SO; fv NOx
HERTEAIE L WP IEEF WS R L EU-ETS GHG Emission Trading
ERpE ik € ® e 5 & % (Emissions Trading System in the Seoul
Metropolitan Area)rs % & B ok o pac £ 2 5 k5% o

d M EEE RS AT A BT RS N R F e ez B (cap and
trade)sc X it & # H B £ R e > Tl F RIE R F A H L AR £ F1370 4p
o 7 E w iR g % oh CEMS {240 A4 (40CFR60, NSPS) { & Bt 52 CEMS
#.4°(40 CFR Part 75) » 14z 2 £ & RIcdp e R~ RTLAr? A -

% TR PR R AR Y MF LR F )T 3% CEMS 2

% ARP ~ CAIR - CSAPR % 2 257 ¢ 415 4 kR > # SO - NOx #3< & 7
A2 99% R Et CEMS T pldicdp 23 ¥ sp H g > T A e b 7 Hie e
Th oo B g PR R R CEMS £ Rl#cdp Y 4F SOk 0 A i
FRAB LR 24% %0 CEMS £ RI#g Y 3F SO, #7328 o g A7) 5 ip it %
Weenig * 23 > FltAphl2 £ LFH PR T PUE ST U e 2 E R
CEMS & {7 Fpr g ] -

gt v L oCEMS fAphd g FlrcRirimend ¢ 2 £ & PforrfFLens it 5 5
VR o

Ii~%w

8% CEMS ik B fodf (P A2 8- 429 ] Al £5995 f £ e &
CEMS - sp§ § 4 hf a1 & - {HF R RFIEA R a5 > 3 7 L Ed Ap M
RS TEARS RS R #'J?Ji AR E AR S el TR R
gL TE oS > ©d 2 DAHS p $:8 7 4p B g ot 2 47 > &
FPRAA fod Ao i FHMA 3 ’CEMSP,? By 3 T RAPM B I A Ei Al
RS LREFAARGRR - L ALY & R £L %
(e f &F7F 27 UL Mm—&:&,ﬂa,@pgg B1) b pEF A AR B CEMS@—
A SRR RS S L L RS RIS (N S SRR
FRFERB Y o e EEy TR IR R AL G oy
F o R g 2 e Eﬂt‘* RPN R ORGIIE R A RT S
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4R R ARE > B4
ol

R AR E R A

10.

11.

12.

CEMS # % e % P38 P o ¥t 104 & 7

X R
B E AT TR TR e

ePE

SR A
i S ;;%

RIS IR FI T E 0 KB DGR RIS E U L 2w R
g E S > %21% > % 4% > pp.23-36 5 2012 -
HEECEFAFBREHRY AT EE Y P T A DR
A 5 0 pp.1-2 > 2009 -
Chien, T. W.,, Hsieh, H. T., Chu, H., Hsu, W. C., Tseng, T. K., Hsu, C. H., Chen,
K. Y., “A Feasibility Study of a Predictive Emissions Monitoring System Applied
to Taipowers Nanpu and Hsinta Power Plants”, J. Air Waste Manage. Associ.,
\ol. 60(8), pp.907-913, Aug., 2010.
Chien, T. W., Chu, H., Hsu, W. C., Tu, Y. Y., Tsai, H. S., Chen, K. Y., “The
performance study of PEMS applied on Hsinta power station of Taipower”,
Atmos. Environ., Vol. 39(2),pp. 211-222, January, 2005.
Chien, T. W., Chu, H., Hsu, W. C., Tseng, T. K., Hsu, C. H., Chen, K. Y., “A
feasibility study on predictive emission monitoring system applied to the Hsinta
power plant of Taipower company”, J. Air Waste Manage., Vol. 53(8),
pp.1022-1028, Aug., 2003.
Baefl~ fime 3410388 THETAFLREF ALy p & T RR%
FIEWEIE 3 E 0 Atk 3 ¥ 0 EPA-103-FA12-03-A079 2014 -
BRefl s o 24 51028 8 THIFL AT F S4B p &5 RES
2 Bl E 3R E o (R B R F 0 EPA-102-FA12-03-A097 5 34 {7 8 7 ¢
2013%3% 08p 3 2013#12" 31p -
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2002.
Macak, J.J. “Evaluation of Gas Turbine Startup and Shutdown Emissions for
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