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. 7E841E 1 1E4E B P HIPCDD/Fs 12 E510.4 pg WHO-
TEQ/g * 57T AE I FEtE RAIPCDD/FsE g2 E 57.39 pg
WHO-TEQ/m?/day -

| W TIEP83%HPCDD/FsERBR LFEBRIARIE (4

R 44% - BIEHTALR/EEEEMRICE  FER - BIE
MEREWNBIRSE ) MERER (4939%) @ FTH17%8)F

Z2RERMRKEE

BRIZRIR : Tuan Hung Ngo, Han Hsing Tsou, Ya Fang Chen, Yuan Wu Chen, Kai Hsien Chi, “Sources identification 12
of PCDD/Fs in soil and atmospheric deposition in Taiwan” , Chemosphere, 208 (2018) 374-381.
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SEREBXRE  BEASTBEERMASPCDD/PCOFRIBIMERE S 2RISR E (Precursor) - ERTEEMREL AR
SEN 88X SWZFRVEBEIENEZHINE  JJEEHEBRPRK ZIKTTEZAIRMN - RS EREEHE
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ke~ T HAb A&

o~ LE g 06%
0.03%
B
0.20%
A~k
6.17%

114%) 0.89%

r 0 46%

FZ—HWMBREASFAEFHFENT) ) HEMAF -
2. AHARR B A LFIEAAELEEY Z7MmE TEAAICBT 2L HME 01F <
BFIIOVWT—ILFMEODANDIELL ETE=%Y) ¥ 7HE (2011~) — |

B2-4 BABREBHBAZRESM(20145F)

» 2017 -

BERE : 25 A - T BESRRIRIE

RERTLRECBANRAERREHEEE
A093 - 20194 -

CRBAUERBEE TV ARV Y RANREAEAR ARASHE T d R SERIRGEA

EE' d

¢ H7x2011-2016%F¥39150.49 pg-TEQ/kg
Res/H - #E/0.035-2.4 pg-TEQ/kg 72
E/H - 2016 Fhst 2B R FEAS T
E7%0.44 pg-TEQ/kg BEE/H - 19KiEHE
SHMW=EENZE4 pg-TEQ/kg B2 &E/H -

- JRIRED - EPA-108-FA12-03-
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HMHEE%E (Toxic Equivalency Factors, TEFs) for Dioxins,
Furans and Dioxin-Like PCBs

TABLE 19.2 Toxic Equivalency Factors (TEFs) for Dioxins, Furans and Dioxin-like PCBs.

TEF
I-TEF Van den Berg et al. (1998) Van den Berg et al. (2006)
Human and
Congener Human Mammals Fish Bird Human and Mammals
PCDDs
2,3,7,8-TCDD 1 1 1 1 1
1,2,3,7,8-PeCDD 0.5 1 1 1 1
1,2,3,4,7,8-HxCDD 0.1 0.1 0.5 0.05 0.1
1,2,3,6,7,8-HxCDD 0.1 0.1 0.01 0.01 0.1
1,2,3,7,8,9-HxCDD 0.1 0.1 0.01 0.1 0.1
1,2,34,6,7,8-HpCDD 0.1 0.01 0.001 <0.001 0.01
OctaCDD 0.001 0.0001 - - 0.0003
PCDFs
2,3,7,8-TCDF 0.1 0.1 0.05 1 0.1
1,2,3,7,8-PeCDF 0.05 0.05 0.05 0.1 0.03
2,3,4,7,8-PeCDF 0.5 0.5 0.5 1 0.3
1,2,34,7,8-HxCDF 0.1 0.1 0.1 0.1 0.1
1,2,3,6,7,8-HxCDF 0.1 0.1 0.1 0.1 0.1
1,2,3,7,8,9-HxCDF 0.1 0.1 0.1 0.1 0.1
2,3,4,6,7,8-HxCDF 0.1 0.1 0.1 0.1 0.1
1,2,3,4,6,7,8-HpCDF 0.01 0.01 0.01 0.01 0.01
1,2,3,4,7,8,9-HpCDF 0.01 0.01 0.01 0.01 0.01

OctaCDF 0.001 0.0001 0.0001 0.0001 0.0003
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TABLE 19.1 Toxicity Level of Various Chemical Compounds

‘ {‘EE}J ”T’@_gim\ﬁlzp ’ E m;\%% (D|pther|a TOXln) N (Prepared from Manahan, 1992)

WiEREZE (Tetanus Toxin) MASBIREEE R Loy Estimated
(Botulinum Toxin A) WEM2RIEZTCDDEM Toxicity Level  Compounds ﬁﬁi’;‘;ﬁﬁ"(ﬁgﬁ)
A3 - 10,000$D 30,0001&Z ° Slightly toxic ~ Ethyl alcohol 10,000

¢ Seveso dioxinlIsEHERESZR (Mycotoxin) Sodium chloride 5,000

EI/\] 101% N % 7|( %? ﬁ/,% ﬁjj-zz, % ﬁ_ﬁ (Stl’yC h nin e) %D %_/'] E/[oqel-ately i\dalathiorll t i) 1,000
. . oxic organophosphorus pesticide
% (Curare) H95001F + ES T (Nicotine) 9 e -
1,0001% o exterminator)
‘ ﬁ ;‘;E 3; E/\] E}J fr% 'gi‘ %ﬁ‘/ﬁ\ E'ﬁ g&z §E %'-I- % (L D 50) %E‘i'/ﬁ 7_R E I Very toxic Heptachlor (pesticide) 100
|§J ;E\u Eit Eﬂ q;@ ﬁ *E E j( E/(j ;I:lE: ﬁ Extremely toxic Earathm;"l :[.;e:tchu:;eE) iUl
. . 10Xi ,3,7,8-TC 5 (hamster
® Hg %’ (G uinea P | g) O 6 -2 ) 1 lJ g/kg E_% Teltr):e:l"(nvl PVrO}“Jho‘%pl)nte 1 o
@ :I’é %, (Ra t) 10 - 340 H g/kg E% (p.estic.cid‘e, rziticide) |
® Eu% (Rhesus Monkey) : 70 ug/kgis Super o Tewodotouin 0.1
P . Bith oxin of blowfish
@ E EEL (H am Ste r) : 1’ 1 60 - 5’0 5 O lJ g/kg A= Dioxin (2,3,7,8-TCDD) 0.0006 (guinea
pig)

Botulin (toxin of botulinum) 0.00001

ERHE ; https://www.umweltbundesamt.de/en/topics/chemicals/dioxins#textpart-3 £ %2 &K : Bommanna G. Loganathan and Shigeki Masunaga,
“Chapter 19 - PCBs, Dioxins and Furans: Human Exposure and
Health Effects” , “Handbook of Toxicology of Chemical Warfare 21
Agents” (Second Edition), 2015, Pages 239-247.
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& RETE
« RIFWRENRSTVWAERRERESHET  MEFERBEELSMWE NS - A
HREBEN&ZREREWRE600-650°CLL F - SRICERERIEIEFEERRIEY
BEARNRERRIE ; SREZEZE900-1,000°CRIZ R R T HESE
« HRUBEEMBRENRERIE 18X S AESLY) - #SORTERE -



3 o Mg SME m A3 5 AX

& %5 (Quenching) %5t :
FARNEEECINEE 7R E - EIE TTANERREEIERER2450-250°CEHEL © IHRE
HEIFEREHEXERNSIER -
AMARHZSEE/DRIMOEB A ERE SR A450°CE /5 2150°CLL N - ofAN
[RIEREFEZER -

& =553 hHEE A (APCD) BUIRIERE :
EEXRE (MNFEEER ) PRARERK - tIRHEEEEHEESH/~E (De Novo) P
BEZMR - EBELEAEEUE - HBREEZEGEIAE (KR200°CLLE) - BIEEF~
FREEH -

& FAHHE - SbRtEEFEERNELCYE - IMoEHCKEMREEREEXEFMEZ

SR - EAPCDRRIIMEEE - AR RSB EINGEIE -

EAIEYEBREREEEMEZSR - BIEY) - BtEBEF LEYET —EENL
B E - 11ECLEZAHC - BREENREREXMMFE IR BCIEFER BN E
EME - DIZER P EEEBEFE N 2 RS BRI B IEE AR -
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& NIEBYMERZICRAP AR RITR{EEY) (Copper Nitride) - #8277
"MEMRERE" - HEislEs EZEREZEECHEERA - BFRECuRE
{EBE

& AR Z= (Urea, H,NCONH,) RIZEIIAZ A Cu+Ureaia 54 - RIEEEILEE
N EEENEREERRYERAETRO RIEEREEREE -
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& ANINtnE g & De Novoa A R FEE M IRl = BB 2RV AL - BEADHI S5

M
i EZEEH (CL,)

SR AHHC -

M PR 1E & R 2 A AR ) A9 2

E A -

&S ERNCRERIEE - &

Cl, + SO, + H,0 — 2HCI + SO,

w0 (CS,ES0, )

300 B 7 FE P 3

FZ2EEEICUORIE - EHEE(L

HCuSO, - FFEE(IEEX -
CuO + SO, + %0, — CuSO,
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emission characteristics of PCDD/Fs from electric arc furnaces”

O Particulate phase B Gas phase

Stack

Moo Been Chang, Hung Chi Huang, Shian Sheng Tsai, Kai Hsien Chi, Guo Ping Chang-Chien, “Evaluation of the
, Chemosphere, Volume 62, Issue 11, March 2006, pp. 1761-1773.
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43.5 mg/hr (44.9 %)
3.9 mg I-TEQ/hr (67.4 %
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[ BF ash
47.9 mg/hr (49.5 %)
1.7 mg I-TEQ/hr (29.4 %)
Cyclone ash
0.14 mg/hr (0.1 %)
0.003 mg I-TEQ/hr (0.1 %)
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fgIR 0 IR RVSE M iGEA

C—AC-adsorption ——CF-180°C —0—-CF-200°C ——CF-220°C

& BIEESIRIER180C - & - BAmEEE " P ¢
EIRE T >97% °

© ST A B R ERE T A - 5.
BEBY R ES RS ) HHH

95 m

Removal efficiency (%)

Sl WL B =SS Y - - -]
Basic inlet tot-scale cataiytic — _ — 1
m “f;;;“{ filtration system X o d/
vy _
s 95 _
Flue g =
tlet T é -
k)
Activated carbon | T; 90
Waste fed I L injection ® E
)
Semi-dry ==
absorber r T j
' E bagﬁilteir | ( 85 < Q
£ O FPITSTITTS TS SSS IS
F . AARAAAT Stack RS «z»* <8 R RS
urnace 3 IAVAVAVAVAVAY. & A Y "\ °o ,\ ST S SR S-S i
- ‘\f\f\% "Jﬂ)b"\é\b’\/\%é\p\%
T 1 —’_' "vv{P ,-,)b,-,;\b‘b %’p,{,‘;r{p%“)%%%
: Ash : ‘_ N R VATV

o ] B SRS EEERERERT YA (a)
R EEEEEE Y IR IEEFlowchart /—M‘HPCDD/FSE‘? 7“;‘,(b)lﬂ‘ﬁF’CDD/FS£BﬁE

Q‘é\_
ERHE - Environ. Sci. Technol. 2014, 48, 7, 3995-4001



m/\ 2R 45 &P
* Ministry of Environment

02

B ESRIEHENEE
7l BE B B ¥




e N
7KZ§EII Y
@ KRR EBINER2,2240F - N &N =81230%

O KHNRETER/RNERRF - R KIIXE - BN ZRESE KX - BEVEE
X5 HPX KN UEMBFN &SRS

30% of the nickel DN e o Mercury Emissions by Sector (kg, 2018)
Global: 2,223,594 kg

13% of the NO,

o
60% of the SO, S095 o tho men Artisanal and Small Scale Mining

Stationary Combustion of Coa
Nonferrous M etals Production

over SO% of Cement Production

60% ot <™ many acid gases Waste from Products
Vinyl Chlorine M onomer

Biomass Burning

Ferrous Metals Production

organics, Chlor-alkali Production

dioxins/furans, and
others

IRy o 2 22755 1 20184 R REHHE 37

BERHIR : https://www.epa.gov/international-cooperation/mercury-emissions-global-context
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ERER : Fuel 285 (2021) 119131 39

CFBC : coal-fired circulating fluidized bed combustion ; BACI : activated carbon injection system
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WFGD can dissolve and absorb 90%

- ?
7\ Ny 7/
B/% XQ’—P
- = Hg>*,Mechanism of mercury removal :
2Hg + O, ———>2HgO Ca(OH),+S0,+0,=CaS0,+H,0+O
2Hg’+O=Hg,O

2HCI + Hg" 450 =5 HgCl, + H,O
2 - - - Hg,O0+0O=2HgO

Hg" can be oxidized at ' v
; . Most HeP can be adsorbed. Ozone
the active sites on the = ;
; 3 . = ultraviolet and high-energy
catalyst surface, which @ : E )
: i ith 1 | electron flow generated by corona
is consistent with the . Sl )
© discharge of ESP can promote the
’to Hg?

lanzmuir-Hinshelwood

conversion of Hg

mechanism.

Flue gas CEpTEE
— > Qi 7

— llu—‘/’/ﬁl\l\uv N ESP, FF and other dust
11.(.2»'“ ’ ,,L<. removal equipment
cO—

i i A
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denitration devices
WFGD and other

desulfurization devices

ERIHR : Process Safety and Environmental Protection 150 (2021) 578-593
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Desired reactions

NO + NH‘ + 74 Op 4 N:; + 3/2 H/O
Hg + 2 HCI + 2 O, — HgCl, + H,0

NH, for DeNO,

AR b

STVEERS ( #THEMER ) KWFGD ( ¥Rtk ) MELERR

(NO, reduction)
(Hg oxidation)

SCR catalyst

NO; | [~ NO,+NHy,
I [—
Hg + HCI ’ 5 Hg + HC

N'.,v + H:,‘O [

Undesired reactions

HgCl, + NH; + 4 0, — Hg + 2HCI + 2 N, + Y2 H,0

HgC|‘, t SO'_) + H:)O > Hg t 2HC| + SO:_\'
SO, + % 0, » SO,

ERIZRIR © https://www.powermag.com/advanced-scr-catalysts-tune-oxidized-mercury-removal/ ;

(HgCl, reduction by NH5)

{HgCl, reduction by SO,)

(SO, oxidation)

Mercury oxidation efficiency(%)
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L 2socc o0 [l 3s0ec ) 4voee

15ppmHC]

E

VW/Ti NoHCLVWITI VMo/Ti NoHCEVMo'Ti VCe/Ti NoHCEVCeTi

Catalyst type

Journal of Hazardous Materials 436 (2022) 129115
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ESP
e — Flue gas 80%
Boiler i Wi wet FGD
Flue gas 20%
Sampling Point HF Sampling Point
(average 143°C) : (average 132°C)

Employment of PAC coated filter

EHRIZE : Journal of Environmental Sciences (2019) 58-65

Stack

Nppg = 06.35% Nysgg = 79.79%
Hg content in fly ash = 9,696.54 ng/g Hg content in fly ash = 1,585.74 ng/g
conventional HF New PAC coated HF

Hg removal efficiency increased to 79.79% from 66.35% and
Hg content in fly ash decreased to 1.585.74 ng/g from 9,696.54 ng/g
by employing the PAC coated filter in HF.
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chemicals deterioration
RECYBE B pR 49

ERAE - US. EPA, 1998 ERIAE - https://airmoenv.gov.tw/envtopics/AirQuality 4.aspx
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& NEEFREMRNOKARKREESG oI BREKRRALY (Thermal NO,) ~ BREIEKR SR
164 (Fuel NOy) KB ER R ALY (Prompt NOy)

KRB FNO, LS fE

mg/m3 NOx in the form of NO2

" ___Thermal NOx N,+0,—2NO T(K) K,
. / 300 10-30
1200 ,/ Kn = 1,000 7.5x% 10'9
900 /( P 9, 1,200 2.8x10°7
/ (PnO) -
600 1,500 1.1x10
/ Prompt NOx (PO ) (PN )
0 [ 2/\ 2 2,000 4.0x10
__,.p—"'
20ﬁﬂoo 1600 1800 2000 2200 (°C) 2,500 3.5x10-3

NO, &= Bl il 22 m 2 2 fefl 15

ERHR ;. https://www.eng.nipponsteel.com/files_publish/page/155/vol11_02_en.pdf
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BERIZE © https://esg.tsmc.com/zh-Hant/articles/272
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NH, Injection Nozzle

H M
H 11/N\11
O © b o’ &
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o
e — N, Gas
o
— S O - + NO
XZIJ> = H,0 :{> o + N
- Qo
—— Nz N T
S
H - 7~ \H

4 NO + 4 NH; + O, — 4 N, + 6 H,0
2NO, + 4 NH; + O, — 3 N, + 6 H,0O SCR/ fE1 ]

53
ERIZRIR : https://cdn.ymaws.com/icac.site-ym.com/resource/resmgr/Standards_WhitePapers/SCR_WhitePaper_final_2009.pdf ; J. Phys. Chem. 1982, 86, 2945-2950
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ERIZE : Front. Energy 2012, 6 : 98-105
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ERHR © Journal of Environmental Chemical Engineering 11 (2023) 111131 ; J. Phys. Chem. C. 125 (2021) 21975- 21987



NO, Storage and Reduction (NSR)
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(Stored as nitrate) (Reduced to nitrogen)
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Carbon Capture and Storage (CCS)
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ERHR: http://www.nepii.tw/KM/CCS/index.html



Carbon Capture and Storage (CCS)

 AHEERCCS -
 CCSTB AR IR LTS -

. O&@n B _Sa16hk (Carbon) #%E
(Capture) ~ E# & i 1F (Storage) =K
AZ ©

AR BER K AT EEER WM -
iy - Binhkg ~ AOEM - HE ~ L
M S BEN B — btk o B L i E e 2K
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IRUL (905248 ) sk B AA - DI HE
R K 55

. A O] SR EE MU 7V 85%-90% ik HE R -

2. Coal- or gas-fired
power station with
CO, capture plant

shaftmine 1. Mining of fuel

- .
T @
| _ Opencast

1. Mining of fuel
Gas field f;

22, Supercritical
% CO, plume

Buoyant liquid
CO, plume

5. CO,

storage
sites

Fig. 1. Diagrammatic representation of the life-cycle chain of fossil fuel use. CO, separation and
capture at power plants enables storage of CO, in porous rocks deep below ground.
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FRIFOE : hitp://www.nepii.tw/KM/CCS/index.html Reference: Haszeldine et al., 2009 (DOI: 10.1126/science.1172246)



Carbon Capture and Storage (CCS)
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M FH7=FCO,

regional
groundwater
flow

-

sloping caprock

Fig. 13 A schematic of CO. storage and trapping mechanisms.®®°
Here extensive storage of tens of Mt of CO. per year from several
power stations and other industrial plants is considered. The COs- is
injected through an array of wells that penetrate deep in the
subsurface. The CO. and the associated pressure increase has a
footprint underground that may extend 100 km or more. The
effectiveness of long-term storage is controlled by limiting the
pressure increase to avoid fracturing of the rock that could lead to
leakage, and the interplay of trapping mechanisms at the small scale.
Capillary trapping (A: residual CO, in the pore space at the scale of
arcound 100 pm) and dissolution (B) are illustrated here. Capillary
trapping occurs at the trailing edge of the COx plume, where brine
displaces COaz. This limits the spread of COs in its own phase.
Dissolution occurs throughout the plume: the COs-saturated brine is
dense and sinks. Both processes prevent the escape of COs to the
surface.

ERAR : Handford et al. 2014. (DOI:10.1039/c3ee42350f) 68
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55 ER RTS8 (48 )

WHMmMS - EfRoZx -~ 18E - BRER - BRHER
X (44/56=0.786 g CO,/g CaO) *

kBB ERIRISER AFMRETER - TELUBHENY
FREE{EFRIRTRIRN - HERER (Capture Efficiency,
Ecarb) FEZR A CO, R & PR IR M E M ERIEEER -

_ CO, i} - HCO, i
card CO, e} &

CaO#1{E= (Conversion, X) 2 fa s R IFBEN = —15

E (3)

1= "NCaO#ALhx e (b B 12 IR COAE A CaCOsRIEE =R

_ CaO#EfH — CaOHkHE:
CaO#E ] 5

X

_ CaCO/FY
CaO#Ef}
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9. KM ERERENETEET HitEEFE—E
RZaBR N NRANE(ER (SEA N EE
BF  Xea@liXae ) - HERIFA/NKEERE IR
[EAHEE -

10. AR R &L Z RBIRBREE - REWNRE
DR - IR B R 8 Er ok =0E M - BItE&E K
E{ERITEME 7 MNE - MERRENE(CXRE
BRIE -

11. ARHEZCO,ZEHEHCaOB{ L v EHEIHH
B - IO ABSHNEEFE o SRHENY
& (Ecarb) BE(EXR (X) 2K :

FcaoX = Feoz Ecars (5)
HopFaomCaOEAXBKICIE 7@ E
(mol/mzs) » Feo: BB COZE A MKBL (B YE 2 48
£ (mol/m:s) -
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Re WS B— Yoo B2 A 72 3R

& iz (Alkanolamines, H,NOH) #E 2T _SbiximE L - HBEEEE —4K - _4&
fe ~ =iz - ZEBaER2/D—EOHE MRE#H IR JERK (MEA) - —JfEM (MDEA) &
N-EFE _ ZBE8Z (N-Methyldiethanolamine) - {EE2& B U NEMR

N "y, \ 7 .
/) N
R 1/ IXI ,”/I H / \”’”I/” " H / IY”’/IIIIII/R3
R1 R? RL Ry
a) (b) (c)

fghz 2880 (a) —#RAZ ~ (b) _#RAZ ~ () =#RiZ

HAEARENCO,RBURB/MEA - HEBRBIERAX - kNS E REKREZERE (Bui ef al, 2014)
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e SR — Yoo B2 AZ FE2 3R

4 )

it MEA AEEA PZ MDEA NaOH AMP DETA
P H H Na*
(g/mol) QANH; ™ OH'
2R 61.08 104.15 86.14 119.16 40 89.14 103.17
(293 K)
(g/cm®)
# 8L 443 513 420 243 1390 438 207
(K)
5 R 0.0085 | 0.00015 | 0.1066 0.0013 0.4 0.1347 0.02
(293 K)
(kPa)
A5 R 15.9 0.969 41.66
(393 K)
(kPa)
AfER %A 5% 14 wt% 5% 5% 5% 5%
(293 K)
=S E 7000 12100 53700 3.5 681 (Xiao 49740
i# % (298 | (Hikitaet | (Mamun | (Bishnoi | (Bishnoi and etal., (Hartono et
K) al., 1979) | etal,, and Rochelle, 2000) al., 2009)
(m3/kmol/s) 2007) | Rochelle, 2002)
2000)
SR 46.7 N/A 35 44.3 41.7
(Kj/mol) (Mandal (Cullinane | (Panietal., (Alper,
etal., and 1997) 1990)
2001) Rochelle,
2004)
COx sz % 0.5 1.0 1.0 1.0 0.5 1.0 1.0
% (mol
COz/mol
absorbent)
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