
/ (kg/TJ) 

CO2 CH4 N2O 

Crude Oil 73,300 3 0.6 

Orimulsion 77,000 3 0.6 

Natural Gas Liquids (NGLs) 64,200 3 0.6 

G
as

ol
in

e Motor Gasoline 69,300 3 0.6 
Aviation Gasoline 70,000 3 0.6 

-
Jet Gasoline 70,000 3 0.6 

- 
Jet Kerosene 71,500 3 0.6 

Other Kerosene 71,900 3 0.6 

Shale Oil 73,300 3 0.6 

Gas/Diesel Oil 74,100 3 0.6 

Residual Fuel Oil 77,400 3 0.6 

Liquefied Petroleum Gases 63,100 1 0.1 

Ethane 61,600 1 0.1 

Naphtha 73,300 3 0.6 

Bitumen 80,700 3 0.6 

Lubricants 73,300 3 0.6 

Petroleum Coke 97,500 3 0.6 

Refinery Feedstocks 73,300 3 0.6 

O
th

er
 O

il
 Refinery Gas 57,600 1 0.1 

Paraffin Waxes 73,300 3 0.6 
White Spirit & SBP 73,300 3 0.6 

Other Petroleum Products 73,300 3 0.6 

Anthracite 98,300 1 1.5 

Coking Coal 94,600 1 1.5 

Other Bituminous Coal 94,600 1 1.5 

Sub-Bituminous Coal 96,100 1 1.5 

Lignite 101,000 1 1.5 
/  Oil Shale and Tar Sands 107,000 1 1.5 

Brown Coal Briquettes 97,500 1 1.5 

Patent Fuel 97,500 1 1.5 

C
ok

e Coke Oven Coke and Lignite 
Coke 107,000 1 1.5 
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Gas Coke 107,000 1 0.1 

Coal Tar 80,700 1 1.5 

D
er

iv
ed

 G
as

es
 

Gas Works Gas 44,400 1 0.1 

Coke Oven Gas 44,400 1 0.1 
Blast Furnace Gas 260,000 1 0.1 
Oxygen Steel Furnace Gas 182,000 1 0.1 

Natural Gas 56,100 1 0.1 
- Municipal Wastes (non-biomass

fraction)
91,700 30 4 

Industrial Wastes 143,000 30 4 

Waste Oils 73,300 30 4 

Peat 106,000 1 1.5 
/ 

So
li

d 
B

io
fu

el
s Wood/Wood Waste 112,000 30 4 

 / 
Sulphite lyes (Black Liquor) 95,300 3 2 

Other Primary Solid Biomass 100,000 30 4 

Charcoal 112,000 200 4 

L
iq

ui
d 

B
io

fu
el

s Biogasoline 70,800 3 0.6 

Biodiesels 70,800 3 0.6 

Other Liquid Biofuels 79,600 3 0.6 

G
as

 B
io

m
as

s Landfill Gas 54,600 1 0.1 

Sludge Gas 54,600 1 0.1 

Other Biogas 54,600 1 0.1 

- 

O
th

er
 n

on
-f

os
si

l f
ue

ls
 

Municipal Wastes (biomass 
fraction) 

100,000 30 4 

1
2 1 kcal = 4.1868×10-9 TJ
3 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 2 Energy, 

chapter 1: Introduction, table 1.1
4 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 2 Energy, 

chapter 2: Stationary Combustion, table 2.2
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CO2

/ (kg/TJ) 

Motor Gasoline 69,300

Gas/ Diesel 74,100

Liquefied Petroleum Gases 63,100

Kerosene 71,900

Lubricants 73,300

Compressed Natural Gas 56,100 

Liquefied Natural Gas 56,100
1
2 1 kcal = 4.1868×10-9 TJ
3 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 2 Energy, 

chapter 1: Introduction, table 1.1
4 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 2 Energy, 

Chapter 3: Mobile Combustion, table 3.2.1  

/ (kg/TJ)

CH4 N2O 

- Motor Gasoline - Uncontrolled 33 3.2 

- Motor Gasoline - Oxidation Catalyst 25 8.0 
-1995 Motor Gasoline - Low Mileage Light 

Duty Vehicle Vintage 1995 or Later 
3.8 5.7 

Gas / Diesel Oil 3.9 3.9 

Natural Gas 92 3 

Liquified petroleum gas 62 0.2 

, Ethanol, trucks, US 260 41 

, Ethanol, cars, Brazil 18 NA 
1
2 1 kcal = 4.1868×10-9 TJ
3 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 2 Energy, 

chapter 1: Introduction, table 1.1
4 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 2Energy, 

Chapter 3: Mobile Combustion, table 3.2.2
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CO2

/

CaCO3
(Calcite or aragonite) 

100.0869 0.43971

MgCO3
(Magnesite) 

84.3139 0.52197

CaMg(CO3)2
(Dolomite) 

184.4008 0.47732

FeCO3
(Siderite) 

115.8539 0.37987

Ca(Fe,Mg,Mn)(CO3)2
(Ankerite) 

185.0225 215.6160 572

MnCO3
(Rhodochrosite) 

114.9470 0.38286

Na2CO3 (Sodium carbonate or 
soda ash) 

106.0685 0.41492

2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 
Processes and Product Use, chapter 2: Mineral Industry Emissions, table 2.1  

CO2 /
Clinker 0.52 1

1 CaO 65% 1 CaCO3 CaO 0.65 
56.03% CaO 43.97% CO2 0.65 CaO CaCO3 X

X = 0.65/ 0.5603 = 1.1601 CaCO3 CaCO3 CO2 = 1.1601 × 
0.4397 = 0.5101 CO2 CKD (cement kiln dust) 2% 

2 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 
Industrial Processes and Product Use, chapter 2: Mineral Industry Emissions, equation 2.4  

CO2 /
Lime Produced 0.75 1

1 85% 15% 0.85 × 
+ 0.15 × 0.85 × 0.75 + 0.15 × 0.77 0.75

2 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 
Industrial Processes and Product Use, chapter 2: Mineral Industry Emissions, equation 2.8  
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(Lime Type)
% 1

(Stoichiometric 
Ratio) 

CaO
%

(Range of 
CaO Content)

MgO
%

(Range of 
MgO Content)

CaO
Cao-MgO

CO2

/

(High-calcium 
lime) 

0.785 93-98 0.3-2.5 0.95 0.75 

(Dolomitic 
lime) 

0.913 55-57 38-41
0.95
0.85 2

0.86
0.77 2

(Hydraulic 
lime) 

0.785 65-92 NA 0.75 0.59 

1 CaO CaO·MgO CO2 
2
3 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 

Processes and Product Use, chapter 2: Mineral Industry Emissions, table 2.4  

CO2 /
Glass 0.20

1 56.2% 5.3% 9.8%
8.6% 20.0% 0.84

16.7% CO2

2 CO2 × CO2 CO2/
) × 1 - %

3 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 
Processes and Product Use, chapter 2: Mineral Industry Emissions, equation 2.13  

Glass Type
CO2

/ Cullet Ratio

(Float) 
0.21 10% - 25% 

(Container (Flint)) 
0.21 30% - 60% 

/
(Container (Amber/Green)) 

0.21 30% - 80% 

(Fiberglass (E-glass)) 
0.19 0% - 15% 

(Fiberglass (Insulation)) 
0.25 10% - 50% 

TV

(Specialty (TV Panel)) 
0.18 20% - 75% 

TV 0.13 20% - 70% 
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(Specialty (TV Funnel)) 

(Specialty (Tableware)) 
0.10 20% - 60% 

/

(Specialty (Lab/Pharma)) 
0.03 30% - 75% 

(Specialty (Lighting)) 
0.20 40% - 70% 

1
2 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 

Processes and Product Use, chapter 2: Mineral Industry Emissions, table 2.6  

(Total fuel 
requirement) 

(Carbon 
content factor) 

(Carbon 
oxidation 

factor) 

CO2

/

- Modern plants  Europe
-

(Conventional 
reforming  natural gas) 

30.2 15.3 1 1.694 

-
(Excess air reforming 

natural gas) 
29.7 15.3 1 1.666 

-
(Autothermal reforming 

natural gas) 
30.2 15.3 1 1.694 

(Partial oxidation) 
36.0 21.0 1 2.772 

Derived from European average values for specific energy consumption (Mix of modern 
and older plants) 

-
(Average value  natural 

gas) 
37.5 15.3 1 2.104 

-
(Average value  partial 

oxidation) 
42.5 21.0 1 3.273 

2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 
Processes and Product Use, chapter 3:Chemical Industry Emissions, table 3.1  
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Operation Condition

 Bar  
(Applied Pressure) 

Oxidation Absorption
/

(L/L) 
-

(Single Low Pressure) 
0 - 1.7 

/
(L/M) 

- 
(Dual Low/Medium Pressure) 

<1.7 1.7  6.5 

/
(M/M) 

- 
(Single Medium Pressure) 

1.7 - 6.5 

/
(M/H) 

- 
(Dual Medium/High Pressure) 

1.7  6.5 6.5 - 13 

/
(H/H) 

- 
(Single High Pressure) 

6.5 - 13 

2019 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 
Processes and Product Use, chapter 3:Chemical Industry Emissions, table 3.3A  

N2O
/

1975
Old (pre-1975) plants (all processes) 

10-19

- 
Single low pressure plants 

5 

- 
Single medium pressure plants 

8 

- 
Single high pressure plants 

9 

Single pressure plants with abatement technology 
2.5 

- 
Dual Pressure (M/H) 

9 

- 
Dual Pressure (M/H) with abatement technology 

2.5 

- 
Dual Pressure (L/M) 

7 

- 
Dual Pressure (L/M) with abatement technology 

1.5 

2019 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 
Processes and Product Use, chapter 3:Chemical Industry Emissions, table 3.3  
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N2O  300 /

Abatement Technology
N2O

N2O Destruction Factor Utilisation Factor
/

(Catalytic Destruction) 
92.5% 89% 

(Thermal Destruction) 
98.5% 97% 

(Recycle to Nitric Acid) 
98.5% 94% 

(Recycle to feedstock for Adipic Acid) 
94% 89% 

1 N2O = × 300 / × 1-N2O  × 
2 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 

Processes and Product Use, chapter 3:Chemical Industry Emissions, table 3.4 equation 3.8  

N2O  9 /

N2O

N2O
/

N2O
N2O Destruction Rate

(Glyoxal) 
0.52 80% 

(Glyoxylic acid) 
0.1 80% 

1 N2O =  × N2O N2O/
× 1-N2O N2O

2 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 
Industrial Processes and Product Use, chapter 3:Chemical Industry Emissions, table 3.5 3.6

1.

CO2

/
CH4

/
CO2

/
CH4

/

(Silicon carbide 
Production) 

2.30 10.2 2.62 11.6 

2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 
Processes and Product Use, chapter 3:Chemical Industry Emissions, table 3.7  
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2.

CO2

/
CH4

/
-

(Petroleum coke use) 
1.7 1.090 

-
(Use of product)

1.100 

2006 IPCC Guidelines for National Greenhouse Gas Inventories,  Volume 3 
Industrial Processes and Product Use, chapter 3:Chemical Industry Emissions, table 
3.8  

CO2

/

(>90 % ) 
(Synthetic rutile) 

1.43 

(Rutile titanium dioxide (chloride route)) 
1.34 

2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 
Processes and Product Use, chapter 3:Chemical Industry Emissions, table 3.9  

/

CO2

/ Trona
CO2

/ soda ash

(Natural soda 
ash production) 

0.097 0.138 

1 90%
2 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 

Processes and Product Use, chapter 3:Chemical Industry Emissions, equation 3.14  

1.

CO2 /

+CO2

(Conventional Steam Reforming, without 
primary reformer) 
(Default Process and Natural Gas Default 
Feedstock) 

0.67 
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(Conventional Steam Reforming, with 
primary reformer) 

0.497 

Lurgi
(Conventional Steam Reforming, Lurgi 
Conventional process) 

0.385 0.267 

Lurgi
(Conventional Steam Reforming, Lurgi 
Low Pressure Process) 

0.267 

Lurgi
(Combined Steam Reforming, Lurgi 
Combined Process) 

0.396 

Lurgi Mega
(Conventional Steam Reforming, Lurgi 
Mega Methanol Process) 

0.310 

(Partial oxidation process) 
1.376 5.285 5.020 

(Conventional Steam Reforming with 
integrated ammonia production) 

1.02 

1 Lurgi Lurgi

2 CH4 2.3 CH4

3 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 
Processes and Product Use, chapter 3:Chemical Industry Emissions, table 3.12  

2.

CO2 /

(Ethylene ((Total Process and 
Energy Feedstock Use)) 

1.73 2.29 0.95 1.04 1.07 1.73

 - 1.73 2.17 0.76 1.04 1.07 1.73
 - 0 0.12 0.19 0 0 0 
1 CH4 6 CH4 3 CH4

2 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 
Processes and Product Use, chapter 3:Chemical Industry Emissions, table 3.14 16  
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3. /

CO2

/
CO2

/
Direct Chlorination Process

-
(Noncombustion 
Process Vent) 
- (Combustion
Emissions)

0.191 0.286 

- CO2 0.191 0.286 
Oxychlorination Process

-
(Noncombustion 
Process Vent) 

0.0113 0.0166 

- (Combustion
Emissions)

0.191 0.286 

- CO2 0.202 0.302 

Balanced Process [default process]
-
(Noncombustion 
Process Vent) 

0.0057 0.0083 

- (Combustion
Emissions)

0.191 0.286 

- CO2 0.196 0.294 
1 / CH4 0.0226 CH4

2 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 
Industrial Processes and Product Use, chapter 3:Chemical Industry Emissions, table 
3.17 19

4.

CO2

/

(Air Process) 

70% 0.863 
75% 0.663 
80% 0.5 

(Oxygen 
Process) 

75% 0.663 
80% 0.5 
85% 0.35 

1 CH4 1.79 CH4

0.79 CH4

2 2006 IPCC Guidelines for National Greenhouse Gas Inventories, 
Volume 3 Industrial Processes and Product Use, chapter 3:Chemical Industry 
Emissions, table 3.20  21
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5.

CO2

/
Secondary Products Burned for 

Energy Recovery/Flared  
1.00 

Acetonitrile Burned for Energy 
Recovery/Flared

0.83 

Acetonitrile and 
Hydrogen Cyanide Recovered as Product

0.79 

1 CH4 0.18 CH4

2 2006 IPCC Guidelines for National Greenhouse Gas Inventories, 
Volume 3 Industrial Processes and Product Use, chapter 3:Chemical Industry 
Emissions, table 3.22  

6.

CO2 /
CO2 CO2 CO2 

(Furnace Black Process) 
1.96 0.66 2.62 

(Thermal Black 
Process) 

4.59 0.66 5.25 

(Acetylene Black 
Process) 

0.12 0.66 0.78 

1 CH4 28.7 CH4

0.06 CH4

2 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 
Industrial Processes and Product Use, chapter 3:Chemical Industry Emissions, table 
3.23  24

HFC-23
(  HFC-23/ HCFC-22) 

1940-1990/1995
(Old, unoptimised plants (e.g., 1940s to 1990/1995)) 

0.04 

(Plants of recent design, not specifically optimised) 
0.03 

(Global average emissions (1978 - 1995)) 
0.02 

2019 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 
Processes and Product Use, chapter 3:Chemical Industry Emissions, table 3.28  
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1.

CO2

Coke production
- CO2/

Coke production using by-product recovery technology (tonne of 
CO2/tonne of coke)

0.51 

- CO2/
Coke production without by-product recovery (tonne of CO2/tonne 
of coke)

1.23 

Sinter production
CO2/

Sinter production(tonne of CO2/tonne of sinter)
0.21 

CO2/
 Pellet production (tonne CO2/tonne pellet produced) 

0.19 

Iron and Steel production
CO2/

Iron production(tonne CO2/tonne of hot metal) 
1.43 

CO2/
Direct Reduced Iron (DRI) production (tonne CO2 / tonne DRI 
produced)

0.70 

Steelmaking Method
CO2/  1

Electric Arc Furnace (EAF) (tonne CO2/tonne of steel produced)
0.18 

CO2/  2

Basic Oxygen Furnace (BOF) (tonne CO2/tonne of steel produced)
1.58 

CO2/  2

Open Hearth Furnace (OHF) (tonne CO2/tonne of steel produced)
1.72 

1 CO2

2 CO2

3 2019 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 
Processes and Product Use, chapter 4:Metal Industry Emissions, table4.1 4.1A 4.1B  

2.

(Coke production(Non fugitives), Iron and Steel production) 
CH4

CH4/
(Coke Production (kg CH4/tonne of coke produced))

0.089 

CH4/
(Sinter Production (kg CH4/tonne of sinter produced))

0.07 

CH4/ 
(DRI Production kg CH4/TJ (on a net calorific basis))

1 

2019 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 
Processes and Product Use, chapter 4:Metal Industry Emissions, table4.2  
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3.

Coke production, Iron and Steel production
N2O

 N2O /
(Blast furnace gas flaring (tonnes N2O / tonnes BFG flared))

1.4 ×10-6 

 N2O / 
(Blast furnace gas flaring (tonnes N2O / GJ BFG flared))

5.6 ×10-7 

 N2O /
(Converter gas flaring (tonnes N2O / tonnes LDG flared))

2.8 ×10-6 

 N2O / 
(Converter gas flaring (tonnes N2O / GJ LDG flared))

4.0 ×10-7 

2019 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 
Processes and Product Use, chapter 4:Metal Industry Emissions, table4.2B  

CO2

/
45%

(Ferrosilicon 45% Si)
2.5

65%
(Ferrosilicon 65 % Si)

3.6

75%
(Ferrosillicon 75% Si)

4.0

90%
(Ferrosillicon 90% Si)

4.8

7%
(Ferromanganeses (7% C))

1.3

1%
(Ferromanganeses (1% C))

1.5

Silicomanganese) 1.4
Silicon metal 5.0

Ferrochromium
1.3 

( 1.6)
2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 

Industrial Processes and Product Use, chapter 4:Metal Industry Emissions, table4.5  

CO2

/

(Coal (for FeSi and Si-metal)) 
3.1

(Coke (for FeMn and SiMn)) 
3.2-3.3

(Coke (for Si and FeSi)) 
3.3-3.4

Prebaked electrodes 3.54
Electrode paste 3.4
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Petroleum coke 3.5
2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 

Industrial Processes and Product Use, chapter 4:Metal Industry Emissions, table4.6  

CH4 /
Si 1.2 

90% (FeSi 90) 1.1 
75% (FeSi 75) 1.0 
65% (FeSi 65) 1.0 

2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 
Industrial Processes and Product Use, chapter 4:Metal Industry Emissions, table4.7  

CO2  /
Dolomite 5.13 
Magnesite 2.83 

2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 
Processes and Product Use, chapter 4:Metal Industry Emissions, table4.19  

SF6  /
 / 

All Casting Processes
1.0 

2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 
Processes and Product Use, chapter 4:Metal Industry Emissions, table4.20  

CO2 ( / )

From Imperial 
Smelt Furnace (ISF) 
Production

From Direct 
Smelting (DS) 
Production

From Treatment 
of Secondary Raw 
Materials

Default Emission 
Factor (80% ISF, 
20% DS) 

0.59 0.25 0.2 0.52
2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 

Processes and Product Use, chapter 4:Metal Industry Emissions, table4.21  

CO2 /
 (Waelz Kiln) 3.66

(Pyrometeallurgical (Imperial Smelting Furnace))
0.43

1

(Default Factor)
1.72

1 60% 40%
2 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 

Processes and Product Use, chapter 4:Metal Industry Emissions, table4.24  
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/ CO2 /
Nd /
(Nd metal, and all other Rare Earth 
metals/alloys) 

0.56

2019 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 
Processes and Product Use, chapter 4:Metal Industry Emissions, table4.26  

Rare Earth Metal

CF4

/
C2F6

/
C3F8

C3F8/

(RE-iron alloys(Dy-Fe, etc)) 
146.1 14.6 0.05 

/ Nd
Pr-Nd La 
(Other-RE metals/alloys (Nd, 
Pr-Nd, La, etc)) 

35.8 5.2 0.21 

2019 IPCC Guidelines for National Greenhouse Gas Inventories,  Volume 3 Industrial 
Processes and Product Use, chapter 4:Metal Industry Emissions, table4.28  
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/ 20 / (ton C/TJ) x
ODU 0.2 x 44/12 

2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 
Industrial Processes and Product Use, Chapter 5: Non-Energy Products from Fuels and 
Solvent Use, table5.2 equation 5.2  

/ 20 / (ton C/TJ) x
ODU 0.2 x 44/12 

2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 
Industrial Processes and Product Use, Chapter 5: Non-Energy Products from Fuels and 
Solvent Use, 5.3.3.2 equation 5.4  
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1.Tier 2a PVPV MEMS

i i
i %

1 i %

i i
% i i

% DRE 2 3

nanai IPC ITITC i
mamai i 
ni IPC ITCTC i mi

i i IPC ITC i
4

TdTdn n
TTTTn n

1 Tier 2a
2 2019 IPCC Guiuidelines for National Greenhouse Gas Inventories, Volume 3

Industrial Processes and Product Use, Chapter 6: Electronics Industry Emissions, equation
6.5 6.8 6.10 6.12

行政院公報　　　　　　　　　　　　　　　　　　　第   卷　第   期　　        　　農業環保篇行政院公報　　　　　　　　　　　　　　　　　　　第030卷　第025期　　20240205　　農業環保篇



i k
i i k

% 1 k
%

k
% k

%)%) DRE 2 3

nanak IPC ITC k
mak k

nk IPC ITC k mk

k k IPC ITC k
4

202019 IPCC Guidelines for National Greenhouse Gas Inventories, VoVolume 3 Industrial
Processes and Product Use, Chapter 6: Electronics Industry Emissions, equation  6.6
6.9 6.11

RPC NFNF3 F2

F2 RPC NFNF3

F2 CFCF4

CFCF4

EABABi,CF4 Ci i RPC
NFNF3 F2 Ui i %

1 CFCF4

ABABi,CF4

F2 CFCF4 NFNF3 CFCF4 <0.1% ABABi,CF4

ABABNF3,CF4 = 0.093 ABABF2,CF4 = 0.116

2019 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 
Industrial Processes and Product Use, Chapter 6: Electronics Industry Emissions, equation  
6.6.7

行政院公報　　　　　　　　　　　　　　　　　　　第   卷　第   期　　        　　農業環保篇行政院公報　　　　　　　　　　　　　　　　　　　第030卷　第025期　　20240205　　農業環保篇



1
T

ie
r 

2a

C
F

4
C

2F
6

C
3F

8
C

3F
8

R
em

ot
e 

C
4F

6
c-

C
4F

8
C

4F
8O

C
5F

8
C

H
F 3

C
H

2F
2

C
H

3F
C

2H
F

5
N

F
3

R
em

ot
e 

N
F

3
SF

6
N

2O
 

T
F

D
N

2O
 

ot
he

r
C

O
F 2

F
2

(1
-U

i)
 

0.
73

 
0.

55
 

0.
4 

0.
06

3 
0.

15
 

0.
13

 
0.

14
 

0.
08

6 
0.

46
 

0.
2 

0.
34

 
0.

06
4 

0.
02

 
0.

18
 

0.
55

 
0.

78
 

1.
0 

N
M

 
N

M
 

B
C

F
4

N
A

 
0.

19
 

0.
2 

N
A

 
0.

06
 

0.
09

9 
0.

13
 

0.
05

3 
0.

08
1 

0.
06

1 
0.

02
9 

0.
07

7 
0.

03
4 

0.
06

7 
0.

12
 

N
A

 
N

A
 

N
M

 
N

M
 

B
C

2 F
6

0.
04

2 
N

A
 

0.
00

00
18

 
N

A
 

0.
06

2 
0.

02
 

0.
04

5 
0.

04
7 

0.
04

6 
0.

04
4 

0.
01

 
0.

02
4 

N
A

 
0.

01
5 

0.
09

5 
N

A
 

N
A

 
N

M
 

N
M

 

B
C

3 F
8

N
A

 
N

A
 

N
A

 
N

A
 

N
A

 
N

A
 

N
A

 
0.

00
00

55
 

N
A

 
N

A
 

N
A

 
N

A
 

N
A

 
N

A
 

N
A

 
N

A
 

N
A

 
N

A
 

N
A

 

B
C

4 F
6

0.
00

06
6 

N
A

 
N

A
 

N
A

 
N

A
 

0.
00

17
 

N
A

 
N

A
 

0.
00

00
41

 
N

A
 

0.
00

11
 

N
A

 
N

A
 

N
A

 
N

A
 

N
A

 
N

A
 

N
A

 
N

A
 

B
C

4 F
8

0.
00

15
 

N
A

 
N

A
 

N
A

 
0.

00
51

 
N

A
 

N
A

 
N

A
 

0.
00

02
8 

0.
07

1 
0.

00
67

 
N

A
 

N
A

 
N

A
 

N
A

 
N

A
 

N
A

 
N

A
 

N
A

 

B
C

5 F
8

0.
00

04
2 

N
A

 
N

A
 

N
A

 
N

A
 

0.
00

35
 

N
A

 
N

A
 

0.
00

06
8 

N
A

 
N

A
 

N
A

 
N

A
 

N
A

 
N

A
 

N
A

 
N

A
 

N
A

 
N

A
 

B
C

H
3 F

0.
00

24
 

N
A

 
0

1
N

A
 

0.
00

06
4 

0.
00

04
 

N
A

 
N

A
 

0.
01

6 
0.

00
43

 
N

A
 

N
A

 
N

A
 

0.
00

22
 

0.
00

09
 

N
A

 
N

A
 

N
A

 
N

A
 

B
C

H
2 F

2
0.

00
63

 
N

A
 

N
A

 
N

A
 

0.
00

00
3 

0.
00

02
6 

N
A

 
N

A
 

0.
00

11
 

N
A

 
0.

00
21

 
N

A
 

N
A

 
0.

00
02

3 
0.

00
00

02
1 

N
A

 
N

A
 

N
A

 
N

A
 

B
C

H
F

3
0.

03
9 

0.
00

2 
0.

00
00

01
2 

N
A

 
0.

01
8 

0.
02

2 
N

A
 

0.
00

53
 

N
A

 
0.

05
7 

0.
01

5 
N

A
 

N
A

 
0.

00
68

 
0.

00
14

 
N

A
 

N
A

 
N

A
 

N
A

 
1

10
-7

2
N

A
N

M
1%

 
1-

U
N

M
 

1-
U

=
 0

.8
 B

C
F 4

 =
 0

.1
5

 B
C

2F
6 =

 0
.0

5
3

20
19

 I
P

C
C

 G
ui

de
lin

es
 f

or
 N

at
io

na
l G

re
en

ho
us

e 
G

as
 I

nv
en

to
ri

es
, V

ol
um

e 
3 

In
du

st
ri

al
 P

ro
ce

ss
es

 a
nd

 P
ro

du
ct

 U
se

, C
ha

pt
er

 6
: E

le
ct

ro
ni

cs
 I

nd
us

tr
y 

E
m

is
si

on
s,

 ta
bl

e 
6.

7

行政院公報　　　　　　　　　　　　　　　　　　　第   卷　第   期　　        　　農業環保篇行政院公報　　　　　　　　　　　　　　　　　　　第030卷　第025期　　20240205　　農業環保篇



2

CF4 C2F4 C2F6 C3F8 C4F6
c-

C4F8
C4F8O C5F8 CHF3 CH2F2 CH3F C2HF5 NF3 SF6 N2O

/
X X X X X 

/
X X X X 

<850

>850
X X X X 

X X X X X X X X X X X X X X X 

X X X X X X X X X X X X X X X 
1 / Cartridge / Catalyst Hot-wet 

(electrical) Plasma Combustion
2 X
3 2019 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 

Processes and Product Use, Chapter 6: Electronics Industry Emissions, table 6.16  

3  DRE
 DRE

CF4 C2F4 C2F6 C3F8 C4F6
c-
C4F8

C4F8O C5F8 CHF3 CH2F2 CH3F C2HF5 NF3 SF6 N2O

DRE 0.89 0.98 0.98 0.99 0.98 0.98 0.98 0.98 0.98 0.99 0.99 0.98 0.95 0.96 0.60 
1  DRE  DRE 

2 2019 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 
Processes and Product Use, Chapter 6: Electronics Industry Emissions, table 6.17  

4

CF4

(IPC+ITC)/EWC
1

C2F6

IPC/EWC 
c-C4F8

IPC/EWC 
NF3

(IPC+ITC)/EWC 
SF6

IPC/EWC 

Tier 2a 

i,p 13 2 9.3 4.7 14 2 11 

CF4,i,p NA 23 6.6 63 8.5 

C2F6,i,p NA NA NA NA 3.4 

Tier 2b 
i 13 2 9.3 4.7 2.9 2 11 

CF4,i,p
NA 23 6.6 110 8.5 
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C2F6,i,p
NANA NANA NANA NANA 3.4.4

i,p,p

300 mm NM NM NM 2626 2 NM

CFCF4,i,p

300 mmmm NANA NANA NANA 1717 NANA

1 ETC etching and wafer cleaning / RPRPC remote plasma cleaning
IPC inin-situ plasma cleaning ITC inin-situ thermal 

cleaning
2 20200 mm IPC 300 mm ITC IPC

IPC ITC

i = 10 k = 10
3 2019 IPCC Guiuidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 

Processes and Product Use, Chapter 6: Electronics Industry Emissions, table 6.8

2.Tier 2b2b PVPV MEMEMS

TiTierer2b MEMS
Tier2a

5
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3.Tier 2c PVPV MEMS

i p
i p %

6 9 i p
%

i p i
% i i

% DRE 2 3
p

nanai,p,a p i
ni,p p i

TdTdn,p n p
TTTTn,p n p

20201919 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3
Industrial Processes and Product Use, Chapter 6: Electronics Industry Emissions, equation  
6.13 6.16 6.10 6.6.2020

i k
p i p

i k % 6 9
p k %

p k
% k

% DRE 2 3 p
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nanak,p,a p k nk,p

p k

2019 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3
Industrial Processes and Product Use, Chapter 6: Electronics Industry Emissions, equation
6.14 6.17 6.19

RPC NFNF3 F2

F2 RPC NF3

F2 CFCF4

CFCF4

EABABi,CF4 Ci,p,p i RPC
NFNF3 F2 Ui,p i %

8 p

CFCF4 ABABi,CF4

F2 CFCF4 NFNF3 CFCF4 <0.1%
ABABi,CF4 ABABNFNF3,CF4 = 0.093 ABABF2,CF4 = 
0.116

2019 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 
Industrial Processes and Product Use, Chapter 6: Electronics Industry Emissions, equation 
6.6.1515
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8 Tier 2c

CF4 c-C4F8 CHF3 NF3 SF6 N2O 

(1-Ui) 0.6 0.1 0.2 0.11 0.3 NA 

BCF4 NA 0.009 0.07 NA NA NA 

BC2F6 NA NA 0.05 NA NA NA 

BCHF3 NA 0.02 NA NA NA NA 

RPC 
(1-Ui) NA NA NA 0.03 NA NA 

IPC 
(1-Ui) NA NA NA 0.3 0.9 NA 

TFD 
(1-Ui) NA NA NA NA NA 0.63 

1 NA
2 2019 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 

Processes and Product Use, Chapter 6: Electronics Industry Emissions, table 6.12  

9 Tier 2c

CF4 C2F6 CHF3 CH2F2 C3F8
c-
C4F8O

NF3

Remote 
NF3 SF6 C4F6 C5F8 C4F8O F2 COF2

Etch 
1-Ui

0.7 0.4 0.4 NA NA 0.2 NA NA 0.4 NA NA NA NA NA 

TFD 
1-Ui

NA 0.6 NA NA 0.1 0.1 NA 0.3 0.4 NA NA NA NA NA 

Etch 
BCF4 

NA 0.2 NA NA NA 0.1 NA NA NA NA NA NA NA NA 

Etch 
BC2F6 

NA NA NA NA NA 0.1 NA NA NA NA NA NA NA NA 

TFD 
BCF4 

NA 0.2 NA NA 0.2 0.1 NA NA NA NA NA NA NA NA 

1 NA
2 2019 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial 

Processes and Product Use, Chapter 6: Electronics Industry Emissions, table 6.13  
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CF4 C2F6 C3F8 C4F6 c-C4F8 C4F8O C5F8 CHF3 CH2F2 NF3 SF6 N2O

/
kg/m2

0.36 0.12 0.03 0.003 0.01 7E-5 0.001 0.05 0.003 0.15 0.05 1.01 

Array

/
g/m2

0.65 0.001 0.0024 1.29 4.14 17.06 

/
g/m2

5 0.2 

/
kg/m2

0.015 0.076 1.86 

1  200 mm  300 mm  50/50 200 mm

2 2019 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 Industrial Processes 
and Product Use, Chapter 6: Electronics Industry Emissions, table 6.6  
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 CH4/  BOD COD Bo ×MCFj 

Bo  / BOD COD 1
MCFj 2

2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5 Waste, 
Chapter 6: Wastewater Treatment and Discharge, equation 6.2  

 
1  

Bo

0.6 / BOD kg CH4/kg BOD
0.25 / COD kg CH4/kg COD

2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5 Waste, 
Chapter 6: Wastewater Treatment and Discharge, table 6.2  

 
2  

MCFj

0.1 0-0.2 
0.5 0.4-0.8 
0 0 

0 0-0.1 
0.3 0.2-0.4 
0.8 0.8-1.0 

0.8 0.8-1.0 

0.2 0-0.3 

0.8 0.8-1.0 
0.5 0.5 

3~5 0.1 0.05-0.15 
0.5 0.4-0.6 

0.7 0.7-1.0 

0.1 0.1 
2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5 Waste, 

Chapter 6: Wastewater Treatment and Discharge, table 6.3  
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/ Bo ×MCFj

Bo 0.25 / COD MCFj

2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5 Waste, 
Chapter 6: Wastewater Treatment and Discharge, equation 6.4  

MCFj

0.1 0-0.2

0 0-0.1

0.3 0.2-0.4 

0.8 0.8-1.0 

0.8 0.8-1.0 

2 0.2 0-0.3

2 0.8 0.8-1.0 
2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5 

Waste, Chapter 6: Wastewater Treatment and Discharge, table 6.8  

%/

0.2 - 1 0.1 - 0.5 
0.5 - 3 1 - 15 
0.5 - 3 10 - 35 
0.2 - 1 15 - 50 
0.5 - 3 7 - 25 
0.2 - 1 2- 15
0.2 - 1 1 - 10 

0.2  0.5 10 - 205 
2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 3 

Industrial Processes and Product Use, Chapter 7: Emissions of Fluorinated Substitutes for 
Ozone Depleting Substances, table 7.9  
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/ = (DDOCm decompT× F × 16/12 R  × (1  OX) 

DDOCm decompT T DDOCm / F
0.5 16/12 CH4/C R

/ OX 0
1

DDOCm /  W×MCF×DOC×DOCF

 W mass of waste deposited / MCF
2 DOC 

3 DOCF

2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5 Waste, 
Chapter 3: Solid Waste Disposal, equation 3.1 3.2 3.6  

1 OX
OX

1 0 

CH4
2 0.1 

1
2
3 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5 Waste, 

Chapter 3: Solid Waste Disposal, table 3.2  

2 SWDS MCF

1.0 

0.5 

0.8 

 < 5 0.4 
1 0.6 

1
2 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5 Waste, Chapter 

3: Solid Waste Disposal, table 3.1  
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3 DOC

 

 
%  

DOC 

%  

DOC 

%  %  

 

%  

/  90 40 44 46 1 

 80 24 30 50 20 

 40 15 38 38 - 

 85 43 50 50 - 

 40 20 49 49 0 

 40 24 60 70 10 

/  84 39 1 47 1 67 20 

 100 - - 75 100 

 100 - - NA NA 

 100 - - NA NA 

 

 
90 - - 3 100 

1 /  
2 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 5 Waste, 

Chapter 2: Waste Generation, Composition and Management Data, table 2.4  

 

/ =(Mi×EFi)×10-3 R

Mi / EF
/ ) i

R /  
 

 

 

/

  

 
10 

(0.08-20) 
4 

(0.03-8) 

 
2 

(0-20) 
1 

(0-8) 
2006 IPCC Guidelines for National 

Greenhouse Gas Inventories, Volume 5 Waste, Chapter 4: 
Biological Treatment of Solid Waste, equation 4.1 table 
4.1
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/ =(Mi×EFi)×10-3

Mi / EFi

/ ) i

2006 IPCC Guidelines for National 
Greenhouse Gas Inventories, Volume 5 Waste, Chapter 4: 
Biological Treatment of Solid Waste, equation 4.2 table 
4.1

/

0.6 
(0.2-1.6) 

0.24 
(0.06-0.6) 
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Global Warming Potential, GWP  

 

/ /     
Carbon dioxide  CO2 1 

Methane  CH4 28 
Fossil methane 1 CH4 30 
Nitrous Oxide  N2O 265 

Hydrofluorocarbons  
HFC-23  CHF3 12,400 
HFC-32  CH2F2 677 
HFC-41  CH3F 116 

1,1,1,2,2- HFC-125  CHF2CF3 3,170 
1,1,2,2- HFC-134  CHF2CHF2 1,120 
1,1,1,2- HFC-134a  CH2FCF3 1,300 
1,1,2- HFC-143  CH2FCHF2 328 
1,1,1- HFC-143a  CH3CF3 4,800 
1,2- HFC-152  CH2FCH2F 16 
1,1- HFC-152a  CH3CHF2 138 

HFC-161  CH3CH2F 4 
1,1,1,2,2,3,3- HFC-227ca  CF3CF2CHF2 2,640 
1,1,1,2,3,3,3- HFC-227ea  CF3CHFCF3 3,350 
1,1,1,2,2,3- HFC-236cb  CH2FCF2CF3 1,210 
1,1,1,2,3,3- HFC-236ea  CHF2CHFCF3 1,330 
1,1,1,3,3,3- HFC-236fa  CF3CH2CF3 8,060 
1,1,2,2,3- HFC-245ca  CH2FCF2CHF2 716 
1,1,1,2,2- HFC-245cb  CF3CF2CH3 4,620 
1,1,2,3,3- HFC-245ea  CHF2CHFCHF2 235 
1,1,1,2,3- HFC-245eb  CH2FCHFCF3 290 
1,1,1,3,3- HFC-245fa  CHF2CH2CF3 858 
1,1,1- HFC-263fb  CH3CH2CF3 76 
2,2- HFC-272ca  CH3CF2CH3 144 
1,1,1,2,2,3,3,4,4- HFC-329p  CHF2CF2CF2CF3 2,360 
1,1,1,3,3- HFC-365mfc  CH3CF2CH2CF3 804 
1,1,1,2,2,3,4,5,5,5- HFC-43-10mee  CF3CHFCHFCF2CF3 1,650 
1,1- HFC-1132a  CH2=CF2 <1 

HFC-1141  CH2=CHF <1 
1,2,3,3,3- 1- (Z)-HFC-1225ye  CF3CF=CHF(Z) <1 
1,2,3,3,3- 1- (E)-HFC-1225ye  CF3CF=CHF(E) <1 
1,3,3,3- 1- (Z)-HFC-1234ze  CF3CH=CHF(Z) <1 

2,3,3,3- 1- HFC-1234yf  CF3CF=CH2 <1 
1,3,3,3- 1- (E)-HFC-1234ze  trans-CF3CH=CHF <1 
1,1,1,3,3,3- 2- (Z)-HFC-1336  CF3CH=CHCF3(Z) 2 

3,3,3- 1- HFC-1243zf  CF3CH=CH2 <1 
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2,2,4,4,4- 1- HFC-1345zfc C2F5CH=CH2 <1 
3,3,4,4,5,5,6,6,6- 3,3,4,4,5,5,6,6,6-
Nonafluorohex-1-ene

C4F9CH=CH2 <1 

3,3,4,4,5,5,6,6,7,7,8,8,8-
3,3,4,4,5,5,6,6,7,7,8,8,8-Tridecafluorooct-1-ene

C6F13CH=CH2 <1 

3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-
3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-Hep-

tadecafluorodec-1-ene
C8F17CH=CH2 <1 

Fully Fluorinated Species
Nitrogen trifluoride NF3 16,100 
Sulphur hexafluoride SF6 23,500 

(Trifluoromethyl  sulphur 
pentafluoride

SF5CF3 17,400 

Sulphuryl fluoride SO2F2 4,090 
PFC-14 CF4 6,630 
PFC-116 C2F6 11,100 

PFC-c216 c-C3F6 9,200 
PFC-218 C3F8 8,900 

PFC-318 c-C4F8 9,540 
PFC-31-10 C4F10 9,200 

Perfluorocyclopentene c-C5F8 2 
PFC-41-12 n-C5F12 8,550 
PFC-51-14 n-C6F14 7,910 
PFC-61-16 n-C7F16 7,820 
PFC-71-18 C8F18 7,620 
PFC-91-18 C10F18 7,190 

Perfluorodecalin (cis) Z-C10F18 7,240 
Perfluorodecalin (trans) E-C10F18 6,290 

PFC-1114 CF2=CF2 <1 
PFC-1216 CF3CF=CF2 <1 

1,3- Perfluorobuta-1,3-diene CF2=CFCF=CF2 <1 
1- Perfluorobut-1-ene CF3CF2CF=CF2 <1 
2- Perfluorobut-2-ene CF3CF=CFCF3 2 

1
2 <1
3 IPCC GWP
4 The Working Group I contribution to the Fifth Assessment Report of the IPCC, 2013: 

Climate Change 2013: The Physical Science Basis, Chapter 8: Anthropogenic and Natural Radiative 
Forcing, table 8.A.1  
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