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The Greenhouse effect

Some solar radiation is Son?e of the infrared
reflected by the atmosphere radiation passes through
and earth's surfgoo the atmosphere and Is

lost in space

: : Some of the. Inﬁarld radiation is y 4
L R, 5, absorbed and re-emitted by the V 4
Solar radlation passes through' "X A & & 8 4 greenhouse gas molecules. The & B
the clear aimosphere. bR G direct effect is the warming of the

Incoming solar radiation: NN/ eann'csurhee mmmm & @
343 Watt per m? 3 ‘ phe—aet N

Arendal UNEP
G DESON: HHSPE

Sources: Ckanagan umsnycdleoelncanwa, Department of geograghy, Uniaersty of Oxfoed, sehool of geography; Uniled Stades Environmental Protoction Agency (EPA), \Wn Climate change
1886, The ecienca ol cimate change, contribution of working group 1 1o the sacand assessmenl report ol Lhe intergovernmental paned cn climale charga, UNEP and WO, Cambridge university press, 1996



BEFH

TEEEF | REAFY | FFER | FER ST oo R
A TRR KRR () (10§43 % £ 2.CO,)
CO, 280 ppm 414.72 ppm 50-200 1.03% 1
(2022/6/23)
CH, 715 ppb 1895.7 ppb 12 0.45% 25
(2021)
CFC-11 0 231.86 ppt 45 4% 4,750
(2016/1)
CFC-12 0 515.20 ppt 100 4% 10,900
(2016/1)
N,O 270 ppb 334 ppb 114 0.06% 298
(2021)
PFCs 0 2600-10000 7,390-17,700
SF 0 10 ppt 3,200 4.07% 22,800
(2019)

7ok %k http://www.esrl.noaa.gov/gmd/ccgg/trends/
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CO: Contentrations and Temperature Have Tracked Closely Over the Last 300,000 Years
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2014 Temperature vs, 1951-1980 Average 1 ©)
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(CO, Capture, Storage and Utilization, CCSU)

Ocean storage

(Ship or pipeline)
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A A2 7% % 7 (Ultra Supercritical USC)

| o kTR B A37T4C > B4 218atm > d A TRA KpHIE i > B A

§ asn o TN (SC)/ARALTRER (USC) 2% 3 7 H kv s P oav 2IRVERF T R B 24
S - L %> SC/USC # 7 #itr? Wt B3 % 7 ocF » {an Z 7" MCO, et g o
Y (% # %% I 5% (Sub): 540 °C/180 atm ~ SC: 560°C/ 250 atm ~ USC: 600
e °C/300 atm)
- o T iE- e g 7 Hor i Advanced USC » 700 °C/445 atm o

— e um o 32012 # & 7 F+ FlHr o (3 & 800 MW USC)## 3 22+ +£(2 A& 800 MW

l USC) TR s e 37422 4 (600°C/245 atm) -
B R ﬁgg‘;ﬁ&

AR TR 5 A% (FR$ECCS) I 5% (Sub) £ % (SC) A2 42 -4 (USC)
R AT 0.74 0.86 1
CO, z_ 3z 1.36 1.16 1
Ei3 "}'1"3 s 1.07 1.03 1
wm e ‘}uﬂf s 1.11 1.05 1
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CO, & 3% ik

CO,# 3%k CO,ik & (mol %) o 2 thizd (kJ/mol CO, capture)

Natural Gas (power) 3~5 10.7~12.7

Coal (power) 10~15 7.8~11.3

Ethylene production 7~12 9.4~12.8

Cement production 14~33 5.2~12.6

lon and steel production 20~27 (16~42) 5.3~6.4 (3.7~7.1)

Hydrogen production 30~45, >98 0-4.0

Ammonia processing >08 0

Natural gas processing 96~99 0

Ethanol (Fermentation) 96~99 0

« COMf fErakdr A A € FIAIL F 49 COk R A i 3 %73 b o

c 2P H MO COMELR  HCO, KM B kp = RF0 ~ 25247 g FrCOREA
g A 1AZHB% > BT R COz 2R F10~15% FlptfFES A g L B 0 » Flp2020#
PERIE B R TR RCO R R A B2400 5 A S AR AR RRGTE R F TR R

EL,}A{‘:JCOZ,E___nFS 50 H { $E A it,\j\"f:}ﬁ'jécoz

c PRERZ AL TRHFECO,F AL WL A XARF O e AN A T R R HIECO,» A3 ~451
5255 7% 0 Bt R B R AR~ M 4R 2 R B
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COH & : i £ 5 fci (i 47)
(7 it £.2030% B i & 2. CO, ¥ JE )

co2to Compression 10%
Condepser Dehydration & .
Compression 1 1ansportation 8%
Exit Gas >
(Richin N, & 0,) F ‘i K'J mB ’F‘

Reflux Drum ,
o5 & >99%
P_

Lean/Rich ‘?— o 4 A 3y 0
) Heat Exchanger| w Yo A e <35%
Absorber 12% | € & | Stripper 70% o5t #£< 2.0 GJ/ton
3 7
<
1 Steam
Reboiler
>
cooled CO2-Rich _e‘
Amine Pump Lean _ﬂ_ =Y %L = Kk )"1%?{;% + z@‘?& + &p‘%ﬁ + ’éﬁ‘ ;}F %

Amine Pump

Typical Amine Absorption Unit for CO, Recovery from Flue Gas

ESr E - E AL T R ,cogm;gx * £73% > R @—11%, E 3% 0 +758% 0 Ll

5% » #ept 4 5 CCS4aig = A k71 90% % + » @ fodt s H1E10% % + -
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Ca B 7 EEHPFRT * i EREE B i
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Sleipner PR 1996 CCS 0.9 100 A s
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PR P AR TR ECORRE 7 1R

=% Sy EpRE s i ML FEE(D T/ /23 ar)
o $ RE% 1 (20155 + ge 5 16 #E/%) PB 63
S P FHL R (0155 WaEspe > 169/x) 0D 223.1
& F %I R (20205 ~ WAzE e 0 01759%/%) RPB 607.9
FAREE (20205 « ®WAzpe > 5 0.0198/%) RPB 580.1
;?‘--a B ELE (2021‘;3‘«' #lzge » 0.01 9g/%) RPB 820.3
R *H3E% 2 7 1 B (2016 » 10~300 #/% ) PB 30 ~140

PB : Packed Bed % % % ; RPB : Rotating Packed Bed *zdf 3 “v & ; B *h 1 f chdicdp £.2016-% e > 35 % & o Tl E 5
i R - A B4 (BFE T PBAS 0 B4R § X I

+ #% % — Bench — 2% 1 i (1~ 1094/ ) — 7 # 1 fil (509/2 ) — 7 §# 1 2 (5009/% ) — 7 % 1+ (> 3,0009/% ) ;
¥R A MAEHAT > B T R b AR 4 BT R R R SR

+ 712030 it § % TRL>THCO, 4 & » 3 1 & & K32 $45/%1CO, » F|2050# it i F * TRL>81CO, 4 & » 4
CO,™ $#2:5100% > 3 JE & * &t 5+ $36/# CO, -




CO¥ & : s 't (F4p)

AT R R Zeolite, Activated Carbon, Mesoporous Molecular Sieve, Carbon Nano Tube, Metal

Oxides, Hydrotalcites, Carbon Fiber, Metal Organic Framework (MOF), etc.

A

ZREY IR E- S S-S W e |

(R
Mg R > SV (R4 PSA~ E 2 VSA-~ ERTSA ~ R iESAE = 54)
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