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Technology Description Technology

Developer
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(Huaneng CERI Blended amine solvent (HNC series) W”R/& Solvent Pilot-PSTU I
: ION Engineering Validation of Transformational CO, Capture Solvent Technology Solvent Pilot-PSTU |
|
1 GTI Rotating Packed Bed Solvent (ROTA-CAP) Solvent Bench )
D R EEEEEEEEE——————————
1 GTI Graphene Oxide (GO) Membrane ﬁj\*ﬁﬂﬁ Membrane Bench ‘l
|
 MTR Self-assembly Isoporous Supports Polymeric Membrane Membrane Bench 1
|
losu Novel Transformational Membranes and Process Membrane Bench I
|
| SUNY Buffalo Rational Development of Novel Metal-Organic Polyhedra-Based Membrane Bench I
N Membranes for CQz Captwre _ _ _ _ _ N
( PCI High Capacity MOF Nanosorbents M: ﬂ);ﬁ”ﬂ* Sorbent Bench \I
: LBNL/Inventys Inventys Sorbents and LBNL amine-appended MOFs Sorbents Sorbent Bench [
| Rensselaer Transformational Molecular Layer Deposition Tailor-Made Sorbent Bench :

CO:z Utilization

Technology Description Product

Developer

Southern Research ~ Thermocatalytic Ethylene Production Process Using Ethane and Coal-  Ethylene Bench
Fired Flue Gas CO;

UCLA Upcycled CO2-Negative Concrete Concrete Bench

Helios-NRG Novel Algae Technology to Utilize CO; for Value-Added Products Algae Bench

RIRE . EARIRA . D BEIRIC DLV THITL TEREA RREREEE T

22019 CARBON CAPTURE, UTILIZATION, STORAGE, AND OIL AND GAS TECHNOLOGIES INTEGRATED REVIEW

MEETING (August 26-30, 2019)

https://netl.doe.gov/sites/default/files/netl-file/M-Corser-Southern-Co-NCCC-Testing.pdf
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« The Sherwood plot: Selling prices of materials correlate with their degree of dilution in
the initial matrix from which they are being separated. Note that the horizontal axis
shows increasing dilution, or decreasing concentration, in the initial matrix. SOURCE:
National Research Council (1987). 26



DACK I8+ 2R DE= Rlle

rch Institute of Innovativ

£ 1t \BIER, ICEFTDirect Air Capture of Carbon Dioxide] Technology for the Earth

—EEAILEINTLREDODIFRILF— - AZXMNIERENHD

St 4 M CO, BB TR IL e
F—-axpk

Climeworks TIVEER74L%— 9.0GJ/t-CO,, HRHDOEAT Sk (900t-CO,/

(R1R) (BEARZINA T  600$/t-CO,(20255 8  year) #F5t. CNETIZ8HATIZE

24V3—(38tE) EBEHEORXRL00$/t-CO,) AFEH. IRILF—EIRXRHFLY,

Carbon KOH/Ca(OH), 5.3GJ/t-CO,, Occidental Peteroleum#t &5075t-

Engineering (USA) Z&L/KA&E  94-232%/t-CO, CO2/yDDACT S R2E%20224
[CIZEBFE,

ME—7ILH)KiBHREFERAL, T
JLEX—-aX IR ALY,

Global Thermostat 73V&&t73v9 4.4GJ/t-CO,, D3—VOF7IREKREBA.CNET

(USA) A 150$/t-CO, (1F3k:ZERR  IC6ENDEARE, HEIRILX—
(EMAIRINA)  RIBETEaRb:50$/t- DIEFH FREE . 4,000t-CO,/year®

CO,) NAOyhEiEzTER.

Center for 'f?f/ CHAfERE  220%/t-CO, (1F3RER  FRIE2IMED A1) THRALE .

Negative Carbon VEY) A[BEAE R | : 30%/t- Artificial treeZ &R E BB L5

Emissions (USA) CO,) BZIRE

The VTT Technical [#v3#i4E  8.9GIN-CO, Day/night capture cycle A= T. 1

Research Center VEVED) ~2kg-CO,/day
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Climeworks, Oct. 2015, the world's first commercial RITé_E
carbon-capture plant (900t-CO,/year) LN
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! [AUXZE : 900 t-CO2/year

" Heat : 1800-2,500kWh/t-CO2 (100°C)
Electricity - 350-450kWh/t-CO2

Z AR R D HEEV & F)
BRI (71402 —) =

R L 7=CO2% B ZEF] A

Ambient CO, capture

Heat at
100°C

CO.-free air

Pure CO,

CO, Release 2

Source: http://www.climeworks.com/ 28
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D

AREA REQUIRED'
1o remove 8 Gl CO, per year

6'400'000 km? 2'500’000 km? 220’000 km?

WATER REQUIRED
to remove 8 Gt CO, per year

3km?

EXPECTED COST
at large scale

$ $

5-50USD/tCO.* :100-200USD/tCO,*: 50-200USD/tCO.?

RIT&

h Institute of |
Technology for the Earth

DIRECT AIR
CAPTURE

DACODOIRIK :

IR F—ZEHE-5aXE

-BECCS. #E#k - BHEM (AR) KUY

T ihmEiE LK EREHHEH T/
-

BREAELD LTRSS DOREEAS

EMEBIREANDEZEANGIT

=5HAEEMEN B S,

<100 USD /£ CO,¢ http://www.climeworks.com 29



UsD/t-CO2

2500
2000 |
1500 |

1000

500

DACOIRk RlTe

Research Institute of Innovative
Technology for the Earth

DAC Other
<€ > €
1000
[ 600 700
- —_——
- 136 30-200 1100  ~
i 10 - 35 20 100 11
[ e N/A N/A N/A
. L - 1 L e L L 1 e — 199-6900
Carbon ASU Global Climeworks Carbonsink  COAWAY Skytree APS review Ishimoto DAC(NRC) Forrestation BECCS(NRC) CO2 price for Industrial CO2
Engineering (2009) Thermostat (2016) (2011) (2014) (2015) (NRC) (2015) EOR price
(2005) (2016) (2015) (2006)  (Cylinder and

Bulk)*

*The price supplied by a cylinder is in 2016 and the price of bulksupply is the average of 2004-2014.

Fig. Capture cost of DAC, other technologies and industrial CO, gas prices.
(Yuki Ishimoto et al., PUTTING COSTS OF DIRECT AIR CAPTURE IN CONTEXT,2017.)

(DACHFEEHER ETREIRCDEAGEN S, SEEENBE
APS (American Physical Society) DEt&EIZ &5 & $600/ t-COFEE

L - |
2°CE#ZE>50%%# 3 (2DS) TMHCO, MR R HIHE A (20504 ) :

\_ 132~161($/t-CO)* ZHIETNE Y,

*HEL-FVTTEE, IPCCOURIH L 2020%18.
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ER T EGRNET
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*C4S: Calcium Carbonate Circulation System for | ¥ &X EZRFEABEKRF

Construction : 2D EFOREENISIAEIRS AT L

Cryo-DAC(/BEFIAA R CO2E#[E]

B RFEARBEIIARFH

EZAFEARBE AR FHIBLEERF

IR DIRFTRAFE BELERFE IR
Ak 17/ FROEARRIERIKFE

HALEE - RI5%(quad-C EAFEARIEKRFE EARFEARIERFE
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REZGFE ARKND, JEZEHLDCO,EIUREIiTD BHAE A1

CCUS/Carbon RecyclelZ[[] [+ T #kGHEHITEMN 5D CO2[EUR - B F L F AT AN E -
NETICHELE-ENTZBEITHRATECOBEHIREADERZRET

Pco: > 1 MPa BEAR(CGCG, RAHR, BRARILAR)
Pcoz ~1 MPa BIEILLRZIETOER (FUoEZT7HEIEHM)

Pcoz=13~22kPa :{RBEHEA R -E&ETIE (B X AWFEERT. BT, TAVRIS)
Pco2=3~7kPa :REEHFN R (RAHAKNAREERR. HATUOOV (BESE)
cozeE=01~1% ERN/EAEZER (X7, X, 5., FEZEME. BKE)

cozrE= 400 ppm ZERAHNSDCO2EYR (DAC: Direct Air Capture)

o [KZHFHNSDCO,EUR (#7400ppm : Direct Air Capture) 1T DEFEICHEF
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