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(Development of Formate Production Process Using Pulverized Coal-Fired Flue Gas)
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An integrated process has been developed for the direct conversion of CO, captured from
pulverized coal-fired flue gas into formate. The process is designed with a sequential flow
encompassing CO, absorption, electrolysis, and crystallization, ensuring high feasibility for
retrofitting onto various existing CO, emission sources. By applying low-carbon electricity with an
emission factor of 0.223 kg-CO,/kWh or less, the process can achieve “carbon negativity,” where
the amount of fixed carbon exceeds the total CO, emissions of the entire process. It was confirmed
that the product value could potentially surpass the production cost. This indicates the feasibility
of establishing a carbon-negative Power-to-X process through the utilization of low-carbon power
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TATEENTBICODEROBERERB BRI
2 & 0.223kg-CO,/kWh T BB Nz, DR
BICEDHE INGHRA—EYIVUNAVRHAH
JU (GTCC) %8 (0.474kg-CO,/kWn) % BHRE
LIcB6, B8 E85 (E13 (@), LHLEBHS,
HH8H'0.223kg-CO,/kWh %= FOBERKEER (Al

KEFAF > ZREETEIRADREDAERINE S Do KF 0.011, ## 0.013, BFH0.019, [FEL - FLER

2 2r 1
2 o4} 2 4l ]
> ~
= = Net Carbon
2 = Negative
& = -0.384kg
» 0 W 0
g I 2
8 3

-1r -1r -

BH= EE= N3 HHE BEEE IRz
(a) GTCC % E (b) KIGHFHE
B13 H—K 8T 2 2D
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$0.024~0.103, ABE¥H0.059 & kg-CO,/kWh)© %
BIVRELTERINEE, BESNSCOEN IR
FEBICHOHYE%R OV, JOEREETH—
VRAT 4 THERTED (E13 (b))

DI EDHRRHIS, ZTO0ER(E8G5CO,NERIL
[CEEFEHT, BRRERZHEATBDETHEARLGERK
BR (HCOOK) N&Zi# - BET BEMMEDSVOH—
R RAT 4 TR Power-to-X (P2X) #ifr& L THIE
DHFbNB. =HIC, KBREEDPEDCCS (Carbon
Capture and Storage) =#&5L, M#FEHNDL B
TEBICKELGONEERZEELAREE L DB, &
NICKY PREETIZZDODEBLRICE F B COHI
PREBATEIRVF—OBWERICHFESITBHE,
BIEDHEA VT 5Ea0RIMEBI BV RTLAEL
TORBEIHRFENS,

54 JO0tAORFEM

SEOHBETIE 1 mol/L KOHZAKE®R30mL (3.00
x107*mol) Z®FE L TEHRPD CO,xBEEL,
ERTOERAEZRTHCOOKR%DOR LTI, 85N
BRNDEEF2.318 (2.75%107mol) Th oo D
SFRBRICEDE, ABEZR<HERIM MHES &
OSBPEEEDM) 4 (HCOOK) DmizffEs
LRSI L7ce CC T, COMIBNRBRTHDZED
50M@/kgE L, KOHBKXUHCOOKIGIEANILS
@Y (KOH 154.78M /kg, HCOOK 125.40M /kg[ &
EFZEICERT HMEIO~BIREDNBR I L—F
Dffs) #=@BALIC. Fic, EREVICHITBHEESE
HIFHRHEORICE B 245- D EHRER CEONICENR
BRI OFAE (12.5kWh/kg-HCOOK) =ML, EZ
AEHEMI8L5M/KWh P ICEDEEY LT, B,
ERIETCIETZIHHKIOCOEF, TR - BEIX
“EBLAERMMEBICIESOLIBRRII LI, F1C,
HCOOKM&MIC DT, ERELANVDREICHL,
BFARORBENHMIULEREL, KOEKBRZER
LTEEHR (120CHULE) OBBZHRT—RFHAT
BETTNHABDEHIML, HSRMMBOFEED SR
L7

SERIM & £ EE L& U ICIBMEDOHBERBR =
H14IC7R"Y, BEQICOERMEICSOTRERMISE
ERMBHBOR7METHY, BENLTERDH THF
BEMEERTERV LA LBHS, £aiiE(125.40
AB/kg-HCOOK) A ® A 3 X + (103.248 /kg-

Tk i KJHEAT AR I L 72 PRI 7 0 L ADB % (g —k - IO
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L 1 4
i 200 I
-'i-'i i
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0

BSR4 REE

(24%&3&6) (1R R )

14 RBEEOHEHER

HCOOK) %= t@>TWB I LICBEBTHE, BHEM
1. 77B/KWhIATFICHA B e TEanE BITO
BRMETORENICHIL DB EHREESNSD, &
N, BHREFICKY BRI SBETELIRI
F—OFADNERTOEROUHBRREICHT 5BNER
REBBDIEZRLTVD. &ic, RIS, RIGHHET (1
BEER) OFHREM (2.35kWh/kg-HCOOK) %
HETENE BRNPBRKEZSENHHME.43M/
KWhZTslEeLiFon, RBSBETREIRIVF—O
BRICKSHEEMQ LDIFTE S,

—A T, KT EROFAMBVSBAINE LMY % B
DiE&RE L TONTRERRICH D, ENTIETIL,
BFOBSEREICEDSFUMEBREEE, BRAE

ICHT 2R DERY BEPRE/MBPERE) D
BOTNSOWIEICRAL T, #BRBOSHELHIHT
TE3"7, F1c, MCLBFUMEADEER.
BROKXKANBYA > OI—Y3Y (BREBOWIRES
BEAH) THBIENWENTHY?, SHELD
ICHOOBRRILEZEANT B E TaRELTPERE S
L— R (#Z97~98%, 1848 1000~1500M /ks) ¥
CRAFEUEOMEERIITRICTREERAEINS, B
14 CRTEDBY, COKDPERDDSMDMEL,
BHIRARCHRT RANRBZ R/RANICERL, R
BMEBAICCRYRT L%ZRIBI B EHTRETH
Do

5.5 BEERHNINOEMRM

ARRORR - BT OERICEVTCOREDLER
BYEOHMRANFAR (EHR) ZROVIERHGETTE
FRIBEOERNTHETH DRI, ®2VITR

%U S[E]
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K2 BREEEH S X OBBEER"
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s e B LNG % LNG %% A K

w7 RAOREm GTCC %=\ RARER Ii5
C0, vol% 12.4 3.8 8.4 18.0

0, vol% 4.8 13.0 3.2 9.0
H.0 vol% 10.8 1.0 15.4 15.0

S0z ppm 45 0 0 1~30

NOXx ppm 45 9.5 19.0 250

N2 vol% bal. bal. bal. bal.

TEBRY, BSBEEFHFNRENZEEZMDEL, 8% BUMAEBLTHY, COO0BTEIBLVUEREEZREL

DO ppm A —H—MDNOy, SOZSATND, T
T, NP O lEMmETHY, CONDKDITIZRIG
S TRIRENZ V. INDOYIEEREE, SEE
BREZSC P IVN ) KBRDPTIIIBIHR (BB
A DBINICK > TN O EDIFEREHADB
BAMMETIBIRR) ICKUIRIEN, MANDEFEER
S TO3IFEHEET D,

—7, NOy, SOxI&CO,&BHkICEIEBILH TH Y,
PIVAHYICERICRIREND S tEEE, TR 20O (3R
A A2 z4EmlL, OH ZBEL TPHcsNnsd, LHL
BH'D, Bl - RRESICKUBICNIBS NI ESES
NR%ZBATBHBE, CNODRE>pomA —&—I(C
BF D, YD1, ERBEICKDPRRIDDERIEREIC
RIFTEFEEL, FIRDREARTOHABRIBRH SB/HEL T
LIRDTREN TH D EHRSND, 12IZL, EHRIC
EMEBDEBZANPIHLOVA—F—DIEOLAZES
FNTHY, RIBBAOBAICKYBYE/VABEDRE
HEIVIBBMBEOWSENET 2B ENEDHD. LI
NoT, INSHENMIMDERICLBRBEID MR
TORIENUESREICAITICSBROERGRECHD,

D EDHRENS, PIAHVKBRIER2ICHRT S
BEFXHHRAPOCO,ZERNICKRIRT B &N Ok
ThHY, BONICRICRIFEDEFEATOERDERR
ELTHHGTIRE T B EHlT =N B,

6. £&8

WRIRADNHFHRBEDCOAZER - KKEF TP
HUKBRICRREE, BRLFZHRTICE>THDY
NEEMTBHCR—ETOERZBHEL, cOBMLE%
BREELTco RTOERIGH AT RPDIEERE CO% Dt -
BBIREERDCEB<BHERMMETEZICARENS

TH=—RYRAT 4 TZRBLOBCREIM T, 5
BEUBREIVDRT — U7 v T REERFIEDILEICE
UG &BIC, CREBMDEENSHIBICES [D
<B) [FIA] [2HD) ONV2—Fz—2%38FT
Bh—RIVIRTLELTHEREZBEIF TH D,

(1) MRANFESBPROPFH RN S CO,% KOHAKE
BICEER - KRETFTBHERRRSYE, XDOFZF
BRICHTIBZBEBIOEREZREREL, FHIED
A pi7e LT,

(2) ATOERPEAREABICSVTHEBR LD
{EZERLEISEVERMHETCO,ZEELTE,
EARERNRE LIZCREAE L TOBRMEDTE
SN,

B) ATDERBFMERZEBR (0.223kg-CO,/kWh
D) OFERZREE TSI T COZERK
BRELTOWNT BA—RYRAT 1 T3 P2X
KifiE3Y 5%,

(4) REROSHED D, FWROBHAMRETREER
BOEEMOTBDEE LOBBRES 12D,
SHICL 2N NlELZHNS & TRFNIC
PRILY BTRENED D Do

(B) PIAYKBRIECO,ZBRNICKRT B &
Do, RTOEZREHMRADFEEICRST,
DRBERBFNRICH L TLBERIRETHS
CHMTSN Do

#
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