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Hydrogen production from coal and biomass: progress, techniques and perspective
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Abstract: The development status of the processes for hydrogen production from coal and biomass via the thermal and
biological conversion process, and its development trend are briefly reviewed. The advantages and shortcomings of the above
processes for hydrogen production are pointed out on the basis of analyzing the characteristics of the processes for hydrogen
production from coal and biomass . Two full-scale hydrogen production methods by coal gasification, FutureGen project and HyPr-

RING process, are also discussed. And the research progress in hydrogen production from coal and biomass around the world is
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presented .

Key words: hydrogen production; coal; biomass; hydrogen economy

SRR — b B B A T R A R S B
FEREWILETSUR L) FREEFR, A Z
AR AT SR o R H RLH A & S W R JEORE
B H AR 2 RE TR A o BUA i 7 ok 45 JROR A
REBWHHUT AKXV . QUBELE WA
T FF B B e RE A AR W 5RO RO i AL S
ik B A W e A3 R B @ LR B | AL & 91
H,0 v J5URHE i L i 6 i BTk 2 2 A 19 7 3 il
B QBRE LLE 2 FOT REHI K07k 1B ARRAR
JAS AT RP SR A9 ] B 7 vk B9 U, ASE S A W R
N ERH H R FBAEBRB B IR T KA R T
EH R Z KT ASCFR T B N AME S A W) 5 il
ATZEBIRM ERBESE,THE T 2 FATRERIR R
MBI ST R G T B NSNS A 1 R A o
FIR K 21 2 AR SR R REE .

1 FETITZ

DA A Wy i o DOk B il 07 v R 18 A 2 4
WLEMBEM AT 2 6, K ife2%a
TE AN R il 5 AR W) e AL B 95 IR R R B A

Yz %% B #8 : 2006 - 06 - 15; & [E B #§ : 2006 - 07 - 26

ARSI, A Yl Sl B Y H S (S
MERE NS5,
1.1 S4{&E

R K ZE RS AT S AT LB 3 B 20 42 30 4F
P23 AR E 95% RS RIE T A BoRH 3%
M R RS AR SR T AENEE
k. HETEREARMH /NG RA L) HRAK
SALJE 3B & SRR 6 R R R, P AR 4R T
IEAEERH AR 600 t Y REVER A& LA
FHER BT ED , E4EH T AR R R
A BRRH A A AN T R SR 43 45 P AN S ek, SE H R
JE B (US Department of Energy) F 2003 £F 32 Hi 2R F /&
AR R Kk B AR /Y &R 0 R AL A ] UK 7 B Fu-
tureGen $X AR , 1 B f £ 52 L F {5 Y HR O E T
A,

AR RA K LA B H S R 58 o IR i 220k
JH AZE ) R JEURE A B S o Demirbas!” 1A 2 8 7K
J B BT 35% LA T B9 A W) i 6 R RS S
AR, Tum ZEEETAYRIMMTRF YR
(ER) KESR/EY R (S/B) . M B EFHES

EEB N BB (1976 - ), 5B, K%, TRIF, TN IR B 058 TR Kb 2 TR MR THE,022 - 23051636, yang_eia@ 126. com,



2006 £ 9 B

WmBEE . E5EYEHNEIZNR <17 -

B S ERNEmE, K MES 7 FEZ ER F kK,
Fushimi %V F 42 43 AT - B 1% (TG - MS) RAE J7 1%
F BT MR FEN R TR A 4 R EKERR
PEEH R, Kumabe, Lv 2103 4T T W AL
IR W) i 2= SRAC AL AL R R BE5T .

A W) B SAL R TR A RS AR TR 2 8 i R R 2
R i ) XU, 38 4 R A K 28R e i AL R Y
e AU A B, S B 4R AR B AT 8 O It
B8 B SAC B 8% 45 A 3 A BR AR A 1R 0 i
e S sk SE B A 2 BT A T A AR R 4 AR
AEBEEW,HKEISE B RMRER R TER
RN AT PR R Y, AT AT w8 R
WHERE, B MESE, BsA . HEEA
e AR E AL R S AL T R A 3 2% R AL,
Hz A MBS 2R Fa,0, S B HEME R
S5EEm, A Bk 5 E R Fw B RS AR 28
WM AR, WAMEY R — RS KER R,
ARG 5y K A BRIK VBa s G5 IR MBS 40 S5 [R) &

AN 25 [ %E IR (Lurgi) « 3t £k IR ( Texaco) «
hn AR (Shell) STE X o AL S 78 R 7 72
KT w2,

AL B
C+0,—>CO, (1)
2C + 0,—>2CO (2)

& R R R
C + CO,—>2CO (3)
H,0 + C—>CO + H, (4)
2H,0 + C—> CO, + 2H, (5)
H,0 + CO—> CO, + H, (6)
C + 2H,—> CH, (7)

1.2 #FE

P IR B — %R 650 ~ 800 K, FE F7 0.1 ~
0.5 MPa, R JE i #3215 B8 B[R] DA K #4650 F
Bl adBAEEE W, BRI -84 R
JR 1R U 1R A RN R S 4 B B IR R R
ARAERT . BN, T A AR 3Rt AT ek A JRURE B L
RYURERTR, Taralas ZHREH, BHEE S
AFEMAEIPERNER AN IAZ AN
AE R F R T A8 BB i £ 0 7= 3. Wang
ZU5IH Garcia 281603 2 X By JL b 48 4k 0 XoF B g2 i
KRS ERW AR EEE MO AREER, CF
b Ak B 2R SR SR B T 7K 28 R B AL R E At A
FIBCRE L TNy EEREERR AR ER
B KRR R EE . R E B TAEE X

YRR ST TARORR, FILARE R
B REURBT ST $2 it T KRR I U R
AREEEDT KRR TIBIE T AL RS R AL
70 57 2808 R 7 A0 R BRI 1 ™ AR R

SN A W) BRAE B A AR R 3L IR R A R s

g
F ot <A B B
CH, + H,0—> CO + 3H, (8)
TKBES R B
C+HO0O—CO+H, (9)
PEI S
C + CO,—>2C0 (10)
F ot 0 ift S L
CH,— C + 2H, (11)
KSR B
CO + HLO— H, + CO, (12)

1.3 BlisREAFELE

B RS AR R A K MG R S A R GRE
KT 647 K, EJ1 KT 22 MPa) #4785 4 9 R 59 7K
ERERE, RN E A RSACR N . BRI &
K 5 B S BUFE 35 % DA b B A 5 TR 0 LR B R
F BB IR B 98 % MY R % 4L 2, JLF A A B AR T A
FE HRMPHEERSETE 0% U E, 5
R FEESAM L, Bl R KRB LT A
O LR R AL T 05 B, 4% BT 1% PBH T 8 AR 1
FHAN B R A B OB /N s @ R JRRHE AL R Q&
R ] BRI F RS, AR R R ;ORI
N 2SRRI BT A3 1 7= o B E R R

WEE N 5k B RE a8 FR AT R 20 B 1 2 A R AR T
PR ERAR , X RIS 7 LA AR ) R R DA AR T R
HERS AT E B8, BT AR S iE 7 L/ S
IS N %, SRR R AL R E R Y
RIS uR 2 B AR AR R A AT BRI
AL, B Ni K, CO5.Z10, . Ca( OH),  THHE R %

CH, %58 7= 4 9 4 Bt & — B 13 26 1 19 )
f5 . Kumabe 251V 0 A BT 45 1) £ T HE AT K 2R
AL AL T AT R R B, £ 0 S0 2 R B AR R
& CH, i/ & CHg %8I =Y. FEARSN R E B AR
Al B P A R R H, AR R Rl 2 8 il
THAABES LR CH, EER B AR F. I
A, S A8 ok L R FE X L £ JUART T AR Ak Ak B4 B
ZIFOR A EMF R ZIF AN AR EE.

HEGZA RS EMNE L, B
RBEHLEA Ff T — B 58, Delgado 21813 H LU



- 18 - AR AL

FoBEOH

ARFTE 5 eH &0 8 Ih 54 A 7% 1k = BE, 5K
(13)ZK15) i

HRER

CH,0, + (1 - y)H,0—>CO + (x/2 + 1 - y)H, (13)

A Jo 1 S Rt

CO + 3H, —> CH, + H,0 (14)

TR AR S

CO + H,0— H, + CO,
1.4 REXEBEE

REE MR AW 30 ~ 80CH B (L H 2
BEEAE) T, UMK EERERIR
REEIR A BRI A, TR H,, R B AR B IR Y
AR SRR B 2 A i CO, B CH, DL K H,S %
SR ZRRL I R R 2 W R B, BT ATE LA )
HEREPEIFERAW NN RE T B, K
L i 7 B BE 2 0] 32 2ok B AN .

W AR A R % pH. K J1 15 8 Bt 8] (HRT)
RS ER#EN. 0, MAFEME ™S EH
RALEG A S ALEE 09 & RS T, ATl 7= Sl R .
TR EBE KM S, &fEpH B 5~6%, BT
REFARTES BN EEZR Y RANR,EE
R AT, N8 P pH S B B, 0 T A e
o 0 BB S ERBEPITRT 2BR K B
ARMR, B HESBERIANEHEARY
R ERPE, 76 pH 4.0 A M KB~ E R o

REKE-SAEAREN-E8E, BA%ZH
FRAYBR o M RUEE Tk RE¥FEZ SRR 5 AT
H , 4k 1999 4 B3 58 B il HAR 1 & BT AR 1 il =
HARLBBE R BRTE @R R L8 — 1k
FRANEAKEYRE LERERE, X—L20
H 1200 m* &5
1.5 XERMEWE

AT 4 R AR K LA R R
YRR HLA 2 28020 AR A S DA A= W 5 R DR
IR AE YR ALY B P S5 . 52 B 40 TR RE
7E [ R B B9 HE AR AT R A D RE 4 A% A HLER (1 3L,
BR.TR. T RSB E™S. ZdRPaIFA
HES 5K, TUHER R RER THE
BT EME, SREAKBEEEM, WFE
AT T BROK AL LR F YA RS AL R A
A EE R AN EHER A HERAM AR, &
A R HLEE B T R FER

CsH;,06 + 12H,0 —> 12H, + 6CO, (15)

Rz AT ERTERR—ENEE, MES

oAt i 07 AR LG BB AL R AR, AR KB R
W75 ZAR K Z 6T AL, BT A 5 RE K BEEM L, 1%
B BRI E G B, B S e A AR S
HER

2 HRURERE

REZGGHEREME-NEF/LE™ B H
FORER AL A FSF 3R W R e B A BB IR R, LALR
SUTEETERER R LA FR A B 59 H S
WA, AR, AT BE B R ok 50 45 EH KA}
6] A e SR B BLSE e . T R E R T M A 4
RS RAH T2 T REF LA FEREYM COo,
AR A BT AR B BE A Pk B R RO BB IR 755K, ST 4R
HEERKREETTRL B T 1 XHEF S 2
R R A TR H 7 HyPr-RING £ AR I
% [ FutureGen T H 73 | BEAT 1R ZE R
2.1 HyPr-RING AR

Lin 2P )R8 T HyPr —RING ( Hydrogen Pro-
duction by Reaction Integrated Novel Gasification,2000—

2010, HA) T , HAI S R aE 1 Fim,

(923~973K)

"
CaOW KR 22375 o H,
7.k T ! .

k&AL L

CaCl,,NaS ®
B 1 HyPr-RING % 4 1t #(%

BT B A AL R 7K - A8 e & CO, T
WO L AR R B B — JORE #% R AT, 7E 923 ~ 973 K.
12 ~ 105 MPa FY /8 llm 5 7K Hf 52 3048 4 | o< 0 8 0 4R
BRSNS, B TEIE RS WIE R #IE. Cao fE
R CO, BRI 5 4 B B IR A A B R R 28,
F CaO WK & RN AR FFTENRE,

FERPITERIT
Ca0 + H,0 — Ca(OH), - 109 kJ (16)
C+HO0—CO+H,+132k] 17)
CO + HLO—>CO, + H, - 41.5 k] (18)

Ca(OH), + CO, —> CaCO; + H,0 - 69 kJ (19)

C + 2H,0 + Ca0—> CaCO; + 2H, —- 88 k] (20)

=X (20) 7 7 B9 B R R FT L, BA CLH,0 Fl CaO

Ry B L #) S SR R R R BE L X R BR R IR
FHEANAREAFTEIINMM/E; B, CO, 5
Ca(OH), Z[A] iy RE ik f2 7 T 2 (17) F =X (18) 55 il



2006 £ 9 B BES E545YEHEIZWR - 19 -
BT ERFEARBIFEREE, BN, AR AR,

& 2 & HyPr-RING TZRBEEP, K=Y
CaCO; B3 b3 2] CaO J51E AR S 5HEFF

/\ J/ %
\_/%{ECa(OH}'\\ ,ﬂn%

/ CaCo,
CaOJ wz

B 2 HyPr-RING T % % & &>

HyPr—RING R F 2000 4F g1 H 438 7= 4 %% B
JA 3, & 2010 FEE5 R . TWHZ I H 9 ER R
BE 75% VA B, B SAR T H,S R R o B0 i 7R
107 AR H 523 CO, MY A1 Wi 34 77 , ¥ BR TR E Ai 1E
TEREAT 500 kg/d fniEE A APk SE B BF 5T LR A W) R
HyPr-RING S AL 72 B BT AR o
2.2 FutureGen R

TR VE W A B9 FutureGen 3 H (2004—
2015, X E)HERBNM IV ALFASS, BET
2015 E g —A HIEFEME % 6 000 t B FHEAL ./ &
HBRUREE Co, HANBK™H S REH
I, EREESATZ RS TER KB LK Co, 85
ST, K TEWE 3 fim.

FutureGen 7 H J¢ 8 7 AR 61 %7 2 45 : O MR AL A
o T P A TR B K — S B AR A TR 5 O AR RRLAS | Bl R
FRENESBEEAR QA TEMK-TERES
BAR;OF RN E T 0B CO, H,S 55 H A% i
SAEBBEE T Z o B AL R RSB AR BIF R A S5 3

PXTRTERARFEGRHE: OF TES BT
(ASU) 1Y 5 #F B8 + %y 12 1% (Ton Transport Membrane,
ITM) £ AR s @& B E AR ; © AL KB A8 37t
MR R AR RS ; @ Co, BB FHEA

=5

=5 0,
®E

% B3
R
#

K 3 FutureGen & . % 5 /= L & CO, #H 7
I ¥4 me

HZ HyPr-RING LT Z f13% E FutureGen L7 2
R KT RAES FES E Y R S8 KM
BN AR ML T R A7 B B, BT iRt T — @ M &%
BESERN.

2.3 REKSEYRHSHR

A [ A9 SR RIF & R A0 2 WL R RS 4 S A
AR, R EERDRAR MR E BRABCA
BT E AR 55 5 p A 4R RS ES, R
LIRS A AR E ML e, B
5FHErEEARIIMEY A R(WEK ), A
A EEEERE T BT, {252 E KA RS
AR E RGP AR EEE T

x1 EBRNMBSREESEYRHSHREMC—K

Rl (YRS GRS DA | S 5T 2L
pLs avia of [ B 2 B AR B BT, University of Minnesota( USA) , Technical University of Graz(Austria) , Center for Coal
L Utilization( Japan)
A=Y R avia s E BB M RR YR BT, K8 National Institute for Resources and Environment(Japan) , University of Tokyo(Japan),
K National Institute of Advanced Industrial Science and Technology ( Japan) , University of

Hawaii at Manoa(USA) , University of Limerick (Ireland)
X7} Ve YA
g R+ L

Ve I

178 B 2E BE , R K2 University of Saskatchewan ( Canada) , National Renewable Energy Laboratory (USA),

Gifu University(Japan) , Karadeniz Technical University (Turkey)
o B2 e 1L v B4R BT, T 2

National Institute for Resources and Environment(Japan)

il R
YR I A FELASE AR, HE BB Hiroshima University(Japan) , Institut fur Technische Chemie CPV ( Germany ) , Tohoku
Ligs2i 4 University( Japan)

LX) bl g (] TR A R

National Institute of Bioscience and Human Technology ( Japan), Osaka University
(Japan) , Oita University(Japan) , University of Victoria(Canada)

MR Tl R, W R,
BRI, v e e PR 2 B

University of Glamorgan(UK) , University of Newcastle(UK) ,TNO Environment , Energy

and Process Innovation( Netherlands)




- 20 - LA, 4 L

FoBEOH

KRR 20 ~ 50 4F A AL £ KRRk ] S B AR TE AR £ B
AT EPHEAREHEFE >, RE M6
B LR T A KRR R H 5%
B FEIRTE T MR Searh iR 21 128 R B
i EZEREVR , R RS E FutureGen 15 B B il &
TZ AR R — B0l & T E R IR R 2 RS R
BRI g A , 18 [ B ik A — B T K 9 4 K, IS BBR
PR R BB B R B AT AT B 2 B TR AR

3 S&iE

“RAFFRHMCARNME T — D REFHRK,
LI EB AR R N RBET A NH I AR
[ 20 7 T 7 2 R A R R MRS 2 4 SE A R LA
TR OflE T B/ B KR IR, FH R EE
WL S JE A G B s @ B R T & 5 v 2 R LR
BRI R & BOR, DU R B B RE JR R R
QAT AT A= BB U A0 A W B R ARG AT A 5T, LU IR
LSBT R B AT A6 RE TR R

2% 3k

[1] Rosen M A, Scott D S. Comparative efficiency assessments for a range of
hydrogen production processes [ J]. Int J Hydrogen Energy, 1998, 23
(8):653 - 659.

[2] Brewer R E, Reyerson L H. Production of high-hydrogen water gas from
Younger Coke Coals steam-carbon reactions[ J] . Industrial and Engi-
neering Chemistry, 1934,26(7) :734 - 740.

[3] Brewer R E, Ryerson L H. Production of high-hydrogen water gas from
Younger Coal Cokes effects of catalysts[ J]. Industrial and Engineering
Chemistry, 1935,27(9) : 1047 - 1053.

(4] BRid 45 , 3598 , Spliethoff H, %F . A£ 4 I $uf AL M A< [J]. K
FH B4 4%, 2004,25(6) : 776 — 781.

(5] fEARS, 201, W 8 MRl E e R R IR [T]. B B
AR ,2006(1):4-7.

[6] Garcia L, French R, Czernik S, et al. Catalytic steam reforming of bio-
oils for the production of hydrogen: Effects of catalyst composition[ J] .
Applied Catalysis A : General,2000,201(2) :225 - 239.

[7] Demirbas A.Gaseous products from biomass by pyrolysis and gasifica-
tion: Effects of catalyst on hydrogen yield[J]. Energy Conversion and
Management ,2002,43(7) :897 — 909.

[8] Turn S, Kinoshita C,Zhang Z, et al. An experimental investigation of
hydrogen production from biomass gasfication[ J].Int J Hydrogen Ener-
gy,1998,23(8) :641 - 648.

[9] Fushimi C, Araki K, Yamaguchi Y, et al. Effect of heating rate on

steam gasification of biomass: 2. Thermogravimetric-mass spectrometric
(TG-MS) analysis of gas evolution[ J].Ind Eng Chem Res, 2003, 42
(17) :3929 - 3936.

[10] Kumabe K, Moritomi H, Yoshida K, et al. Characteristics of hydrogen
production from coal tar with suberitical steam[ J] .Ind Eng Chem Res,
2005,44(6) :1950 - 1953.

[11] Lv P, Chang J, Wang T, et al. Hydrogen-rich gas production from
biomass catalytic gasification[ J] . Energy & Fuels,2004, 18(1) :228 —
233.

[12] Ni M,Leung D Y C,Leung M K H, et al . An overview of hydrogen pro-
duction from biomass[ J]. Fuel Processing Technology, 2006, 87 (5) :
461 - 472.

[13] Sutton D, Kelleher B, Ross J R H. Review of literature on catalysts for
biomass gasification [ J]. Fuel Processing Technology, 2001, 73 (3):
155 - 173.

[ 14] Taralas G, Kontominas M G . Pyrolysis of solid residues commencing from
the olive oil food industry for potential hydrogen production[ J].J Anal
Appl Pyrolysis,2006,76(1/2) : 109 - 116.

[15] Wang D, Czernik S, Montane D, et al. Biomass to hydrogen via fast py-
rolysis and catalytic steam reforming of the pyrolysis oil or its fractions
[J].Ind Eng Chem Res,1997,36(5) :1507 - 1518.

[16] Garcia L, French R, Czernik S, et al. Catalytic steam reforming of bio-
oils for the production of hydrogen: Effects of catalyst composition[ J].
Applied Catalysis A : General ,2000,201(2) :225 - 239.

(17] K54, BRi 25, Fa b A, 55 . Ak B AR A 0 B BB IR 1)
WEFE[T]. MR 2541, 2004, 32(4) : 446 - 449.

[18] Delgado J, Aznar M P, Corella J. Biomass gasification with steam in flu-
idized bed : Effectiveness of CaO, MgO, and CaO-MgO for hot raw gas
cleaning[ J] . Industrial & Engineering Chemistry Research, 1997, 36
(5):1535 - 1543.

[19] Kumabe K, Moritomi H, Yoshida K, et al. Characteristics of hydrogen
production from coal tar with suberitical steam[ J] .Ind Eng Chem Res,
2005,44(6) :1950 - 1953.

[20] Chang F Y, Lin C Y. Biohydrogen production using an up-flow anaerobic
sludge blanket reactor[ J] . International Journal of Hydrogen Energy,
2004,29(1) :33 - 39.

(21] FERTBE, MBI, Ty %3, 45 . RS80350 0 4 TR P O 0 B G T TR
PEBFFELI] . KR PH RE 24 ,2003,24(1) : 80 - 84.

[22] @B AR, BT, 6 A PLER K R Bk A0 & P iR
(1. K PHAB % 4 ,2002,23(2) :252 - 256.

[23] Lin S Y, Suzuki Y, Hatano H, et al. Developing an innovative method,
HyPr-RING, to produce hydrogen from hydrocarbons[ J]. Energy Con-
version and Management,2002,43(9/10/11/12) : 1283 - 1290.

[24] Penner S S. Steps toward the hydrogen economy[]] . Energy, 2006, 31
(1):33-43.

(251 R L1 . ThT 1i) 460 R UK MRk v 9tk 70 — 404 B B 10 ) LI 72 1)
PeHE[T] . MOBHE 22 24,2005, 33(6) :641 - 649. 1



