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Techno-economic analysis and life cycle analysis of biomass-to-
hydrogen and coal-to-hydrogen
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Abstract: In order to explore the economics and environmental protection of the traditional hydrogen production
process and the new hydrogen production process, greenhouse gas(GHG) emissions and the energy consumption
(EC) in the process of biomass-to-hydrogen(BTH) and coal-to-hydrogen(CTH) were analyzed by techno-economic
analysis and life cycle analysis(LCA). Techno-economic analysis included total capital investment(TCI) and
production cost. The production and transportation of raw materials, the generation of synthetic gas, hydrogen
purification, the transportation and application of hydrogen were included in the system life cycle boundary. The
results show that raw material consumption and total capital investment of the BTH process are larger, but the

production cost and GHG emissions are lower compared with those of the CTH process. The EC value of BTH
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process is 75.4% lower than that of CTH process. The GHG emission of BTH process is 89.6% lower than that of

CTH process.

Key words: life cycle; hydrogen production; techno-economic; energy consumption; environment
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Table 1 Proximate analysis and ultimate analysis of coal and biomass(mass fraction) %

o Tk #r TLER AT
- K59 Bl RS Kol ik ) = = firt KAy
FliAFL0- 18] 10.00 15.58 69.94 448 41.11 5.20 3796  1.01 024 14.48
JHLUS-19] 11.49 43.01 34.79 10.71 55.47 3.81 1702 093 057 2220

TE: “d” FoRBLFRA O EEMET,
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1 A2MRERALZARAER

Fig. 1 Process flow chart of biomass-to-hydrogen

2 HHATELRAZR
Fig.2 Process flow chart of coal-to-hydroge
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JC (ASU). S 1L ¥ 7T (GU). 7K I < 48 . % ot
(WGSU). i I H % ¥k 52 70 (RU). 32 55 7 5 6
(CU). 78 JE W i B TG (PSAU) . RS TN ZE I I # ML
FIG(GSTU)ZH R . i) & T 25 4% 0 1A G B AR 1Y
JeMEfE 7 1R L FR 2205, T ZE WLk 30, &
B T 2000 W3R 4205, Rkt soc L AR5 B 1
FITE 2 AT

BE FEHIEAE 1 1.8x10° m®, ZEW i il & T
ZERHEFER 910 990 kg/h, TR A T2 R
FEIR N 6 430 kg/h, IX 2 R T 245 B GBI 4
WS FTR. ARG R AT 5, K
B 4h B 5 CHR6, 17, 23-25]H ()52 BR 4 Fak 4T %t
FLIGIE, RIMPHE) G .

2 S EEAVEY

FRT, A 5 (LCA) E 48 N 1S0 14000
WS R, 1Z7TE OO T 2R
A o B 15 42 i) 1) 2 BEVPAN F- Bt . LCA [R5 DA
[ bR #E(ISO 14040, 2006) 948 5, AT LA = b &
SN A M BT S AT VR . LCA
45 B bR AE e S BEAE BT S e DA A A
BE 44T

PNV S X W0 | W B O B2 - R R (B 1B U

F3  Adhd S AobA] A69 T H AL
Table 3 Specifications of BTH and CTH process??’™

TZ ZH 1l
BRAY R/ °C 1300

Gy L ER ARGV R 0.39
RIRE5AEY R R 0.65

AR /°C 1450

feE AREHR =L 0.71
ARG EL 1.03

x4 BFaTeaE

Table 4 Specifications of each unit??™*

LS ZH Al
SR E/PC 280

IS A H J£ 71/MPa 3.8
% F%/MPa 0.05

s W AT B B B A B 35
e 2 % [%/MPa 0.015
H, K173 B 73 4 1.00

CH, 117> & 774 0.02

A% 5 B CO, 14 #7141 0.02
N, 173 85 3 4 0.02

CO 153 &4t 0

JE il A R B R G TR T RE LT, ISR A B
R REFE DA S I = A HECIE B0, DATH SR ) = T
S E L Z I REUETH M LS = A HE
2.1 REUAFFINGERTT

A 1) SR A o ) A 7 2R G R A o B

T2 B2 ABAfet R Tk
Table 2 Model and property method of each unit
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g Eﬁ&ﬁ%fﬁ/&ﬁ& m/Eﬁ&D%fﬁ/Eﬁ& RPlug SRK
IR N
IR H BV T o7 Ho~t56 RadFrac PC-SAFT
e AL LA S L L AV B e (A S0 S B 1 R A B 4 , ,
55 i LT . i RGibbs RStoic  SR-POLAR
SR 2 S RLI 2
A5 I 2R AR W Bt BT RRENATE S Sep RK-Soave
RSN ZIRIRNEE R RStoi PR-BM
RIS e ORI URER LR tote
HLHLTG Compr STEAMNBS
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Gu: 1) BORFFR. I TAIZHI(SS): 2) Kk 1ikb
HRIS A6 (SS2)s 3)FIA . 1H LAz (SS3). £
AL RAFAE 3N T RS 1) BT
(F14E 7 Hig%in(SS1)s 2) AT Tk B A1 46(SS2):
3) #l A, L AERIE(SS3). AL EEELET RS
(RBSHE TS B HE TS0 72 i) AR i ) e RE DL AR
HAMHR, K, RGEGFEENNEERRRE
NGRS, %, REAAEEE
F€CO,, N,OF1CH,HE.

Th e SR 70 A2 A= o JE B VE AR o o N R i
Mg—son, HAERRNE RarEeRat—e

Pt o EARTEFLH, i Sk f8 A /N i = A )
1004.5 kg A E A T TIRERTT.
22 HdapEHAREHE

A= i JE 0 BEFE R T T AR A YR FE R R 1
— YA T R - 2 R e sE s, ks ik K
(1o 6 AR AT | MIIEFEREVR T Z W FEMI1L
FREVR o

V= ZEE(EL/' xP i)

i=1j=1k=1
s PO Ay R A REVRTE FE s E RIS RE R R
s PNMBRE—RWAHEEREHE T =1, 2, -,
5, IR RPER AU L. WiEEH. 28R4

(1)

RS AMFRALEARER AL OEMER(ER>H)
Table 5 Simulation results of biomass-to-hydrogen process and coal-to-hydrogen process(mole fraction) %
Tz T H, Co Co, N, H,0 H,S
SRR R 22.90 47.1 12.50 0.70 16.3 0.50
. AR 53.48 0.08 45.52 0.54 0 0.38
SN e
R 98.17 0.14 0.70 0.98 0 0
A5 99.97 0 0.01 0.02 0 0
JERRE A 31.34 26.54 13.72 0.32 28.01 0.07
AR 58.52 0.55 40.53 0.33 0.07
B/ e
#R 97.32 0.92 1.22 0.54 0 0
AR 99.96 0 0.03 0.01 0 0

(a) CTHA = Z%5; (b) BTHA=R5E
B3 FAaLe ALK
Fig. 3 Life cycle boundary of system
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RO AT MIALRE B ATIH A A 1L A IRD 2 BN
ON,0= N0 VN0 = zz[Ei,j(DNzo.j"'INzo.j)] 3)

Table 6 Primary fossil energy consumption for i=1j=1

obtaining 1 MJ process energy’ 2% MJ 5.8
— - Ocy, =Heu, T Ven, = EE[EL](DCH4,_j+ICH4,_j)j| C))

R LIS Bk aRlii R i=1j=1
e 1.06 0.1 0 KA 0oy Ono M w709 AR % A CO,,

TR 0.18 1.12 0.03 N,O Il CH, R s peo,s tino P ey, 5 B A
eSSl 0.18 112 0.03 c

Bk 0.14 1.06 0.03 CO,, Nzo%DCHA;EKJEEI%ﬁFﬁiE; Veo,r szOﬂ]vCH4

RIS, 0.11 1.04 0.05 43 AN = SR CO,, N,O M CH, F 8] 32 HE i = 5
| 2.86 0.37 0.03 Deo,;» Do M1 Dgy, ;537118 CO,, N,O M CH, ) H

%ﬂ}zﬁi % H ICOZﬂf’ [NZO.j *ﬂ ICHA.j ﬁ%”?‘j Coz’ N20
HICH, 1 a3 HE TR 5
Az i A TR = SR HROE RE T CO, B HEK

PoL ARG F A s i =1, 2,
6, PR R RRRE YR R V. S, KRR
SFHMER: k=1, 2, =, 4, FHIXTN—KEE

TEL IR AR R AR RAL,
23 EHEHERESEH

A A VRN R s SR HECE R T CO,,
N,O 1 CH, (1) L HEfs 5 ™. Hdp, B
HETBOT R = AR T A A A e YR I R AR )
AR, T (AR R AR 2 FR A R
PRI A= I L R S B R HE U R R . S5
F 7020, 153 4 Ak AR = SR HER T E
EIR

G RRP,
G =0, +2960y o+ 2300y, (5)

24 S oEEERSH
24.1 B AsyiEAE

1) BRI LA E . Har, E%A
R A BT 3510t T 1043k, 4FH 25%
(R IR 23 n TS 80 T 3 s K . MR s SR [28],
B 1 MIREEM Tt FE M REVRTH FE WK 8 Fim.
[ 1)~ 332 B 600 km, A58 5% 35 %1 500 km

5.3 AR BI85 100 km, 18 ¢ 3@ S ik 72 (1 3K 3l 66
Weo, =Mleo,tVeo,= zz[Eij(DCO o ]):| (2) . _ o
’ ’ = » ” PWEE RS, RIAB T, SiamEEKiE

£7 CO,,N,04=CH, 8 B B -F Fed] 4 7 71527
Table 7 Direct and indirect factors of CO,, CH, and N,0t*"]

AAREEE Deo/(eMIT) Dy of(mg'MI™) Doy (g"MI™) Lo (gMIT) Iy o/(mg"MI™) Iy, /(g-MI™")
s 81.642 0.001 0.001 5.730 0.170 0.430
IR 67.914 0.002 0.080 28.830 0.470 0.090
Seih 72.585 0.028 0.004 27.870 0.440 0.080
aalii 75.819 0.000 0.002 25.330 0.070 0.410
KRR 55.612 0.001 0.001 16.580 0.120 0.050
il 0 0 0 248.020 0.620 2.160

=8 TIRRI A T ] A AR LE LAY AL

Table8 Energy consumption in process of resource extraction, hydrogen production and hydrogen production compressor

RN 22 BB AE

W JE9%0.050 MI, ¥53H0.001 MJ, 2£i0.001 MJ, HL/70.010 MJ
AP I Gl AR (EAKFEFT) 154 959 MJ
ARG 1772 380.7 MJ
PERIPRSINT. 5 0.050 MJ, ¥5310.001 MJ, %%310.001 MJ, RK#R50.001 MJ, H,.770.01 MJ
I il TR 142 746 MJ
AR B 7/72 380.7 MJ
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Table 9 Transportation distance and energy intensity of

resource transportation and hydrogen transportation

e Sl YR AR
MJ-t"km™)
FIgRAE 1.362 LI (68%) S ¥R (32%)
KIgRE 1.200 S50 (68%) KR IHI(32%)
R 0.240 LEIM(55%) S FE 1(45%)

2) il & B Bt . CTH-SS2 f 4F /N ) AT fil] &
1 004.5 kg, YHFE6 430 kg Kk o I IR K AE N
22.2 MI-kg™, ORI A2 A i A B 7R R
FEN 14 2746 M. TERLBT B, BERAUZ A AR
P E AR, [F I TR B K A fE
CTH-SS2 1, il = S 1) 2 ZE R 52 A = i f2
RSB E A MR A BN R HERCCO, B
13 794.3 kg HR¥E L2 HE, WHIE N JLF AL
N,OFfICH,, Ht, KRZZATHE.

3) AR A B, R4 (99.97%) A
FEMABARERMEE L™, KA AON
1 004.5 kg/ho & 4 ik #52 hyH FE 2L 77 1.52 MW,
Horbr, 0.86 MW 1 H g &Il i &L Be W] H T & 4
ML (W3 10), PFrbh, X 75 246 H 0.66 MW(R]
2380.7 MJ'h™), 13 8 Frn (e A BIR G- fiis &
[IEE B4 300 km) .

F10 H AT LR LA
Table 10 Key parameters for hydrogen production process

ZH A i ) A oS
SR o & L 0.091 0.156
A" Re/kg 1004.5 1004.5
1§ R /MW 0.90 0.86
CO, fFlt iz /kg 23576.9 13 794.30

242 AHAadAE

D) B A= Sl B, E R SR

B, BENREA R0t iR4E SR, &
KA T 1 MY F KA T2 RN 3E 8 I o
A, BRFEF T L R R B ORIR R A s
1100 km [ 8k %185 500 km, 51w §°FH4E 5
FEBSHIE, 94600 km. tHEE2Ut, 4905 HIA
T ) S R 1 DR B B A A

2) il E W B . BTH-SS2 t 4 /)N I A 1 &S
1004.5 kg, WHFE10 990 kg 2=V FEAEFT . 17 A4
JERHEA HVE A 14.1 MI-kg™', BRI, BEVETHHE
154959 MJ, WL 8. M2 A4, &M B
FBAMBEEHUE BT KRR S S HE,
1 N RS CO, &/ HECE 23 576.9 kg( W5
10). SHEHIEGT A F, s N EARASFETEN,O
MICH,, FH, RS RGEHAEE.

3) ARIFLIE I B, Al (99.96%) A
IR R E A, HTE A1 004.5 kg, S LS8
S FEVEFEH 1.52 MW, AR 0.86 MW HE I (1)
P AT T EEALA(FE 10), KA 0.66 MW

eI VINEN S NOTS G

Table 11  Assumptions of production cost calculation*2*]

YRy LTI
1) JEA R A HEWIF 300 7T/, FEIR 700 TO/t
2) JKHLPE K276i, HL0.5IC/(kW-h), Z&¥K42 JT/GI
3) B e 549
@ 5% 200 A, 100 000 JT/(\ -a)
@ BH#EWREACHITE 10% 3128 553 77
@ % 542 li] 7€ BE AL B 2%
@ FEAEFH [t 72 TR AHL T4 0.7%
® S5 % % H BE T EN I 10%
4) #r1H 115 a, FR{H 4%
5) L) EE AR 5%(55 55+ ELER I B A AR+ 5 4E1%)
6) & H 2 ] AT AR 1) 2%
7) B AN A A PR AR ) 2%

8) M AT A

JEAARLRASA/K F B+ A 5 47 93 10 B+ 1) B9+ B 2 A E A B A
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(BF2380.7 MJ-h™")FELFR ZE W SK( L3R 8, [RIFE{E & &
(428 B A 46 25 2 300 km) o

3 FHR5WR

3.1 RAREFoHh
3.1.1  &EFI R
SR AR SIS E AR RS AR T S
BERE S EERARRES, Hb, RalicE#R
TR TR WIS, BERARERNT] &&
P X2 M ARG R RSB ETE A
1fw¢%y (6)

X [IASRFRERT: LARARGR®
Bt O NS RGNAT MR 0, NI R4
AT, n R 2, Ao, nBUEE
0.6; O NXIHT. Hrh, ZHRGHR LT
FURAE W25 SCHR[25, 30-31].

il R S B TR ARSI

p=r(l+ >R 7

e w NERBEEAR: o NIRRT RAHE
s DB AL 77 -

AR TR 2 S R 5 Y R =
AR BT TA, K4 PR, EYEH SR
MR B AT 1.2x10° 76, SEHEIRAR K L B 5T
BWANI9.5x10° Jt, WHBIHEBEARAG —ErH
Pho Xt FRFE AR T, VG R T ZM
BERARLNEH A T ERBERARRK 126, XE

El4 AR AT TARFATEERTITA
Fig. 4 Total capital investment in biomass-to-hydrogen

and coal-to-hydrogen

BRMT, —Hm, EVHEHE L5 T
AR A B AETE R, 55— J7 1, Aol
ALZHAAY EIRTE R Frbh, AP
A TSR HI A T2 A= /e A FRE, 17 1)
AT fEE I 1265,
312 AFmA

2 FH RS A A 0} 1 AR 2 A 7 A 1) 3
YRR Ay o VB AR T ROA I A s L3R 1P
e BRI A 25 a, BRAA N 4%, K BELIETHT
IHEA . A= AR v AN

C=Cr+Co+Cy+Cpo+Cpr+C,+Cy (®)

e CGRAEMEISA: CoRIZ BT A C,
NN HFEA A CoN L) A Cy T IH
JA: CONEHRA: CoONBEM B A

B ST B AR 7 AR AT 3 — o,
BISATR. | m’ AR & T2 A4 7 A 0.306
TG, TR T2 A AR R 0.370 76, 1T
AP RAS L SR K 17.3%. MBS T A JEB R
A WA TR IH A A = AR S R . AR
A A R, R ERERE SRR, N
AR 44.7%, FLUGRITIRFI & 9%, 2000
20.2% F117.8%. RAEJERHNEFER, (HHTEWR
(2 S S o /i 1 = Sl 0 N S A
[FIAEH, FEREHIE T2, RARHEFE & e
FRA N 51.4%; FHUGR AT, U E P AR
22.0%, TATIHZRFT & BN 13.6%.

El5 A4 m# AT TABR AT EHE~ A
Fig. 5 Production cost of biomass-to-hydrogen and coal-

to-hydrogen

AW R ) SR T 2 B A P A 2 L AR
KOVHE, SGRME 6T R, Ee6d, Bitkhr At
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B, M 200 7T/t ] 1 200 o/t AR, VRN
M 100 TG/t 2] 800 Ju/t S, K AR 4 o A 5 AR 1) ik
KRIAT oM. 6 KT R 2 3 7s A=  Jo l) E AE
FE ARG TR S AR = AR . TERRZRLL b, A9
JoR SR A P A e TR A P e s TERRZR LA
R S AR A s T AR R A T AR

7=Cori/ Cemn )
Xy NAEFERAR G Cyrg NI A
EFEA s Coy NIV A BOAR o

Ele A4m# AAebtd] 24209 £ & A & i AT
Fig. 6 Production cost ratio analysis of BTH process and

CTH process

MEL6 T UUE i, 78 FOKFEAT SR A 0 7= S i
AR PIEFE I T, A= A 1 & b2 bl 5 I
R S A AT IR b A A TR R B ek T K 1
RLLE S0 56 A0 A SRR 72 AN A AN 78 ) TR 17
N AEFE AR ) BB A ROK A AT A AR ) 5
PREM K IR L3k T PEARG, I R R AR A I A A 1)
BE— 20 Rk T AR ) ) SRR R S TR R A
FERAZERR . BEAE RN RS B AR A, AT A
TE2HEs/NTHEE T Z s, &R EW,
TERBAR B R R T, A= 4 o ) SRR ) & T2
MG R A R 2. M, TERM B A%
BEME T, SRS AR RKIAR. Fik,
A LAPS X FERI 4508 A i AU R AR B R
AP 77 THT Eb S ) S0 LA S A A M R
3.1.3  #Hh

TEASFEIRRBUANHE T, A=W 5 R A A% P
TR, Hodr, BRSNS, 100 Jo/t
F400 JOAANEE, BB 0 Ju/t H 600 TTAAEE; A
AAFR IR AN A, MO TG/ E 700 T/t A K]

S RE R A A% B o BB G I I PR AR . 5 RS 2
AW JSAE B A i T ) SRR T, A
SR AN A% AN 2 B8 BR BRI AR AT A A B AR, X
A REE RO AP R T8 R PR R REDR, BTBL, A
W REVR (14 KA A 2 1 KR HE TR A R Bk
I HIEH S T E A A T2 AR =R
W2, ik, EHERBITIST, L5
ERUR TN R i Ei 1

El7 AR FAT 20 A R 6948 X M4
Fig. 7 Related price of biomass and coal under conditions

with various carbon tax

3.1.4  #RE AT
PAAFE ™ 1.8x10° m’ ISl S AN AR M) i il A 12
QA E AR, 45 30 EURE A H TR
THAER . AR X LA FE R B A, wlE
R R R E SR
Vi, + Ve
n= v
b g NEEEF AR Vi, AP EAARAL
PAE; VoA VORI ERHR A A .
AV FRH R T2 ER OB~ WES
Al 22450 BOG(ASU). AW FilAb HE 2% B (BPU).
SAEIT(GU) KB IG(WGSU). RIS
P I B B G(RU) A8 WY B B2 G(PSAU) 5257 17
FIG(CUYFIBR S 28V IR A ML H G (GSTU) I g =
RKF 5y 9N 58.00%, 97.37%, 64.60%, 90.60%,
95.80%, 98.80%, 45.20% 1 88.62%. Kl & [ A
ERAEENEIO A, WER WL =40
(ASU). SALHIT(GU). KBS AR B 6(WGSU),
iR P S AR B Bk BT (RU)S A8 TR WY B 5 78 (PSAU)
L 57 H B G (CU) FUR SR 28 VR B LR G (GSTU)

(10)
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Fig. 8 Energy flowchart of biomass to hydrogen process
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Fig. 9 Energy flowchart of coal to hydrogen process
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Fig. 10 Life cycle energy consumption distribution
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Fig. 11 Life cycle greenhouse gas emissions
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