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Synthetic diesel from biomass
by Fischer-Tropsch synthesis

The production of liquid hydrocarbons fuel from biomass by
Fischer-Tropsch synthesis has become more and more
attractive due to its advantages compared to fossil diesel:
environmental friendliness by recycling wood and agricultural
wastes and reducing emissions of greenhouse gases (CO, CO,,
SO,, NO,, unburned hydrocarbons and particulate matters),
absence of sulphur and nitrogen, higher combustion efficiency,
higher cetane number and also the compatibility with existing
diesel engines and infrastructure.
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In this paper the Fischer-Tropsch synthesis process
from biomass applied at the Gussing plant was
Investigated.

Each stage of the installation: biomass gasification, gas
cleaning and Fischer-Tropsch process, Iin terms of the
equipment used and the parameters necessary for
the synthesis, was analysed and discussed.

Also, during the synthesis the gas composition of
the syngas before and after each stage was
analyzed, using gas chromatography.

The same analytical method was used in order to
determine the carbon distribution of the Fischer-Tropsch
fuels obtained in the process.

The ASF model was applied and an a value of 0.89 was
calculated for the products.



The syngas used in the laboratory scale Fischer-Tropsch plant is obtained at
the biomass combined heat and power plant (CHP) Gussing which uses the
FICFB-gasification system (Fast Internal Circulation Fluidised Bed)
developed by the Institute of Chemical Engineering of the Technical
University of Vienna and AE Energietechnik.
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Fig. 1. Flow sheet of the CHP plant
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Fig. 3. Flow sheet of the Fischer-Tropsch installation



The principle of the Fischer-Tropsch reaction is represented by the
following equation:

CO + 2H, >(-CH,-) + H,0 (1)

The CHP plant is delivering the synthesis gas as it is mentioned in
the previous chapter. In order to make CH, and higher
hydrocarbons accessible for the FT synthesis and to adjust the
H,/CO ratio, steam reforming is used. The H,/CO ratio of the
product gas from the CHP plant is usually 1.8:1, whereas by
reforming a H,/CO ratio of 2.1:1 can be achieved.

The equation of the methane reforming reaction is:

CH,+ H,0 >CO + 3H, 2) °



The steam reformer was designed and optimized at the Technical
University of Vienna.

It consists of a water dosage pump to add the necessary
amount of steam, two heat exchangers to preheat the syngas
until 850-950 °C, two heated reforming reactors and a heat
exchanger to cool down the gas before it reaches the RME
scrubber used for the gas drying and cleaning.

The drying stage is very important because the syngas contains
an appreciate amount of water after the reformer.

The scrubber cools down the syngas to about 3 °C, removing not
only the water but also some aromatic compounds like
naphthalene.

Rapeseed methyl ester is used as solvent due to its large
availability in Gussing.
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Fig. 4. Flow sheet of the gas sampling points at the
Fischer-Tropsch installation



The operating conditions were the
following:

e Temperature — 230 °C;
e Pressure — 20 bars;
e Gas flow — 5-6 Nm3/h.



Table I Main components of synthesis gas

Component Range
Vol - %
H, 35-45
CO 20-30
CO; 15-25
CH, a-12
N, 1-3
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Table III Gas composition of the syngas at different

stages of the Fischer-Tropsch installation

Gas before after after After
Composition Steam Activated | CuO Oftf-gas
% reformer | charcoal | reactor cooler
1 2 3 4
H, 398 48.7 48.3 37.06
CO 20.9 21.4 21.2 16.5
CO, 21.8 19.3 20.0 29.5
N> 2.43 2.7 2.34 3.14
CH, 10.5 6.9 7.4 12.4
C,H, 3.4 0.5 0 0.02
C,H, 0.2 0.05 0.6 1.06
C;H; 0.2 0.002 0 0
C;Hg 0.02 0.001 0.002 0.1
H,/CO |-] 1.9 2.2 2.3 2.2
Total S [ppm] 110 3 0.003 _
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The ASF model represents the chain polymerization
kinetics and can be expressed with the following

equation:
W =n(l-a)’-a"" 3)

where W, i1s the mass fraction of the product containing n
carbon atoms and « is the chain growth probability [5],

[7]-

For the calculation of the a value the following equations
were used:

log W, =nlog(ex) + log (1-a) (4)
n o

(-a) (5)

= Const.
14

log

13



leglwn/n) [-]
da fa

L

¢n

5

10 20 30 40 a0 &0 7o 80

—
y = -0,0510753546x - 1,6408389533 ’ :ﬂa * eulation
cormected
s — Linear (alpha calculation)
L
' \\‘\
"'
'. *+
*-*
""
&
E T
L 2
L ]
l".*.‘*
cnH

Fig. 9. ASF model for the products carbon distribution

14



Aoknon

Ay
Ao

-0,05107
-1,6408 -1,85874

0,889058

Boo~v~ouaorwnr S

11

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Wn
1,23%
2,19%
2,92%
3,46%
3,84%
4,10%
4,25%
4,32%
4,32%
4,27%
4,18%
4,05%
3,90%
3,74%
3,56%
3,37%
3,19%
3,00%
2,82%
2,64%
2,46%
2,29%
2,13%
1,98%
1,83%
1,69%
1,56%
1,44%
1,33%
1,22%
1,12%
1,03%
0,94%
0,86%
0,79%
0,72%
0,66%
0,60%
0,55%
0,50%

y=W,/n

-2,36944
-2,42051
-2,47158
-2,52265
-2,57372
-2,62479
-2,67586
-2,72693
-2,778
-2,82907
-2,88014
-2,93121
-2,98228
-3,03335
-3,08442
-3,13549
-3,18656
-3,23763
-3,2887
-3,33977
-3,39084
-3,44191
-3,49298
-3,54405
-3,59512
-3,64619
-3,69726
-3,74833
-3,7994
-3,85047
-3,90154
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AZKHZH: ZuvOeTikd vTieA atrd Blopalda pe ouvleon Fischer-Tropsch

Kara tnv agpiotroinon Blopadag mposkuyav V,=1.500.000 L agpiou piypartog uto K (V,,,=22,4 L), yadog m, oe tn.

mol

Blopala H,0 atpoe
V,=1.500.000LL (K)
m, o€ tn
49% v/v H
agplomnoinon S 25% vﬁv Cé —L Avapopdwaon
5% v/v CO, nebBaviou
21%v/v CH,

V, og L, m, o€ tn (-CH,-) uypo

100x%v/v H,

100y%v/v CO . [ | Fischer 100x’% v/v H,
100z%v/v CO, Tropsch .| 100y%v/v CO
100(1-x-y-z)%v/v CH, 100z'% v/v CO,

100(1-x"-y’-z’)%v/v CH,

H,0 uypo 1

* Na poodiopioeTe TNV % V/v oUCTACN TWV AEPIWV PIYHATWY TWV 0TAdiWV TOU TTaPATTAVW ZXAMATOS (dNAAdH, TIG TIUEG TWV X, Y,
z, X,y Kai Z2’)

* Na TpoodiopiceTe TOV OYKO V, 0€ L ToU TTapayopEVoU GUVBETIKOU VTIGeA (UE akpiBeia duo OeKADIKWYV), OEDOUEVOU OTI EXEI
TTukvéTnTa d=0,8 g/mL Kkal popiakd Bapog MB=14.

* Na mpoodiopioete TNV ammédoon (% w/w) Tou TTapayouévou cUVBETIKOU VTieA (ue akpiBeia duo dekadikwyv), Aoyi{ouevn oav
TT0000TO TNG HAJaG auToU M, WG TTPOG TNV PAla TOU apPXIKOU AEPIOU PiyHaTOG My, TO OTTOIO TTIPOEKUWE ATTO TNV AEPIOTTOINON
Biopadag.

* Avauopewon yebaviou: CH,+ H,0 —CO + 3H, ME atrédoon 75%

+ 2UvBeon Fischer-Tropsch: CO + 2H, —(-CH,-) + H,O ue amédoon 87%

+ Aivovrtal Ta Mopiakd Bapn: H,=2, CO=28, CO,=44, CH,=16

» AicukpiviCetal 61 Ta Mopiakd Bépn divovtal o€ g/mol. 18

. (®fua 2 10/2/2020)



Avon

22,4
75%
87%

49,00% 2 1500000*0,49=735000 735000/22,4=32812,50 32812,50*2/1000000=0,06563
25,00% 28 1500000*0,25=375000 375000/22,4=16741,07 16741,07*28/1000000=0,4688
5,00% 44 1500000*0,05=75000 75000/22,4=3348,21 3348,21*44/1000000=0,1473
21,00% 16 1500000*0,21=315000 315000/22,4=14062,50 14062,50*16/1000000=0,2250
m; =

0,06563+0,4688+0,1473+0,2250 =

100,00% V(;=1500000 L 0,9067 tn

Avapopewon pebaviov: CH, + H,O0—- CO + 3H,

14062,50*0,75 mol

ue amoddoon 75%
14062,50*0,75 mol 3*14062,50*0,75 mol

14062,50*(1-0,75) mol
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32812,50+3*14062,50*0,75=64453,13 64453,13*22,4=1443750 x=1443750/2208750=0,6537=65,37%

16741,07+14062,50*0,75=27287,95 27287,95*22,4=611250 y=611250/2208750=0,2767=27,67%
3348,21 3348,21*22,4=75000 z=75000/2208750=0,0340=3,40%
1-x-y-z =
14062,50*(1-0,75)=3515,63 3515,63*22,4=78750 78750/2208750=0,0357=3,57%
V’l =
1443750+611250+75000+78750
=2208750 L 100,00%

‘Eotm 611 égovpe mepiooeia H, (dnAadn ot to CO eivar og EAAeyn).

>vvOeon Fischer-Tropsch: CO + 2H, —  (-CH,-) + H,0 pe anddoon 87%

27287,95*0,87 mol 2*27287,95*0,87 mol 27287,95*0,87 mol
27287,95*(1-0,87) mol

64453,13-2*27287,95*0,87

=16972,10 16972,10*22,4=380175 x'=380175/613388=0,620=62,0%
27287,95%(1-0,87) =3547,43 3547,43*22.4=79463 y'=79463/613388=0,130=13,0%
3348,21 3348,21*22,4=75000 Zz'=75000/613388=0,122=12,2%
1-x’-y’-z’' = 78750/613388 = 0,128 =
3515,63 3515,63*22,4=78750 12,8%

V", = 380175+79463+75000+78750 =
613388 100,0%
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2. No npocdiopioete tov dyko V, og L tov mapayopévov cuvBetikov vriled (e
akpifela dvo dekadikmv), dedouévov 0Tt £yel mukvotnta d=0,8 g/mL ko
nopako Pépoc MB=14,

14 27287,95*0,87=23740,51 23740,51*14/1000000=0,332 0,8 0,332*1000/0,8=415,46

3. No mpocdiopicete v amddoon (% w/w) tov mapayouévov cuveTikod vTileh
(e axpifela dvo dekadikav), Aoyllopevn cav mocooTo TG Hdlac avtod M, MG
TPOG TNV HAla TOL aPYIKOD AEPLOVL UYHOTOS My, TO OMOI0 TPOEKLYE OO TNV
aepromoinon Propdlog.

atrédoaon = m, / m;=0,332/0,9067 =0,3666=36,66% w/w
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AXKHXH: ITapaywyn Blovtileh otnv EALGOO

Aivetal OTL 11 SLVOUKOTNTO TOV BOUNYoVIK®OV LoVAdwV Ttapaymyns Provtiled oty

EALGOQ glvou;

2005
2009
2011
2013
2015
2017
2019

B
oo o ho

14
54

220

300

600

650

900

960
1100

0
16
36
64
100
144
196
556

Aivetal e€wyevwg n iy TG Tmapapétpou K = 1000+100*A exatouuUpla L/étog, émou A To TeAeutaio wngio Tou ApiBuol

MnTtpwou Tou @oItnTh. MN.X., yia A=3, mpokUTTel K = 1000+100*3=1300 ekaToppUpia L/ETOG.

1)Na TTpoOodIoPIoETE YE AKPIBEIA 4 ONUAVTIKWY WYN@iwV TIG TINEG TWV TTAPAPETPWY M, b TNG gicwong

K
(1+m-e—bx)

2) Mg Bdaon auTég TIG TIEG va uTTOAoYioETE pE akpieia duo dekadikwy Wn@iwv TNV duvapikOTNTA (0€ EKATOUUUPIA
L/é10G) Twv Blounxavikwy povadwy trapaywyng BiovriceA To £€1o¢ 2030.
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YrevBouiletal Ot
In[(K/Y)-1]=Inm-b-x
Eniong yia Yy = a + X 1oyvet

DN R RPN

'YX - (X%
b M2 XiYi— 2. %2 Yi
Ny xf —(Xx )

TO 07010 TPOKVMTEL UE YPOUUUKT] TAMVOPOUNGT, COUP®VO LE TN LEB0OO TV eAayicTOV
TETPAYOVOV.

(@%pa 1 10-2-2020)
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Auon
Aivetal e€wyevwg n TR NG TTapauétpou K = 1000+100*A ekatoppuplia L/ETog, 6TTou A TO TeAeuTtaio wneio Tou ApiBuou
MnTpwou Tou @oItnTA. MN.X., yia A=3, mpokuTrtel K = 1000+100*3=1300 exatoupupia L/éToc.
1) Na TpoodiopiceTe Ye akpiBeia 4 onUAvTIKWY Wneiwv TIG TINES TWV TTApAPETPWY M, b TnNG egicwong
K
(1+m-ebx)
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2005

2009

2011
2013
2015
2017

2019
2020
2023
2026

2030

sum

2005-
2005=0

2009-
2005=4

2011-
2005=6

10

12
2019-
2005=1

15

18

21
2030-
2005=2

54

220

300

600

650
900
960

1100

In[(1300/220)-1]=1,591

In[(1300/300)-1]=1,204

In[(1300/600)-1]=0,154

In[(1300/650)-1]=0,000
In[(1300/900)-1]=-0,811
In[(1300/960)-1]=-1,038

In[(1300/1100)-1]=-1,705

-0,6045

16

36

64
100
144

196

556

0,000

4*1,204=4,816

6*0,154=0,925
0,000
10*(-0,811)=-8,109
12*(-1,038)=-12,456

14%(-1,705)=-23,866

-38,691

184,99

397,46

543,07
700,62
852,41
983,14

1085,30
1125,56
1209,84
1255,02

1282,68

a=Inm

D

1,7963

-0,2441

6,028

0,2441

976
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In[(K/Y)-1]=Inm-bx

Eniong ey = a + X woyder

DD R D RN
n' Y% - (%)

b M2XiYi— 2% 2Yi
Y xf (X %)

D=n"*Ex2-(Ex,)2=7*556-(54)2=976

a=(Sy* Ix2- Ix.. IX.*y,)/D=[(-0,6045)*556-54*(-38,691)]/976=1753,2/976=1,7963
B=(n"* Ix.*y, - Ix..Jy,)/D=[7*(-38,691)-54*(-0,6045)]/976=(-238,2)/976=-0,2441
Inm=a—> m=e?> m=el79635 m=6,028

-b=68-> b=-8—> b=-(-0,2441)~> b=0,2441
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2) Me Bdon auTég TIC TIMES va UTTOAOYIOETE PE akpifela duo deKadIKWV Wn@iwv TNV duvauiKOTNTa (O€
EKATOMMUpPIA L/ETOG) TwV BiounXavikwy Jovadwyv Trapaywync PiovriceA 1o €1og 2030.
x=2030-2005=25

K
(14+m-e—bx)

Y =

Y=1300/[1+6,028*exp(-0,2441*25)]=1282,68 skatoppupla L/£Tog
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