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Biomass problem: solve logistics first Keep on dreaming

Pyrolysis is a cheap pretreatment ‘to solve logistics first’

1994
Pyrolysis
seems one
of the best
options to
convert
biomass into
liquids
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In MWth:

Oil : 14.4

In: 25.9 Biomass: 24

Electricity: 0.3 C__

Steam : 8
Losses: 2.9
Electricity : 0.3
Overall Efficiency : 85 - 89 %
https://www.cocosimulator.org/index sample.html btg ’
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Biomass problem: solve logistics first Keep on dreaming

Pyrolysis is a cheap pretreatment ‘to solve logistics first’

Pyrolysis liquids can be
brought into refineries
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Bio-oleo a partir da pirolise rapida, térmica ou catalitica, da

palha da cana-de-aciicar e seu co-processamento com gasoleo

DE GRUYTER

em craqueamento catalitico

stamina

DO 10.1515/pac-2013-0914 == Pure Appl. Chem. 2014; 86(5): B59=865

Conference paper

Marlon Brando Bezerra de Almeida

Andrea de Rezende Pinho*, Marlon Brando Bezerra de Almeida, Fabio Leal Mendes
and Vitor Loureiro Ximenes

Escola de Quimica/UFRT

Orientadores:

Pyrolysis liquids from Ensyn (2015/2017)

Rio de Janeiro-RJ-Brasil
Margo. 2008
uel 188 (2017) 462-473

Contents lists available at ScienceDirect

Fuel

ELSEVIER journal homepage: www .elsevier.com/locat:

Full Length Article

Fast pyrolysis oil from pinewood chips co-processing wi
oil in an FCC unit for second generation fuel production

Andrea de Rezende Pinho **, Marlon B.B. de Almeida?, Fabio Leal Mend
Michael S. Talmadge ©, Christopher M. Kinchin, Helena L. Chum ©

 PETROBRAS-SIX, Rodovia do Xisto BR 476, km 143, Sdo Mateus do Sul, PR, Brazil
“NREL - National Renewable Energy Laboratory, 15013 Denver West Parkway Golden, CO 80401-3305, USA

4 PETROBRAS, Centro de Pesquisas e Desenvolvimento Leopoldo A. Miguez de Mello (CENPES), Itha do Funddo, Av. Hordcio Macedo, 950, Rio de Janeiro, RJ, Brazil E t ’

sse Production of lignocellulosic gasoline using
fast pyrolysis of biomass and a conventional
e e Comes At D refining scheme

Pyrolysis liquids from BTG-BTL (2014)

Fuel Processing Technology 131 (2015) 159-166

Contents lists available at ScienceDirect

Fuel Processing Technology

ke
u/
journal homepage: www.elsevier.com/locate/fuproc |

Co-processing raw bio-oil and gasoil in an FCC Unit @cwsmk

Andrea de Rezende Pinho **, Marlon B.B. de Almeida 2, Fabio Leal Mendes 2,
Vitor Loureiro Ximenes 2, Luiz Carlos Casavechia®

4 PETROBRAS, Centro de Pesquisas e Desenvoliimento Leopoldo A. Miguez de Melly (CENPES), 1ha do Funddo, Av. Hordcio Macedo, 950, Rio de Janeiro, RY, Brazil
® PETROBRAS-SIX, Rodovia do Xisto BR 476, km 143, Sio Mateus do Sul, PR, Brazil
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Shortcut to refineries: co-FCC FPBO based on the short term

90% VGO + 80% VGO +

btg- "' Technip

biomass-to-liquid

Oil Refinery ARSI 10% Bio-oil | 20% Bio-oil

take it further.

co 0.1 1.9 3.1
E co, 0.1 0.5 0.8
s :
x times 20- * v . Water 0.0 2.3 7.3
50 kton/y o
3.9 2.8 2.5
Pyrolysis Dry Gas
Plant
\_ LPG (C,-C,) 15.2 12.9 9.9
Gasoline (C;-  40.4 40.7 37.7
220°C)
Diesel (220-
344°C) 18.1 17.4 16.5
Co-refining PL in FCC enables production of 2"G bio-fuels utilizing existing Bottoms (+
refining infrastructure. 344°C) 14.8 14.0 13.7
Coke 7.4 7.5 8.5

1 wt.% substitution = 1 Empyro
Europe = 80 refineries with FCC (US > 100; worldwide > 400) ~
btg

1 Empyro = 25 M€ biomass technology group ‘ )




Set your own standard rather than to follow another’s ones

Forest and saw mill bi-products and residue Pyrocell selects BTG-BTL’s fast pyrolysis
liquefaction and valorization technology

MlanSherrard & Technology & Swppliers (1) September 16, 2027

Preem has further interests in pyrolysis technologies

In Sweden, Pyrocell AB has announced that it has selected the Dutch companies

TechnipFMC and BTG BioLiquids (BTG-BTL) to design and build & production facility in
+ Setra and Preem has started a ]V, Pyrocell AB to build a fast pyrolysis which sawmill residues from Setra Group's Kastet sawmill will be converted into big-oil., It
plant Gavle. The plant would use saw dust from the Setra saw mill will be the first plant in the world where ‘green fuel’ will be produced and further
"Kastet”

processed into road transportation fuels at an gil refinery - Preem's Lysekil refinery,

« The pyrolysis oil would be used as a refinery feedstock

« Setra

biomass technology group -&' )




< 5» Envergent Q]

A Honeywell Campary

HOME TECHNOLOGY NEWS & EVENTS ABOUTUS CONTACT US

SHARE ﬂ E m PRINT

™ . i
Technology RTP ~ for Biomass Conversion

Home / Technology / RTP™ for Biomass Conversion

» RTP™ for Biomass Conversion
RTP™ for Transportation
RTP™ for Industrial Burners

FAQs

Convert forest waste to renewable fuels

RTP technology is a fast thermal process in which biomass, usually forest residuals or
agricultural by-products, is rapidly heated to approximately 500°C in the absence of
oxygen.

A circulating transported fluidized bed reactor system, similar to the one used in the UOP Fluid Catalytic
Cracking (FCC) technology, is at the heart of the process. A tomado of hot sand vaporizes the biomass,
which is then rapidly quenched, typically yielding 65wt to 75wt% RTP green fuel.

COTE NORD (Port-Cartier, Quebec)
Envergent / Arbec Forest Products / Groupe Rémabec
65,000 kt/y woody biomass to sell liquids to
customers (US/Can) for heating purposes and
refinery co-processing.

biomass technology group b )




Shortcut to refineries: co-FCC FPBO based on the short term

90% VGO +

F Kk
R 20% Bio-oil

co 0.1 3.1
co, 0.1 0.8
LPG (c3_c4) 15.2 9.9
Gasoline (C;- 40.4 37.7
220°C)
Diesel (220-

18.1 16.5
344°C)
Bottoms (+

14.8 13.7
344°C)
Coke 7.4 8.5

. Petrochemicals?

Can we do better?

btg
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Yes, we can

FAST'CARD
"

Chenxi Wang”, Robbie Venderbosch™, Yunming Fang™
* National Energy R&D Research Center for Biorefinery, Department of
b “hemical Engineering, Beijing University of Chemical Technology, 100029

43 = pure VGO . Beijing, China
BTG Biomass Technology Group B.V., Josink Esweg 34, 7545PN
) + 109 - : i
E VGO 10% SPO-2 Enschede, the Netherlands
42 A VGO + 10% SPO-1
v VGO + 1 O% PL . Fuel Processing Technology 181 (2018) 157-165
| A
4 1 Contents lists available at ScienceDirect
9 .
S i { Fuel Processing Technology
AL
o) e ¥ 3
@ 40 ELSEVIER Journal homepage: www.elsevier.com/locate/fuproc
>
o) ] -y
= 39 v
8 e Co-processing of crude and hydrotreated pyrolysis liquids and VGO in a pilot scale FCC riser setup I ;ﬂ_ |
© 7 T
o 38 o ARTICLE INFO ABSTRACT
o e v Keywords: Untreated and mildly hydrotreated pyrolysis derived liquids are evaluated in FCC processing by co-feeding with
........ Pyruolysis liquids vacuum gas oil ('VG0"). Pyrolysis liquids (PLs) applied are from the Empyro plant in the Netherlands. The
37 ...... :’!ilﬁ Ml'llﬂ_l':\fpi:i;“& , treated PLs are produced by BTG employing novel bimetallic Ni-based catalyst (Picula), at 200 bar hydrogen
= imatallic Ni catalyst pressure and two temperatures, 120°C and 225 °C.
- v FCC co-processing A pilot scale riser setup (riser: L.D. = 7 mm, length = O m; combustor: L.D. = 78 mm) is employed to process
9 the liquids with VGO. The riser is operated at a riser outlet of 525°C, ic pressures and
36 Cat-to-0il (*C/0') ratio ranging from 5 to 8. Co-processing ratios are kept constant at 10:90 (PLs:VGO).
The most relevant observal
T T T T T T T T T T T T T T T T T T " 8
- At all C/O ratios, the com
65 66 67 68 69 70 71 72 73 74 CAalcom hecon | ®
. - Atsuch high substitution 17 |- _g Zoime o | huy
Conversion (%) higheryield of LCO and b | e
- The treated bio-liquids yie
During crude PL co-process or ure
VGO. Renewable carbon is ob 3 ysis
- - ) ) oil (SPO), while the mild hyd 2§ 15 o
Contents lists available at ScienceDirect 5
o
— sl
Fuel —
gl 0y N 13
ELSEVIER journal homepage: www.elsevier.com/locate/fuel
" 6‘6 6‘3 T‘U 7‘2 TI4
Full Length Article
Conversion (wt.%)
Optimizing the bio-gasoline quantity and quality in fluid catalytic @ Crossark
cracking co-refining
Laurent Gueudré?, Florian Chapon?, Claude Mirodatos ?, Yves Schuurman **, Robbie Venderbosch ",
Edgar Jordan®, Stephan Wellach®, Ruben Miravalles Gutierrez ¢

2IRCELYON, Université Lyon 1, CNRS, UMR 5256, 2 Avenue Albert Einstein, 69626 Villeurbanne Cedex, France FAS I CA R D b tg

b Biomass Technology Group, Enschede, The Netherlands .
<Grace GmbH & Co, Germany ' biomass technology group ‘

dREPSOL SA, Spain




It is not and all, it is all sugar chemistry..

What is PL hydrotreating?

hdeEEnatinn

i,

1 Picula

I/
2 =
= 5
= 3
oy 3
= £
E £
2.
O

char Gasoline; diesel
H/C (mole/mole)

btg ’
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What is PL hydrotreating? ... but then different...

T ¥ = ¥
100% U
Pyrolysis liquids |
Olefins and aldehyde O : ‘ : |
759, hydrogenation, lignin
" mild cracking N
o ‘Carbohydrate’
o
g\_/ deoxygenation - D
C dei O Lignin _ .
o SUn (hydro)cracking
)
©
cC
Q
@)
> 25%
X
o
)
A £
0% ﬁ;;-‘ﬁ L
0 50 100 150 200 250 300 350 400 450 ‘

‘Carbohydrate’ H2 Consumption (NL/kgPD)

hydrogenation

Improved liquid = closer to oil
MCRT<10 Wt.%; Hy cons > 150 L/kgp,

biomass technology group ‘ )




1 - 20 L of product Lego for chemical engineers

@*‘S @ Pressure 100-200 bar
ﬁ 24/7; 100 ml volume
& E e Up to 450°C

In operation since 2006

4-— Coolart in

Hy-supply r-E :
i ! H
Feed Vessel #1 | nee | gas
eea vess H Pl i
i 1 @ ; 20

tovent
Feed \Vessel #2
@
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50 - 200 litres of product Go bigger

Pressure 100-200 bar
24/7; 6 L volume (below 300°C)
In operation since 2018

each reactor
1.5L

6 kg Picula™
Feed section 4 reactor in series G/L separator Product collection

biomass technology group " )




Status/ M&E balance SPO and Quality Set your own standards

traces CO,
4

280 kg H,0O
100% %) ’
70- 250°C / Picula™ catalyst
ol 3 ddetd Lignin (hydro)cracking
etins ana aldehyae
rogenation, lignin mi 750 kg P
ol I O 1000 kg PL iy Stabilization » 750 kg SPO
75% 250 kg H,0
O
Y ‘Carbohydrate”
-.B..\?- dceoxygevnatiln - O ~250L / kgPL
0 50% dehydration D Hydrogen
e
PL SPO
EX EX
Gy 43.0 e 54.0
Har 7.5 Har 8.6
200 250 300 350 400 450 Our 22 O el
. H,0 25.0 H,0 8.4
H, consumption (NL/kgpo)
s _hydrogenation
r 4
Elemental analysis [wt.%%] Y e
(as received) / /
[ 52—156 ‘E S
H 82-92 S &
N - £ &
@ =
5 - S g
O (by difference] .E, £
Aoy nila [&]
g Ll e
MCRT g§-12 o
eaterromtent ey
Viscosity [cP] NSA
Acid number [mg KOH/g] 20— 40
Carbonyl content | [mg BuO/g] <10 ’

pH [] 32-42 b tg

H/C (mole/mole) logy group gy )




Deactivation vs liquid throughput
red = benchmark Picula

green = copy Picula from 3" party

blue = commercially pelletised

500
200 bar; WHSV=0.5 kgp,/(kg..:h);
ﬂ 80/120/180/250°C MCRT(wt.%)
400 4
c /\ 5-10
._g 300 + "\ \J regeneration
8
2 < 00 k ” ) 10-15
—J 1N,
S Z / I | A
O 160°G 15-20
I
|
100 7 1200C
Data Wang et al. 2016
Ru/TiO,
0

AN

/

0

~——

50

1
100

ThroughpUt (kgpL/kgcat)

Similar pattern for
different types of Picula
catalysts (A1-A2-A3)
4-stage deactivation?
Initial high deactivation

rate

Blockage at H,/kgp = 150

L/ kg cat

Some regeneration

possible

Ststalnable

Chemistryz Engineering

Bio-oil Stabilization by Hydrogenation over Reduced Metal Catalysts

at Low Temperatures

Huamin Wang,* Suh-Jane Lee, Mariefel V. Olarte, and Alan H. Zacher

Chemical and Biological Process
Richland, Washington 99352, United States
20

yup, Pacific Northwest National Laborato

ry (PNNL)

), 902 Battelle Boulevard,

ed)

154

10

5

H, addition (mmol/g fe

160 °C
e &
~a_
120 °C
TTE - .-

-

—e -

Time on stream (h)

0 6 12 18 24 30 36 42 48

Figure 3. Hydrogen addition to bio-oil at different TOS of bio-oil

hydrogenation over

a Ru/TiO, catalyst at 120 and 160 °C. Reaction

conditions: bio-oil A, 10.3 MPa, 0.40 L bio-o0il/L catalyst h, 2500 L

hydrogen/L bio-oil. -




What is deactivation? Itis not and all, it is all sugar chemistry.. §

picula (at least partially)
i dueto S
o g
g £
o k3
'E. Fer
o

char Gasoline; diesel
H/C (mole/mole)

btg ’
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Prior pretreatment PL over absorbent - S/Cl through XRF (Malvern/RUG)

. absorbent vs
Elevated pressure; 24/7 position

A few hundreds hours
{?i ] +# Coolant out
Hea;m( :
4: 18
}__ +— Coolant in I
He;?( E :

arbitary units

3
‘ fresh
! Reactor bed (flrst to Iast)
PL in
o time MCRT 21-23wt.%
He:tei( _@ |::|
"
! b
- c
Hy-supply r — 3
D Z s
Fead Vessel #1 Vede @ o0 , o 5
FeedVessal#2 Hik = T o a
| © C
sllle
iR S - . i NI
s } 0 _
i I
éﬂ“‘ origina Liquid sampled (first to last)

btg ’
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Deactivation vs liquid throughput

: « More stable (factor 2)

Prior treatment (Bl) « Different pattern of
deactivation - Different
deactivation mechanism

« Blockage due to other

Data Wang et al.2016 reasons (structure)

Rurmio: . Initial slightly lower

500 / activity than earlier
|

MCRT(wt.%) catalysts
 No regeneration done

400

| 5-10 Stistalnable

regeneration Chemistryz Engineering

300

Bio-oil Stabilization by Hydrogenation over Reduced Metal Catalysts

1 O 1 5 at Low Temperatures
= Huamin Wang* Suh-Jane Lee, Mariefel V. Olarte, and Alan H. Zacher

| ‘ |
i ‘ T (R \F I ‘ | w‘ Chemical and Biological Process Development Group, Pacific Northwest National Laboratory (PNNL), 902 Battelle Boulevard,
| Richland, , Washington 99352, United States
h“&%‘w g | M 15 20 20
Bio-oil B after
15 4 h removal of inorganics
=

| \ ' B gl E Sy

200 -l [T U

(NL/kg,,)

H, consumption

100 -

Biio-oil B

H, addition (9100 g dry feed)

" ' ' ' 1 0 6 12 18 24 30 36 42 48
0 50 1 00 1 50 200 Time on stream (h)
Figure 11. Effect of inorganics in bio-oil B in their hydrogenation
performance. The hydrogen consumption, hydrogen-to-carbon ratio,
and carbonyl contents of two hydrogenation tests using bio-oil B
feed with different inorganic content. Reaction conditions: 160 °C,
1500 psig, 0.40 L bio-oil/L catalyst h, 2500 L hydrogen/L bio-oil.

Throughput (kg /kg

cat)




Spent catalyst info

« Different pattern of deactivation - loss of support material / loss of active metal

« Initial slightly lower activity than earlier catalysts = it is suggested that the (most)
reactive parts are converted at the low temperatures already

« At low temperatures encapsulation of catalyst structures by a film layer

« Sulfur may contribute to the deactivation of the catalyst, but one should be aware
that it may not be the only reason for the deactivation.

Analysis based on XRF: data on S/CIl not yet fully decisive due to calibration issues

btg ’
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Concluding remarks

Roll-out pyrolysis

- Short term:
= To demonstrate biomass to fuels by co-FCC pure PL at low substitution ratios
= Increase substitution ratios by making the liquid available

- Longer term: To increase 1 by co-FCC of mildly treated liquids (‘SPO’)

This work:

- Sulphuris important in the deactivation mechanism of our Ni based hydrotreating catalysts (not as
severe as for Ru-based catalysts)

- Sulphur can be removed by prior treatment (from 100 to 200 kg PL/kg_.,): we need to go to 5,000
kg PL/kg_.,

- Next step is to improve structural stability (in relation to acidity) — BTG / 4REFINERY

- Data co-FCC in bench scale unit, not (only) MAT or ACE

Sofar, Picula™ catalysts are the best catalysts we have
used for stabilization during the last 15 years

btg ”. K&
biomass technology group ‘ )
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