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Biomass problem: solve logistics first
Pyrolysis is a cheap pretreatment ‘to solve logistics first’

Keep on dreaming

Pyrolysis 
seems one 
of the best
options to 

convert 
biomass into 

liquids

Pyrolysis liquids can be 
brought into refineries

1994
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Overall Efficiency : 85 - 89 %

Biomass : 24

Hot condensate : 1.6
Electricity : 0.3

Electricity : 0.3
Losses : 2.9

Steam : 8

Oil : 14.4

In : 25.9

Creation takes time but works

In MWth:

https://www.cocosimulator.org/index_sample.html

https://www.cocosimulator.org/index_sample.html


https://www.cocosimulator.org/index_sample.html
Convince yourself

https://www.cocosimulator.org/index_sample.html
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Biomass problem: solve logistics first
Pyrolysis is a cheap pretreatment ‘to solve logistics first’

Keep on dreaming

Pyrolysis 
seems one 
of the best 
options to 

convert 
biomass into 

liquids

Pyrolysis liquids can be 
brought into refineries

1998:
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Pyrolysis liquids from BTG-BTL (2014)

Pyrolysis liquids from Ensyn (2015/2017)

stamina



Pyrolysis
Plant

Oil Refinery

x times 20-
50 kton/y

Process
Units

Vacuum
Gas Oil

Co-refining PL in FCC enables production of 2ndG bio-fuels utilizing existing 
refining infrastructure.

Fast Pyrolysis Oil

Crude Oil

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

Feedstock VGO 90% VGO + 
10% Bio-oil

80% VGO + 
20% Bio-oil

CO 0.1 1.9 3.1

CO2
0.1 0.5 0.8

Water 0.0 2.3 7.3

Dry Gas 3.9 2.8 2.5

LPG (C3-C4) 15.2 12.9 9.9

Gasoline (C5-
220°C)

40.4 40.7 37.7

Diesel (220-
344°C) 18.1 17.4 16.5

Bottoms (+ 
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)

1 Empyro = 25 M€
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Set your own standard rather than to follow another’s ones
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CÔTE 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. 

We need competition



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

4

Feedstock VGO 90% VGO + 
20% Bio-oil

CO 0.1 3.1

CO2
0.1 0.8

Water 0.0 7.3

Dry Gas 3.9 2.5

LPG (C3-C4) 15.2 9.9

Gasoline (C5-
220°C)

40.4 37.7

Diesel (220-
344°C)

18.1 16.5

Bottoms (+ 
344°C)

14.8 13.7

Coke 7.4 8.5

Can we do better?

12

Petrochemicals?
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Yes, we can
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What is PL hydrotreating? It is not and all, it is all sugar chemistry..

char Gasoline; diesel

PL



D
eo

xy
ge

na
tio

n
(%

)

‘Carbohydrate’ 
hydrogenation

‘Carbohydrate’ 
deoxygenation -
dehydration

Olefins and aldehyde 
hydrogenation, lignin 
mild cracking

Lignin 
(hydro)cracking

Improved liquid = closer to oil
MCRT<10 wt.%; H2,cons > 150 L/kgPL

‘SPO’

Pyrolysis liquids

SPO over active catalyst

What is PL hydrotreating? ... but then different…

15
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1 - 20 L of product

Pressure 100-200 bar
24/7; 100 ml volume

Up to 450oC
In operation since 2006 

Lego for chemical engineers
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50 - 200 litres of product

Feed section 4 reactor in series G/L separator Product collection

Pressure 100-200 bar
24/7; 6 L volume (below 300oC)

In operation since 2018

Go bigger

each reactor 
1.5 L

6 kg PiculaTM



Status / M&E balance SPO and Quality
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‘SPO’

Set your own standards

280 kg H2O



Deactivation vs liquid throughput
red = benchmark Picula
green = copy Picula from 3rd party
blue = commercially pelletised
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• Similar pattern for 
different types of Picula 
catalysts (A1-A2-A3)

• 4-stage deactivation?
• Initial high deactivation 

rate
• Blockage at H2/kgPL≈ 150 

L/kgcat
• Some regeneration 

possible

Catalyst is key

Data Wang et al. 2016
Ru/TiO2

160oC

120oC

200 bar; WHSV=0.5 kgPL/(kgcath); 
80/120/180/250oC
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What is deactivation? It is not and all, it is all sugar chemistry..

char Gasoline; diesel

PL

(at least partially) 
due to S 



Prior pretreatment PL over absorbent - S/Cl through XRF (Malvern/RUG)
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Elevated pressure; 24/7
A few hundreds hours
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Liquid sampled (first to last)

S

Ni S

Ni

original

absorbent vs 
position

PL in 
time MCRT 21-23wt.%



Deactivation vs liquid throughput
Prior treatment (B1)
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• More stable (factor 2)
• Different pattern of 

deactivation  Different 
deactivation mechanism

• Blockage due to other 
reasons (structure)

• Initial slightly lower 
activity than earlier 
catalysts

• No regeneration done

Data Wang et al.2016
Ru/TiO2

Stability over activity



Spent catalyst info
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• 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/Cl not yet fully decisive due to calibration issues
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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 ηC by co-FCC of mildly treated liquids (‘SPO’)

This work:
- Sulphur is 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/kgcat): we need to go to 5,000 

kg PL/kgcat
- 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, PiculaTM catalysts are the best catalysts we have 
used for stabilization during the last 15 years
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Your partner in bioenergy

Visiting address
Josink Esweg 34
7545 PN, Enschede
The Netherlands

www.btgworld.com
office@btgworld.com

Postal address
P.O. Box 835
7500 AV, Enschede
The Netherlands

Contact information

+31 (0)53 486 1186

http://www.btgworld.com/
mailto:office@btgworld.com
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Increase subst

Use of SPO

1%5%

20%

Benchmarking
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