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Pyrolysis/ torrefaction and biochar 
production research at UKBRC 

Automated TGA/DSC instrument for biomass pyrolysis and 
biochar characterisation 

TGA/ DSC 

Bench-scale batch pyrolysis with capacity of up to 100g, operating temperature 
range up to 1100 °C and heating rate from <1°C/min to >100 °C/s.  

STAGE I 

STAGE II 

Continuous pyrolysis unit with capacity of up to 2 kg of biomass 
per hour, mean residence time 5-60 min., and temperature 
range up to 850 °. 

STAGE III 

Pilot-scale continuous pyrolysis unit with 
capacity of up to 50 kg of biomass per 
hour, mean residence time 5-60 min., 
and temperature range up to 850 °. 



• Equipment capacity 

• Energy balance 

• Product quality 

• Product consistency 

• Control and monitoring 

• Reliability 

• Economics 

 

 

From lab to deployment - Key challenges  

1) Move from test tubes and laboratory units to industrial processing 

 

2) Move from development and demonstration to wide deployment 

 
• Sustainability (resource use, residues management, etc.) 

• Resource use efficiency (there are many uses for biomass beyond heat and electricity) 

• Economics (high value co-products vs. relatively low-value co-products) 

 

 

Mainly technical 

Mainly non-technical 
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Two different ways to think about scale-up 

Source: www.eduplaces.com 



Pyrolysis 

Which parameters matter 

Feedstock related Process related 

- particle size and shape 

- physical properties (e.g., density) 

- composition (lignin, cellulose, etc.) 

- ash content and composition 

- moisture content 

- … 

- peak temperature 

- pressure 

- heating rate 

- residence time 

- heat transfer 

- vapour/ solid interaction 

- … 
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Most of these parameters are interconnected, so it is not possible to 

change one parameter without affecting all/ some of the others. 



Effect of temperature 
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Effect of particle size 

slow pyrolysis at 677 °C  
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Effect of heating mode 
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Microwave vs. conventional slow pyrolysis 

Source:  

Mašek et al. Journal of Analytical and 

Applied Pyrolysis, 2012 



Effect of heating rate 
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Source:  

Crombie and Mašek. Environmental Science and Technology 



Effects of heating rate – types of pyrolysis 
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Slow pyrolysis/ carbonisation 

air smoke 

char 

oil, tar, liquids 

gas, oil, tar 

char 

char 

Industrial unit for continuous production 

Batch pyrolysis kiln 

Traditional charcoal burning 
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Source: Dr. Saran Sohi 

Source: Ondřej Mašek 



• Equipment capacity 

• Energy balance 

• Product quality 

• Product consistency 

• Control and monitoring 

• Reliability 

• Economics 

 

 

From lab to deployment - Key challenges  

Move from test tubes and laboratory units to industrial processing 
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Technical challenges – Equipment capacity 

• Construction material 

• Mechanical stability 

• Heat transfer 

• Material flow 

• … 
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Limitations on pyrolysis equipment size 

Some technologies/ pyrolysis unit designs 
are more scalable than others. 



Technical challenges – Energy balance 

Higher temperature slow pyrolysis/ carbonisation (at around 650°C) combines high yield of 
stable carbon with good recovery of energy in form of gases and pyrolysis liquids. 
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Source:  

Crombie and Mašek. Global Change Biology Bioenergy, 2013 



Technical challenges – Energy balance 

Energy contained in the gas is 
sufficient to sustain the pyrolysis 
process (assuming dry feedstock) 
and in case of pyrolysis at 650°C, 

excess energy is available for 
feedstock pre-drying. 
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Source:  

Crombie and Mašek. Global Change Biology Bioenergy, 2013 



Technical challenges – Effect of unit arrangement 

Pyrolysis temperature, heating rate and residence time are important 
parameters, but not the only key factors affecting product yields and properties 
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WSP pyrolysis yields 

Fixed bed 
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Rotary kiln 

WSP 550C 

100C/min 



Technical challenges – Process operation, 
controll and monitoring 

Operation 

Control 

- material feeding 

- exclusion of O2 

- tar condensation 

- blockage 

- corrosion 

- temperature measurement 

- gas flow rate measurement 

- particle temperature history 

Use of by-products 

- low pH of pyrolysis liquids 

- low heating value 

- high water and oxygen content 
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Operational challenges 
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Process monitoring and control 

Temperature measurement 

- Where ? (gas phase, particle bed, …) 

- How? (aggressive environment, difficult access, …) 

550°C thermocouple 
550°C 

optical (IR, etc.) 

? 

Complicated by the 

presence of gases and 

vapours from pyrolysis 
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Technical challenges - Product quality 
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Example - Standard Biochar 

A set of research grade biochars  

Wheat straw Oilseed rape straw Softwood Miscanthus Rice husk 

550 °C 

700 °C 
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Standard Biochar specification sheets 
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Stage III – Pilot-scale continuous unit 

Feed hopper 

Feed 

screw 

Rotary 

kiln 

Afterburner 

Cooling screw 

Discharge 

chute 

UKBRC pilot-scale pyrolysis unit 
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Stage III – control and monitoring 

Date Page Volume Run Type Record SheetProduced By Commercial Charchive Toolkit TGA Batch Feed Type

Feed 

Density 

(kg/m³)

Feed % 

Moisture Feed Supplier Feed Reference

Kiln Temp 

(°C)

Zone 1 

(°C)

Zone 2 

(°C)

Zone 3 

(°C)

Feed Temp 

(°C)

Nominal 

Residence 

Time 

(mins)

Storage 

Location

Feed 

Screw

Feed 

Hz

Feed % 

VSD

Nominal Feed  

Rate kg/hour

Kiln VSD 

Hz

Kiln % 

VSD

Gear 

Box

Kiln 

RPM Stored

Scale 

kg

Actual Load 

kg

Feed Used 

for 

Reference 

Biochar kg

Biochar 

kg

Wet Wt % 

Yield

Dry Wt % 

Yield

Initial 

Stock 

kg

Residual 

Stock kg Comment Note

18/06/2013 134 PNB1005-Vol 2 Production 103 WAL n n No 20130618 OSR Straw Pellet Agripellets Jun-13 550 550 550 550 400 20 120 15 34 34 200 4 Drum 169 175 142 38 27 38 38 OSR - contaminated with WSP pellet not to be used for Reference Material

19/06/2013 135 PNB1005-Vol 2 Production 104 WAL n n Yes 20130619 OSR Straw Pellet Agripellets Jun-13 550 550 550 550 400 20 120 15 34 34 200 4 Drum 176 182 142 37 26 37 37 Shell Reference Biochar

20/06/2013 137 PNB1005-Vol 2 Production 105 WAL n n Yes 20130620 OSR Straw Pellet Agripellets Jun-13 550 550 550 550 400 20 120 15 34 34 200 4 Drum 161 167 133 36 27 36 36 Shell Reference Biochar

21/06/2013 137 PNB1005-Vol 2 Production 106 WAL n n Yes 20130621 OSR Straw Pellet Agripellets Jun-13 700 600 700 700 400 20 120 15 34 34 200 4 Drum 176 182 146 35 24 35 35 Shell Reference Biochar

26/06/2013 138 PNB1005-Vol 2 Production 107 WAL n n Yes 20130626 Rice Husk APAC May-13 700 650 700 700 400 20 120 30 12 34 200 4 Drum 88 90 80 23 29 29 29 Shell Reference Biochar 2 x Drums

27/06/2013 139 PNB1005-Vol 2 Production 108 WAL n n Yes 20130627 Rice Husk APAC May-13 700 650 700 700 400 20 120 30 12 34 200 4 Drum 45 47 38 11 29 11 11 Shell Reference Biochar

28/06/2013 139 PNB1005-Vol 2 Production 109 WAL n n Yes 20130628 Rice Husk APAC May-13 550 550 550 550 400 20 120 30 12 34 200 4 Drum 88 90 76 22.5 30 22 22 Shell Reference Biochar 2 x Drums

01/07/2013 139 PNB1005-Vol 2 Production 110 WAL n n Yes 20130701 Rice Husk APAC May-13 700 650 700 700 400 20 120 30 12 34 200 4 Drum 74 76 67 20.5 31 20 20 Shell Reference Biochar 2 x Drums

03/07/2013 140 PNB1005-Vol 2 Production 111 WAL n n No 20130703 Wheat Straw Pellet Agripellets Mar-13 450 450 450 450 300 20 120 15 36 34 200 4 Small Drum 55 60 32 9 28 9 9 Additional Biochar for Student Projects Nikola & Sarah

04/07/2013 140 PNB1005-Vol 2 Production 112 WAL n n No 20130704 Rice Husk APAC May-13 450 450 450 450 300 20 120 30 12 34 200 4 Small Drum 29 31 12 4 33 4 4 Additional Biochar for Student Projects Nikola & Sarah

05/07/2013 141 PNB1005-Vol 2 Production 113 WAL n n No 20130705A Copyrolysis Wheat Straw & Rice Husk Combined Mixed 450 450 450 450 300 20 120 25 20 34 200 4 Large Pail 58 60 10 3 30 3 3 Additional Biochar for Student Projects Nikola & Sarah

06/07/2013 141 PNB1005-Vol 3 Production 113 WAL n n No 20130705B Copyrolysis Wheat Straw & Rice Husk Combined Mixed 700 650 700 700 300 20 120 25 20 34 200 4 Large Pail 58 60 10 2.5 25 2.5 2.5 Additional Biochar for Student Projects Nikola & Sarah

There are many operating parameter to control/ monitor 
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Stage III – control and monitoring 

Mašek, Groningen, 10th December 2013 



Modelling and simulation – an important step 
for scale-up 
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From lab to deployment - Key challenges  

 

Move from development and demonstration to wide deployment 

 
• Sustainability (resource use, residues management, etc.) 

• Resource use efficiency (there are many uses for biomass beyond heat and electricity) 

• Economics (high value co-products vs. relatively low-value co-products) 
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Source: www.eduplaces.com Source: www.eduplaces.com 



Biochar in bio-energy systems 

Key areas of relevance 

Sustainability 

Resource use efficiency 

Carbon footprint 

- From close to carbon-neutral to 
carbon-negative 
 

GHG balance 

- Reduction of soil GHG emissions 
- Reduction of GHG’s associated with inputs 

for biomass production (fertiliser, …) 

Feedstock supply 

- Increased yields 
- Reduced input requirements 
- Improved environmental performance 

Nutrient cycling 

- Return of nutrients removed with 
harvested biomass 

- Improved release dynamics 

- Suitable for poly-generation 
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Biochar in bio-energy systems 

Relevant technologies gasification 

fermentation 

algae 

anaerobic digestion 

intensification 

pyrolysis liquids          bio-gas 

nutrient recovery 

combustion 

e.g., use of ash in 
agriculture 

pyrolysis slow 

fast 

intermediate 
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Biochar production 

Biochar as the main product Biochar as a by-product 

- Fast pyrolysis (biochar yield 10-15 wt.%) 
- Gasification (biochar yield <10 wt.%) 

- Slow pyrolysis (biochar yield 20-35 wt.%) 
 

Choice of feedstock and operation 
conditions can be selected to tune the yield 
and properties of biochar to suit particular 
application; also yields other co-products 

Choices of feedstock and operation 
conditions are dictated by the needs of the 
main product, i.e. liquids (fast pyrolysis) and 

gases (gasification) 

Most likely to achieve high-grade 
“engineered” biochar with high-value 
applications, and predictable function 

Mostly use of solid by-products, and 
therefore the char is unlikely to be 

engineered for specific application. However, 
based on understanding of relationships 

between biochar, soil and crops, its use can 
be successfully prescribed to achieve safe use 

and good performance. 
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Pyrolysis for carbon sequestration and 
production of added-value products 

biomass 

pyrolysis 

liquids gases solids 
(biochar) 

power and heat generation 

processing 

heat and electricity 

soil growing 
media 

? ? 

fuel 

chemical biological ? 

fine 
chemicals 

Agro-
chemicals 

? 
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Conclusions 

- There are many technical and non-technical challenges in scaling-up 

biomass slow pyrolysis/ carbonisation 

- These need to be considered when translating research results from 

laboratory conditions to industrial applications 

- Whole system assessment is necessary to decide on priorities for use 

of biomass as fuel or feedstock for poly-generation technologies. 

- High value products (whether solid, liquid or gaseous) can make 

biomass utilisation more economically viable 
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Thank you! 

Dr. Ondřej Mašek 

Tel. +44 131 650 5095 

Skype: ondrej.masek-ukbrc 

Email: ondrej.masek@ed.ac.uk 

Web: http://www.geos.ed.ac.uk/homes/omasek 

Web: www.biochar.ac.uk 
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