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INTRODUCTION
• Overview 

– Pyrolysis is defined as irreversible chemical change 
brought about by heat in the absence of oxygen.  

– During pyrolysis biomass undergoes a sequence of 
changes and normally yields a mixture of gases, liquids 
and solid.  

– The solid is called charcoal while the condensable 
liquid is variously referred to as pyroligneous liquid, 
pyroligneous liquor, pyroligneous acid or pyrolysis oil.  
The gas is called producer gas or wood gas. 

– Generally low temperatures and show heating rates 
results in high yield of  charcoal. This type of pyrolysis 
is called carbonization



INTRODUCTION
• Overview 

– Percentage composition of liquid, solid and gaseous 
products of different pyrolysis modes 



MECHANISM AND PRODUCTS OF BIOMASS 
PYROLYSIS

• Biomass Pyrolysis

Overview of the thermal fractionation of biomass by a step-wise pyrolysis approach.



Properties of bio-oil

particular organization producing the oils. For example some producers may not have used bone 
dry feed as a starting material and the additional moisture ends up in the oil. This is clearly seen 
in the range of moisture contents for the various samples whereas the samples produced at VTT 
and NREL both used bone­dry feed. It is interesting to note that bio­oils from birch and poplar, 
both hardwoods, have identical moisture contents even though they were made in different 
laboratories with different reactor designs. Both reactor designs however employ similar heating 
rates and residence times. A similar issue applies for the mineral matter, which is a function of 
the amount of char permitted to carry over to the condensation system where the oils are 
recovered. The hot gas filtered oils produced at NREL clearly show the link between char 
content and minerals. In other production runs using the same poplar feedstock but employing 
cyclone separators instead of a baghouse filter, alkali metal levels of up to 300 ppm were 
measured. 

Table 2. Properties of Bio­oil from Various Feedstocks 

Property  Birch  Pine  Poplar  Various 

Solids (wt%)  0.06  0.03  0.045  0.01­1 

PH  2.5  2.4  2.8  2.0­3.7 

Water (wt%)  18.9  17.0  16.8  15­30 

Density (kg/m3)  1.25  1.24  1.20  1.2­1.3 

Viscosity, cSt  @ 50qC  28  28  13.5  13­80 

LHV (MJ/kg)  16.5  17.2  17.3  13­18 

Ash (wt%)  0.004  0.03  0.007  0.004­0.3 

CCR (wt%)  20  16  N/M  14­23 

C (wt%)  44.0  45.7  48.1  32­49 

H (wt%)  6.9  7.0  5.3  6.9­8.6 

N (wt%)  <0.1  <0.1  0.14  0.0­0.2 

S (wt%)  0.00  0.02  0.04  0.0­0.05 

O (wt%)  49.0  47.0  46.1  44­60 

Na + K (ppm)  29  22  2  5­500 

Ca (ppm)  50  23  1  4­600 

Mg (ppm)  12  5  0.7  N/M 

Flash Point (qC)  62  95  64  50­100 

Pour Point (qC)  ­24  ­19  N/M  ­36  ­9 

It is also possible to manipulate the chemistry of bio­oils by changing the thermal conditions in 
which they are produced or carrying out the pyrolysis in the presence of catalysts (see section 
4.5). Increasing the cracking severity (time/temperature relationship) is known to alter the 
chemical profile of the resulting oils. Elliot [26] described the relationship between compound 
classes and the temperature to which the vapors were exposed to before quenching. That 
relationship is described in the example shown below. 

17 
Large-Scale Pyrolysis Oil Production: A Technology Assessment and Economic Analysis
M. Ringer, V. Putsche, and J. Scahill Prepared under Task No. BB06.7510
Technical Report NREL/TP-510-37779 November 2006
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This relationship is also shown below in a series of molecular beam scans taken at different 
temperatures when using a common Pine biomass sample. As the temperature is increased, alkyl 
groups are split off aromatic compounds until eventually the aromatics condense into polycyclic 
aromatic hydrocarbons at the higher temperatures. Even though the desired high yields are 
realized at the lowest cracking severities, this thermal chemistry shows the potential for altering 
the chemical nature of bio-oils by shifting the temperature. 

Figure 4. Molecular Beam Mass Spectrometer Scans of Pyrolysis Product Profile at Different 
Temperatures Using the Same Pine Wood Sample 

 
Given the complex nature and number of different compounds making up bio-oil, it is not 
unreasonable to expect that one could effect some separation of compounds by exploiting the 
temperature profile on the quenching or condensation end of the process. Another approach to 
selectively producing specific compound classes was demonstrated by Pakdel et al. [27] by what 



TYPES OF PYROLYTIC REACTORS 
• Types of Pyrolysis Reactor Designs 

–  A number of different pyrolysis reactor designs are 
available.  

– These include Fluidized bed, Re-circulating fluidized 
bed, Ablative, Rotating cone, Auger (or screw), Vacuum, 
Transported bed, and Entrained flow.

Fluidized bed

Rotating cone



TYPES OF PYROLYTIC REACTORS 
• Types of Pyrolysis Reactor Designs

Re-circulating 
fluidized bed

Vacuum



Typical pyrolysis process

Figure 5. Fast Pyrolysis Block Flow Diagram 
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Table 5. Design Basis 

Parameter  Value  Source 

Oil Representative Components 
(lb/100 lb wood)

 C2H4O2

 C3H6O2

 C7H8O2

 C8H10O3

 CH2O2

 C10H12O3

 C6H6O 

C7H8

 C5H4O2

 C6H6 

Projected Overall bio-oil 
composition (wt%)

  Carbon

  Hydrogen 

  Oxygen 

Target Overall bio-oil composition 
(wt%) 

  Carbon

  Hydrogen 

  Oxygen 

5.93 

7.31 

0.61 

3.80 

3.41 

16.36 

0.46 

2.27 

18.98 

0.77 

59.27 

6.03 

34.69 

55­58% 

5.5­7.0% 

35­40% 

Estimated values 

Spreadsheet results 

[67/68] 

Gas Composition (lb/100 lb dry wood)
 CO2

 CO

 CH4

 C2H4

 H2

 C3H6

 NH3 

5.42 

6.56 

0.035 

0.142 

0.588 

0.152 

0.0121 

Elemental balance 

From the ratios of the earlier 
model 

Material balance – all N in 
feed 
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13kg

16kg

59.9kg100 GJ

67 GJ

2 GJ

Heat : 21 GJ

11kg

100 kg



Pyrolysis processes

• Difficulties 
– Fuel specifications (control of the quality and 

the distribution of components) 
• Difficult to use in conventional engines 
• Integrate in refineries 

– Minerals 
– Stabilisation of bio-Oil 

• Hydrogenation



Examples of pyrolysis processes
Table 12. Worldwide Current Biomass Pyrolysis Operating Plants 

Reactor Design  Capacity 

(Dry Biomass Feed) 

Organization or Company 

Fluidized bed  400 kg/hr (11 tons/day)  DynaMotive, Canada 

250 kg/hr (6.6 tons/day)  Wellman, UK 

20 kg/ hr (0.5 tons/day)  RTI, Canada 

Circulating Fluidized Bed  1500 kg/hr (40 tons/day)  Red Arrow, WI; Ensyn design 

1700 kg/hr (45 tons/day)  Red Arrow, WI; Ensyn design 

20 kg/hr (0.5 tons/day)  VTT, Finland; Ensyn design 

Rotating Cone  200 kg/hr (5.3 tons/day)  BTG, Netherlands 

Vacuum  3500 kg/hr (93 tons/day)  Pyrovac, Canada 

Other Types  350 kg/hr (9.3 tons/day)  Fortum, Finland 

A technoeconomic analysis using discounted cash flow methodology (10% IRR, 100% equity 
financing) on a bio­oil production facility showed that heavy bio­oil (i.e., IEA #6 heavy bio­oil) 
is projected to have a selling price of roughly $7.62/GJ, LHV. The facility analyzed produced 
16,091 kg/hr of bio­crude with a moisture content of 23.6%. The feed rate to the pyrolyzer was 
550 dry tones/day. The pyrolysis reactor was modeled using yields from Bridgewater, et al. 
[67/68].  

The pyrolysis unit also produced almost 4,900 kW of electricity, but used roughly 80% of that 
value for recycle gas compression (2,600 kW) and feedstock size reduction (1,400 kW). The net 
electricity output for the facility was 588 kW. 

7.2 Recommendations for Advancing Fast Pyrolysis Technology 
There are a number of barriers that must be overcome to advance the technology of biomass fast 
pyrolysis. They can be listed as follows: 

x No universally accepted specifications or standards for bio­oil 

x Bio­oil quality and reproducibility must be established, especially with respect to storage 
stability of the oil 

x Effects  on  the  environment  and  safety  and  health  of  production  personnel  potentially 
exposed to bio­oil needs to be established. This need is also present for consumers using 
the product. 

x Public  acceptance  or  perception  may  be  an  issue,  particularly  if  the  health  and  safety 
issues  are  unknown.  Odor  is  another  issue  related  to  public  acceptance.  Bio­oil  has  a 
strong smoky smell that is unlikely to be masked by other compounds. 

x A near term technical barrier is lack of adequate supplies of bio­oil for long term testing 
in burners and prime movers for power generation. There are currently a limited number 
of sources for bio­oil production and little support for funding bio­oil production runs. 
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