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Materials and Methodology

The particle starts being heated by the hot mesh 
that surrounds the particle. The particle release 
some moisture and primary pyrolysis start.

Ignition of the particle takes place on 
the surface and gases are released 
as result of the pyrolysis.

The particle is fast heated up. Pyrolysis 
continues and released gases create a 
flame surrounding the particle.

The volatile flame grows until most the volatile 
material has been released and then shrinks.

The remaining solid after pyrolysis is a carbon rich material called 
char. As it has been well heated up it ignites all along the surface

The Oxygen is consumed by the 
combustion reactions in the volatile 
flame and cannot reach the surface.

Compounds forming the char are quite stable 
so the combustion of the char takes the most 
of the time of the total burnout time. Sketch of the single particle combustion device with 

video camera recording [2]

The fuels have been provided by the different project partners. Coal A
(Kellingley) has been provided by SSE. The biomass presented in this work is
made from different mixed forestry wood, was imported from North America
and provided by Drax. Results from elemental analysis, proximate analysis and
gross calorific value are shown in the following table:
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The Bio-Cap UK project aim is to accelerate the progress towards achieving operational excellence for flexible,
efficient and environmentally sustainable Bio-CCS thermal power plant by developing and assessing
fundamental knowledge, pilot plant test and techno economic and life cycle studies. The project cover
different CO2 capture technologies, as post-combustion and oxyfuel. The ongoing research aim is to produce
fundamental data concerning commercially-relevant biomass fuels combustion for dedicated biomass to
power with CCS, or cofiring fossil fuel generation with higher rates of biomass.

Previous studies [1] in single particle device made a comprehensive study of coal combustion and pyrolysis
that settle the principles of easy and low cost experimental devices [2]. This devices reveals high amount of
information about volatile yields and combustion performance of coal and biomass. The first work package
of the Bio-Cap project involves all the characterization of the fuels and initial experimental works at lab
scale. The intended objectives to be covered by this work package and partially presented in this work are:

¾ Characterisation of coal and biomass fuels, their chars and ash.
¾ Develop a single particle rig for rapid heating of biomass particles in CO2/O2 atmospheres.
¾ Obtain fundamental data concerning biomass combustion rate and fuel ignition at different partial
pressures of O2 and CO2.
¾ Extend biomass database for the fuels used in later pilot–scale testing.

Biomass and coal combustion differences

There are not big differences between the different biomass studied, even between those with different origin
as forest or agricultural residues. Two clear different steps were observed for both bituminous coal and
biomass fuels combustion. First step was the pyrolysis and combustion of the volatile matter and second one
the combustion of the remaining char. However some clear differences were observed in this preliminary
experiments:

¾ Biomass pyrolysis starts earlier, lower temperatures are need for pyrolysis, and so biomass pyrolysis kinetic
is slower and progressive. Pyrolysis takes longer periods of time in biomass. Lighter compounds are
released vs larger hydrocarbons released by coal particles.

¾ Flame of the coal single particles are brighter as result of a higher temperature

¾ Less mass of char remains after the pyrolysis and combustion of volatile matter. Biomass char is more
reactive than coal char. Biomass char combustion is faster than coal char.
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Experimental work on particle combustion under oxyfuel conditions will extend a series of successful studies [1] by developing a rapid heating rig in which a range of relevant CO2/O2
atmospheres can be applied.  This will provide data for combustion modelling and also assessment of fuel type and milling requirements by industrial users. The provision of optical 
access would allow the particle to be monitored with a video camera, providing a means of estimating timings of the points at which drying, devolatilisation and char combustion begin 
and end. The following frames show the main key events during the combustion of a biomass particle under air atmosphere:

Coal particle air combustion experiments
Coal particle combustion under air conditions and similar heating rate and heat transfer were tried in the single particle device. The particle mass of the example frame 
screenshots was 4 mg. It was clearly seen in some particles a big swelling during the pyrolysis. This also cause the particle breaking in smaller pieces. A high amount of 
volatile matter was observed in the first milliseconds of the combustion, afterwards the combustion of the char takes place. The char combustion took most of the time 
out of the total combustion time. The following frames shows the main key events during the combustion of a coal A particle under air atmosphere:

Introduction and objectives
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Biomass

Coal A

Biomass
Mixed wood Coal A

moisture content (% wt) 6.9 2.2
ash content dry (% wt) 1.2 18.3
volatile content daf (% wt) 84.8 37.1
fixed carbon daf (% wt) 15.2 62.9
GCV (dry) (MJ/kg) 20.3 28
Elemental daf (% wt)
C 50.8 78.2
H 6.1 5.2
O 43.1 12.3
N <0.1 2.2

A experimental device has been
developed to obtain combustion
test data for sets of particles from
different coal and biomass fuels.
Wire mesh techniques were
chosen for this application since
they offer the potential for a rapid
increase in the heat flux applied to
the biomass particle and can also
be closely controlled to give
repeatable heating conditions. The
device has been adapted to
conduct experiments under
controlled atmospheres, that will
allow to study the combustion
behaviour in CO2/O2 atmospheres
with camera recording.

Thermogravimetrical analysis

A preliminary combustion profile in a Mettler Toledo SDTA851 TG analyser was 
perform. A sample around 10 mg was taken from room temperature to 900 C under 
a 70 ml/min flow of air, and a heating rate of 15 K/min.

Experimental work on particle combustion under oxyfuel conditions will extend
a series of successful studies by developing a rapid heating rig in which a range
of relevant CO2/O2 atmospheres can be applied. This will provide data for
combustion modelling and assessments of fuel type and milling requirements by
industrial users. The single particle biomass apparatus applies a heat flux to the
particle until char combustion is completed. Equally the particle is not enclosed,
meaning the oxygen concentration will remain invariant.
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TG and DTG during combustion profile of the Biomass and coal at 15 k/min.

Colour CCD video camera 
to film the particles during 
heating


