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EFFICIENT PYROLYSIS OF WOOD CHIPS
FEASIBILITY IN UNDERDEVELOPED COUNTRIES:
EXPERIMENTATION ON PRODUCT YIELDS

ABSTRACT

This paper is about the feasibility of combustibles gases like methane, ethane and carbon monoxide
production fromwoodpyrolysis. This first laboratory experimental stage objective was to see what
products can be obtained from wood pyrolysis in absence of oxygen and presence of nitrogen. The
effect of temperature on the productyieldswasinvestigated. Productswerecharacterizedusinggas-
chromatography. We found that products ofwood pyrolysis for temperatures of 700, 800, 900, 1000
and 1100°C were char,CO2 and combustibles gases like CH4, C2H2, CO and tar. NH3 was not found

in the produced gases.

In our study, condensable gases were not recovered and quantified. A gas condenser would have
been necessary inserted for this purpose at the outlet of the pyrolysis reactor before routing the gases

to the mass spetrograph.

This study show that char production decrease from 17.08% at 700°C on the weight basis to 12.95%
at 1100°C.Gases and tar production decrease, going from 82.92% at 700 °C on the weight basis to
87.05% at 1100°C.

Carbone dioxide production also increase with temperature. It is the biggest part of produced gases of

the wood pyrolysis gases representing an average weight proportion of 6.99% of the initial wood.

Carbone monoxide yield is almost constant, around 1.6% at 800, 900 and 1000°C thought its yield at
700°C was found slightly higher accounting for 2.29% weight of the initial wood.

Ethylene (C2H4) is only produced in small amount compared to others combustibles gases like
methane and carbon monoxide. Its proportion which was observed almost constant, around 0.14% on
the weight basis in respect to the initial wood chips weight from 700 to 900°C dropped to 0.02% at
1000°C.

Methane (CH4) is produced in weight basis proportions of 2.55% which remain almost constant from
700 to 1000°C.
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1. INTRODUCTION
Among thermo-chemicaltreatment (TCT) methodsknowntoday, pyrolysisappear as one of the
mostpopular. This isbelieved to be due to their immense impacts on the environment and
theiroperational output [1]. In theirreview, Al-Salem et al. mentionthat the renewed attention
thatpyrolysis continues to face in recent times is due to the several effective and
environmentaladvantagesitoffers to today’soverallenergydemand and fuel scarcity[2].
Pyrolysisis a thermochemical conversion process in the absence of oxygen or otheroxidizers at a
relativelylowtemperature as compared to incinerationtemperatures. This processcanbeused to
recovermaterials and energy in the form of chemicalsproducts and fuels [3].
The total consumption of primaryenergyln Burkina Faso wasestimatedequal to nearly 2625 Kilotonne
in 2008 with a strongdependence on biomasswhichrepresents more than 80% of consumedenergy[4],
[5], [6], [7].Total consumption of primaryenergyraised to 4657 Kilotonne in year 2019 with 99%
frombiomasswhereashydropower and solarphotovoltaicrepresentslessthan 1% [8], [9], [10].

With more than 90% dependance on biomassenergy, onlypyrolysis of woodisused in Burkina Faso in
the charbonisationprocess for Charcoal production. Unfortunately, thistraditionnalcharcoal
productionprocessis not energy efficient, becausegaseous and liquidproducts are not recovered.
Hence the need for the developpement of bettercharcoal production technologies and the

developpement of gasificationwichissoundbetterthantraditionnalcharcoal production.

Biomassgasification, verylittleused in Burkina Faso, is one of the most efficient methods for
convertingbiomassinto thermal and electricalenergy.Despite the abundance of waste of agricultural,
vegetable and  householdorigin, the large-scale exploitation of this  conversion
processisverylittiedeveloped in Burkina Faso [11], [12].In a bibliographicreview made in 2014,
itwasestablishedthatgasification of wastemaybe an interesting alternative for Burkina Faso [13].
Otherstudies on the development of biomassenergy in Africaagreewith the main conclusions of
thisreview [14], [15], [16].

Taking in account the factthatgasificationitselfispreceded by the pyrolysis of biomass, we have
conductedthisexpermimental investigation of woodpyrolysis for temperatures of 700 to 1100°C in order
to approximatelypredictproductsyields of a bettercharcoal production in Burkina Faso and

gasificationdeveloppement.

2. PYROLYS OF WOOD
Chen et al. globalyrepresentspyrolysis as a process of thermal degradation of the biomass in the total
absence of air thatproduces recyclable products, including char, oil/wax and combustible gases. This
thermal degradationprocess has been used to producecharcoalfrombiomass for thousands of years
[17]. According to Bridgwater: « Lowerprocesstemperature and longer vapour residence times favour
the production of charcoal. High temperature and longer residence time increase the biomass
conversion to gas and moderatetemperature and short vapour residence time are optimum for

producingliquids.» [18]



3. EXPERIMENTAL
3.1 Materials
The woodused in theseexperimentsissawdustdried for at least 24 hours in a steamer and water
extractor set at 103°C. Itshumiditywillthereforebetakenequal to zero. The wood grains are

approximatelycylindrical in shapewithlengths of 2 to 3mm and diameters of 0.5 to 2mm.3.2

3.2 Experimental setup
Picture of the experimental setup devicesisgiven on figure 1 belowwith labels.
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Figure 1: Pyrolysisreactor and mesurmentsapparatuses

This pyrolysissystemincludesprincipallythreeelements as shown in Figure 2below:

a) The pyrolysisoven
b) The thermo gravimetricanalyzer

¢) The acquisition computer
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Figure 2: Schematic of the pyrolysissystem

3.2.1 The pyrolysis furnace
The pyrolysisreactorisbuiltaround a  pyrolysisfurnacemade  byCarbolite. This  furnaceis

anelectricallyheated,cylindricalfurnace of which the pictureisgiven on figure 3 below.
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Figure 3: Furnace and support (a), gaseouspyrolylisproductsexit tube (b), pyrolysis tube ((c), samplecup (d),
pyrolysisreactorclosing cap (e) and gaseousproducts collection bag (f).

For eachexperiment, the basket supporting the wood chips istaken out.This basket iscleaned, then
the previouslyweighed dry wood chips are placed on the sample basket.The nacelle

isthenintroducedinto the pyrolysis tube using a screwserving as a nacelle guide.Then the cap of the
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pyrolysisreactor (e)isclosed.Weobtain the layoutshownschematically in the figure belowwith the

sampleguidedtowards the reactorcore:

Figure 4 : Pyrolysisreactorwith(a) : Heating enveloppe, (b) : Pyrolysiscylinder, (c) :Sampleholder guide

on rack, (d) : Nitrogencanisterwithflowmeter, (e) : Furnace support, (f) : Pyrolysisproducts exit

3.2.2 The mass spectrograph
The mass spectrograph made by Brukers is an Equinox 55 termo-gravimetric analyzer and infrared

spectrometer (TGA-IR). This spetrograph is based on infrared absorbtion spectroscopy. Absorption

frequency range goes from 370 to 25000 cm-1. Resolution is better than 0.5 cm-1. It can sample

solid, liquids, powders, gas phase. It is driven by OPUS/IR software and is used in this paper to

guantifie gaseous products from the pyrolysis reactor.

3.2.3 The acquisition computer
On the acquisition computer is installed an Opus 2005 IR software for analyzing different gaseous

product from pyrolysis coming from the products collection bag (3.f).

3.3 Experimentalprotocol:

1
2)
3)
4)
5)
6)
7
8)
9)

Pyrolysis reactor container is cleaned of residual char.

Mass of wood chips is measured.

Collection bag is drained of all gases.

The correct nitrogen flow is controlled.

Wood chips are introduced in the pyrolysis reactor and the lid is closed.

Chronometer is started

The pyrolysis is monitored during 60 seconds.

Temperature and non-condensable gases yield are monitored until the end of thepyrolysis.

Pyrolysis reactor is opened to remove produced char

10) Masses of charcoal is measured.

4. RESULTS AND DISCUSSION

The mass of the wood chips was measured with a balance with a sensitivity of 0.1 mg. Product yields

obtained from pyrolysis for each temperature are summarized in table 1 below.

Table 1 : Usedwood mass and productsyields

Temperature 700°C 800°C 900°C 1000°C 1100°C
Mwood 1,0030 | 1,0088 | 1,0054 | 1,0042 | 1,0030 | 1,0010 | 1,0015 | 1,0009 | 1,0038 | 1,0033 | 0,9902 | 0,9968 | 9932 | 10270| 1,030
Mchar 0,1750 | 0,1733 | 0,1670 | 0,1578 | 0,1707 | 0,1509 | 0,1462 | 0,1449 | 0,1452 | 0,1376 | 0,1448 | 0,1412 | (1331 | 01301 0,316
Mgas 0,8280 | 0,8355 | 0,8384 | 0,8464 | 0,8323 | 0,8501 | 0,8553 | 0,8560 | 0,8586 | 0,8657 | 0,8453 | 0,8555 | 0,8601 | 0,8969 | 0,8984
Mchar/Mwood | 0,1745 | 0,1718 | 0,1661 | 0,1571 | 0,1702 | 0,1507 | 0,1460 | 0,1448 | 0,1447 | 0,1371 | 0,1463 | 0,1417 | 0,1340 | 0,1267 | 0,1277




m gas/ Mwood

0,8255 | 0,8282 | 0,8339

0,8429 | 0,8298

0,8493

0,8540
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0,8583

0,8660 | 0,8733 ‘ 0,8723

Char (Wt %)
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16,0%
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14,1%

13,2%

Gas (Wt %)

Weseparated the pyrolysisproductsintotwo parts: the solid part consisting of coal and the gaseous

part.The gaseous part alsoincludes the tar visible on the gaseousproducts collection bag.But the tar

was not collectedseparately in thiswork.Therefore, the gaseousproductswillbereferred to as tar and

non-condensable gases in thispaper. We note m,.q4, the mass of the woodsample, m¢,,, the mass of

the coal, mg,s the mass of the gaseousproducts.For eachtemperature, threevalidmeasurements are

made.By validmeasurementswemean the results of a successful test, because if ithappenedthat one

of the points of the protocolhad been omitted, werepeated the test.

The percentage of

charcoalisobtained by dividingmen,, by mye0q-Similarly, the percentage of gaseousproductsisobtained

by dividingmgas bY Muood-

4.1 Char yield
The figure 5 belowgives us the evolution of the percentage of coal in respect to temperature:
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Figure 5: Char yield at differenttemperatures
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Figure 5above show that char yielddecreasewhenpyrolysis température increase. The

decreaseseemregular. Wecantryextrapolating the char yield for lowertemperatures to seek for a rough

estimation of char yield for temperaturesbelow 700°C.

For thatpurposewe have plotted the same data as a curve and obtained figure 3 belowwith an

estimation equation. This estimation equationwasrefinedafteradjustments and

verificationscompared to experimental values and temperaturesfrom 700 to 1100°C:

Char (Wt % ) = - 0.0099T +24.1
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Figure 6: Rough prediction of Charcoal content fromwood in fastpyrolysis

Therefore, we would theoricaly expect a char yield sumarized in table 2 bellow

Table 2 : Hypothetical char yieldfromwoodpyrolyis at differenttemperatures

This is a purelytheoreticalassumption and anhypothetical approximation withoutexperimental

300 400 500 600
21,13 20,14 19,15 18,16

investigation for temperaturesrangingfrom 300 to 600°C.

Figure 7bellow show that gases products yield account from 82.92% of the pyrolysed wood weight at
700°C to 87.08% of the the pyrolysed wood weight at 1100°C.

87,05%

H 700°C H 800°C H 900°C = 1000°C H1100°C

Figure 7: Gases + tar products variation againsttemperature



It shouldbenotedthat at 1000°C, a rapidincrease in gas pressure in the reactionchamber due to the
rapiddevolatilization of the wood chips took us by surprise.Reflux of pyrolysisgasesobserved on the
inletside of the pyrolysisreactor in the form of smoke.Corrective measures by strengthening the joints
of the pyrolysis tube weretaken and the nitrogen flow decreased, then the reactioncouldtake place at
1100°C.Despitetheseexperimentalprecautions, we  suspect a  slightloss of  non-visible
pyrolysisproductswhichwouldexplain ~ the  apparent  stagnation in  the  quantties  of
pyrolysisproductsbetween 900 and 1000°C.

Figure 7above show thatgases + tar yieldincreasewhenpyrolysis température increase. The
increaseseemregular. Wecantryextrapolating the char yield for lowertemperatures to seek for a rough

estimation of char yield for temperaturesbelow 700°C.

For thatpurposewe have plotted the same data as a curve and obtained figure 8belowwith an

estimation equation.

This estimation equationwasalsorefinedafteradjustments and verificationscompared to experimental
values and temperaturesfrom 700 to 1100°C:

Gases+ tar (wt % ) = 0.00955 T + 76.3000
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Figure 8: Gaseousproductsyield

Once again, bearing in mindthatthisis a purelytheoretical and hypothetical approximation,

wecouldtheoreticallyexpect a gas and tar yieldsummarized in Table 3below.

Table 3 : Hypotheticalgases + tar yieldfromwoodpyrolyis at differenttemperatures



T(°C) 300 400 500 600 700 800 900| 1000| 1100

Gases + tar (%) 79.17| 80.12| 81.08| 82.03| 82.96| 83.94| 8490, 85.85| 86.81

If we use the data from Tables 2 and 3, wecanroughlyestimategas + tar to be 79.17% of the wood,
withcharcoalmaking up 21.13% of the initial mass of the wood at 300°C. Thesepercentageswouldbe
81.08% and 19.15% respectively at 500°C. At thesetemperatureswewould have C2H4, CH4, CO
which are combustible and CO2 whichis incombustible.

As quoted byKonstantin Moser et al. [19]: “... One also has to beawarethat the yieldnumbers are only

to demonstrate rough differencesbetween technologies and must beseen as approximate values”.

4.2 Gaseousproductsyields
The analysis of gaseousproductsdirectlygivestheir proportions in relation to the mass of the gases.

Dinitrogen (Ny) isintroducedinto the pyrolysisreactor to ensurepyrolysis in an inertenvironment and
preventoxidation or gasification of the wood.This nitrogenisindeedpresent in the gasanalysisprovided

by the TGA-IR, but is not takenintoaccount in the plots of the figures whichfollow.
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Figure 9 : Dryedwoodgasesyield at 700°C
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Figure 11 : Dryedwoodgasesyield at 900°C
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Figure 12 :Dryedwoodgasesyield at 1000°C

We found in this study that while the proportions of other gaseous products vary slightly or remain
almost constant, there appears to be a significant shift or exchange between carbon dioxide (CO2)
and ethane (C2H4) at 1000 °C. We say this because where C2H4 shows a 92% proportional decrease
from 900 to 1000°C, the increase in carbon dioxide (CO2) shows a 46% relative increase from 900 to

1000°C. These significant variations are not observed for the other gases.

Those findings are summarized in figure 13 bellow.
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Figure 13 : Cumulative dryedwoodgasesyield by TGA-IR analysisfrom 700 to 1000°C

The data plotted in Figure 13 above is the sum of the different gas product levels for each experiment,
that is, the total gas yield for 60 seconds. We can roughly see that when the temperature increases
from 700 to 1000°C: the production of C2H4 and CO decreases in relation to their own masses. The
CH4 remains relatively almost constant on the basis of the same criterion. The proportion of CO2 is in

an upward trend always in relation to its own mass.

According to S.W. Banks: fast pyrolysis gases (non-condensable gases) mostly consists of carbon
dioxide, carbon monoxide, and methane [20]. Yanik et al. [21] pyrolyzed three agricultural wastes and
showed that on the volumes basis, carbon oxides made up 84—-90% of the fast pyrolysis product gas,
with methane accounting for 6—-8 %, hydrogen and hydrocarbon with two to four carbon (C2Hx and

C4Hy) were found in minor amounts.

Our results are in agreement, though we have not quantified C4Hy compoents.

5. CONCLUSION
In this fixed-bed pseudo-batch pyrolysis system reactor, temperatures ranged from 700°C to 1100°C

and a maximum non-charcoal production of 85 wt. % was reached. At high temperatures, between
1000°C and 1100°C, devolatilization is strong and brutal. The coal yield obtained was significantly low,
less than 12%, meaning that fast pyrolysis of wood could be used as a source of high calorific gas,

with coal becoming only a by-product.

Our results are in agreement with those of other authors and we conclude that increasing the pyrolysis

temperature of wood favors the production of gaseous products, while it reduces the production of
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charcoal. Unfortunately high temperatures also increase the proportion of carbon dioxide in the gases
produced.

The challenge we face is the high carbon dioxide content of the gases produced by dry wood
pyrolysis. We decide to continue the practical implementation of wood pyrolysis, without injection of
nitrogen and at average temperatures, not exceeding 800°C. We have set ourselves a target of a
gasification temperature of around 600°C which can be built at affordable costs, with locally available
materials in underdeveloped countries like Burkina Faso. We will design and manufacture a rotary kiln
pyrolysis reactor without nitrogen supply. This pyrolysis reactor will be designed to operate at
moderate temperatures, between 3000 and 500°C. We will then test it in several conditions in order to
promote the production of liquid and combustible gases. Carbon dioxide must be reduced to the
lowest level to comply with environmental protection requirements. Our ultimate project is to combine
pyrolysis with gasification in order to obtain an integrated system of energetically self-sufficient
pyrolysis and gasification for the conservation of wood into combustible liquids and gases. The
encouraging results we have already obtained with wood gasification suggest that the initial heat for

the pyrolysis step could be obtained from the gasification unit.
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