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ABSTRACT

In this study, the potentials of waste-to-energy system in Nigeria had been uncovered by considering the production
of bio-oil from wood residue generated in major cities of south-western Nigeria using pyrolysis conversion. The
major cities examined were Lagos, Abeokuta, Ibadan, Ilorin, Ado-Ekiti, Akure and lle-Ife with wood residue
generation of 807.7 Ton/day, 1,335.4 Ton/day, 65.5 Ton/day, 69.8 Ton/day, 15.1 Ton/day, 14.4 Ton/day and 8.1
Ton/day respectively. High tonnages generation from Abeokuta and Lagos result from their favourable
environmental condition for afforestation, over-population and industrial influences. The potential of producing
1,161,242.4 litres/day of bio-oil using pyrolysis from a total of 2,316 Ton/day of wood residue generated from cities
examined was discovered. The liable revenue to be generated from the sale of this bio-oil at #50/litre is #21.2
billion/year which can equally be used in providing lacking infrastructural facilities in examined cities. However,
effective techno-economic analysis of the processis very important to know the capital and operating costs involved.
Also, investigations into pyrolysis process optimization of wood residue are necessary to have optimum bio-oil
production based on the available resources.

Keywords: waste-to-energy system, bio-oil, pyrolysis convarsiwood residue, diesel, cities.

INTRODUCTION

Waste-to-energy (WtE) refers to any waste treatnieatt creates energy in the form of electricityheat from a
waste source that would have been disposed inilefidf The creation of energy from organic rendodamaterials
in the form of gas, liquid osolid holds tremendous beneficial potential. Achigwvsolutions to possible shortage in
fossil fuels and environmental problems that theldvis facing today requires long-term potentiati@ts for
sustainable development. In thisgard, renewable energy resources appear to befotiee most efficient and
effective solutions [2].The importance of alternative energy developmers imareased rapidly due to high
international crude oil prices. The Nigerian goveemt launched its Renewable Energy Master Plan (REM
January 2007 which provides a roadmap for the gdachove away from fossil fuels and an increasénenrble of
renewable energy in satisfying the country’s energgds [3]. Although the first facility that comibed municipal
solid waste for energy came on line in New YorkyGit 1898, the industry did not experience rapidvgh until
1978 with the enactment of the Public Utility Reajory Policy Act [4].

Bio-oil has been recognized as a representativewalle energy source and chemical feedstock [5¢hwban be
produced by fast pyrolysis conversion of wood resifb]. Bio-oils are produced by pyrolysis procasstere the
biomass feedstock is heated in the absence dbainjng a gaseous product, which then condensesv Byrolysis
produces large amounts of coke, which can be usedsalid fuel, whereas fast pyrolysis producesdi®in high
yields of up to 80 wt % dry feed [7]. Bio-oil is atidic, viscous, water-soluble liquid that hasaskebrown colour
and a pungent smoky odour [8]. Figure 1 represt@diagram of a sampled bio-oil. Pyrolysis is aeversible
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thermochemical decomposition of organic materiaklavvated temperatures without the participatioroxfgen
involving simultaneous change of chemical compositand physical phase [9]. Pyrolysis dates backnmient
Egyptian times where tar for caulking boats andearbalming agent were made from pyrolysis. Since,tliee
process had been improved and is widely used ircohhand coke production. In the 1980’s, sciestistind that
the liquid yield of pyrolysis could be increased fast pyrolysis, where the biomass is indirecthated and
condensed rapidly [10].

Figure 1: Boi-oil [12]

Wright et. al. [11] developed techno-economic models for assestsoighe conversion of biomass to valuable fuel
products via fast pyrolysis and bio-oil upgradififgemeliset. al. [12] examined the recovery of energy from New
York City solid wastes by pre-processing the cortiblescomponents of Municipal Solid Wastes (MSWJ arsing
them as a fuel in a properly designed combustiantoe and thermoelectric plant to generate elégtrémd process
steam. They concluded that energy recovery from M&Wd reduce considerably the amount of land gesd
annually to landfilling and also decrease to a smdlent dependence on fossil fuels. The UnitedeSthad very
large sustainable supplies of wasted solids whizhdcmultiply its contribution to their national emyy supply by a
factor of 10 [9]. Many waste-to-energy companiesl lexisted all over the world which include Agri-The
(Canada), Ozmotech (Australia), Integrated Envirental Technologies (United States), Sustec SchwRurepe
(Germany), Waste Management (New Zealand), TAD @gaeAmbiente (Italy), Batneec Dumfries (U.K.),
AddPower (Sweden) and many more [13]. In 2007 etlveere more than 600 waste-to-energy (WtE) plant3si
different countries. The United States processepdident of its trash in WiE plants. Denmark preess(54
percent of its waste materials) more than any atbentry [1]. The potentials of waste-to-energyteyshad been
discovered all around the globe.

Many researchers had examined energy generation fiifferent waste sources using different conversio
approaches. Ofoefule. al. [14] investigated biogas production from paper teand its blend with cow dung in
equal ratio. The two variants were subjected teaotzic digestion in a 50L metal prototype biodigestn the ratio
of 3:1 of water to waste under a 45 day retentieriopl and mesophilic temperature range oiC26 43C. The
physicochemical parameters of the wastes wererdited including microbial analysis. Results obtdirsaowed
that paper waste had a cumulative gas yield of &®87dni/kg of slurry with the flash point on the 2nd d#n
overview on gasification of biomass for productiwinhydrogen rich gas was examined by Aly [15]. @eation
was chosen as one of the more conventional metbod®nversion of biomass due to some importardaoea such
as space consideration, flexibility of fuels usetjucing the volume of solid waste and recovergradrgy. A study
of the effect of blending of commercially availabbetrodiesel with biodiesels derived from NaOH-batad
homogeneous transesterification of methanol witbugdnut and soyabean oils respectively had beee tgn
Hamzaet. al. [16]. They concluded that the density, kinematiscwesity and flash point of petrodiesel/biodiesel
blends increases with increase in the concentratifobiodiesels in the blends and that the heatiatpes of
petrodiesel/biodiesel blends increases with deergathe blend levels. Biogas production from bkid bambara
nut (Vigna subterranea) chaff with some animal and plant wastes was stlily Ofoefule et. al. [17].

1.1 Wood asa Major Raw Material of Bio-Oil

Wood and other forest biomass can be convertegrm-gas and bio-oil during fast pyrolysis. The pgas could
be used in generating heat energy to power tuifioinelectricity generation while bio-oil may be dsas substitute
for diesel in many static applications, such asdosj furnaces, engines and turbines for elecgripitneration ([18],
[19]). Until AD 1850, wood was the main source okgyy in the world [20]. About 13% of the world’sipary
energy was derived from forest biomass in 1987enilo billion people in the rural communities oéttleveloping
countries depend on biofuel for domestic cookirtgam raising, heat generation and crop ripping.[2¥pod
residues produced during milling and re-sawingvit@s include tree barks, cut slabs, sawdusthpshiavings and
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strips whose generation can be traced back to8tteckntury [22]. About 20 to 50 percent of sawrtiitibers end
up as wood waste during processing [6]. Wood i®mbustible carboxylic material that is made up afbon,
hydrogen and oxygen. The combustible charactesisfievood have made it a valuable source of hezariggr{6].

1.2Principle of Fast Pyrolysis Conversion

The wood residue feedstock preparation involvefdrithe low-grade wood chips to less than 10 wt béstare to

reduce the amount of water in the bio-oil [23] d@hen ground the dried wood chips to the correat sizless than
3mm [24] or 1 mm in diameter for fast heat transéges [25]. Dried and grounded feedstock is stamesl hopper
near the pyrolysis reactor. A bubbling fluidizedikgyrolysis reactor is used to convert the preparead chips into
three components which are small particles of soiidr (aerosols), condensable gases and non-ca@idergases
[26]. Silica sand is used as the inert materiadimshe reactor as it can withstand temperature® uUp500°C and
aid heat transfer. The bed is heated indirectlflily gases in the jacket of the reactor to tempegatfrom 700°C to
1,000°C. Nitrogen gas is also added to the redotact as a fluidizing gas [24]. The three compdsidrom the

pyrolysis reactor are then sent to a cyclone (dikeeapparatus) that uses centrifugal force to Keegwier particles
against the wall. Gravity then pulls the solid s (aerosols) downward to a collection tank, levhihe gases
(condensable and non-condensable) come out obfheftthe equipment. When the cleaned gases exit\tblone

unit, they must be cooled to form the bio-oil armhftondensable (recyclable) product gases. Thigepte further

reactions from taking place in the quencher. Tabdhows the key fast Pyrolysis design featureseathié diagram
of the system is shown in figure 2 below. The pssoaf pyrolytic decomposition of dry and ash freeniass can be
represented as [27]:

CHz0x =CH,,0O,, TN CO+n2CO, +nyzH, +nvaH O+nvsC,  H ,+nveCH O .
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Figure 2: Fast Pyrolysis System [28]

1.3 Chemistry of Bio-Oil

Bio-oils are usually a dark brown, free-flowinguid that has a distinctive odor. During bio-oil guztion, a large
number of reactions occur. These include hydrolydéhydration, isomerization, dehydrogenation, atiration,
retro-condensation and coking. The exact compasdaiathe bio-oil is dependent on the feedstockanig nitrogen
or protein content of the feedstock, heat transdée and final char temperature during pyrolysideet of vapor
dilution in the reactor, time and temperature gdoas in the reactor, time and temperature of v@poheated lines
from the reactor to the quench zone. Others areiaity of the char removal system, water contenthe
feedstock, storage condition and efficiency of ¢tbedensation equipment to recover the volatile aomepts from
the non-condensable gas stream [30].

The chemical composition of bio-oils reported byirdiet. al. [31] is shown in figure 3. Branaa. al. [32] reported
that more than 400 organic compounds have beemfiubio-oils. The compounds in the bio-oil canywhy more
than an order of magnitude. The bio-oil containsl@¢some of the major components include acetigpgnoic),
esters (methyl formate, butyrolactone, angelicdola), alcohols (methanol, ethylene glycol, ethpnkétones
(acetone), aldehydes (acetaldehyde, formaldehytenedial), miscellaneous oxygenates (glycolaldehgaetol),
sugars (1,6-anhydroglucose, acetol), furans (folfudMF, furfural), phenols (phenol, DiOH benzenmagthyl
phenol, dimethyl phenol), guaiacols (isoeugenofjeswl, 4-methyl guaiacol) and syringols (2,6-DiOldieenol,
syringaldehyde, propyl syringol). The multicomponemixtures are derived primarily from depolymeriaat and
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fragmentation reactions of the three key buildifacks of lignocellulose: cellulose, hemicellulogeddignin. The
guaiacols and syringols are formed from the ligfraction, whereas the miscellaneous oxygenatesarsugnd
furans are formed from the cellulose and hemicedlelbiomass fraction. The esters, acids, alcoketsnes, and
aldehydes are probably formed from decompositioth@fmiscellaneous oxygenates, sugars and furans.

Table1: Key Fast Pyrolysis Design Features[29]

Pretreatment
particle size small particles needed;
expensive
feed doning essential to ~10%
washing and additives for chemieal production
Beactor
heat supply high heat transfer rate needed
beat transfer gas—solid and'or solid—solid
heating rates wood conductivity limits
heating rate
reaction temperatore 500 °C maxumizes liguids
firom wood
reactor confizeration many configurations have been
developed
Product Conditioning and Collection
vapot residence time critical for chemicals, less for fuels
secondary cracking reduoces yelds
char separation difficult from vapor or liquid
ash separation more difficult than char
separation
liquids collection difficult; quench and ep seem best

40
Hemlcellulosiirld Cellulose B Low Wit %
Acids: O ngh Wit %
Formic Misc Oxy N
30 | Acetic Glycolaldehyde Phenols: Lignin
Propanaic Acetol Phenol M
DiOH-benzene
25 - Aldehydes: Dimeth-phenol
o Formaldehyde cebelis
;E e Acetaldheyde Sugars: Guaiacols:
-...-20 i Methano| Ethanedial Anhydroglucose Isoeugenol
= Ethanol Cellobiose  Furans Eugenal
g Ethalr;?'le Ghveol Fructose Furfural Methyl guaiacol
15 - Y ¥ Glucose  HMF
Furfural
i Ketones:
4 Esters:
10 Methyl formate Acetone
Butyrolactone
5 . Angelicalactone

Figure 3: Chemical Composition of bio-oils[31]

1.4 Problems of Bio-Oil Produced from Bio-mass

The most significant problems of bio-oils as a fald poor volatility, high viscosity, coking, cosigeeness and cold
flow problems [7]. These problems have limited #pplications of bio-oils. No quality standards haet been
made for bio-oil production. The main concerns thorning bio-oils in diesel engines have to do wdifficult
ignition (due to low heating value and high watentent), corrosiveness (acids) and coking (thegmafistable
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components). Bio-oils must be upgraded or blenddaetused in diesel engines. Bio-oils polymerizé eondense
with time and this process is accelerated by irsingatemperature, oxygen exposure and UV light sMpm These
reactions result in increasing viscosity and ptsegmration in the bio-oil. A critical review by bigld [30] on the
chemical and physical mechanisms of the storageilisfaof fast pyrolysis bio-oils revealed that thwobable
reactions that occur within bio-oil that cause @elgition are organic acids with alcohols formingesand water,
organic acids with olefins forming esters, aldelsyded water to form hydrates, aldehydes and alsdiooining
hemi-acetals or acetals and water and organicrsidfming oligomers. Other probable reactions idelaldehydes
forming oligomers and resins, aldehydes and phefasising resins and water, aldehydes and proteinsifig
oligomers, unsaturated compounds forming polyotefamd lastly air oxidation that forms acids andctiga
peroxides (which catalyze polymerization of unsatienl compounds).

1.5 Economics and Thermal Efficiencies of Bio-Oil Production M ethods

The major challenges for producing bio-oils aret @jshio-oil is 10-100% more than fossil fuel, dadility (there
are limited supplies for testing and developmengpflications), there are a lack of standards acdnsistent
quality, bio-oils are incompatible with conventibraels, users are unfamiliar with this materia¢detated fuel
handling systems are needed and pyrolysis as adkgy does not enjoy a good image [7]. The resoitthe
economics and process thermal energy efficiencypfoduction of liquid transportation fuels analyzled the
Working Group of the International Energy Agencingdirect biomass liquefaction activity are shawrable 2.

The assessment was done with liquid fuels from apheric flash pyrolysis (AFP) and liquefaction iregsurized
solvent (LIPS). Three steps analyzed included pyntiguefaction to a crude oil product, catalytigdnotreating to
upgrade the crude product to a deoxygenated pramueind refining the deoxygenated product to gasoand
diesel fuel. The refining costs were estimated thasecosts for refined oils derived by liquefactmincoal and oil
shale and do not represent actual experimentaltse3ine AFP process consisted of rapid pyrolysia sand bed of
wood fibers to vapors and chars developed at Usityeof Waterloo. The LIPS process was based as ti#sthe
Biomass Liquefaction Experimental Facility in whigtood chips were mixed with recycled wood derivall o
sodium carbonate and syn-gas in an upflow tubelaction at 35%C, 20.5 MPa with a 20 min residence time. The
economic analysis was based on a plant capacitp@® dry tons/day of biomass, a cost of $30/mébricof wood
chips (50% moisture content) and a 10% interest rBlhe capital cost for primary liquefaction ofsoikith LIPS
was 70-80% higher than for AFP. The capital costtlie catalytic upgrading of the oils from the ApRcess is
higher than LIPS process since liquefaction-deriggsl have a higher oxygen content than pyrolysigwed oils.
Therefore, the final capital cost for the AFP ailas only 14-22% that for the LIPS process. The ggsdhermal
energy efficiency of the primary oil products raadeom 0.61 to 0.68 for the pyrolysis oils to 0.48.55 for the
liquefaction oils. The PTE decreases during catalypgrading and refining to 0.48- 0.52. It hasrbelimed that
the HTU liquefaction process has an overall PTE®GB0% [33].

1.6 Bio-Oil Mixtures

Bio-oils from fast pyrolysis are not soluble in pd¢um-derived fuel due to their high water contdwiwever,
blending of diesel with bio-oils can be accomplihesing surfactants ([35],[36]). Bio-oil emulsiolnave promising
ignition characteristics but also have a high cos to surfactant addition and a high energy asemulsification.
Higher corrosion levels occur in engine applicadiomith the bio-oil - diesel emulsions [36]. Ikura &. [35]
produced emulsions of bio-oil obtained by fast bysis of hardwood from 10 to 30 wt % bio-oil usiagnixture of
Hypermer B246SF, Hypermer 2234 surfactant and Ntiegel fuel. The cetane number, which is a measitiee
diesel fuel quality with higher cetane numbers béietter for engine use, decreased from 46, 43t0384 as the
bio-oil concentration increased from 0, 10, 203@owt %, respectively. The corrosivity of the enmfs was about
half that of the bio-oil, and the viscosity of theulsion increased as the fraction of the bioratéased.

1.7 Geographical Location of the Area of Study

In Nigeria, south-western region is one of theg@opolitical zones. It falls on latitude 6° to therth and latitude
4° to the south. It is marked by longitude 4° ® Wiest and 6° to the East. It is bounded in thetNloy Kogi State,

in the East by Edo and Delta States, in the Soythtlantic Ocean and in the West by Republic of Beithis zone
includes seven states including Lagos, Oyo, OgurdoDKwara, Osun and Ekiti states where their comsmoken
language is “Yoruba’. The maps of Nigeria and heutls-western region are shown in figures 1.3 ant 1.
respectively.
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Table 2: Economic and Thermal Efficiency Analysisfor Production of Gasoline and Diesel Fuels by Pyrolysisand Liquefaction [34]

atmospherie liquefaction in
flash pyrolysis (AFF) pressurized solvent (LIPS}
present potential present petential

Total Capital Requirement ($U.S. millions)
primary liquefaction 403 264 342 434
crude upgrading 466 343 268 26.0
produet finishing 145 0.7 133 0.7
total 1109 614 1263 7l
Production Costs (3U.S. million/vear)
fixed operating costs 1448 10.77 14.48 10.03
variable operating 21574 567 334 33.60

costs
(feedstock costs) (20.00) (20.00) (20.00) (20.00)
capital charges 12.96 17 14.75 3.78
total production cost 53.18 41.61 62.67 5239
Mininmm Selling Price (3U.5./GI)
bie-oil 932 6.91 1344 1227
refined bio-oil 16.24 1299 19.54 1477
Process Thermal Efficiency

(B0TE Vi products/ BNETTV isad--inpn |
primary product from liquefaction .61 0.68 0.55 0.48
finished product 052 0.53 0.48 0.49
Life Cycle Thermal Efficiency

(0BT T Viiuid prociucrs BNET TV e impers )
finished product 040 040 0.36 0.37
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Figure 1.3: Map of Nigeria

Figure 1.4: Map of South-western Nigeria

2. Wood Residue Generated in the Area of Study

A huge volume of wood residue is generated anndadign timber processing activities around sawmiignk
markets and furniture making factories in citieghivi Nigeria. About 294,798 tons of wood waste &erated
yearly (807.7 Tons/day) in the city of Lagos [37hile about 2,288ris generated daily (1,335.4 Tons/day) in
Abeokuta[38]. Lasodeet. al. [39] revealed that 119.5Znof wood residue is generated daily (69.8 Tons/day)
llorin the capital of Kwara State, Nigeria. The ambof solid waste generated per person per dagine Nigeria
cities are as follow: Ado-Ekiti in Ekiti state (A.Kg/person/day), Akure in Ondo state (0.54Kg/perstay), lle-Ife
in Osun state (0.46Kg/person/day) and Ibadan in Sgite (0.71Kg/person/day) [40]. However, the papoh of
Ado-Ekiti, Akure, lle-Ife and Ibadan according t6@b census had been reported to be 308,621; 3§7268/449
and 1,338,659 respectively [41]. The total amourgatid waste generated per day (SW/day) in AdaiEkkure,
lle-Ife and Ibadan is calculated thus:

SW/day=SW/person/day Populati
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Thus, solid waste generated per day in Ado-Ekikiure, lle-Ife and Ibadan is 219,121 Kg; 209,027 K#j7,967 Kg
and 950,448 Kg respectively. It had also been tedahat the percent of wood residue compositiosoiid waste
in Africa is 7% [42]. The amount of wood residuangeated per day is calculated thus:

Wood Residue /day = 0.0 SW day

This implies wood residue generated per day in B, Akure, lle-Ife and Ibadan is 15,339 Kg (15Tbns);
14,632 Kg (14.4 Tons); 8,258 Kg (8.1 Tons) and 86,Kg (65.5 Tons) respectively using a conversamidr of

1Kg =9.842 10'Tons

The total amount of wood residue generated on dis from areas of study is tabulated in tatdeb&low.

3. The Potentials of Bio-Oil Production from Wood Residue by Pyrolysis

It has been estimated that a commercial bio-oitlpetion pyrolysis plant processing 100 tonnes obaveesidue
per day would produce approximately 22,000 tona8s3(million litres) of bio oil per year (50,137rés/day) [43].
This implies 1 Ton/day of wood residue generatels&(tre/day of Bio-oil. Thus,

Bio—oilGenerated(litres/ day) =501.4xWood ResidueUsed Tons Hay

The bio-oil cost was calculated to be $1.21/g&d/litre) for 100 tonne/day plant size [44]. [1lgal = 3.785 litres,
1$ =¥N155]. The total amount of bio-oil that can be readi from wood residue generated from the areatudf/s
using pyrolysis is shown below in table 3.1.

Table 3.1: Quantity and Amount of Bio-oil Liableto berealized from Wood Residue

Cities Wood Residue (Tongday) | Bio-ail (Litres/day) Bio-oil (N/litre/day)
Lagos 807.7 404,980.8 20,249,040
Abeokuta 1,335.4 669,569.6 33,478,480
Ibadan 65.5 32,841.7 1,642,085
llorin 69.8 34,997.7 1,749,885
Ado-EKkiti 15.1 7,571.1 378,555
Akure 144 7,220.2 361,010
lle-Ife 8.1 4,061.3 203,065

Total = 2,316 Total =1,161,242.4 | Total = N58,062,120/day

DISCUSSION

The problem of solid waste disposal has becomdaming environmental problem facing many citieNigeria
with lack of effective waste management systemsvéi@r, sustainable energy can be generated frose tivastes
thereby putting an end to environmental pollutienerated from them. In this study, the potentialbif-oil
production from wood residue using pyrolysis haderbeexamined in major cities of south-western Ngeri
Pyrolysis had been considered because of its sujigrio other systems of waste-to-energy conversas it
operates at atmospheric pressure and modest telmmgsravith yields of bio-oil exceeding 70 wt % [28he major
cities examined were Lagos, Abeokuta, Ibadan,r]ofido-Ekiti, Akure and lle-Ife. The quantity of wd residue
generation in different cities of consideratiorsiown in table 1. The high value of wood residueegation from
Abeokuta is a result of its favourable environmertndition which allows afforestation and thusceurages
sawmilling industries while the contribution fronagos results from her industrial and over-poputatidluences.
The population of Lagos has been reported be 1@l®mas at 1990 [45] while the population of Ikzadwas
reported to be approximately 1.4 million as at 2008. Less wood residue contribution from othdes (besides
Ibadan and llorin) is due to their non-industriature and less dense population. The total quanitityood residue
generated was 2,316 Tons/day (845,340 Tons/yedh) thve potential of producing 1,161,242.4 litreg/da 424
million litres/year) of bio-oil using pyrolysis. Ehliable revenue to be generated from the saldisfHio-oil at
$1.21/gal R50/litre) isN58,062,120/day € N21.2 billion/year). The price of this potential kd at ¥50/litre is
quite lower than the current price of die2€l80/litre) in which both are being used in manyistapplications such
as boilers, furnaces, engines and turbines fotredgg generation. Hence, adequate consideratfmulsl be given
to this alternate means of energy generation tlyereducing over-dependence on fossil fuels whiah \aery
expensive for industrial purposes.
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CONCLUSION

The potentials of waste-to-energy system in Nigé@da been examined by considering the potentidi@il
production from wood residue generated in majaesiof south-western Nigeria using pyrolysis. Oaveynment
should execute substantial capital project on phicess as this serves as means of internal revgeneration
which can equally be used in providing lacking astructural facilities in major cities of Nigerialso, this serves
as effective way of reducing volume of wastes (deintal to health) that are generated exponentiafydaily
basis. Nevertheless, overdependence of stakehaddrsssil fuels will be discouraged as bio-oils§er price) may
be used as substitute for diesel in many statidiGgtipns such as boilers, furnaces, engines angines for
electricity generation in most industries. Howewlfective techno-economic analysis of the pyraysiocess is
very important in order to know the capital and raieg costs involved in the process which allovesedmining
total profit that can be realized based on thelabks wood residue in our environment. Investigagiinto pyrolysis
process optimization of wood residue should noteffteout to have optimum bio-oil production. Neveztess, the
heating value of bio-oil produced from our woodidas by pyrolysis should be checked with the cqoesling
fossil fuel (diesel) to know if the latter can fuliisplace the former.
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