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harvesting residues presented great volumetric expansion. For the 
tension resistance by diametric compression, the lowest value was 
observed for coffee husk. the results found show the great potential 
of energetic utilizing of the briquettes made with coffee husk.

Keywords: briquettes; energetic density; volumetric variation; 
higher heating value.
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the pulp and paper industry is currently in a transition situation and 
needs to produce additional products which can increase both the 
mill profitability and the overall mill energy efficiency in order to 
convert mills into biorefineries. Autohydrolysis of softwood chips, 
used as raw material in a paper mill, was studied to simulate one 
of the aspects of industrial hydrolytic steps of a thermomechanical 
pulping process. Based on industrial process steam conditions, the 
operations were performed at laboratory scale. Both compositions 
of pulps and hydrolysates were determined as a function of the 
residence time and the severity of the treatment. It was found that 
the amount of glucans and Klason lignin in solid residues showed 
moderate cellulose and lignin degradation caused by hydrothermal 
treatment and that acidic arabinogalactans were largely affected 
and depolymerized, even at low severity (log(r0) < 2). the percent-
age of residual arabinans in the pulp after hydrolysis seemed to be 
a good indicator of the severity of the treatment and can provide an 
effective guide for an industrial process optimization. A hydrolytic 
step performed at a severity of log(r0) = 1.8 resulted in the extrac-
tion of 100% of the water-soluble acidic arabinogalactans. these 
polysaccharides are released and accumulated into process waters. 
they constitute the main part of the “anionic trash” released in me-
chanical pulping, which can form complexes with various cationic 
polymers used by the paper industry.

Keywords:  Autohydrolysis; hemicellulose; thermomechanical 
pulping
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Annona squamosa L. is a small tree which grows wild in many plac-
es in the tropical regions and locally called “xwingle” in Benin. Its 
produces edible fruits, typically globular or heart-shaped which are 
highly appreciated and the seeds are much neglected. recently, our 
works have started to be greatly concerned about identifying new 
oil sources from a large number of oil bearing seeds grown in Benin. 

We report here on the chemical composition of seed oil (ASSO) 
and defatted cake (ASDC) of A. squamosa. Fatty acid composition, 
chemical properties of oil, unsaponifiable fraction, amino acids, 
lignocellulose and carbohydrates were analyzed by standard ana-
lytical procedures. Our objective is to update and to widen avail-
able data in order to check and confirm the interest of the seeds as 
a readily available by-product resulting of the consumption of the 
fruit pulp for human food.

the extracted lipids (33.7%) were examined for fatty acid composi-
tion by gas chromatography. Linoleic (25.4%) and oleic (47.4%) acids 
were the predominant unsaturated fatty acids, while palmitic acid 
(12.6%) and stearic acid (11.6%) were the major saturated acids. the 
iodine value of 92g/100g indicates that the seed oil is a non-drying 
type. the unsaponifiable fraction (1.0wt-%) whose composition 
was not investigated previously especially for the sterol fraction, the 
major sterol is β-sitosterol (68.7wt-%) and tocols (143ppm) show 
α- and γ-tocopherol as major components (26.5 and 73.5wt-%). the 
defatted cake is rich in proteins (25.5g/100 g), potassium, and fibers 
(Van Soest; NDL 60.1%, ADF 34.7% and ADL 7.4%).

this work is part of a study aiming at adding value to underused 
forest biomass. Next step will deal with anti-termite properties of A. 
squamosa cake.

Keywords: Non timber product, Annona squamosa, seed oil, 
defatted cake, chemical composition, Benin.
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Forestry lignocellulosic biomass is a major renewable energy sourc-
es in the world. Carbon generated by Nature through photosyn-
thesis process, could potentially be considered as a neutral energy 
carrier in term of the greenhouse gas emissions, if it is produced is 
assured through sustainable plantations use. Cellulose is the main 
component of biomass (50% in weight on a dry basis in average) 
and its conversion into high density energy carrier like charcoal, 
gives relatively low charcoal yield (< 15%).

the development of more efficient conversion technologies in 
terms of yield of charcoal is of primary importance for both devel-
oping countries than for industrialized countries. In the first case, the 
firewood and charcoal are the main sources of energy to the people. 
In the second case, the development of sustainable energy sources 
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from biomass for biorefinery applications are of primary importance.

the work aims to present our first results of the cellulose pyrolysis 
kinetic study at elevated Pressure by specific thermogravimetric 
Analysis (tGA-eP). the aims are (i) to assess the influence of pres-
sure on the pyrolysis reaction kinetics and, (ii) to determine charcoal 
yield benefit.

After a brief presentation of the tGA-eP equipment developed in 
the laboratory, a more detailed discussion is done about the treat-
ment of the technical constraints like weigh measurement at ele-
vated pressure (buoyancy). Advantage and limitation of the detailed 
equipment in term of result and potential studied are discussed.

A preliminary study on cellulose pyrolyis at elevated pressure is 
presented. the work was done with commercial microcrystalline 
Sigmacell cellulose type 50 (30 mg) provided by Sigma-Aldrich, for 
pressure conditions between 0.1 MPa and 1 MPa, and at a constant 
heating rate up to 1000 °C. the inert atmosphere conditions were 
performed by carrying in constant nitrogen gas flow rate (30ml/
min). the results indicate a significant increase of the charcoal yield 
(>60%) compared to atmospheric condition results and suggest a 
significant involvement of secondary pyrolysis reactions.

Keywords:  engineered wood; wood composites; material 
selection; wood material science
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Palm Oil processing yield a considerable quantity of palm kernel shell 
(PKS), which has been predominantly used as fuel through direct 
combustion.  this form of combustion does not effectively utilize the 
energy potential of PKS. Likewise, the wood processing industries in 
Nigeria operates with efficiency of about 45%,  turning  out a large 
quantity of wood residues which are burnt off, causing environmen-
tal pollution. therefore, this study examines the  energy value and  
proximate analysis of raw biomass and bio-char produced from se-
lected sawmill residues Apa (Afzelia africana) and Palm kernel shells 
(elaeis guineensis) in slow pyrolysis  with a view to establish the 
variation in their energy level and the possibility of using them as 
biofuel on commercial scale in  Nigeria. Sawmill residues and Palm 
kernel shells collected in Akure Ondo State Nigeria, were converted 
to bio char in a fixed-bed reactor at 400o C, 600o C, and 800o C. the 
energy derivable at each temperature was measured viz ; Heating 
value and  proximate value for both raw and combusted residues 
using AOAC 1975.the energy value for non combusted  Afzelia af-
ricana and  Palm kernel shell were found to be  33.31MJ/Kg and 
32.90 MJ/Kg, Ash content of 1.08% and 2.23%, Volatile matter 77.86 
% and 79.32% and Fixed carbon21.06% and18.45%  respectively. 
the proximate for combusted Fixed Carbon ranged from73.65±0.51 
to 92.32±0.91 for Palm kernel shell and 56.38±0.23 to95.36±0.53 
for Apa. the Volatile matter ranged from 1.29±0.52 to 22.28±0.11 
for Palm kernel shell and 2.05±0.04 to 42.31 ±0.22 for Apa. the Ash 

content ranged from 4.07± 0.17 to 6.39±0.02 for Palm kernel shell 
and 1.31± 0.52 to 2.59± for Apa. the gross energy recorded for Palm 
kernel shells ranged from 59.72 MJ/Kg ± 1.18 to 118.53 MJ/Kg ± 
1.69 and 52,52 MJ/Kg ± 1.69  to 98.39±0.41 MJ/Kg for Apa .  

the higher Gross energy and Fixed Carbon recorded for Palm kernel 
bio-char, makes it a potential substitute fuel for domestic and indus-
trial use where energy from wood is required to power their boilers. 
Also, Low Sulphur content reported for PKS by various researchers 
makes it an environmental friendly source of energy.

Keywords: Gross energy, Proximate, Bio char, Palm kernel shell
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A novel Lignofibre (LGF) organosolv process has recently been de-
veloped at Vtt. In this sulphur-free process, both alcohols and or-
ganic acids can be used as solvents in the presence of phosphinic 
acid (H3PO2). By proper selection of the cooking parameters, the 
LGF process is suitable for the fractionation of hardwood and soft-
wood species, and also annual plants. Besides the cellulosic fibres, 
also lignin and hemicellulose fractions may be recovered. the po-
tential target products are biobased materials as well as bioethanol 
and other chemicals obtained via biotechnical routes.

the yield and recovery of wood components is largely affected by 
the selection of solvent. LGF cooking of birch (Betula pendula) in 
acetic acid produces xylan-poor pulp, and only lignin can be recov-
ered by alkaline extraction of the fibers. Acetic acid is a suitable sol-
vent for softwood, but for hardwoods also ethanol is well applicable. 
In this case, less xylan degradation takes place, and also hemicel-
lulose fraction can be recovered.

the LGF organosolv process in ethanol has been studied as pretreat-
ment technique for bioethanol production using various eucalyptus 
species as raw materials. the cooking conditions have been varied, 
including phosphinic acid charge, temperature and cooking time, 
and glucose yield in enzymatic hydrolysis has been evaluated. the 
cooking was followed by alkaline extraction of the fiber fraction to 
produce hemicellulose free fibers for more efficient bioethanol pro-
duction. the LGF cooking in acetic acid has been applied to eucalyp-
tus, birch and pine (Pinus silvestris). In this case, the main aim was 
in the fractionation of the wood to recover biopolymers for mate-
rial applications. the paper summarizes results obtained in two eU 
projects: LignoDeco (eU/Brazil, FP7-KBBe-2009-3-244362) and Afore 
(FP7- NMP-2008-4.0-6).

Keywords:  organosolv, fractionation, fiber, cellulose, lignin, 
bioethanol



Final Program,
Proceedings 
and abstracts book

www.iufro2012.org

international union 
oF Forest research 
organizations

8 › 13 July’12 - estoril congress centre, lisbon, Portugal

2012 iuFro
conFerence
Forest Products
diVision 5



2

Centro de Estudos Florestais (CEF)

organizing entities

Coordinator
Andrew Wong, Malaysia

Deputies:
Jamie Barbour, United States 
Dave Cown, New Zealand 
Pekka Saranpää, Finland

DIVISION 5 - FOreSt PrODUCtS

Conference Chair 
Pekka Saranpää (Finland)

Conference Co-Chair 
Jamie Barbour (USA)

Scientific Committee 
Andrew Wong (Malaysia) 
Dave Cown (New Zealand) 
Helena Pereira (Portugal) 
Jamie Barbour (USA) 
Jerry Winandy (USA)

INTERNATIONAL ORGANISING 
COMMITTEE

LOCAL ORGANISING COMMITTEE

Chair 
Helena Pereira 
Vice-rector of the technical University of Lisbon, full professor 
of ISA (School of Agronomy), president secretary of the Forest 
research Centre/ Centro de estudos Florestais (CeF).

Jorge Gominho,CeF, ISA 
Isabel Miranda, CeF, ISA 
Sofia Knapic, CeF, ISA 
Francisca Lima, AIFF (Competitiveness  
and technology center for forest industries) 
Pedro Cardoso, tHe (local PCO)

Technical Board
Francisca Lima, AIFF 
Jorge Gominho, CeF, ISA 
Sofia Knapic, ISA 
Luis Leal, ALtrI 
Susana Silva, Cortiçeira Amorim 
Susana Carneiro, Centro Pinus 
José Manuel Nordeste, rAIZ

Congress Agency and PCO 
Organizing Committee Support

tHe – the House of events 
Office contact +351 22 8348940 
Contact at Conference Centre +351 21 464 6204



5

the Scientific Committee wishes to encourage scientists to display outstanding posters 
during the IUFrO Division 5 conference.

An Awarding Body will evaluate all the posters exhibited during the poster sessions, 
based upon the following selection criteria:

1. Presentation: layout (attractiveness, legibility, creativity) 
2. Content: innovative ideas and value of subject matter 
3. Presenter’s ability to convey the message

the awards will be presented at the Conference dinner, on July 11 and consist  
of a certificate and a gift sponsored by 3DCork – www.3dcork.com

best Poster aWards

acknoWledgments
GOLD SPONSOR

OFFICIAL AIRLINE COMPANY

SCIENTIFIC COLLABORATORS

MEDIA PARTNERSSAP/YSP PROGRAM SPONSOR

CO-SPONSOR PARTNERS GREEN PARTNERS

PREMIUM SPONSORS BEST POSTER AWARDS 
SPONSOR


