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Abstract 

 

If monocotyledons are to be used in particleboards, their external surfaces should be 
modified to increase their wettability by conventional adhesives such as melamine-urea-
formaldehyde (MUF). The modification should affect the wax layer of the external 
surface of monocotyledons. According to the literature, modification by enzymes leads to 
increased wettability by water-based adhesives. The purpose of this study is to evaluate 
the integration of surface treatment by enzymes into particleboard production in a way 
that leads to a value added output. During the pre-treatment process, it can be expected 
that residues such as fines and organic acids will accumulate. These residues can be used 
for methane production, and this should increase the efficiency of the process. Once 
established, the methane production can be extended to include other residues from the 
wood process, leading to an increased energy production. A residue of this methane 
process is lignin which is nowadays generally used as a fertilizer and energy source, but 
research is also focusing on the use of lignin as an adhesive or additive. A SWOT 
analysis of the literature shows the advantages and disadvantages of integrating a pre-
treatment of monocotyledons into the particleboard production process. In addition to a 
mixture of light-weight raw material for particleboard production, energy and maybe 
additives for adhesives, this concept also supports the production of panels with a greater 
range of densities by using different proportions of the different raw materials.  
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Introduction 
 

The consumption of wood in Europe, especially for energy purposes, is expected to 
increase (Mantau 2010; Jonsson et al. 2011; United_Nations 2011) and this will lead to 
greater competition between the particleboard industry, the pulp and paper industry, and 
the thermal energy recovery industry. Monocotyledons might open an opportunity for the 
particleboard industry to decrease its competition for wood (Boquillon et al. 2004). As 
monocotyledons like straw generally have a higher ash content and a lower ash melting 
point than wood, they are not the preferential raw material for combustion (Diamantidis 
and Koukios 2000; Kim and Dale 2004; Greenhalf et al. 2012). Some monocotyledons 
have fibres which might be suitable for pulp and paper production, but they are not being 
used in larger quantities yet (Finell 2003; Enayati et al. 2009). Research into the 
substitution of wood by monocotyledons in particleboards has mainly concentrated on 
wheat straw (Tröger and Pinke 1988; Wang and Sun 2002; Mo et al. 2003; Boquillon et 
al. 2004; Frounchi et al. 2007; Azizi et al. 2011) and rice straw (Jarusombuti et al. 2009; 
Li et al. 2010).  
Nevertheless, there are difficulties in including alternative raw materials into the 
conventional production of particleboards (Müller et al. 2012). For example, both the 
wettability of the particles and the mechanical properties of the board vary with changes 
in the anatomical and chemical structure of the wood (Baharoğlu et al. 2013), the thermal 
treatment of the wood (Sarı et al. 2013) and the moisture content of the wooden particles 
(Baharoğlu et al. 2012). The monocotyledon raw material has very different physical and 
chemical properties even within a single species (Pahkala and Pihala 2000; Wiśniewska 
et al. 2003). Most challenging is the treatment of the external surface of the 
monocotyledons, because the surface structure consists of cuticules with embedded 
waxes superimposed by epicuticular waxes (Barthlott et al. 1998; Wiśniewska et al. 
2003), also because its design affects the so-called lotus effect (Barthlott and Neinhuis 
1997). 
The wax layer of the external surface can be modified using lipase or cellulase under 
anaerobic conditions, with lipase showing the best effect comparable to alkaline 
treatment with NaOH (sodium hydroxide) but with a longer treatment time (Zhang et al. 
2003; Hua et al. 2009; Zheng et al. 2009; Chao et al. 2011; Shen et al. 2011). Lipases act 
at the interface between the aqueous and non-aqueous phase under mild conditions and 
catalyse a wide range of reactions (Pandey et al. 1999). These enzymes hydrolyse 
different components of the wax layer without weakening the rest of the substrate and 
without affecting the internal layer (Zhang et al. 2003; Feng et al. 2009; Hua et al. 2009). 
The composition of the wax layer makes conversion of the wax into methane by these 
enzymes easier and faster possible than the rest of the lignocellulos plant for two reasons: 
Firstly, the components of the wax layer are built-up of quite small molecules which 
allow conversion into methane without depolymerisation, and secondly, they are not 
affected by lignin (Tong and McCarty 1991).  
The time needed for the enzymatic process depends on the substrate, the enzyme, the pH 
value, and the temperature used (Tengborg et al. 2001; Gupta et al. 2004). Lipases in the 
presence of water hydrolyse fats or esters into their constituent acids and glycerol or 
alcohol (Gandhi 1997). Hydrolysis results not in methane but in soluble component units 
which are further fermented into other intermediates (organic acids) and then into acetic 
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acid, hydrogen, and carbon dioxide which are finally converted into methane and CO2 
(Isaacson 1991; Tong and McCarty 1991). This stepwise process of anaerobic digestion 
(AD) includes three different groups of bacteria, the hydrolytic, transitional, and 
methanogen, and a water level of at least 75% to transport substrates to and waste 
products from the bacteria so that toxic concentrations for the bacteria do not occur 
(Isaacson 1991). Lignin is usually not more than 10% anaerobically degraded within 
several weeks by the fermentation process (Tong and McCarty 1991). Compared to the 
AD process with methane as a product, fermentation for ethanol production needs sugars, 
starch and cellulose as raw material (Chen and Qiu 2010; Tanjore et al. 2012). 
Nevertheless, to avoid contamination within the ethanol production process, the methane 
production and ethanol production systems can generally be combined (Börjesson et al. 
2013). In ethanol production, the polysaccharides, hemicellulose and cellulose of the raw 
material are hydrolysed to monomeric sugars (Mussatto et al. 2010) which are then 
fermented by bacteria, yeast or filamentous fungi (Hahn-Hägerdal et al. 2006), and the 
extractives and organic acids should then go directly to AD so that they do not inhibit the 
ethanol fermentation (Zaldivar et al. 2001; Börjesson et al. 2013). Hydrolysis and 
fermentation of the solid fraction for ethanol production can be carried out in a single 
step, so-called SSF (simultaneous saccharification and fermentation or solid state 
fermentation), or in two steps, so-called SHF (separate hydrolysis and fermentation) 
(Tengborg et al. 2001; Olofsson et al. 2008; Ekman et al. 2013).  
In summary, to provide a substitute raw material through a value-adding pre-treatment by 
enzymes, (1) lipolysis can be started during storage (Chow et al. 2004),  and (2) 
continued by AD (Tong and McCarty 1991; Zheng et al. 2009), with an output (a) pre-
treated raw material for particleboards (Zhang et al. 2003; Feng et al. 2009; Hua et al. 
2009), (b) methane, and (c) lignin as residue (Tong and McCarty 1991). 
 

Objectives 
 

The purpose of this study is to evaluate an integrated surface treatment of 
monocotyledons by enzymes into particleboard production in a way that leads to a value-
added product.  
 

Methods 
 

The literature related to particleboard production, monocotyledons, surface treatment, 
enzymes, and methane production was studied. Based on this literature, a concept of 
integrating monocotyledons and their surface treatment is presented by combining 
descriptive literature data for the different disciplines. The SWOT (strength, weaknesses, 
opportunities and threats) analysis was chosen, which is one of the most popular methods 
used for an analysis of a company’s strategic position (Hill and Westbrook 1997).  
 

Results and Discussion 
 

The suggested concept integrates the surface treatment of monocotyledons by enzymes 
into particleboard production and methane production. The output of the process is 
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methane, probably combine with ethanol, pre-treated raw material for particleboard 
production, and residual lignin for energy or adhesive purposes. 
The SWOT analysis, presented in Table 1, shows the conditions of the combined and 
value added processes and their interaction with the environment. The strength and 
opportunities are mainly related to the products and product mix, while the weaknesses 
and opportunities are economic. Strengths and risks can be mainly allocated to markets 
and competition, weaknesses and risks are characterized mainly by the low product 
invention or development as such. 
 
Table 1. SWOT analysis presenting the conditions of the value added integration of 
monocotyledons including surface treatment into the particleboard production. 

 INTERN ANALYSIS 
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 STRENGTHS WEAKNESSES 
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U 
N 
I 
T 
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Additional raw material 

Product diversification (furniture, 
construction, insulating material)  

Use of capacity 

Light-weight-panel production 

Constant level of raw material by 
storage  

Life cycle assessment (LCA) 

Regional development 

Undeveloped process 

Cost-effectiveness (esp. enzymes) 

Product diversification (fixed costs) 

Trade-off of products 

Logistics (storage, transport distance)  

Life cycle assessment (LCA) 

 

 

 
T 
H 
R 
E 
A 
T 
S 

Market (buying patterns) 

Energy market 

Integrated process (cheaper) 

Formaldehyde emission 

 

 

Investment costs (e.g. effectiveness 
of chemicals vs. enzymes) 

Competition of raw material 
(increasing prices)  

Change of residuals (ingredients…) 

The process is value added not the 
product 

Change of process parameters 

Sandwich-Paper panel  

Formaldehyde problem (unchanged)  

 
Strengths-opportunities-combination: The additional raw material in the form of 
monocotyledons (Zhang et al. 2003; Hua et al. 2009) creates an opportunity for a product 
mix in panel production (furniture, construction, insulating material) (Sampathrajan et al. 
1992) and an additional energy production. The product diversification can lead to a 
greater utilisation of capacities when all products are produced in the same production 
line (Fine and Freund 1990; Li and Tirupati 1994). According to different sources, 
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monocotyledons might also be suitable for light weight panels (Garcia-Ortuno et al. 
2011; Dziurka and Mirski 2013; Shalbafan 2013). This can lead to a greater 
diversification on the market, which can lower risks for the producer (Fine and Freund 
1990). At the same time, it is possible to lower the risks regarding the raw material 
supply, as a wider range of raw materials can be used. As monocotyledons have to be 
stored to be available throughout the year, a constant level of raw material is available. It 
is further expected that the integrated pre-treatment process has a positive impact on the 
LCA (Pandey et al. 2011). Once this concept is approved and economically interesting, 
companies might build new sites in agricultural areas, and this would lead to regional 
development (Thomson and Psaltopoulos 2005). 
 
Strengths-threats-combination: Because of the wider range of products, fluctuations in 
the market (buyer patterns) lead to lower risks for the production site. The energy 
production from renewable resources can also be beneficial under recent energy policies 
(Berndes et al. 2003; Parikka 2004; Obersteiner et al. 2006). The capacity of the 
production site can also be increased by the greater variety of products which are 
produced on the same production line (integrated process) (Li and Tirupati 1994; Zheng 
et al. 2009). The wider product range brings new competitors but weakens the strong 
completion based on a single type of product. Further, the wider range of raw materials 
may have a positive impact on the transaction costs. Developments in the adhesive 
industry to optimize adhesives for particleboards made of monocotyledons might also 
result in formaldehyde-emission free adhesives (Mo et al. 2003; Boquillon et al. 2004). 
 
Weaknesses-opportunities-combination: The greatest weakness is that it is still an 
undeveloped process which includes high risks, but once it is working it will increase the 
capacities of the production line (lower fixed costs), more products, and a wider range of 
raw materials, but there is a trade-off of raw material for particleboard production and 
energy (Zheng et al. 2009). Further research in the area of enzymes and lignin is needed. 
While the costs of enzymes are problematic (Rowell 1998), the lignin requires technical 
improvements (Pizzi and Mittal 2003; Pizzi 2006), but the solution of these would lead to 
great opportunities. Logistical factors (Müller et al. 2012; Ekman et al. 2013) such as 
storage and transport distance must be considered from an economical and LCA point of 
view. 
 
Weaknesses-threats-combination: The most negative aspect is the economic situation 
of this project, especially the pre-treatment with enzymes (Shen et al. 2011). The raw 
material properties after pre-treatment also have to be analysed and the process must be 
optimized. It is to be expected that the price of the raw material, which is cheap 
nowadays, will increase with the higher demand (Hall 2002). The raw material properties 
can underlie a wide range of properties (Youngquist et al. 1993) and the process 
parameters during production can depart from the parameters for wood panels (Dai et al. 
2004). And as it is only a process and not a product development, some problems relating 
to particleboard like the formaldehyde-emitting adhesives (Dunky 1998) remain, and the 
large raw material input compared to that with alternative sandwich panels (Barbu et al. 
2010) remains to be solved. 
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Conclusions 
 

An integration of pre-treatment of monocotyledons into particleboard producing process 
resulting in a value-added process has been evaluated by a SWOT analysis. The output of 
the process is methane, possibly combined with ethanol, pre-treated raw material for 
particleboard production, and residual lignin for energy or adhesive purpose. The results 
and discussion of the SWOT analysis show that it might be possible to include 
monocotyledons but also that this concept has to be approved, verified, and optimized 
from technical, environmental, and economic points of view.  
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