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SUMMARY 

 

 

 The subject of agricultural lignocellulosic residues produced in Greece is 

reviewed in this work. An estimation of the annual overall amounts of the 

agricultural residues is made, and the rational utilization prospects for these not 

exploited biomass residues are discussed. 

 

Key words : Agricultural residues, particleboard, fiberboard, charcoal, briquette. 

 



 2

 In Greece, large amounts of lignocellulosic residues are produced every year 

after the end of the agricultural season of the various agricultural species. These 

residues are either burned down or left over in the ground without any further 

utilization. In most cases, such residues cause also various disposal problems to the 

farmers. The agricultural residues are a part of the annual biomass production, and 

mainly include the straws of wheat, barley, oats, rye, the stalks of maize, cotton, 

tobacco, and the husks or shells of walnuts, almonds, rice, etc.  

 

 According to the Ministry of Agriculture of Greece, the annual production of 

the most important agricultural species was about that of Table 1 (Greece’s 

Ministry of Agriculture 1992). The total amounts of the agricultural products 

exceed the 5.5 million tons. Based on similar works done in the past (IIT 1981), it 

was estimated that the annual overall quantities of agricultural lignocellulosic 

residues produced in Greece are these indicated in Table 1. Notable is the fact that 

the overall amounts of these biomass residues exceed every year the mark of 10.0 

million tons.  

   
 

TABLE  1 

Annual production of main agricultural species and estimated  

quantities of agricultural lignocellulosic residues in Greece 

(Greece’s Ministry of Agriculture 1992, Koukos 1996) 

 

Agricultural 

species 

  Annual production 

        (in tons) 

Estimated annual 

quantities of 

agricultural residues 

(in tons) 

Wheat 2,211,500 5,971,000 

Barley 508,500 762,000 

Oats 72,000 108,000 

Rye 42,500 64,000 

Maize 2,320,000 2,784,000 

Rice 89,000 142,000 

Cotton 210,000 630,000 
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Tobacco 150,000 120,000 

Sunflower 30,000 24,000 

TOTAL 5,633,500 10,605,000 

  

 The chemical composition of the agricultural species consists largely of 

cellulose and lignin (Table 2). There are also enough amounts of silica (Si), and 

little quantities of inorganic salts and oxides of calcium (Ca), sodium (Na), 

magnesium (Mg) and potassium (K) which are widely known as “inorganic 

compounds”. 

 

TABLE  2 

Chemical composition of various lignocellulosic fibers 

(Fadl et al. 1978, Tappi 1983, Youngquist et al. 1993) 

 

Lignocellulosic 

fibers 

Chemical composition (%) 

 Alpha-

cellulose 

Lignin Inorganic 

compounds 

Silica 

Wheat straw 38-46 16-21 5-9 3-7 

Oats straw 31-37 16-19 6-8 4-7 

Rice straw 28-36 12-16 15-20 9-14 

Maize stalk N/A 22-24 5-6 3-5 

Rice husk 38-40 22-24 20-22 19-20 

Sugar cane 32-44 19-24 2-5 3-7 

Kenaf 31-39 14-19 2-5 N/A 

Softwoods 40-45 26-34 0-1 0 

Hardwoods 38-48 23-30 0-1 0 

             N/A : not available 

 

 Most of the lignocellulosic residues have a low density and that is why they 

usually occupy a large space. Consequently, their collection and transfer becomes 

hard, time-consuming, and costly. They usually need to be gathered all together in 

a closeby area; otherwise, the costs of collection and transfer go high. Until today, 

a number of utilization techniques have been developed so as to exploit in a 
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rational way these biomass residues. These techniques include the production of 

particleboards, fiberboards and paper, and also the production of charcoal and 

briquettes especially in rural areas that are far away from the forests. Key points of 

the main technologies used till today are presented in this work in order to 

stimulate and encourage such technology implementations in Greece.    

 

(a) Production of particleboard - fiberboard - paper 

 The lignocellulosic residues can be used in low proportions (10-15 %) in the 

production of particleboard, or even in the production of fiberboards following 

various chemical or mechanical pulping methods. In general, the economical 

feasibility of such uses is influenced by the cost of production, the availability of 

raw material, and the physical and chemical properties of the lignocellulosic fibers. 

 

 In USA and Canada, the straws of wheat, barley, oats and rye, and the husks 

of rice have been utilised in mixture with wood fibers in the production of pulp, 

particleboards and fiberboards; although they were of lower quality (Hesch 1978, 

Loken et al. 1991, Knowles 1992). In addition, fibers from cotton stalks, which 

have a high cellulose composition and show many similarities with the hardwoods 

fibers, have been used to produce pulp with mild organic solvent pulping methods. 

Such a research project has been implemented in a pilot plant in China (Frazier 

1993). 

 

 In Asia, especially in countries with large annual production of rice, e.g., 

India, China, husks of rice have been used to produce cement-boards (Govindarao 

1980). China and Japan also have made attempts to utilize indian cane fibers in 

combination with wood fibers and foamy plastics to produce various kinds of 

wood-boards (Wang and Joe 1983). 

 

 In Europe (Belgium and France), the woody parts of flax after following a 

fiber separation method were used as raw material in an industrial scale production 

of particleboards. In Germany and Poland, similarly, the woody stems of hemp 
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were separated and mixed with wood fibers to produce various particleboard 

products (Hesch 1968, Newman 1970, Injutin et al. 1983). 

 

 In USA, recent research programmes have been concentrated on the rational 

utilization of kenaf and jute fibers to produce pulp and fiberboards (Rowell 1992, 

Sellers et al. 1993). Especially interesting is the ongoing research of the University 

of Wisconsin that - in cooperation with the Government of India - attempts to 

utilize jute and kenaf fibers with mild acetic acid, biomechanical and mechanical 

pulping processes for the production of paper (Sabharwal et al. 1994, 1995). 

 

 Other research (Grigoriou 1993, 1994, 1996) has showed that wood particles 

used in the middle layer of particleboards can be replaced by either olive-cernel or 

particles from almond shells in amounts of 10 and 20 %, respectively. 

Particleboards made from such agricultural residues were of somewhat poorer 

quality compared to those of wood; however, small amounts of these residues (up 

to 20 %) had no significant impact on the boards quality. In addition, such residues 

(almonds, olive cernels, nuts) in a powder form have been used as additives in 

adhesives, especially in the production of plywood, so as to improve some of the 

adhesive properties (Sellers 1985). 

 

 In conclusion, most of the agricultural residues produced can and should be 

used in the production of particleboards - fiberboards in low proportions (10-20 

%), and always in mixture with wood. It seems that the properties of the final 

products are not significantly influenced by the low proportion presence of such 

residues. Such implementations are well encouraged, especially in Greece where 

only a small part of the agricultural residues is utilised in an industrial scale. In 

such attempts, however, the main disadvantages of low availability in raw material 

throughout the year, long period of storage, susceptibility to fungi and insects and 

high costs of transfer should be carefully considered in order to be solved and 

overcome.   

 

(b) Production of charcoal and briquettes 
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 One of the alternative rational uses of the agricultural residues is the 

production of charcoal. Specifically, in rural areas - especially in the developing 

countries - it is feasible to produce charcoal with a simple carbonization process 

using as raw material the available agricultural residues. In India (IIT 1981), a 

carbonization technique has been used with success. Under controlled conditions 

of temperature and pressure, a charcoal product called ‘’Paru’’ has being produced. 

Rice husks, wheat straws, coffe husks, groundnut shells, coconut shells and 

coirdust have being mainly used as raw material. The yield of this carbonization 

process is around 30-40 %. Overall, it largely depends upon the quality of raw 

material, the moisture content (M.C.) and the composition of raw material in 

carbon and inorganic compounds. In fact, every kind of agricultural residues can 

be utilised by this technique (IIT 1981, TDRI 1983, Hulscher et al. 1992). 

However, it is preferable when the moisture content of the raw material is kept 

below 10-12 % after following a drying process. A charcoal product made from 

rice husks (IIT 1981) and having a M.C. < 10 % and an inorganic compounds 

composition of 20 % showed to have good quality and a calorific value of about 

4,000-4,200 Kcal/Kg. Similar carbonization techniques have also been developed 

in other South and East Asia countries (TDRI 1983, Hulscher et al. 1992). In 

general, such a utilization method can be divided into three kinds of carbonization 

units : household, industrial and export. Major factor in the overall process is the 

position of the carbonization unit (site of plant), that is, it is better to be as closer as 

possible to the source of raw material so as to keep the transfer costs very low. 

 

 Agricultural residues could also be utilised in the production of briquettes 

(TDRI 1983). Such briquettes can be used as a substitute source of fuel besides 

fire-wood and compressed wood. The overall process is quite simple and consists 

of three main steps : drying, pulverization, and compression (see Fig. 1). Some 

kinds of binders may be used when necessary. Briquettes can be in the form of a 

log or pellet. Their dry density is usually greater than 0.70 g/cc. 
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 Figure 1.   Flow diagramm of the production process of briquettes 

                       from agricultural lignocellulosic residues (TDRI 1983). 

 

Most promising raw materials in the production of briquettes are : cotton stalks, 

groundnut shells, rice husks, bagasse piths and coir dust as far as it concerns the 

production of briquettes in the South and East Asia region. In other regions, any of 

the available agricultural residues can be used as raw material. Briquettes could 

also be carbonized or not carbonized. Usually, their M.C. has to be kept below 10-

12 %. Advantages of this utilization include the following (TDRI 1983, Mantanis 

1996) : 

• uniform size of product 

• increase of calorific value per unit volume 

• insignificant losses in thermal energy 

• need for less room of storage 

 

For the economical success of such a utilization, problems related to the 

availability of raw material as a resourse, marketing for briquettes, and 

acceptability of potential users should be carefully considered (Hulscher et al. 

1992). 
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