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The paper aims to present the energetic characteristics of willow cultivated 

in Romania for energetical use. The research is focused on a culture of energetic 

willow on 20 hectares in Covasna that started in 2008 as an alternative to protect 

forests. The willow of Salix Viminalis species, Tora variety, was harvested after 4 

years in February, 2013.  

The main material properties of interest presented (elemental analysis, 

moisture and ash content, calorific value) for willow as an energy source represent 

practical information on the utilization of willow energy crops for heat and power. 
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1. Introduction 

The interest in using biomass for energy production has developed over 

the past years because of the multiple environmental and rural development 

benefits associated with their production and use.  

There are a lot of types of biomass that have been cultivated and tested for 

energy production in Romania but this paper is focused on particular case of 

energetic willow. 

Willow is a renewable solid biofuel of organic origin suitable for burning 

directly. It is a source of energy that does not disturb carbon balance in the 

atmosphere and is a type of solid biofuel proper for industrial production of heat 

and electric energy from which is twice cheaper in comparison with the use of gas 

[6] 

In 2008, when start the culture of  energetic willow in Romania, on 600 

hectares in Covasna and Harghita county, the situation of energy crops in Europe 

was as is presented in figure 1.  
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For the time being, the largest willow plantations are situated in Sweden 

and make up approximately 18 000 – 20 000 ha, in Poland – more than 6 000 ha 

[6] 

 
Figure 1. Energy crops in selected European countries in 2008. Data refer to hectares of 

cultivated land. Note that data are missing from important energy crop producers like Great 

Britain, Denmark and Germany (Source: AEBIOM 2009) [5] 

 

Willow have several characteristics that make them ideal for short rotation 

woody crop systems including the potential for high biomass production in short 

time periods. Its ability to attain high production levels quickly relates to an 

ability to reach it annual growth quickly, its ability to tolerate high planting 

densities and it rapid growth after first year coppicing.[12] 

While in Romania the energetic willow culture has started in 2008, the 

first mechanical harvesting was performed in Covasna county, Poiana village, in 

February 2013, from an area of 20 ha. The average crop was about 50 tons/ha 

with a height of about 9 meters and a moisture content of 50-51%. [3]. The delay 

of the harvest in Romania was due logistic problems.  

 

   
Figure 1. The Covasna County in Romania and the first energy willow culture height  
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Generaly, the harvest of energy willow (Salix Viminalis) is every 2-3 

years (average mass increase is 1.5 meters per year), number of harvest cycles 

from one planting is 7-8 times, after which it is possible to conduct land 

recultivation for planting the other crops of to plant the new willow plantation. [6] 

Harvest period is between November and February when leaves fall – in 

our case was February 2013. 

 

  
 

Figure 2. Size of chopped willow 

 

The dimensions of the willow chips can be different and are adjusted 

according to needs. In our case the willow chips size was about 30 mm. 

2. Willow species cultivated in Romania 

A group of Swedish researchers have achieved so far 18 varieties of 

energetic willow (Salix Viminalis species) and sold licenses in 14 European 

countries, including in Romania. Considering the temperate climatic zone where 

Romania is situated, sorts of rapid-growing willow like Tora and Tordis  are the 

best suitable for energy crops. 

Tora (EU 627) is a Siberian willow species having long branches and a 

lower core compared to the other species. May differ from year to year depending 

on weather and chemical treatment. It has a high performance production, which 

makes it a preferred species. Tora resist pests and leaf rust. 

Tordis (EU 9288) energy willow species develops exceptional from the 

first year (reaching heights of over 4 m) in areas of southern Sweden and Poland. 

Tordis leaf rust resistant to drought and high temperatures - recommended for 

Romania's Carpathian regions [8]. 

The first crop cultivated in Romania was Tora type although we study both 

species.  
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3. Energetic characteristics of willow  

The main material properties of interest, for biomass as an energy source 

are related to proximate analyses: moisture content, volatiles, fixed carbon, and 

ash/residue and ultimate analyses: content of C, H, O, N and S. All these 

properties can give us a clear image of willow potential as source of energy, its 

calorific value. 

 

3.1 Moisture content 

The first and the most important property of the willow that have been 

studied was the moisture content, the inherent property of the biomass source that 

determines both the choice of conversion and the difficulties that may arise during 

the conversion process as an energy source. 

At the moment of harvesting the moister content was about 51.3% and this 

value degree to 14.02 over the 2 month and a half, by drying in close environment 

 

   
Figure 3. Moister content degrees in time Figure 4. Variation of bulk density function of 

moisture content 

 

3.2 Bulk density 

Another important property with high importance in choosing the 

conversion process proves to be the bulk density, closely related to the moisture 

content (see figure 4). 
 

3.2 Elemental analyses 

The chemical analysis has been accomplished by the aid of a COSTECH 

ECS 4010 apparatus. This unit uses the principles of gas chromatography of the 

combustion products of solid biomass. This complex approach is composed of 

two main stages: first is the quantitative determination of the carbon, hydrogen, 

nitrogen and sulphur content; then on the second place the quantitative 

determination of the oxygen content.  
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Figure 5 Chromatogram of Tora willow variety sample analysis 

 
Figure 6 Chromatogram of Tordis willow variety sample analysis 
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Considering that may be a lot of variation within a load, samples have to 

be large. Therefore, for each type of willow studied, Tora and Tordis species, a 

number of 100 samples characterized by masses between 1.0 and 4.0 mg have 

been extracted and analyzed. 

In all the cases, for both type of willow, the sulphur content was 

negligible.  
Table 1 

Biomass elementary analysis (dry basis) 

Willow  C H O Sc N Wt A LHV 

 % % % % % % % MJ/kg 

Tora 47.1 5.6 31.3 - 0.7 14.1 1.2 17.97 

Tordis  47.7 5.7 26.6 - 1.5 17.2 1.3 18.71 

 

 

3.3 Calorific value 

The calorific value is higher for a lower content of moisture. The 

experimental data are presented in figure 7 

 

 
Figure 7.  Calorific value versus moisture content 

 

All the researches  on the willow energetical characteristics lead to the 

conclusion that this type of biomass could be an efficient biofuel for energy 

production, especialy in the rural regions.   

 

3.4 Ash content 

Also of importance is the quantity and composition of the willow ash.  Ash 

content may be high if soil enters the harvester, or is picked up when handling 

crops that have been stored on the ground.[6]. In our case the ash content varied 

varied between 0.6-1.3%. An example of the ash composition of willow is 

presented in table 2. 
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Tabel 2 

Elementery analyses [mg/kg on dry basis] [6] 

Al 70 Mg 600 

As 1.3 Mn 11 

B 12 Na 190 

Ca 7700 Ni 25 

Co 0.6 P 860 

Cr 8.2 Si 220 

Cu 7.6 Ti 2.8 

Fe 81 V 0.2 

K 2700 Zn 130 

 

 
Figure 8. Fraction of fuel ash that forms slag for some different fuels: 1 non-sintering ash residue, 

i.e non-fused ash; 2 partly sintered ash, i.e particles contained clearly fused ash; 3 mostly sintered 

ash, i.e the deposited ash was fused into smaller blocks; 4 totally sintered ash, i.e. the deposited 

ash was totally fused into large blocks.(source Ohman at al. 2006) [5] 

 

The willow (salix) has the lower fraction of fuel ash that forms slag due to 

the low content of Si and the high content of  Ca, K and P. That could be very 

important information related to the corrosion effects in converting the willow in 

energy by combustion technology.  

 Also, the composition of ash recommends its use as fertilizer.  

5. Conclusions  

- Due to its stability and quick growth, energy willow is the perfect 

ecologically natural solution for energy production in rural regions; 
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- Energetic characteristics of willow highly recommend its use for energy 

production as friendly alternative to fossil fuels; 

- The moisture content has a high influence on calorific value of energetic 

willow – after harvest the willow need to be dried; 

- The willow chips can be valorised in appropriate combustion installations 

(boilers). In Covasna district already exists a boiler manufacturing 

company (ERPEK Company) for biomass combustion; 

- Positive results recorded after the first harvest of willow have led to the 

expansion of crop in an area of 70 hectares in Covasna County. 
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