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INTRODUCTION 
 
Rapid development of the global economy has led to the increased consumption of fossil 
fuels, causing rapid growth of their prices and in addition increasing contamination of the 
environment. This forces human kind to look for environmentally more sustainable 
solutions, where one could use renewable energy sources. Among these options, one of 
the most considerable is biomass, including wood fuels, which have been used as a 
source of energy for thousands of years in all areas of the world.  One of the many 
solutions here could be growing woody energy crops in short rotation plantations (SRP) 
for producing wood fuels. Since whole European Union aims to increase significantly the 
share of renewable fuels over the next few years, it may be assumed that the biomass 
production from specially grown energy source will become commercially viable. 
 
The possibilities of energy coppice, as an alternative environmentally sustainable source 
of energy, have been studied in several European countries for decades. As a great 
example for Estonia in this is Sweden, where the cultivation of fast-growing willow 
(Salix) as one alternative biofuel, has been studied over 30 years (Rosenqvist et al., 2000). 
Good results in willow plantations have been also achieved in the United States, where it 
was found that the SRP willow species can be successfully burned with coal, which is 
economically, ecologically and environmentally cost-effective (Fuel the..., 2006). 
 
The combustion of willow coppice does not emit additional amount of CO2 into the 
atmosphere. This means that during the growing season the willow bounds the same 
amounts of CO2, which will be released from the combustion of it (Akermann 1999). 
Thus, we only use the energy, that is transformed during natural processes on Earth, and 
with it we lower the negative impact of the energy sector on the environment. 
Since the carbon tax has an impact on the competitiveness of the gas and oil based 
heating plants, the neutral CO2 effect of biomass could be the determining cause for 
transition to wood burning. 
 
The transformation of oil consuming heating plants to wood chips consuming boiler 
started already in 1992. The first projects paid back in less than two years, during which 
the fuel savings due to price differences reached 500 000 EUR (Akermann 1999). 
Nowadays there are plenty of heating boilers consuming wood whips in Estonia. 
Moreover there are number of district heating plants transformed in such a way, that it 
would be possible to burn biofuels with high moisture content. In this case there is no 
need for large warehouses, since the entire process takes place without intermediate 
drying and storage. The coppice is harvested and chipped instantly, and transported 
directly to feeding chambers of heating plants (Sulev 2004). 
 
In recent years, especially in 2008, the price increase of firewood and wood chips made 
of it has been significant (Usage of... 2007). Hence it can be concluded that amounts of 
domestic supply are limited. Most producers of wood chips export their product for higher 
prices abroad and if the domestic supply was higher, it would also help to keep the prices 
under control. 
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It is possible to increase net profits of energy coppice cultivation by reducing cost of 
spendings. If one excludes cost of establishment, then one of the largest costs in the 
plantation management is fertilization, because of high prices of mineral fertilizers, 
which can account for nearly 80% of all the spending done after the establishment year 
(Heinsoo et al. 2001). This cost can be avoided using a nutrient rich residual sludge or 
some other fertilizer instead of mineral ones. This aspect is also taken into account in the 
current work. Moreover, when dealing with cultivation of short rotation energy coppice, 
it is important to follow proper establishment and management principles. A willow 
grower should guide himself using instructions which are based on studies from many 
years (Carboni et al., 2008). Only then it is possible to gain high biomass yields from the 
willow plantation. 
 
The first aim of this work is to perform a case study, where during management of short 
rotation plantation a waste sludge from a paper industry will be utilized. Thereafter the 
second aim will be to analyze the economical profitability of this plantation under 
particular conditions. 
 
The work is divided into three chapters. In the first one, I will give a market overview 
related to the project, then I will describe the business idea and finally present some 
funding oppotunities. Second chapter will be covering various factors associated with 
managing short rotation willow plantation. The third chapter will be dealing mainly with 
economical profitability calculations and some SRWP cultivation risks. 
 
The work is done using scientific materials from internet database Science Direct, several 
books (SRW guidelines) and a number of articles written by Estonian willow researchers. 
Besides theoretical methods, this work involved a lot of personal communication with 
several persons like Ahto Laanemägi (the land owner), SRWP expert Katrin Heinsoo, 
neighbor farmer as a service provider, marketing manager from a timber company, an 
employee from a planting material nursery etc. Also a lot of work was done for gathering 
information from websites of various companies. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 5 

1. A BUSINESS PLAN ORIENTED ON PRODUCING WOOD-CHIPS 
FROM SHORT ROTATION PLANTATION 
 
1.1 Business plan idea 
 
In Estonia, the process of Short Rotation Plantation (SRP) has been studied over a decade, 
though the discovered knowledge has not yet been taken over by local entrepreneurs. At 
this moment there are approximately 100 ha under willow plantations, and most of them 
are managed by researchers for scientific reasons (personal communication with Katrin 
Heinsoo). Also due to rapid price increase of wood chips during last two years, the 
possibility to achieve economical profitability from short rotation willow plantation 
(SRWP) has changed just recently and is still changing towards positive outcome. Hereby 
I see a great opportunity for writing a project and depending on the results I will consider 
starting a new business. For initial steps, I am cooperating with a land-owner and an 
entrepreneur Ahto Laanemägi, who is also the potential partner in case of setting up the 
plantation. I have also involved and received a great help and advice from a researcher 
and SRWP expert Katrin Heinsoo. 
  
There are several very important key factors associated with my idea, which will be 
crucial for the future prosperity of the business. First of all, the person owning the land 
(40 hectares, 20 of which are available for the plantation right now) has a contract with a 
big company for removing their waste sludge, the annual amounts are reaching 30 000 
tonnes. The content of this sludge has been studied in an agricultural laboratory and the 
preliminary results showed that it can be very good fertilization source for plant growth. 
Since during SRWP cultivation, the cost of commercial fertilization is quite high, I find 
this matter to be extremely favorable. Secondly, the location of Ahto Laanemägi’s 
property is very suitable for starting this mentioned business. Hereby I mean future 
market for selling chips and transportation possibilities. Third, Ahto has already some of 
the machinery needed for project and has also agricultural experience. Fourth important 
aspect is, that this topic is quite well-studied and professional help is available. For the 
fifth, there are several financing opportunities for starting this business, including EU co-
funded financial aid. 
 
After this work is finished, I will have a discussion and evaluation of different options 
and outcomes from the planned plantation and a final decision will be made. In case of 
positive decision, a plan of actions will be prepared based on this work. The first thing 
would be to hand in an application for the investment subsidy offered by Estonian 
Agricultural Registers and Information Board (PRIA). The deadline for it is August 2009. 
In parallel with this, procedures involving land preparation will be done and thereafter the 
planting would be performed in the spring of 2010. From there on, the life cycle of the 
plantation will continue as I describe in this paper (see Appendix 4). 
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1.2. Market situation 
 
1.2.1. Market situation in Estonia 

 
So far the wood residues from forest processing have not been widely consumed in 
Estonian heating plants, the main reason is that timber industry residues and firewood  
have been sufficiently available and with relatively favorable price. 
In recent years, especially in 2008, the price increase for firewood and for wood chips 
made of it has been significant, which has forced heat-producers to look for alternative 
ways: increasing usage of peat, buying low-valued firewood and increasing chopping and 
usage of logging residues. On the other hand, the timber industries have increased raising 
prices and calorific value of wood residues to better wood fuel: granules and briquettes. 
These fuels are too expensive for Estonian district heating producers, but because of this, 
there is less and less sawdust and wood chips from timber industry waste coming to 
internal market. The main share of granules and briquettes is exported, hence the amount 
of available Estonian wood fuel is decreasing (Usage of…, 2007). Also a notable effect is 
caused by 30% decrease of logging volumes in 2005, compared to 2003 and 2004, and 
decreasing of Russian unmanufactured log imports caused by raised customs tariffs in 
2007. These circumstances have in turn decreased the supply of wood fuels and 
especially wood residues from timber industries. Resulting from the mentioned above, 
the demand for biofuels is exceeding the supply; and that is accelerating the prices of 
wood fuels. 
 
Production 
Wood chips is a type of wood fuel made of whole trees, from timber industry waste or 
from logging leftovers or from renewable wood using chopping machine. Wood chips 
can be made from whole tree trunks or from logging waste (branches, treetops, needles, 
stumps), from bushes on the way or from smaller trees after thinning forest (Usage 
of…2007). 
 
The main source of wood chips in Estonia is wood residues from forest processing. In 
2007 at least 388 th m3 of logging waste was used for producing wood chips (see Table 
1). In addition, 150 th m3 of total wood gathered from thinning young forest, bushes, 
firewood, round wood and other wood waste was used for wood chips production. 
 
State Forest Management Center (RMK) has sold logging residues for wood chips 
production since 2005, when their sales volume reached 4 th m3 (with an average annual 
price 6,3 EUR/m3 excl. VAT). In 2006 and 2007 the amounts of sold logging waste were 
13 th m3 (with an average annual price 5,8 EUR/m3 excl. VAT) and 14 m3 (with an 
average annual price 6,2 EUR/m3 excl. VAT), respectively. According to data from RMK, 
the volume of logging waste sales remained about two times smaller than planned 
because of the insufficient demand for logging waste (Usage of…2007). 
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Table 1. Amounts of logging waste for producing chip-wood used for energy in Estonia 
2004-2007 a. (th m3) 

  
2004 2005 2006 2007 

Change      
07/06 +/-
 % 

Generated logging waste* 1402 1276 1062 1380 29,9 

Logging waste taken out of forest (EKI) 388 343 299 388 29,8 

Amounts of raw material used for making chip-wood 
for energy production (SA) 692 648 588 515 -12,4 
   including old logging waste for wood chips by RMK - 4 13 14 7,7 
* Estonian Institute of Economic Research (EKI) calculation – the calculated amount of logging waste is 
20 % of the whole forest processing volume 
Sources: chip-wood energy balance by SA; RMK; Eesti Metsad 2004, 2005, 2006, 2007; Centre of Forest 
Protection and Silviculture (MMK); EKI calculations 
 
Since 2007 the amount of raw material used for producing wood chips for energy purpose 
was 515 th m3, then it can be taken as the production volume of wood chips used for 
energy. The production of wood chips for energy in Estonia has decreased from year to 
year. In 2007 the amounts were 12,4% lower than the year before. 

 
Prices 
Based on data from Statistics Estonia (SA), in 2007 the average annual price of wood 
chips in manufacturing plants was 7,3 EUR/m3 (excl. VAT) (see Fig 1). It was 18% 
higher than in 2006. 
Based on data from Estonian Institute of Economic Research (EKI), the average producer 
price of wood chips in 2007 between March and December was 8 EUR/m3 (excl. VAT). 
In 2008 it has gone up to 9,2 EUR/m3 (excl. VAT), hence the annual price increase has 
been 14,3%. In 2007 the prices went up in July and September, in 2008 in May, 
September and November. During November in 2008, 1 m3 of wood chips cost in 
average 11,1 EUR (excl. VAT), which is 29,4% higher price level than a year before. 
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Figure 1. Average annual prices of wood chips. 

 
Source: SA 
* The average moisture content of wood chips presented in the table is 45% 
 
 
Consumption 
In 2007 the amount of wood chips consumed for energy in Estonia was 509 th m3 (see 
Table 2). That was 9,8% less than a year before, since the production was also smaller 
compared to previous year. Almost all (99,8%) of wood-chips used for energy were 
consumed for heat production (508 m3), 1 thousand m3 wood chips was used for 
electricity production. From wood chips used for heat production, 495 th m3 were 
consumed by boiler houses, 10 th m3 were used as fuels by combistations and 3 th m3 by 
households. In 2007 the amount of wood chips consumed by boiler houses was 39 th m3 
less (-7,3%) than the year before. 
 
Table 2. The balance of production and consumption of wood chips for energy (heating 
and electricity) in 2004-2007 (th m3) 

  
2004 2005 2006 2007 

Change      
07/06 +/-
 % 

In stocks at the beginning of the year 44 38 45 56 24,4 
Production of wood chips for energy 
purpose 692 648 588 515 -12,4 
Imports - - - - - 
Total resources 736 686 633 571 -9,8 
Exports - - - - - 
Overall consumption 698 641 577 517 -10,4 
Total consumption for energy 682 632 561 509 -9,8 
  including for electricity 1 6 1 1 0,0 
      total for heating  681 626 560 508 -9,3 
      including in boiler houses 671 575 534 495 -7,3 
                    in combistations 10 51 26 10 -61,5 
                    in households … … … 3 … 
Other consumption 16 15 16 8 -50,0 
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In stocks at the end of the year 38 45 56 54 -3,6 
Total consumption of resources 736 686 633 517 -18,3 

Sources: Wood chips energy balance by SA; EKI calculations 
* The average moisture content of wood chips presented in the table is 45% 
 
1.2.2  Market situation in Lääne-Virumaa county 
 
Resources of wood fuels 
Figure 2 represents amounts of wood fuels used for heating (wood chips burned in 
heating plants) and possible resource of wood chips from logging waste (potential of 
wood chips from logging residues in 2006). These resources are based on logging data 
from the year 2006. Same figure shows consumption capacities of wood fuels by counties, 
which are based on SA data. Consumption contains firewood and total consumption of 
wood chips, briquettes and granules in heating plants by counties. 
 

 
 
Figure 2. Usage of wood fuels and potential of wood chips in Estonia by counties in 2006. 
Source: Data from SA 
 
Analyzing the diagram you could say that in every county the level of produced firewood 
should exceed 1,5 times the level of wood chips potential from logging waste, assuming 
the firewood is produced from the same county. Taking this into account, it can be 
expected that in Tartumaa and Harjumaa the consumption of firewood is bigger than 
production. This is caused by big cities Tartu and Tallinn. Comparing the consumption of 
wood fuels of Lääne-Virumaa county to others counties, it seems it is quite average or 
even higher. 
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Consumption of wood fuels 
An overview of wood biofuels consumption in heating plants by counties based on data 
from SA is shown on the next figure (Fig. 3). 

 
Figure 3. Consumption of wood fuels for heating plants by counties in 2006 (SA) 
 
The biggest portion of produced firewood is used for heating households and public 
buildings, also in smaller amounts it is used in smaller distant heating plants. Wood chips 
and residues (including bark from sawmills) are used as main fuels in heating plants. 
From the figure above, it is clear that in Lääne-Virumaa heating plants the main fuel is 
wood residues. Therefore, there should be also a good market for wood chips, because 
they can substitute wood residues. 
 
Altogether there are 23 heating plants in Lääne-Virumaa, which consume wood chips or 
wood residues. The full list of them is shown in Appendix 1 and was compiled from the 
data kindly provided by Inge Roos from Thermal Institute in Tallinn University of 
Technology. The total capacity of mentioned heating plants is around 38 MW, and that 
comes to 160 GWh energy demand annually. Assuming that 1 m3 of wood chips gives us 
0,8 MWh, then an annual demand would be 180 500 m3 of wood chips. 
 
Another important factor considering market situation in Lääne-Virumaa, is that one heat 
producer company in Kadrina town is planning to establish a bigger heating plant 
compared to the current one (2,5 MW). A possible annual increase in primary energy 
need would be 4 GWh. Calculated into amount of wood chips, it would make 
approximately plus 5000 m3. The project described in this paper would produce max. 
1500 – 2000 m3 of wood chips every three years. The town is situated 30 km away from 
the described future willow plantation. Hence, there will be clear increase in demand for 
wood chips in this area. 
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Despite the increase of prices and decreasing amount of wood residues from timber 
industry, the consumption of wood fuels used for heating in Estonia has not declined in 
recent years, but increased somewhat. Old and inefficient heating plants have been 
removed and replaced by new ones. So far the heating plants have been supplied with 
wood chips from timber industry and wood residues from sawmills, but those resources 
are becoming exhausted. One solution would be making more wood chips from logging 
residues, because this resource has been used only of 9% from possible amounts. But 
gathering wood residues from forest after big trees have been cut, is rather energy 
consuming and expensive process. Hence prices of wood chips made of those logging 
residues might be too high. And that is why finding an efficient way to produce wood 
chips with reasonable price from willow plantations starts to make more sense with every 
year. 
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1.3 Funding opportunities 
 
For financing its daily business and investments, an enterprise can use very different 
funding opportunities. It is possible to use eather company’s inner or external sources. 
Because this work describes a certain type of business plan for a starting project, then I 
will try to describe only adequate opportunities. 
 
A state aid is a very important possibility for a small company starting with bioenergy 
project, which needs to invest in launching plantation or buying machinery. To receive 
according money, the business action of the firm must fit certain criteria – whether the 
types of company’s spendings are determined, the developmental stage of the company 
or its business sphere is limited. 
 
Typically a state finances only some part of the investment or the spending, hence there is 
also need for company’s self-financing. Usually a firm gets the state support posteriorly, 
that means after the investments or spendings are made. Hence, the enterprise must have 
its own money for total financing of the project. Later it is possible to get part of this 
spent money back in form of subsidy (Sander 2004). 
 
In Estonia the state support is mainly organized by Enterprise Estonia (EAS) and 
Estonian Agricultural Registers and Information Board (PRIA), which is greatly 
distributing money funded by European Union. There are several financial supports 
offered by PRIA, but after studying the conditions, it appeared that only one is suitable 
for current project. Hence the I decided to describe the subsidy called ‘Diversification 
into non-agricultural activities’. This support is intended for investments towards 
bioenergy production, if at least 50% of produced energy is marketed. This aid is suitable 
for applicants engaged in agriculture, but also for other micro-entrepreneurs. The subsidy 
is also available for average size farmers, if the planned action is producing biofuels, 
bioheat or bioelectricity from biomass in the purpose of marketing. Supported activities 
in bioenergy are investments in buildings, machinery and equipment, which are used for 
producing biofuels or bioenergy or raw materials for those. 
In case of smaller project the maximum sum per one applicant is 100 000 EUR. The 
subsidy can also be applied for so called large projects, then the sums will stay between 
100 000 and 300 000 EUR. The contribution share is up to 60 % from eligible cost of the 
investment. In 2009 the deadline for this state aid is in August. 
 
Another important enterprise financing opportunity is through loans. The loan is divided 
according to deadlines into short-term (time of delivery under one year) and long-term 
(time of delivery over one year) loans. The sources of short-term credits can be divided 
into two main groups: unsecured and secured. Unsecured sources are all those, where the 
only guarantee is the lender's confidence in the borrower's solvency upon arrival of 
deadline. Most important unsecured loans are trade credit, unsecured loans from 
commercial banks (overdraft) and unsecured short-term corporate bonds. Secured loans 
are guaranteed with certain assets in the event of borrower inability to pay back or pay 
the interest rates. Secured loans are offered to firms by commercial banks, factoring firms 
and different financial companies, whereas the guarantee are current assets and there 
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single elements. (Raudsepp 1999) The purpose of according sources is stabilizing 
company’s short-term fluctuations in cash flows, financing working capital, to ensure 
company's persistent pursuit of the necessary production inputs or faster receipt of 
customer debt (factoring). Because current work concerns mainly on purchasing fixed 
assets, which mostly requires using long-term loan, then I will not go further with short-
term loans. 
 
Most companies obtain long-term credit in form of loans. Long-term loan is mainly used 
for acquiring fixed assets and covering permanent need for financing and those loans are 
also called investment loans. Long-term loans have usually four common characteristics: 
there deadlines are one to ten years; they are normally paid by periodic installments, 
which contain interest rate and main debt during throughout the loan; loans are secured 
by gage or mortgage and the interest rates of those loans are higher compared to short-
term loans.  
 
There are important indicators, when taking a bank loan: a loan limit, interest rate, the 
methodology for calculating interest rates, deadline of the loan, the repayment schedule, 
the share of self-financing, currency, guarantees, required documents for getting the loan, 
expencies associated with taking the loan and obligatories of the loan contract. 
 
One form of a capital loan is leasing. Leasing represents a long-term form of financing 
fixed assets and is based on rent. Leasing is a deal in which leasing firm (lessor) 
purchases an asset chosen by a client (lessee) from a seller and rents the asset to lessee 
for a determined period of time. At the same time lessor remains the owner of the asset 
durign the whole leasing period unless lessee compensates total value of the asset or 
lessee purchases the rented asset after end of the leasing period by paying the remaining 
amount of money. 
 
Compared to assets given as a guarantee for loans, then in case of leasing, those assets 
remain in posession of lessor and that makes forced realisation significantly easier, faster 
and cheaper, if needed. This decreases risks of lessor and enables to offer more favorable 
conditions and better services. (Sander 2004) Normally the process of getting leasing is 
rather fast and simple. Usually there are no additional guarantees needed besides the 
leased asset itself. (Raudsepp 1999) As well the leasing firms are able to offer their 
finincing to clients, who would not get the same money as loan-clients, with longer 
deadlines and smaller responsibility. For little companies with limited equity, using 
leasing is often inevitable. (Sander 2004) 
 
Main advantages for the lessee are as follows: 

1) It relieves the lessee from capital intensity – with leasing a company can get a 
machinery or equipment at the moment when it needs it, not when there is enough 
money; 

2) When using leasing a company does not have to tie its capital with a long-term 
purchase – hence leasing keeps the lessee’s working capital stable, giving chance 
to use cash for other deals, which improves liquidity of the firm; 
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3) The obtained asset can be instantly used for making profits, at the same time 
payment for the asset is distributed for a long period of time. (Raudsepp 1999: 17-
18) 
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2. FACTORS AND PROCESSES ASSOCIATED WITH SHORT 
ROTATION WILLOW PLANTATION 
 
2.1 Plantation establishment 
2.1.1 Willow characteristics 
 
Willow has a very good ability to absorb both macro-and micronutrients. By drawing 
municipal wastewater into willow plantation, which has enough nutrients to ensure a very 
productive growth, is also a good way to produce biomass, which can be used for heating. 
In this way, the increase in the use of fossil fuels and pollution of nature is avoided and at 
the same time waste water and factory’s sludge is treated.  
Willow cultivation is also economically justified, since the use of energy fields  
for cleaning municipal wastewater, for example, releases the need to preseparate nitrogen 
and phosphorus, which is otherwise quite expensive. It can be argued given the 
experience in Sweden and Estonia, which state that the municipal wastewater and sludge 
with average amounts of nutrients are the best fertilizers precisely for willow plants. 
(Hasselgren	  K., 1998; Kuusemets et al., 2001; Heinsoo et al., 2001) 
 
Willow’s good characteristics: 

  As a pioneering species it directs the bulk of its energy for above the ground 
production, which makes it the desired fuel; 

  Vegetation period is long (the beginning of May until mid-October) and  
during this whole time it grows taking up nutrients (such as N, P, K), i.e.  
treating waste water;  

 Its growth requires large quantities of nutrients, and therefore decreases  
the risk that the nutrients led into the plantation with waste water or sludge could 
seep through the soil;  

 Variety are developed, which can also recover heavy metals from soil and 
sewage;  

 Willow root system develops near the ground surface and is very dense, so willow 
does not suffer because of excessive water amount. 

 Willow is a plant, where a lot of work during developing varieties is oriented 
towards receiving large growth rates for producing energy, at the same time the 
sorts are resistant to possible harmful factors.  

 Implementation of willow vegetation filters, maintenance and cleaning is not very 
expensive and the costs will be directed back from energy sales revenue;  

 Using it as a treatment filter is justified, because although the high proportion of 
nutrients stays in the roots, the plant parts above the ground can be cut every 3 to 
4 years,  and this way continuous efficiency and a long life expectancy of the 
biofilter is ensured, which reaches up to thirty years;  

 Leaf size is sufficient to ensure the highest possible level of photosynthesis and 
productivity;  

 Root system is close to the soil surface, therefore allowing easy re -  
introduction of land after the closure of the plantation;  

 High biomass production - an average of 10-25 t dry matter per hectare per year. 
 



 16 

That is why Salix is suitable for natural vegetation filter, which principles are the 
following:  

1. Plants absorb minerals from the waste water (N, P, K);  
2. Residual waste amount is reduced due to evaporation;  
3. Chemical reactions occur due to involvement of micro-organisms and N2 is                                 
made from different nitrogen compounds;  
4. Soil particles filter out solid particles from waste water, and that is how most of 
the components dissolved in water are held in detention. 

	  
2.1.2	  Plantation	  site	  analyses	  
	  
If	  a	  user	  of	  agricultural	  land	  considers	  to	  start	  a	  short	  rotation	  willow	  plantation	  
(SRWP),	  then	  one	  of	  the	  most	  important	  decisions	  is	  choosing	  the	  proper	  location.	  
Since	  in	  European	  conditions	  the	  life	  span	  of	  SRP	  is	  around	  25-‐30	  years	  and	  the	  
costs	  of	  establishing	  the	  plantation	  are	  accumulated	  in	  the	  first	  years	  of	  growing	  
season,	  then	  the	  decision	  concerning	  site	  selection	  will	  affect	  the	  economies	  and	  the	  
land	  management	  for	  many	  years.	  Hence	  making	  mistakes	  in	  terms	  of	  choosing	  
proper	  site	  will	  be	  very	  hard	  to	  correct	  later.	  There	  are	  several	  things	  to	  keep	  in	  
mind	  when	  deciding	  over	  suitability	  of	  a	  site	  for	  plantation.	  These	  include	  ecological,	  
economical	  and	  environmental	  issues.	  	  
	  
Ecological	  issues	  
One	  of	  important	  factors	  to	  consider	  is	  soil	  fertility.	  When	  using	  additional	  fertilizers	  
like	  factory	  sludge	  or	  municipal	  wastewater,	  one	  should	  keep	  in	  mind	  that	  different	  
soil	  types	  can	  bear	  different	  amounts	  of	  nutrients.	  Applying	  this	  knowledge	  to	  
specific	  sites	  prevents	  causing	  environmental	  hazards.	  During	  this	  project	  I	  made	  an	  
investigation	  on	  the	  soil	  types	  in	  the	  region	  of	  the	  future	  plantation	  using	  soil	  maps	  
on	  the	  website	  of	  Estonian	  Land	  Board	  (	  Estonian	  Land	  …).	  According	  to	  those	  maps,	  
the	  soil	  type	  can	  be	  described	  as	  loam	  or	  sandy-‐clay-‐loam.	  Based	  on	  literature,	  this	  
is	  a	  suitable	  type	  of	  soil	  for	  a	  willow,	  hence	  sometimes	  it	  might	  need	  additional	  
irrigation	  (	  Larsson	  et	  al.,	  2003)	  This	  means	  it	  is	  rather	  sensitive	  to	  draught,	  but	  at	  
the	  same	  time	  is	  quite	  well	  aerated	  and	  rich	  with	  its	  mineral	  content.	  Hence	  another	  
important	  factor	  for	  a	  SRWP	  is	  water	  availability.	  It	  is	  known	  that	  Salix	  can	  be	  quite	  
sensitive	  to	  water	  stress.	  It	  can	  also	  withstand	  seasonal	  flooding	  and	  has	  a	  very	  high	  
evapotranspiration	  rate.	  Willow	  is	  able	  to	  give	  good	  biomass	  yield	  when	  
precipitation	  is	  at	  least	  575	  -‐	  600	  mm	  annually.	  Higher	  amounts	  of	  water	  will	  
increase	  biomass	  production	  (	  Larsson	  et	  al.,	  2003).	  I	  had	  studied	  annual	  
precipitation	  levels	  in	  the	  selected	  plantation	  site	  using	  data	  from	  Estonian 
Meteorological and Hydrological Institute (EMHI….) and found that annual precipitation 
is between 560 - 600 mm. Hence, in case of dry summer periods, the irrigation of the 
plantation site is recommended, especially in the first growing season, when young trees 
are more sensitive. 
	  
Economical issues 
When it comes to harvesting, it is crucial that operating the machinery will not be 
difficult. As the landscape of planned plantation is quite flat, it is economically a 
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favorable factor. Another thing to keep in mind are wild animals, because during spring 
the losses made by deers, hares or mooses might be quite harmful. But since there is not 
so much forested land around the future plantation area, author finds this matter to have 
quite low importance. Besides those factors mentioned above, even more crucial is 
probably an existing infrastructure around the plantation and a good vehicle access to it. 
Since SRWP cultivation requires heavy machinery, a fine road network is needed for 
different management steps like soil preparation, planting, wastewater or sludge 
transportation, harvesting and transportation of the collected biomass. Considering those 
factors, I find the location of the future plantation quite suitable. There are several small 
towns situated in the range of 30 km from the site, where wood chips could be sold and if 
needed additionally, wastewater could be brought. One such wastewater biopond system 
is located just 4,5 km away and has the daily volume of 70-80 m3. 
 
Environmental issues 
SRWP provides food source and is a rich habitat for diverse organisms. It is known, that 
there are many insect species living with willows, which provide a food source for higher 
level organisms, for example birds. Therefore comparing to common crop fields, usually  
biodiversity increases with growing willows, but still it is strongly dependant on the ways 
of establishment and maintenance of the plantation (Perttu 1999). It is also important to 
keep in mind, that different biotopes should be retained (for example stone piles, forest 
edges, ditches).	  But besides increasing biodiversity, willow plantations help to prevent 
soils erosions. 
	  
2.1.3 Selecting willow clones for current plantation 
 
When	  choosing	  plant	  material	  for	  a	  plantation,	  then	  from	  an	  economical	  point	  of	  
view,	  the	  most	  important	  factor	  is	  the	  potential	  yield	  of	  the	  willow.	  Other	  important	  
things	  to	  consider	  before	  choosing	  planting	  material	  from	  cuttings	  producers	  are	  
factors	  associated	  with	  microclimate	  of	  the	  plantation	  site,	  like	  possibility	  of	  frosts,	  
soil	  moisture	  content	  etc.	  (Carboni	  et	  al.,	  2008).	  It	  is	  also	  important	  to	  remember	  
that	  establishing	  plantation	  requires	  significant	  investment	  and	  therefore	  it	  is	  
crucial	  that	  most	  of	  the	  plants	  survive	  several	  subsequent	  harvesting	  cycles,	  in	  order	  
to	  give	  sufficient	  wood	  yield.	  When	  looking	  for	  planting	  material,	  licensed	  plant	  
nurseries	  should	  be	  the	  preferred	  source,	  since	  they	  take	  part	  in	  extensive	  research	  
programs	  and	  therefore	  their	  planting	  material	  has	  predictable	  characteristics	  and	  
good	  quality.	  One	  such	  institution	  in	  Estonia	  is	  called Polli Horticultural Research 
Center and is under Estonian Agricultural University (EAU) Institute of Agricultural and 
Environmental Sciences. They offer several willow cuttings in different sizes and 
varieties (see Table 3). Two of those willow species are available for purchase locally, 
but the rest are imported from Sweden and they all are products of Swedish company 
Lantmännen Agroenergi AB. More detailed information about the willow varieties is 
given in Table 4. As you can see from this table, all those willow clones have different 
yields and resistance to crucial factors, like leaf rust, insects, leaf beetles and frost. 
According to willow clone descriptions from Polli Horticultural Research Center, the 
most suitable variety for dry soils is called “Tordis”. At the same time this willow clone 
has relatively high production yield and is resistant to leaf rust, and also is quite frost 
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resistant. But in order to avoid damage caused by rust or other harmful factors, it is wise 
to plant mixture of willow varieties on the same field (Heinsoo, 2004). Hence, author 
finds reasonable to pick five to six different clones for the plantation. According to 
studies made by a group of researchers from EUA Institute of Agricultural and 
Environmental Sciences, there are several clones with intensive starting growth and high 
biomass yield (“Gudrun”, “Tora”, “Bjorn”, “Olof”, “Torhild”), which would suit the 
discussed conditions.  
 
Table 3. Planting material and prices offered at Polli’s Horticultural Research Center. 
Source: http://polli.emu.ee 

 
 
Table 4. Relative yield and resistance to some crucial factors (%) of different willow 
clones (Source: Lantmännen Agroenergi) 

Variety 
Rel. 

Yield 
Leaf 
rust Insects Leaf beetles Frost 

L78183 
(ref) 100 100 100 100 relative tolerant 
Doris  149 31 30 11 - 
Karin 126 2 88 - - 

Gudrun 144 0 28 22 tolerant 
Tora 157 0,3 45 111 medium 

Tordis 144 0 59 86 relative tolerant 
Torhild 123 2 87 107 relative tolerant 
Sven 139 0,3 116 104 relative tolerant 
Olof 143 12 44 106 relative tolerant 
Inger 144 0 59 86 relative tolerant 

 
 
2.1.4 Plantation design and planting  
 
Land preparation and weed control 
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In many cases, the low biomass yield of willow plantation is caused by insufficient weed 
control in the beginning of plantation establishment, when willows are still small. Weeds 
cause not only poor growth of young trees, but also a higher rate of mortality. In addition, 
since current project involves using a nutrient rich sludge as a fertilization source for 
willows, the matter of weed control has even higher importance because of the natural 
competition. Hence it is indispensable to perform a thorough elimination of weeds before 
planting procedures (Lindroth et al. 1999). Currently, the land of future plantation is in 
the form of a usual meadow, being thickly covered with different grass. In order to get rid 
of that grass, the field must be sprayed with glyphosate containing herbicides at least 
once before autumn ploughing during the active growth phase of weeds. It can also 
happen, that using the herbicide once will be insufficient, then additional spraying is 
required. In spring, prior to planting after the land has been cultivated, additional weed 
control is needed with seed herbicides. All those herbicides can be purchased for example 
from Kemira (www.kemira-growhow.ee). According to their pricelist and recommended 
application amounts, using a glyposphate twice and a seed herbicide once (Stomp) for a 
10 ha field would sum up to apprx. 850 euros. 
  
After the first buds of little willows have emerged, only mechanical weed control or 
contact chemicals can be used, as since that moment usual herbicides could harm the 
young plants. The area between the rows can be tilled with same tools as used for 
vegetable fields. But after the roots of willows have spread in the upper layer of the soil, 
this method could harm the plants. A grass cutter is an option in this case. As for using 
contact chemicals, special equipment is required. This includes a glyphosphate tank with 
hoses set to the width of the spaces between rows to apply the chemicals accurately 
avoiding young willows. Glyphosate can be also applied during the early spring of the 
second growing season, if the one-year old shoots of willows are cut before. If during 
first two seasons the weed control has been successful, the less shade-tolerant weeds will 
be suppressed by canopy closure of willows. From here on, even after harvesting fully 
grown willows, the weed cover is already much less, because of the well-developed root 
system and fast growth of new willow shoots. 
 
Plantation design 
When choosing a design scheme for the plantation, it is important to keep in mind future 
management and harvesting methods of the field. The distances between plant rows must 
allow mechanical weed control and harvesting without causing damage to willow plants. 
It is also wise to leave headlands minimum 8 m in width to give space for vehicle turning.   
Another important thing to bear in mind when designing plantation is the application of 
fertilizing sludge. It can be done once per harvesting cycle, but also one might consider 
doing it during every growing season. Further factor deserving some attention, is the 
existence of power line in the area of plantation. As willows can grow up to 5 m high, it 
is better to avoid planting them under the electric lines. One more important thing is the 
whole appearance of the plantation and its fitting to overall landscape. It is better to plant 
several smaller batches of willows than just one big field. This would allow harvesting 
during different years and would increase resistance to diseases (Perttu 1999). 
 
Based on my economical profitability calculations, I decided to harvest the energy crop 
manually, since there is no such harvesting machine in Estonia, like it is used for example 
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in Sweden (Claas Jaguar 860 and modified header). This special harvester enables to cut 
and chip willow at the same time and then the biofuel is collected into a trailer moving 
alongside with harvester. It has a working capacity of up to 0,6 ha/h. In case this type of 
machine was available in Estonia, using it would decrease harvesting costs and increase 
net profit. But since I can not predict the arrival year of this machine to Estonia, I will not 
count on it in my current work. However, for the plantation design, I will use a most 
common option, which would leave and opportunity for using Claas Jaguar later, since 
the life-span of plantation is over 20 years. This scheme for planting consists of double 
rows 0,75 m apart with a 1,5 m corridor between them. The distance between willows 
within the rows is about 0,6 m and this allows to plant approximately 15 to 16 thousand 
plants per hectare, which is also suggested willow planting density (Heinsoo et al., 2001). 
Described planting scheme is illustrated in Figure 4. 
 

 
Figure 4. Typical willow plantation layout, where each plant is marked with a star. 
Source: author 
 
Planting 
There are several things to keep in mind in order to perform proper planting procedures. 
First of all, the quality of the cuttings to be planted is very important. Hence they have to 
be purchased from reliable nurseries. Normally cuttings are produced way before 
growing season to ensure that the plant buds are fully dormant and to reach optimum 
quality of the planting material. This means they will root easily. Hence in order to obtain 
proper planting material in the needed quantity and number of varieties, it has to be 
ordered from nursery in advance, for example in autumn or early winter before the 
planting itself.  
 
In case planting procedure is not possible right after delivery of the cuttings, the planting 
material should be kept at a temperature of between -2 to -4 ºC and at a proper humidity 
level. Cuttings can be packed for example in plastic bags, but then it is important to 
prevent mould growth. It is also crucial to keep the planting material away from direct 
sunlight and store them in their natural position in terms of the orientation of their lower 
and upper parts in order to avoid reallocation of different biologically active compounds, 
which cause shoot and root development. 
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Usually cuttings are provided in 15-25 cm sticks or in longer rods, depending on the 
planting machinery. In case of this project, the first option will be used. If one desires to 
perform a quality control of the cuttings, they can be placed in water at room temperature 
and kept this way for 14 days. During this time healthy cuttings should develop little root 
tips and significant bud burst. Hence, also couple days before planting, it is useful to 
place the planting material in water at room temperature for achieving early growth. 
Again, keeping in mind right orientation of the cuttings is very important. 
 
To ensure proper growth start of the cuttings, the planting procedure should be performed 
in spring soon after last weed control and soil preparation. The air temperature should 
stay above +5 ºC. The earlier the planting is done the better, because this gives advantage 
of soil moisture after snow melting and also helps to outrace spring weeds (Perttu 1999). 
If a dry summer season is forecasted, it might be useful to keep the cuttings for a longer 
time in water before planting. Planting itself consists of making a hole into the right spot 
in the plantation with a sharp stick and pushing the cutting into the soil so that the upper 1 
cm of it stays above the ground level. 
 
Planting can be carried out manually or using special planting equipment. Choosing one 
of those depends on the size of the field, on labor and time required and on the emerging 
costs. For a 10 ha field I find the usage of a planting machine to be justified (see Figure 
5). From my opinion it is unreasonable to purchase the machine and I would plan to rent 
it for the occasion, since the planting is done just once. One such machine is available at 
Polli’s Horticultural Research Center (personal communication with Laima Puur). 
 
 

 
Figure 5. Transplanting procedure using planting machine. 
Source: Katrin Heinsoo 
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2.2 Fertilization of SRWP with a waste sludge from local paper factory. 
 
Justifying usage of sludge 
 
It is possible to increase profits received from energy willow crop by reducing the cost of 
spendings. If the costs of establishing a SRWP are excluded, then one of the biggest 
expenses are fertilizers, which account for nearly 80 % of all expenditures carried out 
after first growing season (Heinsoo et al., 2001). This cost can be avoided by using 
municipal wastewater, sewage sludge or any other nutrient rich waste sludge instead of 
mineral fertilizers. In addition to savings derived from alternative fertilization, using 
waste sludge: 

• increases biomass production of the crop   
• reduces costs of waste sludge treatment process by decreasing energy need for 

treatment of N, P and organic compounds 
• has clear positive effects on the environment by recycling nutrients 
• extracts heavy metals from the food chain (especially if after burning wood chips 

made of SRW crop, the heavy metals are extracted  from ashes) 
 

Legislation 
 
It is also important to bear in mind, that using residual products on willow fields should 
be done in an environmentally safe way. Therefore, in order to avoid environmental 
hazards, an entrepreneur has to take into his consideration a range of factors. This 
includes: 
• Prior to applying waste sludge on an energy crop field, the related legislation must be 
considered. A review of legislation associated with reuse of residual products in Estonia 
is given in Appendix 2. Usually legislation concerns matters like the quality of the sludge, 
the quantity of sludge and the quality of soil after the sludge has been applied. 
•  The factory producing the waste sludge should be responsible for the quality of the 
sludge delivered. Normally there is a number of regulations related to substances in the 
sludge like organic compounds and heavy metals (Cd, Cr, Ni, Pb, Hg, Zn etc.). 
• Usually the quantity of sludge applied to the field is limited by the amounts of N, P, 
heavy metals and other compounds. The maximum amounts of various elements in the 
waste sludge allowed to be used for agricultural purposes in Estonia are represented in 
Appendix 3. Before the waste sludge application to SRW site, precise calculations 
concerning regulated compounds should be done and limiting factors should be 
determined. Based on these results the overall amount of sludge allowed for application 
to a field can be calculated. 
• In order to maintain good soil quality throughout the SRWP cycle, it is advised to 
perform analyses of topsoil before and after sludge application stages. 
• It is also important to observe the amounts of different nutrients in the sludge to ensure 
a balanced fertilization, otherwise additional fertilization might be necessary. 
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Composition of the waste sludge from paper factory 
 
Current project involves using a waste sludge generated from an aspen biomass 
processing steps in a paper factory called AS Estonian Cell. Coproduct in the factory is a 
compost, which consists of the sludge and mixed bark biomass. The company has a 
contract with a land-owner and an entrepreneur Ahto Laanemägi, who is paid for 
removing annually 30 000 tons of compost from the factory. The firm also had ordered 
test analyses of the sludge and the compost from Agrochemistry Lab in Agricultural 
Research Center. 
 
Moreover, there have been field trials performed both with the waste sludge and the 
compost by Institute of Estonian University of Life Sciences (EULS). These field 
experiments studied effects of both substances on the growth of summer wheat and 
barley. The results of those studies showed that pure waste sludge is far better fertilizer 
than the compost. The advantage of the pure waste sludge is based on its better 
mineralization capacity. After discussing this matter with Ahto Laanemägi, we concluded 
that using just the sludge is possible and more efficient. It is also economically favorable 
to the factory, since they could keep bigger bark amounts to themselves, which they are 
also selling as heating material.  
 
Hence from here I will present and discuss only composition of the sludge. Table 5 shows 
the results of sludge analyses from Agrochemistry Lab. 
 
Table 5. Composition of waste sludge from paper factory. (Source: Agricultural  
Research Center, 17.10.2006) 
 
 
Allowed amounts of the waste sludge for 
application to SRWP 
 
In order to ensure safe waste sludge application 
to SRWP, and to decide appropriate 
fertilization rates, the factors of local climate, 
age of the plants, soil and properties of the 
sludge should be taken into account. As 
mentioned above, there is according legislation 
(Appendix 2) regarding usage of sludge, the 
quality of groundwater, maximum fertilization 
rates and quality of nearby water bodies. There 
are also limits concerning different substances 
like for example nitrogen and phosphorus or 
concentrations of heavy metals (Appendix 3). 
Hence I compared the content of heavy metals 
in waste sludge (Table 5) from paper factory with according maximum allowed 
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concentrations in Estonia. It appears that the sludge contains significantly smaller 
amounts of heavy metals than the limits are. Therefore the fertilization rates can be 
calculated based on amounts of nitrogen and phosphorus. According to fertilization rates 
in Denmark (Morsing 1994), it is permitted to apply 40 kg phosphorus per hectare 
annually with the sludge, calculated as an average over 5 years, and maximum 250 kg 
nitrogen per hectare annually. Based on the field trials performed by scientists from EAU, 
60 tons per hectare of the waste sludge from paper factory was applied to barley field. 
This amount had a very positive effect on growth of the cereal and was comparable to 
addition of 160 kg mineral N/ha. Following amounts in the Table 5, 60 tons/ha of sludge 
application sums up to 264 kg N/ha and 23,6 kg P/ha. Comparing these amounts to 
fertilization limits in Denmark, I found reasonable to apply 250 kg N/ha annually, which 
consequently amounts to 22,3 kg P/ha annually. This means, that application amount of 
waste sludge per hectare of SRWP will be 57 tons annually.  
 
Application procedure 
 
The sludge is going to be applied using a tractor and special spreading trolley. I find that 
taking into the consideration weed control, it is reasonable to apply the waste sludge two 
times per growing cycle, which is 3-4 years. First time should be right after planting 
procedures with a rate of 57 tons/ha. Second application should be done in the summer in 
the beginning of second growing season of willows with a fertilization rate of 114 tons/ha 
covering the need for two years. This is explained by the fact, that after second year 
willow trees will be too high for passing with machinery (see Figure 6).  
 

 
 
Figure 6. Willow trees in a plantation. 
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Source: M. Heinsoo 
2.3 Plantation and crop management 
 
2.3.1 Growth cycle and productivity of SRWP 
 
In the first year the growth of plants in SRWP is relatively small compared with the 
subsequent production years. During establishment the most critical period is 
development of root system of willows. Sufficient soil moisture and careful weed control 
ensure the correct rooting of the cuttings (Heinsoo et al. 2001). 
 
Growth cycle means the time between two harvests. Normally, this is a period of 3-5 
years (see Appendix 4). The first real production year should be called the one following 
the planting year. First production year gives 4 - 8 tonnes of dry matter per hectare. The 
gain of biomass is particularly affected by the availability of water and nutrients. Also 
soil properties, choice of clones, microclimate and climatic features of the site have 
significant influence. The production increase during second production year compared 
to the previous one is 40%. This is caused by continual development of foliage and root 
systems. During third production year the biomass yield is approximately same as in the 
second year. The plantation is considered ready for harvesting if above ground biomass 
(without leaves) per hectare has risen to 35-60 tonnes. Depending on soil fertility and 
weather, such quantity of biomass is achieved in 3-5 years. The first growth cycle is one 
year longer compared to other cycles due to plantation year, and subsequent cycles are 
composed of only production years (see Appendix 4). 
 
Next cycle begins with the following spring after harvest. Due to highly developed root 
system, plants start to grow strongly after cutting, and the gain of this first production 
year after harvest overcomes the biomass yield of the second production year of the first 
cycle. If the willows in the plantation are cut correctly and the plants receive sufficient 
amounts of nutrients, then during second growth cycle an average annual biomass 
achieved can be 12 – 15 tonnes of dry matter per hectare (Hasselgren K., 1998). Same 
productivity is maintained for at least the next 20-30 years. 
 
2.3.2 Factors decreasing the biomass yield in SRWP 
 
Fungal diseases 
The most common pest for SRWP are fungal diseases. Leaf rust is the most known 
among them and is caused by a number of fungi from genus called Melampsora. It 
attacks the stems and leaves causing premature defoliation and hence decreasing biomass 
yield. Different varieties of willow show different sensitivity to various species of 
Melampsora. Keeping in mind that using chemicals and fungicides reduces economical 
and environmental benefits of SRWP, it seems wise to count on agronomy and breeding 
in order to increase plantation profitability. Therefore it is advised to use several different 
clones per plantation to improve resistance against such fungal diseases. 
 
Insects 
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There are also several insect species attacking SRWPs and causing damage to the 
plantation. The most common among them are Chrysomelides beetles, which are leaf 
eating insects causing reduced leaf area and decreasing crop growth. Again, using clonal 
diversity may help to reduce those insect attacks. Another possibility might be 
establishing habitats for birds and insects eating mammals. Using insecticides should be 
avoided due to economical and environmental reasons, though sometimes in case of 
serious attacks they might by justified. Usually those chemicals can be used when 
willows are still young. 
 
Frost 
It is important to bear in mind, that the plantation site should not have very low planes 
and should not be frost sensitive. In autumns it is crucial to avoid too high amounts of 
nutrients in order to let the plants prepare properly for coming winter. It might be also 
harmful if the leaves stay on the plants for too long, which can increase risk for frost 
damage  (Fircks, 1996). Frost causes stress in plants, though different willow varieties 
have different sensitivity to it. In springs cold weather is the reason for biomass decrease, 
since coming buds become frozen or develop late. Frost during autumn causes worse 
preparation for winter periods. Again, using genetic diversity among willow plants 
usually helps to reduce risks associated with frost damage (Fircks, 1996). 
 
Animals 
Local animals like hares, deers and mooses can cause some damage to SRWP, especially 
when willow trees are young and tasty during the first year or re-growth after harvest. 
Fencing is usually an option against mammals, but unfortunately it is quite expensive and 
normally unsuitable from economical point of view. 
 
2.3.3 Irrigation 
 
The are many different ways to provide water to a willow plantation. It can be done with 
wastewater application or using clean water from wells. Normally the optimal choice 
depends on economical reasons. In some countries, where the annual precipitation levels 
are high, reaching up to 1000 mm, the irrigation is unnecessary at all. During this project 
I studied several irrigation systems, like using ditches, free flow, sprinklers, drip pipes or 
pipes with drilled holes. All those methods have there advantages and disadvantages. The 
less efficient methods have lower establishment costs and very efficient approaches, like 
pipes with drilled holes, are extremely expensive. Also I studied literature concerning 
biomass yield increases caused by additional irrigation, and found different results. One 
study concerning this matter (Larsson et al., 2003) had four different plantations sites, 
where on of them (Roma, Sweden) had very similar precipitation levels and soil 
conditions to this project. From their study it appears that irrigating the field with 1 time 
potential evapotranspiration rate annually with pure water (equals apprx. to annual 
precipitation rate), increased the biomass yield compared to a control only by 10 %. 
Hence, from this result, it seems that establishing an irrigation system in current case is 
not justified. I discussed this matter also with Katrin Heinsoo and my final decision is to 
manage the Salix plantation without irrigation system. However, the plantation might 
need some occasional irrigation in very dry periods and after harvesting. This can be 
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done using water tank with hoses set to the width of the spaces between rows to apply the 
water straight to young willow shoots.  
 
2.3.4 Harvesting 
 
As mentioned above, usually the willows are harvested after every 3-5 years, as this time 
offers the best biomass production. Usually the most critical parameter here is the shoot 
diameter, since most common SRWP harvesters are able to cut shoots with a diameter of 
only up to 8 cm. Since my project involves manual harvesting, the shoot diameter does 
not have that crucial importance. Normally harvesting is done from November to March, 
when all leaves have fallen and before buds have bursted. During this period the stools 
are in their dormant phase and most of the nutrients are stored in willow parts under 
ground. Also the moisture content of the wood is at its lowest level (apprx. 50%). 
Another advantage of harvesting during cold period, when soil is frozen, is that damaging 
and compaction of the soil is avoided.  
 
Depending on the size of plantation, there are many different methods for harvesting, 
beginning from manual cutting and ending with various specific harvesting machinery. 
As I mentioned earlier in this chapter, currently there are no harvesting machines in 
Estonia, which would allow direct cutting and chipping of the energy crop on the field. 
After discussing this matter with SRP expert Katrin Heinsoo, I decided to consider three 
harvesting options. These are: bringing a harvester (Claas Jaguar) to Estonia from 
Sweden, using a harvesting services by a timber company and doing all the work 
manually. Of course another theoretical option exists, which is buying the harvester. But 
since it is extremely expensive (including header over 100 000 EUR, www.mascus.co.ee), 
it would be impossible to pay back it’s price from a 10 ha energy willow field. Hence 
later, in the chapter of economical profitability of SRWP, I will show that performing 
harvesting and chipping operations manually is the best option today. This will be shown 
by doing economical calculations and giving several reasons. The process of doing the 
harvesting manually is rather simple. It involves 2 people with bush cutters, 2 people 
collecting and piling the willow trees, a tractor with a chipper and a tractor with a trolley. 
During this operation the rods are cut 5-10 cm above the ground so that during next 
spring new stems could start growing. As a result of such approach, the moisture content 
in wood chips is quite high, ranging between 40 % to 50 %. But since the market research 
showed, that there are plenty of heating plants in the area consuming wood chips with 
such water content, then I find this method suitable as operating steps are minimal. There 
will be no need for storage of the heating material. Instead, it will be transported directly 
to a consumer boiler house by truck. 
 
2.3.5 Site restoration 
 
It is possible to restore the field after SRWP has reached its age limit. This could be 
carried out without difficulty using various machinery depending on the density of 
established SRWP. In the spring, following the last harvest, it is suggested to perform a 
herbicide treatment before removing the remaining stool. Wood residues will be mixed 
with soil using a rotovator or a forestry mulcher. Another possibility is a mechanical 
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removal of the whole stumps. In this case, the root biomass could be used for further 
heating purpose 
2.4 Properties of wood chips and suitable heating plants. 
 
2.4.1 Properties of wood chips 

 
• Wood chips is a wood fuel with piece sizes between 25…40 mm chipped from 

coppice, tree trunks, timber industry or logging residues in according chipping 
machine. 

• The combustible composition of willow wood chips is approximately as follows: 
C = 51%, H = 6.1%, O = 42.3% and N = 0.6%.  

•  The calorific heating value of willow wood chips is 19.5 MJ / kg dry matter. 1 
ton of wood chips (50% water) amounts to approximately 3 m3. One cubic meter 
of wood chips with water content of 50% should give at least 0,8 MWh of energy. 
(Sennerby and Johansson, 1993).  Based on the experience of Nordic countries, 
the energy potential of willow whips can be assessed 5 times higher than that 
from logging residues.  

• Ash and sulfur content is low, accordingly 1% and 0.03%.  
• The burning properties of willow chips do not differ significantly from wood 

chips made of other tree species. Often a mixture of different wood chips is used 
in heating boilers. 

• Humidity reduces the calorific value of wood as part of the energy contained in 
wood is used for vaporizing the water. Correct harvesting and drying of the raw 
materials can significantly reduce the moisture content of wood.  

• Willow wood density is 430 kg/m³.  
• Wood is one of environmentally friendliest materials in energy business. It does 

not add additional carbon dioxide (CO2) to the environment, and contains less 
sulfur and mostly also ash than fossil fuels (oil, coal). Growing willow coppice 
takes continuously back the carbon dioxide from environment, which is released 
from the combustion of wood. 

 
Mostly, such fuel is used after chipping in heating boilers, but it is also possible to 
produce briquettes, carbonize, perform gasification, or process it to liquid fuels (Lepa et 
al., 1997). Different willow varieties have somewhat different physical characteristics. In 
general, quality increases with age. A longer growing cycle can give larger trunks with 
more dense wood and lower moisture content. Comparatively thin willow branches and 
trunks have a lot of bark, which decreases with age. When using wood as heating fuel, its 
physical properties are not a high priority (Sennerby and Johansson, 1993). 
 
2.4.2 Suitable heating plants 
 
A price of the fuel is the first and most important condition for every heat producer. 
During last decade there has been a changing trend among Estonian heating plants. A lot 
of boilers have been transformed from working on gas or oil to consuming wood chips. 
These changes have been induced by economical reasons, since imported fuels are more 
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expensive than domestic ones. Wood chips are suitable for heating boilers with different 
capacity. 
There are different types of combustion devices suitable for consumption of wood chips 
(Lepa et al., 1997): 

- stocker boiler or so called solid-fuel boiler; 
- water and steam boilers working with preheating chambers; 

 
Usually boilers which are suitable for consuming wood chips, are in the energy range of 
0,1-12 MW. Boilers with capacity of 100 to 600 kW usually need mechanized fuel 
addition, which sets conditions to the fuel. Then it has to be chipped with rather even 
piece sizes in order to provide it smoothly to the burning center. In Estonia this type of 
boilers are quite common and they consume wood pellets and briquettes, but also wood 
chips of fine quality. Here the water content should not exceed 40% in order to maintain 
proper combustion. These boilers require minimal service, just filling the fuel tank once a 
day is enough. 
  
Other group of boilers suitable for combustion of wood chips with even higher water 
content (up to 60 %) are in power range of 2,5 – 12 MW. Most common here are boilers 
with preheating chambers and movable or stable conveyors. Quite common model of 
boilers in Estonia is called “Kiviõli 80”, which is a liquid fuel boiler modified to a solid-
fuel boiler adding a preheating chamber to it. This boiler model is suitable for burning 
wood chips and can handle higher water contents (Usage of wood…, 2007). 
 
Exploring the list of working heating plants and their boiler models in Lääne-Virumaa 
county, gives a clear understanding, that there are plenty of potential consumers for wood 
chips. Hence I find, that this information is a convincing assumption for the existence of 
future market for wood chips in the area. 
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3 ECONOMICAL EFFICIENCY OF SRWP 
 
3.1 Income opportunities and assumptions for the plantation 
One of the most important concerns before making a decision for or against establishing 
SRWP, is the profitabilty of the future plantation. Most of all, the economic outcome of 
the established SRWP depends on the price level of wood chips (Rosenqvist and Dawson, 
2004). And second crucial factor influencing profitability is the yield. It is very hard to 
have positive results with low price of wood chips or low biomass yield of the SRWP. 
Other important factors are production costs, contractual obligations, availability of 
subsidies etc. Hence in this chapter I will present and discuss calculations concerning 
total costs, revenues from sales and gross margins of the whole process. 
 
There are several opportunities for generating income from SRWP. This includes using 
wood chips in private boilers, receiving payment for wastewater or sludge treatment or 
establishing contracts and selling wood chips to local heat producers (Carboni et al., 
2008). This project is based on the last option and as my market research showed, there 
are plenty of heating boilers within the range of 30 km from the willow plantation area. 
One of the important future tasks here will be finding a good partner among local heat 
producers and signing a contract with him, which would include delivery and price 
aspects. Also, as I described previously in this work, suffient amounts of waste sludge 
from paper factory will be used.  
Often willow growers recieve extra income for sewage sludge or wastewater treatment, 
which also relieves them from bying commercial fertilizers and increases biomass yield 
of the plantation. In current case, the waste sludge from paper factory is already available 
for application on the field, therefore no additional income will be taken into account. 
Based on a contract, the paper factory pays the land-owner for the transportation costs 
and removal of the sludge. Hence in the calculations done later on, the price of sludge 
will be valued to 0 EUR and only application costs will be taken into account. Here, I 
would like to point out, that this way of operating the plantation gives the willow grower 
a free fertilization substance, reducing significantly costs compared to purchasing the 
fertilizer and also increases biomass yield. 
 
In order to present reliable estimations and perform calculations, several assumptions 
describing the future willow plantation have to be provided (Rosenqvist and Dawson, 
2004). For the current case these are as follows: 

• Area of the plantation is 10 hectares 
• A yield level will range in between 6-14 t DM/ha*yr 
• In all calcualtions a biomass yield of 8,3 DM/ha*yr will be used, otherwise will 

be pointed out. 
• A production period of 22 years, including 7 harvest cycles 
• Work will be done at labour cost of 3,2 EUR/hr  
• The oil and gasoline price used in calculations is 0,9 EUR/l 
• Prices of used services will be shown separately 
• Land belongs to the person carring out the project 
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• Assumed price level of wood chips is 38 EUR/t (50% moisture content) 
• Assumed price for fresh wood chips is 12,8 EUR/m3 
• Distance to heat producer is 30 km 
• Fertilization will be done during 1 st and 2 nd year of growth cycle 
• All machinery and labour costs will be included 
• The machinery, which will be used by the willow grower himself, is already 

available, otherwise will be pointed out. 
All prices and costs are given including VAT, otherwise will be pointed out. 
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3.2 Initial, final and annual costs 
 
During a lifespan of a willow plantation, there are many different costs. These can be 
divided into initial and final costs and annual costs (see Tables 6 and 7). 
 
Initial and final costs 
 
These are the costs associated with establishment and site restoration of SRWP. 
- Using glyphosphate twice: to get rid of weeds. Including the cost of the herbicide for 
double spraying and the cost of current service done by a neighbour farmer, this step will 
some up to 101 EUR/ha (personal communication with the farmer and prices from 
Kemira, www.kemira-growhow.ee/). 
- Initial soil preparation: includes first tillage of soil at 40 cm dephts, normally done in 
autumn. This step will be also carried out as a service by a neighbour farmer, who will 
charge 38 EUR/ha (personal communication).  
- Preparation of soil for planting: includes one harrowing, done in the spring. As a service 
by a neighbour will cost 16 EUR/ha. 
- Planting the cuttings: this step will be done by 3 workers operating a tractor and 
planting machene. The last one will be rented from Polli’s Horticultural Research Center 
for 100 EUR (personal communication). The operating speed of planting machene is 0,3 
ha/h. Hence including price of 150 000 cuttings (13462 EUR), transportation costs of the 
rented machene and planting material, labour costs (3 people for 30 hours) and fuel cost 
(5 l/ha), the overall planting procedure will be 1430 EUR/ha. 
- Initial herbicide treatment: to control the weeds in the first stages after planting. At least 
one treatment with seed herbicide should be done. Including amount of herbicide (Stomp) 
and its price, also costs for spraying service, this will sum up to 30 EUR/ha.  
- Site restoration: to restore the land after last harvest. The soil needs to be deeply 
cultivated to crash the roots, for example using a forestry harrow. The cost is 100 EUR/ha. 
 
Table 6. Initial and final costs encountered throughout SRWP life-span. 

 
Source: author’s calculations 
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Annual costs 
  
Mantaining a willow plantation includes several operations, which are repeated every 
year or otherwise periodically (see Table 7). 
- Amortization of initial and final costs: this is the amount of money that a willow grower 
has spent for initial costs and will spend for site restoration divided by the life-span years 
of the plantation, as this sum must be repaid by savings from annual incomes. Since the 
total amount of initial and final costs is 1715 EUR/ha, then divided by 22 (life-span) this 
is 78 EUR/ha. 
- Harrowing: is performed soon after harvesting. This step helps to avoid compaction of 
soil and also removes weeds before the start of a growing season. It is performed every 3 
years and as a service costs 16 EUR/ha. So an annual cost will be (16 EUR/ha * 7 cycles/ 
22 years) 5,1 EUR/ha. 
- Chemical weeding: should be done in the spring after harvesting. Including spraying as 
a service and the cost of chemical, this amounts to 50 EUR/ha. This step is done every 3 
years, since after first production year, new shoots regenerating from the stumps can 
already compete with weeds. Calculated into an annual amount, it sums up to 15,9 
EUR/ha. 
- Irrigation: will be done during the planting year and after each harvesting, to help the 
growth of new shoots. And also during very dry summer seasons, in order to avoid 
damage to the plantation. For this step a service will be used by a neighbour farmer. The 
cost of irrigation, applying 10 m3 per hectare, will be 20 EUR/ha. Current step will be 
done approximately six times during summer season. Calculated into an annual cost, it 
will be 38 EUR/ha (120 EUR/ha * 7 cycles/ 22). 
- Fertilization: will be done every first and second year after harvesting.  Also right after 
planting and during second year of plantation. Hence application years are 1, 2, 5, 6, 8, 9, 
11, 12, 14, 15, 17, 18, 20,  and 21. The application amounts will be 57 tons/ha and 114 
tons/ha. The spreading will be done as service by farmer using special trolley. Including 
work costs and sludge amounts, then calculated into an annual sum (divided by the life-
span), this will be 37 EUR/ha. [Applying 57 tons on 1 ha costs 38 EUR. So application of 
total sludge during life-span per hectare, which is (57 t + 114 t )*7 = 1197 t, will cost 798 
EUR/ha. Diving this sum by 22, will amount to 37 EUR/ha annually.] 
 
 
Table 7. Annual operation costs in SRWP. 
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Source: author’s calculations 
 
 
Harvesting options 
 
Several different harvesting options have been considered for this project. After 
consulting with SRWP expert Katrin Heinsoo, three most logical options were discussed. 
These are as follows: 
 
1. Renting and bringing a willow harvester from Sweden. The machene is Claas Jaguar 
860, with a modified header HS2 used for cutting willows. Since there are 15 000 ha 
under willow plantations in Sweden (Rosenqvist and Dawson, 2004), finding and renting 
such machene would not be a problem. Also the harvesting speed and capacity (0,5 ha/h) 
makes it very efficient and the operating costs per hectare are rather low (350 EUR/ha, 
Carboni et al., 2008). But because of expensive transportation costs (shipping fees), long 
road distances and renting fees, need for experienced driver and his salary, also operating 
risks (such as breakage of the machene), I decided to eliminate this option. My decision 
is also reasoned by the small plantation area, which in this case is just 10 ha and hence 
bringing such an expensive harvester is not justified. Though, if such harvester will be 
available in Estonia in future, the option of using it will be totally different matter. In that 
case, it would be probably the cheapest and fastest way for harvesting. 
 
2. Bying a service from a timber company. I had a long discussion with a marketing 
manager form one such company (Reinpaul, www.reinpaul.ee), who gave me there 
approximate price offers. One option here would be using a service for cutting willow 
trees and collecting them in piles at the edges of the field. This would cost 3,2 EUR per 
cubic meter of wood chips, which can be produced from the willow piles later. Hence it is 
approximately 480 EUR/ha. Thereafter, two possibilities remain. One is selling those 
piles of trees for 6,4 EUR per cubic meter of wood chips produced later to a proccessing 
company. Hence the income to the willow grower will be only 3,2 EUR/m3. Second 
possiblity is to continue processing the piles by yourself. This would include chipping 
and transportation to the end consumer. This way of management gives a bigger income, 
amounting up to 7,4 EUR/m3 of wood chips (50% moisture content). (An assumption of 
150 m3/ha per harvesting cycle of fresh biomass production is used. It is 8,3 t DM/ha*y.) 
 
3. Manual harvesting. Since in the area of the plantation, there is a cheap labour available 
(personal communication with Ahto Laanemägi), I did thorough calculations concerning 
usage of this option.  
 A. Cutting and piling willow trees manually. To finish 10 ha, this step requires 
using 4 workers at the same time for 200 h. Two workers will be performing cutting with 
a bush cutter, which costs 751 EUR each (model 343 R, www.foral.ee). Other two 
workers will be gathering the cut plants into the piles. Hence, the costs for this labour will 
be 200h* 12,8 EUR = 2560 EUR. Including the fuel consumption by cutters (3 l/h) and 
their depriciation (22 years), the sum of this step amounts to 2,5 EUR/m3. (An 
assumption of 150 m3/ha per h. cycle of fresh biomass production is used). 
 B. Chipping. This step requires purchase of a wood chipper. As a model I chose 
JUNKKARI HJ-5G, which costs 6410 EUR (www.mascus.com). This device can chip up 
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to 17 cm thick rods and its capacity is up to 48 m3/h. Assuming 20 m3 are chipped during 
each hour, then chipping one harvest from 10 ha, which is 1500 m3, would take 75 hours. 
This process requires using 2 workers. One will be feeding wood into the chipper and the 
other will be operating two tractors (with the chipper and with a trolley). During free time 
the second worker can help feeding the rods. Including amounts of fuel used by all 
machinery (7 l/h) and depriciation of the chipper, the chipping cost amounts to  1,25 
EUR/m3. 
 C. Transportation to a heat producer. The distance is 30 km. Again tractor with 
trolly (holding 25 m3) will be used. For transporting 1500 m3 of wood chips the distance 
is 3600 km throughout 10 days, amounting to six trips per day (10 h). Including labour 
cost and fuel consumption (30 l/100 km), the cost of this step amounts to 0,9 EUR/m3. 
 
To sum up, doing harvesting manually by using a cheap labour and purchasing needed 
equipment (2 bush cutters and a chipping device), a willow grower will spend 4,65 
EUR/m3 (2,5 + 1,25 + 0,9) for collecting and delivering fresh wood chips. In this case the 
sum already includes the transportation to the final customer, who will pay 12,8 EUR/m3 
for the fuel with 50% moisture content (personal communication with marketing manager 
from timber company). From here it is simple to conclude, that the income would be 8,15 
EUR/m3. Hence this method appears to be the most profitable compared to other two 
methods described earlier. Therefore in future gross profit calculations I will use current 
cost amount, which is 4,65 EUR/m3. But besides lowest cost, there is another reason to 
choose this method for harvesting. Since between cutting and piling the willows and 
chipping step, a time gap can be allowed. During this time the moisture content will 
decrease in the biofuel, and therefore the future income when selling wood chips might 
increase. Though in further calculations I will not take this matter into account. 
 
Harvesting and transportation costs during manual operation 
 
My calcultations showed, that currently the optimal way to harvest the energy crop is by 
doing it manually. Since I calculated the costs of this process per cubic meter of fresh 
wood chips (50 % of moisture content), then additional calculations are needed in order 
to know the annual cost for harvesting 1 ha of SRWP. I decided to do it for five different 
biomass yields: 6, 8, 10, 12 and 14 t DM/ha*y (see Table 8). Since wood chips will be 
sold in cubic meters of fresh fuel (50% moisture), then first I will change biomass yields 
from dry mass per hectare per year into fresh biomass per hectare per year (see table 8). 
Then amount of tonnes is calculated into the amount of cubic meters of fresh wood chips. 
According ratio is: 1 ton gives 3 m3, (Usage of..., 2007). Thereafter the costs of annual 
harvesting and transport to a heating plant are calculated. 
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Table 8. Harvesting and transportation costs depending on different yields. 

 
Source: author’s calculations 
 
This table clearly shows that with increasing biomass yields, the harvesting and 
transportation costs increase as well. However this is quite critical approach, since in my 
opinion the costs of cutting and piling procedure will not increase in parallel with the 
biomass increase, but will increase slower. Though the costs increase of transportation 
will be definetaly proportional with the increase of biomass yield. 
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3.3 Revenues 
 
The potential profit of a willow plantation can be calculated using the amount of money 
paid per ton of fresh wood chips (50 % moisture content) by heating plant and then 
subtracting the annual costs and also harvesting and delivery costs from the amount. As I 
mentioned in the assumptions above, the price of 1 ton of fresh wood chips is currently 
38 EUR. It is hard to predict the biomass yield for the future willow plantation, but 
usually in similar conditions with this project, it will vary between 12 and 20 tons per 
hectare of fresh biomass per year (Larsson et al., 2003). Table 9 presents potential 
income that willow growers can obtain from selling wood chips with varying biomass 
yields. The last column in the table also shows the final potential profit and is calculated 
by deduction of annual production and harvesting and transportation costs from sales 
income of wood chips. Hence with an overall yield of 20 t/ha per year of fresh biomass, 
the willow grower will receive an annual net profit of 307 EUR/ha. But it is also possible 
to achive positive profits even with lower annual yields (12 t fesh biomass/ha). 
 
Table 9. Income from sales of fresh wood chips and according net profit with a price 
level of 38 EUR/t of fresh wood chips (50% moisture content).  

 
Source: author’s calculations 
 
From the table above, it is obvious that higher biomass yields give higher net profts to the 
willow grower, but the harvesting and transportation costs also increase. Hence the most 
important factor influencing the net profit is the price paid for the biofuel (see Table 10). 
Compared to different biomass yields, the price of wood chips is not influencing the 
harvesting or transportation costs. Hence with increasing price for wood fuel the net 
profit also increases significantly.  
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Table 10. Net profits in EUR per hectare for a range of fresh biomass yields and wood 
chip prices. 

 
Source: author’s calculations 
 
Often entrepreneurs do not include their initial costs into annual cost calculation, as I did 
in Table 7. Sometimes it is important to know, how long will it take to gain back the 
money initially invested into a project. In order to calculate this pay back time, I used all 
initial costs and added the cost of two bush cutters and a chipper to it, since they will be 
also bought in the beginning of plantation establishment. I also took into account, that 
now the annual costs and harvesting and chipping costs decreased, since I did not include 
amortization of initial costs, neither depreciation of purchased items. As a result I got a 
table (see Table 11), which presents pay back times for different biomass yields and 
wood chip prices. For example, if an average fresh biomass yield was 20 tonnes per 
hectare per year, and was sold by the price of 38 EUR/t of fresh wood chips (50% 
moisture content), then the money invested into the plantation will be paid back in 5.7 
years, which actually means after second harvesting cycle. And as appears from the table, 
in case of the yield of 12 t/ha*y and the price of 26 EUR/t of fresh wood chips, the pay 
back time is 32.9 years. This is longer than the lifespan of willow plantation and means 
that it will not pay back any money. This result also supports data in the Table 10, where 
no net profits are earned within those parameters. 
 
Table 11. Payback time given in years depending on the biomass yield and prices of 
wood chips. 
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If a willow grower wants to analyze the potential profitability of his Salix plantation, then 
a good understanding of overall costs devision throughout the life-span of the plantation 
is required. Knowing the proportion of initial, final, harvesting, transportation and other 
costs gives a clue, which operation steps are most expensive. Thereafter it is important to 
pay more attention to those costs. Then if those costs could be decreased, the final net 
profits will grow considerably. Hence in Table 12, I present the percentage of various 
costs involved in the current project. 
 
 
 
Tabel 12. Distribution of all costs in willow plantation with a biomass yield of 8,3 t 
DM/ha*y.  

 
Source: author’s calculations 
 
As the table above shows, the most expensive cost is paid for harvesting and 
transportation steps. In my opinion this spending could be changed significantly only if a 
willow harvester would be used (Claas Jaguar). In that case the cost reduction compared 
to manual harvesting should be around 38 %. (Assuming a biomass yield is 8,3 t 
DM/ha*y, then manual harvesting without transportation will cost 562 EUR/ha. Using a 
harvester, the cost would be 350 EUR/ha. ) In other words, in case of using willow 
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harvester, the sum of harvesting and tranportation costs would be 161 EUR/ha*y instead 
of 232,5 EUR/ha*y, as shown in Table 11. The next biggest cost is associated with 
establishment of the willow plantation and goes for transplanting operations and 
purchasing the planting material, which is also the main spending here. The cost of 
cuttings could be reduced by 50% in case of investment subsidy, which I described 
earlier in the first chapter. Also the subsidy could help to cover the expences associated 
with purchasing two bush cutters and a chipper. Altogether the possible support in case of 
receiving subsidy once would amount to approximately 10 000 EUR. Another operation 
where the cost could be decreased, is the irrigation step. However it depends on the 
climate, and in some years can increase instead. And for the last, the fertilization 
procedure is also quite expensive. But since this step is crucial for high biomass yields, I 
would not recommend to cut the costs here. To sum up this section, I have a reason to 
believe that my calculations are considerably presice, since the proportions of different 
costs, except the harvesting one, match quite well with the results from previous studies 
(Rosenqvist and Dawson 2004, Carboni et al., 2008). 
 
My overall opinion for this project is quite optimistic, since my calculations showed a 
possibility to earn positive net income. This can be achieved even without having an 
opportunity to use a willow harvester, niether without receiving investment subsidy. In 
case the first matter changes, which in my opinion is very likely to happen in the next 5 
years, the net profits of such project will increase noticably.  
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3.4 Risk analyses 
 
There are several aspects, which have to be taken into major consideration. First of all, 
this project is accounting on cheap labor force, which might not be available for the next 
two decades. Secondly, most of the operational steps inolve using oil fuels, which are 
very unstable in their price. Though I see this matter to be balanced by increasing prices 
of wood chips. Third, from an economical point of view, since the usage of waste sludge 
from paper factory is increasing biomass yields of the energy crop, the contract between 
Ahto Laanemägi and the company has a high importance. In case of lack of the sludge, 
the yields of this plantation will decrease. Another risk associated with utilization of the 
waste sludge, is it’s nutrient content. According to SRP guidelines (Carboni et al., 2008), 
the fertilization source has to be balanced, including all crucial substances. The waste 
sludge form paper industry is rich in nitrogen and phosphorus amounts, but lacks 
sufficient amounts of potassium. Hence, in case potassium amounts will be limiting the 
growth of willows, the mineral will be purchased and this will increase fertilization costs. 
One more risk concerning usage of the waste sludge, is the application amount of the 
sludge to the field. In the chapter covering fertilization, I suggested applying 114 tonnes 
of sludge per one hectare during second production year. It might happen, that local 
Environmental Agency will set limits to this amount. In this case the sludge will be 
applied in smaller amounts but more often and this will also increase the management 
costs. And finally, as I mentioned in this work, a proper weed control is extremely 
important procedure. In case this matter will be approached inefficiently, the whole 
biomass yields will be also lower. Besides those major factors, there are also a number of 
other things, like biological variables (pests, frost etc.), which could reduce the 
profitability. These include the risks I described in the second chapter. 
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SUMMARY 
 
This work involved two main objectives. The first one was to find a way to utilize a 
waste sludge produced in a paper factory. As a solution to this, an option of applying the 
waste sludge in a short rotation willow plantation was analyzed. This involved studying 
Estonian legislation concerning different fertilization aspects. The content of the sludge 
was analyzed and its suitability for application into willow plantation was evaluated. As a 
result, it appeared that besides being a good source of nitrogen and phosphorus, the waste 
sludge has a low content of heavy metals and hence is a good substance for increasing 
biomass yields in plant growth. Thereafter, proper application amounts for a short 
rotation willow plantation were determined and fertilization scheme was suggested. 
Second major aim of this work was to evaluate economical efficiency of such willow 
plantation, where the waste sludge is used. In order to achieve this, all aspects included in 
short rotation plantation management were studied and adjusted to this particular case. 
Besides having an available fertilization source, conditions of the future plantation were 
discussed and optimal operation steps were suggested. After this, several economical cost 
calculations were done based on cultivation procedures of willow plantation. This 
included establishment costs, plantation management costs and site restoration costs. 
Thereafter, different income opportunities were discussed and three harvesting options 
were analyzed. As a major income source, selling fresh wood chips to local heating plants 
was suggested. Manual cutting and collecting of raw material proved to be the most cost 
efficient harvesting approach. Having the results of all cost calculations, the net profits of 
the willow plantation were calculated for ranging biomass yields and varying price levels 
of wood chips. As an author of this work, I found the economical results to be promising 
if the conditions of future plantation remain similar to the assumptions used in this paper. 
In the end, some major risks associated with the willow plantation were discussed. 
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APPENDICES 
 
Appendix 1. Heating plants in Lääne-Virumaa county, which are consuming wood 
residues or wood chips. 
  Heating plant Boiler data 

  Owner 

Address of 
heating 
plant Boiler type 

Capacity 
MW 

Used 
fuels 

Production 
year of the 

boiler Producer 

1 Aru Grupp AS Hulja 
LAKA PS 
1000 1 

wood 
residues 1997 

Laatuakattila 
OY 

2 Flex Heat AS   SRW-U 840 0.89 
wood 
residues 1998 

BHSR Energie 
und 
Umwelttechnik  

3 Flex Heat OÜ  

Roela 
Soojus / 
Järve 1, 
Roela  
Vinni vald 

Danstoker 1,1 
Multimiser 17. 1.1 

wood 
chips 1997/1998 Danstoker AS 

4 
Flexa Eesti AS või 
Flex Heat OÜ? 

Viru-
Nigula 

Danstoker 1,1 
MuLTIMISER 
19  1.75 

wood 
chips 1997/1998 Danstoker  

5 Flex Heat OÜ  Triigi Danstoker 0,7 0.7 
wood 
chips 1997/1998   

6 Flexa Heat AS   
MuLTIMISER 
17  1.09 

wood 
chips 1998 Danstoker  

7 Fortum Rakvere AS   Kadrina 2,0 2.0 
wood 
chips 1991   

8 Kadrina Soojus AS /Kadrina     
wood 
residues   

Nordic Boilers 
OY 

9 Kadrina Soojus AS Kadrina 
Sermet BIO 2,5 
MW 2.5 

wood 
residues 2001 

Nordic Boilers 
OY 

10 Konstmide Eesti AS   Laka PS-1200 1.2 
wood 
residues 1996 Laatukattila OY 

11 Konstsmide Eesti AS 

Puu 2 
Viru-
Jaagupi, 
Vinni vald 

Laka PS 
1200   ? 1.2 

wood 
residues 1996 Laatukattila OY 

12 
Laekvere 
Kommunaal OÜ /Laekvere Kiviõli 80   

wood 
chips     

13 Stora Enso Timber   
Wärtsilä 
Biograte 6 6 

wood 
chips 2003   

14 OÜ Rasivere Auto 
Rasivere k.  
Vinni vald 

vana 
lokomobiil   

wood 
residues     
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15 
Rakke Valla 
Kommunaalasutus 

Staadioni 
tn / Rakke 
alevik 

Kadrina T-
4,5V 3.7 

wood 
chips 1981/rek. 92   

16 Rakvere KEK   Kadrina 2,0 2.0 
wood 
chips 1992   

17 Rak-Wood AS   
UNIVEX HVV 
3,2 H-6 3.2 

wood 
residues 1990 VEA AB Rootsi 

19 Scanforest AS   CT/M 3000 3.5 
wood 
residues 1998 

La Nuova 
Valmaggi 

20 Tamsalu Kalor AS 
Tamsalu 
linn BIO-2,5 MW 2.5 

wood 
residues 2000 SERMET OY 

21 Tapa Mill OÜ   
LAKA PS 
3000 3 

wood 
residues 2000  Laatukattila OY 

22 Vaeküla Kool   HKRSV 0.4 
wood 
residues 2001 

Maskinfab-
rikken REKA 

23 Roela Soojus OÜ 
/Roela 
alevik     

wood 
chips   Fesma Alu AS 

 
 
Appendix 2. Legislation concerning usage of wasterwater or sewage sludge in Estonia. 
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Source: BIOPROS project 
 
Appendix 3. Maximum Concentrations and Applications of Heavy Metals in Estonia 
according to regulation no. 78 from 30.12.2002 of the Minister of Environment. 

 
 
 
 
 
 



 48 

Appendix 4. A management schedule for current willow plantation project. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: author 
 
 

Year Operating procedures Production 
cycles 

0 Weed control. Tillage. Soil preparation 

1 

Soil preparation. 
Transplanting. Treatment 
with seed herbicide. 
Fertilization. Chemical 
weeding. Harrowing. 

Establishment 

2 Fertilization.    

3   1 st production 
cycle 

4 
Harvesting. Harrowing. 
Chemical weeding. 
Fertilization. 

  

5 Fertilization.    

6   2 nd production 
cycle  

7 
Harvesting. Harrowing. 
Chemical weeding. 
Fertilization. 

  

8 Fertilization.    

9   3 rd production 
cycle 

10 
Harvesting. Harrowing. 
Chemical weeding. 
Fertilization. 

  

11 Fertilization.    

12   4 th production 
cycle 

13 
Harvesting. Harrowing. 
Chemical weeding. 
Fertilization. 

  

14 Fertilization.    

15   5 th production 
cycle 

16 
Harvesting. Harrowing. 
Chemical weeding. 
Fertilization. 

  

17 Fertilization.    

18   6 th production 
cycle 

19 
Harvesting. Harrowing. 
Chemical weeding. 
Fertilization. 

  

20 Fertilization.    

21   7 th production 
cycle 

22 Harvesting. Site 
restoration.   
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