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 Abstract  


The practice of growing trees on short-rotations to produce lingo-cellulosic feedstock for the 


pulp, board and energy industries is known by a variety of names, including Short-Rotation 


Forestry (SRF) and Short-Rotation Coppice (SRC) in the UK.  


The diffusion of energy crops, and more specifically, of those pluriannual and arboreus still 


depends strongly not only on considerations of environmental sustainability and energy 


balance but also on their economic results. One cannot think that farmers plant this culture in 


them estates without a congruous profit perspective, that depends largely on public grants, in 


addition a yield, crop management, field operation mechanization. Is SRF a mean to provide 


a future livelihood for farmers? How could farmers know if SRF is a good solution for their 


farms? Are SRF able to compete with conventional agricultural crops?  


This paper draws the results (production cost and profit) obtained by a model set up with the 


specific purpose to calculate analytically economic performance of biomass poplar in Po 


Valley farms. 


The market destinations of chip wood from Short Rotation Forestry (SRF) concern different 


transformation sectors (wood, cellulose and paper, pellet and energy generation); the 


multiplicity of these possible destinations is an aspect that must be carefully underlined, 


since for chip wood the energy generation is not the single practicable usage, albeit the 


prevalent one. 


Moreover, whichever the final chip wood destination, every farmer considers a productive 


conversion of his farm possible, only if this is technically feasible, there is a actual market for 


the product and above all if it is reasonably profitable. 


With respect to the wood-energy chain, this latter aspect results more evident in presence of 


long chains in witch farmers has only the role of raw material supplier without any economic 


benefit by energy conversion, which usually takes place in medium-big plants managed by 


other commercial subjects.  


In Italy, in the last ten years, the chip-wood-energy chains by SRF have been studied 


basically on poplar, an arboreus specie historically well-known and esteemed about Padana 


agriculture and revealed itself the more adaptable for bio-fuel production. 


Experience from managing research and development plots with Short-Rotation coppice and, 


increasingly, experience from commercial plantings has resulted in a greater understanding 







of the agronomy, operations, yields and costs involved. Also thanks to Public Organizations, 


genetic, agronomic and mechanisation aspects regarding this energy crop, have been 


addressed and elaborated, crop management has been greatly improved especially in some 


aspects initially critical, to the point that is now well adapted in our operational conditions. 


 


 


 


 


Figure 1 – For heat generation (high graphic) a 10 MWt plant that run 3500 h/years  requires 


approximately 9500 tdm/year of biomass (blue line and left scale) which 


correspond a supplying area variables between 930 ha (yield: 10 tdm/ ha·year) 


and 470 ha (yield: 20 tdm/ ha·year). Producing electric power (down graphic) a 20 


MWe plant that works 7200 h/year is necessary a supplying area variables 


between 15200 ha (yield: 10 tdm/ ha·year) and 7200 ha (yield: 20 tdm/ ha·year). 


 


In Italy SRF takes up only 6000-6500 ha, but in next years – if some bio-energy strategic 


projects will be put into effect – we will assist surely to a large increase in invested surface 


and in utilize species (willow, black locust, eucalyptus and alnus). 
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Nonetheless, optimal execution of all crop cycle operations is still far away and some 


practical difficulties remain to be solved. Besides the availability of specific genetic material, 


the cultural phases that must be improved are planting and cultural care. These phases can 


be developed concerning the agro-technical aspects (increase of taking root percentage, 


estimation of water and nutritional requirement, disease e pest management) and, forasmuch 


as the efficient management of SRF plantations relies on the mechanisation of operations, 


technological approach (availability of effective and cheap machines). 


Also harvest-load-transport operations, that depend largely on the scale of plantation and the 


end-use of the wood, show room for improvement as far as field operation mechanisation 


and bio-fuel storage are concerned. It is important to note that most of the bio-fuel quality 


depends on the latter, an element often neglected until now but decisive for commercial 


value of wood chip. 


 


2 – Production cost and profit 


 


The SRF economic convenience is influenced by sale price, bio-fuel final yield and by 


production cost. In addition at these factors there are potential and varied public grants, 


among which the most “nourishing“ are included in Rural Development Programme (RDP) 


that some regions have adopted. 


While in presence of traditional cultures farmer are able to manage all these variables, with 


new energy crops there are no such certainties and, particularity regarding biomass poplar, 


there are indeed difficulties in the radical change of existing productive organizations. The 


decision gets more and more difficult if we consider that often news about SRF productive 


cost and profit from wood-energy chain turn out to be superficial, incomplete and sometimes 


contradictory. Not rarely the assumptions about SRF productivity and revenue are not borne 


out in practice. 


In fact, many economic evaluations lack of the calculus parameters and method employed, 


other assess chip cost only on the base of scion transplant and harvest phases but ignore 


the transport and pre-transplant costs rather than those concerning culture cure that are 


necessary between two subsequent harvests or rather the final restoring of the soil. The cost 


for mass unit (€/twm) are frequently indicated without define product moisture content.  


Furthermore, due to the low commercial value of wood chips that suggests the execution of a 


accurate, preventive production cost calculation, evaluated within the specific context in 


which poplar SRF is cultivated. 


For this reasons we developed a computer program that can determine the chip production 


cost in different farm conditions, based upon technical and economic features of used 


equipments, cultural technique adopted, amount and cost of employed productive factors 







(scions, water, fertilizers, herbicides and pesticides) on SRF, as well as on the general costs 


for farm management . 


 


3 – Computer program 


 


The program, developed using Microsoft Office Excel2003 and Visual Basic, calculates all 


cultural cycle operation costs executed with farm tractors and machines, considering only the 


shares concerning the use for the SRF. Furthermore, considering the widespread choice in 


the Italian agriculture to turn to contractors, in the organization scheme of the SRF activity, 


the program allows also to consider field operation made by contractors. At the moment, this 


solution is diffusely applied in planting and harvesting operations, which require specific 


equipment not usually present in arable farm machinery.  


The bio-fuel production cost is evaluated for increasing amounts Agricultural Used Area 


(AUA) converted to SRF (AUASRF), the program evaluates up to 9 different scenarios, starting 


from AUASRF equal to 10% of the total farm surface (AUATOT) to the full conversion (AUASRF = 


AUATOT). Moreover, the possibility of assign to SRF only a part of the farm surface appears 


realistic and responds to the current requirements; in fact, it is reasonable suppose that a 


farmer, initially, will convert only a fraction of AUA, using its own machinery at best. 


After computing the production cost (CPHA; €/ha) vs. farm AUA dedicates to poplar – knowing 


the final yield (Y; tdm/ha) and sale price (P; €/tdm) as well as the amount of public grants (IPHA; 


€/ha) – is possible to obtain the achievable profit, expressed per bio-combustible dry mass 


unit (RDt; €/tdm) or cultivated surface (RDHA; €/ha). 


For each farm scenario analysed (AUASRF/AUATOT) the profit is calculated separating the 


absolute performance, only related to proceeds originating from the wood-chip selling at the 


market price (“free market situation”), to the one including also public grants (“sustained 


market situation”) achieved for energy crop cultivations. 


It follows that this computational program allows the easy comparison between different 


agro-technique options, alternative farm organizations, suggesting to the farmer the best 


strategy for its farm situation. 


Program consists of a spreadsheet model, some sheets are dedicated to calculus 


parameters and farm data input, others to calculus execution and others again for graphic 


and numeric presentation of simulation results. 


Farm characteristics required include: total farm surface; machinery and tractors technical 


parameters; general costs for farm management and land benefit. While regarding SRF the 


main input data are vegetative cycle duration; plant density (plants/ha), cutting time, input 


factors rate and cost, yield, humidity and sale price of wood-chip. 







The executed field operation sequence each year of SRF cycle and subsequent definition of 


the used machines and of their technical characteristics is made by selecting the proper farm 


machinery within a specific DataBase specifically setup on the basis of technical 


documentation (Table 1). For each operative machine the database contains all the 


necessary parameters. On the contrary, if there are operations made by contractors, the 


program requires the cost locally in use. 


 


Table 1 – Foremost technical-economic parameters included in program DBase  


 


VOICE 
UNIT OF 


MEASUREMENT 
TRACTORS (T) MACHINES (M) 


Work capacity ha/h - Mutable (M type)


Power required kW - Mutable (M type)


Material consumption kg/h - Mutable (M type) 


Annul use h/year < 800  - 
Typology 2WD, 4WD Mutable - 


Nominal power kW Mutable  - 
Coupling - - Mutable (M type)


Minimum specific consumption g/kWh 220 - 


Engine load with g/kWh min % 85 - 
Purchase money € Mutable (type, power) Mutable (M type)


Fall in price rate % 12,5 Mutable (M type)


Rate of interest % 6,0 6,0 


Duration H 12000 Mutable (M type)


Economic duration Years 12 Mutable (M type)


Diesel fuel cost €/kg 0,65 0,65 * 


Lube cost €/kg 2,50 2,50 * 


Number of operators - 1 Mutable (M type) 


Operator unit cost €/h 15,00 12,50 


General expense coefficient % 1,5 Mutable (M type) 


Maintenance & reparation 


coefficient 
% 80 Mutable (M type) 


Note: * Self Propelled Machines 


 


Successively, considering the different machine-tractor coupling and power demand, each 


selected machine is coupled with farm tractors, classified by type (2 WD, 4 WD) and for 


nominal power. 


Finally, it is necessary to enter – for every year of the cycle, for each used machine and for 


all field operations - the timing of these operations and the number of times they are carried 


out during the life of the plantation either on SRF surface (AUASRF) or on other land (AUANO-







SRF). Once known the work capacity, with this kind of information it is possible to determine 


the employment times for each farm machines and for coupling tractors. 


The SRF characteristics foreseen by model are: the vegetative cycle (N; years), the plant 


density (d; years), the final yield (R; twm/ha) and harvest humidity (U; %), the sale price (P; 


€/tdm), the quantities and  the cost of production stuff (propagation material, fertilizers, water, 


etc.). 


The bio-fuel production cost SPtot results therefore made-up by following items: 


 general expenses for farm management; 


 land benefit for AUASRF; 


 expenses for productive factors purchase; 


 mechanization costs. 


The mechanisation costs attributable to SRF are computed by summing up the operation 


costs made by farm machinery and tariffs about field operations done by contractors. When a 


farm machine is used on SRF surface as well as on remaining farm crops, the program 


partitions the machine and tractor fixed costs depending on the annual worked surface and 


on the engagement times. This latest parameter is also used for variable cost repartition. 


 


 


4 – Results for plain farm 


 


With respect to the operative conditions of Po Valley region, we reports simulation results 


relative to the potential conversion from cereals (maize) to poplar for energy (two-year cutting 


time and vegetative cycle of 15 years). 


The simulation concerns farms of different size: little (AUATOT = 60 ha), medium-large 


(AUATOT = 150 ha) and large (AUATOT = 500 ha), each farm is supposed to be equipped with 


a congruent and appropriate farm machinery in relation to its tilled surface. 


Table 2 shows, for overall plantation life, work organization, employed machines and for 


each operation the timing and the number of times it us carried out.  


Table 2 – Plain farm with AUA = 60 ha: operative machines and them work in 


mechanization on surface destined both to SRF and traditional cultures 


 


OPERATION OPERATIVE MACHINES 
COUPLING TYPE,  


MACHINE SIZE 


EMPLOYEMENT YEARS & 


[NUMBER OF INTERVENTION] 


SU 


AUASRF 


SU 


AUANO_SRF 







Weed control  


(rhizomatous) 


Spraying 


machine 


Farm 


machinery 


PP, 15 m; 1000 dm3 * 


PP, 21 m; 1500 dm3 ** 


1-2 


[1] 
- 


Weed control  (not 


rhizomatous) 


Spraying 


machine 


Farm 


machinery 
PP; 15 m; 1000 dm3 * 


PP, 21 m; 1500 dm3 ** 


2 


[1] 


da 1 a 15 


[1] 


Primary cultivation  Plough 
Farm 


machinery 


P; double-shovel* 


P; triple-shovel ** 


P; quadruple- shovel *** 


2 


[1] 


da 1 a 15 


[1] 


Secondary cultivation Rotary harrow 
Farm 


machinery 
PP; 2,40 m  


2 


[1] 


da 1 a 15 


[1] 


Fertilization P & K  
Fertilizer 


spreader 


Farm 


machinery 
PP; 1500 dm3 * 


PP; 2500 dm3 ** & *** 


2 


[1] 


da 1 a 15 


[1] 


Transplanting 
Transplanting 


machine 
Contractor T; bifilar 


2 


[1] 
- 


Weed control 
Spraying 


machine 


Farm 


machinery 
PP; 15 m; 1000 dm3 * 


PP; 15 m; 1500 dm3 ** & *** 


4-6-8-10-12-14 


[1] 
- 


Fertilization N 
Fertilizer 


spreader 


Farm 


machinery 
PP; 1500 dm3 * 


PP; 2500 dm3 ** & *** 


3-5-7-9-11-13-15 


[1] 


da 1 a 15 


[1] 


Mechanical weed 


control 
Rotary harrow 


Farm 


machinery 
PP; 2,40 m 


da 2 a 15 


[3] 
- 


Plant defence against 


pests and diseases 


Spraying 


machine 


Farm 


machinery 
PP; 15 m; 1000 dm3 * 


PP; 21 m; 1500 dm3 ** & *** 


4-6-8-10-12-14 


[1] 


da 1 a 15 


[1] 


Cutting and chipping 


Feller-


shredder-


loader 


Farm 


machinery 


Contractor 


 PP; 0,4 ha/h  


SPM; 1,8 ha/h  


3-5-7-9-11-13-15 


[1] 
- 


Farm load and 


transport 
Trailer  


Farm 


machinery +   


Contractor 


T; 22 m3 
3-5-7-9-11-13-15 


[1] 


da 1 a 15 


[1] 


Soil final restoration 
Hoeing 


machine 
Contractor P; 1,2 m 


15 


[1] 
- 


Notes:  PP = coupling with pto; P = coupling without pto; T = trailed coupling; SPM = self-propelled machine 


     * = Farm with AUA = 60 ha; ** = Farm with AUA = 150 ha; *** = Farm with AUA = 500 ha 


 


Since the selection of harvest, chipping-level and storage technique depends largely on the 


scale of the plantation and the end-use specification of the wood in this analyse two different 


mechanisation levels are considered, according to different harvest solutions and different in-


farm chip transport possibility. To be more specific, for little farms beyond the harvest made 


by contractors with a self-propelled harvester equipped with feller-shredder-loader nose 


(work capacity = 1,3-1,5 ha/h) this operation can be carried out by a farm feller-shredder 


mounted on tractor (owner: farmer; work capacity = 0,30-0,35 ha/h) while, for medium and 


large farm, harvest is always made by self-propelled harvesters. Scion transplanting, bio-fuel 







transport (distance 2,0 km) and crop final removal, are always carried out from contractor 


and, therefore, evaluated by Po Valley average tariffs. 


In relation to work organization, Table 3 shows the simulated cases while Table 4 indicates 


intensity of intervention made during vegetative cycle. 


Table 3 – Field operations specific for SRF are executed, in various cases, by machines 


belong to Contractors (C) or Farm Machinery (FM) 


 


SPECIFIC SRF 


OPERAZIONS  


TOTAL FARM SURFACE  


60 ha 150 ha 500 ha 


CASE 1 CASE 2 CASE 3 CASE 4 CASE 5 CASE 6 
C FM C FM C FM C FM C FM C FM 


Planting             


Harvest   (#)  (§)    (§)  (§)    (§)  (§)  


Transport 
 


1 / 2 


 
1 / 2 


 
2 / 3 1 / 3 


 
3 / 3 


 
3 / 3 


 
 


3 / 3 
 


3 / 3 
Final restoration             


Notes: (#) feller-shredder mounted on tractor; (§) self propelled harvester equipped with feller-shredder-loader nose  


 


Table 4 – Employment input factors that can be choose in computational program. In 


these simulations used level is “medium” 


 


INPUT FACTORS 
UNIT OF 


MEASURE 


EMPLOYEMENT LEVELS 


LOW  MEDIUM  HIGT 


N fertilization kg/ha 80 100 120 


P fertilization kg/ha 210 260 310 


K fertilization kg/ha 180 230 280 


N fertilization (covering) kg/ha· year 50 60 70 


Chemicals (pests and diseases) kg/ha· cycle 20 25 30 


Herbicides kg/ha· cycle 30 40 50 


Water m3/ha· year 300 400 500 


In evaluating the economic results the following assumptions have been made: a bio-fuel 


final yield equal to Y = 35 twm/ha·year (15,75 tdm/ha·year with average humidity U = 55% at 


the harvest) and two different sale prices: 35 €/twm and 45 €/twm, equivalent to 77,8 and 100 


€/tdm. 


Moreover, it is important clarify that results relative to “sustained” market situation are based 


on integration of proceeds from chip sale with public grants that Lombardia Region foresees 


in his RDP 2007-2013 (equal to 70% planting expenses unto 2450 €/ha) that, in the 


mentioned hypothesis, correspond to IPt = 10,4 €/tdm. 







With respect to the presented solutions in precedents tables, in following figures 2-3-4 the 


profit trend associated to the different simulated cases is reported, with the assumption - due 


to extreme territorial variation of the parameter and in order to facilitate the comparison 


among homogeneous farms – a null and void land benefit. 


 


WORK ORGANIZATION [CASE 1] 


Contractor: planting, transport (1 trailer car up 2), soil final 


restoring 


Farm machinery: all extra operations included harvest (executed 


by farm feller-shredder mounted on tractor) 


WORK ORGANIZATION [CASE 2] 


Contractor: planting, harvest (executed by self propelled 


harvester), transport (2 trailer car up 3), soil final restoration 


Farm machinery: all extra operations 


   


Figure 2 –  Profits (€/tdm) achievable for increasing soil share converted to energy poplar in a 


farm with AUA = 60 ha. Biennal cutting time; 15 years vegetative cycle duration; 


final yield 35 twm/ha·year (U = 55%); bio-fuel sale price: 77,8 €/tdm and 100 €/tdm; 


public grants: 0 €/tdm e 10,4 €/twm; harvest: farm feller-shredder mounted on 


tractor [CASE 1], self-propelled harvester equipped with feller-shredder-loader 


nose, owner: contractor [CASE 2]. 


 


Finally it is possible observe that: 


 profit is always guaranteed with the exception of medium-large farm that harvest with self 


propelled harvester; variation among different instances are somewhat large. In fact, with 


high bio-fuel sale price and public grants profit can reach 55-60 €/tdm (that means  700-


750 €/ha·year) while it is less or equal to 4-5 €/tdm (60-75 €/ha·year) in the presence of 


low price and without grants for medium-large farms, if harvesting is made by own 


machinery; 
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 in small farms, employment of feller-shredder mounted on tractor can be a good 


mechanical solution but only if AUASRF is greater than 25-30 ha. Harvest do with self-


propelled machine enables small profits also in medium-large farm but only provided an 


AUASRF up to 75 ha and, ultimately, is a rational harvest solution only for large farms with 


a wide surface dedicated to energy poplar (AUASRF > 300 ha); 


 


WORK  ORGANIZATION [CASE 3] 


Contractor: planting, soil final restoring 


Farm machinery: all extra operations included harvest (executed 


by farm feller-shredder mounted on tractor) and transport 


WORK ORGANIZATION [CASE 4] 


Contractor: planting, harvest (executed by self propelled 


harvester), soil final restoration 


Farm machinery: all extra operations included transport 


   


Figure 3 – Profits (€/tdm) achievable for increasing soil share reconverted to energy poplar in 


a farm with AUA = 150 ha. Biennal cutting time; 15 years cycle duration; final 


yield 35 twm/ha·year (U = 55%); bio-combustible sale price: 77,8 €/tdm and 100 


€/tdm; public grants: 0 €/tdm e 10,4 €/tdm; harvest: farm self-propelled harvester 


equipped with feller-shredder-loader nose [CASE 3], self-propelled harvester, 


owner: contractor [CASE 4]. 


 as indicated earlier, different methods can be used to harvest, store and deliver wood for 


fuel from Short-Rotation Forestry. It is important undergone that have recourse to farm 


machinery for harvest must be carefully considered in relation to work capacity and cost 


of machines and SRF farm surface. When harvest is made by contractors profit trend 


become substantially independent on the amount of converted land. 


 


WORK ORGANIZATION [CASE 5] 


Contractor: planting and soil final restoration 


Farm machinery: all extra operations included harvest (executed 


WORK ORGANIZATION [CASE 6] 


Contractor: planting, harvest (executed by self propelled 


harvester), soil final restoration 


PROFIT AT DIFFERENT ECONOMIC WOOD CHIP VALUES (€/tdm)
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by farm feller-shredder mounted on tractor) and transport Farm machinery: all extra operations included transport 


  


Figure 4 – Profits (€/tdm) achievable for increasing soil share reconverted to energy poplar in 


a farm with AUA = 500 ha. Biennal cutting time; 15 years vegetative cycle 


duration; final yield 35 twm/ha·year (U = 55%); bio-fuel sale price: 77,8 €/tdm and 


100 €/tdm; public grants: 0 €/tdm e 10,4 €/twm; harvest: farm self-propelled harvester 


equipped with feller-shredder-loader nose [CASE 5], self-propelled harvester, 


owner: contractor [CASE 6]. 


 


5 – Conclusions 


 


The need to ensure an appropriate profit to the farmers interested in SRF cultivation for 


energy chains appears vital all the more that economic results vary from different areas in 


which poplar can be cultivated. Reliable and steadfast profit opportunities are essential for 


see that SRF becoming an effective component of a wood fuel for Italian energy supply 


system. 


In addition to improving the agricultural capacity to “make system” and develop suitable  


collective agreements (“chain-contracts”) for agro-energy, specifically for SRF broad 


opportunities exist to improve both components that determine profit: 


 bio-fuel production cost decrease, achievable both a technological level (field operation 


optimization), agro-technical with production increase of the woody species to be 


cultivated (final yield, resistance to adversities, adaptability, etc.); 


 increase of achievable sale price, on one hand and as in other countries, with making up 


of a specific market for chip wood and, on the other hand adopting permanent and 
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homogeneous economic grant as well as with simple and linear legislative measures in 


support of agro-energy. 


Toward this direction, the measure (D.Lgs. 159/2007, converted in Law 222/2007) connects 


to Law 224/2007 represents a good headway with his reform about “Green Certificates”. 


The specific valorisation of the agro-forestry biomass as source for electric power generation, 


the resolved advert short chain based on plant with power lower 1 MWe (with the possibility 


to choose between Green Certificates and an “all-embracing tariff” including incentive plus 


energy produced 0,30 €/kWhe) and possibility of add up to grants with other economical 


opportunity (for example deriving from RDP), represent very interesting element and a big 


novelty.   


Moreover, so, for SRF it is very important make avoidable a calculus tool that allows analytic 


evaluation of bio-fuel productive costs  and profit related with its marketing in a note and 


definite productive contest. 


In this way, farmers will be in a better position to make informed choices about their farm 


strategy. 
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