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Abstract. The purpose of the paper was to determine the costs of 
production of biomass from Miscanthus, for various harvesting 
technologies. The study includes harvest in the form of chaff and 
compacted straw, on a 10 ha plantation. The scope of work includes 
estimated calculations for six different variants, computed with the 
application “BiOBkalkulator”. The biomass production costs were very 
diverse and ranged from PLN 80t-1 (PLN 1613ha-1) for the small-scale 
streamlined harvesting technology, to PLN 258t-1 (PLN 5,158ha-1) for the 
self-propelled forage harvesting technology, using own machinery (IVa). 
The costs of harvesting and transporting Miscanthus constitute from 
approx. 41 to over 80% of the biomass production costs, depending on the 
variant used.  

1 Introduction 
The basic groups of energy plants are:  
  annual plants (cereals, rape, corn, sugar cane, sorghum), 
  short-rotation woody crops (willow, poplar, aspen),  
  perennial, fast-growing grasses (reed canary grass, Miscanthus), 
  perennial, fast-growing herbs (Pennsylvanian mallow, Jerusalem artichoke) [1, 2].  

The grasses of the genus Miscanthus, family Paniculate, originated in warm Asian 
areas. In Japan, the grasses have been used e.g. for feed production and roofing for 
thousands of years. In the 1930s, due to their appeal, shape and inflorescences, they were 
brought to Europe as decorative plants [3]. The plant is also known as silvergrass, elephant 
grass or Chinese silver grass[4]. 

The harvest of perennial plants (grasses and herbs) can be carried out with rotary 
mowers or forage harvesters (tractor- or self-propelled). Forage harvesters, especially those 
with Kemper or Krone row-indepent units, are most often used nowadays. These plants can 
also be harvested annually with corn harvesters. After being cut with rotary, low-powered 
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mowers, and raking into swaths, the plants can be harvested with large round, or 
rectangular balers [5, 6]. 

Miscanthus can be harvested in late autumn (November-December) with forage 
harvesters, but biomass with 35-55% humidity is obtained (depending on the genotype and 
year), which is of little use for transport and storage. Shifting the harvest of Miscanthus to 
early spring allows obtaining biomass with a moisture content of 20-30%, and using the 
equipment used for harvesting hay or straw for the purpose. Miscanthus biomass with a 
moisture content of approx. 20% can be pressed, which facilitates transport and storage. In 
spring, however, a smaller yield is obtained, of approx. 25% [7]. 

The cost of production of biomass for energy purposes is determined by the amount and 
the price of the yield, the field area and harvesting technology. The cost per unit mass 
decreases as the crop increases. Also, the use of modern, high-performance machines, 
working in the fields of a larger acreage, allows to significantly reduce costs [6]. The 
selection and operation of machinery [8, 9] used in biomass production processes also plays 
a very important role. 
In the production processes of biomass from perennial energy crops, the following stages 
can be distinguished: establishing a plantation, using (running) it, and its liquidation. The 
biomass production costs are associated with these stages, and the planned lifetime of the 
plantation is an important factor that should be taken into account in the cost estimation. 
Costs related to plantation establishment and liquidation per years of use will allow 
estimation of average annual costs of plantation maintenance [10,11].  
The cost of harvesting biomass from perennial energy crops (including Miscanthus) plays 
an important role in the overall production costs, which are directly related to the harvesting 
technology used. 

2 Aim, scope and methodology of work 
The purpose of the paper was to determine the costs of production of biomass from 
Miscanthus, taking into consideration the cost of harvesting and transport. The scope of 
work covers theoretical (estimated) calculations for various harvest technologies (variants), 
whereas the biomass production costs were computed using the “BiOBkalkulator”. 

Miscanthus harvesting technologies taken into consideration: 
 Technology I - harvesting with a mower and small-size press 

- Variant Ia - manual harvest (manual loading/unloading of bales) 
- Variant Ib - streamlined harvest (conveyor behind the press and manual 
unloading) 

 Technology II - harvesting with a mower and a round baler 
 Technology III - harvest with a tractor-propelled forage harvester, streamlined 

collection, transport with the use of two trailers with extensions (used 
interchangeably), 

 Technology IV - harvest with a self-propelled forage harvester, streamlined 
collection, transport with the use of two trailers with extensions (used 
interchangeably), 
- Variant IVa - own forage harvester 
- Variant IVb - forage harvester as a service. 

In the study, the following calculation assumptions were made: 
 Miscanthus cultivation area: 10 ha, 
 fresh biomass yield: 20 t ∙ ha-1. 
 dry biomass yield: 12 t ∙ ha-1. 
 plantation lifetime: 18 years, 
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 distance between plantation and place of biomass storage: 10 km, 
 transporting vehicle speed: 15 km ∙ h-1. 
 operator fee: PLN 13 ∙ man-hour-1. 
 helper fee: PLN 10 ∙ man-hour-1. 
 fuel price: PLN 5.10 ∙ l-1. 
 unit cost of the self-propelled forage harvester service: PLN 800 ∙ h-1. 
 estimated costs of establishing a Miscanthus plantation: 16975 PLN ∙ ha-1. 

The costs of biomass production from Miscanthus were estimated using the 
"BiOBkalkulator" application. It was created by employees of the Faculty of Production 
and Power Engineering at the University of Agriculture in Krakow, as part of the 
Commissioned Research Project No. PBZ-MNiSW - 1/3/2006 titled: "Modern technologies 
for the energy use of biomass and biodegradable waste /BiOB/ - conversion of BiOB to 
energy gas fuels". 
The application is available at: http://biob.wipie.ur.krakow.pl/biobkalk/ [12]. 
 

 
 

Fig. 1. The “BiOBkalkulator” home page. 

“BiOBkalkulator” is an IT system for comprehensive consulting in the field of 
production and processing of biomass, as a substitute for conventional energy sources used 
for heating. It is modular, i.e. It offers four separate modules, which the user can use 
independently, or in combination with the others.  
 Module 1: allows estimating the energy demand for heating a building (conventional 

energy sources or biomass), and perform an estimated energy audit of the building. 
 Module 2: allows estimating labor and energy expenditure on the production of biomass 

from field crops, as well as the biomass production costs and calorific value of the 
biomass. 

 Module 3: allows estimating labor and energy expenditure, as well as the production 
costs of compact biofuels (briquettes or pellets) from biomass. 

 Module 4: offers a database of machinery for the production, processing and 
combustion of biomass.  
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In this work, module 2 was used to calculate the costs of production of Miscanthus 
biomass. The costs were determined as the sum of plantation depreciation costs (a quotient 
of plantation establishment costs and its planned period of use), and the costs of biomass 
harvesting in the following year, taking into account various harvesting technologies. 

 Mechanization costs associated with the collection and transport of Miscanthus 
biomass were determined in accordance with the methodology used at the Institute of 
Agricultural Engineering and Computer Science of the University of Agriculture in Krakow 
[11,13]. Technical and operational parameters of the machine park used for harvesting and 
transporting Miscanthus biomass were adopted based on data and standards from the 
literature [14, 15]. 

Below is an example of calculating the cost of Miscanthus biomass production using the 
"BiOBkalkulator". 

Figure 2 shows the user's first step: entering input parameters for the selected plant (in 
this case, Miscanthus). Based on values such as the cultivation area and the assumed crop, 
as well as by adjusting the biomass humidity, the amount of energy contained in the dry 
matter is automatically calculated.  

 

 
Fig. 2. Input parameters for calculations 

The next step involves the selection of energy and labor expenditure and costs for 
establishing the plantation. The application's authors included a table (Fig. 3), which 
presents suggested numerical ranges and specific values for three different field acreage (1, 
5 and 10 ha). The ultimate combination of parameters depends on the user. At this stage, it 
is also possible to assume plantation lifetime, which is necessary to calculate plantation 
depreciation. 
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Fig. 3. Estimation of costs, energy and labor expenditure in establishing a plantation 

Expenses and costs associated with establishing the plantation include spring field 
preparation, purchase and planting of seeds, as well as some care treatments performed 
during the first months of the plantation’s operation, which are necessary for the proper 
development of Miscanthus.  

The next step in calculating production costs using the “BiOBkalkulator” is to choose 
the harvesting technology (Fig. 4). For Miscanthus, the available harvesting variants are: 
pressed form (cubes or bales) and chaff. 

The application allows not only to select tractors and machines, but also to edit and 
change their parameters (e.g. fuel price, capacity, actual annual use, etc.) as well as the 
parameters of the entire unit (e.g. the number of operators, trailers, etc.). After entering the 
data, the costs of processing are determined, as well as the labor and energy expenditure 
incurred for harvesting and transport. 

 

 
Fig. 4. Selection of harvesting technology 
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After determining the cost of harvest, the application also allows estimating the cost of 
transport. Similarly to earlier stages, the user can select machines and their parameters to 
match their needs. At this point, the distance from the field to the biomass storage place, 
and the transport speed, should also be estimated.  

For the purpose of this paper, tractors for both harvesting and transport were selected in 
such a way to enable a sound comparison of individual technologies. In many cases, the 
basic criterion, i.e. the unit’s power requirement, has been extended to include the need to 
match the same tractor to several variants. 

 

 
Fig. 5. Selection of machines and their parameters used for harvesting in technology Ia 

 
Fig. 6. Results for harvest using technology Ia  
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Fig. 7. Selection of machines and their parameters used for transport in technology Ia 

 
Fig. 8. Results for transport using technology Ia 

The last stage of calculations is the collective result of biomass production costs, i.e. 
establishing a plantation, of harvesting and transport, as well as final results, in which 
production costs are calculated per hectare and tonne of biomass. In addition, the cost of 
generating energy is also estimated, in PLN ∙ kWh-1. 
 
Findings: 

The cost of harvesting and transporting biomass from energy crops is one of the 
components of biomass production costs. The unit cost of harvesting and transporting 
Miscanthus biomass, as well as production costs calculated per ton of fresh weight, are 
shown in Figure 9. 
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Fig. 9. Comparison of the costs of Miscanthus biomass harvest and transport with the total 
costs of its production 

The lowest production costs (PLN 80 ∙ t-1) was noted for technology I (variant Ib), i.e. 
harvesting straw in a pressed form of small rectangular bales loaded from the press onto a 
trailer using a conveyor. However, the highest costs were characteristic for technology IV 
(variant IVa), in which a self-propelled forage harvester purchased for own use was used. 
In this scenario, the financial expenditure incurred for the production of biomass is PLN 
258 ∙ t-1. For the other variants, the production costs are as follows: for technology Ia - PLN 
113 ∙ t-1, for technology II - 235 PLN ∙ t-1, for technology III - 103 PLN ∙ t-1, and for 
technology IVb - PLN 164 ∙ t-1. 

 The differences between the costs incurred for harvesting and transport in individual 
technologies are similar to the differences between the costs of biomass production and 
constitute from approx. 41 to over 80%, depending on the variant used.  

 

 
 

Fig. 10. Miscanthus biomass production costs in PLN·ha-1 

0

50

100

150

200

250

300

Ia Ib II III IVa IVb

65
34

188

56

210

117113
80

235

103

258

164

C
os

ts
 (P

LN
 ∙ 

t-1
)

Technologies and variants

Koszt zbioru i 
transportu 

Koszty 
produkcji 

0
1000
2000

3000
4000
5000
6000

Ia Ib II III IVa IVb

2 252
1 613

4 693

2 065

5 158

3 274

Pr
od

uc
tio

n 
co

st
s 

(P
LN

 ∙ 
ha

-1
)

Technologies and variants

 , 0 (2019) https://doi.org/10.1051/e3sconf /2019E3S Web of Conferences 132 10 132010

POLSITA 2019
1 13 3

8



The estimated costs incurred per hectare of plantation (similarly to ton of biomass 
above) are the lowest with technology I (variant Ib), at PLN 1613 ∙ ha-1, and the highest for 
technology IV (option IVa), at PLN 5,158 ∙ ha-1. In addition, comparatively high values 
(PLN 4693 ∙ ha-1) were noted in the two-stage harvest using a mower and a round baler 
(technology II). In the case of using a round baler, the obtained biomass is formed in 
cylindrical bales of considerable unladen weight, which precludes manual loading and 
unloading. For this purpose, a tractor equipped with a bale gripper must be used to place the 
bales on the trailer and transport them, or use a so-called bale collector that combines the 
function of loading and transporting compressed straw from the field to the place of 
storage. Since this type of machine can carry a maximum of 8 bales in one journey, and the 
transport distance was 10 kilometers, the cost of transport proved to be very high. This 
increased the harvesting costs, and thus the cost of production. The obtained results indicate 
that the variant using own, self-propelled forage harvester yields the worst financial result 
(variant IVa) due to the very high cost of purchase of the machine, as well as the limited 
time of its use during the year. The purchase price of the forage harvester adopted in this 
study is nearly PLN 1.5 million, which results in several times higher operating costs, as 
compared to other machines used. Moreover, considering that its annual use is only 100 
hours, applying this type of technology on a plantation of 10 ha is unprofitable at such high 
costs. 

From the energy viewpoint, the most important indicator of the usefulness of an energy 
source is its price related to the amount of energy it provides. Presenting production costs in 
the above way allows comparing the Miscanthus biomass not only with the other short-
rotation plants, but also with other renewable and conventional energy sources. Therefore, 
Figure 11 presents the production costs per unit of energy (PLN ∙ kWh-1). 

 

 
 

Fig. 11. Miscanthus biomass production costs in PLN·kWh-1 
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In the above calculations, the costs incurred to produce 1 kWh of energy range from 
PLN 0.0315 ∙ kWh-1 for the small-scale streamlined harvesting technology (Ib), to PLN 
0.1007 ∙ kWh-1 for the technology using a self-propelled forage harvester purchased for 
own use (IVa). 

3 Conclusions  
1. Following the input data, the “Biokalkulator” allows estimating the costs of biomass 

production from energy crops, including Miscanthus. 
2. Result analysis demonstrated that for the harvesting technologies specified in the work, 

the costs of transport and harvesting range from PLN 33.5 ∙ t-1 (PLN 670.4 ∙ ha-1) for 
technology I (variant Ib), to PLN 210.8 ∙ t-1 (4,215.3 PLN ∙ ha-1) for technology IV 
(option IVa). The costs constitute from approx. 41 to over 80% of the biomass 
production costs, depending on the variant used. 

3. The lowest production cost was noted for technology I (variant Ib), i.e. harvesting straw 
in a pressed form of small rectangular bales loaded from the press onto a trailer using a 
conveyor. They amount to just over PLN 80 ∙ t-1. However, the highest costs were 
characteristic for technology IV (variant IVa), in which a self-propelled forage harvester 
purchased for own use was used (258 PLN∙t-1). 

4. Estimated costs of biomass production from Miscanthus, calculated per plantation area, 
are the lowest with technology Ib, at PLN 1613 ∙ ha-1. In turn, the highest cost is 
characteristic for the technology IVa, amounting to PLN 5,158 ∙ ha-1. In addition, 
compared to other variants, technology II stands out with high production costs (PLN 
4693 ∙ ha-1).  

5. In the above calculations, the costs incurred to produce 1 kWh of energy range from 
PLN 0.0315 ∙ kWh-1 for the small-scale streamlined harvesting technology (Ib), to PLN 
0.1007 ∙ kWh-1 for the technology using a self-propelled forage harvester purchased for 
own use (IVa). 
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