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Battery-Powered Chainsaw Can be 

Efficiently Used for Commercial Thinning 
 in Young Pine Stands
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Abstract

Chainsaws are still a commonly used tool in the tending of young forests. The small volume of 
felled trees makes the use of powerful multi-operational machines economically unjustifiable. 
Moreover, the use of traditional petrol chainsaws carries a number of problems for the operator, 
such as noise, vibration, and exhaust fumes. Battery-powered tools can be an alternative to 
traditional petrol chainsaws. The purpose of this study was to determine the possibilities of 
using a battery-powered chainsaw during late thinning in terms of productivity and ergo
nomics. For the study, an ECHO ECCS-58V battery-powered chainsaw and a DOLMAR PS 
5000 petrol chainsaw were used. Measurements were conducted in a 14-year-old pine stand. 
All measured noise level parameters were significantly higher for the petrol chainsaw. The 
average operating efficiency was 0.15 ha/h for the battery-powered chainsaw and 0.16 ha/h for 
the petrol chainsaw. The petrol chainsaw ran for an average of 42.0 minutes on a single tank 
of fuel, while the battery-powered chainsaw ran for an average of 41.0 minutes on a single 
battery. It was found that the battery-powered chainsaw achieved very similar productivity. 
With the availability of a sufficient number of batteries, it can successfully replace traditional 
petrol chainsaws during the tending of young forests. This will significantly reduce the negative 
impact of noise, vibrations, and exhaust fumes on the operator, while maintaining satisfactory 
productivity.

Keywords: battery-powered chainsaw, noise level, vibrations, silviculture, commercial thin-
ning, pine stands

1. Introduction
Chainsaws are basic tools used in various forestry 

activities in silviculture treatments and harvesting 
(Albizu-Urionabarrenetxea et al. 2013, Marchi et al. 
2017, Neri et al. 2018). The origins of the petrol chain-
saw in forestry can be traced back to the early 20th cen-
tury (Jelonek 2015). Over the course of a century, en-
gineers have continuously improved the chainsaw, 
striving to optimize its efficiency and comfort for 
woodcutters. Due to their versatility and relatively 
low purchase costs, chainsaws have also been used in 
other economic sectors, such as agriculture and horti-
culture (Liepiņš et al. 2015).

During work with the chainsaw, forest workers are 
exposed to significant energy expenditure (Grzywiński 
et al. 2017, Tomczak and Tomczak 2018, Arman et al. 

2021), even in the case of simple silviculture treat-
ments (Grzywiński 2009). According to Grzywiński et 
al. (2009), the shift energy expenditure of a forest 
worker performing commercial thinning is 9.2 MJ/8h 
(very hard workload). Working with a chainsaw also 
involves a high risk of accidents, ranging from minor 
injuries to permanent damage to health or death of the 
chainsaw operator or bystanders (Robb and Cocking 
2014, Jankovský et al. 2019, Tobita et al. 2019, López-
Toro et al. 2021). The very hard work of loggers can 
lead to the development of musculoskeletal disorder 
(MSD) symptoms (Landekić et al. 2023). In addition, 
operators of petrol chainsaws are exposed to several 
hazards, such as vibration, noise, exhaust fumes, 
wood dust, and airborne oil particles, which can lead 
to the development of occupational diseases (Neri et 
al. 2016, Marchi et al. 2017, Neri et al. 2018, Bačić et al. 
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2023, Landekić et al. 2023, Staněk et al. 2023). There-
fore, chainsaw operators should be well-trained in 
terms of both skill and safety awareness during work 
(Del Ferreira et al. 2022).

There has been a notable emphasis on environmen-
tal protection and the reduction of CO2 emissions in 
recent years. As a result, battery-powered equipment 
has been developed as an alternative to traditional 
petrol devices. Over the past few years, there has been 
a steady growth in the market for battery-powered 
tools in the green maintenance and forestry industry. 
These tools now account for 51% of global sales, and 
it is projected that their sales will continue to rise (Pan-
dur et al. 2021). In the case of the forestry sector, the 
introduction of battery-powered chainsaws became a 
possibility. Compared with petrol chainsaws, battery-
powered devices are lighter, and moreover, they do 
not produce exhaust fumes (Colantoni et al. 2016, Poje 
et al. 2018, Huber et al. 2021). According to Colantoni 
et al. (2016), by opting for battery-powered chainsaws 
instead of petrol ones, one can achieve a reduction of 
over 50% in daily vibration exposure and over 10% in 
noise dose. For these reasons, the use of battery-pow-
ered electric tools, including chainsaws, has become 
increasingly widespread, especially in gardening 
(Swaminathan et al. 2024). So far, battery-powered 
chainsaws have not been widely used in forestry be-
cause of their battery capacity. Due to the ever-grow-
ing market for battery equipment, more and more 
efficient devices with large external batteries are ap-
pearing on the market, including in the forestry sector 
(Colantoni et al. 2016, Pandur et al. 2021). However, 
batteries still have several dozen times less energy 
density than traditional petrol fuel. However, BL 
(brushless) motors are several (approx. 3–4) times 
more efficient than two-stroke petrol engines (Pandur 
et al. 2023).

In recent years, this has also become a topic of 
many scientific works, which consider mostly comfort 
and safety of work (Colantoni et al. 2016, Neri et al. 
2018, Poje et al. 2018, Huber et al. 2021) or efficiency 
during various harvesting tasks (Poje and Mihelič 
2020, Neri et al. 2022, Poje et al. 2024). Despite positive 
outcomes of safety and work comfort tests, there is still 
a large gap in efficiency between battery-powered and 
petrol devices. In forestry, equipment operates under 
high intensity, which is not a suitable working envi-
ronment for Li-ion batteries. Under such conditions, 
the battery overheats and discharges faster, and thus 
the efficiency decreases (Pandur et al. 2021). Therefore, 
it is recommended to work with a minimum of two 
batteries or even more when there is no access to a 
charger and electricity. Also, low engine power can be 

a problem related to low efficiency (Poje and Mihelič 
2020). An interesting phenomenon was also observed 
by Kuvik et al. (2017) and Neri et al. (2022), who re-
ported that the quality and moisture content of cut 
timber also influence the effectiveness of a battery-
powered chainsaw. MacDonald (2023) proved the in-
fluence of tree diameter in the cutting place on work 
efficiency. Another important variable seems to be the 
sharpness of the working chain (Marenče et al. 2017).

Most of the literature presented contains studies of 
the use of cordless saws in demanding conditions dur-
ing harvesting or in high-performance trials in labora-
tory conditions. However, battery-powered chainsaws 
can also be used in theoretically lighter conditions dur-
ing commercial thinning. First, the diameter of the 
trees to be cut is small and allows the treatment to be 
performed with a single cut. Second, the non-emission 
of exhaust fumes, lower noise emissions, and the light-
er weight of the equipment can have a positive impact 
on working conditions in dense young stands where 
airflow is relatively restricted. Therefore, the main 
aims of this study were to determine the efficiency of 
a battery-powered chainsaw during commercial thin-
ning treatment and to investigate the level of comfort 
of forest workers based on noise emission. To confirm 
the aims of the study, the following hypotheses were 
proposed:

Þ �the efficiency of a battery-powered chainsaw is 
not significantly lower than the efficiency of a 
petrol chainsaw during commercial thinning 
treatment

Þ �the noise exposure of forest workers during 
commercial thinning treatment is lower when a 
battery-powered chainsaw is used.

2. Materials and Methods

2.1 Study Design
An experiment was conducted during the summer 

of 2021 in a 14-year-old pine stand located in the south-
western region of Poland. The primary purpose of this 
study was to investigate the effectiveness of commer-
cial thinning as a silviculture treatment. The specific 
objectives of the study were to determine the work 
efficiency, labour intensity, and noise level during 
commercial thinning with battery-powered and petrol 
chainsaws. Commercial thinning in young stands is 
performed to shape the initial quality and species com-
position of the stand by cutting trees of undesirable 
species and those that are deformed (Fig. 1). During 
each trial, the chainsaw operator removed trees grow-
ing in two rows, moving between the rows. The dis-
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tance between rows was 1.5 m. The study examined 
the efficiency and noise emission of two chainsaws – 
one using battery power and the other using petrol. In 
total, 14 repetitions were made, 7 for each type of 
chainsaw. To maintain transparency and repeatability, 
the trials were conducted in similar weather. In addi-
tion, all repetitions were performed by the same op-
erator, who was experienced in forestry work.

2.2 Tools and Equipment
To conduct the study, a DOLMAR PS 5000 petrol 

chainsaw (Germany) and an ECHO ECCS–58V bat-
tery-powered chainsaw (Japan) were used. A standard 
petrol chainsaw used by loggers in the area was se-
lected for the study. In the case of the battery-powered 
chainsaw, the largest model available on the local mar-
ket was selected. The technical data of the chainsaws 
are given in Table 1 (Echo 2024, Makita 2024).

Table 1 Technical characteristics of chainsaws used in the study

Technical features DOLMAR PS 5000 ECHO ECCS–58V

Fuel supply
Mixed 

(gasoline + oil)
Electricity 
(battery)

Engine capacity, cm3 50.0 –
Power/battery voltage, 

kW/V
2.80 58 V

Battery capacity, Ah – 4

Saw-bar length, cm 38.0 40

Chain pitch 0.325” 3/8”

Battery type – ECBP-58V4AHC

Total weight, kg 5.10 4.83

2.3 Time Consumption, Working Area, and 
Efficiency Measurement and Calculations

Each test repetition started with a chainsaw that 
had a full fuel tank or was fully charged. The variables 

– time consumption, area, and efficiency – were mea-
sured from when the chainsaw was started until it 
shut down because of a lack of fuel or a drained bat-
tery. Time consumption was measured by using a 
stopwatch with an accuracy of one second to measure 
the duration of each trial. The size of the working area 
was measured using a Steinberg SBS-DMW-1000A 
measuring wheel (Germany), and multiplying the 
measured distance by the distance between rows. The 
efficiency was defined as area thinned per hour (ha/h) 
and was calculated from the following Eq. 1.

	 E A
T

= 		  (1)

Where:
E	 efficiency, ha/h
T	 time duration of a single trial, h
A	 working area of the trial, ha.

Noise measurements were performed in accor-
dance with the ISO standard (EN ISO 22868). To keep 
the distance between the sensor and the saw constant 
during the measurements, the microphone was 
mounted on the collar of the operator’s jacket, about 
10 cm from the operator’s ear and 70 cm from the noise 
source. Measurements were made using a SVANTEK 
SV 102 dosimeter (Poland) (Fig. 2). The duration of 
noise level measurements varied depending on the 
duration of the trial. A-weighted noise exposure level 
normalized to a nominal 8 h working day was deter-
mined using the SvanPC+ computer programme. The 
following parameters were registered:

Þ �LC peak, dB – C-weighted peak sound pressure 
level

Þ �LA, eq, dB – A-weighted equivalent continuous 
sound pressure level

Þ �LEX,8h, dB – A-weighted noise exposure level nor-
malized to a nominal 8 h working day.

The A-weighted noise exposure level normalized 
to an 8 h working day was calculated from the follow-
ing Eq. 2 (EN ISO 9612:2009):

	 L L
T
TEX,8h A,eq,Te
e= +







10

0
log 	 (2)

Where:
LEX,8h	 �A-weighted noise exposure level normalized to 

a nominal 8 h working day, dB
LA,eq,Te	 �A-weighted equivalent continuous sound pres-

sure level for exposure lasting Te

Te	� effective exposure duration, in hours, in a work-
ing day

T0	 reference duration, T0 = 8 h.

Fig. 1 Overview of the study plot in a 14-year-old pine stand
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Average sound pressure levels were calculated ac-
cording to Eq. 3 (Figlus et al. 2013):

	 L
n k

n
p

Lp,k= ×






×

=∑10 1 100 1
1

log . 	 (3)

Where:
Lp	 average sound pressure level, dB
n	 number of measurements
Lp,k	�sound pressure level during the k-th measurement, 

dB.

2.4 Statistical Analysis
In the first step, a Shapiro-Wilk test was performed 

to verify the distribution of data. Testing of the data 
for all measured parameters and calculated variables 
led to the rejection of the normal distribution hypoth-
esis. Therefore, the Wilcoxon test was performed to 
compare non-parametric data. Statistical inference 
was performed at the significance level α=0.05. The 

RStudio program and R package 4.2.2 (R Core Team 
2023, Vienna, Austria) were used for data calculations 
and visualization.

3. Results

3.1 Noise Parameters
In general, all collected noise parameters were 

higher when a petrol chainsaw was used. The analysis 
of recorded factors showed that in the case of LA max 

(A-weighted maximum sound pressure level), the 
highest readings were obtained when a petrol chain-
saw was used – approximately 114 dB, against approx. 
111 dB for the battery-powered chainsaw. This is con-
sequently 34 dB and 31 dB above safety noise level, 
although the differences obtained between tested 
chainsaws were not statistically significant (p>0.05). In 
the case of peak sound pressure level (LC peak), higher 
values were again observed during the trials in which 
forest workers used the petrol chainsaws. The highest 
value emitted by the petrol chainsaw was almost 133 
dB, 7 dB higher than the highest peak obtained while 
using the battery-powered chainsaw (126 dB). The cal-
culated differences between the peak results were sta-
tistically significant (p<0.05). Weighted equivalent 
continuous sound pressure level (LA,eq) was signifi-
cantly lower (p<0.05) – 94 dB when the forest worker 
used the battery-powered chainsaw, and when using 
a petrol chainsaw, it was 103 dB. The difference be-
tween the average results was approx. 9 dB. In the case 
of noise exposure level per 8 h working day (LEX,8h), a 
higher exposure was recorded – 130 dB when a petrol 
chainsaw was used, in the case of a battery-powered 
device, it was 112 dB. The greatest difference between 
averages was obtained for this parameter – approxi-
mately 18 dB (Fig. 3).

3.2 Work Efficiency and Power Sources
The area of completed treatment was smaller by 0.1 

ha when the battery-powered chainsaw was used; in 
total using this chainsaw let to the commercial thin-

Fig. 2 Svantec SV 102 Dosimeter

Table 2 Descriptive statistics and results of non-parametric Wilcoxon test of work parameters analyzed

Variable Type of chainsaw Mean SD Minimum Maximum Q25 Median Q75 p-value

Area of treatment, ha
Petrol 0.11 0.01 0.10 0.13 0.11 0.11 0.12

<0.05
Battery-powered 0.10 0.00 0.09 0.10 0.10 0.10 0.10

Time consumption, min
Petrol 42 3 36 44 41 43 44

<0.05
Battery-powered 41 4 36 47 37 39 45

Efficiency, ha/h
Petrol 0.16 0.01 0.14 0.18 0.15 0.16 0.17

>0.05
Battery-powered 0.15 0.02 0.13 0.17 0.13 0.15 0.16
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ning perfomed on the area of 0.10 ha. The obtained 
difference between the two tested chainsaws was sta-
tistically significant (p<0.05). The average time of 
working on a fully charged battery was only one min-
ute smaller – 41 min than the average time of working 
on a full tank with a petrol chainsaw – 42 min. How-
ever, from a statistical point of view, this difference 
was significant (p<0.05). For the efficiency of selected 
types of chainsaws, statistically significant differences 
were not observed (p>0.05). The efficiency of petrol 

chainsaw was 0.16 ha/h and 0.1 ha/h lower productiv-
ity was obtained when the battery-powered chainsaw 
was used – 0.15 ha/h (Table 2).

4. Discussion
Battery-powered devices are increasingly used in 

numerous areas of economy. However, as tests and 
studies show, their use in forestry is limited due to bat-
tery capacity and weather conditions. It was hypothe-

Fig. 3 Descriptive statistics and results of non-parametric Wilcoxon test for the analyzed noise parameters. Whiskers correspond to minimum 
and maximum values, boxes represent the 1st and 3rd quartile values, midlines indicate the median, and black dots represent the mean value



B. Naskrent et al.	 Battery-Powered Chainsaw Can be Efficiently Used for Commercial Thinning ... (xxx–xxx)

6	 Croat. j. for. eng. 47(2026)2

sized that in silviculture treatments, which involve cut-
ting trees with lower dimensions than during clear cuts, 
the efficiency of a battery-powered chainsaw would be 
comparable to a petrol one. Moreover, due to the lack 
of exhaust gas emissions and the lower noise and 
weight of the equipment, it was assumed that the bat-
tery-powered chainsaw would provide more comfort-
able working conditions for the user (forest worker).

During commercial thinning conducted using a 
battery-powered chainsaw, the A-weighted equivalent 
continuous sound pressure level LA,eq was lower by 9 
dB than in the case of working with the petrol chain-
saw. More importantly, a similar phenomenon was 
observed in the A-weighted noise exposure level nor-
malized to a nominal 8 h working day (LEX,8h), where 
noise exposure was lower by 18 dB when a battery-
powered chainsaw was used. These results are statisti-
cally significant and correspond to studies performed 
by Neri et al. (2018), who examined noise emission 
levels between battery-powered and electric chain-
saws. The authors showed that differences in LEX,8h 
were approximately 10 dB. Colantoni et al. (2016) 
showed that using battery-powered saws reduces op-
erator noise exposure by up to 11%. Although noise 
exposure was lower when the battery-powered chain-
saw was used, the maximum noise level (115 dB) was 
still exceeded, and the applicable regulations require 
the use of hearing protectors in this case. Considering 
the average value of this parameter for both electric 
and petrol chainsaws, battery-powered devices are 
suggested as a safer alternative. Neither the instanta-
neous nor average sound levels when using a battery-
powered chainsaw nor a petrol-powered chainsaw 
surpassed the established peak sound level parameter 
C of 135 dB. In contrast, noise exposure values exceed 
the 85 dB limit for this parameter: by 26 dB for a bat-
tery-powered chainsaw and 45 dB for a petrol chain-
saw. In theory, safe operation of a chainsaw without 
hearing protectors and without harmful effects on the 
health of the operator is possible for 60 minutes per 
day when a battery-powered chainsaw is used and 1 
minute per day when a petrol device is used. Working 
without hearing protection for long periods of time is 
harmful to the human body and can lead to hearing 
damage. However, if the operator complies with the 
safety rules, the time for which the chainsaw can be 
used without affecting the health of the worker in-
creases. In their work, Bortkiewicz and Czaja (2018) 
showed that noise exposure increases the risk of car-
diovascular disease, including heart attack. In turn, 
Basner et al. (2014) showed that acoustic exposure in-
creases the risk of diseases such as hypertension, 
stroke and myocardial infarction, which is also con-

firmed by the results of a study by Bortkiewicz and 
Czaja (2018). Basner et al. (2015) showed, among other 
things, that the negative effects of noise exposure are 
compounded by vibration. Fonseca et al. (2015) 
showed that people working as chainsaw operators 
are at risk of hearing loss, especially in the octave band 
at 4 kHz. This frequency band coincides with the range 
of increased sensitivity of the human ear. The particu-
larly onerous nature of the noise emitted by chainsaws 
was also confirmed in a study by Rukat et al. (2020).

Limited research has been conducted on the per-
formance of battery-powered chainsaws in real-world 
scenarios (Laschi et al. 2023). The majority of such 
studies involve the handling of wood that has been 
carefully cut under controlled conditions (e.g. Colan-
toni et al. 2016, Neri et al. 2018, Pandur et al. 2021). In 
Poland, most forestry workers are paid on a piece-rate 
basis (Naskrent et al. 2020). This causes workers to 
disregard safety rules to obtain the highest efficiency 
during work shifts. It may lead to unsafe employee 
behaviors and dangerous accidents (Toupin et al. 
2007). Also, to achieve higher efficiency, employees 
use equipment with higher parameters than required 
for performing forestry operations, such as high-pow-
ered petrol chainsaws in silviculture treatments. In 
this study, we hypothesized that battery-powered 
chainsaws provide similar efficiency and better user 
comfort during commercial thinning, mainly due to 
their lower weight and noise emissions and lack of 
exhaust gases and oil mist emissions, which directly 
affect forest workers during operations in young, 
dense stands. Statistical analyses confirmed the stated 
hypothesis. Comparison of the efficiency of the two 
tested methods showed the differences to be negligi-
ble. With a petrol chainsaw, the average worked area 
was higher by 0.01 ha/h. The obtained difference was 
not statistically significant. In the trials, the largest 
Echo battery was used. The average operating time per 
battery was 41 min and allowed the user to complete 
the treatment of 0.1 ha, while a full petrol tank could 
be used to treat 0.11 ha in 42 min. From these results 
it can be calculated that approx. 8 fully charged bat-
teries can enable the completion of high-performance 
work shifts using battery-powered chainsaws. Pandur 
et al. (2023) showed that 8–10 batteries are required to 
cover a work shift; however, they performed cutting 
operations in a controlled environment and used dif-
ferent chainsaws and batteries. A major problem also 
emphasized by other authors is the initial cost of the 
battery equipment. The cost of one battery can be as 
high as €500, but there are also cheaper alternatives – 
the cost of the battery used in this study was around 
€200. A solution to the need to purchase many batter-
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ies may be to enable them to be recharged on-site by 
using an external power supply (Neri et al. 2018) and 
to use 2–3 batteries in rotation.

The ongoing progress and integration of technol-
ogy in industry are also facilitating the transition from 
traditional methods to modern, intelligent techniques 
that enable greater efficiency. This is especially notice-
able in forestry, particularly in activities related to 
harvesting, timber management, and silviculture 
work (Kiełbasa et al. 2023, Holzinger et al. 2024, Tom-
czak et al. 2024). The results of this study show that the 
use of battery-powered equipment in forestry has the 
potential to replace petrol chainsaws during silvicul-
ture treatments. Moreover, using battery-powered 
tools can improve working comfort and safety, while 
maintaining similar worker productivity during a 
work shift. The key is to select an appropriate power 
source (battery capacity) that allows a similar period 
to be worked as with traditional equipment.

The authors are aware that the results of the study 
may depend on the equipment used for the research 
and the characteristics of the forest stand. Currently, 
technologies related to battery-powered devices are 
constantly evolving. It is also worth using modern 
measurement techniques. For these studies, it would 
be very helpful to use wireless measuring devices that 
do not get caught on branches in dense tree stands, as 
well as GPS devices to measure the area of thinning. 
In an era of efforts to limit climate change, it is ex-
tremely important to make the widest possible use of 
emission-free devices. Therefore, it is important to 
continue research into battery-powered devices in the 
future, especially during winter, so that they become 
increasingly common.

5. Conclusions
The primary objective of the study was to assess 

the efficacy of battery-powered chainsaws in commer-
cial thinning operations and to establish the comfort 
threshold for forest workers in relation to noise emis-
sions. The study findings have validated the initial 
hypothesis. The application of battery-powered chain-
saws in silviculture treatments, such as commercial 
thinning, demonstrates similar effectiveness and time 
requirements to the usage of petrol chainsaws. Based 
on the study results, users will be able to effectively 
complete a work shift with the use of eight fully 
charged batteries. The measured noise exposure vari-
ables, specifically LA,eq and LEX,8h, exhibited a significant 
decrease when the forest operator utilized the battery-
powered chainsaw. Furthermore, the use of a battery-
operated chainsaw led to reduced exertion owing to 

the absence of exhaust gas emissions and the lighter 
weight of the device in comparison to a petrol chain-
saw. The use of battery-powered equipment can be 
particularly useful on steep surfaces due to the lower 
weight of the equipment and the very rapid stopping 
of the chain when the switch is released, which can 
significantly improve worker safety.
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