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INTRODUCTION

Papua Province has a wealth of natural pro-
duction forest resources, reaching 13.541 million 
ha, or 19.67% of Indonesia’s total natural forest of 
68.834 million ha (Badan Pusat Statistik Provinsi 
Papua, 2022; Badan Pusat Statistik, 2020a). Pro-
duction forests have a vital role as a source of 
log production to support the raw material needs 
of the wood processing industry and the econo-
my regionally and nationally. Log production 
in Papua is dominated by mixed forest species, 
Meranti and Merbau, with an average volume of 

456,631–659,172 m3/year (Badan Pusat Statistik 
Provinsi Papua, 2022) or an average of 8.78% of 
the total log production nationally at 5.835 million 
m3/year (Badan Pusat Statistik, 2020b). The low 
supply of logs will affect the amount of Non-Tax 
State Revenue (PNBP). This is because the calcu-
lation of the provision of forest resources is based 
on the realization of log production (Kementerian 
Hukum dan Hak Asasi Manusia, 2014; Kement-
erian Lingkungan Hidup dan Kehutanan, 2017).

In timber harvesting, forest exploitation must 
be guided by low-impact logging technology. 
The guidelines for harvesting forest biomass help 
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ABSTRACT
Papua Province has a natural production forest reaching 13.541 million ha, with log production achieving an aver-
age of 8.78% of the total national log production of 5.835 million m3/year. The logs were obtained from selective 
logging activities using reduced-impact logging techniques. This paper aimed to determine the potency, type, and 
quality of wood harvesting waste in the two forest concessions lowland natural forests in the province of Papua. 
The average potential of wood harvesting waste is 4.012 m3/ha or 16.25%. This figure comprises felling waste, 
which amounts to 2.529 m3/ha or 10.24%, and waste due to skidding and grading scaling, which amounts to 
1.483 m3/ha or 6.01%. The types of logging waste consist of stump, end, and base waste with an average volume 
of 1.014 m3/ha (40.88%), 0.825 m3/ha (30.72%), and 0.690 m3/ha (28.40%), respectively. The quality of logging 
waste is dominated by defects, with an average of 2.733 m3/ha (69.10%). The waste broken due to the harvesting 
process averages 0.756 m3/ha (18.84%), while that of good quality averages 0.484 m3/ha (12.07%). The following 
measures should be taken to mitigate logging waste; (a) company management needs to train on reduced impact 
logging techniques for both chainsaw and tractor operators, (b) the piece rate system has to be reviewed, and (c) 
the monitoring function of logging activities in the field has to be improved.
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ensure the ecological sustainability of harvest-
ing forest residues for bioenergy and bioprod-
ucts, thereby contributing to a social license for 
bioeconomic growth (Titus et al., 2021). This 
aligns with the globalization era, which demands 
more productive, efficient, and environmentally 
friendly forest management to ensure more sus-
tainable forest management. However, wood bio-
mass waste is difficult to avoid due to technical 
and non-technical factors. The study results re-
vealed that the volume of harvesting waste in the 
exploitation of natural forests was still relatively 
high, reaching 45% of the logged timber volume 
(Budiaman & Audia, 2022). The wood harvesting 
waste that occurs needs to be measured, and its 
quality conditions must be known to make poli-
cies for its further utilization (Rotili et al., 2022).

Inefficient harvesting practices result in re-
duced log production from forests, potentially in-
creasing forest carbon emissions and even threat-
ening forest sustainability (Shearman, Bryan, & 
Laurance, 2012; Irland, 2011; Pearson et al., 2014; 
Damptey et al., 2021). Indonesia’s forested region 
spans an area of 125.92 million hectares, with Pro-
duction Forests accounting for approximately 55% 
of the total forest area of Indonesia. Implementing 
a logging system that causes minimal damage is 
a highly desirable approach to ensuring the sus-
tainability of forest management. Implementing 
Reduced Impact Logging (RIL) as a logging tech-
nique can mitigate the negative impact of logging 
activities on the environment. The average emis-
sion factor for emission reduction estimation in RIL 
compared to conventional logging (CL) amounted 
to 30.03 tonC/ha and was equivalent to 110.2 ton-
CO2eq/ha or 55.71% (Dharmawan and Ridwan, 
2022). Non-technical factors include natural de-
fects in the felled trees (growth, crooked, heart rot, 
alligator eyes/notches) and company management 
policy factors oriented towards producing large 
logs. Technical factors include not mastering log-
ging techniques and the chainsaw operator’s hab-
its (Soenarno et al., 2021). Logging techniques 
strongly influence operational efficiency and costs, 
and productivity is critical for commercial forest 
management (Soman et al., 2021).

Wood biomass waste is one of the problems 
that must be overcome, because harvesting wood 
in natural forests aims to maximize the product 
and value of logs to optimize the supply of raw 
materials for the wood processing industry (Sari 
& Ariyanto, 2018). From an ecological perspec-
tive, biomass wood waste in the forest has an 

essential meaning in sustainable forest manage-
ment, because it not only plays a role in maintain-
ing carbon stocks (Putz et al., 2008; Martin et al., 
2015; Osone et al., 2016) but can also maintain 
forest biodiversity (Eräjää et al., 2010; Ranius et 
al., 2018) and supports tree growth (Helmisaari et 
al., 2011). Wood waste and timber harvesting are 
significant sustainable forest management com-
ponents. Sustainable harvesting techniques entail 
selective tree-cutting, allowing healthy trees to 
flourish and preserve the natural balance of the 
forest. It is possible to collect timber and wood 
debris in a way that minimizes harm to the for-
est floor, safeguards wildlife habitats, and lowers 
erosion and water pollution. Logging should not 
significantly harm the future potential for an ex-
tensive range of forest uses with careful planning 
and operational procedures. However, logging is 
damaging no matter how well planned and car-
ried out. Therefore, the first step in ecologically 
sound or “good” forest management is to practice 
responsible logging (Armitage, 1997). 

Forest harvesting waste measures the efficien-
cy level of forest harvesting (Matangaran et al., 
2013; Sari & Ariyanto, 2018; Akay et al., 2010: 
Yguel et al., 2019). Wood harvesting waste is a 
potential source of energy for raw wood materi-
als (Osman et al., 2014; Zamora-Cristales & Ses-
sions, 2016; Pandey, 2022; Zbieć et al., 2022), and 
the pellet industry (Ruslandi et al., 2020; Dalya et 
al., 2021). It is a common wood harvesting waste 
that is still good and can be processed into lami-
nated wood products (Malik et al., 2005).

In logging, at least three main technical as-
pects need attention, namely determining the di-
rection of the felling of trees, making notches, and 
applying proper bucking (Klassen, 2006). Inaccu-
racies in creating cutting notches may lead to the 
formation of barber chairs at the stem’s base, con-
sequently causing the tree to fall in an unintended 
direction (Forestry Training Center Incorporated, 
2010; Soenarno et al., 2019). The correct direction 
will increase the quantity and quality of wood, 
so that its utilization is efficient (Ward, 2011). In 
comparison, the correct distribution of logs will 
affect the quality and economic value of wood 
(Uusitalo et al., 2004; Greulich et al., 1999).

On the basis of the description above, this 
paper aimed to determine the potential and qual-
ity of wood biomass waste and wood harvesting 
efficiency in lowland natural forests in Papua 
Province. It is hoped that corrective action can 
be taken from the technical performance data and 
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information on good timber harvesting. In addi-
tion, the data on the potential and quality of wood 
biomass waste is also important information in 
the efforts to utilize it further.

RESEARCH METHODS

Site of research

The research was conducted in two areas of 
forest concession, namely PT. INA in Merauke 
Regency, and PT. TTL in Boven Digoel Regency, 
South Papua Province. Schematically, the second 
location is presented in Figure 1.

Materials and tools

The materials used in this study were steel ca-
ble slings to help tie the logs, chalk, paint, mark-
ers, plastic for labels, diesel fuel, lubricating oil, 
and tally sheets. The tools used were a chainsaw, 
a skidder, a tree diameter measuring tape (Phi-
band) and a tape measure to measure the length of 
logs and felling residue, a clinometer, a compass 
and a GPS to make sample plots observation, and 
a digital camera for documentation. 

Data collection

Primary data 

Primary data is basic data obtained through 
direct observation and measurement in the field. 
The data collected included the potential of clear 
bole, felling waste, as well as wood waste along 
skid trails and after testing and measuring the 
wood by technical officers at the landing point.

1.	Clear bole potency
Clear bole potency is the volume of wood ex-

pected to be utilized, which is calculated based on 
the length of the tree up to the limit of the first branch. 

2.	Logging waste 
a)	Felling waste

Residual timber, commonly called felling 
waste, comprises various wood materials such as 
stumps, deformed, rotted or hollow logs with a di-
ameter reduction exceeding 40%, and twigs and 
branches that remain in the forest after logging ac-
tivities (Kementerian Lingkungan Hidup dan ke-
hutanan, 2019). Sari & Ariyanto (2018) stated that 
logging waste is part of commercial logs, short 
pieces of the remaining division of stems, stumps, 
branches, and twigs. However, in this paper, log-
ging waste only includes stumps and short pieces 
of remaining stem division in the form of buttress-
es, bases, and ends that are deformed or broken 
(Soenarno et al., 2016). The stump waste is calcu-
lated based on the difference between the height of 
the arrears measured in the field and the allowable 
felling height of 30 cm (Ruslandi, 2013). 
b)	Skidding waste is measured by the damaged/

broken wood left along the skid trails. 
c)	Grading and scaling waste is the residue from 

cutting the base or ends of logs that are skidded 
to the landing point by technical staff. 

Secondary data

Secondary data collected includes the general 
condition of forest concession (forest condition 
and location, topography, climatic conditions, for 
instance), reports on the results of standing inven-
tory before logging, log production report, wage 
system for logging and skidding, implementation 

Figure 1. Research location
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testing and measuring (grading scaling) of logs. 
Other secondary data were obtained from the lit-
erature studies related to research results.

Research procedure

In each forest concession location (PT. INA and 
PT. TTL), three logging sites were selected, and then 
3 sample plots of 2 ha (200 x 100 m) were made for 
each selected felling site. Before logging began, all 
trees with a diameter at breast height (dbh) >20 cm 
were measured and mapped, along with the topogra-
phy of each plot, stand density, and the number and 
type of trees to be felled. After felling and skidding 
were conducted, the volume of clear bole logs and 
felling waste in the cutting plots and wood waste left 
along the skid trails were recorded. However, the 
wood waste was recorded after the grading scaling 
activities at the Landing Point.

Data analysis

Calculation of the volume of wood used and 
wood harvesting waste uses the Brereton formula 
(National Standardization Agency, 2020), which 
is as follows: 
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where: I – wood volume (m3); 	  
d – average of wood diameters (cm); 	  
dp – base diameter (cm);	   
du – end diameter (cm);	  
p – length of wood (m);	   
π – Constanta (3.14)
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the formula:
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where: WWVT – wood waste volume per tree;	  
WWV – wood waste volume; 	  
NFT – number of felled trees; 	  
WWVH – wood waste volume per ha; 	  
AOSP – area of observation sample plots.

Data analysis

The data from average waste measurement 
results were then statistically analyzed with the 
F-test using the program PAWSTAT 23.0. 

RESULTS AND DISCUSSION

General site conditions

Table 1 provides an overview of the overall 
state of the research site. Table 1 presents the 
topographical characteristics of PT. INA and PT. 
TTL. The terrain at PT. INA is relatively flat, 
whereas PT. TTL is predominantly sloping, with 
a slight inclination towards steepness. The two 

Table 1. Characteristic of the study area in PT. INA and PT. TTL

Description
Forest Concessions

PT. INA PT. TTL

Area 99.665 ha 214.935 ha

Annual allowable cut (AAC) 117.112 m3/year 118.641 m3/year

Geographical location 140°31’42”–140°50’46” East Longitude 
and 06°40’56”–05005’26” South Latitude

140021’00”–140059’00” East Longitude and 
05050’50”–06042’00” South Latitude

Administration location Ulilin District, Merauke Regency, Papua 
Province

District of Jair, Mindiptana, and Waropko, 
Boven Digoel Regency, Papua Province

Topography Flat (0–8%) Dominated with Sloping (8–15%)

Area height 25–50 m asl 30–300 m asl

Climate Type B (Schmidt and Ferguson) Type B (Schmidt and Ferguson)

Forest condition Logged over area Logged over area
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forest conditions under consideration are logged 
forest areas with an Annual Allowable Cut (AAC) 
of 117.112 m3/year at PT. INA and 118.641 m3/
year at PT. TTL.

Logging waste

Felling waste

The recapitulation of felling waste is presented 
in Table 2. Table 2 shows that the average volume 
of felling waste is 0.297 m3/tree (2.529 m3/ha),  
namely at PT. INA of 0.285 m3/tree (2.509 m3/ha) 
is relatively lower than PT. TTL of 0.310 m3/tree 
(2.550 m3/ha). Concerning the clear bole volume, 
the logging waste at PT. INA is 10.16% while at 
PT. TTL is 10.33%. To determine the difference 
in logging waste between PT. INA and PT. TTL 
is done by F test using PWSTAT version 23, as 
presented in Table 3.

The statistical test results are presented in Ta-
ble 3, indicating that the F-count value is 0.679 < 
F0.05(1.4) = 7.71. Therefore, the null hypothesis (H0) 
is accepted, and the alternative hypothesis (H1) 

is rejected, concluding no statistically significant 
difference in logging waste between PT. INA and 
PT. TTL. Thus, it can be inferred that the amount 
of logging waste is 0.279 m3/tree or 2.259 m3/ha 
(10.24%) of the potential value of branch-free 
wood. The results of this study were lower than 
those obtained in the studies in East Kalimantan 
and Central Kalimantan which showed that fell-
ing waste ranged from 0.859–1.419 m3/tree or 
27–28% (Soenarno et al., 2016; Soenarno et al., 
2021). The research volume of natural forest fell-
ing waste wood in Malaysia is 43% (Osman et 
al., 2014). Meanwhile, the felling waste in Cen-
tral Kalimantan ranged from 12.81–18.09 m3/ha 
with an average of 15.45 m3/ha (Surasana et al., 
2020), and in North Kalimantan and West Papua 
shows the potential for logging waste ranges from 
3.21–3.64 m3/ha (Budiaman et al., 2020). The dif-
ference in the volume of felling waste from the 
research results was caused by factors such as 
tree diameter and field topography. The average 
diameter of the trees felled in this study ranged 
from 48.7–55.3 cm, and the topography was flat-
ter, but in Central Kalimantan, North Kalimantan, 

Table 2. Recapitulation of felling waste measurement results

Forest 
concessions Felling site

Number of trees 
felled Tree diameter Clearbole 

potency Wood felling waste

(Tree/ha) (Cm) (m³/tree) (m³/tree) (m³/ha) (%)

PT. A

1 7 52.1 21.959 0.245 1.712 6.93

2 11 48.7 30.426 0.325 3.576 14.48

3 8 50.3 24.112 0.280 2.240 9.07

Average 9 50.4 25.499 0.285 2.509 10.16

St.deviations 2.1 1.7 4.401 0.057 0.177 5.34

PT. B

1 10 55.2 27.720 0.266 2.660 10.77

2 8 51.7 23.184 0.341 2.728 11.05

3 7 55.3 20.755 0.323 2.261 9.16

Average 8 54.1 23.886 0.310 2.550 10.33

St.deviations 1.5 2.1 3.535 0.039 2.712 1.02

Grand average 9 52.2 24.693 0.297 2.529 10.24

Table 3. Results of felling waste F test analysis
Dependent Variable: Wood felling waste

Source Type III sum of squares df Mean square F Sig.

Corrected Model 0.001a 1 0.001 0.679 0.456

Intercept 0.528 1 0.528 336.205 0.000

Forest Concession 0.001 1 0.001 0.679 0.456

Error 0.006 4 0.002

Total 0.535 6

Corrected Total 0.007 5

Note: a – R Squared = .145, (Adjusted R Squared = -.069).
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and West Papua had tree diameters ranging from 
60.7–92.9 cm with topographical conditions 
ranging from sloping to steep. However, the in-
tensity of tree felling can determine the amount 
of logging waste (Numazawa et al., 2017; Rozak 
et al., 2018).

From observations in the field, the potential 
for felling waste is still scattered within the fell-
ing site with various types, as shown in Table 4. 
The proportion of felling waste in the felling plots 
is mostly stump waste, with an average of 1.014 
m3/ha (40.88 %). The average base and end waste 
volumes were 0.690 m3/ha (28.40%) and 0.825 
m3/ha (30.72%). 

The amount of stump waste is attributed to the 
stump that still exceeds the minimum allowable 
height of 30 cm above the ground, as stipulated 
by the reduced impact logging carbon guidelines 
(Ruslandi, 2013).

The results of measurements in the field 
showed that the average cutting height ranged 
from 71.3–74 cm with an average of 72.7 cm 

or there was a difference in the average cutting 
height of 42.7 cm compared to the allowable cut-
ting height of 30 cm. Therefore, it is necessary to 
pay attention to the height of the stump because 
it will indirectly provide an additional volume of 
wood per tree. In fact, if the diameter of the tree is 
large, it will make a significant contribution to the 
volume of logs produced. The felling height was 
still higher, ranging from 3.8–22.6 cm or an aver-
age of 12.7 cm compared to the average buttress 
height of 60 cm. This excessive felling height is 
caused by the habits of the chainsaw operator 
for ease of work and not removing buttresses, 
so that the size of the cutting notch becomes in-
accurate. Facts in the field show that the notch 
angle is often less than 45º with consideration of 
reducing the volume of felled timber (Figure 2). 
As a result, a barber chair is formed at the base 
of the stem, producing excessive waste. Another 
fact, the saw operator, when cutting the end of the 
stem, is sometimes still far from the first branch, 
so a large amount of tip waste occurs. It is even 

Table 4. Types of wood harvesting waste

Forest 
concessions Felling site

Buttress 
height 
(cm)

Felling height 
(cm)

Type of wood felling waste

Stump Base End Total

(m³/ha) (%) (m³/ha) (%) (m³/ha) (%) (m³/ha) (%)

PT. A

1 33.3 66.1 0.886 51.74 0.417 23.90 0.409 23.90 1.712 100.00

2 85.2 77.2 1.170 32.72 0.676 48.38 1.730 48.38 3.576 100.00

3 30.5 70.7 0.932 41.59 0.884 18.94 0.424 18.94 2.240 100.00

Average 49.7 71.3 0.996 42.02 0.659 30.41 0.855 30.41 2.509 100.00

St.
deviations 30.8 5.6 0.153 9.52 0.234 15.76 0.759 15.76 0.961 0.00

PT. B

1 75.1 69.3 1.200 45.11 0.590 32.71 0.870 32.71 2.660 100.00

2 100.6 84.1 1.304 47.80 0.528 32.84 0.896 32.84 2.728 100.00

3 35.0 68.5 0.595 26.32 1.043 27.55 0.623 27.55 2.261 100.00

Average 70.2 74.0 1.033 39.74 0.720 31.04 0.796 31.04 2.550 100.00

St.
deviations 33.1 8.8 0.383 11.71 0.281 3.02 0.151 3.02 0.252 0.00

Grand average 60.0 72.7 1.014 40.88 0.690 28.40 0.825 30.72 2.529 100.00

Figure 2. Technical errors in logging trees in natural forest: A = cutting too high, 
B = small notch size < 450), C= uprooted fiber at the base of the stem
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suspected that logging waste is also influenced by 
the forest concession management policies that 
apply a piece rate wage system based on a unit 
volume of felled timber without adequate super-
vision in the field.

Therefore, technically the occurrence of log-
ging waste can still be minimized by improving 
the skills of the saw operator, changing their habit 
of loggers in a standing position, and cutting the 
tip of the trunk as close to the first branch as pos-
sible. Applying the lowest possible felling tech-
nique can reduce the risk of splitting the wood at 
the base of the trunk, allowing for greater preci-
sion in the direction of the felling. Ward (2011) 
explains that the success of logging is determined 
mainly by the direction of logging and the skills 
of the loggers. Correct logging techniques reduce 
the risk of waste generation, increasing the vol-
ume and quality of wood used (Garland & Jack-
son, 1997; Uusitalo, Kokko, & Kivinen, 2004). 
Greulich et al., (1999) also stated that proper stem 
division can increase the resulting log value. For 
this reason, efforts from the company’s manage-
ment are needed to conduct low-impact logging 
technical training for chainsaw operators.

Skidding and grading scaling waste 

The recapitulation of the results of the aver-
age measurement of wood waste due to the skid-
ding process and the scaling of grading in the 
landing point is presented in Table 5. From Table 
5, it can be seen that the average amount of skid-
ding and scaling of the grading of wood waste is 
0.173 m3/tree (1,483 m3/ha) or 6.01% higher than 
Central Kalimantan with an average of 0.093 m3/
tree or 4.0% (Soenarno et al., 2021). Skidding and 

grading scaling wastes are unavoidable due to in-
dustrial demands for sorting with a specific size, 
such as sizes with a minimum diameter and length 
limits. The two forest companies have signed co-
operation contracts with the plywood industry 
following specific log quality requirements.

On the basis of the wood waste calculations in 
Tables 2 and 5, the calculation of logging waste 
is presented in Table 6. Table 6 shows that the 
potential for logging waste is quite large, vary-
ing between 3,634–4,391 m3/ha with an average 
of 4,012 m3/ha or 15.18–18.19% with an aver-
age of 16.25%. In the results of the research in 
Central Kalimantan, the amount of wood har-
vesting waste ranged from 13.65–15.12% with 
an average of 14.21% depending on the type and 
diameter of the tree (Abidin et al. (2018). With 
AAC in PT. INA and PT. TTL of 117.112 m3/
year and 118.641 m3/year, the logging waste at 
PT. INA and PT. TTL reached 17,777.60 m3/year 
and 21,580.80 m3/year, respectively. This waste 
occurs due to the size required by the plywood 
industry not being met even though, technically, 
it can still be processed or utilized.

The logging waste is lower than the research 
results in the sub-regions of East Kalimantan and 
Central Kalimantan, which ranged from 17–18% 
(Soenarno et al., 2016; Soenarno et al., 2021) and 
in East Luwu Regency of 5.75 m3/ha (Dalya et 
al. 2021). The amount of waste is much smaller 
than the research in the Caspian hardwood for-
ests of Pakistan at 15.6% (Behjou et al. 2016) and 
North Kalimantan at 11.06 m3/ha (Muhdi et al., 
2016). The waste differences are caused by dif-
ferences in how waste is measured. In this study, 
only branch-free wood waste up to 30 cm in 

Table 5. Recapitulation of skidding and grading scaling waste

Forest 
concessions Felling site

Type of wood skidding and grading scaling waste

Base End Total

(m³/tree) (m³/ha) (%) (m³/tree) (m³/ha) (%) (m³/tree) (m³/ha) (%)

PT. A

1 0.059 0.413 1.88 0.120 0.840 3.83 0.179 1.253 5.71

2 0.066 0.726 2.39 0.052 1.582 5.20 0.118 1.298 4.27

3 0.042 0.336 1.39 0.061 0.488 2.02 0.103 0.824 3.42

Average 0.056 0.492 1.89 0.078 0.970 3.68 0.133 1.125 5.57

St. deviaton 0.012 0.207 0.50 0.037 0.559 1.59 0.040 0.262 1.16

PT. B

1 0.257 2.570 9.27 0.041 0.410 1.48 0.298 2.980 10.75

2 0.111 0.888 3.83 0.059 0.472 2.04 0.170 1.360 5.87

3 0.067 0.469 2.26 0.102 0.714 3.44 0.169 1.183 5.70

Average 0.145 1.309 5.12 0.067 0.532 2.32 0.212 1.841 7.44

St. deviation 0.099 1.112 3.68 0.031 0.161 1.01 0.074 0.990 2.87

Grand average 0.100 0.900 3.50 0.073 0.751 3.00 0.173 1.483 6.01
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diameter was measured, while in North Kaliman-
tan, branch-wood waste up to 10 cm in diameter 
was measured. Some examples of types of wood 
harvesting waste are presented in Figure 3. 

Quality of logging waste

A recapitulation of the results of observations 
and measurements of the quality of wood harvest-
ing waste is presented in Table 7. Table 7 shows 
that the quality of logging waste is dominated 

by an average defect of 2,733 m3/ha (69.10%) 
consisting of waste due to logging of 1,424 m3/
ha (35.49%) and waste due to skidding and grad-
ing scaling of 1,349 m3/ha (33.61%). The waste 
damaged by logging is generally in the form of 
remaining supports, holes/growth and rot in the 
heartwood, alligator eyes/notches and/or crooked 
but is also commonly found in bottom waste due 
to logging. Meanwhile, the waste deformed due 
to skidding and grading scaling is in the form of 

Table 6. Recapitulation of wood harvesting waste

Forest 
concessions Felling site

Clear bole 
potency (m3/

ha)

Origin of wood waste

Wood felling waste Wood skidding and 
grading scaling waste Wood harvesting waste

(m³/ha) (%) (m³/ha) (%) (m³/ha) (%)

PT. A

1 3.137 1.712 6.93 1.253 5.07 2.965 13.50

2 2.766 3.576 14.48 1.298 5.26 4.874 16.02

3 3.014 2.240 9.07 0.824 3.34 3.064 12.71

Average 2.952 2.509 10.16 1.125 4.56 3.634 15.18

St.deviations 0.262 1.318 5.34 0.262 1.06 1.350 1.78

PT. B

1 2.772 2.660 10.77 2.980 12.07 5.640 20.35

2 2.898 2.728 11.05 1.360 5.51 4.088 17.63

3 2.965 2.261 9.16 1.183 4.79 3.444 16.59

Average 2.878 2.550 10.33 1.841 7.46 4.391 18.19

St.deviations 0.098 0.252 1.02 0.990 4.01 1.129 1.94

Grand average 2.915 2.529 10.24 1.483 6.01 4.012 16.25

Table 7. Distribution of wood harvesting waste quality

Logging 
activity

Forest 
concession

Clear bole 
potency

Wood waste quality

Good Defects Broken Total

(m³/ha) (%) (m³/ha) (%) (m³/ha) (%) (m³/ha) (%)

Felling
PT. A 25.499 0.181 7.21 1.834 73.07 0.495 19.71 2.509 100.00

PT. B 23.886 0.787 30.88 1.014 39.79 0.748 29.33 2.550 100.00

Average 24.693 0.484 19.14 1.42 56.30 0.62 24.56 2.529 100.00

Skidding 
and 

grading 
scaling

PT. A 25.499 0.981 87.20 0.144 12.80 1.125 100.00

PT. B 23.886 1.716 93.21 0.125 6.79 1.841 100.00

Average 24.693 1.349 90.93 0.135 9.07 1.483 100.00

Grand average 24.693 0.484 12.07 2.773 69.10 0.756 18.84 4.012 100.00

Figure 3. Timber harvesting waste: (A, B, and C) = due to felling, (D) = due to grading scaling
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bent wood, notch, and sizes that do not meet the 
minimum length requirements of 1.3 m.

Broken waste due to timber harvesting aver-
aged 0.756 m3/ha (18.84%), in the form of the 
waste due to felling amounting to 0.621 m3/ha 
(15.48%) as well as due to skidding and grading 
scaling equaling 0.135 m3/ha (3.35%). The bro-
ken logging waste occurs both in the end and base 
stems. Observations in the field indicated that the 
cause of the broken waste was caused by imperfect 
felling techniques, especially in narrow undercut 
(< 30º). According to chainsaw operators, making 
narrow undercut will reduce the potential for log-
ging waste to occur. The correct width of the mouth 
of the falling notch ranges from 30–45º (Ruslandi, 
2013), and for the trees with inclined conditions it 
is greater than 45º. (Forestry Training Center In-
corporated, 2010; International Tropical Timber 
Organization, 2012; Lilly et al., 1996). Facts in 
the field show that the cutting notch is too small, 
causing the fibers to be uprooted at the base of the 
tree trunk, and the direction of the fall is incorrect. 
Even if wrong estimates of the height of the tree 
with the length of the slope, it can result in the end 
of the stem breaking. Since there are still many 
broken logging wastes, chainsaw operators should 
receive technical education and training to be 
skilled at mastering the correct felling techniques 
in the field. However, split waste due to skidding 
and grading scaling is thought to have occurred 
during the stacking of logs at the landing point and 
occurred in certain types of wood which naturally 
break easily after being logged, such as Anisoptera 
marginata Korth, Octomeles sumatrana Miq. and 
Pometia pinnata. The amount of logging waste 
that was still good was only found due to felling 
with an average of 0.484 m3/ha (12.07%) but was 
not found due to skidding and grading scaling.

Until now, the logging waste has not been 
utilized and is still left in the forest due to many 
technical and economic considerations. The dif-
ficulty of extracting logging waste from the for-
est, the diverse types and quality, and the high 
cost of provision of forest resources that must 
be paid are the primary considerations related 
to the profit calculation. The provision of for-
est resources rate for wood harvesting waste is 
still the same as Small Logs, IDR 320,000/m3 or 
USD 21.4/m3 (Kementerian Lingkungan Hidup 
dan Kehutanan, 2017; Kementerian Hukum dan 
Hak Asasi Manusia, 2014). Meanwhile, the dis-
tance between the location of the wood harvest-
ing waste and the wood processing industry is 
very far, even > 50 km, so transportation costs 
and standard wages for collecting wood harvest-
ing waste must be considered.

CONCLUSIONS

The potential for wood harvesting biomass 
waste is enormous, varying between 3,634–4,391 
m3/ha with an average of 4,012 m3/ha or 15.18–
18.19% with an average of 16.25%.), consist-
ing of logging waste an average of 2.529 m3/ha 
(10.24%), and waste due to skidding and grading 
scaling an average of 1.483 m3/ha (6.01%). The 
types of logging waste consist of stump, end, and 
base waste with an average volume of 1.014 m3/
ha (40.88%), 0.825 m3/ha (30.72%), and 0.690 
m3/ha (28.40%). The quality of wood harvesting 
waste is dominated by an average defect of 2.733 
m3/ha (69.10%) consisting of waste due to log-
ging of 1.424 m3/ha (35.49%) and due to skidding 
and grading scaling of 1.349 m3/ha (33.61%). 
Broken waste due to timber harvesting averaged 

Figure 4. Distribution of logging waste quality

Broken 24.46%

Broken 9.07%
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0.756 m3/ha (18.84%), in the form of waste due to 
felling of 0.621 m3/ha (15.48%) as well as due to 
skidding and grading scaling of 0.135 m3/ha (3.35 
%) while the average logging waste is 0.484 m3/
ha (12.07%).

Technically, the occurrence of wood harvest-
ing waste is caused by the low skill of the chain-
saw operator, namely not applying the correct 
RIL technique, the felling height being far above 
the allowable cutting height, and making the 
wrong cutting notches. Meanwhile, non-technical 
activities are suspected to be triggered by the for-
est concession management policies that apply a 
piece rate wage system based on the unit volume 
of timber produced by logging and inadequate su-
pervision in the field.

The following measures should be taken to 
mitigate logging waste; (a) company management 
needs to provide training on low-impact timber 
harvesting techniques for both chainsaw and trac-
tor operators, (b) the piece rate system has to be re-
viewed, and (c) the monitoring function of timber 
harvesting in the field must be improved.
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