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Summary

The following paper is a technical report, including summaries of results of a recently published paper

from Pierre Ackerman’s research teams. The summary includes a brief introduction, methods section

and a discussion or conclusion section. However, the summary mostly focuses on the results.

This technical report provides a summary on the work of Chloe Williams and Pierre Ackerman

concerning the productivity and cost of South African pine sawtimber mechanised cut-to-length

harvesting.
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Cost-productivity analysis of South African pine sawtimber mechanised cut-to-length
harvesting

Chloe Williams and Pierre Ackerman
1 Introduction

The South African forestry industry is experiencing an increase in the number of fully mechanised
timber-harvesting systems. Understanding the productivity of these systems, for which data is
currently limited for South Africa, is an important step to maximise the utilisation of machines being
used. A time study of a mechanised cut-to-length system was conducted in Pinus elliottii sawtimber
plantations in the Southern Cape forestry region of South Africa. A harvester and a forwarder were
studied with the objectives of finding average productivity across the work elements, develop a model
to assess future productivity, estimate the fuel consumption, and evaluate the total costs of each
machine.

2 Methodology

The study was conducted in two Pinus elliottii sawtimber clear-felling compartments (Table 1) in the
Southern Cape forestry region of South Africa. The area is known for steep coastal escarpment
landscapes, shallow to moderately deep lithosolic and colluvial soils, and mild climate with
temperatures ranging from 12 — 20 C, and 1140mm of rainfall per year.

Table 1: Background information for compartments A and B according to company cruise data
supplied

Compartment
A B
Area (ha) 8.16 37.29
Espacement (stems ha-1) 260 437
Stocking (m3 ha-1) 257.1 480.0

Species

Stand age (years)
Average height (m)
Average DBH (cm)
Average tree volume (m3)
Average slope (o)

Dominant soil forma
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Pinus elliottii
21

23.13

37.5

0.99

0

Groenkop, Howhoek, Kroostad,
Tukulu

Pinus elliottii
26

26.13

35.99

1.10

10

Groenkop, Lamotte, Witfontein,
Tukulu, Oakleaf



Terrain description Level to moderate lower and tops  Gentle to moderate top slopes of

slopes of bottomlands, plateau plateau coastal escarpment,
and plateau margins moderate mid slopes and drainage
lines
Ground strength 3.45,2.23,2.24 223,234
Ground roughness 1 1

A hybrid machine, a 179.7 kW tracked John Deere 753 feller-buncher fitted with a Waratah HTH623C
harvester head, was timed over three working days in April and one day in June 2015. The harvester
normally felled rows approximately three trees wide, working from the roadside to the back of the
compartment. The first log assortment cut from every stem was either 4.2m or 6.0m, whereas all
subsequent assortments were cut to 3.0m; a 10cm trimming allowance was permitted on each log.

The forwarder, a 160 kW John Deere 1710D Eco lll, was observed for the same period of time as it
extracted logs from both compartments, though it was only observed for two days in compartment A.
The forwarder worked along the same rows as the harvester, backing into the compartment, picking
up logs as it travelled, and return to the roadside fully loaded. It spent minimal time travelling on forest
roads, as unloading occurred at the roadside and the end of each extraction route. While working in
compartment B, it had to travel loaded uphill and unloaded downhill (Table 1); there was no slope in
compartment A.

Time studies were conducted similarly on both machines, according to the standards for the South
Africa forest industry (Ackerman et al. 2014). A short-term study was conducted in order to ensure
that a minimum sample size was collected (n = 30) while also respecting the contractor’s work
schedule. All delays were recorded regardless of their duration. Furthermore, data relating to fuel
consumption were taken from a diesel gauge during machine refuelling at the end of shift. Machine
start and end hours, and production for each shift, were recorded from the on-board computer
systems.

3 Results and discussion

Tree volume was calculated using the following P. elliottii volume model (Equation 1).

InV = -10.677 + 1.931In(DBH) + 1.157InH (1)
Where: % = stem volume  (m3)

DBH = diameter at breast height, (cm)

H = tree height (m)

To calculate the volumes of log assortments and the associated volume lost resulting from inaccurate
cross-cutting, Equation 2 was used.

Viog = (h/2) (Ab + AJ) (2)

Where: Viog = log volume (m3)
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Ap = cross-section area at thick end, (m?)
Ay = cross-section area at thin end, (m?)
h = log length (m)

Fuel consumption was calculated by dividing the volume of diesel required to refill the tank at the end
of a shift by the length of the shift. This was then converted to a value per PMHpand per volume of
wood using calculated utilisation and productivity respectively. Finally, costs were estimated using the
South African Harvesting and Transport Systems and Costing Model
(http://www.forestproductivity.co.za).

Tree DBH ranged from 22.0 to 57.5 cm, with a mean of 38.0 cm for compartment A and 40.0 cm for
compartment B; mean DBH, branch height, and tree height were similar for both compartments (Table
2).

Table 2: Summary of tree data collected during the time study of the harvester. The means,
minimums, maximums and standard deviations are shown for all measurements made on standing
trees. DBH = diameter at breast height

Compartment
A B
DBH (cm) Mean 38.0 39.5
Minimum 225 22.0
Maximum 48.8 57.5
SD 3.9 5.9
Branch height (m) Mean 8.5 11.9
Minimum 7.2 6.0
Maximum 12.5 154
SD 1.1 2.8
Tree height (m) Mean 23.4 23.9
Minimum 16.6 10.2
Maximum 323 28.3
SD 2.5 4.0

For the harvester, 500 work cycles were recorded and the mean productivity came to 33.6 m3 PMH¢?,
with 93.4% average utilisation, and 96.8% mechanical availability. The total operation cost was
estimated to be R65.24 m= or R7 608.97 PMHo?; the harvester and its associated costs totalled R35.35
m=3orR2994.17 PMHo. Amultiple regression analysis was conducted that included the variables DBH,
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tree volume, slope, distance moved, average distance moved per cycle, and delays as potential
predictors (Equation 3).

Productivity (m3 PMHo ™) = -9.14 + 1.34xDBH (cm) — 1.91xSlopeClass —
0.52xAverageMoveDistancePerCycle (m) (3)

Figures 1 and 2 demonstrate the fit of the individual variables, DBH and average move distance,
compared with modelled outputs (p < 0.01). Although slope was found to be significant to harvester’s
productivity, when compared with the modelled data, it reflected an irrelevant fit due to slope classes
being used as opposed to ordinal values.
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Figure 1: Harvester modelled productivity alongside observed in-field productivity data graphed
versus diameter at breast height (DBH)
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Figure 2: Harvester modelled productivity alongside observed in-field productivity data graphed
versus average distance moved

The fuel consumption of the harvester was calculated to be 25.5 L PMHg?! or 0.4 L m of timber
harvested.

As for the forwarder, 27 work cycles were studied. Average travel speed unloaded was 58.1 m min®,
while average speed while loaded was 53.0 m min™. Mean log size was 0.29 m®and load size was 17.1
m3. Productivity averaged 46.8 m3PMHg?, with a utilisation rate of 95.6% and mechanical availability
of 97.6%. As previously mentioned, total operation costs were R65.38 m?3; forwarder costs were
R25.94 m= or R3 074.43 PMHo!. A model was created considering the distance moved in all work
elements, load size, and slope; a backwards stepwise regression resulted in the following equation
(Equation 4).

Productivity (m® PMHo™?) = 1.54 + 3.52xLoadSize (m3) — 0.10xDistanceDrivingLoadedInField (m)
(4)

Figures 3 and 4 present the fit of individual variables to the modelled output. When compared with
the modelled data, load size and loaded travel distance result (p < 0.01).
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Figure 3: Forwarder modelled productivity in comparison to observed in-field productivity data
graphed against load size
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Figure 4: Forwarder modelled productivity in comparison to observed in-field productivity data
graphed against travel distance

When comparing the results of the harvester to that of other studies, mean productivity (33.6 ™ PMH¢
1) was within the array of values reported, but moving time was higher than in other studies. Moving
time accounted for 57.9% of the work cycle. These findings may differ due to the felling method of the
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harvester. To minimise travel time, we suggest that the harvester adopt a work method that involves
felling a line of trees working along the outer edge of the compartment, then move perpendicular to
its original felling line to start the new felling line at the opposite edge of the compartment. It would
therefore be felling the outer edges of the compartment in both directions. The fuel consumption rate
(25.5 L PMHo?) was also higher than previously reported values in past studies. This again could be due
to operator’s habits, felling, and travel methods.

As for the forwarder, the average productivity (46.8 m® PMHo!) was much higher than what was
reported in previous studies. The most likely cause is that in this study, they were only forwarding one
product, so there was no time lost to sorting multiple product types. It should be noted that travel
speeds were slower in compartment B than A, but that is likely due to adverse weather conditions.
Average fuel consumption was 16.8 L PMHo? or 0.4 | m3, similar to values reported by other studies.

The four main limitations of this study are:

(1) Similar to previous South African CTL studies, tree species, ground conditions, terrain, and machine
type are held constant in this study.

(2) Given that a variety of factors that could have influenced fuel consumption and emissions were not
tracked during the course of the study, the analysis of these variables should only be considered
estimates, specific to the general work conditions undergone by each machine.

(3) The working methods of the harvester and the forwarder were not ideal. It would be useful to
conduct further studies where this can be controlled in order to more fully represent a typical
harvesting operation and also to maximise the system’s productivity.

(4) The short-term nature of the research was not ideal for the study of delays. Furthermore,
differences in weather conditions were problematic for analysis.

4 Conclusion

Productivity for the harvester working in a cut-to-length system was found to range from 11.2 to 62.9
m3PMHo™?, and cost of R35.35 m™ on average. The total operation cost for the harvester and forwarder
was calculated to be R64.16 m™. Mean harvester productivity for the four days of study was 33.6 m?
PMH,™. This value falls within the range of productivities reported in prior research. However, moving
time rather than processing was found to be the most time-consuming element, which may have been
related to the machine’s working strategy and/or the stand’s tree spacing. A regression conducted on
productivity (only utilising easily measurable in-field variables) resulted in a model that requires DBH,
slope class (although this may be a confounding factor) and the average distance moved as inputs
(adjusted R? = 0.80). Finally, in terms of fuel consumption, diesel was used at a rate of 25.5 L PMH¢™?
for a harvester working in a pine sawtimber CTL system in South African plantation conditions.

Extraction in the mechanised CTL system was performed by a forwarder, whose productivity averaged
46.8 m3 PMHo?, ranging from 0.0 to 85.3 m3 PMHy L. These values are considerably higher than
productivities reported in prior research, but this could be attributed to the forwarder experiencing
minimal delays or not having to sort logs. Its work cycle was dominated by the loading and unloading
elements, which supports past research. A regression on productivity was fitted using load size and the
distance moved during the travelling loaded in-field phase proved to be acceptable predictors
(adjusted R? = 0.78). As we did not model moving and loading phases of work separately, the model
resulting from this study is simpler than previous versions, yet still effective. Fuel consumption for the
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forwarder was 16.8 L PMHo™ and the cost of the forwarder was estimated at R25.94 m=. As with the
harvester, these estimates are specific to the work and ground conditions of our study.

The findings offered here should be used carefully, as these results seemed to depend highly on study
conditions as well as the atypical working method of both machines. Nonetheless, this study presents
a preliminary exploration of the productivity of a harvester and forwarder in a sawtimber mechanised
cut-to-length system in South Africa. Future projects should be conducted to build a productivity and
fuel consumption database for mechanised harvesting in South African conditions. It also may be
beneficial to explore how a mechanised CTL system compares with others being used currently in
South Africa, as well as assessing how value recovery and harvesting quantity and quality can be
improved. Such research will advance the goal of maximising productivity, which will benefit
contractors, forest owners, and contribute to the country’s economic development.
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