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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 team. The summary includes a brief introduction, methods section

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

This technical report provides a summary on the work of Kayla Gagliardi, Simon Ackerman, and Pierre

Ackerman. In this study, the time, productivity and fuel consumption of two Ponsse forwarders were

calculated to compare multiple variables, including including machine capabilities, product

assortment, load size, and extraction distance. From these results, one could then determine which

products result in the highest productivity rate for each machine.
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Multi-product forwarder based softwood timber extraction: Time consumption and
productivity analysis of two forwarder models over multiple products and extraction

distance
Kayla Gagliardi, Simon Ackerman, Pierre Ackerman
1 Introduction

There have been many studies to date regarding predictions of productivity for mechanized harvesting
operations globally, although it is often difficult to compare and maintain the accuracy of predictive
models between sites when there is limited data (Eriksson and Lindroos 2014). Today there is still a
substantial gap in basic forwarder productivity data available when considering pine sawtimber in
South Africa, as mechanized CTL systems are still a relatively new technology in the country (Williams
and Ackerman 2016; Ackerman et al. 2017). Since the number of product assortments being extracted
has increased over the years, there is also a need for more research towards quantifying the effects of
different products on forwarder time consumption and productivity (McNeel and Rutherford 1994;

Nurminen et al. 2006).

This study continues to build upon the database of average time consumption and productivity models
of forwarder machines in mechanised CTL operations in South African pine sawtimber plantations. The
aim of this study was to calculate the time consumption, productivity, and fuel consumption of two
models of Ponsse forwarders (15-t and 20-t capacity) to compare the effects of multiple variables
including machine capabilities, product assortment, load size, and extraction distance. From these
results it was possible to quantify and examine the effects of varying dimensions of products on
forwarder payload limits and fuel consumption, and observe which products should result in highest

productivity rates per machine.
2 Methodology

In order to calculate and model productivity, a time study was conducted to obtain: the division of
work time spent per element and per cycle, the distances travelled, and the speed of the forwarder
while driving loaded and unloaded. Independent variables associated with machine productivity also
recorded were product assortment, number of logs per load and approximate load volumes, speed
while driving loaded and unloaded, distances travelled throughout each cycle, and fuel consumption.
Machine productivity was measured according to the volume of logs (m3) extracted per productive
machine hour excluding delays longer than one minute (pmh;), and compared between machines and
products. Fuel consumption was estimated by recording the difference in diesel (I) consumed between
the start and end of each shift from the machine’s on-board computer. The amount of fuel consumed
per shift was then divided by the length of the shift in productive machine hours (I pmh) as well as by
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volume of logs extracted (I m3). From the overall litres consumed per machine it was possible to
calculate logical rough estimations for the fuel consumed per product in | m=3. This was done by dividing
the total litres consumed per machine by the proportion of PMH; time spent per cycle for each of the

assortments, and then by the total volumes extracted.
3 Results

Productivity averaged at 34.08 m® pmh for the smaller machine, and 55.94 m® pmh for the larger
machine. Productivity and average log volume were strongly positively correlated. The average
productivity of long sawlog cycles was by far the highest for each machine, and for each machine the
long sawlog productivity was more than double than for the product with the lowest productivity rate,

which was Hewsaw (Figure 1).
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Figure 1: Comparison of mean productivities per machine and per product

Multiple regression models were created overall for each machine where load volume and extraction
distance were both significant factors for predicting productivity. Combining the overall data of the
two sizes of machines allows for a more robust model (Equation 1), however, at the separate machine
level, the regression equations developed accounted for more of the variation (Equations 2-3).
Overall productivity = 25.39 + 2.25 (LV) + -0.09 (ED) (1)

Where: n = 78

adjusted R2=  0.43

SE = 15.89

p < 0.01
Buffalo productivity = 18.71 + 1.65 (LV) + -0.06 (ED) (2)
Where: n = 36
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adjusted RZ=  0.80

SE = 5.30

P < 0.01
Elephant King productivity = 41.15 + 2.35 (LV) + -0.13 (ED) (3)
Where: n = 42

adjusted RZ=  0.50

SE = 15.59
p < 0.01
Where: LV = average load volume (m3)
ED = average extraction distance: the complete distance travelled while

unloaded (m)
Productivity = volume extracted per productive machine hour (m3*PMH;?)

Average fuel consumption of the smaller machine was 15.55 | pmh™*and 0.47 I m?3, and 20.57 | pmh;?
and 0.43 | m-3 for the larger machine. Estimates of fuel consumed per product showed that fuel
consumption was lowest on average when extracting cycles of the largest product (long sawlogs),

compared to highest for the product with the smallest volume (Hewsaw) (Figure 2).
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Figure 2: Comparison of mean fuel consumption L/m? per machine and per product
3 Discussion and conclusion

The larger machine obtained a higher rate of productivity overall as well as for each individual product
when compared to the smaller machine. This is consistent with what was reported by Jirousek et al.
(2007) and Proto et al. (2018) who found that forwarders of higher carrying capacity will have higher
productivities, which should in turn offset their higher overall costs by decreasing the costs per product
unit (m3) extracted. Average log volume was strongly positively correlated with productivity, therefore

the largest product assortment (long sawlog) was significantly the most productive to extract for each
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machine. Our results are consistent with studies that have also found forwarder productivity to vary
with different product assortments (Kellogg and Bettinger 1994, Nurminen et al. 2006). The multiple
regression models constructed accounted for 43% of variation overall, 80% of variation for the Buffalo,
and 50% of variation for the Elephant King. This study’s R? values fall within the common range
acquired from other similar studies where R =0.36 - 0.91 (McNeel and Rutherford 1994; Nurminen et
al. 2006; Jirousek et al. 2007; Ghaffariyan et al. 2012; Williams and Ackerman 2016; Strandgard et al.
2017; Proto et al. 2018) all of which included extraction distance and load volume as variables in their

model, although some also included slope.

The smaller machine consumed less fuel per PMH; but the larger machine consumed less fuel per m?,
suggesting that the higher associated costs of larger machines can still be offset or surpassed based on
higher rates of productivity and lower extraction costs per unit. It is known that productivity should be
positively correlated with efficiency of fuel consumption and emissions (Cosola et al. 2016). This was
observed for both machines, as extracting long sawlog loads required significantly less fuel per m3than

the other products, which can be attributed to the higher productivity rate (m3/ PMH).

The results obtained can contribute to the database of forwarder productivity in mechanized
harvesting operations in South Africa. The models developed could aid with predicting and planning
for improved system productivity and potentially reducing emissions under similar conditions and

stand characteristics.
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