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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 done to calculate diesel consumption and 

carbon balance of South African pine clear-felling cut-to-length operations. 
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Diesel consumption and the carbon balance in South African pine clear-felling CTL 

operations: a preliminary case study 

Pierre Ackerman, Chloe Williams, Simon Ackerman, and Carla Nati 

1 Introduction 

Cut-to-length (CTL) logging can be fully mechanised through the use of a harvester and forwarder. 

However, being fully mechanised increases the fuel and oil requirements, which should ideally be 

minimised due to the carbon emissions and negative environmental consequences associated with 

fuel and oil consumption. According to Athanassiadis (2000), harvesters consume 1167 L of diesel per 

1000 m3 of wood processed, and emit 4,22 – 4,25 tons of CO2; forwarders were found to consume 935 

L of diesel per 1000 m3 and emit 3,52 – 3,55 tons of CO2. Although, operations in plantations tend to 

produce lower emissions, possibly due to easier access and working conditions. In many countries, 

carbon sequestration is used to offset greenhouse gas emissions and, if correctly managed, forested 

land can stably pool carbon in plant biomass, organic litter, and soil; wood products are another stable 

carbon pool. Few studies have been conducted on the carbon balances of forest operations in South 

Africa. As such, this study aims to determine the carbon balance of South African plantations by 

assessing the emissions associated with mechanised CTL harvesting and comparing these to the carbon 

stored in the logs harvested. The objectives are as follows: 

i. Estimate diesel and lubricant consumption, CO2 emissions and carbon stored in 

harvested timber related to the case-study that can form baseline estimates for 

machine costing and harvest planning. 

ii. Determine whether tree size, stand density and/or ground condition are significant 

predictors or diesel and lubricant consumption rates for the harvester. 

2 Methods 

Data used in this study as provided by Bosbok Ontgnning operating typical CTL pine saw timber clear-

felling operations. Bosbok Ontgnning’s historical records (outlining data recorded by on-board 

computer systems and costing archives) were used to obtain values concerning volumes harvested and 

the hours worked in each compartment over the period of May 2014 to June 2015. Average monthly 

data was also provided, from which diesel consumption volumes were drawn. Machine utilization rates 

were calculated based on a time study conducted in their operations over three 8 hour shifts, according 

to standard procedure for South African forestry, outlined in Ackerman et al. (2014). 

The areas studied were planted with Pinus patula, and had similar terrain characterised by low ground 

roughness and minimal slope. Mean stand density as 328 stems ha-1 (SD = 76) and average tree volume 

was 1.05 m3 (SD = 0.24). Bosbok Ontginning operates its CTL harvesting activities using two harvesters 

and two forwarders concurrently; it was assumed that the volume of wood cut by harvester I would 

be extracted by forwarder I, and wood cut by harvester II would be extracted by forwarder II. 

3 Analysis and results 

Calculations were modelled based on the average values found for both harvesters and both 

forwarders. Since diesel consumption was provided, emissions were calculated using Equation 1, 

developed by the Environmental Protection Agency (2008). 
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Emissions = (Fuel * FD * F0 * CO2(m.w.)) / C(m.w.)    (1) 

Where:  Fuel = daily diesel volume consumed (L) 

  FD = carbon content of diesel (0,731757 kg C L-1) 

  FO = fraction of diesel oxidised (assumed to be 1,00) 

  CO2(m.w.)/C(m.w.) conversion factor for C to CO2 (3,6667 g CO2 g C-1) 

    based on their molecular weight 

Equation 2 is used to estimate that amount of carbon stored in round wood logs. 

Cp = Vk pk Fcarbon        (2) 

Where:   Cp = amount of carbon stored in timber products (Mg) 

  Vk = volume of wood timber harvested (m3) 

  Pk = density of the air dried timber product (Mg m-3) 

  Fcarbon = fraction of the oven-dry mass that is carbon (assumed to be 0.5) 

The machines harvested and forwarded a total of 255 594 m3 and worked 13 767 SMH over the data 

collection period. Average productivity of the harvesters was 54.13 m3PMH-1 and 45.92 m3PMH-1 for 

the forwarders. On average, harvest I and II consumed 0.64 L m-3 or 1.09 L SMH-1 of diesel and 0.08 L 

m-3 or 2.62 L SMH-1 of lubricant. As for the forwarders, the consumed 0.38 l m-3 or 13.45 L SMH-1 of 

diesel, and 0,03 l m-3 or 1,09 l SMH-1 of lubricant on average. Furthermore, the harvesters’ CO2 

emissions from diesel were calculated to be 1.71 kg m-3 and forwarders’ were calculated to be 1.02 kg 

m-3. Meanwhile, the carbon stored in the logs harvested was calculated to be 260 kg m-3. Carbon 

emissions from CTL operation were 342 811 kg while carbon stored in the wood volume harvested was 

48 796 931 kg. This translates to emissions from the CTL operation accounting for less than 1% carbon 

being stored in the wood being harvested. 

4 Discussion and conclusions 

The emissions from harvesting accounted for less than 1% of the carbon stored in the wood harvested, 

similar to the findings of previous studies. Mean diesel consumption values were also within the range 

of those reported in prior studies, though on the lower end of said range. This study shows an emission 

rate of 2.73 kg m-3.  This may be due to easier working conditions in the South African plantations 

studied compared to prior research locations, which mainly took place in natural forests. Our results 

suggest that stand density should not necessarily be considered a proxy for distance travelled in future 

studies of harvester diesel consumption rates. It is however likely that an efficient work pattern that 

minimizes unnecessary travel would also reduce fuel consumption. Our results also show a slight 

decrease in terms of diesel consumption when comparing harvesting in good ground conditions versus 

poor ground conditions. Other factors such as machine characteristics and operator habits are vital 

when considering diesel consumption rates. It is therefore recommended that further research be 

conducted investigating the relationship between machine as well as operator factors and diesel 

consumptions in South Africa. 
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This study found that carbon emissions from mechanised CTL were only representative of a small 

fraction of carbon stored in saw timber harvested. The data only represent an average of values over 

a relatively short period of time. It would be useful to conduct longer term studies with more specific 

data to further analyse the work condition factors that affect diesel consumption and emissions, both 

important in terms of making mechanised CTL sustainable environmentally and economically. 
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