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INTRODUCTION
Innovative technologies for recovering woody biomass have the potential to reduce production costs 
and increase the utilization of biomass in the field. FPInnovations, in collaboration with the Canadian 
Wood Fibre Centre, evaluated the potential of the Gyro-Trac bioenergy baling system (BBS) to process 
timber-harvesting residues into commercial biomass. This evaluation occurred between January and 
March 2015 in the Saddle Hills of Alberta which are located approximately 125 km northwest of Grande 
Prairie.   

This report describes the machine’s productivity while processing small deciduous decks and conifer 
debris piles resulting from the salvage of mountain pine beetle impacted stands.  

Figure 1. The Gyro-Trac bioenergy baling system 
(BBS) 

Figure 2. Compact woody biomass bales  
(1.22 × 1.18 m) 

The BBS (Figure 1) is a multi-functional biomass harvesting machine manufactured in Quebec and 
utilized almost entirely in the southern United States to harvest and process short-rotation willow 
plantations.  
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The prime mover is powered by a 257-kW (350-hp) diesel engine and is equipped with flexible rubber 
tracks to reduce ground pressure. The machine consists of a front-mounted mulching head with a 
cutting surface of 2.24 m. Mulch is transported from the head using conveyors and is fed to an on-
board chipper for reprocessing. Chips are then fed to a rear-mounted baling system that produces a 
round bale of compacted biomass that measures 1.22 m in diameter and 1.18 m in length (Figure 2). 

A compressed bale weighs between 650 and 1 250 kg, depending on the moisture content of the 
biomass. Visual observations made by the Canadian Wood Fibre Centre indicate no evidence of 
decomposition within the bales after 20 months of storage. Storing biomass in a compacted bale may 
help to prolong storage periods and reduce hazards associated with storing feedstock.  

This technology provides biomass users with another option for processing woody biomass and may 
reduce the transportation costs associated with hauling feedstock to a production facility. When 
integrated into a full-scale timber-harvesting operation, and where markets for biomass exist, the BBS 
also provides an alternative to piling and burning harvest residues.  
 

EVALUATION METHODS AND PRODUCTIVITY RESULTS 
This was the first operational test for the BBS in winter conditions. The productivity of this machine was 
evaluated at different scales in temperatures exceeding −25 °C. FPInnovations collected short-term 
productivity information at the beginning and towards the end of the three-month project while the 
Canadian Wood Fibre Centre collected longer-term productivity information throughout the entire 
project. The productivity of the machine was evaluated under the following three scenarios: 

1. PPD – processor-piled debris; processing non-merchantable conifer debris (lodgepole pine, white 
spruce and black spruce pieces) that had been piled by a roadside processor (Figure 3). 

2. PDD – processor-decked debris; processing non-merchantable conifer debris (lodgepole pine, white 
spruce and black spruce pieces) that had been decked by a roadside processor (Figure 4). 

3. FTA – full-tree aspen; processing merchantable full-tree trembling aspen stems that were decked at 
roadside by a skidder (Figure 5). 

Figure 3. Processor-piled debris (PPD) Figure 4. Processor-decked debris (PDD) 
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The productivity information is summarized below in 
Table 1. For the purpose of this evaluation, 
productive machine hours (PMH) included time that 
the machine spent performing its intended 
functions; mulching, processing, baling and ejecting 
the completed bales, and travelling to perform 
these operations. Operational delays or non-
productive machine hours included time spent on 
maintenance, repairs and modifications, idling, 
travelling outside of the landings, and personal 
delays. Mechanical delays (maintenance, repairs 
and modifications) are shown separately in Table 1, 
because they contributed significantly to the operational delays, demonstrating the challenge of 
operating a new machine for the first time in these conditions.  

Approximately 95% of the operational delays were attributed to maintenance and repair activities, and 
to modifications that were made early on in the trial while the machine was calibrated to winter 
operating conditions. By the end of the trial these activities accounted for 55% of the operational 
delays, demonstrating the effectiveness of the calibrations made during the project. 

Table 1. Productivity of the Gyro-Trac bioenergy baling system, by scenario 

Element 
Short-term productivity  Long-term productivity  

PPD PDD FTA PPD PDD FTA 

Study time (hr) 13.47 1.55 7.66 185.78 2.42 23.81 

Productive machine hours (PMH) 2.97 1.06 3.35 52.71 1.08 5.72 

Operational delays (hr) 10.50 0.49 4.31 120.41 1.34 17.12 

Mechanical delays (hr) 9.95 0.49 3.38 66.23 0.32 9.90 

Bales produced (no.) 14 5 10 153 5 16 

Bales/PMH (no.) 4.71 4.70 2.98 2.90 4.63 2.80 

Average weight/bale (kg) 707 796 760 709 776 761 

Total weight of bales/PMH (kg) 3 333 3 738 2 266 2 059 3 683 2 130 

Average moisture content (%) 47.8 46.4 49.2 47.8 46.4 49.2 

Total biomass (ODKg)/PMH 1 740 2 004 1 151 1 075 1 924 1 082 

 
Similar productivities were recorded during the short-term evaluation, when the BBS operated in the 
processor-piled debris (PPD) and processor-decked debris (PDD) scenarios at 4.71 bales/PMH and 
4.70 bales/PMH, respectively.      

    Figure 5. Skidder-decked full-tree aspen (FTA)       
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However, the analysis of the longer term data which was based on a larger sample size, demonstrated 
that the machine performed significantly better when operating in the well orientated processor-decked 
debris (PDD) scenario at 4.63 bales/PMH than in the processor-piled debris (PPD) scenario at 2.90 
bales/PMH. 

The productivity of the BBS while operating in the skidder-decked full-tree aspen scenario in both the 
short-term and longer term evaluations was considerably lower than that observed in the processor-
decked debris (PDD) scenario by approximately 1.8 bales/PMH.  

In addition to the data presented in Table 1, the highest productivity observed by FPInnovations was 
7.3 bales/PMH which occurred towards the end of the project while the machine cleaned up remnants 
of processor-piled debris. Therefore, the productive range of this machine was 2.8 to 7.3 bales/PMH in 
the winter operating conditions encountered during this evaluation. 

The productivity of the dangle-head processor was also evaluated to determine the impact of decking 
the debris in more efficient orientations for the BBS. The dangle-head processor’s productivity was 
found to be 1% less than expected, using FPInnovations’ Provue database.  

 

DISCUSSION 
The main objective of this trial was to evaluate the potential of the Gyro-Trac bioenergy baling system 
to utilize timber-harvesting residues to create compact bales of woody biomass while operating in the 
winter conditions of northern Alberta. This was the first time that this machine combination had been 
tested in such conditions. Several mechanical challenges were encountered and overcome as the 
operator made successive modifications and machine calibrations for cold temperatures and larger 
piece sizes.  

When used in combination with a conventional harvesting system that processed sawlogs from 
merchantable mountain pine beetle impacted wood, the BBS was able to process the tops, branches, 
and foliage discarded by the processor to utilize 95–100% of the harvested fibre. There appears to be a 
significant advantage to decking the residual debris produced by the roadside processor as opposed to 
discarding it into random piles. Although evaluated over a relatively small sample size, the productivity 
of the BBS was 1.8 bales/PMH higher while operating in the processor-decked debris (PDD) scenario 
compared to the processor-piled debris (PPD) scenario. A similar evaluation should be made over a 
larger sample size. The costs associated with additional processing time needs to be weighed against 
the gains that can be achieved in biomass production.  

In the short-term evaluation, the baler was more productive when it processed residual conifer debris 
than when it processed full-tree aspen stems decked by the skidder. This indicates a possible 
relationship between piece size and the productivity of the BBS, which should also be evaluated over a 
larger sample size. 

Future trials should be conducted to determine the most effective way to integrate the BBS into a 
conventional harvesting operation to achieve optimal productivity. It would also be appropriate to 
compare the costs and productivity of the BBS to those of an in-woods chipping operation. 
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Additional information on fibre characterization and contamination as well as transportation and storage 
of feedstock in bale form will be made available as part of this project. 
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