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Abstract 

A review of the technical interventions and research work carried out over the past ten years by Forintek’s 

Lumber Manufacturing Technology Department was undertaken to determine the level of performance of 

the various technologies and processes used in eastern Canadian softwood lumber mills. The goal was to 

prioritize the improvement of activities that offer an attractive monetary return and to more accurately 

focus the efforts of process engineers who are responsible for continuous improvement.  

 

The level of performance of the various technologies and manufacturing processes varies greatly. Losses 

or gains associated with their use can be significant. This is why it is critical to focus on interventions that 

generate benefits quickly and at lower cost.  
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1 Objective 
The objective of this document is to review the lumber manufacturing processes and determine the 

effectiveness of the technologies and methods used in sawmills in order to prioritize the improvement of 

activities offering an attractive monetary return. The resulting information will make it possible to more 

accurately focus the efforts of process engineers who are responsible for continuous improvement.  

 

 

2 Introduction 
Sawmilling technology has become increasingly sophisticated. The adoption of automation and 

optimization processes by Canadian sawmills in the 1980s was followed by the introduction of curve 

sawing in the early 1990s. Since then, scanners have evolved a great deal. Furthermore, log positioning 

and infeed systems have become significantly more accurate and complex. Sawmills have become 

extremely avant-garde, using state-of-the art technologies to characterize the resource and optimize the 

breakdown process. As a result, it is now difficult, if not impossible, to determine whether equipment is 

performing as it should without checking its effectiveness by processing sample materials. This requires a 

lot of time and effort. 

 

Over the years, Forintek has carried out many research projects and studies to validate the performance of 

manufacturing processes. Members have requested that we review this work and subsequently tap our 

collective expertise to put a dollar value to the monetary benefits flowing from efforts to mitigate current 

shortcomings. The sawmilling industry is going through an extremely difficult period; it is trying in every 

way to cut production costs and/or to improve the effectiveness of manufacturing processes, or both. The 

work documented in this report will help to focus the interventions of process engineers and generate 

benefits quickly and at lower cost. 

 

 

3 Method 
For the purposes of this study, it was decided to review the technical interventions and research conducted 

over the past ten years by the project leaders of the Lumber Manufacturing Department. This included 

work done by the Lumber Manufacturing, Drying and Protection Groups.  

 

The manufacturing process was broken down into four main categories: resource, sawmilling, drying and 

planing. The list of activities was detailed for each category and a review of the literature was conducted 

in order to determine the effectiveness of each activity and the potential for improvement in each case. 
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4 Resource 

4.1 Stem breakage 

This project sought to determine the frequency and extent of jack pine stem breakage as a result of whole 

tree-length harvesting, and to determine the resulting impact on product volume and value recovery. The 

work was carried out in Ontario in November 2001. 

 

Two jack pine stem samples were collected. The first consisted of 100 undamaged stems; the second 

consisted of 121 stems exhibiting some breakage or mechanical damage. Sample material was measured 

and slashed in the sawmill yard. All the products of the slashing operation were measured and identified 

before processing in the sawmill. The lumber produced from the sample material was shipped to 

Forintek’s Québec City laboratory for drying and grading.  

 

The results (Table 1) indicate that 18% of the stems in the log yard were broken or damaged and that 

more than 75% of the breakage had occurred at the small end of the stems. The actual damage frequency 

was higher because but-end stem damage was trimmed off in the forest. This unusual practice generated a 

higher lumber yield in the sawmill at the expense of greater fibre loss in the forest.  

 

In the case of a sawmill that annually processes 400,000 m³ of roundwood, the missing sections of broken 

stems deprive the sawmill of approximately 90,000 sawlogs. These logs would have yielded 765 Mfbm of 

lumber and 1,400 oven-dry tons (ODT) of chips. Losses of this magnitude would amount to more than 

$363,000 or $3.96/Mfbm a year. In addition to missing stem sections, 3.87% of the logs generated by the 

slashing operation also exhibited breakage and mechanical damage. The additional trimming required to 

eliminate stem damage resulted in additional losses of $0.09/Mfbm. 

 

Post-drying splitting occurred more frequently in lumber from broken stems than in lumber from 

unbroken ones. The resulting loss in volume recovery was trivial, while the loss in lumber quality 

represented only $0.02/Mfbm.  

 

Table 1 Volume and value losses due to stem breakage 
 

Based on processing 400,000 m³/year 

Volume losses  

Number of damaged stems 18% 

Log shortfall 90,000 

Losses in terms of lumber (Mfbm) 765 Mfbm 

Losses in terms of chips (ODT) 1,400 ODT 

Value losses  

Lumber, chips, sawdust $3.96/Mfbm 

Trimming, drying defects $0.11/Mfbm 

Increase in harvesting costs  $1.30/Mfbm 

Total value losses $5.37/Mfbm or $1.24/m³ 
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Stem breakage and damage due to the tree-length harvesting method resulted in losses to the sawmill of 

$4.07/Mfbm or $0.94/m³. This represents approximately $376,000 per year for a sawmill processing 

400,000 m³ of wood. This cost to the sawmill does not include cost increases associated with leaving 

wood fibre in the forest and with the additional handling of short pieces from broken stems, the cost of 

which FERIC estimates at $1.30/m³. 

 

4.2 Impact of the log storage period 

This study measured the impact of log storage on the quality of debarking with a ring debarker and on log 

breakdown quality using a chipper canter equipped with conical heads. Debarking was carried out in a 

mill, while breakdown was carried out on the chipper canter test bench at Forintek’s Québec City 

laboratory. The logs were debarked and processed in their freshly-cut state and, subsequently, at the end 

of storage periods of 5, 7, 11, 15 and 20 months. A Nicholson debarker (A5, 17 in., 6 inserts) operating at 

a feed speed of 69 m/min. (225 ft/min.) was used. The chipper canter head (Ø 14 in., 6 knives) settings 

were as follows: linear speed, 1,220 m/min. (4,000 ft/min.); speed of rotation, 1300 rpm; bite, 22.2 mm 

(7/8 in.). The logs were debarked and processed at room temperature. Debarking parameters were the 

same as those used in a production setting. A total of 141 black spruce sawlogs (Picea mariana [Mill.] 

B.S.P.) with an average small-end diameter of 14,7 cm, a moisture content (oven-dry base) of 79.3% and 

a density of 393 kg/m
3
 were processed. Breakdown patterns (4x4, 4x5, 4x6 and 6x6) were used to obtain 

the best volume recovery from each log.  

 

The greatest losses in moisture content occurred after storage periods of 5 and 7 months. Subsequently, 

moisture content remained stable and below the fibre saturation point. At the end of storage periods of 

5 and 7 months, the proportion of large chips (7/8 and 1 1/8 in.) increased during processing whereas the 

proportion of smaller chips (3/16 in. and fines) dropped (Table 2).  

 

Table 2 Chip size distribution (%) 
 

 
Dec. 2006  

(start) 
May 2007  

(5 months) 
July 2007  

(7 months) 
Nov. 2007 

(11 months) 
March 2008 

(15 months) 
Aug. 2008  

(20 months) 

1 1/8 in. (28.6 mm)  1.6 4.2 6.3 5.1 5.3 5.4 

7/8 in. (22.2 mm) 9.8 13.9 17.4 15.6 16.0 13.5 

5/8 in. (15.9 mm) 29.2 27.9 33.1 34.4 30.9 28.2 

38 in. (9.5 m) 37.5 35.2 28.5 29.6 30.4 32.6 

3/16 in. (4.8 mm) 18.1 15.8 12.3 12.6 14.0 16.1 

Fines 3.8 3.0 2.5 2.7 3.4 4.3 
 

7/8 in. + 1 1/8 in. 11.4 18.1 23.7 20.7 21.3 18.8 

3/16 in. + fines 21.9 18.8 14.8 15.3 17.4 20.4 
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Debarking quality remained constant during the first 11 months of storage. During this period, log volume 

loss varied between 0.7% and 1.1% (Table 3). Subsequently, log volume losses increased to 2.3% and 

2.7% (at 15 and 20 months). These losses are due to log deterioration caused by stain and decay which 

became apparent at the end of 15 and 20 months storage. Although heartwood was affected to a large 

extent, sapwood was completely affected. Similarly, the bond between wood and bark deteriorated greatly 

between 11 and 15 months storage. Large strips of bark fell away when logs were being handled. The 

absence of bark increased sapwood exposure to the pressure of debarking tools. This resulted in fibre tear-

out. 

 

Table 3 Volume and monetary losses 
 

 
Dec. 2006  

(start) 
May 2007  

(5 months) 
July 2007  

(7 months) 
Nov. 2007 

(11 months) 
March 2008  
(15 months) 

Aug. 2008  
(20 months) 

Log volume loss after debarking 

and breakdown (%) 
1.0 1.1 1.1 0.7 2.3 2.7 

Lumber volume loss, including 

chip gain due to trimming 

($/Mfbm) 

23.21 26.67 29.88 32.88 38.70 40.32 

Total losses (%) 5.5 6.0 6.6 7.4 8.8 9.4 

Adjusted total losses ($/Mfbm) 8.39 8.55 8.96 10.08 12.6 14.07 

Adjusted total losses (%) 1.9 1.9 2.0 2.2 2.8 3.1 

N.B.: The calculation of monetary losses was based on the assumption that all the lumber could have been graded Premium 

(reflected in ―Total losses‖ above). In fact, however, only 30% or so of the lumber pieces can be graded as Premium, because 

natural wane, decay, knots and other defects result in degrade regardless of surface quality resulting from debarking and 

squaring. Losses due to degrade (loss in quality) must therefore be reduced to 30% of their value in order to take all the lumber 

produced by the sawmill into account. These losses are reflected in the ―Adjusted total losses‖ line above. 
 

The proportion of pieces graded Premium 1/32, 1/16 and 1/8 with respect to maximum fibre tear-out 

remained constant throughout the study, despite the deterioration of the lumber at 15 and 20 months 

storage. Monetary losses barely increased during the first 11-month storage period during which they 

varied between 1.9% and 2.2%. Subsequently, monetary losses increased from 2.8% to 3.1%, mainly as a 

result of decay and stain which became evident at the end of the 11-month storage period. Without this 

deterioration, breakdown quality would have remained the same.  

 

Under the conditions in which this study was carried out, it can be said that profitability begins to decline 

after an 11-month log storage period.  

 

4.3 Processing fire-affected timber 

The goal of this project was to assign a dollar value to lumber products from jack pine and black spruce 

trees affected by spring and early summer forest fires, and to measure the loss of value of lumber products 

over a three-year period.  
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Sample stems came from fire No. 363 (Quebec). This fire, caused by lightning on May 31, 2005, was 

located north of Lac Saint-Jean in the Mistassini Management Unit (27). On the ground, six plots were 

established in softwood stands, as called for by the project work plan. Three were established in black 

spruce stands and three in jack pine stands consistent with the three target damage classes : charred, 

scorched and slightly affected. The plots were located in the fire’s southern sector near a Bowater bush 

camp. Each plot included 150 trees, that is, 50 trees for each year of the three-year study. Representatives 

of the Ministère des Ressources Naturelles et de la Faune (MRNF) established selection criteria and 

selected the sample stems required for carrying out the project. In addition to recording the species and 

diameter at breast height (DBH) for each tree, as well as its damage class, MRNF representatives counted 

sawyer beetle bore holes over an area of 1000 cm² and estimated the length of the beetle galleries.  
 

The sample stems for year 1 were relatively fresh. They had retained approximately 90% of their bark. 

The lumber manufactured from these stems exhibited little stain or splitting, but the presence of worm 

holes lowered product quality and value. Approximately 20% of the pieces had more than 10 worm holes 

per piece. In the second year, sample plot stems were dryer. Green jack pine stems that had been slightly 

affected had retained their bark, whereas scorched stems had lost approximately 50% of their remaining 

bark. Charred jack pine stems had lost all their bark. Stain and early stages of decay, as well as spiral 

splitting, were visible on the surface of jack pine stems. The lumber from these stems exhibited a great 

numbers of bore holes and a significant amount of stain. Such defects adversely affect product 

appearance. Approximately 54% of the pieces exhibited more than 10 bore holes apiece. 
 

In the third year of the study, the damage to sample stems appeared to be greater. Jack pine stems had lost 

nearly all of their bark. Black spruce stems, on the other hand, had kept a lot of theirs. The ring of stained 

sapwood that had appeared in the second year had become a ring of decay. Stem surfaces, especially jack 

pine stems, were covered with splits and dotted with worm holes. The appearance of lumber from the 

third year sample plots was similar to that of second-year lumber, but decay and splits were more evident. 

Approximately 50% of the pieces exhibited more than 10 worm holes per piece. The frequency of worm 

holes was higher in black spruce scorched stems that in any other group. On the other hand, green jack 

pine that had been slightly affected by the fire was the preferred target of insects. 
 

Table 4 compares the monetary losses for the three years by species and fire intensity. The losses for the 

third year are three to four times greater than those for the first year. The main reason is the degrade of 

lumber as a result of worm holes, shake and ring decay. Regardless of the resulting loss in value, the 

product would be hard to sell on the market. Lumber pieces were dotted with worm holes and streaks of 

stain, which gave the wood a considerably unappealing appearance. It would be unthinkable to sell this 

product to superstores where product appearance is of prime importance to the consumer. This is exactly 

why lumber manufacturers tend to shy away from fire-affected wood two years after a fire. Worm holes 

are more plentiful and larger in third-year wood, but all in all, there is hardly any difference in the 

appearance of lumber manufactured from second- and third-year fire affected wood. 
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Table 4 Monetary losses resulting from fire damage ($/m³ stem) 
 

Fire intensity 
Year 1 Year 2 Year 3 

$/m³ % $/m³ % $/m³ % 

Spruce 

Green, slightly 

affected 

0.96 0.9 8.34 6.7 5.04 4.1 

Scorched 5.03 4.6 15.99 14.1 21.15 17.7 

Charred 4.42 3.9 10.52 8.7 11.60 10.4 

Average 3.26 3.0 12.21 10.3 12.73 10.9 

Jack pine 
Green, slightly 

affected 

2.40 2.2 7.46 6.3 16.95 14.3 

Scorched 3.69 3.6 12.77 11.3 16.76 14.0 

Charred 4.23 4.0 11.87 10.2 16.76 14.5 

Average 3.36 3.1 10.22 8.8 16.83 14.3 

 

4.4 Recovery of dry sound logs 

In the province of Quebec, dry sound logs must be harvested for subsequent lumber production, just like 

green trees. On average, dry sound logs account for 3% to 7% of harvested material. In certain areas, 

however, such logs can represent more than 20% of the harvest volume. This study focused on 

quantifying the volume and value recovery from dry sound logs and comparing these values with those 

obtained from green logs. To this end, log batches were made up by species (balsam fir and spruce) and 

quality. This process resulted in a control batch (green wood), a first batch of dry logs containing slightly 

affected wood (dry sample 1) and a second batch of dry logs containing severely affected wood (dry 

sample 2). An additional sample of logs affected by an ice storm was integrated into this comparative 

study. 

 

Results indicated that the high level of decay in dry samples 1 and 2 significantly affected lumber 

recovery in terms of volume and value. For spruce samples (Table 5), the conversion factor increased by 

5% and 25% for dry samples 1 and 2 respectively. The main reason was the trimming of the decay in 

16-foot or longer lumber pieces. This provided for a certain level of quality, but at the expense of lumber 

volume. Decay also significantly affected product quality. The percentage of No. 1 and No. 2 grades of 

lumber dropped from 65% for sound wood to approximately 22% for dry wood sample 2. On the other 

hand, the percentage of No. 3 lumber increased from 11% to more than 50%. Volume and value losses 

represented a significant drop in revenue for dry samples No.1 and No. 2, that is, a loss of $13 and $22/m³ 

respectively. Ice-storm affected wood had little impact on volume or value recovery. The only negative 

factor was a level of decay of approximately 6% as opposed to 2% for sound spruce. 
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Table 5 Value of the products obtained from sample logs – Spruce and ice-damaged trees 
 

Spruce Factor Sound Dry No. 1 Dry No. 2 Ice damage 

      

Log volume (actual)      

 Total gross volume  (dm³) 19,358 20,737 28,854 20,414 

 Volume reduction  (dm³) 391 2,644 8,797 1,200 

 Percentage reduction  (%) 2.0% 12.8% 30.5% 5.9% 

 Total net volume  (dm³) 18,967 18,092 20,057 19,215 

 Average net volume  (dm³/log) 75.87 72.08 80.23 76.86 

      

 Net merchantable volume (dm³) 18,145 17,702 20,046 18,708 

      

Lumber volume (fbm) 3,097 2,880 2,735 3,246 

      

Conversion factor 
(m³net 

merchantable/ 
Mfbm) 

5.86 6.15 7.33 5.76 

Product output*      

 Actual lumber volume (dm³) 5,849 5,436 5,180 6,133 

 Chip volume (dm³) 11,600 11,209 13,272 11,545 

 Sawdust volume (dm³) 1,517 1,447 1,605 1,537 

      

Value of the products      

 Lumber ($) 1271.8 1002.9 931.6 1303.4 

 $/Mfbm 410.71 348.26 340.63 401.59 

 $/m³ 70.09 56.65 46.47 69.67 

      

 Chips Density (kg/m³) 446 454 450 458 

 (ODT) 5.17 5.09 5.97 5.29 

 ($130/ODT) 672.58 661.57 776.42 687.37 

 $/m³ 37.07 37.37 38.73 36.74 

      

 Sawdust Density (kg/m³) 446 454 450 458 

 (ODT) 0.68 0.66 0.72 0.70 

 ($23/ODT) 15.57 15.11 16.61 16.19 

 $/m³ 0.86 0.85 0.83 0.87 

      

Total value of the 
products 

($) 1,959.98 1,679.56 1,724.64 2,006.98 

 $/m³ 108.02 94.88 86.04 107.28 

 Difference ($/m³) - 13.14 21.98 0.74 

      

 * Based on the total net log volume. 

 

The impact of decay on fir samples was largely the same (Table 6). The conversion factor increased by 

17% for dry sample No. 1. This result was similar to the result obtained with the dry spruce sample No. 2. 

On the other hand, the impact of fibre deterioration in dry fir sample No. 2 was much more severe. The 



Monetary Losses Associated With Lumber Manufacturing Processes 

 

 

 

 

 

 8 of 60 

 

conversion factor increased by 38%: it went from 5.88 m³/Mfbm for sound fir to 8.12 m³/Mfbm for dry 

sample No. 2. The loss of revenue in the case of dry sample No. 1 amounted to $12/m³. With respect to 

dry sample No. 2, the recorded loss of value amounted to approximately $22/m³. These results suggest 

that there is hardly any difference in the loss of value for spruce and balsam fir.  
 

To such important income losses must be added a potential increase in production costs. The breakdown 

of logs from dry spruce and fir sample No. 2 will result in lower equipment productivity because of 

material breakage and associated flow problems. Furthermore, the higher conversion factor (25% to 35%) 

calls for processing a larger volume of logs per Mfbm. 

 

Table 6 Value of the products obtained from sample logs – Balsam fir 
 

Fir Factor Sound Dry No. 1 Dry No. 2 

Log volume (actual)     

 Total gross volume  (dm³) 21,464 23,667 28,471 

 Volume reduction  (dm³) 1,022 2,102 7,389 

 Percentage reduction  (%) 4.8% 8.9% 26.0% 

 Total net volume  (dm³) 20,442 21,564 21,082 

 Average net volume  (dm³/log) 81.77 85.91 83.99 

 Net merchantable volume (dm³) 19,773 21,195 21,089 

     

Lumber volume (fbm) 3,362 3,070 2,597 

     

Conversion factor (m
e
/Mfbm 5.88 6.90 8.12 

     

Product output*     

 Actual lumber volume (dm³) 6,374 5,823 4,925 

 Chip volume (dm³) 12,433 14,016 14,470 

 Sawdust volume (dm³) 1,635 1,725 1,687 

     

Value of the products ($) 1,322.4 1,123.4 876.2 

 Lumber $/Mfbm 393.39 365.91 337.45 

 $/m³ 66.88 53.00 41.55 

     

 Density (kg/m³) 368 369 369 

 Chips (ODT) 4.58 5.17 5.34 

 ($130/ODT) 594.77 672.35 694.14 

 $/m³ 30.08 31.72 32.92 

     

 Density (kg/m³) 368 369 369 

 Sawdust (ODT) 0.60 0.64 0.62 

 ($23/ODT) 13.84 14.64 14.31 

 $/m³ 0.70 0.69 0.68 

Total value of the products ($) 1,930.99 1,810.40 1,584.65 

 $/m³ 97.66 85.42 75.14 

 Difference ($/m³) - 12.24 22.51 

* Based on the total net volume. 
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4.5 Impact of log trim allowance 

Slashing simulations were carried out to assess the economic impact of log trim allowance. The results 

shown in Table 7 indicate that volume and value losses can be minimized with a target slashing length of 

16 ft 4 in. using a butt plate to effectively control length variability. At a target length of 16 ft 6 in., losses 

amount to less than $100,000/year. However, losses mount quickly and almost triple ($268,000/year) with 

a target length of 16 ft 8 in. and are five times greater with a target length of 16 ft 10 in. ($434,000/year). 

 

Table 7 Impact of increasing trim allowance (stationary slasher) 

 

Log length * 16 ft 2 in. 16 ft 4 in. 16 ft 6 in. 16 ft 8 in. 16 ft 10 in. 

No. of logs 4,744,910 4,712,940 4,677,630 4,657,400 4,563,270 

Log loss - 31,970 67,280 87,510 181,640 

Conversion factor m³/Mfbm 3.53 3.55 3.58 3.60 3.62 

Income      

Lumber ($) 34,282,300 33,994,400 33,840,300 33,607,900 33,375,600 

Chips ($) 7,788,898 7,852,264 7,912,908 7,970,819 8,039,255 

Total ($) 42,421,174 42,199,549 42,104,708 41,930,815 41,765,539 

Losses for 300,000 m³ ($) - - 94,841 268,734 434,010 

Losses $/m³ merchantable - - 0.32 0.90 1.45 

* Reference length 16 ft 4 in. 

 

Length variability resulting from slashing with cut-lo-length  harvesters (Table 8) where 92% of the logs 

were slashed to the target length ± 4 in. generated greater losses. With a target length of 16 ft 6 in., value 

losses exceeded $216,000/year. That was twice the amount compared to slashing with a butt plate 

($94,000) which reduced log length variability. Losses are four times greater (in excess of $435,000) 

when loader operators intentionally break logs that are too long to a shorter length in order to facilitate 

material flow on conveyers. The greater the trim allowance, the greater the income losses. In fact, it was 

noted that a log length of 16 ft 8 in. resulted in losses exceeding $735,000. 

 

These results demonstrate the importance of a quality control program to minimize log length variability. 

Losses can be significant and increase exponentially. They can easily range from $200,000 to $400,000 

for a well-maintained cut-to-length harvester operation (92%, target length ± 4 in.) and a target length of 

16 ft 6 in., depending on the possibility of re-slashing logs that are still too long. One can only imagine 

the losses generated by an out-of-control process that would generate 16 ft 8 in. or 16 ft 10 in. logs, a 

situation that we have encountered occasionally. It is also important to avoid breaking logs that are too 

long. Breakage can double the amount of value losses. 
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Table 8 Losses due to excessive trim allowance and slashing method (cut-to-length 

harvester) 
 

Log length * 16 ft 4 in.* 
16 ft 6 in. 

Re-slashed 

16 ft 6 in. 
Broken ** 
(12’ 6’’) 

16 ft 8 in. 
Re-slashed 

16 ft 8 in. 
Broken ** 
(12’ 6’’) 

No. of logs 4,712,940 4,669,705 4,669,705 4,632,086 4,632,086 
Log loss - 43,235 43,235 80,854 80,854 

Conversion factor (m³/Mfbm) 3.55 3.59 3.62 3.60 3.67 

Conversion factor increase - +1.13% +1.97% +1.40% +3.38% 

Income      

Lumber ($) 33,994,400  33,680,500 33,370,891 33,557,580 32,937,551 
Chips ($) 7,852,264 7,951,743 8,046,519 7,992,694 8,184,047 
Total ($) 42,199,549 41,983,455 41,764,234 41,900,483 41,462,749 
Losses for 300,000 m³ ($) - 216,074 435,315 299,066 736,800 

Value ($/m³ merchantable) 140.67 139.91 139.21 139.67 138.21 

Losses ($/m³ merchantable) - -0.76 -1.46 -1.00 -2.46 

* Reference length 16 ft 4 in. 

** Long logs broken to 12 ft 6 in. 

 

4.6 Recovery of tops 

In order to assess the impact of salvaging tops (the small end of stems the diameter of which is below the 

merchantable diameter of 9 cm) on the performance of a typical stud mill, simulations were carried out 

with a sample of stems representative of a sawmill processing small wood, that is, 8-foot logs with an 

average volume of less than 30 dm³. It was assumed that trees were slashed into 16-foot logs and that the 

small end of the stems would be kept in the last log, provided the log measured at least 6 feet in length.  

 

The following algorithm describes the fibre flow following harvesting in the forest. Stems were slashed 

into 16-foot logs while keeping the small end. If the diameter of a log at the small end exceeded 7.5 in. 

(19 cm), the log was redirected to a 16-foot dimension lumber mill. Small diameter 16-foot logs were 

slashed into two logs to obtain an 8-foot log in the butt-end section. The second log could be of equal 

length or shorter than 8 feet. All logs shorter than 6 feet, as well as those with an average diameter of less 

than 2.5 in. (6.3 cm), were directly converted into chips.  

 

Log recovery for processing at the sawmill was carried out in accordance with the four following slashing 

scenarios, as shown in Figure 1: 

 

1. Recovery of the last 16-foot log only if its diameter is at least 9 cm at a distance of 6 ft from the 

butt end; 

2. Recovery of the last 16-foot log only if its diameter is at least 9 cm at a distance of 8 ft from the 

butt end; 

3. Recovery of the last 16-foot log only if its diameter is at least 9 cm at a distance of 10 ft from the 

butt end; 

4. Recovery of the last 16-foot log only if its diameter is at least 9 cm at a distance of 12 ft from the 

butt end. 
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Figure 1 Illustration of the 16-foot log recovery scenarios at the harvesting site 
 

Table 9 shows the sample of stems slashed in accordance with the four slashing scenarios. Volumes are 

shown per shift. For the initial scenario (9 cm at 6 ft) in which the maximum volume of fibre is recovered 

from the forest, the merchantable volume consumed amounted to 618.2 m³ per shift for a total standing 

volume of 800 m³. The volume of tops left on site therefore represented 129 m³ per shift, that is, 16% of 

the standing volume. The sawn volume amounted to 650 m³ per shift with the sawmill processing logs 

with an average volume of 26.2 dm³. When the minimum diameter of recovered logs increased, the 

volume of fibre left on site also increased, along with the average volume of sawn logs. 

 

Table 9 Description of fibre supply by bucking scenario 
 

 
 

Table 10 shows the impact of the slashing scenarios on the amount of fibre consumed, sawmill production 

and volume recovery. As the harvesting site recovery diameter increased, the average volume of sawn 

logs increased and sawmill production improved. It is assumed for the purpose of this discussion that the 

number of sawn logs remained constant. In fact, the average log volume did not increase enough to 

account for a decrease in the number of logs sawn per shift. Since the sawmill processed roughly the same 

number of logs with a slightly greater volume, the merchantable volume of fiber consumed on site 

increased. The conversion factor based on the merchantable volume of fibre increased because a portion 

of sawable logs were left on site. On the other hand, the sawmill factor (based exclusively on the volume 

of sawn lumber) improved because the processed logs were increasingly larger, as evidenced by the 

(9 cm @ 6'/16') (9 cm @ 8'/16') (9 cm @ 10'/16') (9 cm @ 12'/16') 

Fibre supply 
Merchantable volume (m³ /shift) 618.2 633.4 666.5 736.5 
Total standing volume (m³ /shift) 799.8 819.4 862.3. 952.8 
Volume left on site (m³ /shift) 129.0 142.5 174.1 243.8 
Volume shipped to the sawmill (m³ /shift) 670.8 676.9 688.1 709.0 
Volume at the drum debarker (m³ /shift) 14.6 15.0 14.2 10.8 
Scanned volume after debarking (m³ /shift) 656.2 661.9 673.9 698.2 
Volume rejected at grading (m³ /shift) 6.5 6.7 6.2 6.9 
Sawn volume (m³ /shift) 649.7 655.2 667.7 691.3 
Volume of logs chipped at the sawmill 3.2% 3.2% 3.0% 2.5% 
Average volume of sawn logs (dm³ /log) 26.2 26.4 26.9 27.9 

  
Performance indicators 

On-site bucking scenario and recovery diameter 
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increase of fbm per log. It should be noted that the sawmill will produce a larger volume of chips even if 

the chip factor, in metric tonne per Mfbm, drops slightly. 

 

The slashing scenario had a direct impact on the proportion of merchantable volume recovered. Up to a 

diameter of 9 cm at 8 ft, the sawn volume was higher than the merchantable volume consumed. In the 

case of a diameter of 9 cm at 10 ft, the two volumes were equal, but in the case of a diameter of 9 cm at 

12 ft, the sawmill converted a greater volume of fibre than the volume sawn into lumber. The latter 

situation is not desirable because it means that a volume of merchantable fibre is left on site. 

 

Table 10 Impact of the slashing scenarios on production and recovery 
 

 
 

Table 11 shows the impact of the slashing scenarios on sawmill net productivity. It also shows that an 

increase in log volume hardly affects the effectiveness of breakdown lines. In the initial scenario (9 cm 

diameter at 6 in.), the two breakdown lines achieved a level of efficiency of 64% and 63% respectively in 

processing a total of 24,800 logs per shift. To process close to 79 pieces per minute, a trimmer must 

operate at an efficiency level of 63%. When the recovery diameter increases, the log breakdown by bin 

varies somewhat. However, the level of efficiency of the breakdown lines remain relatively stable at 63% 

to 64%. It can be seen, for example, that breakdown line No. 2 must process a lesser number of logs from 

bin No. 4 (2x2) as the harvesting site recovery diameter increases. As for breakdown line No. 1, we note 

that the number of logs in bin No. 1 (4x4) increases at the expense of those in bin No. 2. (3x4). 

 

An increase in the recovery log diameter has an impact all along the breakdown line down to the trimmer. 

In fact, the number of pieces requiring trimming increases when log volume increases. The requisite 

increase in efficiency is slight, however (1% to 2%), at least for the two intermediate scenarios. In short, 

the trimmer must be able to handle 1 to 2 more pieces per minute. 

 

(9 cm @ 6'/16') (9 cm @ 8'/16') (9 cm @ 10'/16') (9 cm @ 12'/16') 

Fiber supply 
Merchantable volume (m³ /shift) 618.2 633.4 666.5 736.5 
Total standing volume (m³ /shift) 799.8 819.4 862.3 952.8 
Volume left on site (m³ /faction) 129.0 142.5 174.1 243.8 
Volume shipped to the sawmill (m³ /shift) 670.8 676.9 688.1 709.0 
Volume at the drum debarker (m³ /shift) 14.6 15.0 14.2 10.8 
Scanned volume after debarking (m³ /shift) 656.2 661.9 673.9 698.2 
Volume rejected at grading (m³ /shift) 6.5 6.7 6.2 6.9 
Sawn volume (m³ /shift) 649.7 655.2 667.7 691.3 
Volume of logs chipped at the sawmill 3.2% 3.2% 3.0% 2.5% 
Average volume of sawn logs (dm³ /log) 26.2 26.4 26.9 27.9 
Production per shift 
Gross lumber production (Mfbm/shift) 144 146 149 155 
Chip production (ODT/shift) 151 152 154 157 
Sawdust production (ODT/shift) 25 25 26 27 
Yields 
Conversion factor (m³  merchantable /Mfbm) 4.30 4.33 4.47 4.74 
Conversion factor (m³  sawn/Mfbm) 4.52 4.48 4.48 4.45 
Chip factor (ODT/Mfbm) 1.05 1.04 1.03 1.01 
Recovery per sawn log (fbm/log) 5.8 5.9 6.0 6.3 

  
Performance indicators 

On-site slashing scenario and recovery diameter 
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One of the significant consequences of increasing the on-site recovery diameter is the number of shifts 

required to process the total annual merchantable volume of fibre available, that is, 365,000 m³. In the 

initial scenario, the sawmill must operate on the basis of 590 shifts per year (450 minutes/shift) in order to 

process 350,000 m³ at the rate of 618.2 m³ of merchantable fibre per shift. When the on-site recovery 

diameter increases and the sawmill processes greater volumes, the number of shifts required drops 

accordingly. A drop in the number of shifts per year results in a drop in variable costs.  

 

Table 11 Impact of the slashing scenarios on productivity 
 

 
 

Table 12 shows the financial impact of changing the slashing scenarios on income and resource cost. 

First, increasing the recovery diameter makes it possible to slightly increase the average price of lumber. 

It goes without saying that the larger the logs, the greater the volume of higher value products they yield, 

(e.g., fewer 2x2 and 2x3 pieces and more 2x4s). Not only does income from lumber increase, so does the 

income from by-products (chips and sawdust), because the volumes produced per shift also increase. 

 

If the sawmill processes larger volumes per shift, additional resource costs must be anticipated. Each 

cubic metre converted was costed at $65. By increasing the recovery diameter from the initial scenario 

(9 cm/6 ft) to 9 cm/8 ft, the company would benefit from a gain of $0.15/m³ ($103/shift). Beyond this 

limit, however, the company will experience a deficit. In fact, the recovery of logs with a diameter of 

9 cm at 10 ft results in a loss of income of approximately $1/m³. The additional resource cost then 

becomes higher than the total income from production.  

 

(9 cm @ 6'/16') (9 cm @ 8'/16') (9 cm @ 10'/16') (9 cm @ 12'/16') 

Productivity 
Bin 1 (4x4) (Logs/shift) 3,907 4,003 4,212 4,654 
Bin 2 (3x4) (Logs/shift) 5,136 4,999 4,707 3,977 
Bin 3 (4x6-6x6) (Logs/shift) 710 728 766 846 
Bin 5 (3x3) (Logs/shift) 785 805 847 864 
Total line 1 (Logs/shift) 10,538 10,534 10,531 10,342 
Bin 2 (3x4) (Logs/shift) 0 263 831 2,142 
Bin 4 (2x3) (Logs/shift) 11,131 10,789 10,059 8,873 
Bin 5 (3x3) (Logs/shift) 3,141 3,218 3,387 3,456 
Total line 2 (Logs/shift) 14,272 14,271 14,276 14,471 
Time required for bin 1 (4x4) (min. /shift) 112 114 120 133 
Time required for bin 2 (3x4) (min. /shift) 128 125 118 99 
Time required for bin 3 (4x6-6x6) (min. /shift) 47 49 51 56 
Time required for bin 5 (3x3) (min. /shift) 20 20 21 22 
Requisite efficiency of line 1 64% 64% 64% 64% 
Time required for bin 2 (3x4) (min. /shift) 0 5 17 43 
Time required for bin 4 (2x3) (min. /shift) 223 216 201 177 
Time required for bin 5 (3x3) (min. /shift) 63 64 68 69 
Requisite efficiency of line 2 63% 63% 63% 64% 
Total sawmill (logs/shift) 24,811 24,805 24,807 24,813 
Total sawmill (logs /min.) 55.1 55.1 55.1 55.1 
Trimmer (pieces/min.) 78.8 79.9 81.2 83.4 
Requisite efficiency at the trimmer (%) 63% 64% 65% 67% 
Requisite number of shifts (shifts/year) 590 576 548 496 

 
Performance indicators 

On-site slashing scenario and recovery diameter 
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Furthermore, the recovery and conversion into chips of the fibre volume left on site during harvesting 

operations would have a direct impact on income from operations. In fact, increasing the recovery 

diameter for the sawmill increases the potential volume of chips that could be recovered on site. 

Depending on the scenario, additional income from chips would range from $0.72 to $1.04/m³. 

Consequently, as the on-site recovery diameter increases, the financial picture improves accordingly. 

However, this analysis does not take into account the potential operating costs for chipping and 

transporting the additional fibre volume. 

 

Table 12 Financial impact of the slashing scenarios 
 

 

4.7 Management of the sawmill wood supply 

The difficulty in obtaining a supply of stems or logs of consistent dimensions can result in serious wood 

flow problems for sawmills. A significant drop in productivity can ensue when this happens. In fact, in 

most Canadian sawmills, there is little control on how raw materials reach breakdown lines. To solve this 

problem, some sawmills have adopted sorting methods in the forest based on stem dimensions scenarios 

with two or three diameter classes. This provides a certain measure of control on the sawmill wood 

supply. These sawmills have posted interesting productivity gains, which have not been systematically 

assessed.  

 

Because sorting raw material increases the cost of forest operations, it would be useful to determine any 

related sawmill productivity gains and assess the overall profitability of sorting operations. The key 

objective of this research project was to determine the level of the benefits associated with processing raw 

materials sorted by dimensions. This project also focused on various methods for managing and 

controlling the sawmill wood supply. 

 

(9 cm @ 6'/16') (9 cm @ 8'/16') (9 cm @ 10'/16') (9 cm @ 12'/16') 

Fibre supply 

Merchantable volume (m³ /shift) 618.2 633.4 666.5 736.5 
Total standing volume (m³ /shift) 799.8 819.4 862.3 952.8 
Volume left on site (m³ /shift) 129.0 142.5 174.1 243.8 
Financial impact 

Average price of lumber ($/Mfbm) 354 355 356 358 
Income from lumber ($/shift) 50,919 51,912 53,060 55,656 
Income from chips ($/shift) 18,902 19,000 19,228 19,600 
Income from sawdust ($/shift) 507 507 521 544 
Total income ($/shift) 70,328 71,419 72,809 75,799 
Additional income ($/shift) -          1,091 2,481 5,471 
Resource cost @ $65/m³  ($/shift) 40,182 41,170 43,323 47,872 
Additional resource cost ($/shift) -          988 3,141 7,690 
Earnings ($/shift) -          103 -660 -2,219 
Earnings ($/m³ ) -          0.5 -0.8 -3.18 
Income from chips from fibre left on-site ($/shift) 3,353 3,706 4,527 6,338 
Additional income from chips left on site ($/shift) -          353 1,175 2,985 
Earnings, including chips ($/shift) -          456 515 766 
Earnings, including chips ($/m³ ) -          0.72 0.77 1.04 

  

Performance indicators 

On-site slashing scenario and recovery diameter 
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Simulations were used to analyze the impact of various methods for supplying a sawmill with raw 

materials sorted by dimensions. By combining Forintek’s Optitek breakdown simulator and the QUEST 

manufacturing process flow simulator, it was possible to build a very accurate and adaptable model. This 

model made it possible to virtually implement several supply control methods and to measure their 

respective impact on productivity. 

 

Results showed that sorting raw materials can significantly improve sawmill productivity. However, the 

choice of the method used to control sawmill supply is very important. Supply management based on the 

average volume of debarked logs yielded the best results with an increase of 4.7% in the volume of 

lumber produced per shift. Other methods of supply control failed to generate improvements. However, 

all the methods made it possible to reduce the variability of the average volume of processed logs, thereby 

ensuring a supply of logs of more uniform dimensions. Production unit design can have a marked impact 

on the benefits of sawmill supply based on sorted raw materials. That is why it is preferable to analyse 

each sawmill’s situation, through simulation, in order to determine both the potential gains associated 

with sorting and the optimal supply control method in light of a sawmill’s operating conditions. 

 

In order to provide an indication of the monetary gains associated with enhanced productivity within the 

framework of this study, calculations were based on achieving additional benefits of $120 per Mfbm 

through sorting sawmill raw materials. Table 13 shows the elements that were used to determine this 

benefit. The only costs taken into consideration were the drying costs, the planing costs and the raw 

material costs. Other production costs were deemed to be fixed costs because lumber production gains are 

achieved with the same human and physical resources as those used in the baseline case (no sorting).  

 

Table 13 Assumptions for determining the value of additional production 
 

Selling price $455/Mfbm 

- Drying costs - $24/Mfbm 

- Planing costs - $31/Mfbm 

- Raw material costs - 280$/Mfbm 

= Monetary gain due to additional production (Mfbm) = $120/Mfbm 

 

It was assumed that the additional cost of harvesting operations resulting from sorting stems in the forest 

amounts to $1.00/m³. Studies carried out by FERIC on this subject showed that in the case of tree-length 

harvesting, sorting stems at the delimber on the basis of their dimensions resulted in a productivity loss 

ranging from 15% to 20%, which represents an additional harvesting cost of approximately $1.00/m³. For 

a sawmill processing 500,000 m³ of round wood per year, 80% of which is sorted by dimensions and a 

lumber recovery value of 250 fbm/m³, the net overall benefit of using sorted raw materials amounts to 

approximately $300,000 per year or $0.75/m
3 
of sorted wood. 
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5 Sawmilling 

5.1 Debarking 

Tests carried out on ring debarkers provided an opportunity to assess debarking quality and the loss of 

fibre due to the improper use of the equipment. Figure 2 shows losses in terms of log volume, losses in 

terms of lumber volume and the amount of fibre left on the bark after debarking. Losses in terms of log 

volume amounted to 11.1% in winter and 5.3% in summer. Losses in terms of lumber volume amounted 

to 8% in winter and 3.5% in summer. The amount of residual fibre on the bark was determined to be 

24.2% in winter and 9.5% in summer. When dry and freshly-cut log samples were separated, it was noted 

that the results obtained with fresh-cut logs were clearly superior to those obtained with dry logs. In the 

case of dry logs, the losses in terms of log volume, lumber volume, as well as the amount of fibre left on 

the bark, were 50% to 150% higher than for freshly-cut logs. 

  

 
 

Figure 2 Debarking losses in terms of volume and fibre left on the bark 
 

Table 14 shows in detail the results obtained at the various study mills. The amount of residual bark after 

debarking is lower in summer (4.2%) than in winter (7.2%). The proportion of bark in chips is lower in 

summer (0.62%) than in winter (1.9%).  
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Table 14 Debarking results by time of year 
 

Mill 

Loss in terms of 
log volume 

% 

Loss in terms of 
lumber volume 

% 

Residual bark after 
debarking 

% 

Fibre on the bark 
% 

Bark on the chips 
% 

Winter Summer Winter Summer Winter Summer Winter Summer Winter Summer 

1 26.9 6.8 22.0 4.6 4.7 1.5 40.8 11.5 2.0 0.47 

2 7.8 3.6 3.9 4.4 9.2 3.8 17.3 12.8 1.2 0.46 

3 7.8 2.9 0.7 0.0 7.8 6.5 32.6 6.2 0.8 1.15 

4 16.8 9.7 6.5 5.3 7.7 2.7 24.5 11.9 2.7 0.38 

5 7.3 4.1 7.0 3.3 9.6 7.0 9.5 6.9 2.8 0.49 

6 3.7 6.7 5.5 5.2 4.4 2.8 15.1 7.7 1.8 0.67 

Weighted 

average 
11.1 5.3 8.0 3.5 7.2 4.2 24.2 9.5 1.9 0.6 

 

Table 15 uses the data from Table 14, except that results for fresh-cut logs are compared to those for dry 

logs. The amount of residual bark after debarking is lower in the case of dry logs. Because dry logs are 

prone to fibre tear out, there is less bark left on these logs than on fresh-cut logs. 
 

Table 15 Results of debarking freshly-cut and dry logs 
 

Mill 

Loss in terms of log 
volume 

% 

Loss in terms of lumber 
volume 

% 

Residual bark after 
debarking 

% 

Fibre on the bark 
% 

Winter Summer Winter Summer Winter Summer Winter Summer 

Fresh Dry Fresh Dry Fresh Dry Fresh Dry Fresh Dry Fresh Dry Fresh Dry Fresh Dry 

1 20.0 29.2 3.8 11.2 21.7 20.2 1.8 5.6 3.5 5.9 1.4 1.7 26.0 48.0 9.8 12.5 

2 8.7 6.1 2.3 4.0 4.3 0.0 1.1 4.6 9.3 7.7 4.0 3.5 16.9 21.3 13.6 12.1 

3 7.3 10.1 2.1 3.0 1.2 14.2 1.0 3.3 8.5 4.4 4.0 11.8 31.2 37.7 5.1 8.6 

4 7.7 15.3 3.5 12.5 0.0 4.4 0.0 2.0 8.0 7.7 4.6 1.3 20.0 28.3 4.2 17.4 

5 6.0 11.6 3.0 4.8 7.3 8.3 1.4 5.2 9.2 14.9 9.9 3.7 9.3 13.0 6.0 8.0 

6 3.3 4.3 3.1 8.9 5.7 5.3 10.1 6.4 4.3 4.4 3.5 2.0 12.1 16.8 5.3 10.1 

Weighted 

average 
8.9 15.3 2.8 7.3 6.8 10.6 2.4 4.7 7.7 6.0 4.6 3.8 20.9 30.8 7.5 11.6 

 

Monetary losses due to debarking are calculated on the basis of fibre loss in terms of chips and lumber 

pieces that have been trimmed or discarded because of splints or a drop in log diameter requiring a 

different sawing pattern. These losses are expressed in terms of $/m
3
. 
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The first part of Figure 3 (left side) represents the monetary losses due to debarking in winter and in 

summer depending on the study conditions (67% of freshly-cut logs in winter and 51% in summer). The 

second part of the figure represents a distribution of the logs to even out the mix of freshly-cut and dry 

logs to 50%, winter and summer. The third part represents a scenario in which all the logs are dry logs. 

The fourth part assumes that all the logs are freshly-cut. Using fresh-cut logs significantly reduces the 

monetary losses due to debarking. 

 

 
 

Figure 3 Debarking losses ($/m
3
) according to log freshness 

 

5.2 Scanning 

The results in this section highlight the impact of scanning errors on the performance of breakdown lines 

in terms of lumber recovery (fbm/m³) and economic return ($/m³). First, results are analyzed for three 

types of equipment incorporating various levels of rotation errors. Second, the various breakdown lines 

are compared in terms of the scanning technology utilized and for various levels of rotation errors. The 

latter analysis makes it possible to quantify the impact of scanning technology and to compare the 

performance of various breakdown technologies.  

 

5.2.1 Impact on a DLI infeed system 

Simulation results for a double length infeed (DLI) breakdown line using two 3D scanners are presented 

in Table 16. The estimated recovery at the first scanner amounts to 296 fbm/m³ with a product value of 

$108.56/m³. These indicators correspond to a theoretical efficiency level of 100% at which log rotation is 

optimal. When rotation errors equal to standard deviations of 10°, 25° and 45° are applied, the estimated 

theoretical recovery at the first scanner is no longer attainable. Therefore, lower recovery values are 
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expressed for the second scanner. The economic return drops to 95.9% with a rotation error of 10°, to 

95.2% with a 25° error and to 94% with a 45° error. When actual breakdown results are simulated with 

another series of log readings, recovery and return values drop even more. The economic return drops by 

1.3% [95.9% - 94.6%] with a rotation error of 10°, by 2.3% [95.2% - 92.9%] with a rotation error of 25° 

and by 2.3% [94.0% - 91.7] with a rotation error of 45°. These percentage drops in value are directly 

related to 3D scanner errors. In short, for a DLI line with a rotation error of 25°, a sawmill recovers only 

92.9% and 93.9% of the theoretical value and volume estimated by the first scanner. Actual lumber 

recovery would amount to 278 fbm/m³, compared with an estimated 296 fbm/m³ for the first scanner. 

 

Table 16 Simulated results for a DLI line with two 3D scanners 
 

Scenario 
Lumber recovery  

(fbm/m³) 
Economic return 

($/m³) 

Estimate: 1
st
 3D scan, optimized rotation 296 100.0% 108.56 100.0% 

Estimate: 2
nd

 3D scan with a 10° error 286 96.6% 104.13 95.9% 

Estimate: 2
nd 

3D scan with a 25° error 283 95.8% 103.37 95.2% 

Estimate: 2
nd

 3D scan with a 45° error 280 94.8% 102.07 94.0% 

Simulated results with a 10° error 282 95.3% 102.64 94.6% 

Simulated results with a 25° error 278 93.9% 100.84 92.9% 

Simulated results with a 45° error 274 92.7% 99.58 91.7% 

 

5.2.2 Impact on a SLI infeed system 

Table 17 presents simulation results for a single length infeed (SLI) line with a 3D scanner, whereas 

Table 18  presents results for a 2-axis scanner. Estimated results on the SLI line are lower than those on a 

DLI line because log rotation is not optimized. In the case of the SLI line, log curve was systematically 

set horns up, that is at 0°. 

 

Theoretical results achieved by the 2-axis scanner are higher than those achieved by the 3D scanner. This 

is due to the fact that the 2-axis scanner overestimates log volume. When rotation errors are factored in, 

however, the 3D scanner results are superior. In fact, regardless of the rotation error applied, optimization 

with a 3D scanner provides better lumber recovery and economic returns. For example, using an average 

rotation error of 25°, the 3D scanner achieves a lumber recovery value of 276 fbm/m³, as opposed to 

273 fbm/m³ for the two-axis scanner, that is, a 1% gain. In terms of the economic return, the 3D scanner 

has a 0.6% edge [from $99.47 to $100.05/m³] over the two-axis scanner.  

 

Table 17 Simulated results for a SLI line with a single 3D scanner 
 

Scenario 
Lumber recovery  

(fbm/m³) 
Economic return 

($/m³) 

Estimate : 3D scanner, 0
o
 rotation  286 100.0% 103.80 100.0% 

Simulated results with a10° error 280 97.9% 101.37 97.7% 

Simulated results with a 25° error 276 96.5%  100.05 96.4% 

Simulated results with a 45° error 270 94.5% 97.03 93.5% 
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Table 18  Simulated results for a SLI line with a two-axis scanner 
 

Scenario 
Lumber recovery  

(fbm/m³) 
Economic return 

($/m³) 

Estimate: two-axis scanner, 0° rotation 290 100.0% 106.04 100.0% 

Simulated results with a 10° error 278 95.6% 100.61 94.9% 

Simulated results with a 25° error 273 93.9% 99.47 93.8% 

Simulated results with a 45° error 269 92.8% 97.08 91.5% 

 

5.2.3 Impact on a single pass machine 

The performance of a single pass machine was simulated for both a 3D and a two-axis scanner. Results 

are shown in Table 19 and Table 20 respectively. The simulated recovery for a single pass machine is 

approximately 250 fbm/m³. This is clearly less than the recovery achieved on DLI and SLI breakdown 

lines. It should be noted, however, that both use a canter/twin on the primary breakdown line in order to 

recover side boards. A single pass machine precludes such an operation. It can also be noted that the 

theoretical recovery achieved with the two-axis scanner is once again higher than the estimated recovery 

with a 3D scanner for reason outlined in connection with the SLI line. 

 

There is little difference in the lumber recovery figures once the rotation errors have been taken into 

account, regardless of the scanning technology used. In fact, the difference hardly exceeds 1 fbm/m³. In 

terms of economic return, the 3D scanner continues to show slightly better results than the two-axis 

scanner, regardless of the simulated level of error. However, the difference in economic return achieved 

with both technologies is less than 1%. The 3D scanner therefore has a slight edge over the two-axis 

scanner in optimizing a single pass machine. Rotation errors have the greatest impact on the performance 

of this type of equipment. In fact, a rotation error of 45° combined with measurement errors can reduce 

the optimal value of lumber by approximately 10%, even when a 3D scanner is used. In such conditions, 

lumber recovery with a single pass machine is approximately 240 fbm/m³. 

 

Table 19 Simulated results for a single pass machine equipped with a 3D scanner 
 

Scenario 
Lumber recovery  

(fbm/m³) 
Economic return 

($/m³) 

Estimate: 3-D scanner, 0° rotation 258 100.0% 96.00 100.0% 

Simulated results with a 10° error 254 98.3% 92.69 96.6% 

Simulated results with a 25° error 247 95.7% 90.55 94.3%  

Simulated results with a 45° error 240 93.0% 87.39 91.0% 

 

Table 20 Simulated results for a single pass machine line with a two-axis scanner 
 

Scenario 
Lumber recovery  

(fbm/m³) 
Economic return 

($/m³) 

Estimate: two-axis scanner, 0° rotation 264 100.0% 98.97 100.0% 

Simulated results with a 10° error 253 95.6% 92.26 93.2% 

Simulated results with a 25° error 248 93.6% 90.35 91.3% 

Simulated results with a 45° error 240 90.7% 86.80 87.7% 
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5.2.4 Impact of scanning errors by breakdown technology 

In order to compare simulated breakdown technologies, results were grouped by level of rotation error. 

Table 21 and Table 22 present a comparison with errors of 10
o
 and 25° respectively. The scenarios are 

presented in decreasing order of performance in each table. 

 

With a rotation error of 10°, the DLI line achieved lumber recovery and economic return values of 

282 fbm/m³ and $102.64/m³ respectively. This represents the optimal level of performance, that is 100%. 

A SLI with a 3D scanner achieves 98% of the optimal economic return. The net advantage of the DLI line 

with optimized rotation over a SLI line with no rotation is therefore in the order of 1.2%. With a two-axis 

scanner, the economic return drops to 98%. This represents a difference of 0.8% in the two scanning 

technologies.  

 

For a single pass machine, the economic return is 90.3% of the optimal level with a 3D scanner and 

89.9% of the optimal level with a two-axis scanner. The economic advantage of the 3D technology is 

therefore 0.4%. 

 

Table 21 Comparison of simulated recovery and economic returns with a rotation error 

of 10° 
 

Scenario 
Lumber recovery  

(fbm/m³) 
Economic return 

($/m³) 

Results for a DLI line: two 3D scanners 282 100.0% 102.64 100.0% 

Results for a SLI line: one 3D scanner 280 99.2% 101.37 98.8%  

Results for a SLI line: one two-axis scanner 278 98.5% 100.61 98.0% 

Result for a single pass machine line: one 3D 
scanner 

254 90.0% 92.69 90.3% 

Result for a single pass machine: one two-axis 
scanner 

253 89.7% 92.26 89.9% 

 

 

Generally speaking, performances are lower when the level of rotation error is increased to 25°. However, 

the differences in performance due to scanning technologies are of the same order of magnitude. Actually, 

the difference in economic return achieved with the 3D and two-axis scanners is 0.6% for a SLI line and 

0.2% for a single pass machine, that is, a difference of less than 1%.  

 

Table 22 Comparison of simulated recovery and returns with a rotation error of 25° 
 

Scenario 
Lumber recovery  

(fbm/m³) 
Economic return 

($/m³) 

Results for a DLI line: two 3D scanners 278 100.0% 100.84 100.0% 

Results for a SLI line: one 3D scanner 276 99.2% 100.05 99.2% 

Results for a SLI line: one two-axis scanner 273 98.1% 99.47 98.6% 

Results for a single pass machine line: one 3D 
scanner 

247 88.9% 90.55 89.8% 

Results for a single pass machine: one two-
axis scanner 

248 89.1% 90.35 89.6% 
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Figure 4 presents lumber recovery by diameter class with a rotation error of 25°. One can see why the 

single pass machine achieves a global performance that is 10% lower than the performance achieved with 

DLI et SLI lines equipped with twin-saw headrig. From a diameter of 12 cm at the small end, lumber 

recovery stops increasing and peaks at approximately 250 fbm/m³, whereas DLI and SLI lines can 

achieve up to approximately 300 fbm/m³ with 22 cm logs.  

 

 
 

Figure 4 Lumber recovery by diameter class with a rotation error of 25
o
 

 

The analysis showed that the 3D scanning technology, which is more sophisticated than the two-axis 

scanning technology, provides more accurate measurements of actual log profiles. The accuracy of a 3D 

scanner is twice that of a two-axis scanner. In fact, the standard deviation of reading errors ranges from 

approximately 2.3 to 3.2 mm (0.090 in. to 0.125 in.) in a 3D format compared to 5.6 mm (0.220 in.) in a 

two-axis format. Considering that rotation errors usually range from 10° to 25°, it can be shown that the 

benefits of a DLI line compared to a SLI line using a 3D scanner is approximately 1%. The performance 

of a single pass machine is at least 10% lower than that of a DLI line. However, single pass machines are 

put at a disadvantage due to the size of the study logs. The economic return associated with the use of a 

3D scanner compared to the economic return generated by a two-axis scanner hovers around 0.5%, 

regardless of the breakdown equipment used (SLI or single pass machine). The financial impact of a 3D 

scanner compared to a two-axis scanner could represent approximately $180,000 per year for a 

breakdown line generating 100,000 Mfbm at an average price of $360/Mfbm. 

 

5.3 Primary and secondary breakdown 

This section compares the primary and secondary breakdown performance of various optimized canter 

infeed systems. Over the past 30 years, the technological sophistication of the equipment used in 

Canadian sawmills has evolved significantly. The first auto-centering, belt or roller infeed systems of 

yesteryear have been replaced by more complex equipment that optimizes log or cant positioning in terms 
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of alignment or offset using 3D scanners. Although optimized systems theoretically achieve superior 

results, their complexity requires closer monitoring and more stringent maintenance. The following tests 

were carried out to assess various systems on the basis of the level of error associated with the complexity 

of positioning devices. 

 

5.3.1 Comparison of various canter infeed systems 

The theoretical level of performance of each type of infeed system was simulated with Forintek’s Optitek 

software. The four study systems were modelled while taking care to program the industrial equipment 

specifications into the simulator. 

 

Table 23 presents the lumber volume and value recovery achieved through simulation. As expected, the 

fully-optimized technology (offset and alignment) achieved the best results, that is 276.7 fbm/m³ and 

$123.07/m³. Technology optimized for offset came in second, achieving slightly inferior results, that is, 

274.1 fbm/m³ and $121.83/m³. The auto-centering roller infeed system came in third, achieving volume 

and value recovery values of 269.0 fbm/m³ and $118.44/m³. The auto-centering belt-driven system came 

in last with results of 257.5 fbm/m³ and $112.47/m³. Maximum lumber recovery of 276.7 fbm/m³ was 

achieved with an infeed system optimized for offset and alignment, whereas the auto-centering, belt-

driven system yielded results of only 257.5 fbm/m³. Value recovery with the fully optimized system 

amounted to $123.07/m³ compared to $112.47/m³ in the case of the auto-centering belt-driven system. 

Even though the latter two systems offer mechanical centering capability, the roller-based system is less 

affected by log surface irregularities than the belt-driven system because the rollers more effectively 

follow the external profile of the logs. 

 

Table 23 Simulation results achieved with various canter infeed systems  
 

Canter infeed systems  
Lumber recovery  

(fbm/m³) 
Economic return 

($/m³) 

Optimized offset and alignment 276.7 100.0% 123.07 100.0% 

Optimized offset 274.1  99.1% 121.83  99.0% 

Self-centering rollers 269.0  97.2% 118.44  96.2% 

Self-centering belts 257.5  93.1% 112.47  91.4% 

 

Table 24 presents the results of tests carried out under sawmill conditions. As we can see, there is hardly 

any difference in the lumber recovery values achieved with the various systems. Economic returns show 

trends similar to those achieved in simulation tests. The system optimized for offset and alignment 

achieved the best results with $112.66/m³ compared to $104.30/m
3
 for the least effective, self-centering 

belt system.  

 

Table 24 Sawmill test results achieved with various canter infeed systems  
 

Canter infeed systems  
Lumber recovery  

(fbm/m³) 
Economic return 

($/m³) 

Optimized offset and alignment 257.1 100.0% 112.66 100.0% 

Optimized offset 257.3 100.1% 110.72  99.3% 

Self-centering rollers 259.0 100.7% 109.67  97.3% 

Self-centering belts 257.0 100.0% 104.30  92.6% 
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It was also shown that the level of system efficiency as determined by simulation tests and sawmill tests 

varied from 91% to 93% (Figure 5). Positioning errors, log rotation and centering had a major impact on 

system performance, as did mechanical breakage and excessive sawing variations caused by the chipper 

heads. 

 

 
 

Figure 5 Efficiency of the various studied infeed systems 
 

The impact of rotation errors on each system was determined by simulation. Results show that rotation is 

clearly more critical when the optimization level of the infeed system is low. In fact, the impact of errors 

on mill revenues with such a system can amount to 7% compared with 1% in the case of a fully-optimized 

infeed system. This difference is due to the fact that optimized systems can perform a second optimization 

following the initial log rotation. It should be noted that the standard deviation of the measured rotation 

errors ranged from 30 to 40 degrees. 

 

Fibre tear-out and mechanical damage are evident on the majority of cants processed under sawmill 

conditions. We know that mechanical damage is due more to cutting parameters and chipper knife 

maintenance than to the type of infeed system. On average, fibre tear-out and mechanical damage 

accounted for a loss of income of $11/Mfbm. Results ranged from $3 to $16/Mfbm. Given that chip loss 

due to pre-cutting saws add up to approximately $6/Mfbm, three of the four systems studied could have 

used them to minimize defects caused by chipper heads.  

 

5.3.2 Log turner efficiency 

Log rotation is a critical step in the breakdown process because that is where the breakdown optimization 

process begins. The selection of the breakdown pattern is based on log positioning. If a log is not properly 

positioned, the breakdown pattern will not be optimal. To date, several research projects and contract 

studies have been carried out to determine the performance of various log turners and to improve their 

efficiency. Table 25 summarizes the main results generated by these assessments. 
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Table 25 Impact of rotation errors on lumber recovery and economic return 
 

Type of log turner 
Rotation error 

(standard 
deviation) 

Lumber recovery  Economic return 

(fbm/m³) Efficiency ($/m³) Efficiency 

No log turner 45° 263.5 95.7% 117.46 95.9% 

Log turner with rollers 25° 272.7 99.0% 120.72  98.6% 

Log turner with rollers and 
on-line control 

10° 273.9 99.5% 121.74  99.4% 

 

This table shows the impact of rotation errors for an optimized production line equipped with a chipper 

canter/twin-band headrig. In general, if such a line is not equipped with a log turner, the level of rotation 

error hovers around 45 degrees. This results in a system efficiency of 95.7% and 95.9% with respect to 

lumber recovery and economic return compared to a system with optimal rotation and positioning. Using 

a conventional log turner with rollers to optimize rotation generates a level of rotation error of 

approximately 25°. Volume and value recovery efficiency increases significantly, to 99.0% and 98.6% 

compared to the optimal solution. This level of improvement generates a substantial monetary benefit of 

$3.26/m³. Finally, a log turner with rollers equipped with an on-line rotation monitoring system achieves 

very good results with a level of rotation error of only 10°. The efficiency of such a system was shown to 

be 99.5% in terms of lumber recovery and 99.4% in terms of economic return. This represents an 

additional benefit of $1.02/m³ compared to a conventional log turner with rollers. The self-correcting 

rotation system was a significant improvement and had an definite impact on optimizing performance. 

 

A series of tests were also carried out in order to study ways and means of improving the performance of 

conventional log turners (with rollers) widely used in sawmills. In one of these tests, the standard 

deviation of initial rotation errors was reduced to 24 degrees. The achievement of this level of 

performance required many analyses and a lot of follow-up. Several mechanical modifications were made 

to the system. In addition, certain worn-down components had to be replaced. Log infeed and positioning 

are critical operations and can significantly affect system performance if lacking in accuracy and 

consistency. Volume and value recovery improvements of 2% or $2/m³ were achieved. The potential for 

increased economic returns remains high. Reducing the standard deviation to approximately 10 degrees 

could generate additional benefits of 2%. Other iterations would have increased the accuracy of 

conventional log turners to an even greater extent. In fact, certain performance analyses of conventional 

log turners generated standard deviations of approximately 15 degrees. It should be pointed out that 

keeping this type of equipment in perfect condition is difficult. It was shown that mechanical components 

(chains, spike rollers) must be maintained in perfect condition to obtain an acceptable level of accuracy. 

Maintenance staff must therefore carry out regular inspections of key mechanical components.  

 

5.3.3 Curve sawing efficiency 

Two types of machine centres were used for this part of the primary and secondary breakdown study: a 

natural curve sawing machine centre and an optimized curve sawing machine centre. Their performance 

was assessed through actual breakdown tests, the results of which were validated by simulation. Optimal 

performance level was also simulated in order to determine the potential for improvement of secondary 

breakdown technology. Finally, breakdown accuracy and chip quality were also taken into consideration 

in order to determine the machining efficiency of the equipment. 
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The two types of machine centres, in our view, make use of the most promising technology available. 

They are equipped with 3D scanners and linear infeed systems. They use chipper canters and guided saws 

to minimize sawdust and maximize chip production. This eliminates the need to process slabs at the 

machine outfeed. Both systems have curve sawing capacity. This is essential these days. The 

distinguishing characteristics of the two machine centres studied include their chipper head, their log 

positioning method and the curve sawing principle.  

 

Chip quality was about the same for the two types of study chipper heads: cylindrical and conical. Each 

type generated a similar proportion of undesirable chips (3/16 in.) and fines, that is, about 10% and 3% 

respectively. Cylindrical heads achieved slightly better breakdown accuracy. Conical heads produced a 

few pieces with small bevelled ends. In general, the standard deviation for thickness measurements was 

less than 0.020 in. if the bevelled pieces produced by the conical heads are not taken into account.  

 

Natural curve sawing is less restrictive with respect to the minimum curve radius and follows the natural 

shape of the cant more closely than optimized curve sawing. This results in a slightly greater proportion 

of full-length lumber with a bit less wane. On the other hand, optimized curve sawing achieves good 

curve control simply by using the appropriate minimum radius parameter. This is a great advantage when 

logs are excessively curved or have surface defects (swelling, crooks and branches). If required, straight 

sawing is possible. This is a definite advantage for the production of squares (e.g., 4x4) or other thick 

pieces.  

 

Based on the simulated performance levels achieved, the two machine centres operated at 98% of their 

capacity (Table 26). In practice, the lumber recovery and the economic return generated by each system 

were the same. Theoretically, natural curve sawing could be improved by 5% with optimization for offset 

and alignment. However, no installed system has achieved this to date. Optimized curve sawing, on the 

other hand, could be improved by 3%.  

 

Table 26 Performance of the two study curve sawing systems 
 

 Performance index Natural curve sawing Optimized curve sawing 

Visual assessment  

Lumber volume (fbm) 764 766 

Lumber value ($) 225.86 228.93 

Number of pieces 108 110 

Recovery (fbm/m³) 380 383 

Income from lumber ($/m
3
) 112.50 114.37 

System simulation 
with Optitek 

Lumber volume (fbm) 786 793 

Lumber value ($) 228.75 233.66 

Number of pieces 113 113 

Recovery (fbm/m³) 392 396 

Income from lumber ($/m
3
) 113.94 116.73 

Efficiency rate with respect to simulation results 
(% volume) 

97.2 96.6 

Efficiency rate with respect to simulation results 
(% income) 

98.7 98.0 
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5.3.4 Economic benefits 

The practical tests under normal operating conditions and simulations demonstrated the increased 

potential of the most recent optimization technology compared to the initial optimized breakdown 

systems featuring little, if any, optimization. The efficiency level of the primary breakdown study systems 

ranged from 91% to 93 only. This was due to positioning errors, such as log rotation, and fibre tear-out at 

the canter. Fibre tear-out resulted in an average loss of income of $11/Mfbm and rotation errors reduced 

efficiency by 1% to 2% for the most recent optimization technology and by up to7% for equipment with 

little optimization. The use of self-correcting systems to improve log rotation holds considerable promise. 

At the secondary breakdown machine centres, positioning accuracy remains the key issue with respect to 

enhancing performance. Increasing accuracy could generate additional income in the range of 3% to 5%. 

 

5.4 Impact of curve sawing 

Curve sawing has proven its capacity to increase a sawmill's lumber recovery and to generate a greater 

number of full-length pieces. However, the impact of curve sawing on subsequent processing operations, 

such as drying and machine stress rating (MSR), remains a mystery. In order to somewhat fill the 

information gap in this area, Forintek undertook to assess the impact of various curve sawing technologies 

on lumber degrade due to drying and MSR lumber production. 

 

The study was based on comparative mill trials carried out with a sample of 204, 16-foot black spruce 

logs. A first sub-sample of this sample was processed using a straight-sawing system, a second sub-

sample using an optimized curve sawing system (curve considered as an arc), and a third sub-sample 

using a natural curve sawing system. 

 

The results showed that the two curve sawing systems, as expected, increased lumber recovery and the 

proportion of 16-foot lumber pieces compared with straight sawing. Lumber recovery increased by 2.4% 

with optimized curve sawing and 2.2% with natural curve sawing. 

 

The breakdown method used has little effect on warping during the drying process. However, a slight 

increase in the amount of bow was noted in pieces generated with curve sawing systems, without, 

however, affecting lumber grading in accordance with the NLGA standard. Overall, with respect to the 

three study breakdown methods, degrade associated with drying is mainly due to twist. Pieces generated 

by natural curve sawing showed slightly less degrade due to drying. 

 

Curve sawing improves the mechanical properties of wood. The average MOE of lumber from curve 

sawing increases by approximately 4% and the economic premium of higher MSR grades varies between 

$4 and $5/Mfbm. 

 

The economic analysis comparing the net value of a cubic metre of log in terms of finished products 

revealed that optimized and natural curve sawing can increase the income of a sawmill by 3.5% and 5.7% 

respectively compared to straight sawing. Such gains arise from increased lumber recovery on one hand 

and a higher average price of lumber on the other. The increase in product value is due to the combination 

of several factors, such as a better distribution of lumber, a slight reduction in degrade due to drying and 

enhanced recovery of MSR lumber. 

 

In order to provide a global economic picture of the impact of curve sawing on degrade due to drying and 

MSR lumber, the results were expressed in terms of a sawmill processing some 400,000 m
3
 roundwood 

annually (exclusively in 16-foot black spruce logs) into almost 100 MMfbm of lumber. Table 27 allows 



Monetary Losses Associated With Lumber Manufacturing Processes 

 

 

 

 

 

 28 of 60 

 

the comparison of the results achieved with each study sawing method. First, the two types of curve 

sawing reduce the conversion factor from 4.34 to 4.24 m³/Mfbm, which increases annual sawmill 

production by approximately 2 million fbm. Value losses due to drying amount to some $400,000. These 

can be reduced slightly ($32,000) with natural curve sawing. For a sawmill producing MSR lumber, the 

additional premium amounts to approximately $500,000 per year, regardless of the curve sawing method 

used.  

 

Table 27 Economic benefits associated with curve sawing 
 

Performance indicators Straight sawing 
Optimized curve 

sawing 
Natural curve 

sawing 

Annual volume processed (m³) 400,000 400,000 400,000 

Annual lumber production (Mfbm) 92,205 94,384 94,236 

Conversion factor (m³/Mfbm) 4.34 4.24 4.24 

Variance with respect to straight sawing - 2.4% 2.2% 

Value loss due to drying ($/yr) 407,496  408,578 375,978 

Value of visually graded lumber ($/yr) 47,523,415 48,725,841 50,037,354 

Contribution of MSR grading ($/yr) 3,827,353 4,411,876 4,257,207 

Additional MSR premium resulting from curve 

sawing ($/yr) 
- 584,523 429,854 

Total value of lumber, including MSR ($/yr) 51,350,768 53,137,717 54,294,561 

Global variance with respect to straight sawing ($/yr) - 1,786,949 2,943,794 

Variance in value with respect to straight sawing - 3.5% 5.7% 

Variance with respect to straight sawing ($/yr) - 4.47 7.36 

Variance with respect to straight sawing ($/Mfbm) - 19.38 31.93 

 

The cumulative impact of higher grades of MSR lumber, increased lumber recovery and higher average 

lumber prices all contribute to increasing the annual income of a mill using optimized curve sawing by 

close to $1,800,000 per year. Natural curve sawing generates $3,000,000 in additional income annually. 

The results clearly show that curve sawing is not only an effective technology to increase lumber 

recovery, but that it also improves lumber quality and increases end-product value. Curve sawing 

therefore promises significant improvements for sawmills that do not yet use this technology. 

 

5.5 Saw kerf and target dimensions 

Saw kerf width and lumber target dimensions have a direct impact on sawmill performance in terms of 

lumber recovery and value. The analysis of a typical stud mill's fiber balance shows a distribution of log 

volumes for the various processing stages: breakdown, drying and planing, as indicated in Figure 6. An 

important portion of the log volume is transformed into chips (5%) and shavings (6%). This limits the 

potential volume of lumber (38%) and pulp chips (49%). From an economic standpoint, the objective is to 

maximize the lumber volume, then the chip volume. Since the value of sawdust and shavings is 

considerably lower than the value of pulp chips, the objective is to limit their production as much as 

possible. 
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Figure 6 Fibre balance for a typical stud mill 
 

When target dimensions are reduced, a greater proportion of the log volume is converted into lumber and 

chips, in approximately equal proportions. When this happens, the volume of shavings is minimized. Our 

simulation results show that reducing the target thickness of lumber by 0.020 in. (1.68 in. to 1.66 in., for 

example) increases lumber volume by 0.5% and chip volume by 0.6%. Therefore, the total value of a 

cubic meter of wood increases by 0.5% when the combined value of lumber and by-products is taken into 

consideration. By comparison, reducing saw kerf thickness decreases the proportion of sawdust and 

increases lumber and chip volumes. Reducing saw kerf by 0.020 in. at the secondary breakdown stage, for 

example, will have an impact similar to that of an equivalent reduction of target dimensions. Simulations 

show an increase of 0.5% in lumber volume and 0.5% in chip volume. The total value of lumber and by-

products increases by 0.6%.  

 

Breakdown simulations were carried out for two 10-foot log samples with an average volume of 50 and 

70 dm³ per log. The impact of reducing both target thickness and saw kerf by 0.020 in. at the secondary 

breakdown stage is shown in Tables 28 and 29. Average log volume has no real impact on economic 

return. In summary, reducing target dimensions or saw kerf by approximately 0.020 in. generates savings 

of approximately $0.65/m³ or $2.50/Mfbm. 
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Table 28 Simulation results for a 10-foot stud mill (50 dm³/log) 
 
Target thickness (1.680 in.)      Target thickness (1.660 in.)    Target thickness (1.680 in.) w. saw kerf reduced by  0.020 in.  

Stud 10' - 50 dm
3
/log Volume (dm

3
) Ratio Volume (fbm) Weight (ODT) Volume (dm

3
) Ratio Volume (fbm) Weight (ODT) 

 
Volume (dm

3
) Ratio Volume (fbm) Weight (ODT) 

 

Merchantable volume  650,000,000 96.4%    650,000,000 96.4%     650,000,000 96.4%    

Solid log volume  674,194,000 100.0%    674,194,000 100.0%     674,194,000 100.0%    

Green chip volume  325,912,000 48.3%  138,839  327,866,000 48.6%  139,671 100.6%  327,325,000 48.6%  139,440 100.4% 

Sawdust volume  32,142,300 4.8%  13,693  32,773,600 4.9%  13,962 102.0%  29,206,500 4.3%  12,442 90.9% 

Green, rough lumber volume  316,044,000 46.9% 168,670,000   313,460,000 46.5% 168,920,000  100.1%  317,570,000 47.1% 169,468,000  100.5% 

Dry, rough lumber volume  301,979,000 44.8%    299,752,000 44.5%     303,450,000 45.0%    

Shrinkage volume due to drying  14,065,000 2.09%    13,708,000 2.03%     14,120,000 2.09%    

Dry, surfaced lumber volume  253,615,000 37.6% 165,821,000   254,900,000 37.8% 166,643,000  100.5%  255,015,000 37.8% 166,713,000  100.5% 

Shavings volume  41,825,900 6.2%  17,818  39,166,400 5.8%  16,685   42,023,600 6.2%  17,902  

Dry chip volume  6,536,770 1.0%  2,785  5,684,040 0.8%  2,421   6,409,320 1.0%  2,730  

               
Conversion factor 3.854 m

3
 merchantable/Mfbm  3.848 m

3
 merchantable/Mfbm   3.836 m

3
 merchantable/Mfbm   

Conversion factor 3.997 m
3
sawn/Mfbm, rough  3.991 m

3
sawn/Mfbm, rough   3.978 m

3
sawn/Mfbm, rough   

Conversion factor 3.920 m
3
 merchantable/Mfbm, net  3.901 m

3
 merchantable/Mfbm, net   3.899 m

3
 merchantable/Mfbm, net   

Chip factor 0.840 ODT/Mfbm, rough  0.841 ODT/Mfbm, rough   0.839 ODT/Mfbm, rough   

Sawdust factor 0.081 ODT/Mfbm, rough, sawn  0.083 ODT/Mfbm, rough, sawn   0.073 ODT/Mfbm, rough, sawn   

Shavings factor 0.107 ODT/Mfbm, net, surfaced  0.100 ODT/Mfbm, net, surfaced   0.107 ODT/Mfbm, net, surfaced   

Volume loss at the planer  1.69% of the nominal volume  1.35% of the nominal volume   1.63% of the nominal volume   

            
Surfaced lumber value $ 59,553,600  $ 91.62 per m

3
 $ 59,928,900  $ 92.20 par m

3
 100.6% $ 59,989,200  $ 92.29 par m

3
 100.7% 

Chip value $ 19,827,253   $ 30.50 per m
3
 $ 19,892,896  $ 30.60 per m

3
 100.3% $ 19,903,952  $ 30.62 per m

3
 100.4% 

Sawdust value ($) $ 547,704  $ 0.84  per m
3
 $ 558,462  $ 0.86 per m

3
 102.0% $ 497,679  $ 0.77 per m

3
 90.9% 

Shavings value ($) $ 712,713  $ 1.10 per m
3
 $ 667,395  $ 1.03 per m

3
 93.6% $ 716,083  $ 1.10 per m

3
 100.5% 

Total value $ 80,641,270  $ 124.06 per m
3
 $ 81,047,653  $ 124.69 per m

3
 100.5% $ 81,106,914  $ 124.78 per m

3
 100.6% 

 

Table 29 Simulation results for a 10-foot stud mill (70 dm³/log) 
 
Target thickness (1.680 in.)      Target thickness (1.660 in.)    Target thickness (1.680 in.) w. saw kerf reduced by  0.020 in.  

Stud 10' - 50 dm
3
/log Volume (dm

3
) Ratio Volume (fbm) Weight (ODT) Volume (dm

3
) Ratio Volume (fbm) Weight (ODT) 

 
Volume (dm

3
) Ratio Volume (fbm) Weight (ODT) 

 

Merchantable volume  650,000,000 99.8%    650,000,000 99.8%     650,000,000 99.8%    

Solid log volume  651,210,000 100.0%    651,210,000 100.0%     651,210,000 100.0%    

Green chip volume  290,715,000 44.6%  123,845  293,600,000 45.1%  125,074 101.0%  291,704,000 44.8%  124,266 100.3% 

Sawdust volume  40,114,000 6.2%  17,089  40,693,100 6.2%   17,335   36,724,400 5.6%  15,645  

Green, rough lumber volume  320,155,000 49.2% 169,974,000   316,690,000 48.6%  169,899,000  100.0%  322,553,000 49.5%  171,215,000  100.7% 

Dry, rough lumber volume  306,474,000 47.1%    303,401,000 46.6%     308 ,786,000 47.4%    

Shrinkage volume due to drying  13,681,000 2.10%    13,289,000 2.04%      13,767,000 2.11%    

Dry, surfaced lumber volume  253,287,000 38.9% 164,281,000   253,989,000 39.0%  164,732,000  100.3%  255,490,000 39.2%  165,704,000  100.9% 

Shavings volume  42,285,900 6.5%  18,014  39,284,500 6.0%   16,735   42,647,800 6.5%  18,168  

Dry chip volume  10,898,000 1.7%  4,643  10,124,500 1.6%   4,313   10,644,200 1.6%  4,534  

               
Conversion factor 3.824 m

3
 merchantable/Mfbm  3.826 m

3
 merchantable/Mfbm   3.796 m

3
 merchantable/Mfbm   

Conversion factor 3.831 m
3
sawn/Mfbm, rough  3.833 m

3
sawn/Mfbm, rough   3.803 m

3
sawn/Mfbm, rough   

Conversion factor 3.957 m
3
 merchantable/Mfbm, net  3.946 m

3
 merchantable/Mfbm, net   3.923 m

3
 merchantable/Mfbm, net   

Chip factor 0.756 ODT/Mfbm, rough  0.762 ODT/Mfbm, rough   0.752 ODT/Mfbm, rough   

Sawdust factor 0.101 ODT/Mfbm, rough, sawn  0.102 ODT/Mfbm, rough, sawn   0.091 ODT/Mfbm, rough, sawn   

Shavings factor 0.110 ODT/Mfbm, net, surfaced  0.102 ODT/Mfbm, net, surfaced   0.110 ODT/Mfbm, net, surfaced   

Volume loss at the planer  3.35% of the nominal volume  3.04% of the nominal volume   3.22%  of the nominal volume   

            
Surfaced lumber value $ 62,159,200  $ 95.63 per m

3
 $ 62,458,700  $ 96.09 par m

3
 100.5% $ 62,609,100  $ 96.32 par m

3
 100.7% 

Chip value $ 17,988,155   $ 27.67 per m
3
 $ 18,114,124  $ 27.87 per m

3
 100.7% $ 18,032,017  $ 27.74 per m

3
 100.2% 

Sawdust value ($) $ 683,542  $ 1.05  per m
3
 $ 693,411  $ 1.07 per m

3
 101.4% $ 625,784  $ 0.96 per m

3
 91.6% 

Shavings value ($) $ 720,553  $ 1.1 per m
3
 $ 669,408  $ 1.03 per m

3
 92.9% $ 726,718  $ 1.12 per m

3
 100.9% 

Total value $ 81,551,450  $ 125.46 per m
3
 $ 81,935,643  $ 126.05 per m

3
 100.5% $ 81,993,619  $ 126.14 per m

3
 100.5% 

 

5.6 Edging 

This section presents the results of technical interventions by Forintek staff on three optimized edgers 

equipped with transverse scanners with lasers four inches apart. These results present the frequency of 

errors on sample lumber pieces, the cause of these errors and their impact on volume and value recovery 

at these machine centres. 

 

The approach used was much the same for each of the three tests. A random sample of unedged lumber 

was selected at the infeed table of each optimized edger. Selected sample pieces could not have any other 

defects than those that could be picked up by the optimizer, that is, wane and skip. These pieces of lumber 

were subsequently evaluated visually by Forintek staff according to parameters and priorities specific to 

each piece of equipment in order to determine the optimal edging solution. Following these evaluations, 
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the pieces of lumber were scanned, trimmed and recovered once more in order to determine the solution 

generated after edging. The results of these tests are summarized in Table 30. 

 

Table 30 Efficiency of an optimized edger  
 

Performance index Minimum value Maximum value Average value 

Frequency of errors 40.0% 50.0% 45.3% 

Scanner errors 25.0% 46.0% 37.0% 

Positioning errors  0.0% 20.0% 8.3% 

Post-scanning efficiency 
Volume 90.4% 97.0% 93.9% 

Value 83.8% 95.8% 90.6% 

Post-edging efficiency  
Volume 88.8% 96.4% 93.3% 

Value 90.7% 93.4% 91.7% 

 

Loss in $/Mfbm, edged $29.05 

Loss in $/Mfbm, sawmill1 $5.81 

 

Volume loss for a sawmill producing 100 MMfbm/year1 1.353 Mfbm 

Value loss for a sawmill producing 100 MMfbm/year1 $581,000 
1 Assuming that 20% of total production is edged. 

 

Our tests show that on average, 45.3% of errors occur at an optimized edging station. Slightly more than 

80% of these errors (37.0/45.3) are due to the inaccuracy of scanner readings, laser spacing or both, 

whereas the remaining 20% of errors (8.3/45.3) are due to the lumber positioning mechanism. The 

frequency of errors is relatively constant for the study edgers. However, there is a greater variation in the 

causes of the errors. 

 

Average scanner efficiency amounts to 93.9% for volume and 90.6% for value. When positioning errors 

are combined with scanning errors, overall edger efficiency level amounts to 93.3% for volume and 

91.7% for value. Estimated monetary losses due to these errors amount to $29.05/Mfbm of edged lumber. 

Assuming that 20% of a softwood sawmill production is edged, losses would amount to approximately 

$5.81 for each Mfbm produced by the sawmill. For a sawmill with an annual production of 100 MMfbm, 

the complete elimination of edger errors would result in the production of an additional 1.436 Mfbm of 

lumber and $581, 000 in additional income. 

 

Despite the deficiencies of these systems, the purchase of an optimized edger nonetheless remains a 

profitable investment, as shown in Table 31. 
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Table 31 Potential benefits associated with the installation of an optimized edger 
 

Performance Index 
Edging 

Potential benefits 
Manual1 Optimized2 

Frequency of errors 46.9% 45.3% 1.6% 

Volume gain or (loss) (13.1%) (6.7%) 6.4% 

Value gain or (loss) (14.1%) (8.3%) 5.8% 

Monetary gain or (loss)
3
  

$/Mfbm, edged 

$/Mfbm, sawmill 

$/year 

 

($49.35) 

($9.87) 

($987,000) 

 

($29.05) 

($5.81) 

($581,000) 

 

$20.30 

$4.06 

$406,000 
1 Results from the evaluation of 9 manual edging stations. 

2 Results from the evaluation of 3 optimized edger stations equipped with a transverse scanner with lasers spaced four 

inches apart. 

3 Based on a production of 100 MMfbm/year and a lumber value of $350/Mfbm. 

  

The results obtained from the evaluation of nine manual edging stations served to quantify the potential 

gains associated with an optimized edger equipped with a transverse scanner with lasers spaced four 

inches apart. 

 

According to our estimates, the frequency of errors would drop from 46.9% for a manual edging 

operation to 45.3% for an optimized operation. This represents a slight reduction of 1.6%. On the other 

hand, an optimized operation would reduce volume and value losses by 7.9% and 7.4% respectively. 

Reductions of this magnitude would generate significant monetary gains of $20.30/Mfbm of edged 

lumber or $4.06/Mfbm for the sawmill. Finally, replacing a manual edging station by an optimized station 

should allow a sawmill producing 100 MMfbm per year to achieve savings of $406,000. 

 

5.7 Trimming 

Breakdown simulations and sawmill tests were carried out in order to evaluate the efficiency of optimized 

trimming stations used in sawmills and to generate knowledge on the factors affecting their performance. 

 

Tests showed that the frequency of readings by a transverse scanner has a significant impact on the 

performance of optimized trimmers. A high rate of readings translates into increased scanner accuracy. 

Accuracies of thickness and width of 0.028 in. and 0.064 in. respectively were obtained with a frequency 

of 16 readings per inch, whereas thickness and width accuracies of 0.015 in. and 0.031 in. were obtained 

with a frequency of 32 readings per inch. These results also show that the accuracy of thickness readings 

is twice that of width readings. 

 

Significant accuracy variations were noted for a given type of scanner. This highlights the impact of 

vibrations generated by the scanner’s external environment and the lumber transport mechanism. The 

impact of flowthrough speed on thickness and width reading accuracy is practically nil at a flowthrough 

speed equal to or lower than 110 pieces per minute. 

 

The accuracy of length readings was consistent with manufacturer specifications. As specified, the length 

of all the sample pieces was plus or minus ½ in. of their actual respective length. Increasing the flow 

through speed from 70 to 110 pieces per minute had little impact on the accuracy of length readings, 

although we noted a slight reduction in the number of pieces scanned to their exact length. 
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Accuracy tests were also carried out on a positioning system incorporating stops that are activated by 

hydraulic cylinders equipped with ―temposonic‖ sensors. This widely-used system achieves a satisfactory 

level of accuracy. In fact, approximately 90% of the pieces were positioned to within ± ½ in. of the 

specified shifting of pieces on the trimming line. Positioning variations recorded for the remaining 10% of 

the pieces ranged from one to three inches without, however, reducing the efficiency of the optimized 

trimming station. Like in the preceding cases, a flowthrough speed equal to or below 110 pieces per 

minute did not appear to have a significant impact on piece positioning. 

 

The situation is quite different with respect to the spacing of lasers. This has a direct impact on optimizer 

performance. We have shown, through simulations, that the greater the gap between lasers, the lower the 

number of defects captured by the scanner. With laser spacings ranging from two to six inches, the 

resulting under-trimming errors increase lumber volume recovery by 1 to 3%. Although these errors can 

be corrected at the planer mill, they nonetheless generate additional drying and planing costs. Moreover, it 

cannot be taken for granted that all the under-trimmed lumber coming from the sawmill will be accurately 

trimmed and graded following planing. 

 

Repeatability tests carried out on scanning stations at one-inch and six-inch intervals corroborate the 

impact of laser spacing on scanner efficiency. On average, 42% of the solutions are different when lasers 

are installed six-inches apart compared to only 12% when the lumber pieces are scanned at one-inch 

intervals. The results of tests to determine the global performance of an optimized trimming station with a 

transverse scanner with lasers set one inch apart are presented in Table 32. 

 

Table 32 Efficiency of an optimized trimming station 
 

Performance index Minimum value Maximum value Average value 

Frequency of errors 5.0% 19.2% 13.1% 

 

Post-scanning efficiency 
Volume 98.8% 100.1% 99.4% 

Value 96.7% 100.1% 98.3% 

Post-trimming efficiency, sawmill 

Volume 98.8 100.1 99.4 

Value 96.0 99.1 97.6 

Post-trimming efficiency, planer 
Volume 98.2% 99.4% 98.6% 

Value 97.9% 99.3% 98.8% 

 

Loss in $/Mfbm  $4.20 

Volume loss for a sawmill producing 100 MMfbm/year1 1.400 Mfbm 

Value loss for a sawmill producing 100 MMfbm/year1 $420,000 
1 Results obtained from the evaluation of 3 optimized edger stations equipped with a transverse scanner with lasers 

spaced one inch apart. 

 

On the whole, close to one out of eight pieces, that is, 13.1%, are not trimmed for optimal value. The 

efficiency of the scanning station stands at 99.4% and 98.3% in terms of volume and value recovery. 

After trimming in the sawmill, efficiency in terms of volume remains unchanged at 99.4% whereas it 

drops to 97.6% in terms of value recovery. However, certain errors can be corrected at the planer mill. 

That is the case for lumber trimmed in the sawmill. Assuming that no errors will occur after trimming at 

the planer mill, the efficiency of an optimized trimming station in terms of volume recovery will drop by 
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a few percentage points to 98.6%. Trimming of lumber at the planer mill will improve lumber quality, 

which will increase efficiency in terms of value recovery to 98.8%. Apart from the frequency of errors 

that indicate more significant variations of value recovery between the study optimized trimmers, the 

efficiency of the systems remains much the same. The potential benefits associated with an optimized 

trimming station are presented in Table 33. 

 

Table 33 Benefits associated with the installation of an optimized edger 
 

Performance index 
Trimming 

Potential benefits 
Manual1 Optimized2 

Frequency of errors 34.2% 13.1% 21.1% 

Volume gain or (loss) (6.2%) (1.4%) 5.2% 

Value gain or (loss) (8.2.%) (1.2%) 7.0% 

Monetary gain or (loss)
3
  

$/Mfbm, sawmill 

$/year 

 

($28.70) 

($2,870,000) 

 

 ($4.20) 

($420,000) 

 

$24.50 

$2,450,000 
1 Results from the evaluation of 11 manual trimming stations. 

2 Results from the evaluation of 3 optimized trimmer stations equipped with a transverse scanner with lasers spaced one 

inch apart. 

3 Based on a production of 100 MMfbm/year and a lumber value of $350/Mfbm. 

  

Previous Forintek studies showed that the frequency of errors recorded during a manual trimming 

operation stands at 34.2%, which represents losses of 6.2% in terms of volume recovery and of 8.2% in 

terms of value recovery. On the other hand, studies show that the frequency of errors from an optimized 

trimming station with lasers one inch apart amounts to approximately 13.1% whereas losses in terms of 

volume and value recovery amount to only 1.4% and 1.2%.  

 

Based on these results, the installation of an optimizer at a sawmill trimming station could reduce the 

percentage of errors by as much as two thirds. Losses in terms of volume and value recovery would also 

be reduced, by 5.2% and 7.0%, by comparison with a manual trimming operation. Based on a production 

of 100 MMfbm, this would generate additional income of $2,450,000 per year or, in other terms, 

$24.50/Mfbm. In most cases, the payback period would be less than six months. 

 

5.8 Product mix 

Traditionally, most Canadian sawmills have served the North American residential construction lumber 

market. The main requirements of this market is for stud lumber (10 ft and less), structural lumber (10 to 

16 ft) and boards (1x3, 1x4, etc.). For the past few years, a significant proportion of North American 

lumber production has been dedicated to manufacturing engineered wood products. This was made 

possible by the advent of machine stress rating (MSR), which adds a certain amount of value to 

production.  

 

From time to time, certain companies export to overseas markets to offset the fluctuations of North 

American markets, especially when demand plunges. This may require changes to manufacturing 

processes since sawmill design is not always suited to manufacturing wood products for export markets. 

In fact, the specifications for these products differ from North American market standards. Furthermore, 

the quantities required are frequently small and orders frequently specify many different dimensions. In 

addition, quality criteria are usually very stringent, especially for appearance wood products.  
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Over the past few years, Forintek has carried out studies to compare and assess various domestic and 

overseas markets as well as various slashing scenarios (e.g., 8 ft, 9 ft, 10 ft or mixed 8 to 16 ft). This 

section presents simulation results that facilitated the development of guidelines regarding the impact of 

product mix on sawmill performance. 

 

5.8.1 Random lengths vs. stud lumber 

Table 34 presents the results of simulations carried out for a sawmill that processes 400,000 m
3
 of SPF 

wood annually for the North American market. Full-length stems with an average volume of 114 dm³ 

were slashed into different log lengths to supply a stud mill manufacturing 8-ft, 9-ft or 10-ft stud lumber 

or a random length sawmill manufacturing 8-ft to 16-ft lumber. The sawmill has two breakdown lines: a 

canter with twin circular saws upstream from a bull edger for processing large logs; a single pass curve 

sawing canter for processing small logs. Various performance indicators were generated in order to 

compare slashing scenarios with respect to volume and value recovery. It should be noted that income 

values take both lumber and by-products (chips and sawdust) into account. Because the study was carried 

out in 1998, sales prices reflect prices for 1995 to 1997. It is difficult to compare the various scenarios on 

the sole basis of income since the price of lumber varies greatly over time. Furthermore, the price 

variations by lumber lengths do not always follow the same trends. At the time the study was being 

carried out, 16-ft lumber was sold at a significant premium compared to stud lumber. Nowadays, the trend 

has reversed.  

 

The performance variance reflected by the various scenarios is more time-independent. The simulations 

show that the shorter the logs, the greater the recovery. Performance drops by 3% when log length 

increases from 8 to 10 feet. Performance drops further, to 8.4%, when the majority of the logs (66%) are 

slashed into 16-ft lengths.  
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Table 34 Simulations for various log lengths 
 

SPF supply (114 dm
3
/stem) slashed according to four length scenarios 

Line 1. Canter/twin saws & bull edger    Line 2. Single pass 4-faces curve sawing 

 

Supply 8’  9’  10’  8’-16’  

Merchantable volume (m
3
/yr) 400,000  400,000  400,000  400,000  

Total volume (m
3
/yr) 428,035 7.0% 428,038 7.% 428,035 7.0% 428,035 7.0% 

Volume of logs converted into chips (m
3
/yr) 41,629 9.7% 37,326 8.7% 41,933 9.8% 41,349 9.7% 

Diameter selection between the 2 lines (in.) 4.95  4.85  4.80  4.40  

Log volume on line 1 (m
3
/yr) 226,496 59% 226,299 58% 230,034 60% 256,853 66% 

Log volume on line 2 (m
3
/yr) 159,910 41% 164,413 42% 156,068 40% 129,832 34% 

Total log volume for breakdown (m
3
/yr) 386,406 100% 390,712 100% 386,102 100% 386,685 100% 

Number of logs on line 1 (m
3
/yr) 3,841,300 39% 3,399,710 38% 3,163,190 39% 2,412,730 32% 

Number of logs on line 2 (m
3
/yr) 6,098,420 61% 5,651,160 62% 4,940,050 61% 5,134,920 68% 

Total number of logs sawn (logs/yr) 9,939,720 100% 9,050,870 100% 8,103,240 100% 7,547,650 100% 

Average volume per log on line 1 (dm
3
/log) 59.0  66.6  72.7  106.5  

Average volume per log on line 2 (dm
3
/log) 26.2  29.1  31.6  25.3  

Average volume per log overall (dm
3
/log) 38.9  43.2  47.6  51.2  

Annual production         

Rough lumber, line 1 (Mfbm/yr) 68,838 65% 66,410 64% 67,951 66% 67,521 70% 

Rough lumber, line 2 (Mfbm/yr) 36,691 35% 37,723 36% 34,398 34% 29,145 30% 

Rough lumber, overall (Mfbm/yr) 105,529 100% 104,132 100% 102,349 100% 96,666 100% 

Net lumber production (Mfbm/yr) 100,252  98,926  97,231  91,832  

Trimming loss 5%  5%  5%  5%  

Chip production (ODT/yr) 79,890  81,417  82,946  87,589  

Sawdust production (ODT/yr) 8,451  8,410  8,220  8,341  

Number of shifts (shifts/yr) 480  480  480  480  

Recovery         

Conversion factor (merchantable m³/Mfbm, rough) 3.79  3.84  3.91  4.14  

Lumber recovery line 1 (rough fbm/m
3
 sawn) 304  293  295  263  

Lumber recovery line 2 (rough fbm/m
3
 sawn) 229  229  220  224  

Lumber recovery overall (rough fbm/m
3
 sawn) 273  267  265  250  

Chip factor (ODT/Mfbm) 0.76  0.78  0.81  0.91  

Recovery per log (fbm/log) 10.6  11.5  12.6  12.8  

Recovery differential (%) -  -1.3%  -3.0%  -8.4%  

Productivity         

Line 1 (fbm/shift) 143,412  138,354  141,564  140,668  

Line 2 (fbm/shift) 76,439  78,589  71,663  60,719  

Total productivity (fbm/shift) 219,851  216,943  213,227  201,387  

Line 1 (logs/shift) 8,003  7,083  6,590  5,027  

Line 2 (logs/shift) 12,705  11,773  10,292  10,698  

Total productivity (logs/shift) 20,708  18,856  16,882  15,724  

Line 1 capacity (logs/min) 14.8  13.1  12.2  9.3  

Line 2 capacity (logs/min) 23.5  21.8  19.1  19.8  

Value of the products         

Ave. price of lumber shipped to the U.S. 
(C$/Mfbm) 

 396 
 

410 
 

410 
 

457 
 

Lumber value ($/yr) 39,720 959  40,530 166  39,904,497  41,967,736  

Chip value ($/yr) 7,989,036  8,141,742  8,294,648  8,758,864  

Sawdust value  ($/yr) 126,761  126,146  123,305  125,111  

Total product value ($/yr) 47,836,755  48,798,054  48,322,451  50,851,710  

Income ($/m
3
 merchantable) 119.59  122.00  120.81  127.13  

Income differential (%) -  2.0%  1.0%  6.3%  

*Source: RISI 1998 (average prices from 1995 to 1997). 
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5.8.2 Export market 

Table 35 presents the results of a series of simulations for a sawmill that was considering selling to 

various export markets in order to offset weak demand on the North-American market. These results are 

provided for illustrative purposes only, given the wide variability of lumber prices on the various markets 

driven by the economy at the time the study was carried out. 

 

This type of study made it possible to compare the market-specific income of a sawmill that manufactured 

lumber to meet the special requirements of markets in the Middle-East and Europe. In general, the 

European market only wants high quality structural lumber (with a nice appearance) and is prepared to 

pay attractive prices. This is why performance and productivity drop when the sawmill serves this market. 

Middle-East markets sometimes require lumber of lesser quality (for scaffolding and form work) at a 

price that may be lower than North American lumber prices. When that happens, sawmill performance 

and productivity increase.  

 

Making informed decisions regarding production for export markets requires taking target lumber 

dimensions, breakdown process, product quality criteria and sales price into consideration. It is also 

important to know that a sawmill that decides to serve these markets will have to go through a period of 

adaptation to fine-tune its breakdown parameters in order to maximize process efficiency. The higher the 

quality requested, the lower sawmill productivity and the longer the adaptation period. 

 

Table 35 Simulations for various export markets 
 

Performance indicators Nord-America 
Export market 

Middle East Europe 1 Europe 2 Europe 3 

Supply      

Merchantable volume (m
3
/yr) 640,000 640,000 640,000 640,000 640,000 

Solid volume of logs sawn (m
3
/yr) 639,608 639,608 639,608 639,608 639,608 

Total number of logs sawn (logs/yr) 5,789,140 5,789,140 5,789,140 5,789,140 5,789,140 

Ave. volume per log (m
3
/log) 0.110 0.110 0.110 0.110 0.110 

Annual production      

Gross lumber production at the sawmill (Mfbm/yr) 157,687 176,872 145,622 151,273 148,219 

Trim loss after planing (%) 5.0% 5.0% 5.0% 5.0% 5.0% 

Net production of lumber sold (Mfbm/yr) 149,803 168,028 138,341 143,709 140,808 

Chip production (ODT/yr) 114,017 101,836 116,437 115,230 118,106 

Sawdust and shavings production (ODT/yr) 35,854 33,133 34,724 35,470 34,022 

Recovery      

Conversion factor (merchantable m³/Mfbm)  4.06 3.62 4.39 4.23 4.32 

Recovery  (fbm/m³ sawn) 246.5 276.5 227.7 236.5 231.7 

Chip factor (ODT/Mfbm) 0.72 0.58 0.80 0.76 0.80 

Recovery per log sawn (fbm/log) 27.2 30.6 25.2 26.1 25.6 

Productivity      

Sawmill (gross fbm/hr) 29,950 33,594 27,659 28,732 28,152 

Sawmill  (fbm/shift) 224,625 251,954 207,,439 215, 488 211,138 

Sawmill  (logs/shift) 8,247 8,247 8,247 8,247 8,247 

Income      

Average lumber price ($/Mfbm) 341 300 362 353 364 

Net income from lumber ($/yr) 53,785,867 52,987138 52,668,615 53,333,822 53,906,220 

Income from chips ($/yr) 15,392,292 13,747,879 15,718,952 15,555,997 15,944,324 

Income from sawdust and shavings ($/yr) 537,817 496,994 520,865 532,052 510,325 

Total income ($/yr) 69,715,976 67,232,010 68,908,432 69,421, 870 70,360,869 

Total income ($/m
3
) 108.93 105.05 107.67 108.47 109.94 
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6 Drying 

6.1 Presorting lumber to improve drying quality and kiln productivity 

Forintek has carried out several studies to determine the impact of sorting by species and or physical 

properties of green wood on drying time. The objective was to determine the characteristics that could be 

measured or evaluated in real time in order to sort lumber into more homogeneous lots prior to drying. To 

this end, several wood properties and characteristics were deemed to be important. These include: species, 

initial moisture content, bulk density or piece weight, wood pH, reaction to a high-frequency field and 

electric resistance. Equipment manufacturers have developed sorting systems based on one or more of 

these properties. 

 

Forintek developed a software program called OASIS that determines the impact of wood properties on 

drying time (based on laboratory trials) and generates a lumber distribution for a sawmill based on each 

property. This program helps to determine the impact of various presorting scenarios on kiln productivity 

and degrade due to drying. Member companies can request a free copy of this software program. 

 

The public version of OASIS allows sawmills to simulate various presorting scenarios within the limits of 

the database that can be accessed by the software. Beyond these limits, sawmills have the option of 

working with Forintek to build a database specific to their operation. To this end, a representative sample 

of lumber must be created and characterized according to the properties the sawmill wants to assess. This 

approach provides more accurate estimates of the impact that various presorting programs would have on 

the sawmill’s operation. 

 

Laboratory trials led to the definition of the best criteria for sorting lumber prior to drying. Based on the 

species or species mix scheduled for drying, the properties that exhibited the closest correlation with 

drying time include the concentration of moisture content, the weight or the bulk density of lumber pieces 

and initial moisture content. Growth rate and basic specific gravity are poor predictors of drying time. 

  

The benefits of presorting include improvement of kiln productivity and a reduction of degrade due to 

drying. It is therefore possible to estimate the impact of presorting on these two parameters. Table 36 

presents the potential productivity gains and degrade reduction associated with various presorting 

scenarios.  
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Table 36 Potential benefits of presorting 
 

Species proportions (%) 
Sorting 

parameters 

Productivity 
gain1 
(%) 

Value gain1  

Spruce 
Dense 
spruce  

Jack 
pine 

Fir (%) $/Mfbm2 

Scenario No. 1 

57 - - 43 Density 13.3 1.6 5.60 

57 - - 43 MC 24.8 2.9 10.15 

57 - - 43 Species 31.4 3.8 13.30 

Scenario No. 2 

55 25 5 15 Density 14.7 1.5 5.25 

55 25 5 15 MC 29.4 2.5 8.75 

55 25 5 15 Species 26.5 2.6 9.10 
1 OASIS simulations based on real, full-size lumber sample drying data representative of typical sawmills. 

2 Based on an average lumber value of $350/Mfbm. 

 

As shown in the above table, the best presorting solutions for drying spruce and fir lie in sorting by 

species. Forintek developed and subsequently obtained a licence for technology designed for sorting 

spruce from fir. For marketing purposes, this technology is labelled ―Drying Optimizer‖. Its use has 

generated significant gains for sawmills that process a large proportion of fir. In order to validate the 

OASIS concept, a trial was carried out at the sawmill to assess the efficiency of the presorting process 

using this technology. Results show a kiln productivity gain of approximately 19.4%. Prior to this trial, 

the sawmill sorted species visually. The resulting gain therefore represents a definite improvement over 

the visual sorting of species. Visual sorting in real time by an operator is quite a difficult task. The Drying 

Optimizer is an efficient means to significantly reduce the number of manual presorting errors by species 

and to achieve the full potential of kiln utilization. 

 

6.2 Air drying to reduce drying costs and improve kiln productivity 

Several years ago, Forintek conducted a study to determine whether air drying could improve the overall 

drying process for balsam fir lumber. Balsam fir was singled out for this study because, of the SPF group, 

it is the species that generates the most difficult problems during kiln drying operations. Air drying tests 

were carried out at several sites to generate data on the drying rates that could be achieved at various 

times of the year. Tests carried out during the summer months with green lumber (MC greater than 35%) 

showed that air drying could achieve drying rates ranging from 0.80% to 2.25% MC per day. While air 

drying during the winter months is a contentious issue, our tests showed that drying rates ranging from 

0.50% to 0.69% MC per day can be achieved for green lumber.  

 

Two air drying scenarios were evaluated in order to demonstrate the benefits of this approach. In the first 

scenario, green balsam fir lumber was air-dried to a final moisture content of 19% over a period of 16 

weeks (spring and summer conditions). The trying time to achieve a moisture content of 30% was also 

determined since air drying is more effective when moisture content is above the fibre saturation point. In 

this scenario, it took 10 weeks to achieve a moisture content of 30%. 

 

The main advantage of air-drying balsam fir is that it frees up kiln time. Air-drying green balsam fir to 

approximately 30% reduces the drying time in the kiln from 110 to 55 hours. An economic model was 

used to estimate the impact of air drying on the overall drying costs. Assuming that the time freed up at 

the dryers is used to dry other material, the overall drying costs dropped by $9.51/Mfbm.  
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A second advantage is the impact of air drying on degrade due to drying, although putting a figure to this 

if more difficult. Given that lumber degrade is closely tied to final moisture content, an evaluation of the 

variability of final moisture content provides an indirect measure of its impact. Kiln drying balsam fir on 

its own resulted in final moisture content with a standard deviation (SD) of approximately 8.5%. The SD 

was brought down to 2.4% through air drying only and to 5.6% through a combination of air drying to the 

fibre saturation point followed by kiln drying. For the production of 2x4 lumber, the lower number of 

overdried pieces due to the greater uniformity of final moisture content increased average product value 

by $4.48/Mfbm in the case of air drying only and by $3.11/Mfbm in the case of air drying followed by 

kiln drying. It should be noted that these estimates do not take into account the lower percentage of 

wetwood on the average product value.  

 

6.3 Sticker spacing to improve product quality 

Stickers serve several purposes during the drying process. Their basic function is to facilitate air 

circulation over the top and bottom surfaces of each piece of lumber in a stack. To this end, the stickers 

must allow a certain volume of air to circulate through the air spaces within the stacks. Furthermore, air 

velocity must be sufficient to ensure effective heat transfer and displace the moisture that is drawn out of 

the wood. The disadvantage of stickers is that a stickered pile of lumber is not as well restrained as a 

solid-stacked pile. Stickers provide only a limited contact area between lumber pieces and it is through 

this contact that the wood must be held secure during the drying process. 

 

Warp is an unavoidable consequence of drying wood. The orientation of growth rings, slope of grain and 

compression wood can affect the amount of edge and face shrinkage from one piece of lumber to another. 

This differential shrinkage of the edges and faces of lumber pieces results in warp. Since wood is a plastic 

material, it can be held in a straight and flat position during the drying process by the application of the 

adequate restraint. The restraint is a function of both the amount of weight that can be applied to each row 

and the quality of piling.  

 

The majority of lumber pieces has significant weight during the drying process as a result of the weight of 

the top rows in a lumber pile. Stickers are supposed to transfer this weight to the bottom of the pile and 

keep the lumber in position during the drying process. Stickers that are properly aligned vertically 

contribute to effective weight transfer from the top to the bottom of the pile. Increasing the number of 

contact points between the stickers and the pieces of lumber (e.g., closer sticker spacing) reduces the 

number of pieces subject to warp. However, increasing the number of stickers generates higher stacking 

costs and sawmill staff do not like to increase costs without knowing how this will affect product quality. 

Consequently, a study was carried out in several sawmills in order to determine the impact of closer 

sticker spacing on the quality of dry products. Table 37 presents a summary of the results generated by 

this study. 

 

Table 37 Impact of closer sticker spacing on the average value of lumber  
 

Sawmill 
Dried 

products 
Sticker spacing change (in.) Gain in lumber value 

From To* $/Mfbm % 

1 

2 

3 

2x4x8 

2x3x8 

2x4x9 

48 

48 

48 

24 

32 

24 

$3.21 

$2.23 

$1.38 

0.8% 

0.5% 

0.3% 

Average    $2.27 0.6% 
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The average gain in lumber value resulting from closer sticker spacing amounted to $2.27/Mfbm or 0.6%. 

It was also noted that quality improvement was greater in specialty grades (Premium). The limits for warp 

in these grades are half of those allowable in the No. 1 and 2 and stud grades. Therefore, sawmills 

producing a high proportion of Premium grade lumber can expect greater benefits than those presented 

above. 

 

6.4 Warp reduction through top restraint 

As discussed in the section dealing with sticker spacing, restraint during the drying process is an effective 

method to reduce losses due to warp. The combination of good piling practices and restraint keep lumber 

pieces—that would otherwise warp—straight and flat during the drying process. Since wood is a plastic 

material and given the conditions that arise during the drying process, internal stresses are released and 

wood will tend to remain straight and flat after its removal from the kiln. 

 

Lumber pieces in the lower rows of a kiln load benefit from restraint due to the weight of the upper rows 

and stacks. An earlier Forintek project showed that the greatest amount of lumber degrade occurs in the 

top part of lumber stacks in the absence of adequate weight restraint. Without additional weight, degrade 

in the first 15 rows of a kiln load is nearly twice as great as in the rest of the load. 

 

Mill operators can avail themselves of various types of passive ballast (concrete slabs) and mechanical 

restraining systems. Some types of systems are easily integrated into new facilities, whereas others can 

more easily be adapted to existing kilns. Either way, the use of top restraint on kiln loads entails 

additional capital and operating costs. 

 

Table 38 summarizes the impact of reducing warp through restraining the first 15 rows of a kiln load, 

expressed as a percentage of the potential value of the kiln-dried lumber. Since the data apply to the first 

15 rows of the kiln load, they must be adjusted for the height of the load to measure the impact on the 

overall lumber production. These data, combined with updated lumber values can help operators estimate 

the potential cost recovery associated with ballasting. 

 

Table 38 Impact of reducing warp through restraining the first 15 rows of a kiln load  
 

Species Product 

Value loss due to degrade1 3 

No ballast 
Ballast2@ 
92 lb/ft2 

Ballast2@ 
184 lb/ft2 

% $/Mfbm % $/Mfbm % $/Mfbm 

Spruce 

Stud lumber, 8 ft  7.5 26.25 5.3 18.55 3.5 12.25 

Dimension 

lumber, 16 ft 
7.6 26.60 1.5 5.25 - - 

Jack pine 

Stud lumber, 8 ft 2.9 10.15 1.6 5.60 1.0 3.50 

Dimension 

lumber, 16 ft 
3.0 10.50 0.9 3.15 - - 

1 Loss of value expressed in terms of the potential value of warp-free kiln-dried lumber. 

2 Represents the average ballast applied on top of the lumber stack and transferred to the entire stack through the stickers 

or bunks aligned with the columns within the stacks. 

3 Based on an average lumber value of $350/Mfbm. 
 



Monetary Losses Associated With Lumber Manufacturing Processes 

 

 

 

 

 

 42 of 60 

 

The anatomic features of wood are such that spruce is more subject to warp than jack pine. It stands to 

reason that the monetary impact of top restraint will be greater for spruce. Despite the fact that losses due 

to degrade are similar for both stud and dimension lumber without restraint, the reduction of warp was 

greater in the case of dimension lumber because of its longer length. 

 

6.5 Air circulation to improve drying uniformity and reduce operating costs 

Air circulation in kilns is a factor that has long been ignored in drying process considerations. Several 

Forintek studies have shown a link between air circulation and drying time, quality and costs. The bulk of 

this work was carried out in cooperation with Hydro-Québec electrical technology specialists. Results 

facilitated the evaluation of air circulation from two perspectives: its impact on wood during the drying 

process; the design and development of venting systems to maximize air circulation effectiveness.  

 

The airflow in many kilns, especially those that were installed 10 years ago and earlier, is less than 

optimal. Laboratory trials with black spruce and balsam fir lumber have shown that each 100 ft/min. 

increase in air velocity reduces drying time by 2%. For a typical drying period of 40 hours for black 

spruce, the reduction in drying time amounts to approximately one hour. On an annual basis, this 

corresponds to five additional kiln loads for each kiln. In the case of older kilns with air velocities ranging 

between 200 and 400 ft/min, drying times can easily be reduced by achieving meaningful air circulation 

modifications. In order to achieve these potential gains, the energy supply system must be able to handle a 

greater energy demand.  

 

Certain air circulation improvements in existing kilns can be achieved without major capital investments. 

Forintek and Hydro-Québec are developing a program to help sawmills optimize the performance of 

existing venting systems. The approach involves evaluating current venting system performance and 

identifying the best combination of fan speed and blade angle. Implementation of this strategy in the case 

of a small kiln resulted in a 32% drop in energy consumption without any reduction in air velocity. 

Conversely, improved operation parameters can serve to increase air velocity between stacks. 

 

Air velocity requirements vary significantly between the start and the end of the drying period. The 

increases in air velocity mentioned above have a greater impact on the drying rate when wood is above 

the fibre saturation point (MC above 30%). Below the FSP, air velocity has a minimal impact on the 

drying rate. The majority of kilns used to dry SPF lumber can operate safely with air velocity of 

300 ft/min when the moisture content of wood is below the fibre saturation point. However, the energy 

consumption of kilns operating with an air velocity greater than 300 ft/min can be reduced by installing a 

variable speed drive (VSD). Given that a venting system’s energy consumption varies with the cube of 

the air velocity, even slight reductions of air velocity can generate significant drops in electrical energy 

consumption. 

 

Forintek developed a method to help sawmills analyse the economic impact of using variable speed drives 

to change air velocity during the kiln-drying process. Table 39 presents the benefits achieved by a 

sawmill following the installation of a variable-speed-drive venting system. 
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Table 39 Benefits achievable with a variable speed drive system  
 

Parameters No VSD1 With VSD1 

Annual volume of kiln-dried lumber 77 MMfbm 77 MMfbm 

Venting system operating costs $1.27/Mfbm or $97,790/yr $0.77/Mfbm or $59,290/yr 

Savings due to the VSD $0.50/Mfbm or $38,500/yr 

VSD installation costs
1
 $40,000 

Payback period 1.1 year 
1 Variable speed drive system. 

 

6.6 Sorting after drying to improve productivity, product uniformity and to reduce 
energy consumption 

Like presorting, sorting after drying can have a positive impact on drying operations. The same principle 

applies, that is, identifying the most difficult lumber to dry and treating it separately. In the case of sorting 

after drying, however, identifying the most difficult material to dry is simpler because it involves material 

with a moisture content that remains too high when most of the lumber in a kiln load has reached the 

target moisture content. At this step of the process, identifying pieces where MC is too high can easily be 

done with an on-line moisture meter. This technology has been tried and tested, and found to be reliable. 

 

The major benefits associated with sorting after drying include increased kiln productivity and a lower 

variability of the final moisture content of lumber. In a situation involving sorting after drying and 

redrying, all the lumber is dried together initially. The drying time runs out when a significant part of a 

kiln load reaches the final moisture content without overdrying. The load is subsequently directed to an 

on-line moisture meter and kiln wets (pieces the MC of which is higher than the target MC) are separated 

out for redrying. Since the initial drying time is shorter than the usual drying time, most of the material 

dries faster. Even if some lumber pieces from each kiln load are sent back for redrying, the final result is a 

shorter average drying time for all the material.  

 

Forintek has carried out several studies to determine the reduction in drying time and the proportion of the 

material that would require redrying. Figure 7 shows that in the case of black spruce, after half of the 

drying cycle, the proportion of dried material (i.e., lumber meeting the NLGA MC requirement of 19%) 

decreases continuously as drying time increases. This graph can be used to determine the optimum initial 

drying time and the proportion of the material that would require redrying. Based on the following 

example, drying time could be reduced by 25%. In such a case, approximately 10% of the material would 

require redrying. 
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Figure 7 Impact of drying time for a mixture of normal and dense black spruce on the 

proportion of dried and overdried lumber and on degrade due to drying  
 

Figure 8 shows how data can be presented in such a way as to use kiln productivity to determine the end 
of the initial drying period. In this particular example, based on the volume of black spruce lumber having 
reached the target moisture content, maximum kiln productivity is achieved with a drying time of 
approximately 30 hours. 
 

 
 

Figure 8 Optimum kiln productivity as a function of the drying time required to reach target 

moisture content  
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Drying of lumber pieces deemed to be too wet can be achieved in several ways. The two types of kilns 

that have been installed on a commercial scale are the conventional kiln (heat and vent) and the high 

radio-frequency vacuum (HFV) kiln. 

 

For an existing operation, the goal is to dry a greater volume of lumber with the same kilns. The black 

spruce example in Figure 7 can be used to estimate the benefits of sorting after drying for a typical drying 

operation. The results are summarized below. 

 

Description 

 Conventional kilns drying:  100 MMfbm/year 

 Species:    Mix of normal and dense black spruce 

 Drying time:    55 hours 

 Reduced drying time with redrying: 45 hours 

 % of production requiring redrying: 10% (10 MMfbm/year) 

 Redrying time:    20 hours 

Benefits 

 Increased annual production:  +16% (new total: 116 MMfbm/year) 

 Improved quality due to greater final  

MC uniformity:    $4/Mfbm applicable on the overall production = 

     $464,000/year. 

 

 

 

Other considerations associated with redrying 

 Income/profits from drying a greater volume of lumber: specific to each operation 

 Cost of a stacker:   $500,000 (estimated cost) 

 Cost of restacking and handling: $4 to $5/Mfbm applicable only to the increase in 

production (e.g., 10% of the lumber pieces in this 

example) 

 

Redrying can be accomplished with another type of system, such as a high-frequency vacuum kiln. In 

such a situation, existing kilns would only be used for the initial drying period and the HFV kiln would be 

used for redrying ―wets‖. This approach was evaluated as part of a project carried out jointly with Hydro-

Québec (Électrobois). Because this strategy requires a significant investment of capital, a payback 

analysis was carried out. Results showed that, in light of the quality and productivity gains achieved, 

companies could plan on a payback period of 1.4 year. One of the concerns associated with redrying is the 

additional lumber handling involved. We are currently evaluating another drying technology that would 

facilitate lumber handling while generating similar order of benefits.  

 

6.7 Impact of final moisture content on product quality 

One of the concerns with high-value finished products is the potential for degrade from the time of 

shipment from the mill up to their use. The two major factors affecting post-manufacturing product 

quality are moisture content and residual stresses in the wood. Two studies carried out for the Quebec 

Wood Export Bureau (QWEB) focused on these two factors. The studies established the scope of the 

problem and suggested methods to minimize their impact. 
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Nowadays, the majority of softwood sawmills produce several grades of specialty lumber. These include 

the ―Premium‖, ―four square edges‖ and ―J-Grade‖ designations. The specialty product grades have much 

stricter allowances for wane, stain and other visual defects. The common feature of these products is that 

they all have stricter requirements than NLGA grades with respect to allowable warp. In many cases, the 

allowable warp is only half of what is allowable in No. 1 and No. 2 stud lumber. As a result, lumber must 

be manufactured to very tight tolerances and reach the user in the same condition as it left the sawmill. 

Warp that develops in transit or during storage generates out-of-grade lumber, which is not acceptable for 

the customer. Wood will continue to dry as long as it remains exposed to EMC (equilibrium moisture 

content) conditions lower that its moisture content. This holds true even if the wood has achieved the 

target moisture content (e.g., 19% for softwood structural lumber) and even more so for wood that has not 

yet reached its target moisture content. 

 

Big box stores are lucrative markets for wood products. Structural lumber shipped to these stores is 

usually protected from the weather and is frequently exposed to a heated environment. These two factors 

foster the continued drying of lumber; this results in shrinkage and, in some cases, warp. 

 

The storage of wood in such conditions was the focus of a study. Table 40 presents the value losses due to 

the degrade of ―Premium‖ grade lumber stored in a big box store. Losses of $21.32/Mfbm were noted for 

lumber with a moisture content of 20% compared to losses of only $2.91/Mfbm for lumber with a 

moisture content of 12%. Lumber with a moisture content of 12% is much more stable. 

 

Table 40 Value losses due to warp after a six-day storage period  
 

Dimensions 
Proportion of “Premium” grade 

lumber  
(% of annual production) 

Value losses due to warp at the 
end of a six-day storage period1 

2‖x 4‖x 12’ @ 20% MC 17% $21.32/Mfbm 

2‖x 4‖x 12’ @ 12% MC 72% $2.91/Mfbm 

1 The data come from two sawmills that produce ―Premium‖ quality lumber. 

 

One of the problems revealed by this study is that lumber is not always dried to the moisture content 

specified by the NLGA. According to the NLGA grading rules, 95% of the pieces in a package of lumber 

must have a moisture content of 19% or less. The study showed that nearly two thirds of the ―Premium‖ 

grade lumber pieces coming out of the kiln with an average moisture content of 20% or more will warp to 

the point of losing the ―Premium‖ grade designation. Table 41 shows the impact of storage time in a big 

box store environment on the degrade of lumber dried to a mix of moisture contents. 

 

Table 41 Impact of final MC on the degrade of lumber stored in a big box store environment  

 

Average MC (kiln outlet) 
Percentage of degraded pieces 

Storage for 7 days Storage for 14 days Storage for 28 days 

20% 23.5% 27.2% 32.1% 

12% 1.0% 4.0% 7.1% 
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Based on these trials, the results shown in this table suggested two strategies to minimize losses. The first 

involves providing as much protection to the lumber as possible to prevent drying. This can be achieved 

by wrapping solid-stacked lumber with appropriate wrapping material for as long as possible after its 

arrival in the store. In the wake of this study, some sawmills began to ship half-packages to these 

customers in order to reduce the volume of lumber that is unwrapped and exposed to this type of 

environment. This results in shortening the period of time between the unwrapping of a lumber package 

and the sale of the lumber. The second strategy involves drying lumber intended for big box stores to a 

lower moisture content. Table 41 clearly shows that the loss in quality is significantly reduced when 

lumber is dried to a moisture content of 12%. 

 

 

6.8 Impact of post-drying steam treatments on product quality 

The second study carried out for the QWEB focused on the implementation of measures to maintain the 

quality of higher-value products such as ―Premium‖ grade lumber. To this end, we evaluated the impact 

of piling and subjecting this type of product to a steam conditioning treatment. In one of the preceding 

sections, it was shown that reducing sticker spacing results in straighter lumber with a higher value. This 

study confirmed these results. 

 

Studies carried out elsewhere in the world have shown that a steam conditioning treatment after the 

drying period has a positive effect on lumber straightness because it reduces the internal residual stresses 

that develop during the drying process. Table 42 shows that closer sticker spacing and a steam 

conditioning treatment reduce product degrade due to warp. The combination of these two measures 

provide the best results. 

 

Table 42 Impact of steam conditioning treatments and sticker spacing on degrade due to 

warp 
 

Treatment type 
Percentage of “Premium” 

degrade due to warp1 

Value loss due to degrade2,3 

% $/Mfbm 

Control material 71.3% 2.8 9.80 

Sticker spacing every two feet 49.5% 1.8 6.30 

Steam treatment 53.3% 2.1 7.35 

Steam treatment and sticker 

spacing 
28.2% 0.8 2.80 

1 Based on green lumber that would have been assigned a ―Premium‖ grade. 

2 Average value loss for all the dried lumber. 

3 Based on an average lumber value of $350/Mfbm. 
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7 Planing 

7.1 Optimizing depth of cut and wane positioning 

Forintek’s Optitek software was used to simulate the planing process in order to quantify income 

associated with various planing improvement scenarios. Table 43 presents the results of these simulations 

based on various calculation assumptions that presume strict control of the breakdown and drying 

processes. Sawing deviation must not exceed 0.020 in., shrinkage due to drying must not exceed 3% and 

cupping in 2x6 pieces must be slight, otherwise, potential gains could be significantly lower. Finally, the 

major part of the gains are due to an increase in the proportion of higher grades such as the ―Premium‖ 

grade. A sawmill producing only standard commodity products would obtain different results. 

 

Table 43 Potential for improving planing operations 
 

Planing scenario 
Value gain 

$/Mfbm 
Improvement rate 

(%) 

Traditional planing, no controller - - 

Traditional planing, 4-axis controller 2 0.5 

Planing, 5-axis controller and pieces turned over 5 to 7 1.0 to 1.5 

Optimized 4-face planing, 5-axis controller  8 to 10 2.0 

 

The first scenario, involving traditional planing without a controller, provided the benchmark data for our 

comparisons. This approach consists in achieving a uniform depth of cut on both faces and on both edges 

of lumber pieces. That being said, higher-quality pieces (―Premium‖ grade) were assessed a 5% degrade 

penalty because, in practice, approximately 7% of the pieces are degraded due to skip resulting from poor 

equipment adjustment. 

 

The second scenario simulated traditional planing, but with a 4-axis controller. This approach is similar to 

the one that was used in the first scenario, with the exception that a degrade factor due to skip was 

applied. The planer controller is an electronic system that allows accurate machine adjustment. It also 

provides real-time data on the thickness of material removal on each of four heads (or axes): top and 

bottom heads that plane faces and left-hand and right-hand heads that plane edges. This approach 

generates gains of $2/Mfbm in comparison with traditional planing without a controller. 

 

The third scenario involves the use of a 5-axis controller and piece turning. Pieces are turned over, as 

needed, to ensure that wane always faces upward. Bottom depth of cut is set at 0.035 inch. Depth of cut 

on the edges is the same on both sides. Gains are significantly higher, ranging from $5 to $7/Mfbm.  

 

In the fourth scenario, optimized planing on four faces with a 5-axis controller, pieces are not turned to 

ensure that wane faces upward, but the depth of cut is set at 0.035 inch on one of the faces or edges by 

ensuring a uniform distribution of the depth of cut on piece thickness or width (centered planing). This 

optimization provides nine combinations of settings for planing a piece. Replacing a traditional planer by 

a new machine capable of optimizing depth of cut on each face and each edge in real time could generate 

additional income of $8 to $10/Mfbm. 
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Optimization gains at the planer are greatest when target dimensions are high. However, a sawmill will 

benefit more from reducing its target dimensions in order to increase its volume recovery. A target 

dimension of 1.687 inch provides a sufficient margin to optimize the planing operation. 

 

7.2 Linear grader 

This section presents the results of studies carried out to assess the performance of an optimized trimming 

and linear grading station in the planer mill. These semi-optimized systems, called ―linear graders‖ detect 

geometric defects such as wane and skip, the manual graders only intervene when they detect other types 

ofdefects. 
 

Out tests showed that the accuracy of thickness and width readings of a linear grader equipped with four 

cameras to scan each face of a piece of lumber is significantly superior to the accuracy of transverse 

scanners with lasers spaced one-inch apart. Table 44 shows these findings. 

 

Table 44 Comparison of the reading accuracy of a linear grader and a transverse scanner  
 

Type of scanner 

Transverse scanner, lasers 1 in. apart1 

Scanning frequency (in.) Linear grader2, ½ in. interval 
measurement density 

1/16 1/25 1/32 

Thickness accuracy (in.) 0.028 0.021 0.015 0.008 

Width accuracy (in.) 0.064 0.038 0.032 0.008 

1 Type of scanner usually installed at optimized sawmill trimming stations. 

2 Type of scanner installed at optimized trimming and grading stations in the planer mill. 
 

The linear grader achieved 0.008 in. accuracy for both thickness and width. Comparing these results with 

those achieved by the study on transverse scanners, we note that linear grader readings are 2 to 3 times 

more accurate for thickness and 4 to 8 times more accurate for width. 
 

The accuracy of piece length readings of the linear grader is equally satisfactory, with 92.5% of the pieces 

falling within the accuracy allowance of  1/8 in. specified by the manufacturer. Since readings are 

captured via an encoder synchronized with piece feed speed, piece slippage during scanning is most likely 

the cause of readings exceeding the 1/8 in. allowance for 6.5% of our sample pieces. 
 

Excellent reading accuracy for thickness and width combined with a density of readings at ½ in. intervals 

allow the linear grader to achieve outstanding levels of efficiency when only wane and skip are taken into 

account. Table 45 compares the results achieved with transverse scanners that were evaluated in another 

project. 
 

Table 45 Comparison of the efficiency of a linear grader and a transverse scanner 
 

Type of scanner 
Transverse scanner1, 1-in. 

measurement density 
Linear grader2, ½ in. interval 

measurement density 

Frequency of errors 13.1% 8.3% 

Efficiency (volume) 99.4% 99.9% 

Efficiency (value) 98.3% 100.0% 

1 Results from the evaluation of three transverse scanners. 

2 Results from the evaluation of a single linear grader. 
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The frequency of errors recorded with the linear grader is clearly lower than the frequency of errors noted 

for a transverse scanner. In fact, it was 8.3% compared with 13.1% for the transverse scanners equipped 

with lasers spaced one inch apart. This allows the linear scanner to achieve efficiency rates of 99.9% and 

100.0% respectively for volume and value. The volume gain achieved by the transverse scanner is more 

or less evident due to the cancellation effect of positive and negative errors. The value gain, however, 

clearly stands out. 

 

Table 46 presents the results of an assessment of the global performance of two semi-optimized trimming 

and grading stations in the planer mill where there is interaction between the manual graders and the 

linear grader. The frequency of errors recorded for each station varies enormously (17.8% at the first 

station and 42.5% at the other). This is due in large part to the human factor in these operations. It is also 

associated with a greater number of grade and length classes used in the second test. This increased the 

level of difficulty at that workstation. 

 

Table 46 Global efficiency of trimming and grading stations equipped with a linear grader 
 

Performance index 
Semi-optimized trimming and grading stations1 

Test 1  Test 2  

Frequency of errors 17.8% 42.5% 

Linear grader 29.0% 22.4% 

Manual graders 71.0% 77.6% 

 

Efficiency (volume) 99.7% 101.3% 

 

Efficiency (value) 102.8% 93.6% 

 

Loss or (gain) in $/Mfbm
2
 (9.80) 22.40 

Loss or (gain) for a production of 100 MMfbm 

Volume (fbm) 300,000 (1,300,000) 

Value ($) (980,000) 2,240,000 
1 Results from the evaluation of two trimming and grading stations equipped with a linear grader. 

2 Calculated on the basis of an average lumber value of $350/Mfbm. 

 

In these two cases, manual graders made nearly two thirds of the recorded errors. During the first test, 

they were unable to spot or adequately assess lumber pieces with defects other than wane or skip. The 

trimming and grading decisions were then assigned by the linear grader based on the presence of wane. 

When wane was negligible, the grade assigned to these pieces was higher than their actual grade class. In 

contrast, manual graders on duty during the second test tended to be too strict. The least indication of a 

defect, such as stain, on a piece prompted the graders to trim the stained section or to assign a lower grade 

to the piece. 

 

The two operations achieved efficiency rates of 99.7% and 101.3% respectively for volume and 102.8% 

and 93.6% for value. The first test generated a value gain of $9.80/Mfbm as a result of overgrading, 

mainly by the manual graders. This artificially boosted the actual value of the sample. The second test 

generated a loss of $22.40/Mfbm. Undergrading errors, chiefly committed by the manual graders, lowered 

the actual value of the sample.  
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Given the results of these two tests, it is hard to determine an average level of efficiency for this type of 

operation. As mentioned previously, the combination of the human factor and the diversification of the 

product mix on one hand and the use of different grade classes on the other, had a direct impact on the 

efficiency of these operations. Be that as it may, industry performance indicators suggest that the losses 

associated with a semi-optimized trimming and grading station in the planer mill would range between 

$10 and $20/Mfbm.  

 

7.3 Automated grading systems 

This research project focused on generating knowledge on the performance of a new generation of 

optimizers designed to automate lumber trimming and grading operations after planing. More specifically, 

the performance of Comact’s GradExpert automated grading system was evaluated, along with that 

system’s efficiency in detecting and processing various types of defects.  

 

Tests carried out with one of the early versions of Comact’s automated grading system revealed that 

grading dry and surfaced EPS lumber can be achieved with minimal human intervention. 

 

Technology for processing the geometric features of lumber pieces is surprisingly accurate for detecting 

defects such as wane, skip, torn grain and warp. Our results show a level of efficiency of 92.7% when the 

automated system processes these types of defects. This is excellent given that the system’s laser cameras 

scan the pieces in 1-inch slices. The use of new heads capable of scanning 1/3-inch slices should yield a 

higher level of efficiency. 

 

The vision technology to detect and process visual defects such as knots, splits, shake, decay, worm holes 

and certain manufacturing defects generated satisfactory results. Only the results obtained with respect to 

the detection of stain, transverse breakage, slope of grain and compression wood were found to be less 

reliable. The efficiency of visual defects detection was determined to be 64.2%. It should be noted that 

better results might have been obtained with a longer equipment familiarization period. This would have 

allowed for greater accuracy in establishing the vision system parameters. 

 

Grouping defects on the basis of detection technology reveals that 75% of the grading or trimming 

decisions, or both, are associated with geometric defects while the remaining 25% are associated with 

visual defects. On this basis, the optimized system achieves a combined detection efficiency level of 

85.6%.  

 

The efficiency of the automated system with respect to various defects of lumber from trees affected by 

the mountain pine beetle was found to be comparable to that achieved with the SFP lumber sample from 

eastern Canada. We can therefore conclude that the detection of defects on lumber affected by the 

mountain pine beetle does not pose a problem when the vision system is properly calibrated. 

  

The results of the tests to evaluate the global performance of the automated grading system are presented 

in Table 47. This table shows that the frequency of errors with this system was 14.0%. This percentage 

includes 6.0% of the errors committed on lumber with geometric defects and 8.0% of the errors 

committed on lumber with visual defects. It should be noted that strict ―in-house‖ grading rules with 

respect to wane at the ends of lumber pieces and the presence of worm holes increased the level of 

grading difficulty of our sample and the likelihood that the system would commit a higher percentage of 

errors.  
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Table 47 Efficiency of an automated trimming and grading system in the planer mill  
 

Performance index 
Automated trimming and grading system in 

the planer mill1 

Frequency of errors 14.0% 

Geometric defects 6.0% 

Visual defects 8.0% 

 

Efficiency (volume) 99.9% 

 

Efficiency (value) 99.5% 

 

Loss or (gain) in $/Mfbm
2
 1.75 

Loss or (gain) for a production of 100 MMfbm 

Volume (fbm) 100,100 

Value ($) 175,000 
1 Results from the evaluation of Comact’s GradExpert automated trimming and grading system. 

2 Calculated on the basis of an average lumber value of $350/Mfbm. 

 

The automated system generated 89% of No. 2 and Better lumber whereas a QFIC grader-inspector 

assigned this grade to 90% of the graded pieces. With respect to the automated system’s efficiency in 

terms of volume and value, it should be noted that the system achieved a nearly perfect score of 99.9% for 

volume and 99.5% for value. From a monetary standpoint, the errors committed by the automated system 

generated a modest loss of $1.75/Mfbm. For a planer mill processing 100 MMfbm of lumber per year, the 

installation of an automated trimming and grading system should reduce volume and value losses by 

approximately 100 Mfbm and $175,000 respectively. It should be noted that our calculations did not take 

into account the reduction in labour costs that would result from the elimination of the manual grader 

positions in the planer mill. 

 

The potential gains resulting from replacing a semi-optimized system by an automated system vary 

significantly. Base on industry data, gains range from approximately $10/Mfbm at mills producing a 

traditional mix of dimension lumber and grades to approximately $20/Mfbm at mills with a wider range 

of dimensions and grades. Based on this finding, we estimate that the payback period associated with the 

installation of this type of system would vary from 1 to 2 years for a planer mill processing 100 MMfbm 

of lumber per year. 

 

7.4 Stress grading 

A study was carried out to compare the performance of various stress grading systems currently in use in 

the Canadian sawmilling industry. Five systems were selected for the study: the Metriguard HCLT-7200 

model, the Eldeco Dart model, the CRIQ TMG model, the Dynalyse AB Dynagrade model and the Coe 

Mfg XLG model. 

 

The study was carried out by stress grading a sample of 683 pieces of 2x4 and 2x6 SPF lumber with each 

of the above systems. In Forintek’s laboratory, the sample pieces were tested in accordance with the 

ASTM D 4761 standard in order to determine their mechanical properties: MOE, MOR, UTS. Moisture 

content and bulk specific density were also measured. 
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MSR lumber yields were simulated using sawmill data collected during the sample grading process. Class 

limits were applied so that the various batches of lumber pieces would meet the criteria of the 2100f-1.8
E
 

and 1650f-1.5
E
 classes specified by the NLGA’s Special Products Standard SPS 2-2003. These two 

classes of MSR lumber were selected because they account for 87% of the Canadian MSR lumber 

production. In order to facilitate the comparison of the various machines, the R
2
 correlation coefficients of 

the various study properties are presented in Table 48.  

 

Table 48 Comparison of the coefficients of correlation of the various stress grading systems  
 

Properties HCLT TMG Dart Dynagrade XLG 

MOE (Mpsi) 0.85 0.79 0.77 - 0.32 

Frequency (Hz) - - - 0.63 - 

Bulk specific gravity - - - - 0.81 

MOR (psi) 0.45
1
 0.38

1
 0.37

1
 0.24

1
 0.42 

UTS (psi) - - - - 0.38 

1. Correlation between the MOE measured by the grading systems and the MOR obtained during rupture tests.  

 

The three systems that use mechanical bending technology to directly measure the MOE (HCLT, TMG 

and Dart) generate the most accurate results both in terms of predictive capacity and actual stress grading. 

The R² coefficient of correlation of these systems was 0.85, 0.79 and 0.77 respectively. MSR yields were 

very close to the theoretical maximum established by simulation and, to all intents and purposes, system 

performance was optimal at $490/Mfbm (Figure 9). 

 

 
 

Figure 9 Economic return associated with stress grading 
 

The Dynagrade systems comes in fourth for its predictive capacity with an R² of 0.63. It should be noted 

that this system uses ultrasound technology to predict the mechanical properties of wood. System 

performance with respect to MSR lumber yield is nonetheless very good, but one should expect a slight 

drop in lumber value ($3/Mfbm) in comparison with the three preceding systems. 
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The XLG system comes in last with a low predictive capacity, regardless of the mechanical property 

under consideration. The R² coefficients are 0.32 (MOE), 0.42 (MOR) and 0.38 (UTS). The mechanical 

properties of wood are evaluated by means of an estimate of its density combined with a computational 

algorithm based on the density profile of each piece. This grading technology does not appear to be as 

finely tuned as it could be. At the least, it is not suited for grading the species in question, that is black 

spruce. Such a weak predictive performance naturally has a negative impact on the potential yields of 

MSR lumber and on the final value of the products ($10/Mfbm). 

 

 

8 Conclusion 
This project focused on grouping the main results of technical interventions and research projects carried 

out over the past ten years by Forintek’s Lumber Manufacturing Department. The major goal of this work 

was to determine the efficiency of lumber manufacturing technologies and processes used in eastern 

Canadian sawmills.  

 

The literature review revealed that the performance of the various manufacturing technologies and 

processes vary greatly. The losses or gains generated by their use, as the case may be, can be quite 

significant in terms of dollars per cubic metre of wood processed. That is why it is critical to focus on 

interventions that generate benefits quickly and at lower cost. To this end, Table 49 summarizes the 

results described in each section of this report.  

 

Table 49 Synthesis of the results for all manufacturing processes  
 

Manufacturing processes 
Efficiency (%)  Value gain or (loss) 

Volume Value $/m3 $/Mfbm 

RESOURCE     

Stem breakage - - (1.24) (5.37) 

Impact of the storage period 

Beginning of the storage period 

Storage for 5 months 

Storage for 7 months 

Storage for11 months 

Storage for15 months 

Storage for20 months 

 

- 

- 

- 

- 

- 

- 

 

- 

- 

- 

- 

- 

- 

 

- 

- 

- 

- 

- 

- 

 

(8.39) 

(8.55) 

(8.96) 

(10.08) 

(12.60) 

(14.07) 

Recovery from fire-affected timber – Spruce 

1
st
 year 

2
nd

 year 

2
nd

 year 

 

- 

- 

- 

 

- 

- 

- 

 

(3.26) 

(12.21) 

(12.73) 

 

- 

- 

- 

Recovery from fire-affected timber – Jack pine 

1
st
 year 

2
nd

 year 

3
rd

 year 

 

- 

- 

- 

 

- 

- 

- 

 

(3.36) 

(10.22) 

(16.83) 

 

- 

- 

- 

Recovery of dry sound logs – Spruce 

Dry No. 1 

Dry No. 2 

 

- 

- 

 

- 

- 

 

(13.14) 

(21.98) 

 

- 

- 
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Manufacturing processes 
Efficiency (%)  Value gain or (loss) 

Volume Value $/m3 $/Mfbm 
Recovery of dry sound logs – Balsam fir 

Dry No. 1 

Dry No. 2 

 

- 

- 

 

- 

- 

 

(12.24) 

(22.51) 

 

- 

- 

Impact of log trim allowance 

Stationary slasher  
* Reference length 16 ft 4 in. 

16’ 6” logs 

16’ 8” logs 

16’ 10” logs 

 

 

- 

- 

- 

- 

 

 

- 

- 

- 

- 

 

 

0.00 

(0.32) 

(0.90) 

(1.45) 

 

 

- 

- 

- 

- 

 

Impact of log trim allowance  
Harvester 

* Reference length 16’ 4” 

16’ 6” slashed a second time 

** 16’ 6” logs broken to 12’ 6” 

16’ 8” logs slashed a second time 

16’ 8” logs broken to 12’ 6” 

 

 

- 

- 

- 

- 

- 

 

 

- 

- 

- 

- 

- 

 

 

0.00 

(0.76) 

(1.46) 

(1.00) 

(2.46) 

 

 

- 

- 

- 

- 

- 

Crown recovery 

Chip recovery in the forest 
 

- 

 

- 

 

1.04 

 

- 

Management of sawmill supply - - 0.75 3.00 

SAWMILLING     

Loss due to debarking 

Losses during the study 

50% green logs/50% dry logs 

 100% dry logs 

100% fresh logs 

 

- 

- 

- 

- 

 

- 

- 

- 

- 

 

(5.40) 

(5.60) 

(7.40) 

(3.80) 

 

- 

- 

- 

- 

Log scanner efficiency 

(Simulated results – 25° rotation error) 

DLI – Two 3D scanners 

SLI – One 3D scanner 

SLI – One 2-axis scanner 

Single pass machine – One 3D scanner 

Single pass machine – One 2-axis scanner 

 

 

100.0% 

99.2% 

98.1% 

88.9% 

89.1% 

 

 

100.0% 

99.2% 

98.6% 

89.8% 

89.6% 

 

 

0.00 

(0.79) 

(1.37) 

(10.29) 

(10.49) 

 

 

- 

- 

- 

- 

- 

Canter infeed systems 

(Results of sawmill tests) 

Optimized offset and alignment 

Optimized offset 

Self-centering rollers 

Self-centering belts 

 

 

 

100.0% 

101.1% 

100.7% 

100.0% 

 

 

 

100.0% 

99.3% 

97.3% 

92.6% 

 

 

 

0.00 

(1.94) 

(2.99) 

(8.36) 

 

 

 

- 

- 

- 

- 

Fibre tear-out/mechanical breakage - - (2.75) (10.73) 

Chip loss due to pre-cutting saws - - (1.75) (6.32) 

Log turner efficiency 

No rotation error (0°) 

Self-correcting turning rollers (10°) 

Single or double turning rollers (25°) 

No log turner/mechanical infeed (45°) 

 

100.0% 

99.5% 

99.0% 

95.7% 

 

100.0% 

99.4% 

98.6% 

95.9% 

 

0.00 

(0.73) 

(1.75) 

(5.01) 

 

- 

- 

- 

- 
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Manufacturing processes 
Efficiency (%)  Value gain or (loss) 

Volume Value $/m3 $/Mfbm 
Curve sawing efficiency  

Natural curve sawing 

Optimized curve sawing 

 

97.2% 

96.6% 

 

98.7% 

98.0% 

 

(1.44) 

(2.36) 

 

- 

- 

Benefits of curve sawing compared to straight 

sawing (including drying and stress grading) 

Natural curve sawing 

Optimized curve sawing 

 

 

- 

- 

 

 

- 

- 

 

 

7.36 

4.47 

 

 

31.93 

19.38 

Saw kerf and target dimensions 

0.020 in. reduction of target thickness 

0.020 in. reduction of saw kerf  

 

- 

- 

 

- 

- 

 

0.61 

0.70 

 

2.40 

2.75 

Edging efficiency 

Manual 

Optimized 

 

86.9% 

93.3% 

 

85.9% 

91.7% 

 

- 

- 

 

(9.87) 

(5.81) 

Trimming efficiency 

Manual 

Optimized 

 

93.3% 

98.6% 

 

91.8% 

98.8% 

 

- 

- 

 

(28.70) 

(4.20) 

Stud vs. dimension lumber 

(Variability associated with lumber prices) 

8’ logs 

9’ logs 

10’ logs 

8-16’ logs 

 

 

100.0% 

97.8% 

97.1% 

91.6% 

 

 

100.0% 

102.0% 

101.0% 

106.3% 

 

 

- 

2.41 

1.22 

7.54 

 

 

- 

- 

- 

- 

North American vs. export markets 

(Variability associated with lumber prices) 

Nord-America 

Middle East 

Europe 1 

Europe 2 

Europe 3 

 

 

100.0% 

112.2% 

92.4% 

95.9% 

94.0% 

 

 

100.0% 

96.4% 

98.8% 

99.6% 

100.9% 

 

 

- 

(3.88) 

(1.26) 

(0.46) 

1.01 

 

 

- 

- 

- 

- 

- 

DRYING     

Presorting lumber 

(57% spruce/43% balsam fir) 

Density 

Moisture content 

Species 

 

 

13.3% productivity gain 

24.8% productivity gain 

31.4% productivity gain 

 

 

5.60 

10.15 

13.30 

Presorting lumber 

(55% spruce/25% dense spruce/5% jack pine/43% 

balsam fir) 

Density 

Moisture content 

Species 

 

 

14.7% productivity gain 

29.4% productivity gain 

26.5% productivity gain 

 

 

5.25 

8.75 

9.10 

Balsam air predrying 

(air drying of green lumber to 30% MC with 

subsequent kiln drying) 

Reduction in drying costs 

(Case study – Heating oil) 

Improvement of product quality  

(combined method) 

 

50.0% productivity gain 

 

 

 

9.51 

 

3.11 
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Manufacturing processes 
Efficiency (%)  Value gain or (loss) 

Volume Value $/m3 $/Mfbm 

Sticker spacing  
(from 48 in. to 24 in.) 

Improvement of product quality 

 

 

- 

 

 

- 

 

 

- 

 

 

2.27 

Impact of ballasting @ 92 lb/in.
2
 

(based on a load of 66 rows) 

Spruce – 8’ stud lumber 

Jack pine – 8’ stud lumber 

Spruce – 16’ dimension lumber 

Jack pine – 16’ dimension lumber 

 

 

- 

- 

- 

- 

 

 

- 

- 

- 

- 

 

 

- 

- 

- 

- 

 

 

1.70 

1.03 

4.85 

1.67 

Impact of ballasting @ 184 lb/in.
2
 

(based on a load of 66 rows) 

Spruce – 8’ stud lumber 

Jack pine – 8’ stud lumber 

 

 

- 

- 

 

 

- 

- 

 

 

- 

- 

 

 

14.00 

6.65 

Improvement of air circulation 

Reduction in drying time 
2% productivity gain for each improvement 

of 100 ft/minute 
 

- 

Use of a variable speed drive 

Reduction in drying costs 

 

 

- 

 

 

- 

 

 

- 

 

 

0.50 

Post-drying sorting and redrying 

Improvement of product quality 
 

16% productivity gain 
 

4,00 

Impact of final moisture content 

(storage in a big box store environment) 

Value loss due to degrade 

after storage for 6 days 

2 x 4 x 12 Premium @ 20% (MC) 

2 x 4 x 8 Premium @ 12% (MC) 

 

 

 

 

- 

- 

 

 

 

 

- 

- 

 

 

 

 

- 

- 

 

 

 

 

(21.32) 

(2.91) 

Impact of post-drying steam treatments on 

Premium quality lumber  
Sticker spacing at 2-foot intervals 

Steam treatment 

Combined sticker spacing and conditioning 

 

 

- 

- 

- 

 

 

- 

- 

- 

 

 

- 

- 

- 

 

 
 

3.50 

2.45 

7.00 

PLANING     

Planer adjustment system 

Traditional assisted planing 
 

- 

 

- 

 

- 

 

≈ 2 
Planing oriented pieces - - - 5 to 7 

Optimized planing on 4 faces - - - 8 to 10 
Semi-optimized trimming and grading 

Linear grader (wane and skip) 

Linear grader and manual graders – 1
st
 test 

Linear grader and manual graders – 2
nd

 test 

 

99.9% 

99.7% 

102.8% 

 

100.0% 

101.3% 

93.6% 

 

- 

- 

- 

 

- 

9.80 

(22.40) 

Automated trimming and grading  
(takes all defects into account) 

99.9% 99.5% - (1.75) 

Efficiency of stress grading systems 

HCLT 7200 – Metriguard 

Dart – Eldeco 

TMG – CRIQ 

Dynagrade – Dynalyse AB 

XLG – Coe Mfg. 

 

- 

- 

- 

- 

- 

 

99.9% 

99.7% 

99.5% 

99.1% 

95.6% 

 

- 

- 

- 

- 

- 

 

(0.60) 

(1.66) 

(2.25) 

(4.54) 

(21.63) 
( ) Figures in brackets indicate a value gain. 
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