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Abstract 

The primary objective of this project was to assess the potential for Canadian sawmills to use simulation 
techniques and tools to optimize lumber yard management. More specifically, this study aims at assessing 
the potential benefits of improving the management of green lumber inventories, that is to say the wood 
supplies that circulate between the sawmill and the kilns. Sawmill managers can benefit from optimizing 
the location of lumber stockpiles by considering the next phase of the lumber manufacturing process 
(drying, planing or shipping) and the handling equipments’ parameters, such as load capacity, tasks and 
speed. 
 
In the absence of off-the-shelf software to simulate sawmill lumber yards, we have developed a lumber 
yard operating model using a general purpose simulation software application adapted to the study 
sawmill situation. 
 
We first simulated the typical lumber yard operation, and then used the model to assess the effects of 
modifying lumber yard design. We quantified the impact of changing the location of certain types of 
products to reduce the use of wheeled lumber handling equipment. By changing the location of only eight 
types of products a 10 % reduction in the distance travelled by one of the loaders used in the study 
resulted. This represents yearly savings of approximately $16,000 for the study sawmill. A thorough 
analysis of the location of each type of lumber stockpile shows a potential annual savings of up to 
$50,000. Furthermore, this level of performance can be achieved without any capital investment. 
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1 Objectives 
The primary objective of this project was to assess the potential for Canadian sawmills to use simulation 
techniques and tools to optimize lumber yard management. More specifically, this study aims at assessing 
the potential benefits of improving the management of rough green lumber inventories, that is to say the 
wood supplies that circulate between the sawmill and the kilns. Sawmill managers can benefit from 
optimizing the location of lumber stockpiles by considering the next phase of lumber manufacturing 
operations (drying, dressing or shipping) and the handling equipments’ parameters, such as load capacity, 
tasks and speed. 
 
 

2 Introduction 
Reducing the amount of material handling and travel in the lumber yard warrants greater attention than 
most sawmills usually give to these aspects of lumber yard management. In recent years however, 
virtually all lumber manufacturing processes have been improved. From the initial bucking operation to 
kiln drying, including primary breakdown, secondary breakdown, edging and trimming, nearly all phases 
in the sawmilling process have been optimized, automated and improved. However, that is not the case 
for lumber yards, which have received little attention. Yet significant amounts of money are involved 
here, given the extensive use of wheeled material handling vehicles in the lumber yard. Inefficient lumber 
handling can easily decrease productivity and increase costs. 
 
In the sawmill’s lumber yard several factors ought to be considered to achieve optimal design and 
management. These key requirements include: available yard space, relative position of production units 
(breakdown, drying and dressing facilities), capacity and availability of material handling vehicles, 
quantity of lumber to be dried and dressed, and the management of shipments of finished products. To 
address this issue, other industries have successfully used material handling simulation and optimization 
techniques.  
 
 

3 Staff 
Pierre Goulet, Research Scientist, Lumber Manufacturing Technology 
 
 

4 Method 
The recommended approach uses computer modeling of a lumber yard to lead to a fuller understanding of 
its operations. The modeling exercise encompasses the entire flow of material between the manufacturing 
processes and the lumber yard. The detailed model then allows for the changing of various parameters 
and consideration of the impact of these changes on the overall system. 
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The following steps were established in order to reach the desired goal: 
 

• Select a host sawmill in which to carry out the case study; 

• Collect the requisite data at the host sawmill; 

• Develop a computer model using a material flow simulator; 

• Validate the model; 

• Simulate various scenarios to improve lumber yard management under specific conditions.  
 

4.1 Using a general purpose simulation software application 

The approach used in this project is based on the analysis of simulations developed with a general 
purpose simulation software application. For several years, FPInnovations has been using a discrete event 
simulation package called QUEST to model the dynamic aspects of the sawmilling process. This type of 
software application was designed to simulate any type of manufacturing process and to take into account 
both space (distance, position, dimensions) and time (duration, speed) parameters. In a typical process, 
pieces move from one processing centre (machine) to another, frequently via conveyors. The software 
makes it possible to modify both capacity and speed parameters. It also makes it possible to manage the 
capacity of piece accumulation zones upstream from a processing centre. 
 
To use QUEST in the context of a sawmill lumber yard we used one of the software modules called AGV 
(auto-guided vehicle). This module made it possible to represent the wheeled vehicles used to transport 
bundles of lumber. QUEST considers production units such as the sawmill, kilns and planer as 
“machines” because they produce units, that is, bundles of lumber that are put into circulation in the 
model. The lumber yard itself is represented by accumulation zones where lumber is stockpiled while 
awaiting the next step along the production line. 
 

4.2 Data collection in the field 

For the project, we chose a sawmill to do our case study and replicate an actual situation: Canfor’s Bois 
Daaquam sawmill, located in St-Just-de-Bretenières in the province of Quebec. This facility includes 
kilns, a planer and a sawmill, which processes cut-to-length and tree-length spruce and balsam into 
approximately 150 million fbm of lumber annually.  
 
During visits to the sawmill, efforts focused first on developing a good understanding of the lumber 
yard’s operation. An in-depth visit to the yard was conducted with mill management and a layout plan 
was developed. We then met with the loader operators in order to fully understand the instructions they 
had received and to accurately determine the plan for the location of each bundle of lumber. We then 
validated this information on the ground. This way, we established the location and layout of each 
stockpile type (number of rows, number of bundles per row). Furthermore, notes were also taken of the 
assigned loaders’ operation for picking up bundles from the sawmill and loading bundles in the kilns.  
 

4.3 Modeling in QUEST 

Modeling all of the elements that impact lumber yard management using a general purpose simulation 
software application is an arduous task. A detailed explanation of all the aspects of such a task would 
make reading this report a tedious exercise. Accordingly, the following paragraphs provide a condensed, 
but complete description of the method used for modeling the study lumber yard using QUEST. 
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The first step in the modeling process involved depicting stockpile stacking zones in an AUTOCAD plan 
showing the site’s buildings and lumber yards to scale. The plan was provided by Bois Daaquam. 
Subsequently, the plan was introduced as is into QUEST to determine the relative scale location of each 
production unit (sawmill, kilns, planer mill) and all the zones for stacking lumber. 
 
The second step consisted of establishing the sawmill production rate. The sawmill has two rough lumber 
bundle outlets: one for pieces measuring seven feet or less that are piled manually; another for pieces 
measuring more than seven feet. Using sawmill production statistics, we recreated frequency distributions 
by bundle and determined the time interval between the production of each bundle. This interval, 
designated as the “arrival time interval” (ATI), is an important element in materials flow simulation 
because it determines the rate at which bundles are introduced into the system, and the impact on the 
wheeled equipment workload. In QUEST, the elements circulating throughout the model (bundles of 
lumber in this case) are created by one or several “sources”. Accordingly, we defined two sources 
representing each of the sawmill’s two bundle outlets. Each source generates a bundle of lumber at 
intervals defined by the ATI of the source in question.  
 
The third step consisted in defining the types of bundles emerging from the sources. It was decided to 
define the bundles by species (spruce, balsam or mixed) and by nominal lumber dimensions (e.g. 2x4x10 
feet). In QUEST, naming a piece involves associating 3-D geometry to its name.  
 
The fourth modeling step involved establishing lumber bundle stacking areas. To do this, stacking zones 
must be established and located in the model’s 3-D space. Based on our observations of the lumber yards 
and the site plan layout, we were able to recreate the location of each type of bundle. For example, 
2x6x12 foot bundles of spruce are placed in the model at the same location as that of the actual lumber 
yard. This consists of arranging them in rows on the ground, spaced in such a way that each row contains 
the same number of piles as in the real yard. The height of the piles, which normally contain three 
bundles, is one of the characteristics of the definition of each stack. 
 
The fifth step consisted of creating a route network for the wheeled vehicles to follow. To do so, we 
outlined a route from the sources (sawmill bundle outlet) to the various rows of rough lumber piles. This 
resulted in a network of potential routes, intersections and turns. This is also when the “decision points” 
that are crucial to the model's performance are created and situated along the routes in front of each row 
of lumber piles. Each decision point is independent and has its own name. These points make it possible 
to direct the loaders. They also serve to manage the logic of wheeled vehicle travel.  
 
The sixth step involved the creation of the fork loaders used to transport bundles of lumber. As mentioned 
earlier, QUEST considers these machines as AGVs. This represents the most complicated model 
development phase because the software is not necessarily suited for the faithful reproduction of the work 
performed by the loaders at the sawmill. On the other hand, the SCL code (machine language used by 
QUEST) allows for greater equipment flexibility. It was therefore possible to accurately represent the 
work of the loaders. Two wheeled vehicles were introduced into the model: the loader that picks up 
bundles of rough lumber at the sawmill outlet and places them in the lumber yard (loader No. 1) and the 
loader used to load and unload the kilns (loader No. 2). The maximum travel speed, acceleration and 
deceleration rate, speed under load and in the turns were established for each loader. 
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The seventh step focused on defining the destination of each type of bundle in the lumber yard. This was 
a tedious, but necessary task.  The simulator has to know the intended location of each bundle to send a 
“command” directing the loader in question to go to the correct location. In fact, it is not enough simply 
to create the location in question. A decision point corresponding to the exact row in which the bundle 
must be deposited must be assigned to each type of stockpile. Once the row has been determined, the 
simulator uses a logical process to determine the stack where the bundle must be set down, depending on 
the available space in the row. If the row is full, alternate locations are assigned in order to prevent system 
jamming. 
 
In the eighth step, we represented the kiln-loading process to complete the loader travel cycle in the rough 
green lumber yard. To do so, we coded the load of each kiln as a command sent to the loader. The 
command includes the types and quantities of rough green lumber bundles transported by loader No. 2. 
The drying time was also integrated into the model based on the species of dried lumber. A standard time 
per species was used: 47 hours for spruce and 96 hours for balsam. 
 

4.4 Validation of the model 

Upon completion of the model, we tested it by operating it for periods representing one to two weeks of 
production to make sure that it would work as planned. QUEST software has the advantage of 3-D 
simulation. This makes it possible to observe events as they occur and to validate model performance as 
well as simulation results. Finally, we presented the simulation results to Bois Daaquam personnel who 
confirmed that the model performed adequately. 
 
 

5 Results 

5.1 Lumber yard reorganization scenario simulations 

After developing a valid material flow model, we sought to improve wheeled vehicle performance by 
proposing changes to the layout of the rough green lumber yard. The software application cannot optimize 
the layout of lumber piles by itself. On the other hand, it is the ideal tool for analyzing the impact of 
submitted changes. 
 
Logically, we targeted those pile locations that seemed to be the least optimal. Using the bundles 
production frequency and the distance between the sawmill outlets and the actual pile locations, we 
identified four types of bundles frequently produced, but are located further away in the yard compared to 
other types of less frequently produced bundles. Accordingly, we switched the location of these four types 
of bundles with four others that are located closer to the outlets but have a lower production frequency.  
 
Table 1 presents the types of bundles involved in the proposed location reorganization. The table presents 
the percentage of each type of bundle in terms of the total annual number of bundles produced at the 
sawmill. The approximate travel distance of wheeled vehicles between the sawmill outlet and the 
beginning of the row where the type of bundle in question is actually located is also given. In the table, 
bundle types 1 to 4 were switched with bundle types 5 to 8. For example, 2x6x16 bundles of spruce (type 
No. 1) were switched with 2x6x9 bundles of spruce. Bundle types 1 to 4 account for 17.3% of the total 
number of bundles produced at the sawmill on a yearly basis, whereas bundle types 5 to 8 account for 
only 3.8%. 
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Table 1 Bundle types involved in location switching 
 

# Type of Bundle Proportion 
of Total 

Production 
(%) 

Travel 
Distance 

(m) 

# Type of Bundle Proportion 
of Total 

Production 
(%) 

Travel 
Distance 

(m) 

1 2x6x16 
spruce 

6.9 146 5 2x6x9 
spruce 

0.9 74 

2 2x8x16 
spruce 

3.4 167 6 2x6x10 
spruce 

2.3 70 

3 1x4 12 to 16 
spruce/balsam 

4.3 249 7 2x3x10 
balsam 

0.4 149 

4 1x3 12 to 16  
spruce/balsam 

2.7 231 8 2x3x12 
balsam 

0.2 186 

 

5.2 Results for loader No. 1 

To determine the potential benefits flowing from the proposed reorganization, we first simulated the 
actual situation without any changes, in order to establish a basis for comparison. This provided a 
reference framework that included statistics on loader No. 1 usage. This is the loader used to move 
lumber from the sawmill outlets to the rough green lumber yard. Then, we altered the reference model 
according to the changes described in the preceding section.  We simulated the equivalent of two weeks 
of production and examined the new usage results for loader No. 1. 
 
Table 2 summarizes the results of these two simulations. Simulation data were then expressed in terms of 
an eight-hour shift. Loader usage is described on the basis of three operational states. The first, “in 
motion, loaded ” (one bundle) includes the time required to transport a bundle from the moment it is 
picked up by the loader to the moment it is set down at its final location in the lumber yard. The second 
state, “in motion, unloaded”, refers to loader travel without a bundle. This includes the duration of 
loader travel from the moment a bundle is set down at its location in the lumber yard to the moment the 
loader reaches the bundle outlets at the sawmill. By adding the two first elements, we get the loader usage 
rate.  
 
A third element, “idle/other tasks” encompasses all activities not included in the first two elements. This 
includes mostly those times when the loader is waiting for the arrival of a bundle before moving from one 
location to another, but it also includes other tasks that the loader operator may be asked to perform. For 
example, the operator of loader No. 1 must also supply the sawmill with bundles of lumber stickers used 
at the stacker.  
 
By relocating lumber piles it was possible to reduce loader travel distance by 9.6%, from 39,5 to 35,6 
km/shift. It should be mentioned that the loader utilization rate (travel, loaded or unloaded) also dropped, 
from 48% to 45%. On the other hand, the time ratio during which the loader was idle, waiting or busy 
performing other tasks increased by 3%, from 52% to 55%. 
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Table 2 Loader No. 1 usage statistics 
 

 Reference State Reorganized Locations 

per shift % per shift % 
Travel, loaded (min.) 124.8 26 117.1 24 

Travel, unloaded (min.) 106.5 22 101.2 21 

Idle/Other tasks (min.) 248.8 52 261.7 55 

Distance travelled (m.) 39,457 35,585 

 

5.3 Impact of changes on loader No. 2 

In order to accurately determine the impact of the proposed changes, we simulated the work performed by 
loader No. 2—loading and unloading the kilns—in order to ensure that the benefits achieved in the 
preceding step were not offset by the longer distances travelled by this loader. It serves no purpose to 
move a bundle in the green lumber yard to cut down loader No. 1’s travel time if this reduces the 
efficiency of loader No. 2 which, at some point, will have to move the same bundle to a kiln. 
 
Table 3 presents the results for loader No. 2. Simulation data are expressed in terms of an eight-hour shift. 
As with the earlier scenario, loader usage is described on the basis of three operational states. The first, 
“in motion, loaded”, includes the time required to transport bundles from the moment they are picked up 
by the loader in the lumber yard to the moment they are set down on the kiln loading platform. The 
second state, “in motion, unloaded”, refers to loader travel without a bundle. This includes loader travel 
time from the moment the bundles are set down on the kiln loading platform to the moment the loader 
returns to the row in the green lumber yard to pick up the next bundle. By adding up the two first states, 
we get the loader usage rate. A third state, “idle/other tasks” encompasses all of the activities that are not 
included in the first two. Mainly, this includes moments when the loader is idle for various reasons, but 
also other tasks that the loader operator may be asked to perform. In the case of loader No. 2, this includes 
loading trucks with bark and chips. This loader is also used at the planer mill to provide additional 
loading and unloading capacity to other mobile equipment assigned to this task. 
 

Table 3 Loader No. 2 usage statistics 
 

 Reference State Reorganized Locations 

per shift % per shift % 
Travel, loaded (min.) 150,9 31 147,2 31 

Travel, unloaded (min.) 107,4 22 105,5 22 

Idle/Other tasks (min.) 221,6 47 227,2 47 

Distance travelled (m.) 24 270 23 587 

 
According to the results presented in Table 3, no impressive gains were recorded for loader No. 2. 
However, the results allow one to conclude that proposed changes do not adversely affect this loader’s 
performance.  It should however be mentioned that the reduction of travel per shift amounts to a fairly 
significant 2.8%.  
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5.4 Economic benefits 

We calculated the savings resulting from the proposed changes by using the actual costs of operating the 
loaders. Table 4 summarizes all the calculations made. First, we looked at the benefits associated with the 
drop in fuel consumption for the two loaders in the study. This was done by applying a drop in the fuel 
consumption proportional to the reduction in travel distance. Loader No. 1 posted a 9.6% drop in fuel 
consumption compared with a drop of 2.8 % for loader No. 2. On an annual basis, given a fuel cost of 
$1.50 per litre, the scenario involving the reorganization of bundles of lumber just discussed results in 
fuel savings of $7,000. 
 

Table 4 Cost reductions resulting from the proposed changes  
 

 Loader No. 1 Loader No. 2 Total 
Fuel $5,100  $1,900 $7,000 

Maintenance $3,000  $1,400 $4,400 

Labour $1,800  $3,000 $4,800 

Total $9,900  $6,300 $16,200 

 
We then calculated the reduction of maintenance costs resulting from the less intensive use of wheeled 
vehicles while performing the same set of tasks. Based on the annual maintenance costs for each loader 
and a cost reduction proportional to the reduction in travel distance, it was determined that the company 
can achieve annual savings of up to $4,400. 
 
Another benefit resulting from this scenario is the reduction in labour requirements. In this case, the drop 
in the usage rate of each loader is fairly low (around 3%). This is probably not enough to warrant 
reorganizing the tasks performed by the loader operators or to reduce the number of hours worked by 
each operator. However, increased efficiency at this position must be quantified because any 
improvement allowing the performance of a given set of tasks in less time has a value. Thus, the 3% gain 
in time represents time that can be used to perform other tasks. Using the labour costs provided by the 
company, it was determined that the time gained as a result of reorganizing lumber pile locations 
represents savings of $4,800. 
 
Overall, on the basis of the various cost reductions achieved, the relocation scenario of eight types of 
bundles of rough green lumber represents annual savings of more than $16,000. In terms of lumber 
production, the benefits amount to approximately $0.50 $/Mfbm. This cost reduction may appear modest 
for a large company when compared to its other production costs. However, it should be noted that only 
eight products (representing 22% of the company’s production) were targeted in this study. Chances are 
that taking all the lumber bundles produced into consideration would result in significantly greater 
benefits. Furthermore, such benefits can be achieved without capital investments because they only reflect 
changes in work methods and lumber yard operations.  
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6 Conclusion 
The primary objective of this project was to assess the potential for Canadian sawmills to use simulation 
techniques and tools to optimize lumber yard operations. Work focused specifically on the management 
of bundles of rough green lumber, that is, bundles circulating between the sawmill and the kilns. In the 
absence of off-the-shelf software to simulate sawmill lumber yards we developed a lumber yard operation 
model using a general purpose simulation software application adapted to the study sawmill situation. 
 
We first simulated the typical lumber yard operation, and then used the model to assess the effects of 
modifying lumber yard design. We quantified the impact of changing the location of certain types of 
products to reduce the use of wheeled lumber handling equipment. Changing the location of only eight 
types of products resulted in a 10 % drop in the distance travelled by one of the loaders used in the study. 
This represents annual savings of approximately $16,000 for the study sawmill. A thorough analysis of 
the locations of each type of bundle shows a potential for annual savings of up to $50,000. This level of 
performance can be achieved without any capital investment. 


