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Summary 
In both conventional and dehumidification drying, airflow is essential to transfer the heat needed to warm 
up the lumber, evaporate water from the wood surface and remove the resulting moisture. Faster airflow 
means greater energy transfer at the wood surface. It also means faster water removal from the wood 
surface. How much productivity can be gained from increasing air velocity by 100 ft/min?   
 
The objective of this study was to determine the effect of air velocity on productivity, lumber quality and 
energy consumption in the drying of spruce-pine-fir (SPF) construction lumber in eastern Canada. The 
authors initially used the Drytek modeling software to evaluate the effect of air velocity on drying 
productivity. Modeling studies on balsam fir, jack pine and black spruce demonstrated a positive effect of 
increased air velocity on drying productivity. 
 
They conducted laboratory tests on 2x4x8-ft lumber from the Lac Saint-Jean, Quebec area. These tests 
used the same moisture content-driven schedule at four different air velocities, i.e.: 300, 600, 900 and 
1200 ft/min.  
 
The study showed that, on the basis of initial moisture content (MC) of 40% and a final MC of 15%, a 
100-ft/min increase in air velocity raised productivity by approximately 2%. Gains in drying time were 
obtained only from the green state down to the fibre saturation point (FSP), which corresponds to 25-30% 
MC. Higher air velocity did not reduce drying time below FSP. Consequently, the gains obtained from 
raising air velocity by 100 ft/min are greater when the initial moisture content is higher than 40% than 
when it is below that level.  
 
Final moisture content variations between and within pieces were comparable at the different air velocity 
levels, as a result lumber quality was also comparable. A visual assessment of lumber distortion in the 
piles showed no significant difference. 
 
The specific power consumption of the ventilation system was 0.1, 0.2, 0.6 and 1.0 kWh/kgevaporated water 
respectively at air velocities of 300, 600, 900 and 1200 ft/min, but this level of specific power 
consumption is only applicable to the laboratory kiln used in the tests. Preliminary industry data suggest 
that specific power consumption for black spruce would be 0.06, 0.11, 0.14 and 0.18 kWh/kgevaporated water 
for the same air velocities in the more efficient industrial kilns. These values will need to be confirmed in 
the second phase of the study. 
 
Economic calculations on the productivity gains obtained from higher air velocities indicate that annual 
revenues from a given kiln capacity can be increased. A productivity gain of 2% resulting from a 100-
ft/min air velocity increase yields additional revenues of $1/Mbf of dry lumber, assuming a dry/green 
price differential of $50/Mbf. At a $100/Mbf price differential, the revenue gain becomes $2/Mbf. 
Additional costs related to high air velocity should however be subtracted from such potential gains. For 
example, the modification or addition of baffles, or the adjustment of fan blades may lead to higher air 
velocity at minimal cost to the company; and power consumption will not increase significantly, as the 
system continues to move the same quantity of air per unit of time. If, on the other hand, a more powerful 
ventilation system is required, this will involve some capital cost as well as increased power consumption 
per unit of dry lumber. Mills should take these additional costs into consideration before deciding whether 
to modify the equipment.    
 
To minimize electrical energy costs when increasing air velocity, producers can also adjust air velocity in 
relation to the different phases of the drying schedule, given that fan speed can be reduced when the 
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lumber moisture content falls below the fibre saturation point. A previous Forintek study showed that 
lower fan speed below the FSP level could reduce power consumption with no negative effect on kiln 
productivity. The current study confirmed that higher air velocity did not result in productivity gains 
below the FSP level. Mills using high air velocities would therefore generate substantial cost savings by 
lowering fan speed in the final phases of the cycle. This would require some means to identify when the 
FSP is reached and the use of variable speed drives for the air circulation system.  
 
As part of this study, we used a software program to model airflow in one of Forintek’s experimental 
kilns with an actual lumber load. We then compared air velocity on the exit side of the stack according to 
the model versus actual velocity as measured in the kiln. As the values obtained from the two sources 
were similar, we believe that our model may prove a very useful tool to simulate the effect of modifying 
kiln geometry. It will allow producers to assess the effect of modifications such as new or modified 
baffles or a different roof angle on airflow before they make any decision.  
 
In summary, lumber manufacturers should keep the following points in mind before deciding to modify 
the airflow system: 

• Ensure sufficient air space in-between rows with good stickering and stacking practices, as well 
as proper use of baffles. 

• Optimize fan blade angle in order to use installed motor power as efficiently as possible. 
• Ensure that the system can provide sufficient heat energy. With increased airflow, the kiln will 

require the same amount of heat energy to dry a given load, but over a shorter period of time.  
• Consider installing a variable-speed drive to reduce airflow below the fibre saturation point, thus 

reducing energy consumption. 
• Consider the effect of air velocity on systems based on the temperature drop across the load 

(TDAL). Adjustments to airflow may result in changes to TDAL measurements and require 
modifications to the drying schedule. 

 
Further work is needed to finalize the recommendations based on this study. Over the coming year, we 
will run tests on balsam fir and jack pine to determine potential productivity gains from increased airflow 
with these species. We will also analyze in more detail how power should best be managed and used 
under industrial conditions. These follow-up studies will be conducted in collaboration with Hydro 
Quebec’s Laboratoire des Technologies de l’Énergie (LTE), in Shawinigan, Quebec as part of our joint 
Électrobois II program.  
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1 Objective 
The overall objective of this study was to determine the effect of airflow on dry lumber quality, 
drying time and energy consumption in softwood lumber kilns. 
 
 

2 Introduction 
In both conventional and dehumidification drying, airflow is critical to the transfer of heat for 
warming up the lumber, evaporating water off the wood surface and extracting this water. Greater 
airflow allows for increased energy transfer at the wood surface, hence increased water 
evaporation off the wood.  
 
 

3 Previous Research 
Interest in airflow within kilns goes back a number of years. Torgeson (1940) published results 
showing the relationship between drying rate and air velocity in sugar maple. His main 
conclusion was that air velocity affects drying rate only over the fibre saturation point, and that 
the drying rate is higher with higher wood moisture contents.  
 
Salomon and McIntyre (1973) established that the drying time decreases as air velocity increases 
for a given moisture content-driven schedule. The results of their drying tests indicated that a 
combination of 900-ft/min air velocity from the green state down to the 30%-MC level and a 400-
ft/min velocity from 30% to the final moisture content led to 18% productivity gains with western 
hemlock, 15% with spruce, and 25% with Douglas fir. In some of their tests, increased airflow 
had a negative effect over lumber grade while, in other tests, degrade and final moisture content 
distribution were comparable. In a study on softwood lumber drying, Culpepper (2000) stated that 
an increase in airflow was conducive to better air distribution inside the kiln. Improved air 
distribution typically results in an improved uniformity in final moisture content among different 
pieces in a load. 
 
From an energy consumption point of view, Garrahan (1993) demonstrated that the use of a 
variable-speed drive to reduce fan speed at the later stages of drying greatly reduces power 
consumption with no effect on kiln productivity or lumber grade recovery. 
 
 

4 Technical Team 
Dany Normand  Project Leader 
Vincent Lavoie  Project Leader 
Marc Savard  Group Leader drying 
Guy Labrecque  Technician 
Simon Paradis-Boies Technician 
Francis Tanguay Technician 
Yves Lavoie  Technician 
Lichang Wang  PhD student, Beijing Forestry University   
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5 Materials and Methods 
5.1 Feasibility of Modeling Airflow 
As part of this study, we used a software program to model airflow in one of Forintek’s 
experimental kilns. We then compared air velocity on the exit side of the stack as estimated by 
the model versus actual measurements in the kiln. One reason for using the program was to check 
whether it would prove to be a useful tool to simulate the effect of modifications to the geometry 
of a given kiln. We modelled and measured several load configurations, but this was only 
exploratory work.  
 
Modelling was based on the FLUENT software, a program used in a number of industries 
(aeronautics, automobile, agri-food); it was conducted by a PhD student from the Beijing Forestry 
University in collaboration with Laval University. 
 
5.2 Modelling with Drytek Software 
We used the Drytek1 drying model to assess the effect of airflow on drying productivity. Drytek 
is used to simulate the effect of modifying various drying parameters such as: species, dry-bulb 
temperature, wet-bulb temperature and air velocity. Our simulations involved a range of air 
velocities with the main species found in the eastern spruce-pine-fir (SPF) group. The drying 
schedules were typical for black spruce, jack pine and balsam fir. We measured the effect of air 
velocity at 100-ft/min intervals in the 200-1400 ft/min  range with each species. The main 
advantage of Drytek is that it provides a trend of the theoretical impact of increasing air 
velocities. 
 
5.3 Experimental Kiln Tests to Determine the Impact of Airflow on Drying 
5.3.1 Lumber 

The lumber used in the tests was rough, green black spruce, nominal 2 by 4 - inch by about 98 
inches in length. The material was supplied by the Bowater Mistassini mill, in Lac-Saint-Jean, 
Quebec. 
 
5.3.2 Equipment 

The conventional experimental kiln used for this study at the Forintek Eastern Laboratory had an 
approximate capacity of 1000 board feet. Heat was provided by an indirect low-pressure steam 
(138 kPa or 20 psi) system. Airflow was generated by two fans, each of 3.7 kW (5 hp), controlled 
by a variable speed drive.  
 
We measured air velocity on the exit side of the stacks with a TSI brand hot-wire anemometer. In 
each test, measurements were taken at a temperature of about 20°C. 
 

                                                      
1 Developed in collaboration with Laval University 
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5.3.3 Methods 

The study involved seven test loads, each containing 216 pieces, including six sample boards to 
monitor actual moisture content.  Electric-resistance sensors were inserted in 12 boards served to 
control the drying process and trigger schedule changes. The stickers were set two feet apart. As 
shown in Figure 1, a concrete block (1360 kg) was placed on top of the stack to provide restraint.   
 

 
 
Figure 1 Lumber load in Forintek’s small-scale kiln 
 
All drying parameters other than air velocity were kept constant for the different tests. We 
conducted one test at 300 ft/min, two at 600 ft/min, three at 900 ft/min and one at 1200 ft/min.  
Figure 2   illustrates the drying schedule used in all the tests. 
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Legend: 
 
1. Time basis (approx. 6 hours) 
2. Time basis (approx. 8 hours) 
3. MC > 33% 
4. MC = 33 to 30% 
5. MC = 30 to 24% 
6. MC = 24 to 18% 
7. MC = 18% to end of cycle   

Figure 2  Drying schedule 
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We recorded the mass of each piece before drying. During the drying operation, the moisture 
content of the control specimens was measured, as was the power consumption of the fans. The 
mass of individual pieces was measured again after drying. The moisture content of the six 
control specimens and the pieces containing the sensors was measured by the oven-dry method. 
Final moisture content was then determined for all boards in the loads with a resistance moisture 
meter. We used the same moisture meter to measure moisture gradient in the lumber (at depths of  
3/8’’ and 3/4’’) containing the sensors.  
 
5.4 Measurements under Industrial Conditions  
For the purpose of this project, we also measured air velocity on the exit side of the stack under 
industrial conditions in order to determine the ventilation power required to achieve a given air 
velocity on the exit side of the stack. In order to broaden the database, we included numbers 
obtained from other industrial measurements over recent years. This information was collected 
from industrial softwood lumber kilns with capacities ranging from 150 to 335 Mbf. We recorded 
the installed power used with the ventilation system and related it to air velocity measurements. 
 
 

6 Results 
6.1 Airflow Modelling 
The results of exploratory simulations with the software used to model airflow in an experimental 
Forintek kiln proved promising.  The air velocity determined by the model for the different load 
configurations was comparable to the values obtained from actual measurements. As shown in 
Figure 3, the curves for two parallel sets of simulated and actual values were close to one another. 
In this particular test, actual air velocity values averaged 2.29 m/s (451 ft/min), as compared to 
2.53 m/s (498 ft/min) for the simulated values.  
 
The simulation software appears to provide a reliable prediction of air velocity in a kiln, in 
addition to providing a graphic representation of airflow. Figure 4 shows the results obtained 
from one simulation. The potential of this tool to simulate the effect of changes to the geometry 
of a kiln therefore seems to open new avenues for development. It could serve to assess the effect 
of modifications to kiln geometry (e.g., new baffles, baffle or roof angle, radiator location) on 
airflow before any such modification is actually implemented. It could also be used to assess the 
impact of different stack configurations (e.g., sticker thickness, skid thickness, stack width and 
height). As the model makes it possible to test out a large number of modifications to kiln 
geometry, it could serve to pre-screeen and identify only those modifications that will achieve the 
desired air velocity while eliminating the need for costly trial and error tests.  
 
Kiln manufacturers could also apply an airflow simulator to optimize airflow and energy 
efficiency in new drying systems.  
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Figure 3 Comparison between FLUENT simulation values and measured values 
 

 
 

Figure 4 Airflow in Forintek kiln, as modelled with FLUENT software 
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6.2 Modelling with Drytek Software 
Modelling indicated a positive effect of increased air velocity on drying productivity in the case 
of balsam fir, jack pine and black spruce.  Figure 5 displays the results of black spruce drying 
simulations with Drytek. As can be observed, raising air velocity from 300 ft/min to 1000 ft/min 
cut drying time by about 30%, which represents a productivity gain of approximately 4% per 
100 ft/min for initial and final moisture contents of 40% and 15% respectively.  
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Figure 5 Effect of air velocity on drying time for black spruce as assessed with Drytek 
 
With balsam fir, Drytek simulations showed a drying time reduction of about 40% when air 
velocity was raised from 400 ft/min to 1000 ft/min, as shown in Figure 6. For initial and final 
moisture content of 100% and 15% respectively, this represents a productivity gain of 6% per 100 
ft/min. increase in airflow.  
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Figure 6 Effect of air velocity on drying time for balsam fir as assessed with Drytek 
 
With jack pine, Drytek simulation results were fairly similar to those with black spruce, 
productivity increasing by about 4% per 100 ft/min for initial and final moisture contents of 40% 
and 15%. Figure 7 shows that the drying time was reduced by approximately 25% as air velocity 
increased from 400 ft/min to 1000 ft/min. 
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Figure 7 Effect of air velocity on drying time for jack pine as assessed with Drytek 
 
These Drytek simulations indicate that higher air velocity has a very significant effect on drying 
time, which suggests that increased airflow represents a promising approach to productivity 
improvements. The following sections cover experimental results.  
 
6.3 Experimental Kiln Tests to Determine Optimum Air Velocity 
6.3.1 Drying Time 

Figure 8Figure 8 Adjusted drying times for seven loads of black spruce in relation 
to air velocity 

 
The results shown in Figure 7 support the following observations. For a given moisture content-
driven schedule, drying time decreases as air velocity increases. Salomon and McIntyre (1973) 
arrived at the same conclusion. The effect of air velocity on drying time is restricted to moisture 
contents above the fibre saturation point; there is no effect under the FSP. Torgeson (1940) also 
arrived at this conclusion in tests on sugar maple. On the basis of the results obtained, we 
consider that productivity gains (in terms of total drying time reduction) are in the order of 2% for 
every 100 ft/min increase in air velocity. This result applies to black spruce, the drying schedule 
shown in Figure 2  , 40% initial moisture content and 15% final moisture content. For initial 
moisture contents other than 40%, we can state that initial moisture content higher than 40% will 
lead to greater productivity gains, while gains will be lower with a moisture content lower than 
40%, and nonexistent if the moisture content is below the FSP. 
 displays the results of drying tests in an experimental kiln in terms of drying times. These were 
adjusted to initial and final moisture contents of 40% and 15% on the basis of measurements 
obtained from the control specimens. Initial moisture contents actually measured in the different 
tests ranged from 31.5 to 43.2%, and final moisture contents ranged from 13.6 to 16.6%. 
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Figure 8 Adjusted drying times for seven loads of black spruce in relation to air 
velocity 

 
The results shown in Figure 7 support the following observations. For a given moisture content-
driven schedule, drying time decreases as air velocity increases. Salomon and McIntyre (1973) 
arrived at the same conclusion. The effect of air velocity on drying time is restricted to moisture 
contents above the fibre saturation point; there is no effect under the FSP. Torgeson (1940) also 
arrived at this conclusion in tests on sugar maple. On the basis of the results obtained, we 
consider that productivity gains (in terms of total drying time reduction) are in the order of 2% for 
every 100 ft/min increase in air velocity. This result applies to black spruce, the drying schedule 
shown in Figure 2  , 40% initial moisture content and 15% final moisture content. For initial 
moisture contents other than 40%, we can state that initial moisture content higher than 40% will 
lead to greater productivity gains, while gains will be lower with a moisture content lower than 
40%, and nonexistent if the moisture content is below the FSP. 
 
6.3.2 Lumber Quality 

On the basis of a visual assessment of the stacks, there appeared to be no significant difference in 
terms of drying degrade. However, we did not grade individual pieces before and after drying. 
 
Table 1 displays average and standard deviation on moisture content as measured with a DC-
resistance moisture meter for the different air velocities. 
 
Table 1 Final moisture content statistics 
 

Air velocity (ft/min) n Average MC (%) Standard deviation (%) 
300 216 14.4 3.7 
600 432 16.2 4.2 
900 216 14.3 4.0 

 
As shown in Table 1, the within-charge variation in moisture content can be considered 
comparable between the tests indicating that air velocity had no negative effect on final moisture 
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content variability in the load. Table 2 displays the moisture content gradients across the 
thickness within pieces at the three different air velocities. 
  
Table 2  Average moisture content gradients across lumber thickness 
 

Air velocity (ft/min) n Average gradient 1 (%) 
300 11 4.2 
600 12 5.1 
900 8 4.5 

1 Average MC differential measured at depths of 3/8” and ¾” with a DC-resistance moisture meter in pieces with average MCs 
ranging from 10 to 16% 
 
The results presented in Table 2 indicate that air velocity did not seem to have had a significant 
effect on the moisture content gradient across the pieces, which suggests that higher air velocity 
does not necessarily lead to case hardening.  Given the small size of the sample further testing 
would be required before making a conclusion.  
 
Previous studies by other researchers indicate that, as a rule, greater air velocity has no negative 
effect on lumber quality. In this respect, Salomon and McIntyre (1973) concluded that downgrade 
and final moisture content distribution were comparable for white spruce dried at different air 
velocities (900 ft/min for 20 hours + 250 ft/min for 34 hours as opposed to 250 ft/min for 75 
hours). Culpepper (2000) mentioned that a higher air velocity was conducive to more uniform air 
distribution inside the kiln; and that an improved air distribution may contribute to more uniform 
final moisture content. However, other conclusions from Salomon and McIntyre (1973) suggested 
that higher air velocities could lead to lower lumber quality.  
 
6.3.3 Power Consumption 

We measured fan power consumption on an on-going basis with a device provided by Hydro-
Quebec’s Laboratoire des Technologies de l’Énergie, in Shawinigan. Measurements included 
power used by the variable speed drive. The graph in Figure 9 shows power consumption per 
kilogram of evaporated water, which was based on the cumulative differential between initial and 
final mass for individual lumber pieces. The specific power consumption values shown in Figure 
9 apply exclusively to the experimental kiln used for our tests, and they are not representative of 
consumption in industrial facilities. The use of a variable speed drive tends to slightly reduce 
motor efficiency, so that power consumption increases by a small amount.  
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Figure 9 Specific power consumption in experimental kin 
 
The results shown in Figure 9 indicate that power consumption increases in a non-linear fashion 
with air velocity in the kiln. It should be kept in mind that that these particular values are specific 
to the experimental kiln used for the tests, and may not reflect power consumption in an industrial 
kiln. Section  6.4.1 below deals with actual power consumption in relation to airflow in industrial 
kilns.  
 
6.3.4 Economic Considerations 

As indicated in the results discussed in previous sections, increased air velocity can lead to 
significant kiln productivity gains without compromising dry product quality. In this section, we 
will determine potential revenue gains, but it should be kept in mind that additional revenues 
based on faster air velocity can only be generated when lumber moisture content is above the 
fibre saturation point and the kiln can provide enough heat to evaporate the same mass of water in 
a shorter time. Figure 10 illustrates additional revenues, in $/Mfb, that may be achieved through 
given air velocity increases; these results are shown in relation to the price differential between 
dry and green lumber. The graphs in Figure 10 were developed on the basis of productivity gains 
in the order of 2% for a 100-ft/min increase in air velocity; they were based on black spruce 
lumber with initial and final moisture contents of 40 and 15% respectively.   
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Figure 10 Additional revenue achievable through air velocity increases in the case of 

black spruce with initial and final moisture contents of 40 and 15% 
 
 
The graph in Figure 10 illustrate several points, the first being that greater air velocity leads to 
higher additional unit revenue (in $/Mbf). They also show that, for a given air velocity, a broader 
price differential between kiln-dry and green lumber means greater additional revenues.   
 
Increasing kiln air velocity involves a number of adjustments to existing practices, and the cost of 
these adjustments varies with the type of adjustment. Any such cost must be deducted from 
additional revenues to determine the net profit. Additional revenues therefore represent the 
maximum cost (in $/Mbf) that can be incurred for a profitable modification to increase air 
velocity.  
 
Examples of low-cost adjustments include improved lumber stacking, improved kiln loading, and 
ensuring that all baffles (end, floor and top) are in place and properly applied. Simple adjustments 
yielding a 100-ft/min extra air velocity through improved loading and better baffle utilization can 
be expected to generate approximate additional revenues of $33,000 per year in a 250-Mbf kiln if 
the price differential between kiln-dry and green lumber is $45/Mbf. Adjustments of this type 
have no significant effect on annual power consumption, as the fans move the same volume of air 
per unit of time. The cost of power consumption par Mbf is therefore reduced. The cost of 
adjustments may consequently be up to $33,000 for a payback period of one year, or $16,500 for 
a payback of six months. 
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Another approach to increasing kiln air velocity involves re-engineering the current airflow 
system by enhancing available power, but this will lead to greater costs than adjusting baffles. 
Section  6.4.2 below provides a cost calculation justifying modifications to an existing airflow 
system.  
 
6.4 Industry Observations 
6.4.1 Measured Performance of Industrial Airflow Systems 

Over recent years, the Eastern Forintek Drying Group has measured air velocity in many lumber 
kilns either under this project or as part of other field studies. In order to determine how much 
power is required to achieve a given air velocity on the exit end of the stack, we correlated 
installed power to air velocity (as measured on the exit side of lumber stacks) without identifying 
information sources. Figure 11 shows the ratio of installed power to kiln capacity (HP/Mbf) in 
relation to air velocity on the exit side of the stacks in the industrial kilns observed. Load capacity 
for the industrial kilns ranged from 150 to 335 Mbf. These kilns included both cross-shaft and 
line-shaft configurations as well as both single and double-pass systems.  
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Figure 11 Performance ventilation system benchmark from industrial kilns  
 
One observation is that, for a given air velocity, installed power varies from one kiln to another, 
particularly for air velocities in excess of 500 ft/min. On the other hand, kiln configuration (i.e., 
single pass or double pass) does not appear to have any significant effect on air velocity for a 
given HP/Mbf ratio. The straight line shown across the graph links the best performance levels 
recorded from our sample mills; it includes examples of air velocity in the order of 500 ft/min 
with a ratio of 0.4 installed HP/Mbf, as well as 1,000 ft/min with a ratio of 0.7 installed HP/Mbf.  
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All points located above the line of best performing kilns correspond to kilns whose airflow 
systems do not appear to have been optimized. The installed power may not be fully utilized, for 
example. If the installed power is fully utilized, low performance may be due to one or more 
factors such as: inadequate stack or load characteristics, inadequate baffle application, low fan 
efficiency, different kiln geometry, ventilation configuration, etc. 
 
The significant variation in installed fan power observed in industry in relation to air velocity 
raises a number of issues. Before considering changes to their airflow system, mills would be 
advised to compare their operation to these industry benchmarks and, if necessary, proceed with 
adjustments to improve performance. This would lead to greater air velocity, hence shorter drying 
times. 
  
6.4.2 Example of Profitability Calculation for a Ventilation System Modification  

This section relates to a scenario whereby an existing airflow system is modified to increase kiln 
productivity. Productivity gains are based on the results obtained from the project. 
 
6.4.2.1 Basis for Calculation 

- Kiln capacity: 250 Mbf 
- Lumber species: black spruce 
- Initial and final moisture contents: 40% and 15% 
- Original air velocity: 400 ft/min 
- Power currently installed and utilized: 75 HP, i.e. 56 kW (See Figure 11) 
- Target air velocity after modification: 800 ft/min 
- Power installed and utilized after modification: 150 HP, i.e. 112 kW (See Figure 11) 
- Expected productivity gain: 8% (results of study) 
- Current drying time: 50 hours 
- Drying time following modification: 46 hours 
- Annual kiln operating time: 8,000 hours 

 
6.4.2.2 Original Conditions 

Volume of lumber currently dried in the kiln annually: 
 

8000 hours / 50 hours/load x 250 Mbf/load = 40,000 Mbf 
 
If the price of electricity is $0.07/kWh, the annual cost of operating the existing ventilation 
system is: 
 

8000 hours x 56 kW x $0.07/kWh = $31,360 
 

for a unit cost of: 
 

$31,360 / 40,000 Mbf = $0.78/Mbf 
 
6.4.2.3 Conditions after Kiln Modification 

Following kiln modification, the volume of lumber that the kiln can dry is as follows: 
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8000 hours / 46 hours/load x 250 Mbf/load = 43,478 Mbf 

 
On the basis of the same price for electricity, i.e. $0.07/kWh, the annual power cost for the 
modified airflow system becomes: 
 

8000 hours x 112 kW x $0.07/kWh = $62,720 
 

for a unit cost of: 
 

$62,720$ / 43,478 Mbf = $1.44$ / Mbf 
 
6.4.2.4 Financial Results 

The additional unit cost for power resulting from the ventilation system modification is 
$1.44/Mbf – $0.78/Mbf = $0.66/Mpmp 
 
Additional unit revenues generated by the additional volume of lumber dried in the kiln is in the 
order of $3.00/Mbf (See Figure 10) for a price differential of $40/Mbf between kiln-dried and 
green lumber. 
 
The net profit generated by the ventilation system modification therefore stands at $3.00/Mbf – 
$0.66/Mbf = $2.34/Mbf. 
 
Consequently, the amount that could be invested to modify the ventilation system would be: 
 

- $101,739 for a payback of one year;  
- $50,870 for a payback of six months.   

 
6.4.2.5 Discussion 

These calculations are based on the assumptions described above. As already indicated, no gain 
will be recorded with initial moisture contents equal to or below the fibre saturation point. Gains 
will be more significant with initial moisture contents above 40%, and smaller with initial 
moisture contents below 40%. We assumed that drying costs other than electrical would be the 
same before and after kiln modification, even though, in theory, costs should decrease slightly 
following modification. For further reduction in power costs associated with the ventilation 
system, air velocity can be adjusted for the different drying phases. Garrahan (1993) 
demonstrated that the power consumption of the ventilation system can be decreased substantially 
with no loss in productivity through the use of a variable speed drive to reduce air velocity when 
the lumber moisture content reaches the fibre saturation point. This study confirmed that, below 
the fibre saturation point, higher air velocity yields no productivity gains. Mills already operating 
at high air velocities would therefore generate significant energy gains by reducing air velocity in 
the final phase of the drying cycle. This would require determining the fibre saturation point and 
using a variable speed drive. 
 
This calculation can be repeated with different assumptions. The example used in the study was 
meant to describe a method to evaluate the financial feasibility of a modification to the kiln 
ventilation system. 
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7 Conclusions 
The results of this study demonstrate that air velocity affects the drying time of 2x4 black spruce 
lumber. It also provided a measure of the effect of increasing air velocity on lumber grade 
recovery and power consumption. Our tests showed that drying productivity with 2x4 black 
spruce lumber can be increased by approximately 2% for every 100-ft/min increase in air velocity 
on the basis of a 40% initial and 15% final moisture contents. Such gains were obtained between 
the green state and the fibre saturation point, with no gain recorded as a result of higher air 
velocity below the fibre saturation point. Greater air velocity had no negative effect on final 
lumber quality. Preliminary industry data indicate that, in the case of black spruce in the most 
efficient industrial kilns, specific power consumption could be 0.06, 0.11, 0.14 and 0.18 
kWh/kgevaporated water respectively for air velocities of 300, 600, 900 and 1200 ft/min. These values 
will need to be confirmed in Phase 2 of the project. 
 
Financial analyses on productivity gains achieved through increased air velocity indicate the 
feasibility of enhancing annual revenues for a given kiln capacity, but the assessment of potential 
net benefits must consider the costs involved in increasing air velocity.   
 
Simulations with the Drytek model also showed the benefits of increasing air velocity on drying 
productivity with the three major species of the eastern SPF group. 
 
As part of the study, we developed a model of airflow capable of simulating actual conditions in 
our experimental kiln, and demonstrated the potential of this tool to simulate modifications to the 
geometry of the kiln. This model can be used to assess how changes to kiln geometry (e.g., 
additional baffles, different baffle or roof angles) will affect airflow before making a decision to 
proceed with a proposed modification. 
 
 

8 Recommendations 
When modifying the airflow system in a kiln, lumber producers should consider the following 
points: 
 

• Ensure sufficient air space in-between rows with good stickering and stacking practices, 
as well as proper use of baffles. 

• Optimize fan blade angle in order to use installed motor power as efficiently as possible. 
• Ensure that the system can provide sufficient heat energy. With increased airflow, the 

kiln will require the same amount of heat energy to dry a given load, but over a shorter 
period of time.  

• Consider installing a variable-speed drive to reduce air velocity below the fibre saturation 
point, thus reducing energy consumption. 

• Consider the effect of air velocity on systems based on the temperature drop across the 
load (TDAL). Adjustments to airflow may result in changes to TDAL measurements and 
require modifications to the drying schedule. 

 
Further work is needed to confirm the observations and recommendations from this study. Over 
the coming year, we will run tests on balsam fir and jack pine to determine potential productivity 
gains from increased airflow for these species. We will also analyze in more detail how power 



Impact of Airflow on the Drying Rate of Black Spruce 

 
 

 
 

should best be managed and used under industrial conditions. These follow-up studies will be 
conducted in collaboration with Hydro Québec’s Laboratoire des Technologies de l’Énergie 
(LTE), in Shawinigan, Quebec as part of our joint Électrobois II program..  
.  
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