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1 Introduction 

1.1 Needs and Objectives 

Softwood lumber producers have been using conventional drying systems (batch drying) for many 
years. The original premise of those systems was to design kilns that could dry large quantities of 
lumber at relatively low costs. Based on the evidence throughout the industry across Canada, those 
requirements have been historically met and the industry has greatly benefitted from the existing 
system for decades. Currently, however, due to environmental pressures, increased processing costs, 
more stringent quality and moisture content requirements and the need to improve productivity, 
softwood lumber producers must consider alternative ways to dry lumber to ensure their competiveness 
in traditional markets and to explore opportunities for entering new markets. Drying faster without 
compromising the quality of the final product will position Canadian lumber producers to achieve the 
aforementioned goals.  
 
A comprehensive review of existing and emerging drying technologies available worldwide was 
prepared by FPInnovations in 2011. Based on the review presented in that report, continuous flow or 
continuous drying kilns (CDKs) are more energy-efficient and offer better kiln utilization since the kilns 
are continuously loaded and do not require additional time for loading and unloading. Although 
continuous kilns were developed many years ago and are mostly used in Europe, a different concept 
design was formulated in the USA in early 2000. The American design was named “triple-length kiln” 
because it was originally developed by modifying an existing high-temperature 80-ft. long double-track 
kiln (batch type) into a 240-ft. continuous flow kiln in which lumber is loaded from both ends of the kiln. 
For this particular design, only the central section of the kiln (80-ft. section) is heated. The opposite 
ends have no doors and are used to pre-heat the lumber entering the kiln in one side and to cool and 
equalize the lumber leaving the kiln on the other side.   
 
Based on industrial experience, when drying southern yellow pine dimension lumber in Georgia (USA), 
the triple-length kiln saves energy and produces lumber with higher (not over-dried) moisture contents 
that can be transferred to the planer mill as it leaves the kiln. Consequently, it does not require yard 
time to cool-off the lumber and improve moisture content distribution within pieces and among 
packages.   
 
Improving moisture content uniformity for high-value products such as cross-laminated timber and MSR 
lumber is a requirement for maximum grade recovery and dimensional stability. Continuous drying will 
minimize handling and inventory storage areas. Even in warmer climates, considerable condensation of 
water occurs in both ends of the kilns and, in certain regions, it can mean treatment of the condensed 
water before it can be disposed. For Canadian conditions, especially during the long winter months, 
freezing temperatures can potentially be a problem due to ice formation of the water that is removed 
from wood and is discharged from both ends of the kiln. Thus, the implementation of the continuous 
flow kilns in Canada is uncertain. It will require significant technical challenges to be overcome. In 
addition, methods to evaluate the unique process and drying schedules for Canadian species using 
continuous drying technology must be developed so that they can, in conjunction with other processing 
variables such as energy utilization, potential inventory reduction, better grade recovery and improved 
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moisture content distribution, determine the technical and economic feasibility of continuous flow kilns 
for Canadian conditions. 
 
The examination of the continuous drying process also presents an opportunity to fundamentally re-
consider drying technology for drying lumber. Continuous kilns are largely designed in the same way 
and using the same technology as conventional kilns except that the wood moves rather remaining 
stationary. Convention kilns are designed to heat, create air flow and fluid transfer despite the fact that 
the wood is stationary and the stack is fixed. The new reality that wood is in motion offer us the 
opportunity to reconsider stack design, wood grouping, air flow strategies and heating. Re- 
consideration of these parameters based on well-established principles of wood physics, heat transfer 
and fluid dynamics may present potential new approaches and technologies for drying lumber products. 

1.2 Benefits 

It is reportedly said by industry that switching from conventional to continuous drying has saved 30% in 
energy requirements, improved moisture content distribution, reduce the inventory, improved kiln 
utilization and realise more precise custom drying. 
 

2 Materials and Methods  

2.1 Kiln Description 

Monitoring of the continuous drying process was carried out at Canfor – Elko Division during the week 
of February of 2015. The kiln is approximatively 220 feet long divided into three zones, namely: two 
heating up/equalization zones at each end (60 feet each zone) and one central drying zone (100 feet). 
The kiln has a double track configuration. Lumber loads enter from both ends and are moved in 
opposite directions at the same or different feeding rates (depending on lumber sizes and moisture 
content. At the heating up / equalization zones, heat and moisture are transferred between loads 
moving in opposite directions so that the lumber coming into the kiln is pre-heated by the loads exiting 
the kiln and conversely the loads entering the kiln supply a certain amount of moisture to the loads 
exiting the kiln. This exchange results in a better energy efficiency and moisture equalization. Based on 
some initial results, the continuous drying process at Elko yields desirable final moisture content 
distributions but due to its early stages of implementation, the staffs are still fine tuning the drying 
schedules. 
 
The continuous kiln operates at feed rates between 3 and 5 feet/hour. Feed rates and kiln length 
depend on the volume to be processed and the expected drying times to ensure annual production 
planer requirements. Kiln carts hold four stickered packages (two packages high). Standard loads are 
8’ high x 3.3’ wide x 16’ long (Figure 1). Approximately 400 Mfbm are inside of the kiln during its total 
kiln residence time which varies between 52 and 56 hours. The total drying time includes the time in the 
equalization zones as well. 
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Figure 1. Continuous drying kiln with double tracks 

 
In the heat-up and equalization areas the dry-bulb temperatures are monitored by 6 sensors (3 on each 
side). In the drying area the dry-bulb temperatures are monitored by 18 sensors (3 on each side of the 
kiln and 12 between the tracks). A screenshot of the control software which includes sensor location is 
shown in Figure 2. Several booster coils are located between the tracks only in the drying area. The kiln 
is also equipped with five wet-bulb sensors, two in the heat-up and equalization areas and three in the 
drying area. Presently, these wet-bulb sensors are exclusively used for monitoring purposes. The kiln 
has double air-pass, cross-shaft configuration. Energy is supplied to the lumber by circulating thermal 
oil. 
 

 
Figure 2. A screenshot of the control system interface  

← Dry load  
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2.2 Measurements 

A set of tests was designed to assess initial and final moisture content distribution, temperature profile 
in the wood during drying, dry and wet-bulb temperature variation and temperature drop across the load 
(TDAL). Dry-bulb temperatures were monitored by 18 wireless sensors, 9 on each side of the load 
placed equally distanced on top, middle and bottom. Two wet-bulb sensors were installed on one side 
of the load (Figure 2). 
 
One hundred specimens from a package entering from the east side of the kiln (2x4x12’) were weighed 
before and after drying. Ten samples were randomly selected for monitoring the temperature of the 
geometric centre during drying; the sensors were inserted in pre-drilled holes (Figure 3). After drying, 
moisture content (MC) for each specimen was evaluated at three positions (1ft, 6ft and 11ft). Initial 
moisture content MCo was estimated by: 
 
MCo= [(1 + MCkd) * Wo – Wkd ] / Wkd        ... (1) 
 
Where: 
 
MCo  =  estimated initial MC (%) 
MCkd =  average MC at the end of drying (%) (Average based on measured positions) 
Wo =  Initial specimen weight (kg) 
Wkd =  specimen weight at the end of drying (kg) 
 

 
Figure 3. The position of dry-bulb (red circles) and wet-bulb (blue circles) sensors on one side of the load  
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Figure 4. Pre-drilling the holes for internal temperature sensors  

 

3 Results 

3.1 Moisture Content Distribution 

The estimated average initial MC for the sample package was 93.6% with a standard deviation of 33 %. 
The average final MC was 17.4% with a standard deviation of 5.1 %. Figure 5 illustrates the distribution 
of these values. 

 
Figure 5. Distribution of initial and final moisture content  
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3.2 Temperature Measurements  

The measured load dried in 64 hours, a longer time than a common drying run, because the process 
was interrupted a few times in order to make some adjustments to the energy system. The core 
temperature raise for all monitored lumbers as well as the outside temperature are plotted in Figure 6. 
 

 
Figure 6. Time-temperature plots for all wood sensors (T1 – T10) and the outside temperature (Outside T)  

Temperature profile was similar for all specimens regardless of their position in the package.  The 
variation illustrated in the graph above was caused by fan reversals (every three hours). Dry and wet-
bulb values are shown in Figure 7. 
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Figure 7. Time-temperature plots for all dry-bulb sensors (DB1 – DB18) and wet-bulb sensors (WB1 & 2)  

 
All average temperature measurements are summarised in Figure 8 and Table 1. 

 
Figure 8. Average temperatures of all measurements  
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Table 1. Average drying parameters along the continuous kiln 

Kiln area Time [h] Wood T. [F] DBT [F] WBT [F] WBD* [F] RH* [%] EMC* [%] 
Heat-up 17.5 86.23 93.99 93.71 0.19 99 26.6 
Drying 29 170 188 154 34 44 5.1 

Equalization 17.5 109 107 102.5 4.5 85 17.1 
* WDB is wet bulb depression, RH is the relative humidity and EMC the equilibrium moisture content 
 
Based on the data illustrated above, the following observations can be made:  

(1) The heat-up process is very slow and at a very high relative humidity. This high relative 
humidity is probably generated by the drop in temperature caused by the cold lumber and 
the interaction between the cold weather and the first drying segment. During this phase 
wood will lose most of its shell moisture content but no steep gradient and consequently no 
high drying stresses are created; 

(2) The temperature in the main drying process is ramped continuously with a peak value of 
205 F after 40 hours. Wet bulb depression is increasing gradually reaching a peak of 40F by 
the end of this drying segment. Not a clear constant step stage could be identified as in 
conventional drying; 

(3) The equilibration time is more than double compared with conventional schedules (6 hours). 
The EMC in this step (17%) is a little higher when compared with a conventional kiln 
(14.5%). This long equilibration stage resulted in an average final MC of 17.4% (based on 
the sample population used in the study). 

Average temperature drop across the load (TDAL) is shown in Figure 9. 

 
Figure 9. Average temperature drop across the load (TDAL)  
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The TDAL can be an important auxiliary variable to assess drying rates and therefore potentially used 
for process control. However, its applicability still needs to be evaluated especially if the feed rates for 
each of the tracks are significantly different or when drying lumber with high standard variation MCs or 
drying different species. 
 

4 Conclusions and Recommendations 
The collected data retrieved via wireless sensors proved to be valuable and the drying process was 
accurately monitored. 
 
Based on the experience gained through the mill test, the following observations can be made:  

• The new (about 7 years old) North American concept of continuous drying for processing 
dimension lumber offers numerous opportunities for existing sensor monitoring devices as well 
for the development of new technologies that can be incorporated into control strategies for the 
drying process; 

• It is probably the most innovative concept that was developed since the 70’s;  
• It opens the opportunity to face the challenges of drying different species and lumber 

dimensions which are normally avoided in conventional drying processes.  
 
New potential concepts can be incorporated into the design of new continuous drying kilns: 

• Incorporating wireless sensors will allow designers of continuous kilns to develop expert 
systems that will be constantly adapting its process conditions based on the feedback of 
measured variables; 

• A robust mathematical model should be part of the controller to give the operator the opportunity 
to run some what-if scenarios for each of the zones of the continuous kiln and therefore run 
optimization routines as drying progresses.   

• Package weight reduction, temperature across the load (TDAL), drying stress continuous 
monitoring, lumber temperature monitoring (phyto-sanitary requirements), moisture content and 
moisture content gradients, variable airflow should be part of an integrated and comprehensive 
control system (Expert System) to maximize productivity, final moisture content requirements 
and energy utilization. 
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