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1 Objectives 
This project was undertaken as part of the research initiative designed to enhance the competitiveness of 
hardwood industry in eastern Canada. Project funding was provided through Natural Resources Canada's 
Transformative Technologies Program.  
 
The objective was to determine, in consultation with manufacturers of hardwood products, which 
continuous radio frequency drying applications warrant additional investigation to further the 
development of this technology. The project was designed to shed light on various technical and 
economic considerations (electrode length, acquisition cost estimate, energy costs, etc.) for various 
potential applications. 
 
 

2 Introduction 
High frequency drying is acknowledged as a highly effective technology to increase drying rates. The 
implementation of the Électrobois Program in 2001 paved the way for an in-depth investigation of this 
technology through tests in an experimental radio frequency vacuum (RFV) dryer. The main products 
tested were hardwood lumber or high-value appearance lumber. Most of the time, there is no particular 
product quality issue associated with this process other than excessive variations of the final moisture 
content specified for hardwood products.  
 
Two studies were carried out in 2008 (Lavoie et al., April 2008; Lavoie et al., December 2008) with an 
experimental continuous radio frequency drying unit to determine whether this new hardwood lumber 
drying technique enhances product quality while reducing final moisture content variation. This new 
drying technology could improve the distribution of final moisture content because the moisture content 
of each piece could be monitored with a moisture sensor (on line) to determine whether drying is 
sufficient or whether it should be continued. Preliminary results showing an improvement of the variation 
of final moisture content following the drying of 3 x 3 in. red oak pieces were presented at the May 2008 
Harwood Committee technical meeting held in Gatineau and were well received by industry 
representatives. However, the issue of the potential discolouration of products made from light-coloured 
wood species was raised because the system operates at atmospheric pressure and oxidation reactions are 
possible. A study carried out with sugar maple samples to check the change in lumber colour during the 
drying process showed that no significant colour change was noted in green and dry lumber samples. 
These encouraging results combined with those showing that green 4/4 in. sugar maple samples can be 
dried in 2.4 hours were presented in December 2008 to the Hardwood Committee in Quebec City. 
Members present at this meeting expressed great interest in pursuing research on this process. In order to 
identify the applications with a high technical and economic benefits for the hardwood industry, it was 
decided to hold in-depth discussions with a few hardwood product manufacturers on current operating 
and equipment costs. 
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3 Staff 
Vincent Lavoie  Research Scientist–FPInnovations 
James Kendall  Research Scientist–Laboratoire des technologies de l’énergie (LTE), Hydro- 
   Québec 
Sylvain Chénard Technician - Laboratoire des technologies de l’énergie (LTE), Hydro-Québec 
 
 

4 Method 
4.1 Technical and economic model 
Using data from the study on continuous RF drying of 4/4 maple pieces (Lavoie et al., December 2008), a 
technical and economic model was developed for three applications: green-to-final MC drying, pre-drying 
to the FSP, re-drying below the FSP. The following hypotheses were used in the model: 
 

- 4/4 maple samples: initial MC = 60%, FSP = 30%, final MC = 8%. 
- Piece length: 8 feet 
- Average wood temperature at the RF kiln entrance:  5°C 
- Operation schedule: 5days/week 
- Generator frequency: 6.78 MHz 

 
Various scenarios were studied, including the hours of drying unit operation per day and the annual 
volume of wood to be dried. Charts were developed to visualize the impact of various parameters 
(electricity rates, annual volume, moisture content, hours of operation, type of application) on drying and 
equipment costs and electrode length. 
 
4.2 Meetings to determine industry interest 
A PowerPoint presentation was developed to summarize the work done to date on drying hardwood 
lumber with RF drying technology. The presentation also contains information flowing from the model, 
including potential operating (energy) and equipment costs for a continuous radio-frequency drying 
system. This presentation served to initiate discussion in meetings with the manufacturers who 
participated in the study. Cost estimates were presented for drying 4/4 lumber pieces according the 
following scenarios:  green-to-final MC drying (60% to 8%), pre-drying to the FSP (60 to 30%) and re-
drying (15% to 8%) of 4/4 lumber. For example, energy costs for green-to-final MC drying, pre-drying 
and re-drying applications are estimated to be $50, $33 and $12/Mfbm respectively at an electricity rate 
of $0.06/kWh. Assuming an annual production of 10 MMfbm, equipment costs for the same applications 
would be approximately $5, $3.5 and $1.5 M$ respectively. Other technical considerations discussed with 
the manufacturers dealt with the total length of the requisite electrodes for the applications and the 
estimated time required to dry 8-foot lumber. The complete document prepared for the manufacturers is 
presented in Appendix I.   
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4.3 Schedule of meetings 
In total, visits were organized with six hardwood manufacturers. Meetings were held from April 17 to 
September 17, 2009. Table 1 shows the dates of meetings with the participating manufacturers. 
 
Table 1  Schedule of meetings with manufacturers 
 

Manufacturer Meeting Date 
A April 17, 2009 
B May 5, 2009 
C May 8, 2009 
D June 5, 2009 
E August 25, 2009 
F September 17, 2009 

 
 

5 Results 
5.1 Results of meetings with individual manufacturers 
5.1.1 Manufacturer A (lumber and flooring) 

This manufacturer specializes in the production of lumber for flooring. Following the presentation, the 
manufacturer expressed interest in the proposed continuous RF drying process, particularly for pre-drying 
lumber prior to stacking it on stickers at the sawmill. The objective of this application would be to limit 
excessive warp in low-quality lumber and to eliminate the risk of product discolouration. According to 
this manufacturer, low-quality lumber exposed to air following the sawmill breakdown process is subject 
to significant degrade.  
 
In the case of this mill, the yearly volume of lumber to be dried currently stands at 20 MMfbm. Maple and 
yellow birch make up 85% of the species mix, whereas oak accounts for the remaining 15%. Based on 
mill operating criteria the requisite electrode length would be approximately 100 meters. Energy and 
capital costs (for the RF process) would amount to approximately $30/Mfbm and $7 million respectively. 
These costs could be lower, however, if pre-drying could be interrupted at an MC greater than 30%.  
 
The company has conducted a rough calculation of the cost of pre-drying lumber based on mill operating 
parameters and information conveyed by the presentation. It was determined that the cost of pre-drying 
lumber would amount to $83/Mfbmm, whereas the resulting increase in product value would only amount 
to $40/Mfbm. At first glance, therefore, the viability of a pre-drying application would not be easily 
achieved. Arriving at a decision on the economic viability of the application would require further trials to 
determine the increase in product value that could be achieved with this technology and the exact MC at 
which the drying process could be interrupted. 
 
5.1.2 Manufactutrer B (furniture) 

Manufacturer B is active in the wood furniture sector. Following the presentation, this manufacturer 
expressed interest in the continued development of this technology, particularly to re-dry air-dried lumber 
to an MC of approximately 15%. The major benefit of this process would be added flexibility in drying 
various products very quickly to the required MC. This would be consistent with the company's “just-in-
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time” philosophy. The manufacturer also believes that this technology would reduce labour costs and that 
discolouration is not a major issue.  
 
In this case, the annual volume of material to be dried would be 5 MMfbm under maximum production 
conditions. Based on mill operating parameters, implementation of this technology would entail energy 
costs of $12/Mfbm and a capital investment of approximately $1.5 million. The length of the requisite 
electrodes would be approximately 75 meters.  
 
The manufacturer believes that exhaustive re-drying trials with a typical supply of the company’s raw 
material would be required to characterize the final quality of the re-dried product. 
 
5.1.3 Manufacturer  C (panels for furniture and sports facilities flooring) 

Manufacturer C produces panels used in furniture and in sports facilities flooring (a niche product). The 
main species treated is 4/4 in. yellow birch. Following the presentation, this manufacturer did not express 
great interest in RF drying in the short term, but nonetheless made quite relevant comments regarding our 
future work. More specifically, the manufacturer stressed that we must ensure the possibility of 
comparing the quality of products dried with the RF process with that of products dried with other 
available processes. In order to evaluate the quality of products dried with the new process, the 
manufacturer would like to monitor product quality not only during the manufacturing phase, but also in 
service for a meaningful period of time.  
 
5.1.4 Manufacturer D (lumber, wood components and flooring) 

Manufacturer D produces hardwood lumber as well wood components and flooring. Following the 
presentation, this manufacturer expressed the general view that the costs associated with this technology 
are disproportionate to the benefits associated with inventory control (just-in-time).  
 
However, the manufacturer believes that further research should be carried out on hardwood RF drying, 
but with a focus on the higher product value that could be achieved with this technology. This 
manufacturer focuses on the production of “character” products. These are products with various 
characteristics that could lead to degrade in some applications, but which are perceived as adding value in 
others. These products are more difficult to dry using conventional technologies. In his opinion, 
alleviating the drying defects that degrade these products would be considered a definite benefit for this 
technology. At the very least, if RF technology generated a significant gain in the value of “character” 
hardwood products, it would be an attractive technology, even though the distribution of final MC can be 
an issue. 
 
5.1.5 Manufacturer E (lumber and wood components) 

Manufacturer E produces white birch lumber and components. Following the presentation, this 
manufacturer expressed interest in the continued development of this technology. The most attractive 
application in his view involves pre-drying at the sawmill to prevent product degrade associated with 
discolouration initiated at the outset of the lumber processing phase. Other benefits mentioned by this 
manufacturer include the phytosanitary treatment of components sold green and the greater shipping 
capacity resulting from shrinkage due to pre-drying. The manufacturer’s estimate of potential benefits 
arising from this technology, based on his total production, is roughly $50/Mfbm or $400,000 to $500,000 
per year. The cost of an application capable of pre-drying products from 60% to 30% MC is estimated at 
$3.5M. The payback period, based on estimated benefits and costs, would be roughly seven years. 
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Shortening this period would require the capacity to pre-dry lumber to an MC greater than 30% while 
maintaining the added value associated with the RF drying process.      
 
5.1.6 Manufacturer  F (lumber, wood components and pallets) 

Manufacturer F produces lumber, wood components and pallets, mostly from sugar maple. Following the 
presentation and despite the high costs involved, this manufacturer nonetheless expressed interest in this 
project. Like many of the manufacturers with whom the project team met, this manufacturer believes that 
the potential added value of products (colour stability, reduction of jointing losses, etc.) resulting from the 
application of this technology would have to be determined to better focus the decision-making process. 
The manufacturer also pointed to high costs associated with conventional drying cost that most people 
tend to overlook, such as the cost of Breeze DriedTM stickers ($0.75/sticker) and of waxing piece ends 
($12/Mfbm). This manufacturer was also interested in the potential use of this technology to carry out 
phytosanitary treatments, until he was informed that RF drying precludes the presence of metal (nails) in 
the material to be dried. The phytosanitary treatment of pallets requires treating components separately 
prior to pallet assembly. Consequently, this particular method does not meet his needs.  
 
One of the short-term obstacles to the implementation of this technology in this manufacturer's facilities 
stems from the fact that the short-term replacement of drying equipment has not been taken into account. 
Over the longer term, when equipment replacement is indicated, it would be advisable to work up 
technical and economic comparison between this drying technology and other available  technologies.  
      
5.2 Summary of meetings 
Table 2 provides a summary of the information gathered during meetings with participating 
manufacturers.  
 
Table 2  Characterization of the interest expressed in the development of the continuous RF 

drying technology by the participating manufacturers 
 

Manufacturer 

Expressed 
interest in the 

development of 
the technology 

Potential applications of interest Suggestions for further work in 
the short term 

Ye
s No Complete 

drying Pre-drying Re-drying Phytosanitary 
Treatment 

A √   √   

Determine the added value 
generated by the technology. 

Determine the maximum MC at 
which pre-drying can be 

interrupted to limit discolouration. 

B √    √  
Determine the final quality of re-

dried products made from a mill’s 
typical wood supply. 

C  √      

D √  √    

Determine the added product 
value generated by the 

technology for “character” 
hardwood products. 

E √   √  √ 
Determine the maximum MC at 

which pre-drying can be 
interrupted to limit discolouration. 

F √  √    Determine the added value 
generated by the technology. 
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Table 2 indicates that five out of six manufacturers expressed interest in the further development of the 
continuous radio-frequency drying technology for the hardwood industry. Green-to-final MC drying and 
pre-drying are the two applications that generated the most interest, followed by re-drying and 
phytosanitary treatments. Suggestions for short-term work focus on a common issue: determination of the 
added value that the continuous radio frequency drying technology could generate. 
 
 

6 Conclusions 
This project was carried out as part of the research initiative designed to strengthen the competitiveness of 
the hardwood industry in eastern Canada. It served to determine, in consultation with manufacturers of 
hardwood products, which continuous radio frequency drying applications warrant further investigation to 
pursue the development of this technology. 
 
A PowerPoint presentation was developed to summarize the work done to date on hardwood RF drying 
technology. The presentation also contains information on the potential operating (energy) and equipment 
costs of a continuous radio frequency drying system. This presentation served to initiate discussion in 
meetings with the manufacturers who participated in the study. An estimate of the costs of green-to-final 
MC drying (60% to 8%), pre-drying of green samples to the FSP (60 to 30 %) and re-drying (15% to 8%) 
was presented. For example, energy costs for green-to-final MC drying, pre-drying and re-drying 
applications are estimated to be $50, $33 and $12/Mfbm respectively, on the basis of a $0.06/kWh 
electricity rate. Assuming an annual production of 10 MMfbm, equipment costs for this technology for 
the same applications would be approximately $5, $3.5 and $1.5 M$ respectively. 
 
The costs specified in the presentation shocked most of the participating manufacturers. Nonetheless, five 
out of six expressed an interest in the further development of the technology. The two most popular 
applications were pre-drying and green-to-final MC drying, followed by re-drying and phytosanitary 
treatments. All the interested manufacturers stressed the need to more extensively document the potential 
added value of products dried using this technology. For pre-drying applications, trials should be carried 
out to determine the maximum MC at which the drying process could be interrupted while reducing 
subsequent product discolouration.  This could result in lowering operating and equipment costs.  
 
The next studies could focus on the various targeted applications in order to compare the value of 
products dried with RF technology to the value of products dried with conventional technologies. This 
information would add to the knowledge base about this technology and make it possible to determine its 
economic viability.  
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PowerPoint Presentation to Participating Manufacturers for Discussion Purposes 
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