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SOME CONSIDERATIONS FOR DRYING LUMBER BY THE 

DEHUMIDIFICATION TECHNIQUE

The concept of removing moisture from a humid drying chamber by 

means ..of condensation (dehumidification) originated a long time ago, but 

it was not until about 1960 that a European manufacturer took the idea 

and developed the first modern dehumidification drying unit. Now there 

are installations in numerous countries throughout the world. North 

American certainly presents a very lucrative market, but since the first 

appearance of the equipment in 1972 there has been continual debate on 

the advantages and disadvantages of dehumidification drying.

The lumber industry required facts and unbiased opinions, and to fulfill 

this need the Eastern Forest Products Laboratory engaged in a program of 

research to evaluate dehumidification drying systems for Canadian 

application. Specific data on drying times, energy consumption and drying 

costs from actual installations, are required to properly assess the 

advantages and disadvantages of dehumidification drying. The following 

points illustrate some of the characteristics of the system.

The Dehumidification Drying Process

In this process, warm, moist air from the drying chamber or kiln is 

forced over the cold evaporator coils in the dehumidification unit
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(Figure 1). The moisture in the air condenses on the coils and the water 

is drained from the system. The sensible heat (thermal energy whose transfer 

to or from a substance results in a change of temperature) removed from 

the air and the latent heat of condensation cause the refrigerant fluid 

in the evaporator to vaporize. The heated refrigerant vapor is then 

cycled through the compressor where it absorbs some additional heat 

energy equivalent to the work input of the compressor.

As a hot gas at high pressure, the refrigerant passes through the 

condenser, at which point the acquired heat is transferred back to the 

cooled air coming from the evaporator, and the refrigerant reverts to the 

liquid state. In this manner heat is recycled to maintain the drying 

conditions in the kiln, whereas in conventional kiln-drying systems 

considerable heat is exhausted to the atmosphere through venting.

In addition to the energy input of the compressor, the dehumidification 

system utilizes an electrical resistance heater for a few hours at the 

beginning of each run to bring the temperature up to an effective starting 

level of approximately 75°F (24°C). Thereafter the temperature increases 

to an operating level of 110° to 120°F. Depending on climate and the 

insulation of the kiln, the electric heaters may also be required to 

maintain this temperature.



The low operating temperatures of 110°F to 120°F for dehumidification 

result in a substantial increase in drying time, especially when drying to 

moisture contents of 6 to 8%. Our field studies have shown that the drying 

time for green 3/4 red oak is from 40 to 45 days, and 4/4 white pine 18 to 

20 days (Figures 2 and 3). Since the drying time for -5"/4 oak in conventional 

kilns is about 24 to £6 days, a dehumidification installation operating at 

a maximum of 120°F will require almost 75% more kiln capacity to obtain 

annual production rates equivalent to a conventional operation. White pine, 

normally dried in 6 to 8 days, would require about 3 times the kiln capacity. 

The differences in drying time are based on a maximum attained temperature 

of 120°F (49°C) for dehumidifier kilns. New developments in dehumidification 

equipment, now in progress, provide for maximum operating temperatures of 

up to 160°F (71°C), and this would significantly alter the comparison 

with respect to drying time and the overall economics of the two systems.

Dehumidification drying systems do reduce total energy consumption 

providing the dehumidifier is condensing sufficient moisture for effective 

heat recovery. In this respect, the process is most efficient when drying 

from green to about 20% mositure content (MC). Below 20% MC the energy 

consumed per gallon of water removed increases sharply, in direct proportion 

to the decrease in drying rate. Therefore, when drying lumber which is 

already well air-dried, the energy consumption may be as much or more than 

that required for a conventional steam-heated kiln when a final MC of 6 

to 8% is required.
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If green lumber is dried, a substantial energy saving can be 

expected (45 to 60%), but this does not necessarily mean a saving in 

energy cost. Dehumidification systems are totally electric, and electrical 

energy for drying may still be more expensive than oil or gas. The 

overall comparative cost of energy for dehumidification drying will depend 

on the electrical rates of local utilities, off-peak power arrangements and 

the overall power consumption for the plant (the average cost per kW is 

lower for a large consumer than for a small consumer).

Capital investment and maintenance costs for dehumidification systems 

are comparatively low. For a given kiln capacity the dehumidifier 

installation, including erection, runs at about $1500 to $1750/Mbf, 

depending on dehumidification capacity, whereas a conventional, side 

loading, steam heated kiln is about $2000/Mbf for kilns over 30 Mbf 

capacity and about $2600/Mbf for kilns of 15 to 30 Mbf capacity. The 

costs for conventional kilns do not include the boiler and boilerhouse, 

for which an additional $30,000 to $40,000 is required, depending on the 

size (all costs based on 1979 prices).

A further saving on dehumidification can be obtained by erecting a 

"home-made" kiln to manufacturer's specifications. The system can be 

adapted to any enclosure which is reasonably air-tight, moisture resistant 

and insulated. Small driers can be built indoors using simple, insulated, 

wood-frame construction with appropriate vapor barrier and sheathing.



Although the dehumidification installation is less expensive per Mbf 

capacity, the capacity required to dry a given annual production will be 

considerably greater than that of conventional kilns because each 

dehumidification charge will require 1-1/2 to 3 times longer to dry, 

depending on species,lnumber thickness, and initial and final MC.

On this basis the total investment to dry a given annual production 

may be greater for the dehumidification system, unless the total production 

is so small that the cost of a boiler installation is disproportionately 

high compared to the total drying capacity.

Dehumidification drying has no provision (steam) for conditioning lumber 

for stress relief. To eliminate casehardening the kiln should be fitted 

with some type of humidification system, preferably a steam spray line 

from a small steam generator or existing steam supply.

Small operators and woodworking shops requiring less than about 20Mbf 

kiln capacity could certainly take advantage of the dehumidification 

drying system. A conventional kiln of this size with boiler would be 

considerably more expensive in relation to the quantity of lumber dried. 

Larger operations should make a detailed cost analysis based on investment, 

drying time, and energy consumption as additional data becomes available.
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Some companies are using dehumidifier kilns as pre-dryers for slow 

drying woods such as oak. The controlled drying conditions eliminate the 

uncertainty and risk of degrade encountered in air drying. For oak, the 

drying rate ot 30?o MC is reasonably close to that obtained in conventional 

dry kilns. Furthermore, in the MC range from green to fiber saturation 

(25 to 3035 MC) the equipment is utilized more efficiently since more 

moisture per unit time is available for recovery of latent heat. On the 

other hand, capital investment and handling costs are higher because two 

systems are used to complete the full drying cycle.

A comparison of conventional kiln drying (steam) and dehumidification 

drying of 5/4 northern red oak and 4/4 white pine is made in Table 1 and 

2. This is based on the drying times, energy consumption and. capital 

investment illustrated in Figures 2 to 5. The energy costs clearly show 

the effect of regional variation in power and fuel costs. Energy costs 

of dehumidification drying are noticeably higher in New Brunswick than in 

Québec.

In view of the present costs of fuel and power in eastern Canada (1980), 

the total energy cost for dehumidification drying is less than for conventional 

steam heated dry kilns when drying from green to a final MC of 6 to 835.

However, when the added costs of greater inventory and extra capital 

investment for dehumidification are included, then only the slowest drying 

species such as oak appear cost effective.



It has not been shown that dehumidification drying results in improved 

lumber quality. Laboratory tests have shown that degrade losses are 

similar to lumber dried by improved conventional drying schedules (Table 3) 

We realize that in existing conventional kilns there is variation in the 

amount of degrade from plant to plant depending on the drying schedules 

used and quality of the kilns and the control systems. These factors 

are much more critical in faster drying conventional kilns, and if a 

mistake is made the consequences will be more severe. However, when 

comparing new installations, operated by experienced personnel, there is 

no reason to expect a difference in lumber quality.
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TABLE 1

Approximate Energy Cost Comparison for Conventional 
Steam and Dehumidification Drying of 5/4 Northern Red Oak1

(60?; - 8?; MC)

CONVENTIONAL STEAM DEHUMIDIFICATION

Kiln capacity and 
Investment for Drying 
1.5 Mbf/year

Energy Consumption 
at Kiln

Fuel
-80?; boiler efficiency 
-#2 oil required 
Electricity

2 kilns at 55 Mbf + boiler 
$225,000 

(installed)

5.4 million Btu/Mbf 
& circulation fans 
= 1767 kWh/Mbf (equiv.)

6.75 million Btu/Mbf 
40.9 Imp. Gal/Mbf 
23,600 kWh/month

4 kilns at 45 Mbf 
$272,000 
(installed)

720 kWh/Mbf 
(59?; saving)

88,000 kWh/month

Energy cost (1980)
1. Quebec power rates

& oil at 740/gal. $35.24/Mbf $19.17/Mbf
2. New Brunswick rates

& oil at 760/gal. $37.23/Mbf $23.94/Mbf

Extra Inventory/year - 70 Mbf
- cost of inventory (§ 15?; - $4.56/Mbf

Extra Investment 
- cost over 10 yrs

$17,000 
$1.99/Mbf

1 Energy consumption and costs based on year-round operation.
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TABLE 2

Approximate Energy Cost Comparison for Conventional 
Steam and Dehumidification Drying of 4/4 White Pine1

Kiln capacity and 
Investment for Drying 
2.5 Mbf/year

Energy Consumption 
at Kiln

Fuel
-80?o boiler efficiency 
-#2 oil required 
Electricity

Energy cost (1980)
1. Québec power rates 

& oil at 740/gal.
2. New Brunswick rates 

& oil at 760/gal.

Extra Inventory/year
- cost of inventory © 15?o

Extra Investment
- cost over 10 yrs

( 90 - 8?o MC)

CONVENTIONAL STEAM

kiln at 55 Mbf + boiler 
$140,000 

(installed)

3.4 million Btu/Mbf 
& circulation fans 
=1054 kWh/Mbf (equiv.)

4.25 million Btu/Mbf 
25.8 Imp. Gal/Mbf 
12,350 kWh/month

$20.67/Mbf

$20.95/Mbf

DEHUMIDIFICATION

3 kilns at 44 Mbf 
$228,00Q 
(installed)

565 kWh/Mbf 
(46?o saving)

118,000 kWh/month

$21.61/Mbf

$29.53/Mbf

77 Mbf 
$2 .31/Mbf

$88,000
$6 .18/Mbf

1 Energy consumption and costs based on year-round operation.



TABLE 3

Degrade Loss In 3/4 Northern Red Oak And 4/4 White Pine

RED OAK

Dehumidification Dryinq Conventional Drying*

Grade Select No. 1 No. 2 Select No. 1 No. 2

loss/Mbf $22.50 $18.75 $17.10 $21.60 $19.30 $15.00

WHITE PINE

Grade Select No. 1 No. 2 Select No. 1 No. 2
(D & Btr) (D & Btr)

loss/Mbf $15.20 $14.80 $14.35 $16.75 $16.05 $13.70

* Degrade evaluation based on lumber dried in 3 Mbf Laboratory kiln using 
an improved mild-accelerated drying schedule.
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