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BASIC DATA
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du

dCost

du

dCost kilair =

#$%�"&�'�"����(�

�"#��"�$&%�

��"() ����"

Tipical drying curve u=f(t)
Drying schedule ( T, dT, Tv, ur, � ) 

Drying time t(u)
Drying rate du/dt

Heat and electric energy 
consumption, Ei(t), � Ei(t),
Specific energy demand, 

Energy efficiency

��(�(

Capital costs and amortization
Drying time

Quantity of the wood (yard or kiln)
Annual capacity (yard or kiln)

Rate of investment credit
Cost of maintenance

Cost of labour and transport
Energy costs (heat, electricity)

Insurance and taxes
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•Final MC

Wood
•Species, (density, vol. 
shrinkage, FSP, drying 
coefficient)
•Dimensions (thickness)
•Drying characteristics 
(permeability, diffusivity) 
•Initial MC
•Final MC

Environment conditions
•Temperature, 
•Relative humidity –
absolute humidity, 
•equilibrium moisture 
content 

Drying chamber
•Dimensions 
•Kiln charge volume
•Construction – thermal 
isolation
•Heat and electricity power 
installation 

Package – lumber stack 
•Dimensions (height, length, 
width, 
•Sticker thickness
•Wood volume

Lumber yard 
•Dimensions (pile spacing,
roads, air circulation)
•Accessory equipment
(stickers, roofs, footingsBASIC DATA

:/�;*�
Wood

� Species, (density, vol. 
shrinkage, FSP, drying 
coefficient)

� Dimensions (thickness)
� Drying characteristics 

(permeability, diffusivity) 
� Initial MC
� Final MC

Environment conditions
� Temperature, 
� Relative humidity – absolute 

humidity, 
� Equilibrium moisture content 

installation 

Drying chamber
� Dimensions 
� Kiln charge volume
� Construction – thermal 

isolation
� Heat and electricity power 

installation 

� Wood volume

Package – lumber stack 
� Dimensions (height, length, 

width), 
� Sticker thickness
� Wood volume

DRYING KINETICS AND ENERGY CONSUMPTION

Air drying
� Typical drying curve u(t), 
� Drying time, 
� Drying rate - du/dt(u),
� Final moisture content uf

Kiln drying
� Drying schedule (T, dT, Tv, ur, � ) 
� Drying time t(u),…, 
� Drying rate du/dt
� Heat and electric energy 

consumption, Ei(t), � Ei(t),
� Specific energy demand, 
� Energy efficiency

Lumber yard 
� Dimensions (pile spacing,

roads, air circulation)
� Accessory equipment 

(stickers, roofs, footings etc. )

BASIC DATA
� Wood
� Environment 

conditions
� Lumber yard
� Package – lumber 

stack
� Drying chamber
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Artificial drying with 
predrying (1)

• Final MC
· kiln construction
· wood volume [m3]

Predrying
• drying period,
· wood species
· initial MC,
· thickness,

2. Drying schedule 
T, dT, Tv, ur, �
· Kinetics: 
u(t), du/dt(u),…,

· Energy:
Ei(t), � Ei(t),…

Predrying  Predrying  

u(t), du/dt(u),…,

Results A:
Drying kinetics of 
predrying. 

u(t), du/dt(u),…,

NO

Calculation:
• Drying kinetics,
· Final MC.

Results C:
•Drying kinetics of 
artificial drying w,
· Energy consumption.

Data
• drying schedule for different wood 

species,
· climate conditions,
· model for air drying of wood,
· kiln construction

Comparison
Energy consumption,

Drying time (1, 2).

Results B:
•Drying kinetics of 
artificial drying with 
predrying 
· Energy consumption.

1. Drying schedule
T, dT, Tv, ur, �
· Kinetics: 

u(t), du/dt(u),…,
· Energy:
Ei(t), � Ei(t),…

Artificial drying (2)
•Drying period,
· Wood species,
· thickness,
· initial MC,

· final MC,
· kiln construction ,
· wood volume [m3].

YES
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COSTS

OPTIMIZATION

Air drying
� Capital costs and 

amortization (ground 
and road 
preparation),

� Drying time
� Quantity of the wood 

on the yard
� Annual capacity of 

the yard
� Rate investment 

credit
� Insurance and taxes

Kiln drying
� Capital costs (ground 

preparation, technical 
and thermal 
characteristics of the 
kiln and conditioning 
chamber)

� Cost of maintenance
� Cost of labour and 

transport
� Energy costs (heat, 

electricity) 
� Insurance and taxes
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BASIC DATA

���� �!����"���� �!����"

du

dCost

du

dCost kilair =

#$%�"&�'�"����(�

�"#��"�$&%�

��"() ����"

Tipical drying curve u=f(t)
Drying schedule ( T, dT, Tv, ur, � ) 

Drying time t(u)
Drying rate du/dt

Heat and electric energy 
consumption, Ei(t), � Ei(t),
Specific energy demand, 

Energy efficiency

��(�(

Capital costs and amortization
Drying time

Quantity of the wood (yard or kiln)
Annual capacity (yard or kiln)

Rate of investment credit
Cost of maintenance

Cost of labour and transport
Energy costs (heat, electricity)

Insurance and taxes
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Influence of MC on air drying costs
Influence of MC on kiln drying costs

� ��������
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����	
�
��� � �

� ������	�����*
���
��
��
��

� �������	��
��
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��

•Final MC

Wood
•Species, (density, vol. 
shrinkage, FSP, drying 
coefficient)
•Dimensions (thickness)
•Drying characteristics 
(permeability, diffusivity) 
•Initial MC
•Final MC

Environment conditions
•Temperature, 
•Relative humidity –
absolute humidity, 
•equilibrium moisture 
content 

Drying chamber
•Dimensions 
•Kiln charge volume
•Construction – thermal 
isolation
•Heat and electricity power 
installation 

Package – lumber stack 
•Dimensions (height, length, 
width, 
•Sticker thickness
•Wood volume

Lumber yard 
•Dimensions (pile spacing,
roads, air circulation)
•Accessory equipment
(stickers, roofs, footingsBASIC DATA
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du
dCost

du
dCost kilair =

:/�;*�

Species beech wood board ( Fagus silvatica L)
Thickness 38 mm
Initial MC fresh wood
Fina MC EMC with environment condition
Time 8 series - every month from December to July 
Samples 10 samples

Drying rate model

Evaluation of drying process :
Drying time and drying rate
Moisture content and MC gradient
Casehardening
Deffects

))((1 cuuke
a

t
u

--+
=

D
D

AIR DRYINGAIR DRYING
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KILN DRYINGKILN DRYING
Species beech wood board ( Fagus silvatica L)
Thickness 38 mm
Initial MC fresh wood  (MC i = 78 ±±±± 12%)
Fina MC MC f »»»» 8 %
Samples 13 samples

Time

Kiln 8,5 m x 7,6 x 5,8 mm (V = 81,65 m 3)

Evaluation of drying process :
Drying time and drying rate
Moisture content and MC gradient
Casehardening
Deffects

�
�

�
�
�

�
�
�

�
�
�

�=
Ja
65

25
ln

1 d
MC
MC

t
f

i
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Air drying curves for 38 mm thick beech wood timber .
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TEMPERATURE

EMC

Each curve
represents
average value
of 10 boars
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Influence of drying rate from wood 
moisture content from December to July.
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Period
Initial

MC (ui)
[%]

Final 
MC(uf)

[%]

Max. 
drying 
rate

[%/day]
Uc
[%]

DEC - APR 68,3 18,8 2,3 47,1

JAN – APR 87,0 17,8 1,4 37,0

FEB - MAY 80,7 17,9 2,1 44,7

MAR – JUN 74,4 18,8 2,4 40,1

APR – JUL 79,8 18,4 6,3 52,3

MAY – JUL 57,3 17,9 5,6 45,9

JUN – AVG 67,2 19,1 3,5 43,7

JUL - SEP 78,7 17,9 7,8 53,6

Drying period, initial and final moisture content, 
maximal drying rate and moisture content of the 

quickest decrease of drying rate for eight air 
drying processes for 38 mm thick beech wood.
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Calculated optimal transition moisture contents (MC t) from 
air to kiln drying for eight drying periods for 38 mm thick 

beech wood timber.

TRANSITION MOISTURE CONTENT MCt
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Reduction of kiln drying time with use of air predr ying 
from green condition to transition MC for eight dryi ng 

periods for 38 mm thick beech wood timber.
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Energy saving during kiln drying with use of air pr edrying 
from green condition to transition MC for eight dryi ng 

periods for 38 mm thick beech wood timber.
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ENERGY CONSUMPTION
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Reduction of costs for kiln drying with use of air predrying 
from green condition to transition MC for eight dryi ng 

periods for 38 mm thick beech wood timber.
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With analyzing and comparing the costs of more drying 
processes we are able to predict the wood moisture content at 
which alteration from air to kiln drying would get the best 
results. 

With this method we can predict:
� the potentional energy savings, 
� the lowering of kiln drying time and consequently rising 

of available kiln drying capacities
� the costs saving. 

The model can be used for optimising the combination of any
drying techniques.
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Thank you for your attention !
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