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About the IEA 
 
 
The International Energy Agency (IEA) acts as energy policy advisor to 26 Member 
countries in their effort to ensure reliable, affordable and clean energy for their citizens.  
 
Founded during the oil crisis of 1973-74, the IEA’s initial role was to co-ordinate measures 
in times of oil supply emergencies. As energy markets have changed, so has the IEA. Its 
mandate has broadened to incorporate the “Three E’s” of balanced energy policy making: 
energy security, economic development and environmental protection. Current work 
focuses on climate change policies, market reform, energy technology collaboration and 
outreach to the rest of the world, especially major producers and consumers of energy like 
China, India, Russia and the OPEC countries. 
 
The IEA conducts a broad programme of energy research, data compilation, publications 
and public dissemination of the latest energy policy analysis and recommendations on 
good practices. 
 
About the IETS 
 
 
The Industrial Energy-related Technologies and Systems (IETS) is one of IEA’s over 40 
technology collaboration programmes, called implementing Agreements. The IETS 
program focuses on energy use in a broad range of industry sectors, uniting IEA activities 
in this area.  
 
The program was established in 2005 as a result of a merger, revamping and extension of 
activities formerly carried out by separate industry-related programs. The new program is 
still under development, with several new activities starting up. 
 
The objective of IETS is to allow OECD Member countries and OECD non-Member 
countries to work together to foster international co-operation for accelerated research and 
technology development of industrial energy-related technologies and systems with main 
focus on end-use technologies. 
 
 
The IETS has 12 member countries: Brazil, Canada, Denmark, Finland, Norway, Korea, 
Mexico, Portugal, Sweden, USA, the Netherlands and Belgium. 
 

 
 
 
 
 
 
 
 
 

http://www.iea.org/Textbase/about/membercountries.asp�
http://www.iea.org/Textbase/about/membercountries.asp�
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The properties of bark 

 
 

1. What is bark ? 
1.1 Structure of bark 
Bark consists of two different layers, the inner bark and the outer bark, see Figure 1.1 [1]. 
The purpose of the inner bark is to transport sugars from the leaves to the roots and the 
other parts of the plant while the main purpose of the outer bark is to protect the tree from 
infections by fungus or bacteria and in some cases from fires on the land where it is 
growing. It also protects the tree from moisture loss and from damage caused by abrasion 
by weather, other plants or by animals, The outer bark can be removed without killing the 
tree, such as when collecting cork or birch bark but the inner bark is essential for keeping 
the tree alive. 
 

 

Figure 1.1 Structure of bark [1]. 
 

The inner bark is called by any of the three names inner bark, phloem or the bast. It is built 
of several types of cells such as sieve tubes, fiber cells and ideoblasts. The transport of 
nutrients such as sugars take place in the conducting cells of the phloem which are called 
sieve tubes or sieve cells. The fibre cells have been used for binding different things 
together so this is the reason for calling this layer the bast (compare the Swedish word 
‘’bast’’ indicating a fibrous product used in horticulture). 
The outer layer of the bark is called the periderm or the rhytidome and mainly consists of 
dead phloem tissue from the inner layers. The cork cells are tightly packed and the walls 
are covered with waxes and suberin resulting in a high resistance to the transport of water 
through this layer. The outer bark also contains so called lenticels which are small pores 
through the periderm allowing breathing and gas exchange from the inner layers. 
Three different types of outer bark are shown in Figure 1.2a-c. 
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Figure 1.2a Bark of the lemon-
scented gum tree [1]. 

 

Figure 1.2b Bark of the 
tropical savanna tree [1]. 

 

Figure 1.2c Bark of the birch 
tree [1]. 

 

1.2 Chemical composition 
Compared to wood bark contains a higher amount of extractives, more polyphenols and 
suberin and a lower amount of polysaccharides [2]. The inner bark contains more 
extractives, more cellulose but less lignin than the outer bark. The amount of extractives 
determined depends on the selection of the extraction media used. Using petroleum ether, 
benzene, ethanol and hot and cold water the amount of extractives in pine (Pinus taeda) 
was determined as 19.9 % while data using other solvent sequences for this tree resulted in 
27.5 % extractives. For other trees even values up to two thirds of the dry matter have been 
recorded. The amount of glucose in the hydrolyzates of bark is in the range 16-41 %. 
The cork cells, one part of the outer bark, contain suberin which is a waxy substance which 
protects the stem against water loss, the invasion from insects and prevents from infections 
by bacteria and fungi. 
The water extracts from bark are acidic, typically in the pH-range 3.5-5.5. Also the extracts 
from a hot water treatment have a lower pH than the cold water extracts. Some of the 
organic com-pounds are soluble or hydrolyzed in hot water which is of interest when 
operating a heated bark press.  
Bark also contains more minerals than the wood, typical ash contents are in the range 2-10 
%, in some cases more than 10 times higher than in wood [3]. Calcium is the predominant 
species with a share of 82-95 % while potassium and magnesium occur in lower quantities. 
 
2. Bark production in Sweden 2009 
The bark constitutes about 10-20 % of the tree, the proportion is highest for the branches, 
the top the stump and the roots [2]. The total amount of net fellings in Sweden during 2009 
was 65.1 Mm3f ub (m3 solid volume excluding bark) [4]. This includes all types of 
stemwood such as coniferous and bread-leaved sawlogs, coniferous and bread-leaved 
pulpwood, fuelwood of stemwood and other roundwood. The conversion factor between 
the solid volume including and excluding bark is given as 1.14 [4]. Thus the amount of 
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fellings including bark can be calculated as 74.2 Mm3f pb. The volume of bark is the 
difference between these two figures or 9.1 Mm3. 
At the pulp mills the bark is separated from the logs in the barking drum and either burnt in 
a power boiler or sold for external use mainly at municipal power boilers. Thus it is 
possible to find alternative uses for this amount. At the sawmills, the bark is mixed with 
the sawdust and other biofuels and is thus not directly available as a separate product. The 
total amounts of the two products are given in Table 2.1. 
 

Table 2.1 Production of bark in Sweden 2009 [4]. 

Location Mm3 Mt at 100 % 
DM 

Mt at 35 % 
DM 

Pulp mills 4.0 1.3 3.7 
Saw mills and others 5.1 1.7 4.9 
Totally 9.1 3.0 8.6 

 
The dry density given as kg dry bark per m3 of bark is by Nilsson [5] given as 333 kg 
DM/m3. Thus the bark volumes can be converted to kg of dry bark and bark with a dry 
matter content of 35 %, see also Table 2.1. The latter figure is an estimated average for all 
types of bark (pine, spruce, birch etc.) as well as seasonal variations for these products. 
The effective (lower) heating value for dry bark is in the range 17-21 MJ/kg dry bark and 
in the following calculations 19 MJ/kg was used as an average value (see also chapter 3.2). 
The energy content in the bark at different moisture contents can then be calculated, see 
Table 2.2. 
 

Table 2.2 Energy content for bark produced in Sweden 2009. 

Location TWh at 100 % 
DM 

TWh at 35 % 
DM 

Pulp mills  6.9  5.2 
Saw mills and others  9.0  6.8 
Totally  15.9  12.0 

 
The maximum energy content in bark available at the pulp mills is thus 6.9 TWh and 9.0 
TWh at the sawmills and other uses of stemwood. 
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3. Properties of bark 
3.1 Density, porosity 
Bark is a porous material, one SEM picture of a Swedish pine bark is shown in Figure 3.1. 
The porosity varies over a large range in different layers of the inner and the outer bark but 
no data are available about this variation. 

 

Figure 3.1 SEM picture of bark from Swedish pine in 250X enlargement [6]. 

 

Gupta et al. [7] measured the density for single particles from softwood (SW), softwood 
bark (SB) and softwood char (SC). The composition for the softwood was 31 % by volume 
balsam fir, 55 % by volume white spruce and 14 % by volume black spruce. The mixture 
consisted of 29.7 % SW and 70.3 % SB. Before measurement the fractions were manually 
separated and dried in an oven. 
The density was measured using a procedure where the volume changes were measured 
when the samples were immersed in kerosene. Calibration against regular shaped 
hardwood sticks showed an error of less than 7.3 % which was explained by the swelling 
of the samples. 
The measured densities for the three samples are given in Table 3.1. 
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Table 3.1 Densities for SW, SB, SC as measured 
by Gupta et al. [7]. 

Sample Density 
kg/m3 

SW  360 
SB  482 
SC  299 

 
The highest density was measured for the bark sample. The porosity of the samples can be 
calculated from the following equation: 

( ) solidpart -1    ρερ =  (1) 

The solid density for bark has not been reported but can be estimated using the density for 
solid cellulose which can be taken as 1500 kg/m3. Using the data in Table 3.1, the porosity 
can then be calculated for the bark sample as 0.68 and as 0.80 for the softwood char. The 
particle size distribution for the SB and the SC materials are shown in Figure 3.2. 
 

 

Figure 3.2 SB and SW particle size distribution [7]. 
 
 

3.2 Thermal properties 
Gupta et al. continued to measure the specific heats and thermal conductivities of the same 
materials [8]. Some further properties of the materials are shown in Table 3.2.  
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Table 3.2 Data for SW, SB, SC as measured by Gupta et al. [7]. 

Sample Volatile matter 
wt-% 

Ash 
wt-% 

Fixed carbon 
wt-% 

SW  78.8 0.6 20.6 
SB  70.2 3.7 26.1 
SC  13.0 6.4 80.6 

 
The ash contents in the bark and the char are about 6 and 10 times higher than in the 
softwood. The amount of fixed carbon are about the same for the softwood and the bark 
but rises to over 80 % in the car as a result of the pyrolysis reactions. 
The specific heats were measured using a differential scanning calorimeter and thermal 
conduc-tivities with a so called Fitch apparatus. In this apparatus the unsteady heat flux 
between two copper rods separated by a thin slab of the materials is studied. The thermal 
conductivity is obtained by plotting the measured temperatures as a function of time. 
The results for the specific heats at 40 °C are given in Table 3.3. 
 

Table 3.3 Specific heats for SW, SB, SC at 40 °C  
as measured by Gupta et al. [8]. 

Sample Specific heat 
J/kg°C 

SW  1172 
SB  1364 
SC  768 

 
The specific heat for the SC is significantly lower than for the other materials but no 
explanation was given for this behaviour. The specifc heats were measured over different 
temperature ranges. For SB the following relation was derived for temperatures between 
40 and 140 °C: 

3.69T    1239     cp +=  (2) 

with the temperature given in °C. 
Measurements of specific heats for bark have also been reported by Koch [9]. He 
concluded that for different conifer trees the specific heat in the temperature interval 
between 40 and 140 °C could be given by: 

2T0.0215T1.08031390.1c p +−=  (3) 

At 100 °C the result for equation (2) is 1608 J/kg°C and 1492 J/kg°C using equation (3), 
thus a difference of about 7 %. 
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The results for the thermal conductivities of the materials at 34-37 °C are given in Table 
3.4. 
 

Table 3.4 Thermal conductivities for SW, SB, SC at 34-37 °C  
as measured by Gupta et al. [8]. 

Sample Thermal 
conductivity 
W/m°C 

SW 0.0986 
SB 0.2050 
SC   0.0946 

 
The higher thermal conductivity for the soft wood bark was explained by the higher 
density for this material, see Table 3.1. In the range 35-70 °C, the thermal conductivities 
increased slightly, see Figure 3.3. 

 

Figure 3.3 Thermal conductivities at different temperatures for SW (∆), SB (♦) and SC (•) 
[8]. 
 

Some other data for the thermal conductivity of bark is also available in the literature [8]. 
The result for a low density bed of paper bark is a very high thermal conductivity while the 
result for an unspecified bark is a very low thermal conductivity. The conclusion was that 
without knowing more details about the materials and the measurement techniques used, it 
is hard to do a comparison with the results presented by Gupta et al. [8]. 
Harder and Einspahr presented results for the heat of combustion for a large number of 
barks in two publications[10, 11]. The heat of combustion was determined for totally 42 
barks of different origin, see Figure 3.4 and 3.5. 
The data in Figure 3.4 and 3.5 range from 6773 Btu/lb DM for post oak up to 10332 Btu/lb 
DM for white birch. In SI-units this corresponds to 15.8 MJ/kg DM and 24.0 MJ/kg DM 
respectively. The spread in data is thus rather significant. 
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The lower heating value is normally correlated using the following formula for different 
moisture contents and different contents of ash and hydrogen: 

F)F)8.94H((1ΔhA)HF)(1(1H vapcali +−−−−=  (4) 

The upper heating value (or the calorific heating value) was determined using bomb 
calorimetry where the water is in the liquid state after the combustion. The measurements 
were performed for a dry bark with the ash in the bark as it comes from the tree. When 
calculating the lower heating value for different moisture contents the following formula 
should thus be used: 

F)F)8.94H2.5((1F)H(1H cali +−−−=  (5) 

Where Hi is the lower heating value MJ/kg wet fuel, F is the moisture content kg 
moisture/kg wet fuel, Hcal is the upper heating value and H is the amount of hydrogen in 
the dry matter content as kg hydrogen/kg dry matter. 
 

 

 

Figure 3.4 Heat of combustion for 24 different barks [10]. 
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Figure 3.5 Heat of combustion for 18 different barks [11]. 
 

Lehtikangas in two papers studied the properties of pelletised sawdust, logging residues 
and bark [12, 13]. Pelletised sawdust, bark and the logging residues were prepared from a 
mixture of 60 % Norway spruce and 40 % Scots pine. The explanation for the different 
samples is given in Table 3.5. 
 

Table 3.5 Explanation for the different samples used by Lehtikangas [12, 13]. 

Symbol Sample 

S0 Sawdust, fresh 
S6 Sawdust, stored for 6 months 
B0 Bark, fresh 
B3 Bark stored for 3 months 
B6 Bark stored for 6 months 
W0 Logging residues, fresh 
W6 Logging residues, stored for 6 months in 

windrow 
C3 Logging residues, stored for 3 months in 

pile 
C6 Logging residues, stored for 6 months in 

pile 
 
The results before and after pelletising are shown in Tables 3.6 and 3.7. 
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Table 3.6 Quality parameters of raw material before pelleting [12]. 

 

 

Table 3.7 Quality parameters of raw material after pelleting [12]. 
 

The calorific heating value for the fresh bark was 20.1 MJ/kg and no significant changes 
were recorded during a storage time of 6 months. When pelletising the barks a somewhat 
lower heating value was recorded after a storage time of 6 months, 19.51 compared to 
19.92 MJ/kg. This could be explained by a loss of volatile extractive materials during 
drying. 
One reason for the different measured heating values could be the different ash contents, 
see Table 3.6 and Figure 3.6. The bark stored for 6 months contained some extra sand 
which can explain the high ash content and the low heating value. 
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Figure 3.6 The effective heating value and different 
ash contents [12]. 
 

 
3.3 Hygroscopic properties 
Standke and Schneider measured the sorption isotherms for the inner and outer bark of 
spruce, pine, horse-chestnut, poplar and birch [14]. The isotherms were measured at 20 °C 
by equilibrating samples with salt solutions at relative humidities between 9 and 100 %. 
The results for the spruce, the pine and the birch samples are shown in Figures 3.7-3.9. 
Notice that the results are given as moisture ratio kg water/kg dry matter in the Figures. 

 

 

Figure 3.7 Sorption isotherms for the inner 
(Bast) and outer bark (Borke) of spruce [14]. 

 

Figure 3.8 Sorption isotherms for the inner 
(Bast) and outer bark (Borke) of pine [14]. 
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Figure 3.9 Sorption isotherms for the 
inner (Bast) and outer bark (Borke) of 
birch [14]. 

 

For the spruce and the pine samples, the sorption isotherms for the outer bark are above the 
value for the inner bark up to a relative humidity of 88 %. The lower hygroscopicity of the 
outer bark was explained by the higher content of suberin in this part of the bark. The 
maximum hygro-scopic moisture ratio of the outer bark of spruce was 38 % and 37 % for 
pine. The hygroscopic moisture ratio for the inner bark increased sharply at high relative 
humidities and at a relative humidity of 100 % reached 101 % for the spruce and 105 % for 
the pine. These very high values were explained by the presence of water soluble sugars in 
the inner barks. It was also pointed out that the outer bark accounts for up to 90 % of the 
total bark content so this isotherm is the most important of the two when performing water 
uptake/release calculations. 
The sorption isotherm for the birch samples was below that of the spruce and the pine and 
reached a maximum moisture ratio of 31 % for the inner bark. 
Schneider and Parameswaran studied the sorption behaviour of bark from 13 tropical trees 
and some woods [15]. The results for the bark and the wood of langhi are shown in Figure 
3.10. 
 

 

Figure 3.10 Sorption isotherms for bark 
and the wood of langhi [15]. 
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The difference between the bark and the wood of langhi is not large, only at relative humidity 
above 90 % does the bark show a higher increase for the moisture ratio. In the study it was also 
concluded that there were no significant differences with regard to the sorption behaviour between 
the European and the tropical tree barks. 
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