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Abstract. The test house with special timber structure was built by the depart-
ment of rural building of Estonian University of Life Sciences. The hygrothermal 
properties of sawdust and cellulose, used as insulation materials in building en-
velope, were investigated in long term. The test was carried out during four win-
ters. The wind and moisture-vapor barriers were not applied in the first testing 
period. In the second testing period the wall was covered inside with the moisture 
barrier and outside with the wind barrier and the layer of OSB plates. In winter-
time the test house was heated with electric batteries to keep the temperature sta-
ble inside. 
The aim of this research was to measure and determine the thermal conductivity 
of insulation materials and the thermal transmittance of differently insulated wall 
sections. To fulfil the task the devices to measure relative moisture content were 
placed in five different points (in three depths inside the insulation and inside and 
outside) and temperature was measured in nine points (in five depths inside the 
insulation, inside and outside and on the inner side and outer side of the wall). 
The heat flux plates were applied on the inner side of the wall. Data were recorded 
with 10 minutes interval.  
The analysis of these test periods was carried out and presented in this paper.  

Keywords: Thermal Insulation, Thermal Transmittance, Hygrothermal Perfor-
mance, Sawdust, Cellulose Insulation. 

1 Introduction 

The theme became actual because a lot of envelopes (walls and ceilings) of old resi-
dential houses built before the II WW and even in 1950-60-ies were insulated with saw 
dust and the hypothesis was posed either to change the old saw dust with new saw dust 
or it will be better to change old insulation against the new material come to the markets 
– loose-placed cellulose. First of all we wanted to investigate and compare the hygro-
thermal behavior of those two materials during longer exploitation. Saw dust is waste 
from sawn timber production and loose cellulose is done from recycled old newspapers, 
so both materials are renewable and sustainable ones. 
About sawdust [1] it was said that the material has big settlements during time and due 
to cold bridges which will form into the upper part of walls the thermal transmittance 
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will increase. Our experience in opening old walls built 50-60 years ago [2] and insu-
lated with sawdust show that if the work has done correctly there were no gaps in the 
upper parts of walls. The sawdust was standing in the wall as if it was a monolith. So 
the idea of using it was worth of trying. 
The second tested material was new in Estonian market – loose cellulose [1], nowadays 
quite a widespread and produced by several producers in Estonia. 
In 2008 the test house (Fig. 1) was built by the department of Rural Building in Estonian 
University of Life Sciences. The plan dimensions of the test house were 4.0 x 6.0 m. 
The walls of the test house were composed from timber sections where inner and outer 
wallboards (board thickness 32 mm) were connected with veneer boards and between 
them mounted the insulation material.  
Get sections were 600 mm wide and the thickness of insulation layer inside was 
227 mm. The floor was insulated (187 mm) and covered from inside with 28 mm boards 
and below some kind of timber board plates like OSB3 (8 mm) or RKL (30 mm) were 
applied. The insulation layer on ceiling (300 mm) was covered from attic side with 
paper and in room it was covered with OSB3 boards (8 mm). As you see from Fig. 2 
half of the wall was insulated with saw dust and another half with cellulose, so the floor 
and ceiling were insulated accordingly. Applied materials were also tested beforehand 
in climate chamber and determined their thermal conductivity to have the general im-
agination of their behavior. Our measurements showed that the thermal conductivity of 
sawdust was λ= 0.044 W/(mK) and of cellulose was λ= 0.062 W/(mK) [3]. These two 
wall sections for longtime testing were situated on the northern part of the house. Dur-
ing winter the test house was heated by 2 kW electric battery and in very cold weather 
another 2 kW battery was added. After 1.5 years of exploitation (in autumn 2010) the 
water vapor barrier (Sd=7.5m) was applied inside and wind barrier (Sd=0.05m) outside 
of the house to protect the structure from precipitation. Both wall structures are pre-
sented on Fig. 3. 

 
Fig. 1. Timber test house to investigate different insulation materials. 

The structure of test house and used materials.  
The walls for longtime testing were in the northern part of the house. Sawdust was 
bought from sawmill beside town. Cellulose was (Fig. 2.) applied using dry blown 
method. 
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Windows were from 3-glassed packets and roof was covered with steel. 

 
Fig. 2. The plan of the test house and the placement of elements insulated with sawdust and 
cellulose 

2 The aim and description of the test 

Long-time measurements began in October 2008 and finished in February 2012. The 
thermal transmittance, temperature and relative humidity of the wall panels were meas-
ured.  
The measurements were done in non-steady state, ie the temperatures and RH changed 
continuously in time and hence the heat flow through the wall varied. Temperatures 
were measured parallel to the heat flow in five places. The cross section of the tested 
walls are presented on Fig. 3 and all readings were recorded with a 10-minute interval 
in Almemo data logger and Hobo data loggers. 
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Fig. 3. (a) The wall structure in the first period of testing; (b) The wall structure in the second 
period of testing 

The following characteristics were measured to determine the thermal transmittance of 
the wall. 

q – heat flow rate through the wall (heat flow plate Ahlborn FQA019C) [W/m²]; 
θe, φe – external air temperature and external air relative humidity (Temp & RH data 
logger Hobo U12-011) [ºC, RH%]; 
θ1, φ1 – the temperature and the relative humidity of the outer surface of the insula-
tion layer (Temp & RH sensors Ahlborn FHA646R) [ºC, RH%]; 
θ3, φ3 – the temperature and the relative humidity in the middle of the insulation 
layer (Temp & RH sensors Ahlborn FHA646R) [ºC, RH%]; 
θ5, φ5 – the temperature and the relative humidity of the inner surface of the insula-
tion layer (Temp & RH sensors Ahlborn FHA646R) [ºC, RH%]; 
θi, φi – internal air temperature and relative humidity (Temp & RH data logger 
Hobo U12-011) [ºC, RH%]. 

 
In the first period of testing the walls of the test house were without wind barrier outside 
and vapor barrier inside. In summer of 2010 these layers were applied with wind gap 
20 mm and 8 mm OSB plate to protect the wall from outside. All measurement devices 
stayed in former places, but devices to measure inner and outer temperature and relative 
humidity were moved. 
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3 Calculations  

Thermal transmittance. Thermal transmittance calculations are done by Equation 1 
given in standards ISO 9869-1 [4]. All data is taken from measurement devices. 

 𝑈 =  
∑ 𝑞𝑗

𝑛
𝑗=1

∑ (𝜃𝑖.𝑗−𝜃𝑒.𝑗)𝑛
𝑗=1

  , (1) 

where: 
U – thermal transmittance of the wall [W/(m²·K)]; 
q  – heat flow rate through the wall [W/m²]; 
θi – internal air temperature [ºK]; 
θe – external air temperature [ºK]. 
 
Hygrothermal behavior of tested wall. Calculations of hygrothermal performance 
have been done using simplified method presented in standard EN ISO 13788 [5, 6]. 
External and internal temperature and relative humidity content are really measured 
values (θe, θi, φe, φi) see to Fig 4 and Fig 5. Values presented in Table 1 are taken from 
different literature sources. Index d1 thermal conductivity and water vapor diffusion 
resistance factor values is taken from EN-ISO 10456 [7] standard or from our re-
searches [3]. d2 values is from the research work of prof J. Vinha [8] Graphs describing 
hygrothermal performance of walls are presented on Fig. 8 and 9. 

Table 1. Physical properties of materials by different sources [3, 7, 8] 

Material Calculation 
index 

Density Thermal 
conductivity 

Water vapor  
diffusion resistance  

  ρ λ factor µ 
  [kg/m3] [W/(K*m2)] [-] 

Timber  
(softwood) 

.d1 450 0.12 [7] 50 [7] 

.d2 530 0.12 [8] 49 [8] 
Sawdust .d1 197 0.062 [3] 2* 

.d2 168 0.08 [8] 2.1 [8] 
Cellulose 
(loose) 

.d1 50 0.045 [3] 2 [7] 

.d2 60 0.041 [8] 1.3 [8] 
* In calculating water vapor diffusion resistance factor of sawdust and cellulose are 
taken as equal 

4 Results  

Data recorded with 10 minutes interval were recalculated to mean values of a day to 
follow the graphs better.  
Measurements outdoors and indoors. Temperatures measured in- and outside of the 
test house are presented on Fig. 4. 
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Fig. 4. Temperature (°C) indoors (θi) and outdoors (θe) during longtime test (daily means) 

From Fig. 4 we can see that the winter 2008/2009 was the warmest and 2010 summer 
was considerably warmer than other summers. Data of measuring relative humidity at 
that time is presented on Fig. 5. 

 
Fig. 5. Relative humidity (%) indoors (φi) and outdoors (φe) during longtime test (daily means) 

From Fig. 5 we can see that relative humidity during winter months is low because 
additional supplying of water was missing. The aim was to watch does the insulation 
dries out. 
Measured relative humidity content on the inside and outside surface of the ther-
mal insulation. Changes of relative humidity content during 3 years in the walls insu-
lated with saw dust are presented on Fig. 6. Measurements were done on the inner and 
outer surface of insulation layer. 
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Fig. 6. Relative humidity content in outer surface (a) and inner surface (b) of sawdust insulation 
at points (φ1 and φ5 Fig. 3.) in 2009, 2010 and 2011. 

From Fig. 6 we see that condensation period between outer board and sawdust insula-
tion layer lasted until the middle of July 2009. Dry out of inner surface began later, in 
the end of September. In the middle of 2010 additional protective barriers were applied 
on the wall and dry out process improved and RH of the wall stabilized. There was no 
condensation threat and RH decreased on the surface of the outer surface of saw-dust 
layer from 90% to 80%. Humidity content on the inner surface of sawdust layer de-
creases also due to dry out process. During demolition we didn’t notice any traces of 
mould on the inner surface of the wall boards. The temperature on the outer surface of 
the insulation layer was low. Looking the picture describing ambient temperature 
changes, we see that only in summer for a very short time the ambient temperature is 
high. Data of insulation layer’s outer surface showed that the temperature there rose 
over 20 °C for some days only, to short time for mould formation. 
Changes of relative moisture content during 3 years in the wall insulated with cellulose 
are presented on Fig. 7. Measurements were done on the surface of inner and outer layer 
of insulation. 

     
Fig. 7. Relative humidity content on the surfaces of outer layer (a) and inner layer (b) of cellulose 
insulation at points (φ1 and φ5 Fig. 3.) in 2009, 2010 and 2011. 

On Fig. 8 we see that outer surface of cellulose insulation dried out during all three 
years. After checking and replacing the measuring device on March 2011, 28% change 
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was observed at point φ1 (green line). After applying additional protective layers on the 
wall in the summer 2010 the relative humidity content stabilized. 
 
Comparison of calculated and measured relative humidity content on the inside 
and outside surfaces of the thermal insulation. Explanation for graphs on Figures 8 
and 10: blue and red lines present changes of the measured temperature and relative 
humidity content accordingly on the outer and inner surface of the thermal insulation 
layer. Green and violet as well as pale blue and yellow present calculated results.  
Calculations of hygrothermal performance have been done using simplified method 
presented in standard EN ISO 13788 [5, 6]. External and internal temperature and rel-
ative humidity content are really measured values (θe, θi, φe, φi) see to Fig 4 and Fig 5. 
Values presented in Table 1 are taken from different literature sources and thicknesses 
of separate layers taken from Fig 3.  

 
Fig. 8. Relative humidity content in the sawdust insulated wall of test house at positions 1 and 5 
(placement of measure devices on Fig. 3). Graphs φ1 and φ5 are measured, graphs φ1.d1, φ1.d2 and 
φ5.d1, φ5.d2 are calculated results.  

On Fig. 8 we see that measured relative humidity content on the outer surface of saw-
dust thermal insulation differed from calculated results considerably. Looking changes 
of relative humidity content on inner surface we see that calculated and measured 
graphs are at least parallel. After placement of additional protective layer in summer 
2010 those graphs are a bit more close to each other. 
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Fig. 9. Relative humidity content in the cellulose insulated wall at positions 1 and 5 (placement 
of measure devices on Fig. 3). Graphs φ1 and φ5 are measured, graphs φ1.d1, φ1.d2 and φ5.d1, φ5.d2 

are calculated results. 

On Fig. 9 we see that measured and calculated results of relative humidity content on 
the outer surface of cellulose thermal insulation are also considerably different. Look-
ing changes of RH content on inner surface we see that calculated and measured graphs 
are almost overlapped. The reason of great differences between calculated and meas-
ured results notable in outer layer surface of both insulation materials might be caused 
because EN ISO 13788 does not consider the moisture absorption capacity of insulation 
material and the moisture dry out is delayed. 
 
Thermal transmittance of wall. Thermal transmittance of tested walls is presented on 
Fig. 10.  

 
Fig. 4. Thermal transmittance of walls on February during four years testing 

In the first winter of exploitation, on February, the thermal transmittance of sawdust 
insulated wall was influenced by the water content in the insulation. Dry out process of 



10 

the material continued during next years and thermal transmittance of this wall element 
improved about 10% after the mounting of protective layers. Thermal transmittance of 
cellulose didn´t change much. As the wall was during the first exploitation year opened 
to precipitations thermal transmittance of cellulose was worst – 0,186 W/(m²·K) on 
February of 2010. After placing additional protective layers on this wall the situation 
improved. Comparing calculations of thermal transmittance of sawdust and cellulose 
using measured heat flow rate on the object (see results on Fig. 10) and calculations [9] 
get using values from Table 1. We see that thermal transmittance of sawdust is 0,229 
W/(m²·K) using .d1 and 0,282 W/(m²·K) using .d2 and thermal transmittance of cellu-
lose is 0,174 W/(m²·K) using .d1 and 0,160 W/(m²·K) using .d2. Calculations done 
using d1 values from Table 1 matches better with the results measured on the test house 
using heat flow plate. 

5 Summary 

Comparing walls insulated with sawdust and cellulose we see that calculated and meas-
ured results on the inner surface of the insulation material are comparable. On outer 
surface of the insulation material measured and calculated results are partly reversed.  
One reason is that simplified calculation method [5] will not give adequate results. Spe-
cially with sawdust. The water content (kg/m3) of the sawdust is 3-5 times greater than 
of the cellulose on the same level of the relative humidity content [8]. Determining the 
thermal transmittance of walls we fixed that thermal conductance of cellulose didn’t 
change notably as the thermal transmittance of the wall was in the range of thermal 
conductivity of sawdust improved in the wall during test, as the thermal transmittance 
of this wall element improved from 0.274 W/(m²K) to 0.208 W/(m²K). We need to 
mention that inside the test house moisture content depended only from the ambient 
moisture content. Required thermal transmittance of the outer walls in Estonia is 0.12-
0.22 W/(m²K) [10], so both tested walls answered the energy performance requirements 
set in Estonia. As a result we should admit that using sawdust is problematic, because 
the material is not homogeneous and so the hygrothermal properties of it vary a lot.  
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