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Abstract. When developing new materials with better thermal
insulation parameters to improve the energy efficiency of
buildings, low energy consumption of production processes is
also important. In this context, it is justified to investigate the
possibilities of use of recycled resources. This paper presents the
results of testing the thermal conductivity of cellulose depending
on moisture content, in a large range of declared densities. The
thermal conductivity of cellulose in the dry state is almost
constant (on average A = 0.041 W/(m-K)) and does not depend
on the apparent density. The rise of the moisture content of the
material at 50% and 80% RH shows an increase in thermal
conductivity, depending on the density. The obtained results
confirm the potential of cellulose as a thermal insulation material
in building partitions.
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Streszczenie. Przy opracowywaniu nowych materialow o lep-
szych parametrach termoizolacyjnych, stosowanych do poprawy
efektywnosci energetycznej budynkow, wazna jest takze niewiel-
ka energochtonnos¢ procesow produkcji. W tym kontekscie za-
sadne jest badanie mozliwosci wykorzystania surowcow z recy-
klingu. W artykule przedstawiono wyniki badan przewodnosci
cieplnej celulozy w zaleznosci od zawilgocenia, w duzym zakre-
sie deklarowanej gestosci. Przewodnos$é cieplna celulozy w sta-
nie suchym jest prawie stata (Srednia warto§¢ L = 0,041 W/(m-K))
i nie zalezy od gestosci objetosciowej. Zawilgocenie materiatu
przy 50% i 80% RH wykazuje wzrost przewodnosci cieplnej
w zaleznosci od ggstosci. Otrzymane wyniki potwierdzaja poten-
cjat celulozy jako materiatu termoizolacyjnego przegrod budow-
lanych.

Stowa kluczowe: izolacja termiczna; celuloza; przewodnos¢

hermal insulation of external
partitions effectively reduces
the energy demand of buil-
dings during their use phase.
Materials of mineral and synthetic origin
are available on the European market:
glass wool (36%), mineral wool (22%),
expanded polystyrene (27%), extruded
polystyrene (6%), and PUR and PIR
foams (total 8%) [1]. They are charac-
terized by different values of energy
needed for their production, the expen-
diture of which should be taken into ac-
count when assessing the energy effi-
ciency of buildings throughout their life
cycle, e.g. in the case of glass and mine-
ral wool: 16 — 31 and 21 — 66 MJ, re-
spectively, and EPS — 44 — 78 MJ per
1 m? of insulation with thermal resistan-
ce of 1 (m*K)/W and a designed servi-
ce life of 50 years [2]. Due to the need
to optimize the environmental parame-
ters of materials and to limit the con-
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sumption of non-renewable raw mate-
rials and technological processes harm-
ful to the environment, alternative ma-
terials are being sought, especially those
of organic and recycled origin [3]. A re-
view of environmental declarations [2]
indicates very different values of embo-
died energy and carbon footprint of ther-
mal insulation materials. Cellulose from
renewable or recycled raw materials has
particularly favorable properties; its
average embodied energy is lower than
that of synthetic materials and rock
wool, and its carbon footprint is lower
than that of most commonly used ther-
mal insulation materials [2, 4].
Cellulose thermal insulation has been
used since the 1980s and was introduced
to the Polish construction market in
1994. It is produced mainly in the recyc-
ling process of waste newspaper, ap-
plied by blowing and used as thermal in-
sulation of ceilings, pitched roofs, flat
roofs, walls and floors (photo 1), surfa-
ces with complex geometry, including
arches and curves, e.g. in historic buil-
dings; no trimming is needed and no
technological waste is generated.

Approx. 95% of works using cellulose
are performed by dry blowing, and the
remainder by wet spraying [4]. Cellulose is
characterized by a low thermal conducti-
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Photo 1. Example of using cellulose
insulation in an unused attic

Fot. 1. Przyktad zastosowania izolacji
celulozowej na poddaszu nieuzytkowym
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vity coefficient (A=0.037+0.043 W/(m'K)),
high specific heat (2150 J (kg'K)), go-
od air tightness [5, 6], as well as favora-
ble air sound dampening parameters, due
to the application method allowing for
tight filling of the insulated space [4, 5].
The literature emphasizes cellulose’s re-
sistance to moisture and fungal growth
due to its hygroscopic properties and non-
-flammability (fire class B — flammable,
non-inflammatory products), which re-
sults in no flashover and limited contribu-
tion to the spread of fire [4 + 6]. The abo-
ve-mentioned properties are also obtained
as aresult of additional impregnation, in-
cluding: boron compounds, aluminum
hydroxide or ammonium salts [6].

The bulk density of cellulose
insulation products depends on the
method and parameters of application.
The thickness of the material layer
decreases over the period of use, up to
the target value, which is several to a
dozen or so percent smaller than the
initial one. Cellulose with different bulk
density is distinguished [6]:

® 25 + 60 kg/m> — used in the so-
-called open blowing — on flat surfaces
or with an angle of inclination up to 10°
(insulation of ventilated flat roofs and
unused attic ceilings); if the material
layer is not compacted, it settles;

® 38 + 65 kg/m*— blown into the roof
slopes with an angle of 45 + 70° (filling
the space between the initial covering
layer and the internal cladding); the use
of material with a higher density allows
to avoid settling and ensures dimensio-
nal stability of the insulation;

® 40 + 65 kg/m* — blown into walls;
bulk density is higher than in the case of
application on pitched roofs;

e 30 +~ 55 kg/m?® — applied by wet
spraying.

The scope of testing of cellulose ma-
terial is specified in the EN 15101-
1:2013 standard [7]. Products assessed
in accordance with it receive a declara-
tion of performance and are recognized
as safe, which allows them to be used as
thermal and acoustic insulation of inter-
nal and external building partitions [6].

Test procedure

The research program assumed me-
asurements of the thermal conductivity
coefficient of cellulose samples with
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different bulk densities, after condi-
tioning in various temperature and
humidity conditions characterizing the
operating conditions of cellulose, as
well as control of the change in sample
mass and settling of the material. The
test procedure was carried out accor-
ding to EN 15101-1:2013 [7], and the
thermal conductivity coefficient mea-
surements were carried out according to
PN-EN 12667:2002 [8].

In order to place the material sample
in the plate apparatus in the state in
which it appears in the building parti-
tion, wooden molds with dimensions
of 600 x 600 x 150 mm (reproducing
the space of the partition) were prepared
and filled with cellulose material, obta-
ining samples with an initial bulk den-
sity p=35.3 = 86.1 kg/m? (photo 2). In
the first stage, the samples were dried in
a climatic chamber at temperature
of 70°C and relative humidity <5% until
their constant mass was obtained for
3 consecutive measurements. Then they
were tightly wrapped with foil and
cooled at 23°C for approx. 30 minutes
and tested. Measurements of the thermal
conductivity coefficient A in conditions
of steady heat flow were performed
using a FOX 600 plate apparatus (pho-
to 3), with heat flux density sensors, with
horizontal orientation and sample posi-
tion: bottom. Measurements were car-
ried out at an average sample tempera-
ture of 10°C, a temperature difference
across the sample thickness of 20 K and
heat movement from bottom to top, at an
ambient temperature of 21.0 + 23.6°C. In
the second stage, cellulose samples
were conditioned at a temperature of
2342°C and a relative humidity of
50+5%, after which thermal conductivi-
ty and settling of the material were de-
termined. In the third stage, the procedu-
re was analogous, but the material was
conditioned at a temperature of 23+1°C
and a relative humidity of 80+2%. The
research was conducted for 4 months.

Test results

The results of testing the thermal con-
ductivity of cellulose material samples
with different bulk density at the time
of measurement and different moisture
content as a result of seasoning in various
thermal and humidity conditions are
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Photo 2. Cellulose sample prepared by
blowing the material into the test mold —
a homogeneous mixture fills the entire
empty space

Fot. 2. Probka celulozy przygotowana przez
wdmuchanie materiatu do formy — jedno-
rodna mieszanina wypetnia calq pustq prze-
strzen

Photo 3. Cellulose sample placed in a plate
apparatus during thermal conductivity
test

Fot. 3. Probka celulozy w aparacie plytowym
podczas badania przewodnosci cieplnej
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presented in Figure 1. The average ther-
mal conductivity coefficient at dry sta-
te was 0.041 W/(m-K), which proves
cellulose potential as a thermal insula-
tion material, because this value is com-
parable to the values of other unconven-
tional insulating materials currently ava-
ilable on the market [9 + 13]. The ther-
mal conductivity of cellulose in a dry
state is almost constant and does not de-
pend on the bulk density of the material.
The thermal conductivity of the material
conditioned at elevated humidity incre-
ases — on average by 8% in the case of
a relative humidity of 50+5%, and
by 15% in the case of a relative humidi-
ty of 80+2%, which is related to filling

results of tests on the thermal conducti-
vity coefficient of cellulose in a dry sta-
te are consistent with the results of tests
on cellulose materials carried out at ITB
in 2015 (own research, unpublished).
The calculation results and declared va-
lues of the thermal conductivity coeffi-
cient are summarized in Table 3.

Conclusions

The presented test results showed that
cellulose is characterized by a low ther-
mal conductivity coefficient under

conditions typical of use. Taking into
account many advantages of the mate-
rial, including low energy consumption
at the production stage, it can provide
effective thermal insulation in building
partitions. The measurements confirm
that in the case of cellulose with a low
initial bulk density, the thickness of the
layer of insulating material blown onto
the flat surfaces of the partitions will
decrease over the service life of the
material. In the case of the material
with higher density, no settlement was

Table 1. Change in cellulose samples mass depending on ambient temperature and
humidity conditions (in relation to their initial mass)

Tabela 1. Zmiana masy probek celulozy w zaleznosci od warunkow cieplno-wilgotnosciowych
otoczenia (w odniesieniu do ich masy poczqtkowej)

the pores of the material with moisture. Change in sample mass after

; Initial bulk

Moreover, for those samples an lncr.eavse Szll:lnl:}e density drying to constant  conditioning the sample conditioning the sample
in the value of the thermal conductivity ber of thesample ~  mass at temperature  to constant mass at to constant mass at
coefficient was observed with an incre- [kg/m?] 70°C and<5% RH  temperature 23+2°C  temperature 23+1°C
ase in bulk density. The initial bulk den- (%] il el R el
sity and the change in cellulose mass 1 353 24,6 +19,2 4258
depending on the seasoning conditions

pending o’ g o 2 38.8 07 72 240
are presented in Table 1 and Figure 2.
The density of dry samples and the re- 3 46,2 22,1 +16,0 1230
sults of cellulose sedlmgntatlon measu- 4 197 203 1157 220
rements are presented in Table 2. The
settling of cellulose after conditioning 5 55.2 -20.3 +15,5 +20,2
depends on the initial bulk density of 6 678 -18,6 +12.5 +18.9
the material — the higher it is, the less su-

7 86,1 -18,1 +11,8 +18,3

sceptible the material is to settling. The
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Fig. 1. Thermal conductivity of cellulose samples with different bulk density at the time of measurement and the moisture content as
a result of seasoning in various ambient temperature and humidity conditions
Rys. 1. Przewodnos¢ cieplna probek celulozy o zroznicowanej gestosci nasypowej w momencie pomiaru i stopniu zawilgocenia w wyniku sezo-
nowania w roznych warunkach cieplno-wilgotnosciowych otoczenia
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Fig. 2. Change in cellulose samples mass depending on ambient temperature and humidity

conditions

Rys. 2. Zmiana masy probek celulozy w zaleznosci od warunkow cieplno-wilgotnosciowych

otoczenia

Table 2. Bulk density of dry samples and susceptibility to settling of cellulose material

(changes in relation to the initial thickness)

Tabela 2. Gestos¢ nasypowa suchych probek i podatnosé na osiadanie materiatu celulozowego

(zmiany w odniesieniu do poczqtkowej grubosci)

Susceptibility to settling
Sampl Bulk density of the sample
P after drying to constant  change in the thickness of the material layer after conditioning
nll:el:l' mass at temperature 70°C the dry samples at temperature
and < 5% RH [kg/m’]
23°C and 50% RH [%] 23°C and 80% RH [%]
1 26,6 -9.3 -18,0
2 30,0 -8,7 -16,7
3 36,0 -8,0 -14,7
4 38,9 -7.3 -13,3
5 43,7 -4,0 -1,3
6 55,2 not observed not observed
7 70,5 not observed not observed

observed as a result of conditioning,
which confirms its suitability for insu-
lating walls and roofs with a large angle
of inclination.
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