
IOP Conference Series: Earth and Environmental Science

PAPER • OPEN ACCESS

Eco-Friendly Building Materials
To cite this article: A Nowotna et al 2019 IOP Conf. Ser.: Earth Environ. Sci. 290 012024

 

View the article online for updates and enhancements.

You may also like
Considerations for reducing food system
energy demand while scaling up urban
agriculture
Eugene Mohareb, Martin Heller, Paige
Novak et al.

-

Economic feasibility of wood-based
structures—Improving urban carbon
neutrality strategies
Ilmari Talvitie, Jussi Vimpari and Seppo
Junnila

-

On the development of high quality NiTi
shape memory and pseudoelastic parts by
additive manufacturing
Christoph Haberland, Mohammad
Elahinia, Jason M Walker et al.

-

This content was downloaded from IP address 148.81.55.224 on 13/12/2022 at 09:15

https://doi.org/10.1088/1755-1315/290/1/012024
/article/10.1088/1748-9326/aa889b
/article/10.1088/1748-9326/aa889b
/article/10.1088/1748-9326/aa889b
/article/10.1088/2634-4505/abfe05
/article/10.1088/2634-4505/abfe05
/article/10.1088/2634-4505/abfe05
/article/10.1088/0964-1726/23/10/104002
/article/10.1088/0964-1726/23/10/104002
/article/10.1088/0964-1726/23/10/104002
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvrBErcMlC78UsB8SNPJFTQkjdLN4XxAS_1kBFVphJ80KfUOwyiaKoQtHlVmFIUs2InLpMD8RtueAW2U3tPq6LcbWbbroXnbgnq45R1hFzNwrxpAYCvrBVAbwg8fgvPfv71j9PN_D18hppR69J8BFiJ-JdpIxnPouGgCqscVk1RRbfZga_pig_SgsxMwPJE61z-wITdtNONy8-B1rag5mlQJQNOUNlCgNSgZIRIKZJU6eGJsR79Jlbuh5rDb70m2bm57zORhBJyZiihDal32Wkb2EYe000pzufwwZ4UIn3JTA&sai=AMfl-YTT6U2G-J3UmAA282kW0oHE03GkVNObqpktNWhorYLeRGU8f1LTwibu7uMlYjYS7rF-hA6dyBcVJ4QRxln0oQ&sig=Cg0ArKJSzLZw3ruG4qyV&fbs_aeid=[gw_fbsaeid]&adurl=https://ecs.confex.com/ecs/243/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3D243AbstractExtended


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

Central Europe towards Sustainable Building 2019 (CESB19)

IOP Conf. Series: Earth and Environmental Science 290 (2019) 012024

IOP Publishing

doi:10.1088/1755-1315/290/1/012024

1

Eco-Friendly Building Materials 

A Nowotna1, B Pietruszka1 and P Lisowski1 
1Building Research Institute, Department of Thermal Physics, Acoustics and 
Environment, 21 Ksawerow street, 02-656 Warszawa, Poland  

a.nowotna@itb.pl, b.pietruszka@itb.pl 

Abstract. In recent years, the construction industry has developed an ecological direction, 
which aims to use natural materials. These materials can be both vegetable and animal origin. 
Building structures made of such semi-finised products are usualy light, non-destructive for 
environment, and in many cases made of recycled materials. Such an eco-building model often 
does not require energy inputs for production. It contributes to the development of energy-
saving investments which meet the current technical requirements. These materials can 
perform an insolating function, like sheep's wool or cellulose, as well as construction or 
finishing function made of products like plywood, fibrous materials with an external gypsum or 
wooden panel or clay plaster with straw. Such products are perceived as healthy and cheap, and 
in many cases available locally. These solutions can have a significant impact in modern 
construction due to the increase in the prices of traditional construction products and energy 
savings during construction and investment use. The article aims to provide basic information 
about selected materials of natural origin and compare them in terms of hygrothermal research.  

1.  Introduction 
Building materials of natural origin, both vegetable and animal origin, may be used as materials for 
thermal insulation, e.g. straw, sheep wool or cellulose, and find use as a construction materials, for 
example AleppoPine wood, cork and their composites, cotton stalk fibers, wood-based products, palm 
wood, wood-based products, textile waste, cotton waste, fly ash and barite, natural fibres [1–7]. The 
article aims to present basic information about selected materials of natural origin with the 
presentation of their essential characteristics, relevant to their use in construction. In the construction 
sector, particularly housing, in recent years more and more apparent trend of "eco-friendly", where the 
use of the building materials of natural origin are vegetable and animal origin. These types are seen as 
a cost-effective, energy efficient and healthy. This type of construction requires less energy for 
production compared to traditional. The advantage of the above solutions is the use, if possible, of 
materials available locally. Great attention is paid to the fact that these materials do not contain toxic 
substances harmful to humans. What's more, they can be recycled. This is related to the low energy 
needed to use to the process. They are also subject to faster and natural biodegradation [8–10]. 
Examples of natural materials are dried and packed earth, wood, plywood, insulation boards of wood 
fibers or hemp straw, sheep wool, cellulose materials, chipboard with the outer gypsum board or 
wood, etc. One of the most popular natural materials is wood. It is used to build houses made of logs 
and skeletal houses, making roof structures, window and door frames, etc. It is easily available on the 
market and 100% renewable. Characteristics of the wood are its high strength, flexibility, lightness and 
rigidity [11 16]. The impregnated wood with special chemical agents is stable, ageing processes are 
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slow, and is resistant to moisture. One of the oldest building materials is earth/ground. In the history of 
each region and each country, we can encounter both monumental buildings as well as rural buildings 
made of earth in admixture with other natural materials. Buildings from the ground, are perceived as 
healthy, friendly to man and the environment [17–21]. The rooms create comfortable thermal and 
humidity conditions for users. Common products from the earth are green, dried bricks and blocks or 
walls from slabs in formwork. Another group of materials are natural products, such as sheep's wool, 
insulating boards from wood fibers or hemp, cellulose, straw, which were used as thermal insulation 
products. They arouse great interest especially because of their property of absorbing / releasing 
humidity, which may assist in adjusting the level of humidity in the room. Sheep wool insulation has 
good thermal and acoustic insulation, however, is not resistant to long-lasting moisture. In contrast, 
cellulose, obtained by processing waste paper is vapour permeable material which has good thermal 
and acoustic insulation. In loose form, it can be used to isolate e.g. inaccessible spacea as lofts as well 
as fillers in skeletal walls. Straw is another material that has been used for a long time and is still used 
in construction. It is regarded as a natural waste agricultural production, while cheap and easily 
accessible. Relatively good thermal insulation of straw causes that the partitions do not require 
additional insulation [11–21]. Houses currently designed in this technology can obtain parameters, e.g. 
in the field of heat transfer coefficient of septum, similar to passive houses [10–18, 22]. The next group 
of products are building materials such as natural fibers like flax, hemp and wood. Such products are 
characterized by good thermal and acoustic insulation. Their disadvantage is flammability, so they 
must be protected by fireproof impregnates. They are also not resistant to rodents and show poor 
resistance to moisture. They are used so often for the "housing", i.e. earthen plaster, earth plaster with 
straw, earth plaster with cellulose, plywood, calcium silicate board, wood fibre insulation board, hemp 
insulation board, sheep’s wool and straw.   

2.  Experimental part 
The experimental programme consisted of determination of the sorption isotherm, thermal 
conductivity and vapour permeability tests. 

2.1.  Determination of the sorption isotherm 
Tests were carried out in accordance with EN ISO 12571 [23]. Samples before drying were dried to 
a constant mass. The samples were then placed under constant temperature conditions of 23 °C and 
relative air humidity of 0 %, 20 %, 50 %, 65 % and 90 %, respectively until their mass stabilized. 
Measurements of mass change were made every 24 hours. 

2.2.  Thermal conductivity λ 
Test was performed in accordance with EN 12667 [24]. Samples before the test were dried to 
a constant weight. Then the samples were conditioned prior to testing under constant temperature 
(23 ± 2) °C and relative humidity (50 ± 5) %, until a constant weight. Measurements of thermal 
conductivity λ were carried out in the steady state by the hot plate method, with a FOX 314 apparatus. 
The measurements were made at the average sample temperature of 10 °C, the difference in 
temperature at the sample thickness of 20 K and heat movement from bottom to top, on samples with 
dimensions (300 x 300 x 50–100) mm. 

2.3.  Water vapour permeability 
Determining the coefficient of water vapour diffusion resistance, µ, of samples at steady-state was 
performed in accordance with EN 12086 [25]. Prior to the tests, the samples were conditioned at 
a temperature of (23 ± 5) °C and relative humidity (50 ± 5) % until the mass stabilized in three 
consecutive weighing (change in mass within ± 5 %). The samples were then placed in metal dishes on 
the bottom of which a drying agent (CaCl2) was placed. Measurements of the change in weight were 
recorded at an interval of 24 hours. The study was terminated when five consecutive changes in the mass 
per unit time are constant and housed within a tolerance of ± 5% of the average for each sample tested.  
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2.4.  Density measurement of samples 
The density of the samples was determined according to EN 1602 [26]. Before the test, the samples 
were conditioned at constant temperature conditions (23 ± 2) °C and relative humidity (50 ± 5) % until 
a constant mass of the sample was obtained (Figure 1). 

3.  Results and discussion  
Samples of natural building materials were tested in the scope of determining their thermal and 
moisture properties. The materials tested were intended for use as thermal insulation of partitions, 
structural elements or as finishing materials. Figure 1 shows samples with a twenty-fold magnification, 
which have been tested.  

          
Figure 1. Sample images: a) earthen plaster b) earth plaster with straw  c) earth plaster with cellulose 
d) plywood e) calcium silicate board f) wood fibre insulation board g) hemp insulation board (rigid) 
h) sheep’s wool i) straw 
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As can be seen from the data in Table 1, samples have different density. Samples with a density of up 
to 100 kg m-3 are insulating products, while a material with a higher density is a construction material 
for partitions. The value of thermal conductivity is dependent on the kind and the structure of wood: 
density and water content. By comparing the density with the heat conduction coefficient, it can be 
stated that these results are similar to traditional construction products. Tested samples have a low 
diffusion resistance value, which is characteristic for vapour-permeable materials such as mineral 
wool. This means that water vapour can flow freely through the internal structure of such material. 
Earthen samples have a diffusion resistance value of about 15. This is a value close to the value of 
silicates. However, the wooden sample has achieved the highest value of diffusion resistance. 

Table 1. Characteristics of samples prepared for tests 

Sample Density 
kg m-3 

Thermal conductivity 
W m-1K-1 

Water vapour 
permeability 

Earthen plaster 2150 0,58 19 
Earth plaster with straw 1870 0,79 15 
Earth plaster with cellulose 2060 0,69 14 
Plywood 500 0,096 103 
Calcium silicate board 104 0,041 3 
Wood fibre insulation board 61 0,041 3 
Hemp insulation board (rigid) 91 0,049 2 
Sheep’s wool 15 0,044 3 
Straw 220 0,11 3 

Figures 2–10 present the results of the moisture content in the samples depending on the relative 
humidity. From the results, it can be seen that the above materials of natural origin like earther 
plasters, wood fibre board and sheep’s wool rather poorly absorb moisture from the air. For the 
calcium and hemp boards the water content was about 15 kg m-3 was obtained while the only material 
showing the higest moisture content was plywood (Figure 5).  

 
Figure 2. Earthen plaster 
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Figure 3. Earth plaster with straw 

 
Figure 4. Earth plaster with cellulose 

 
Figure 5. Plywood 

 
Figure 6. Calcium silicate board 
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Figure 7. Wood fibre insulation board 

 
Figure 8. Hemp insulation board (rigid) 

 
Figure 9. Sheep’s wool 

 
Figure 10. Straw 
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4.  Conclusion  
This paper focused on the thermal and mass transfer properties (thermal conductivity, diffusion of 
water vapour sorption isotherm) of some eco-friendly building materials and the influence of relative 
humidity of the atmosphere on the inestigated parameters.  

Due to the local availability of selected materials, prior to construction, it is necessary to carry out 
tests to check the quality and suitability of the raw materials used. The use of local and renewable raw 
materials in the production of building materials fits well into the sustainable development policy. The 
use of natural materials allows for the construction of both ecological and aesthetic buildings as well 
as energy-efficient buildings. During the construction itself, we should also take into account the fact 
that when building naturally, it is necessary to reduce the amount of waste. Hence the growing 
popularity of prefabricated, biodegradable materials for producing elements, which use a small amount 
of energy and semi-finished products, is observed.  

One can expect more and more interest in this subject and the introduction of specifications for 
natural building materials. In conclusion, there is a growing interest in "ecological trend" in the 
construction industry, which suggests that more and more such "natural objects" we will see in 
housing.  
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