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Abstract 
Arundo donax  L., commonly known as “giant reed”, is a perennial grass species with hollow stems, which currently can be found in temperate and 
subtropical regions of both hemispheres, above all in riparian wetlands. In the Mediterranean region Arundo donax has been traditionally employed 
to build fences and temporary shelters for men and animals, or as prop for plants and as windbreak or shading barrier. In order to promote the potential 
utilization of Arundo donax  L. stems as biocompatible building material, in this paper  the construction of a particular 8 cm-tick panel made up of 
two external natural lime plaster layers with an internal bearing structure of Arundo donax L. stems,  is proposed to be used in vertical partition walls 
of environmentally friendly agricultural buildings. The thermal insulation performance of the panel is investigated, as it can be an effective and cheap 
solution for microclimate passive control inside buildings. In particular, the thermal conductance of several specimens subjected to a heat flow in an 
almost steady state was carried out, in compliance with the ISO standard 9869. The average thermal conductance of about 1.31 W·m-2·K-1 obtained, 
has confirmed the good heat-insulating properties of the proposed solution. As it does not require special manual skills, several uses of vertical 
partition walls made up of this material in agricultural and rural buildings can be encouraged. The lightness and workability of Arundo donax  L., which 
also enable unskilled workers, such as farmers themselves, to construct the panels, as well as its low cost and thermophysical properties can meet the 
growing demand for economically and environmentally sustainable buildings. 

Key words: Arundo donax  L., agricultural buildings, design efficiency, eco-buildings, energy saving, lime mortar, natural materials, sustainability, 
   thermal performance, wall panels. 

Introduction 
Climate change is one of the major issues of this century. The 
worlds greenhouse gas emissions resulting from energy generation 
have doubled from 1970, reaching some 42 gigatons CO

2
 equivalent 

(Gt CO
2
 eq) already in 2005 1. Recent Organisation for Economic 

Co-operation and Development (OECD) and International Energy 
Agency (IEA) studies have shown that, if the trend, which has 
been recorded so far in CO

2 
emissions, is confirmed, by the end of 

the century, the world average temperatures will rise from 4°C to 
6°C in comparison with pre-industrial temperatures 2, 3. In Europe, 
and, with similar percentages, also in the USA, residential and 
commercial construction utilizes about 70% of electric power and 

40% of the whole energy generated, thus accounting for around 
40% of the total CO

2
 emissions 4. Therefore, over the last few 

years, the environmental and energy policies of the worlds most 
industrialized countries have been directed to promote the 
construction of sustainable buildings, i.e. of buildings which are 
environmentally friendly throughout their life cycle: from the choice 
of the construction site to their design 5, from their construction 
to their management and maintenance and, finally, to their 
deconstruction 6. The following are some of the most crucial 
aspects of the building life cycle that should be taken into account 
in order to achieve building sustainability (Fig. 1): 

Design efficiency: proper location and 
orientation allow to obtain considerable 
benefits, e.g. as to the building thermal 
performances, by reducing external energy 
input for heating or cooling, for the optimal 
comfort of occupants, or for the best use of 
natural lighting. 

Energy consumption: meant as a proper use 
of energy for the building construction, 
management and maintenance. 

Water consumption: through systems aimed 
at an effective use of the water resources 
deriving from wastewater treatment and re-use 
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Figure 1. Characteristic factors of sustainable buildings. 
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as well as of alternative sources, such as systems for collecting 
rainwater. 

Waste production: it is necessary to reduce the amount of 
material to dispose of throughout the building life cycle and, above 
all, during the construction and deconstruction phases. 

Material use: use of natural, recycled, re-usable and non-toxic 
material. Use of local materials (Fig. 1). 

In the construction sector, rural buildings play a crucial role for 
the protection of the environment and of its resources. As a matter 
of fact, rural and natural territories show high sensitivity and 
fragility towards the impacts resulting from agricultural and 
zootechnical buildings. As a result, it is particularly important to 
analyze and test systems and solutions aimed at curbing such 
impacts. To that purpose, the use of natural materials and local 
resources, the re-emergence of traditional construction methods 7, 
the creation of environmental conditions which suit productive 
needs (of man, agricultural products and animals), the reduction 
in construction and deconstruction waste are some of the goals 
that should be pursued. Actually, the construction modes of rural 
buildings have always followed this direction all over the world, 
especially through an appropriate utilization of local natural 
materials 8-10. 

A plant, which is widespread in large parts of the world and 
whose stem is often used to construct building and equipment for 
agriculture, is the Arundo donax L., commonly known as “giant 
reed”. The use of this material meets all sustainability requirements; 
in fact, owing to its diffusion, it is usually available where it should 
be used; its cultivation does not demand either particular care, or 
economic burden, or specific water resources, as it can be watered 
also with urban wastewater 11-13. Moreover, its disposal does not 
imply any environmental impact but the material itself can complete 
its life cycle as fuel for energy purposes. Over the last few years, 
the world of research has focussed its attention on this cultivation, 
above all for biomass energy production, yet it has disregarded 
the potential utilization of stems as biocompatible building material. 
The objective of this paper is to propose and evaluate the 
thermophysical performances of a Arundo donax L. panel utilized 
for the construction of vertical partition walls in rural buildings. 

Materials and Methods 
Arundo donax L. is a perennial grass species which is native to 
East Asia 14 and belongs to the Poaceae family. Thanks to its easy 
adaptation to a wide range of climatic habitats, it has been 
cultivated also in the south of Europe, Northern Africa and Saudi 
Arabia. In the XIXth century, it was introduced in the United States 
and in Australia and soon became widespread, to such an extent 
that it was considered an invasive species, which caused 
uncontrolled fires and obstruction of waterways, as well as an 
antagonist of the other vegetable species. This led the 
administrations of some states to promote specific programmes 
of control and eradication. Owing to their peculiar lightness and 
strength, its stems have been employed in agricultural buildings. 
Some peasant populations have based most of their productive 
activity on the cultivation and processing of this plant. An example 
is the Madān people, who descend from ancient Sumerians and 
are native to the marshlands between the rivers Tigris and 
Euphrates, in the south of Iraq. The symbol of their culture is the 
mudhif (Fig. 2a), an imposing building masterfully constructed 
with stems of Arundo donax L., which commonly grows in those 

areas. This particular construction is used as a meeting place for 
ceremonies and for the reception of foreign guests. Similarly, many 
western peasant civilizations have used Arundo donax L. stems 
to construct their houses and agricultural buildings. For example, 
in Calabria, Italy, following the 1908 earthquake, which razed to 
the ground the southern part of the region, many country houses 
were built with a wooden load-bearing structure and Arundo donax 
L. walls supporting a thick layer of clay and lime plaster (Fig. 2 b). 

The construction sector and, above all, agricultural buildings, 
demand the availability of technical solutions which can be easily 
implemented on site and at a low cost. That is the reason why this 
paper proposes a panel with an internal bearing structure made 
up of Arundo donax L. stems arranged in two orthogonal layers 15 
and with a 2 cm-thick finish in natural lime plaster on each side 
(Fig. 3a). 

Experimental setup: The specimen, which was produced to 
evaluate thermal conductance according to ISO 9869 16, was            67 
cm ×78 cm in size and 8 cm in thickness (Fig. 3b). The two crossed 
layers of Arundo donax L. stems, which had average thickness of 
2 cm and an average humidity value of 15%, were fixed in the 
centre of a wooden frame, which was the formwork for the plaster 
mortar. The plaster used in the test is marketed by the firm  ROFIX© 
with the name CalceClima Thermo. Using the thermophysical values 
of materials found in literature 17, a thermal analysis of the panel 
was first carried out through a specific finite element software 18, 
in order to simulate the behaviour of the panel in operation and to 
take the suitable steps to limit errors in the in-situ measurement of 
thermal resistance. In particular, the numerical analysis resulted in 
a specific thermal capacity, per unit of panel surface area, lower 

 

 

a) 
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Figure 2. Examples of use of Arundo donax L. in 
rural buildings: a) Mudhif, a typical building in the 
south of Iraq;  b) traditional rural building in the 
south of Italy. 
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than 20 kJ·m-2K-1. As a result, in compliance with point 7.1 of ISO 
9869 “For light elements, which have a specific heat capacity 
per unit area of less than 20 kJ·m-2·K-1, it is recommended that 
the analysis is carried out only on data acquired at night (from 
1 h after sunset until sunrise), to avoid the effects of solar 
radiation. The test may be stopped when the results after three 
subsequent nights do not differ by more than + 5%” in order to 
exclude the effects of solar irradiation, only the data related to 
night hours were acquired and, particularly, those which were 
observed in the interval between an hour after sunset (9:00 p.m.) 
until sunrise (6:00 a.m.) during the spring season in the south of 
Italy. 

The plaster dry mixture, which was made up of natural hydraulic 
lime (NHL type, according to EN 459-1) 19, sifted lime, calcareous 
sand and closed-cell silicate based inert material, was hydrated 
and laid by means of a fibreglass mesh, in order to improve 
adhesion and avoid crack. The panel thermal conductance 
evaluation was carried out in compliance with ISO standard 9869. 
In particular, it was measured in situ, on a buffering panel that 
finished the external wall of a room in a very thick and heat resistant 
masonry building  (R = 2.10 m2·K·W-2 ) (Fig. 4). The room, which 
was 2 m × 3 m in plan size and 3 m in height, was appropriately 
equipped with instruments for the continuous measurement of 
microclimate values and heated through a fan coil system, in order 
to achieving almost stable thermal conditions and to ensuring a 
proper thermal gradient between the internal and the external 
environment, above all during the night. Once fixed and sealed 
inside the special space of the wall, the panel was equipped with 
a specific heat flowmeter and three temperature sensors, one of 
which was applied on the internal side, while the other two were 

applied on the external side. 
The main metrological characteristics of the heat flowmeter are: 

range: -50÷50 W·m-2; sensivity: 64.0 µV/(W·m-2); uncertainty: 5% 
The main metrological characteristics of the data-logger are: 

range: -300÷1200 mV; resolution: 19 µV; accuracy: +0.2 µV/°C; sample 
period (rejection 50Hz): 80ms; max input frequency: 10 kHz. 

The data collected by sensors were acquired by a data logger at 
10-min intervals. Thanks to the use of a personal computer, this 
procedure allowed to verify, in real time, the fulfilment of the 
measurement conditions stated by ISO 9869. Particularly, the 
percentage of value variability was verified after the first three 
consecutive nights of measurements, which was a necessary 
condition to apply the average method in the in-situ measurement 
of the thermal conductance of elements with specific thermal 
capacity per unit of surface area lower than  20 kJ·m-2·K-1, as stated 
by the standard. The specimen used to calibrate the method was 
a 1.50 cm-thick mineral-fibre panel with a thermal conductivity of 
0.040 W·m-1·K-1. The value of the relative error, which was equal to 
9%, was calculated by comparing the values obtained in the 
laboratory by means of the calibrated and guarded hot box with 
those obtained through the proposed measuring system 
(C

m
= 0.043 W·m-1·K-1). 

Following this method, the equation 1 allows to calculate thermal 
conductance at time t using only the n temperature values 
measured, at n previous instants, on the internal and external 
surfaces of the panel, T

i
(t

j
) and T

0
(t

j
) respectively, as well as the 
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Figure 3. Designed Arundo donax L. panel and tested specimen. 
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Figure 4. Block scheme of the equipment to measure the 
thermophysical parameters of the Arundo donax L. panel 
for thermal conductance calculation. 
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values of the density of heat flow rate passing through it φ(t
j
). 

As described in ISO 9869 , the accuracy of the heat flow 
measurement depends on various parameters. The value of the 
accuracy is determined by considering the maximum error values, 
indicated by ISO 9869, for certain factors. In particular, a 5% error 
is considered in relation to the accuracy of the heat flowmeter and 
a 5% error to the accuracy of temperature sensors and data logging 
system calibration. The error generated by the non-perfect 
adhesion of sensors is considered of about 4%, even if, during 
the tests, an adequate contact between the surface of the sensors 
and the surface of the specimens was assured by interposing a 
layer of conductive paste. The value of the error resulting from 
the modifications of the isotherms, caused by the presence of the 
heat flowmeter, is considered equal to 2%. Though the measuring 
method allows to limit the variations of temperature as well as the 
influence of the radiant temperature, the error related to these 
factors is prudentially considered equal to 5%. Finally, in 
compliance with  ISO 9869, the value of the total standard 
uncertainty of the measurements carried out is calculated as 
quadratic sum: 

Moreover, the calculated value can be compared to the error 
obtained through the system calibration process, which started 
from a panel with known thermal conductance. 

Results 
Though the ISO standard 9869 states that the test can be 
considered completed when the result does not show a difference 
of ± 5% after three consecutive nights (Table 1), progressive 
averages were calculated considering the values acquired in five 
consecutive night intervals. 

Furthermore, thanks to the climate control of the measurement 
room, the internal microclimate values showed a limited variability 
during the period of measurement (though clear natural external 
climate changes had occurred during the testing period), thus 
allowing to achieve conditions of thermal stability in a shorter 
time (Fig. 5 a-b) and, as a consequence, to obtain more precise 
values. In fact, the average thermal conductance graph (Fig. 5c) 
shows that, already after the first nine hours of test, the average 
conductance value was almost constant and then presented only 
small variations around the central value of 1.30 W·m-2·K-1. Finally, 
after 45 hours of observation, the conductance value remained 
almost constant around the value of 1.31 W·m-2·K-1.  Nevertheless, 
it is worth highlighting that, as also stated in the ISO standard 

9869, the method of in-situ measurement of 
thermal resistance is not a high-precision 
method that can compare with laboratory 
instrumental methods based on the use of 
calorimeters or calibrated and guarded hot 
box20, 21, however, this uncertainty has a value 
that complies with the common requirements 
for measuring the insulation values of 
building elements. 
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W·m-2 °C °C W·m-2·K-1 

3 NIGHTS - 27h 13.53 24.14 13.92 1.32 

4 NIGHTS - 36h 13.58 24.67 14.36 1.32 

5 NIGHTS - 45h 13.60 25.18 14.77 1.31 

Table 1. Average thermophysical values measured. 
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Figure 5. Heat flow (a), temperature (b) and conductance (c) values measured during the test. 
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