Informes de la Construccién

Vol. 74, 568, e469
octubre-diciembre 2022

ISSN-L: 0020-0883
https://doi.org/10.3989/ic.89959

Analyzing user satisfaction regarding straw bales buildings: A survey
study

Analisis de la perspectiva del usuario con respecto a los edificios con fardos de
paja: Un estudio de encuesta

Bruno Barzellay Ferreira da Costa ®), Ana Luiza Diminic **), Samir Jorge Guedes Sias Thompson ***) Assed Naked Haddad ****

ABSTRACT

The present investigation aims to evaluate straw bales buildings users’ satisfaction in terms of product performance. The pro-
posed objective was achieved through a survey applied to a sample of 75 owners around the world. The results indicate that the
straw bale technique was chosen by most participants due to the sustainability provided by the system. More than half of re-
spondents said construction was more expensive than expected, but 84% of respondents consider maintenance costs low. External
plaster was the constructive element that needed more maintenance over the years. Plumbing was the most outsourced specialized
service during construction. All participants reported that they are satisfied with their buildings and 96% said they would use this
method again.
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RESUMEN

La presente investigacion tiene como objetivo evaluar la satisfaccidon de los usuarios de los edificios de fardos de paja en términos de
rendimiento del producto. El objetivo propuesto se logrd a través de una encuesta aplicada a una muestra de 75 propietarios en todo
el mundo. Los resultados indican que la mayoria de los participantes eligieron la técnica del fardo de paja debido a la sostenibilidad
que brinda el sistema. M4s de la mitad de los entrevistados dijeron que la construccion fue mas cara de lo esperado, pero 84% con-
sideran que los costes de mantenimiento son bajos. El yeso exterior fue el elemento constructivo que mas mantenimiento necesit6 a
lo largo de los afios. La fontaneria fue el servicio especializado mas subcontratado durante la construcciéon. Todos los participantes
informaron que estan satisfechos con sus edificios y el 96% dijo que volverian a utilizar este método.

Palabras clave: fardos de paja; satisfaccion del usuario; materiales sostenibles; encusta online; sistema constructivo; edificios
sostenibles.
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1. INTRODUCTION

The building materials and components industry traditional-
ly faces serious difficulties in the innovation process. Several
factors, such as, low investment capacity of small and me-
dium-sized companies linked to the sector, lack of motiva-
tion regarding the patent registration process, and even hu-
man behavior itself, which by its nature is averse to changes
(1), makes it difficult to implement any innovative process.
However, development does not wait for the sector to adapt.
Since ancient times, people have needed buildings to sustain
their lifestyle (2), and continuous and accelerated population
growth is constantly putting pressure on the construction
industry to produce more and more (3). Currently, 55.714%
of the world’s population already inhabits urbanized areas,
and countries like the United States, England, France, Japan,
Brazil, Canada, Chile, Australia, and Denmark already have
more than 80% of their population living in urban areas (4).

Therefore, given the rising demand for housing and the high
costs of building materials, there is a need to develop alterna-
tives, which have to consider not only technical and econom-
ic aspects but also those related to the environment, such as
savings of water, energy, and generation of waste in manufac-
turing and installation; recyclable materials use; durability;
use of raw materials reducing; product recyclability; among
others (5). In this sense, the possible use of agricultural waste
and other biological materials as construction materials has
gained attention from researchers, builders, and customers
(6). One material that meets with these requirements is straw
bale (3), whose application is cheap, readily available, en-
sure high thermal comfort, and gives flexibility in terms of
workability and strength, providing buildings with cleaner,
sustainable and responsible production (77-10). In this con-
text, this research seeks to demystify the idea that strawbale
buildings, which for decades inhabited the subconscious of
children around the world as a kind of fragile building due to
the story of the Three Little Pigs, is actually a solid and trust-
able construction technique, with a high degree of acceptance
from its users.

Considering that materials and construction systems are of-
ten developed and, for some reasons, are not embraced by
consumers in general, this paper’s objective is to evaluate
strawbale buildings users’ satisfaction in terms of product
performance. Considering the limited number of studies
available on the topic, it will be useful to highlight the ad-
vantages and disadvantages of the system, as well as identify-
ing what has hampered this massive application around the
world. The proposed objective was achieved through a survey
developed and applied in the form of an online questionnaire.
From a sample of 775 straw building users, their opinions were
analyzed to identify the system’s strengths and weaknesses.

Following this introduction, this paper is structured into four
additional sections. Section 2 presents the conceptual back-
ground of the research based on a review of the available lit-
erature, which culminates in research question development.
Section 3 describes details of the research methodology pro-

cedures, including sampling, data collection procedures, and
research tools. Section 4 presents research findings and dis-
cusses study implications. Finally, Section 5 summarizes the
study conclusions, as well as exposes work limitations and
directions for further research.

2. THEORETICAL BACKGROUND

Straw is the dry steam that supports cereal grains like wheat,
barley, oats, and rice, left after the seed heads have been re-
moved (3, 11). In other words, it is an abundant natural ag-
ricultural waste material that has become a big headache for
farmers, since it will not decay easily and, while the grains
themselves have a high monetary value, straw does not (3, 11,
12). China and India, for example, the world’s largest produc-
ers, have not yet figured out how to use this waste productive-
ly. As aresult, a large amount of residual straw is burned after
harvest (3, 10). Therefore, developing solutions for this prod-
uct use is essential, since burning is a dangerous practice due
to the high risk of fire and associated air pollution, which can
cause damage to the environment and respiratory diseases in
humans and animals exposed to the smoke (3, 11).

The use of straw as a building material began many years ago,
initially applied alone as a roofing component and insulation
material. Afterwards in the form of adobe, a piece formed by
dried mud together with straw. This material in particular
has gained prominence in different cultures, as it does not
require any special treatment to be manufactured, and is still
used today (13). It is estimated that around 30% of the world
population lives in this type of structure, mainly in Africa
(14). But it was in the late 19th century, with the invention
of the bailing machine, that straw began to be compressed in
dense packages to allow construction of support walls con-
sisting only of this material (11, 12, 15, 16). Therefore, straw
bale is a compressed bundle of straw and air assembled in a
square, rectangular, or round shape, and attached with wire
(11, 17).

There are two constructive systems concerning straw bale
buildings. In the case of the non-supporting wall system, the
bales have no structural responsibility. Thus, it is necessary
the presence of structural elements that support and transmit
the loads to the foundations. These elements can be made of
wood, concrete or even metallic. It is a simple system as the
bales only have a sealing function. After fixing the structure
to the slab, the bales are fitted to the desired height. Small-
er bales, with a final density between 80 and 120 kg/m3 are
common in this solution (18). In the load-bearing wall sys-
tem, the bales are responsible not only for sealing but also
for the stability of the building. In this case, wider bales are
more common, with a height-to-thickness ratio equal to or
less than 5:1, and final density between 180 and 200 kg/m3
(18). The construction process itself is very similar to that of
masonry, with the installation of alignment guides and al-
ternating positioning of the bales between one layer and the
layer above.

The earliest straw bale constructions were built in Nebras-
ka, USA, taking as an example the Burke home, in Alliance,
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built in 1903 (3, 17, 19-21), and according to Pritchard and
Pitts (12), “the development of strawbale building technology
resulted from the colonization of North America by Europe-
ans and the lack of availability of construction materials for
building”. However, the first European straw bales building
was built only in 1921, by Emile Feuillette, in Montargis,
France (17, 21), indicating that knowledge migrated from
America to Europe. These buildings, still in use, were erected
more than a century ago and demystify the image of fragility
and instability that the mention of straw as a building mate-
rial can evoke (19).

The construction sector has the potential to cause positive so-
cial and economic impacts, but it is also responsible for neg-
ative environmental impacts (15). Therefore, there is an in-
cessant search for natural materials that have less embodied
energy, such as straw and earth, thus contributing to urban
sustainability (17), and according to Adedeji and co-work-
ers (7) “one method of building energy-efficient structures is
through straw bale construction”. Since the material is ob-
tained from renewable sources, it has greenhouse gas emis-
sions close to zero, consumes little energy to maintain ther-
mal stability, is biodegradable and the environmental impact
during its use in construction can be considered low (15, 16,
19, 22). Below, some articles that obtained interesting results
on the topic are highlighted. In this study, was chosen to in-
clude data as a percentage in most citations, since that way
the reader can obtain a reasonable parameter regarding the
performance of the straw bale.

Gharaibeh and co-workers (23) concluded that straw bale
buildings have a potential to reduce energy consumption up
to 25% due to their thermo-energetic characteristics. In a
similar study, Wang and Zhang (24) stated that a brick-ma-
sonry building requires 60% more energy to be heated than a
straw bales building, due to the exceptional insulating prop-
erties of the bales (11). Wall and co-workers (25) performed
an acoustic test in a prototype house of straw bales, according
to the ISO 140-3: 1995 standard. A noise of 100 dB was emit-
ted from the outside and a noise drop of 44% was recorded,
an excellent result compared to a 30% reduction estimated
in a brick-masonry building. Gupta (11), stated that straw
bales walls are lightweight, weighing only 35% that equiva-
lent brick walls, and 38% that concrete block walls, allowing
a considerable cost reduction in foundation elements. Yin
and co-workers (26) concluded that prefabricated straw bale
construction (PSBC) have a high degree of insulation and can
reduce thermal loads on the building.

D’Alessandro and colleagues (27) performed a Life Cycle As-
sessment (LCA) analysis of a 1 m2 straw bale wall and, among
other results, concluded that straw behavior as an insulator
reached satisfactory levels. Sabapathy and Gedupudi (28)
measured the thermal transport properties of a straw bale
sample for three different orientations in relation to the heat
flow, and concluded that the thermal conductivity values ob-
tained for “perpendicular and random orientation were ap-
proximately 1.7 times lower compared to the parallel case”. In
similar research, Platt (29) used computer tomography scan-

ning to investigate the internal structure of straw bales, and
found that the production of fiber-oriented bales can improve
thermal resistance by 28%. This result is in agreement with
the research by Costes and co-workers (30), which concludes
that the bale density can modify the thermal transmission co-
efficient by up to 25%. Yin (31) monitored an experimental
straw bale building for 12 months to demonstrate the poten-
tial degradation of this material in China’s climate. Results
demonstrated that straw bale walls are resistant to agents
of decay and that existing evaluation methods may overesti-
mate the potential for straw degradation. These are relevant
data since straw durability has been a major concern in straw
bale buildings (32). Gallegos-Ortega (33) developed a simi-
lar study, where the temperature of a straw bale building was
monitored for sixty-six days in Mexico. The results showed
that the indoor temperature was maintained practically con-
stant, between 25°C and 26°C, while the external tempera-
tures varied from 14°C to 28°C. Finally, Garas and colleagues
(34) concluded that building a straw bale house can be up to
40% cheaper than using cement blocks.

Although the topic has aroused the interest of researchers and
gained attention in the last decades after a period of aban-
donment (27), there is still scarce consistent data about straw
bales properties (17), especially in the characterization of these
constructions envelope, which includes the analysis of their
thermal and acoustic performance, that is hindered “due to the
wide variety of characteristics that this material itself presents”
(35). According to Koh and Kraniotis (36), “an adequate tech-
nical dataset of straw bale and standardized procedures of con-
struction are essential for further spread to wider audiences”.

However, a theme to which researchers have devoted even
less attention is the perception of end-users towards this con-
structive system. To the authors’ knowledge, over the past
20 years, there is only one study that addresses the topic
from this perspective. Ehrenzweig (37) analyzed which fac-
tors affected users’ level of acceptance regarding straw bale
buildings, and concluded that innovativeness and household
income were the most significant elements. This shortage
of studies indicates a large gap in this knowledge area and
makes it difficult to map and assess the real diffusion of straw
bales buildings around the world.

To overcome this problem, several associations have emerged
over the past three decades intending to spread construc-
tion with straw. Among them, the National Straw Bale Re-
search Advisory Network, the Fachverband Strohballenbau
Deutschland (Germany Straw Bales Association), and the
European Straw Building Association. These associations,
however, aimed to analyze the topic only from a local or re-
gional perspective, and this contributed to the creation of
voluntary organizations, such as Sustainable Sources, which
started to develop mechanisms for registration about straw
bale buildings globally, and whose data will be used to carry
out this work.

Thus, the research aims to analyze the perception of straw
bales buildings users about the product and the experience
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they had during its construction and operation. To achieve
this objective, it was necessary to answer the following re-
search questions (RQ) using a survey study, as outlined in
the next section.

RQ 1: What is the motivating factor for choosing to build
with straw bales at the expense of the several existing build-
ing systems that are already technically and culturally con-
solidated?

RQ 2: Owners who choose to build with straw bales had spe-
cialized technical assistance?

RQ 3: Do straw bales have special maintenance needs
throughout their life cycle?

RQ 4: Do the advantages of using straw bales as a construc-
tive method outweigh the disadvantages, from the end user’s
point of view?

3. RESEARCH METHOD

This section presents the research methodology employed
in this article and meticulously explains the procedures per-
formed after a brief description of the approach used to an-
swer the research questions. An overview of the steps taken in
the study can be seen in Figure 1.

Object to be valued —

e -
ﬂ I RQI: What is the motivating factor for choosing to !
| build with straw bales?

¢ | RQ2: Owners had specialized technical assistance? !
I RQ3: Straw bales buildings have different maintenance !

| needs? !

I RQ4: Advantages of straw bales as a constructive !

ﬂ ! method outweigh the disadvantages? :

-
— :_Strawbale Building Registry, by Sustainable Sources J|
PR PR 1

Figure 1. Research framework.

A qualitative-quantitative method was employed in the
form of a self-administered online survey for a sample of
straw bales building owners (Table 1). This data collection
tool is frequently used in this area of knowledge (38) to
request the opinion of a group of people on a specific sub-
ject and to report physical and social-psychological factors
that may impact decision-makers. Since this study aims to
collect information from users spread around the world,
the application of an online questionnaire was considered
suitable since it reduces costs (39, 40), and allows its dis-
tribution to a large number of participants across a wide
geographical area (41).

Table 1. Survey datasheet.

Universe Strawbale building owners
Buildings registered in the Strawbale
Scope Building Registry, managed by the voluntary
organization called Sustainable Sources
Sampling . . .
strategy Simple random sampling without replacement
Type of survey Structured questionnaire conducted by email
Questionnaire English
language

Sample size 75 valid questionnaires
Fieldwork

period March and April 2019

A survey instrument was developed and applied to a sample
of 75 straw bales building owners from March 13 to April
18, 2019. The 20-question questionnaire included both
close-end classifying questions (yes/no) and others with
open response fields and comprised three sections. Section
1 was developed to collect demographic information from
respondents, such as age, building age and how did they be-
come aware of straw buildings. Section 2 sought to identi-
fy the builders’ experience with straw construction and its
perceived advantages and disadvantages, as well as the dif-
ficulties found during the construction process. Finally, in
Section 3, respondents were asked to assess the building’s
performance over the years, indicating their perception
about maintenance, construction and operating cost, ther-
mal and acoustic insulation, and their level of satisfaction
with the building.

The sampling strategy employed was simple random sam-
pling without replacement, where potential participants
were contacted by e-mail and invited to participate in the
survey. When conducting a survey, the chance of an indi-
vidual from the population of interest accepting to answer
the questionnaire follows a Bernoulli Distribution, where
he can (success) or not (failure) participate in the study.
The analysis of this sample leads to a sum of probabilities
that result in a Binomial Distribution, Equation [1] and
Equation [2]:

[1] PX=x)=p(1-p)""
[2] L p(1—p)"t = (2) p*(1 —p)"™*

Through the Central Limit Theorem technique, this Binomial
Distribution can converge to a Standard Normal Distribution,
helping to calculate the error and sample size that will pro-
vide the best representativeness of the population, Equation
[3]. The objective is to obtain an approximation of the sample
distribution concerning the Standard Normal Distribution,
as this is the best way to represent the population. For this
to occur consistently and efficiently, a sample greater than 30
is required (42). As the sample size increases, the variability
decreases, reducing the sampling error and representing the
population reality even better.
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The database used to identify these possible respondents
was that of a voluntary organization, called Sustainable
Sources, which developed a website for registration and
consultation of existing straw buildings in the world, the
Strawbale Building Registry. According to the latest update,
on July 15, 2019, there are 1676 buildings around the world,
spread across 51 countries (Figure 2). The United States
leads the list with 786 registrations, followed by China,
with 587. Unfortunately, as the record is entirely voluntary,
it is believed that the numbers do not fully reflect reality
and that they are underestimated (43). For this reason, it
is estimated that there are at least ten times more existing
structures than those registered.

In addition, despite the over a thousand registrations,
they do not necessarily need to be available for consulta-
tion due to privacy concerns of the owners. When regis-
tering, it is necessary to determine which information will
be accessible to the public and which will not, thus reduce
the number of possible participants. Then, on March 13,
2019, as a result of the sampling strategies adopted, the
survey instrument was directly emailed to 316 straw bales
building owners. To improve the response rate, a remind-
er e-mail was sent two weeks later. The survey was closed
on April 18, 2019. Respondents were also informed about
the expected average time to complete the questionnaire,
around 10—15 minutes. At the end of the collection period,
75 responses were obtained. The confidence interval used
was 95%, allowing the calculation of the sampling error ac-
cording to Equation [4]. In other words, as the sampling
error is less than 10 percentage points in a 95% confidence
interval, it can be guaranteed that the sampling results
represent the population reality.

N of Registrations
[ Jo
[ -0
B 0-29
W 30-9
" N - 500

[4] e=1za) - [ /p“T‘p)=9.9

e = margin of error;

N = 316 (universe) ;

n = 75 (sample);

za/2 = 1,96 (value obtained from the Standard Normal Dis-
tribution table);

p = 0,5 (probability of answering the questionnaire);

At this moment, it is important to highlight some relevant as-
pects of the survey design. First of all, according to Brammer
and Walker (41), considering that all participants are volun-
teers, they are probably more interested in the subject, which
may not accurately reflect the opinion of all straw bales build-
ing owners. Lastly, only fully completed questionnaires were
considered. Two incomplete questionnaires were excluded
from the study due to a lack of data. With these exclusions,
from the sample data set of 316, 75 were considered valid and
usable, resulting in a final response rate of 23,7%. The coun-
tries’ response rates varied widely and, although the United
States’ response was relatively low, corresponding to 22.7%,
it represents 73.3 % of all responses obtained. The rest varied
between countries in Europe, Australia, Japan, Israel, and
Canada, according to Table 2. Although Meehan and Bryde
(39) claim that response rates are often relatively low for
online surveys, the effective rate obtained in this research is
considered acceptable since it sought to qualitatively identify
the perception of straw bale buildings users regarding their
performance. However, according to the table below, the im-
possibility of individualized analyzes by country was verified,
since the margin of error by stratum (country) does not reach
a value below 10 percentage points in a 95% confidence in-
terval or the universe do not have statistical relevance for the
sample calculation.

The chosen language for the questionnaire elaboration was
English, considered a universal language. In addition, the

0 1.500 3.000 6.000 9.000 12.000
[ - Kilometers

Figure 2. Registrations distribution worldwide.
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Table 2. Geographic distribution of study participants.

Table 3. Respondents demographic information.

Country N n e Country N n e
Australia 8 6 21.4% Japan 1 1 0.0%
Austria 1 1 0.0% Mexico 3 o -
Belgium 2 o - Nepal 1 o -
Canada 32 6 36.6% Netherlands 3 o -
Chile 1 0 - New Zealand 2 o -
Denmark 4 1 98.8% Norway 1 o -
England 1 o - Portugal 1 1 0.0%
France 2 0 - South Africa 1 o -
Indonesia 1 o - Spain 1 o -
Israel 2 1 98.0% UK 3 3 0.0%
Ireland 2 o0 - USA 242 55 11.6%
Ttaly 1 0 0.0% - - - -
Total 316 75 9.9%

website itself from which the information was extracted is
originally in English. All contact between the researchers and
the respondents was carried out by e-mail, and two survey
response methods were offered to each participant. The first
option was through an editable PDF attached to the email,
in which it was possible to fill in the responses and resend
them as an attachment. The second option was through a link
that redirected the addressees to a Google Form, from which
answers were automatically saved for later consultation. The
latter was the option chosen by 77,9% of the participants. The
results obtained in the survey stage are presented in Section
4 of this paper.

4. RESULTS AND DISCUSSIONS

After receiving the completed questionnaires, data were treat-
ed in the software Microsoft Excel and R and analyzed as fol-
lows. The analysis of respondents’ demographic information
is relevant because it allows the identification of the temporal
context in which the building was designed and built, where-
as architecture and construction techniques tend to follow
trends that constantly evolve. Age was measured by asking
participants to choose their age group on a four options scale:
18—29 years old; 30-39 years old; 40-49 years old; and over 50
years old. The same strategy was used to identify the building
ages, however, in this case, the options provided were: Up to
5 years; 5-10 years; 10-20 years; and over 20 years. According
to Table 3, the majority of participants, 78.3% of the total, are
50 years old or more, and 61.3% of the buildings are between
10 and 20 years old. It can be concluded then that 80% of the
buildings surveyed are relatively new since they were built in
this century, while the owners were in the age group of 30 to
49 years old. This is valuable information, as it allows iden-
tifying the generation of individuals most interested in alter-
native construction methods, such as construction with straw
bales. Furthermore, it illustrates a sharp downward trend in
the dissemination of this knowledge.

Another question addressed by the questionnaire was how
participants learned about straw bales construction. An open
response field was made available, where the respondent was

Age Group Frequency Response Rate
18-29 years 0 0%

30-39 years 1 1.7%

40-49 years 13 20.0%

Over 50 years 61 78.3%

Building Age Frequency Response Rate
Up to 5 years 2 2.7%

5-10 years 13 17.3%

10-20 years 46 61.3%

Over 20 years 14 18.7%

free to describe his first contact with this technique. All 75
responses were then classified and grouped by similarity into
categories, whose main ones are shown in Figure 3. Internet
and TV were the most effective means of communication, ac-
counting for 38.7% of the total, closely followed by articles
from books and magazines (32,0%). Word of mouth commu-
nication and workshops held 6 votes each (8,0%). Some par-
ticipants also reported not remembering how they learned
about the technique, others claimed to be builders, but three
responses drew attention. A Washington/EUA respondent
reported that he received a referral from a local architect who
was specializing in straw buildings, which may indicate a lo-
cal trend towards professionalization of the technique. Two
other participants indicated that they had known the tech-
nique for years, as they grew up in Nebraska, demonstrating
that it is strongly rooted in the region’s culture, which is con-
sidered the cradle of this methodology.

INTERNET/TV 38,70 |
BOOKS / MAGAZINES 32,00 |
woRD oF MouTH | 800 |
worksHor | 800 |
0,00 1000 2000 200 4000 5000

%

Figure 3. Respondents first contact with straw buildings.

The questionnaire also sought to identify the reason why
participants chose to build with straw at the expense of other
sustainable construction techniques, thus responding to RQ
1. Just like the question above, all responses were classified
and grouped by similarity. Most participants (35%) indicated
that the choice for this methodology was due to the sustain-
ability provided by the system. This was followed by a techni-
cal feature already mentioned in this work, which is the high
thermal and acoustic insulation capacity (26%). Third (15%)
is the system’s good energy efficiency, which is intrinsically
related to its excellent insulating capacity. This gives an inter-
esting and useful perspective to the work because it indicates
an alignment of the end-user with the concepts of sustainable
buildings. Lastly, participants indicated a desire to build with
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their own hands (7%), without the need for a formal qualifi-
cation.

The next stage was the application of closed-end questions.
The main purpose of this step was to collect, practically and
objectively, more information on the builders’ experience
with straw construction, allowing responses to RQ 2. Five
questions were formulated. The first addressed the type of la-
bor used to carry out the work. Three alternatives were made
available: through a builder; by the owners with volunteers’
help; or by the owners without help. Results show that 45.3%
of the constructions were carried out by the owners with vol-
unteers’ help, 36% were carried out by the owners themselves
and only 18.7% hired a professional builder.

The other four questions were addressed to the sixty-one own-
ers who directly evolved in the construction, that is, works
that were carried out by the owner himself, with or without
the help of volunteers. These were formulated with only two
alternatives of response each (yes/no), and with that, it was
possible to assess how much these owners were committed to
learning and specializing in the subject before putting it into
practice. The compilation of the answers to these questions is
illustrated in Figure 4. Participants were invited to respond to
the following questioning;:

Question 1 - Did you have any previous construction experi-
ence?

Question 2 - Did you participate in any straw bales construc-
tion workshop?

Question 3 - Did you use any educational material for support
during construction?

Question 4 - Has any activity or service been outsourced?

QUESTION 1
50

40
30 .08
20
10

QUESTION 4 © QUESTION 2

45
QUESTION 3

O Number of participants who answered YES

Figure 4. Assessing builder’s experience with straw construction.

The responses analysis leads to some important conclusions.
First of all, in Question 1, twenty-eight participants (45.9%
of the sample) stated that they had some construction previ-
ous experience. That is, more than half of the surveyed pop-
ulation had never performed any service related to construc-
tion. The answers to Question 2 indicate that only thirty-one
participants (50.8% of the sample) received formal training
to build straw bale buildings through workshops. This re-

sult contrasts with the answers given to Question 3, which
indicates that forty-five participants (73.8% of the sample)
used technical bibliography to base themselves before start-
ing construction, that is, they understand the importance of
technical knowledge. This phenomenon may present two ex-
planations. There is a shortage of courses on the topic or even
a perception on the part of the end-user that it is a system
that does not require formal qualification to be applied. How-
ever, despite having embraced the challenge of building with
your own hands, forty seven respondents (77% of the sam-
ple) stated that have outsourced specialized labor for at least
one specific service, such as electrical installation, plumbing,
foundations, among others, according to the results of Ques-
tion 4. Plumbing was the most sought service, followed by
roofing and foundations.

Despite being straw a material generally found in abundance,
in some places it may not be so easily available for purchase,
directly impacting the viability of this construction method.
In this study, among the seventy-five participants, only ten
(13.5%) said they had difficulty accessing suppliers of this
kind of material in their region, and sixty-five (86.5%) were
satisfied with this raw material logistics of purchasing.

This work also sought to assess difficulties encountered by
owners during the construction process, to identify which
stages of the procedure should be improved. Among all sev-
enty-five respondents, only twenty-six (34.7%) claimed to
have encountered some adversity throughout the construc-
tion works. Of these, nine (34.6%) reported problems relat-
ed to the climate, such as rain, humidity, and strong winds.
Indeed, these are relevant issues, since straw bale can suffer
severe deterioration and even rot if they are wet. Therefore,
it must be continuously protected from rain and never left in
direct contact with soil moisture until its effective installa-
tion. Another four (15.4%) participants mentioned problems
related to finishing the walls, more specifically the difficulty
in executing or finding a professional with the necessary skill
to apply the mortar on the straw bale correctly. This is also a
relevant problem since the uniform application of the mortar
guarantees the desired thermal and acoustic insulation prop-
erties, which can be damaged if cracks appear on the surfaces.

Other mentioned difficulties are not specifically related to
straw bale use, but complications that can occur in any con-
struction work, such as inexperienced labor, poorly managed
costs, design problems, and the interface to connect straw
bales with other materials. Although issues related to inef-
ficient cost management were one of the difficulties experi-
enced by some of the study participants, only three declared
that investing in this construction method was not advanta-
geous. In other words, the financial satisfaction degree with
the investment was 96%. This is a surprising result, as part of
the owners stated that they could have spent less if they had
chosen another construction system. In fact, more than half
of the respondents (54.7%) stated that the use of straw bales
resulted in a more expensive project. That is, despite being
more expensive, almost all participants said they were satis-
fied with the method.
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Figure 5. Pathologies identified during the operation period.

Considering the building life cycle concept, it is especially
important to evaluate pathologies that arose during its oper-
ation period. Cracks in concrete and plaster, infiltrations in
walls and roofs, were some of the problems mentioned by the
fifteen owners (20% of the sample) who reported the appear-
ance of pathologies in their buildings. Among them, 86.7%
reported knowing the causal factors, such as rains, failures
in the waterproofing service, poorly executed applications,
and even earthquakes. Thus, based on the previous answers,
six alternatives were provided for participants to point out
in which region of the structure it was necessary to carry out
some kind of maintenance, whether preventive or corrective,
throughout the existence of the building: Internal plastering;
External plastering; Roof; Wall structure; Floor structure;
and Others. Each participant was free to select as many re-
sponses as he deemed necessary. Considering that buildings
of different ages have different maintenance needs, Figure 5
relates the above constructive elements with the life span of
the building.

Based on the graph above, it can be concluded that external
plaster is the constructive element that needed more mainte-
nance among the results of the studied sample, followed by
roofing. It is noticeable that the end-user, in general, under-
stands maintenance of the building systems as essential for
their longevity, regardless of the construction method used,
thus the relevant factor is the conservation cost impact for
these owners. In this context, the survey reveals that 84% of
participants consider maintenance costs to be low, which is
an expressive positive result, allowing us to answer RQ 3.

Finally, participants were asked to indicate the greatest ad-
vantage of this construction method, as well as its greatest
disadvantage. Figures 6 and 7 illustrate these consultation
results, where it can be seen that the most cited advantage
was the system’s high insulating capacity. 98.7% of respon-
dents stated that are satisfied with the thermal confort. In
addition, 92% of the participants consider themselves satis-
fied with acoustic insulation. Among responses classified as

23.0%

43.2%

6.8%

10.8%

14.9%

Figure 6. Straw bales construction method advantages.

“Others”, are questions such as high durability and natural
aesthetics.

Regarding the disadvantages observed, it is clear that there
was no consensus compared to the mentioned advantages.
Responses varied widely, from the lack of skilled labor to the
vulnerability of the straw bales during the construction peri-
od, that is, before they were properly installed. The highest
percentage of responses was concentrated in the “Others” op-
tion, where difficulties were reported in complying with local
building codes, the considerable width of the walls, and the
complexity in changing the layout after construction.

However, despite the mentioned disadvantages, 100% of the
owners said they were satisfied with their buildings, and 96%
said they would use this method again and/or recommend
it to others. This has made it possible to answer RQ 4. So, it
can be concluded, through the sample population degree of
unanimous satisfaction, that straw bales use is a great option,
at least according to this group of real users.
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Figure 7. Straw bales construction method disadvantages.

5. CONCLUSIONS

Currently, there are several construction systems available in
the construction market. However, there is a worldwide trend
to search for increasingly sustainable construction methodol-
ogies, and a large number of scholars have dedicated them-
selves to the study of these systems. On the other hand, scien-
tific production on the subject is still scarce.

The main results obtained indicate that 61.3% of the build-
ings are between 10 and 20 years old. That is, they are rela-
tively new buildings. Internet and TV were the most effective
means from which respondents learned about straw bales
(38.7%). Closely followed by Books and Magazines (32.0%).
Emphasizing the relevance of digital media in knowledge dis-
semination. A total of 35.0% of participants indicated that
straw bale technique was chosen due to the sustainability
provided by the system. Followed by its high thermal and
acoustic insulation capacity (26.0%) and good energy effi-
ciency (15.0%), which could demonstrate a paradigm shift for
the construction sector, historically concerned only with the
financial cost.

A portion of 45.3% of the constructions were carried out by
the owners with volunteers’ help; 36% were carried out by
the owners themselves; and only 18.7% hired a professional
builder. Among them, 45.9% of respondents stated that they
had some construction previous experience; 50.8% received
formal training through workshops; and 73.8% used tech-
nical bibliography to base themselves before starting con-
struction. At least one specialized service was hired by 77%
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