idealkent @
ISSN: 1307-9905 E-ISSN: 2602-2133
DOI: 10.31198/idealkent.1417330 Derleme Makalesi / Review Article

Sayi Issue 43, Cilt Volume 16, Yil Year 2024-1, 303-325

Straw Bale Usage as Building Material

Nazl Nisa Giiney?!
ORCID: 0000-0001-5567-5783

Abstract

This study thoroughly investigates the use of straw bales as an alternative building material, cap-
italizing on their natural, eco-friendly, practical, and economical properties. Straw, utilized in
construction for centuries, offers environmental and structural benefits, adjusting with sustaina-
bility practices. The global adoption of straw bale building emphasizes its advantages in thermal
insulation, durability, fire resistance, low embodied energy, and sound insulation. While recog-
nizing these benefits, the study addresses difficulties in moisture management and mold growth,
stressing the need for careful consideration during implementation. Thus, this paper aims to con-
tribute to the ongoing discourse on straw bale building, offering valuable insights and recommen-
dations for architects seeking sustainable alternatives in the construction industry. Furthermore,
the study underscores the importance of continuous research and innovation to overcome limita-
tions and enhance the efficiency of straw bale architecture. By fostering a deeper understanding of
the problems and opportunities associated with this eco-friendly building method, this paper tries
to encourage the building industry to embrace sustainable practices and contribute to a greener
future.
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Oz

Bu calisma, saman balyalarimin dogal, cevre dostu, pratik ve ekonomik ozellikleri yoniinden alternatif
bir yapr malzemesi olarak kullanimini kapsamli bir sekilde anlatmay: amaglamaktadir. Yiizyillardr
insaatlarda kullanilan saman, stirdiiriilebilirlik uygqulamalartyla uyumlu cevresel ve yapisal faydalar
sunmaktadir. Diinya genelinde saman balyast insaatinin giderek daha yaygin bir sekilde tercih edil-
mesi, bu yapt yonteminin 1s1 yaltim, dayamklihik, diisiik enerji tiiketimi, yangma dayaniklilik ve ses
yalitim gibi cesitli avantajlarindan kaynaklanmaktadir. Bu avantajlar, yalnizca cevresel etkilerle si-
mirlt kalmayip ayni zamanda enerji verimliligi ve yapisal saglamlik gibi kritik faktorlere de odaklana-
rak, saman balyast insaatinin kiiresel ¢apta bircok avantaj sundugunu gostermektedir. Calisma, bu
faydalar: dile getirirken, nem yonetimi ve kiif olusumundaki zorluklar1 ele almakta ve uygulamada
dikkatli olunmas: gerektigini vurgulamaktadir. Dolayistyla bu metin, ingaat sektoriinde siirdiiriile-
bilir alternatifler arayan mimarlar icin degerli bilgiler ve dneriler sunarak saman balyas: yapumi ko-
nusunda siiregelen tartigmalara katkida bulunmay: amaglamaktadir. Ayrica stirlamalarin distesin-
den gelmek ve saman balyasi insaatinin verimliligini artirmak icin siivekli aragtirma yapilmasinin
ve inovasyonun dneminin alti ¢izilmektedir. Sonucta, bu derleme, cevre dostu bina yontemiyle ilgili
sorunlarin ve firsatlarm daha iyi anlagiimasim saglayarak, insaat sektoriinii siirdiiriilebilir uygula-
malari benimsemeye ve daha yesil bir gelecege katkida bulunmaya tesvik etmeyi calismaktadir.
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Straw Bale Usage as Building Material

Introduction

The aim of this paper is to offer a comprehensive analysis of the present
state of straw bale construction, highlighting its sustainability as an alter-
native architectural model. Straw bale buildings have garnered consider-
able attention, particularly for their potential to offer superior thermal in-
sulation and contribute to environmental sustainability. The roots of in-
corporating straw bales into modern construction projects trace back to
the 1990s, marked by one of the earliest residential straw bale buildings
by Bob Matthews (Guo et al., 2020). While the application has been pre-
dominantly concentrated in low-rise and single-story structures, their us-
age in urban environments and high-rise constructions remains limited
(Thomson and Walker, 2014; Lawrence et al., 2009; Njike et al., 2021; Guo
et al., 2020; Njike et al., 2020). Thus, despite their promising attributes, the
integration of straw bales into mainstream architecture practices has been
primarily confined to the self-build fringe sector, reflecting a notable ab-
sence of widespread adoption in urban settings (Lawrence et al., 2009).
This limitation suggests potential barriers or hesitations within the indus-
try or regulatory frameworks that impede the broader implementation of
straw bale construction in urban landscapes. As the discourse on sustain-
able building practices continues to evolve, comprehensive exploration
and dissemination of knowledge regarding the application of straw bales
in diverse architectural settings may become actual. Research and educa-
tional initiatives should actively address potential issues and misconcep-
tions, offering the way for a more informed and inclusive approach to the
incorporation of straw bale architecture in contemporary urban land-
scapes.

Sustainability in building design, as outlined by Cornaro et al. (2020),
provides integrating economic, environmental, and social aspects to de-
velop structures that minimize environmental influence and meet future
needs. This approach includes addressing factors like resource consump-
tion limits and environmental effects within the building industry. The
design procedure, rooted in sustainability, involves making economic
choices regarding life-cycle and matrix costing, taking into account energy
and efficiency, and planning architectural schedules. The aim is to pro-
mote a holistic approach to building design, encouraging architects to con-
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sider the broader implications of their decisions. This comprehensive per-
spective advocates for integrated building design and emphasizes the in-
fluential role of key actors, such as architects, in shaping construction
strategies with a sustainability focus (Vanova et al., 2021). Indeed, sustain-
ability has become a critical concern amid rapid urbanization and indus-
trialization, with the construction field emerging as a significant user of
renewable assets. Globally, a substantial 30-40% of natural resources are
allocated to the construction industry, particularly in industrialized na-
tions (Pulselli et al., 2007, p. 620). This significant designation has become
a primary driver of the rapid depletion of these resources, prompting ur-
gent global considerations about the environmental issues of architectural
practices.

Obviously, the depletion of natural resources has intensified energy
crises, emphasizing the urgency for sustainable alternatives within the
building sector. Therefore, the 20th century marked an important shift in
the global narrative as sustainability gained prominence (Kidd, 1992, p. 2).
At its essence, sustainability® requires the capacity of a system to meet the
needs of future generations to ensure a balanced and responsible ap-
proach to resource application (Kuhlman and Farrington, 2010, p. 3437).
In response, numerous developed and developing countries actively ad-
vocate for the use of local materials, aligning with efforts to fortify sus-
tainable building practices. This signifies a transition towards conscious
building, with the integration of local resources demonstrating a commit-
ment to curbing the environmental influence of architectural projects (Yin
et al., 2020). Notable instances of this global trend encompass the usage of
straw bales in building practices in the USA and China, the favouring of
bamboo as a sustainable building material in Ecuador, and the wide-
spread embrace of earth roofs in diverse regions across Africa. These ex-
amples highlight successful initiatives in sustainable building construc-
tion, showcasing the potential positive influence of prioritizing local re-
sources.

Besides, the meticulous selection of ecological materials has become a
crucial aspect applicable across various architectural practices, providing
a building technique that acts as a viable alternative to the environmental
issues associated with carbon footprints and the carcinogenic nature of

3Kidd (1992, p. 2) notes that the term “sustainability” was initially introduced in 1972 and gained
academic recognition from 1978 onward.
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chemicals commonly used in building processes (Tambouratzis et al.,
2014, p. 508). On the other hand, bio-based materials like silk and wood
from living creatures and plant-based materials like cellulose, hemp, bam-
boo from plants often encompass agricultural wastes as a primary compo-
nent (Ashori and Nourbakhsh, 2010). These materials apply organic mat-
ter derived from agricultural sources, such as crop residues, straw, husks,
and other by-products of farming activities. Repurposing this agricultural
waste offers sustainable alternatives for various applications in construc-
tion, packaging, textiles, and other industries. Moreover, the usage of ag-
ricultural waste in bio-based and plant-based materials contributes to
waste reduction, resource efficiency, and the promotion of circular econ-
omy principles (Shogren et al., 2019). In this context, agricultural by-prod-
ucts, notably straw, stand out as a noteworthy economical solution with
versatile applications. Straw, often perceived as an agricultural waste
product, has gained recognition as a sustainable building material. Its use
in architecture matches with sustainability principles, presenting an eco-
friendly substitute for traditional materials. The adaptability of straw as a
building material is evident in its capacity for decomposition, integration
into the soil for recycling purposes, or as a source of energy through con-
trolled burning. Nevertheless, the practice of burning straw poses signifi-
cant environmental problems, notably contributing to the emission of a
substantial volume of CO2 into the atmosphere. This environmental con-
cern has prompted regulatory bodies, such as the European Committee,
to actively discourage farmers from participating in straw burning in
fields, implementing measures like reducing financial support (NIDUS
Team, 2021).

Anthropologically, the use of straw as a building material dates back
approximately 40,000 years, with evidence from the Palaeolithic Age in
Africa (Marks, 2005, p. 11). Furthermore, Magwood et al. (2005, p. 5) state
that they are as old as humanity. In these early instances, Africans ingen-
iously employed straw by skilfully knitting and interlocking the material,
establishing a pioneering practice in architectural history. Following the
ground-breaking use of straw in African structures, its prevalence ex-
panded across various cultures and regions. Thus, the adaptability of
straw as a building material allowed for its incorporation into diverse ar-
chitectural traditions, displaying its enduring significance throughout hu-
man history as an eco-friendly and versatile resource. However, the first
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modern documented straw bale buildings emerged in the mid-19th cen-
tury in American western Nebraska (Li, 2012, p. 3815), marking the incep-
tion of a global trend. Subsequently, this innovative method spread
worldwide. According to Mutani et al. (2020), the timeline of straw bale
houses continued to evolve, with France witnessing its first in the 1920s,
England in the 1970s, and Italy in the 2000s. Actually, straw bale construc-
tion gained popularity in the 1980s, and since then, it has spread to over
50 countries worldwide (CASBA*4, 2019, p. 1). In Northern Europe, thatch
and straw are commonly found to be used in roofing and wall building,
often combined with soil, clay, and sand to enhance structural integrity
(Shaffer, 1993). Eastern Europe, particularly in Poland, embraces straw in
the roofs of traditional houses. Advancing eastward to China, historical
building techniques demonstrate the enduring application of straw in
roofing and wall components. According to Dudzinska and Staszowska
(2021, p. 818), the modern adoption of straw bale technology in northern
China dates back to 1998, illustrating the adaptation of ancient practices
to contemporary architecture. This presents the enduring relevance of
straw as a versatile and sustainable building material across various
global contexts. Today, its popularity continues to grow worldwide, espe-
cially in Europe, driven by its eco-friendly and economically viable attrib-
utes, positioning it as a compelling alternative in the architectural sector.

Method

The methodology adopted for this study employs desk research, specifi-
cally through an extensive literature review, which falls under secondary
research that relies on previously published materials (Woolley, 1992, p.
227). Therefore, the study will primarily concentrate on gathering infor-
mation about straw bale, an ecological material commonly used in archi-
tecture, from published sources, rather than acquiring first-hand data.
This approach focuses on the systematic collection and analysis of existing
data and information from diverse sources, including books, journals,
online databases, and reports related to the use of straw bales as an eco-
logical building material. By exploring the existing body of knowledge on
the subject, the research tries to provide a detailed and insightful analysis
of the sustainability aspects associated with the usage of straw bales in

4 An acronym for California Straw Building Association

308 idealkent



Straw Bale Usage as Building Material

construction and architecture. The outcomes of this literature review aim
to contribute valuable insights to the broader discourse on sustainable
building practices.

Characteristics of Straw Bale

At its core, straw represents the residual stalk material left after seed crop
harvesting. Distinguishing it from hay, which is finer grass used for feed-
ing livestock (Hollis, 2005, p. 6), the choice of straw type significantly af-
fects its suitability for building. Common styles include wheat, oats, rye,
barley, and rice, the latter showcasing higher silica content. However, the
key factor is not the specific form but rather the moisture content, typically
ranging from 12% to 15%. Dry, uniformly baled, and well-compacted
straw is deemed suitable for construction purposes. Conversely, hay bales
are discouraged in buildings due to their higher moisture content, softer
composition, and increased cost compared to straw. Therefore, the crux of
straw's suitability lies in its dryness, regular shape and firm compaction.
Meeting these criteria, various straw types can effectively serve as build-
ing materials, illustrating the adaptability and accessibility of this re-
source.

Indeed, the exercising of straw bales in architecture has gained promi-
nence owing to its eco-energy-saving characteristics (Li, 2012). In this con-
text, Walker et al. (2016, p. 130) highlight that wheat straw is widely used
for straw bale construction in Europe because of its abundance, whereas
rice straw is more frequently employed in the United States and Asia. This
regional distinction in straw selection demonstrates the adaptability of
this resource to local agricultural contexts. However, the origins of straw
bale building in the USA in the late 19th century, as emphasized by
D’ Alessandro et al. (2017), can be traced back to the invention of mechan-
ical baling machines as displayed in Figure 1. This technological break-
through revolutionized straw utilization, enabling efficient and standard-
ized bale production. The relatively recent history of straw bale building
in the USA contrasts with its long-standing presence in European agricul-
tural practices, illustrating the dynamic evolution of this sustainable
building method over time.
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Figure 1. Example of mechanical straw balers (Lehner et al., 2021).

To comprehend the composition of straw, it is essential to distinguish
between its two main components: nodes and internodes. Walker et al.
(2016, p. 131) explain that nodes indicate the locations where a plant's
leaves emerge, while internodes make up the hollow tube sections char-
acteristic of dried cereal straw. This dual structure is fundamental to the
overall composition of straw, consisting of three primary chemical com-
pounds: cellulose, hemicellulose, and lignin. Together, these constituents
make up approximately 90% of the dry mass of straw. Harper and Lynch
(1981) further highlight that the remaining portion includes water-soluble
elements and ash. Notably, the insoluble ash fraction contains silica, a cru-
cial element that imparts various advantages to the usage of straw in ar-
chitecture. The presence of silica in straw offers specific benefits, affecting
how it burns and its digestibility. According to Harper and Lynch (1981),
the silica content presents challenges in the combustion of straw, particu-
larly in applications such as power generation, aligning with current en-
vironmental concerns related to pollutant emissions. Additionally, the re-
duced digestibility associated with silica content points to the potential
longevity and durability of straw-based architecture, making it resistant
to certain forms of degradation. Also, according to Brojan et al. (2015, p.
99), building using straw bales offers a sustainable, renewable, and tested
substitute for conventional building techniques. Thus, the inherent renew-
ability of straw positions straw bale as a viable solution in the pursuit of
sustainable building practices. This approach disputes with conventional
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methods, presenting a proven alternative that adjusts with environmental
and resource conservation objectives.

The benefits of straw bale construction extend beyond mere sustaina-
bility, encompassing significant advantages in terms of costs, human
health, and environmental influence (Cascone et al., 2019, p. 1). Notably,
cost-effectiveness is a key advantage, as straw is often an agricultural by-
product readily available at a low cost. In this manner, the affordability of
straw bales contributes to the economic viability of projects, reducing
overall costs compared to traditional building materials. Furthermore, the
use of straw bales in architecture positively influences human health. Un-
like traditional materials that may emit harmful substances, straw bales
are non-toxic and do not contribute to indoor air pollution. This charac-
teristic enhances indoor air quality, promoting a healthier and safer living
environment.

Straw Bale as Building Material

As stated before, the usage of straw bales in architecture has gained sig-
nificant scrutiny, mainly due to their high quality for enhancing sustaina-
ble and energy-efficient building practices. This pioneering effort cata-
lysed a growing interest in exploring the myriad possibilities that straw
bale offers in the realm of eco-friendly and economic architecture. On the
other hand, extensive research indicates that straw bale walls exhibit com-
mendable insulating performance, boasting high thermal inertia. Their
suitability for green buildings is further accentuated by the fact that straw
obviates the need for industrial processes and is inherently degradable
(Mutani et al.,, 2020). Notably, Prefabricated Straw Bale Construction
(PSBC) has emerged as an exceptionally efficient method, particularly in
cold climate regions, to achieve low-energy buildings with minimal envi-
ronmental issues (Yin et al., 2020).

The suitability of climates for straw bale buildings emerges as a crucial
factor in their construction, with research emphasizing the adaptability of this
method across diverse environmental conditions. A key focus revolves
around factors such as moisture levels, temperature, and relative humidity to
ensure optimal performance. However, existing research has placed a signif-
icant emphasis on identifying climatic conditions suitable for straw bale
buildings, with a particular focus on severe cold regions (Cascone et al., 2019).
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Studies on the usage of lime render have revealed its effectiveness in sustain-
ing appropriate breathability and establishing favourable hygrothermal con-
ditions for the straw enclosed in straw bale walls, particularly in the ex-
tremely cold climates of China (Yin et al., 2020). Thorough examinations have
also studied the effect of passive ventilation on the interstitial hygrothermal
environment within straw bale walls. These studies underline the critical role
of wisely managing moisture levels across diverse climatic conditions, with
an acknowledgment of the unique issues posed by different environmental
contexts (Holzhueter and Itonaga, 2014). While the versatility of straw bale
construction has been demonstrated across various climates, a critical consid-
eration remains the long-term durability characteristics, especially in specific
climatic regions. This emphasis is crucial to ensure the sustained viability of
straw bale building as a low-carbon, energy-efficient method (Yin et al., 2020).
Therefore, comprehensive evaluations of climatic conditions become integral
in determining the success and resilience of straw bale architecture over time.
Furthermore, straw bales may not be suitable for regions prone to ex-
treme and persistent wet conditions, as excessive moisture can compro-
mise the structural integrity and thermal performance of the straw bales
(Costes et al., 2017). In such climates, alternative building materials or ad-
ditional moisture management strategies may be more appropriate. How-
ever, researchers have conducted comprehensive monitoring of moisture
levels within straw bale walls, revealing the straw's capacity to act as a
moisture buffer. This particular characteristic contributes significantly to
fostering a healthier internal environment while adeptly managing hu-
midity levels within the building structure. Such findings highlight the
multifaceted and adaptive nature of straw bale constructions in address-
ing climate-specific considerations and maintaining optimal conditions
for both the building and its occupants (Lawrence et al., 2009).
Based on the available references, it becomes evident that the safety of
straw bale buildings in earthquake-prone regions is a nuanced and intri-
cate matter, demanding a meticulous examination of diverse contributing
factors. It should be kept in mind that the existing references do not ex-
plicitly study the suitability of straw bale buildings in seismic regions. The
predominant focus of these references tends to centre around the thermal,
acoustic, and environmental aspects of straw bale buildings, offering lim-
ited direct discourse on their safety implications in the context of earth-
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quakes. This notable gap in the literature suggests the need for further in-
vestigation and comprehensive understanding to address safety concerns
in seismic-prone areas.

Figure
(Source: https://www .hollowayconstruction.nz, URL 1)

Actually, integrating straw bales instead of bricks or blocks into wall
building demands a precise examination of their properties®. Laboratory
investigations have studied assessing the bearing capacity of straw bales,
particularly for low-rise building applications. This emphasizes the criti-
cal role of the strength of straw bale walls, especially in supporting the
roofs of single-story structures (Cao et al., 2021). Furthermore, experi-
mental investigations have concentrated on using straw bales as load-
bearing components in constructions with contemporary approaches to
improve the characteristics of traditional building materials (Lehner et al.,
2021). While the promise of straw bale architecture is evident, problems
associated with its implementation have not been overlooked. In this re-
gard, the rapid development of straw bale walling systems has been high-
lighted, with potential solutions to address risk issues. This development
holds the promise of providing the foundation for comfortable and sus-
tainable buildings, emphasizing the importance of adapting appropriate
solutions to mitigate potential risks (Goodhew et al., 2010).

5 Amazon Nails (2001) mentions that straw bales are much more cheaper than bricks and blocks.
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According to FASBA® (2020), as seen in Table 1, the size of straw bales
in construction is primarily determined by the dimensions of the press
channel used during the baling process, specifically its height and width.
While the length of straw bales can vary, even within the same press, the
cross-section of the press channel plays a crucial role in shaping the di-
mensions of the bales. Typically, small straw bales measure approxi-
mately 36 cm x 48 cm, with lengths reaching up to about 1.10 m, although
they are often around 85 cm long, and weigh about 15 kg (Lecompte and
Duigou, 2017; FASBA, 2020). On the other hand, large straw bales are com-
monly found in dimensions of 70 cm x 120 cm or 90 cm x 120 cm, with
lengths averaging around 2.40 m. While it is feasible to produce small
bales from large round bales, the quality of the straw bales is typically
higher when they are pressed directly into small bales in the field.

Table 1: Straw Bale Size in Construction (FASBA, 2020).

Size (cm) Height  Width Length

Small Bale 36 cm 48 cm Up to 110 cm (usually up to 85 cm)

Large Bale 70 cm 120 cm Up to 240 cm

It should be noted that straw bale construction covers the direct use of
straw bales as a key building material in structural and insulation applica-
tions as foundational components in building walls. In addition to using
straw bales as standalone building components, the straw can also be used as
a binder or aggregate in other construction materials such as adobe bricks or
in compressed straw panels. Obviously, the growing usage of straw bales in
construction can be attributed to a myriad of benefits that they offer, position-
ing them as a promising element in contemporary building practices. Their
significance lies in their remarkable thermal insulation properties, character-
ized by a greater thickness compared to many conventional insulating mate-
rials (Mehravar et al., 2022; Teslik, 2021). This attribute renders straw bales
particularly suitable for load-bearing walls in lightly loaded low-rise build-
ings (Thomson and Walker, 2014). One of the defining aspects of straw bales
is their status as a renewable raw material, in architecture with minimal en-
vironmental problem (Variova et al., 2021). As mentioned before, extensive

¢ Straw Bale Construction Association in Germany
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research has stated the efficacy of straw bales in providing excellent insula-
tion, high thermal inertia, and facilitating energy-economic savings. In this
regard, the structural composition of straw bales, teeming with millions of
tiny air pockets, effectively traps heat within walls, ensuring superior thermal
comfort throughout a building. Notably, the larger thickness of straw bales
compared to conventional insulating materials enhances their thermal insu-
lation capacity, rendering them especially appealing in cold climates and ar-
ranging with energy efficiency goals (Costes et al., 2017; Cascone et al., 2019).
Consequently, they emerge as fitting components for the making of green
buildings (Mutani et al., 2020). When considering the durability aspect,
straw bale architecture has demonstrated pretty mechanical properties, posi-
tioning it as a viable choice for small buildings (Njike et al., 2020). However,
it is imperative to acknowledge that the load-carrying capacity of plastered
straw bale assemblies impose limitations, confining their use predominantly
to single-story structures (Njike et al., 2021). Research has examined the long-
term durability characteristics of straw bale construction, especially in spe-
cific climatic regions, ensuring its viability as a low-carbon method (Yin et al.,
2020). In this regard, exploring the integral relationship between plastering
materials and the thermal performance of straw bale building models has
been a focal point of inquiry. This underscores the significance of careful con-
sideration of the materials used in conjunction with straw bales to optimize
their overall performance (Adedeji et al., 2018). Additionally, the implemen-
tation of passive ventilation has emerged as a strategic approach to mitigate
excessive moisture in straw bale buildings, especially in specific regions
(Holzhueter and Itonaga, 2014).

However, it is imperative to acknowledge potential handicaps, partic-
ularly related to moisture content and the risk of mold growth within
straw bale walls under specific environmental conditions (Lawrence et al.,
2009; Holzhueter and Itonaga, 2010). Addressing these problems through
careful design and architecture techniques becomes crucial to ensure the
sustained and long-term performance of straw bale buildings. Further-
more, its limited adoption in the self-build fringe sector and concerns
about misconceptions and the scarcity of skilled labour contribute to the
disadvantages associated with straw bale (Lawrence et al., 2009; Koh and
Kraniotis, 2020; Erbil et al., 2018). Demonstrating these problems necessi-
tates strategic solutions to enhance the overall performance and ac-
ceptance of straw bale construction. This can be accomplished through the
incorporation of additional insulation materials or the implementation of
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specific techniques designed to improve the walls' thermal inertia
(Cascone et al., 2019). To counteract the uneven distribution of straw
within bales during building, proper handling and processing of straw
before use become crucial aspects of the solution.

Besides, the potential degradation of straw bales due to exposure to high
humidity and liquid water calls for the implementation of appropriate mois-
ture barriers and building techniques. Safeguarding straw bales from mois-
ture intrusion ensures their longevity and sustained structural integrity
(Goodhew et al., 2005; Yin et al., 2020). Additionally, presenting the lack of
common information and realizations of straw bale architecture involves ed-
ucational initiatives aimed at increasing awareness and understanding of the
method. To address problems related to moisture management in straw bale,
architects and builders have proactively adopted passive ventilation strate-
gies, underscoring the importance of effective moisture control in the process
(Holzhueter and Itonaga, 2014). Below in Table 2, the advantages and disad-
vantages of straw bale construction are summarised:

Table 2: Advantages and Disadvantages of Straw Bale Construction
Advantages

Disadvantages

Excellent thermal insulation proper-
ties

Risk of mold growth in specific environmental con-
ditions

Renewable and sustainable mate-
rial

Limited adoption in the self-build fringe sector

Low embodied energy

Concerns about misconceptions and scarcity of
skilled labour

High durability and load-bearing
capacity

Moisture content issues may affect performance and
longevity

Eco-friendly and contributes to cir-
cular economy

Potential degradation due to exposure to high hu-
midity and liquid water

Low-carbon building material

Uneven distribution of straw within bales during
building

Sophisticated aesthetic appeal

Limited common information and awareness of
straw bale architecture

Fire resistance

Acoustic insulation benefits

Construction Methods with Straw Bale

The construction of buildings utilizing straw bales involves a nuanced in-
terplay of methods and considerations, reflecting the multifaceted nature
of this sustainable building practice. Principally, straw bales find a niche
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in serving as load-bearing elements for lightly loaded low-rise buildings
(Thomson and Walker, 2014). This endeavour encompasses diverse tech-
niques, including the direct filling of walls, the compression of straw into
straw-clay building blocks, and the prefabrication of straw-brick walls
(Luo and Lu, 2020). The incorporation of these diverse methods and con-
siderations not only matches with sustainability goals but also reflects the
versatility of straw bale as a conscious choice in the building sector (Yin et
al., 2020). Furthermore, the sophisticated appeal of straw bale construction
extends to its recognized attribution of durability, aesthetic appeal, and
tire resistance (Ashour, 2010). In this respect, Koh and Kraniotis (2020)
claim that well plastered straw bales exhibit remarkable fire resistance,
making them a safe choice for homeowners. Beyond the properties, ongo-
ing studies bolster confidence in straw bale as a low-carbon building ma-
terial, contributing to mainstream practices (Lawrence et al., 2009). The
acoustic benefits of sound insulation further enhance the indoor environ-
ment, ensuring a comfortable living space (Teslik et al., 2017). Specialized
techniques for integrating straw bale with conventional house building
components, including floors, timber wall-frames, ceilings, and roof fram-
ing, exemplify the versatility and adaptability of this construction method
(Hodge, 2006).

Apart from prefabricated straw bale houses’, straw bale construction
generally falls into two main methods: load-bearing (Figure 3) and infill
(Figure 4) which are applied to wall building. Load-bearing construction,
also known as the Nebraska style, covers using straw bales as an integral
part of the building's structural support system. The bales are placed on a
solid foundation and serve as support for the roof. They are typically
coated with a layer of clay or lime plaster to protect them from weathering
(Peng et al., 2021).

7 Prefabricated straw houses are constructed using pre-made components made from straw bales,
providing an eco-friendly and sustainable building option.
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Figure 3: Load-bearing Straw Bale House Const
(Fromm, 2022).

The primary advantage of load-bearing approach is its simplicity. This
method offers considerable design flexibility which requires minimal
craftsmanship and is therefore popular among owner-builders seeking a
modest home with a lower ecological footprint. On the other hand, non-
load-bearing straw bale construction, or infill, involves using straw bales
as additional insulation within a conventional wood or steel frame struc-
ture (Figure 6). The bales are placed between the wood or steel beams and
serve as thermal insulation (Maskell et al., 2015). An outer protective layer,
such as clay or plaster, is applied afterward. This method combines the
benefits of straw bale construction with the flexibility of other building
techniques.

" ;ﬁ"..j‘.i-_.‘, 1 ‘ Uk e o .
Figure 4: Load-bearing Straw Bale Wall (left). Photo Z Architektur (Fromm,
2022), and infill Straw Bale Wall (right). Photo Bruno Mader (Jeske, 2021).
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Below, in Figure 5, depicted are load-bearing and infill walls character-
istic of straw bale construction (Cascone et. al., 2019). Common elements
shared between both types of walls include the foundation, sill plates,
plaster, and the straw bales themselves. These foundational components
form the basis of straw bale construction, providing stability and support
to the structure. However, the infill walls feature an additional element:
the beam and post. These structural elements are integral to the infill con-
struction method, providing further reinforcement and support to the
building's framework.
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ROOF
BEARING

'S .
\'\ - ASSEMBLY <5

& POST——. ‘ —
' 5. — STRAW BALES - 3.

i ] POST

ok B PuasTER ~_ {

y i ROUGH WINDOW
T OPENING AT
__ WINDOW
-l BUCK
> P

@ SILL PLATES ———— %
- |
( FOUNDATION ‘

Figure 5. Load-bearing (left) and infill (right) straw bale walls (Cascone
et. al., 2019).

One of the essential aspects of straw bale construction is the choice of
plaster materials used to cover and protect the straw bales. Among the
most commonly applied plaster materials are cement, lime-based, and
clay-based plasters (Ashheim et al., 2015). These plaster types are fa-
voured for their unique properties, including breathability, durability,
and the availability of experienced applicators. Breathability is particu-
larly crucial in straw bale construction as it allows moisture to escape, pre-
venting the accumulation of moisture within the walls, which could lead
to mold or decay. Additionally, durability ensures the longevity of the
plaster, protecting the underlying straw bales from weathering and dam-
age. The availability of experienced applicators further enhances the ap-
peal of these plaster materials, ensuring proper application and a high-
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quality finish for straw bale structures (Brojan and Clouston, 2014). Con-
sequently, the careful selection of plaster materials is paramount in ensur-
ing the success and longevity of straw bale construction projects.

ot

with infill method (qtd. Gallagher, 2022).

———
B

Figure 6. House of Straw. Constructed

Actually, constructing a straw bale house is a hands-on process that
varies depending on whether to choose common methods or prefabri-
cated straw bale systems. Generally speaking, the actual assembly of straw
bale walls takes several days to weeks, while the entire project—which
includes preparing foundations, installing electrical and plumbing, and
finishing the interior —can span months to years, depending on the com-
plexity of the design and the skill level of the builders. Thus, constructing
a straw bale house traditionally is a lengthier endeavour, whereas prefab-
ricated systems may speed up the process, but precise timing depends on
the specific project.

Conclusion

This study has reviewed the use of straw bales in construction, exploring their
historical significance, ecological benefits, and global adoption. Obviously,
straw and straw bales emerge as compelling alternatives in the realm of sus-
tainable building materials. The renewable nature, low cost, and positive ef-
fect on human health make straw an attractive option for eco-conscious ar-
chitecture. When formed into straw bales, these materials offer a proven and
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sustainable alternative to mainstream building methods, fostering a cost-ef-
fective, and health-conscious approach to construction, matching with the
global movement towards environmentally responsible practices. However,
despite the benefits in insulation and environmental sustainability, the cur-
rent application of straw bale buildings is primarily limited to low-rise and
single-story structures. Further research and development are necessary to
address structural requirements for integrating straw bale architecture into
urban environments and high-rise buildings. Nevertheless, straw bales show
promise for sustainable, energy-efficient, and low-carbon building solutions,
supported by their thermal insulation properties, renewable nature, and po-
tential for energy savings.

The construction of buildings with straw bales involves various meth-
ods, such as load-bearing, infill, and prefabricated straw-brick walls. En-
suring the long-term durability, thermal performance, and moisture man-
agement during the process are essential to consider the viability and sus-
tainability of straw bale construction. Moreover, while there are indica-
tions that the deformations of straw bales may reduce structural damage
after earthquakes, specific safety considerations during seismic events re-
quire further research. Conducting comprehensive structural assessments
and adhering to building codes and regulations for seismic regions are
essential to ensure the safety of occupants in straw bale buildings during
earthquakes.
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