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Synopsis

Aiming to study and evaluate the paradigms 
surrounding developing bio-constructed projects, 
focusing on straw building, as well as exposing the 
knowledge needed to fully understand straw as a 

construction material.  

The present work lays out an in-depth dive into the 
history, and current developments in the field of straw 
construction, in tandem with the design of a residential 
project, materializing the theory with the wholesome 

and interdisciplinary development of a building.

Inside the book, it can be found how, with the proper care 
and preparation, straw acts as a suitable insulator, and 
has proven to be structurally adept, even in fire 

conditions, especially when combined with wood. 

Having envisioned a constructive modular system, a 
design net positive building was achieved, as well as a 
transposable construction system, both satisfying the 
European frame of codes, as well as an adaptable, 

replicable technology.
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Abstract:

BAHARX: The straw-bale ecological house, is a project aiming towards 
evaluating the paradigms surrounding developing bio-constructed projects, 
centering the work around straw building, as well as exposing the knowledge 
needed to fully understand straw as a construction material.  

The latter point achieved by an in-depth dive into the history, and present 
developments promoted in the field of straw construction, and the former, 
by the means of analyzing a wholesome study on all areas related to the 
design of a building project.

From a theoretical point of view, straw has proven along the years it is a 
material worth utilizing in the construction industry, and, with the proper 
care and preparation, acts as a suitable insulator, and has proven to be 
structurally adept, even in fire conditions. 

As for what regards the design of a building, the transposable properties, 
and studies by which straw was measured during the project, a net positive 
building was achieved, as well as a transposable construction system, in the 
form of construction modules. 

Meaning that these constructive elements proved efficient given the 
specifics related to the suburban/rural surroundings, as well as adept to the 
European frame of codes and regulations towards new built environment.

In conclusion, the premise of straw construction has been revealing, in terms 
of displaying an inexpensive and readily available material as one to be 
adventitious on the architectural field, aiding in the development of green 
projects. The material, and design, demonstrated to fulfill the requirements 
of the norm, as well as various architectural and sustainability goals, which 
are displayed in the present work, and lay down architectural, constructive, 
and engineering wholesome solutions towards achieving sustainable living. 

BAHARX: La casa ecologica in balle di paglia, è un progetto che mira a valutare 
i paradigmi che circondano lo sviluppo dei progetti bio-costruiti, centrando 
il lavoro attorno alla costruzione di paglia, oltre ad esporre le conoscenze 
necessarie per comprendere interamente la paglia come materiale da 
costruzione.

Quest'ultimo punto viene raggiunto attraverso un tuffo nella storia e grazie 
agli sviluppi promossi nel campo della costruzione in paglia, e il primo, 
attraverso l'analisi di un approfondito studio su tutti gli ambiti legati alla 
progettazione di un progetto edilizio.

Da un punto di vista teorico, la paglia si è dimostrata nel corso degli anni 
un materiale che vale la pena utilizzare nel settore edile e, con la cura 
e la preparazione adeguata, funge da isolante giusto e si è dimostrata 
strutturalmente adatta anche in condizioni di incendio.

Per quanto riguarda la progettazione, le proprietà trasponibili e attraverso 
gli studi con i quali è stata misurata la paglia durante il progetto, hanno 
dato come risultato il disegno  di un edificio energeticamente  positivo, in 
aggiunta un sistema costruttivo ripetibile e adattabile, sotto forma di moduli 
costruttivi.

Ciò significa che questi elementi costruttivi si sono dimostrati efficienti 
date le specificità relative all'ambiente suburbano / rurale, nonché idonei al 
quadro europeo di codici e regolamenti verso il nuovo ambiente costruito.

In conclusione, la premessa della costruzione in paglia è stata rivelatrice, 
ci si rende conto che questo è un materiale poco costoso e prontamente 
disponibile per essere avventizi in campo architettonico, aiutando nello 
sviluppo di progetti eco sostenibili. Il materiale e il design hanno dimostrato 
di soddisfare i requisiti della norma, nonché vari obiettivi architettonici e di 
sostenibilità, che sono visualizzati nel presente lavoro, e stabiliscono soluzioni 
architettoniche, costruttive e ingegneristiche adatte a raggiungere una vita 
sostenibile.
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Summary:

BAHARX: La casa ecológica de fardos de paja, es un proyecto que tiene 
como objetivo evaluar los paradigmas que rodean el desarrollo de proyectos 
bioconstruidos, centrándose en la construcción con paja, así como en 
exponer los conocimientos necesarios para comprender plenamente el 
funcionamiento de la paja como material edificante.

Este último punto se logra mediante un estudio profundo de la historia y los 
desarrollos actuales que se promueven en el campo de la construcción con 
paja, y el primero, mediante el análisis detallado del diseño integral de todos 
los ámbitos relacionados con la concepción de un proyecto de edificación.

Desde un punto de vista teórico, la paja ha demostrado a lo largo de los 
años que es un material que vale la pena utilizar en la industria de la 
construcción y, con el cuidado y la preparación apropiados, actúa como un 
aislante adecuado y ha demostrado ser estructuralmente adepto, incluso en 
condición de incendio.

En cuanto al diseño de una edificación, y las propiedades transversales y los 
estudios mediante los cuales se midió la paja durante el proyecto, se logró un 
edificio con energéticamente neto positivo, así como un sistema constructivo 
transponible y adaptable, en forma de módulos de construcción.

Lo que significa que estos elementos constructivos demostraron ser 
eficientes en entorno suburbano / rural de diseño, así como adeptos al marco 
europeo de códigos y regulaciones con respecto a las nuevas edificaciones.

En conclusión, la premisa de la construcción con paja ha sido reveladora, 
en términos de presentar un tanto material económico, y ampliamente 
disponible, como ventajoso en el campo arquitectónico, ayudando en el 
desarrollo de proyectos sostenibles. El material y el diseño demostraron 
cumplir con los requisitos de la norma, así como con varios objetivos 
arquitectónicos y ambientales, que se muestran en el presente trabajo, y 
establecen soluciones arquitectónicas, constructivas e ingenieriles para 
lograr una vida sostenible. 
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The present thesis work has the function of presenting an in-depth analysis 
on straw construction, focusing on modular straw-bale building. Introducing 
the material, its history and uses, included those outside of construction, 
and taking a deep dive into those surrounding the built environment.

With the portrayed knowledge, a complete project, through which the skills 
learned during the Master of Building and Architectural Engineering, will 
be demonstrated.  With the given possibility of carrying out a complete 
design of a project, employing the acquired skills, as well as deepening 
technological issues, and discovering new elements pertinent to the design 
and projectization of buildings, an architectural competition was chosen as 
a case study to demonstrate straw as a technology and feature. 

Studying the most recent technologies encompassing straw centric built 
systems, we will plan and analyze for constructive methods suited for modern 
buildings, reaching constructive modules under the “design for ease of 
manufacturing and assembly principle”, calculating for modular replicable 
elements, whilst parallelly showcasing all the findings in architectural 
components and final project.

To achieve this case centric work, as well as to get multiple inputs on the 
final work, an independent initial architectural project was submitted to 
the aforementioned competition, which got an honorary mention when 
received by its jury. Then, gradually, by means of many thermal, energetical, 
technological and structural analysis, this architectural feat evolved, bringing 
a wide variety of green technologies together in its final design.

In consummation, the project achieved incorporating green roofs, natural 
pools, bio-construction, biomass heaters, crossed ventilation, amongst other 
technologies into a straw building, whilst developing a modular, panel based 
system, that could be extrapolated, to other architectural projects. 
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With the current world climatic condition, as well as the political and ethical 
development of the construction industry, many designers have turned away 
from traditional materials and methods of projectization, opting instead for 
more sustainable alternatives.  New techniques, as well as the revival of past 
ones has become common practice, giving birth to constructions attributes 
such as green, ecological, and natural, amongst others.

Moreover materials have also been affected by this new consciousness, 
making renewable items prevail in lieu of the ones used for the past century, 
seeing a wholesome studied approach to materials historically used 
worldwide, where as concrete, bricks and nonrenewable materials have been 
replaced by recyclable ones, like metals, or renewable materials, like wood, 
bamboo and elements from organic procedure in various applications. 

With this panorama on mind, the Straw Bale Ecological House (SBEH) 
competition became an opportunity to contribute to the natural, sustainable 
and efficient homebuilding, whilst providing the owner a safe, private and 
healthy space in which he can be in contact with nature, while enjoy of the 
comfort and all around benefits of a wholesome approach to architectural 
projectization.

All the above concluding in Baharx, an engineering and architectural design 
that backs-up months of investigation on bioconstruction, where many 
green initiatives, technologies and strategies merge to provide a wholesome 
design to tailor fit the needs behind the SBEH project. Elements such as 
green-roofs, natural pools, strawbale panelization, and then modulization, 
as well as other means of ecological, environmental and overall sustainable 
practices, are in place to guarantee little to no compromise on its impact 
towards nature, on its development.

On a practical aspect “Casa balas de paja” aims to be a shelter for Oscar, its 
owner, to share with his daughter, family and future guests, a place where he 
can share his love of the wilderness, while enjoying the comforts provided by 
his dream home.  Given the profile provided of the user to be of the project, 
the project aims to generate low energy consumption and a small carbon 
footprint, whilst presenting a place “open to the [magnificent] outside”, a 
place where natural and man-made will meet, between the skyline, walls 
and green landscape. 

Introduction 
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For the competition chosen as a case study to showcase the elements 
investigated, a project called “Casa Balas de Paja” (SBEH) was chosen, as 
it required specific green technologies to be designed with, for one, as the 
name describes, straw as a primary envelope material, but further more 
green technologies that made the project worthwhile studying.

As per the description and intent behind the brief, as stated on the 
documentation: “The program for Óscar’s house is based on the actual 
needs of a solitary man who resides in Madrid (40 minutes’ drive) and will 
start living in this house occasionally as his GREAT REFUGE.” (Abouthaus, 
2019) This being located in the private housing complex called “El Clavín”, a 
rural home development between the cities of Guadalajara and Chiloeches.

In his own words, the owner to-be describes his intentions for the house as 
a memento to his childhood, reminiscing both staying on his grandparents 
self-made home, and the rural house his father made for them to stay over 
the weekends.  This rural aspect being especially important given he always 
has lived in the city, has set his mind to share his past with his daughter, 
giving her a more natural and healthier upbringing.

Moreover, as a self-described home-loving person, Óscar procured a space 
near a forest of evergreen oaks and pine trees, at a short driving distance 
from either city to satisfy any need that may come while on his home to-
be.  While on his safe space, activities such as yoga, gardening, cooking and 
working are to be expected, as well as entertainment, the likes of movie 
watching and book reading, so spaces are to be provided for them.

Furthermore, the project is to be conceived as a life goal, managing the 
lifestyle of the owner, this meaning that amongst other constrains, the 
project is to be conceived as a two-phase construction project.  On the first 
one the parking, the greenhouse, and some accommodations, leaving a 
second phase to prepare an extension that will accolade the aforementioned 
activities, bringing the project from a weekend house, to a proper home.

Baharx is concieved as the Straw Bale Ecological House (SBEH), an opportunity 
to contribute to explore the straw built environment. Born from the need of 
a man to find a safe space, for himself, his work and his family, meaning a 
place to safeguard the owner from the environment, keeping him and his 
dinasty protected. joining both of this ideas, we were left figuring out what 
place, above all, had been considered a safeplace for families across time, 
just as much as the most widespread straw use of straw in homemaking.

1.2 Competition Breif1.1 The name

5 

Introduction 

 

Arx: (Latin) /ärks/
Bahareque: (Spanish) /bɑːhaɾeke/
bahareque (uncountable)
• Construction material similar to 

adobe, consisting of clay or mud 
reinforced with sticks or canes

arx f (genitive arcis); 
• citadel, stronghold, fortress 
• height, summit, hilltop; the 

Capitoline hill
• defense, refuge

Given straw as main material of focus during the investigation, bahareque, as 
being an ancient construction technique, lent part of its name to the project, 
secondly, denoting the architectural objectives, and catering towards the 
strength juxtaposed with the erratic ideas that cloud the use of straw in 
buildings, derived the completion of the idea behind the project.
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1.4 Proposed Program

Additional requirements are as follows: A greenhouse which will also have a 
green roof and is to-be connected and directly accessed from the kitchen/
dining room space, a space that in it self will house the last feature, a rocket 
mass heater (Batch Box model) that will be constructed as a part of the 
space, and lastly, a natural pool was to be accounted for.
 

The program for Oscar's house is based on the real needs of a lonely man 
who lives in Madrid , the capital of Spain, over 40 minutes away, and plans to 
use this home as his GREAT REFUGE on occasion. Given its current state and 
the above-mentioned phased development, the organization will be made 
up of two Built elements that will eventually come together to form a whole.

Taking into account that programming may differ according the purposes 
that are to be fulfilled, and that it may impact the level of detail of the 
investigation and the deliverables. Programming will aim the individual 
needs of the competition, providing the specific, detailed information to 
guide building design, as well as shaping the required spaces that may 
better showcase the technological features that straw can enrich.

As a consequence, the competition is to regard not only the project's final 
form but also its functionality across time, as influenced by the two phases 
and its implementation, which is exacerbated by an inclined terrain, as stated 
in the brief. Any effective design should reflect all of the restrictions listed, as 
well as incorporate imaginative additions for Oscar's, his daughter's, and his 
family's daily lives in relation with the outside, which again is defined by the 
gradient and the breathtaking views.
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For the competition, the house had specific lineaments, in order to be 
properly submitted. These elements to be mentioned below, were to be 
included in the design.  Some of them, as the previously mentioned phased 
construction, required organizational elements, and could be detrimental 
to the creative process, nonetheless were included in the competition 
component of the thesis.

As mentioned above, the house will be constructed in 2 phases, two different 
times, beginning with the refuge, the basic parts to enjoy as both a summer 
house, and a space to make the owners residence as he settles, and, then, the 
extension, the formal rooms, and other living spaces, that will add comfort, 
account for a family life, and give him rooms where to create a home, while 
practicing his regular life.

Furthermore, the house should adapt to the lot, given that it is in a mountain, 
and it is part of the skirt of it, it should take into account the steep slope, 
meaning that wherever possible excessive earthmoving and retaining walls 
are to be avoided.

As of green strategies required, the use of a prefabricated and modular 
straw panels building systems is mandatory, as well as green roof systems 
which must have an access for maintenance work. Tightening up with the 
bioclimatic and energy efficient design, greywater separation must be 
present, with the purpose of it being reused as irrigation for plants and trees, 
while black sewage waters will be directed to the sewer pipe leading to the 
town system.

For the construction requirements, a limitation to the window size was 
set in place, fixing it to only two types of windows. “Fixed windows to let 
in light and add expansive views, and ventilation windows, smaller in size 
and operational.” (Abouthaus, 2019)  As for finishing on the walls, the inside 
of the house will have a lining of OSB board, while for a finishing exterior 
material, a layer of clay, plastering the straw-bale panel, with a white coat of 
paint (whitewash).

1.3 Criteria and General Requirements
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Just as instructed in the first phase, 
facilities are to include a hand 
basin, a toilet and a bathtub with 
shower, there should be a window 
to the outside, and it’s also to be fit 
in 5 m2
 

Given the quantity of functions 
ensembled in the house, items such 
as suitcases, firewood, gardening 
tools and bicycles amongst others 
require their own, this estimated to 
be fitted in 20 m2.
 

No specifications other than the 
area were given, being this 15 m2.
 

The owner’s room (Óscar), it is 
stipulated to have a king bed or two 
single beds and a closet, housed in 
12 m2.
 

The daughter’s room (Blanca), will 
comprise one or two beds single 
beds,  a closet, and either a desk or 
other piece of furniture, also in 12 
m2.
 

For friends and family, furnished 
with two single beds and a closet, 
in 10 m2.
 

Bedrooms

Natural Swimming Pool

Mainroom
 

Second Bedroom
 

Guestroom
 

Bathrooms

Storage
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A room for hanging, drying and 
ironing the clothes and to store 
cleaning products among others, 
no appliances were specified, but 
an area of 5 m2 was suggested.

Laundry

1.4.2 Second Stage: “The extension”1.4.1 First Stage: “The refuge”

+

It’s intended that the kitchen and 
the dining room be together, 
forming a big open space to allocate 
cooking furniture and appliances, 
a sizeable table, as well as an island 
and a breakfast counter. In an area 
for this space is 28 m2.
 

Acting as an extension of the 
kitchen-dining room space it will 
function as a place to care of the 
plants, doubling as a living or 
dining room in the cold yet sunny 
days of Winter, Spring and Fall, 
accounting for 20 m2.
 

Dining + Kitchen

Greenhouse

This space was dimmed as 
a multifunctional area, with 
functions such as work, yoga and 
auditorily entertainment, whilst 
also being capable of working as 
a room of sorts, with a sofa-bed, 
All to allocate the owner during 
this constructive phase, as for the 
second it mainly will work as an 
office. The intended area is 15 m2.
 

Mezzanine

The required facilities are to 
include a hand basin, a toilet and a 
bathtub with shower, there should 
be a window to the outside, and is 
to be fit in 5 m2.
 

Intended as a double-parking spot, 
that shall remain protected from 
sun and rain, this area will also 
work in the construction process 
as a platform for both construction 
work and storage, with an area of 
15 m2.
 

Bathroom

Parking
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Program Suggested Area (m2)

Kitchen + Dining Room 28

Bathroom 5

Mezzanine 15

Greenhouse 20

Parking 15

First Phase 83
Living + Dining Rooms 20

Master Room 12

Second Bedroom 12

Guestroom 10

Bathroom 5

Laundry Room 5

Storage Room 20

Roofed Summer Deck 10

Natural Swimming Pool 15

Second Phase 109

Total Proposed Area 192
 
Table 1. Consolidation of proposed areas
 

A place to be enjoyed during 
summer, as well as the warmer 
months of spring and fall, by 
means of a table with its chairs, 
or an outdoors sofa, mindful of 
the outstanding views, and the 
sunsets. Accounting for 10 m2.

Bathrooms

With the introduction of more 
areas, some of the functions 
performed by the original spaces 
can be given their own space, 
Freeing the greenhouse and 
mezzanine. These mixed functions 
in 20 m2.

Living + Dining +

From this information, it is key to understand that the displayed areas  are 
suggested, and may differ, nonetheless, may be considered ideal, as they 
will suffice the needs in a sufficient manner, the mixed function spaces are 
to be taken as normally used by the owner, but depending on the actual 
design might become different.

Just as well, acknowledging that the areas may be best grouped according 
to function, and were listed with no particular order, nor the intent of evoking 
the need of any particular arrangement.

As such, the information can be compiled, organized, summarized and 
compared for the design development to the following table:
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1.5 Competition Goals

1.5.1 Competition Design Considerations

  Promote   Avoid

Considering amount of time expected to be spent in house by the owner, the 
use of natural materials is a logical step, given the size of the project, and given 
the high production of straw in Spain, becomes logical to study and design 
for it, but needs to be accompanied by other many solution. Sustainable 
technologies become an imperative implementation in a project with said 
particular requirements, to assure a healthy and environmental design. 
 
Given that the spaces are going to be both for work and living, energy 
efficiency measurements will be taken into account, caveat the wish of 
the owner of not using photovoltaic panels. And taking into account the 
privileged disposition of the lot, on the skirt of the mountain, the views will 
be made an integral part of the design.
 
Moreover, the concept of a “Straw-Bale Ecological House” is going to be a 
central pillar to the development of the design, straw as a natural organic 
element, will be the center point to which green roofs, the rocket mass 
heater, the greenhouse, and the sustainable technologies will collide.
 

• Big Excavation Works
• Concrete Elements
• Contention Walls
• Distinguishable Construction 

Phases
• Extreme Economical Expenses
• Independent Multiple Buildings
• Multiple Window Sizes
• Photo-voltaic Panels
• Stale Design
• Technical Unachievable Designs
• Tree Cutting

• Adaptability to the Terrain
• Biomass Heating Technologies
• Element Panelization
• Functional Spaces
• Green technologies
• Low energy consumption
• Natural Construction
• Natural Light
• Reduce Carbon Foot-print
• Spanish Architecture
• Sustainable Design
• Water Reuse

 
Figure 1. Program Conceptualization.
 

WC
5 m2

WC
5 m2

Mezzanine
15 m2

Kitchen + Dining Room
28 m2

Living + Dining
20 m2

Storage Room
20 m2

Natural Pool
15 m2

Roofed
Summer Deck

15 m2

Laundry
15 m2

Mainroom
12 m2

Second
Bedroom

12 m2

Guests
Room
10 m2

Green House
20 m2

Parking
15 m2

Room during phase one.
  Sofabed Desk
Space for:
  Yoga Music
  Office

Big Dining Table
Kitchen Island
Breakfast Counter

Construction
Platform

Rocket Mass
Heater

Proper dining
Area

Table w/Chairs
Outdoors Sofa

King or Double
Single Beds

Double Single Beds
Or Single Bed and Desk

First Stage Second  Stage Implied Connection
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1.6 Beyond the Competition

As presented before the very specific set of requirements, the competition 
will be but one step towards the desired direction of this work.  Considering 
some of the restrictions, and the qualities that the competition encourages, 
the output leaves many learnt lessons on green technologies, but still leaves 
the final product with a high car usage.
 
This car dependency inherited from the nature of the project is the next 
point to fix, but given that photovoltaic panels were prohibited, it became 
clear there would not be a way to balance the constant energy usage with 
passive technologies only. 
 
As such, after tendering the competition needs, and earning a honorable 
mention on it, we decided to make a second design to tender to better 
needs, having a clear start point, and a more sustainable goal in mind.
 

1.6.1 Thesis Design Considerations

  Improve   Modify

• Classical Spanish Design
• Less Restrictive Design
• Phased Design
• Photovoltaic Panels Restriction
• Spatial Functionality 

Restrictions
• Window Size Restriction

• Account for Distance From City
• Balance Carbon Footprint
• Better Function-Spatial 

Distribution
• House Planar Disposition
• Plan for Active Technologies

15  
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Passionate, sophisticated and 
devoted to living the good life, Spain 
is both a stereotype come to life and 
a country more diverse than you ever 
imagined.” (Lonely Planet, 2020)
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For Officially appointed the Kingdom of Spain, 
is a country member of the European Union, 
and spans its territory over two continents. Its 
land is organized into seventeen autonomous 
communities, made up of fifty provinces and 
two autonomous cities, being the capital the 
City of Madrid.

Geographically located both in southwest 
of Europe and in northern Africa, featuring 
areas such as the Iberian Peninsula, the 
Balearic Islands, the Tingitana peninsula, 
the Tres Forcas cape and the Canary 
islands among many other features.  
Its domain has an extension of 505 
370 km²,  with a mean altitude of 650 
meters above sea level.

Spain is considered to be a tourist 
power, the second most visited country 
in the world in 2018, and the second 
country in the world in economic income 
from it is also the eighth country in the world 
with the largest presence of multinationals. 
(Programa de las Naciones Unidas para 
el Desarrollo, 2019)

Historically, the region has seen many 
cultures flourish, collapse, merge and evolve, 
being conquered by empires such as the Carthaginian, Roman, and 
Visigoth, and becoming one itself, before and after its colonial period.  
It has housed cultures such as the Iberians, Basques, Celts, Phoenicians, 
Byzantian, Umayyad Caliphate, Almoravids, Almohads Caliphate and 
Romans, amongst others, as well as the incorporation of African and 
American cultures, that were conquered after the Roman independence.

Climatically, Spain can be divided into three mayorly homogeneous climatic

2.1 Spain

zones 
that correspond to geographical and 

orographic particularities. (University 
of Melbourne, 2017)

These regions correspond to the 
Mediterranean, the semi-arid to desertic 

regions, and the oceanic climate regions, and are 
distributed according to topological and geographic 

features, such as seas, oceans, valleys, and mountains.

All the above entails the richness of Spanish culture, land, 
and history, which translates to an overly complex and 
diverse architectural development.  Enriched by many 
movements, and scholastic paradigms of architecture.

Figure 2: Map of Spain. ( Adapted from Google Earth)
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2.2 Guadalajara
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“Guadalajara is the capital city of the 
province of the same name, which in 
turn forms part of the Autonomous 
Region of Castilla-La Mancha, and 
has a population of 85,000. It is at an 
altitude of 708 metres as measured 
in the Plaza Mayor, is in the central 
part of Spain, and enjoys a dry, 
continental climate.” (Ayuntamiento 
de Guadalajara, 2018)

Being a multicultural city, born from 
a Celtoberian culture, though the 
earliest historical references tell of its 
strategic military importance to the 
emirs and caliphs of Córdoba, later, in 
1085, Guadalajara became part of the 
Kingdom of Castille as a result of the 
expansionist policy of King Alphonse 
VI, effectively starting its euro-spanish 
heritage.

For hundreds of years, the city had 
been known for its prosperity and 
as a spot where Christians, Jews and 
Muslims lived together in harmony, 
which meant architectonically diverse 
building, which is why it’s common 
place to find mudejar-style buildings. 
None the less, after 1475  the city shifted 
into a Renaissance style environment, 
full of urban palaces with the coats 
of arms of the Mendoza family, (the 
ruling family), beautiful chapels and 
spacious convents. 

25 
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“Grabado de la Ciudad” of Cosme Of Medici, Ayuntamiento de Guadalajara
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Today, Guadalajara, after a period of extensive economic development and 
urban growth, is vibrant and welcoming. It is a well-appointed city, with 
ample green areas and a range of services to meet the needs of its people, 
who are well satisfied with the quality of life that the city now offers.

Old Town

Plaza and Calle Mayor has been the centre of Guadalajara since it’s Castillian 
times in 1085, the year in which the Casas del Concejo (Council Halls) were 
built here. Its present layout dates from 1585.

2.2.1 Architectural Features

27 

Context

 

Guadalajara Old Town is situated between the Cultural Route, at the north 
part of the city, Carrera Street and Santo Domingo Square, at the east of 
Guadalajara, and the Plaza and Calle Mayor, at the south. Calle Mayor ends at 
Los Caídos Square, where the most important building of Guadalajara take 
place: the house of El Infantado. 

Torreón de Alvar Fáñez

Located In the back part of the 
gardens of El Infantado, lay the 
remains of the old medieval wall, 
converted today in the Centre 
of Interpretation of the coat of 
arms of the city. The name of 
this tower recalls the legend of 
the Castillian re-conquest of the 
city by Alvar Fáñez de Minaya 
in 1085. The pentagonal tower, 
built at the beginning of the 
14th century, was known for
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centuries as the Fairs Gate or Christ of the Fairs Gate, as it gave access to the 
sites where the city fairs were held.

Iglesia de Santiago

The Church of Santiago Apóstol 
was originally part of the 
medieval monastery of Santa 
Clara. The classic style of the 
exterior contrasts with the 
interior of the church, which is a 
stunning example of the mix of 
Gothic and Mudejar: the Gothic 
vault and high pointed arches 
alongside the Mudejar alfiz 
arch adornments, plasterwork, 
and coffered ceiling. There are 
two side chapels in the apse: 
on the right hand Epistle side, a 
Gothic style chapel founded by

29 
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Diego García de Guadalajara, and on the right hand Gospel side, a plateresque 
chapel designed by Alonso de Covarrubias as the tomb of Juan de Zúñiga.

Convento de la Piedad

Developed from a palace and the 
will of doña Brianda Mendoza 
in 1524, the  Franciscan convent, 
had been converted in 1492 into 
the Church of La Piedad, even 
though in that same year there 
had been a commission to build a 
new Catholic church to replace the 
Jewish synagogue. Since 1842, this 
former convent has been used for 
secondary school education, and is 
now the Caracense Lyceum.
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Access to the buildings is through a small patio, surrounded by a fine cast iron 
railing. Once inside the patio, the entrances to palace and church become 
apparent, the palace designed with a triumphal arch entrance, and to our 
left the plateresque church doorway. The courtyard is one of many examples 
of early renaissance architecture in the Iberian Peninsula. In its design, there 
is a prototype of proportion and balance of forms and volumes, that later 
influence in the peninsula, in the 16th century. Other features worthy of 
note: the staircase with its coffered ceiling, and the imposing coat of arms of 
Charles V, brought here from the now demolished Gate of El Mercado.

Fundación San Diego de Alcalá y Panteón de la Condesa de la Vega del 
Pozo

Mausoleum of the Countess of La Vega del Pozo and San Diego Alcalá 
Foundation, one of the finest examples of 19th century Spanish architecture. 
The project began in 1887, the “asylums” later built to help children in need,
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comprised various blocks of solid construction and beautiful design set 
among open fields, gardens, vegetable gardens, walks and patios, amongst 
which patio of the Fish and patio Santa María Micaela, still stand today. 



Baharx: Straw-Bale Ecological House
 

Senior, Taşkın, 2021 © 32

Of the buildings in the group, the parish church dedicated to “Madre 
Corazón” stands out. It is an unusual church of mixed architectural styles, 
from Romanesque to Renaissance. Inside, the Mudejar ornamentation 
on the walls and ceiling invites the visitor to meditation and prayer. The 
mausoleum is set apart from the rest of the buildings. It is a church with a 
floor plan in the form of a Greek cross and a high roof lantern in a stunning 
purple glazed ceramic dome. 
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About the Regional Architecture

Geographically, Guadalajara, being in 
the center of the Iberian Peninsula, 
has benefited from the passage 
and settlement of most of the 
diverse cultures that have marked 
the evolution of the history of 
Spain. Therefore, said societies have 
painted the province in multiple and 
different styles, some mentioned 
above, and others more particular 
such as the Rural Romanesque or 
the Renaissance.
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Guadalajara preserves many spaces that display its history, causing one to get 
easily lost in time, and feel in different epochs such as medieval, modernism 
and renaissance, among others. The presence of Castles, Cathedrals, narrow 
streets, monumental arches and palaces, are testimony to the rich history 
of this province, even more so when you can find antiquities such as the 
Archaeological Park of Recópolis, in Zorita de los Canes, a legacy of the 
Visigoth, and the Cueva de los Casares, which exhibits Paleolithic art.

It is also worth highlighting the popular European architecture: Black 
Architecture, soon to be a World Heritage Site. The towns that present this 
type of construction are similar, since their sober constructions blend in 
with the natural environment of the territory in an almost perfect symbiosis, 
forming perfect harmony with its landscape. The main characteristic of this 
architecture are the large surfaces of black slate that serve both as roofs and 
walls for the buildings, and which are extracted from the area’s own land.
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2.3 Chiloeches
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The municipality of Chiloeches has 
been inhabited since the Iron and 
Bronze Ages with buildings such as 
El Estanque, Casasola (Bronze Age), 
Barranco de Valhondo (Iron Age), Las 
Llanas, La Vega (Bronze Age) and El 
Castillo that looks like an Iberian fort.

The origin of the name Chiloeches is 
not entirely clear, it is believed that 
it comes from the Celtic Sulovacte, 
which would be named in Mozarabic 
as Xiloeches, which means “place 
of very good waters”, or as Madrid 
(Loeches), which derives directly 
from the Mozarabic Saxis Albis, and 
hence Xixaluveches, which would 
come to mean “white stones”, which 
is explained by the color of the 
neighboring mountains. A last theory 
holds that the name is of Basque 
origin, meaning “the stone house”, 
which could explain how the names 
of neighboring towns are Basque.

Historically, the main fun has always 
been bullfighting. There is news from 
1603 in which the bulls are fought by 
the neighbors in honor of the festival 
of Our Lady and at the end of the 19th 
century the bulls were celebrated 
on September 15 and 16 in honor 
of the Holy Christ of Health, whose 
Brotherhood has more two centuries. 
The religious festival is on September 
14 with Holy Mass, Procession and 
other celebrations.
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Saint Joseph’s
Hermitage

Public
Library

Church of Saint
Eulalia Of Merida

Old Slaughter
House 

Figure 3: Chiloeches' Map of Architecturally relevant Buildings
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2.4 El Clavín
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The complex, known as the 
Residential City “El Clavín” has its 
beginings on May 31, 1967 when 
the company “Ciudad Residencial 
El Clavín, S.A.” owning one farm of 
agricultural nature on the region, 
starter acquiring neighboring farms, 
by the eight more neighboring farms, 
in order to configure a large area of 
land between the municipalities of 
Guadalajara and Chiloeches.

On August 8, 1984, finally, the 
reparcelling of “El Clavín” was written 
and made almost as it is set now, 
since later the parcel owners have 
divided, grouped and segmented the 
459 original plots into the 425 that 
exist to today.

The total area of “El Clavín” is 960,337 
m², being distributed as follows:

• Parcelable Area: 609,808.88 m².
• Common Areas: 350,528.12 m² 
• divided into:
• Access and Easements: 1894.58 m².
• Sports Area: 16,716.33 m².
• Green Zone: 163,080.21 m².
• Streets and Roads: 122,812.84 m².
• Private Free Sports Club with 

Parking: 21392 m².
• Municipal Social-Cultural and 

School Zone: 1960 m².
• Commercial Area: 22672.16 m².
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Vivere in salute
Aiutare l’ambiente
Abitare la natura” 
   (CaseInPaglia.it, 2020)
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Straw is the dry stem of certain cereal plants, especially the cereals commonly 
called “cañas” (wheat, oats, rye, barley, rice, etc.), once cut and discarded, 
after having separated the grain or seed by threshing1. It is an agricultural 
byproduct, consisting of the dry stalks of these cereal plants after their grain 
and chaff have been removed. And it is said to makes up about half of the 
yield of cereal crops.

It has several different uses, including fuel, livestock bedding and fodder, 
thatching and basket making and construction.  Straw is usually gathered 
and stored in a straw bale, which is a pack, or bundle, of straw tightly bound 
with twine, wire, or string. Straw bales may be square, rectangular, or round, 
and can be exceptionally large, depending on the type of baler used.

Straw [strɔː]: 

• The stems or stalks (esp. dry and separated by 
threshing) of certain cereals, chiefly wheat, barley, 
oats, and rye. Used for many purposes, e.g. as litter 
and as fodder for cattle, as filling for bedding, as 
thatch, also plaited or woven as material for hats, 
beehives, etc.

• a single dried stalk of grain.
• a pale yellow colour like that of straw.

(Oxford University Press, 2020)

3.1 Straw 101

1. As defined by the Royal Dictionary of the Spanish Language. DRAE

As described before, current and historic uses of straw include:

51 

Theoretical framework 

 

3.1.1 Current and Historical Uses

• The straw-filled mattress, also 
known as a palliasse, is still used 
in many parts of the world.

• It is commonly used as bedding 
for ruminants and horses. It 
may be used as bedding and 
food for small animals, but this 
often leads to injuries to mouth, 
nose and eyes as straw is quite 
sharp.

Biofuels

• The use of straw as a carbon-
neutral energy source is 
increasing rapidly, especially 
for biobutanol. Straw or 
hay briquettes are a biofuel 
substitute to coal.

Bedding

Bioenergy / Biomaterials

Animal Feed
Straw may be fed as part of the 
roughage component of the 
diet to cattle or horses that are 
on a near maintenance level of 
energy requirement. It has a low 
digestible energy and nutrient 
content (as opposed to hay, which 
is much more nutritious). The heat 
generated when microorganisms 
in a herbivore’s gut digest straw 
can be useful in maintaining body 
temperature in cold climates. Due 
to the risk of impaction and its poor 
nutrient profile, it should always be 
restricted to part of the diet. It may 
be fed as it is, or chopped as chaff.

Fertilizer
Straw Incorporation helps with the  
ground, if done in small quantities.

Space accommodation
For chickens, horses, or other 
livestock it is either used to 
help making a warmer, softer 
environment.

Farming

©AGRODAILY
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Biomass
• The use of straw in large-

scale biomass power plants 
is becoming mainstream in 
the EU, with several facilities 
already online. The straw is 
either used directly in the 
form of bales or densified 
into pellets which allows 
for the feedstock to be 
transported over longer 
distances. Torrefaction of 
straw with pelletisation is 
gaining traction given its 
increase on energy density, 
making it possible to 
transport it still further, as 
well as torrefied straw pellets 
are hydrophobic. Torrefied 
straw in the form of pellets 
can be directly co-fired 
with coal or natural gas at 
exceedingly high rates and 
make use of the processing 
infrastructures at existing 
coal and gas plants. Because 
the torrefied straw pellets 
have superior structural, 
chemical and combustion 
properties to coal, they can 
replace all coal and turn a 
coal plant into an entirely 
biomass-fed power station.

Biogas
• Straw, processed first as 

briquettes, has been fed 
into a biogas plant in Aarhus 
University, Denmark, in a test to 
see if higher gas yields could be 
attained.

Bioplastic
• Rice straw, an agricultural waste 

which is not usually recovered, 
can be turned into bioplastic 
with mechanical properties akin 
to polystyrene in its dry state.

• Straw is used in cucumber and 
mushroom growing.

• In Japan, certain trees are 
wrapped with straw to protect 
them from the effects of a hard 
winter as well as to use them as 
a trap for parasitic insects.

• The soil under strawberries is 
covered with straw to protect 
the ripe berries from dirt, and 
straw is also used to cover the 
plants during winter to prevent 
the cold from killing them.

• Straw also makes an excellent 
mulch.

Horticulture

Bioenergy / Biomaterials
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• In many parts of the world, 
straw is used to bind clay and 
concrete. A mixture of clay and 
straw, known as cob, can be used 
as a building material. There are 
many recipes for making cob.

• Composite lumber: Wheat 
straw can be used as a fibrous 
filler combined with polymers 
to produce composite lumber.

• Enviroboard can be made from 
straw.

• Strawblocks are strawbales 
that have been recompressed 
to the density of woodblocks, 
for compact cargo container 
shipment, or for straw-bale 
construction of load-bearing 
walls that support roof-loads, 
such as a “living” or green roofs.

Construction site sediment control
• Straw bales are sometimes 

used for sediment control at 
construction sites. However, 
due to the nature of the 
elements it is advisable to use 
alternative sediment control 
elements where possible, such 
as silt fences, fiber rolls and 
geotextiles.

• Bunt areas emergency response
• Ground cover
• In-stream check dams

Construction material

• When baled, straw has 
 moderate insulation 

characteristics (about R-1.5/inch 
according to Oak Ridge National 
Lab and Forest Product Lab 
testing). It can be used, alone or 
in aportic construction, to build 
straw bale houses. When bales 
are used to build or insulate, 
the straw bales are commonly 
finished with clay plasters. The 
plastered walls provide some 
thermal mass, compressive 
and ductile structural strength, 
and acceptable fire resistance 
as well as thermal resistance 
(insulation). Straw is an 
abundant agricultural waste 
product and requires little 
energy to bale and transport for 
construction. For these reasons, 
straw bale construction is 
gaining popularity as part 
of passive solar and other 
renewable energy projects.

• It is also used in ponds to reduce 
algae by changing the nutrient 
ratios in the water.

Horticulture

Construction material
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Packaging
• Straw is resistant to being 

crushed. A company in France 
makes a straw mat sealed in 
thin plastic sheets.

• Straw envelopes for wine bottles 
have become rarer, but are 
still to be found at some wine 
merchants.

• Wheat straw is also used in 
compostable food packaging 
such as compostable plates. 
Packaging made from 
wheat straw can be certified 
compostable and will 
biodegrade.

Thatching
• Thatching uses straw, reed or 

similar materials to make a 
waterproof, lightweight roof 
with good insulation properties. 
Straw for this purpose (often 
wheat straw) is grown specially 
and harvested using a reaper-
binder.

Japanese Traditional Crafts
• Japanese "Cat’s House"
• Japanese wara art

Hats
• There are several styles of straw 

hats that are made of woven 
straw.

• Many thousands of women 
and children in England 
(primarily in the Luton district 
of Bedfordshire), and large 
numbers in the United States 
(mostly Massachusetts), were 
employed in plaiting straw 
for making hats. By the late 
19th century, vast quantities of 
plaits were being imported to 
England from Canton in China, 
and in the United States most 
of the straw plait was imported.

• A fiber analogous to straw 
is obtained from the plant 
Carludovica palmata, and is 
used to make Panama hats.

• Traditional Japanese rain 
protection consisted of a straw 
hat and a mino cape.

Shoes
• Koreans wear jipsin, sandals 

made of straw.
• In some parts of Germany like 

Black Forest and Hunsrück 
people wear straw shoes at 
home or at carnival.

Crafts

Crafts

Construction material

Theoretical framework 

Targets
Heavy gauge straw rope is coiled 
and sewn tightly together to make 
archery targets. This is no longer 
done entirely by hand, but is 
partially mechanised. Sometimes 
a paper or plastic target is set up 
in front of straw bales, which serve 
to support the target and provide a 
safe backdrop.
• Corn dollies
• Straw marquetry
• Straw plaiting
• Scarecrows

Crafts

3.1.2 Chemical Composition

Straw at its molecular level is composed from the union of elements such as 
carbon, hydrogen, and oxygen. From the study of its chemical composition, it 
is clear it resembles in contents and proportions that one of wood.  Moreover, 
according various studies, there is sound evidence that straw as non-wood 
plant material has  nearly the same cellulose content as most wood spices, 
lower content of lignin and higher amount of ash and solvent extractives, 
ignoring water content. (Plazonić, Barbaric-Mikocevic, & Antonović, 2016)

With the given correlation, and knowing wood is a good natural insulator 
because of the presence of air pockets within its cellular structure, it’s 
important to study woods known capabilities, in order to make a fair theorical 
comparison to that of straw. For wood, its thermal capacity is known to be 
around 15 times better than masonry, 400 times far better than steel and 
a whopping 1770 times better than aluminum in insulating a home. Aside
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Basketry
• Bee skeps and linen baskets are 

made from coiled and bound 
together continuous lengths of 
straw. The technique is known 
as lip work.

Paper
• Straw can be pulped to make 

paper.
Rope
• Rope made from straw was 

used by thatchers, in the 
packaging industry and even in 
iron foundries.



Baharx: Straw-Bale Ecological House
 

Senior, Taşkın, 2021 © 56

from these, you can use lightweight wood to build frames so that fiber and 
foam insulation may be installed in a home or structure, making it ideal for 
its use on strawbale construction. 

On a molecular level, these similarities are also apparent.

The chemical composition of wood varies given the plurality of the sourcing 
species, nonetheless, on average is composed by around 50% carbon, 42% 
oxygen, 6% hydrogen, 1% nitrogen, and 1% other elements (to name some: 
calcium, potassium, sodium, magnesium, iron, and manganese) by weight. 
Wood also contains sulfur, chlorine, silicon, phosphorus, and other elements 
in small quantity. (Barette, Hazard, & Mayer, 1996)

C E L L U L O S E

H E M I C E L L U L O S E

L I G N I N

A S H E S

S I L I C A  A N D  S I L I C A T E S

A D D I T I V E S

Wood Straw

5.8 %
3.5 %

6.5 - 7.5 %

6 - 7 %

16 - 17 %
27.7 %

25 %
28.5 %
37.5 %

40 %
 

Figure 4. Chemical Comparison Between Wood and Straw.
(Lechi, 2010)

57 

Theoretical framework 

 

Element 
[mg/kg]

Nutrient
Wheat Barley Triticale

K 10340.5 5014.5 13975.5

Ca 3300 3627.5 2769

Mg 1051 656.5 897.5

P 595 1303 497.5

Zn 53.69 181.39 22.78

Fe 47.04 101.68 36.52

Mn 30.74 1.43 72.97

Cu 3.78 90.88 8.14

B 3.55 101.67 0

Mo 0.99 0.4 0.05

Al 193.24 160.53 31.8

Bi 117.62 149.41 201.75

Si 71.08 147.98 7.74

Ba 42.01 2.81 53.03

Cr 3.68 12.62 2.66

Pb 1.76 26.63 2.91

Ni 1.57 4.77 2.37

Cd 0.15 0.55 0.11

Co 0.03 0.12 0.03

V 0 65.95 0.81

Hg 0 0 0

 
Table 2. Chemical Composition of Other Elements of Straw.

(Plazonić, Barbaric-Mikocevic, & Antonović, 2016)
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As before, ignoring water, wood has three main components, cellulose, 
a crystalline polymer derived from glucose which constitutes about 41–
43%; next in abundance is hemicellulose, which, again depending on the 
species, can account from 20% in deciduous trees to around 30% in conifers, 
hemicellulose is mainly five-carbon sugars that are linked in an irregular 
manner, in contrast to the cellulose. By contrast, the other main compared 
component, lignin is the third component at around 27% in coniferous 
wood vs. 23% in deciduous trees. Lignin bestows hydrophobic properties, 
indicating the fact that it is based on aromatic rings. 

These three components are interwoven, and direct covalent linkages exist 
between the lignin and the hemicellulose. In chemical terms, the difference 
between hardwood and softwood is reflected in the composition of the 
constituent lignin. Hardwood lignin is primarily derived from sinapyl alcohol 
and coniferyl alcohol. Softwood lignin is mainly derived from coniferyl 
alcohol. (Boerjan, Ralph, & Baucher, 2003)

This composition stablished correlation makes the straw a particularly 
resistant material over time, and as wood, with proper care, storing, and some 
upkeep, might last as many decades, as its harder counterpart. Nonetheless, 
it shares some of woods weaknesses, humidity, relatively high flammability 
and natural predators make it so it requires special cares, while on storage, 
and on the final use the material is given.

With all of the above, it can be said it is easily arguable the reasons why  
using straw as a construction material is convenient. Nonetheless, there is a 
further case to be made towards straw construction.

As the constructive properties are intrinsic to the method of construction 
tasked at hand, this will be studied, somewhat in depth further ahead, 
nevertheless, some characteristics are shared as they are innate  to straw.

3.1.3 Constructing with Straw and Straw-bales
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This stated before can be quantified in many aspects. Taking straw-bale 
as an example, we can measure its most clear advantage, straw’s inherent 
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  Advantages

• Straw is a waste product. Once 
the edible part of the grain 
has been harvested (such as 
wheat or rice), the stalks often 
become a disposal problem 
for farmers. As a construction 
material, a new life is given to 
this element.

• Local economy sees benefit 
from the use of the material, 
as a farmer makes some 
money by selling the bales 
and the homebuilder gains 
an excellent insulation and 
building material.

• It is a readily available material 
obtained from various 
sources. Which means It can 
be obtained world-wide and 
sourced locally.

• Straw has a low-embodied 
energy. This means that very 
little energy was used to 
manufacture the product as 
sunlight was the main energy 
source for growing plant. 

• Homes insulated with straw 
can have insulation values 
comparable to those insulated 
with more traditional 
materials. For straw-bale these 
values can be of R-30 to R-35 
or more. The thicker the bale, 
the better the R-value.

• Straw is 100% biodegradable. 
Some methods require it be 
mixed with other organic 
materials, nonetheless, these 
can always be degraded.

• Straw homes have 
immeasurable architectural 
benefits, its design can 
achieve unequivocal beauty 
as the natural material lends 
itself to multiple architectural 
styles, and has shown to be 
very versatile, this will be 
shown ahead in this chapter.
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  Shortcomings

• Given it is not a conventional 
building material, the 
contractor or builder will need 
to learn new construction 
techniques. Although not 
difficult, they are different.

• In most cases straw is out 
of the scope of the majority 
building codes. This tends 
to means more work to get 
designs approved. For adobe, 
it is in some Latin-American 
codes, only for restoration 
(in Colombia), and for straw-
bale it is in just some few 
countries considered in the 
building code, almost never as 
a bearing element.

• Water management is 
essential, during construction, 
storage and maintenance of 

straw and straw elements as 
moisture is detrimental to 
not only straw, but to many 
building materials.

• Areas of extreme humidity 
and rain my not be 
appropriate for straw bale 
construction.

• The local aspect in the 
sourcing process is essential, 
as the raw product is 
inexpensive and green as 
long as its transportation 
doesn’t overrun the costs of 
acquisition.

• Lack of familiarity with straw 
may be overwhelming to 
clients and designers as well.
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Therefore, straw-bale projects are highly eco-
friendly. Carbon footprint tends to be extremely 
low, as such as the embodied grey energy. 
Qualities of strawbale constructions:

Straw bale walls are normally thick, this adds 
aesthetic value to the home as thick wall 
are expensive to achieve with conventional 
construction, it also adds:
• Excellent indoor air quality, as organic 

material does not expel toxic gasses.
• Fresh air, through passive ventilation, 

breathable material.
• Ambient temperature, with thermal storage 

due to the insulating properties.
• Excellent sound insulation.
• Humidity regulation, when paired with 

natural plasters.
• Sunlight reflection, given the wall sizes.
• Availability of window seats or shelfs.
• Flame retardant, given bales are compressed, 

the material counterintuitively aids towards 
fire resistance, making it safer than wood if 
properly constructed.

Some caveats, being energy is needed in the 
bailing process and during its transportation, 
even if it is less when compared to most other 
insulation materials; maintenance is essential, 
humidity and time degrade all materials, 
although organic elements are to be treated 
with more care, meaning that at some point, 
all structures may eventually be replaced; the 
thickness of the wall means less overall usable 
square meters. Nevertheless, with planning, 
these considerations are solvable, and in return 
practicality and end of cycle disposition are 
earned.
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3.2 Straw Construction

©RENDER: NUDES
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Even though it is true that straw is one of the oldest building materials, in 
such an extent that it has even permeated our culture to the point of being 
in a children’s story, straw bale buildings are relatively recent, being the first 
straw bale house in Europe dated 1921. (META2020 arquitectos, 2020)

This readily available and versatile material, is known for its thermal 
performance, practicality and range of construction methods its obvious 
advantages in ecological and economic terms have awakened the interest 
of many families worldwide. Given that the straw is composted of the culms 
of the cereals (the part of the plant which after harvesting that remain 
inert), saying it aids the production of construction materials becomes an 
understatement.

This agricultural process has been carried out, since 1812, by a single machine 
known as the harvester-thresher, which cuts the cereal plant then identifies 
the productive part, containing the grain, and subsequently separates it 
from the chaff, simultaneously expelling the waste of this procedure, known 
as straw.

And this disregarded element has been part of human edifications in many 
shapes along the years. As stated previously, it has been made into bedding, 
as an example for its interior functions, but for the building process itself, the 
most ancient techniques see it mixed with other natural materials or worked 
into them; as previously stated, only a couple of centuries ago it became 
possible to build with compressed bales or insert it in the composition of 
prefabricated panels.

This first materials with which it was paired were on the adhesive level, 
mainly clay and dung; depending on the proportions of the ingredients, the 
mixture obtained can be used for the composition of plasters, bricks (adobe), 
infill walls (torchis) or load-bearing walls (earth-straw and freemason). 
Nonetheless, after proper care and processing, it can be engaged in roofing: 
there are numerous and very different areas in terms of climate and culture 
that have adopted or still now use straw as the only roofing material.

In Europe one can commonly find, in ancient buildings, attics or even internal 
partition walls completed in the intrados part by straw bundles. More recent, 
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however, is the use of straw not mixed with anything else as a load-bearing, 
infill or insulation material. In the first two cases, standard bales are usually 
used, while in the last case, pressing and gluing processes are required.
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3.2.1 Techniques

Baring

Nonbaring

Bahareque

• Straw 
lightened 
wall.

Straw Roof

• Straw 
woven 
roofing

Adobe

• Straw 
based 
masonry.

• VII BC

Piled Straw-
bale

• Encased 
in a frame

• XIX

Figure 6: Straw Construction Techniques Timeline
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Nonbaring

Baring

Compressed Straw-
bale

• Machine  
pressed

• could be glued

Straw bale panels

• Straw-Bale 
compressed 
wooden 
frame panels.

Country specific
• Italian 

Veneto
• Japan straw 

construction
• Nebraska

Straw-Bale 
Modular housing

• Based in 
modular 
panels
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Bahareque

Bahareque or lightened uncooked masonry is a lightweight type of 
construction, it’s based around the concept of using straw, or other readily 
available organic elements, mixed with clay, manure or other earth elements, 
in order to create a plaster mixture, that may be intertwined with a wooden 
substructure, or used to raise load baring walls.

There are different construction types aimed at the construction of load-
bearing and non-bearing or secondary walls, which involve the use of 
shredded straw mixed with other elements. This section therefore includes 
the field of raw earth construction.

The construction in raw earth, whether organized with the manufacture of 
bricks or with the simple compression of the mixture, is one of the oldest 
construction techniques that still find a market today in countries considered 
to be developing, from a usable technology, to a preserved art, as is in the
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Americas, with the bahareque, where it is still taught today in order to 
conserve and preserve some historical buildings, mostly Colombia and 
Perú, where it even has been studied in order to comply with the seismic 
characteristics of the regions. As well as in western countries, where it is 
increasingly being re-evaluated, and studied in order to revitalize the straw 
construction paradigms. The first step in this rediscovery is to be attributed 
to the CRATerre association, founded in 1979 at the Grenoble School of 
Architecture.

 
Figure 7: Bahareque Construction Detailing. ( Carazas Aedo & Rivero Ol-

mos, 2002)
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Adobe

“Derived from the Arabic atob meaning sun-dried brick” (de Sutter Esquenet, 
1986). Adobe is a construction system also derived from raw earth mixed 
with organic matter, mostly straw, which resemble masonry, formed by the 
rigging of units of raw earth dried in the sun, called adobe walls, agglutinated 
or worked together with mud of the same composition as the bricks, which 
acts as glue mortar. 
The basic units of this masonry are manufactured in various formats and 
with varied granulometric compositions, meaning its chemical composition 
may vary. "La utilización del adobe en la construcción", lists the types of 
adobe as being colonial, traditional, stabilized and pressed.

On it’s oldest appearance, adobe can be traced to one of the oldest known 
cities, Çatalhöyük, in Anatolia, from the 7th millennium BC, where some 
houses can be found to have been built with it. In Ancient Egypt, it could be 
found on houses, tombs, fortresses, and palaces. In Peru there is the largest
settlement of adobe housing, still standing today.
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The reactivation of adobe architecture is largely due to the energy savings 
that buildings with this material usually imply, in fact, adobe is an excellent 
thermal insulator, which is why energy demands are reduced to cool or 
heat homes . On the other hand, one of the typical problems of adobe is its 
absorption of soil moisture by capillarity, for this a fairly common solution is 
to use a waterproof foundation up to approximately one-meter high above 
ground level. it is usually made of stones or, more modernly, concrete.

 
Figure 8: Adobe Wall Detailing Example. (Asociación Colombiana de Inge-

niería Sísmica - AIS, 2005)
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Cob - Bauge

Similar to Adobe, and the other similar techniques, the system consists 
in constructive blocks, also in the likes of masonry, moreover, the mixture 
prepared for this type of construction is similar to that of torchis and adobe, 
where great differences can be exposed is during: implementation, the 
constructive process, and the systems development. To frame the differences, 
there are no formworks, the agglomerate of earth and straw is positioned, 
compressed and only later, without it being encased and let to dry, once it is 
semi-hardened, it becomes workable enough so it can be cut or labored to 
regularize the surface of the walls. 

This is also a very ancient technique and the most fascinating example that 
can be reported is that of the “skyscrapers of the desert”, rather tall buildings 
located in Shibam, Yemen. In actuality, In the European Union, there has 
been a recent surge of interest for this technique, one of the most prominent 
initiatives in the field being The CobBauge project.

 
Figure 9: CobBauge Wall (CobBauge, 2019)
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Given the history of the cob houses commonly found in the Channel Regions 
of France and Great Britain, the objective of the project is to create new 
techniques and methods for the preservation of buildings. 

 
Figure 10: CobBauge Construction Detailing. (CobBauge, 2019)
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Thatching

Another ancient tradition, known for requiring the use of dry vegetation 
such as straw, water reed, sedge (Cladium mariscus), rushes, heather, or 
palm branches, to create a roofing system, layering the vegetation with the 
purpose of directing the water away from the inner roof. Since the bulk part 
of the layered vegetation stays dry and it’s densely packed, thatching also 
functions as insulation, given the amount of airgaps that get trapped while 
the process.

The origin of this roofing method is unknown, as ancient buildings have 
been found to have had roofs made from organic layered materials scattered 
around the globe, in both tropical and temperate climates. Thatch is still 
employed by builders in developing countries, usually with low-cost local 
vegetation. By contrast, in some developed countries it is the choice of some 
affluent people who desire a rustic look for their home, would like a more 
ecologically friendly roof, or who have purchased an originally thatched 
abode.
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Given how it has been used and maybe even invented multiple times around 
the world, there are different types of techniques for tying straw bundles to 
the supporting structure, nonetheless, all roofs of this type have common 
aspects. The first is that we tend to use the readily and easily available straw 
or vegetation, as mentioned above. Secondly, it is customary to replace a 
part of the roof every year, as the humidity and unkept conditions may ruin 
the whole substructure.

 
Figure 11: Thatched Roof Detailing Example. (Stulz & Mukerji, 1993)



Baharx: Straw-Bale Ecological House
 

Senior, Taşkın, 2021 © 78

Straw-bale Construction

The constructions that use whole straw bales were born following the 
invention and adoption of the automatic straw baler, in the early nineteen 
hundreds. This machination has favored the large-scale diffusion, first of 
small parallelepiped bales, and subsequently of jumbo-bales and round 
bales. 

The technologies that have developed over the years can be grouped into 
three main groups: the first is the one that sees the bales engaged both 
as a structural material and as infill material, the second is characterized 
by having a separate structure be it wood, metal, or any other structural 
material, and straw laid only as infill, and the last category, identified as 
that of the prefabricated elements, which sees the straw bales inserted in a 
prefabricated structure.
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The first houses built with the use of whole straw bales date back to the 
second half of the nineteenth century and can be located with certainty in 
Nebraska, in the United States of America. Deceived as temporary homes, 
nonetheless, they proved from the get-go to be perfectly suited to be 
permanent homes. 

The initial thought behind the use of the bales as if they were bricks arose 
out of necessity, as in Nebraska, and in many other surrounding states, it was 
not easy to find cheap traditional building materials, and, at the same time, 
straw was available in large quantities year-round. This came to be known 
as the Nebraska method, and today has the main characteristic of assigning 
the structural task to the straw bales.
 

 
Figure 12: Straw-Bale Construction Detailing
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The main feature of the Nebraska method is that it does not have a declared 
load-bearing structure, but that it also attributes the static function to the 
straw bales. Once the foundations have been defined, we proceed with the 
assembly of the basic wooden curb, to which the first row of bales will then 
be fixed. Pegs are also made part of the curb, so straw-bales may be impaled 
to the substructure. 

Some rules of thumb, normally followed include: stacking the bales in a 
staggered manner, alternating the direction of the bales, as to get a better 
texture to attach plaster, and cut the uni-direction of the insulation, wooden 
pegs (at least one meter long each) should be inserted as construction 
continues, to ensure continuity, wooden staples are to hold the corners, 
truck straps are installed to favor the compactness of the bales, which then 
is secured with the use of polypropylene straps, finally letting a new curb to 
be installed as to continue either installing more bales, or the roofing.

The success of this technology soon spread to Canada and later arrived in 
Europe at the beginning of the twentieth century, being the United Kingdom 
and France the connection path between the American countries and 
Europe. Nevertheless, in Europe, the use changed, as it is preferred to have 
a defined supporting structure, which is then interspersed with straw-bales. 
Several reasons lead to this choice, mainly legislative in nature, but they can 
also belong to the economic field, as space scarcity rarely is a problem in 
the United States, while in the old continent it is often the norm, which is 
why it is convenient to increase the number of floors, which is difficult to 
implement with the Nebraska method.

Therefore, multiple technologies that use straw as infill for vertical walls, while 
relegating the static function to an independent structure were created. This 
structural skeleton can be built in any material although, wood is the ideal 
material as it is a warm material, like straw, does not create condensation, 
and is natural. In the opposite spectrum, even though there are several 
examples, there is concrete and steel, given that they are cold materials, 
which could create harmful condensation, and which involve a study of the 
connection detail with the straw bales to avoid thermal bridges, moreover, 
cementitious materials transpire, affecting the moisture conditions of the 
bale, which affect bale negatively.
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From the aforementioned walled system, the panelized systems were 
born. Prefabricated panels using whole straw bales have a relatively recent 
tradition compared to other technologies. They are widespread in some 
European countries, such as Austria, Germany, France, Holland, and Great 
Britain. Meaning that the existence of sandwich panels, where the straw is 
shredded and compressed, compared to the use of whole bales, without 
them undergoing further processing, inserted in wooden frames signifies 
that in some cases they may also perform a structural function.

From their use, two modes of deployment can be discerned, one requires the 
insertion of the bales in the prefabricated structure on-site, while the second 
is a complete prefabricated process, meaning the straw-bale is installed off-
site.

Figure 13: Straw-Bale Panelized Construction Detailing
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The reasons for preferring one method or the other depends on the 
approach that the designers or the manufacturer has with the raw material. 
The “coffered” panels, IE those to be filled on-site, have the advantage of not 
needing an intermediate place to assemble the panel, in fact, this operation 
takes place directly on the construction site, with the consequence that the 
storage of the straw must take place in the immediate vicinity. On the contrary, 
if the finished panel arrives on-site, there are no storage problems, but it is 
necessary to have an intermediate processing place. This last problem tends 
to be solved with proper planning, nonetheless, more creative solutions have 
arouse when needed, as an example, the creation of floating fabrication 
plants, which involve the temporary disposition of spaces out of site, taking 
the production near by, whilst maintaining it safe and continuous.
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3.3 Modern Straw/Straw-bale Buildings

Living in a thatched house means living in a healthy house, as comfortable 
as a spa, highly energy efficient, beautiful to look at and pleasant to live in, 
that actively takes care of you and your family every day, as explained ahead, 
the qualities involved in the use of the element contrast the preconceptions 
surrounding it.

Although the fragile appearance of straw does not tend to deceive, however, 
houses made with this material can not only have the same resistance and 
durability as a conventional brick or concrete, moreover, they have the 
added advantage of being a natural material, breathable, energy efficient, 
healthy and respectful with the environment, as it is a waste recovered from 
agriculture. In addition, it has thermal and acoustic insulation properties 
that are quite comparable with other single-use materials for each of these 
uses. (López Letón, 2021)

In some countries such as Holland, France, Germany, Italy and even Spain, 
houses have already been made with this material within cities, with various 
heights and designs. 

Despite all the techniques previously presented, today the use of straw has 
reached uses that are far from rural, and traditional architecture. So much 
has been its adoption that countries such as the US and Germany have 
included it in their respective building codes as a viable material for building, 
and according to its use, even structure.

Some examples of the use of this technology will be presented in the pages 
ahead.
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3.3.1 Buitenstebinnen
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Grassodenridder Architecten reinterprets the traditional typology of the 
Dutch “narrow houses” in this project in Zeeuws topped by a spectacular 
thatched gable roof
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3.3.2 Casa na Areia

Manuel Aires Mateus recreates with minimalism, in Comporta (Portugal), the 
concept of a cabin in this house consisting of four pavilions with thatched 
roof and walls, inside, the common areas were also built with straw, and 
the floor is sand to underline the link between architecture and the natural 
environment
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3.3.3 Straw Bale Boutique

The straw bales also have a decorative function inside this shop of a cosmetic 
store in Krakow (Poland), designed by Hornowski Design, emphasizing 
its wellness towards the environment, and low cost, since each bale costs 
around 1 euro.
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3.3.4 Nid Vu Nid Connu

A wooden structure supports and stabilizes the straw bale walls in this eco-
friendly pavilion designed by Studio 1984 and built in Alsace (France)
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3.3.5 Straw Bale Café

97 

Theoretical framework 

 

Paul Younger and Hewitt Studios designed this café on the campus of Paul Younger and Hewitt Studios designed this café on the campus of 
Herefordshire University of Technology (England), built with modular straw Herefordshire University of Technology (England), built with modular straw 
panels manufactured by the firm ModCelpanels manufactured by the firm ModCel

Paul Younger and Hewitt Studios designed this café on the campus of 
Herefordshire University of Technology (England), built with modular straw 
panels manufactured by the firm ModCel
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3.3.6 Yashura Marche

A fifteen-room hotel and covered marketplace, inspired by the "Chad Do" of 
Japanese folklore, a place where travelers could stop, eat and rest. Built from 
untreated ceder, and a straw-bale covered façade, designed by architect 
Kengo Kuma.
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Chapter 1
Context:
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4.1 Site Analysis

 Figure 14: Site Location on Lot Parcel
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From the urbanization you can admire beautiful views 
of the Alcarria countryside with the Pico Ocejón in the 
background, on clear days Madrid, with the “Puerta de 
Europa” towers, or the “Cuatro Torres Bussiness Area” 
complex, as main points of reference. Thanks to its 
privileged location on the side of a mountain, it has a 
great variety of places around it.

From the south, the doors that exit “to the mountain” 
lead to walking areas between pine forests in the 
Chiloeches area or holm oak forests in the Guadalajara 
area. Many of the inhabitants take advantage of these 
spaces to go for a walk, ride a bike or run, that is, to 
tone their muscles in a natural environment open all 
year round. It is also true that this area is visited by 
people who practice motor sports, so we recommend 
caution.
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4.1.1 Urban Analysis

Given the location of the project, inside a private urbanization, all of the main 
functions are found outside of the complex, nonetheless, it does account for 
entertainment, and has some commodities. 

Because of this, the purpose of analyzing the surroundings became a 
necessity in order to understand all the activities that were to be done 
outside, and in which city, as both, Chiloeches and Guadalajara, are at a very 
short driving distance.  Moreover, it needed to be understood whether these 
cities could be accessible by public means of transportation.

As shown in both figures ahead, the location is very well connected, 
commuting times to most activities tend to be near the ten-minute mark, 
as an average, hospitals, schools, universities, banks, and other amenities are 
at constant reach.

Transportation also seems to be frequent through the main highway, buses 
have a station few meters out of the main gate, and travel to both main 
cities.  Furthermore, Madrid is at an hour drive, making it not unreasonably 
distant.

Also, within said cities, public transportation, and commodities are very much 
present, however, Guadalajara, being a major city and having most resources 
compactly organized, seems to be a clear destination at the moment of 
doing any sort of errand, attending school, or having entertainment beyond 
the one present inside el Clavín.

In the three plans ahead, the location of el Clavín, the concentration of 
functions surrounding the project and the most transited routs will be 
presented, as to understand the previous statement where Guadalajara not 
only has more provided establishments, but also, most of the active flux of 
people at the moment of the present study.
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Figure 15: “el Clavín” Geographical Location 
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Figure 16: “el Clavín” Connectivity/Volumetrical Analysis
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Figure 17: “el Clavín” Activity Heatmap, Walking and Biking
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Focusing on the Residential City “El Clavín”, in terms of specific location, it 
is located at kilometer 2.2 of the CM-2004 highway, in the municipality of 
Guadalajara.

The urbanization is divided into two municipal areas: Guadalajara and 
Chiloeches.

At the entry point we have North Latitude coordinates: 40º 35 ‘59.9568 “and 
West Longitude: 3º 9’ 41.42”. Its maximum height is 936 meters above sea 
level.

Among the facilities it offers, the meeting place to have a snack is undoubtedly 
the chiringuito (“the beach bar”).

Normally, it opens in the summer season more or less from the middle of 
May to the middle of September, being its hours from Monday to Thursday 
from 12 to 23 hours and from Friday to Sunday from 12 to 1 in the morning.

Located in the sports area of “El Clavín”, it is a strategic place to be able to 
taste some tapas, whilst being open enough to be able to share the view of 
the other facilities, and over the family if each one wants to dispose of their 
time in a different manner, as explaned ahead.

It also fulfills the function of offering a refreshing drink after having used up 
energy a bit in the pool, paddle tennis, or in general after using one of the 
sports courts that are available to all owners and companions for their use 
and enjoyment.

There is also a playground for the little ones to enjoy. Similarly, there is a 
multipurpose court, which is normally used to supply indoor soccer and 
basketball spaces on an uninterrupted schedule, as well as the volleyball 
court.

Trecking is also commonplace, and even encouraged in the reagon, and 
specially around el clavín, making it very walkable, and bike friendly.
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Figure 18: “el Clavín” Urban Composition
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PRE-SCHOOL 
CC Cardenal Cisneros
CC Niña María
CP Alvar Fañez de Minaya
CP Badiel
CP Ocejón
CP Río Tajo

ELEMENTARY
CC Cardenal Cisneros
CC Niña María
CP Alvar Fañez de Minaya
CP Badiel
CP Ocejón

HIGH-SCHOOL
CC Cardenal Cisneros
CC Niña María
CC Marista Champagnat
CC Sagrado Corazón
CC Salesiano
CC Santa Ana
IES Antonio Buero Vallejo
IES Castilla
IES Liceo Caracense

UNIVERSITY GENERAL HOSPITAL
C/Donantes de Sangre, S/N
19002 Guadalajara

HEALTH CENTERS
ALAMIN:
C/ Ciudad Real S/N
19005 Guadalajara
EL BALCONCILLO:
Avenida Del Ejército 20
19004 Guadalajara
CERVANTES:
C/ Miguel De Cervantes 16
19001 Guadalajara
GUADALAJARA SUR (FERIAL):
C/ Ferial 31
19002 Guadalajara

RED CROSS
C/ Venezuela, 1
19005 Guadalajara

Helth FacilitiesEducational Facilities

The complex itself has educational agreements, to which the youth that 
inhabits can guarantee a qualitative education. Health wise they provide a 
very comprehensive list of facilities, which a connection to the development 
through bus stops.
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Making the complex as follows:
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4.1.1 SWOT Analysis
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El Clavín counts with a bus network, not only take you around the urbanization, 
but to both Guadalajara and Chiloeches, as shown in the next chart.

De Lunes a Viernes De Lunes a Viernes

01/ENE A 09/JUL 01/ENE A 09/JUL

Y Y

11/SEP A 31/DIC 11/SEP A 31/DIC

Sábados, Domingos y 

Festivos y Laborables 

de Lunes a Viernes

Sábados, Domingos y 

Festivos y Laborables 

de Lunes a Viernes

9:30, 

13:30, 

16:30, 

20:30

10/JUL A 10/SEP 10/JUL A 10/SEP

C/ Cardenal G. Mendoza, Frente 

27
Estación de Autobuses. C/ 2 de 

Mayo

HORARIO SALIDAS ESTACION 
AUTOBUSES

HORARIO SALIDAS EL CLAVÍN 

PISCINA

9:00, 

13:00, 

16:00, 

20:00

7:00,  

8:30, 

13:30, 

17:30, 

19:30, 

21:30

7:30,  

9:00, 

14:00, 

18:00, 

20:00, 

22:00

Urb. El Clavín, Piscina

Urb. El Clavín, Rotonda

Urb. El Clavín, Frente Cuevas

Urb. El Clavín, C/ Olmos 1A 

Hospital Universitario

C/ de Toledo, (Frente Salesianos)

Avda. castilla, (Junto Pistas 

Deportivas)
C/ Sigüenza, Frente 21

C/ Cuesta Matadero, 1

C/ de Toledo, nº 44 (Colegio 

Salesianos)
C/ de Toledo, nº 46

Urb. El Clavín, C/ Olmos 1A 

Subiendo
Urb. El Clavín, Cuevas

Urb. El Clavín, Piscina

GUADALAJARA- EL CLAVÍN EL CLAVÍN-GUADALAJARA

Estación de Autobuses

C/ Cardenal G. Mendoza, 9
C/ Sigüenza, 21

Avda. castilla, nº 18

From all the above, we can comprehend the level of connectivity, as well 
as all the services available to the inhabitants of el Clavín, as well as to the 
project itself.

Figure 19: Bus Connection Table to and from "el Clavín"
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Figure 20: “el Clavín” Public Transportation Analysis
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Figure 21: SWOT Analysis

Helpful Harmful
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• Private
• Good air quality
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  the urbanization
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• Separated form cities
• Health facilities off 
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• Mandatory commutes
• Semi-rural
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• Readily available local 

  straw
• Steep hills allow solar 

  energy allocation
• Natural connections
• Uninterrupted view, 

  given hillside
• Ecological landscape

• Private transportation  

  is a must
• Steep hill difficult 

  constructibility
• Tree density means 
 necessary cut down or

• Uninterrupted view,  relocation
• Lack of stores/facilities

• Private transportation  

  is a must
• Steep hill difficult 

  constructibility
• Tree density means 
 necessary cut down or

 relocation
• Lack of stores/facilities

With the prevously presented information the following SWOT analysis can 
be presented:
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4.2 Lot Analysis

 Figure 22: Lot Cadastral Dimentions and Boundries
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The site is located at #46 Los Chopos street, in The site is located at #46 Los Chopos street, in 
El Clavín estate, a housing development only El Clavín estate, a housing development only 
5 minutes drive from the city of Guadalajara.5 minutes drive from the city of Guadalajara.

It has a sloping topography with an inclination It has a sloping topography with an inclination 
of 10-11%. According to the data from the of 10-11%. According to the data from the 
geotechnical report:geotechnical report:

“We can assure the soil composition is of “We can assure the soil composition is of 
silty clay with an average bearing capacity, in silty clay with an average bearing capacity, in 
which a strain of 2.00 kg/cm² can be applied which a strain of 2.00 kg/cm² can be applied 
from 1.6 meters deep. from 1.6 meters deep. 
With regards to the original height of the With regards to the original height of the 
site, the presence of water was not detected site, the presence of water was not detected 
while performing the field works.while performing the field works.

Based on the subsoil resistance Based on the subsoil resistance 
characteristics, it seems viable to plan characteristics, it seems viable to plan 
some sort of direct foundations by means of some sort of direct foundations by means of 
footings. footings. 

The footing´s bottom side shall be at a The footing´s bottom side shall be at a 
minimum depth of 1.6 meters. And, in any minimum depth of 1.6 meters. And, in any 
case, it shall be underneath any type of case, it shall be underneath any type of 
superficial filler topsoil or any other topsoil superficial filler topsoil or any other topsoil 
present on the site.” (Abouthaus, 2019)present on the site.” (Abouthaus, 2019)
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 Figure 23: Topographical Analysis of the Lot
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4.2 Site Analysis

 

Being el Clavín a semirural area in a small rise mountain region, and the 
lot specifically located in hill side, it is important to understand the general 
disposition of the land, as well as how the sun, the view, the climate, and the 
wind interact with it.

As was shown before, the private city/urbanization known as el Clavín houses 
great architecture, many commodities, transportation routes, and is as close 
as a five-minute drive to the nearest city, the location of the project is very 
privileged in its context.

It is a special land for a privileged residential development, with special 
mountain trekking spots, ensuring privacy and tranquility by being away 
from the noise and busyness of the city.
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The large lot on the side of the mountain, with a natural environment, an 
autochthonous grove, with very interesting slopes that privilege various 
spaces for possible construction without interrupting the view of the county 
of Guadalajara.

Ideal for the intended project, surrounded by nature and tranquility, but at a 
close range from the city, it easily achieves the “connection-disconnection” 
that has been sought after from the conception of the project.

The area has been so highly praised, that it has inspired a Nobel prize winner 
on the writing of his work, has had prominent architecture been developed 
on it, and has had many mayors from the neighboring cities living in it.

 Figure 24: Lot Disposition on Mountain  Figure 25: Lot View from Mountain
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4.2.1 Climatic characterization:

 

The Mediterranean climate, characterized by warm/hot and dry summers, is 
dominant in the spanish peninsula. 

With two varieties, on one side , much of the center of the country, can be 
described to have both relatively warm and cold winters varying mostly at a 
local level, while the other Mediterranean Zone is classified as having warm 
rather than hot summers, and extends to additional cool-winter areas , with 
locations such as western Castile–León, northeastern Castilla-La Mancha, 
northern Madrid, and central and northern-central Spain.

The semi-arid and arid climate regions are predominant in the southeastern 
quarter of the country covering most of the Region of Murcia, southern 
Valencia and eastern Andalusia, the Ebro valley, which crosses southern 
Navarre, central Aragon and western Catalonia.
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This last may also be found in Madrid, Extremadura, Castilla-La Mancha, and 
some locations of western Andalusia, and Guadalajara. 

Both of these described climates are defined as follows:

BSk: (Cold semi-arid climate)

• Cold semi-arid climates normally have mild to hot dry summers, but 
usually their summers are not as hot as those of hot semi-arid climates. 

• Areas of cool semi-arid temperatures prefer to have cold winters, unlike 
hot semi-arid climates. 

• Over the winter, these regions normally see some snowfall, but snowfall is 
significantly smaller than at places with more tropical climates at higher 
latitudes.

 Figure 26: KÖppen-Geiger World Classification  Figure 27:  KÖppen-Geiger Spain Classification
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4.2 Site Analysis

 

Csa: (Mediterranean climate or Dry-summer climate)

Dry-summer climates (Csa, Csb) usually occur on the western sides 
of continents. Csb zones include areas normally not associated with 
Mediterranean climates but with Oceanic climates. A dry summer month is 
one with less than 30 mm (1.2 in) of precipitation. 

The Mediterranean climates can be classified as either warm Mediterranean 
or cold Mediterranean. The frostline is the dividing line between two major 
physiological groups of evolved plants. On the warmer side of the line Csa, 
the majority of plants are sensitive to low temperatures. The cooler summer 
Csb zones in the Kioppen system become Do or temperate oceanic climate.

In el Clavín, the summers are short, very hot and mostly clear; winters are 
long, cold and partly cloudy and it is dry all year round. 

Cold semi-arid climates tend to have dry winters and wetter summers at 
higher latitudes, while cold semi-arid climates tend to have weather cycles 
more similar to subtropical climates at lower latitudes (dry summers, winters 
moderately damp, much wetter fall and spring).
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Based on the beach / pool score, the best time of year to visit el Clavín for hot 
activities is from the beginning of July to the end of August.

The warm season lasts 2.8 months, from June 16 to September 10, and the 
average daily maximum temperature is over 28 ° C. The hottest day of the 
year is July 23, with an average maximum temperature of 32 ° C and an 
average minimum temperature of 16 ° C.

The cool season lasts 3.7 months, from November 14 to March 5, and the 
daily average maximum temperature is less than 14 ° C. The coldest day of 
the year is January 19, with an average minimum temperature of 0 ° C and 
an average maximum of 10 ° C.

During the course of the year, the temperature generally ranges from 0 ° C 
to 32 ° C and rarely drops below -5 ° C or rises above 36 ° C.

hot coldcold
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 Figure 28:  KÖppen-Geiger Guadalajara, Spain, Classification

 Figure 29:  Average Yearly Temperature
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4.2.2 Solar and Daylight characterization: The length of the day at el Clavín varies considerably throughout the year. 
In 2021, the shortest day will be December 21, with 9 hours and 16 minutes 
of natural light (as it has been historically); the longest day is June 21, with 15 
hours and 5 minutes of natural light.

The earliest sunrise is 6:41 a.m.  on June 14, and the latest sunrise is 1 hour 
59 minutes later at 8:40 a.m.  October 30. The earliest sunset is 5:45 p.m.  
December 8, and the latest sunset is 4 hours and 2 minutes later at 9:47 p.m.  
June 27.
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 Figure 30: Solar Analysis Graphical Representation 

 Figure 31:  Average Yearly Sunhours

 Figure 32:  Average Yearly Sunrise and Sunset
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4.2 Site Analysis

 

Spain is one of the European countries with the most hours of sunshine, 
even though el Clavín, Guadalajara nor Chiloeches are in the top positions 
regarding solar irradiation, Castilla de la Mancha, the major region they all 
pertain to, is considered rather sunny, and highly illuminated and exposed 
to solar energy. 

As can be seen on the graph above, el Clavín is a particularly sunny to 
partially sunny city, making it good for both, daylight availability as well as 
solar energy production capabilities. 

Moreover, Spain is known to be one of the first countries to deploy large-
scale solar photovoltaics, and as of 2018, is the first country for concentrated 
solar power (CSP) in the world.
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 Figure 33:  Average Yearly Cloudiness and Precipitation Days
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4.2 Site Analysis

 

The country initially had a leading role in the development of solar power. 
Generous prices for grid connected solar power were offered to encourage 
the industry.

As a legacy from Spain’s earlier development of solar power, the country 
remains a world leader in concentrated solar power, accounting for almost 
a third of solar power installed capacity in the country, a much higher ratio 
than that for other countries as of 2017. 

In 2017 Spain held large auctions for renewable energy capacity to be 
constructed by 2020: PV and wind projects each won 4 GW.

2020 is likely to see the industry beginning a dramatic rebirth following 
Spain’s National Energy and Climate Program (Plan Nacional Integrado de 
Energía y Clima - PNIEC). Up to 5 GW of new CSP installed capacity may be 
added.

Studying Castilla - La Mancha, we get the information below, about the sun 
behavior in the region, to better understand el Clavín later.

Given the short distance from el Clavín to Guadalajara, sun hours can easily 
been assumed to be the same, as for solar irradiation, and energy available, 
the following information is presented, nonetheless, a deeper study will be 
presented for the project.

Main Cities Yearly sun Hours
Albacete 3282 5.7 kWh/m2/day

Ciudad Real 3295 5.7 kWh/m2/day

Cuenca 2779 5.5 kWh/m2/day

Guadalajara 2900 5.5 kWh/m2/day
Toledo 2815 5.7 kWh/m2/day

Solar Irradiation
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With a general sense of the area, a further study on the site lot can be properly 
presented as follows:

jan feb mar apr may jun jul aug sep oct nov dec

Insolation
kWh/

m²/day 1.7 2.6 3.9 4.6 5.5 6.6 6.7 5.8 4.5 2.8 1.8 1.4

Clearness  0 - 1 0.4 0.5 0.5 0.5 0.5 0.6 0.6 0.6 0.5 0.5 0.4 0.4
Temperature °C 1.9 3.4 6.9 9.4 14 20 23 22 18 12 6.4 3.1
Wind speed m/s 4 4.3 4.4 4.5 4 3.7 3.9 3.8 3.4 3.5 3.7 4
Precipitation mm 44 49 37 46 46 35 12 12 27 45 58 43
Wet days d 13 13 11 12 12 9.7 5.8 4.9 7.2 10 12 12

Variable

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
75th Percentile 2.5 3.7 5.5 6.7 7.9 8.6 8.2 7.3 5.7 4.2 2.8 2.2
Mean Value 2 3.1 4.8 5.7 6.8 8 7.8 6.8 5.1 3.5 2.2 1.7
25th Percentile 1.2 2.1 3.6 4.2 5.2 6.8 7.1 6.1 4.3 2.5 1.5 1
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 Table 3:  Region Yearly Sun Hours

 Table 4: Solar and Climatic Characterization

 Figure 35: Solar Irradiation
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4.2.3 Wind characterization:
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Studying the hourly average wind vector of the wide area (speed and 
direction) at 10 meters above the ground. The wind from a certain location 
is highly dependent on the local topography and other factors; and the 
instantaneous wind speed and direction vary more widely than the hourly 
averages.

The average hourly wind speed in the Clavín has slight seasonal variations 
throughout the year.

The windier part of the year lasts for 3.4 months, from January 26 to May 
8, with average wind speeds of more than 13.5 kilometers per hour. The 
windiest day of the year on April 5, with an average hourly wind speed of 14.9 
kilometers per hour.

The calmer time of year lasts for 8.6 months, from May 8 to January 26. The 
calmest day of the year is September 16, with an average hourly wind speed 
of 11.9 kilometers per hour.
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4.2.4 Precipitation characterization:

 

A wet day is one with at least 1 millimeter of liquid or liquid-equivalent 
precipitation. The chance of wet days in el Clavín varies throughout the year.

• The wetter season lasts for 8.6 months, from September 29 to June 16, 
with a greater than 14% chance that a given day will be a wet day. The 
maximum chance of a wet day is 23% on November 1.  

• The drier season lasts 3.4 months, from June 16 to September 29. The 
smallest chance of a wet day is 5% on July 19.

Among wet days, we distinguish between those with only rain, only snow, or 
a combination of the two. Based on this categorization, the most common 
type of precipitation during the year is rain alone, with a maximum probability 
of 23% on November 1.

50-100mm 20-50mm 10-20mm 5-10mm 2-5mm < 2mm
Dry days Snow days
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5 days

10 days

15 days

20 days
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To show variation over a month and not just monthly totals, we show 
accumulated rainfall over a 31-day rolling period centered around each day 
of the year. El Clavín has a slight variation of monthly rainfall by season.

The rainy season lasts for 10 months, from September 3 to July 2, with a 
sliding 31 day rainfall of at least 12.7 millimeters. Most of the rain falls during 
the 31 days centered around October 27, with an average total accumulation 
of 45 millimeters.

The rainless period of the year lasts for 2.0 months, from July 2 to September 
3. The approximate date with the least amount of rain is July 31, with an 
average total accumulation of 7 millimeters. This is helpful to be compared 
with the temperature, as such the next graph is presented.

rainrain

jan. feb. mar. apr. may. jun. jul. aug. sep. oct. nov. dec.
0 mm 0 mm

20 mm 20 mm

40 mm 40 mm

60 mm 60 mm

80 mm 80 mm

100 mm 100 mm

27 oct.
45 mm
27 oct.
45 mm

31 jul.
7 mm
31 jul.
7 mm

11 may.
34 mm
11 may.
34 mm31 jan.

20 mm
31 jan.

20 mm

10 °C10 °C 11 °C11 °C
15 °C15 °C

17 °C17 °C
21 °C21 °C

28 °C28 °C
32 °C32 °C 32 °C32 °C

26 °C26 °C

20 °C20 °C

13 °C13 °C
10 °C10 °C

2 °C2 °C 2 °C2 °C 3 °C3 °C 5 °C5 °C
8 °C8 °C

13 °C13 °C
15 °C15 °C 16 °C16 °C

13 °C13 °C
9 °C9 °C

4 °C4 °C 2 °C2 °C

Precipitation Mean daily maximum Hot days
Mean daily minimum Cold nights

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
-10 °C

0 °C

10 °C

20 °C

30 °C

40 °C

0 mm

25 mm

50 mm

75 mm

100 mm

 Figure 38: Yearly Average Precipitation in mm

 Figure 39: Yearly Average Precipitation by Season

 Figure 40: Yearly Average Precipitation vs. Temperature
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4.3 Study Cases
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For the development of the 
project, we devised three 
stages: investigation, analyzing 
and designing. 

Once the minutia of the 
external factors was studied, the 
outlines of the design became 
clear as to take advantage of 
the environment, the existing 
buildings, and the surrounding 
history, among the other factors 
before presented.

Aiming towards a wholesome, 
integrative design, we 
included in this investigation 
some remarkable projects. 
Said ventures were chosen 
with clear guidelines, that 
would frame specific aspects 
that were crucial to Baharx, 
being them technologies, like 
sustainable frameworks or eco-
friendly materials, construction 
methods, such as modularity 
or structural features, and 
architectural prowess, all of 
which feeds this straw-bale 
modern dwelling. 

For the above reasons, the next 
projects will be studied and 
presented ahead.
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4.3.1 Case One: Waste Upcycling

 

  Meritorious   Notable

• Carbon conscious initiative
• Affordable material
• Patented system
• Fire resistant

• Reuse of plastic waste
• Modular Lego® like 

constructability
• Innovative construction 

material
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Born in Colombia, envisioned by Fernando Llanos and architect Óscar 
Méndez, Conceptos Plásticos (Plastic Concepts) was founded in 2011. The 
company has a patented system that works with recycled plastics, that are 
melted then molded as bricks and pillars  making them a practical substitute 
of a masonry system, “Like Lego pieces.” the owner of the company Oscar 
Mendez says. (Valencia & Pimenta, 2017)

Project: Conceptos Plásticos Country: Colombia

This discarded material is gathered from factories or collected from waste, 
and then turned into Lego® like bricks, weighting an average of three 
kilograms with similar dimensions as a normal ceramic brick. The product 
is fire resistant, and when its constructed under pressure the building does 
not need an insulation layer, well assembled bricks keep the heat inside the 
room. They also have thermoacoustic and seismic properties, complying 
Colombia’s seismic regulations. With this technology, the company achieves:

Reduce Upcycle

8 tons of plastic are created yearly, which takes
over 300 years to degrade

Social Housing

3 million houses are needed locally, 26 other 
countries import the affordable initiative

263 M8 Ton 300y300y300y
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4.3.2 Case Two: Timber and Straw With a Twist
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In the architect’s own words, “The project is a manifesto of an architectural 
idea linked to the archetypes of building; a juxtaposed perimeter wall and a 
roof make up the family home. In simple contemporary forms of which the 
house is made echo ancient building materials like man.” (Jimmi Pianezzola 
Architetto, 2017)

In the architect eyes, the prototype for a home is a shelter, but where as you 
can make a shelter out of: a fence, some walls, even a canopy, this items 
won’t make a house, let alone a home. 

Considering the history of “the house” any covered space used to suffice, the 
term evolved to include a space inside walls and a roof.

Project: SCL Casa Elementare
Architect: Jimmi Pianezzola   
          Architetto

Area: 160 m²
Year: 2015-2017
Country: Italy
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With this concept in mind, the architect used a classical definition of a house, 
with a roof and a porch, to create a “private shelter”.  The design has a rigid 
ground floor plan, simple and basic, which in contrast to simplicity the roof 
strikes like “a folded sheet of paper” seated on the walls. This being achieved 
with a simple but clever twist as shown below.

The architect defined this space as four walls, with a 90° rotation, achieved a 
complete porched space.

  Inspirational

(north east face placing and 
features)

• Ideal site analysis, aweing 
diagrammation and 
presentation

• Modern take on the traditional 
house, remarkable context 
management

• Exemplary use of the materials, 
a modern take on the straw-
timber marriage.

• Commendable spatial 
management, placement 
of the house according to 
the topography, with an 
outstanding polar positioning 
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The house is made of strawbale, thanks to this, it is well insulated and fire 
resistant. The construction subsystem of the house is made of reinforced 
concrete, and the supporting structural system is timber.

With its extensive climatic analysis, the design was ingenious enough so that 
during summer solstice, the east-west oriented windows, directly receive the 
sun yet thanks to the roof shading the space stays well shaded. Nonetheless 
In winter, the sun enters inside the house because of wide south faced 
openings.
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4.3.3 Case Three: The Technological Archetype 

 

-100% CO₂4000 kW
h - y

19200 kW
h - y ZEB+

energetical
independency electrical surplus solar boiler carbon offset

verified
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Project: Plus House Larvik
Architect: Snøhetta
Area: 220 m²

Year: Completed 2014
Country: Denmark

The architect of this project, Snøhetta is an active follower of The Research 
Center on ZEB (Zero Emission Building). As such, and in a conjoint effort with 
the Scandinavia’s largest independent research body SINTEF, Zero Emission 
Building (ZEB) partner Brødrene Dahl, and Optimera, this pilot ZEB project 
was born. In order to provide a model for the future generations, a showcase 
of the sustainable possibilities that they could achieve following sustainable 
strategies. 

Even thought the project  is envisioned as a single-family house, nonetheless 
its purpose is as a demonstration platform to educate on sustainable 
practices, design, and future-proofed architecture.
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To be considered ZEB, the house needed to achieve zero CO2 emissions, to 
that end,  PV panels and Solar-thermal panels were disposed on the building’s 
envelope. With this technologies alone, better returns are achieved out of 
a smaller Carbon footprint, when compared with those calculated from 
burning fossil fuels. 

“By offsetting CO2 emission, we reduce emission of other greenhouse gasses 
simultaneously.” (Snøhetta, 2014)

The house is oriented towards to Southeast, its PV covered roof is tilted 19°. 
These features, together, and the energy wells in the ground are providing 
the required energy for the independency from the grid, so much that  it 
can even power an electric car a year-round. 
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“Heating and cooling [are] solved passively through placement of glass 
surfaces, [the] orientation, [the] house geometry and volume, and [by] 
choosing materials with good thermal characteristics.” (Snøhetta, 2014)

In the garden you can find a swimming pool, a shower that is using solar 
power to heat the water, a biomass heated sauna using firewood, and 
storage rooms that serve as barrier from the surrounding.
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  Noteworthy

• Architecture and engineering 
merge exceptionally, with a 
use of technologies that not 
only function phenomenally 
but contribute towards the 
aesthetical attributes of the 
design. 

• Sustainability fuses deeply 
into the core of the project, to 
a level where the comfort and 
luxury of the house don’t draw 
from its achievements.

• Outstanding technological 
developments were studied, 
designed and installed.

• The deep studies behind 
the inclined roof with the 
PV and solar panels, and 
the deployment of water 
recollection and its reuse, helps 
towards a proper sustainably 
focused house.

• The smart design is 
exceptionally methodical.
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4.3.4 Case Four: The Floating House

 

Project: ISEAMI
Architect: ROBLESARQ
Area: 482 m²

Year: Completed 2010
Country: Costa Rica

“In ISEAMI HOUSE, sustainable living teaches itself [through] the spatial 
design. The house is the first stage of the ISEAMI institute (Institute of 
Sustainability, Ecology, Art, Mind and Investigation).” (Robles, 2010)

The Iseami House built in Playa Carate, Costa Rica by the Robles Arquıtectos 
(now ROBLES ARQ). The purpose of the projct was to create a shared social 
space with a habitable area, in the shape of a private house while being 100% 
eco-friendly and sustainable.

The project was commissioned as a learning and showcasing facility, where 
sustainable architecture is to be learned from experience. The house is 
located 30 km away from the nearest town, making it an off-grid project. 
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To meet the electrical/lighting, thermal, and gray water disposal needs, 
passive and active strategies were implemented during planning. 
Technological features such as photo-voltaic panels on the roofs, generating 
10,800 kWh of electricity, were planned and installed to be oriented and 
placed to have the maximum efficiency, solar panels that allow the users 
are able to get hot water. 

Said water is provided from the forest, some of which also helps with the 
hydroelectric generators that provide 800 kW/h. Taking into account the 
geographical, hydrological nature of the environment, guaranteeing access 
to pluvial goods is less about abundance, and more about collection, 
treatment and distribution, specially in a project centered around eco-
friendliness, as most water treatment features tend to be chemically heavy, 
and environmentally trying.
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  Thought Provoking

• Off-grid projects, especially 
educational ones, showcase a 
plethora of creative solutions, 
enriching the project’s 
composition.

• Projects in extraordinary 
conditions present "out of the 
ordinary" design solutions.

• Tropical weather and climate 
regions tend to have small 
yearly variations in temperature 
which mean climate comfort 
is easily achieved, yet weather 
and humidity tend to be 
rougher, rainier and harsher on 
construction materials.
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Given the tropical nature of the surrounding, means no seasons, materials 
were chosen not based on climate, rather chosen for the resistance they 
provided against the harsh weather in Osa Peninsula, specially its high 
humidity, fungi, mold and fauna and flora of the area, which could attack 
and deteriorate the house.

Another very important passive feature was to elevate the house 1 meter 
above the ground, preventing water damage and overheating, whilst giving 
the house an aesthetically modern look, that contrasts with the natural 
surroundings.

Its Southeast-Northwest orientation is another strategy, providing cross 
ventilation, as well as the installation of two polycarbonate skylights that 
offer a better thermal comfort and an amusing usage of the interior spaces.
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Located at #46 Los 
Chopos street, in 
El Clavín estate, a 
housing development 
only a five minutes 
drive from the city of 
Guadalajara.

It has a sloping 
topography with an 
inclination of 10-11%.

As stated in the 
project brief, “The 
challenge is to think 
not only of the final 
form of the project but 
also in its functionality 
through two stages 
and its construction 
on an inclined terrain.

A successful design 
must bear in mind all 
limitations described, 
as well as make 
creative additions 
with regards to the 
daily life of Oscar, 
his daughter and his 
family, in relation to 
the outside marked 
by the slope and the 
wonderful views.” 
(Abouthaus, 2019)
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4.4.1 The Lot

 

As privileged as the lot 
is, its steepness is to be 
considered, specially 
when taking into 
account the projects 
constructability.

For this end is also 
ideal to visualize the 
boundaries, being 
them 5 meters offset 
from the street and 3 
meters offset from the 
other sides.
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Other important 
aspect to design 
around from, was 
the vegetation. There 
are five main trees 
that had to be kept, 
nonetheless the 
design aimed not to 
remove any of them.

 Figure 41: Lot with Steepness  Figure 43: Lot with Trees

 Figure 42: Lot Boundaries  Figure 44: Lot with Sun
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4.4.2 Mass Evolution

4.4.2.1 Mass One

 

Mass One was the 
original solution to 
the competition’s 
requirements and 
the owner’s desires. 

For this reason, the 
design is partitioned 
in two stages, mainly 
for constructive 
purposes. 

In the first stage the 
designated functions 
are: a kitchen with a 
small dining room, 
a bathroom and a 
mezzanine.

In the second stage 
were allocated: an 
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independent dining room joint with the living room, two bedrooms plus a 
guest bedroom, another bathroom, a storage room, a roof summer deck, a 
natural pool, and a garage. 

Given the nature of the straw-bale panels, the constructive stages even if 
separate by assembly time, will result in a single cohesive environment.

As the natural view from the mountain side is a main feature, we exploited 
it within the design, giving big common places, and spacious private rooms, 
all a proper view, with big windows being placed on the Northeast of the 
house. 

 Figure 45: Mass By Stages

 Figure 46 a, b & c:  Mass Second (a), First (b) and Ground (c) By Function

(a)

(b)

(c)
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This last, paired with the fact that the steep lot could mean that conditions 
to ensure the integrity of straw had to be pampered after, resulted in the 
development of elevated platforms to place the building above ground.
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The project received an 
honorary mention, and served 
as the ground work for the other 
designs.

The competition final design 
will be presented in the 
pages ahead, as well as the 
further development of the 
architectural project, according 
to the technology.

 Figure 47:  Lot With Mass

 Figure 48:  Mass Development (a) Mass Shape, (b) Openings (c) Features and (d) External 
Feaatures

(a)

(c)

(d)

(b)
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 Ground Floor 
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First Floor

PLAN LEVEL -3.00

 Figure 49: Ground Floor Plan  Figure 50:  First Floor Plan
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 Second Floor

 Figure 51: Second Floor Plan  Figure 52:  Masterplan
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 Section AA  Section BB

 Figure 53: Lateral Section  Figure 54:  Longitudinal Section
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4.4.2.2 Mass Two

 

On Mass 2 the stage 
development was disregarded. 
The concept, as valid as it may 
have been for a resident with 
specific needs required, made 
some inefficient use of the straw-
bale panels as division walls, 
inside the final building. 
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Thus far, after developing a viable solution to the challenge of the competition, 
for this dissertorial work we mirrored the mass and located the highest part 
of the house on the Northern side of the lot. 

With this accommodation a higher solar power was reached, as well as a 
better space for the building, as this side of the site is the flattest on disposition 
and was previously reserved for the pool. 

This last allowed for less elevated platforms in which to rest the house, 
consequently allowing for a more efficient transitional space around the 
house, as well as more efficient usage of the inner house spacing.

 Figure 55:  Mass Two (a) Lot Disposition and (b) Mass on Lot

 Figure 56:  Project On Lot

(a)

(b)
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 Figure 57: Ground Floor Plan  Figure 58:  First Floor Plan

 Ground Floor  First Floor
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4.4.2.3 Mass Three

 

Using lot optimization 
algorithms, made designing 
Mass Three, the result of dividing 
the spaces and using more 
spaciously the area on the lot.

After some architectural 
assessment, the project was 
devised towards the best 
constructable and plane area 
on the lot. 

 Second Floor

 Figure 59: Second Floor Plan  Figure 60:  Mass Three (a) Lot Disposition Optimization and (b) Mass on Lot 
Distribution

(a)

(b)
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Provided that this constructability configuration allowed for a lower 
amount of ground removal, it became apparent the benefits towards the 
environmental repercussions this approaches had. 

After said lot optimization, and decided usage, we cross checked the 
information on existing trees. In preserving this environmental gain, the 
constructable area that contained trees was unaccounted for.

Once the proper usable area was decided upon, we extruded the surfaces 
which shaped the mass.

Given the circulation analyzing on the area, sun impact on the project and 
the connection between spaces, the outputs molded the mass into a project.
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In this case, instead of having two rigid blocks, we wanted to take advantage 
of the lot’s spaciousness. With this design strategy we also got to have more 
transparent surfaces, providing more rooms with a view.

In this house, all circulations revolve around stairs, the house has six steps on 
the base. With this elevation differences, space division was not enforced by 
rigid walls, meaning commons spaces share volumes, providing the perfect 
situation to properly provide cross ventilation all around.

In the same manner, all the main connection among levels and floors are 
concentrated in a rigid spot, central enough to properly service the whole 
building, yet private, in order to be unobtrusive.

 Figure 61: Mass On Lot  Figure 62: Mass Three Building
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 Second Floor

 Figure 63: Volumetric Function Diagram  Figure 64: Mass Three Second Flor Plan
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 First Floor Graound Floor

 Figure 65: Mass Three First Floor Plan  Figure 66: Mass Three Ground Floor Plan
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4.4.2.4 Mass Four (Final Mass)

Taking advantage of the topographic analysis 
optimized for constructability, we proceeded 
to idealize a project where the elements of 
the building could be compartmentalized, 
therefore having the house be designed in 
modules. 

After visualizing  and evolving said modules, 
we traced over the previous Mass Three’s 
layout, shaping the mass in precise yet 
imaginative elements.

Furthermore, with modulation, it was easier 
to face challenges like constructibility, mass 
shaping, space developing, as well as and 
design became practical and pragmatical.
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Thus far the lessons learnt allowed 
for a cohesive design, that better 
took advantage of the terrain.

From these, big additive masses 
where in turn unfavorable, 
resulting in a scattered, more 
responsive to the environment 
layout.

 Figure 68: Modular 
Concept

 Figure 67: Lot Surface Optimization

 Figure 69 a & b: Mass Four Mass (a) Disposition on Surface and (b) Adaptation to 
Lot

(a)

(b)
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Shaping them into a mass, we 
could finally understand its 
impact on the lot, and there 
for work further into molding 
towards a better function.

Once the mass was extruded some play was allowed to achieve said purpose.
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Said shifts on positions gave 
air to the elements composing 
the spaces, allowing to further 
adapt them, to generate better 
circulations and entrances.

Finally, rotating the masses 
according to sun and the lot’s 
steepness gave the resulting 
cohesive architectural the 
experience we aimed for.

 Figure 71 a & b: Mass Four Mass Adaptation to Analyses (a) Translational and (b) 
Rotational

 Figure 70 a & b: Mass Four Mass (a) On Lot and (b) Zoomed

(a)

(b)

(a)

(b)
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With this we can ultimately display the form, see it on the topography, and 
properly design the architecture features as follows. As such we’ll present 
the distribution of the mass in this section, given that Mass Four resulted 
architecturally, energetically, environmentally and aesthetically more 
appealing. 
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Further ahead in the technological chapter it will be shown scientifical 
reasoning that further confirms the selection of Mass Four to be the final 
project to better showcase  strawbale and its capabilities as a construction 
material.

 Figure 73: Mass Four Final Shape on Lot Figure 72: Mass Four Final Shape
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Lessons learnt

Expanding the mass across the lot, 
takes better advantage of the 
topography, and aids on thermal 
behavior.

Rotation of the masses, to better 
work the function into the topog-
raphy, accounting for function. 

Function modulation, allowing 
spaces to be redistributable, 
reworkable and pragmatical.

Volumetric enclosure of functions 
and spaces. Allowing for a hight 
accommodation on the different 
flat levels of the lot.

 Figure 74: Final Building Shape
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4.5 Architectural Project

 Figure 75: House Abstraction Figure 75: House Abstraction Figure 75: House Abstraction
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Home is not just where 
you live: your house or 
apartment, Its also the 

place where you feel most 
comfortable, loved and 

protected. It is the place 
where you live, and the 

place you love. Most people 
feel safe and happy in 

their home. It is easy to 
find a place to live, but it is 
difficult to find a real home.
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  Figure 76: Project's Master Plan
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  Figure 77: Project's Ground Floor Plan
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  Figure 78: Project's First Floor Plan
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 Front View
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 Figure 79: Project's Front View
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 Figure 80: Project's AA Section
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 Figure 81: Project's BB Section
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 Figure 82: Project's CC Section
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 Figure 83: Project's DD Section
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4.6 Renders
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  Figure 84: Rendered View From Street
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  Figure 85: Rendered View From the Mountain
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 Figure 86: Rendered View From the Pool
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  Figure 87: Rendered Inside View
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  Figure 88: Rendered View From the Balcony
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  Figure 89: Rendered View Of Common Spaces
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  Figure 90: Rendered View of Project in Lot



Chapter 1
Context:
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 House Abstraction
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Dealing with the technological aspects and 
multi-disciplinary approach to the design, 
as well as planning the future construc-
tion of the project, requires a deep study 
and wholesome approach to its concep-
tion.

As such, and in awe to the integrated de-
sign of environmental systems (energy 
conservation, HVAC, amongst others), the 
project’s behavior and properties of its 
components and materials, we present 
this section.
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5.1 Prefabricated Modular System

 House Abstraction

To improve construction’s productivity, the industry must embrace change, 
we’ve seen some improvement in techniques, that have allowed for faster 
construction times, better use of materials, and, furthermore, we have 
seen some change aiming towards achieving a minimal impact on the 
environment, reducing site waste, making construction sites safer. 

With this in mind, while devising this project we choose designing for a 
prefabricated modular system. We believe that optimizing the design and 
constructability of the project we can assure a small, or even negative carbon 
footprint, whilst maintaining eco-friendliness, sustainability, and remaining 
affordable.
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Towards this target, we embraced “modularity”. In its core, modularity can 
be defined as “the development of parts, that gathered together, become 
a larger object”, we can think of it as Lego® blocks, that through planning 
achieve more complex elements.

In Baharx, we started by developing straw-bale panels, through thorough 
investigation and methodical planning this themselves are modular in size, 
tending to constructibility, efficiency, and structure. 

Then by assembling said panels, into cubicle modules, parts of the house 
such as kitchen, bathroom, living-room, and rooms, can be achieved.

With this modular design we aim to increase the control than can be 
excreted on the constructive materials and components that are required to 
develop this building, controlling not only the total use of straw, but also of 
wood, drywall, and the rest of components that are required 
to finish a built environment.

Said control will aid on managing and decimating 
carbon emissions, as off-site manufacturing and 
assembling the panels becomes an easy, fast, and 
efficient, when compared to activities developed 
on-site.

As an additional benefit, the labor required 
to do this work tends to decrease, as 
well as becoming less specific, given 
that assembly processes made 
on a warehouse requires no 
heights work, and no specialized 
equipment for wood elements.

 Figure 91: Schematic Representation of Panelized Module  Figure 92: Schematic Representation of 
Modular Construction
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5.1.1 Pushing For Higher-End Dfma Technologies

Figure 93: Making the case for prefabricated, prefinished volumetric con-
struction  (Building and Construction Authority, Singapore, 2018)
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In context, we may first need to specify the reasoning behind aiming 
towards these improvements. Design for Manufacture and Assembly (DfMA) 
is a design approach that focuses on ease of manufacture and efficiency of 
assembly. 

By working the design minutia, thoroughly until its possible packageable 
components, to the point of turning it into a product with the capacity of 
being manufactured and assembled more efficiently, in the minimum time 
and at a lower cost.

Traditionally, DfMA has been asociated to sectors such as the automotive 
and chain production, both of which need to efficiently produce high quality 
products in large numbers. It combines two methodologies, Design for 
Manufacture (DFM) and Design for Assembly (DFA):

• DFM involves designing for the ease of manufacture of a product’s 
constituent parts.

• DFA involves design for a product’s ease of assembly. It is concerned 
with reducing the product assembly cost and minimising the number of 
assembly operations.

• Both DFM and DFA seek to reduce material, overhead, and labour costs.

More recently, construction contractors have begun to adopt DfMA for an 
off-site prefabrication of construction components, making the generation 
of modules increasingly possible, as well as secure, repeatable, and safe.

Therefore, prefabricated prefinished volumetric construction is a very useful 
technique. PPVC aids supporting modular and panelized system usage in 
sites whilst giving the direction of off-site manufacturing. 

These Lego®-like off-site constructed modules are transported to site and 
then easily and hastily assembled, so constructors and workers save time 
and money.

These all, being qualities the use of this technique bring to the table, and 
furthere more to the project.
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5.1.2 Benefits of Modular Systems

Conventional Construction

• Traditional way.
• Experience and expertise on the system exists.
• Constructed and installed on-site.
• Included in most construction regulations and codes.
• Most common and abundant system on use.
• More risks taken due to site and natural conditions.
• Manpower needed, both in quantities and expertise.
• Usually more expensive.
• Takes more time.
• Tends to be environmentally taxing.
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Prefabricated Modules

• Constructed off-site, in factories.
• Less Carbon footprint.
• Easier to construct.
• Less specialized manpower.
• Usually faster to construct.
• Can be cheaper to construct.
• Less construction wastes.
• Interior finishing can be installed off-site.
• Dexterous planning means clash detection.
• Offsite MEP installations can be achieved and may result in better less 

intrusive fittings and fixings.

 Figure 94: Coventional Construction Representation  Figure 95: Modular Construction Representation
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Prefabricated modular systems excel on their efficiency, meaning that they 
offer the best sustainable alternative for traditional construction method.

Construction miscalculation, excesses, and waste can be reduced thanks to 
off-site manufactured modules.

The excess materials resulting from manufacturing can be saved and reused 
later, given they are kept and used on factories, it is easier to keep control 
over them. Simultaneously, off-site constructed modules are 50% faster than 
conventionally constructed houses, given the planning that goes behind 
their assembly process.

Because off-site assemblance is made to be detached, removed, relocated, 
and reconstructed, almost 90% of the construction work happens in the 
factories, that in turn results in an overall better carbon footprint. 

In this sense, buildings can be relocated, dismantled, and, more-over, the 
materials used can be recovered, and either reused or be properly disposed 
of, meaning for once the environment can go back to pre-constructed 
time, and secondly, the end-of-life cycle of projects can eventually help the 
environment, or, at the very least, impact less.
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 Figure 96: Programming Scheme Conventional vs. Modular Construction
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5.1.3 Project Modulation

To achieve modulation, and learning from similar approaches like lean 
construction, DfMA dictates to start with the identification and quantification 
of assembly pieces. 

After this, it becomes imperative to optimize and minimize the number 
of said components, aiming towards the maximum repetition of parts, 
reducing assembly and ordering costs, mainstreaming work-in-process, and 
simplifying automation, also improving the carbon footprint of the project 
in said process.

Therefore, designing for ease of part-fabrication is compulsory, taking the 
geometry of the building dividing it and grouping it, is only one process, 
taking said division of parts, simplifying it and removing unnecessary 
features, becomes a must.

Components are designed so they can only be assembled one way, this 
means minimizing the use of flexible components. Then, optimizing for ease 
of assembly, in some cases could mean the use of snap-fits and adhesive 
bonding rather than threaded fasteners such as nuts and bolts, where 
structural features and costs allow.

239 

Technologies

 

  Figure 97: Module Recreation
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5.1.3.1 Panelization

The selected materials to design the panels are straw bale and wood/timber. 
These materials not only are optimal for energetical and acoustic reasons, 
as further developed forward in the chapter, but are also very competitive 
structurally, and environmentally.

Nevertheless, to achieve said cohesiveness on all fronts, and to allow for 
practical, repeatable and transportable elements, we focused on limiting 
the size of the panels to 2.50 meters of height, depending on the maximum 
common length of timber elements available commercially, and twice that 
amount in length.

For this same reason, and justified on common structural timber practices, 
to conform said panelization 3 basic modules, based on the 35 cm width of 
a dense bale, were envisioned, these are as shown below:
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After developing designs, and analyzing how the house works in the 
topography, the panel modulation is as shown before, taking into account 
cuts of wooden elements, straw compactation sizes, and easiness of 
constructability. So, for these reasons, all panels are 329 cm length and 462 
cm wide.

From said plain panels, it is practical to remove and redistribute internal 
strawbale and timber elements, we get the window and door openings. This 
last allows to achieve multiple substructures, such as 2 windows, 2 doors, 1 
window with 1 door or just 1 door opening, allowing for a versatile design.

In a continuous awe to modularity, and decreasing the construction 
uncertainties, errors, and even, expenses, we chose the same size of tall 
window and doors and another small window for the areas such as for 
bathrooms and kitchen.

Some graphical representation of said concept is presented in the next few 
pages:

 Figure 98: Basic Panelization Modules (unit: mm)  Figure 99: Basic Paneling Representation
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  Figure 100: Basic Project Panel  Figure 101: Basic Project Panel Blueprints
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 Figure 102: Basic Project Panel variation door and small window  Figure 103 a, b, c & d: Panel variations (a) big window, (b) door, (c) double door, and 
(d) door and big window

(a)(c)

(b)(a)
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Wood framing façade longitudinal (elevation) with the optional top addition, reflecting 
the high-rise modulation for vertical enclosures, generated by multiples of 35 cm, in rela-
tion to normal strawbales.

Modulation: Distance between studs centre:  41, 76 or 111 cm façade stretchs; measures: 
maximum height 2,45 m tall and maximum 5,00 m in lenght.
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The panels are going to be manufactured in the factories off-site, then 
they are going to be transported with trucks to the site and workers are 
going to assemble this modular elements in-site, meaning, with this level 
of planning, human error or the need of "on the spot solving for problems" 
will be minimized, reducing mistakes or faults on the product, and the built 
enviroment. 

Moreover, these modulations, even taking into account their possible 
multiplicity, were optioneered and optimized towards the smallest quantity 
of functional variations, in turn preserving DfMA principles, as well as keeping 
costs low. This includes the aforementioned extension panels for extra 
height, roofs and leveling, giving the topographical conditions, window size 
modulation, amongst all the architectural features prevously mentioned.

As shown with the many variations provided on this single panel, with the 
proper use of the technology, many possible designs can be achieved, 
meaning multiple uses are available for every single panel configuration.

Furthermore, these features will allow the modularization process of all 
architectural endeavors, simple, repeatable, reliable, and easily developed 
process, as demonstrated in the next section.

 Figure 104: Basic Project Modulation Plan for the Panels with Descriptive Legend.
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5.1.3.2 Modules

Given the completion of the competition 
project, designing for a private shelter, and 
after a mass optioneering, generating many 
possible configurations, adapted to straw-bale 
panels, developing a modular design allowed 
transforming this project into a bigger scale.

With the modular system the project can 
be built everywhere, in a replicable manner, 
not only benefiting one individual, but a 
plethora of architects, contractors, and even 
end users. Given the standardization of the 
modules, the design process can tend to the 
terrain it will be located on, or the final client’s 
taste, guaranteeing an environmentally, 
structurally, energetically, and sustainable 
viable architectural solution.

As mentioned earlier, this project is a case 
study of the modern use of strawbale, meaning 
the design tends to the specific criteria of 
the chosen competition, nonetheless, the 
learnt lessons work towards architectural, 
energetical, technological, and structural 
criteria’s that can be extrapolated to the 
design of other projects.

The modules were designed in the best way 
possible to maintain the solar radiation 
balance, to make the habitants life 
comfortable, with a cohesive function, while 
keeping the privacy of the habitants.

As such, some proposed spaces are shown in 
this section.
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 Figure 106: Bedroom module.  Figure 107:  Bedroom Module Plan
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 Figure 108: Livingroom module  Figure 109:   Livingroom module plan
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 Figure 110: Kitchen module  Figure 111:   Kitchen module plan
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 Figure 112: Office module  Figure 113:   Office module plan
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5.2 Energy Performance

Baharx Straw-bale Ecological House has been designed in many steps. As 
the designers, our goal was trying various geometries, accommodations, 
panelizations, and modulations. According to these optioneering the design 
evolved and got shaped in the best possible way. 

Whilst optimizing the projects mass, the climate analysis, the S/V (surface/
volume) ratio, Window/Wall ratio, roof slope optimization and the glazing 
placements has been simulated. The energy analysis has been carried out in 
the whole house because the goal was improving its energy consumption 
and CO2 emission. 

Thanks to the modularity, a better performance could be reached. The 
results were obtained from running multiple simulations on Sefaira, the 
environmental simulation and ASHRAE 90.1 standards for Spain. Sefaira's 
results were used to compare variations between HVAC units and the 
chosen constructive materials searching the methods to improve the houses 
envelope, energy performance and air handling units. The process contains:
 
1. SHRAE 90.1 standards for Spain 
2. Improvement of the Envelope 
3. HVAC units 
4. Natural ventilation 
5. Energy production 

In addition to the energy analysis, with daylight simulations, the house has 
been tested and molded through this process, resulting in the best shape and 
placement of the glazing and the shading system. Moreover, the addition of 
the PV (photo-voltaic) panels, green roofs, natural pool, terrain preservation, 
including tree conservation, and, the main driver of the project, straw-bale 
modular construction, we’ve followed through in the search of a house that 
could be and remain sustainable, from conception to end-of-life cycle.
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5.2.1 Mass Optioneering
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SURFACE VOLUME S/V
MASS_1 1039,9  m² 872,05 m³ 1.19

MASS_2 1214  m² 1263,66 m³ 0.96

MASS_3 1346  m² 1229,9 m³ 1.09

MASS_4 776,6 m² 892,9 m³ 0.86

 Figure 114: Mass Comparison 

 Table 5: Surface to Volume Ratio Mass Comparison
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SURFACE VOLUME S/V
MASS_1 1039,9  m² 872,05 m³ 1.19

MASS_2 1214  m² 1263,66 m³ 0.96

MASS_3 1346  m² 1229,9 m³ 1.09

MASS_4 776,6 m² 892,9 m³ 0.86

872,05 m³ 1263,66 m³ 1229,9 m³ 892,9 m³
1039,9  m² 1214  m² 1346  m² 776,6 m²

MASS_1 MASS_2 MASS_3 MASS_4
S/V 1.19 0.96 1.09 0.86

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

S/V
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The surface area to volume ratio (S/V) is an important factor for the 
performance of a building. The greater the surface area, the greater the 
potential heat gain or loss through the envelope may be. Consequently, a 
small S/V ratio implies minimum heat gain and heat loss. In order to minimize 
unwanted losses and gains through the fabric of a building, it’s desirable to 
design a compact shape, without articulation.

In theory, the most compact shape is a sphere, and the most compact 
common shape to building would be a cube. But neither of this shapes or 
configurations may suit most architectural elements, for many reasons, such 
as not reaching a proper daylight access, site restrictions and neighboring 
rules or permissions, planning regulations or simply personal preferences. 

However, to minimize heat transfer through the building envelope, the 
building shape and accordingly the floor plan itself, should be as compact as 
possible. With straight walls and first floor wall on top of ground floor walls. 
Avoiding possible excess areas, rooms, or even features.

For the mass optimization, and considering the refinements on shape, 
location and individual characterization presented in the architectural 
chapter, we have decided to evaluate the resulting masses on their S/V ratios. 
According to these optioneering, “Mass  four”  is the best way to accomplish 
good energy efficiency, and develop the project’s design, moreover, when 
taking into account the technologies that were studied in each of them.

 Figure 115:   Mass Comparison Graph

 Table 6:   Mass Comparison Results
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5.2.2 Energy Strategies

To further develop the buildings energetical aspects, many techniques 
and strategies were studied and implemented during and after the design 
process.

To this end,  we intend to allow daylight actively in the house, by organizing 
and arranging the openings to maximize its influence; we’ll use green 
roofs, and sustainable architecture and materials; we’ll provide solar energy, 
passive cooling, amongst other technologies, some of which go beyond the 
scope of the competition.

For said purposes we present the original energetic performance of the 
house as a baseline, in concordance with the ASHRAE 90.1 and Spain’s 
regulations, from here, we’ll work the way to a better performance, all in awe 
of decreasing the energy consumption and the CO2 emissions of the house.
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 Figure 116:   Final Mass for Technological Developments
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5.2.2.1 ASHRAE 90.1 standards, Spain Baseline

5.2.2.1.1 Building Information

The energy analysis starts 
with ASHRAE 90.1 standards 
according to Spain regulations. 
The site is in Spain, Guadalajara, 
near to Chiloeches, in a private 
urbanization, considered a 
small city, called El Clavín. The 
climate zone number is 5. 

The comparisons have been 
done with EUI, the annual 
energy costs and the CO2 

Limit Uwall 0.66 W/m2K
Limit Uslab 0.49 W/m2K
Limit Uroof 0.38 W/m2K

Climate Zone D3

% of Wall is Window
"Hole"

U values
N E/O S SE/SO

Less 10% 3.5 3.5 3.5 3.5
10≤%<20 3 (3.5) 3.5 3.5 3.5
20≤%<30 2.5 (2.9) 2.9 (3.3) 3.5 3.5
30≤%<40 2,2 (2.5) 2.6 (2.9) 3.4 (3.5) 3.4 (3.5)
40≤%<50 2.1 (2.2) 2.5 (2.6) 3.2 (3.4) 3.2 (3.4)
50≤%<60 1.9 (2.1) 2.3 (2.4) 3 (3.1) 3 (3.1)

* if wall Uvalue <0,47

Limit Uwall 0.66 W/m2K
Limit Uslab 0.49 W/m2K
Limit Uroof 0.38 W/m2K

Climate Zone D3

% of Wall is Window
"Hole"

U values
N E/O S SE/SO

Less 10% 3.5 3.5 3.5 3.5
10≤%<20 3 (3.5) 3.5 3.5 3.5
20≤%<30 2.5 (2.9) 2.9 (3.3) 3.5 3.5
30≤%<40 2,2 (2.5) 2.6 (2.9) 3.4 (3.5) 3.4 (3.5)
40≤%<50 2.1 (2.2) 2.5 (2.6) 3.2 (3.4) 3.2 (3.4)
50≤%<60 1.9 (2.1) 2.3 (2.4) 3 (3.1) 3 (3.1)

* if wall Uvalue <0,47
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Uwall 0.66
Ufloor 0.49
Uroof 0.38
Uwindow 3.51
VLT 0.42
SHGC 0.25
Infiltration
Rate 7.2
Ventilation
Rate 10
Equipment 10
Lightining 10

SPAIN

% of Wall is Window
"Hole"

U values
N E/O S SE/SO

Less 10% 3.5 3.5 3.5 3.5
10≤%<20 3 (3,5) 3.5 3.5 3.5
20≤%<30 2,5 (2,9) 2,9 (3,3) 3.5 3.5
30≤%<40 2,2 (2,5) 2,6 (2,9) 3,4 (3,5) 3,4 (3,5)
40≤%<50 2,1 (2,2) 2,5 (2,6) 3,2 (3,4) 3,2 (3,4)
50≤%<60 1,9 (2,1) 2,3 (2,4) 3 (3,1) 3 (3,1)

emission in one year and the architectural design process. According to 
Spain standards the materials used in the analysis is concrete.

 Table 7:   Uvalues for Spanish Zone D3, from the CTE

 Table 9: Modeling Values Allowed in Spanish Code

 Table 8:   Uvalues for Windows In Zone D3, from the CTE  Table 10:   Uvalues Instructed as Admissible, from the CTE
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5.2.2.1.2 Fan Coil Units and Central Plant

5.2.2.1.3 Annual Energy Use

kWh/m2/yr % of use
Heating 80.4 62%
AHU 0 0%

 Zones 80.4 62%
Humification 0 0%
Cooling 3.7 3%
AHU 1.1 1%
Heat Rejection 0.2 0%
Zones 2.4 2%
Fans 6.2 5%
AHU 2.9 2%
Zones 3.3 3%
Interior 35.4 27%
Lightning 23.6 18%
Equipment 11.8 9%
Pumps 3.4 3%

Segment

Av. % 
Comfortable- 

Dry Bulb Temp.

Annual Net 
CO2 

Emmission

Annual Energy
Cost (EURO)

EUI

129 kW.h/m2/yr 3,656 € 8743 kgCO2e/yr N/A %

121.1

Yearly Energy Consumption

kN h
m2
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5.2.2.1.4 Annual CO2e (Excluding Renewables)

 

kgCO2e/m2 % of the total use
Heating 17.4 35%
AHU 0 0%

 Zones 17.36 34%
Humification 0 0%
Cooling 2.5 5%
AHU 0.73 1%
Heat Rejection 0.15 0%
Zones 1.6 3%
Fans 4.2 8%
AHU 1.97 4%
Zones 2.27 5%
Interior 24.1 48%
Lightning 16.04 32%
Equipment 8.02 16%
Pumps 2.3 5%

Segment

50.4

Total CO2 emissions 

kgCO2e
m2

 Table 11: Baseline Fan Coil Units and Central Plant

 Table 12 & Figure 117:   Baseline Annual Energy Use  Table 13 & Figure 118:   Baseline Annual CO2e (Excluding Renewables)
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5.2.2.1.5 Analysis

Taking into account the gathered and studied information, we see that 
heating is the main factor in energy consumption, this means we will be 
taking care of this aspect firstly. In the charts we see that in winter, the 
energy use related to heating reaches the highest values. To reduce that we 
will improve the insulating properties of the façade, this from the baseline 
we stipulated in the item.

5.2.2.2 Improving the Envelope

Thermal insulations products 
are those elements that reduce 
the transmission of heat 
through the structure on which, 
or in which it is installed.  

Applied to buildings, thermal 
insulating materials protect 
interior spaces, which require 
it, from the effects of exterior 
temperatures.

In this way, heat losses are avoided when the external climate is cold, and 
heat gains when high temperatures are reached outside.

Thus a correct insulation reduces the energy demand of the building by 
reducing thermal losses (or gains) through the envelope, improves thermal 
comfort, minimizing the difference in temperature between interior surfaces 
(walls, ceilings and floors) and the interior environment.

Given that the minimum acceptable Uvalue in Spain is usually reached with 
the use of expanded polystyrene, strawbales not only are ideal for improving 
the envelope’s values, they also are more ecological. Additionally, given the 
modularity proposed, the easiness on construction and reusability, they are 
ideal in helping with the carbon emissions on the project, whilst presenting 
better Uvalues.
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5.2.2.2.1 Building Information

Some elemental changes include swapping the considered materials 
in Spanish baseline, being them structural concrete, which we changed 
for timber, the aforementioned expanded polystyrene, and a proper roof 
insulation, also provided as straw insulation will studied ahead.

OSB3 plus

Compacted straw insulation
(density 135 Kg/m3)

Wood fibre breathable board

Wood fibre insulating board (22.5 mm)

Mineral plaster with glass fibre mesh

Waterproof breathable membrane

Vapor control membrane

Figure 119:   Façade Schematic Drawing
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Thermal 
conductivity

Density Specific heat
Thermal 

resistance
Thickness

λ (W / m °K ) D ( kg / m3 ) Υ ( J / kg °K ) R (m2 °K / W ) θ ( m )

Clay plaster 0.87 1800 960 0.01149 0.01
Fiberwood board 0.042 190 1700 0.54762 0.023
Waterproof layer 0.3 300 1800 0 0
Fiberboard 0.1 600 1700 0.15 0.015
Strawbale 0.068 135 1260 3.52941 0.24
OSB 3 0.13 600 1700 0.13846 0.018

Façade package

0.7

2.1

3.4

4.7

6.0

7.4

8.7

10.0

11.3

12.6

14.0

15.3

16.6

17.9

19.3

0.7

2.1

3.4

4.7 [°C][°C]

6.0

7.4

8.7

10.0

11.3

12.6

14.0

15.3

16.6

17.9

19.3

Temperature Rel. Humidity Psat Pvap
°C % Pa Pa

External conditions 0 80 611 488
Internal conditions 20 60 2337 1402

Uvalue  =
1

RT

1
RT

Uvalue  = 0.221878065 W
m2 °K

RT  = RSO + Ri (For every layer i) M

RT  = 4.50698 m2 °K
W

Outside Thermal resistance, RSO  = 0.13 m2 °K
W

With the previous equation, and the information 
presented above, it is safe to calculate, the minimum 
achievable U-value for the presented façade package, 
excluding the finishes (that may be different from project 
to project), as:
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- Waterproof breathable membrane
- Wood fibre breathable board
- Compacted straw insulation (density 135 Kg/m3)
- Vapour control membrane
- OSB 3 plus

I  Joists

- Waterproof breathable membrane
- Wood fibre breathable board
- Compacted straw insulation (density 135 Kg/m3)
- Vapour control membrane
- OSB 3 plus

76 cm

70 cm

 Table 14: FaÇade Package Properties

 Table 15 & Figure 120: FaÇade Uvalue Calculation, Thermal Behavour Figure 121: Roof Package Schematic Drawings (a) Longitudinal and (b) Transversal 
Sections

(b)

(a)
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Thermal 
conductivity

Density Specific heat
Thermal 

resistance
Thickness

λ (W / m °K ) D ( kg / m3 ) Υ ( J / kg °K ) R (m2 °K / W ) θ ( m )
Waterproof layer 0.300 300 1800 0.00333 0.001
Fiberwood board 0.100 600 1700 0.20000 0.02
Strawbale 0.068 135 1260 3.52941 0.24
Vapor barrier 0.300 290 1800 0.00333 0.001
OSB 3 0.130 600 1700 0.13846 0.018

Façade package

0.8
2.1

3.4
4.8

6.1
7.4

8.7
10.0

11.3
13.9

15.2 16.6
17.9

19.2

[°C]0.8 [°C]
2.1

3.4
4.8

6.1
7.4

8.7
10.0

11.3
13.9

15.2 16.6
17.9

19.2

Temperature Rel. Humidity Psat Pvap
°C % Pa Pa

External conditions 0 80 611 488
Internal conditions 20 60 2337 1402

Uvalue = 0.24 W
m °K  
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5.2.2.2.2 Fan Coil Units and Central Plant

 

Uwall 0.22 W/m2°K
Uslab 0.22 W/m2°K
Uroof 0.24 W/m2°K
Uwindow 0.14 W/m2°K
VLT 0.13
SHGC 0.14
Infilt. Rate 4 m/hr
Vent. Rate 15.5 l/s.p
Equipment 5 W/m2
Lightning 5 W/m2

Strawbale façade, 
wooden structure

EUI
Annual Energy

Cost (EURO)

Annual Net 
CO2

Emmission

Av. % 
Comfortable- 

Dry Bulb Temp.

64 kW.h/m2/yr 2,366 € 6019 kgCO2e/yr >85 %

As shown before, the minimum achievable values are as presented, taking 
into account in most cases for the façade and in all cases for the roof, this 
values will become better, given that in the wall packages a finishing coat 
is expected at the minimum, and an entire new layer for drywall, might 
be added, in turn for the roofing, depending on the up most layer, more 
materials need to be accounted for. Hence, the calculations below can be 
safely presented:

 Table 16: Roof Package Properties

 Table 17 & Figure 122: Roof Uvalue Calculation, Thermal Behavour Table 19: Improved Envelope Fan Coil Units and Central Plant

Table 18: Straw Improved Envelope Modelation Values
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5.2.2.2.3 Annual Energy Use

kWh/m2/yr % of the total use
Heating 18.9 30%
AHU 0 0%

 Zones 18.9 30%
Humification 0 0%
Cooling 3.5 5%
AHU 1.1 2%
Heat Rejection 0.2 0%
Zones 2.2 3%
Fans 4.2 7%
AHU 2.9 5%
Zones 1.3 2%
Interior 35.4 55%
Lightning 23.6 37%
Equipment 11.8 18%
Pumps 2 3%

Segment

64.0

Yearly Energy Consumption

kN h
m2*

*Reduced by almost half
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5.2.2.2.4 Annual CO2e (Excluding Renewables)

 

kgCO₂e/m2 % of the total use
Heating 4.1 12%
AHU 0 0%

 Zones 4.08 12%
Humification 0 0%
Cooling 2.4 7%
AHU 0.73 2%
Heat Rejection 0.14 0%
Zones 1.5 4%
Fans 2.9 8%
AHU 1.97 6%
Zones 0.89 3%
Interior 24.1 69%
Lightning 16.04 46%
Equipment 8.02 23%
Pumps 1.35 4%

Segment

34.7

Total CO2 emissions 

kgCO2e
m2

Table 20 & Figure 123: Improved Envelope Annual Energy Use Table 21 & Figure 124: Improved Envelope Annual CO2e (Excluding Renewables)
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5.2.2.2.5 Analysis

After calculating the energy use and CO2e for this improvement, we can infer 
that strawbale panels worked well towards improving heat flow, as stated 
in the introduction of the section. By making changes in the insulating 
material,  the new U-value of walls (0.22 W/msqr.K) and the glazing factor to 
a more modern 0.14, which accounts for a proper thermally aware framing, 
the projects CO2 emissions are reduced.

5.2.2.3 HVAC Units

The air handling system 
(HVAC Units) has been chosen 
according to its function. Fan 
Coil Units and Central Plant, 
Heating and Ventilation Only 
(System 9), VAV- 100% OA Central 
Plant, VAV- Return Air Package, 
and Under-floors System 
-Displacement Ventilation have 
been chosen to be compared, 
in accordance to EUI and CO2 
emission values, thus select the 
best unit for the project.

The comparison is developed by studying the buildings performance 
according to each one of the presented options. Once the energetical 
consumption and the Carbon Dioxide emissions have been obtained, they 
will be compared, as to understand what they bring and take to and from 
the project.

For this reason, the studies will be presented in the section ahead, individually 
and comparatively, so that finally, with the information obtained, not only 
will the decision become apparent, but also will be the expected values, and 
their impact on the project.
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5.2.2.3.1 Fan Coil and Central Plant

kWh/msqr/yr % of the total use
Heating 42.8 51%

AHU 0 0%
 Zones 42.8 51%

Humification 0 0%
Cooling 0.3 0%

AHU 0 0%
Heat Rejection 0 0%

Zones 0.3 0%
Fans 4.5 5%
AHU 2.9 3%

Zones 1.6 2%
Interior 35.4 42%

Lightning 23.6 28%
Equipment 11.8 14%

Pumps 0.7 1%

Segment

Table 22 & Figure 125: Fan Coil and Central Plant Energy Consumption
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kgCO2e/msqr % of the total use
Heating 9.3 25%

AHU 0 0%
Zones 9.25 25%

Humification 0 0%
Cooling 0.2 1%

AHU 0 0%
Heat Rejection 0.01 0%

Zones 0.2 1%
Fans 3.1 8%
AHU 1.97 5%

Zones 1.09 3%
Interior 24.1 65%

Lightning 16.04 43%
Equipment 8.02 22%

Pumps 0.46 1%

Segment
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5.2.2.3.2 Heating and Ventilation Only (System 9)

kWh/msqr/yr % of the total use
Heating 41.2 52%

AHU 0 0%
Zones 41.1 52%

Humification 0.1 0%
Cooling 0 0%

AHU 0 0%
Heat Rejection 0 0%

Zones 0 0%
Fans 2.9 4%
AHU 2.9 4%

Zones 0 0%
Interior 35.4 44%

Lightning 23.6 30%
Equipment 11.8 15%

Pumps 0.1 0%

Segment

Table 23 & Figure 126: Fan Coil and Central Plant Carbon Emissions Table 24 & Figure 127: Heating and Ventilation Only (System 9) Energy Consumption
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kgCO2e/msqr % of the total use
Heating 10.1 28%

AHU 0.01 0%
Zones 10.01 28%

Humification 0.08 0%
Cooling 0 0%

AHU 0 0%
Heat Rejection 0 0%

Zones 0 0%
Fans 2 6%
AHU 1.97 5%

Zones 0 0%
Interior 24.1 67%

Lightning 16.04 44%
Equipment 8.02 22%

Pumps 0.06 0%

Segment
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5.2.2.3.3 VAV- 100% OA Central Plant

kWh/msqr/yr % of the total use
Heating 56.6 52%

AHU 0.2 0%
Zones 56.4 51%

Humification 0 0%
Cooling 4.9 4%

AHU 4.9 4%
Heat Rejection 0 0%

Zones 0 0%
Fans 7.6 7%
AHU 7.6 7%

Zones 0 0%
Interior 35.4 32%

Lightning 23.6 21%
Equipment 11.8 11%

Pumps 5.4 5%

Segment

Table 25 & Figure 128: Heating and Ventilation Only (System 9) Carbon Emissions Table 26 & Figure 129 VAV- 100% OA Central Plant Energy Consumption
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kgCO2e/msqr % of the total use
Heating 12.2 25%

AHU 0.05 0%
Zones 12.18 25%

Humification 0 0%
Cooling 3.4 7%

AHU 3.33 7%
Heat Rejection 0.03 0%

Zones 0 0%
Fans 5.2 11%
AHU 5.17 11%

Zones 0 0%
Interior 24.1 50%

Lightning 16.04 33%
Equipment 8.02 17%

Pumps 3.66 8%

Segment
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5.2.2.3.4 VAV- Return Air Package

kWh/msqr/yr % of the total use
Heating 56.5 53%

AHU 0.2 0%
Zones 56.4 51%

Humification 0 0%
Cooling 4.9 4%

AHU 4.9 4%
Heat Rejection 0 0%

Zones 0 0%
Fans 7.6 7%
AHU 7.6 7%

Zones 0 0%
Interior 35.4 32%

Lightning 23.6 21%
Equipment 11.8 11%

Pumps 5.4 5%

Segment

Table 27 & Figure 130: VAV- 100% OA Central Plant Carbon Emissions Table 28 & Figure 131: VAV- Return Air Package Energy Consumption
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kgCO2e/msqr % of the total use
Heating 12.2 26%

AHU 0.12 0%
Zones 12.06 26%

Humification 0 0%
Cooling 4.1 9%

AHU 4.11 9%
Heat Rejection 0 0%

Zones 0 0%
Fans 6.1 13%
AHU 6.1 13%

Zones 0 0%
Interior 24.1 52%

Lightning 16.04 34%
Equipment 8.02 17%

Pumps 0.24 1%

Segment
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5.2.2.3.5 Underfloors System Displacement Ventilation

kWh/msqr/yr % of the total use
Heating 50.3 44%

AHU 2.5 2%
Zones 47.8 42%

Humification 0 0%
Cooling 3.7 3%

AHU 3.5 3%
Heat Rejection 0.2 0%

Zones 0 0%
Fans 22.4 20%
AHU 8.6 8%

Zones 13.8 12%
Interior 35.4 31%

Lightning 23.6 21%
Equipment 11.8 10%

Pumps 1.7 1%

Segment

Table 29 & Figure 132: VAV- Return Air Package Carbon Emissions Table 30 & Figure 133: Underfloors System Displacement Ventilation Energy 
Consumption
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kgCO2e/msqr % of the total use
Heating 10.9 20%

AHU 0.54 1%
Zones 10.33 19%

Humification 0 0%
Cooling 2.5 5%

AHU 2.37 4%
Heat Rejection 0.14 0%

Zones 0 0%
Fans 15.2 28%
AHU 5.82 11%

Zones 9.39 17%
Interior 24.1 45%

Lightning 16.04 30%
Equipment 8.02 15%

Pumps 1.15 2%

Segment
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5.2.2.3.6 Results

 

Fan Coil Units and Central Plant

Heating and Ventilation Only (System 9)

VAV- 100% OA Central Plant

VAV- Return Air Package

Underfloors System Displacement Ventilation

EUI Annual Energy
Cost (EURO)

Annual Net CO2
Emmission

Av. % 
Comfortable- 

Dry Bulb Temp.
Energy Per Unit

71 kW.h/m2/yr 1,833 € 4276 kgCO2e/yr > 90 % 113,5 kW.h/m2/yr

EUI Annual Energy
Cost (EURO)

Annual Net CO2
Emmission

Av. % 
Comfortable- 

Dry Bulb Temp.
Energy Per Unit

64 kW.h/m2/yr 1,392 € 3046 kgCO2e/yr > 90 % 107,4 kW.h/m2/yr

EUI Annual Energy
Cost (EURO)

Annual Net CO2
Emmission

Av. % 
Comfortable- 

Dry Bulb Temp.
Energy Per Unit

67 kW.h/m2/yr 1,509 € 3353 kgCO2e/yr > 85 % 109,9 kW.h/m2/yr

EUI Annual Energy
Cost (EURO)

Annual Net CO2
Emmission

Av. % 
Comfortable- 

Dry Bulb Temp.
Energy Per Unit

42 kW.h/m2/yr 852 € 1222 kgCO2e/yr > 85 % 79,6 kW.h/m2/yr

EUI Annual Energy
Cost (EURO)

Annual Net CO2
Emmission

Av. % 
Comfortable- 

Dry Bulb Temp.
Energy Per Unit

41 kW.h/m2/yr 787 € 1370 kgCO2e/yr > 85 % 83 kW.h/m2/yr

Table 31 & Figure 134: Underfloors System Displacement Ventilation Carbon 
Emissions

Table 32: System Results Consolidation Table
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Analyzing these results, it becomes apparent that the main source of energy 
consumption is heating, as such, it will be the main criteria to further develop, 
and that will in turn yield more improvements when taken care of.

In the charts we see that in winter, the energy use related to heating reaches 
its highest values. To reduce that, in any condition, using proper materials 
that provide better insulation layers suffice, as such, taking into account our 
use of strawbale, which improved the requirements normally asked for in 
the conditions the studied project is, we can be confident heat flow through 
the envelop is minimized.

Furthermore, according to the simulation results, for this house Heating and 
Ventilation Only will work well in a term of energy consumption, providing 
the same level of comfort. The energy consumption per year is 42 kW.h/
m2/yr. which aids towards providing a comfortable, livable, and sustainable 
environment to live in.

Figure 135 a & b: System Results Comparison (a) Energy Consumption and (b) CO2 
Emissions

(b)

(a)
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5.2.2.4 Natural Ventilation

 

temperatures not only allow for a fresher weather, but aid towards a 
comfortable and healthy residential space, whilst maintaning the circulation 
and exchange of natural air. The design of the house, therefore, responds in 
an idealist manner providing proper cross ventilation.

Deepening in the study of 
the energetical consumption, 
natural ventilation has been 
considered as a mean to further 
aid the energy consumption 
competitiveness. Given that the 
project requires Heating and 
Ventilation only, and accounting 
for its privileged location, and 
encapsuled condition in a 
private housing complex, this 
means of cooling on warmer 
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 Figure 137: Ground floor cross ventilation path simulationFigure 136: First floor cross ventilation path simulation
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5.2.2.5 Energy Production and Technologies

1. Green Roof
2. PV Panels
3. Solar thermal panels
4. Platform construction
5. Natural pool
 

Green Roof- Provides protection 
against UV radiation and harsh 
weather, with proper care, 
lasts longer than normal roof, 
keeps the internal temperature 
constant, and aids against sun 
heat due to the green hue, 
works as an extra insulation 
layer and keeps the heat inside 
the building, absorbs rain excess 
water fixing it on location, 
maintaining hydric resources 
on site.

Aiming towards better energy consumption in the project, other active 
and passive techniques and technologies have been chosen as to be either 
adapted or designed for the house, them being:

In the following pages we will display an array of characteristics and the 
reasoning behind why we chose them for the project, meaning not only 
they aid in the project's energetical aspect, but also work well in tandem 
with straw-bale projects.
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PV Panels- Active 
strategy to generate 
electricity, with proper 
planning batteries can be 
included to store energy 
or can be used in tandem 
with the grid to reduce 
the electrical bill, due 
to advancements in the 
technology it has a long 
lifespan, creating energy 
for up to 30 years, aids in 
the use of power-hungry 
equipment, reducing 
the dependance on the 
grid, in the case of Spain, 
the technology is being 
greatly pushed forward.

Solar Thermal Panels- 
Requires smaller space 
than PV panels, heats the 
water with sun power, 
70% more efficient 
than PV panels when 
collecting energy in the 
form of heat from sun 
rays, aid in the reduction 
of energy consumed 
by providing heat to 
running water without 
requiring electricity nor 
other means to rise its 
temperature.
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Platform Construction- 1 
m to 1.7 m elevated floor 
lets the water draining 
under water and protects 
the strawbale panels 
from water. Using an 
anti-invasive method 
of construction allows 
for a more sustainable 
approach towards the 
construction, permitting 
independence from land 
filling or excavations. If 
desired, removing the 
house from the lot is a 
possibility, this allows the 
environment to regress to 
a natural state.  

Natural Pool- An 
ecological choice that 
aids towards a healthy 
environment, does not 
need extra expenses 
and chemicals, properly 
planned with the correct 
flora is considered 
bacteria free, meaning 
it keeps itself clean with 
the vegetation that lives 
in the pool, it is a self-
contained ecosystem, 
keeps mosquitos away 
with the vegetation, and 
its friendlier to the user as 
well, as no chemicals may 
harm him.

295 

Technologies

 

5.2.2.6 Technological Specifications 

 

Location El Clavín, Guadalajara, Spain

Solar power usage Electricity, Water Heating, Heating

People 4
Average demand 160 liters/day/year

Type Electric

Area 199 m2

Arverage room temperature 21 °C

Heating demand 9198 kWh/year

Type Radiators

Inlet temperature 40 °C

Tilt Angle 16 °

Orientation 45 °

PV panels BSM455M-727HPH

DC system size 5.12 kW

Array type Fixed roof

System losses (%) 14.08

Solar thermal panels SKR500

Number of panels 32

Computational Baseline

Water Heating

Heating

Building

Solar System

Collector Type

Table 33: Project's Technological Baseline Specifications
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5.2.2.6.1 Solar Panels
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5.2.2.6.1.1 Photo Voltaic Panels

 

Solar energy aids  monetarily, as energy 
can  be  sold  back  to  the  grid.  Just as 
well,    producing    ones    own    energy 
translates  to  savings  from  the electric 
bills.    Moreover,    in    some    countries 
current environmental and economical 
climate,   solar   grants   allow   for   solar 
projects  to  be  monetarily  reimbursed, 
meaning all-in-all economical gains.

Photo-voltaic  panels  reduce  the  over 
all   carbon  footprint  of  the   buildings 
they are installed onto.  Reducing ones 
dependance    on     the    grid    means 
reducing  the  dependance  on  energy 
that could  be  obtained  from  burning 
carbon fuels, carbon or biomass, which 
in   turn,    means    changing   polluted 
energy for clean, renewable sources.

Having   pv   panels  to  produce  energy 
means that  solar rays  are  transformed 
into electricity,  in  the  past,  this meant 
that       the      direct      current     being 
generated  passed   through  the house 
as  it  was being   created. Nevertheless, 
now   it  is  common  for  pv  systems  to
 include  solar  batteries,  where  energy  
may be  stored  when not used,  so  the 
lack of sun doesn’t affect production.

Figure 138: Schematic Presentation of Used Photovoltaic Panels and Voltaic system
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PV Panels are going to be installed in this project to reduce the consumption 
of energy per year. In the design we will use 24 panels on the bedrooms’ 
roof. We chose that side of the house because of the orientation and the 
position of in the lot; firstly, the sun's impact on that side of the project aids 
in the production of energy, as is not interrupted by topographic or natural 
features; secondly and equally important, as solar batteries need to be 
installed near the panels, the northern face of the project not only is mostly 
deprived of viewing angles from the outer side, but there are no windows as 
well, meaning batteries will be unintrusive, readily available, and unaffected 
by the architectural elements. 

With this Southeast and Northwest configuration, in total we gained 5147 
kW.h/yr, through the Southeast facing PV Panels 2821 kW.h/yr and from 
Northwest facing PV Panels 2326 kW.h/yr

1038 mm1038 mm 35 mm

20
94

 m
m

20
94

 m
m

Cell orientation 144 (6 x 24)
Junction box IP68 Three diodes
Output cable 4 mm2 300 mm long

(customizable)
Glass Dual 2.0 mm

Frame

Weight
Dimensions

coated tempered glass
Anodized aluminium 
alloy

2094 x 1038 x 35 mm
27.5 kg
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This panels presented before, are the ones that have allowed for said 
energetical prowess, with the 25,7 kWh/msqr/yr of energy gain from the PV 
Panels, our total energy consumption will be reduced to 16,3 kWh/msqr/yr.

Taking into account:

• SE gained energy= 14,1 kWh/msqr/yr
• NW gained energy= 11,6 kWh/msqr/yr
• Total energy gain = 25,7 kWh/msqr/yr

Hence, we present a more detail scheme, to better understand the pv 
elements that will constitute the array.

Figure 139: Photovoltaic Panels Specifications

Figure 140: Photovoltaic Panels Detailing
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5.2.2.6.1.2 Solar Thermal Panels
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Just as the PV panels, Solar Thermals Panels will help reducing the energy 
consumption per year, resulting in a more appealing sustainable project, 
displaying yet another compatible technology with the strawbale elements, 
therefore, these also are going to be installed in this project, designed in an 
array of 8 panels, capable of heating water just as well as the space.

Given the solar study suggestion, the panels direction ended up being 
aiming towards Southeast and Northwest, with this disposition in total we 
gained 30 kWh/msqr/yr.

Some added benefits of this technology are:

 7551 kWh/year= 30 kWh/msqr/yr
 52% annual cost sevings 30452 km by a car
 70% of yearly hot water demand 266 healthy trees’ yearly absorption

 39% of yearly heating demand

 Once   installed,    the   energy   from 
 your  solar solution is free. According 
 to  the  simulation,  it  produces  the 
 following  amount  of  kWh  thermal 
 energy   per   year,     saving    you   a 
 considerable   part  of   your   annual 
 heating energy costs:

An investment in the recommended 
solar     solution      contributes    to   a 
sustainable  future and helps  reduce 
CO2     emissions       in       your     own 
neighborhood:

4263  kg    CO2   reduction   per   year, 
equivalent to:

EnvironmentalEconomical

Figure 141: Schematic Presentation of Used Panels and thermal system
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Said advantages, especially those mentioned in the economic aspects, mean 
that solar solutions reduce the dependency of fossil sourced energy, which 
futureproofs the household expenses on regards of energy prices. 

The graph presented ahead shows the average monthly energy demand 
typified for the project, and how much of this the solar solution will generate 
per month. Showing how the dependency on other energy sources is 
reduced considerably.

Solar Fraction (kWh) Additional Heating (kWh) Solar Percentage

Jan 506 2300 22%
Feb 578 1700 34%
Mar 1095 1500 73%
Apr 1037 1250 83%
May 846 900 94%
Jun 550 550 100%
Jul 600 600 100%
Aug 550 550 100%
Sep 500 500 100%
Oct 510 750 68%
Nov 490 1750 28%
Dec 368 2300 16%

Energy Demand and Solar Fraction
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Having achieved the new reduction of 30 kWh/msqr/yr of energy, finally 
resulting from the Solar Thermal Panels, the project's total energy 
consumption will be reduced to 0. further more allowing us to produce more 
energy than the project consumes.

0

500
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2500

3000

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

kW
h

Energy Demand and Solar Fraction (%) 

Solar Fraction (kWh) Additional Heating (kWh)

Figure 142:  Energy Demand vs Solar Availability

Table 34: Energy Demand vs Solar Availability
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5.3 Energy Rating

 House Abstraction

A European directive requires that from 2021 that all new residential 
constructions have almost zero energy consumption. This ordinance broadly 
suggests that new projects adapt to their environment and that the little 
energy they need, and use, in order to function be renewable. 

According to European Union studies on environmental wellbeing and 
climate change, 40% of energy consumption in Europe comes from buildings. 
Independently, a separate study points towards Spain’s subordination 
of energy efficiency in favor of economical construction, or architectural 
aesthetic.

This has resulted in serialized buildings, standardized in materials 
and components, meaning lack of geographical optimization, spatial 
consideration, and in worst case scenarios, non-compliant envelopes, as 
well as architecturally impressive buildings, with excessive energetical 
consumptions, subpar air-conditioning settings or systems, all around 
lackluster performances.  

Taking into account how our awareness of the need for our cities to be 
sustainable has increased, in addition to the new European regulations push 
forward to a more sustainable project design, and in ordinance with the 
European Parliament and Council directive 27/2012 / EU,  and the recently 
modified CTE (national building code, for its initials in Spanish), all new 
buildings must comply with directives aiming towards a reduced, almost 
zero energy consumption. 

For all this reasons, besides the technological and environmental advantages 
of using a natural, well insulated material, we went further to not only 
minimize the energy consumption of the building, but rather to develop 
a project which we embraced said reduction, which in turn became more 
appealing through it.
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With all of the stated 
and aforementioned 
technologies as well as 
strategies, we were able to 
achieve a nZEB (nearly Zero 
Energy Building) design. 

Nonetheless, and to 
summarize, to achieve 
that, we used as our 
main material Strawbale 
Panels, because of its’s 
properties, which meant 
the house did not need an 
extra insulation layer. 

For HVAC Unit we decided 
to design the house 
around cross ventilation, 
so we didn’t need to 
install a cooling system, as 
for the heating system we 
chose a ventilation only 
system, reinforced with 
Solar Thermal Panels. 

Besides all of these 
technological strategies 
we have green roofs, PV 
panels, elevated platforms, 
and a natural pool.

A

G

F

E

D

C

B

94

Figure 143:  Expected Energy Rating
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5.4 Daylight Analysis

5.4.1 Daylight Factor

 House Abstraction

To have a comfortable, efficient, working and living environment, daylight 
factor is an important component in the design process. The openings on 
the building, its orientation, and the shape of the mass, became parameters 
of the upmost importance while calculating the daylight factor. 

The results include some considerations, the likes of Daylight Factor (DF), 
Standard Daylight Autonomy (sDA), Annual Solar Exposure (ASE), Illuminance, 
Useful Daylight Illuminance (UDI), UDI over-lit, and UDI under-lit.

To develop the Daylight analysis, we did our calculations by using Sefaira plug-
in in Sketchup. First, a base case design has been designed in 3D and then 
simulated for solar conditions, running models for the movement of light 
over and inside this 3D model, accounting for the opaque and transparent 
portions of the environment. 

After obtaining the necessary information from this base case, every possible 
scenario has been modeled and ran,  then after optimization has been 
reached, in the resultsthe ideal design may be found.

Considering the sustainable building technologies strategies, the other 
cases were detected according to the wall/window ratio, orientation, and 
window placements and when needed some transparent envelope instead 
of an opaque wall, on hallways or passing ways, curtainwalls were chosen to 
maintain, an enclosed usable space, with proper lightning and ventilation, 
as shown on the cases presented ahead.

Daylight factor (DF) is a sun light availability metric that is expresses, as 
percentages, the amount of natural usable solar light inside a room (on 
any given work plane), compared to the amount of unobstructed daylight 
available outside under the overcast sky conditions at the modeled or 
studied time (Hopkinson, 1963).

The higher the DF, the more daylight is available in the room. Spaces 
with an average DF of 2% or more can be considered daylit, but electric 
lighting may still be needed to perform visual tasks. A room will 

5.4.2 Illuminance

5.4.3 Spatial Daylight Autonomy (sDA), Annual Solar Exposure (ASE)
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appear strongly daylit when the average DF is 5% or more, in which case  
electric lighting will most likely not be used during daytime (CIBSE, 2002).

Illuminance is the measure of the amount of light received on the 
surface. It is typically expressed in lux (lm/m2). Illuminance levels can 
be measured with a luxmeter or predicted through the use of computer 
simulations with recognized and validated softwares. Illuminance is 
the measure of light currently used by most performance indicators 
to determine daylight availability in the interior. (VELUX Group, 2019)

Useful Daylight Illuminance (UDI) is a modification of Daylight Autonomy 
conceived by Mardaljevic and Nabil in 2005, which analyzes hourly time 
value based on three illumination ranges, 0 to 100 lux (Underlit), 100 
to 2000, and over 2000 (Overlit). The upper threshold set 2000 lux for 
avoiding the glare and overheating inside. (Mardalijevic & Nabil, 2005)

Spatial Daylight Autonomy (sDA) examines whether a space receives 
enough daylight during standard operating hours (8 a.m. to 6 p.m.) on an 
annual basis using hourly illuminance grids on the horizontal work plane.
Lighting designers can use sDA values to compare different spaces 
on equivalent daylighting terms. (Wymelenberg & Mahić, 2016)

With higher levels of daylight sufficiency comes the potential for glare 
and solar heat gain. That’s where Annual Sunlight Exposure (ASE) 
steps in. Meant to complement sDA, ASE is intended to help designers 
limit excessive sunlight in a space. While ASE is a crude proxy for glare 
phenomena, it measures the presence of sunlight using annual hourly 
horizontal illuminance grids rather than luminance measures, so it can't 
be technically considered a glare metric. (Wymelenberg & Mahić, 2016)
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5.4.4 Cases

5.4.4.1 Optioneering 1, Competition Design

5.4.4.1.1 Annual Illuminance

5.4.4.1.2 Daylight Factor

 House Abstraction

Percentage of occupied hours where illuminance is at least 300 lux, measured 
at 0.90 meters above the floor plate.

Percentage of Floor Area where Daylight Factor (DF) is measured at 0.90 
meters above the floor plate.

5.4.4.1.3 Overlit Underlit
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Percentage of Floor Area where Daylight Factor (DF) is measured at 0.90 
meters above the floor plate.

Figure 144:  Optioneering 1, Competition Design, Annual Illuminance

Figure 146:  Optioneering 1, Competition Design, Overlit Underlit

Figure 145:  Optioneering 1, Competition Design, Daylight Factor
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5.4.4.2 Optioneering 2, Mass Distribution Across the Lot
5.4.4.2.1 Annual Illuminance

5.4.4.2.2 Daylight Factor

 House Abstraction

Percentage of occupied hours where illuminance is at least 300 lux, measured 
at 0.90 meters above the floor plate.

Percentage of Floor Area where Daylight Factor (DF) is measured at 0.90 
meters above the floor plate.

5.4.4.2.3 Overlit Underlit
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With these cases we saw that we got better results with a mass expanded 
in the lot. Nonetheless, after these first modelations, the shape will continue 
evolving and placed more extendedly in the lot.

Figure 147:  Optioneering 2 Annual Illuminance

Figure 148:  Optioneering 2 Daylight Factor

Figure 149:  Optioneering 2 Overlit Underlit
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5.4.4.3 Optioneering 3, Acorrding to Mass Three 

5.4.4.3.1 Annual Illuminance

 House Abstraction

As given by the optioneering of the masses, for the third case, the mass was 
wide spread across the topography, with this initial mass, the building was 
shaped, and small openings for windows were given to see its performance.

5.4.4.3.2 Daylight Factor
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Figure 150:  Optioneering 3 Annual Illuminance Figure 151:  Optioneering 3 Daylight Factor
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5.4.4.3.3 Overlit Underlit

 House Abstraction

After case 3, we did window optioneering, optimizing for different places 
and different sizes.

5.4.4.4.1 Annual Illuminance
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With the conditions presented in the past option, besides the existing 
windows skylights were added in the bedrooms.

5.4.4.4 Optioneering 4

Figure 152:  Optioneering 3 Overlit Underlit Figure 153:  Optioneering 4 Annual Illuminance
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 House Abstraction

5.4.4.4.2 Daylight Factor 5.4.4.4.3 Overlit Underlit
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Figure 154:  Optioneering 4 Daylight Factor Figure 155:  Optioneering 4 Overlit Underlit
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5.4.4.5 Optioneering 5

5.4.4.5.1 Annual Illuminance

 House Abstraction

Hallways, entrances (main entrance and the bedroom entrance) turned into 
window glazed from floor to ceiling.

5.4.4.5.2 Daylight Factor
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Figure 156:  Optioneering 5 Annual Illuminance Figure 157:  Optioneering 5 Daylight Factor
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5.4.4.5.3 Overlit Underlit

 House Abstraction

5.4.4.6.1 Annual Illuminance
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Given the thermal driven arrangements made to the shape, a fully glazed 
hallway was added to the room section, as well as better placed transparent 
packages.

5.4.4.6 Optioneering 6

Figure 158:  Optioneering 5 Overlit Underlit

Figure 159:  Optioneering 6 Annual Illuminance
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 House Abstraction

5.4.4.6.2 Daylight Factor 5.4.4.6.3 Overlit Underlit

323 

Technologies

 

 

Figure 160:  Optioneering 6 Daylight Factor Figure 161:  Optioneering 6 Overlit Underlit
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5.4.4.7 Optioneering 7 (Final Case)

5.4.4.7.1 Annual Illuminance

 House Abstraction

5.4.4.7.2 Daylight Factor
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As a result of the previous optioneering, the definitive glazing was disposed, 
and with the proper rotation for solar gains, a better light distribution could 
be achieved.

Figure 162:  Optioneering 7 (Final Case) Annual Illuminance

Figure 163:  Optioneering 7 (Final Case) Daylight Factor
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5.4.4.7.3 Overlit Underlit

 House Abstraction
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After arranging the displayed multiplicity of presented dispositions, fot the 
masses, and buildings on the lot, trying a variety of accommodations, and 
optimizations, the final case gave us the optimum conditions, expected for 
daylight. 

Concluding from the above that for our location, and needs, giving the 
buildings requirements, and anticipated size according to function, instead 
of having a rigid, singular, one block mass, the results show that dividing 
the mass and spreading it across the terrain, provides a more comfortable 
space, hence augmenting the surface resulted in a better outcome.

After deciding the shape of the building, this time we started planning for 
the distribution, placing and sizing of the windows. From a smaller window 
size to a bigger and wider size, optimizing for proper repeatable sizes, that 
allowed for enough daylight, whilst maintaining proper thermal performance, 
then, to get more light we decided to convert the opaque hallways and the 
entrances into glazed windows from floor to ceiling, creating covered shared 
spaces, that could work properly as cover both on winter and summer. This 
way the rooms get more sun light. And because of the orientation of the 
house, the steep lot and the existed trees we did not need extra shading 
options.

Figure 164:  Optioneering 7 (Final Case) Overlit Underlit
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5.5 Technological Consolidation

 House Abstraction

With all the above elements calculated, analyzed, and properly disposed 
towards a comfortable and ideal living atmosphere, presenting the sus-
tainable construction technologies that proved being environmentally, 
energetically, financially advantageous, becomes essential. 

Knowing the assessment behind the selection process, is as important as 
acknowledging how these technologies can be used in conjunction, to cover 
the proper metrics for indoor environment quality, energy efficien-cy, water 
use, materials, land use and ecology. 

Including the spatial relationships as well as basic scale and forms that these 
selected elements have between them and within the project, can help 
estimate their effect on the design.

As their performance and workable characteristics were examined and 
modeled, the best sustainable technologies, resulting in an optimum 
building design, were idealized in a schematic design, and will be pre-sented 
ahead.
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Figure 165:  Technologies Schematic Section
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Green Roof, composed of varoius low rise vegetation
Gravel  and geotextils filtering systems
Stainles steel and Galvanized steel darining systems
Waterproof Breathable Membrane

Compacted Strawbale Insulation (density 135 kg/ m3)
• Packaged in 35 cm modular elements

Strawbale Wood Structured Panels
• Hardwood vertical and horizontal element for wall 

items(
• LVL and OSB 3+ For Roofing and Flooring Joists
OSB 3+ structure reinforcing elements
Vapour Control particle boards

Clay based plaster, to preserve the straw's integrity
Dry Wall finishing elements for interior finishes

Figure 166:  3D Packages Layout
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5.6 Constructive Details

 House Abstraction

After arriving to decisive solutions to satisfy the showcase project for straw-
bale construction, defining details will help translate all of the particularities 
that will characterize the built environment based on straw-bale modules, 
and as such, the architectural project. 

Understanding that “how a building comes together” molds the way we 
experience the space, and in turn, the quality of a structure, gives us the 
insight of the constructed elements. For straw based elements, having the 
knowledge to be able to work with the strengths and weaknesses of the 
material, means being able to develop diverse solutions to produce buildings, 
in our case, achieving panelized modules, that could be repeatable as to 
make them multifunctional, yet flexible enough to be workable into diverse 
architectural designs.

As proof, the architectural project meant to represent this paradigm begins 
at a material level, working the straw concept into densely packed bales, to 
which work a panelization concept on. From there, working and combining 
all the materials required to give viability, and optimal characteristic to the 
resulting packages and “constructive blocks”, through detailing to control 
temperature and humidity, as well as to create structural stability, and 
optimize energy consumption, whilst providing an aesthetically pleasing 
result.

This last, being especially important as a project can be formally or spatially 
inspiring, but if it is not detailed accurately, things can literally fall apart at 
the seams, rendering unbuildable, or unworkable projects.

In awe to this task, and to stage the finalization of the research driven 
integrated design behind Baharx, a collection of minimalist detail drawings 
of a section of the project, and its respective blowups, will showcase the 
intricate architectural assemblies. Collectively, they expose the minutia 
within the design and possible construction.

Dense Wood
Water Proof Layer
Breathable Fiber Wood
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Vapour Layer
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Studs

Wooden Ring Beam

Packed High
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Wooden Framing Studs
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Clay Plaster+ Fiber

Clay Plaster+ Fiber
Hard Timber Wood
Fiber Wood 6mm
Humidity Proof Layer
OSB3+ (15mm)
LVL Beam

Roof Beam System With Steel Plates

Waterproof Layer
Bamboo Laminated Flooring
Chipboard Panels Softwood
Type A Gypsum Board
Batten Wood 70 mm (when loaded)
Resilient layer (within the 70 mm depthness)
Particle Board 15 mm Foor Decking
Packed Highly Compressed Strawbale
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Green Plants

Gravel Filter

Ground Growing Media

Water Proof Layer

Drainage Pipe System

Breathable Fiber Wood

Packed High Compressed Strawbale +
I Beam Panels,  Screwed connections

Filter Mat
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Anti-slip Modulating Polymer Fitting

Roof Barrier
Water Barrier

OSB 3+

Flange

Concrete Footing
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 House Abstraction

Dense Wood
Water/ Damp Proof Layer
Breathable Fiber Wood
Packed High Compressed Strawbale
OSB 3+ (Structural Wood Panels)
Vapour Layer
Drywall Structure (C Profile)
Drywall Gypsum Panel

Wooden Framing Studs
Clay Plaster+ Fiber

Dense Wood
Roof Beam System With Steel Plates

Green Plants

Gravel Filter

Ground Growing Media

Water/ Damp Proof Layer

Drainage Pipe System

Breathable Fiber Wood

Packed High Compressed Strawbale +
I Beam Panels,  Screwed connections

Filter Mat
Drainage Layer
Anti-slip Modulating Polymer Fitting

Galvanized Filtering plate

Roof Barrier
Water Barrier
Fiber Wood Plank

OSB 3+

Flange

S: 1/10roof blow up details
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Dense Wood
Water/ Damp Proof Layer
Breathable Fiber Wood

Packed High Compressed Strawbale
OSB 3+ (Structural Wood Panels)
Vapour Layer
Drywall Structure (C Profile)
Drywall Gypsum Panel

Clay Plaster+ Fiber

Wooden Linten

Wooden Framing Studs

Wooden Ring Beam

Neoprene/ Ruber

Schüco AWS 65 Double Glazed
Window

Window Metallic Bracing
Vapour Layer

Screw 170 mm
Air Sealing Proof w/
Vapour Cont. Prop.

Stomper Densed Wood
Wind-proof Sealing Tape

S: 1/10window blow up details

Stomper Densed Wood
Wood Floor Covering

Wooden Framing Studs
Dense Wood
Water/ Damp Proof Layer
Breathable Fiber Wood
Clay Plaster+ Fiber
Neoprene/ Ruber
Air Sealing Proof w/ Vapour Cont. Prop.

Wind-proof Sealing Tape

Stomper Densed Wood
Window Metallic Bracing

OSB 3+ (Structural Wood Panels)
Waterproof Layer
Bamboo Laminated Flooring
Chipboard Panels Softwood 18mm
Type A Gypsum Board

Flange

Schüco AWS 65 Double Glazed
Window

S: 1/10window floor connection blow-up

Drywall Gypsum Panel

Figure 168:  Section Detail, Roof Blow-Up
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 House Abstraction
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Figure 171:  Section Detail, Floor Blow
-up 2

Figure 172:  3D Detailed View of the Moduling Packages



Baharx: Straw-Bale Ecological House
 

Senior, Taşkın, 2021 © 338

 House Abstraction
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 Figure 173: Wall Panel Exploded Detailed Mounted View

Drywall Structure (C Profile)
Vapour Layer
OSB3+ (Structural Wood Panels)
Hard Wood Panel Framing
Breathable Fiber Wood
Water Proof Layer
Dense Wood
Clay Plaster+ Fiber

Wooden Ring Beam
Wooden Framing Studs

Aluminium Connectors with
Waterproof Sealing Tape
Neoprene Sealing Strip
Schüco AWS 65 Double Glazed Window

Waterproof Layer

Drywall Gypsum Panel

Packed High Compressed Straw-bale
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 Figure 174: Floor Module Exploded Detailed Mounted View

Waterproof Layer

Chipboard Panels Softwood

Type A Gypsum Board

Batten Wood 70 mm (when loaded)

Packed High Compressed Straw-bale +
I Beam Panel

I Beam Panel

Particle Board 15 mm Floor Decking

Resilient layer (within the 70 mm depth)

Fiber Wood 6 mm

Humidity Proof Layer

OSB 3+ (15 mm)

LVL Beam

Concrete Footing

Bracing Metallic Wood to Concrete Connection

Metallic Angular
Support

Metallic Angular Support
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 Figure 175: Roof Panel Sectioned Exploded Detailed View

Modular Green Units
*See Figure 168

Gravel Filter
Stainless Steel Filtering Module

Breathable Fiber Wood

Waterproof Layer

Clay Plaster+ Fiber

Roof Barrier

Particle Board Element

I Beam

Packed High Compressed Strawbale + I Beam Panel

Waterproof Layer

OSB3+

Roof Beam

Anti-slip Modulating Polymer Fitting

Drainage Pipe System

Water Barrier
Flange

Vapour Proof Layer
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6.1 Object

 House Abstraction

The purpose of this section 
is the justification of the 
structural analysis of the façade 
elements proposed as baring 
wooden “truss” elements, 
filled with straw, as well as the 
structural analysis of the roofs, 
manufactured from STEICOjoist 
24 cm double T-type profiles. 

This given that straw is yet to 
be considered in the European 
code as a baring material, 
neither in the Spanish nor 
Italian codes, there is a necessity 
to develop a baring system, 
made from natural materials 
previously considered, as to be 
thermically apt, locally available, 
easily sourced.

As such and considering both 
the Spanish Technical Building 
Code CTE (from the Spanish 
name Código Técnico de la 
Edificación) and the Eurocode, 
as well as the description of 
the system, its characterization 
regarding the materials used 
and the calculation conditions 
considered according to the 
mentioned regulations is 
included.
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6.2 Façade System Description

6.2.1 Wooden Frame

 House Abstraction

Given the characteristics of the project, and the motivation towards achieving 
proper modularity, ease of manufacturing, installation and transportation, 
the system was decided in modules, with centers of 410, 760 and 1110 mm, 
given how common they are on straw-bale panel construction, and on the 
maximum size of straw-bales, these five basic modules have been defined 
by combining these centers that meet the following requirements:

• Minimum width> h / 4 a Minimum width> 2450/4 = 612.5 mm, according 
to condition “b” of section 2 of point 10.4.2.2 of the Basic Document on 
Structural Safety in Wood of the Technical Building Code.

• Maximum width <1250 mm, so that each module can be closed by a single 
panel of standard dimensions

b
b1

(1) (i) (n)

bi

h

Fv,Rd

Ft,Rd

Fv,Rd

Fc,Rd
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The out-of-square resistance, Fv, Rd, of a diaphragm wall, consisting of one 
or more panels in which each deck is fixed to a single side of the wooden 
framework by means of mechanical fixing elements, suitably secured to 
lifting (by vertical forces or anchors), requested by a horizontal force Fk, 
acting on the upper edge, can be determined by the simplified procedure 
indicated below, provided that the following conditions are met:

a. The spacing between the fixing elements is constant along the perimeter 
of each deck and

b. The width bi of each panel is equal to or greater than h / 4. Being:
  bi and h length and height, respectively, of the panel shown in the  
  previous illustration.

In this way, the following basic modules are established with the distribution 
of uprights detailed below:

Figure 177:  Panel Modulation 1.Figure 176:  CTE Wood Framing Disposition Diagramation
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 House Abstraction
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6.2.2 Panels

 

6.2.2.1 OSB 3
As established in section 8 of point 10.4.2.2 of the Basic Document of Structural 
Safety in Wood of the Technical Building Code, in order to disregard the 
buckling of the truss, the following condition must be met:

Being:

bnet = free space between studs
t = board thickness

In this way, considering a maximum free space between studs of 1110-60 = 
1050 mm, the minimum thickness of OSB board that can be used is 16.15 
mm.

Given the commercial measurements of the material, 18 mm thick OSB 3 
board will be used.

The mechanical properties of the material are included in section 6.2.4.2 of 
this chapter of the thesis. 

According to the specific constructing site, other recommendable materials 
could be used as follows:

bnet

(1) (1) (1) (1)

(1)(2)

(3) (1)

∑Fv,Sd

F2t,Sd

∑Fv,Sd

F2c,Sd F1t,SdF1c,Sd

bnet

t
≤   65

Figure 178:  Panel Modulation 2.

Figure 179:  CTE Wood Framing To Disregard Buckling Diagramation
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 House Abstraction

• Superpan Tech P5
• Similarly, 18 mm thick SuperPan Tech P5 board can be used.

• Fermacell
• In a similar way to the previous cases, 18 mm thick Fermacell panels 

will be used.

The mechanical properties of both materials are also included in section 
6.2.4.2 this chapter.

The connection between the structural boards and the wooden frame 
will be made by partially threaded lag screws with the characteristics 
displayed ahead, taking into account the notion of easiness at the time of 
manufacturing, slip, adhesion/bonding, and independent bending:

The self-weight of the system considering the elements of the wooden 
frame, the structural boards and the insulation based on compacted straw 
is 65.9 kg / m² for the façade, as shown ahead:

6.2.3 Panel-Frame Connectors

6.2.4 Self Weight of The System

Value Unit
Core diameter  d2  ≥ 3.95 [mm]

Characteristic 
tensile strength

fu ≥ 600 [N / mm²]

Characteristic 
plastic moment

 My, k ≥ 8204.38 * [Nmm]

Characteristic

The calculations have been carried out considering a separation between 
connectors of 150 mm. To guarantee a correct connection between the elements, 
it is not recommended to increase this separation.

b

L

t1

dS

90°

d2
d1
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By way of simplification, uniform values can be taken for each wall, being 
recommended to use the smallest magnitude values for calculating the 
tensile forces (where the weight of the panel has a favorable effect that 
avoids the attempt to overturn them), the highest magnitude values for the 
calculation of the compression in the uprights of the end opposite the wind 
direction and for the calculation of the foundation.

The method is based on the determination of the lateral load capacity of 
the fixing elements of the structural boards according to the expressions 
contained in section 8.3.1.1 of the Basic Document on Structural Safety in 
Wood of the Technical Building Code (DB-CTE).

Once said load capacity of the connector has been calculated, the resistance 
to slip of the basic module can be obtained as a function of the length of 
its base, its height, and the separation between connectors. In this way, the 
resistance table can be generated for the basic modules with the different 
combinations of structural boards and separations between connectors, 
which is included in section 6.5 of this document.

The slip resistance value (Fv, Rd) of a wall made up of several panels (basic 
modules) is calculated as the sum of the resistances of each of the panels 
(Fi, v, Rd):

OSB 18
SuperPan 15

Fermacell 18
SuperPan 15

OSB 18
(n/a)

Fermacell 18
(n/a)

OSB 15
SuperPan 15

OSB 15
(n/a)

Interior Board
Exterior Board

Self-Weight of The Walls In kg / m² (Wood Frame + Insulation + Structural Boards)

1_820x2450 73.56 84.36 62.88 73.68 71.91 61.23
2_880x2450 77.34 88.14 66.66 77.46 75.69 65.01
3_1170x2450 67.68 78.48 57 67.8 66.03 55.35
4_1230x2450 71.88 82.68 61.2 72 70.23 59.55
5_1290x2450 75.66 86.46 64.98 75.78 74.01 63.33

M
od

ul
e

6.3 Façade Calculation Method

Fv ,Rd = ΣFi,v ,Rd
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Table 36: Self-Weight Calculations.



Baharx: Straw-Bale Ecological House
 

Senior, Taşkın, 2021 © 354

 House Abstraction

For the simplified method to be applied, the following construction 
constraints must be met:

• The boards must be attached around their perimeter to the wooden frame. 

• The resistance to out of square of the wall depends directly 
on the separation between connectors, so the distance 
established in the table in section 5 of this document must 
be respected depending on the structural requirements. 

• In no case may this distance be greater than 150 mm.

• The boards must also be attached to the frame pieces 
that are within the perimeter of the board (center studs). 

• The distance between the central connectors may be twice the distance 
between the perimeter connectors, in no case greater than 300 mm.

• The contribution to the resistance to out of square of the panels with a 
width <h / 4 will not be considered. 

For this reason, it has not been considered that a single 410 mm module can 
constitute a basic module.

The contribution to the resistance to the displacement of the panels with 
carpentry holes (doors and windows) will not be considered.

6.4 Façade Bases of Calculation

6.4.1 Referenced Normative

6.3.1 Geometrical Conditions

In preparing this report, the following regulations have been taken into 
account:
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• Technical Building Code of Spain (CTE):
• CTE-DB-SE: Structural Assurance (Seguridad Estructural).
• CTE-DB-SE AE: Actions on the building (Acciones en el Edificio).
• CTE-DB-SE M: Timber/Wood (Madera).
• CTE-DB-SI: Security in case of Fire (Seguridad en Caso de Incendio)

• Standard UNE-EN 1995-1-1 Eurocode 5: Design of timber structures 
General. Common rules and rules for buildings
• Part 1-1: General rules and regulations for the building.

• Standard UNE-EN 338: 2016 Structural timber - Strength classes.
• Standard UNE 56544: 2011 Visual classification of sawn wood for structural 

use of coniferous wood (Clasificación visual de la madera aserrada para 
uso estructural. Madera de coníferas).

• Standard UNE-EN 1912: 2012 Structural Timber - Strength classes - 
Assignment of visual grades and species.

• Standard UNE-EN 14081-1: 2016 + A1  2020 Wooden structures. Structural 
wood with rectangular cross section classified by its strength. Part 1: 
General requirements.

• Standard UNE-EN 12369-1: 2001 Wood-based Panels. Characteristic values 
for structural design. Part 1: OBS, Particleboards and Fibreboards.

• Standard UNE-EN 1995-1-1: 2016 Spanish Anex, Eurocode 5, Timber 
Structure Proyect, part 1-1: General Rules and Edification Rules (Eurocódigo 
5. Proyecto de estructuras de madera. Parte 1-1: Reglas generales y reglas 
para edificación).

• Standard: EN 335: 2013 Durability of wood and wood-based products - Use 
classes: definitions, application to solid wood and wood-based products.

• NCSE-02: Seismic Resistant Construction Standard: General and 
building part (Norma de Construcción Sismorresistente Parte General y 
Edificación).
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6.4.2 Mechanical Properties of Materials

 House Abstraction

In the manufacture of the framework frames, sections of resistant class C24 
sawn wood are used with the possibility of eventually using resistant class 
C18 sawn wood.

6.4.2.1 Solid Wood

Bending fm,k 24 N/mm2

Parallel traction ft,0,k 14.5 N/mm²
Perpendicular traction ft,90,k 0.4 N/mm²
Parallel compression fc,0,k 21 N/mm²
Perpendicular compression fc,90,k 2.5 N/mm²
Shear (shear and torsion) fv,k 4 N/mm²

Average parallel modulus 
of elasticity E0,mean 11000 N/mm²
Parallel modulus of 
elasticity 5% E0,05 7400 N/mm²
Average perpendicular 
modulus of elasticity E90,mean 370 N/mm²
Average shear modulus Gmean 690 N/mm²

Characteristic density ρk 350 Kg/m³
Mean density ρmean 420 Kg/m³

Density

According to Standard “UNE-EN 338: 2016 Structural wood Resistance  
classes ”-

Rigidity

C24 Class
Properties
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Bending fm,k 18 N/mm2

Parallel traction ft,0,k 10 N/mm²
Perpendicular traction ft,90,k 0.4 N/mm²
Parallel compression fc,0,k 18 N/mm²
Perpendicular compression fc,90,k 2.2 N/mm²
Shear (shear and torsion) fv,k 3.4 N/mm²

Average parallel modulus 
of elasticity E0,mean 9000 N/mm²
Parallel modulus of 
elasticity 5% E0,05 6000 N/mm²
Average perpendicular 
modulus of elasticity E90,mean 300 N/mm²
Average shear modulus Gmean 560 N/mm²

Characteristic density ρk 320 Kg/m³
Mean density ρmean 380 Kg/m³

Density

According to Standard “UNE-EN 338: 2016 Structural wood.  
 Resistance classes ”

Rigidity

Properties
C18 Class

Table 37: Solid Wood Properties Compilation Class C24

Table 38: Solid Wood Properties Compilation Class C18
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6.4.2.2 OSB 3 Board

 House Abstraction

Characteristic density ρk 550 Kg/m³
Bending parallel to the 
fiber fm,0 16.4 N/mm2
Bending perpendicular to 
the fiber fm,90 8.2 N/mm²
Traction parallel to the fiber ft,0 9.4 N/mm²
Traction perpendicular to 
the fiber ft,90 7 N/mm²
Compression parallel to 
fiber fc,0 15.4 N/mm²
Compression 
perpendicular to the fiber fc,90 12.7 N/mm²
Shear shear fv 6.8 N/mm²
Slip shear fr 1 N/mm2
Parallel flexural modulus of 
elasticity E0,m 4930 N/mm²
Modulus of elasticity 
perpendicular bending E90,m 1980 N/mm²
Parallel tensile modulus of 
elasticity E0,t 3800 N/mm²
Perpendicular tensile 
modulus of elasticity E90,t 3000 N/mm²
Modulus of elasticity 
parallel compression E0,c 3800 N/mm²
Perpendicular compression 
modulus of elasticity E90,c 3000 N/mm²
Shear shear modulus Gv 1080 N/mm2
Slip shear modulus Gr 50 N/mm²

OSB 3
Characteristic values (t>10,≤18mm)

According to standard “UNE-EN 12369-1, Wood-derived 
boards. Characteristic values for structural calculation. Part 
1: OSB, particle board and fiber board "
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6.4.2.3 Superpan Tech P5 Board

 

Bending fm,k 22.12 N/mm2
Parallel traction ft,0,k 10.23 N/mm²
Perpendicular traction fc,90,k 3.81 N/mm²
Shear, thick element fv,k 7.77 N/mm²
Slip Shear, Flat element fr,k 1.73 N/mm²

Average Bending modulus 
of elasticity Em,0,mean 4025 N/mm²
Average traction modulus 
of elasticity Et,0,mean 2411 N/mm²
Average compression 
modulus of elasticity Ec,90,mean 174 N/mm²
Average shear modulus Gv,mean 1010 N/mm²
Average slip shear modulus Gr,mean 286 N/mm²

Characteristic density ρk 633 Kg/m³
Mean density ρmean 712 Kg/m³

Rigidity

Density

According to the tests carried out in accordance with the UNE-EN 789 
2006 standard by the ENAC de PEMADE accredited laboratory. 

 

 SUPERPAN TECH P5
Properties (t>13,≤20mm)

Table 39: OSB 3 Board Properties Compilation (Thickness Between 10 and 18 mm)

Table 40: Superpan Tech P5 Board Properties Compilation (Thickness Between 13 
and 20 mm)
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6.4.2.5 Fermacell Board

 House Abstraction

Flexion fm,k 3.6 N/mm2
Shear fv,k 1.6 N/mm2

Flexion fm,k 4 N/mm2
Traction ft,k 2.3 N/mm²
Parallel compression fc,0,k 8.5 N/mm²
Perpendicular compression fc,90,k 7.3 N/mm²
Shear fv,k 3.4 N/mm²

Modulus of elasticity in 
medium parallel bending Em,0,mean 3800 N/mm²
Mean shear modulus Gv,mean 1600 N/mm²
Modulus of elasticity in 
perpendicular compression Ec,90,mean 800 N/mm²

Modulus of elasticity Em,t,c,0,mean 3800 N/mm²
Mean shear modulus Gv,mean 1600 N/mm²

Characteristic density ρk 1150 Kg/m³

According to Annex 1 of the European Technical Authorization 
document ETA-03/0050 for fiber and gypsum panels from the 
manufacturer Fermacell.

- Parallel to the panel plane

Perpendicular to the panel plane

Parallel to the panel plane

Rigidity
- Perpendicular to the plane of the panel

Density

Properties (t=18mm)
FERMACELL

6.4.3.1 Serviceability

6.4.3.2 Load Duration
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6.4.3 Calculation Hypothesis

 

The wooden pieces of the structure are classified according to the 
environmental conditions to which they are exposed according to the draft 
of the National Annex of the UNE-EN 1995-1-1 standard.  Given the present 
calculations pertain the wall elements only, this disposition goes as follows:

The duration of the loads has a significant influence on the resistance of the 
wood and is defined by each load action according to the Technical Building 
Code (CTE),  exemplified ahead:

Structural Element Exposition Service Class
"Façade lattice walls
and interiors "

Interior, bajo 
cubierta

Interior,  
covered 1

Class Definition
Permanent More than 10 years

Medium-term 1 week to 6 months

Residual structure after accidental 
events
Wind
Impact loading
Explosion

InstantaneousInstantaneous

Load duration classes

Self-weight

Mantenance of man loading on roofs

Lomg-term 6 months to 10 years

Less than one weekShort-term

Temporary structures
Storage loading including loading in 
Water tanks
Imposed floor loading
Snow

Examples From EC5 NA and EC0

Table 41: Fermacell Board Properties Compilation (Thickness 18 mm)

Table 42: Service Class According to CTE

Table 43: CTE Load Duration Classes
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6.4.3.3 Coefficients for Materials and Actions

 House Abstraction

as stated for a given straw façade panel:

Duration
Permanente
Permanente
Media
Corta

CortaWind

Load
Self weight of structural materials
Weight of roofing and cladding materials
Type A use overload: Residential
Type G use overload: roof accessible for maintenance only

Corta

Media

Snow
Towns With Altitudes ≤ 1000 masl
Snow
Towns with altitude> 1000 masl

Used Elements Ordinary Extraordinary
Solid timber 1.30 1.00
Oriented Chip Board (OSB) 1.20 1.00
Particle and fiber board 1.30 1.00
Fermacell board (ETA-03/0050) 1.30 1.00

Partial material safety factors under given conditions

Perma-
nent Long Medium Short

Instanta-
neous

Solid Timber EN 14081-1 1 0.60 0.70 0.80 0.90 1.10
OSB/3 EN 300 1 0.40 0.50 0.70 0.90 1.10
Particle and 
fiber board EN 312 1 0.30 0.45 0.65 0.85 1.10
Fermacell 
board

ETA-
03/0050 1 0.20 0.40 0.60 0.80 1.10

Load Duration Class

"kmod" Values for materials, service class 1 and duration of loads
strength modification factor

Element Norm
Service 
Class
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Lode type Ordinary Extraordinary
Permanent loads 1.35 1.00
Use overload 1.50 1.00
Snow 1.50 1.00
Wind 1.50 1.00

Partial safety factors of the actions under given conditions

For the evaluation of Ultimate Limit States (ULS) and Service Limit States 
(SLS), the partial safety coefficients of the actions are in accordance to the 
recommendations set forth in CTE-DB-SE table 4.1.

Load type Ψ0 Ψ 1 Ψ2
Overload use (A, residential) 0.7 0.5 0.3

Overload use (G, roof only accessible for 
maintenance) 0.0 0.0 0.0
Snow (h ≤ 1000 masl) 0.5 0.2 0.0
Snow (H> 1000 masl) 0.7 0.5 0.2
Wind 0.6 0.5 0.0

Coefficients of simultaneity

The roof imposed load should not be applied at the same time as wind or 
snow – see EC1-1-1 3.3.2(1). 

1 2 3
Solid Timber EN 14081-1 0.60 0.80 2.00
OSB/3 EN 300 1.50 2.25 –
Particle and 
fiber board

EN 312 2.25 3.00 –

Fermacell 
board

ETA-
03/0050

3.00 4.00 –

Element Norm
Service Class

Values of kdef for service classes deformation modification factor

The creep factor is applied to permanent loads or to the permanent 
part of variable loads.

Table 44: Loads Duration Consolidation

Table 47: CTE Load Duration Factors

Table 48: CTE Load Coefficients of SimultaneityTable 45: Material Safety Factors

Table 46: Kmod Values For Materials Table 49: Materials Definitive K modification Values
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6. 5 Fire Exposure Situation

 House Abstraction

Next, the protective effect of the panels is analyzed it restricts the fire from 
affecting the interior structure of the frameworks until after tf minutes from 
its inception according to section E.2.3.2 of the CTE DB-SI.

In each case and depending on the nature of the project, it must be verified 
that the wooden structure maintains its bearing capacity for the remaining 
time until the required fire duration is reached according to table E.3. 
Sufficient fire resistance of the structural elements included in CTE-DB-SI.

β0 (mm/min)
0.90
1.00

0.90

Wooden panels
Plywood boards
Wood-derived boards other than plywood 

See E.2.3.2.2 CTE DB SI, calculated for 20mm board panels

Calculation basic carbonization rate, β0, of protection boards
Board Type

Thickness board 1 (hp,1) 12.50 mm
Time before charring starts board 1 (tch,1) 21.00 min

β0,2 0.90

mmThickness board 2 (hp,2) 18.00
kg/m3Characteristic board 2 density (ρk,2) 550.00

kp,2 0.90
kt,2 1.05

β0,p,t,2 0.86 min
Time before charring starts board 2 (tch,2) 16.98 min

Total time before charring starts (tch) 37.98 min

FERMACELL 12,5 + OSB 18 Charring rate Table
Board 1: Gypsum laminate Board A, F, or H

Board 2: Fermacell board (ETA-03/0050)

6.6. Resistance to Racking
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The values of resistance to racking in kN of the basic modules as a function 
of the cladding panels and spacing between perimeter connectors in mm 
are listed below.

Said values have been calculated according to the simplified analysis of the 
Basic Document on Structural Safety in Wood of the Technical Building 
Code CTE DB-SE, considering the properties of the materials and geometric 
arrangements included in the previous sections of this document. Any 
modification in the boundary conditions will void the validity of the calculated 
values.

β0 0.90
mmThickness board 2 (hp) 18.00
kg/m3Characteristic board 2 density (ρk) 550.00

kp 0.90
kt 1.05

β0,p,t 0.86 min
Time before charring starts (tch) 16.98 min

Total time before charring starts (tch) 16.98 min

Board: OSB/3
OSB 18 Charring rate Table

Thickness board 1 (hp) 18.00 mm
Time before charring starts board 2 (tch) 36.40 min

Total time before charring starts (tch) 36.40 min

FERMACELL 18  Charring rate Table
Board: Gypsum laminate Board A, F, or H

6.6.1 Resistance Tables According to CTE

Table 50: CTE Carbonization Beta Values For Selected Materials

Table 51: Fermacell 12.5 mm + OSB 3 18 mm Charring Rates

Table 52: OSB 3 18 mm Charring Rates

Table 53: Fermacell 18 mm Charring Rates
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 House Abstraction

150 5.10 150 5.21 150 2.99 150 3.10 150 4.89 150 2.79
100 7.65 100 7.82 100 4.49 100 4.66 100 7.33 100 4.19
50 15.31 50 15.64 50 8.98 50 9.31 50 14.67 50 8.38

150 5.94 150 6.07 150 3.48 150 3.61 150 5.69 150 3.25
100 8.91 100 9.10 100 5.23 100 5.42 100 8.54 100 4.88
50 17.82 50 18.21 50 10.45 50 10.84 50 17.08 50 9.76

150 10.88 150 11.12 150 6.38 150 6.62 150 10.43 150 5.96
100 16.33 100 16.68 100 9.58 100 9.93 100 15.65 100 8.94
50 32.65 50 33.37 50 19.15 50 19.87 50 31.29 50 17.88

150 12.09 150 12.36 150 7.09 150 7.36 150 11.59 150 6.62
100 18.14 100 18.54 100 10.64 100 11.04 100 17.38 100 9.93
50 36.28 50 37.07 50 21.28 50 22.07 50 34.76 50 19.87

150 13.31 150 13.60 150 7.81 150 8.10 150 12.76 150 7.29
100 19.97 100 20.40 100 11.71 100 12.15 100 19.13 100 10.93
50 39.93 50 40.80 50 23.42 50 24.29 50 38.27 50 21.87

(n/a) SuperPan 

Racking resistance values in kN and spacing between connectors on the perimeter of 
the board in mm
10.4.2.2 of the Basic Document of Structural Safety in Wood of the Technical Building 
Code.

SuperPan 

1_820x
2450

2_880
x2450

3_1170
x2450

4_1230
x2450

5_1290
x2450

(n/a)

M
od

u
le

Exterior SuperPan (n/a)

ELEMENTS OF THE TIMBER FRAMING RESISTANCE CLASS C18
Interior OSB 18 Fermacell OSB 18 Fermacell OSB 15 OSB 15
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150 5.23 150 5.34 150 3.06 150 3.18 150 5.01 150 2.86
100 7.84 100 8.01 100 4.60 100 4.77 100 7.51 100 4.29
50 15.68 50 16.02 50 9.19 50 9.54 50 15.03 50 8.59

150 6.08 150 6.22 150 3.57 150 3.70 150 5.83 150 3.33
100 9.13 100 9.33 100 5.35 100 5.55 100 8.75 100 5.00
50 18.25 50 18.65 50 10.70 50 11.10 50 17.50 50 10.00

150 11.15 150 11.39 150 6.54 150 6.78 150 10.69 150 6.11
100 16.72 100 17.09 100 9.80 100 10.17 100 16.03 100 9.16
50 33.44 50 34.18 50 19.61 50 20.35 50 32.06 50 18.32

150 12.38 150 12.66 150 7.26 150 7.54 150 11.87 150 6.78
100 18.58 100 18.99 100 10.89 100 11.30 100 17.81 100 10.18
50 37.15 50 37.98 50 21.79 50 22.61 50 35.62 50 20.35

150 13.63 150 13.93 150 7.99 150 8.29 150 13.07 150 7.47
100 20.45 100 20.90 100 11.99 100 12.44 100 19.60 100 11.20
50 40.90 50 41.80 50 23.98 50 24.88 50 39.20 50 22.40

Racking resistance values in kN and spacing between connectors on the perimeter of 
the board in mm
10.4.2.2 of the Basic Document of Structural Safety in Wood of the Technical Building 
Code.

5_1290
x2450

SuperPan SuperPan (n/a) (n/a) SuperPan (n/a)

M
od

u
le

1_820x
2450

2_880
x2450

3_1170
x2450

4_1230
x2450

Exterior 

ELEMENTS OF THE TIMBER FRAMING RESISTANCE CLASS C24
Interior OSB 18 Fermacell OSB 18 Fermacell OSB 15 OSB 15

Table 54: Racking Resistance Class C18 Framing Table 55: Racking Resistance Class C24 Framing
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In the case of walls composed totally or partially by frames of the Basic 
Module type 3_1170x2450, 15 mm OSB board should not be used because 
the space between studs / thickness of the board established in section 8 of 
this section.

To evaluate the behavior of wall diaphragms with a single bracing board or 
with two boards, a calculation model has been generated where the stiffness 
properties of the materials and the theoretical sliding modules of the joints 
are considered.

The following situations have been analyzed for deformations and compared 
as follows:

6.6.2 Rigidity of The Frame

δ
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 Figure 180: Qualitative Displacement Diagram for Rigidity Figure 181:  Modelarion Qualitative Diagram for Panel Wall 1
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 Figure 182:  Modelarion Qualitative Diagram for Panel Wall 2 Figure 183:  Modelarion Displacement Result Diagram for Panel Wall 1
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the following conclusions can be derived from the analysis results:

Despite the different behavior of both boards (the OSB has been considered 
as a single board while the superPan has been placed as individual boards) 
the stiffness of wall 2 is much higher than that of wall 1. For this reason, it 
can be concluded that, whenever possible, it is appropriate to consider the 
bracing effect of the outer panel.

In order to justify the Technical Building Code without test values, the 
simplified method must be followed, which disregards the contribution of 
panels of width bi <h / 4. Still, it is favorable to consider a shorter wall at the 
cost of having the contribution of the two structural panels.

In practice, the behavior of the diaphragm will be better than estimated, so 
that the structural justification is always on the side of safety.

The action of the wind on the composed walls will produce a triple effect on 
them.

Racking effect: wind attempt to deform the panels, so that shear stresses 
appear in the connectors between the structural panels and the frame wood 
as described in paragraphs.

Overturning effect: the wind will try to rotate the panel, so that tensile 
reactions will appear in one of the end studs and compression reactions in 
the stud.

Sliding effect: the wind will try to move the panels, so that grazing reactions 
will appear along the entire support of the lower sleeper of the wall.

6.7.  Façade Panels Resistance to Tipping And Slipping

Figure 184:  Modelarion Displacement Result Diagram for Panel Wall 2
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 House Abstraction

Overturn Effect Slip Effect

Wind Action Racking Effect
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 Figure 185:  Actions and Effects on Truss Wall
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As seen in the previous diagrams, the vertical loads corresponding to the 
roof or slabs that support the wal,l are favorable in that they compensate for 
the overturning effect, nonetheless they increase the compression value in 
the upright direction of the opposite end.

The value of the maximum tensile stress on the end studs is calculated 
according to the formula:

Where:

• Fv, d is the horizontal offset force that the wall must resist, in kN
• h is the height of the wall, in m
• b is the length of the base of the wall, in m
• Gd is the design value of the permanent load on the wall, in kN / m

Since permanent loads have a favorable effect on the uplift on the overturn 
of the wall, their calculation value must be obtained as 0.8 · Gk (characteristic 
value of permanent loads).

Considering that it is a tensile stress parallel to the fiber, in general the wood 
stud has no problem resisting the stress Ft, d. Design wise, the simplest 
solution is to choose a “hold-down” type traction angle capable of supporting 
this load.

One of such is shown ahead, nonetheless, said conecctions can be satisffied 
with crossed screws.

6.7.1 Overturning Resistance

6.7.1.1 Traction Mount

h
b

- Gd ·
b
2

Ft , Fd = Fv , d ·
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The value of the maximum compressive stress in the end studs is calculated 
according to the formula:

Where:

• Fv, d is the horizontal offset force that the wall must resist, in kN
• h is the height of the wall, in m
• b is the length of the base of the wall, in m
• Gd is the design value of the permanent load on the wall, in kN / m
• Qd is the design value of the variable load on the wall, in kN / m. In general, 

it will be the snow load on the roof.
 
Since permanent loads have an unfavorable effect in terms of compression in 
the uprights, their design value must be obtained as 1.35 · Gk (characteristic 
value of permanent loads). On the other hand, since the main variable action 
in this check will be the wind, the calculation value of the snow overload (for 
locations <1000 masl) is calculated as ɣQ · ψ0 · Qk = 1.5 · 0.5 · Qk

6.7.1.2 Compression Mount

h
b

+ (Gd + Qd) ·
b
2

Fc , Fd = Fv , d ·

Figure 186:  Schematic drawing of a “hold-down” type traction angle
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In this case, the end strut must be checked against a compressive stress 
parallel to the fiber with the possibility of buckling with respect to both axes.

Finally, the compression check must be carried out perpendicular to the 
fiber of the lower sleeper that receives the compression from the stud. This 
is usually the most unfavorable situation and may require the studs to be 
doubled at the ends of the trusses to avoid crushing the sleepers (horizontal 
elements).

With a conservative approach it is usually despise the possible friction 
between the trusses and braces, so the magnitude of the effort slip is taken 
as the horizontal force racing of the wall.

This force must be transmitted to the foundation by fixing the sleepers 
with specific shear angles or with wood-concrete connectors. The spacing 
between these joints will be calculated based on the resistance of each 
individual connection and the racking force considered.

The behavior of the studs of the frameworks under a uniformly distributed 
linear load of permanent duration has been analyzed, such as the support of 
roof panels on the façade walls.

A calculation model has been generated with the different separations 
between existing studs in the basic modules and under the assumptions 
that the end walls are on two studs, on three or on four. Support on five or 
more studs would be favorable, so the maximum load value corresponding 
to the assumption of four supports can be taken.

For each design case, the load has been increased until reaching a section 
loading rate of 95 ± 2%.

6.7.2 SLIP RESISTANCE

6.8.1 Maximum Uniform Load on the Joists

6.8. Façade Panels Vertical Load Capacity

The following deformation limits have been considered for the verification 
of the service limit states:

• Integrity deflection: l / 400
• Apparent deflection: l / 300

The following table shows the maximum load in characteristic value and the 
reason for failure for each calculation situation.
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Figure 187:  Uniform Load on Studs Representation
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The behavior of the studs’ posts under point loads of permanent duration 
has been analyzed, such as the support of a roof truss on the façade walls. 
To analyze the possible buckling of the pieces, these permanent loads have 
been combined with the action of the wind on the façade, considering a 
surface force of 2.6 kN / m² (zone C, degree of roughness of the environment 
I, return period 50 years and height of the construction 5 meters, according to 
Annex D of the Basic Document of Structural Safety Actions in the Building 
of the Technical Building Code CTE DB-SE).

410 760 1110
13.00 kN 7.00 kN 3.50 kN
Simple 
bending 

Apparent 
deflection

Apparent 
deflection

14.00 kN 8.50 kN 4.75 kN
Shear on 
punctual 
load

Simple 
bending 

Apparent 
deflection

14.00 kN 9.00 kN 4.75 kN
Shear on 
punctual 

load
Simple 

bending 
Apparent 
deflection

16.00 kN 10.25 kN 6.00 kN
Shear on 
punctual 

load
Simple 

bending 
Apparent 
deflection

Resulting reactions
Modules

Su
p

p
or

tin
g

 S
tu

d
s

2 supports

3 supports

4 supports 
side load

4 supports 
central 

load

6.8.2 Maximum Concentrated Load On The Studs
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A calculation model has been generated with the different separations 
between existing uprights in the basic modules. Since the studs are fixed to 
the bracing boards in the weak axis of the section, buckling in said axis has 
not been considered.

For each calculation case, the vertical load has been increased until reaching 
a load index of the section of 95 ± 2%.

Figure 188: Load on Joist Representation

Table 56: Module Resulting Reactions Consolidation
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Since this axial is transmitted to the joist, the verification of the compression 
perpendicular to the fiber in said support must be verified. This situation 
is limiting, so the maximum vertical concentrated load on a single upright 
stud should not exceed 40.75 kN in characteristic value.

For this section, a transversal section is considered as to be composed of:

• Cover/Roofing elements (green or classical)
• Hydrophobic-breathable layer
• OSB 3+ Board of 18 mm
• Strawbale Insulating materials of 135 kg/m3

• Vapor layer
• Fermacell 15mm board

The following table shows the maximum load in characteristic value and the 
reason for failure for each calculation situation.

410 760 1110
90.00 kN 90.00 kN 75.00 kN

Simple 
compression

Simple 
compression

Simple 
bending

+ + +
Dflection on  
Y axis

Dflection on  
Y axis

Dflection on  
Y axis

Modules

Resulting reactions

6.9. Roof System Description

760

70015
24

0
18
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Compacted straw bales of 135 kg / m³ are placed as insulation material 
between the I-joist profiles.

Compacted straw bales of 135 kg / m³ are placed as insulation material 
between the I-joist profiles.

A 15 or 18 mm OSB 3 board is placed on the upper face of the cover pack.

Given the commercial measurements of the material, the ideal configuration 
for most of the cases is achieved by means of 18 mm board and 5 m in length, 
so that a continuous layer of board can be generated in the longitudinal 
direction without cutting between elements.

The structure inside the roof panels consists of 
I-joists with LVL flanges and high density micro-
laminate wood fiberboard, with the following 
geometry:

• bf = 60 mm
• h = 240 mm
• hf = 39 mm
• bw = 8 mm
• hw = 162 mm

The mechanical properties of the materials that 
make up the profile are included in section 6.11.2 
of this document.

6.9.1. I Joist (SJLVL, HB 60/240)

6.9.2. Roof Insulation

6.9.3. Roof Panel Boards

h f
h w

h f

bf

h

bw

6.9.3.1. OSB 3

Figure 190: I Beam
 Diagram

ation

Figure 189: Roof System
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Despite the fact that due to the low thickness of the board it has not been 
considered as a compression layer in the calculation, at a practical level its 
fixing to the profiles will mean a slight improvement in the general rigidity 
of the system.

The same board or a different one can be used on the underside of the roof 
package.

The mechanical properties of the material are listed in section 6.11.2 of this 
document.

As an alternative material to OSB for the underside of the roofing package, 
a Fermacell type gypsum-fiber panel can be used.

The mechanical properties of the material are listed in section 6.11.2 of this 
document.

For the structural analysis of 
the system, a generic finish of 
the roof has been considered 
by means of a wooden slat 
and curved tile, comparable 
in weight with a shallow 
green roof, and heavier than 
a straw, tethered roof, making 
it ideal for calculations 
simplifications. 

On the underside, the load of 
a laminated gypsum board 
has been considered as it is 
slightly heavier than OSB.

6.9.4. Self-Weight of The Roofing System

6.9.3.2. Fermacell
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To the above loads, the self-weight of the double T profiles should be added, 
the impact of which per m² depends on the center-to-center used for each 
particular case.

To avoid the displacement of the profiles and to counteract the suction 
effects of the wind, the double T-beams must be connected to the elements 
on which they are supported. Two possible alternatives are proposed for the 
realization of this union.

The web of the beam must be solidified by means of two pieces of wood 
or board, 26 mm thick, for the installation of two Rothoblaas type WBR090 
angles or similar, fixed with 18 nails type LBA Ø4-L60 (8 nails to the double T 
beam and 10 nails to the lower support element) or 16 screws and bolts (type 
VGZ by Rothoblaas, and full threded bolts secured at both sides of the web).

The design tensile strength of the joint, assuming a short duration of action 
(wind), is R1, d = 6.23 kN, sufficient for the most common design situations, 
even greater when considering screws, as presented ahead.

6.9.5. Roof Union Support Elements

6.9.5.1. Nailed - Screwed Angles

Cover element (tiles - greenery) 0,4

Support 30×30 e/400 - Plastic division elements 0,011

OSB 3 Plus Board 18 mm 0,099

Straw-bale Insulation 240 (80 kg/m³) 0,192

Fermacell board 18 mm 0,207
TOTAL 0,909

Self-Weight of The Roof Package In kg / m²

Figure 191: Roofing Diagramation

Table 58: Roofing Self-Weight
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This method presents great connection capabilities, and as such, is preferred 
on windier locations, nonetheless, requires more precision, and can affect 
the elements it is secured to.

The bottom strip of the I-Joist can be connected to the lower support element 
by means of two pairs of fully threaded lag screws (type VGZ by Rothoblaas), 
Ø7-L100 mm, inserted in pairs at an oblique angle of 60º.

The design tensile strength of the joint, assuming a short duration of action 
(wind), is R1, d = 5.92 kN, sufficient for the most common design situations.

Its easiness of performance, and relatively short action space means it 
requires less time to be completed when constructing, meaning less work-
force to complete, and an easily repeatable labor, meaning easiness of 
construction, at the expense of wind resistance, nonetheless, performing 
adequately enough for most cases, as such it also will be displayed ahead.

6.9.3.2. Crossed Screws
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Next, the protective effect of the panels is analyzed, which allow the fire not 
to affect the interior structure of the frameworks until after tf minutes from 
its inception according to section E.2.3.2 of the CTE DB-SI.

Given the geometry of the double T sections, no resistance can be attributed 
to it in a fire situation, so in each case and depending on the nature of the 
project, it must be ensured that the passive protection is sufficient to reach 
the required fire duration according to table 3.1.  of said standard section. 

Sufficient fire resistance of the structural elements included in CTE-DB-SI. 
Otherwise, an intumescent product should be applied to the surface of the 
boards in order to increase the duration of the protection provided by them. 

The form and grammage of application will be made according to the 
indications of the manufacturer of said product.

6.10.1. Fire Exposure Situation

6.10. Bases of Calculation for the Roof Panels

Figure 192 a & b: Nailed - Screwed Angles (a) Front and (b) Side View Figure 193 a & b: Crossed Screwed Fixing (a) Front and (b) Side View

(b) (b)

(a) (a)
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Thickness board 1 (hp,1) 12.50 mm
Time before charring starts board 1 (tch,1) 21.00 min

β0,2 0.90

mmThickness board 2 (hp,2) 18.00
kg/m3Characteristic board 2 density (ρk,2) 550.00

kp,2 0.90
kt,2 1.05

β0,p,t,2 0.86 min
Time before charring starts board 2 (tch,2) 16.98 min

Total time before charring starts (tch) 37.98 min

FERMACELL 12,5 + OSB 18 Charring rate Table
Board 1: Gypsum laminate Board A, F, or H

Board 2: Fermacell board (ETA-03/0050)

β0 0.90
mmThickness board 2 (hp) 18.00
kg/m3Characteristic board 2 density (ρk) 550.00

kp 0.90
kt 1.05

β0,p,t 0.86 min
Time before charring starts (tch) 16.98 min

Total time before charring starts (tch) 16.98 min

Board: OSB/3
OSB 18 Charring rate Table
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Thickness board 1 (hp) 18.00 mm
Time before charring starts board 2 (tch) 36.40 min

Total time before charring starts (tch) 36.40 min

FERMACELL 18  Charring rate Table
Board: Gypsum laminate Board A, F, or H

β0 0,90
Thickness board 2 (hp) 0,90 mm

Characteristic board 2 density (ρk) 550,00 kg/m3

kp 0,90
kt 1,05

β0,p,t 0,86 min
Time before charring starts (tch) 8,49 min

β0,2 0,90
Thickness board 2 (hp,2) 15,00 mm

Characteristic board 2 density (ρk,2) 550,00 kg/m3

kp,2 0,90
kt,2 1,05

β0,p,t,2 0,86 min
Time before charring starts board 2 (tch,2) 20,38 min

Total time before charring starts (tch) 28,87 min

FERMACELL 15 + OSB 9 Charring rate Table

Board 2: Fermacell board (ETA-03/0050)

Board: OSB/3

Table 59: Fermacell 12.5 mm + OSB 3 18 mm Charring Rates

Table 60: OSB 3 18 mm Charring Rates

Table 61: Fermacell 18 mm Charring Rates

Table 62: Fermacell 15 mm + OSB 3 9 mm Charring Rates
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6.11. Roofing Pre-Dimensioning Tables

 House Abstraction

The maximum spans for roof girders as a function of the slope and the 
distance between girders are shown below for the following boundary 
conditions:

Permanent load = 1 kN / m²
Use load covers accessible only for maintenance = 0.4 kN / m²
Wind zone C; Degree of roughness of the environment I, z = 6 m (Annex D 
DB SE-AE of the CTE)
Variable snow load. See header of each
Integrity criterion arrow limit: L / 400
Appearance criterion arrow limit: L / 300
The calculation value of the linear reaction (in kN / m) in the supports of the 
beams is also collected in each situation for permanent (G), use (QU), snow 
(QS) and wind (QW) loads.

The values have been calculated considering the properties of the materials 
and geometric arrangements included in the previous sections of this 
document. Any modification in the boundary conditions will void the validity 
of the calculated values.
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0º
kN/m 3,2 1,3 1,6 – 2,5 1 1,3 – 2,2 0,9 1,1 –
10º
kN/m 3,2 1,3 1,6 0,4 2,5 1 1,3 0,4 2,2 0,9 1,1 0,3
20º
kN/m 3,1 1,2 1,5 1,3 2,5 1 1,2 1 2,2 0,9 1 0,9
30º
kN/m 3 1,2 1,3 2,1 2,5 1 1,1 1,7 2,1 0,9 0,9 1,5
Loads G QU QS QW G QU QS QW G QU QS QW

5825 4700 4050

5250 4250 3700

6300 5050 4450

6200 5000 4400

Qs=0,5 kN/m² calculating for elevations below 1000 m a.m.s.l.

Steepness
Distance Between Axis

410 mm 760 mm 1110 mm

10º
kN/m 2,8 1,1 2,8 0,4 2,3 0,9 2,3 0,3 2 0,8 2 0,3
20º
kN/m 2,8 1,1 2,6 1 2,3 0,9 2,1 0,8 2 0,8 1,9 0,7
30º
kN/m 2,8 1,1 2,4 1,9 2,3 0,9 2 1,5 2 0,8 1,7 1,4
Loads G QU QS QW G QU QS QW G QU QS QW

4900 3900 3450

5500 4500 3900

5250 4250 3700

Qs=1,0 kN/m² calculating for elevations below 1000 m a.m.s.l.

Steepness
Distance Between Axis

410 mm 760 mm 1110 mm

Table 63: Roof Predimensioning 1

Table 64: Roof Predimensioning 2
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10º
kN/m 2,3 0,9 4,6 0,3 1,9 0,8 3,7 0,3 1,7 0,7 3,3 0,2
20º
kN/m 2,3 0,9 4,4 1 1,9 0,8 3,5 0,8 1,6 0,6 3 0,7
30º
kN/m 2,4 1 4,2 1,6 1,9 0,8 3,4 1,3 1,7 0,7 2,9 1,1
Loads G QU QS QW G QU QS QW G QU QS QW

4150 3350 2925

4500 3700 3250

4375 3525 3025

Qs=2,0 kN/m² calculating for elevations above 1000 m a.m.s.l.

Steepness
Distance Between Axis

410 mm 760 mm 1110 mm

These last values mean, that with the moderate proposed materials, good 
structural developments may be achieved, so through modularity, this one 
roof projection may service multiple projects.

Moreover, through the calculation of both, roof and façade panels for their 
total possible bearing capacities, instead of a specific value for one particular 
housing project, the concept of repeatable entities can carry throughout the 
design.
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Table 65: Roof Predimensioning 3
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Understanding the place, functionality, and practicality of straw in the built 
environment, means allowing little doubt that straw has paved a long lasting 
and solid way in the building industry. Its qualities have been displayed both 
theoretically, with an exhaustive and comprehensive analysis of the straw 
as a material, as well as practically with the presentation of multiple viable 
straw derived designs.

Moreover, acknowledging the monumental quantities of straw that are 
produced in Spain, and worldwide annually , how available it usually is and 
the low cost its procurement implies, reflects economic and political reasons 
to support the adoption, of the already ecofriendly technology.

Meaning that straw could be used viably as a replacement of more 
environmentally taxing materials, that cost more and which lack the carbon 
fixing properties that cereals, and organic matter can provide, result in taking 
straw to be a thermically adept, and in some countries even structurally 
sound and code compliant, a natural and advisable consideration.

Additionally, for the cases where the local regulations do not consider 
straw withing its matters, panelized building products manufactured from 
strawbales and wood will could easily be accepted by the building industries, 
meaning this technology will not be limited geographically. 

Armed with this earned knowledge, we will present as a conclusion to the 
present work, some important aspects to consider for straw building de-
sign, as well as the solutions we arrived to, and an evaluation of the design 
presented in the architectural portion of the project.
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7.1 Lessons Learnt

 

As current research and 
legislation moves towards 
zero energy buildings, it is 
important to minimize the 
total energy consumption and 
environmental impact of a 
building during its lifecycle. As 
such, taking into account the 
production of the materials 
is important to consider, 
when calculating the total 
impact a building has on 
the environment, meaning 
an element, like straw and 
wood, that can fix CO2 during 
it cultivation process, helps 
tremendously towards aiding 
the environment.

As a natural material, the 
advantages of using straw are 
significant and numerous. 
When compared to traditional 
elements, they have less 
embodied energy, resulting in 
less energy being required for 
their production. Taking into 
account its easiness to grow in 
diverse environments, straws 
abundant local production 
means the least disruption to 
the local surroundings.
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7.2 Developed Technology

 

Straw allows for interesting 
building techniques, when 
combined with wood 
modulation may be achieved, 
this type of construction 
being one of the greenest. As 
most of the manufacturing is 
accomplished in a warehouse, 
offsite, the impact to the site is 
greatly reduced. For the same 
reason, significantly less waste 
is generated, as more control 
may be applied in the assembly 
of parts. Fewer building 
materials are lost or thrown out 
as valuable materials can be 
recycled or used for other parts 
of your construction project.

Considering the impact the 
construction sector has on 
the environment, relying on 
“circular economy” may be 
of great importance towards 
decreasing global demand for 
new raw materials, especially 
those that are considered as 
finite resources. As such, using 
straw, that is a waste  agricultural 
product,  is an effective 
and sustainable solution for  
insulating elements, and when 
combined with wood, creates 
an effective construction 
element suitable for multiple 
architectural endeavors.

Given the long-lasting history of straw in the construction field, and 
after a analyzing the various types of technologies that utilize straw as a 
technological or structural material, prefabrication rose to be the most 
innovative, combining the qualities of green building with the advantages 
of streamlined manufacturing, meaning that in conjunction with wood, it 
would make straw an optimal material to generate modular elements to 
enclosure architectural spaces.

Said modules were developed to constitute a large-format construction 
system with solid wood as structural elements and densely compacted 
straw as the insulating element; with the projected use to be either façade 
cladding, or roof panels, both being load-bearing elements.

Being composed exclusively of natural materials, it is meant to convey  
environmental awareness from the moment any projects conception, 
providing comfortable and healthier spaces, whilst guaranteeing safety and 
durability.

Designed to comply with the European and Spanish building and structural 
codes, which entices these elements to work three main functions, structural, 
as envelope enclosures and as  an adept insulator, thus oriented towards the 
execution of highly energy efficient projects.
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7.3 Architectural Showcase Results

 

Having carried out the proper and sufficient research on straw construction 
and developing a constructive element that could help develop the 
architectural project we had envisioned for this dissertation, the case study 
to test said element had to be designed.

Taking advantage of the reach context Spain provided, the design process 
started molding what would become a net positive building, that took 
advantage of the materials and straw developed technology in such a manner 
that conveyed the natural aspects of the modules, and the advantages of 
using and arranging said items in various design dispositions, growing, and 
taking advantage of what seemed a complicated lot from the beginning.

At the projects specificities, we can call out the importance of the urban 
analysis, as to understand the importance all the surrounding architecture 
has towards a proper design, lending the naturality of the environment to 
the solid more metrical shapes that ended up encasing the mass that better 
optimized the topography, and its climatic features.

All of this shows the versatility of the construction modules, as the 
sustainability their ecological manufacturing, connected with the energetical, 
environmental, and structural analysis, cemented the functionality of the 
modules, showing they could in fact not only be used as design props, but 
could conform a fully developed project.

Furthermore, being able to display technologies such as thermal and 
photovoltaic panels, a natural pool, green roofs, crossed ventilation, DfMA, 
all producing good daylight, energetical, thermal, and comfortable living, 
shows not only a successful building, but also a proper endeavor, that 
manages to display the exposed virtues of straw, bioconstruction and proper 
architectural planning.

Figure 194: System Conclusions
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7.4 Beyond Baharx

 House Abstraction
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Studying the uses of Straw in construction, means understanding the 
sudden regrowth of the material’s use in the past decade.  Given the number 
of manufacturers getting involved, it is natural to expect advancements on 
the area, as presented with the technology developed for this work, many 
others may rise in the near future, specially when accounting for the various 
initiatives and incentives many governments and entities are pushing as to 
alleviate the negative effects traditional construction has on the environment.

Nonetheless, whether straw-bale building systems can ever become 
mainstream is unknown. The fact that many countries don’t consider the 
material within their legislations can be daunting, however, when presenting 
it in the proposed conjoined use with wood, odds tend to be more favorable, 
as in Spain, Poland, Portugal and Italy amongst others, many companies 
have made the news for their alternative initiatives including straw in their 
endeavors.

In any case, we are excited with the prospect of straw, and other waste materials 
as agricultural fibers and discarded everyday items, becoming widely used 
in the building technologies. As with many new ideas, when challenges are 
presented, creative solutions, as the ones presented throughout this work, 
arise, resulting in environmental and economic benefits, that will ultimately 
take the industry in better, more environmentally conscious paths. 

Biodegradable Renewable Recyclable Carbon Dioxide 
Reducing
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