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Abstract 

The search for a more sustainable way of life in an environmental, social and economic perspective, has generated 
the appearance of new forms of housing. In this context, the present dissertation introduces the concept of 
cohousing and ecovillage, exploring in detail some significant examples and interpreting a set of collected data of 
about 97 intentional communities that existed for more than 20 years. 
In a first phase, the literary revision allowed a general understanding of the concepts of cohousing, ecovillage, 
bioconstruction, and permaculture and a global view of the spectrum of communities in the world, where 3 
successful communities have also been explored in more detail: Tamera, Findhorn, and Auroville. 
Based on the sustainability assessment and LiderA certification system, we evaluate the sustainability of an 
ecovillage and cohousing in Torres Vedras, that is still in the project phase and improvement solutions were 
proposed. The initial evaluation was ‘A’ and with the proposed solutions it was possible to increase to ‘A +’. 
The main objective of this dissertation is that through the analysis of a case study demonstrate that the 
methodology of LiderA contributes to find solutions from the point of view of sustainability and contribute to 
improve the new version of the model. It is also intended to discuss the criteria that should be taken into account 
in the construction of sustainable communities and to highlight the advantages of living in a community.  
Keywords: Cohousing, Ecovillage, Community, Sustainability, Bioconstruction, Natural building. 

 

 
1. Introduction 

1.1. Framework 

Although is difficult to define, the term sustainability 

is typically associated with the concept of a vision, 

behavior or strategy that sounds ecologically, is 

economically and socially feasible, and culturally 

diverse [1]. 

Within an urban context, social sustainability 

depends heavily on two main aspects [2] [3]: social 

equity, that is, inclusion of all members of society 

without distinction, where appropriation of public 

space is seen as a measure to mitigate urban 

segregation [4] and community sustainability, which 

is strongly linked to the quality of social interactions 

between people and with the external environment 

[3]. An economically sustainable development is 

often described as the need to maintain a permanent 

income for mankind, founded on non-decreasing 

capital [5] is directly related to economic, social and 

human development since it is about using natural 

resources in the most efficient way possible so that 

they can be maintained in the future. 

According to the UK government, a sustainable 

community is "A space where a group of people 

decides to live intentionally, over an extended period 

of time. A place where future residents will be 

 
sensitive to the care for the environment in which 

they live and will respond to much of their needs. A 

safe, well-planned, built and managed place that 

provides equal opportunity and good service for all 

[6]. 

An ecovillage is an intentional community that aims 

to create ecological, economic, social and spiritual 

sustainability over several generations, using 

permaculture principals [7][8]. 

Permaculture is much more than a form of organic 
agriculture [9], it is landscape planning based on the 
relationships and patterns of nature in order to 
produce abundant food and energy [10]. The 
technique can be used to plan landscapes, fields of 
organic cultivation and organic farming, 
energetically sustainable buildings and ecovillage. 
Cohousing consists of an intentional and functional 
community of private dwellings, grouped around a 
common space [11]. The concept emerged more 
than 40 years ago in Denmark when a group of 50 
families was trying to find a better way to care for 
their children [12]. Living in a cohousing is 
experiencing community life with more privacy. On 
the one hand, there are shared spaces, activities and 
domestic tasks performed together, on the other 
hand, the property structure allows preserving the 
private spaces of each resident [13]. 
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Cohousing can be the basis of an ecovillage in the 
sense that it responds to most of the challenges of a 
community, although an ecovillage has a greater 
concern for the environment [13]. 
1.2 Methodology 
The cohousing in Torres Vedras is a project in design 
phase and is the case study of this work. 
In Portugal, it is a pioneering model of cohousing, 
which aims to be innovative based on permaculture 
principles. In addition, this cohousing project is 
designed not by the residents themselves but by the 
designers, which may be an advantage since 90% of 
the intentional communities fail in the first years of 
life, in the planning stages, normally by 
disagreements among future residents (Christian, 
2009). 
In this sense, the methodology used in the design 
process by the project team was based on the 
following research methods: survey and observation 
of the terrain, online questionnaires, focus groups, 
interviews, market trends study and state of the art 
collection. 
In addition to the research carried out in 
collaboration with the project team, the 
methodology of the present work includes a literary 
review, that was based in aa broad study of 97 
communities, the project description and a rigorous 
evaluation based on the criteria of the LiderA 
sustainability assessment and certification system, 
as well as the proposal of improvement solutions. 
LiderA is a voluntary system for sustainability 
assessment that supports the search for 
sustainability in the promotion, design, 
construction, and maintenance of built 
environments, for developers, designers, builders, 
construction managers and clients [14]. 
The system is based on 6 principles of good practices 
in sustainability: local integration, resources, 
environmental burdens, environmental comfort, 
socio-economic experience, and sustainable use. The 
six principles are divided into 22 areas that give rise 
to 43 criteria. The evaluation is made from A to G 
where E represents the usual practice and, for 
example, A + represents a 90% improvement over 
this practice [14]. 
In this dissertation we resorted to the principles 
of the new version of the model LiderA, the 
version v3.0 that is dedicated specifically to the 
study of communities and that has not yet been 
launched. This paper intends to contribute to this 
new version. 
The aim of this dissertation is to contribute to the 
theme described, discussing the criteria that 
should be considered in the design and 
conception of a sustainable community that 
intends to be the most beneficial for its residents 
and the surrounding environment and to evaluate 
the sustainability of the case. study. 
It is proposed to demonstrate that community life 
is sustainable at various levels and to evaluate 
them according to LiderA criteria and also to 

prove that it is possible to design sustainable 
communities using the LiderA model. 

2. Case Study: Quinta da Arroteia Ecovillage 

& Cohousing 

The case study of this dissertation focuses on the 

design of an ecologically positive, interdependent 

and synergistic  condominium,   based  on 

permaculture principles, Quinta  da Arroteia 

Ecovillage. It aims to be a pilot project to create 

sustainable societies and communities of the future. 

Quinta da Arroteia is located on Furadouro village, 

parish of Dois Portos, municipality of Torres Vedras. 

The project will be integrated into a landscape that 

can satisfy needs of comfort, healthy food, active life 

and interaction with nature. And it will be facilitated 

by a team with experience in condos management 

and group dynamics that ensures the quality of 

communication  between the neighbors and 

facilitates decision  making  and  conflict 

management. 

The land, with a total area of 113 771 m², is mostly 

abandoned, with an old house, which was used for 

events and village festivities, a football field, a multi- 

sport field and a recreational association that is still 

used by people from the village. Most of the land was 

occupied by eucalyptus (46.15%) and agricultural 

(22.82%) with abundant water, but currently 

without any kind of exploitation. 

The zoning plant is divided into several parts: 

- Common house: It will be a rehabilitation of a pre- 

existing building, dating back to the 18th century. It 

will serve various functions within the community, 

such as: sharing meals and meeting space for 

residents and neighbors. 

- 25 bioclimatic housings: The architecture will be 

bioclimatic and wood-made, which means, it will 

take advantage of the local resources, providing 

comfort at low energy costs. 

- Co-working space: A space of 200 m², where 

residents can work individually or in small teams, 

divided into: a small room, a meeting room, and a 

common workroom. 

- Community Office: Located near the agroforestry 

zone, it is the place where the forest materials that 

will serve the construction of the community will be 

processed and all kinds of repairs will be made. The 

goal is to enable residents to maintain and develop 

the community space. 

-Sports Infrastructures: there is currently a football 

field, shared with Torres Vedras Youth Football Club 

and a multi-sports field. These fields will be 

maintained. A paddle ring and a maintenance circuit 

with 1400 m in length will be constructed. 

-Food forests: This system covers a large diversity of 

species in a relatively small space. It is divided into 

two parts: the first is high maintenance, it is closer to 

the dwellings and focuses on the production of 
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vegetables, the second is the medium maintenance, 

further away from the housing area, its main focus is 

on the production of fruit trees. 

The system will be responsible for producing a part 

of the food, fuel and fiber resources consumed by the 

community. 

- Nursery: It will be a space reserved for the 
cultivation of annual and perennial plants that may 
later be transplanted to the food forest. 
- Natural Pool: This is a pool that uses natural 
processes to keep water clean and free of impurities 
through plants that filtrate the water. Biogas 
digestor: Biogas will be produced from organic 
compounds in a biodigester that works above 50ºC 
and will produce methane that can later be used in 
the production of heat. 
- Gray Waters Treatment: Gray water, which 
represents the wastewater coming from lavatories, 
machines, showers, bathtubs, etc., without regard to 
which is used in toilets and urinals. This will be 
treated by natural systems and later used in 
agroforestry irrigation systems, for example. 
-Productive forest: is an agroforestry system with a 
focus on forest species, with a great diversity of 
strata: emergent species, shrubs, herbaceous and 
fungi. 
- Wildlife corridors: provide an habitat and shelter 
to various species, allowing larger animals to cross 
the property without risking their lives and 

(PDM). In addition, existing buildings and 

structures, such as the Solar, the football field and 

the multisport field will be maintained and / or 

rehabilitated. 

The total area to be reused corresponds to 10.12% 

of the total land area and corresponds to 100% of the 

area that was previously built. 

Considering the land use (C2), the area of 

waterproof soil is much lower than the usual 

practice it represents only 5.36% of the land, which 

means that 94.64% of the area is permeable. 

3.2.Natural Ecosystem’s 

Regarding ecological valorization(C3), the green 

areas represent 92.58% of the total area. These 

include the high and medium-maintenance 

agroforestry, the productive forest, the private 

backyards in the various houses and the wildlife 

corridors. 

There are native 

species present on the 

site that will be 

maintained, such as 

the wild pine and the 

cork oak. More than 8 

new species will be 

introduced. 

With respect to habitat 
network  and services 

increasing biodiversity. They also provide (C4), the    Figure 1 - Green Areas 

protection against wind. The high number of species 
contributes to protection against fire. 

 
3. LiderA Evaluation 

The evaluation and development plan of the 

Cohousing case study in Torres Vedras, based on the 

criteria of LiderA, is based on the assumption that 

the project will be executed as mentioned in this 

study 

The sustainability assessment of the project was 

carried out following the various principles of the 

table provided by the LiderA certification and 

evaluation system. It is important to note that some 

factors can only be evaluated during or after 

construction. 

3.1. Ground 

With regard to the territorial contextual 

valorization(C1) and valuation of the built heritage 

(C9), the project in study represents an 

improvement over the usual practice, since the land 

where the project will be executed is practically 

abandoned, and its rehabilitation may contribute 

positively to the public space and enhance the 

vocation defined in the Municipal Master Plan 

implementation of the project under study 

contributes to the creation of new services, and 

promotes continuity through linkage and 

minimization of obstacles through: unpaved roads, 

heavy afforestation and large amounts of area 

covered by permeable green spaces (92.58%). This 

allows the free circulation of the species and 

contributes to the biodiversity of the place. 

3.3.Landscape and Heritage 

Regarding the landscape (C5), the number of floors 

foreseen for the houses are 1 or 2 floors, which 

corresponds to the number of floors used on the 

surrounding village. Although the construction in 

wood does not correspond to the typical 

construction of the region this integrates perfectly in 

the landscape by the color and by the nature of the 

material. The design follows simplicity lines and is 

based on permaculture principles, similar to those 

applied to reference communities such as Tamera. In 

this sense the performance is superior to the current 

practice. 

In respect to the built heritage valorization(C6), the 

historical investigation carried out in the village of 

Furadouro allowed us to verify that the “Solar” is one 

of the most emblematic buildings of that village 
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Figure 2 – Solar Building before and after rehabilitation 

In times it was the place where the locals met in 

dances, weddings and other festivities. It is a 

building that naturally follows the architectural 

features of the region. In this way, is a building that 

will be preserved. 

 

3.4 Energy 

Nominal energy requirements are minimized 

through the intervention of passive design practices 

(C7). The buildings are oriented according to the 

optimal solar orientation, that is, in this case to the 

southwest. In the front of the house it has large 

windows with double glass, in the back the windows 

are smaller to avoid losses of heat. The construction 

of a fireplace inside makes the entire interior wall 

function as a thermal mass that allows the house to 

warm up in the winter. The shading is done from 

outside. 

Within energy systems (C8), the biogas digester 

system, will be responsible for the production of 

heat. 

It is expected that the community will obtain a ‘B’ 

rating in the Energy Certificate, with a superior 

performance compared to the reference buildings. 

With regard to carbon management (C9), the 

production and use of biogas is highlighted. 

Also, the chosen construction material is wood: 

which from the point of view of the energy spent in 

the construction it is low, since it does not need 

energy in the manufacture of the material itself. 

The measures relating to the sharing of space and 

equipment also contribute to a better management 

of air pollution, not only by the direct emissions of 

the equipment itself but also by the indirect 

emissions for the production of this equipment. 

3.5. Water 

Within the framework of drinking water supply 

systems (C10) and local water management (C11), 

the aquatic landscape will be composed of a natural 

pool, a dam, a well and some small ponds, which will 

allow the gradual rehydration of the landscape. 

The presence of autochthonous species is also very 

beneficial because it regulates the cycle and water 

quality. 

Using PorData, the annual precipitation average 
value was calculated at 822, 1 mm 

With that value and knowing that the area of the 
hydrographic basin is 33 557m², the amount of 
water that the dam stores per day was calculated in 
an average of 75,581.4 liters of water. This amount 
of water will be available per day, and can be treated 
and use for consumption, reducing the need to 
consume water from the public water supply 
network on a large scale. 
Regarding the collection of rainwater, assuming that 
the coverages have a catch - up coefficient (runnof - 
cr coefficient) of 80% and that the total coverage 
area is 2080 m², considering the average annual 
precipitation previously calculated in a total of 822.1 
mm, the volume of water that can be collected 
annually exceeds the value of 1360 m2, which is 
calculated by: 

822.1 × 2080 × 0.8 = 1367974.4 l / year 
This amount of water will be used in irrigation 
systems of the agroforestry system, the productive 
forest and the nurseries. 
Together with the solutions mentioned above, the 
project also includes the construction of a gray water 
treatment plant for use in irrigation, an aquaponic 
greenhouse and a dry sanitation bathroom for public 
use. 
The dry community bathrooms will also allow to 

save large amounts of water compared to a normal 

house and bath. 

3.7. Materials 

In the area of materials, the search for sustainability, 

according to LiderA, is based on its durability (C12) 

and the use of materials of responsible origin (C13). 

The aim is to encourage the use of materials with a 

low environmental impact, in particular through the 

use of environmentally certified materials (by eco- 

label or other recognized certification schemes), 

recycled materials or materials with better 

environmental performance. However, due to lack of 

information regarding the type of wood, interior 

details, equipment and plumbing to use, the 

classification obtained in both criteria (C12 and C13) 

was ‘E’ that corresponds to current practice. 

3.8. Local Food Production 

In the field of contribution to local food production 

(C14) the community seeks the maximum food 

autonomy, based on the principles of permaculture 

is designed in order to produce the largest amount 

of food, with the least amount of resources without 

using chemicals or fertilizers. 

The areas planned for food production occupy a 

large part of the space. The dry toilet and biogas 

digester will produce compost that can be used as 

fertilizer. The production of fruits and vegetables 

will be carried out in the agroforests and in the 

productive forest, as well as in the aquaponic 

greenhouse. 
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The aquaponic greenhouse is also responsible for 

fish production. 

3.9 Wastewater 

In terms of wastewater management (C15), this 

project contemplates the construction of a gray 

water treatment system by natural means. 

Gray water corresponds to wastewater from 

domestic use other than that from washing toilettes. 

These represent about 70% of domestic wastewater 

[15]. This amount of water will be treated locally by 

natural means and sent to irrigation systems. Thus 

only 30% of domestic wastewater will be sent to the 

municipal collector system. 

3.10 Waste 

With regard to waste management (C16), the dry 

toilet and biogas digester are ways to treat and value 

waste. The dry toilet converts human excreta into 

fertilizer in a biological way. The biogas digester 

produces methane and fertilizers through the 

anaerobic degradation of organic waste. 

Besides that, the wood which was chosen for the 

housing construction, is biodegradable and the 

existing buildings on the site will be maintained so it 

will not be necessary to resort to demolition 

processes, therefore less waste will be produced. 

In terms of reuse, the community workshop allows 

to make repairs and give new uses to machines, 

furniture, within the community. 

3.11 Other Loads 

The noise emission to the outside (C17), it was 

considered that the performance is somewhat 

higher than current practice (C), although there is no 

access to information regarding the equipment and 

noise that will be produced. 

In relation to the management of atmospheric 

emissions (C18), the practice is also relatively 

superior to the usual obtaining the classification C. 

The location in a forest and agricultural area makes 

the air quality quite good. The existence of 

vegetative barriers between the various residences 

and vegetation throughout the space is also 

foreseen, which allows the absorption of part of the 

CO2 emissions and emission of oxygen into the 

atmosphere. 

For other emissions (C19), such as heating and 

cooling of residential buildings, these are reduced by 

means of passive performance solutions. 

3.12. Service Quality and sustainability 

In relation to the criteria of environmental quality 

(C20), the project under study is representative of 

good practices. 

The open spaces will be preserved (92.58% of the 

space is reserved for green areas), and only a small 

part of the area is intended for residential and / or 

community buildings. The various spaces, more 

specifically, the community spaces are efficient, in 

the sense that they have several uses, as is the case 

of the common house that serves as meeting space, 

community meals, workshops, and other activities. 

Agroforestry is also a versatile area in its use since it 

is destined to plant several types of fruit trees, 

vegetables and still serves as a pasture site. 

In terms of safety and risk control (human) (C21), it 

is not expected to be necessary since the village of 

Furadouro is a village with about 2000 inhabitants, 

very quiet, and of course with a low crime rate. 

Additionally, the context of cohabitation suggests 

that social interaction between residents and 

between the residents and the local community is 

promoted, which leads to the creation of intimate 

relationships and allows a sense of security within 

the community. 

3.13. Structural Adaption 

Concerning climatic adaptation and other natural 

risks (C22), the risks in the region are mainly due to 

fire, increased rainfall and the possibility of 

earthquakes. Based on permaculture principles the 

zoning plant was structured to protect the 

community against the occurrence of fires. The trees 

more resistant to fire will be placed in the areas most 

prone to the entrance of wind, which are generally 

the entrance zones of the fire. 

In the area of resilience and evolutionary capacity 

(C23), which refers to the contribution to a high level 

of happiness, well-being and to a regenerative 

environment. Since it is a cohousing the 

performance is higher than normal, since the 

objectives of cohousing are the approximation and 

interaction of the residents, the reduction of the cost 

of living, the promotion of the feeling of sharing and 

belonging, the recycling of finite resources, the 

cultivation of the spirit of mutual help, and personal 

transformation and growth. 

    3.14. Accessibility 

The access to efficient transport solutions (C24), 

more specifically with regard to means of transport 

to go outside of the community, corresponds to the 

current practice in rural areas. However, with regard 

to means of transport within the community it is 

more sustainable than usual practice, as it is 

minimized by the inexistence of paved roads, and 

because some of the sites are only accessible by 

pedestrian rails built throughout the property. This 

promotes the physical activity of residents and the 

use of low-impact transportation within the 

community. 

As far as active mobility (C25) is concerned, the 

promoting team has created an application that 

allows the exchange of synergies between the 



6  

residents. This facilitates and encourages the 

sharing of transportation. 

3.15. Space for all 

In the area of safe and accessible streets and public 

spaces (C26), although there are no specific 

solutions for accessibility, more than 75% of the 

buildings have a single floor and are easily accessible 

by persons with reduced mobility, the value 

presented is higher than the usual practice. The 

unpaved road does not prove to be an obstacle to 

accessibility and makes the place safer for children 

because it reduces traffic and speed of movement on 

site and consequently reduces the risk of being hit. 

In addition to the fact that most dwellings have only 

one floor, in this phase of the project no further 

solutions have been contemplated in relation to the 

inclusive solutions (C27) adopted in the interior of 

the dwelling buildings, in addition to the fact that 

most dwellings have only one floor, at this stage of 

the project no further solutions have been 

contemplated, in this sense the classification is 

relative to the usual practice (E). 

3.16. Social vitality 

In the scope of flexibility and complementarity of 

uses (C28), like other ecovillages and cohousing’s of 

reference, the spaces are structured and designed to 

detail, in order to enhance and complement the 

various uses. 

 
Figure 3 - Flexibility of uses 

 

As part of the contribution to community well-being 

(C29), a number of solutions have been envisaged to 

ensure the health and well-being of residents, which 

prove to outperform current practice. The set of 

green infrastructures, together with sports 

infrastructures, will alone generate a healthy and 

sustainable lifestyle. 

As for the issue of social responsibility (C30), the 

Kunoleco facilitation team will foster the creation of 

the "community glue" through group dynamics, 

keeping the group cohesive and actively 

participating in the neighborhood activities and 

projects. 

3.17. Amenities and Culture 

In the evaluation of local amenities (C31), 

considering that the community is located in a rural 

region, it is verified that the existence of amenities 

near the space is higher than usual. 

In a radius of 2 km there is a supermarket, a 

pharmacy, health centers, a church, a gym, a 

recreational club, the forest area, among other 

amenities. 

With regard to cultural, heritage, identity and 

education (C32), interaction between residents and 

the local community are promoted in a variety of 

ways: solar is a space designed for community and 

visitor to have group meals, workshops and other 

activities. 

Near the community (within a radius of 2 km) there 

is a 1st cycle school and a professional school of 

agriculture. Within a radius of 10/15 km there are 

primary and secondary schools, vocational schools, 

kinder gardens and one university: Instituto 

Superior Politécnico do Oeste. 

3.18. Green Economy 

As regards the costs in the life cycle (C33), these will 

be greatly reduced in relation to the usual practice, 

since: a lot of spaces machines and tools are shared; 

residents can save about 25% on food expenses; 

agricultural production and wood can be sold, 

generating profit for the community; some 

technologies will allow to reduce the consumption of 

water and network energy. 

With regard to the contribution to the circular 

economy (C34), it has been sought to adopt solutions 

that take advantage of waste and flows that are not 

usually used and foster the local economy, namely: 

the biogas digester, the aquaponic greenhouse, the 

gray water treatment plant, which treats gray water 

from domestic use, which will later be used in 

irrigation systems. 

The contribution to local sustainable environments 

(C35), solutions have been developed that allow the 

creation of economic value and employment in the 

local area, according to what happens in reference 

communities. 

The coworking space was designed for the resident 

to develop projects together within the community 

and to boost the economic progress of the ecovillage. 

   3.19. Connectivity 

As for connectivity and interaction (C36) within the 

community will be integrated a coworking space 

equipped with computers and internet access, 

where one can work for the community or abroad. 

Also, Kunoleco's web application will allow 

residents to be always connected to each other. 

  3.20.Sustainable Management 

In the context of the sustainable information 

management (C37), the space itself is designed so 

that the practices are sustainable, and based on 

permaculture principles, which means that is 
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structured to require the least possible 

maintenance. 

With regard to maintenance and management for 

sustainability (C38), it will be monitored by the 

facilitators who will guide and direct the residents in 

the maintenance of the space, which will be carried 

out by the residents themselves. 

In relation to monitoring and governance (C39), 

group decision-making processes are facilitated in 

order to benefit from collective intelligence to find 

solutions. 

3.21.Marketing and Innovation 

In the area of marketing and innovation (C40), the 

fact that it is the first ecovillage and cohousing 

created on the basis of permaculture principles in 

Portugal to be planned not by the residents but by 

third parties, makes the concept, by itself innovative. 

The concept is also innovative by interconnecting so 

many different areas as: cohousing, coworking, 

ecovillage, permaculture, among others. 

The mobile application is another innovation to take 

into account since it is one of the first applications 

specifically designed to create synergies among 

residents of a building/community. 

In terms of marketing, the Kunoleco brand has 

already made headlines in the newspaper Público, 

Observador, and in Jornal de Notícias, it collaborates 

with other startups working in the area of 

sustainability and has a Facebook page where it 

shares its projects. 

 
4. Improvement Measures 

In order to meet the most important criteria, 

considering the evaluation obtained and its weight, 

a diagram similar to Eisenhower's model of 

prioritization and risk positioning was constructed 

(Figure 4). 
 

 
In the red area are placed the criteria that must be 

improved and that will have greater impact in the 

global classification and in yellow those that must be 

improved although they have less global impact. The 

criteria in the green and blue zone are less 

important, however, special attention should be paid 

to the criteria in the green zone, as they have a 

greater weight in the evaluation. 

Here are some interesting solutions that aim to 

improve the classification of some of the mentioned 

criteria. 

4.2 Construction Materials 

1) Construction of Walls in Taipa or Adobe with 

Wood Structure 

The solution with walls of Taipa or adobe and 

structure in wood, in relation to the integral 

construction in wood, has less environmental impact 

due to the existence of clay soil in the place, not 

requiring transport. It also leads to a better thermal 

and acoustic comfort and consequently to more 

energy efficiency [16], [17]. It is also the typical 

construction method used in village of Furadouro, 

which gives a better integration in the landscape. 

2) Modular Construction in Wood 

The modular wooden construction relies on 
prefabricated elements, with modular capacity, 
being quite versatile. This allows the process to be 
standardized and optimized from the design phase 
to the construction phase, thus achieving a cost 
reduction. All components can be factory tested, 
guaranteeing the quality of the components. [18]. 
Modular wood houses include: thermal and acoustic 

insulation, impregnation treatment, installations 

and interior details. 

4.3 Energy Efficiency 

1) Cross Ventilation 

The natural cross-ventilation is advantageous once 

it confers environmental comfort, enjoying the fresh 

air from the outside, without having to resort to air 

conditioning systems. In this way, energy costs are 

reduced, maintaining a good temperature and 

humidity conditions, without associated 

representative costs. 

It is proposed to place natural cross ventilation 

systems, with air intake grilles on the doors, 

bedroom and living room windows, kitchens and 

bathroom near the deck, and hot air vents in the 

corridors through blades next to the ceiling. In the 

bathrooms the ventilation will be forced, next to the 

ceiling, for the exit of water vapor. All systems have 

the possibility of opening and closing, according to 

the needs of thermal comfort. 

2) Double Glazed with Low Emissivity´ 

It is proposed the of use double glazed windows with 

low emissivity. 

The thermal transmission coefficient of a double 

glazed with low emissivity 1.6W / m²K while in a 

normal double glazed window is 2,8 W/ m²K, it 

results in a higher thermal efficiency when 

compared to single double glazing [19]. 

This gives better thermal performance. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Figure 4- Relationship between the weight and the classification of the   
      criteria, priority diagram of Eisenhower 



 

 
 
 
 
 
 
 
 

 
 Figure 7 - 3D Model of the electric car charging stations 

3) Roof Insulation in Cork 

With regard the roof, it is recommended: 
• A wooden support structure; 
• Portuguese tile in ceramics; 
• Sub-tile (as additional protection in the case of 
breaking a tile); 
• Thermal insulation boards in cork (with at least 8 
cm). 
The cork presents good insulation capacity; its 

thermal conductivity is 0.04W /mk. It is also 

presented as a good acoustic insulation, it is 

ecological and recyclable since it is based on 

renewable and natural raw material and is 

manufactured by natural processes in Portugal [20]. 

It is also very durable, and stable at dimensional 

level, even when subjected to different ranges of 

temperature [21]. 

4.4. Renewable Energy 

Since the biogas digester is intended for the 

production of heat, it is proposed to install a grid- 

connected power system based on photovoltaic 

panels. 

The production of energy of a 250 W panel located 

in Furadouro village was estimated in 31,3Kwh. 

The amount of electricity consumed during the day 

period by a dwelling with one room (T0 or T1) will 

be approximately 235.48 kWh. The consumption 

value for the 25 houses of the ecovillage, taking into 

account the different typologies is 5941.98 kWh/ 

day which means 2 168 822.7 kWh / year. The costs 

associated with these expenses are 1070.23 € / 

month considering the various house type. 

The number of panels needed to overcome these 

levels of consumption, considering 14% of estimated 

losses, is given by: 

5941.98 ÷ 31.3 = 189.84≈190 panels 

The cost of the photovoltaic system of this 

dimension, including panels, inverter, accessory 

materials, and installation, was around 1.3 € / W. 

Some studies indicate that the cost of maintenance is 

directly related to the size of the system, 

corresponding to about 1% of the total cost of the 

system. 

The total cost of the system will then be given by: 

1.3 × 190 × 250 × 1.01 = 62 367.5 € 

 
Taking into account that the installation of 

photovoltaic panels can represent a saving of about 

€ 1070,23 / month, then the cost of the panels will 

have a return period of around 5 years. The average 

duration of a panel is 25 years [22]. 
 

 
                  Figure 5 - 3D Model of the Solar Panels 

4.5. Water and Sanitation 

According to the criterion of use of water (C10), it is 

suggested the grey water of shower recycling for 

reuse in toilet flushing (Figure 50). 

The individual system, among the various 

hypotheses, can be executed as shown in figure 2. 

 

4.6. Mobility 

There are several digital applications that can be 

useful in solving the issue of mobility, all of them 

foster a more sustainable way of traveling like 

UberPool-a platform that allows the correspondence 

between several passengers traveling in the same 

direction: Gomore - application in which users share 

cars and hitchhiking. 

These and other similar applications are interesting 

solutions but generally apply to more specific 

situations, such as long-distance travel. 

There are also applications dedicated exclusively to 

sharing vehicles within companies, such as Klaxit, 

this takes into account the specific restrictions of 

employees in terms of deviations, variable hours and 

cost sharing, providing tools for the practice to 

perpetuate. This type of application is perfectly 

applicable to the case of a community. The use of 

these applications has no associated cost. 

In addition to the use of the mentioned applications, 

it is also proposed the existence of charging stations 

for electric cars. 

In addition to this solution, it is proposed that 

electric cars be owned by the community and shared 

by residents. The sharing system can be managed by 

an application similar to Klaxit or by Kunoleco 

application. 

 
 

  Figura 6- Individual system for grey water reuse 
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5. Results and Discussion 

The classification obtained after the first evaluation 
was ‘A’, which represents a good performance in 
terms of sustainability. The result obtained is 22.8% 
above the base class (E). 
The implementation of the improvement solutions, 
including “Taipa” or adobe, will improve the overall 
classification to A+ and is 30.1% above the base class 
(E), which represents an improvement of 7.3% over 
the initial classification. 
If the use of a modular wooden structure is chosen, 
the classification of the criteria will be similar to that 
obtained for “Taipa” or adobe, except for the criteria 
of the landscape(C5) and material of responsible 
sources(C13), which maintain the class E. The 
flexibility (C28) that goes up to the class A +. In this 
case, the overall evaluation will remain at A, 
standing at 29.6% above class E, which represents a 
6.8% improvement. 
The improvement solutions for the case study are 

presented in the following table, which includes the 

weight  on  the  evaluation  and  the  cost behavior 

associated with the implementation of each 

measure. 
 

Tab. 1- Measures and respective weight on the evaluation, cost behavior 
 and relationship between both  

 

 
 

Measure 

Weight on 

the 

Evaluation 

 
Cost 

Behavior 

Weight on the 

evaluation/ 

Weight on the 

Costs 

Cross-ventilation 0,55% 0% NA 

Low Emissivity 

Double Glass 
0,55% 0,0009% 647,1 

Cork Cover 

Insulation 
0,716(7)% 0,025% 29,13 

Photovoltaic panels 2,1/2,6% 0,020% 107,14/132,65 

Construction in 

Taipa or Adobe 
1,216(7)% 0,107% 11,34 

Modular Wood 

Construction 
0,516(7)% 0,107% -4,81 

Grey water of 

recycling for reuse in 

toilet flushing 

 
0,3% 

 
0,001% 

 
319,15 

Mobility: Ride haling 0,1% 0% NA 

Mobility: Electric Car 

Power Station 
0,2% 0,003% 79,53 

 
Trying to prioritize the measures to be adopted 

optimizing the investment in a cost-benefit 

analysis, the following measures are proposed in 

order of importance: 

1. Cross-ventilation and ride-haling applications 

are measures that have no associated costs and 

have a significant impact on the overall 

assessment, 

together accounting for 0.65% improvement in 

overall assessment; 

2º - Placement of a photovoltaic panel system, which 

represents a 2.1 to 2.6% increase in the overall 

evaluation and although it has a relatively high 

associated initial cost, has a return period of about 5 

years, and is therefore very recommended; 

3º - The alteration of the construction system with 

two options: 

- Construction in mud or adobe, with an associated 

surcharge of 10% with respect to the base solution, 

representing a 1,217% improvement in the overall 

evaluation; 

- Modular wood construction, resulting in a cost 

decrease of about 10% for the project compared to 

the base solution, representing 1.1073% 

improvement in the overall evaluation. 

4º - The low emissivity double glass has a very 

positive cost-benefit ratio representing 0.55% 

improvement in the overall evaluation; 

5 - The re-use of gray water in toilet facilities, has an 

interesting cost-benefit ratio representing 0.3% 

improvement in overall assessment; 

Reductions in rates (up to 25%), to be applied to 

urban operations, in accordance with the principles 

of LiderA, according to article 160º and 161º of 

Diário da Républica (2nd series- Nº9 of January 14, 

2010), related to the municipality of Torres Vedras, 

are, of course, an incentive for the promoters of the 

project. 

The proposals were presented to the project 

manager, who defined as measures to be included in 

the consulting project. (modular wood construction, 

use of double glazing with low emissivity, cross 

ventilation, reuse of gray water from showers and 

baths in toilet washing, the electric car charging 

station and the implementation of photovoltaic 

panels. 

 
6. Conclusion 

The sense of community is something that has been 
lost today, particularly in urban areas. There is an 
increasing demand for an alternative way of life, 
which can restore a sense of integration, cooperation 
with neighbors and satisfaction of basic needs [23]. 
What we are looking for is a functional community, 
and this implies a more active participation in the 
conservation and management of heritage, 
enriching the local culture and the younger 
generations by educating them from the point of 
view of sustainability. 
Over the years, several communities have emerged 
in order to respond to these needs and to a 
sustainable vision, such as Tamera (Portugal), 
Findhorn (Scotland) and Auroville (India). 
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After a study of 97 communities in the world, with 
more than 20 years, it has been shown that there is 
a line of practices towards sustainability, namely in 
the management of food, water, and energy flows 
and the development of human relations. Living in a 
community contributes to a sense of belonging, well- 
being, and influence in the environment in which we 
live [23]. 
The case study - ecovillage Quinta da Arroteia in 
Torres Vedras, is, to date, a project that has not yet 
been implemented, but characterized by a model of 
cohousing and with sustainability and 
environmental preservation concerns, in order to 
meet the vision of functional communities of the 
future. 
In terms of sustainability this project, according to 
LiderA, obtained the pre-classification of A. Although 
it is not yet in execution, it is illustrative of good 
sustainability practices. 
Improvements to the sustainability of this project 
were proposed, namely: the construction of the 
walls in mud or adobe or the integral construction in 
modular wood, replacing the traditional wood, the 
use of cross ventilation, the implementation of 
double glass with low emissivity, the use of cork roof 
insulation, the installation of photovoltaic panels 
and the reuse of the gray waters of the shower on the 
flushing of toilet. 
The proposed measures represent a classification of 
A+ for the overall solution with Adobe or "Taipa" and 
of A for the overall solution with modular wood, 
respectively an improvement of 7.3% and 6.8% over 
the initial solution, which for a community with 70 
inhabitants can be very significant and represents a 
big reduction in environmental impact. 
However, it is important to have in mind that the 
measures have an associated cost. The measures 
that represent a more significant increase in cost are 
the implementation of photovoltaic panels and the 
construction in mud or adobe. In that sense, a more 
profound study may be necessary before decision- 
making. 
As for the results obtained both before and after the 
application of the improvement solutions, they are 
the result of a forecasting exercise since they are 
based on a project that has not yet been executed, 
having not been subjected to a sensitivity analysis 
due to the complexity and enormous variety of 
solutions. Some of the evidence required to submit 
for a LiderA certificate can only be submitted after 
project execution. It is, however, the intention of the 
project manager to carry it out as described in this 
document. 
Finally, I must point out that LiderA has presented 
itself as a very useful tool, providing a holistic, very 
complete and detailed vision that allows to find 
points of conflict and pointing out strategic 

guidelines with the goal of improving sustainability 
performance. 
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