
School of Architecture, Art and Design - University of Minho, Lab2PT

Design model through the lens of circularity and blue economy

P. Mendonça, A. Rocha and H. Daruari



Founded in 1973, the University of Minho is

located in the north of Portugal, with a

campus in the city of Braga and another in

the city of Guimarães.

Braga is the third largest Portuguese city,

born from the ancient Roman town of

Bracara Augusta. Guimarães is known as the

"cradle of the nation“ and its historical center

is classified as World Cultural Heritage by

UNESCO
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Landscapes, Heritage and Territory Laboratory

60 Researchers with PhD

Scientific areas:
Architecture and Urbanism (Main Scientific Area)    
Archaeology    
History    
Design    

Research groups:
Lanscapes and societies (Land-S)
Design and Technology (De-Tech)
Space and Representation (Space-R)

R&D unit integrating a wide research team from different scientific areas 
(Archaeology, Architecture and Urbanism, Design, Geography, Geology, 
History and Visual Arts) converging to the common interest for the study 
of the territory, its landscapes and heritage. The transversal scientific 
character of Lab2PT is ensured by its organic articulation with two schools 
of the University of Minho: the School of Architecture (EAUM) and the 
Institute of Social Sciences (ICS) through its History Department.
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Based in Guimarães, Azurem and Couros Campi

Staff:

30+25 academic staff
5+2 non teaching staff

575 undergraduate and IM
65 (Arch MSc) + 

40 (Prod Des BA) +
30 (Visual Arts BA) st/y

30 PhD students

Students:
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Construction and Technology

Studio 1 Sustainability

Seminar 1 Sustainability

Compulsory 1 Indoor Environmental Quality

Compulsory courses :
Sustainability Module
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Stage ceiling
(2015/2016)
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Strategies
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The contemporary construction presents several problems of 
eco-efficiency:

• Reduced possibilities for reuse or even recycling materials 
(permanently adhered components);

• Non-local materials (centrally produced);

• Industrialized materials (high embodied carbon).

300kg/m2

300kg/m2

Contemporary Systems

1000 kg/m2

50 a 150 kg/m2

Traditional Systems

Traditional construction on the other hand is generally much 
more eco-efficient:

• Increased possibilities for reuse and recycling materials
(due to the use of dry” joints);

• Local materials (heavyweight from site);

• Natural materials (low embodied carbon).
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Casa Beires (Póvoa de Varzim) – Siza Vieira Bairro da Malagueira (Évora) – Siza Vieira
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Hi-Lo-Tech

SIMPLE STRATEGIES FOR A MORE SUSTAINABLE 
CONSTRUCTION

Luis Ramos** Paulo Mendonça* and Said Jalali**  

University of Minho, Portugal

* School of Architecture
** Civil Engineering Department
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Rural house in Ntcheu
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Single wall in adobe blocks
(rural dwelling)

Adobe masonry
Plaster Plaster

Less materialMore local More reuse Less transport More natural

ICAMC 2023
P. Mendonça, A. Rocha and H. Daruari

UNIVERSITY OF MINHO
SCHOOL OF ARCHITECTURE, ART AND DESIGN

Hi-Lo-Tech



Urban house in Ntcheu

quarto
10,52m2

sala
12,62m2

1,58m23,84m2

duche
1,56m2

wc
1,89m2

cozinha
3,02m2

arrumos
2,05m2

27,01m2

wc
1,51m2

General Description Urban area
Household 4 persons, 2 adults and 2 children

Process of Construction/ Materials
Walls in Fired brick, roof in steel plates with timber
structure

Pathologies Brick pavement with severe erosion
Conservation state Reasonable

Tipology
T1 – Living room, bedroom, kitchen, arrumos, 
shower and toilet

Total area 83,0m2

Usefull area 66,9m2

Others Rented house 35-40 years
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Conventional constructive solutions found

Single wall in burnt brick 
(urban dwelling)

Brick masonry
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• Increase the flexibility of the typology, by using the average areas of a T1 in an 
evolutionary T1 - T2 dwelling;

• Optimize the ratio UA/GA (usable area / gross area);

• Replace  burnt bricks by compressed earth blocks;

• Opimize roof solution (insulation).

Challenge:
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Designation Composition
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Reference: simple wall of burnt brick Massive brick + Cement Plaster (25cm) 49 2,14 815 457 150

Proposal: simple wall in Adobe or CEB Alvenaria de Adobe + Lime Plaster(24cm) 51 0,72 30 300 150
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Existent roof: Proposed roof:

Detail of
Existent metal 

sheet roof

Metal sheet

Rafter

Air gap

Straw thatch

Purlin

Cardboard sheeting

Openings for ventilation
with an anti-insect net
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Thermal simulation – proposed roof

Cooling season (21-24 November) Heating season (21-24 June)

- As it is shown, the proposed system for the roof improves significantly the thermal behaviour in the
cooling season (summer) and in the heating season (winter).

- This is due by the fact that the proposed system has a ventilation system improved, and thus the
ventilation is more controlled and acts more efficiently. On the reference solution we used to have some
openings usually above the windows without an integrated control of the air changes. The insulation on
the ceiling and a consequent ventilated roof works well with this hot humid climate, characteristic of the
Central Africa.
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Hi-Lo-Tech
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Eco cabin Model for tourism integrating
circular economy principles”

Antonieta Rocha
Integrated MSc Thesis

Architecture, University of Minho, 2023 
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Angra do Heroísmo
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Design with climate: Sun and Wind – Angra do Heroismo
Less materialMore local More reuse Less transport More natural
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Smart Textiles in Architecture

Paulo Mendonça
MSc Thesis

Textile Engineering, University of Minho, 1997 
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Within this research two different uses of smart textile membranes in 
architecture were developed, one is a reactive membrane using 
thermochromic pigments and the other one is a portable library.

The main disadvantage ascribed to textile roof structures is their 
problematic thermal behavior, due to their small thermal inertia, not 
as suitable as heavyweight buildings to assure comfort on livable 
compartments in climates such as the one in Portugal (where the 
thermal amplitude makes the interior ambient temperature sway 
between values either higher or lower than the ideal comfort 
temperatures. The active solar solution here developed  - a 
membrane dyed with a thermochromic pigment - has the advantage 
of changing its absorption properties, becoming black when the 
temperature in its surface stays under the interior comfort 
temperature. 

Reactive membrane
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The second proposal developed was a portable building, made with a textile
membrane roof structure, which can be used as a library, based on a semi-
trailer pulled by a truck. In itinerancy, it has the dimension of a normalized
container which, when unfolded, presents a covered pavement area and
habitable volume approximately five times greater than the container where
it is based. It has been conceived specially for temperate and hot climates,
with daytime temperatures close or slightly higher than the ideal comfortable
interior temperature, exploring natural ventilation and lighting.
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Membrane test cell
(Mendonça, 2010)

Sala de estar Quarto

Cozinha
Hall

W.C.

Módulo construído do prototipo de membrana

N

b)
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- Structural analysis

Opaque membrane 
façade on module 
prototype - computer 
stress analysis for 
form finding 
optimization 
(MENDONÇA, 2010) 

Internal view during the 
assembling process 

Membrane test cell
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- Functional analysisMembrane test cell

Temperatura (ºC)
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Title: Adjustable partition membrane - PTDC/AUR-AQI/102321/2008
Coordination: Paulo Mendonça (EAUM / C-Tac), Duration: 2010/2013

Four areas of Minho University with complementary knowledge were
associated: Architecture, Civil Engineering, Textile and Polymer
Engineering.

Objectives: development of a lightweight partition wall solution that use
the pavement and ceiling slabs as anchoring elements; development of a
new material/system, using innovative reinforcement fibers, with some
porosity to guarantee acoustic absorption, thermal insulation,
hygroscopic and thermal inertia.

Results:
� 1 Book;
� 8 papers on international journals;
� 2 papers on national journals;
� 13 presentations on international conferences;
� 2 presentations on national conferences;
� 4 reports;
� 1 national and 1 european patent.
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Architectural Membranes on the Functional Refurbishment of Buildings
PhD Thesis, Mónica Macieira
Supervisors: Paulo Mendonça and João Guedes
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IDEA – Pedagogical Workshop for Sustainable Construction
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Design for Deconstruction

Certain factors may allow building 
components to be more easily recovered, 

including:

• Use dry joint systems;

• Possibility of separating the 
components in each system -

modularity;

• Use standardized and homogeneous 
materials;

• Lightweight building systems.
Similar or different quality 
but easy separation -
building 100 years ago

Better quality structure
and permanent connection
- contemporary
construction

“Yacht House” (Horden 1995)
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Arts and Crafts – Angra do Heroísmo
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Adobe (workshop in UMinho)

Single wall in adobe blocks

Adobe masonry
Plaster Plaster
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Adobe - Aveiro Basalt - Azores
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Living under a second skin

Strategies for reducing the environmental impact of 
passive solar constructions in temperate climates

Paulo Mendonça
PhD Thesis in Civil Engineering

University of Minho, 2005
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Effect of weight (thermal storage mass) on thermal inertia

Comfort temperature

Proposed 
concept(Mixed-
Inertia building)

Conventional 
building
Medium Inertia

the “SECOND SKIN”

External Air
Temperature

Small inertia
building

Heavy inertia
building
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CET 1 - proposed CET 2 - conventional

Moveable partition
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Implementation of energy optimization on solar passive solutions

Optimizing orientation and façade design

Implementation of a zoning strategy

Indirect gains on South façade – less theoretical gains but higher effective gains;
North natural lighting capture;
Blind façades to East and West.

Sleeping and resting areas South oriented with thermal storage;
Working areas North oriented;
Movable partition separating resting and working areas.
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FICHA TÉCNICA DA PAREDE

NOME: PD1.2/15+11 DESENHO:

TIPO: Parede Dupla

CONSTITUIÇÃO: Reboco 2 cm
Tijolo furado 15 cm
Caixa de ar 5 cm

XPS 4 cm
Tijolo furado 11 cm

Reboco 2 cm

ESPESSURA: 39 cm

PESO ESPECÍFICO: 313 kg/m2

COEFICIENTE U: 0,49 W/m2.ºC

ISOLAMENTO SONORO: 51 dB(A)  --------------->

ENERGIA INCORPORADA: 910 kWh/m2

CUSTO ECONÓMICO DA PAREDE: 63,35  €/m2

ESTUDO ECONÓMICO:

1º ESTUDO

PAREDE 
(isolada)

CUSTO ENERGÉTICO (NI) €/m2 362 €/m2 -
CUSTO ENERGÉTICO 
INCORPORADO NOS MATERIAIS 191,9 87,8 €/m2 266 €/m2 33%

CUSTO DE TRANSPORTE 5,3 2,4 €/m2 20,0 €/m2 12%
CUSTO DE CONSTRUÇÃO 138,4 63,4 €/m2 1112 €/m2 6%
CUSTO TOTAL 335,6 153,6 €/m2 1760 €/m2 11%

LEGENDA:
CE  - CUSTO ENERGÉTICO (Necessidades de Aquecimento) [€/m2]

CEIM  - CUSTO ENERGÉTICO INCORPORADO NOS MATERIAIS [€/m2]
CT  - CUSTO DE TRANSPORTE [€/m2]
CC  - CUSTO DE CONSTRUÇÃO [€/m2]
CT

73,22 kWh/m2.ano
14,98 m2

2º ESTUDO CC

500 €/m2

m2

€
€
€
€
€/m2

- 0,00 €/m2

€/m2- 2438,88Custo final Célula de Teste com PD1.2_15

Diferença para solução de referência
% de Variação do Custo - 0%

Custo do Terreno* 10160 10160

Custo Total/m2 de Area útil de pavimento 840,37 840,37

PESO RELATIVO DA 
PAREDE NO CUSTO 

DO COMPARTIMENTO 
DA HABITAÇÃO TIPO

(compartimento
da habitação (parede + restantes 

elementos construtivos)tipo)

A partir da aplicação do RCCTE a um compartimento de 
habitação tipo (Célula de Teste de Referência) e aplicando 
esta parede obtiveram-se os seguintes resultados, por m2 

de área útil de Pavimento. 

PAREDE  COMPARTIMENTO DA 
HABITAÇÃO TIPO

NECESSIDADES DE AQUECIMENTO (NI)
ÁREA UTIL DE PAVIMENTO

*Custo Médio de Terreno considerado

Solução de 
referência

Para este estudo considerou-se que a Área util interior iria manter-se constante, com a variação 
da espessura da parede. Assim o aumento da área exterior resulta num aumento da área de 
terreno a adquirir*, assim como da área de laje de cobertura e da laje

Parede em estudo

Área 20,32 20,32

Custo Total 12585 12585

Custo da Laje de Pavimento 1277 1277
Custo da Laje de Cobertura 1149 1149
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Thermal storage with PCMs (Cocunut oil)*

In a “Passys” type Test Cell, an experiment was 
carried, intended to determine the effect of a 

natural PCM (coconut oil) as a thermal regulator in 
a compartment without any thermal mass. In these 
Figures can be seen images with the installation of 
100 kg of coconut oil on the Pavement, inserted in 
plastic containers, corresponding to 9.2 kg per m2

of floor area. The total tested was of 300 kg 
corresponding to 27.6 kg per m2 of floor area.

*(Mendonça, 2005)

Non conventional thermal mass – PCM’s
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It could be concluded that the 
introduction of coconut oil into a 
construction without thermal mass 
caused a reduction of the maximum 
internal temperature peaks.

The interior daily thermal amplitude 
was always decreasing with the 
introduction of more PCM, up to the 
total 300kg tested. The difference 
was significant between the peaks 
in Passys Test Cell without coconut 
oil (+20°C than Outside 
temperature) and with maximum 
PCM (100+200kg) (+8°C than 
Outside temperature). The minimum 
internal temperatures have 
remained almost always about 10°C 
above the outside temperature.

It was also found that the Relative 
Humidity remained below 
problematic values   for comfort and 
QAI (<60%).
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Straw (Festuca)
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THE TENDENCY

THE OPORTUNITYversus

Contemporary construction systems Traditional construction systems

GREAT MAJORITY OF BUILDINGS 

ARE IN REINFORCED CONCRETE

AND HOLLOW BRICK

MIXED WEIGHT CONSTRUCTIVE

SYSTEM

PROBLEMS

ADOBE/STONE+WOOD STANDS OUT 

IN 2 PARAMETERS: LOW EMBODIED

CARBON, EASY REUSE

• Reduced possibilities 
for reuse or recycling;

• Non-local materials 
(centrally produced);

• Industrialized 
processes (high 
embodied carbon).

STONE + WOOD FRAME

• Higher cost

• Intensive labour;

• Lack of legislation.

PROBLEMS

CONCRETE+BRICK STANDS OUT 

IN 2 PARAMETERS: LOW COST, 

WIDSPREAD TECHNOLOGIES

Conclusions
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Future works
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Thank you!
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