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300kg/m?

300kg/f3;

s

e

Contemporary Systems Traditional Systems

The contemporary construction presents several problems of Traditional construction on the other hand is generally much

eco-efficiency: more eco-efficient:

* Reduced possibilities for reuse or even recycling materials * Increased possibilities for reuse and recycling materials
(permanently adhered components); (due to the use of dry” joints);

* Non-local materials (centrally produced); » Local materials (heavyweight from site);

* Industrialized materials (high embodied carbon). » Natural materials (low embodied carbon).

ICoGB 2023
P. Mendonga, H. Daruari, C. Vieira e A. Rocha
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More local Less material More reuse Less transport More natural

Angra do Heroismo,
«~ ® Agores (Portugal)

=

Madeira (Portugal)
b-

Clara Vieira, Aveiro site

Nieta Rocha, Angra do Heroismo site, Azores

ICoGB 2023 UNIVERSITY OF MINHO

Bilbao® .

*Madri

Espanha {
goevilla

,/

Casablanca

Marrocos
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More local

Casa Beires (P6voa de Varzim) — Siza Vieira

ICoGB 2023 UNIVERSITY OF MINHO
P. Mendonga, H. Daruari, C. Vieira e A. Rocha SCHOOL OF ARCHITECTURE, ART AND DESIGN




More local

Aveiro Angra do Heroismo
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More local

Aveiro

DE GIES: JANUARY through DECEMBER
1.7% 1 Comfort{1024 frs)
7.0% 2 Sun Shading of Windows{611 hrs)
33% 3 High Thermal Mass(286 frs)
33% 4 High Thermal Mass Night Flushed{286 hrs)
2.1% 5 Direct Evaporative Cooling(187 hrs)

2% 6 Two-Stage Evaporative Cooling(234 hrs)

1.7% 7 Natural Ventilation Cooling(153 hrs)

1.4% 8 Fan-Forced Ventilation Cooling(127 hrs) WETBULR
LML Imell‘fnl Heat Gain{3043 hrs) TEMPERATURE
16.3% 10 Passive Solar Direct Gain Low Mass{1427 hrs)

21.6% 11 Passive Solar Direct Gain High Mass{1895 hrs)
0.0% 12 Wind Protection of Outdeor Spaces(0 hrsy
0.0% 13 Humidification Onky(0 hrsy
4.0% 14 Dehumidification Onkx349 hrs)
24% 15 Cooling, add Dehumidfication if needed (206 hrs)

1028

024

020

33.1% 16 Heating, atd hrs) 016 o
B
100.0% Comfortable Hours using Selected Strategies 3
(8760 out of 6760 hrs) £
5
Comfort Zones show: £
A o2 2
Summer clothing on right,
Winter clothing on left.
008
5
0 gt
5 1
1
1
5 0 5 0 2% 0

DRY-BULB TEMPERATURE, DEG. C
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Angra do Heroismo
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More local

Aveiro Angra do Heroismo
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More local

Design with climate: Sun and Wind - Aveiro

ENE

Jurxqg IaruSalg £ Vhfvirqg
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More local

Design with climate: Sun and Wind — Angra do Heroismo
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Less material

Construction phase - LCA

Prime
materials
> Extraction of
prime materials
Energy
>
Production of
materials o
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Less material

Minimum Areas, Maximum use
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nimero de compartimentos por fogo

1- As dreas brutas dos fogos ter@o os seguintes valores minimos:

2 3 4 5 6 7 8 Mais de 8
J0 [ 71 } 72 | T3 | T4 T5 | T6 Tx>6
éreas em metros quadrados
Quarto casal ..., | — | 10,5 | 10,5 | 10,5 | 10,5 | 10,5 | 10,5 10,5
Quarto duplo ... —_—— 9 9 9 9 L]
Quarto duplo i === ® 9 9 9
Quarto duplo ... — N e e 9 9 restantes quartos 9m2
Quarto simples ... —_ | —_ ] —] — | 65| &5 | &5 6,5
Quarto simples ... | — | — | — | — | — | — | 65 6,5
- RCSCIC 10 10 12 12 12 16 16 16
Cozinha ... 6 6 6 6 6 6 6 6
Suplemento de drea
obrigatdrio....... 6 4 6 8 8 8 10 (x + 4)m2
(x= n.® de quartos)
Artigo 67.°

Tipo de fogo

4rea bruta To [T | T2 T3 | T4 | TS | T6 | Tx>6
em metros
Qquadrados ... | 35 | 52 | 72 | 91 | 105 | 122 | 134 | 1,6 x Ah
espaco area (m2)
1 sala comum 2215
2 cozinha 6.05
3 instalacdo sanitaria 435
4 quarto de casal 10.60
5 quarto duplo 10.10
area (til total 53.25
area bruta total 74.00
espaco area (m2)
3 instalacao sanitaria de servico 1.90
6 espaco ambiguo 3010
area util total 32.00
area bruta total 36.25

UNIVERSITY OF MINHO

SCHOOL OF ARCHITECTURE, ART AND DESIGN




More reuse

Construction phase - LCA

Prime
materials
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More reuse

Design for Deconstruction

_

Certain factors may allow building
components to be more easily recovered,
Better quality structure including:
and permanent connection
- contemporary . i -
construction « Use dry joint systems; .

Possibility of separating the

%

% - T—

%/////% » Use standardized and homogeneous

materials;
Similar or different quality

but easy separation - . . . I
building 100 years ago Lightweight building systems.

U

“Yacht House” (Horden 1995)

ICoGB 2023

UNIVERSITY OF MINHO
P. Mendonga, H. Daruari, C. Vieira e A. Rocha
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More reuse

Coatings - Aveiro
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More reuse

Windows - Aveiro
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More reuse

Reused Straw and Canes — Angra do Heroismo

LEGENDA:

1 - Aplicagéo de rede galinheiro granpeada pontualmente para ajudar o
fixar a festuca seca

2 - Revestimento em microcimento com escérias vulcanicas de bosalto da
regitio, acabamento meio brilho

3 - Madeira de criptémeria

4 - Revestimeto de pedra basalto e cal com alvenaria argamassada

5 - Viga em madeira criptédmeria

6 - Forro em cana com 3cm com acabamento em dleo de linhaca
7 - Tabuas de criptoméria autoclavado
8 - Viga em em criptoméria 14x8cm

9 - Forro em casquinha 2em

10 - Manta/mebrana anfi-peeiras feita a partir da polpa celuldsica da festuca 0.5cm

11 - Isolamento & base de fibras estraldas da festuca

12 - Sub-telho, placa ondulada constituida por base betuminosa e fibras celuldsicas & base de
criptémeria

13 - Cobertura Vegetal em Festuca seca dos Acores 15/20/30 cm

14 - Canas da llha com espigdo para fixacdo da festuca seca

ICoGB 2023
P. Mendonga, H. Daruari, C. Vieira e A. Rocha

UNIVERSITY OF MINHO
SCHOOL OF ARCHITECTURE, ART AND DESIGN



More reuse

Arts and Crafts — Angra do Heroismo

Nieta Atelier

ICoGB 2023 UNIVERSITY OF MINHO N
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Less transport

Construction phase - LCA
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Less transport

100kW/h
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More local Less material More reuse Less transport More natural
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More local [ More reuse

@ site

‘ Groceries
@ schools
. Pharmacies
== Cycle lane

W% Bus service

HORARIO
PARDELHAS ——» TORREIRA

Localidades A A B [+] B D E F B
Pardelhas 06:30 | 08:10 | 11:45 | 13.00 | 14:10 | 14:30 | 17:00 | 17:40 | 18:00 | 19:30
Esteiro 09:13 | 11:48 | 13.03 | 14:13 | 14:33 | 17:03 | 17:43 | 18:03 | 19:33
Feiteira 09:23 | 11:58 | 13:13 | 14:23 | 14:43 | 17:13 | 17:53 | 18:13 | 19:43
Quintas Norte 09:24 | 11:59 | 13:14 | 14:24 | 14:44 | 17:14 | 17:54 | 18:14 | 19:44
Quintas Sul 09:31 | 12:06 | 13:21 | 14:31 | 14:51 | 17:21 | 18:01 | 18:21 | 19:51
Torreira 08:35 | 12:10 | 13:25 | 14:35 | 14:55 | 17:25 | 18:05 | 18:25 | 19:55

(A) De 2* a sdbado

(B) De1/7a15/0.

(C) De16/92a30/6.

(D) De 16 /9 a 30 /.86 sabados,domingos e Feriados.
(E) De2*ag

(F} S6 sabados domingoes e Feriados, de 1/7 a15/9.




More natural

1,5kW/h

150kW/h
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More natural

Adobe (workshop in UMinho)

Adobe masonry
Plaster Plaster
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Single wall in adobe blocks
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More natural

H o
Granite =
|em
-
‘ -
Areias
-
Cenozdico | —
=
Argilas, arenitos,

conglomerados

Calcarios, margas, Mesozbico
arenitos

Granitos

Pré-Cambrico
e
Paleozdico

Xistos,marmores,
quartzitos

K X X X4 Gneisses. micaxistos,

xislcs metamérficos | Adobe - Avelro
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More natural

CET 1 - adobe CET 2 - brick

ICoGB 2023
P. Mendoncga, H. Daruari, C.

UNIVERSITY OF MINHO
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Selected Wall types to comparative study considered
in the conventional typology

More natural

U (W/m2°C)= 0,44 U (W/m2°C)= 0,44
R, (dB)= 53 R, (dB)= 49
I | S

Ext OO0 e Ext L2227 | 1t
VA
A
Oo0od i
EEEN 7
0o0d
HEnn 70002077
SO0
A
000 7
0o0od 0
N 7027727,
0ooO 7577
1] % 5%
2 sl 22 Ll 2 2 fe, |, 15 Ll e
/1 /1 /1 d A A
31 25
B22 - Hollow brick A20 - Adobe

ICoGB 2023
P. Mendonga, H. Daruari, C. Vieira e A. Rocha
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B22 Hollow A20 S20
brick Adobe Stone
W?Ight * 3034,0 3682,1 3332,1
(kg/m2u.p.a.”)
EE . .
(KWh/m2u.p.a.*) 2187.6 13919 (-36%) 1474,1 (-33%)
G\ZNP * 392408,4 276147,4 (-30%) 278947,4 (-29%)
(g/m?u.p.a.*)
AP*™* (g/m?u.p.a.*) 4603,0 3299,2 (-28%) 3299,2 (-28%)
C?D . 13364,0 2281,7 (-83%) 2281,7 (-83%)
(g/m? u.p.a.”)

* u.p.a.: useful pavement area; ** GWP - Global Warming Potential in grams of equivalent
CO,; *** AP - Acid potential in grams of SO,; **** COD - Chemical Oxygen Depletion in
grams of NO,
U (W/m2.°C)
R, (dB)

Ext

S20 - Stone




More natural

T
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More natural

g

tirmber

adobe

concrete

vettical section

isormetric view
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More natural

Straw (Festuca)

LEGENDA:

| - Aplicacdo de rede galinheiro granpecda pontuclmente para ajudar a
fixar o festuca seca

2 - Revestimenio em microcimento com escérias vulcanicas de besalto da
regido, ccobamento meio briho

3 - Madeira de criptémeria

4 - Revestimeto de pedra basalto & cal com alvencria orgamassada

5 - Viga em madeira criptomeria

Wood (Criptomeria)

13 ! 4 - Forro em cana com 3cm com acabamento em dleo de linhaga
7 - Tobuas de criptoméria autoclavado
7 8 - Viga em em cripteméria 14x8cm
4 % - Forro em casguinha 2cm
3 10 - Manta/mebrana anfi-poeires felta a parfir da polpa celuldsica da festuca 0.5cm

11 - Isolamento & base de fibros estraidas da festuca

12 - Sub-telha, placa ondulada constituida por base betuminosa & fibras celuldsicas & bose de
criptomeria

13- Cobertura Yegetal em Festuco seca dos Agores 15/20/30 cm

14 - Canas da llha com espigde para fixacdo da festuca seca

Insulation (Festuca)

Basalt

ICoGB 2023
P. Mendonga, H. Daruari, C. Vieira e A. Rocha

UNIVERSITY OF MINHO
SCHOOL OF ARCHITECTURE, ART AND DESIGN



Table 2. Embodied Carbon evaluation of the analyzed solutions. Embodied Carbon of Materials and Transport

Total Materials  Weight Weightn® Embodied Embodied Embodied 23880
kg) (kg/m?) Carbon Carbon  Carbon
(Kg Kg (Kg
CO2¢/Kg)* COze) COx/m?)
CS Concrete 480336 0.13 6244 4 200.00
ClayBricks 320208 021 69153
and Blocks
Steel rods  7002.0 171 119734 =
Mortar 45792 020 915.8
XPS 9450 320 31120 100.00
Sum 934905 6492 29160.9 2025 '
A+W Adobe 661200 0.02 15208 30.00
Expanded 58200 0.19 1105.8
= o
Local 3685.0 049 1816.7 0.00
timber Ccs A=W
Sum  75625.0 5252 443 309 SEC Mat (kg CO2e'm2) ®WEC Transport (kgCO2em2)
* http://www.circularecology.com/embodied -energy-and-carbon-footprint-
database.html

ICoGB 2023
Paulo Mendonga, Clara Vieira e Antonieta Rocha

UNIVERSITY OF MINHO
SCHOOL OF ARCHITECTURE, ART AND DESIGN



Construction cost (€/m2)
350

300 The CS turns out to be the cheapest, however,
as it requires more transport, adding the
associated costs, it ends up becoming more

expensive if overpassed the average distance
considered in this study of 200km.

250
200

150

The A/S+W proposal 1s more expensive than
the CS one, but as it uses local soil/stone, is not
affected by the transport distance, except for
the wood components.

100

50

A/S+W

ICoGB 2023
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THE TENDENCY

VEISUS THE OPORTUNITY

Contemporary construction systems Traditional construction systems

ICoGB 2023 UNIVERSITY OF MINHO
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Exterior details of Test
cell fabric

Roof: Tensile fabric

5100 mm Roof covering fabric
1,2,3 are three individual fabrics that are

fitted to the wooden profile using alumin-
ium connectors

/ =
5 Triangle roof supports covered with fabric
these triangular structures are just
beneath the tensile roof holding the fabric
in place. each triangle is covered using the
. . 255
Point of view from ‘A’ \%

same fabric.

1440 mm

y

Exploded view

5100 mm
2400 mm

—— Green roof

.._ s - b . -_; 4 =
. : Point of view from ‘B’
Test cell 2 Test cell 1 i Observations
Detail of Inflated fabric for Dimensions
northemn facade
Area of the roof covering
fabric(1, 2,3)

Area of ‘1’

Observations cell

5100 mm

Area of triangle roof

Dimensions Test cell 2
supports covered in fabric

2400 mm

Areaof ‘1’ 12.24sqm
Area of ‘4’

Areaof 2' 12.24sqm

Areaof ‘3° 5.76sgm Area of ‘Green roof

Areaof ‘4’ 2.88sqm Roof Plan @

UNIVERSITY OF MINHO

ICoGB 2023
SCHOOL OF ARCHITECTURE, ART AND DESIGN

P. Mendonca, H. Daruari, C. Vieira e A. Rocha




memobrane

L%
/ \ membrane

>

" Wooden column

/ Aluminium profile for
membrane

Aluminium profiles to hold the
membranes

'y
e

Membrane

Steel rods connected together. Struc-
tural frame work for the roof

Wooden column
Aluminium profiles to hold the

membranes

Steel rods to hold the membrane
profiles in place of dimensions
60mm x 40mm x 2400mm

Membrane

Quantities

4 Aluminium profile to hold membrane on
each side. Total: 8{2.4 mtrs each)

4 rectangular steel rods to hold the
membrane profiles. Total: &(2.4 mtrs length
each)

Structural framework of the roof

i Membrane details for East and West facade
made with metal

ICoGB 2023 UNIVERSITY OF MINHO
P. Mendonga, H. Daruari, C. Vieira e A. Rocha SCHOOL OF ARCHITECTURE, ART AND DESIGN




Financed by:

Iceland [P[l:E

Liechtenstein
Norway grants

know more

Program Operator: Promoter:

REPUBI‘!CA CIRCULAR BLUE GROUP
& PORTUGUESA ‘

ECONOMIA E MAR

— |m
o (o
- @

Diregio-Geral de 3

Politica do Mar

ICoGB 2023
P. Mendonga, H. Daruari, C. Vieira e A. Rocha
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Azores
EcoBlue

THE CONSORTIUM

The project consortium presents a model of joint governance with a clear definition of the attributions, | @

contributions and complementarities of each partner. The consortium also intends to include other —

members at a later stage, through subcontracting, so that they add value and complement their offer, 4 ASSociAcAC
@'A E l )

namely companies with competences in the collection, sorting and transport of litter, as well as in the g';';’:fp-‘;‘tjggt
transformation of the yarn and fibre developed from marine litter.

Cimara de Coméreta

VISUAL

The consortium has technological infrastructures, human resources and the necessary skills to - THINKING
undertake this task, as the group of entities in the consortium will allocate resources and skills with a
deep history of scientific and technological development and industrialization projects.

CIRCULAR BLUE GROUP

THE FUTURE LIES IN SUSTAINABLE CREATIVITY

@ = | @OxEnos

TERinov!

Project financed by Iceland, Liechtenstein and Norway, through the EEA Grants.

UNIVERSITY OF MINHO
SCHOOL OF ARCHITECTURE, ART AND DESIGN
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Azores
EcoBlue

Marine litter is one of the main enviromental problems with which the oceans are
confronted. Continental Portugal and the Autonomous Region of Azores share common
challanges, like policy over the sea and the sea in a scenario of waste, given the archipelago
of Azores is also not immune to this global problem. There have been studies done to
quantify/classify the marine litter in Azores.

Considering the socioeconomical role played by the fishing industry of the Azores, the
project is an oportunity to use and develop new and innovative raw materials, transforming
marine litter, which is presently little or not at all valued, into a market of excellency, as its
"supplier".

To answer these challanges, the project will utilize to their maximum the studies already
done and in development by the Universities of Azores and Minho, in their R&D Centres. And,
in conjunction with local communities, will collect marine litter and beach residues to
develop new threads and fibers for new subproducts. The main activities include the
analysis, caracterization, quantification of residues, collection, triage, residue processing,
scientific studies about the fibers obtained, development of threads and fibers, and their
transformation into fabric and insulating blankets.

Waste will be quantified, analysed, and afterward, presented in a data sharing platform of
statistics and scientific studies.

ICoGB 2023 UNIVERSITY OF MINHO

P. Mendonga, H. Daruari, C. Vieira e A. Rocha SCHOOL OF ARCHITECTURE, ART AND DESIGN




Azores
EcoBlue

As already mentioned, the project intends to transform waste to create threads as raw
material for new fabrics and fibers for the development of an insulation blanket. With these
and other waste from the sea, a prototype model of an eco-cabin with the new products will
be developed. The project will benefit consumers looking for solutions within ecological and
recycled eco-design. This eco-cabin pilot prototype can be replicated in other regions that
could benefit from its business model, applicable on a global scale. The prototype to be
presented constitutes a basis for the development of research work. Simulations and
experimental tests of thermal, acoustic and natural lighting tests will be carried out on this
prototype.

Scientific studies have already started and are based on the raw materials identified by the
R&D centers with the highest percentage of those collected at sea in the Autonomous
Region of the Azores. We were able to identify three categories: Silks, cables and algae
(weeds). Based on this identification, tests are already being developed in order to create a
fiber and thread that will be integrated into the textile, construction and other sectors such
as furniture and home accessories. The pilot eco-cabin will be a showroom for the
application of construction solutions experimentally validated in the laboratory and in
component analysis test cells, as well as a presentation of new craft techniques introduced
in construction and home accessories based on marine “trash”.
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The eco-cabin is based on a constructive system combining heavy local materials as
anchorage elements, wood for structure and recycled materials for insulation, panels and
shading. The final configuration of the eco-cabin model will be presented in the last
semester of the project and it will be unique. With this we intend to develop a base model for
sustainable construction, having as analysis/pilot project Terceira Island - Azores and its
artisanal culture from marine litter.

In a first phase, analyzing its main environmental problems, such as surpluses from fishing
activity, infesting algae and how they can be recreated in a value-added product. Economic
studies will be carried out in advance, simulating the structural, thermal, natural lighting and
acoustic behavior of the constructive elements and experimental validation of the functional
performance in test cells;
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In view of this analysis and with the scientific knowledge acquired, this base study, in parallel
with existing and acquired laboratory equipment for the respective tests, will allow the
application of a methodology aimed at the design and construction of eco-cabins that can
be flexible enough to be installed in different climatic regions, predominantly coastal. The
research and construction model can be based on the analysis and parameterization applied
in the Azores EcoBlue pilot eco-cabin. In this way, the parameterization and circular
management structure applied in this project can be developed by other creatives, such as
architects, engineers and designers.
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Thank you!
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