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Minel‘gie, is a label for IOW-€H€rgy Subtitle: Innovative Strategies for .
buildings, emphasizing comfort and Sustainable Building Renovation

: : : : Beyond Labels . , ,

energy eﬁ:lCICHCY. Yet, its certification y . . . oreenhouse gas emissions, with the primary goal !
. . Author: Tiago da Silva Teixeira f Leenine olobal . 1 below 2 d

oo overlooks environmental impacts Ol keeping global warming well below £ degrees

Vapons b c 1 .. 1 abil; Celsius above pre-industrial levels, and preferably
OI materials, raising sustainability limiting it to 1.5 degrees Celsius. Countries are ex-

Counter-battens - 5 cm
Tile lathing - 2.4 cm
Ventilation - 5 cm (V —
Watertightness A / /

'The Paris Agreements:

Load-bearing metal beam - 30 x 29 cm
S§235]R (RSt 37-2) EN 10025 hot-rolled HEA beams

SIGA Majcoat 150 SOB

/925/

The Paris Agreement aims to reduce worldwide

Microfibre wood panels - 3 cm

Hinge 80 x 41 mm

Narrow hinge with riveted brass pin, galvanized

Thermal insulation - 13 cm
ISOVER, SWISSROLL 030 PR

Galvanized steel framework 100 x 200 cm

Square and matte galvanized steel posts, 4 cm

Counter-plate panel - 3 cm

Polycarbonate sheet 600 x 201 cm
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Finishing plaster BioBase™, Plastic sheets attributed to renesable hydvocarbons
questions. pected to regularly review and update their com- O
Interior plaster - 1 em mitments CVeCr y ﬁVC ye ars. Metal plate for reinforcement and attachment Lﬁ—
Set-up for Minergie insulation: 2%%%?% “0em . . . 2. Energy efficiency: T Moot i e s M- 130100
e L e e i ey ny Phase one aims for Minergie . . -
R T—— Exeor s 1o . . . . . Buildings from the 1950s are often poorly insu- r =
T ————— certification while evaluating material -

adjacent landscapes.

Set up scaffolding or other necessary safety equipment. Fixation dowel
PROFIX PIU insulation dowel

Y

lated, resulting in heat loss in winter and heat gain
in summer. Therefore, improving energy efficiency
reduces heating and cooling costs, offering long-

h d prioritizine local term financial savings for homeowners.
S greenhouses and prioritizing loca 5. Comfortand quality of e

B e materials and green spaces.

3. Clean and prepare the facade surface to ensure it is free

from bacteria, insects, and debris. Thermal insulation - 12 cm

harm. Phase two proposes innovative

p—— approaches like enclosing houses in

Fixit StoneEtics®

4. Cover identified cracks with appropriate sealant or filler
to prevent heat loss.

Set-up for the GreenHouse installation:

5. Remove window sills, downpipes, and any other obstacles
that may hinder the installation of insulation.

1. Clear the area around the house of any vegetation or obstacles.
Ensure the ground is level and ready for construction.

6. Apply mortar-glue for exterior insulation to affix the
insulation boards firmly to the facade.
Ensure continuous insulation by treating joints between
insulation panels with specific adhesive or adhesive mortar.

2. Drill the holes for the structure
Install anchors to secure the structure to the ground.

Better « insulation » and modern heating and sys-
tems enhance occupant comfort.

3. Assemble the main frame of the greenhouse.

7. Allow the mortar-glue to cure adequately to ensure the >
& quately Ad the secondary structure and fix everything together.

stability of the insulation.

4. Install the greenhouse covering.
Ensure proper sealing and fixing of the covering materials to prevent leaks.

This dual strategy sparks discussions T
On eco _1ab 61 sust ainab lllty an d Oﬁ’e rs 6. Inspect the entire structure and systems to ensure they are functioning correctly
— a model for sustainable architectural S
renovation.

8. Pre-drill and insert insulation fixing dowels to securely
fasten the insulation boards to the facade.

9. Reinforce the insulation with mortar and fiberglass mesh
reinforcement for added strength and durability.
Install finishing profiles around windows, doors, and
other openings to ensure complete insulation and aesthetics.

7. Plant trees and plants to provide shade and a refreshing environment.

10. Apply a waterproof coating or membrane to protect the
insulation and facade from moisture infiltration.

11. Finish the installation by applying a final layer of plaster
or rendering to achieve a smooth and aesthetically pleasing surface.

. during the summer for a fresh environment.
12. Remove excess material and clean the work area. &

Ensure all finishing profiles and details are properly
installed and sealed.
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13. Dismantle scaftolding and thoroughly clean the site.

Tempered Glass : Aluminium (Al) . . . : Galvanised Steel
P o Exploded AXO of the Minergie renovation Exploded AXO of the Green House renovation .
| : . : . . e : . Bio-Base cellular polycarbonate sheets
Density : 2500 kg/m® ‘ Density : 2700 kg/m’ Project name: Minergie and its Discontents Project name: Minergie and its Discontents Density : 7'800 ke/m’
Compressive strength : until 1000 MPa Compressive strength : 200 - 250 MPa Author: Ti : vrel Author: Ti ilva Teixei Compressive strength : 370 - 700 MPa
uthor: Tiago da Silva Teixeira uthor: Tiago da Silva Teixeira ity - P g
Tensile strength : 120 - 200 MPa } Tensile strength : 70 - 700 MPa g & Density : ' 1300 kg/m’ Tensile strength: - MPa
‘Thermal conductivity : 0.8 w/mK 5 ‘Thermal conductivity : 273 w/mK Compressive strength : 65 - 80 MPa 'Thermal conductivity : 45 - 58 w/mK
Tensile strength : 55 -75 MPa
Thermal conductivity : 0,20 w/mK
Extraction Preparation End uses Mining Electrolysis End uses Mining Mixing End uses
Sand Float Glass Transport, construction, Bauxite Pure aluminium Transport, construction, . . Iron Steel Transport, construction,
packaging, and equip- packaging, and equip- Extraction Production End uses , packaging, and equip-
75 KeCO 80 KgCO,eq 20 KgCO, 800 KgCO,eq Crude petrol BPA and Phosgene Transport, construction 25 KgCO, 1'400 KgCO_eq
g eq . . ment. . . ment. 7 N . . . ment.
2 Fusion 1400 KgCO,eq  Thermal Hardening Refining 14000 KgCO,eq Transformation packaging, and equip- Production 1'700 KgCO,eq Transformation
o . .- 200 KgCO2eq 150 KgCO,eq 2500 KgCO,eq ’ : B 35 KgCO2eq
«liquid» Glass Tempered Glass 60 KeCO.e Alumine Aluminium sheets, 2 2 ) ment. Coke Different steel ob
s plates, etc Refining Synthesis jects
400 KgCO,eq 60 KgCO,eq 2000 KgCO2eq Petrol Polycarbonate 1000 KgCO,eq 200 KgCO2eq
2000 KeCO e 1000 KgCO eq 1000 KgCO2eq 75 KgCO2eq
s 4 ’ CO, emissions per ton of aluminium CO, emissions per ton of aluminium 250 Kgcozeq 1500 Kgcozeq CO, emissions per ton of aluminium
W renewable energy W renewable energy W renewable energy
B fos5sil energy B fossil energy CO, emissions per ton of aluminium Environmental impacts . B fossil energy
Environmental impacts : Environmental impacts : PalRam product uses 71% of oils
I and food waste.
200 | Environmental impacts : Jood 0.32 Gt of CO2eq produced globaly
0,134 Gt CO2eq produced globaly (2016) 180 1.1 Gt of CO2eq produced globaly 70 = 168 million airplane trips from Geneva to 170
= 70,5 million airplane trips from Geneva to g = 578.9 million airplane trips from Geneva & 0.03 Gt of CO2eq produced global New York and back. &
New York and back 2160 to New York and back S 60 . gITOME &) 7 £160
: “ . < = 13.4 million airplane trips from Geneva to » S
2140 2 50 New York and back. g 6 Iron ore mining: The creation of iron ore mines 2150
Energy consumption: The tempered glass manu- ,5 Deforestation: The areas where aluminum is .§ ug often involves deforestation and disturbance of natural ,§
facturing process requires a significant amount of energy, %'120 mined can be subject to deforestation, as forests often = 40 Energy consumption : The manufacture of poly- 2 5 habitat. Extraction and transportation of iron generates =140
mainly to heat the.glass to high temperatures in order =100 have to be cleared to gain access to extraction sites. g 30 carbonate requires a significant amount of energy, mainly = 4 dust that' can affect air quality and the health of local ,él 301
to melt and shape it. If this energy is produced from g o to heat and process the materials at high temperatures = communities. o
non-renewable sources, it can contribute to greenhouse = 80 Greenhouse gas emissions: The process of extrac- % 20 during polymerisation. g 3 '%120
gas emissions and climate change. 3 60 ting aluminum, in particular by electrolysis of alumina, 210 g Coal mining (for coke production) : Coal contains 2110
Q% consumes a great deal of energy, mainly in the form of D% Greenhouse gas emissions: Polycarbonate produc- g 2 methane, a powerful greenhouse gas, which is released o%
Greenhouse gas emissions: As mentioned above, 40— electricity. If this electricity is generated from non-re- 0 tion generates greenhouse gas (GHG) emissions, mainly "§ 1 during mining. Mining can cause landslides and degrada- 100
the energy consumption associated with tempered glass 201 newable sources such as coal, this can result in signifi- 1900 1920 1940 1\?60 1980 2000 2020 carbon dioxide (CO2), throughout the process. This & 0 tion of surrounding land. 2013 2015 2017 %019 2020 2021 2022
. . f - . . . ear ’ ’ ear
maflu_fa‘?tuﬂng_can feSI}lt n Slgf}l_fiFant greenl}ouse gas 1950 1970 1990 2000 2010 2020 2023 cant greenhouse gas emissions, contributing to climate includes the extraction of raw materials, the manufacture 2012 2016 2018 2019 2020 2021 2022 o ) ™ 34 ke of steal i
emlssmns},1 particularly if the facilities use fossil fuels to Year change. There are 2-4 kg of alumi- of basic chemicals such as bisphenol A (BPA) and phos- Year . Greenhouse gas emissions: The process of extracting I Er; del 4 bge;)ms'tea ina
generate heat. num in one solar panel. gene, and the synthesis of polycarbonate itself. iron and coal, consumes a great deal of cnergy, mamly
There are 1?—1§ kg of Water and soil pollution: Mining and extraction There is 10 kg of polycar- in the form of electricity. If this electricity is generated One kilogram of steel emits 2
Use of natural resources: The manufacture of tem- erf;f ef:elg ass A one activities can contaminate groundwater and surrounding One kilogram of aluminum Use of raw materials: The raw materials needed to bonate in one panel (}:f 4 from non-renewable sources, this can result in signifi- kgCO, eq.
pered glass requires the use of raw materials such as sand, pane- soils with chemicals used in the extraction process or emits 17 kgCO, eq. produce polycarbonate, are often derived from petroleum mm. cant greenhouse gas emissions, contributing to climate
soda ash and limestone. The extraction and processing One kilogram of tempe- released naturally from excavated minerals. = I 51 2eCO products or other non-renewable resources. This results in ‘ change. 1 IPE 240 beam = 68 kgCO, eq
of these resources can have impacts on local ecosystems, ed glass emits 4.5 kgCO, pamme =2t 8= dependence on limited and unsustainable resources. E)ne kllog{am4o7f Eogglr-
including land degradation and disruption of biodiversity. €q: Destruction of ecosystems: Aluminium mining can e;nate emits 4.7 g0 Water and soil pollution: Mining and extraction IPE 240
p disrupt local ecosystems and destroy natural habitats for (2) ' activities can contaminate groundwater and surrounding
. . pannel =56 kgCO, eq . ! . ) . . .
Water consumption: Tempered glass production plants and animals. : ‘ 1 pannel = 47 kgCO, eq soils with chemicals used in the extraction process or
can also require large quantities of water for cooling ‘ released naturally from excavated minerals.
equipment and processing raw materials. This can put Water consumption: The aluminum extraction pro- | There are 88 kg of steal in a HEA HEA 300
pressure on local water resources, particularly in regions cess requires large quantities of water for various opera- ; 300 1 m beam.

where water is already scarce or limited.

tions, such as cooling equipment or transporting ores.

One kilogram of steel emits 2
kgCO, eq.

1 HEA 300 beam = 176 kgCOZ eq
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Silicium (Si) Fiber Glass Wool Insulation e dvs;
Density : 2330 kg/m’ Density : 2000 kg/m? : SO : AR > S
Compressive strength : 115 MPa Compressive strength : 100 - 300 MPa N SO
Tensile strength : 170 MPa Tensile strength : 200 - 400 MPa
‘Thermal conductivity : 149 w/mK Thermal conductivity : 0,035 w/mK .
Extraction Crystallization End uses Extraction Fibering End uses (3)
Quartz Silicium Ingots Transport, construction, Sand Glass Fibers Transport, construction,
, ackaging, and equip- kagi ip-
10 KgCO,eq 25'500 KgCO eq o prEETS, I SR 19 KgCO,eq 400 KgCO eq pactagine, a‘;d 4wP
Refining 7'500 KgCO,eq Trimming Fusion 2300 KgCO,eq Trimming ment.
Silicium Wafers 100 KgCO,eq «liquid» Glass Pannels 55 KgCO,eq
37'500 KgCO,eq 15'500 KgCO.eq 300 KgCO,eq 50 KgCO,eq
97'500 KgCO,eq 4'000 KgCO,eq 1500 KgCO,eq
CO, emissions per ton of aluminium COZ emissions per ton of aluminium
W renewable energy ) . W renewable energy
Environmental impacts . B fossil energy Environmental 1mpacts : B fossil energy
1.2 Gt of CO2eq produced globaly 0.011 Gt chO?e?p ro.ducedglob.aly
= 633.7 million airplane trips from Geneva 4 = 6.8 million airplane trips from Geneva to 6.5
to New York and back. g New York and back a
E 3.5 g6
Energy consumption : Silicium production is ° 3 /] Energy consumption : Melt'%ng sand ar'1d other L'i sz
extremely energy-intensive. The manufacture of metallur- '5 components to proFluce glass requires very high tCII.lp € g (1)
gical silicon, which is then purified to obtain electronic or EZ-S ratures, usually deh.lCVCd by burmn.g fossﬂ tuels, which =] <
solar-grade silicon, requires very high temperatures. This 2 cgntrlbutes to significant CO, emissions and therefore to §4 s
energy often comes from non-renewable sources, contri- 'g climate change. o
buting to greenhouse gas emissions. g1.5 g 4+
_;5 Greenhouse gas emissions: In addition to CO,, g
Greenbouse gas emissions: Silicium production <] 1 glass wool production can result in emissions of various =3.5
. ol . . . . . H
involves chemical reactions that generate emissions. For 0.5 pollutants, including nitrogen oxides (NOx), sulfur oxides = 3

1990 1995 2000 2005 2010 2015 2020 (SOx) and fine particles, which can contribute to air pol- 2011 2014 2016 2019 2020 2021 2022
Year lution and have adverse effects on human health and the Year
environment.

example, the reduction of quartz by carbon in electric arc
turnaces produces CO,. In addition, the purification of

silicium by processes such as fractional distillation gene-
rates other chemical by-products.

Use of toxic material: Purifying silicium to obtain
electronic or solar-grade silicium requires the use of toxic

There are 0.5-1 kg of Sili-

cium in one solar panel.

One kilogram of silicium
emits 110 kgCO, eq.

Use of chemicals: Binders and treatment agents are
often used in the production of glass wool to improve its
mechanical and fire-resistant properties. Some of these

'There are 3.4 kg of fiber

glass wool in one panel.

One kilogram of wool

emits 3.9 kgCO, eq.

chemicals can be toxic and pose risks to the environment

and human health if not handled properly.

chemical materials. These substances can pose environ-
mental risks if not properly managed.

1 pannel = 83 kgCO, eq 1 pannel = 13 kgCO, eq

Life cycle and recyclability: Although glass wool
has a long service life and is often recyclable, the actual
recycling rate can be low. Recycling challenges include
separation of composite materials and contamination by

Solid waste: Silicium production also generates
solid waste, including slag and quartz residues.

Water consumption and pollution: The silicium

manufacturing process consumes a significant amount of impurities. - ‘
water, particularly for cooling equipment and purifying ] ) ] | (1)
the silicium. The chemical processes used in its puri- ) Extraction .ofrafw materials : The main r dw mate- ‘ O ‘
fication can lead to water pollution if efftuents are not rial for glass wool is sand, a natural resource which, when ‘ NS
propetly treated. extracted in large quantities, can cause ecological disrup-
tion, including habitat destruction and soil erosion. ‘
|
|
| 3)
x %% 12.07.2024 % % x |
CO? accountabili 1 i .
, , untabIity | (1) I\g\é\%ﬂ lsOv?sLsJFlszTLI %QPR H (1) Primary steel structure
Minergie and its Discontents | ' cm HEA 300, 30 x 29 cm
Tiago da Silva Teixeira |
(2) Atth Insulation (2) wr % 12.07.2024 * % *
| Secondary steel structure .
| . . . .
Solar pannels 45600 Minergie and its Discontents
L , Tiago da Silva Teixeira
Al 12240 . 8
tuiian e (3) Basement Insulation (3) Polycarbonate sheet
Tempered glass cover 13440 ISOVER, SWISSROLL 030 PR 16cm PalRam BioBase polycarbonate, 210 x 600 cm
240 pannelsx 56
Photovoltaic silicium units 19920 Kgcyeq
240Pannelsx 83 (4) S P 1 b h 77990
olar ann ClS . . . olycarbonate sheets
p (4) Alr gap fOl‘ IHSU].atlon Bio-Base polycarbonate
Insulation mats 317928 170 sheetsx 47
Wall insulation 17472
1344 matsx 13 Steel @ . 1927982
Attic insulation 8'493.42 . \/ s ,
653.34 matsx 13 Primary structure v, & ‘&Q 63466
31733 kg x 2 & 8
Basement insulation 5°962.58 Secondary structure Q_e}’% .&‘& 120576
458.66 matsx 13 64’758 kgx 2 o&‘\%
QP
Sealing membrane 2820.93
Roof sealing TOTAL 200972
465,5 kg x 6,06 Sale - 192842
Total steel 192982
Facade plaster 4213.44 7;;2’;:@0;; )% 3.5 - 140
Wall plaster ’
1008 m’x 4,15
............................ New TOTAL 8130
TOTAL 84’562.37
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World Map with the 10 first producers of each material and their travel
Project name: Minergie and its Discontents

Author: Tiago da Silva Teixeira

Supplement for alternative axonometry
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Tiago da Silva Teixeira

Supplement for Minergie axonometry
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Tiago da Silva Teixeira

During my initial visits to these houses to speak with the tenants, I realized that
these buildings, dating back to 1945, were very energy-intensive.

With winter temperatures in Bulle ranging from -5 to 5°C, and considering the
house is not insulated, a lot of energy is required to heat it.

Therefore, a renovation was essential. The Minergie label, recognized for its rigor-
ous sustainability and ecological criteria, seemed to be the best reference to follow
for proposing an appropriate renovation.

During my initial visits to these houses to speak with the tenants, I realized that

these buildings, dating back to 1945, were very energy-intensive.

o o o o With winter temperatures in Bulle ranging from -5 to 5°C, and considering the

% U S PE houses are not insulated, a substantial amount of energy is required for heating.
i

'Therefore, renovation was essential. Upon discovering that the Minergie label isn't

as sustainable and ecological as claimed, I sought an alternative.

Inspired by the works of renowned architects such as Lacaton & Vassal, as well as
practices in Sweden, I decided to construct a greenhouse around the houses.

To minimize ecological impact, I investigated nearby demolition projects and
fortuitously found a 1000 square meter warehouse slated for dismantling by year’s
end, making room for three new apartment buildings. Consequently, both the
primary (1) and secondary (2) steel structures were sourced entirely from this
demolition site.

For the envelope, PalRam Enterprises incorporates recycled oils, food industry

//

Minergie’s requirements are clear:

- Comfort in summer and winter

- Minimum energy use

- Sustainability and low environmental impact
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To limit heat loss, I decided to insulate the entire building envelope, including

]
)

1 which acts as an excellent insulator, we achieve comparable results to the Miner-
gie label while enhancing sustainability.

During summer, tenants can ventilate the greenhouse to maintain a comfortable
temperature. Additionally, to further improve air quality, trees will be planted at
the center of the greenhouse.

roof. Given their optimal location, the roofs of these houses are ideal for solar
energy production. They will be entirely covered with solar panels, increasing the
production of renewable electricity, generating substantial savings on energy bills,
and helping to make the building even more eco-responsible.

'The Minergie certification is based not only on energy efliciency but also on in-
door air quality and thermal comfort. Therefore, in addition to insulation and
solar panels, it is crucial to ensure controlled ventilation and optimal energy man-
agement. Since this is a renovation and the Minergie label accepts the current
ventilation method, the tenants need to take responsibility and ensure proper
ventilation of their buildings.

By adhering to Minergie standards, this renovation will transform the building
into a model of sustainability and energy performance by Swiss standards and in
Switzerland, improving comfort for residents while reducing its carbon footprint.

the walls (1), attic (2), and basement (3), in accordance with Minergie recom- =y = = == = waste, and remnants from previous sheet production into their polycarbonate
mendations. Thanks to a tight, well-insulated envelope, energy consumption can [ ] | 11 | TN o o —= = sheets (3). This eco-friendly approach not only cuts CO2 emissions compared
be considerably reduced, lowering both heating costs and CO2 emissions. ' %A s | == : == : == ol AR L S | sa Xj\ = = . to traditional methods but also repurposes materials that would otherwise be
Continuing with this renovation, the Minergie label requires class B energy efhi- T = | S L u discarded, achieving performance equivalent to standard polycarbonate sheets. I
ciency for the building, meaning energy consumption of less than 50 kWh per m? . — BN j [ == — —= LI—— L S = selected their material specifically for the greenhouse project.
per year, or at least 50% of appliances must be energy-efficient. ) — M‘ 1l ] =i H* I 'The 1.3-meter gap (4) between the house walls and the greenhouse allows us
To achieve these objectives, I decided to install photovoltaic panels (4) on the T T h *g 1 — to create a winter insulation effect by reducing ventilation. By enclosing the air,
1
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