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Habitat over time
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Designing for extreme climate scenarios

Argentina
Antigua and Barbuda
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Data source:

NASA GISS Surface Temperature Analysis (GISTEMP)

Land-Ocean Temperature Index, ERSSTv4, 1200km smoothing @
https://data.giss.nasa.gov/gistemp/

Average of monthly temperature anomalies. GISTEMP base period 1951-1980.
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The tip of the iceberg
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Operational energy + embodied energy
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ISOBIO raw materials

Hemp shiv treated/ : :
untreated with sol-gel Hemp fine Hemp fibre
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Wheat shiv Rape shiv
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Corn cob
residue

Flax shiv Flax fine Flax fibre Corn cob
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20 Raw Materials provided by CAVAC and 5 Raw Materials processed

Physical | Mechanical =~ Hygrothermal Chemical
Characteristics =~ Characteristics =~ Characteristics =~ Characteristics
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ISOBIO: Insulating core
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ISOBIO: Modified bio-based binder

Examples of uses : Lamination /

= Y — i &

.
oLl

Ars

e S R

- — -
I S 0 b This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement N°636835.




ISOBIO: Lime render/plaster + hemp
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ISOBIO: Modified clay plasters

* Optimise fire resistance

* Maintain moisture
buffering properties

* Maintain workability
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Larixhaus: straw & timber nZEB home
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Larixhaus: straw & timber nZEB home

* Gross floor area: 142 m2

* Useful floor area: 92 m2

* Construction time: 6 months
* Construction cost: € 153,782 : € 1.083/m2

* Architects: Nacho Marti, Maria Molins & Oriol Marti
* PHPP, Passivhaus design: Oliver Style

* Builder: Farhaus

* Developers: Jordi Vinadé & Itziar Pages
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Larixhaus: location
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Source: Google Maps 2016
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Larixhaus: location
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Larixhaus: materials, structure & envelope
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Larixhaus: straw insulation

Heat flow © _|

\\)Bale strings
-~ prior to cutting

OUTSIDE

Heat flow '3
~

\::\Bale strings
prior to cutting
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- — -
ISO b This project has received funding from the European Union’s Horizon 2020 17
research and innovation programme under grant agreement N°636835.



Larixhaus: thermal envelope

Wall build-up [in > out]:

12mm gypsum fibre board

35 mm service void

22mm OSB 4 [airtight layer & vapour barrier]
400mm straw insulation

16mm timber board [vapour permeable]
0,5mm membrane [vapour permeable]
35mm ventilated cavity

26mm larch rain screen cladding

iSobio
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Larixhaus: straw insulation

Target density 6 = 90 <> 110 kg/m?3

Mum. Uargada Amplada Gruix Pes Desnitat
im) {mi im) 3 {Ka) fkg/m )
1 1.24 0,71 0.41 0,36 34,40 95,30
2 1,28 0,73 0,18 0,45 43,40 96,76
3 1,26 0,72 0,40 0,36 36,00 99,21
A 1,24 0,71 0,39 0,34 35,00 101,54
5 1,25 0,71 0,41 036 33,40 91,79
1) 1,25 0,71 042 037 38,60 103,55
7 1.24 0,71 031 0,27 27.40 100,39
] 1,31 0,72 0,48 0,45 44,00 97,19
B 1,28 0,72 0,48 0,42 34,00 76,86
10 1,25 0,75 0,44 041 A6 BD 113,45
11 1.23 0,73 0,31 028 31,40 111,37
12 1.26 0,75 0,44 0,42 40,60 96,36
13 1,25 0,70 0,37 032 38,00 117,37
14 1,24 0,74 0,41 0,38 39,00 103,66
1% 1,25 0,70 045 0,39 37,00 LEN
18 1,25 Q.72 037 033 31,20 93.69
17 1,19 0,71 0,36 .30 A0,B0 134,14
18 1,25 0,72 0,38 034 3800 111,11
19 1.22 D71 0.0 035 37,00 106,79
20 1,22 0,r0 0,36 031 28,00 123,60
21 1,22 0,72 0,42 37 39.00 105,71
22 1,23 0,70 0,40 >34 39.80 115,56

Measured average density 6 = 104 kg/m3

- — -
Iso b This project has received funding from the European Union’s Horizon 2020 19
r research and innovation programme under grant agreement N°636835.



Larixhaus: straw insulation

Target humidity ¢ <10 %

Humitat i temperatura

Proba 1
Proba 2
Proba 3
Proba 4
Proba 5

Humitat material
8,10

10,00

8,30

4,00

0,00

T° ambient
32
32
32
32
32

Humitat ambiental

Measured average humidity ¢ =6 %
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Larixhaus: straw insulation

Estimated thermal conductivity

Az = 0.052*0.75 + 0.08*0.25 = 0.059 W/m-K

How DO BUILDING COMPONENTS OUT OF STRAW INSULATE?

R_ESULTS Lambda Values

g 009—
£ v }\m,dry \4 Azs“c, 80%r.H.
2 rye straw wheat straw
o]
]
2 008~ W Recalculated from
E Thermal resistance test (Hot box)
¥ Limit exceeded:
0,07 — * Current German approval Z-23.11-1595
~ 7 X, =0,067 Limit*in fibre direction V0,0650
N 4= 0,067 Limit* in fibre d V00650
0,06 —
perpendicular to fibre direction Vooss3
0,05~ 0,0472
j&g%s W0,0469
. . — = — ] 3 S = = —I8
Y0,0420 Wooae Y0042 Vo,0430
0,04~ ' W0,0397 )\md =0,044 Limit* perpendicular
Vo0,0379 4 to fibre direction
0037 T T T T T T T T
78 83 88 93 98 103 108 113 18
Dry Density [kg/m?]
Source: FASBA 2009

Thermal conductivity A = 0.059 W/m-K
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Larixhaus: thermal-bridge free envelope

Ll gubzade: & A g E:ﬂl mEsse 20T

Linear Tharmal Bridge Coefficient g:

Bridged a-b = 198027 Wim
Ma Bridge a-b = 21.0672 Wim
T = 2680 °C

Flaw arrar = 0.001286215

Iy a-b = 00475 Wik

ST
P b = 01620 i Cemiart & Hyglene criteria;

Min. fRsi=0.745
Min_ int. surface termperature = 18.64 °C
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Larixhaus: thermal-bridge free envelope

Rk

el

Crlil nuitzide - R RIPC
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wWarmn inakda 0,00 0|

Codernal Wall:
U e = 01420 Wom'K

el em

000 mren

=

30 mm

T rerparatura Gradiant
G.32 20,08

Limear Thermal Bridge Coefficient g

$ Bridged a-b = 14.4211 Wm
@© Mo Bridge a-b = 151088 Wim
AT=28680°C

Flow arror = 9.28143E-006

Y a-b = -0.0258 WmkK

Comfort & Hygiene criteria;

Min. fRsi = 0.745
Min. int, surface temperature = 18.41 °C

This project has received funding from the European Union’s Horizon 2020 23
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Larixhaus: thermal-bridge free envelope

Cold outside: - 6,60°C

Roof:
U ac = -0.1470 W/m*K

889 °C Warm inside: 20,00 °C

Temperature Gradient

-6.58 19.64

Linear Thermal Bridge Coefficient y:

® Bridged a-b = 13.3623 W/m
¢ No Bridge a-b = 15.3719 W/m
AT=2660°C

Flow error = 0.00017826

[2000 mm

ya-b= -0.0755 WimK

Comfort & Hygiene criteria:

Min. fRsi = 0.745
Min. int. surface temperature = 18.89 °C

External Wall:
U b-d = 0.1420 WinvK
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Larixhaus: prefabrication
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Larixhaus: on-site assembly
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Larixhaus: air tightness

Certificate

about the BlowerDoor Test

Object:

Larixhaus

C/Ponent 18
Collsuspina 08178

Test Date: 30.9.2013

according to EN 13829

n50 = 0,32 1n

Regulation complied with: Passivhaus standard

This project has received funding from the European Union’s Horizon 2020 27
research and innovation programme under grant agreement N°636835.




Larixhaus: mechanical & electrical systems
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Larixhaus: completed & certified building
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Larixhaus: embodied energy

Larixhaus: GWP comparison for structure & insulation
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Larixhaus: embodied energy

Larixhaus: GWP comparison for structure & insulation
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Larixhaus: embodied energy

Larixhaus: GWP comparison for structure & insulation
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Larixhaus: embodied energy

Larixhaus: GWP comparison for structure & insulation
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Larixhaus: embodied energy

Larixhaus: GWP comparison for structure & insulation
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Larixhaus: embodied energy

Larixhaus: GWP comparison for structure & insulation
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Larixhaus: embodied energy

Larixhaus: GWP comparison for structure & insulation
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Larixhaus: embodied energy

Larixhaus: GWP comparison for structure & insulation
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Larixhaus: operational energy use & performance

Ground Floor First Floor
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Larixhaus: operational energy use & performance

Winter

Larixhaus: measured temperature data
Winter Period: 1st Oct. 2015 - 1st April 2016 [all hours]
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Larixhaus: operational energy use & performance

Winter

Larixhaus: measured temperature data
Winter Period: 1st Oct. 2015 - 1st April 2016 [all hours]
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Larixhaus: operational energy use & performance

Winter

Larixhaus: measured temperature data
Winter Period: 1st Oct. 2015 - 1st April 2016 [all hours]
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Larixhaus: operational energy use & performance

Summer

Larixhaus: measured temperature data
Period: 6™ June - 6™ October 2015 [all hours]
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Larixhaus: operational energy use & performance

Summer

Temperatures [2 C]
[
L

Larixhaus: measured temperature data
Period: 6™ June - 6™ October 2015 [all hours]

N N
\"l—

&
e ®©

209C- 259C
temp. range

Outdoor air
temp. [2C]

PROGETIC &
Oliver Style
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Larixhaus: operational energy use & performance

Summer
Larixhaus: measured temperature data
Period: 6™ June - 6" October 2015 [all hours]
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Larixhaus: operational energy use & performance

Summer
Larixhaus: measured temperature data
Period: 6™ June - 6™ October 2015 [all hours]
40 209C- 252C
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Larixhaus: operational energy use & performance

Summer

Larixhaus: Measured thermal comfort [Schnieders comfort model]
Period: 6™ June - 6™ October 2015 [all hours]
Data: Ground & 1%tFloor indoor air temperature & relative humidity
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?0 T --:F+---
60

++

50 PR e
+TERT LT , Lty AR TEEEF ]
e N e SR N

+ T E ' TEFT+

40

Relative humidity [%)]

20
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Larixhaus: operational energy use & performance

Summer

Larixhaus: Measured thermal comfort [Schnieders comfort model]
Period: 6™ June - 6™ October 2015 [all hours]
Data: Ground & 1%tFloor indoor air temperature & relative humidity
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Larixhaus: operational energy use & performance

Indoor air quality

Larixhaus: measured IAQ data

Winter week: 18/11/2015- 24/11/2015 - MVHR
Indoor CO2 levels
1.400
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Larixhaus: operational energy use & performance

Indoor air quality

Larixhaus: measured IAQ data

Winter week: 18/11/2015- 24/11/2015 - MVHR
Indoor CO2 levels

1.400
1.200
—GF CO2 level
1.000 - - [ppm]
E s | “ ‘ ' | ' |
= ! , '
— l 1
% 600 . - - \ ——FFCO2 level
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KA K\ "19\ ’f’\ q}\ ff:\ 1&\ PROGETIC &b
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Larixhaus: capital cost

Category Concept Price [€incl. VAT]
Foundations & ground |Groundworks 3.000,00 €
floor slab Ground slab 7.165,00 €
o Structure, windows, flooring, inner & outer finishes 106.365,00 €
Building structure & - - - :
Service void, Fermacell and Pavaflex insulation 4.250,00 €
thermal envelope
Straw insulation 900,00 €
Ventilation unit, ducts, components & installation 6.152,00 €
. Kitchen, bathroom and plumbing services 11.000,00 €
Services : -
Electrical services 8.500,00 €
Heating & DHW services 6.450,00 €
TOTAL Specific Construction Cost 153.782,00 €
Treated Floor Area PHPP [TFA m?] 91,50
Gross Floor Area [GFA m’] 142,00
TOTAL Specific Construction Cost [€/m® TFA] 1.680,68 €
TOTAL Specific Construction Cost [€/m* GFA] 1.082,97 €
Isobio - 50




Larixhaus: capital cost

Category Price [€incl. VAT]
Foundations & ground floor slab 10.165,00 €
Building structure & thermal envelope 111.515,00€
Services 32.102,00 €
Fees & Permits 23.454,00 €
TOTAL 177.236,00 €

Larixhaus, costs by category

B Foundations & ground floor
slab

B Building structure & thermal
envelope

" Services

m Fees & Permits

PROGETIC &

- — -
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Larixhaus: operational energy use

Measured vs. calculated PHPP & Spanish CTE Building regulations

* Period: 01/09/2015 -01/09/2016

[kWh/m2-a] |[[kWh/m2-a] [kWh/m2-3]

DHW production
MVHR Unit
Space heating
Total energy

Equip., lighting, aux. elec. 13.4 39.2
17.8 17.8

3.3 2.3

12.0 152.0

40.5 211.3

consumption

Total anual heating bill: 73,75 €

18.2
10.6
2.8

3.2

34.3

iSobio
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Larixhaus: running cost

Larixhaus: factura energética mensual
01/10/2015-01/10/2016

90
30 Electrodomésticos,
iluminacion [€]
70
™)
— 60 I
s B Ventilacion
= 5o mecanica [€]
™
=
o 40
m
2 30 W ACS [€]
(=]
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Larixhaus: running cost

Concepto

Equipos, iluminacion, elec. aux.

Produccion ACS

Maquina ventilacion

Calefaccion electricidad

Calefaccion lena

TOTAL

Total anual
heating bill:

73,75 €

B Equipos, iluminacion,
elec. aux.

® Produccidn ACS

® Maquina ventilacion

Calefaccion electricidad

B Calefaccion lefia
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ISOBIO objectives

£\
D

* 50 % lower embodied energy & carbon

* 20 % increase in thermal insulation
* 15 % reduction in cost
...Vs. oil-based & traditional alternatives
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Conclusions

* Bio-based materials work

* They are safe and cost effective

* They can be procured for nearly-zero energy
buildings, in compliance with EPBD Directive

2010/31/EU

The ISOBIO consortium is working to improve
their performance and reduce their cost,
removing barriers for large-scale uptake

iSobio
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THANK YOU

Oliver Style
Progetic
ostyle@progetic.com
C/Ramon Turrd 100-104. 3-3
08005 Barcelona. Spain
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