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RenoZEB Introduction

Project timeline
10/2017 03/2021 (new end 09/2021)

Call
H2020-EEB-2017

Call strategy

The European call regards the development of near zero energy
building renovation. In this concept strategy for deep retrofitting or
technologies for building efficiency are required

Partner
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RenoZEB Main Objective

The project aim is to establish a systematic methodology for the energy deep retrofitting
for building stock market by developing a BIM based platform and tools for actors of the

value chain.

Four pillars of RenoZEb project

(4} %‘i‘ Al \Vg

Reduction of energy Reduction of Replicability and Increase the
consumption cost and risk adaptability property value
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RenoZEB Plug and Play Facade - as Result

PLUG&PLAY FACADE: Modularity, Prefabbrication

00 & gall X

MACRO-TECHNOLOGIES which compose the plug and

play facade :

28t of October 2020

WINDOWS

MULTIFUNCTIONAL INSULATION BOARDS
VENTILATION UNITS WITH HEAT RECOVERY
BUILDING INTEGRATED PHOTOVOLTAICS
BUILDING INTEGRATED SOLAR THERMAL SYSTEMS
INTELLIGENT FACADE CONTROLLER

“CLICK-IN" FIXING MECHANISMS
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To move from the plug and play
concept to the design phase '
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How is it possible to select different technologies
which are in the market?
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Methodology

Multi- criteria Decision Matrix (MCDM)

1° step

2° step

Plug and Play facade design

Results
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Multi-criteria Decision Matrix
Requirements

. . . — . Proposed comp. t/facade sy
* Objectives of the RenoZEB project (Raws) 1 { R
* Main requirements in bold and eventually sub TR S S E—
requirements in italic e
RS : e "I-‘”tf-.!" < andfor lecticalor ICT Caplat
 RENOZEB EXPECTATION > MATRIX REQUIREMENTS :h e

VENTILATED FAGADE
PLUG AND PLAY .
LOW COST MULTIFUNCTIONAL INSULATED BOARD e
COMMERCIALLY AVAILABLE PV MODULES e ;; g
COMMERCIALLY AVAILABLE SOLAR THERMA COLLECTOR }m D

i

-

L2

-g

n the dwallin g
of the inter

:
=

INTEGRATION OF HYDRAULIC, ELECTRIC AND HVAC

MODULAR - PRE-CAST AND EASY ASSEMBLY-DISASSEMBLY
INDUSTRIALIZATION

LESS INTRUSIVE SYSTEM

AESTETICAND FUNCTIONAL INTEGRATION

INTEGRATION AND ADAPTATION OF MULTIFUNCTIONAL INSULATION
INTEGRATION OF THERMAL AND PV MODULES

CONNECTION ELEMENTS

DEVELOPMENT OF THE SMART-loT FACADE MODULE .

expactations of the architects
tegra nd adaptation of multifunctiol

use of recycled mater, /

yumy of the final solutio

duc tion of heat and pre iosses
fire protectio
prefabric tdwwdwms/t n frames

minirurn of heat los:

tegrati of thermal a d PV module:
‘Jntegranan nto the RenoZEB el fp nd  buildin
ccccc 7818

nnection elements
‘Itgt ubsystemns in a holistic_appro.
elopment of the SmatIng de modl

Low-cost sensors

Law-ntrusive installatio

Ermbe: dd ing in the modf

Itg atian with PV and battery system

Data callections system with cammon protocals

Plug & play soiutﬁon
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Multi-criteria Decision Matrix
Products

j E 2
Market products (Columns) Reanrements I“ : e

- n n+1 n+z n+3
Ventilated fagade | | HEE BN EENEEDN
Plug and play

a. PREFABRICATED WINDOW MODULE AND ROLLER SHUTTER; Low costmuliifunctionalinsulation boards
ommercially available solar thermal collectors

: P rOd U Ct 2_ P rOd U Ct 3_ P rOd U Ct 4_ P rOd U Ct 5 ?Clid.( in.sysltlte.-m" f:)rballir dulctst,hheat elxclilaln;ers for

sgratio of el Slatir S AT

b. MULTIFUNCTIONAL INSULATION BOARD; Modular, Pre-cast and Easy Assembly Disasssrbly

minimize an-site wark

- Product 2- Product 3- Product 4- Product 5 T r—

Industrialization

minimize on-site work

c. VENTILATION DEVICES; e
- Product 2- Product 3- Product 4- Product 5 Torintuive syston
prioritize outdoor interventions

avaid interruption in the dwallings

d. BUILDING INTEGRATED PHOTOVOLTAICS (BIPV) AND BATTERIES; e b T e

aff-site manufac turing

- Product 2- Product 3- Product 4- Product 5 e st rencees

Aesthetic and functional integration
harmanizing architec tanic  rehabilitation with social

e. BUILDINGINTEGRATED SOLAR THERMAL; s ot o7 e S
Integration and adaptation of multifunctional insulation

- Product 2- Product 3- Product 4- Product 5 s of recycled materia

recyclabiity of the final solutian

reduc tion of heat and pressure losses

f. FAgAD E Co N T Ro L L E R; gngggfgtzznwmdow insulation frames

minimurn of heat losses

- Product 2- Product 3- Product 4- Product 5 Integration of thermal and PV modules
- integration into the RenoZEB envelop and building
concepi

g. FACADE-INTEGRATED SENSORS; O erate sibsyatars 72 T agproadh

Development of the Smart-ToT fagcade module

- Product 2- Product 3- Product 4- Product 5 Low-cost sensars

Low-ntrusive installation

Ermbedding in the madule
h.  FIXING MECHANISMS Dot calections ctem win camroon roroeaE
Plug & play solution

- Product 2- Product 3- Product 4- Product 5 e 0 T T o T o T 0]
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Multi-criteria Decision Matrix
Score

SCO re Syste m Re quirements

Proposed comp t/facade sy

Ventilated facade
Plug and play
Low-cost multifunctional insulation boards
Commercially available PV modules

Commercially available solar thermal collectors
"Click in system™ for air ducts, heat exchangers for
ventilation, pipes and/or electrical or ICT cables
Integration of hydraulic, electric and HYAC
Modular, Pre-cast and Easy Assembly-Disassembly

minimize an-site wark 3

improve product quality
reduce costs
Industrialization

minimize on-site work

Correspondence cost reduction

improve guality

DEENEE Value Symbol e 1

avaid interruption in the dwallings

l ° reduce the duration of the interventions
aff-site manufac turing
2 Y plug-andplay solutions

optirnized buliding processes

Aesthetic and functional integration

harmanizing architec tonic  rehabilitation with soci
acceptance

expectations of the architects

Integration and adaptation of multifunctional insulatiol
use of recycled material

ot Ap p a ble ( N/A) 0 (@) prioritize outdoor interventions

recyclabiity of the final solutian

reduc tion of heat and pressure losses
fire protection

prefabricated window insulation frames

minimurn of heat losses
Integration of thermal and PV modules

integration into the RenoZEB envelop and buildin
concepi
Connection elements
[integrate subsystems in a holistic approach
Development of the Smart-ToT fagcade module
Low-cast sensors
Low-ntrusive installation
Ermbedding in the madule
Integratian with PV and battery system
Data callections system with cammon protocols

Plug & play solution Frints acmevew
SUSTAINABLE
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Multi-criteria Decision Matrix 5Q
: SR
Result analysis

Proposed comp t/facade sy
Resu ltS Re quirements
n n+l n+e n+3 ntd

Ventilated facade

Plug and play
Low-cost multifunctional insulation boards
Commercially available PV modules
Commercially available solar thermal collectors
"Click in system™ for air ducts, heat exchangers for
ventilation, pipes and/or electrical or ICT cables
Integration of hydraulic, electric and HYAC
Modular, Pre-cast and Easy Assembly-Disassembly
minimize an-site wark
improve product quality
reduce costs
Industrialization
minimize on-site work
cost reduetion
improve guality
increased safety
Less intrusive system
prioritize outdoor interventions
avaid interruption in the dwallings
reduce the duration of the interventions
aff-site manufac turing
plug-andplay solutions
optirnized buliding processes
Aesthetic and functional integration
harmanizing architec tanic  rehabilitation with social
acceptance
expectations of the architects
Integration and adaptation of multifunctional insulation
use of recycled material
recyclabiity of the final solutian
reduc tion of heat and pressure losses
fire protection
prefabricated window insulation frames
minimurn of heat losses
Integration of thermal and PV modules
integration into the RenoZEB envelop and building
concepi
Connection elements
[integrate subsystems in a holistic approach
Development of the Smart-ToT fagcade module
Low-cast sensors
Low-ntrusive installation
Ermbedding in the madule
Integratian with PV and battery system 4
Data callections system with cammon protocols

Plug & play solution
Paints achisve R SO NN O G S e Sl O

MULTI CRITERIA DECISION ANALYSIS
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Fansmssnnnnna®

SUSTAINABLE
PLACES

October 27-30, 2020
Digital Event




Proposed facade solution

1 2 3a 3b
11 Requirements External | Double- Curta./n Curta./n
re- skin W‘?”' Wa{//.
insulation | facade 20 ey
m System System
F a a e Syste Ventilated facade X X0 XYy
|Plug and play ° oo
° ° ° ° ° Low-cost multifunctional insulation boards oo 0
Commercially available PV modules XX oo
te C h n O l O g I eS I d e n t I fl C a t I O n Commercially available solar thermal collectors ° XX
"Click in system " for air ducts, heat exchangers for
ventilation, pipes and/or electrical or ICT cables oo oo
Integration of hydraulic, electric and HVAC X0 YY)
Modular, Pre-cast and Easy Assembly-Disassembly oo oo . eoe
minimize on-site work (YY) oo . eoe
improve product quality ° oo o0 [YYs
reduce costs ° [ (XX
Industrialization oo ° XY
minimize on-site work (X} ° eeoe
H H cost reduction . . eoe
1.External re- 2.Double-skin 3.Curtain wall v - e
1 1 increased safety oo . Y
|nSUIat|0n fa gade Less intrusive system eee . X
prioritize outdoor interventions (XY} (X} eoe
3 . 1 Sti Ck Syste m avoid interruption in the dwellings oo YY) 0 Xy
reduce the duration of the interventions . o0 . (YY)
ay = off-site manufacturing . LX) . (YY)
3 . 2Uﬂ|t|2ed System plug-and-play solutions (XY LX) . eoe
optimized building processes ° (X ° XX
Aesthetic and functional integration oo . oo oo
— harmonizing architectonic rehabilitation with social acceptance oo . o0 ()
F [ — expectations of the architects N/A N/A N/A N/A
| Integration and adaptation of multifunctional insulation
system o000 o0 00 o000
=
& use of recycled material (YY) (YY) eoe eoe
recyclability of the final solution oo oo o0 ()
reduction of heat and pressure losses (YY) o0 (YY) [YYs
fire protection oo . oo oo
i prefabricated window insulation frames (YY) Yy
minimum of heat losses XX X

Integration of thermal and PV modules
|integration into the RenoZEB envelop and building concept

—\ —\ Connection elements

| IIntegrate subsystems in a holistic approach
Development of the Smart-IoT fagade module
Low-cost sensors

Low-intrusive installation

Embedding in the module

Integration with PV and battery system

Data collections system with common protocols

Plug & play solution

Points achieved
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Components technologies

In line with RenoZEB concept the components that are included
in the RenoZEB concept are:

a Prefabricated window module and roller shutter;

b. Multifunctional insulation board;

C Ventilation devices;

d. Building Integrated Photovoltaics (BIPV) and batteries;
e. Building Integrated Solar Thermal,;

f. Facade controller;

g. Facade-integrated sensors;

h. Fixing mechanisms.

LauraVandi- FOCCHI SEEE;%%‘ABLE
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Components technologies identification

Proposed component
Proposed Techrology /solution . . 7 B E 2
: : ’ =~ Prefabricated window modul ‘et
Requirements ILLERUCK re a rl Ca e WI n OW O U e Simplest JO;most - '
Compact SA Roka Compact HECLA TRAW Vorwandmontage V‘?,,:am‘ ?o ucr;em fre-s ED/‘Q mineral Telescopic ducts
rese i d roller sh — e paten 0| 5 | s | i
sys tt quirements ventiation is done | insulation modutes refabricate
a n rO e r S U e r using the window- | (Betrokit Project |retrofit modude (IEA f;i‘;’;;’;at‘:i
integrated 2016, (LOWEX- 2011). P modﬁﬂg g
ventilator with heat | BEST ANDSGEWERBE 2011)
is exchanger from BAUTEN 2017). .
Sg B+
i
It
B
W
ventilated facade
Plug and play
Low-cast multifunctional insulati
Commercially available PY modules Vertited Tacad
Commercially available solar thermal collectors entifated facace c00

iick in system * for air ducts, heat exchangers for Plug andplay

= L Low-cost multifunctional insulation boards
Integration of hydraulic, electric and HYAC Commercially available PV modules

Modular, Pre-cast and Easy Assembly-Disassembly available solar thermal collectors
minirize on-site work . . “Click in system” for air ducts, heat exchangers for
improve product quality .ew e ventilation, pipes and/ or electrical or ICT cables b s . e
reduce costs .. Integration of hydraulic, electric and HYAC

Industrialization Modular, Pre-cast and Easy Assembl assembly

minimize o work

rrinimize on-site work
—’m [improve product quaity
irnprove quality
increased safaty
Less intrusive system
|pricritize outdoar interventions

|reduce costs
Industri i

minim iza on -sita_work

cost reduction

improve quatty

avoid interruption in the dwellings . increa sed safety

reduce the duration of the interventions Ll [l - Less intrusive system

o -site manutactining - . [ o ritize outdaor interventions

svoid mtarruption in the dwelling s

joiug-and-piay sohstions = = reduce the durstion of the interventions

optimized building processes . IT———
Aesthetic and functional integration = s . | lug-and-play sokitions

harmonizing architectonic rehabilitation with social scosptance . . . ootimized buiding procasses

expectations of the architects . . [ Aesthetic and functional integration
Integration and adaptation of multifunctional insulation e e harmenizing k k i with sockl

use of recycied material . - lexpecttivns of the grotitacts - — -

Integration and adaptation of multifunctional insulation
recpclabiity of the final solution .. -
158 of racyclad mataris]
reduction of heat and pressure losses . ET e ——
five protection =8 = reduction of heat and pressure forsas
refabricated window insulation frames - e protacion

minimumn of heat losses . prefebricated window insuktion fames
Integration of thermal and PY modules - - - minimum of heat losses

integration into the RenoZEB enuelop and building concept| Integration of thermal and P¥ modules

sotution il - - i~ Intagrstion inte the RencZfB envelop and bullding concapt|
Connection elements solution

Connection elements

Integrate subsystems in @ holistic approach
Development of the Smart-IoT facade module
Low-cost sensors

Intagrate in 3 holistic spprosch
Development of the Smart-1oT fagade module
Lowcost sensors
. .
Low-intrusive instalistion

uttirunctiona erabadina in the oot
Integrativa with PV aad battery system
Data collactions sy stam wih common protocels

insulation board i

Low-intrusive instalistion

Embedding in the module

Integration with P\ and battery system
Data coliections system with common protocols
Piug & play_soiution

Points achizved|

paints achieved)
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Components technologies identification

Proposed Technology/solution
7 3 5
Decentratized iy
Decentraiized ventiation spstem
Regenarstive Regenarstive Oecentralized
Regenerative with air ducts in
. ventitaton system ventitation system |Baiznced vertiation
Requirements vsntiistion spstem insuiation
with hest p with heat spstem with heat
with hest lsper(Retrokit
exchanger sxchanger exchanger
. ) exchanger ¢ Froject 2016),
integrated in integrated in room | integrsted i room
o integrated in room i s " (LOWER-
WIRGGW frame wall . Waﬁé area V#.ov e BESTANDS GEWEREE
(PEEETEER) S EALTEN 2017)
P

¥entilated facade

Plug and play

Low-cost multifunctional insulation boards

Commercially available P¥ modules
Commercially available solar thermal collectars

“Click in system " for air ducts, heat enchangers far
ventilation, pipes and/orelectrical or ICT cables
Integration nfh!draulic electric and HYAC

Modular, Pre-cast and Easy Assembly-Disassembly

o nimize on-sim wark

oo rove iy

|reduce costr

Industrialization

e infimize_on-site work

o st reduciion

[imerave qusley

jincres sed safety

Less intrusive system

v ritize outdoor interventins

s void inwe rrupsion in the duwekings

reguce the duratin of the imterventions

o #site manuia cruring

olog-znd-ply sokithnz

oot ize o buikding processes

Aesthetic and functional integration

[ rima nizing 2 rchitactomc raha bilitstan vath sucial scceptence

ofthe archiecs

Integration and of multifunctional i

o5 of recpcled mamrial

[recycha bilky o the final so oo

jreducgion of hest andoressure brses

ire proteciion
e brica tad yeind v Insuly o Frames

| inimusan of bt insse s

Integration of thermal and PY modules

|muagraoon Wto the ReRoZEE envebp and building comcept

Connection elements

[inmgrate subsystemsin 2 bokistic approach

Development of the Smart-ToT facade module

co weco st semsors

[t0weinerusive insmibzion

£ bedding in the moduls

e graton wih PV aad battery sy stemm

[52t2 colkections system with comman protents

[pug & ooy soiton

Polnts schired

Ventilation device

Building Integrated
Photovoltaics (BIPV)
and batteries

Requirements

Proposed comp

1

2

3

BiPYV
semitransparent

Ventilated fagade

BIPV Crystalline
artially in glass

BIPV crystalline

Plug and play

Low-cost multifunctional insulation boards

able PV modules

Commercially av. sse ess se
Commercially available solarthermal collectors
Click in system™ for air ducts, heat exchangers for
ventilation, pipes and/or electrical or ICT cables oo o o
Integration of hydraulic, electric and HVAC .
Modular, Pre-cast and Easy Assembly-Di nbly .
minimize on-site work .
improve product guanty -
reduce costs .
Industrialization sse . .
minimize on-site work (1 . .
cost reduction sas . .
improve quality (L) . .
increased safaty (X1 - .
Less intrusive system sas . .
|prioritize owtdoor interventions (X - .
2void intarruption in the dwellings X1 . .
reduce the duration of the intarventions (1 . .
off-site manufecturing sas . .
\piug-and-play sofutons X1 . .
optimized buiding processes [
Aesthetic and functional integration .
0niZing 3G b with social .
\exnecmnons of the architacts [

Integration and adaptation of multifunctional insulation|

wse of recycled material

recyclability of the final solution

reduction of heat ahd pressure losses

fire protecton

|prefabricated window insulation frames

minimum of heat iosses

Integration of thermal and PV modules

integration fmio the RenoZEB envelop and buiiding concept]
solution

Gonnection elements

[Irtegrate subsysterns in a holistc approach

Development of the Smart-ToT fagade module

Low-cost sensors

Low-intrusive instaliation

Embedding in the module

Integration with PV and batiery syster

Dats collections systerm with common protcols

Plug & play solution

Points ackieved
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Components technologies identification

Requirements

Proposed component

1
BIST (water)

Ventilated facade

Plug and play

Low-cost multifunctional insulation boards

Commercially available P¥ modules

Commercially available solar thermal collectors

"Click in system ™ for air ducts, heat exchangers for
ventilation, pipes and/or electrical or ICT cables

Integration of hydraulic, electric and HVAC

Modular, Pre-cast and Easy Assembly-Disassembly

minimize on-site work

improve product quality

reguce cosis

Industrialization

rminimize on-sits work .
cost reduction .e .e
improve quality . .
ncressed safe . .

Less intrusive system

prioritize outioor interventions

avoid intsrruption in the dwellings

reguce the duration of the interventons

off-site manufacturing

plug-and-piay solutions .

optimized building processes. .o .
Aesthetic and functional integration e

[harmonizing srchitectonic rehabilitation with sociel acceptance .

Jexpectations of the architets . .
Integration and adaptation of multifunctional insulation s aas

use of recycled material

recyclability of the final solution

reduction of heat and pressure losses

fire protection

prefabricated window insulation Fames

minimurn of heat losses

Integration of thermal and PV modules

integration into the RenoZ£s envelop and building concept|
sofution

Connection elements

[integrate subsystems in 2 holistic approach

Development of the Smart-ToT facade module

Low-CosE sensors

Low-intrusive installation

Embedding in the module

Integration with P\ and battery system

Datz collections system with common profcols

Plug & play sofution

Points achieved

Building Integrated Solar
Thermal (BIST)

Hybrid solution for BIPV
and BIST

Requirements

Proposed comp.

Hybrid BIST +PV

Ventilated fagade

Plug and play

Low-cost multifunctional insulation boards

Commercially available PY¥ modules

Commercially available solar thermal collectors

“Click in system " for air ducts, heat exchangers for

ventilation, pipes and/or electrical or ICT cables o
Integration of hydraulic, electric and HVAC e
Modular, Pre-cast and Easy Asse mbly-Disasse mbly s

minirmize on-site work

imprave product quality

reduce costs

Industrialization

rminirmize on-site work

cost reduction

improve guality

increased safety

Less intrusive system

prioritize outdoor interventions

avoid interruption in the dwellings

reduce the duration of the interventions

off-site manufacturing

plug-and-play solutions

optimized building processes

Aesthetic and functional integration

[harrmonizing with social

|expectations of the architects

Integration and adaptation of multifunctional insulation

use of recycled matsrial

recyclability of the final soluton

reduction af keat and pressure lasses

fire pratection

prefabricated windaw insulation frames

minimum of heat losses

Integration of thermal and PV modules

integration into the RenoZEB envelop and building concept]
solution

Connection elements

[intsgrate subsysterms in a halistic approach

Development of the Smart-IoT fagade module

Low-cost sensors

Low-intrusive installation

Ermbedding in the modkile

Integration with PV and battery system

Data collections systern with cemmon protocols

Plug & play solution

Points achieved
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Results

Technological component RenoZEB evelope system’s component
Prefabricated window module and roller shutter 1. CompactSA
Multifunctional insulation board 4., Telescopic ducts
Ventilation devices 5. Centralized ventilation system with air ducts in insulation layer

Building Integrated Photovoltaics (BIPV) and batteries 3. BIPV crystalline
Eventually hybrid BIPV-BIST

Building Integrated Solar Thermal 2. BIST with air
Facade controller FENER webtool
Facade-integrated sensors Solar radiation and light sensors
Fixing mechanisms TBD during system design on specific building structure
- SUSTAINABLE
28t of October 2020 Laura Vandi - FOCCHI PLACES
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What are the pitfalls of building envelope solutions for
retrofitting?
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Boundary conditions

Technologies facade integration

.

LauraVandi- FOCCHI
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Building envelope analysis

Building’s boundary conditions:
Existing load bearing structure
Existing openings

Identification of facade panels:

Primary panels (window unit)

Secondary panels (opaque, technical units)

Eventual aggregation of units

28th of October 2020

0 00 00
000 00

EI||I]L__]

Figure 1! Phase 1 - existing building

0 .o 0Ll
B ULl
[ 0

Figure 3: Phase 3 - identification of
bascline

e

Figure 5: Phase 4b - secondary modules

designed

LauraVandi- FOCCHI

Sustainable place 2020 - Digital event

Figure 2! Phase 2 - boundary conditions

W

Figure 4: Fhase 4a - primary modules
designed

‘DIIICICI

‘ I]Il IEII:I

Figure 6: Phase 4c - module aggregation
design

SUSTAINABLE
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Building envelope limitations

Concept of RenoZEB envelope system:

» Identification of limitations in building
existing stock

* Reference to RenoZEB demonstrator
buildings in Durango, Spain and in Voru,
Estonia
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L. .
Facade modules prefabrication catalogue (¢

Concept of RenoZEB envelope system: . A 4 /1 4
* Unitized fagade system (P&P) ﬁ ﬁ‘ @ , “"‘ '
« Different units typologies (multifunctional facade) e u L A ” _
» Different external finishing (architectural needs) d 4 ﬁ ’l ‘
el | /
Jilideg pg # p98

A A 44
i) af,';.p
/| A '/1
a4
i d g

/1 ’
44

=8
=

T\
=
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Result: Guide lines

 The method presented underline key elements for
the designing process:

1.  DEFINITION OF BASELINE OF THE ENVELOPE CONDITIONS
2. FRAMEWORK DEFINITION

3.  MULTIFUNCTIONAL INSULATION SYSTEM

4. CLADDING SYSTEM

5. MODULE AGGREGATION

Laura Vandi - FOCCHI gEE%%ISNABLE
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Conclusion

Advantages:

* The method is valid for the selection
of the best solution within the
market which it would be difficult
without a qualitative analysis

* The method defines a guide line for
the design process for the plug&play
facade

28t of October 2020

Disadvantages:

 The approach could be furtherly
implemented for quantitative
analysis to better support the
further engineering phase.

Laura Vandi - FOCCHI gEE’éIEISNABLE
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