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EXECUTIVE SUMMARY

The present documenéReport on the training facilities designed and producedhailot countries
(Deliverable3.2 of the NZEB &adshow project) summarizesthe activities carried out by each
individual partnerfrom the participatihg countries Bulgaria, CroatiaGreece Italy and Romanija
regarding thedesign anctonstructionof mobile demonstration unisto supportthe organizatiorand
conduction of dedicated nZEB dagmsoundthe territory of each county. Thetask is focused othe
design and construction of transportable demonstration and training facilities armh the
development & specifications for spatial planning for successfuboigation and conduction of the
nZEBRays.

Thereport sets outfull specification and detailsf the facilities produced during the project and the
related design procesdt is drawn up by ZEPH(Raly) as a leader of the related activities, usg
materialsas technical drawingggports, and picturesshared bythe responsible mject partners
ErEffect Bulgarig, Faculty of Civil Engineering at the University of Zaf¢@zbata), Hellenic Passive
House Institute Greecd, and Qister PRGZEB Romania. Additional information regarding the
scenarios foorganizatiorand conduction of nZEB daysiailablein annexes to theeport dNational
Marketing Strategies with monitoring and evaluation schémehile specification and details
regarding gamification instruments and equipmeiné presented in the repodGuidebook for games
and demonstrations on energy efficiency in buildfyg®th available at théPuHications sectionof
the nZEB Roadshow website.
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INTRODUCTION

9F OK LI NIYSNE | OO2NRAY3 G2 GKSANI OF LI OAGASaz GK
the type of planned events and the target audience foreseen in each edlesigned,and reaized

different training facility In the following sections, dividdaly country, the activities carried out within

the WP3 arereported. The realizedtraining facilities aredescribed: mobile home units (MHU),

mockups, games and other staff used to train, demonstrate and in general involve people during on

line and offline nZEB Roadshow events.

Firstly, ageneral description providesaverview of the produced faciids The selected typoloigs

(MHU, trucks,mockups,games,and other staff used to train and involve peopbkee highlighted,
according to the stakeholders intended to be addressed, the organized events and activities, the
characteristics of each country and all the aspects related to the concepthe general vision that

guided the choiceSecondlya technical descriptiohighlightsthe main feature®f each facilitylinked

with the nZEB principldsased onthéAnnex ¥ KSO1 f A&ad F2NJ RSY2yaGNI GAz2Yy
More in detail, espeeaily in the case of Mobile Home Units and training trudke technical
description presens key information related to the following elements: envelope, windows and
shadings, HVAC systems, air tightness, (RES) energy systems and possibly heatinggsgsteois.

(p))

In addition, supplementary data and information aneludedas

9 Significant featuresperformance, demonstrated by monitoring reports, as graphs or data
sheets, highlighting the performances of the produced facility in accordance with the nZEB
features, or sustainability aspects, as materials selecRES installatigmecycle and rause
aspects etc.

1 Engagement/feedback:obtained effects on the addressed stakeholders, reporting for
examples comments by visitors (if there wer@)terest by not expected stakeholders
attraction of industrial (or other) partnerstc.

1 Lessons learneddimensions and transport difficulties; strict country regulations; difficulty in
finding industrial partners, materials, workforce; unexpecteds; etc.

The present report could be aseful documentfor stakeholders interested in producing similar facistie
highlightingmeasures and practical methodsdesign, producenstal and transport equipment and facilities
to demonstrate and train the nZEB principles.

DESIGNED AND PRODUCED TRAINING FACILITIES

ITALY

ZEPHIR, the Italian partnevas involved in the support of partners engaged in the realization of
training facilities.

One of the mairactivitiesthat involved the Italian team was the writing of ti&uidelines for design
and operation of mobile trainingnd consultation units (D3.1)

For the writing process several key stages have been identified:

1. Identificationof all the feasible mobile training and consultationits.
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2. Definition of keywords and general guidelines to follow in order to be compliant with the nZEB
Roadshow goals:

a. MULTITASKING: participation of different level of attendants/visitors (e.gLss1g,
students, designers, construction workers).

b. PRACTICALffartless to pack, assemble and disassemble, exhibit.

c. REUSABLE/REVERSABLE: implementation of a reuse concept to guarantee the
reversibility of materials and equipment and to save costs and materials.

d. SELYOPERATING: able to work without (externaifite) energy connections thanks
to the implementation of renewable sources.

e. SUSTAINABLE: use of green materials and technologies.

f. TRANSPORTABLE: easy to move and transport.

3. General description of each mobile training and consultation unit, imifications on

a. GOALShe result or achievement toward whialmit is directed

b. ACTIVITIE&ctions, gamegotential activities to be carried out with the help of the
unit or within it(e.g.,real time demonstrationsvideo showingetc.)

C. ATTENDANTS/VIBHSInterestedand involvedstakeholders

4. Technical description of each mobile training and consultation gizé and weight; country
regulations and requirementgsomponents, and materials; landing and support; heating,
ventilation, and air conditioning (HVAC), renewable energy sources (RES); other equipment
(e.g., monitoring and measurement staff; etc.).

5. Production of a CheckligFigurel) T 2 NJ RSY2y ad NI GA2y SljdALYSyiQa
D3.1 Report) to help partners in the design and production of the respective mobile training
and consultation unitsas wells in the report of the ongoing activities, with indication of the
following main data:

TYPE OF EQUIPMENT

MOBILITY and TRANSPORTATION

SIZE and WEIGHT

PROJECT

STRUCTURE

ENVELOPE

HVAC

SECURITY SYSTEMS

LIGHTING

RES

INTERNAL GAINS

MONITORING/MEASURING EQUIPMENT
. IN SITU EQUIPMENT

CONNECTIONS (need of external)

SPECIFIC FEATURES

STAFF

STAKEHOLDERS/HNEERS

OBSERVED DIFFICULTIES

TLeTOoOS3ITRTTTSQ 000
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D3.2 Annex 1: Check-ist for design of demonstration equipment

) GENERIC DATA
COUNTRY {BG

LOCATION [city) Sofia

POTENTIAL/FORECAST LOCATIONS/EVENTS IN THE COUNTRY Burgas, Gabrovo, Smolyan
POTENTIAL/FORECAST LOCATIONS/EVENTS OUTSIDE THE COUNTRY iGreece, Romania

TYPE OF EQUIPMENT mabile home unit (MHU) "
DESCRIPTION

MOBILITY/TRANSPORTATION

fuel electric
transportation type needs to be towed by another vehicle (ex:

transportation project necessary - not available

width x length x height [m] ?2,501 6,00 4,00
PROJECT
dwg files available
SketchUp model ilabl
pictures available

promotional material -
other (specify) Plan Groungfloor (odf file)

STRUCTURE
technology

construction details

ENVELOPE
wall (materials and U-values) ext to int

1. Wooden cladding 2cm

2 Wooden battens 2x3em c-c 60cm /
ventilated layer 3cm

3. Waterproof fiberglass veil

4. Wooden battens 2x3cm c-c 60cmy/ min.
wool insulation

5. Wooden battens 5x5cm c-c 60cm / min.
wool insulation 5cm

6. Wooden battens 5x5em c-c 60cm / min.
wool insulation 5cm

7. Steel frame / min. wool insulation 8em
8. Vapour retarder

9. Wooden battens 5x5cm c-c 60cm / min.
wool insulation 5cm

10. Wooden boards finish 1.5 cm

Figurel. D3.1: Annex 1Checklistor design of demonstration equipment caittation units

An other considerable activity conducted by the Italian team during the first months of the nZEB
Roadshow project was tmade available its knowow relating to the realization dfiobile Home

Unit, mockups, equipped walls, etc. byrganizing meetingHigure 2), making availablgechnical
drawings,showingpictures andsharing eperiencing difficulties both economic, &saving to stay
within the budget and technical, as thenavailability of materials and equipmeat transportation
issues (ex: landing gears)
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The last activity that involved the Italian teaim the collection andhe organization of all the data,
reports, images, pictures, and information received by partrierghe presentfinal report writing
(D3.2)
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Disattiva l'audio  Disattiva video Partecipanti Chattare ondivider hermo Registrazione Reazioni
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Due to the serious pandemisituation in Italy which involved the interruption of all types of live
events the Italian team had to modify the initially set objectives and the strategy to respeciz&
Roadshowprojectmain goals, namely:

- To increase the understanding of the beit®fof nZEB and skilled labour within the
a0F1SK2f RSNAQ 3INRdzLJa aKIFLAYy3a GKS NBIFE Saidlds

- To provide wider opportunities for vocational training, career counselling and
retraining/upskilling of professional builders

- To conductraining forbuilding pecialists

- To improve the reputation of the construction profession among young generations, through
closely relating it to the modern environmentally responsible lifestyles

- To raise interest in nZEB construction by using appropriate channels acrom®mdiff
audiences and personalized communication

- To illustrate and demonstrate the specifics of nZEB through interactive consoles, schemes,
graphs and individual consultations for clients

- To build a positive image of nZEB as a modern solution and as artaisié and healthier
alternative to standard construction

In order to maintain all the previous commitments, the new strategy envisaged the implementation
of tools for the creation of online events and the preparation and distributidmgi qualitymaterials
to be shared online with all interested stakeholdessch as videos, webinar, pictures, etc.
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Therefore, live events and nZEB weeks have been replaced witheodissemination events and
materials, having the advantage of informing different stakdelers and target groups about the
development of the project outputs with the assistance of communication and dissemination
instruments and tools.

In particular, the Italian team used Semrush, afratine tool suite for improving online visibility and
discovering marketing insights, the Italian team have been able to identify and address potential
promoters and interested persons in an easy way. Our tools and reports are able to reach a wide
targeted audiences and to report in detail the number of ayeh stakeholders with posts and
announcement, the reactions, the likes and data as the geographical origin, the profession or the
gender, thus saving lots of internal resources and being very precise on numbers and engagements
(Figure3).

(@ f Zephir-Passivhau... v | Audience Mentions  Pagelikes Engagement | Posts t8 Previous year

>

New post 'y v Engagement | Impressions & Reach = Clicks = Negative actions t Ex

Eng. rate People Link clicks Video views Reactions Shares Comments

2] Ogai di 10 anni fa fondavo ZEPHIR, I'l... 9% 181 ( 115 4 17

@ Dopo 10 anni di vita di ARCA - Certific.. 4.1% 37 C 22 2

p Y g
] b B
&

@@ Stiamo presentando in questo momen.. 3.3% 22 12 2 2
a2

Siamo presenti alla 25-sima Conferenz... 6.2% 29 26

Finalmente & uscito il film che vede pr... 11.1% 89 38 45 6

4 ZEPHIR's activity to counteract climat... 8% 62 17 ( 37 2

= E

;a; Grande successo per la seconda tappa 4.9% 9 1 5
0ggi prende il via il 2° NZEB Roadsho.. 4.9% 46 C 20 3 2
Sotto ai migliori auspici di un meravigl... 1.7% 62 C 21 1

Oggiinizia il nZEB Roadshow, primo c... 43% 20 ( 1 1

m Finalmente si torna a visitare i nostri c... 13.9% 184 4 ( 68 1 @ o

Figure3. Aview of the reports achievable through the use of Semrush

BULGARIA

GENERAL DESCRIPTION

" hemainidea behind theraining facilitiesn Bulgarias to engage stakeholdefi®m different working
backgrounds andarioustrade groups ando introduce them tothe nZEB concejat a straight forward
manner, using a type of building that everyone can relate to antbist widely used by the majority
of the people: a residential buildinBresenting anockupmodelof ahouse, helps deliver the message
that nZEB buildings are achievable and affordadodel can provide @etter standard of living
Moreover, it stimulates he interest in norprofessional stakeholders and makes the topic more
relatable and engagintp the general publicThus,the project idea to create nearly zero energy
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mobile hane unit to travel from oneevent or site to another, denonstrating the comfort, the
improved air quality, the various health benefits,and the low energy consumptionachieved by
employing thebasicnZEB constructioprinciples.

TheBulgarian teanmavecompleted thedesignand havepurchasedll the necessary componerdasd
are currentlymonitoring the ongoingconstructionof the Mobile Home Unit For the construction
processseveral key stages have been identified:

6. Production ofthe baseof the Mobile Home Unit

7. 1 2y &l NHzO G A 2lgadt@afinginktabtrudnyid (1 Q &

8. Construction of the building envelope: instlbn of internal and externalinsulation,
installation of energy efficienwindows,all whileensuringthe airtightnessof the unit

9. Completion of theindoor works furnishing installation of technial equipment, RE&nd
monitoring equipment

10. Production and provision of information materials for dissemination, on the topic of nZEB, in
the Mobile Home Unit

To facilitate the mobility of the unit and to reduce the cosfdransportation andto improve the

acces#ility to varioussitesa decision was made to equipe Mobile Home Unit with its own chassis.

It will therefore be possibldor the unitto be connected to a vehicle arttius could easily be
transported to any gien locatiorwithin the country and abroad-However, hisrequirementcreated

the necessityfor a stable construction thatanendure both tension and vibratiorforces and at the

sametime be lightweight. Thus,a mixedconstructionmethod was identified & the most suitable.

Seel is usedfor the chassis anthe loadbearing structure thus ensuring thdurahility, the low
GgSAIKGTI YR aSOdzZNBR O02yySOilAzya oSigAdfigonalykKS RA F-
woodenbeams and columnare usedo form the walls of the unit which in turn wibwer the overall

energy consumption and preverany constructionthermal bridges. There are several layers of

thermal insulationall over the building envelope. The airtightndssachieved through the use of

airtight membranes andtape$. K S F I cet RS g f £ & | WwiBwoddentladdinglFai SR | y R
the installationof pipes and cableis the wallsa 5cm wall gagfilled with thermalinsulation between

the airtight byer andhe wall finish is provided The roofis single pitched anid made out ofinsulated

metal panelsProject details arehown inFigure4.
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3,75m.

Figure4: First stage, the steel construction and chassis

Currently,stageoneis completeandthe chassis isegisteredwith the relevantBulgarian authorities
thus ensuring the readineder travelin April 2022. Photos of the finished stage are shown Bigure

Figure5: Steel structure and chassis



Due to many delayed deliveries caused by @wid outbreakthe next construction stagestarted

several months later than planneblonetheless, lhthe materialsand equipmentare delivered and
are currently being preparefr the start of the construction works idanuarn2022. The seconstage

is expected to be completeefore the end ofFebruaryand thefinal three stagesefore the end of
March 2022.

The concept oftte Mobile Home Uit, its simpleand affordabledesig are all intended to capture the
attention of awide range of stakeholdershe public white- and blue-collarprofessionalsthe media,
local authorities etcPreciselydr thisreason,in and around the unit there will various demonstration,
information materials such as:

1 Wide screerVdisplayingshort but captivating presentations on the main n4fBciples
Exhibts of different energy efficientonstructionproducts and connectiodetails

Live demonstrations dBlower Door testing and infrared imagiofthe unit
Measuremensofthedzy A 1 4 Q Ay Rz2artali®2 YT2 NI I+ yR
Measuremens of the electrical consumption

Mockups andnformation materials

=A =4 =4 -4 4

The general idea behind every nZEB Roadshow event is to have on onthéadnidbile Home Unit
on displayfor the publicbut on the other hand to have an exhibition ehergy efficientbuilding
materials andoroducts.

The events organized during 2021, before toenpletion of theMobile Home Unitwereall events
exhibiting building materiad and componentwith at least 7 internationabnd local companies
presenting their highest qualityproducts suitable for NZEB constructions, such as: airtightness
materials, thermal insulations and special fastensystems foreducing thermal bridge high quality
window frames and windowsyarioustypes of ventilation systemsand RES both thermal and
electrical ones.

All the exhibitionswere conductedin parallel with trainingsessionsdiscussionsand awareness
raisingpresentationsPhotos frompassedexhibitions andneeting are presentedh Figure6.
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Figure6: Events under NZEB Roadshow

TECHNICAL DESCRIPTION

The MobileHomeunit (Figure7) will be towed by truck for transportatianTravelingand positioning
the unit between different exhibitions will happen easily withoutlipe escort or other special
services. The unit itself isE® meters long 2,50 meterswide and 400 metershighandcan be parked
at sites that areaccestble to small trucks After parking the unit need to be leveled.

360Aoverview of the inside of thélobile Home Unitis availablat:

https://kuula.co/post/nl/collection/7qpGH

_nZEB Roadsho_w 11


https://kuula.co/post/n1/collection/7qpGH

Figure7: Mobile Home Unit
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1. Continuous thermal insulationdf optimal thickness)

The basic principle followed when designing the Home Mobile Unit, besides the nZEB principles is
using as light materials as possiblEhis is due to the fact that in order to beagly and
economically transported the Mobile Home Unit must weigh less than 3500hayefore when
deciding on the insulation materials, thermal conductivity and density were of high importance.
Hence the insulation used is:

1. Thermal pane! 12em
2. Sieel frame | Wooden battens Bxbem o< B0em / XPS Bem
3. Vapour retarder (air-tight)

Stainless steel flashing 4. Wooden boards finish 1,3 cm
power coated RAL '

Self-drilling sel-tapping counter
PVC Membrane / Sunk raised head high thread
Strip fastener at max. ¢ 200mm

£=

|

o

R

ANKNAVARUAVVANRATAARENANARRANRAT AR AVENAN AR AARARAN

1. Wooden cladding Zcm
2. Wooden batighs 2x3gm cic I
ventlated layer Jem
3. Wind-barrier 4
4 Wood-fibrs indulation boatd
. Wooden batiehs 8xbom cic TEPS
inzulation Bcm
6. Steel frame | Wooden battens Bxbem o
60cm | EPS ingulation Bem

Pl -} 7 Vapour reta
, 8. Wooden bater rmr=—fitrm s
woal insulation Scm

9. Wooden boards finish 1.5 cm
D02 Detail Wall-Roof
1:5

Figure8: WallRoof Detail

o

polyurethanein the insulated metal panels for the roof

EPS in the walls, woodsibre insulation board (so the outermost thermal insulation layer is
installed without battens) and soft mineral wool insulation (class A reaction to fire was
needed, since cables will be inséal there as well) in the innermost insulation cavity layer

c. XPS in the floor construction.

=3
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H s
Air-tight E
membranes on the -
wall and floor -
connected with air- -
tight tape -
g
[~

.'.‘.-".1‘51 _".:.-;._ - Ly F

1. Wooden cladding 2cm

2. Wooden battens 2x3cm c-c 60cm [
ventilated layer 3em

3. Wind-karrier

4. Wood-fibre insulation board

5. Wooden battens Bx8cm c-c 60cm [ EP
insulation 8cm

&. Steel frame / Wooden battens B8x6cm c-
B0em | EPS insulation Bem

7. Vapour retarder

B. Wooden battens Sx3cm c-c 60cm [ min
wool msulation Scm

4. Wooden boards finish 1,5 em

Az ——

- | | o0GF

- - ><CI oor
\ EiIJEGF Floor t

NARTRAVERERERARARER AR DR

3. Ait-tight membrane

4. Hygrophobkic plywood 1.8cm

5. XP5 insulation 10cm

&. Galvanised steel metal sheet 2Zmm

D07 Detail W all-Flaor
1:5

MNOTES:

1. Window and door installation details are
finalised after coordination with the supplier

2. GF Ivl.: level £0.00 m of the trailer construction
3. GF floor bottom: lelev -0.032 m. ,of which the
floor construction starts

Figure9: WallFloor Detail
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1. Thermal panel 12cm

2. Steel frame / Wooden battens BxBom c-c B0cm / XPS Bom

3. Vapour retarder (air-tight)

4_Wioden boards finish 1.5 cm

Zecson 11

355

e b ¥ 1. Wootlen cladding Zem
2 Wooden battens 2x3cm c-c 60cm /
ventilated layer 3cm
3. Wind-barrier
4. Wood-fibre insulafion board

5. Wooden battens Bxbicm c 60cm | EPS
__——insulation Bcm

6. Steel frame | Wooden battens Exfiem cc
60cm / EPS insulation 8cm

7. Vapour retarder

8. Wooden battens SxSem c-¢ 60cm | min.
wool insulation Scm

9. Wooden boards finigh 1,5 cm

1. Laminate 0.8cm
CXPSUSEm

3. Ait-tight membrane

4. Hygrophobic phywoofd 1.

5. XPS insulafion 10cn)

-3l ) -’
Figurel0. Longditudinal Section

2. High performance windows andhading

Reof { ] R - | N v;.-'nq‘!!gﬂ

i

=
5

1. Wooden cladding 2cm

2. Wooden battens 2x3cm c-c 60cm /
venflaied layerdom T
3. Winc-bamisr

4. Wood-fibre inzulation board

5. Wooden battens Ex6em c-c 60cm | EPS
ingulation Becm

6. Steel frame / Wooden battens 8xécm c-c
B0cm [ EPS insulation 8cm

7. Vapour retarder

B. Wooden battens Sx5cm c-c 60cm [ min.
wool insulation Scm

9. Wooden boards finish 1,5 cm

The triple glazing in the Mobile Home Unitisaracterizedy low-e coating and argon filling, with
an U value of 060 W/m2K.The total solar energy transmittance g=35%e PVC Alumii A Y R2 4 4 Q

frames are suitable for Passive houses anidg Q85W/m?K.

Figurell: Window sections

The lift and slide system used for the main windows, that also serves as an entraneainit,iswith

low silland allowsfull access tahe Mobile Home Unit fopeople with disabilities

nZEB Roadshow
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Figurel2: Lift & Slide Windo®ystentSections

The shading of thanit will be provided separatelyndinstalled onsite, so it can be transported in a
different vehicle and thus reduce the load of the Mobile Home Unit. The shading itself is horizontal,
consisting of woodebattens.

=
e
\

ARV BT

N N

Figurel3: Visualizatiorof the Continuous Insulation Layer and Shading Concept
3. Continuous airtight layer

The airtightness is ensuttavith the use of airtight membranes on the inside of the building envelope.

The membranes are thoroughly and secui@ynected withairtight tape All outside connections are

airtight and the passage of cables and pipes inside the Mobile Himite h g A KAy GKS WAyal
Or@grieqQ GKIG Aa 2y (GKS doyigthraddk®t. 2 F GKS T ANIAIKG €
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Figurel4: Positon of the Airtight Layer
4. Minimized thermal bridges

Thethermal bridges are avoided altogether time whole constructiorprocess Allthe steel chassis
parts are covered with 10,5 cm of XPS insulation. The metal studs of théoaaivearing frameare
covered with 8cm XPS and also wefdmbr insulation board. The steel UPE profiles are also filled with
insulation sincehey are deliberately chosen to allovior that option.

5. Mechanical ventilation with heat recovery (MVHR)

The MVHRystemis centralized with one intake and one outlet poinEesh airwill be delivered to
the intake grill by flexible flat tube and the outlet will be diredtiyoughthe ventilationunit which is
based in the bathroom. Theentilationunit hasheat recovery rate up to 90% amdnprovidean air
flow of up to 60 ni/h.
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6. Heating and coolingystems

Taking under aosidesationthe Bulgarian climate zones, the low specific heating and cooling demand
and the small living area, the size of the smallest heat pump onithe marketwill be muchbigger

than the minimum requirementsut it will be able operatenormally. Thewhole mobile home nit

will be heated and cooled kysinglewvall mountedair-conditioner. The main technical characteristics

of the airconditionerare SCOR4 W/W, SEER 5,2 W/W, heatingcapacityof 3,2 kW (range from (®

¢ 4,1 kW), andcoolingcapacityof 2,5 kW (range from 1 ¢ 3,0 kW).

7. Renewable energy sources (RES)

One photovoltaic panel will be integrated on the roofand the produced energy will be saved in
batteriesand used in low voltage circldesignedfor the lighting and other appliance3he pitched
roof provides the necessary slope for optimal positioning of the PV unit.

ADDITIONAL FEATURER SIGNIFICAN'ATNORG

Performance

The monitoring system of the mobile unit is still mestalled thus an analysef the performance of
the unit is still not applicable.

Sustainability

The wooden material usedor the frame and &cades ha aFSCcertificate, guarantesing that the
timber is not:

illegally harvested

from areas wherenvironmentaland civil fundamental rights argolated.
from forests whose basic protection values are threatenednayagement.
from the conversion of natural forests into plantations or Flonest uses.
from forests afforested with genetically modified plants.

= =4 =4 -4 =4

The usage of nenatural products is limitednly tothe necessay ones, butthesecorrespondto the
needs of constructing lightweight frame that can guarantee thease oftransportation onpublic
roads without unnecessaryglisassembly

nZEB Roadshow 18



Ehgagement/feedback

The interestof the general public is rather high even though the Mobile Home Unit is not yet
completed. All industrial partners have showed great interest in the subject and are exbdeatthe
expected results. The thoughts and comments on the subject ever sindsitinbtalks withsuppliers

and distributors of construction materials and produttave been positive and optimistic. It is a
general understanding and belief that for the national market such initiative and constrymrtigect

as the nZEB Molei Home Wit areessentialind well overdue.

Judging by the interestf the professionally involved in the subject stakeholders and the relatively
comprehensible mattetthe Mobile Home Unit will gain popularity rather fast and reap success among
the publictoo.

Lesson learned

When designing the Mobile Home Usitmeof the main challenges thate were facedwith, which

were completely new to the design tegmvere the consideration of thdéotal weight of theunit and

the use of energy efficientnaterials. The nZEB concepts aleesadywell knownand commonly

appliedin the standard construction dahe building envelope where nothing is too heavy or too wide.
Thechallengeli 2 | R2LJI GKS 02y adNHzOGARYD nfED@ueriddddpt 2 F |
them to a mobile houseare tremendous. However, by using new design solutions and highly energy
efficient construction materials there are ways d@chieve tle goal of having a nearly zero energy

mobile buildinghat alsoinducesthe feeling ofa realhouse, a reahome.

CROATIA

GENERAL DESCRIPTION

Driven by thedea to provide stakeholders a firsind experience of what functional NZEB building

aK2dzZ R 0SS Ay NBFIfAGeTZ 6AGK FAY G2 oNARy3I GKIFG SE
country, Croatian team decided to produbéobile Home Unitcalledd a | ¥das2 0 Af y I £ | 6 Ay | 2
Zdrava, Arhitektura (eng. Mobile, Efficient, Healthy, Architect(Fejurels).
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Figurel5./ NR I GALY a206AftS. 12YS ! yvAl da! %! ¢

MUZA is envisioned as an educational NZEB pavilion tailored to the needs of a wide range of
stakeholders with different background, such as genpudilic, professionals, media, etc. Except the
NZEB compatible materials, systems and technologies implemented in MUZA itself and accessible to
the visitors, additional tools have been developed and prepared to facilitate Roadshow events, such
as:

1 Interactive exhibition explaining basic NZEB principles and healthy lijrigeoretical
background, examples of materials and products, QR code redirecting to additional
literature source for eager visitors.

1 Tablets witha | %! BIM model, central cotrol unit and overview of realtime
monitoring ¢ visitors can get information about all technical details of MUZA by exploring
BIM model, they can learn how to control HVAC and other systems, they can get
AYF2NXYEFOGA2Y Fo02dzi a! %! Qa OdzZNNByld AYyR22NJ
production and hgrotermal performance of external wall.
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1 Online library of materials, systems and technologies installed in MUZAccessible
through QR code. All products are structured in gro(lpsilding envelopes elements,
HVAC, lighting, automation, interior, seity, etc.) and their technical data sheets are

joined.
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1 Window sections made of different materials and types of glazing

pINNN Bl | | | | b L
1111 AN

1 Comicbook and lrochure about the project and MUZA describing the main project
goals and how basic NZEB principles are applied on MUZA
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9 Fire behaviour of materials mockuglive demonstrations
2 |
- ’::f;' ””’

1 Security aspects avindows mockups; live demonstrations
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1 Virtual realityg live demonstrations

-

Place as many bricks with DRYFIX as possible
Time left: Tmin 44sec
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5SGFIAf & o02dzi GKSAS (22t Buiddbdogk fobgdmednd deyidhstratigns 5 St A &S
on energy efficiency ibuildingg @

TECHNICAL DESCRIPTION

MUZA needs to be transported on a flatbed truck (Figure 1) but special transportation under police
escort was not an acceptable option since it would introdadditional complications and increase

GKS GNIyaLR2NI O2aiad ¢KSNBF2NBI a! %! Q&4 SEGSNYI f
m (on flatbed truck under 4.20 m) are within the dimensions alloweddad freight

During the initial desigphase, BIM model of MUZA was developed and used for preliminary analysis
(Figure16). It helped us to discuss and solve 3D details problems in digitéloement, and to
collaborate easier with contractors and supporters from industry. It also provided flexibility in energy
variant analysis in early project phases.

nZEB Roadshow 25



Figurel6. BIM model of MUZA and example of analyzed 3D Uetai

Loadbearing structure is steel metal frame fixed to the six metal sheets which are foreseen for
removable landing gears, as shownFigurel?7. Landng gears are used for loading and unloading
MUZA from the flatbed truck.

Figurel7. Loadbearing steel structure and secondary substructure (left) and landing gear for lifting up the MUZA.
MUZA was designed and constructed freanatch respecting the main NZEB principles as follows:
8. Continuous thermal insulatior{of optimal thicknes$

Noncombustible insulation (mineral wool) is placed between lbadring metal girders and
secondary substructure, while continuity of thermal envelope is ensured by adding additional layers
of thermal insulation in wallg,00f, and floor. All characterigt layers of opaque building envelope
elements are shown iRigurel8.
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Roof

= gypsum plasterboard for acoustic celling 125 mm
- stone wool 50 mm
- stone wool 80 mm
- vapour barrier 0,15 mm
- (0SB board 22 mm
- glass wool 150 mm
= DHF board 22 mm
- ventllated alr layer 20 mm
- sheet metal 1 mm
External wall
- gypsum plasterboard (two layers) 25 mm
- glass woal 50 mm
= vapour barrler 0,15 mm
- (0SB board 22 mm
- glass wool 150 mm
- (0SB board 22 mm
- stone woal 80 mm
- weather membrane (watertlght, vapour open) 0,02 mm
- ventilated air layer 40 mm

- HPL cladding fixed on substructure with minimized thermal bridge & mm

il
-
Floor
- laminate 10 mm
- 0SB board 22 mm
- stone wool 20 mm
- vapour barrier 0,1 mm
- (0SB board 22mm
- glass wool 150 mm
- 0SB board 22 mm
- bltumen waterproofing 3 mm
- XPS 80 mm
Figurel8.a ! %! Q& 2 LJ ljdzS Sy @St 21JS IaaSyvyoftirsSa

Theeffect of thermal bridges caused by the steel loadbearing structure and secondary structure is
taken into account during Walue calculation, resulting with effectivevalue (Table 1.)

Table 1.

| Opagque building envelope elemen] Effective Uvalue [W/mK] |
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External wall 0.216
g
2
tH
Roof 0.155 ;
Floor 0.155

9. High performance windows and shading

Two sliding doors are characterized by triple glazing withdawating, argon filling and PVC profile.

[ F NBSNJ 8t ARAY3I R22NA

00 dT

=

HO®H YO KI @S al ¥FSGe

to the facts that MUZA will be publicly used drefjuently transported).

Calculated thermal transmittance for lager sliding doors,is0.83 W/niK (4= 0.6 W/n?K, Y=1.1
W/m?2K), and W= 0.97 W/mK (4= 0.7 W/n?K, U= 1.3 W/n?Y 0

respectively.

_nZEB Roadshow
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Figurel. Installation of larger sliding doors (first row) and smaller sliding doors (second row)

Large transparent elements in relation to relatively small useful floor area and indoor air volume,
potentially can lead to overhdimg periods and thermal discomfort, thus adequate shading was
foreseen Figure20):

i) window shutters on both sliding doors acting as a lateral shagishgring transport they are closed
and their primary function changes to protecting the glazing from mechanical damage caused by
external factors (rocks, birds, etc.).

i) venetian blinds on lager sliding de@rmotorized blinds can be manually controlled through central
unit, but they can be programed to start shutting down automatically at sunset.

iii) selftload bearingtextile overhang on lager sliding doarst can be easily removed and installed
when neeced.
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Figure20. Lateral shading on both sliding doors (first row); motorized blinds on larger sliding doors (second row left); textile
overhang on larger sliding doors and closed window shutters (second row right)

10. Continuaus airtight layer
Airtightness of the building envelope was achieved by applying (Figure 7):

i) vapour barrier on the OSB boaigleverlapping was properly sealed using specialized sealing tapes.

ii) all penetrations properly sealed using specialized products

iii) sliding doors installed in accordance with RAL guidelines using specialized products
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Figure21. Installation of vapoubarrier (first row); sealing of envelope penetrations (second row); installation of sliding doors
according to RAL guideline (third row)

Prior the installation of gypsum plasterboards, airtightness was tested using Blower Door method
(Figure22) to detect potential leakages and improve the quality of works. Having in mind ¢h&tin

changes per hour at 50 Pascals) diminishes with building volunsecaniidered that parametersg

(cubic meters per hour of air leakages for every square meter of envelope at 50 Pascals) is more
relevant,ie., Y2 NB NBFf AaGAO0 FANIAIKGYSaad AYRAOFG2NE F2N
testing, airtightness of M %! Q& Sy £5123 mISm?A & ]
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Figure225 SGSNXYAY Ay 3 a! %! Q& ANIGAIKGySaa o0& YSlya 2F | . f26SN
11. Mechanical ventilation with heat recovery (MVHR)

Intake of fresh air, crucial for a good indoor air quality, ialired by two units of decentralized
mechanical ventilation with heat recovery, which at the same time allows saving energy.

Figure23.5 SOSY iNI f AT SR a+xlw dzyAla. AyaidlftftSR Ay a! %l Q& SEGSNYI

12. Minimized thermalbridges

With the goal to determine which detail solution are optimal for the case of MUZA in terms of energy
efficiency, the analysis of most critical thermal bridges was perforripi(e24).
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[ AYSE NI GKSNXYI f-vailids) ayidamihimal Gurfgc® tSriiperdtures on the interior surface
(Tsi,min) were calculated for different configurations of thermal bridges, and those who give the most
favourable alues were accepted in a way that they will be realized on the construction site.

U-values of walls, roof, and floor were calculated in a way that they include the thermal bridges caused
by the steel secondary structure and substructure of the ventilateddl R S dval@eKskaderrdd to

a4 (KS 6BFFEDLI3 OBSY20GSR & |

Ly ¢XefmalA Yy SR N.
0 f AGSNI of So

£ 2

8T SR Ol T AYyLMzi LI NI YSGSNBR |Y
3 |

| a R
~ylLftearaég | LIWISYRSR G2 GKAa RS

X«
w =

I
N\

Temperature (degC)
0.0 5.0 10.0 15.0 20.0

Figure24. Example of analyzed thermal bridge cgs#oor and wall junction

In addition to the 5 basic NZEB principles presented above, which were applied during the design and
construction process of the MUZA, other elements essentietlthy and safé&NZEBbuilding were
also applied:

U Heating and cooling systems

In MUZA, taking into account the specifics of the Croatian climate, the heating and cooling needs are
met by a highly efficient ato-water reversible heat pump (heating andatimg power 5 KWCORup

to 4,93 for +A7/W35according toEN 1482k Outdoor unit is located in the niche with small sliding
doors, while indoor unit of the heat pump and its components are located in a technical room
accessible to visitors, Figure Heated or cooled indoor air is distributed by two fan coil units. One
unit is located in the suspended ceiling right above the technical réaguie25), while another unit

is located on the wall and covered by pegboard.
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Figure25. Installed airto-water heat pump and fan coil unit (first row); floor plan with position of technical systems (second
row).

U Renewable energgources (RES)

Three photovoltaic (PV) panels of total nominal power output 1.005 kWp, are installed on the roof.

Their inclination can be manually adapted in range fidw 45 (Figure26). Whenthe PVpanels are

inclined they have the same orientationasalatggé A RAy 3 R22NA® ¢KSNEFT2NBX t :
related to the position od MUZA itself on certain location.
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