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EXECUTIVE SUMMARY 
The present document, άReport on the training facilities designed and produced in the pilot countriesέ 

(Deliverable 3.2 of the NZEB Roadshow project), summarizes the activities carried out by each 

individual partner from the participating countries (Bulgaria, Croatia, Greece, Italy and Romania) 

regarding the design and construction of mobile demonstration units to support the organization and 

conduction of dedicated nZEB days around the territory of each country. The task is focused on the 

design and construction of transportable demonstration and training facilities and on the 

development of specifications for spatial planning for successful organization and conduction of the 

nZEB days.  

The report sets out full specification and details of the facilities produced during the project and the 

related design process. It is drawn up by ZEPHIR (Italy) as a leader of the related activities, using 

materials as technical drawings, reports, and pictures shared by the responsible project partners 

EnEffect (Bulgaria), Faculty of Civil Engineering at the University of Zagreb (Croatia), Hellenic Passive 

House Institute (Greece), and Cluster PRO-nZEB (Romania). Additional information regarding the 

scenarios for organization and conduction of nZEB days is available in annexes to the report άNational 

Marketing Strategies with monitoring and evaluation schemeέ, while specification and details 

regarding gamification instruments and equipment are presented in the report άGuidebook for games 

and demonstrations on energy efficiency in buildingsέ, both available at the άPublicationsέ section of 

the nZEB Roadshow website.  

 

 

 

http://www.nzebroadshow.eu/
https://www.nzebroadshow.eu/publications.html
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INTRODUCTION 
9ŀŎƘ ǇŀǊǘƴŜǊΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜƛǊ ŎŀǇŀŎƛǘƛŜǎΣ ǘƘŜ ǊŜǎǇŜŎǘƛǾŜ ŎƻǳƴǘǊȅΩǎ ǘȅǇƛŎŀƭ ŎƻƴǎǘǊǳŎǘƛƻƴ ǘǊŀŘƛǘƛƻƴǎΣ 

the type of planned events and the target audience foreseen in each event, designed, and realized 

different training facility. In the following sections, divided by country, the activities carried out within 

the WP3 are reported. The realized training facilities are described: mobile home units (MHU), 

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

line and off-line nZEB Roadshow events. 

Firstly, a general description provides an overview of the produced facilities. The selected typologies 

(MHU, trucks, mockups, games, and other staff used to train and involve people) are 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 concept and the general vision that 

guided the choice. Secondly, a technical description highlights the main features of each facility linked 

with the nZEB principles based on the Annex 1-/ƘŜŎƪƭƛǎǘ ŦƻǊ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ŜǉǳƛǇƳŜƴǘΩǎ ŘŜǎƛƎƴ ό5оΦмύΦ 

More in detail, especially in the case of Mobile Home Units and training trucks, the technical 

description presents key information related to the following elements: envelope, windows and 

shadings, HVAC systems, air tightness, (RES) energy systems and possibly heating and cooling systems. 

In addition, supplementary data and information are included as: 

¶ Significant features: performance, 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 selection; RES installation; recycle and re-use 

aspects; etc. 

¶ Engagement/feedback: obtained effects on the addressed stakeholders, reporting for 

examples comments by visitors (if there were); interest by not expected stakeholders; 

attraction of industrial (or other) partners; etc. 

¶ Lessons learned: dimensions and transport difficulties; strict country regulations; difficulty in 

finding industrial partners, materials, workforce; unexpected costs; etc. 

The present report could be a useful document for stakeholders interested in producing similar facilities, 

highlighting measures and practical methods to design, produce, install and transport equipment and facilities 

to demonstrate and train the nZEB principles. 

DESIGNED AND PRODUCED TRAINING FACILITIES 

ITALY 
ZEPHIR, the Italian partner, was involved in the support of partners engaged in the realization of 

training facilities.  

One of the main activities that involved the Italian team was the writing of the Guidelines for design 

and operation of mobile training and consultation units (D3.1). 

For the writing process several key stages have been identified: 

1. Identification of all the feasible mobile training and consultation units. 
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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.g., end-users, 

students, designers, construction workers). 

b. PRACTICAL: effortless 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. SELF-OPERATING: able to work without (external/on-site) 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, with indications on:  

a. GOALS: the result or achievement toward which unit is directed 

b. ACTIVITIES: actions, games, potential activities to be carried out with the help of the 

unit or within it (e.g., real time demonstrations; video showing; etc.) 

c. ATTENDANTS/VISITORS: interested and involved stakeholders. 

4. Technical description of each mobile training and consultation unit: size and weight; country 

regulations and requirements, components, 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 Checklist (Figure 1) ŦƻǊ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ŜǉǳƛǇƳŜƴǘΩǎ ŘŜǎƛƎƴ ό!ƴƴŜȄ м ǘƻ ǘƘŜ 

D3.1 Report) to help partners in the design and production of the respective mobile training 

and consultation units, as well as in the report of the ongoing activities, with indication of the 

following main data: 

a. TYPE OF EQUIPMENT 

b. MOBILITY and TRANSPORTATION 

c. SIZE and WEIGHT 

d. PROJECT 

e. STRUCTURE 

f. ENVELOPE 

g. HVAC 

h. SECURITY SYSTEMS 

i. LIGHTING 

j. RES 

k. INTERNAL GAINS 

l. MONITORING/MEASURING EQUIPMENT 

m. IN SITU EQUIPMENT  

n. CONNECTIONS (need of external) 

o. SPECIFIC FEATURES  

p. STAFF 

q. STAKEHOLDERS/END-USERS 

r. OBSERVED DIFFICULTIES 
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Figure 1. D3.1: Annex 1 - Checklist for design of demonstration equipment consultation units. 

An other considerable activity conducted by the Italian team during the first months of the nZEB 

Roadshow project was to made available its know-how relating to the realization of Mobile Home 

Unit, mock-ups, equipped walls, etc. by organizing meeting (Figure 2), making available technical 

drawings, showing pictures and sharing experiencing difficulties both economic, as having to stay 

within the budget, and technical, as the unavailability of materials and equipment or transportation 

issues (ex: landing gears). 
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The last activity that involved the Italian team is the collection and the organization of all the data, 

reports, images, pictures, and information received by partners to the present final report writing 

(D3.2). 

 

Figure 2. CƛƎǳǊŜ лΥ 5ŜǎƛƎƴŜǊΩǎ ƳŜŜǘƛƴƎ όмрΦлмΦнмύ. 

Due to the serious pandemic situation 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 respect the nZEB 

Roadshow project main goals, namely: 

- To increase the understanding of the benefits of nZEB and skilled labour within the 

ǎǘŀƪŜƘƻƭŘŜǊǎΩ ƎǊƻǳǇǎ ǎƘŀǇƛƴƎ ǘƘŜ ǊŜŀƭ ŜǎǘŀǘŜ ƳŀǊƪŜǘ. 

- To provide wider opportunities for vocational training, career counselling and 

retraining/upskilling of professional builders. 

- To conduct training for building specialists. 

- 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 across different 

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 a comfortable 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 distribution of high quality materials 

to be shared online with all interested stakeholders, such as videos, webinar, pictures, etc. 
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Therefore, live events and nZEB weeks have been replaced with on-line dissemination events and 

materials, having the advantage of informing different stakeholders 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, an all-in-one 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 engaged 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 

(Figure 3). 

 

Figure 3. A view of the reports achievable through the use of Semrush. 

BULGARIA 

GENERAL DESCRIPTION  
h́e main idea behind the training facilities in Bulgaria is to engage stakeholders from different working 

backgrounds and various trade groups and to introduce them to the nZEB concept in a straight forward 

manner, using a type of building that everyone can relate to and is most widely used by the majority 

of the people: a residential building. Presenting a mockup model of a house, helps deliver the message 

that nZEB buildings are achievable and affordable and can provide a better standard of living. 

Moreover, it stimulates the interest in non-professional stakeholders and makes the topic more 

relatable and engaging to the general public. Thus, the project idea to create a nearly zero energy 
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mobile home unit to travel from one event or site to another, demonstrating the comfort, the 

improved air quality, the various health benefits, and the low energy consumption, achieved by 

employing the basic nZEB construction principles. 

The Bulgarian team have completed the design and have purchased all the necessary components and 

are currently monitoring the ongoing construction of the Mobile Home Unit. For the construction 

process several key stages have been identified: 

6. Production of the base of the Mobile Home Unit 

7. /ƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ǘƘŜ ǳƴƛǘΩǎ load-bearing metal structure 

8. Construction of the building envelope: installation of internal and external insulation, 

installation of energy efficient windows, all while ensuring the airtightness of the unit 

9. Completion of the indoor works: furnishing, installation of technical equipment, RES and 

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 costs of transportation and to improve the 

accessibility to various sites a decision was made to equip the Mobile Home Unit with its own chassis. 

It will therefore be possible for the unit to be connected to a vehicle and thus could easily be 

transported to any given location within the country and abroad. However, this requirement created 

the necessity for a stable construction that can endure both tension and vibration forces, and at the 

same time be lightweight. Thus, a mixed construction method was identified as the most suitable. 

Steel is used for the chassis and the load-bearing structure thus ensuring the durability, the low 

ǿŜƛƎƘǘΣ ŀƴŘ ǎŜŎǳǊŜŘ ŎƻƴƴŜŎǘƛƻƴǎ ōŜǘǿŜŜƴ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ŜƭŜƳŜƴǘǎ ƻŦ ǘƘŜ ǳƴƛǘΩǎ ǎƪŜƭŜǘƻƴΦ Additionally 

wooden beams and columns are used to form the walls of the unit which in turn will lower the overall 

energy consumption and prevent any construction thermal bridges. There are several layers of 

thermal insulation all over the building envelope. The airtightness is achieved through the use of 

airtight membranes and tapes. ¢ƘŜ ŦŀœŀŘŜ ǿŀƭƭǎ ŀǊŜ ǾŜƴǘƛƭŀǘŜŘ ŀƴŘ ŦƛƴƛǎƘŜŘ with wooden cladding. For 

the installation of pipes and cables in the walls a 5cm wall gap, filled with thermal insulation between 

the airtight layer and the wall finish, is provided. The roof is single pitched and is made out of insulated 

metal panels. Project details are shown in Figure 4.  
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Figure 4: First stage, the steel construction and chassis. 

Currently, stage one is complete, and the chassis is registered with the relevant Bulgarian authorities 

thus ensuring the readiness for travel in April 2022. Photos of the finished stage are shown on Figure 

5.  

   

Figure 5: Steel structure and chassis. 
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Due to many delayed deliveries caused by the Covid outbreak the next construction stages started 

several months later than planned. Nonetheless, all the materials and equipment are delivered and 

are currently being prepared for the start of the construction works in January 2022. The second stage 

is expected to be complete before the end of February and the final three stages before the end of 

March 2022.  

The concept of the Mobile Home Unit, its simple and affordable design are all intended to capture the 

attention of a wide range of stakeholders: the public, white- and blue-collar professionals, the media, 

local authorities etc. Precisely for this reason, in and around the unit there will various demonstration, 

information materials such as: 

¶ Wide screen TV displaying short but captivating presentations on the main nZEB principles 

¶ Exhibits of different energy efficient construction products and connection details 

¶ Live demonstrations of Blower Door testing and infrared imaging of the unit 

¶ Measurements of the ǳƴƛǘǎΩ ƛƴŘƻƻǊ ŎƻƳŦƻǊǘ ŀƴŘ air quality 

¶ Measurements of the electrical consumption 

¶ Mockups and information materials 

The general idea behind every nZEB Roadshow event is to have on one hand the Mobile Home Unit 

on display for the public but on the other hand to have an exhibition of energy efficient building 

materials and products.  

The events organized during 2021, before the completion of the Mobile Home Unit, were all events 

exhibiting building materials and components with at least 7 international and local companies 

presenting their highest quality products suitable for NZEB constructions, such as: airtightness 

materials, thermal insulations and special fasteners, systems for reducing thermal bridges, high quality 

window frames and windows, various types of ventilation systems and RES ς both thermal and 

electrical ones.  

All the exhibitions were conducted in parallel with trainings sessions, discussions, and awareness-

raising presentations. Photos from passed exhibitions and meeting are presented in Figure 6. 
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Figure 6: Events under NZEB Roadshow. 

TECHNICAL DESCRIPTION 
The Mobile Home unit (Figure 7) will be towed by truck for transportation. Traveling and positioning 

the unit between different exhibitions will happen easily without police escort or other special 

services. The unit itself is 5,50 meters long, 2,50 meters wide and 4,00 meters high and can be parked 

at sites that are accessible to small trucks. After parking the unit need to be leveled. 

360Á overview of the inside of the Mobile Home Unit is available at: 

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

https://kuula.co/post/n1/collection/7qpGH
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Figure 7: Mobile Home Unit. 
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1. Continuous thermal insulation (of optimal thickness) 

The basic principle followed when designing the Home Mobile Unit, besides the nZEB principles is 

using as light materials as possible. This is due to the fact that in order to be easily and 

economically transported the Mobile Home Unit must weigh less than 3500 kg. Therefore when 

deciding on the insulation materials, thermal conductivity and density were of high importance. 

Hence the insulation used is: 

a. polyurethane in the insulated metal panels for the roof. 

b. EPS in the walls, wooden-fibre 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 installed there as well) in the innermost insulation cavity layer. 

c. XPS in the floor construction.  

Figure 8: Wall-Roof Detail 
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 Figure 9: Wall-Floor Detail 
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2. High performance windows and shading 

The triple glazing in the Mobile Home Unit is characterized by low-e coating and argon filling, with 

an Ug value of 0,60 W/m2K. The total solar energy transmittance g=35%. The PVC Alumil ǿƛƴŘƻǿǎΩ 

frames are suitable for Passive houses and Uf is 0,85W/m2K. 

 

Figure 11: Window sections. 

The lift and slide system used for the main windows, that also serves as an entrance to the unit, is with 

low sill and allows full access to the Mobile Home Unit for people with disabilities. 

Figure 10. Longditudinal Section 
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Figure 12: Lift & Slide Window System Sections. 

The shading of the unit will be provided separately, and installed on-site, 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 wooden battens. 

 

Figure 13: Visualization of the Continuous Insulation Layer and Shading Concept. 

3. Continuous airtight layer 

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

The membranes are thoroughly and securely connected with airtight tape. All outside connections are 

airtight and the passage of cables and pipes inside the Mobile Home Unit ͊ ͔ͪ ǿƛǘƘƛƴ ǘƘŜ Ψƛƴǎǘŀƭƭŀǘƛƻƴ 

ŎŀǾƛǘȅΩ ǘƘŀǘ ƛǎ ƻƴ ǘƘŜ ƛƴǎƛŘŜ ƻŦ ǘƘŜ ŀƛǊǘƛƎƘǘ ƭŀȅŜǊ ŀƴŘ ǘƘǳǎ do not break it. 
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4. Minimized thermal bridges 

The thermal bridges are avoided altogether in the whole construction process. All the steel chassis 

parts are covered with 10,5 cm of XPS insulation. The metal studs of the main load-bearing frame are 

covered with 8cm XPS and also wood-fiber insulation boards. The steel UPE profiles are also filled with 

insulation since they are deliberately chosen to allow for that option.  

5. Mechanical ventilation with heat recovery (MVHR) 

The MVHR system is centralized with one intake and one outlet points. Fresh air will be delivered to 

the intake grill by flexible flat tube and the outlet will be directly through the ventilation unit which is 

based in the bathroom. The ventilation unit has heat recovery rate up to 90% and can provide an air 

flow of up to 60 m3/h. 

  

Figure 14: Position of the Airtight Layer. 
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6. Heating and cooling systems 

Taking under consideration the Bulgarian climate zones, the low specific heating and cooling demand 

and the small living area, the size of the smallest heat pump units on the market will be much bigger 

than the minimum requirements, but it will be able operate normally. The whole mobile home unit 

will be heated and cooled by a single wall mounted air-conditioner. The main technical characteristics 

of the air-conditioner are SCOP = 4 W/W, SEER = 5,2 W/W, heating capacity of 3,2 kW (range from 0,9 

ς 4,1 kW), and cooling capacity of 2,5 kW (range from 1,1 ς 3,0 kW). 

7. Renewable energy sources (RES) 

One photovoltaic panel will be integrated on the roof and the produced energy will be saved in 

batteries and used in low voltage circle designed for the lighting and other appliances. The pitched 

roof provides the necessary slope for optimal positioning of the PV unit. 

ADDITIONAL FEATURES/OTHER SIGNIFICANT INDICATORS 

Performance 
The monitoring system of the mobile unit is still not installed thus an analysis of the performance of 

the unit is still not applicable.  

Sustainability 
The wooden material used for the frame and facades has a FSC certificate, guaranteeing that the 

timber is not:  

¶ illegally harvested. 

¶ from areas where environmental and civil fundamental rights are violated. 

¶ from forests whose basic protection values are threatened by management. 

¶ from the conversion of natural forests into plantations or non-forest uses. 

¶ from forests afforested with genetically modified plants. 

The usage of non-natural products is limited only to the necessary ones, but these correspond to the 

needs of constructing a lightweight frame that can guarantee the ease of transportation on public 

roads without unnecessary disassembly. 
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Engagement/feedback 
The interest of 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 excited about the 

expected results. The thoughts and comments on the subject ever since the initial talks with suppliers 

and distributors of construction materials and products have been positive and optimistic. It is a 

general understanding and belief that for the national market such initiative and construction project 

as the nZEB Mobile Home Unit are essential and well overdue.  

Judging by the interest of the professionally involved in the subject stakeholders and the relatively 

comprehensible matter, the Mobile Home Unit will gain popularity rather fast and reap success among 

the public too. 

Lesson learned 
When designing the Mobile Home Unit some of the main challenges that we were faced with, which 

were completely new to the design team, were the consideration of the total weight of the unit and 

the use of energy efficient materials. The nZEB concepts are already well known and commonly 

applied in the standard construction of the building envelope where nothing is too heavy or too wide. 

The challenges ǘƻ ŀŘƻǇǘ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ǘŜŎƘƴƛǉǳŜǎ ƻŦ ŀ ǎǘŀƴŘŀǊŘ Ψƴƻƴ-ƳƻǾƛƴƎΩ nZEB house and adapt 

them to a mobile house are tremendous. However, by using new design solutions and highly energy 

efficient construction materials there are ways to achieve the goal of having a nearly zero energy 

mobile building that also induces the feeling of a real house, a real home. 

CROATIA 

GENERAL DESCRIPTION  
Driven by the idea to provide stakeholders a first-hand experience of what functional NZEB building 

ǎƘƻǳƭŘ ōŜ ƛƴ ǊŜŀƭƛǘȅΣ ǿƛǘƘ ŀƛƳ ǘƻ ōǊƛƴƎ ǘƘŀǘ ŜȄǇŜǊƛŜƴŎŜ ŀǘ ǘƘŜ ǇŜƻǇƭŜǎΩ ŘƻƻǊǎǘŜǇ ŀŎǊƻǎǎ ǘƘŜ ǿƘƻƭŜ 

country, Croatian team decided to produce Mobile Home Unit called άa¦½!έ ς aƻōƛƭƴŀΣ ¦őƛƴƪƻǾƛǘŀΣ 

Zdrava, Arhitektura (eng. Mobile, Efficient, Healthy, Architecture) (Figure 15). 
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Figure 15. /Ǌƻŀǘƛŀƴ aƻōƛƭŜ IƻƳŜ ¦ƴƛǘ άa¦½!έ. 

MUZA is envisioned as an educational NZEB pavilion tailored to the needs of a wide range of 

stakeholders with different background, such as general public, 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: 

¶ Interactive exhibition explaining basic NZEB principles and healthy living ς theoretical 

background, examples of materials and products, QR code redirecting to additional 

literature source for eager visitors. 

   

¶ Tablets with a¦½!Ωǎ BIM model, central control unit and overview of real-time 

monitoring ς 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 

ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ a¦½!Ωǎ ŎǳǊǊŜƴǘ ƛƴŘƻƻǊ ŀƛǊ ǉǳŀƭƛǘȅΣ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴΣ ŜƴŜǊƎȅ 

production and hygrotermal performance of external wall. 
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¶ Online library of materials, systems and technologies installed in MUZA ς accessible 

through QR code. All products are structured in groups (building envelopes elements, 

HVAC, lighting, automation, interior, security, etc.) and their technical data sheets are 

joined. 

 

¶ Blower Door testing and infrared imaging ς live demonstrations 
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¶ Airtightness mockups ς live demonstrations 

  

¶ Window sections made of different materials and types of glazing 

  

¶ Comic book and brochure about the project and MUZA ς describing the main project 

goals and how basic NZEB principles are applied on MUZA 



23 
 

  

¶ Soundproof box ς live demonstrations 

  

¶ Fire behaviour of materials mockup ς live demonstrations 

  

¶ Security aspects of windows mockups ς live demonstrations 
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¶ Augmented reality ς live demonstrations 

  
 

¶ Virtual realityς live demonstrations 

  
¶ Condetti Creative System - live demonstrations 
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5Ŝǘŀƛƭǎ ŀōƻǳǘ ǘƘŜǎŜ ǘƻƻƭǎ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ 5ŜƭƛǾŜǊŀōƭŜ 5пΦм άGuidebook for games and demonstrations 

on energy efficiency in buildingsέΦ 

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 introduce additional complications and increase 

ǘƘŜ ǘǊŀƴǎǇƻǊǘ ŎƻǎǘǎΦ ¢ƘŜǊŜŦƻǊŜΣ a¦½!Ωǎ ŜȄǘŜǊƴŀƭ ŦƭƻƻǊ Ǉƭŀƴ ŘƛƳŜƴǎƛƻƴǎ фΦлл Ҏ оΦлл Ƴ ŀƴŘ ƘŜƛƎƘǘ оΦнр 

m (on flatbed truck under 4.20 m) are within the dimensions allowed for road freight. 

During the initial design phase, BIM model of MUZA was developed and used for preliminary analysis 

(Figure 16). It helped us to discuss and solve 3D details problems in digital environment, and to 

collaborate easier with contractors and supporters from industry. It also provided flexibility in energy 

variant analysis in early project phases. 
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Figure 16. BIM model of MUZA and example of analyzed 3D detail. 

Loadbearing structure is steel metal frame fixed to the six metal sheets which are foreseen for 

removable landing gears, as shown in Figure 17. Landing gears are used for loading and unloading 

MUZA from the flatbed truck. 

  

Figure 17. Loadbearing steel structure and secondary substructure (left) and landing gear for lifting up the MUZA. 

MUZA was designed and constructed from scratch respecting the main NZEB principles as follows: 

8. Continuous thermal insulation (of optimal thickness) 

Non-combustible insulation (mineral wool) is placed between load-bearing metal girders and 

secondary substructure, while continuity of thermal envelope is ensured by adding additional layers 

of thermal insulation in walls, roof, and floor. All characteristic layers of opaque building envelope 

elements are shown in Figure 18. 
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Figure 18. a¦½!Ωǎ ƻǇŀǉǳŜ ŜƴǾŜƭƻǇŜ ŀǎǎŜƳōƭƛŜǎ. 

The effect of thermal bridges caused by the steel loadbearing structure and secondary structure is 

taken into account during U-value calculation, resulting with effective U-value (Table 1.) 

Table 1. 

Opaque building envelope element Effective U-value [W/m2K]  
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External wall 0.216 

 

Roof 0.155 

 

Floor 0.155 

 
 

9. High performance windows and shading 

Two sliding doors are characterized by triple glazing with low-e coating, argon filling and PVC profile. 

[ŀǊƎŜǊ ǎƭƛŘƛƴƎ ŘƻƻǊǎ όоΦт Ҏ нΦн Ƴύ ƘŀǾŜ ǎŀŦŜǘȅ ŜȄǘŜǊƴŀƭ ŀƴŘ ƛƴǘŜǊƴŀƭ ƎƭŀȊƛƴƎ όǇǊŜŎŀǳǘƛƻƴ ƳŜŀǎǳǊŜǎ ŘǳŜ 

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

Calculated thermal transmittance for lager sliding doors is Uw = 0.83 W/m2K (Ug = 0.6 W/m2K, Uf = 1.1 

W/m2K), and Uw = 0.97 W/m2K (Ug = 0.7 W/m2K, Uf = 1.3 W/m2Yύ ŦƻǊ ǎƳŀƭƭŜǊ ǎƭƛŘƛƴƎ ŘƻƻǊǎ όнΦо ҎнΦн ƳύΣ 

respectively. 
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Figure 19. 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 overheating periods and thermal discomfort, thus adequate shading was 

foreseen (Figure 20): 

i) window shutters on both sliding doors acting as a lateral shading ς during transport they are closed 

and their primary function changes to protecting the glazing from mechanical damage caused by 

external factors (rocks, birds, etc.). 

ii) venetian blinds on lager sliding doors ς motorized blinds can be manually controlled through central 

unit, but they can be programed to start shutting down automatically at sunset. 

iii) self-load bearing textile overhang on lager sliding doors ς it can be easily removed and installed 

when needed. 
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Figure 20. 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. Continuous airtight layer 

Airtightness of the building envelope was achieved by applying (Figure 7): 

i) vapour barrier on the OSB boards ς overlapping 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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Figure 21. Installation of vapour barrier (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 

(Figure 22) to detect potential leakages and improve the quality of works. Having in mind that n50 (air 

changes per hour at 50 Pascals) diminishes with building volume, it is considered that parameter q50 

(cubic meters per hour of air leakages for every square meter of envelope at 50 Pascals) is more 

relevant, i.e., ƳƻǊŜ ǊŜŀƭƛǎǘƛŎ ŀƛǊǘƛƎƘǘƴŜǎǎ ƛƴŘƛŎŀǘƻǊΣ ŦƻǊ a¦½!Ωǎ ǎƳŀƭƭ ǾƻƭǳƳŜΦ .ŀǎŜŘ ƻƴ .ƭƻǿŜǊ 5ƻƻǊ 

testing, airtightness of M¦½!Ωǎ ŜƴǾŜƭƻǇŜ ƛǎ ǉ50 = 1.25 m3/hϊm2. 
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Figure 22. 5ŜǘŜǊƳƛƴƛƴƎ a¦½!Ωǎ ŀƛǊǘƛƎƘǘƴŜǎǎ ōȅ ƳŜŀƴǎ ƻŦ ŀ .ƭƻǿŜǊ 5ƻƻǊ ǘŜǎǘ. 

11. Mechanical ventilation with heat recovery (MVHR) 

Intake of fresh air, crucial for a good indoor air quality, is realized by two units of decentralized 

mechanical ventilation with heat recovery, which at the same time allows saving energy.  

  

 
Figure 23. 5ŜŎŜƴǘǊŀƭƛȊŜŘ a±Iw ǳƴƛǘǎ ƛƴǎǘŀƭƭŜŘ ƛƴ a¦½!Ωǎ ŜȄǘŜǊƴŀƭ ǿŀƭƭ. 

12. Minimized thermal bridges 

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 performed (Figure 24).  
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[ƛƴŜŀǊ ǘƘŜǊƳŀƭ ǘǊŀƴǎƳƛǘǘŀƴŎŜǎ όʌ-values) and minimal surface temperatures on the interior surface 

(Tsi,min) were calculated for different configurations of thermal bridges, and those who give the most 

favourable values 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 ventilated fŀœŀŘŜΦ ¢Ƙƛǎ ¦-value is referred to 

ŀǎ ǘƘŜ ά9ŦŦŜŎǘƛǾŜ ¦-ǾŀƭǳŜέΣ ŘŜƴƻǘŜŘ ŀǎ ¦eff. 

!ƴŀƭȅȊŜŘ ŎŀǎŜǎΣ ƛƴǇǳǘ ǇŀǊŀƳŜǘŜǊǎ ŀƴŘ ƻōǘŀƛƴŜŘ ǊŜǎǳƭǘǎ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ ŘƻŎǳƳŜƴǘ ά²tо ς Thermal 

ōǊƛŘƎŜ ŀƴŀƭȅǎƛǎέ ŀǇǇŜƴŘŜŘ ǘƻ ǘƘƛǎ ŘŜƭƛǾŜǊŀōƭŜΦ 

 

 

 

Figure 24. Example of analyzed thermal bridge case ς door 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 essential to healthy and safe NZEB building were 

also applied: 

ü 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 air-to-water reversible heat pump (heating and cooling power 5 kW, COP up 

to 4,93 for +A7/W35 according to EN 14825). 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 11. Heated or cooled indoor air is distributed by two fan coil units. One 

unit is located in the suspended ceiling right above the technical room (Figure 25), while another unit 

is located on the wall and covered by pegboard. 
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Figure 25. Installed air-to-water heat pump and fan coil unit (first row); floor plan with position of technical systems (second 
row). 

ü Renewable energy sources (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 from 15 ς 45 (Figure 26). When the PV panels are 

inclined, they have the same orientation as a large ǎƭƛŘƛƴƎ ŘƻƻǊǎΦ ¢ƘŜǊŜŦƻǊŜΣ t±Ωǎ ƻǊƛŜƴǘŀǘƛƻƴ ƛǎ ŀŎǘǳŀƭƭȅ 

related to the position od MUZA itself on certain location. 

  








































