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ST ð 001 
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Electrical and Photovoltaic 

Design Approval 

Electrical and Photovoltaic 

drawings and calculations signed 

and stamped by a qualified 
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components 
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corresponding specifications 
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7,4 Batteries Drawing(s) showing the location(s) 
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PV ð 005 
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7,6 Thermal Energy Storage Drawing(s) showing the location of 

thermal energy storage 

components and corresponding 

specifications 

To be determined 

7,7 Desiccant Systems 
Drawing(s) describing the 

operation of the desiccant system 

and corresponding specifications 

To be determined 

7,8 Humidification systems Specifications for humidification 

systems and corresponding 

certifications of the different 

elements 

To be determined 

8,1 Containers locations Drawing(s) showing the location of 

all the water tanks 
To be determined 

8,2 Water Delivery Drawing(s) showing the fill 

location(s), quantity of water 

requested at each fill location, 

tank dimensions, diameter of 

opening(s) and clearance above 

the tank(s) 

To be determined 

8,3 Water Removal 
Drawing(s) showing the quantity of 

water to be removed from each fill 

location, tank dimensions, 

diameter of opening(s) and 

clearance above the tank(s) 

To be determined 

8,5 Grey water reuse Specifications for grey water reuse 

systems 
To be determined 

8,6 Rainwater Collection Drawing(s) showing the layout and 

operation of rainwater collection 

systems 

To be determined 

8,8 Thermal Mass Drawing(s) showing the locations 

of water-based thermal mass 

systems and corresponding 

specifications 

ME - 201  

ME - 211 

ME - 221 

8,9 Grey Water Heat Recovery Specifications for grey water heat 

recovery systems. 
To be determined 
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9,1 Placement Drawing(s) showing the location of 

all vegetation and, if applicable, 

the movement of vegetation 

designed as part of an integrated 

mobile system 

AR ð 011 

AR ð 021 

AR ð 201, 202, 

211, 212 

9,2 Watering Restrictions Drawings showing the layout and 

operation of grey water irrigation 

systems 

To be determined 

10,2 SDE Sensorsõ Location and 

wire routing 

Drawing(s) showing the location of 

bi-directional meters, metering 

box, sensors, cables and feed-

through to pass the 

instrumentation wires from the 

interior to the exterior of the 

house 

To be determined 

11,2 Use of the Solar Decathlon 

Europe Logo 
Drawing(s) showing the 

dimensions, materials, artwork, 

and content of all communications 

materials, including signage 

PM 5.7.4 

11,3 Teamsõ sponsors & Supporting 

Institutions 
Drawing(s) showing the 

dimensions, materials, artwork, 

and content of all communications 

materials, including signage 

PM 5.7.6. 

PM 5.7.5.2. 

 

11,4 Team Uniforms Drawing(s) showing the artwork, 

content and design of the team 

uniform 

PM 5.7.4. 

12,4 Public Tour 
Drawing(s) showing the public tour 

route, indicating the dimensions of 

any difficult point, complying with 

the accessibility requirements 

PM 5.7.3. 

PT ð 001 

PT - 101 

20,0 Contest 6: Drying Method Drawing(s) showing the clothes 

drying method and the place 

where the clothes wire will be 

dried 

AR - 021 
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20,0 Contest 6: House Functioning Appliances and corresponding 

technical specifications 

(Appliances and Home Electronics 

Equipment specifications and user 

Manuals, Rule 49.1) 

PM ð 5.3.4 

36,5 Photovoltaic systems design 

Specifications of PV generators, 

inverters, wiring, cables, 

protections, earthing systems, 

interface with the electricity 

distribution network. 

PM ð 5.2.5. 

PD   

PV ð 001,  

PV ð 002 

PV ð 031 

36,5 Photovoltaic systems design Invertersõ certificates PM 12 

36,5 Photovoltaic systems design Maintenance plan for PV 

generators, supporting structure, 

inverters, wiring, cables, 

protections, circuit breakers in 

case of fire and earthing system. 

Fire protection systems for PV DC 

wiring 

PM ð 5.2.5. 

          5.3. 

 

36,5 Photovoltaic systems design The corresponding table òdesign 

summaryó must be filled out 
To be determined 

51,3 Fire Safety Specifications for Fire Reaction of 

Constructive elements, 

extinguishers and fire resistance 

of the houseõs structure 

FP - 001 

51,3 Fire Safety Drawings showing compliance 

with the evacuation of occupantsõ 

requirements and fire 

extinguishers location 

FP - 001 

51,4 Safety against falls 
Specifications of compliance with 

the slipperiness degree classes of 

floors included in House tour 

To be determined 
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51,4 Safety against falls 
Drawing(s) showing compliance 

with conditions for uneven 

flooring, floors with different level, 

Restricted Areas stairs, Public 

Areas Staircases, Restricted Areas 

Ramps and Public Areas Ramps 

PT ð 001 

PT ð 101 

AR ð 003 

AR - 021 

51,4 Safety for avoiding trapping 

and impact risk 

Drawing(s) showing compliance 

with conditions for avoiding 

trapping and impact risk 

To be determined 

51,4 Safety against the risk of 

inadequate lighting 

Specifications for level of 

illumination of house tour areas 

light fittings 

To be determined 

51,5 Accessibility 

Interior and exterior plans showing 

the entire accessible tour route 

AR ð 003 

PT ð 001 

PT ð 101 

51,6 Structural Safety Specifications for the use of dead 

loads, live loads, safety factors 

and load combinations in the 

structural calculations 

PM ð 13.3 

51,7 Electrical and PV Systems 
Complete the òElectrical System 

Design PV Chart and Checklistó 

Rule 48 

PM 12 

51,7 Electrical and PV Systems Specifications of the wiring, 

channels, panels and protections 

of the electrical installation 

PM ð 5.3.5 

PD - PV  

51,7 Electrical and PV Systems One-line electrical diagram and 

drawings showing the grounding, 

execution and paths 

PD ð PV 

EL 
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5  CONTEST SUPPORT DOCUMENTS 

5.1  Urban Design, Transportation and Affordability Report 

5.1.1  Urban Design Strategy 

Croatiaõs rather diverse geographic and cultural context implies a simple and adaptable strategy of 

urban planning. Though comparatively small, the country spreads through several biomes and 

climate zones and covers a historically, demographically and economically diverse space. The 

history of this space contains different types of settlements - from campestral and rural to highly 

urban and industrial. 

In order to respond to such a multifarious context, one must approach urban planning with a simple, 

adaptable and modular concept ð one which is inherent to the Membrainõs main principles. In form 

of a single detached unit, an assembly of units, a matrix or a complex structure, our house can 

meet a large variety of demands and issues found in Croatiaõs historically and geographically 

perplexed space. 

5.1.1.1  Geography and climate  

Croatia is located in Central and Southeast Europe - it lies mostly between latitudes 42Á and 47Á 

N and longitudes 13Á and 20Á E. The territory covers 56,594 square kilometres, consisting of 

56,414 square kilometres of land and 128 square kilometres of water. 

The climate is moderately warm and rainy - mean monthly temperature ranges between Ĭ3 ÁC (27 

ÁF) (in January) and 18 ÁC (64 ÁF) (in July). The coldest parts of the country are Lika and Gorski 

Kotar where snowy forested climate is found at elevations above 1,200 metres. The warmest areas 

of Croatia are at the Adriatic coast. Mean annual precipitation ranges between 600 millimetres and 

3,500 millimetres. Prevailing winds in the interior are light to moderate northeast or southwest, 

and in the coastal area prevailing winds are determined by local area features. Higher wind 

velocities are more often recorded in cooler months along the coast, generally as bura or less 

frequently as sirocco. The sunniest parts of the country are the outer islands, Hvar and KorĽula, 

where more than 2700 hours of sunshine are recorded per year, followed by the southern Adriatic 

Sea area in general, northern Adriatic coast, and Slavonia, all with more than 2000 hours of 

sunshine per year. 
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Figure 1 - Map of Croatia with average annual irradiation on horizontal plane with total solar radiation (source: Energy 

institute Hrvoje PoĤar)  

 

Figure 2 - Map of Croatia with mean annual absolute duration of sunshine in hours (source: Meteorological and 

hydrological service of Croatia) 

5.1.1.2  Demographic analysis 

The population density of Croatia is 75.8 inhabitants per square kilometer, and the overall life 

expectancy in Croatia at birth is 75.7 years. The known demographic record shows that the 

population rose steadily (with the exception of censuses taken following the two world wars) from 

2.1 million in 1857 until 1991, when it peaked at 4.7 million. Since 1991, Croatia's death rate has 

continuously exceeded its birth rate; the natural growth rate of the population is currently negative. 

Croatia is currently in the fourth or fifth stage of the demographic transition. In terms of age 

structure, the population is dominated by the 15ð64 year old segment. The median age of the 

population is 41.4, and the gender ratio of the total population is 0.93 males per 1 female. 
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Figure 3 - Map of Croatia with mean annual absolute duration of sunshine in hours (source: Wikipedia) 

 

Figure 4 - Croatian population pyramid 2009 (source: Croatian Bureau of Statistics 2010 Yearbook data)  

Considering the low population density of the most part of the Croatian territory, our Membrain 

concept can be applied as a low-cost and highly prefabricated solution to the needed commercial, 

agricultural, educational and infrastructural facilities. It can easily be fabricated (using local 

materials and production means), transported (modular elements), assembled and disassembled 

(user-friendly technology) and adjusted to function as a local school classroom, a small store or 

infrastructural facility. 

In more densely populated areas, the Membrain unit can be multiplied and adapted to form larger 

and more complex structures, and respond to the issues of larger urban areas. A number of these 

issues are to be found in the urban fabric of Zagreb - our capital city, and the parent-town of our 

University. 

5.1.1.3  Zagreb ð a brief history of the urban context 

The urban development of Zagreb through the centuries can be traced in its stratified relation with 

the Sava River. The original city, consisting of two centers, had no ambition to involve the frequently 

flooding river in its plan. It claimed its position high above the tides, on the sunny southern slopes 

of the Medvednica Mountain. 

With the arrival of industrialization and the railway the city gradually descended from its high 

position and formed a grid of enclosed housing blocks, common for mid-European cities. This plan 
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generated a large set of park-surrounded public spaces called the òGreen Horseshoeó (Zelena 

potkova), for its enclosing shape. The river was still far away, while the railway - with its 

complementary functions - created problems with further expansion which are present today, in the 

form of unarticulated and often derelict spaces. 

The rise of modern architecture sparked a new wave of large urban projects, mostly for the purpose 

of housing a growing population. These large scale urban types started a conflict with the semi-

rural smaller scale housing types developed previously in the Trnje neighborhood. With the 

construction of its embankment, Sava was dealt with. The next stages of urban planning (New 

Zagreb) skipped the river and its wide new embankment, creating another, detached city ð just 

across Sava. 

The newest large-scale urban plan for Zagreb considers the river as a much more valuable resource. 

The establishment of three hydroelectric power plants alongside the Sava River narrows the existing 

riverbank and frees up a vast space at the heart of the city, enclosing it with a variety of potential 

highly-urbanized areas, containing public spaces, river ports, housing areas as well as workspaces. 

5.1.1.4  Zagrebõs stages ð a workshop 

By carrying out an urban/architectural workshop, we were able to gather information for the next 

phase of urban design in which we decided to focus on the key problems of several stages of 

Zagrebõs urban development, thereby offering site-specific solutions and exploring the adaptable 

òcellularó urbanism of our Membrain units. The selected stages are the Lower town grid, the Railway 

wastelands, the Trnje neighbourhood the Sava Riverbank and the slopes of Medvednica.  

Several groups of architecture students were formed to design solutions for the application of our 

units in the urban contexts of the selected stages. Simultaneously, since the architecture team was 

planning to expand, the authors of the workshopõs best solutions were welcomed as new team 

members. 

Case study#1 | Lower-town grid 

Consisted of similar types of blocks and green areas that form the famous Zelena potkova, the 

lower-town grid makes the ideal location for the addition of small pavilion units (functioning as 

markets, storages, playhouses or greenhouses). 

A simple orthogonal grid forms different types of city blocks. One is a closed block with an 

incomplete inside (unregulated space, terrain, greenery), while the other is a closed block with built 

inside but unregulated space and different contents (storages, workshops, living, shops, garages). 

Penetration into the block is very common for this area, so there are two types with that same mark. 

The first type has unfinished inside with different, mostly utility services, while second type has 

simply unregulated terrain. 

The first example of these types of blocks is the GunduliĻeva - ģerjaviĻeva - PreradoviĻeva ð 

Hebrangova block with penetration and built, but chaotic and disorganized inside. Consisting of 

unregulated shops, storages, garages, residential buildings this area forms a common ground for 

simply exchanging existing contents with small pavilion units by adding them into the block or by 

closing penetration. 
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The second analysed example is the Branimirova - Erdodyeva - Bornina ð Domagojeva block, viewed 

as an open block, with several penetrations and an unregulated terrain. In this case we used units 

to fill free spaces by closing the block on each side so that we gained a closed structure with 

business or residential spaces. The other way to use pavilion units in this block is by adding them 

on rooftops, or inside of the block to get interesting public spaces or greenhouses that can function 

as public or private. 

In terms of flexibility and modularity, the lower-town grid is a good example how to multiply our 

module and form smaller units applicable to specific locations. 

Case study#2 | Railway wastelands  

Industrialization and the arrival of the railway ended the orthogonal lower-town grid and formed 

unarticulated industrial areas which are largely unused today. Because the railway has cut off the 

connections between the old town in the north and the new settlements in the south, the 

revitalization of these derelict spaces needs to be managed in accordance with the underground 

railway plan. 

In this particular withered industrial area we have chosen two interesting sites. The first one is the 

old "Paromlin" (flour mill) - an empty space at the city center which is in need of revitalization. The 

required approach here is to form temporary structures such as hostels and redevelop the old 

buildings into the social (cultural) spaces. Using modules and making different units by merging 

them horizontally and vertically it's easy to get interesting units that can be lightly assembled or 

disassembled. In case more or less space is required, one may add or subtract modules, always 

getting distinctive structures.   

The other site is the "Gradska plinara" (old city gasworks) that is today an unregulated lot with some 

office buildings in the west. This area is perfect for development of residential, business and social 

content. In this case using modules also gives us the possibility of having multi-storey units. Other 

concepts for this location include residential combined with business, or utility services located in 

ground area of the buildings. 

This railway area is ideal for the development of small settlements and redevelopment of old 

industrial buildings because of the unused spaces. In this specific location, residential is often not 

the most common content, and using modular units is one way of revitalization that doesn't have 

to be entirely residential. 

Case study#3 | Trnje neighbourhood 

A great example of an incorporation of a modernist urban plan to an existing semi-rural smaller 

scale housing is the Trnje neighborhood. The significance of Trnje is the fact that it is defined by 

the center - old nucleus in the North and the river Sava from the South. The place consists of vast, 

green, unbuilt spaces which edge the planned, regular multi residential buildings and the organic, 

irregular urban space formed by family housing, with the sole exception of the Cvjetno settlement 

in which the houses are designed and built in an orthogonal grid. For this part of the town, in the 

differing typology of the existing development we used the housing unit in different modules to 

imitate or complete the existing environment. 
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1) The location consists of a high density development of family houses spread in an unorganized, 

irregular, organic urban site. The site is completed by adding detached family houses - units that 

become one with the existing houses. 

2) The location consists of a row of high-rise housing developments. By continuing the row we added 

a housing unit created by vertically adding the units in 3 stores. 

3) So far we have completed the housing zone filling in the wholes with a similar typology and 

content. 

Besides filling in the existing housing tissue, the unit also offers the possibility of containing public 

and utility services such as cafe, kiosk, library, etc. The unit contains as much modules as needed 

to fulfil its utility purpose. 

Case study#4 | Sava Riverbank 

As mentioned before, the space alongside the river Sava was historically considered as not 

applicable for settlement because of frequent inundation. Like many other riverside cities, Zagreb 

never managed to use its most valuable resource, and its latest urban strategy (New Zagreb ð a 

huge modernist urban plan consisted of several communities, housing several hundred thousand 

inhabitants) was to simply skip the river using an embankment to control its water-level. 

Today this is changing, as the public is realizing that the Sava River is a much more valuable 

resource and could be utilized for wanted additional public spaces, river ports, housing areas and 

recreation. Through narrowing the riverbank a new linear city alongside the Sava will be formed and 

interesting possibilities will be opened for the benefit of the city and its surrounding region.  

In the context of this large-scale urban plan, our units can be applied as prefabricated pavilions for 

serving functions as well as for temporary residential structures (in case of disaster scenarios). 

These pavilions can be used to create sport and recreation centers (due to the fact that this site is 

today used as a recreation area), art and exposition spaces, cultural centers, playground facilities 

or supporting structures for water activities. Besides providing flexibility, modulation creates field 

conditions different from the urban grid of Zagreb, thereby forming a new landmark for our city. 

Case study#5 | Medvednica 

As a natural boundary on North side of Zagreb, Medvednica has been limiting the growth of the 

urban tissue of Zagreb throughout history. Linear green areas famously known as the "Green 

fingers", spread in the North-South direction penetrate the consolidated urban area, creating 

interesting fusions of greenery and housing. The fact that the mountain is mostly a nature park, 

makes Medvednica the main destination for recreation, sports and family gatherings.  

An interesting site is the "ļinovniĽka livada", a beautiful and wide meadow that hosts many different 

sporting and recreational events such as skiing, sledding, snowboarding in the winter; hiking, 

mountain biking; or a simple family get together on the vast, peaceful greenery that has a diner and 

a clerk's house nearby. The meadow was named after the clerk's house, formerly known as "Dom 

gradskih Ľinovnika". 

Due to the fact that this site accommodates mentioned activities it creates a common ground for 

mounting lodge. The transparency of our modules enables the interior to merge with the 
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surrounding nature by providing interesting sights. By adding our ground floor modules in a linear 

way we accommodate different public contents and by placing them vertically we divide public from 

sleeping spaces. 
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5.1.2  Market Viability of the product 

As we've defined it in the communications plan, our main target group will be the one between 25 

and 35 years of age. 

According to Croatian Bureau of Statistics there are 582 424 people in total in that target group, 

which is composed of 285 714 women and 296 170 men.  

With the help of different promotion activities explained earlier we are planning to reach a large 

number of that population, and encourage them to consider the option of building the solar house. 

There are many aspects that must be evaluated in order to create the best possible strategy which 

will attract potential consumers and make them rethink about alternative housing solutions. 

Important factor in realizing the project is the average net wage which was 5478 HRK or 

735.17  EUR in 2012. There are some indications that average net wages will increase in the 

following 5 years, due to the fact that Croatia is joining European Union. 

This is very important information for setting future pricing strategy, because people will become 

less price sensitive, their budget will increase, so there will be more space for choosing generally 

more expensive but eco-friendly solution. 

There are many negative aspects that need to be reviewed in order to define the market in the right 

way. 

Number of permits issued for buildings and civil engineering works shows negative trend in the 

past couple of years, decreasing from 12801 in 2007 to 9601 in 2011. Croatian government is 

working on resolving various bureaucracy problems which are very often the main reason why 

people are skeptical when they are considering house construction. 

Residential construction is also moving at a negative rate, from 2007 it halved to a total number of 

12 390 residential constructions in 2011. 

Regarding the geographical aspects, Croatia has 4 equally divided seasons and the average 

temperature is 13.7 Celsius. Average temperature is following the trend of global warming, which 

is the thing that must be emphasized throughout the project development with the aim of educating 

people and raising their awareness about the current ecological problems. 
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5.1.3  Individual or collective housing building characteristic 

In creating the urban development, our goal was to produce a simple and efficient solution - one 

that wouldn't follow a formative conceptual idea, but give way to the specific needs and individual 

creativity of the users and their communities, thus becoming enriched by the users whom it serves. 

Following the idea of houses as single-cell organisms defined by their membranes, the urban 

development is conceived as an organism of urban cells. 

These urban cells are the basic units (housing, educational, recreational, sanitary, etc.) while the 

blood vessels - or capillaries - that connect the cells are the traffic network. As the network of 

capillaries supplies the cells and needs to be as efficient as possible, so does the traffic network 

function as a circulatory transport system, and requires to work as a simple grid to assure the 

commodity and equality of every unit, or cell. The grid is a simple perpendicular one, for it is used 

primarily by vehicles. It forms square fields, inside which the cells can differentiate into the required 

types, choosing an arbitrary shape. 

This idea is important because it is compatible with any cultural matrix. It provides the basic 

infrastructure, but does not suggest a specific way of life. The life of the communities inside the 

urban cells can be arranged according to their requirements, and can evolve through time. 

The space between the cell and the vessels - the membrane - serves as a selective barrier, allowing 

some particles to pass through, but not others. The vehicles are stored into it (in forms of parking 

spaces), the cells excrete their waste through it (in forms of municipal waste), the cells are 

protected by it (in forms of protective vegetation) and matter is selected and supplied through it (in 

forms of commerce units). Hence, the urban development distinguishes three space fields - the 

outside vessels, the membrane, and the inside of the cell. The inside is always pedestrian, and is 

shielded by the membrane. It can form structures of different units, creating a closed environment 

for the users, who can choose to travel from cell to cell, thus changing their environment. In so 

doing, they can use their own vehicles or public transport, both connected to the outer transport 

network. 

Also, the network of roads itself can evolve through time. As the urban cells around them 

differentiate and choose their function, some roads accumulate more traffic (becoming the main 

vessels of the organisms) while others serve merely as links between them (remaining small 

capillaries). Some may also disappear - forming larger cells, or even groups of cells, that serve a 

bigger urban settlement, facility or natural area. 

The sustainability of the solution is most expressed by its versatility and variability, for it can adapt 

to any given condition, and support any given population. The urban development can be integrated 

into any urban network or landscape, and can embrace into its grid the values and traits of its 

natural and cultural heritage. 
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5.1.4  Mobility strategies  

Zagreb is served by a multifold network of transport, relying on a combination of city-managed mass 

transit and individual transportation. Mass transit is composed of 19 inner-city tram lines and 120 

bus routes, both managed entirely by òZagrebaĽki elektriĽni tramvaj ð ZETó. Croatian Railways 

manages the parallel Zagreb Commuter Rail system. The city is served by the Zagreb Airport, which 

carries more than 2,000,000 passengers per year. 

The proposed urban design solutions are implemented in Zagrebõs transport network. The five 

stages of the case study are considering existing city areas served by the mentioned forms of public 

transport. 

The Borongaj campus is approachable by tram (lines 2, 3 and 13), bus (lines 236 and 215) and 

train (currently the òMaksimiró and òTrnavaó stations). 
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5.1.5  Affordability strategies 

Affordability will be updated in Deliverable #5. 
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5.2  Architecture Design Narrative 

5.2.1  Architectural Concepts 

5.2.1.1  Introduction 

Starting from the very source of life - the cell, the UNIZG team developed the idea of a future 

house ð the Membrain. The name is a portmanteau, combining a membrane (the 

passive/selective envelope of the house) and a brain (a smart system controlling that same 

membrane and through it the void inside). By observing the cell and its parts, we used the idea of 

a membrane - which protects the cell and regulates the conditions between the exterior and the 

interior ð as the skin of the house, regulating the physical properties of the building (temperature, 

humidity and indoor air quality) as well as the sense of the space inside (light, openness, relation 

to the exterior). 

Also, the membrane contains all the services/utilities: kitchen, bathroom, storage, engine room, 

entrance and greenhouse, thereby freeing the interior space of service areas and creating a 

flexible void space. Thus, the membrane doesnõt simply protect its costumer, it hosts various 

functions by itself, and in combination with the void space provides with a wide range of possible 

uses of the house. 

The membrane is located on all six sides of the cell, and it adapts to the location, access, 

orientation and other conditions (it can function inside a city block, in the suburbs, on a southern 

mountain slope, etc.). It is completely prefabricated and modular, and can easily be assembled / 

disassembled. To ensure modularity and achieve a high degree of flexibility, a rectangular layout 

has been chosen. 

The simplicity of the idea generates an efficient, comfortable, adaptable and modern design ð

creating more than a house ð a principle, or concept ð applicable to all kinds of architectural 

tasks. 

5.2.1.2  Concept Terminology 

In order to make our project easily understandable, we will describe its basic components and 

their properties in this section. 

The two key components are the membrane and the void. The membrane encloses the void, and 

can be further divided into three spatial subcomponents accommodating different functions ð 

service group, greenhouse and winter garden (as shown in the figure below). The membrane 

functions as a set of layers which are combined into a single smart unit, enveloping (thus 

protecting) and contributing to the flexibility and commodity of the void ð the Membrain. 
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Figure 5 - Spatial division of the Membrain (hatched grey area):  1 service group; 2 greenhouse; 3 winter garden 

5.2.1.3  Membrain layers 

In this section we will describe the Membrain as a multi-layer system consisting of three basic 

layers ð load bearing structure, insulation and infra layer. 

Load bearing structure 

Wood, as a major element of the project materialization, was selected for its availability on the 

Croatian territory - 42% of the area is covered by forests. This is why we wish to explore the 

possibilities of laminated wood and other wood products used in house construction. The load 

bearing structure is made of crossðlaminated wooden slabs and columns. It is conceived through 

a modular system, the basic modular measure being 120cm. The columns are arranged around 

the perimeter of the floor plan. Each column measures 300cm in height, its cross section 

measuring 12x20cm. The slabs are 18cm thick, spanning a total distance of 680cm. Each slab is, 

in accordance to the modular grid, 120cm wide. 

The horizontal forces, as a result of wind or earthquake impact, are taken over by cross ð 

laminated plywood walls, which are placed between the columns of the northern side of the 

house, and transduced to the footings. These plywood panels are placed on the non-translucent 

side of the Membrain (service group), and can be arranged in a variety of suitable positions 

(enabling the modular design of the house). The footings are made of precast reinforced 

concrete, with added polystyrene granulate, to reduce density, and thereby their weight. 
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Membrain layers ð insulation 

There are two types of insulation used in this project ð sheep wool and glazing, the advantages of 

the first being its cost efficiency and local availability, while the second is translucent, thus 

enabling sunlight and heat exploitation. By means of the Membrain, we want to define and 

protect the void, by maintaining a visual connection with the outdoor space. This proposal 

required us to find the adequate ratio of sheep wool and glazing used to insulate the void space 

properly. 

Three sides of the fa­ade, the southern, the eastern, and the western, consist of an outer and 

inner layer, made of triple and double glazed panels respectively, providing a high daylight factor. 

The two layers enclose the greenhouse (to the east and west) and winter garden (to the south) 

space. All glazing panels are fixed by aluminum profiles attached to the roof and floor slabs. The 

panels are detached from the columns, and placed adjacently to one another. The narrow space 

left between two panels is filed up with durable elastic silicone. Air in the greenhouse and winter 

garden is used to warm up the void space during winter, or serve as a buffer to prevent 

overheating during summer, becoming an integral part of the insulation. 

By making three sides of the fa­ade translucent, we also had to think of ways to provide 

appropriate sunshade, avoiding overheating during summer. The eastern and western fa­ades 

are partially protected by plants grown in the greenhouse. They also ensure privacy to some 

degree, as they serve as a visual barrier, still enabling the customerõs view to the outside. In order 

to ensure complete shading and outside view protection if needed, there are roll up shades on 

each side. Their shades are placed outside the outer glazing layer, and are rolled up horizontally. 

The south fa­ade is protected by an innovative building integrated PV tracking system (which will 

be explained in more detail in a separate section below). 

The northern fa­ade is non-translucent, and is enclosing spaces that do not have high or any 

daylight requirements. It consists of panels that are attached between columns. Each panel is 

made of several layers, the innermost being cross-laminated plywood, followed by a vapor barrier, 

a 20cm thick sheep wool layer and finally the outermost fa­ade layer fixed on a secondary 

wooden construction. The outermost layer depends on the surroundings the house is placed in 

and can vary in thickness and material. For the purpose of this competition we chose a wood 

batten wall, with vertical batten alternating in two planes ð this type of fa­ade is common in the 

traditional building of the continental parts of Croatia. Insulation atop the roof and beneath the 

floor slab is also provided by a sheep wool layer of 16cm thickness, covered with a plywood panel 

to the outside. 

The roof is additionally protected by a single surface synthetic waterproofing, made out of a single 

piece. The insulation is simply placed atop the roof and bent down over the roof edges into the 

gutter. Then, it gets additionally fixed on the bent over parts. Every time the house is adjusted in 

any way (adding or reducing the number of modules) or moved to a different location, the 

insulation is removed and placed again in one single piece, preventing any harm to it. 

All the fa­ade panels (glazing and composite ones containing sheep wool) are made in 

accordance to the basic modular system (120 cm). The current design of our house determines 

the previously described distribution of translucent (glazing) and non-translucent (composite 

panels) elements, but because of the modularity they can be rearranged to adapt to various 

demands and given sites. 
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Membrain layers ð infra layer 

The infra layer contains all the systems that provide a flawless functioning of the whole Membrain 

and thereby the void space as well. This layer will be described here briefly, and be dealt with in 

more detail in the respective teamsõ section of this project manual. 

The air temperature is regulated by an under floor heating and cooling system. Underfloor heating 

systems work with warm water circulating through pipes which are laid under the floor covering. 

The heat from the water is absorbed by the floor surface and transferred to the rest of the space, 

mainly through radiation. This type of heating system allows lower operating temperatures, while 

maintaining the thermal comfort of the space. Lower operating temperatures are of great 

importance, as they allow us the use of renewable energy sources - during the exhibition in 

Versailles we will use an air to water heat pump. Underfloor cooling uses the same infrastructure 

and equipment as underfloor heating, but in this case cold water is circulated through the pipes. 

The flowing water absorbs the heat from the floor; simultaneously the chilled floor absorbs 

sensible heat from the air, people, equipment and other objects. In our case, the ventilation 

system has the task of regulating relative humidity within a safe interval in order to avoid 

condensate formation on the chilled floor. The ventilation system also regulates the humidity of 

the greenhouse and the winter garden space, enabling the transfer of warmth from these spaces 

into the void to benefit from the greenhouse effect during the winter. 

Sustainable construction goes hand in hand with the dematerialization of constructional 

elements, which are made of materials with a lower thermal capacity. This leads to the reduction 

of heat accumulation and indirectly to increased energy consumption for air conditioning. In order 

to solve this problem, we use phase-change materials (PCM), which have a much greater ability to 

store heat than conventional building materials. The PCM is placed beneath the roof slab and 

covered by a dropped ceiling. 

All the plumbing is placed in the northern part of the Membrain. By keeping it all compact, we 

avoid high plumbing costs, complicated technical solutions and increase the safety in terms of 

leaking installations. It can be easily accessed, checked or fixed by removing the floor panels. 

There are many sensors placed within the Membrain which gather information not only regarding 

the environment and the conditions around and inside the house, but also regarding the userõs 

behavior and habits. This data is used to provide a maximum level of commodity and safety to the 

costumer, while saving energy and reducing the ecological impact of the house at the same time. 

5.2.1.4  Functional division of the Membrain 

This section describes the Membrain by analyzing its functional subcomponents ð the service 

group, greenhouse and the winter garden. 

Service group 

The service group can be further divided into four components ð entrance, engine room, kitchen 

and bathroom. 

The engine room flanks the entrance on both sides, from where it can be accessed. All the infra 

layers originate from the engine room. The kitchen is configurable ð a whole block can be slid from 

the northern wall, forming a bilateral kitchen. The part slid away into the void is also used for 
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everyday dining, while there is a table for formal dinner stored away in the storage space. The 

bathroom consists of a toilet, a sink and a shower. Grey water is collected from the kitchen, 

bathroom sink and shower, and further stored and processed in order to be reused as water for 

washing the toilet. Because of the rules, the previously described water reuse system will not be 

applied during the competition in Paris, but we are planning to set it up at the Borongaj university 

campus. 

Winter garden 

Located in the southern part of the Membrain, the winter garden serves not only as a space for 

leisure and relaxation, but also plays an important role in maintaining an optimum climate inside 

the house, as shown in the figure below. During summer, the winter garden space is a buffer, and 

the warm air inside is ventilated outside, preventing the inner glazing, and thereby the void, from 

overheating. At night, all air inside the void is exchanged with fresh air from outside through the 

winter garden, cooling the whole house in the process. 

During winter, the winter garden is used to generate the greenhouse effect ð the warmed up air is 

used to contribute to the warmth of the void and isolate it from the outside cold air - it serves as a 

buffer during day and night. It can be seen in the figures below, that the PV tracker is operating 

synergistically with the previously described use of the winter garden. 

Greenhouse 

The urban greenhouse is based on the principles of sustainable building which we can connect to 

permaculture - as a movement based on creating sustainable human societies while applying 

existing nature's schemes, primarily in agriculture and later in other forms and aspects of human 

activities such as design. 

The idea is to add on modern causes for revitalizing urban community gardens and the use of 

abandoned parts of the city land for organic farming, growing herbs, vegetables and fruit 

independently within the house, neighborhood, district or a city where it's even possible to plan 

community garden zones modularly consisting of one or more Membrain cells. It is possible to add 

a productional dimension to the whole sustainable settlement after which the local population 

would basically consume self-produced food. 

In accordance with the concept, whose final goal and product is a house which satisfies the needs 

of its inhabitants, we plan a greenhouse which will, though modest in its size and variation of plant 

species, fulfill the basic needs of a household. In this case, the so called greenhouses would be 

formed in the east and west parts of the Membrain and would imply a wooden structure made out 

of vertical poles (with floor foundations) and a horizontal system of green pockets made of 

waterproof fabric in which the plants are grown. The greenhouses would also include a number of 

wooden plant pots for bigger plants. The eastern and western orientation of the greenhouses 

ensure a sufficient amount of sunlight required for such ôfarmingõ. The needs for humidity and 

warmth can be calculated using average needs of the planned species and the control of these 

values would be a part of the houseõs smart system. Depending on the climate conditions outside 

the house and the season, the conditions would be more or less corrected. In the winter bigger 

efforts would be put into ensuring suitable conditions and in the summer with convenient weather 

opening the greenhouses to the insides of the house would be possible, creating a greener 
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ambience, giving an additional dimension to the membrane and creating a more translucent space 

and the contact of inside and outside spaces. 

The problems with this type of urban farming are surely the insects, because permaculture and 

organic farming rules strongly forbid any use of chemical insecticides. This problem is solved 

avoiding the species which are known to attract swarms of unwanted bugs, using organic 

insecticides available in agricultural pharmacies and, if needed, using sound devices that create 

different frequency sounds which fend off the insects. 

Irrigation is planned within the horizontal structure. Water needs can be satisfied from the 

greywater tanks (under the condition that it is purged and filtered from all unwanted 

microorganisms, phytotoxin etc.). In a system where this kind of water is collected in several 

containers throughout the house with a simple pump system this water can be brought to the plants 

and irrigate each green pocket separately. Using a faucet the irrigation is controlled and it can vary 

from N times a day or drop by drop irrigation. It's important to note that the lower parts of the 

planting construction can be watered manually thus avoiding additional complications and 

simplifying the system but also reducing the amounts of electricity used for running the water 

pumps. 

With this concept of urban farming the house is given an additional, productive component and, as 

a sustainable system, seems more complete satisfying a part of the needs for food. The goal is 

avoiding the use of imported groceries and food produced thousands of kilometers away. Instead, 

we offer the advantage of organic farming, the freshness and proximity it offers. 

5.2.1.5  Interior Concept 

Having previously described the concept of the Membrain, this section will focus on the functioning 

of the void. 

The basic requirement for the void is flexibility - reflected in the ability to easily move objects (such 

as furniture) inside it, so the house can be arranged depending on the number of users, activities, 

time of day, etc. The moving of furniture is provided by casters. Every piece of furniture in the void 

is completely movable and can be folded, stacked or pulled out of another part of the furniture, to 

meet the userõs requirements. With the flexibility and these various functions a fully adaptable 

space is created. 

By configuring the interior elements, the void can be divided into several areas or rooms ð living 

room, dining area, kitchen, bedroom or working space. The kitchen, for example, consists of mobile 

units that can be pulled out from the northern wall of the Membrain, and form an operational space 

for preparing and serving food. The living room and dining space are divided from the more private 

sleeping area by a flexible partition wall, which can form various positions depending on the userõs 

requirements. The bed is also mobile and can be moved to a vertical position in order to free extra 

space for work, play or exercise. 
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5.2.2  Summary of Reconfigurable Features 

There is a building integrated PV tracker placed atop the roof. It adjusts mechanically to the angle 

of the solar beams to maximize the efficiency of PV panels. This system has the secondary function 

of being a dynamic roof for providing shade during summer and to let daylight inside during winter 

in order to optimize the amount of passive solar gains throughout the year. The tracker is completely 

modular, so as many units as desired may be attached. The tracker will move daily in order to be 

in the ideal position for both ð power production and shade providing. These two requirements are 

in correlation, so it is possible to fulfill both simultaneously. The tilt/angle of the tracker will be 

controllable manually (via a home automation system) or automatically (via an intelligent 

algorithm). 

As mentioned before, the kitchen is reconfigurable ð one part of it can be slid away, forming a 

bilateral kitchen. It is conceived to be used as a bilateral kitchen most of the time, the exceptions 

being when there is a temporary need to extend the void space. The house-keeping elements work 

in a similar manner. 
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5.2.3  Lighting Design Narrative 

The home is a world of family relationships, surrounded by objects and furniture revealing the taste 

of the people who live there. At the same time, the home is a place for socializing, where we meet 

with friends, somewhere we can indulge in our hobbies. All of this must be considered in a project 

for lighting. 

The various indoor and outdoor areas that determine the home need residential lighting that adopts 

specific solutions not just through traditional lamps but also using more technical products, able to 

create lighting that adapts the spaces to the conditions in which they are used. The living room may 

serve for reading a book, but also for organizing a party with friends. 

The rapid development in LED lighting technology over the last few years has changed the dynamics 

of the global lighting market. Improved brightness, lower energy consumption and longer life spans 

offered by LED lights have encouraged industrial, commercial and even residential consumers to 

increasingly adopt LED lights. 

LED lights are light emitting diodes compared to incandescent bulbs which are based on filaments. 

LEDs are highly efficient as they offer brightness of up to 150 lumens per watt compared to CFLs 

(compact fluorescent), which offer brightness of around 60-70 lumens per watt and incandescent 

bulbs which offer below 30 lumens per watt. This highly improved quality of light offers advantages 

in multiple applications like street or parking lot lights where improved brightness enhances safety 

and security. 

In addition, LED lights are more environmentally friendly as they consume less power than either 

CFLs or incandescent bulbs. These lights require about 8-12 watts of power compared to around 

15 watts required by comparable CFLs and 60 watts required by incandescent bulbs. Lower power 

consumption and a consequent decline in the cost of lighting oneõs home or office space is a 

significant advantage especially in the case of commercial buildings where a significant portion of 

the total energy consumption comes from lighting. 

LEDs also have much larger life spans, which along with their lower maintenance costs ensure that 

the higher upfront investment in them gets compensated during their lifetime. In all, the improved 

quality of light, reduced energy consumption and higher return on investment offered by LED lights 

will grow their market. LED creates individuality and that is exactly what the world needs, today and 

in the future. So, we can conclude that LED is the technology of the future. 

The most sustainable lighting is natural daylight. It is not only a free renewable resource but it also 

has well-documented health benefits. Careful architectural design is required to maximize natural 

light in a building while maintaining indoor temperature regulation and reducing direct light glare. 

The strategic placement of windows, skylights, light shafts, atriums and translucent panels in 

harmony with other building components, such that light is reflected evenly throughout internal 

spaces, is known as day lighting design. 

Along with technological solutions and using renewable energies for their electricity source, simple 

practices such as turning lights off, using dimmers and timing switches can help in making lighting 

more environmentally friendly. 

The detailed layout of the lights in the house is shown in the drawing EL ð 401 Lighting plan. 
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Our lighting plan is listed in the Table 1. Total power amounts to 547.7 W. 

Table 1 Total lighting power 

Light Power Quantity Total power 
Dimming 

values 

LED strip 1 7.2 W/m 36 m 259.2 W 10-100% 

LED strip 2 4.5 W/m 5 m 22.5 W 0% 

KORA 16 15 W 3 pcs 45 W 0% 

KORA 7 7 W 6 pcs 42 W 10-100% 

Tab 2 GU5.3 6 W 4 pcs 24 W 10-100% 

KEA 180 11 W 2 pcs 22 W 0% 

JAGO  7 W 3 pcs 21 W 0% 

LIAM 7 W 13 pcs 91 W 0% 

NEMEA 6 7 W 3 pcs 21 W 0% 

5.2.3.1  Indoor lighting 

Indoors, indoor recessed luminaires, indoor ceiling-mounted luminaires and LED strips are used. 

When the ceilings do not allow installation and people decide to put luminaires on the walls, indoor 

wall-mounted luminaires and wall-recessed luminaires can be used. Standard LED lamps with 

indirect light have optics designed to direct the light flow onto the ceiling, giving light that is evenly 

diffused around the room. 

LED Strip 1 is used in the kitchen, greenhouse and main room as a direct and indirect lighting 

because of wide light spectrum, Figure 6 (left). LED strip 2 is used only in the bathroom around the 

mirrors as indirect lighting, Figure 6 (right). With that kind of dimmable lighting, the house can be 

adjusted to every daily situation and also creativity can be expressed. Technical information is listed 

in the Table 2 ð Technical sheet for LED Strip 1 and LED strip 2, the simulation is presented in the 

Figure 8. 

 

Figure 6 ð LED strip 1 and LED strip 2 
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Figure 7 ð Distribution of illumination for LED strip 

Table 2 ð Technical sheet for LED Strip 1 and LED strip 2 

CODE LED Strip 1 
LED strip 

2 

Light colour 3000 K 3000 K 

Total luminous flux [lm/m] 400 180 

Colour rendering index (CRI) >75 >75 

LED lifetime [h] >50 000 >50 000 

IP Protection IP65 IP65 

Insulation class II II 

Voltage input 12 DC 12 DC 

Power [W] 7.2 W/m 4.5 W/m 

 

 

Figure 8 ð Simulation of light in green house 
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KORA7 is used in main room to complement LED Strip and also to light up specific part of house, 

when that is needed, Figure 9. Technical information is listed in the Table 3, the simulation is 

presented in the Figure 10. 

Figure 9 ð KORA 7 distribution of illumination 

Table 3 ð Technical sheet for KORA 7 

CODE KORA 7 

Light colour Warm white 2800-3200 K 

Total luminous flux [lm] 310 

Colour rendering index (CRI) 70-80 

LED lifetime [h] >25 000 

IP Protection IP54 

Voltage input 230 AC 50 Hz 

Power [W] 7 
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Figure 10 ð Simulation of light in the main room 

KORA 16 is used in the bathroom, Figure 11. The bathroom is a room with presence of water and 

moisture, so the chosen light needs a high IP protection factor. According to the latest issue of IEE 

wiring regulations minimal IP protection factor for the lights chosen in the bathroom is IP44. 

Technical information is listed in the Table 4, the simulation is presented in the Figure 12. 

Figure 11 - KORA 16 distribution of illumination 
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Table 4 ð Technical sheet for KORA 16 

CODE KORA 16 

Light colour Warm white 2800-3200 

K 

Total luminous flux [lm] 410 

Colour rendering index (CRI) 70-80 

LED lifetime [h] >25 000 

IP Protection IP44 

Voltage input 230 AC 50 Hz 

Power [W] 15 

 

 

Figure 12 ð Simulation of light in bathroom 

KEA 180 is used in storage and engine room, Figure 13. This lamp is chosen because that kind of 

light needs to have very good luminance and wide light spectrum. Technical information is listed in 

the Table 5, the simulation is presented in the Figure 14. 
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Figure 13 ð KEA 180 distribution of illumination 

Table 5 ð Technical sheet for KEA 180 

CODE KEA 180 

Light colour Warm white 2800-3200 K 

Total luminous flux [lm] 525 

Colour rendering index (CRI) >75 

LED lifetime [h] >50 000 

IP Protection IP40 

Voltage input 230 AC 50 Hz 

Power [W] 11 
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Figure 14 ð Simulation of light in storage and engine room 

Tab2 GU.5 is used in kitchen and lobby, Figure 15. This lamp has low power consumption and very 

good color rendering index, so that could be very useful in kitchen.  Technical information is listed 

in the Table 6, the simulation is presented in the Figure 16. 

Figure 15 ð Tab 2 GU.5 distribution of illumination 

 

Table 6 ð Technical sheet for Tab 2 GU.5. 

CODE Tab2 GU.5 

Light colour Warm white 2800-3200 K 
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Total luminous flux [lm] 320 

Colour rendering index (CRI) >70 

LED lifetime [h] >25 000 

IP Protection IP40 

Voltage input 230 AC 50 Hz 

Power [W] 6 

 

 

Figure 16 - Simulation of light in kitchen 

5.2.3.2  Outdoor lighting 

For residential lighting of the gardens, the luminaires used are the same as those for public areas, 

such as outdoor floodlights and pathway luminaires. Installation of ground and floor-recessed 

luminaires is designed to create guide lights which highlight the paths in the outdoor garden and 

building areas, as well as making the most of greenery by reducing the size of the luminaires, whose 

technical components disappear under the surface, with just the light coming out. 

Outdoor lighting is subject to certain wiring regulations and must be selected and erected so as to 

be suitable for external influences likely to occur at the particular point of installation. Such 

influences are likely to include: spraying and splashing water, water from jets and immersion in 

water. The required IP rating for outdoor lighting depends on the influences it is subjected to. 

LIAM is used to light pathway, Figure 17. Technical information is listed in the Table 7, the 

simulation is presented in the Figure 18. 



 

 

PROJECT MANUAL #4, 2014 47 

Figure 17 ð LIAM distribution of illumination 

Table 7 - Technical sheet for LIAM 

CODE LIAM 

Light colour Warm white 2800-3300 K 

Total luminous flux [lm] 160 

Colour rendering index (CRI) >75 

LED lifetime [h] >50 000 

IP Protection IP65 

Voltage input 230 AC 50 Hz 

Power [W] 7 

 

 

Figure 18 ð Simulation of light outdoors 
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NEMEA 6 is used to light tree and to contribute outdoor light design, Figure 19. Technical 

information is listed in the Table 8, the simulation is presented in the Figure 20. 

Figure 19 ð NEMEA 6 distribution of illumination 

Table 8 - Technical sheet NEMEA 6  

CODE NEMEA 6 

Light colour Cool white 5500-6000 K 

Total luminous flux [lm] 500 

Colour rendering index (CRI) >70 

LED lifetime [h] >40 000 

IP Protection IP67 

Voltage input 230 AC 50 Hz 

Power [W] 7 
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Figure 20 ð Simulation of tree lighting 

JAGO is used to light northern facade and also to contribute outdoor lighting design with specific 

light rays, Figure 21. Technical information is listed in the Table 9Table , the simulation is presented 

in the Figure 22. 

Figure 21 ð JAGO distribution of illumination 
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Table 9 ð Technical sheet for JAGO 

CODE JAGO 

Light colour Warm white 2800-3200 

K 

Total luminous flux [lm] 2 x 80 

Colour rendering index (CRI) >70 

LED lifetime [h] >50 000 

IP Protection IP54 

Voltage input 230 AC 50 Hz 

Power [W] 7 

 

 

Figure 22 - Simulation of northern facade lighting 

5.2.3.3  Lighting calculation 

The lighting calculations were made in DIALux evo, free software developed for professional light 

planning. The software calculates the light exchange between luminaires and any other surfaces 

(direct lighting) and also the light exchange between illuminated surfaces (indirect lighting). 

The method applied for the calculation is so-called photon shooting method. According to its 

distribution, light is projected on the visible surfaces. From these surfaces photons are, depending 

on the material properties, sent out, diffusely passed on, transmitted or absorbed. The photons are 
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gathered on the surfaces, affected and an evaluation of the density is made. From the number of 

photons per surface and their energy content the luminance or luminance is determined. It is 

possible not only to visualize mirroring surfaces but also to take them into account exactly and 

sufficiently in photometric planning and calculation in a time frame which is acceptable in practice. 

Lighting calculation of each object in house is represented through several different parameters. 

For more information about DIALux and calculation method please visit official DIALux webpage. 

Lighting calculation (bathroom) 
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Lighting calculation (kitchen) 
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Lighting calculation (greenhouse) 
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Lighting calculation (engine room 1) 
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Lighting calculation (engine room 2) 
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Lighting calculation (main room) 
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Lighting calculation (workplane3) 
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Lighting calculation (surface) 
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5.2.4  Acoustic Design 

In the acoustic design narrative, we will describe how Membrain deals with noise transmission from 

building exterior to interior and vice versa, as well as the technological means of solving the interior 

noise and reverberation. 

As previously described, the envelope of our house ð or Membrain ð consists of two basic groups 

of layers ð one being solid walls and slabs and the other glazed panels. The transmission of exterior 

noise through the solid parts of our house is prevented by the solid layers (wood panels or slabs) 

and the insulation layers (sheep wool), and is reduced to a minimum. The glazed parts of the 

envelope are designed in two layers ð a triple-glazed exterior facade, and a set of double glazed 

interior panels. The difference between the thickness of glazing and the voids between the glass 

panels increase the sound impermeability of the envelope. The space between the two glazed 

surfaces also contributes to the decrease of sound transmission from exterior to interior. 

Since glazing constitutes a large portion of our interior (the eastern, western and southern 'walls'), 

we had to address the problem of reverberation. This is solved by using fabric as the cover material 

of our ceiling. It is compatible with the PCM material above it since it hardly absorbs any energy at 

all, but improves the absorption of sound that would otherwise be reflected towards the glazed 

surfaces, causing high reverberation times. The material of the fabric is cotton, and it is fire-

protected by a covering layer. It also serves as the final covering of our ceiling, and is a good light 

diffusor. 

Another problem regarding acoustics is the noise produced by the machines in the engineering 

room. The engineering room is placed next to the living room, and separated by a wooden panel. 

To avoid transmission of noise between the two spaces, the engineering room is completely 

insulated from the inside, using wood-fiber insulation boards. Also, the machinery is placed on 

rubber pads, to avoid direct transmission of sound through the load-bearing materials. 

Thusly, we avoid transmission of noise from the exterior to the interior and vice versa, but also 

control the interior transmission and reverberation of sound. 
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5.3  Engineering and Construction Design Narrative 

5.3.1  Structural Design 

5.3.1.1  Introduction 

The planned structure for concept Membrain by uniZG Team is a fully timber house. Load bearing 

structure of our house is a combination of several systems that are usually used in design of timber 

structures. 

The load bearing structure of our house is a combination of several systems that are usually used 

in design of timber structures. The system consists of glued laminated element for floor, ceiling, 

walls and vertical columns. Glued laminated wall structures on the northern side of the house have 

different properties, like good insulation and good location of any closed storage, same as the 

bearing system. The wooden columns on the periphery of house are the main vertical bearing 

structure. 

 

Figure 23 - Load bearing structure of Membrain house 

The bearing system of the floor structure is identical as the ceiling, that is, glued laminated wooden 

slab. Ground plan dimensions are 7.2 x 9.6 m, it will be made in segments, and will be joined the 

same way as the ceiling panel. Roof and floor glued laminated timber slabs are designed equally 

thick. Thatõs because of our pursuit of modularity and easy design of a multiple floor house. 



 

 

PROJECT MANUAL #4, 2014 73 

 

Figure 24 - Modular structure of Membrain house 

The ceiling structure is a glued laminated slab whose dimensions along the two main axes are 

much greater than its thickness. Thickness of the ceiling slab is 18 cm, as provided by the design 

calculations. It has the function of a load bearing slab and a diaphragm. Total dimensions of this 

panel are 9.6 x 7.2 meters. However, due to transport issues, it will be made in smaller segments. 

Three 2.4 x 7.2 and two 1.2 x 7.2 meter segments will be joined together on the construction yard 

according to the manufacturer instructions. We will use wood screws to ensure their connections. 

Vertical loads are carried from the ceiling to the glued laminated wooden columns built along the 

perimeter of the house. These columns are 3.0 meters high. The cross section area is a rectangle, 

b x h = 12 x 20 cm. Axial spacing of columns is 1.2 meters, with the note that there are no columns 

in the four corners of the house. Total number of columns in the house is 24. 

Carrying horizontal loads (wind, earthquake etc.) and stiffening of the house is achieved with the 

assistance of stiffening shear walls which, combined with floor and ceiling slabs create a rigid three 

dimensional structure. Shear walls are located on the north facade of the house. Their dimensions 

are 1.1 x 3.0 meters and they will be assembled on the columns and the floor and ceiling slab. 

Inside the membrane on the northern side, partition walls are placed. They are also glue laminated 

panels with the purpose of stiffening the house along the north - south axis. They are placed in the 

kitchen and bathroom. A minimum of four shear walls must be constructed, two in each direction 

and placed symmetrically. That way it is ensured that there are no torsion influences on the 

structure. 

Three sides of the fa­ade, the southern, the eastern and the western, consist of an outer and inner 

layer, made of glass panels. The two layers enclose the greenhouse (to the east and west) and 
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winter garden (to the south) space. The northern fa­ade consists of panels that are attached 

between columns. 

Some of the advantages of this bearing system are: 

¶ Wooden skeleton bears all vertical loads, while walls do not, and they are therefore 

independent of the skeletal structure 

¶ Walls are designed so that they can be moved and transferred easily 

¶ Freedom in organization of the living space 

¶ Stability of the house is achieved with ceiling and wall diaphragms, and shear walls made 

of glued laminated wood 

¶ Possibility of both single floor and multi floor structures 

¶ Prefabrication of elements in factories 

¶ Quick construction time 

¶ Simple assembly and erection on the construction spot 

 

Figure 25 - 3D model of the house 

Glued Laminated Timber 

The most of our structural elements are made of Glued Laminated Timber GTL. Glued laminated 

timer, or commonly called glulam, is a timber product manufactured of individual timber 

laminations, specifically selected and positioned based on their performance characteristics, and 

then bonded together with durable, moisture-resistant adhesives. By gluing thin layers of timber, 

imperfections in the original timber, such as knots, can be removed in the factory to reduce 

variability and enhance structural performance. The grain of all laminations runs parallel with the 

length of the member, so it can be used in horizontal applications as a beam, or vertically as a 

column. Because of its composition, glulam provides the strength and versatility of large wood 

members without relying on the old growth-dependent solid-sawn timbers. Glulam is one of the 
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strongest structural materials per unit weight. Depending on specific loading conditions, a 

structural steel beam may be 20% heavier, and a reinforced concrete beam 600% heavier than an 

equivalent glulam beam of the same load-carrying capacity. GLT is an innovative building material 

that permits fast and efficient construction of single or multi-residential type buildings and it fits 

perfectly in our concept. 

 

Figure 26 - Glued Laminated Timber 
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5.3.2  Constructive Design 

Our idea is to build a fully customizable, fully modular, self-sustainable passive house, by using 

modern technologies and design. 

 

Figure 27 - Load bearing structure of Membrain house 

The center of the house is a living area, the so called cell. It is protected by the membrane which 

also represents the brain of the house. It regulates the temperature, humidity and indoor air quality 

and contains all the utilities (engine room, kitchen, bathroom, storage, entrance and greenhouse). 

By separating the envelope and living area we managed to achieve a flexible void space inside the 

house which offers many different options for usage and furnishing. Three sides of the membrane, 

the southern, the eastern, and the western, enclosed by glass panels, form a winter garden and 

greenhouse inside them. The northern fa­ade consists of wooden panels that are attached 

between columns. 

Advantages of this bearing system are high level of functionality of space (utilities are separated 

from the living space which also allows freedom in organization of the space) but also quick and 

simple assembly on the construction spot. Another advantage is possibility of both single floor and 

multi floor structures with no complication due to applied modularity. 

Modularity 

Modularity is achieved with construction raster, which is 1.2 x 1.2 meters, and repetition of 

construction elements. 

 Roof and floor glue laminated timber slabs are designed with the same thickness, from more 

relevant load combination. This way we can easily design a new house with one or two additional 

floors, or add them to an existing structure, without making significant changes in bearing 

elements.  

Glued laminated timber walls are primary in construction to ensure stability of house, and bear 

horizontal forces produced by wind. They can be placed in various positions on the outer surfaces, 

but there are some rules of placing them. There must be a minimum of 4 GLT walls, two in each 
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direction. All four wall directions must not be intersected at the same point. If the building consists 

of more floors all floors must have the same wall placement pattern. Preferably they are placed 

symmetrically through the structure. That way it is ensured that the mass center and stiffness 

center of the house are close to each other and there are no torsion influences on the structure. 

On taller buildings it is preferred to have more walls, depending of the seismic or wind loads of that 

area. In the Figure 28 there are some of various placement positions. 

 

Figure 28 - Variations of GLT walls placements 

The columns are placed on 1.2 meters of distance from each other, with an exception on the 

corners of the building where they are removed.  



 

 

PROJECT MANUAL #4, 2014 78 

The house is not limited to spread into height, it can also be widened by placing more house 

modules next to each other. In the Figure 29 there are some of the various combinations that can 

be achieved. 

 

Figure 29 - Variations of connecting house modules 

Materials used 

Sheep Wool as an Insulation Material 

Using sheep wool as an insulating material has many advantages.  Above all, itõs a natural, 

renewable and sustainable material, easily installed and it presents no hazard to human health. 

Wool fibers are breathable, meaning they can absorb and release moisture without reducing 

thermal performance unlike fiberglass based products. It does not support combustion and will 

extinguish itself in the event of fire. Also, sheep wool insulation does not settle due to the high 

elasticity of the wool fibers ensuring no loss of performance over time and it can be reused or 

recycled as compost. 
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Figure 30 - Sheep wool insulation 

Wool has a natural ability to regulate temperature and moisture. Wool is hygroscopic material and 

absorbs and releases moisture from the surrounding air without any effect on thermal efficiency. 

During cold weather, wool absorbs warmth from moisture in air, which enables building to reduce 

warmth losses. During warm periods, releasing absorbed moisture has performance of cooling and 

stopping warmth to get into a building. That keeps building cooler during the day and warmer during 

the night, so heating and cooling requirements are minimized. This property improves state of 

comfort, saves energy and contributes to healthier microclimate.  

Table 10 - Sheep wool specification 

Ǯ Depending on compression, 20 ð 30 kg/m 3 

c about 1100 J/kgK 

Ǩ about 0,040 W/mK 

Õ 1 - 2 

 

Wood wool panels as an acoustic insulation 

As an acoustic insulation material and secondary thermal insulation material in engine room we 

will use wood fiber insulation. Wood is thermally more efficient than competing building materials, 

thus conserving energy over the lifetime of a building. Thermal-insulating properties of wood are 

about 15 times better than those of concrete, 400 times better than steel and 1700 times better 

than aluminum. 5 cm thick wooden panel insulates as well as five times thicker brick wall. 

To make a wood wool panel wood fibers are first impregnated, then interrelated with cement and 

in a continuous production process, by pressing, are formed into panels. In Croatia, light insulating 

panels made of wood wool fibers from soft conifers jointed with cement have been produced since 

1942. Even today there are companies that continue this tradition and produce wood wool 

insulation panels. 
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Figure 31 - Wood Wool Cement Board 

As described in Innovation report, (5.5.6  Innovation in Sustainability), we are researching 

production and performance of wood wool and planning to produce wood wool insulation for our 

house by ourselves. We will use cement with only 30% clinker and 70% slag. Slag is a byproduct of 

iron production and its disposing represents a huge environmental problem in Croatia and our area. 

Estimated amount of slag on landfills is few million tons and with that being said itõs clear there is 

a need of reusing it somehow. 

 

Figure 32 - Our efforts to produce wood wool insulation by ourselves 

Technical Specifications ð Building engineering physics  

Wood wool balances humidity in a space where it is placed as it absorbs and releases moisture into 

air in the room as needed. This contributes to a convenient inner climate that is good for the comfort 

and health of people. High pH prevents the growth of mold and rot. It stores heat from the air and 

releases it when the air temperature falls.  

Table 11 - Wood wool specification 

Ǯ about 420 kg/m3 

Ǩ about 0,070 W/mK 

Õ 3 - 6 
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Also, due to the large share of pores in the material, it reduces sound reflection, muffles the noise 

and contributes to a pleasant and peaceful atmosphere of sound. Relevant frequencies for 

designing the interior space are taken 100 ð 5000 Hz. 

 

Figure 33 - Absorption coefficient 

5.3.2.1  Acoustic performance 

Introduction 

Housing-rooms enclosure constructive solution is analyzed here regarding its acoustic performance 

and its noise insulation. 

Acoustic performance 

Noise insulation house has a main objective of ensuring internal acoustic comfort in order to 

achieve this, we must verify that the existing sound field will not disturb the residentsõ home. 

Aspects normally related with acoustic comfort in a space, where the main source for noise is the 

spoken word, are reverberation, sound distribution, the definition and intelligibility of the word. In 

this case, considering the reduced space of the house and spaces which compose, it is only 

necessary to control the main magnitude for acoustic comfort: reverberation time, the only really 

representative value. 

Reverberation time estimation 

The reverberant sound in an auditorium dies away with time as the sound energy is absorbed by 

multiple interactions with the surfaces of the room. In a more reflective room, it will take longer for 

the sound to die away and the room is said to be 'live'. In a very absorbent room, the sound will die 

away quickly and the room will be described as acoustically 'dead'. But the time for reverberation 

to completely die away will depend upon how loud the sound was to begin with, and will also depend 

upon the acuity of the hearing of the observer. In order to provide a reproducible parameter, a 

standard reverberation time has been defined as the  time for the sound to die away to a level 60 

decibels below its original level. The reverberation time can be modeled to permit an approximate 

calculation. A reverberation, or reverb, is created when a sound is produced in an enclosed space 

causing a large number of echoes to build up and then slowly decay as the sound is absorbed by 
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the walls and air. This is most noticeable when the sound source stops but the reflections continue, 

decreasing in amplitude, until they can no longer be heard. To avoid those echoes we are analyzing 

this area (highlighted in the drawing below) to find some significant internal coating materials with 

as high as possible absorption coefficients. 

 

Figure 34 - Area where we do the calculation of reverberation time 

Reverberation time (RT) is a measure of the amount of reverberation in a space and equal to the 

time required for the level of a steady sound to decay by 60 dB after the sound has stopped. The 

decay rate depends on the amount of sound an absorption in a room, the room geometry, and the 

frequency of the sound. RT is  expressed in seconds. This decay is usually measured over the first 

10, 20 or 30 dB and then extrapolated to the full 60 dB range. The frequency dependent 

reverberation time of a room is usually given for the canter of a third octave band filter frequency 

of 500 Hz or 1 kHz or a frequency dependent response curve of the reverberation time of the 

frequency, but this is not a "frequency response" of the reverberation. 

Methodology 

Our calculations are based on Sabineõs reverberation equation. That established a relationship 

between the RT60 of a room, its volume, and its total absorption. 

RT60 = k Ł V / A = 0.161 Ł V / A   (V and A in meter) 

k = (24 ĭ ln 10) / C20 = 0.161 (meter) 

 

¶ RT60 = reverberation time in second (reverb time) 

¶ V = room volume in mİ 

¶ A = Ǟ ĭ S = equivalent absorption surface or area in mį 

¶ Ǟ = absorption coefficient or attenuation coefficient 

¶ The terms "attenuation coefficient" and "absorption coefficient" are used interchangeably 

¶ S = absorbing surface area in m2 

¶ A = Ǟ1 ĭ S1 + Ǟ2 ĭ S2 + Ǟ3 ĭ S3 + ... 

¶ C20 = speed of sound is 343 m/s or 1126 ft/s at 20ÁC 

 



 

 

PROJECT MANUAL #4, 2014 83 

Internal Materials Description 

Materials of the interior surfaces: 

¶ Floor: wood on joists Floor 

¶ Wall: Plaster (gypsum or lime, on masonry) 

¶ Windows: Glass, large panes 

¶ Ceiling: Plaster (gypsum or lime, rough finish or timber lath) 

¶ Doors: coated in linen canvas 

Results 

Table 12 - Absorption coefficients for interior surfaces 

AREA ABSORPTION COEFFICIENTS 

 mį 125Hz 250Hz 500Hz 1000Hz 2000Hz 4000Hz 

FLOOR 39,1 0.15 0.11 0.10 0.07 0.06 0.07 

WALL 20,5 0.14 0.1 0.06 0.05 0.04 0.04 

CEALING 39,1 0.14 0.1 0.06 0.05 0.04 0.04 

WINDOWS 53,1 0.18 0.06 0.04 0.03 0.02 0.02 

DOORS 4,4 0,04 0,10 2,50 3,60 4,10 4,10 
 

Statistical acoustics 

Optimum RT (500Hz - Speech): 0.58 s 

Optimum RT (500Hz - Music): 1.12 s 

Volume per Seat: 32.308 m3 

Minimum (Speech): 3.941 m3 

Minimum (Music): 7.680 m3 

 

Figure 35 - Result of statistical reverberation time 
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Table 13 - Reverberation time RT60 

          TOTAL  SABINE  NOR-ER  MIL-SE 

FREQ.    ABSPT.  RT(60)  RT(60)  RT(60) 

 63Hz:   39.328    0.77    0.95    0.65 

125Hz:   40.364    0.75    1.06    0.62 

250Hz:   36.523    0.80    1.44    0.69 

500Hz:   42.709    0.68    1.51    0.54 

 1kHz:   49.086    0.58    1.36    0.40 

 2kHz:   50.812    0.54    1.19    0.34 

 4kHz:   49.766    0.50    1.00    0.30 

 8kHz:   48.791    0.41    0.67    0.27 

16kHz:   48.246    0.40    0.65    0.27 
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5.3.3  Plumbing System Design 

Water saving and efficient consumption is one of the main aspects to consider when talking about 

sustainability. The goal is to implement water efficiency measures in Membrain and still deliver an 

unchanged or improved water service while reducing overhead costs. Improving water efficiency 

reduces operating costs (e.g., pumping and treatment) and reduces the need to develop new 

supplies and expand our water infrastructure. It also reduces withdrawals from limited freshwater 

supplies, leaving more water for future use and improving the ambient water quality and aquatic 

habitat. Water usage in per person is shown in figure below. As it can be seen, measures for more 

efficient water consumption increase savings dramatically. 

 

Figure 36 - Water consumption distribution 

The daily water consumption of a house can be efficiently reduced by the appropriate selection of 

the integrated devices. Apart from the electrical and household systems, the selection of the water 

taps is also of great importance. It's very important to choose systems that are best in promoting 

the reduction of water consumption. 

Consumption habits play a very important role in water saving. To reduce water consumption and 

create awareness, water saving units will be used in the bathroom and kitchen. It is advised to 

reduce showering time from average 9 min. to 7 min. because showering and dishwashing are one 

of the biggest water consuming activities. Water saving measures (WSM) are shown in the tables 

below. By using simple basic measures itõs possible to save about 210 EUR per year on water 

consumption. Membrain will have the most efficient water supply and piping system made by 
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Geberit. Savings are calculated for water price of 11.09 HRK/m3 (based on actual water price in 

Zagreb, 2013). 

Table 14 - Seals installation 

WSM 1. Seals installation - leaking prevention 

Annual savings 10 û 

Investment 0,7 û 

Return on investment 0,9 years 

Lifetime 3 years 

Lifetime savings 30 û 

Table 15 - Water saving flusher 

WSM 2. Water saving flusher installation 

Annual savings 60 û 

Investment 40 û 

Return on investment 0,7 years 

Lifetime 10 years 

Lifetime savings 607û 

Table 16 - Water saving laundry washer 

WSM 3. Water saving laundry washer installation 

Annual savings 47 û (water) / 9 û (electricity) 

Investment 480 û 

Return on investment 8,5 years 

Lifetime 11 years 

Lifetime savings 523 û (water) / 100 û (electricity) 

Table 17 - Water saving shower 

WSM 4. Water saving shower installation 

Annual savings 72 û  
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Investment 54 û 

Return on investment 9 months 

Lifetime 5 years 

Lifetime savings 362û 

Waste water 

Waste water cannot be used for appliances unless it is filtrated through expensive purification 

systems. They are not economically viable for small households unless there are several of them 

connected to the same purification system. A 1500 L tank will be located beneath the decking of 

the house for waste water collecting and storage. 

Grey water 

In design phase it's necessary to consider every possible option to reduce overall water 

consumption. Collecting and using the grey water is one of most important things in sustainable 

designing. There are several possible usages of grey water. During the contest period grey water 

will be collected in the tank, but not used for household appliances. When built on Borongaj site, 

Membrain will use filtered grey water for flushing and plants watering which will improve efficiency 

in water consumption. As is the case with the waste water, it would be more efficient and cost 

effective if several houses are connected to the same grey water collection system. 
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5.3.4  Electrical System Design 

5.3.4.1  General description 

The input for the electrical system is an IEC single-phase 230V-125 A plug socket with pilot contact. 

The system characteristics for the housing unit installation are as follows: 

¶ System classification according to CEI 64/8 TT 

¶ Nominal voltage     230 V AC 

¶ Distribution     single-phase 

¶ Short-circuit current    6 kA 

¶ Maximum absorbed power   15 kW 

The system starting point is the Master Electrical Panel, fed by an IEC single-phase 230 V ð 125 A 

plug socket. 

5.3.4.2  System design and characteristics 

Connecting to Grid 

Connection to the grid will be done with the cable FG07R 3x16 mm2, according to the requirements 

of the contest. This cable is used for nominal voltage 0.6/1 kV, with HEPR/PVC isolation, for indoor 

and outdoor installation, for outdoor temperatures from -30ÁC to +90ÁC. 

For the connection to the grid, the request of the competition is to use main circuit breaker with 

breaking capacity of 6 kA minimum and rated current 63 A maximum together with the RCD with 

medium sensitivity 300 mA. The calculation for the circuit breaker and RCD that will be installed is 

showed below: 

Circuit-breaker to the grid (Q3) 

Maximal current that can come from the grid or can be delivered to the grid is maximal output 

current of the Quattro inverter/charger and that is: Imax=Imaxout= 50 A, so the circuit breaker 

appropriate for this position is circuit breaker with nominal current 50 A, 1P+N, with short-circuit 

current capacity 10 kA and C characteristic. 

Residual current device toward the grid, RCD2 

Maximal current that can come from the grid or can be delivered to the grid is maximal output  

current of the Quattro inverter/charger and that is: Imax=Imaxout= 50 A, so nominal current of the RCD 

will be 63 A. Leakage current that will be used is Iǂn=300 mA. So, for this position (see the drawing 

EL - 001 Grid interconnection) the RCD 300mA, 63 A will be used. 
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Figure 37 - RCD 300 mA, 63 A 

Distribution board and circuits 

Main distribution board for house appliances will be mounted in the engine room in the entrance 

of the house. There will be 30 electrical circuits in the house, divided according to the appliances 

used in each circuit. 

In the following text, there is list of appliances used in the house and their individual consumption 

(nominal power). 

The main loads are: 

 Load    Power    Voltage  Current   

1. Clothes washer and dryer  3300 W  230 V  14.35 A  

2. Lighting    548 W   230 (24 DC)  2.38 A 

3. Stove    2900 W  230 V  12.61 A 

4. Oven    2700 W  230 V  11.74 A 

5. Dishwasher   2400 W  230 V  10.44 A 

6. Refrigerator + freezer  160 W   230 V  0.70 A 

7. TV     31 W   230 V  0.14 A 

8. Laptop    75 W   230 V  0.33 A 

9. BluRay    8,8 W   230 V  0.04 A 

10. Heat pump   2000 W  230 V  8.70 A 

For each circuit, it's necessary to calculate circuit breaker and appropriate cable. 

Circuit breakers are calculated according to the maximal current that can appear in each circuit: 

Imax=
 

 

Cables are calculated according to the following criteria: 

Current carrying capacity criteria 

Iac = 
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Appropriate current capacity for AC cable is approximate 6A/mm2. 

Voltage drop 

For AC cable, voltage drop is calculated by the following formula: 

Vac=    

where  

Vdc is AC voltage drop (V); 

I  is the nominal full load or starting current as applicable (A); 

Rc is the AC resistance of the cable (ǖ/km) 

Xc is the ac reactance of the cable (ǖ/km) 

cosǳ is the load power factor (pu) 

L is the length of the cable (m) 

If the voltage drop is less than 3% for the nominal voltage 230 V, the cable cross-section satisfies 

the criteria. 

If we would like to obtain maximal cable length to satisfy voltage drop beneath 3 %, the 

calculation is as follows: 

S = 
ȟ

Ў
 

Lmod= 
Ў

Ȣ
 

Short circuit temperature 

The minimum cable size due to short circuit temperature rise is typically calculated with an 

equation of the form: 

A = 
Ѝ

 

where A  is the minimum cross-sectional area of the cable (mm2) 

i is the prospective short circuit current (A) 

t is the duration of the short circuit (s) 

k is a short circuit temperature rise constant. 

Distribution circuits and corresponding circuit breakers and wiring is shown in the following table: 

Table 18 - Distribution circuits 

LOAD 
POWER 

(W) 

POWER 

CURRENT (A) 

CIRCUIT 

NUMBER 

CIRCUIT 

BREAKER 
CABLE (mm2) 

Clothes washer and 

clothes dryer 
3300 14.35 S1 

20 A, 1 p, 10 kA, 

B 
4 

Socket  16 S2 
16 A, 1 p, 10 kA, 

B 
2.5 

Stove 2900 12.61 S3 
13 A, 1 p, 10 kA, 

B 
2.5 

Oven 2700 11.74 S4 
13 A, 1 p, 10 kA, 

B 
2.5 

Socket (2 sockets in 

circuit) 
 16 S5 

16 A, 1 p, 10 kA, 

B 
2.5 
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Lighting - Kitchen 18 0.08 S6 1 A, 1 p, 6 kA, C 
1.5 

Lighting ð Kitchen 

(DIM) 
7.2 0.03 S7 1 A, 1 p, 6 kA, C 

1.5 

Dishwasher 2400 10.44 S8 
13 A, 1 p, 10 kA, 

B 
2.5 

Refrigerator + 

freezer 
160 0.70 S9 

16 A, 1 p, 10 kA, 

B 
2.5 

Socket (2 sockets in 

circuit) 
 16 S9 

16 A, 1 p, 10 kA, 

B 
2.5 

Lighting - Bathroom 67.5 0.30 S10 1 A, 1 p, 6 kA, C 
1.5 

Socket ( 3 sockets 

in circuit) 
 16 S11 

16 A, 1 p, 10 kA, 

B 
2.5 

Socket (6 sockets in 

circuit) 
 16 S12 

16 A, 1 p, 10 kA, 

B 
2.5 

Socket (4 sockets in 

circuit) 
 16 S13 

16 A, 1 p, 10 kA, 

B 
2.5 

Lighting ð Bedroom 

(DIM 1) 
14 0.06 S14 1 A, 1 p, 6 kA, C 

1.5 

Lighting ð Bedroom 

(DIM 2) 
28.8 0.13 S15 1 A, 1 p, 6 kA, C 

1.5 

Lighting ð Main 

room (DIM 1) 
28.8 0.13 S16 1 A, 1 p, 6 kA, C 

1.5 

Lighting ð Main 

room (DIM 2) 
28.8 0.13 S17 1 A, 1 p, 6 kA, C 

1.5 

Lighting ð Main 

room (DIM 3) 
28.8 0.13 S18 1 A, 1 p, 6 kA, C 

1.5 

Lighting ð Main 

room (DIM 4) 
14 0.06 S19 1 A, 1 p, 6 kA, C 

1.5 

Lighting ð Main 

room (DIM 5) 
14 0.06 S20 1 A, 1 p, 6 kA, C 

1.5 

Lighting ð 

Greenhouse (DIM 1) 
36 0.16 S21 1 A, 1 p, 6 kA, C 

1.5 

Lighting ð 

Greenhouse (DIM 2) 
36 0.16 S22 1 A, 1 p, 6 kA, C 

1.5 

Lighting ð 

Greenhouse (DIM 3) 
36 0.16 S23 1 A, 1 p, 6 kA, C 

1.5 

Lighting ð 

Greenhouse (DIM 4) 
36 0.16 S24 1 A, 1 p, 6 kA, C 

1.5 

Socket (4 sockets in 

circuit) 
 16 S25 

16 A, 1 p, 10 kA, 

B 
2.5 

Home electronics 114.8 0.50 S26 3 A, 1 p, 6 kA, C 
1.5 

Heat pump 2000 8.70 S27 
10 A, 1 p, 10 kA, 

B 
2.5 
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Lighting ð Engine 

room 
28 0.12 S28 1 A, 1 p, 6 kA, C 

1.5 

Lighting ð Outdoor 133 0.58 S29 1 A, 1 p, 6 kA, C 
1.5 

Socket (3 sockets in 

circuit) 
 16 S30 

16 A, 1 p, 10 kA, 

B 
2.5 

Wiring 

All wiring must be laid in either flexible or rigid PVC conduit or steel channels, suited for the 

application.  The internal diameter of PVC conduits must be a minimum of 20 mm and at least 1.4 

times greater than the diameter of the wire or wire bundle contained. Steel channels must allow 

free space of not less than 50 %. Cable for lines at different nominal voltage must be installed in 

separate conduits or separated by appropriate barriers. Metal channels must be provided with the 

necessary ground and equipotentional connections. 

Cabling will be implemented in a manner that minimizes the probability of propagating or igniting 

any fire under the various installation conditions. The electrical lines will be dimensioned that limit 

voltage drops to 3 % of the nominal input voltage. Selected cable cross-sections for each circuit are 

shown in the table above. 

Electrical box 

The electrical distribution boxes will contain all necessary switching, measuring, protection and 

control equipment necessary for system function, according to the circuit diagram included with 

this project document. The electrical boxes will confirm to CEI norms for the particular type of the 

product. 

The boxes will be built in galvanized sheet steel, finished in thermoset epoxy resin polymer powder 

coating. 
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Lighting system 

The interior and exterior lighting will be LED units, switched by the motion detectors and dimmered 

in function of natural light detected by low-light sensors. The light system is divided in various lines 

and circuits, so in case of any kind of disturbance or fault, the whole house wouldnõt be in dark. 

Description of the lighting can be found in the section 5.1.2. Detailed layout of the lighting can be 

found in the drawings EL-401 Lighting plan and EL-402 Lighting plan details.  

Lighting in the bathroom and shower is chosen according to the latest copy of the IEE wiring 

regulations minimal IP protection factor for the lights chosen in bathroom is IP44. Selected 

luminaire KORA 16 compiles the standard IEC 60364-7-701 with IP protection factor 44. 

Outdoor lighting is subject to certain wiring regulations and must be selected and erected so as to 

be suitable, for the external influences likely to occur at the particular point of installation. Such 

influences are likely to include: spraying and splashing water, water from jets and immersion in 

water. The required IP rating for outdoor lighting depends on the influences it is subjected to. 

Selected luminaires satisfy IP protection code, LIAM IP65, NEMEA6 IP67 and JAGO IP54.  

Protection against overcurrent 

In accordance with the section of the conductor, rated current of the protection is specified. 

Selected circuit breakers have short circuit current capacity of minimum 6 kA.  

Protection against electric shock (direct and indirect contact)  

There is the risk of direct contact and accidental contact of the person with active parts of the 

installation and indirect contact with metallic mass which can get accidentally under the voltage 

due to the decreased isolation. All electrical equipment have minimum IP protection code 2. IP 

protection codes for sockets are listed in the following table. Each socket have protective shutter. 

The installation of the socket can be seen in the drawing EL-301 Power plan.  

After main circuit breaker toward the house appliances, residual current device will be used as 

protection against direct contact.  

Maximal current that can supply house appliances is defined with maximal possible house load 

Imaxload= =
 

 
= 39 A 

so the nominal current of the RCD will be 40 A.  

Leakage current that will be used is Iǂn=30 mA. So, for this position (see the drawing EL-601 AC 

wiring diagram) the RCD 30mA, 40 A will be used. 

Data and telephone system 

The system plan includes specifications for installation or provision for the future installation of a 

data and telephone transmission system. The plan also provides WiFi coverage of the entire house. 

Grounding system 

The housing unit grounding system will be attached to the grounding system already present in the 

building and the new system will serve the existing one. The type of the grounding system will be 

TT and according to the norms, in TT systems where differential breaker is used to ensure 

protection from the indirect contact, the earth resistance must satisfy the following formula: 
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Rt  Ò   

In the housing unit system the maximum value of Idn is 1 A, so the value of resistance to earth is: 

Rt  Ò 
 

 
  Ò 50 ǖ 

Protective conductor will connect the earthing-pin contact in each socket outlet with the main 

earthing terminal at the origin of the installation.  

All metallic masses of the receiving devices, general heating and plumbing system, TV and radio 

aerials will be connected will be connected to the grounding with the protective conductor.  

5.3.4.3  Electrical System Management 

Today there are two major challenges which electrical power engineering is trying to address. The 

first one is to reduce the electricity consumption peaks. The electricity consumption significantly 

varies over time. In order to ensure reliable delivery of electricity, every part of the grid (transmission 

lines, transformers, circuit breakersé) has to be dimensioned to withstand the peak load. However, 

during the off-peak hours the grid is usually underutilized. Shifting the electricity demand from peak 

to off-peak hours would reduce the need to upgrade the existing grid because of the increasing 

demand. In addition to the obvious financial benefits, this is important because the grid upgrades, 

i.e. new transmission lines, are very difficult to integrate in populated areas such is most of the 

Europe. The second challenge is the integration of the renewable sources, namely wind and solar. 

Electricity is difficult to store in significant amounts (with exception of pumped hydro), so the 

electricity generation and demand + losses have to be in balance at all times. We cannot rely on 

the production of renewable sources due to their intermittency (stochastic behaviour of the wind is 

exceptionally challenging), which means that reserve in conventional power plants is required to 

enable safe operation of the power system. In order to enable a larger share of renewable 

integrated into the power systems, demand side will have to become more active. Households 

make up for the significant part of total electricity demand, and our goal is to make our house a 

òmodel citizenò in the electricity grid with demand side management ability. That means that the 

house will be able to adjust its consumption throughout the day in order to achieve different 

objectives. 

A peak demand in Croatia and also in the global system is between 7 and 10 p.m., so if the house 

will be able to remove from the grid in that period, it could relieve the power grid. Furthermore, it is 

well known that the power plants which produce electricity in the peak period implement production 

technologies that emit CO2 and besides, they are increasing the energy price.  

Our energy strategy encompasses the promotion of electricity generation from the sun and 

promoting energy efficiency at the micro level. This strategy is an opportunity to improve people 

behaviour, who have to learn to minimize electricity consumption and which benefit they have from 

it. So we propose a prospective method of energy management, which will encompass several 

different scenarios of the house behaviour. 

The idea we had in mind when designing the electrical system of our house was to enable high level 

of control over all electricity related systems. That will enable energy efficient house management 

while providing high level of comfort for residents. 
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Electrical equipment in our house will be connected to AC bus. 

The loads in used in the house are will be either flexible or non-flexible. Flexible loads are those 

that have the possibility to operate at different times of the day without reducing the comfort level. 

The example of such a load is the electric heat pump, which can take advantage of the high thermal 

capacity of the house to operate at different times of the day. For example, heat pump will warm 

up the house during the night when the electricity is cheaper. The heat will be stored in the walls 

and phase changing materials and emitted throughout the day. The fridge will be used in a similar 

way, on a smaller time scale. Those loads will be monitored and controlled from the central 

computer in a way to modify the daily consumption curve of the house. Non-flexible loads cannot 

be used in that way, such as TV, because the users require immediate response. However, some 

of the non-flexible loads, such as clothes dryer or dishwasher will warn the user if they are used 

during peak consumption hours. The user will have the option to disregard the warning and use 

those appliances anyway. 

Batteries will be connected to the DC bus via controllable inverter/charger. Its role is to enable 

control over energy flow to and from the batteries, according to the optimal charge/discharge 

strategy determined by the central controller. In addition to that, this will be used to regulate the 

charging process of the battery, adjusting charging voltage depending on the state of the battery. 

Battery power flow would be controlled by switching the charger and the inverter on and off. The 

additional benefit is that the battery inverters are designed to keep voltage and frequency when 

the house operates off-grid. Battery state of charge will be calculated by measuring and integrating 

the current flow. 

The batteries and the flexible loads, namely the electric heat pump, will be used to modify the daily 

load profile of the house. To ensure the desired behaviour we will use model predictive control 

(MPC). In a nutshell, this method is used to determine the current behaviour of the system (in 

discrete steps) while taking into account the future behaviour. In our case this method will use the 

detailed mathematical model of the house and different forecasts (weather, electrical load, thermal 

load, house occupancy) to determine the optimal operating schedule of the controllable loads and 

the battery system. The operating schedule will be done for a certain time horizon, i.e. 24 hours. 

The control actions will be implemented in the current discrete control period, i.e. 1 minute. In the 

beginning of the next control period the optimal schedule is calculated again, with updated 

forecasts and measurements as input parameters. 

PV panels are also going to be connected to the DC bus, via DC/DC maximum power tracker. The 

reasoning behind this is similar to the one with the battery system: to reduce the amount of energy 

that has to go through DC/AC conversion and to increase overall efficiency of the system. Since the 

entire PV array will be tilted at the same angle and there will not be any shadowing, the maximum 

power point will be the same for all solar panels. This will enable the use of only one MPPT device. 

Electricity consumption or generation for every piece of electrical equipment will be monitored and 

those measurements will be used to determine real time electricity balance of the house. That data 

will be used by the central controller to determine the optimal operating schedule for batteries and 

flexible loads. 

The layout of the design of the Membrain electrical system is shown on the following figure. 
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Figure 38 ð Membrain electrical system design layout 
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5.3.5  Photovoltaic System Design 

5.3.5.1  Introduction 

A photovoltaic system consists of: 

¶ PV module or PV generator converts sunlight into DC electricity. 

¶ Grid inverter that converts DC current coming from the PV panels into a clean AC current 

for AC appliances, regulates the voltage and current coming from the PV panels going to 

battery and prevents battery overcharging and prolongs the battery life. 

¶ Inverter/charger is the core of the system, which regulates power flow in various 

directions: in the battery, from the battery, from the grid, in the grid etc.  

¶ Battery that stores energy for supplying electrical appliances. 

¶ AC and DC loads that consume electricity produced from PV modules or distributed from 

the grid. 

A simplified model of this grid-connected PV system is shown in the Figure 39. 

 

Figure 39 - Simplified model of grid-connected PV system 

If we consider characteristics of the current in the described system, the system can be divided in 

two parts: 

¶ DC part covering the part of the described system from PV modules to grid inverter and 

also from inverter/charger to batteries. PV modules, batteries, supporting structure, DC 

connection boxes, DC conductors and DC protection devices are included in this part. 

¶ AC part covering the part of the described system from the grid inverter to the public grid 

and appliances. Grid inverter, wires, appliances, AC protections and metering devices are 

included in this part. 
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The graphical representation of the division of the AC and DC parts (components) is shown in Figure 

40. 

 

Figure 40 - The graphical representation of the division of the AC and DC parts 

5.3.5.2  General description 

Central parts of our photovoltaic system are building integrated photovoltaic modules which are 

located in the envelope of the membrane. Since our goal is to design the concept that would suit 

the two geographic locations, Zagreb and Paris, the photovoltaic system also has to be adjusted to 

these objectives. Therefore, our decision, in terms of the design of the photovoltaic system 

construction, is construction of the furling panels on the roof. Furling panels can adjust 

mechanically to the angle of the solar beams and contribute to the maximum electricity production. 

This way, our system, is one-axis tracker that has the ability to change its angle over the year as the 

height of the sun above horizon changes. Since the entire PV array will be titled at the same angle 

and there will not be any shadowing, the maximum power point will be the same for all solar panels. 

To increase overall system efficiency and usability, we are using batteries and flexible loads, namely 

heat pump. Batteries will be controlled via controllable inverter/charger, which will enable control 

over energy flow to and from batteries, according to the optimal strategy determinate by the central 

controller. Flexible loads will have possibility to operate at different times of the day without 

reducing the comfort level. 

Batteries and flexible loads together will be included in the flexible electrical system, which is the 

main objective of the Membrain energy strategy. The basis of this strategy is flexibility in the context 

of the electricity production and consumption. 

A conceptual layout of the described PV system is shown in the figure below. Each part of the system 

will be described with further detail later. 



 

 

PROJECT MANUAL #4, 2014 99 

 

Figure 41 - Conceptual layout of the described PV system 

5.3.5.3  Design and specifications 

Photovoltaic generator 

The photovoltaic installation consists of six rows of photovoltaic modules arranged in the horizontal 

orientation (roof). Chosen photovoltaic modules are commercially available, manufacturing brand 

Victron energy. We defined necessary photovoltaic modules based on architectural requirements 

(module dimensions that suit the structure) and electrical requirements (power, open circuit 

voltage, etc.). Main characteristics of the chosen photovoltaic module, BlueSolar Monocrystalline 

Panels SPM101-12, are presented in the following table. 

Table 19 - BlueSolar module specifications 

DIMENSIONS 1210x540x35 cm 

GLASS SIZE 1205x535 cm 

WEIGHT 8 kg 

POWER  100 W 

MAX POWER VOLTAGE (UMPP) 18 V 

MAX POWER CURRENT (IMPP) 5.56 A 

OPEN CIRCUIT VOLTAGE (VOC) 22.4 V 

SHORT CIRCUIT CURRENT (ISC) 6.53A 
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Additional characteristics and data sheet can be found in the appendix Victron energy Solar panels. 

The layout and the dimensions of each row are shown in the figure below. 

 

Figure 42 - Layout of the one row of PV modules 

The PV panels are connected to the four strings. Two strings consist of 13 panels and two of 12 

panels. The detail layout of the PV module design is shown in the drawing PV ð 011. 

In the string with 13 panels, maximum voltage (open circuit voltage) is 291.2 V and the maximum 

short-circuit current that can appear in the circuit is 6.53 A.  

In the string with 12 panels, maximum voltage (open circuit voltage) is 268.8 V and the maximum 

short-circuit current that can appear in the circuit is 6.53 A. 

The figure below represents the real layout of the BlueSolar Monocrystalline Panels SPM101-12. 

 

Figure 43 ð BlueSolar Monocrystalline Panels SPM101-12 layout 

Grid inverter 

The 5 kW BIPV system of Membrain consists of custom made monocrystalline PV modules that are 

combined in four equally powered strings.  Maximal output power of the first two strings connected 

is 2.4 kW, maximum output voltage (open circuit voltage) is 268.8 V and the maximum short-circuit 

current that can appear in the circuit is 6.53 A.  Maximal output power of the second two strings 

connected is 2.6 kW, maximum output voltage (open circuit voltage) is 291.2 V and the maximum 

short-circuit current that can appear in the circuit is 6.53 A. Two same-numbered strings are 

brought in parallel to the input of the solar grid inverter. According to the available inputs for grid 

inverter, two Blue Solar Grid Inverters 2800 will be installed. Maximum input power of the grid 

inverter is 2.8 kW, maximum voltage is 550 VDC and maximum current is 13 A, so it accomplishes 
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