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4  RULES AND BUILDING CODE COMPLIANCE CHECKLIST
L . Drawing(s)/
Rule Description Content Requirement(s
u ipti qui (s) Report(s)
3,2 Team Officers and Contact | Team officer’s contact information
. . . PM - 1. Team
Information completely fulfilled in Table 1 (SDE )
Officers
WAT)
4,3 Lot Conditions and attribution | Drawing(s) showing the storage
and unloading areas and AR - 002
corresponding load’s calculations
4,3 Lot Conditions PM -
Calculations showing the 5.2.1.  Structural
structural design remains Design ST-001
liant if there is a level
cgmp iant even i gre is a leve 14. Structural
difference, and drawing(s) ,
. . . Calculations
showing shimming methods and
materials to be used in case. PM - 13.7
5 ST drawings
4.4 Footings we don’t have any
Drawing(s) showing the locations ground
and depths of all ground penetration
penetrations on the competition system
site
4,4 Footings Drawing(s) showing the location,
contact area and soil-bearing ST - 001
pressure of every component
resting directly on the ground
47 Construction Equipment Drawing(s) showing the assembly
and disassembly sequences and
the movement of heavy machinery | SO - 201 -245
on the competition site and
specifications for heavy machinery
5,1 | Solar Envelope Dimensions AR - 011
Drawing(s) showing the location of
all house and site components AR - 101
relative to the solar envelope
AR - 102
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Structural drawings and

calculations signed and stamped ST-001
by a qualified licensed ST-304

professional

Electrical and

6.1 Design Approval

Photovoltaic

Electrical and Photovoltaic
drawings and calculations signed
and stamped by a qualified
licensed professional

PV - all drawings

EL - all drawings

6,1 Codes Design Compliance

List of the country of origin codes

complied, properly signed by the PM -13.1.3
faculty advisor
6,2 Architectural Footprint Drawing(s) showing all the
information needed by the Rules AR - 014
Officials to digitally measure the
architect footprint
6,2 Architectural Footprint Drawing(s) showing all the
reconfigurable features that may AR - 041
increase the footprint if operated
during contest week
6,3 Measurable Area Drawing(s) showing the Minimum
. AR - 051
& Maximum Measurable Area.
6,4 Entrance and Exit Routes ) ) ) AR - 001
Drawing(s) showing the accessible
public tour route, specifying the PT - 001
entrance and exit from the house
to the main street of La Cite du PT-101
Soleil
7,3 PV Technology Limitations Specifications and contractor
price quote for photovoltaic PM -5.3.5
components
7,4 | Batteries Drawing(s) showing the location(s) | PD
and quantity of stand-alone, PV- PV - 005
powered devices and
corresponding specifications PV-015
7,4 | Batteries Drawing(s) showing the location(s) | PD
and quantity of hard-wired battery PV - 005
banks components and
corresponding specifications PV -015
PROJECT MANUAL #4, 2014 14
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Thermal Energy Storage
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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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Drawing(s) showing the location of
all vegetation and, if applicable,
the movement of vegetation
designed as part of an integrated
mobile system

AR - 011
AR - 021

AR - 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 Sensors’
wire routing

Location and

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

PM5.7.4

11,3

Teams’ sponsors & Supporting
Institutions

Drawing(s) showing the
dimensions, materials, artwork,
and content of all communications
materials, including signage

PM 5.7.6.

PM5.7.5.2.

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 - 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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Contest 6: House Functioning
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Appliances and corresponding
technical specifications
(Appliances and Home Electronics
Equipment specifications and user
Manuals, Rule 49.1)

PM -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 - 5.2.5.
PD

PV - 001,
PV - 002

PV - 031

36,5

Photovoltaic systems design

Inverters’ 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 - 5.2.5.

5.3.

36,5

Photovoltaic systems design

The corresponding table “design
summary” must be filled out

To be determined

51,3

Fire Safety

Specifications for Fire Reaction of
Constructive elements,
extinguishers and fire resistance
of the house’s structure

FP-001

51,3

Fire Safety

Drawings showing compliance
with the evacuation of occupants’
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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1,4 f inst fall

51, Safety against falls Drawing(s) showing compliance PT - 001
with conditions for uneven
flooring, floors with different level, PT - 101
Restricted Areas stairs, Public AR - 003
Areas Staircases, Restricted Areas
Ramps and Public Areas Ramps AR-021

51,4 | Safety for avoiding trapping | Drawing(s) showing compliance

and impact risk with conditions for avoiding To be determined

trapping and impact risk

51,4 | Safety against the risk of | Specifications for level of

inadequate lighting illumination of house tour areas To be determined

light fittings

51,5 | Accessibility AR - 003
Interlor-and exter!or plans showing PT - 001
the entire accessible tour route

PT - 101

51,6 | Structural Safety Specifications for the use of dead
loads, live Ioad§, sa.tfety.factors PM - 13.3
and load combinations in the
structural calculations

51,7 | Electrical and PV Systems Complete the “Electrical System
Design PV Chart and Checklist” PM 12
Rule 48

51,7 | Electrical and PV Systems Specifications of the wiring, PM - 5.3.5
channels, panels and protections
of the electrical installation PD - PV

51,7 | Electrical and PV Systems One-line electrical diagram and PD - PV
drawings showing the grounding,
execution and paths EL
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5 CONTEST SUPPORT DOCUMENTS

5.1 Urban Design, Transportation and Affordability Report

5.1.1 Urban Design Strategy

Croatia’s 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 — one which is inherent to the Membrain’s 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 Croatia’s 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 42° and 47°
N and longitudes 13° and 20° 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 -3 °C (27
°F) (in January) and 18 °C (64 °F) (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 Korcula,
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 Pozar)
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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 15-64 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 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 - 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

PROJECT MANUAL #4, 2014 22



- Solar
“ UNIZG %% Decathlon

Europe

generated a large set of park-surrounded public spaces called the “Green Horseshoe” (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 - 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.

5.1.14 Zagreb’s stages - 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
Zagreb's urban development, thereby offering site-specific solutions and exploring the adaptable
“cellular” 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 workshop’s 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 Gunduli¢eva - Zerjavieva - Preradoviéeva -
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 - 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 - 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 "Cinovnicka 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 Cinovnika".

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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5.14 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 “Zagrebacki elektriéni tramvaj - ZET”. 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 Zagreb’s 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 “Maksimir” and “Trnava” 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
521 Architectural Concepts
5211 Introduction

Starting from the very source of life - the cell, the UNIZG team developed the idea of a future
house - 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 - 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 doesn’t 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 -
creating more than a house - a principle, or concept - 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 -
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 - 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 - 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 cross-laminated 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 -
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 - insulation

There are two types of insulation used in this project - 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 facade, 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 facade translucent, we also had to think of ways to provide
appropriate sunshade, avoiding overheating during summer. The eastern and western facades
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 customer’s 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 facade is protected by an innovative building integrated PV tracking system (which will
be explained in more detail in a separate section below).

The northern facade 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 facade 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 - this type of facade 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 facade 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 - 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 teams’ 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 user’s

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 - the service
group, greenhouse and the winter garden.

Service group

The service group can be further divided into four components - 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 - 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 - 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 ‘farming’. 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 house’s 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 user’s 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 - 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 user’s
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.

PROJECT MANUAL #4, 2014 36



- Solar
“ UNIZG %% Decathlon

Europe

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 - 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 - 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 one’s 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 - 401 Lighting plan.
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Our lighting plan is listed in the Table 1. Total power amounts to 547.7 W.
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Table 1 Total lighting power

. . Dimmin

Light Power Quantity Total power valuesg
LED strip 1 7.2 W/m 36m 259.2 W 10-100%
LED strip 2 4.5 W/m 5Bm 225 W 0%
KORA 16 15W 3 pcs 45 W 0%
KORA 7 TW 6 pcs 42 W 10-100%
Tab 2 GU5.3 6w 4 pcs 24 W 10-100%
KEA 180 11W 2 pcs 22 W 0%
JAGO TW 3 pcs 21 W 0%
LIAM W 13 pcs 91 W 0%
NEMEA 6 TW 3 pcs 21 W 0%

5231

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

Figure 8.

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

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

CODE LED Strip 1 LED;”"O
Light colour 3000 K 3000 K
Total luminous flux [Im/m] 400 180
Colour rendering index (CRI) >75 >75
LED lifetime [h] >50 000 >50 000
IP Protection IP65 IP65
Insulation class Il Il
Voltage input 12 DC 12 DC
Power [W] 7.2 W/m 4.5W/m

Figure 8 - Simulation of light in green house

PROJECT MANUAL #4, 2014



4

7\ UNIzG

Solar

Decathlon
»." Europe

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.
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60"

45°
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v
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CO0 - C180 €80 - C270
Figure 9 - KORA 7 distribution of illumination
Table 3 - Technical sheet for KORA 7

CODE KORA 7
Light colour Warm white 2800-3200 K
Total luminous flux [Im] 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 - 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.
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Figure 11 - KORA 16 distribution of illumination
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Table 4 - Technical sheet for KORA 16

CODE KORA 16
Light colour Warm white 2800-3200
K
Total luminous flux [Im] 410
Colour rendering index (CRI) 70-80
LED lifetime [h] >25 000
IP Protection P44
Voltage input 230 AC 50 Hz
Power [W] 15

Figure 12 - 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 - KEA 180 distribution of illumination
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Table 5 - Technical sheet for KEA 180
CODE KEA 180
Light colour Warm white 2800-3200 K
Total luminous flux [Im] 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 - 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 - Tab 2 GU.5 distribution of illumination
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Table 6 - 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 [Im] 320
Colour rendering index (CRI) >70
LED lifetime [h] >25 000
IP Protection IP40
Voltage input 230 AC50 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.
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Figure 17 - LIAM distribution of illumination

Table 7 - Technical sheet for LIAM

CODE LIAM
Light colour Warm white 2800-3300 K
Total luminous flux [Im] 160
Colour rendering index (CRI) >75
LED lifetime [h] >50 000
IP Protection IP65
Voltage input 230 AC50 Hz
Power [W] 7

Figure 18 - 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 - NEMEA 6 distribution of illumination

105°

45°

30" 157 (g 157

105°

75"

60°

45°

cd/kim
= C0-C180 =——=CB80-C270

Table 8 - Technical sheet NEMEA 6

CODE NEMEA 6
Light colour Cool white 5500-6000 K
Total luminous flux [Im] 500
Colour rendering index (CRI) >70
LED lifetime [h] >40 000
IP Protection IP67
Voltage input 230 AC50Hz
Power [W] 7
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Figure 20 - 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.
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Figure 21 - JAGO distribution of illumination

PROJECT MANUAL #4, 2014 49



Y 4 Solar

$uitize f Decathlon

Table 9 - Technical sheet for JAGO

CODE JAGO
Light colour Warm white 2800-3200
K
Total luminous flux [Im] 2 x 80
Colour rendering index (CRI) >70
LED lifetime [h] >50 000
IP Protection P54
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)

Bathroom / Isolines/Horizontal illuminance

1000
750
500

300
500
750
1000

1000
750
500
200

300
500
750
1000

Scale: 1:26

Horizontal illuminance (Grid)
Average: 765 bx, Min: 199 bx, Max: 1494 [x, Min/average: 0.260, Min/max: 0.133, Points: 1 x 7 (Relevant: all)

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based
exclusively on these points, as all other points would falsify the results, in some cases significantly.
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Bathroom / False colours/Horizontal illuminance
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Scale: 1:25

Horizental illuminance (Grid)
Average: 765 Ix, Min: 199 Ix, Max: 1494 Ix, Min/average: 0.260, Min/max: 0.133, Points: 1 x 7 (Relevant: all)

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based
exclusively on these points, as all other points would falsify the results, in some cases significantly.
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Bathroom / Value chart/Horizontal illuminance
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+
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Scale: 1:25

Horizontal illuminance (Grid
Average: 765 Ix, Min: 199 Ix, Max: 1494 Ix, Min/average: 0.260, Min/fmax: 0.133, Points: 1 x 7 (Relevant: all)

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based
exclusively on these points, as all other points would falsify the results, in some cases significantly.

Bathroom / Table/Horizontal illuminance

Value chart [Ix]
m 0.000

1.314 1360
0.876 336
0438 255
0.000 1494
-0.438 199
-0.876 243
-1.314 1466

Horizontal illuminance (Grid)
Average: 765 Ix, Min: 199 Ix, Max: 1494 Ix, Min/average: 0.260, Min/max: 0.133, Points: 1 x 7 (Relevant: all)

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based
exclusively on these points, as all other points would falsify the results, in some cases significantly.

Bathroom / Results overview

Results overview (Grid)
Result type Average  Min Max Minfaverage  Min/max  Points (Relevant)
Horizontal illuminance [Ix] TE5 199 1484  0.260 0.133 1x 7 (all)

Relevant points are points that are within the respective surface and are not covered by furhiture or other elements. The summarized results are based
exclusively on these points, as all other points would falsify the results, in some cases significantly.
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Lighting calculation (kitchen)

Kitchen final / Isolines/Horizontal illuminance

| 28888

750 |

Scale: 1:25

Harizontal illuminance (Grid)
Average: 336 |x, Min: 49 Ix, Max: 979 Ix, Minfaverage: 0.146, Min/max; 0.050, Points: 3 x 7 (Relevant: all)

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based

exclusively on these points, as all other points would falsify the results, in some cases significantly.

Kitchen final / False colours/Horizontal illuminance
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Scale: 1: 25

Harizontal illuminance (Grid)
Average: 336 Ix, Min: 49 Ix, Max: 979 Ix, Min/average: 0.146, Min/max; 0.050, Points: 3 x 7 (Relevant; all)

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based

exclusively on these points, as all other points would falsify the results, in some cases significantly.
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Kitchen final / Value chart/Horizontal illuminance

|
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24§

Scale: 1:25

Harizontal illuminance (Grid)
Average: 336 Ix, Min: 48 Ix, Max: 979 Ix, Min/faverage: 0.146, Min/max; 0.050, Points: 3 x 7 (Relevant: all)

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based

exclusively on these paints, as all other points would falsify the results, in some cases significantly.

Kitchen final / Table/Horizontal illuminance

Value chart [Ix]

m -0.276 0,000 0.276
0977 49 68 153
0651 70 80 321
0326 141 251 195
0.000 267 583 336
-0.326 396 911 212
-0651 403 979 327
-0.977 342 719 232

Horizontal illuminance (Grid)
Average: 336 Ix, Min: 48 Ix, Max: 979 Ix, Min/average: 0.148, Min/max: 0.050, Points: 3 x 7 (Relevant: all)

Relevant paints are points that are within the respective surface and are not covered by furhiture or other elements. The summarized resulls are based

exclusively on these points, as all other points would falsify the results, in some cases significantly.

Kitchen final / Results overview

Results overview (Grid)
Result type Average Min  Max Min/average  Min/max  Points (Relevant)
Horizantal illuminance [Ix] 338 45 979 0.146 0.050 3xT(all)

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based

exclusively on these points, as all other points would falsify the results, in some cases significantly.
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Lighting calculation (greenhouse)

Greenhouse / Isolines/Herizontal illuminance

100

Scale: 1:50

Haorizontal illuminance (Grid)
Average: 154 Ix, Min: 99 Ix, Max: 179 Ix, Min/average: 0.644, Minfmax: 0.554, Points: 5 x 9 (Relevant: 9)

Relevant points are points that are within the respective surface and are not covered by fumiture or other elements. The summarized results are based

exclusively on these points, as all other points would falsify the results, in some cases significantly.

PROJECT MANUAL #4, 2014

56



4

" Solar
<" Europe

"‘ tﬁaﬂ 1ZG y Decathlon

Greenhouse / False colours/Horizontal illuminance

100

Scale: 1:50

Horizontal illuminance (Grid)
Average: 154 x, Min: 99 [x, Max: 179 Ix, Min/average: 0.644, Min/max: 0.554, Points: 5 x 9 (Relevant: 9)

Relevant points are points that are within the respective surface and are not covered by fumiture or other elements. The summarized results are based
exclusively on these points, as all other points would falsify the results, in some cases significantly.

Greenhouse / Table/Horizontal illuminance

Value chart [Ix]

m
4.182
3.143
2104
1.064
0.025
-1.014
-2.053
-3.002
-4.131

-2.525 -1.375 -0.225 0.925 2.075

103 f / ! !
148/ ! ! i
1685 ! ! !
174 ! ! !
177/ ! ! I
180 ! ! !
172/ ! ! i
155/ ! ! i
13 / ! ! !

Horizontal illuminance (Grid)
Average: 154 Ix, Min: 103 Ix, Max: 180 Ix, Min/average: 0.668, Min/max: 0.571, Points: & x 9 (Relevant: 9)

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based
exclusively on these points, as all other points would falsify the results, in some cases significantly.
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Greenhouse / Value chart/Horizontal illuminance
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Scale: 1:50

Horizontal illuminance (Grid)
Average: 1584 Ix, Min: 99 bx, Max: 179 Ix, Minfaverage: 0.644, Min/mazx: 0.554, Points: 5 x 9 (Relevant: 9)

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based

exclusively on these points, as all other points would falsify the results, in some cases significantly.

Greenhouse / Results overview

Results overview (Grid)
Result type Average Min  Max  Minfaverage  Min/max  Points (Relevant)
Horizontal illuminance [Ix] 154 103 180 0.668 0.571 5x9(9)

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based

exclusively on these points, as all other points would falsify the results, in some cases significantly.
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Lighting calculation (engine room 1)

Engine room 1/ Isolines/Perpendicular illuminance (adaptive)
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Scale: 1:10

Perpendicular illuminance (Surface)
Average: 98 Ix, Min: 66 Ix, Max: 104 Ix, Minfaverage: 0.677, Min/max; 0.638, Points: 64 x 64 (Relevant; all)

Height of working plane: 0.800 m, Wall zone: 0.000 m

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based
exclusively on these points, as all other points would falsify the results, in some cases significantly.

Engine room 1/ False colours/Perpendicular illuminance (adaptive)

Scale: 1:10

Perpendicular illuminance (Surface)
Average: 98 Ix, Min: 66 Ix, Max: 104 Ix, Min/average: 0.677, Min/max: 0.638, Points: 64 x 64 (Relevant: all)

Height of working plane: 0.800 m, Wall zone: 0.000 m

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based
exclusively on these points, as all other points would falsify the results, in some cases significantly.
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Engine room 1 / Value chart/Perpendicular illuminance (adaptive)
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Scale: 1:10

Perpendicular illuminance (Surface)
Average: 98 |x, Min: 66 lx, Max: 104 Ix, Min/average: 0.677, Min/max: 0.638, Points: 64 x 64 (Relevant: all)

Height of working plane: 0.800 m, Wall zone: 0.000 m

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based
exclusively on these points, as all other points would falsify the results, in some cases significantly.

Engine room 1/ Results overview

Results overview (Surface)
Result type Average Min  Max  Minfaverage Min/fmax  Points (Relevant)

Perpendicular illuminance [Ix] 98 66 104 0.677 0.638 64 x 64 (all)

Height of working plane: 0.800 m, Wall zone: 0.000 m

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based
exclusively on these points, as all other points would falsify the results, in some cases significantly.
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Lighting calculation (engine room 2)

Engine room 2 / Isolines/Perpendicular illuminance (adaptive)

B
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\ I
Scale: 1:10

Perpendicular illuminance {Surface)

Average: 79 Ix, Min: 61 Ix, Max: 94 Ix, Min/average: 0.772, Min/max: 0,850, Points: 64 x 64 (Relevant: all)

Height of working plane: 0.800 m, Wall zone: 0.000 m

< Solar

Decathlon
Europe

2014

EN FRANCE

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based
exclusively on these points, as all other points would falsify the results, in some cases significantly.

Engine room 2 / False colours/Perpendicular illuminance (adaptive)

50 75 100 x

Scale: 1:10

Perpendicular illuminance (Surface)

Average: 79 Ix, Min: 81 Ix, Max: 94 |x, Min/average: 0.772, Min/max: 0.850, Points: 64 x 64 (Relevant: all)

Height of working plane: 0.800 m, Wall zone: 0.000 m

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based
exclusively on these points, as all other points would falsify the results, in some cases significantly.
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Engine room 2 / Value chart/Perpendicular illuminance (adaptive)

» Solar

Decathlon
Europe

iy
=
[5;]

ey Ty oy
o

o
-

o
-3
~l
Iy

=]
=
o
=4

]
L=
[
(%]

w
-1
(=]

T

oo

@
=]
=
o

-~
w
(=]
(=]

e T T T
w

oty e ety e T e et ty i g

o0

o
&>
@

g
T

%]
%]
w

+ +
+
2]

_|_?4 _|_]"B _|_?'? _|_?? _i_.'r'ﬁ _i_TE _i_?5 _i_?4 _’_?3 _|_?3 +73
'_'_81 _{_82_+_B'1 _{_79_+_7?_+}'6_}}6_+}6_+j5_|j5_|j’5
_{_8?' _{_B? _{_84 _{_80 _}_?? _p’? _}_?T _‘_?? _}_?? _|_?5 _‘_.?’5
‘i‘91 _i_BQ _i_84 _i_B'I _’_?8 _’_7? _'_78 _’_?8 _’_?7 _|_?? +TS
_'_93 _I_QU _|_85 _|_81 _’_?9 _’_?8 _'_?B _’_?B _’_?? _|_?B _I_Tr'Q
_|_93 _|_90 _|_85 _|_82 _’_TS _’_TB _i_i"S _’_?3 _’_?ﬁ _'_?9 +HD
424910 2 70 70 78 75 7o 0 1
_{_'33 _F.ZH _{_86 _{_82 _}_?'9 _}_?'8 _}_?'8 _I_i"B _}_?'9 _|_30 _‘_82
_1_92 _|_89 _1_85 _1_82 _*_?'9 _’_78 _'_?'8 _’_?8 _’_?8 _l_SD +83
_'_89 _|_86 _|_82 _|_]"9 _’_?? _’_T? _|_?T _’_?8 _’_?8 _|_81 _i_ﬂ.?.
_|_85 _'_83 _|_?9 _|_?T _i_?S _i_?'S _i_?ﬁ _i_?? _’_?8 _|_81 +84
_*_?9 _{_'.r'g _{_?'5 _{_]"4 _+j'4 _+j'4 _}_?5 _"_?? _+f8 _|_81 _’_83
_{_TE _{_?'-rl _{_?2 _{_?'2 _}_?'3 —}—TS _}_?4 _‘_?6 _}_?S _|_80 _l_EZ
_{_Eg _i_?ltl _{_T"CI _{_71 _}_71 _}_72 _}_73 _}_?4 _}_?‘6 _l_?‘ﬂ _I_TQ
-_|§4'|§?'|P9'|§9‘i'69‘i}0‘|}1 _'_?2_’_7"44_?'54_7?

Scale: 1:10

Perpendicular illuminance (Surface)

Average: 79 Ix, Min: 61 Ix, Max: 94 |x, Minfaverage: 0.772, Min/max: 0.850, Points: 64 x 64 (Relevant: all)

Height of working plane: 0.800 m, Wall zone: 0.000 m

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based

exclusively on these points, as all other points would falsify the results, in some cases significantly.

Engine room 2 / Results overview

Results overview (Surface)

Result type Average Min  Max  Minfaverage

Perpendicular iluminance [Ix] 79 61 94 0.772

Height of working plane: 0.800 m, Wall zone: 0.000 m

Points (Relevant)

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based

exclusively on these points, as all other points would falsify the results, in some cases significantly.
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Lighting calculation (main room)

Main room final / Isolines/Horizontal illuminance
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300 200
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Scale: 1:50

Horizontal illuminance (Grid)
Average: 162 x, Min: 95 [x, Max: 451 Ix, Min/average: 0.584, Min/max: 0.210, Points: 5 x 8 (Relevant: all)
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Relevant points are points that are within the respective surface and are not covered by fumniture or other elements. The summarized results are based

exclusively on these points, as all other points would falsify the results, in some cases significantly.
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Main room final / False colours/Horizontal illuminance
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Scale: 1:50

Horizontal iluminance (Grid)
Average: 162 bx, Min: 95 Ix, Max: 451 Ix, Minfaverage: 0.584, Min/fmax: 0.210, Points: 5 x 9 (Relevant: all)

Relevant points are points that are within the respective surface and are not covered by fumniture or other elements. The summarized results are based
exclusively on these points, as all other points would falsify the results, in some cases significantly.

Main room final / Table/Horizontal illuminance

Value chart [Ix]

m -1.740 -0.870 0.000 0870 1.740
3533 155 179 186 186 195
2650 130 240 150 195 169
1.767 120 143 144 165 185
0.883 111 133 138 158 173
0.000 95 451 120 246 179
-0.883 96 110 121 132 173
-1.767 99 192 125 176 160
-2.650 114 141 145 156 173
-3533 139 165 177 182 175

Horizental illuminance (Grid)
Average: 162 Ix, Min: 95 lx, Max: 451 Ix, Minfaverage: 0.584, Min/max: 0.210, Points: 5 x 9 (Relevant: all)

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based
exclusively on these points, as all other points would falsify the results, in some cases significantly.
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Main room final / Value chart/Horizontal illuminance
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Horizontal illuminance (Grid)
Average: 162 bx, Min: 85 Ix, Max: 451 Ix, Min/average: 0.584, Min/max: 0.210, Points: & x 9 (Relevant: all)
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Relavant points are points that are within the respective surface and are not covered by fumniture or other elements. The summarized results are based
exclusively on these points, as all other points would falsify the results, in some cases significantly.

Main room final / Results overview

Results overview (Grid)

Result type

Average

Horizontal illuminance [Ix] 162

Max

451

Min/average

Points (Relevant)
5x 9 (all)

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based
exclusively on these points, as all other points would falsify the results, in some cases significantly.
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Lighting calculation (workplane3)

Workplane 3 / Isolines/Perpendicular illuminance (adaptive)
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Scale: 1:75

Perpendicular illuminance (Surface)
Average: 157 Ix, Min: 0.83 Ix, Max: 3027 Ix, Min/average: 0.005, Min/max: 0.000, Points: 512 x 512 (Relevant: 244560)

Height of working plane: 0.800 m, Wall zone: 0.000 m

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based
exclusively on these points, as all other points would falsify the results, in some cases significantly.

Workplane 3 / False colours/Perpendicular illuminance (adaptive)

o e e B .
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Scale: 1:75

Perpendicular illuminance (Surface)
Average: 157 Ix, Min: 0.83 Ix, Max: 3027 Ix, Minfaverage: 0.005, Min/max: 0.000, Points: 512 x 512 (Relevant: 244560)

Height of working plane: 0.800 m, Wall zone: 0.000 m

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based
exclusively on these points, as all other points would falsify the results, in some cases significantly.
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Workplane 3 / Value chart/Perpendicular illuminance (adaptive)
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Scale: 1:75

Perpendicular illuminance {Surface)

Average: 157 Ix, Min: 0.83 Ix, Max: 3027 |x, Minfaverage: 0.005, Min/max: 0.000, Points: 512 x 512 (Relevant; 244560)

Height of working plane: 0.800 m, Wall zone: 0.000 m

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based

exclusively on these points, as all other points would falsify the results, in some cases significantly.

Workplane 3 / Results overview

Results overview (Surface)
Result type
Perpendicular illuminance [I] 157 0.83

Min/max
0.000

Minfaverage
0.005

Average  Min Max
3027

Height of working plane: 0.800 m, Wall zone: 0.000 m

Points (Relevant)
512 x 512 (244560)

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based

exclusively on these points, as all other points would falsify the results, in some cases significantly.
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Surface result object 1 (Furniture) / Isclines/Perpendicular illuminance (adaptive)
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Scale: 1: 50

Perpendicular illuminance (Surface)

Average: 247 Ix, Min: 22 x, Max: 371784 Ix, Minfaverage: 0.087, Min/maz: 0.000, Points: 512 x 256 (Relevant: all)

Relevant points are points that are within the respective surface and are not covered by fumiture or other elements. The summarized results are based
exclusively on these points, as all other points would falsify the results, in some cases significantly.
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Surface result object 1 (Furniture) / False colours/Perpendicular illuminance
(adaptive)
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Scale: 1:50

Perpendicular illuminance (Surface)
Average: 247 bx, Min: 22 Ix, Max: 371784 Ix, Minfaverage: 0.087, Min/ma:x: 0.000, Peints: 512 x 256 (Relevant: all)

Relevant points are points that are within the respective surface and are not covered by fumniture or other elements. The summarized results are based
exclusively on these points, as all other points would falsify the results, in some cases significantly.
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Surface result object 1 (Furniture) / Value chart/Perpendicular illuminance (adaptive)
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Scale: 1:50

Perpendicular illuminance {Surface)
Average: 247 bo, Min: 22 bx, Max: 371784 Ix, Minfaverage: 0.087, Min/max: 0.000, Points: 512 x 256 (Relevant: all)

Relevant points are points that are within the respective surface and are not covered by furniture or other elements. The summarized results are based
exclusively on these points, as all other points would falsify the results, in some cases significantly.
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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 - or Membrain - consists of two basic groups
of layers - 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 - 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
53.1.1 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.

3, HORJZONTAL INSULATIONBOARD

LOAD BEARING WOODENPLATE

1,LOAD BEARING WOODEN COLUMNS

5, GLASS FACADE

\ -
« outermost layer of mem braln "v_ A5
\ \ |
} dex i
| \- il
| e § il
v I |
\v ¢ |1
\ |
\
B
i

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. That’s because of our pursuit of modularity and easy design of a multiple floor house.
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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 fagade, 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 facade consists of panels that are attached
between columns.

Some of the advantages of this bearing system are:

e Wooden skeleton bears all vertical loads, while walls do not, and they are therefore
independent of the skeletal structure

e Walls are designed so that they can be moved and transferred easily
e Freedom in organization of the living space

e Stability of the house is achieved with ceiling and wall diaphragms, and shear walls made
of glued laminated wood

e Possibility of both single floor and multi floor structures
e Prefabrication of elements in factories

e Quick construction time

e 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

PROJECT MANUAL #4, 2014 74



- > Solar
"‘ tU NIZG Q Decathlon

Europe

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 facade 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

PROJECT MANUAL #4, 2014 76



Y " Solar

7\ UNIZG Py Docathion

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.
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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, it's 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

P Depending on compression, 20 - 30 kg/m3
c about 1100 J/kgK

A about 0,040 W/mK

v 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 it’s clear there is
a need of reusing it somehow.

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

Technical Specifications - 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

p about 420 kg/m3
A about 0,070 W/mK
Vi 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 - 5000 Hz.

1.2
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Z 702 ‘
g —--4“#
100 1000 10000
Frequency (Hz)
——— (Cellulose (Isofloc) 60 num —>¢— Mineral wool 40 mm
«««fe =« Sheep wool 60 mm —— Recycled latex+coco 40 mm
— -@- — Polystyrene PST 40 mm —4&— Hemp brick (66%) 300 mm
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 residents’ 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 Sabine’s reverberation equation. That established a relationship
between the RT60 of a room, its volume, and its total absorption.

RTeo=k-V/A=0.161-V/A (VandA in meter)

k= (24 x In 10) / C20 = 0.161 (meter)

e RTeo = reverberation time in second (reverb time)

e V=room volume in m3

e A=« xS =equivalent absorption surface or area in m2

e « = absorption coefficient or attenuation coefficient

e The terms "attenuation coefficient" and "absorption coefficient" are used interchangeably
e S = absorbing surface area in m2

e A=0a1xS1+0a2xS2+a3xS3+...

e (o0 =speed of sound is 343 m/s or 1126 ft/s at 20°C
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Internal Materials Description

Materials of the interior surfaces:

e Floor: wood on joists Floor

e Wall: Plaster (g8ypsum or lime, on masonry)

e Windows: Glass, large panes

e Ceiling: Plaster (gypsum or lime, rough finish or timber lath)
e Doors: coated in linen canvas

Results
Table 12 - Absorption coefficients for interior surfaces
AREA ABSORPTION COEFFICIENTS
m?2 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
ms STATISTICAL REVERBERATION TIME 1 Room
2700
2400
2100
1800
1500
1200
e T Music
900 o S !
00 Spee;—t NI ?—_—T_ ~ _""-—_-:_________._————__ = e —am = =
300 i
T 100Hz kHz 10kHz
Sabine Norris-Eyring Millington-Sette

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

Europe

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.

e R ——
shover | ——
Washing machine -‘
Dishwasher -

Handwashing ,
Carwash -
Cleaning -
Cooking -

0 10 20 30 40 50 60
L/ inhabitant / day

Normal usage

Consumption with leaking
prevention

Consumption with
® advanced systems

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 it's 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).

WSM 1.

Annual savings
Investment

Return on investment
Lifetime

Lifetime savings

WSM 2.

Annual savings
Investment

Return on investment
Lifetime

Lifetime savings

WSM 3.

Annual savings
Investment

Return on investment
Lifetime

Lifetime savings

WSM 4.

Annual savings

PROJECT MANUAL #4, 2014

Table 14 - Seals installation

Seals installation - leaking prevention
10€

0,7€

0,9 years

3 years

30€

Table 15 - Water saving flusher

Water saving flusher installation
60 €

40 €

0,7 years

10 years

607€

Table 16 - Water saving laundry washer

Water saving laundry washer installation
47 € (water) / 9 € (electricity)

480 €

8,5 years

11 years

523 € (water) / 100 € (electricity)
Table 17 - Water saving shower

Water saving shower installation

72€
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Investment 54 €
Return on investment 9 months
Lifetime 5 years
Lifetime savings 362€

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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5.34 Electrical System Design

5.34.1 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:

e System classification according to CEI 64/8 TT

e Nominal voltage 230V AC

e Distribution single-phase
e Short-circuit current 6 kA

e Maximum absorbed power 15 kW

The system starting point is the Master Electrical Panel, fed by an IEC single-phase 230V - 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 FGO7R 3x16 mm?2, 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 -30°C to +90°C.

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 IAn=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

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

Clothes washer and dryer
Lighting

Stove

Oven

Dishwasher

Refrigerator + freezer

TV

Laptop

. BluRay

10. Heat pump

© 0Nk WhE

Power Voltage Current
3300 W 230V 14.35A
548 W 230(24DC) 2.38A
2900 W 230V 12.61A
2700 W 230V 11.74 A
2400 W 230V 10.44 A
160 W 230V 0.70 A
31w 230V 0.14 A
75 W 230V 0.33A
88W 230V 0.04 A
2000 W 230V 8.70A

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:

Pmax

Imax=———
U nominal

Cables are calculated according to the following criteria:

Current carrying capacity criteria

Pmax

lag = ———
U nominal
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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

Vac is AC voltage drop (V);

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

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

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

coso 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:

2xIx(Rcxcos@+X xsing)xL
1000

_ 2XLmodxIsc,mod
AVmodXVscxNmodXo

_ SminxAVmodXVocXNmodXxo
Lmod—
2XxIsc.mod

Short circuit temperature

The minimum cable size due to short circuit temperature rise is typically calculated with an
equation of the form:

i%t

A=
k
where A is the minimum cross-sectional area of the cable (mm?2)
i is the prospective short circuit current (A)
tis 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 POWER CIRCUIT CIRCUIT CABLE (mm?2)
(W) CURRENT (A) NUMBER BREAKER
Clothes washer and 3300 14.35 s1 20 A, 1 p, 10 KA, 4
clothes dryer B
Socket 16 S2 16A 1 g 10KA, 2.5
Stove 2900 12.61 s3 13A1 g’ 10 kA 2.5
Oven 2700 11.74 s4 1341 g’ 10 kA, 2.5
Socket (.2 sgckets in 16 S5 16 A, 1 p, 10 KA, 25
circuit) B
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Lighting - Kitchen 18 0.08 s6 1A, 1p, 6 KA C 1.5
Lighting - Kitchen 7.2 0.03 s7 1A, 1p, 6 KA C 15
(DIM)
Dishwasher 2400 10.44 S8 13A1 g’ 10 kA, 2.5
Refrigerator + 160 0.70 s9 16 A, 1 p, 10 KA, 25
freezer B
Socket (.2 sgokets in 16 9 16 A, 1 p, 10 KA, 25
circuit) B
Lighting - Bathroom 67.5 0.30 S10 1A, 1p, 6 KA C 1.5
Sock.et (.3 sgckets 16 s11 16 A, 1 p, 10 KA, 25
in circuit) B
Socket (.6 sc?ckets in 16 5192 16 A, 1 p, 10 KA, 25
circuit) B
Socket (.4 sc?ckets in 16 s13 16 A, 1 p, 10 KA, 25
circuit) B
Lighting - Bedroom 1.5
(DIM 1) 14 0.06 S14 1A 1p,6KAC
Lighting - Bedroom 1.5
(DIM 2) 28.8 0.13 S15 1A,1p,6KkAC
Lighting - Main 1.5
room (DIM 1) 28.8 0.13 S16 1A 1p,6KA,C
Lighting - Main 1.5
room (DIM 2) 28.8 0.13 S17 1A,1p,6KkAC
Lighting - Main 1.5
room (DIM 3) 28.8 0.13 S18 1A 1p,6KAC
Lighting - Main 1.5
room (DIM 4) 14 0.06 S19 1A 1p,6KAC
Lighting - Main 1.5
room (DIM 5) 14 0.06 S20 1A,1p,6KkAC
Lighting - 1.5
36 0.16 S21 1A 1p,6KAC .
Greenhouse (DIM 1) =P oA
Lighting - 1.5
A 22 1A, 1 kA :
Greenhouse (DIM 2) 36 0.16 S 1P, BKAC
Lighting - 15
A 2 1A1 kA
Greenhouse (DIM 3) 36 0.16 523 1P KA C
Lighting - 1.5
Greenhouse (DIM 4) 36 0.16 S24 1A,1p,6KkAC
Socket (.4 sgckets in 16 505 16 A, 1 p, 10 KA, 25
circuit) B
Home electronics 114.8 0.50 S26 3A 1p, 6KA C 15
10 A, 1 p, 10 kA
Heat pump 2000 8.70 527 04, g’ OkA, 2.5
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Lighting - Engine 28 0.12 528 1A, 1p,6kA C 15
room
Lighting - Outdoor 133 0.58 S29 1A, 1p,6KkAC 15
Socket (.3 sgckets in 16 $30 16 A, 1 p, 10 KA, 25
circuit) B

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 CElI 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 wouldn’t 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, NEMEAG 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
Pmax=9 kW= 39A
U 230V

Imaxioad=

so the nominal current of the RCD will be 40 A.
Leakage current that will be used is IAn=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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In the housing unit system the maximum value of lan is 1 A, so the value of resistance to earth is:

R <22 <500
14

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 breakers...) 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
“model citizen“ 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 - 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:

e PV module or PV generator converts sunlight into DC electricity.

e 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.

e 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.

e Battery that stores energy for supplying electrical appliances.

e ACand 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.

Inverter / charger

Public grid Battery storage Grid Inverter Loads

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:

e 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.

e 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.

Inverter / charger

Public grid

Figure 40 - The graphical representation of the division of the AC and DC parts

5.3.56.2 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.
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Figure 41 - Conceptual layout of the described PV system

5.3.56.3 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 (Uwpe) 18V

MAX POWER CURRENT (lvep) 5.56 A

OPEN CIRCUIT VOLTAGE (Voc) 224V

SHORT CIRCUIT CURRENT (Isc) | 6.53A

PROJECT MANUAL #4, 2014

99



- Solar
“ UNIZG Decathlon

»" Europe

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.

L_$535cm

10845 cm

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 - 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 - 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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all conditions referring input parameters (solar output values). Detail specifications of the solar grid
inverter are shown in the figure below.

BlueSolar Grid Inverter

BlusSolar Grid inverter 1500

GRID OUTPUT {ACH

Hominal output power 2E00W
[} T output 1650W 2200w I000W

QUtpUt Current G528 B.TA 124
Maximum output cwrrent e G958 134
MMaximum fuse protection 168 164 16A
;m‘cdbmdm <3% ar neminal power <5% at 508 power
Mominal AC output voltage 2200 - 230N - 240V
Power factor =0,99% at nominal power
Operating AC woltage range 190-2600W
Mominal AC frequency B0Hz
Operating AC freguency range 45.5-54 5Hz
Internal consumption at night =<, 1W
Short cirouit proof Yes
MMaximum Input voltage A500 SiDo SO0
Input Voltage MPPT range 110-4300 110-4800 110-480W
Maxinmum input current s 10w 134
MMaximum input power 1TS0W 22800W 3160
Mumber of MPPT trackers 1 i 1
MNumber of strings 1 a1 2
Start-up power T W W
Ground fault monitoring RCMIU [residual current moniboring umnit)
Reverse polarity protection Yes, with short circuit diode

EFFICIEMCY

Faximum efficiency a5 5% DE_ A G5 A%
Eurcpean standard efficiency Gl T 95.4% a5 5%

Figure 44 - Solar grid inverter specifications

Because the power generated from PV module varies with solar radiation, ambient temperature
and solar cell temperature the solar grid inverters are equipped with MPPT trackers to extract
maximum available power from PV module under certain conditions. The major principle of MPPT
is to extract the maximum available power from PV module by making them work at the most
efficient voltage.

Inverter/charger

Central part of the PV system is inverter/charger. Since there are two generators, PV modules and
public grid, battery and appliances, and given that there are lot of different energy flow directions,
this implies that it is necessary to use device that will easily control all mentioned energy flow
directions. Therefore, Quattro inverter/charger 24/3000/70-50/30 is chosen. The basis of the
Quattro is an extremely powerful sine inverter, battery charger and automatic switch in a compact
casing. The Quattro features two AC inputs for connecting two independent voltage sources and
automatically selects the input where voltage is present. If voltage is present on both inputs, the
Quattro will select the generating set.

The Quattro also has usual uninterruptable output and one auxiliary output that disconnects its
load in the event of the battery operation. The Quattro is very powerful battery charger. It will draw
a lot of current from the generator or shore side supply. A current limit can be set on each AC input.
The Quattro can be used in off grid as well as grid connected PV and other alternative energy
systems.
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Quattro inverter/charger allows the power system of Membrain to work in three power modes: Grid-
Feed, Grid-Charge and Stand-Alone. In Grid-Feed mode if the batteries are fully charged and the
loads demands are satisfied, the inverter can feed the power generated by the PV to the grid, in
Grid-Charge mode the power saved in battery is insufficient to satisfy demands of connected loads
and is therefore supported up by the grid power. In Stand-Alone mode the micro grid of Membrain
can be powered only by the batteries or in combination with the PV modules. Following figures
presents each of these power modes.

—» Grid feed mode

Quattro
INVERTER/CHAGRER
3 kVA

BLUE SOLAR
GRID INVERTER ’
2800 kVA

[]

= ¥ 'Luads

24V =
Battery bank e

Figure 45 - Grid feed mode

PROJECT MANUAL #4, 2014 102



- Solar
“ UNIZG %j% Decathlon

Europe
PV PV
2,6 kW 2,4 kw

BLUE SOLAR 7 — Grid supply mode
GRID INVERTER A

2800 kVA
Quattro
INVERTER/CHAGRER
3 kVA

B S

» Loads

I m&:

B | |
== 1

Battery bank

Figure 46 - Grid charge mode
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Figure 47 - Stand-alone mode

Detail description of the mentioned power modes is in the section 5.3.6. Electrical Energy Balance
Simulation.
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Batteries

Type of battery integrated in the PV system of Membrain is sealed Gel Valve Regulated Lead Acid
(VRLA). This type of batteries is also known as maintenance free and don’t require ventilation, and
can be mounted in any orientation. The electrolyte in the batteries is immobilized as gel (sulfuric
acid is mixed with silica fume), the pressure relief activates when the battery starts building
pressure of hydrogen gas as result of being recharged at excessive voltage. In comparison to
Absorbent Glass Mat (AGM) batteries they have a longer service life and better cycle capacity. Usage
of lead calcium grids and high purity materials allows Victron VRLA batteries to be stored during
long periods of time without recharge; rate of self-discharge is less than 2% per month at 20°C.
The batteries are compliant with both CE and UL specifications in ABS fireproof containers.

The battery bank consist of two series connected 12V batteries with capacity of 220 Ah. In total the
capacity of the entire bank reaches 220 Ah which equals the power of 5280 W considering the
voltage value of 24 V. Detail specifications of each 12 Volt Deep Cycle GEL battery are shown in
the table below (for more details see Appendix Victron energy GEL Batteries).

Table 20 - Characteristics of the battery

Type of battery Deep Cycle GEL VRLA
Nominal voltage 12V

Capacity 220 Ah

Dimensions [L x W x H] 522x238x240 mm
Weight 66 kg

Quattro inverter/charger will provide the optimum protection and long service life through
temperature-compensated battery charge, control of electrolyte circulation and ventilation of the
battery box. In event of slight battery discharge, absorption is kept short to prevent overcharging
and excessive gas formation. After deep charging, the absorption time is automatically extended in
order to fully charge the battery. Because of the use of lead calcium grids and high purity materials,
Victron VRLA batteries can be stored during long periods of time without recharge. The rate of self-
discharge is less than 2% per month at 20°C. The self-discharge doubles for every increase in
temperature with 10°C. Victron VRLA batteries can therefore be stored during up to a year without
recharging, if kept under cool conditions. Victron VRLA batteries have exceptional discharge
recovery, even after deep or prolonged discharge. It should however be stressed that repetitive
deep discharge and prolonged discharge have a very negative influence on the service life of all
lead acid batteries, Victron batteries are no exception. The rated capacity of Victron AGM and Gel
Deep Cycle batteries refers to 20 hour discharge, in other words: a discharge current of 0.05 C. The
rated capacity of Victron Tubular Plate Long Life batteries refers to 10 hours discharge. The
effective capacity decreases with increasing discharge current. Please note that the capacity
reduction will be even faster in case of a constant power load, such as an inverter.

The layout of the battery is shown in the figure below. Connections of the batteries are shown in
the drawing PV-005 Battery bank.
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Figure 48 - 12V 220 Ah GEL battery

Wiring system
There are four different criteria for sizing the wiring system:

e maximal admissible current, according to IEC 60364-7-712 Standard, the cables must
allow 1.25 times the maximum current in the standard test conditions
e maximum voltage drop, according to the Croatian National Electrical Code, maximal
admissible voltage drop is 5% and according to the French National Electrical Code,
maximal admissible voltage drop is 3%
e short circuit temperature rise within the cable
e earth fault loop impedance
Our calculation for all cables will be carried for first three mentioned criteria, maximal admissible
current, maximum voltage drop and short circuit temperature rise since earth fault loop
impedance will be calculated in Earthing section. Voltage drop calculation will be carried out
according to the French standards and the results will also be valid according to the Croatian
standards.

PV Module interconnections
Photovoltaic modules are arranged in the four parallel connected strings, two with 12 modules in
series and two with 13 modules in series. Calculation for each strings are as follows:

String with 12 serial connected modules

Expected cable length - L=0.5 m

Current carrying capacity criteria: Imax = Isc= 6.53 A

This is maximal current that can appear in the serial connected string. According to this criteria,
cable with cross section 4 mm2 with current capacity 2A/mmz2 will be appropriate.

Maximum voltage drop criteria For DC cable, voltage drop is calculated by the following formula:
Vae= 2xIXRxL
=

1000
Where:

Vqc is DC voltage drop (V);
| is the nominal full load or starting current as applicable (A);
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R is the DC resistance of the cable (Q/km), calculated for cable 4 mm2 and 0.5 m length

R=22 = 227202 - 0.00215 ©;

L is the length of the cable (m)

2x5.56x0.00215x0.5
Vac= 1000 =0.0001V

which is for nominal voltage of 216 V less than 3% voltage drop, so 4 mm?2 satisfies this criteria.
Short circuit temperature rise

The minimum cable size due to short circuit temperature rise is typically calculated with an
equation of the form:

Wizt
A=
Where:

A is the minimum cross-sectional area of the cable (mm?2)
| is the prospective short circuit current (kA)

t is the duration of the short circuit (s), t=5 s for cables

K is a short circuit temperature rise constant.

A= ESEE0TE0,012 mm?

so our chosen cross-section is sufficient.

According to all three criteria and to the manufacturer recommendations, for the connections
between PV modules in string with 12 modules, cable FG70R with 4 mm2 will be installed. This
cable is used for nominal voltage 0.6/1 kV, with isolation HEPR/PVC , for indoor and outdoor
installation, for outdoor temperatures from -30°C to +90 °C. The cables will be mounted
according PV-014 DC circuit: PV modules cabling.

String with 13 serial connected modules

Expected cable length - L=0.5 m

Current carrying capacity criteria: Imax = Isc= 6.53 A

This is maximal current that can appear in the serial connected string. According to this criteria,
cable with cross section 4 mm2 with current capacity 2A/mm?2 will be appropriate.

Maximum voltage drop criteria For DC cable, voltage drop is calculated by the following formula:
Vo= 2xIxRxL
de= —(/———

1000
Where:

Vqc is DC voltage drop (V);
| is the nominal full load or starting current as applicable (A);

R is DC resistance of the cable (Q/km), calculated for cable 4 mm2 and 0.5 m length
pxl _ 0.0172x0.5 _

R=— =—=0.00215 Q;

L is the length of the cable (m)

2x5.56x0.00215x0.5
V= 1000 =0.0001V

which is for nominal voltage of 216V less than 3% voltage drop, so 4 mm?2 satisfies this criteria.
Short circuit temperature rise
The minimum cable size due to short circuit temperature rise is typically calculated with an
equation of the form:
_ Wizt
k
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where:

A is the minimum cross-sectional area of the cable (mm?2)
i is the prospective short circuit current (kA)

t is the duration of the short circuit (s), t=5 s for cables

K is a short circuit temperature rise constant.

A= w#)_oj_z mma2

so our chosen cross-section is sufficient.

According to all three criteria and to the manufacturer recommendations, for the connections
between PV modules in string with 13 modules, cable FG70R with 4 mm2 will be installed. This
cable is used for nominal voltage 0.6/1 kV, with HEPR/PVC isolation, for indoor and outdoor
installation, for outdoor temperatures from -30°C to +90 °C. The cables will be mounted
according PV-014 DC circuit: PV modules cabling.

POWER CABLE 0,6 /1kV

Nominal voltage U,/U: 06/1kV

Temperature application: « by laying: -5°C do +50°C
« fixed: -30°C do +90°C

Insulation / sheath: HEPR / PV(C

Construction: « conductor: Cu cl. 5 acc. 10 VDE 0295
« insulation: HEPR type G7 acc. to CEl 20-11
« core colours: acc. to VDE 0293-308
« cores: concentrically stranded
« filling: extruded nonvulcanized EPDM compound
- sheath: PVC type DMV-6 acc. 1o HD

Sheath colour: qrey

Flame retardance: acc. to CEl 20-22M or IEC 60332-3;
reduced emission of corrosive gases
(CE1 20-37/1 or [EC60754-2)

Application: for transmission of electricity up to 1000V,
used in house and industrial installations.
Appropriate for internal installation and
outdoor applications, even in damp
surroundings. Possibility of direct burial in
earth

Figure 49 - Characteristics of the PV interconnection cable

Detail information about this cable can be found in the Appendix - Eurocable specifications.

Connection of the first string with 12 modules and the first Blue solar grid inverter
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Expected cable length - L=8 m

Current carrying capacity criteria

Maximal current that can appear in the cable connecting PV strings and solar grid inverter is
maximal short current of two parallel connected strings:

Imax = 2%lsc =2%6.53 A= 13.06 A

According to this, cable with cross section 6 mmz2 with current capacity 2A/mm?2 will be
appropriate.

Voltage drop

For DC cable, voltage drop is calculated by the following formula:
Vo= 2xIxRxL
dce—= —/————

1000
where
Vqc is DC voltage drop (V);
| is the nominal full load or starting current as applicable (A);
R is DC resistance of the cable (Q/km), calculated for cable 6 mm2 and 8 m length

L is the length of the cable (m)
_ 2x13.06x0.022X5

Vge= ————=0.0029 V
1000

which is for nominal voltage of 234 V less than 3% voltage drop, so 6 mm?2 satisfies this criteria.
If we would like to obtain maximal cable length to satisfy voltage drop beneath 3 %, the
calculation is as follows:

_ 2xLmodxIsc,mod
AVmodxVscxNmodxo
SminxAVmodxVocxXNmodXxoc  6X0.03X22.4X12X56
Lmod= = =103.7 m
2xIsc.mod 2X2X6.53

Short-circuit temperature

The minimum cable size due to short circuit temperature rise is typically calculated with an
equation of the form:

where A is the minimum cross-sectional area of the cable (mm?2)

i is the prospective short circuit current (kA)

t is the duration of the short circuit (s)

Kk is a short circuit temperature rise constant.

A= 05510029 mm?

SO our chosen cross-section is sufficient.

According to all three criteria, for the connections between the first string with 12 modules and
the first solar grid inverter, cable FG7OR 6 mm2 will be installed. This cable is used for nominal
voltage 0.6/1 kV, with HEPR/PVC isolation, for indoor and outdoor installation, for outdoor
temperatures from -30°C to +90 °C. The cables will be mounted according to the drawing PV-
014 DC circuit: PV modules cabling.

Connection of the second string with 12 modules and the first Blue solar grid inverter
Expected cable length - L= 14 m
Current carrying capacity criteria:
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Maximal current that can appear in the cable connecting PV strings and solar grid inverter is
maximal short current of two parallel connected strings:

Imax = 2%*lsc =2%6.53A= 13.06 A

According to this, cable with cross section 6 mm?2 with current capacity 2A/mm?2 will be
appropriate.

Voltage drop

For DC cable, voltage drop is calculated by the following formula:
Vo= 2xIxXRxL
= AR

1000
where
Vqc is DC voltage drop (V);
| is the nominal full load or starting current as applicable (A);

R is DC resistance of the cable (Q/km), calculated for cable 6 mm2 and 14 m length

R= p_xl _ 0.01762xl4 =0.04 Q;

L is the length of the cable (m)
_ 2x13.06x0.04x14

Vge= ———=0.0146 V
1000

which is for nominal voltage of 234 V less than 3% voltage drop, so 6 mm?2 satisfies this criteria.
If we would like to obtain maximal cable length to satisfy voltage drop beneath 3 %, the
calculation is as follows:

_ 2XLmodxIsc,mod
AVmodXVscxNmodXo

_ SminxAVmodXVocXNmodXo _ 6X0.03X22.4X12xX56

Lmod= =103.7 m

2xIsc.mod 2X2x6.53
Short circuit temperature

The minimum cable size due to short circuit temperature rise is typically calculated with an
equation of the form:

i%t

A=
k
where A is the minimum cross-sectional area of the cable (mm?2)
i is the prospective short circuit current (A)
tis the duration of the short circuit (s)
K is a short circuit temperature rise constant.

A= 13 062110 6 55_0.029 mms2

SO our chosen cross-section is sufficient.

According to all three criteria, for the connections between the second string with 12 modules
and the first solar grid inverter, cable FG7OR 6 mm?2 will be installed. This cable is used for
nominal voltage 0.6/1 kV, with HEPR/PVC isolation, for indoor and outdoor installation, for
outdoor temperatures from -30°C to +90 °C. The cables will be mounted according to the
drawing PV-014 DC circuit: PV modules cabling.

Connection of the first string with 13 modules and the second Blue solar grid inverter
Expected cable length - L=5m

a) CURRENT CARRYING CAPACITY:

Maximal current that can appear in the cable connecting PV strings and solar grid inverter is
maximal short current of two parallel connected strings:

Imax = 2%lsc =2*6.53A= 13.06 A
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According to this, cable with cross section 6 mmz2 with current capacity 2A/mm?2 will be
appropriate.
Voltage drop

For DC cable, voltage drop is calculated by the following formula:
Vo= 2xIxRxL
dc—

1000
where
Vqc is DC voltage drop (V);
| is the nominal full load or starting current as applicable (A);
R is DC resistance of the cable (Q/km), calculated for cable 6 mm2 and 5 m length

L is the length of the cable (m)
_ 2x13.06x0.014x8

Voe= —————=0.00481 V
1000

which is for nominal voltage of 216V less than 3% voltage drop, so 6 mm?2 satisfies this criteria.
If we would like to obtain maximal cable length to satisfy voltage drop beneath 3 %, the
calculation is as follows:

2XLmodxIsc,mod
AVmodXVscxNmodXa

Liog= SminxAVmodXVocXNmodXo _ 6X0.03X22.4X13X56
mod 2xIscmod 2x2%6.53

¢) SHORT CIRCUIT TEMPERTURE
The minimum cable size due to short circuit temperature rise is typically calculated with an
equation of the form:

=1124m

i2t
A=
where A is the minimum cross-sectional area of the cable (mm?2)
i is the prospective short circuit current (A)
tis the duration of the short circuit (s)
K is a short circuit temperature rise constant.

A= 13 062110 6 55_0.029 mm?2

S0 our chosen cross-section is sufficient.

According to all three criteria, for the connections between the first string with 13 modules and
the second solar grid inverter, cable FG7TOR 6 mm2 will be installed. This cable is used for nominal
voltage 0.6/1 kV, with HEPR/PVC isolation, for indoor and outdoor installation, for outdoor
temperatures from -30°C to +90 °C. The cables will be mounted according to the drawing PV-
014 DC circuit: PV modules cabling.

Connection of the second string with 13 modules and the second Blue solar grid inverter
Expected cable length - L= 11 m
Current carrying capacity criteria:
Maximal current that can appear in the cable connecting PV strings and solar grid inverter is
maximal short current of two parallel connected strings:
Imax = 2%lsc =2*6.53A= 13.06 A
According to this, cable with cross section 6 mm2 with current capacity 2A/mm?2 will be
appropriate.
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Voltage drop

For DC cable, voltage drop is calculated by the following formula:
Vo= 2XIXRXL
o=

1000
where
Vqc is DC voltage drop (V);
| is the nominal full load or starting current as applicable (A);
R is DC resistance of the cable (Q/km), calculated for cable 6 mm2and 11 m length

L is the length of the cable (m)
_ 2x13.06x0.031x11

Vac= =0.0089 V
1000

which is for nominal voltage of 216 V less than 3% voltage drop, so 6 mm?2 satisfies this criteria.
If we would like to obtain maximal cable length to satisfy voltage drop beneath 3 %, the
calculation is as follows:

_ 2XLmodxIsc,mod
AVmodXxXVscXNmodXxXo

Loog= SminXAVmodXxVocXNmodXo _ 6X0.03X22.4X13X56
mod 2XxIsc.mod 2X2x6.53
Short circuit temeprature

The minimum cable size due to short circuit temperature rise is typically calculated with an
equation of the form:

=112.4m

i2t
A=
where A is the minimum cross-sectional area of the cable (mm?2)
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.

A= 13 062110 6 55_0.029 mms2

s0 our chosen cross-section is sufficient.
According to all three criteria, for the connections between the second string with 13 modules
and the second solar grid inverter, cable FG70R 6 mm2 will be installed. This cable is used for
nominal voltage 0.6/1 kV, with HEPR/PVC isolation, for indoor and outdoor installation, for
outdoor temperatures from -30°C to +90 °C. The cables will be mounted according to the
drawing PV-014 DC circuit: PV modules cabling.

Connection of the first Blue solar grid inverter with Q1 and the second Blue solar grid inverter
with Q2
Firstly, it's important to observe solar grid inverter information in order to calculate cables:

Nominal output power 2800 W
Maximum output power 3000 W
Nominal output current 12 A
Maximum output current 13 A
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Maximum fuse protection 16 A

Expected cable length between solar grid inverter and Q1/Q2 -L=1m

Current carrying capacity criteria

Maximal current that can appear in the cable connecting solar grid inverter and Q1/Q2 is
maximal output current of solar grid inverter:

Imax = Imaxout =13 A

According to this, cable with cross section 2.5 mm2 with current capacity 6A/mmz2 will be
appropriate.

Voltage drop

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

Vac=
where

Vqc is AC voltage drop (V);

| is the nominal full load or starting current as applicable (A);
Rc is the AC resistance of the cable (Q/km)

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

coso is the load power factor (pu)

L is the length of the cable (m)
_ 2x13x(7.41x1)x1m

ac™ 1000 =0.192V

which is for nominal voltage of 230 V less than 3% voltage drop, so 2,5 mm?2 satisfies this criteria.
If we would like to obtain maximal cable length to satisfy voltage drop beneath 3 %, the
calculation is as follows:

2xIx(Rcxcosp+Xcxsing)xL
1000

2XLmodxIsc,mod

B AVmodXxVscxNmodXo

SminxAVmodXxVocxNmodxXo 2,5X0.03X230%X56
Limoda= = =37.1m

2xIsc.mod 2x13

Short circuit temperature
The minimum cable size due to short circuit temperature rise is typically calculated with an
equation of the form:
i’t
k
where A is the minimum cross-sectional area of the cable (mm?2)

i is the prospective short circuit current (A)
t is the duration of the short circuit (s)
Kk is a short circuit temperature rise constant.

A = 200,029 mm?

so our chosen cross-section is sufficient.

According to all three criteria, for the connections between solar grid inverter and Q1/Q2, cable
FG70R 2,5 mm2 will be installed. This cable is used for nominal voltage 0.6/1 kV, with HEPR/PVC
isolation, for indoor and outdoor installation, for outdoor temperatures from -30°C to +90 °C. The
cables will be mounted according to the drawing PV-001 PV system: general.
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Connection of the Blue solar grid inverter output (Q1/Q2) and measuring device

Expected cable length L=0.5 m

Current carrying capacity criteria:

Maximal current that can appear in the cable connecting two inverter's output and measuring
device P3 is:

Imax = 2*|maxout =26 A

According to this, cable with cross section 6 mmz2 with current capacity 6A/mm?2 will be
appropriate.

Voltage drop

For AC cable, voltage drop is calculated by the following formula:
Vao= 2xIx(Rcxcosp+Xcxsing)xL
ac—

1000
where
Vqc is AC voltage drop (V);
| is the nominal full load or starting current as applicable (A);
Rc is the AC resistance of the cable (Q/km)
Xc is the ac reactance of the cable (Q/km)
coso is the load power factor (pu)

L is the length of the cable (m)
_ 2x26x(7,41x1)x0.5m

ac™ 1000 =0.19V

which is for nominal voltage of 230V less than 3% voltage drop, so 6 mm?2 satisfies this criteria.
If we would like to obtain maximal cable length to satisfy voltage drop beneath 3 %, the
calculation is as follows:

_ 2XLmodxIsc,mod
AVmodXxVscXxNmodXo

SminxAVmodxVocxNmodXo _ 6X0.03X230X56
Limod= = =44.58 m

2xIsc.mod 2X26

Short-circuit temperature
The minimum cable size due to short circuit temperature rise is typically calculated with an
equation of the form:
it
k
where A is the minimum cross-sectional area of the cable (mm?2)

i is the prospective short circuit current (A)
t is the duration of the short circuit (s)
Kk is a short circuit temperature rise constant.

S0 our chosen cross-section is sufficient.

According to all three criteria, for the connections between solar grid inverter output and
measuring device P3, cable FG70R 6 mm2 will be installed. This cable is used for nominal voltage
0.6/1 kV, with HEPR/PVC isolation, for indoor and outdoor installation, for outdoor temperatures
from -30°C to +90 °C. The cables will be mounted according to the drawing PV-001 PV system:
general.
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Connection of Quattro inverter/charger input and circuit breaker Q4
Firstly, it's important to observe Quattro inverter/charger information about AC inputs (solar
generator input):

Nominal input power 3000W
Input voltage range 187-265 VAC
Input frequency 45-65 Hz
Power factor 1

Maximum feed through current 50/30 A

Expected cable length between Quattro inverter/charger and circuit breaker Q4 -L.=2 m
Current carrying capacity criteria

Maximal current that can appear in the cable connecting Quattro inverter/charger and circuit
breaker Q4 is lacinv =lmaxin= 50 A. According to this, cable with cross section 10 mm2 with current
capacity 6A/mmz2 will be appropriate.

Voltage drop

For AC cable, voltage drop is calculated by the following formula:
Vao= 2xIx(Rcxcos@+X xsing)xL
ac—

1000
where
Vqc is AC voltage drop (V);
| is the nominal full load or starting current as applicable (A);
Rc is the AC resistance of the cable (Q/km)
Xc is the ac reactance of the cable (Q/km)
coso is the load power factor (pu)

L is the length of the cable (m)

Vo= 2x50x(7,41x1)x2m_1.48 Vv
1000

which is for nominal voltage of 230 V less than 3% voltage drop, so 10 mm?2 satisfies this criteria.
If we would like to obtain maximal cable length to satisfy voltage drop beneath 3 %, the
calculation is as follows:

_ 2XLmodxIsc,mod
AVmodXxVscXxNmodXo

SminxAVmodxVocxNmodxXo _ 10Xx0.03X230X56
Limoda= = =38.64 m

2XxIsc.mod 2X50

Short circuit temperature
The minimum cable size due to short circuit temperature rise is typically calculated with an
equation of the form:

it

A =
k
where A is the minimum cross-sectional area of the cable (mm?2)
i is the prospective short circuit current (A)
t is the duration of the short circuit (s)
Kk is a short circuit temperature rise constant.

JVE02710-5%
A= w#)_ll mm2

so our chosen cross-section is sufficient.
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According to all three criteria, for the connection between Quattro input and circuit breaker Q4,
cable FG70R 10 mm?2 will be installed. This cable is used for nominal voltage 0.6/1 kV, with
HEPR/PVC isolation, for indoor and outdoor installation, for outdoor temperatures from -30°C to
+90 °C. The cables will be mounted according to the drawing PV-001 PV system: general.

Connection of the Quattro inverter/charger and battery bank
Firstly, it's important to observe Quattro inverter/charger charging information:

Charge voltage 'absorption' 28.8 VDC
Storage mode 26,4VDC
Charge current 70 A

Expected cable length between Quattro and battery bank -L=0-5 m
Current carrying capacity criteria:

Maximal current that can appear in the cable connecting Quattro and battery bank is lac = Izat=70
A. According to this, DC cable with cross section 70 mm2 with current capacity 2A/mm?2 will be
appropriate.

Voltage drop

For DC cable, voltage drop is calculated by the following formula:
Vo= 2xIxRxL

4= 000
where

Vac is DC voltage drop (V);
| is the nominal full load or starting current as applicable (A);

R is is DC resistance of the cable (Q/km), calculated for cable 70 mm2 and 2 m length

R=22 = 20722 _ 0.00049 ©;

L is the length of the cable (m)

Vo= 2x70x0.00049x2=0.00014 v
1000

which is for nominal voltage of 24V less than 3% voltage drop, so 70 mm?2 satisfies this criteria.
If we would like to obtain maximal cable length to satisfy voltage drop beneath 3 %, the
calculation is as follows:

2XLmodxIsc,mod

B AVmodXxVscXxNmodXxao

SminxAVmodxVocxNmodxo _ 70%X0.03X24X56
Lmod= = =20.2 m
2XxIsc.mod 2X70

Short circuit temperature
The minimum cable size due to short circuit temperature rise is typically calculated with an
equation of the form:

i%t

A=
k
where A is the minimum cross-sectional area of the cable (mm?2)
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.
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A= —V7°2*110_6*55=0_16 mm2

so our chosen cross-section is sufficient.

According to all three criteria, for the connections between Quattro and battery bank, cable FG70R
70 mm2 will be installed. This cable is used for nominal voltage 0.6/1 kV, with HEPR/PVC isolation,
for indoor and outdoor installation, for outdoor temperatures from -30°C to +90 °C. The cables will
be mounted according to the drawing PV-001 PV system: general.

Connection of the Quattro inverter/charger output and electricity meter toward the grid

Expected cable length between Quattro and electricity meter toward the grid -L= 0.5 m
Current carrying capacity criteria

Maximal current that can appear in the cable connecting Quattro output and electric meter
toward the grid is lac =Imaxout=D0 A .

This is the maximal current that can appear in this cable from both directions; from PV system to
the grid and from the grid to the Quattro. According to this, AC cable with cross section 10 mm?2
with current capacity 6A/mmz2 will be appropriate.

Voltage drop

For AC cable, voltage drop is calculated by the following formula:
Vao= 2xIx(Rcxcos@+X xsing)xL
ac—

1000
where
Vac is AC voltage drop (V);
| is the nominal full load or starting current as applicable (A);
Rc is the AC resistance of the cable (Q/km)
Xc is the ac reactance of the cable (Q/km)
coso is the load power factor (pu)

L is the length of the cable (m)

Voo Z50XTAIXIXAM_) 74
1000

which is for nominal voltage of 230 V less than 3% voltage drop, so 10 mm?2 satisfies this criteria.
If we would like to obtain maximal cable length to satisfy voltage drop beneath 3 %, the
calculation is as follows:

_ 2XLmodxIsc,mod
AVmodXxVscXxNmodXxao

SminxAVmodxVocxNmodxo _ 10%x0.03X230X56
Limod= = =38.64 m
2XIsc.mod 2X50

Short Circuit Temperature
The minimum cable size due to short circuit temperature rise is typically calculated with an
equation of the form:

i%t

A=
k
where A is the minimum cross-sectional area of the cable (mm?2)

i is the prospective short circuit current (A)
t is the duration of the short circuit (s)
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K is a short circuit temperature rise constant.

A= —V5°2*110_6”‘55=0__1_1 mm2

so our chosen cross-section is sufficient.

According to all three criteria, for the connections between Quattro output and electricity meter
toward the grid, cable FG70R 10 mm2 will be installed. This cable is used for nominal voltage 0.6/1
kV, with HEPR/PVC isolation, for indoor and outdoor installation, for outdoor temperatures from -
30°C to +90 °C. The cables will be mounted according to the drawing PV-001 PV system: general.

5.3.5.4 Safety and security measures

Protection against short circuit and overload

Protection on the DC side
8PV fuses

According to the standard IEC 60269-6 ed 1.0 (2010-9), for all strings in parallel, gPV fuses are
compulsory. In order to define its characteristics (current), the following calculation is made:

Determination of the fuse rated voltage Un

Upsin = Uoc array X (1 + (A9 x temp. coef f. of UOCARRAY))

Up = (13 x22,4) x (14 (50 x 0,0034))

Uppyy = 340,704

Uy =1000VDC
Determination of the fuse rated current In
Km=0.84 - ambient air temperature of 60°C
A>=0.9 - alternating load factor for full range fuse
Kzs=1 - derating by high numbers of closed fuse-holders
IN;V”N = Inupp/Kru/A2/Kzs
Iyyy = 5,56/0,84/0,9/1
Iyyyn = 7,354
Chosen In=8 A
Inpgp = In X Kpy X Ay X K75 =8%0,84%09%X1=6,0484

Calculation of Iscat 70°C
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Isc = Iscpop X (1 + (A9 x temp. coef f. of ISCSTRING))
I = 6,53 % (14 (45 % 0,00037))
Iic = 6,638 A
Allowance for max irradiance to be assumed Isc at 1200 W/m2:
Isc = 6,638 X1,2=7966 A
Requirement: In>lsc
6,048 > 7,966 -> not fulfilled, further iteration step required
Selection of the next higher rated current: IN=10A
Inpep = In X Krg X A3 X K75 =10x 0,84 X 0,9x1=7,564
7,56 > 7,966 -> not fulfilled, further iteration step required
Selection of the next higher rated current: IN=12A
Inpgp = In X Krg X Ay X K75 =12x 0,84 %X 0,9x1=9,072 A
9,072 > 7,966 -> fulfilled, no further iteration step required

The fuse rated current chosen is 12A, so 8 Photovoltaik-fuse-characteristic gPV, 10x38, 12A,
1000V will be installed.

Figure 50 - gPV fuse

Fuse F1 on the battery bank (F1)

Maximal current that can appear in the cable connecting Quattro and battery bank is
Imax=Imaxout=70 A.

According to the manufacturer recommendations, the DC fuse 300 A should be installed, in
order to prevent the damage of the battery.
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4.2 Connecting the battery cables

In order to use the full potential of the Quattro, batteries of sufficient capacity and battery cables with the correct cross-section
should be used.

See table:

12300074120 | 24/3000/70 48/3000/35
E‘E’hﬁ“m"“““"gd battery capacity | 4001200 | 200-700 100400
Recommended DC fuse 4004 3004 1254
Recommended cross-saction
(mmz2) par + and - connaction
terminal
0=5m* 2% 50 mm2 50 mm2 35 mm2
5-10m* 2x 70 mm2 2% 50 mm2 2% 35 mm2

Figure 51 - Manufacturer recommendations for connecting battery bank

Protection on the AC side

Circuit-breakers after solar grid inverter (Q1 and Q2)
Maximal current from the solar grid inverter is:
Imax=Imaxout=13 A

so the appropriate circuit breaker for this position is circuit breaker with nominal current 16 A,
1P+N, with short-circuit current capacity 10 kA and C characteristic.

k=

N

Ql ®.

Figure 52 - Circuit breakers Q1 and Q2

Additional characteristics of these circuit breakers can be found in appendix and its position in the
PV system can be found in the drawing. PV-001 PV system: general.

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=lmaxout= 50 A so the circuit breaker
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appropriate for this position is circuit breaker with nominal current 50 A, 1P+N, with short-circuit
current capacity 10 kA and C characteristic.
Circuit-breaker to the house appliances (Q4)

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

Pmax_ 9 kW
= =30A
U 230V

Imaxioad=

Pmax is defined in the section Electrical System Design.

According to the maximal current that can supply appliances, circuit breaker with nominal current
40 A, 1P+N, with short-circuit current 10 kA and C characteristic will be installed.

Protection against electric shock (direct and indirect contact)

There is the risk of direct 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.

In DC grid, the floating generator configuration is a security measure against direct and indirect
contacts. It consists of metallic mass of the installation connected to the protection ground, so
under normal performance conditions, DC grid is insulated from the ground.

The battery system has a nominal voltage of 24V, so it doesn’t need protection against direct or
indirect contact. Another protection measure against direct contact will be: isolated wire and
covered battery terminals, protected and with restricted access. Complementary protection
measure against faults is included in the battery inverter itself.

The battery cell container doesn’t have metallic parts, so it is hot ground connected.

The DC/AC inverter has some protection elements against DC reverse polarity protection, total
discharge protection, AC short-circuit, AC overload, grid monitoring etc.

In AC grid, as a complementary protection, residual current device will be used toward the grid and
appliances.

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=lmaxout= 50 A
so nominal current of the RCD will be 63 A.
Leakage current that will be used is IAn=300 mA.

So, for this position (see the drawing PV-001 PV system: general) the RCD 300mA, 63 A will be
used.
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Figure 53 - RCD 300 mA, 63 A

Residual current device toward house appliances, RCD1

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

| =T ="""=39A
maxload U 230V

so the nominal current of the RCD will be 40 A.
Leakage current that will be used is IAnN=30 mA.
So, for this position (see the drawing PV-001 PV system: general) the RCD 30mA, 40 A will be

used.

Breaking and isolation devices

For the emergency and maintenance cut-off of the PV modules, cam switches will be used.

Input values for dimensioning these cam switches are PV modules output current - 13 A for each
inverter and output voltage - max 292 V. So for the installation on this position (according to the
drawing PV-001 PV system: general) cam switch 0-1/2P/32A/1 kV DC will be used for each pair of
strings (S1 and S2).
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Figure 54 - Cam switch 0-1/2P/32A/1 kV DC

For the emergency and maintenance cut-off of the battery bank, cam switch will be used. Input
values for dimensioning this cam switch is battery input current, 70A, and battery voltage 24 V DC.
Since the battery fuse, according to the manufacturer recommendations is 300 A, cam switch 2
kA, 80 VDC will be installed.

In the case of Quattro inverter/electrical grid fault or any other fault in the PV system, there is
possibility of supplying the house directly from the grid without including any part of the PV system.
To ensure that possibility, rotary cam switch S4 with 3 positions 80 A and 4 contacts.

Figure 55 - Cam switch, 3 positions, 80 A

Protection against electromagnetic interference in buildings

The overvoltage in the house grid is mostly caused by the lighting or by the grid itself (connection
and disconnection of switched, short-circuits etc.). To avoid overvoltage we will use equipotential
connection and installation of voltage surge arresters.

We will use two voltage surge arresters before the inverter and two after the inverter. They will be
connected to the ground electrode.
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Surge arrester on DC side

For protection of PV system from lighting and overvoltage, surge arresters on the DC side should
be used. Appropriate protection should include protection against direct and indirect lighting
contact and overvoltage. In our system, Vartec surge arrester will be installed. This is special
series of surge arresters, produced by Schrack Technick, type T1+T2. These surge arresters are
tested and certificated according to IEC/EN 61643. Since maximal voltage from each pair of
strings is 292 V, surge arresters 550 VDC will be used. Surge arresters will be connected with the
FGO7R 6 mm2 cable that is used in that part of the system (see calculation in the sub-section
above). With the 16 mm?2 cross-section cable it will be connected to the earthing busbar. They will
be installed according to the drawing PV-001 PV system: general.

Surge arrester on AC side

For the protection of the whole electrical system in the house, there should be installed surge
arrester on the line coming from the grid to the house. Since our system is adjusted to the TT
distribution earthing system, it is necessary to choose surge arrester that will be compatible with
this system. In this system Powertec surge arrester, manufactured by Schrack Technick will be
used. The serial combination of two surge arresters will be used; RV1 which is surge arrester

25 kA, T1/T2 and RV2 50 kA. For optimal operation of these two surge arresters, fuse F11, 63 A
will be installed. This fuse will prevent response of surge arresters on minor faults. Surge
arresters will be connected with the FGO7R 16 mmz2 cable that is used in that part of the system
(see calculation in the sub-section above). With the 16 mm?2 cross-section cable it will be
connected to the earthing busbar. They will be installed according to the drawing PV-001 PV
system: general.

Earthing

Concerning the safety aspects of PV system installation, both DC and AC parts have conductive
metal works which may be accessible to people.

A TT connection scheme will be used, as prescribed by the SDE 2014 Rules. In this connection
scheme, the neutral conductor of the installation and the metal works will be grounded
independently, directly and without protection elements.

We will use the earth electrode in order to prevent these metal works from causing electric shocks
to person so all the metal works of the PV installation must be connected to the earth electrode.
This way, if insulation fault appears, the earth electrode would play the role of drain that avoids the
risk of electric shock. Earth electrode will be installed in the depth according to the type of the soil
and value of the earth resistance.
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Figure 56 - Earth electrode

In order to connect all metal parts to the earth electrode, copper cable with the cross section
16 mm2 will be used. It includes the metallic parts of the PV modules and their structure, metallic
parts of inverters and battery chargers, DC voltage surge arresters, AC voltage surge arresters.

One of the terminals of the surge arresters will be also connected to the earth electrode, avoiding
the overcurrent carried through them. All the metal works and the earth electrode will be easily
visible and accessible in order to check system safety.

The complete location and design of the AC and DC conductors grounding is shown in the drawing
PV-031 Photovoltaic system: Grounding system.

5.3.6.5 Maintenance plan

PV modules

Installing - work on location

Potential hazards
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Installing a PV system is a combination of risks which the installer is facing during installation and
construction work. This includes physical work, work at height and electrical shock risk. European
and national requirements for safe operation in the workplace are available at www.hse.gov.uk and
http://osha.europa.eu.

It should be noted that due to frequent changes in the installation of PV systems list of the
information and guidance is not final and that their use has no legal grounds and responsibilities.

The importance of risk assessment

Before using practical information it is very important to make a good assessment of the risks in
the workplace. Such an assessment should consider all risks in order to avoid exposure to injury in
the workplace. Below is a simple description of the risk assessment procedure: "A risk assessment
is nothing more than a careful consideration of all steps in the job that may lead to injury or iliness
of employees with a description of the steps that must be made to reduce that risk or completely
eliminate it. The result of systematic implementation of risk assessment is the nomination of the
most appropriate measure that the user must take. "

Security work with electrical installations
Working with circuits

The prevention of all types of injuries related to electric shock is a basic safety measure. Further to
the above, check the following;:

e Always disconnect the power supply circuits.

e Disconnected circuit is generally harmless - CAUTION! - Lots of accidents happened with
disconnected circuits as a result of irregularities. Careful work with disconnected circuits
is mandatory.

e Use a voltage tester or other type of device as a safety measure.

e Use the main switch / circuit breaker rules and locking systems.

e Locking systems rules are used for systems where the main switch locks physically.

e Lock all the circuits that can be activated during operation.

The electric part of the PV system

Electricians are generally familiar with the power of classical systems. However, in PV systems there
are two power sources - from the grid and from the PV system. Ending the main supply does not
interrupt the PV side. Electricians also need to separate two systems in order to have a safe
operation. With the least sun, FN side can cause electric shock or sparks may fall off a roof or
ladder and injuries of a serious nature. The following precautions must be followed when working
with PV circuits:

1) Follow the procedure outlined in the previous section - notice that PV systems have large
capacitors that may remain charged after disconnecting circuit - always follow the
manufacturer's instructions and specific information on the operation and safety.

2) The only safe method is to eliminate the primary energy source - the sun. If needed,
should be covered with opaque coating to prevent electricity generation.
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3) Even small amounts of light can produce energy - voltage may be present in low -light.
Although it is not sufficient for the inverter, it can certainly hurt the electrician - not
directly with electricity attack, but from falling off a roof or ladder. Before starting work
with PV array, electricity supply should be disconnected with the DC disconnection switch.
The circuit should be designated and locked according to the procedure.

4) Systems connected to the network have two energy sources - it is necessary to turn off
the main circuit. The switch does not necessarily disconnect the PV field - although the
inverter is off. Wires with FN sides remain energized and received little illumination.
Disconnection switches can isolate the PV system but do not rule out the entire power
system. It should be remembered that if the DC switch is in the ON position, it might be
possible that the line from the PV field may still have potential. This is the same as the
grid potential when the main switch is turned on - the risk is equal on both sides. Small PV
system can have a DC voltage on the terminals that is greater than 600 V.

5) The risk of sparking arises when changing or adding modules - NEVER connect /
disconnect system or part of the system under load. When added modules spark or an
electric arc is created, they can be so strong to cause major burns or destabilize the
installer resulting in a fall from the roof and serious consequences. Always keep an open
circuit using a DC switch. Before working always use a voltage tester or related equipment
to establish the status of the PV system.

NEVER disconnect the PV module connectors or other wiring if the PV field is connected to the load.

e When adding or modifying a series of PV modules, if the circuit is not interrupted and if a
string is under voltage, there is danger of starting an electric arc. The strength of the
electric arc is enough to cause burns, as well as current or permanent loss of vision.

e Itis required to turn off the DC switch when working on the PV system.

Use a current clamp to check the installation before work.
Security measures working at height

The law does not recognize elimination of all risks, but they boil down to "reasonably practical"
measures. If work at height must be inevitable:

e Use an existing safe place to work

e Use work equipment to prevent falls, such as mobile platforms, scaffolding, ropes, etc.

e Minimize the distance from the consequence of the fall - for example, using the
appropriate ladder, a short time working in the risk zone, etc.

Safety equipment

The purpose of personal protective equipment is to protect workers from the risk of injury by
creating a protective barrier of job risk.

Personal protective equipment includes the following:

e Face and eyes protection (glasses, shades, visors, etc.)
e Head protection - (helmets, caps, etc. ).
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This type of protection is mandatory in the case of fulfilling opportunities objects falling from heights
or work at height:

e Protecting the extremities - gloves, shoes, knee protection, etc.)

e Respiratory protection (respirators, masks, etc.). This protection is particularly important if
a worker is in contact with asbestos or paint

e Hearing protection (ear protection, earplugs, etc.)

e Protective clothing

Fire protection
PV systems installation in the building may have an impact on fire safety:

e Inthe case of the roof assembly, the PV system needs to be placed above the flame-
retardant cover which is suitable for application

e Do notinstall a PV system near risky locations with flammable gases.

e Inthe event of a fire in the building PV modules can produce dangerous DC voltage even
in case of:

e Low-intensity illumination - when the modules are disconnected from the inverter

e The modules are partly destroyed

e Wiring which is partially damaged during and after the fire should stay away from
elements of the PV system and inform the fire department about potential risks.

Other risks:

e The glass surface of the roof or facade PV modules are made of solid glass. This means
that in case of a fall it will not break into small pieces, but will fall in one piece which is a
threat.

e The edges of the PV modules can be very sharp

e PV modules generate electricity with minimal light and cannot be quenched. This means
that work on electrical circuits often means under voltage work.

e When connecting the conductor, it should bear in mind that the PV modules produce DC
voltage and the DC arc short circuit greater length and lasts until the power supply is
interrupted.

e Short-circuit and other failures is slightly larger than usual and fuses and switches often
cannot provide adequate protection.

e PVinstallation can develop lethal DC voltage if not properly grounded

e PV systems are called low even though they generate up to 1500 V. About 20 V is enough
for a risk of injury.

e Therisk of injury is greater as the installation is more damaged

e To maximize productivity, the PV modules are installed on untreated surfaces. Rain and
wind can significantly increase the risk during installation and maintenance

e Parts of the system may have a temperature greater than 80°C.

e The surfaces of PV modules can reflect significant amounts of sunlight, which can be the
cause of visual impairment.
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After selecting the appropriate components for photovoltaic systems, it is important that they are
installed in accordance with manufacturer's recommendations, particularly with regard to the
necessary fixings, ventilation, temperature range and security. Failure to follow proper operating
conditions can lead to poorer system performance, shorter life span, and in some cases affect the
final cost-effectiveness of building a photovoltaic system. Attention should be paid to reducing the
length of the cable and, in particular, properly executed and protected compounds. Poor
connections do not affect the initial performance of the system, but over time have become
increasingly influential, either to generate electricity, or the occurrence of failures.

Production losses due to poor connections can be significant, and for their recognition and
detection takes time, especially if you are within the PV field. It is much better and easier to perform
high-quality compounds in the phase of the installation, than to find and correct malfunctions and
defects during system operation. Excess cable should be avoided wherever possible. Where needed
a small surplus, the excess shouldn't be rolled, such as performance dissipating reduces heat in
the environment, which may lead to the creation of inductive voltage spikes, which are passed on
to a series, the photovoltaic field and exchanger. Although it may not directly affect the initial level
of system performance, the quality of the physical installation of the system, particularly the
photovoltaic field, can affect the long-term effectiveness of the system and the costs associated
with it. Poor fixing component fields can cause damage over a number of adverse weather
conditions, which will result in a loss of power, and repairing or replacing damaged parts. This
failure could lead to damage to other parts of the roof, and impair water tightness of the roof.

The sequence of works

The installer should follow the sequence of work, and the start of the planning and procurement of
all necessary materials, tools and ensuring a sufficient number of personnel for proper installation.
The process of installing the site consists of the following steps

Setting girders and substructure
Setting up of photovoltaic modules
Connecting the photovoltaic modules
Set the connection and junction boxes
Set the channel and cable
Connecting components
Commissioning and testing systems

NOoO ok~ WDR

Tools and Equipment

Tools and equipment that the installer of photovoltaic systems uses in this paper are not
significantly different from those used by licensed electricians. In any case, it is necessary to strictly
follow the relevant local legislation. All necessary components for installation on roofs and facades
of buildings, as well as all the necessary safety equipment must be available to the installer, who
is trained for their use. It is advisable to have access to tools and machinery necessary for the
transmission and raise photovoltaic modules and other materials on roofs, so that no unnecessary
physical burden is put on the installers. Finally, installer should have a compass and inclinometer
for the correct positioning of photovoltaic modules.
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Installation of electrical equipment
Installing the grounding system
Linking parts of a PV system with grounding affects:

e risk of electric shock to people in the vicinity of the plant,
e risk of fire under fault conditions,

e transfer induced surges

e electromagnetic interference

Properly performed grounding is an important element of security for the proper installation of the
PV system. If the maximum system voltage is greater than 50V, it is usually necessary to ground
the conductive parts of the system. The key is to use the "photovoltaic cable" or "photovoltaic guide"
that meets the requirements for grounding the unearthed network wiring. A variety of
manufacturers offer modules with excerpts from these kinds of guides. Two design types of circuit
to ground to consider:

e grounding of exposed conductive parts (e.g. frame modules)
e system Grounding - one of the outputs of the photovoltaic field is connected to ground.

In normal conditions, the fixing of photovoltaic modules on the mounting substructure takes place
in two stages: setting up modules in the proposed formation and physical attachment to the
structure.

Mechanically connecting the modules involves contact between two different metals (aluminum
and steel frame modules in connectors), which entails a risk of electric shock. To prevent contact
between the two metals, it is possible to use insulating materials such as nylon or rubber. This
ensures the proper installation and seating area frames and avoids possible damage to the module
(such as damage due to overuse of glass). Setting module should be designed in such a way as to
prevent any damage, such as leaning module to loose elements (such as e.g. Packaging Module)
and the storage module to a desk or similar element. Once the modules are arranged in a regular
schedule, they need to consolidate within the supporting structure. This task should be performed
using a sufficient number of operators without proper mechanical devices such as cranes, pulleys,
etc., especially when the system is installed at a considerable height from the ground.

Electrical connection of PV modules

After the mechanical installation and fixing the module, they must be electrically connected. The
main objective of preparing components for electrical installation is preparing terminal modules,
and the positive and negative terminals, which defines the main circuit of PV string / field. Voltage
and current at these terminals will depend on the current radiation exposure, and should be
determined during the design phase.

To avoid potential errors when connecting modules, especially when there are more strings of
modules which are connected in a parallel, it is necessary to use technical drawings and consider
the position, label and module performance. Connecting the modules needs to be done via the

PROJECT MANUAL #4, 2014 129



- Solar
“ UNIZG %% Decathlon

Europe

existing connectors, connected to the terminal box modules. The most commonly used connectors
look like plastic tubes, and are flexible.

Parallel connection
Combining several modules in parallel is increasing the power of such a compound. All components

connected in a parallel must have the same characteristics, and it is necessary to carefully select,
based on their tolerance. Since the output current of this compounds as many times as big as the
number of connected modules, it is necessary to dimension the outgoing circuit to the increased
current.

Serial connection

By connecting several serial modules higher output voltage is achieved, while the current of this
compound remains the same as for one module. It is vital that a number of modules in series are
identical, to have the same current- voltage characteristic. Photovoltaic modules can be selected
according to their tolerances. Since the output current remains the same as in a single module, it
is necessary to increase the cross section, but it is necessary to select lines of sufficient rated
voltage.

Cables

Cables used in photovoltaic installations, as well as all other electrical installations, must have a
sufficient cross section and be properly sized to avoid warming and higher voltage drops (losses)
in the lines. Guides used in the DC area divorce must be Class Il (double insulated). Installer to use
cables RZ1 (insulation performed interlaced polyethylene), designed for operating in the
temperature range of 90 ° C or higher, and the voltages between 750V and 1000 V.

Guides used in the AC of the divorce must correspond to the electrical installation regulations on
low voltage.

Batteries

A battery bank is a group of batteries wired together using series and/or parallel wiring.

A series connection is made by connecting one pair of opposite terminals of different batteries
together (i.e. positive to negative). This increases the total voltage (the voltages of the two or more
batteries are simply added together) while keeping the amperage capacity the same as just one of
the batteries that are wired in series.

A parallel connection is made by connecting terminals of two or more batteries together (i.e. positive
to positive and negative to negative). This increases the amperage of the circuit (the Ah capacities
of the batteries are simply added together) while keeping the total voltage the same as one of the
batteries in that bank.

The battery bank in the photovoltaic system of Membrain is made of two equal sealed Gel Deep
Cycle Valve Regulated Lead Acid batteries 12V/2200 Ah C20, where batteries are wired into series
strings. String has a voltage of 24 V (12 V x 2) and 220 Ah. In total the capacity of the entire bank
reaches 24VX220 Ah which equals the power of 5280 W.
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The same voltage drops must be realized from each string to end connector regardless if a string
consists of one unit or several unit. This is achieved by proper choice of cable lengths and cable
diameters. The connector cables for positive and negative terminals of each battery string have the
same length. The minimum cable size for the end connectors of a string is 25mm2/100 Ah string
capacity and the end-connector must be placed on a copper bar with at least 100mm2/100 Ah
string capacity with the lowest possible distance. Each string contains appropriate fuse and positive
pole of the battery bank is connected to appropriate circuit breaker.

Gel Valve Regulated Lead Acid batteries do not require ventilation and can be mounted in any
orientation. It is very important that the battery racks are stable and horizontal. Air safety distance
of at least 10 mm between insulated cables and electrically conductive parts must be kept. Also,
the battery bank must be protected against any overheating risk induced by direct exposure to the
sun radiation or by their amplification through glass walls.

The battery cell container does not have metallic parts, so there is no need for grounding.

For more information about batteries please see sub-section 5.3.5.3. For better understanding
battery bank connection please see PV-015 DC circuit: Battery connections.

5.3.5.6 Maintenance plan

PV modules

PV system requires little maintenance. It is recommended to check the status of the modules at
least once each six months. However, if the system output drops at any time during sun hours, a
check should be performed to remove any dust, tree leaves or other dirt from the modules.

To clean the modules, the maintenance agent can simply use a ladder and climb safely up the roof.
Once up, the agent can use water and a non-abrasive detergent to wash them.

The visual inspection also includes checking possible broken glass. Then those broken glass should
be replaced.

Solar grid inverter and Quattro inverter/charger

The inverters should be checked every three months for any visual signs of external damage. The
status indicators can be cleaned also with a cloth. In case of any inverter shutdown, the module
branch belonging to that inverter should be checked and cleaned to remove shadowing and a reset
should be done on the inverter.

The housing has to be mechanically sound. In case of damage (cracks, holes, missing covers) that
endanger the operating safety, the device needs to be immediately deactivated. Larger particles of
dirt are removed from the device with a soft brush while dust is removed with a damp cloth.
Depending on the ambient conditions it is necessary to clean the fans only at a standstill either
with a vacuum cleaner or a soft brush. The control elements can also be cleaned with soft, damp
cloth without the usage of solvents, abrasives or corrosive liquids. It's important to regularly check
whether error messages are present.
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Batteries

Type of batteries integrated in the Membrain PV system do not need water replacement and no
residues of electrolytes appear in the battery contacts. That is the reason why they were called
maintenance-free. Pressure valves are used for sealing and cannot be opened without destruction.
Therefore, they are defined as “Valve-Regulated” lead-acid batteries (VRLA-batteries).

To ensure the reliability and longevity of the battery bank, regular maintenance is required.
Work to be performed every six months
Take the following measurements and record the measurement values:

e Voltage of the complete battery bank.

e Voltage of a few selected batteries in the battery bank.

e Surface temperature of a few selected battery in the battery bank.
e Temperature in battery room.

If the battery voltage deviates from the average float charge voltage by more than +1.2 V/battery
or -0.6 V/battery and/or if the surface temperature of selected battery in battery bank differs by
more than 5°C, contact customer service.

Work to be performed annually

Take the following measurements and record the measurement values:

e Voltage of the complete battery bank.

e Individual voltage of all batteries in the battery bank.

e Surface temperature of all batteries in the battery bank.

e Temperature in battery room.

e Perform a visual check of all screwed connectors.

e Check all screwed connectors to make sure that they are firmly secured.
e Visual check of battery racks or battery cabinets.

o Check to make sure that the battery room is properly ventilated.

Cleaning of the battery

Cleaning the batteries on a regular basis is necessary to maintain battery availability and to meet
accident prevention regulations.

Before cleaning is carried out, each component of the system should be isolated. This would involve
switching off circuit breakers to and from the battery bank.

While cleaning the batteries you must wear safety goggles and safety clothes.

Plastic battery components must be only cleaned with pure water. After cleaning the battery surface
has to be dried with appropriate measures, like antistatic cleaning cloth (e.g. cotton).

Batteries should be cleaned at least once per year.
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Wiring and protections

An inspection should be taken every six months. Following should be checked:

e terminals; check if they are loose, overheated or burned out. If any wire is burned it
should be replaced

e the wiring skin; to detect any possible defects and to be fixed with self-adhesive tape

e oxidation in welding and circuits of PV modules (caused by the entrance of humidity
across the enclosures)

e the connecting pin wiring of the PV modules to check for failures in pressure

e the connection between the other equipment, checking power values

e the sealing of the PV modules, to replace any affected elements, avoiding future
malfunctions

e the protection equipment, including all the relays, following the instructions of the
manufacturer

In case of any inconvenience or doubt, the manufacturer’s datasheet should be checked for further
instructions concerning the maintenance.
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5.3.6 Electrical Energy Balance Simulation

5.3.6.1 Electrical PV generation

Concerning the Energy balance which corresponds to the grid connected photovoltaic system that
is going to be integrated in the house; the main characteristics are the following:

Final power of the system: 5 kW
Final power of the inverter: 5.6 kW

To develop the production energy balance, the analytical method has been and will be used. This
method is based on ambient temperature and irradiance data for two locations that our system
has been designed, Zagreb and Paris. Since Membrain PV system is designed in the shape of the
furling panels i.e. the one-axis tracker that will change its tilt daily in the north-south direction.

Firstly, optimal tilt for two geographical locations, Zagreb and Paris, should be calculated, according
to irradiance data that we have collected. Following figures present irradiation in Paris for January
and July.
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Figure 57 - Irradiation in Paris in January
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Figure 58 - Irradiation in Paris in July

According to the information about the irradiation in Paris for each month, we calculated the
maximum power that can be generated by this system and optimal tilt of PV modules working under
these operation conditions. For this calculation we have used PV Sol software. The following figures
show optimal tilt of PV modules for two seasons.
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Figure 59 - Optimal tilt of PV modules in winter season
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Figure 60 - Optimal tilt angle of PV modules in summer season

In winter, when the sun is low in relation to the Earth, furling panels will collect (furl) and their
optimal angle to the Sun will be between 20° and 50° depending on the location and mechanical
strength. In summer, when the Sun is high in relation to the Earth, furling panels will stretch (extend)
to achieve almost a right angle to the Sun and additionally to get protection from the Sun in the
form of shelter. The optimal angle in the summer will be between 10° and 25°. This way we can
increase production throughout the year depending on the position of the Sun.

5.3.6.2 Results of the PV production simulation

In order to obtain as accurate and qualitative results of the PV production simulation, advanced
algorithm? has been used, which has been developed by researchers at the University of Zagreb.
In cooperation with them, this algorithm is used to obtain a forecast of production of our PV system
and to be able to predict the optimum tilt angle for a particular month.

The model is predictive control algorithm for photovoltaic panel orientation with the aim to
maximize the photovoltaic system net power production. Thereby we take into account local
weather forecast with its uncertainty, thermal behaviour of the panel, and the positioning system
energy consumption with its technical constraints. The model predictive control synthesis
procedure comprises two basic steps: identification of solar irradiance model and development of
the photovoltaic system model and development of predictive control algorithm for the photovoltaic
panel active surface orientation, based on the obtained models. Performance of the developed
algorithm is verified through year-scale simulations based on a large number of solar irradiance
and other weather data patterns. It turns out that the proposed algorithm is fully competitive with
the mostly used sun tracking or maximum irradiance seeking controls, and that it outperforms
them. The other advantages of the proposed algorithm are: the positioning system is controlled
smoothly and prediction of energy yield one day ahead is available together with its uncertainty for
easier photovoltaic system integration into the electricity distribution network. For more details

M. V. N. P. Marko Gulin, »Dynamical optimal positioning of a photovoltaic panel in all weather conditions,«
Applied Energy, vol. 108, pp. 429-438, 2013
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about proposed algorithm, see the article Gulin, Vasak, Peri¢: Dynamical optimal positioning of a
photovoltaic panel in all weather conditions, Applied energy, August 2013.

Results for annual production prediction
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Figure 61 - Annual electricity production with fixed angle
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Figure 62 - Annual production with optimal angle
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Results for weekly production prediction

Simulation of the production for the competition week is presented below:
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Figure 63 - Weekly production with optimal angle
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Results for daily production prediction

For characteristic week day in the summer season (13.06.)
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Figure 64 - Meteorological parameters
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PROJECT MANUAL #4, 2014

139



‘team
"\ UNIZG

» Solar

Decathlon
<" Europe

180

Electricity production

160

140

120

100

kWh

80

60

40

20

1 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24

Figure 66 - Electricity production

For characteristic weekend day in summer season (15.06.)
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Figure 68 - Insolation
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Figure 69 - Electricity production
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For characteristic week day in winter season (10.01)
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Figure 70 - Meteorological parameters
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Figure 72 - Electricity production

For characteristic weekend day in the winter season (12.01.)
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Figure 73 -Meteorological parameters
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Figure 75 - Electricity production

Based on daily electrical production calculation around 1108.99 kWh for summer season and
514.49 kWh for winter season is obtained.

5.3.6.3 Electrical Loads

In accordance with the rules of the competition, our goal is to meet the needs of consumers in the
modern households. In order to make calculation and simulation of appliances and devices
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consumption in the house, we made a list of appliances and devices that are necessary for normal
functionality. The list includes the current market available appliances of the highest energy class,

and their power in hormal operation and stand by.

Engine
room

Bathroom

Kitchen

Appliance type

Clothes washer

Clothes dryer

Lighting
Inverter
Regulator
Lighting

Stove

Oven

Dishwasher

Refrigerator
+freezer

Lighting

Main room

v

Laptop

Bluray player

Table 21 - List of the electric loads

Model

BOSCH
WAS32890EU

BOSCH
WTB66200BY

KEA 180

KORA 16

KONCAR
UKE2920KD.CKT

GORENJE
BO5103AX

BOSCH
SMSG9ON28EU

BOSCH
KGE36AW40

GU.5

PANASONIC  TX-
L32B6

17 inch

SAMSUNG  BD-
F5100

Lighting

LED

KORA7

Maximum power

W)

2300

1000

2x11
25

5
3x15

2900

2700

2400

160

5x6

31

75

8,8

30x7,2

B5x7

Working hour

(h)

3,41

1,42

0,5
24

12

1

1,5

0,5

3,25

24

Consumption
(kWh)

0,69

1,02

0,011

0,6

0,084

0,035

1,75

0,384

0,93

0,41

0,03

0,031

0,764

0,024

0,3

0,05

Simulations of individual appliances on a daily basis were performed according to available data
for the appliances consumption for an average household.
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Figure 76 - Simulation of the individual appliances on a daily basis

Starting from house energy loads prediction, a weekly and annual electricity demand simulation
was performed.
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Figure 77 - Weekly electricity consumption
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Figure 78 - Weekly load curve
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Figure 79 - Annual electricity consumption
According to the simulation results for electricity production and consumption, energy balance

simulation was performed. Lighting and appliances electrical demand and PV production have been
calculated according to design strategies by an hourly detailed simulation for Paris climate context.
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Figure 80 - Daily electricity balance

Peak load is between 20 and 23h, which is also peak load in the global power system in Croatia (in
France the situation is bit different due to the different structure of the power system). Since
households make up for the significant part of total electricity demand, our goal is to make our
house a “model citizen* in the electricity grid.

In order to optimize the consumption, our house will have a software implementation of the
algorithms whose task will be to monitor users’ home habits and budget forecasting and control
daily consumption. This implies that the house will be able to adjust its consumption throughout
the day in order to achieve different objectives. One of the possible control strategies is to reduce
electricity import and export peaks, as well as reducing electricity import during power system peak
hours (late afternoon). This is achieved by managing flexible loads (heat pump, fridge...) and using
the batteries.

An example of control strategy is shown in the Figure below. There are two cases shown:

Case |, where the electrical balance towards the grid is shown by the green line. Import and export
of the energy with the grid are determined by the difference between PV generation and
consumption of the loads in the house.

Case Il shows the desired behaviour of our house. All of the flexible loads are shifted into periods
with high PV generation, reducing the load in the upcoming hours. Batteries are charged during
sunny hours, and discharged several hours later, when the grid peak load occurs. The orange curve
is more beneficial for the grid, as less energy is imported (some energy is even exported) during the
peak, late afternoon hours. One more benefit is the overall reduction of import/export peaks. This
example is not based on the real data, but it illustrates the principles that will be implemented.
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Figure 81 - Example of modifying the consumption curve

This kind of system behaviour will be enabled by the high level of control over the electrical
equipment. Control algorithms will be implemented in the central control unit, which will simplify
changes in the desired behaviour.

Part of Membrain control algorithm, is control of the power flow through the house electrical system.
In order to fully exploit the possibilities of the inverters and inverter/charger, we will use HUB-2
algorithm for controlling the usage of all parts of PV system.

The Victron MultiPlus (or Quattro) is more than just an inverter/charger. It will manage the energy
flow in a PV system with battery back-up. This is accomplished by intelligent software which can be
set up to do exactly what is needed in a specific environment.

The following situations are possible in a self-consumption system with grid tied PV:
Situation 1: enough solar power to supply the loads.

Situation 2: not enough solar power to supply the loads

Situation 3: no solar power available

Enough solar power to supply the loads

In this situation the grid is present and connected to the loads. The Quattro will see that the PV
system is producing more energy than needed by the loads, resulting in a surplus of solar power.
The surplus is used to charge the battery. All energy that is not absorbed by the battery, because it
is fully charged or already being charged with the maximum charge current, is fed back into the
grid. A simplified model of this situation is shown in the figure below.
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Figure 82 - Situation with enough solar power

Not enough solar power to supply the loads
Limited shortages of power will be drawn from the grid, and larger shortages will be drawn from the
battery. A simplified model of this situation is shown in the figure below.

T'F

Figure 83 - Situation without enough solar power

Night time, no solar power available
After a couple of days of monitoring PV power, the Quattro inverter/charger will synchronize its
internal clock to the day/night rhythm. The Quattro inverter/charger will, without interrupting the
AC supply, disconnect from the grid during the night and all energy for the AC loads will be drawn
from the battery storage. The grid will remain disconnected until one of the following two major
events occurs:
. Charge current starts to flow into the battery. This means that a new day has
dawned, and that sufficient sunlight is available to provide power to the loads, with some
surplus to charge the battery. The Quattro inverter/charger will then reconnect to the grid.
° The battery has been discharged to a present state of charge or a present voltage,
whichever comes first. The Quattro inverter/charger will then reconnect to the grid and
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switch to standby: it will not charge the batteries from the grid, nor power the loads from
the battery storage. The loads are powered from the grid. It will start charging the battery
storage with surplus PV power as soon as it is available and remain in charger only mode
until a present battery storage voltage has been reached.

A simplified model of this situation is shown in the figure below.

Figure 84 -Situation without solar power
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5.3.7 Solar Thermal Design

Solar collectors are widely used for domestic hot water production. Essentially they use sun
radiation and heat transfer medium that heats the water through the heat exchanger. Even though
solar collectors are effective way to produce hot water they are not always necessary asset. Initially,
idea was to put solar collectors in one row of the tracking system. In our case, taking the features
of the house and tracking system into account, installation of a solar thermal collector system
implies an excessively long time for the economic returns, for it has a low utilization level and
definitely needs an alternative heat producer. There is no valid reason to put solar collectors on the
roof and to justify their installation economically Due to solar tracking construction limitations and
sufficient amount of hot water produced by heat pump, decision is made that solar collector will
not be used in this project. Considering the fact that water will be effectively heated by heat pump
at this point no other source of energy is needed to provide house with hot water. Custom made
heat pump with expected power of 5 kW will be the source of heat production with the priority for
domestic hot water. MPC (model predictive control) will, through various algorithms and predictions
of inhabitants’ behavior, ensure that every time there is need for hot water it will be available. This
way system will be more efficient and more economically viable.
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5.3.8 Building integrated Solar Active Systems

Aesthetics

Our photovoltaic integration philosophy is based on both maximizing electricity production and
creating the shadow for the house. For this reason we decided to design PV structure in the shape
of the furling panels, where the tilt of the solar panels will be automatically adjustable as the height
of the sun changes over the year.

The PV tracking system undergoes a very strict set of criteria in the design process, one of it being
its aesthetic value regarding the system itself, as well as its integration in the building as a whole.
The system is conceived as a light filigree structure forming the final roof construction layer. It is
cantilevered to the south, and provides sun and rain protection when needed. For it not to be very
massive, PV modules are only installed on the sides oriented to the sun, whereas the opposite sides
are covered with fabric. Initially there were 3 aluminum profiles serving as the load bearing
structure, but that was changed to 5 in order to emphasize the overhang on the south and to reduce
the profiles’ cross section. The aluminum profiles slightly detach the tracker from the solid body of
the house providing a levitating effect of the system. Apart from being used as a solar tracker our
system is very effective in channeling rainwater and acting like a real dynamic roof.

Maintenance Plan

PV system requires little maintenance. It is recommended to check the status of the modules at
least once each six months. However, if the system output drops at any time during sun hours, a
check should be performed to remove any dust, tree leaves or other dirt from the modules.

To clean the modules, the maintenance agent can simply use a ladder and climb safely up the roof.
Once up, the agent can use water and a non-abrasive detergent to wash them. The visual inspection
also includes checking possible broken glass. Then those broken glass should be immediately
replaced.

In order to ensure constant efficiency of the PV system over its total operating period, it is necessary
to provide periodic checks and maintenance: regular technical checks, regular maintenance and
irregular maintenance. Regular technical checks encompasses monthly check for front panel glass
damage, monthly check of cleanliness of the modules and monthly visual examination and test of
the terminal boxes. Regular maintenance encompasses removal of the soil using water and non-
abrasive detergent twice yearly. Irregular maintenance is system manufacturer obligation for any
defect or breakdown within 36 hours of its observation or report.

Construction and additional properties

Because this is very innovative tracking system with primarily function to improve efficiency of PVs
and there is no such thing available on market, precise calculations and dimensioning are needed
for the main construction. There were several things to consider before choosing size of the
construction such as demand for specific area to be covered with PVs and need for sunlight. This
system has secondary function to be a dynamic roof that will be used to provide shade in the
summer and to let the sunlight in at the winter in order to optimize solar gains and losses
throughout the year. Figure below show what the basic element looks like. Idea is for tracker to be
completely modular so you can attach as many units as demanded.
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Figure 85 - Basic tracking element

Total length of the system and its change in dimensions are determined by demand for sun
radiation and most efficient angle relative to roof in specific time span. Tracker will move daily in
order to be at the ideal position for both power production and providing shade. These two
requirements are in correlation so it will be possible to fulfill both at the same time. Tilt/angle of
the tracker will be possible to control via home automation system manually or in the automatic
mode where intelligent algorithm will determine the best possible solution.

Dimensions had to be chosen very carefully in order to improve efficiency of the PV elements.
Calculations were made to see what is the optimal min. and max. angle for the tracker. As input we
used Paris weather data and sun angles throughout the year to get optimal tilt for PVs. Even though
chosen angles are not ideal there is no significant loss in power production compared to the ones
got by calculation. Maximum angle will be 50 degrees and minimum angle will be 10 degrees due
to the construction requirements.
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5.3.9 Membrain Home Security and Automation System

Membrain’s home security and automation system will be an interactive and simple to use, custom
made control system. There are many advantages of developing our custom system instead of
implementing commercially available solutions:

1. Our system’s main goal will be to save energy not just through smart control, but through
user education. Modern methods of home control will be implemented to provide users
with more flexibility (mobile apps, web interface...).

2. Our control algorithm will be based on Model Predictive Control. It is a modern
mathematical method for minimizing energy waste.

3. Software controlling the heat pump will implement machine learning principles to improve
energy efficiency. This way, as time passes our heat pump will become more efficient.

To implement smart control and it's feedback, accurate sensors must be used. All of our sensor
modules will be custom developed, low power, wireless or wired solutions. In addition to all of these
goals, we will especially consider system affordability. Membrain’s home security and automation
system consists of three independent stand-alone but networked systems:

e Central Processing unit

e Wireless sensor network

o “littlePLC” - HVAC control system

e “littlePLC” - PV and light control system

Heating ventilation and air conditioning

G ) »
- T

PowerUnit

RF Access point ‘

Sensor Node

Figure 86 - Membrain home security and automation system block diagram

5.3.9.1 Central processing unit

The central processing unit implemented in Membrain is based on Beaglebone Black, a Texas
instruments embedded Linux platform. Functions it needs to provide for Membrain are listed below:

e MPC algorithm calculations.
e Interface between wireless sensor network, littlePLC and user interface panel.
e Fire, burglary and health care reports to local emergency services.
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e Web server for remote user remote access to home control systems.

Beaglebone Black was chosen because it has a much higher computational power than standard
microcontroller systems, providing enough resources and CPU speed to implement advanced
algorithms, such as MPC. An overview of the device given by the developer is shown in the picture
below.
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Figure 87 - Beaglebone Black overview

5.3.9.2 Model Predictive Control

In accordance to the prototype of Membrain concept and the general idea of sustainability and
energy efficiency, the thermal efficiency of the heating control system stands in one of the focuses
of the entire Membrain concept.

Relying on the advanced custom made sensing system which is to be developed and used in the
Membrain concept as well as a custom made heat pump which will be used as an actuator within
the heating system, this system is a fully custom made one with some parts having already gained
contribution in the research area of interest. Apart from various information gathered using the
sensing system inside and outside the house (e.g. temperature, pressure, insolation, humidity, CO2,
etc.), this control method has some forecast information available as well. Mainly, thanks to
Croatian Meteorological and Hydrological Service (DHMZ), the predicted temperature and
insolation for at least a few hours up to a day in advance are at disposal.

The part of the project oriented to control system synthesis is consisted of several main segments
and can be presented as follows. Firstly, an accurate high complexity model of the house is to be
implemented. For this task, commercial software is to be used (IDA Indoor Climate and Energy -
IDA ICE). This serves as a validation reference for mathematical modeling of the house using
representation with much lower complexity. Acquiring a simple as possible model, which still
guarantees accuracy of the processes description, will create a basis for the control scheme
implementation. Usually, such a control scheme is firstly developed within simulation software, and
afterwards, is implemented on the hardware to be used in the exact object. Once having built the
building, it is possible to carry out an identification of the real system improving accuracy of the
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model which is usually used in the control scheme. Within this report we are still focused on the
control scheme, rather than implementation on a real hardware system where the control algorithm
is to be executed. The entire development process is presented in the figure below.

rd '\I Fa _ N N ra rd '\I ./' ™
Complex thermal Simplified mathematical Control System 3 Contral System | T
. g . ; Validation of Control
Membrain model in representation of thermal development within implementation onto S ppllcaHom ani=its
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Figure 88 - Flow Chart for the objectives of the Control system design task
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The majority of simple and well-established control techniques (e.g. PID controller, hysteresis
controller etc.) do not consider energy consumption optimality but rather consider only satisfaction
of the demand on the temperature level in an object. In contrary, herein we plan to implement an
advanced control technique which ensures optimality in heat management with respect to given
constraints of our systems, regarding to compromise between a price of energy, amount of spent
energy as well as any other thing that can be interesting to be taken into account. Namely, this
control technique is called Model Predictive Control (MPC) and it is explained into more details
further below.

MPC has developed considerably over the last few decades, both within the research control
community and in industry. Four major aspects of MPC framework make the design methodology
attractive to both practitioners and academics. The first aspect is the design formulation, which
uses multivariable system framework naturally where performance parameters are easily
understood and can be tuned by engineers. The second aspect is the ability of the method to
explicitly take into account both soft and hard constraints. This allows operation closer to
constraints (compared with conventional control), which frequently leads to more profitable
operation. The third aspect is the ability to perform on-line process optimization. The fourth aspect
is the simplicity of the design framework in handling all these complex issues.

The basic concept of MPC is to use a dynamic model of the process and current measurements to
forecast system behavior and optimize the prediction to produce the best decision - the control
move at the current time. Therefore, the control action is obtained by solving online, at each
sampling instant, a finite horizon optimal control problem in which the initial state is the current
state of the plant. The result of this optimization is a finite control sequence and only the first action
in this sequence is applied to the plant. This method, also known as receding horizon control,
implicitly introduces the feedback to the control design. The control scheme for an MPC is shown
in the figure below.

As mentioned previously, MPC has the ability to take into account a wide range of constraints, which
is highly desirable feature. These constraints commonly include physical limitations of the actuators
(e.g. heaters, valves, etc.) but even economic or ecological constraints can be dealt with. This
makes the system operation efficient and prevents the damage to equipment.
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Figure 89 - Flow Chart for the objectives of the Control system design task

MPC is considered to be mature technique for rather slow systems because slow process dynamic
leaves a plenty of time for online optimization at each sampling instant. In our project the controller
is to be used for the control of a custom made heating/cooling system, which itself is not very
dynamically demanding. This coupled with the ability to explicitly incorporate constraints in the
controller design (e.g. physical limitations of a heat pump), thereby taking advantage of the
measurements and predicted trends of a temperature in a house correlated with forecasted
variables (e.g. outdoor temperature, sunlight irradiation, etc.) and demands of the occupants, to
secure comfortable environment at minimum cost and usage of energy, makes the decision to use
MPC pretty straightforward.

To use MPC within our project, firstly we will have to develop a mathematical model of thermal
behavior of our house. In general, this would not stand as a problem since often thermal behavior
of materials used in buildings can be considered as linear. Nevertheless, in the case of a phase
change material (PCM) which is to be used within our house, the characteristic has very nonlinear
behavior, which is described in detail earlier in this paper. However, considering the behavior of
PCM in different areas of state space, it can be considered as piece-wise affine model. In particular,
we distinguish the cases when PCM acts as a container of sensible heat and the case when the
PCM solidifies or melts. Modeling in a way described above is possible using the hybrid models.

Hybrid models allow the interaction between continuous dynamics described by differential or
difference equations, and logical components described by finite state machines, if-then-else rules,
propositional and temporal logic. Such heterogeneous models switch among many operating
modes, where each mode is associated with a different dynamic law, and mode transitions are
triggered by events, like states crossing pre-specified thresholds. In particular, in order to generate
a mathematical representation suitable for optimization solver which stands for vital part of MPC
algorithm, the model of the house is utilized as mixed logical dynamical (MLD) system. Furthermore,
matrix representation of the optimization problem will be realized using a programming language
HYSDEL (Hybrid Systems Description Language), which is an integral part of the Hybrid Toolbox
implemented in Matlab, high-level programming language.
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5.3.9.3 Wireless sensor network

Membrain is equipped with a highly reliable and extremely energy efficient wireless sensor network.
The sensor network consists of various types of sensor nodes that communicate with the central
station using a 2.4 GHz wireless connection. 2.4 GHz band was chosen because it is worldwide
license-free, error-tolerant, and has low power characteristics. Today 2.4 GHz networks are widely
used in households, its applications ranging from microwave ovens up to wireless local area
networks. Membrain’s wireless sensor network distinguishes each connected sensor node by its
unique address. Apart from the wireless connectivity solution, industry standard digital
communication interface (RS232/RS485) is available on all sensor nodes. This interface adds
another degree of freedom for sensor nodes which require fast response times and have high
current consumption. This allows for a wired interface connection, for sensor nodes located near
the central processing unit. An abstract scheme is shown in the Figure below.

o Ok
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6 Digital Communication Bus 6

Figure 90 - Abstract sensor network scheme

Membrain’s sensor network is modular and adaptable, which allows the user to quickly and easily
add and remove sensor nodes. Sensor nodes are recognized as abstract objects with strictly
specified communication interfaces rather than actual hardware objects. This allows automatic
configuration, making our sensor network completely hardware independent as long as the
communication interface for the new sensor is designed following the specified rules. Primary
benefit of this approach is that new types of sensors can be added more quickly without affecting
the integrity of the existing sensor network. Sensor market is developing faster and faster every day
and we want to be able to quickly integrate new sensor solutions depending on the customer’s
needs.

New sensor integration is carried out in three simple steps:

1. New type of sensor is chosen

2. Membrain wireless or wired sensor interface is connected to the sensor and properly
configured

3. Integrated solution is placed within Membrain which adapts to the newly introduced
sensor node
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Figure 91 - First step in integrating a new sensor

Developed smart sensor interface automatically detects sensor type and starts collecting data
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Figure 92 - Second step in integrating a new sensor
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Figure 93 - Third step in integrating a new sensor

A single sensor node consists of following units: power unit, processing unit, sensor unit and
communication unit. To ensure minimal energy consumption, special care was taken in order to
choose most energy efficient solution for each unit. A microcontroller with extreme low power
consumption was chosen for the processing unit. These microcontrollers offer several low power
consumption modes in which it consumes even less than 500 nA of current. The chosen variant
offers all of the required analog and digital peripherals that are required on a sensor node (SPI,
UART, 12C, GPIO, etc.). The general consumption characteristics of the chosen processing unit
solution are shown in the Table below.

Table 22 - Processing unit power consumption

Consumption
Sleep mode 500 nA
Active mode - Typical 500 uA
Active mode - Maximum 10 mA

Wide range of sensor units has to be integrated into the sensor network. Since different sensor
types have different power consumptions, in order to ensure minimal energy waste, processing unit
redirects power to sensor units only when needed. The time needed for collection of measurements
is estimated to be no longer than 10 milliseconds and consuming a maximum of 20 mA.

The complete list of proposed sensor units is explained later. As we mentioned earlier, sensor units
can be connected to central unit using a wired or wireless connection. Power unit in wireless sensor
nodes consists of a battery unit and energy harvester such as Peltier thermoelectric. Wired sensor
node is directly powered from the communication bus. For the communication unit interface in
wireless sensor nodes, 2.4 GHz RF modules were chosen. These solutions are perfect for short
range, high speed communication reaching up to 2 Mbit/s while offering an overall 82% less power
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consumption than most of commercially available solutions in transmitting or receiving mode. The

general consumption characteristics for the chosen wireless communication unit are shown in the
Table below.

Table 23 - Wireless communication unit power consumption

Consumption
Sleep mode 900 nA
Active mode - Transmit 11.3 uA
Active mode - Recieve 13.3 mA

The typical sensor node configuration is illustrated by block diagram shown in the Figure below.

B 2222
Wireless. Wired
exluitier Communicaton unit solution

Processing Sensor unit
unit Data

Figure 94 - Sensor node block diagram

Sensor nodes can be configured to report measured data in fixed time intervals. Every time a sensor
node collects measurement data, it is immediately reported to Membrain’s central unit. In order to
make sure central unit has received the data, each sensor node waits for confirmation. Sensor
nodes can operate in one of the following states:

e Sleep state - Lasts for Ts
o Sensor node waits for an appropriate time to start collecting data
e Measurement collection state - Lasts for Tmc
o Sensor node acquires all measurements from selected sensors
e Measurement report state - Lasts for Tnr
o Sensor node initiates the communication unit to transfer mode
o Sensor node sends acquired measurement data to Membrane’s central unit
o This state ends after sensor node receives confirmation from the central unit
e Node configuration state - Lasts for Tnc
o Sensor node initiates the communication unit to receive mode
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o Node waits a short time for incoming packets that are used to configure its
behavior such as data collection interval

o After a fixed time interval the node automatically goes to sleep state, ceasing all
communication with central unit

Measurment collection Measurment MNode configuration

state report state state

Wakeup Communication Communication Sleep
transfer recieve

Figure 95 - States of operation

Since wireless sensor nodes need to be as energy efficient as possible to insure long battery life,
special care is taken to minimize consumption. Consumption greatly depends on chosen
measurement collection and reporting interval. We can summarize sensor node consumption by
diagram shown in the Figure below.
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Figure 96 - Current consumption in various states
If sensor nodes use a 2200 mAh battery and the time values: Tmc=10 ms, Tm=20 ms, Thc=20 ms,

we get the following average lifetime of a sensor node in relation to data collection interval Ts as
shown in the Figure below.
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Figure 97 - Average battery lifetime in respect to sampling interval Ts

Membrain’s sensor nodes are able to constantly report measured values in the specified sampling
period Ts or they can be configured to only report when specified measured variable drifts outside
of user specified boundaries. This way we distinguish two types of sensor node behavior as shown
in the figure below time triggered and event triggered behavior. By configuring sensor nodes with
for event triggered behavior, we can choose a shorter sampling interval Ts, while completely
eliminating measurement report and node configuration state and thus saving additional energy.
This option is useful forimplementing alarm type sensor nodes which should only notify central unit
in case of potentially hazardous events, such as: gas leak, fire or burglary. If a sensor node is
preforming more than one measurement, different behaviors can be specified for every
measurement.
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Figure 98 - Sensor node behavior options
Special care was taken to make sensor nodes as reliable as possible. Each node is equipped with

a fault detection system which ensures reliable operation by restarting the processing unit in case
of error. Sensor nodes are completely configurable using wireless or wired communication which
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eliminates the need for removal of nhodes from Membrain in order to make configuration changes.
Sensor nodes are part of the Membrain and they will be completely integrated in Membrain, so they
won't be visible.

The most important aspect of a sensor node apart from communication is the actual sensors used.
Membrain will be equipped with 6 or more types of sensor nodes. We have to point out the fact that
the basic design of Membrain’s sensor network is motivated by easy integration of any type of
needed sensor. We will develop a range of needed sensor solutions, but the concept of Membrain’s
sensor network is not strictly limited to the sensors described in the following overview.

5.3.9.4 Type 1 sensor node - Temperature measurement node:

This sensor node is equipped with the following temperature sensors:

e Single high precision, factory calibrated, digital temperature sensor
o Offers a highly reliable temperature measurement with digital interface, directly at
node location
o Special attention has been put to ensure that heat produced from electrical
components do not influence sensor readings
o Sensor resolution: 0.0625 °C
o Sensor accuracy: +£0.25 °C between -40 and 125 °C
e Up to four precision analog temperature sensors
o Can be used to measure temperature at locations near the sensor station
Each sensor is calibrated to ensure precise measurements
Sensors are connected to the sensor node using quality shielded cable
Readings are acquired using 12 bit analog to digital converter
We can ensure accuracy of +1 °C after calibration, over temperature range of -
55 and 150 °C

O O O O

These sensor nodes will be used as a feedback measurement for HVAC system, general
temperature monitoring within Membrain, and for monitoring temperature of various vital parts of
Membrain such as PCM material, floor, ceiling, inner air, etc. Temperature measured by these
nodes will be used as a primary feedback signal for model predictive control (MPC) algorithms. This
node is a highly precise but price friendly solution for wireless temperature measurement.

Sensor node — Type 1 (Temperature)

Communication unit Processing unit Sensor unit

Symbol

Power unit

4

Figure 99 - Type 1 sensor node block diagram (Temperature)
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5.3.9.5 Type 2 sensor node - Ambient light measurement node:

This sensor node is equipped with sensors for measuring luminosity and ambient light:

e Single high precision, factory calibrated, digital ambient light sensor
o High precision 16 bit light sensor
o Measures light up to 64 000 Lux at peak wavelength of 540 nm
o Rejects UV and IR light, and reduced 50/60 Hz noise
e Up to four photodiodes can be connected in order to measure directed light
o Can be used to measure luminosity in wanted direction near sensor station
o Highly linear characteristic simplifies integration
o Photodiodes are connected to sensor node using quality shielded cable
o Readings are acquired using 12 bit analog to digital converter

These sensor nodes will be used as a feedback signal for controlling light intensity inside or outside
of Membrain. We can save energy by controlling light intensity using light dimmers, smart glass or
window shutters. Directed light intensity sensors will be used to ensure proper lighting on different
surfaces, such as working desks or dining tables. By controlling the lighting in such subtle way we
can make Membrain a very intelligent, energy efficient and user adaptable home. The block
diagram for Type 2 sensor node is shown in the Figure below.

Sensor node — Type 2 (Light)

Figure 100 - Type 2 sensor node block diagram (Light)

5.3.9.6 Type 3 sensor node - Pressure and humidity measurement node:

This sensor node is equipped with sensors for measuring pressure and humidity. This node is also
equipped with temperature measurement to ensure proper temperature compensation for
humidity and pressure measurement.

e One high precision, factory calibrated, digital pressure sensor

High precision 19 bit pressure sensor

User adjustable resolution

Sensor resolution: 0.01 hPa, 0.01 °C

Sensor accuracy: +1 hPa between 300 and 1100 hPa, +1 °C between -40 and
125 °C

e Factory calibrated, digital humidity sensor

o O O O
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Good for measuring RH from 0 to 100%
Temperature compensated
Sensor resolution: 0.1 %
Sensor accuracy: +1 %
o Low cost solution
e Temperature sensor is present in the digital pressure sensor for internal calibration
purposes

O O O O

Pressure and humidity sensor node will be used for measuring inside and outside of Membrain.
This way we can keep inside air humidity level at an optimum and make Membrain a pleasant home
to live in. Using the pressure sensor, we can detect a possibility of rain so proper measures can be
taken (closing the window). This way we can control the irrigation process by using predicting
algorithms. Low power consumption, great measurement precision and affordable price makes this
sensor node an excellent solution. The block diagram for Type 3 sensor node is shown in the Figure
below.

Sensor node — Type 3 (Pressure and humidity)
Symbol

Communication unit Processing unit Sensor unit

CHTH—

i

Power unit

3

Figure 101 - Type 3 sensor node block diagram (Pressure and humidity)

5.3.9.7 Type 4 sensor node - Strain measurement node:

This sensor node is equipped with strain gauges for measuring wooden structure stress. This node
is also equipped with temperature measurement to compensate it’ s influence on precise strain
gauge measurement. Sensor unit for Type 4 sensor node consists of:

e 12 bit analog to digital converter
o Used for precise measurement of strain gauges resistance
e Instrumentation amplifier array
o Used for signal conditioning to maximally exploit full A/D converter resolution
e Analog and digital temperature sensors
o Used for measurement compensation due to temperature influence
e Up to 4 strain gauge configurations can be connected to single Type 4 sensor node.
Sensor node supports many configurations:
o Quarter-Bridge Type I, Il
o Half-Bridge |, Il
o Full-Bridge |, II, 1ll, etc.
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Since Membrain’s structure is made of wooden beams, we want to be able to measure any possible
displacement or defects due to: heavy structure loading or beam humidity influence, and report if
there is possibility of structural damage. The block diagram for Type 4 sensor node is shown in the
Figure below.

Sensor node — Type 4 (Strain)

Sensor unit Symbol

Figure 102 - Type 4 sensor node block diagram (Strain)

5.3.9.8 Type 5 sensor node - Air quality sensor node:

This sensor node is equipped with sensors for measuring air quality within Membrain. This node
plays an important role in safety, since it's equipped with sensor solutions used to detect smoke
and dangerous or potentially lethal gas substances. This node consists of following sensor
solutions:

e (CO2sensor

e (O sensor

e Formaldehyde sensor

e Smoke detector

e Air quality - Ammonia, Sulfide and Benze steam

We want to ensure superb air quality within Membrain. This is achieved by constantly monitoring
and controlling mentioned air substances with air ventilation and filtering system. This node
combines all the necessary sensor solutions. The node is made modular so sensors can be added
and replaced on the fly. Since this type of sensor is used for very important measurements that
require quick reaction (fire detection, hazardous gas detection) the sampling period has to be set
to a rather short time interval. Due to the high current consumption of air quality sensor node, this
node is intended to be connected using wired communication interface. This way we get fast
response times and in the same time we provide constant power supply to provide 100% uptime.
This node is set to operate in event triggered mode. The block diagram for Type 5 sensor node is
shown in the Figure below.
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Sensor node — Type 5 (Air quality)

Communication unit Power unit Sensor unit Symbol

Battery Voltage

Figure 103 - Type 5 sensor node block diagram (Air quality)

5.3.9.9 Type 6 sensor node - Wood humidity node:

Membrain structure is entirely made of wooden beams and panels. Wood, as a water absorbing
material, requires humidity measurements to ensure that structural integrity of our building lasts
as long as possible.

Wood humidity will be detected by using impedance spectroscopy. In the future months a sensor
node will be developed to measure amplitude and phase frequency characteristics of wood. These
characteristics change with the percentage of water in wooden beams and will give accurate
readings of wood humidity after laboratory calibration of sensor nodes.
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5.3.9.10 littlePLC

Figure 104 - LittlePLC

Programmable Logic Controller or PLC is an electronic system, basically a digital computer used for
automatization of electromechanical processes in hazardous environment. From the beginning our
team wanted to develop a custom system so we could implement complex algorithms such as
machine learning. This type of control is not used for industrial applications and therefore there is
no support for implementing these algorithms in a standard, commercially available PLC. We were
encouraged by the results of the preliminary analysis which proved that our system will be faster
and still have significantly lower price than a commercial PLC. Although it still does not satisfy some
of the industrial regulations, it is not a problem for this purpose.

We developed a programmable logic controller from scratch! It's small size and price gave it a
name: “littlePLC”. Its main purpose in Membrain is to control operation of the HVAC system.
littlePLC must be robust, meaning that any external disturbances such as vibrations, EM
interference, over voltage, etc. must not disrupt regular operation of the system. Steps were taken
to ensure system operation under extreme conditions. These include electrical insulation of all
peripheral connections. We made sure that any fault will not affect stability of the whole system,
thus making our system a perfect solution for controlling Membrain’s essential operations.

Basic characteristics of littlePLC are:
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e ARM based central microcontroller, up to 180MHz operation
e Communications: USB, Ethernet, RS485, USB-UART, Wi-Fi, GSM, 2.4GHz wireless
e Digital inputs (configurable: 8 or 16 channel): 12V-24V (30V tolerant)
e Digital (relay) outputs (configurable: 4, 8, 12 or 16 channel): 0-250V AC, 0-120V DC, 10A
max
e Analog inputs (configurable: 8, 16, 24 or 32 channels @ 16bit):
o Temperature: RTD, KTY, thermistor, Pt50, Pt100, Pt1000...
o Current: 4-20mA, 0-20mA
e Analog outputs (2 channel):
o 0-10V @ 12bit
e microSD card for data storage up to 64GB

LittlePLC is autonomous system, meaning that it's capable of controlling a given process without
external interference of man or other computer systems. It also provides interface for high level
external control and monitoring, littlePLC is modular; we can easily connect expansion boards if
there’s need to connect a large amount of sensors or control a large amount of peripheral devices.
Block diagram of littlePLC is shown in the Figure below.

RF Sensor network

Wi-Fi acces point .
access point

SD Card
Datalogging

ARM Based MCU

Digital inputs/ [l Analog inputs/
outputs outputs

Digital inputs/ |l Analog inputs/ Temperature bl
outputs outputs measurement Y

Expansion Expansion Expansion Expansion
module module module module

Figure 105 - littlePLC block diagram

LittlePLC has a wireless interface for our custom made wireless sensor modules described above.
In configurations where wired sensors can’t be installed or their location is not close to littlePLC,
we will use wireless sensors.

Machine learning will be implemented on littlePLC. We will collect energy consumption data over
time. In addition, the mathematical model of the heat pump will be improved over time by machine
learning. The heat pump is a difficult system to model completely accurately in theory. Therefore,
by applying machine learning concepts greatly improves the efficiency of the pump. Our system will
be able to learn the daily routines of its’ inhabitants so it can make smart, energy saving decisions,
such as heating the water with lower power for longer time.

All the interfaces listed above are integrated into littlePLC to ensure great flexibility and future
compatibility. It isn’t important whether Membrain has one, two or even more floors, or whether it
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has an air-water or water-water heat pump, littlePLC can control all HVAC configurations. In our
configuration, littlePLC works in unison with Membrain’s central computer to achieve even better
results in energy efficiency.

5.3.9.11 User interface

Membrain’s main user interface is a wall mounted tablet computer. It is connected to Membrain’s
local area network. An Android application will be developed to give the user access to
functionalities of the system. Readings from the wireless sensor network will be available through
measurement interpretation software to the end user, as well as all control options and
notifications. Use of Android allows for the application to be easily portable to a smartphone device,
providing remote access.

Data from the sensor nodes, gathered and stored in a database on the Central Processing Unit, will
be displayed through interactive graphs. This will serve an educational purpose as the application
will advise the user how to achieve higher energy efficiency.

The user will be able to control the system parameters through the application or select high
efficiency modes; in high efficiency mode the system takes full control to optimize energy
consumption.
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54 Energy Efficiency Design Narrative
54.1 Technical Project Summary
54.1.1 Project Dimensions

House Geometry Characteristics

Surface area of heated part of the house:

Table 24 - Facade elements

Facade West East North South
(m2) (m2) (m2?) (m2)
Total 29,2 29,2 38,7 38,7

Openings (windows and 17.4 17,4 25 27,9

doors)
without openings 11,8 11,8 36,2 11,8
Table 25 - Floor and roof area

Element (m2)
Floor according to ground 72,5
Roof 72,5

Table 26 - Geometric characteristics of house
Element

The volume of the heated part of the 3
building (Ve) 2864 m
Heated area of the building (A) 280,8 m?
Form factor (f=A/ Ve) 0,98 m -
Usable area (Ak) 45,0 m2

Heating and cooling of house

The building is for residential purposes, i.e. family home. The whole building will be in one heat
zone. Heating the house will be central, with the use of 100% renewable energy. Heat from the
environment will be used as a source of renewable energy. Because of high temperatures during
the summer the building will be air-conditioned. Average monthly temperature ext. of air in the
coldest month on the building site Oemmin=5.3°C. Average monthly temperature ext. of air in the
hottest month on the building site Oem;max=23.2° C. Number of air changes, n=0.5 (h1).
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1. Externalwall _1: A= 28,2 m2
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Table 27 - External wall_1 layer

Layer Material diecm] | AIW/mK] | p[kg/m3]
1 Internal linings of the wall ( 1.0 0.3 900
plaster)
2 GLT 6,0 0,15 550
3 Insulation (sheep wool) 20,0 0,035 50
4 0SB panel 2,0 0,13 650
5 Waterproof barrier 0,015 0,2 900
6 Ventilated layer of air 4,0 - -
7 Wood (facade wall element) 3,0 0,18 800
2. External wall _2 (section through the pillar) : A=4,2 m?2
Table 28 - External wall_2 layer
Layer Material dicm] | AW/mK] | p[kg/m?3]
1 Internal linings of the wall ( 15 0,3 900
plaster)
2 GLT 6,0 0,15 550
3 Insulation (sheep wool) 4,0 0,035 50
4 OSB panel 2,0 0,13 650
5 Waterproof barrier 0,015 0,2 900
6 Wood (substructure facades) 4,0 0,15 550
7 Wood (facade wall element) 2,0 0,18 800
3. Roof_1( above the heated space ) : A=58,0 m2
Table 29 - Roof_1 layer
Layer Material dicm] | A[W/mK] | plkg/m3]
1 Suspended ceiling (PCM) 5,0 0,18 785
2 GLT 18,0 0,15 550
3 LD 100 0,015 0,5 980
4 Insulation (sheep wool) 16,0 0,035 50
5 OSB panel 2,0 0,13 650
6 Synthetic waterproofing 0,5 0,15 900
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4. Roof_2( above greenhouse ): A= 14,5 m?2
Table 30 - Roof_2 layer
Layer Material dicm] | AIW/mK] | plkg/m3]
1 GLT 18,0 0,15 550
2 LD 100 0,015 0,5 980
3 Insulation (sheep wool) 16,0 0,035 50
4 0SB panel 2,0 0,13 650
5 Synthetic waterproofing 0,5 0,15 550
5. Floor_1 (section through the wool) : A=58,0 m2
Table 31 - Floor_1 layer
Layer Material dicm] | AIW/mK] | plkg/m3]
1 Wood (parquet ) 1,5 0,15 550
2 OSB panel 45 0,13 650
3 Insulation (sheep wool) 9,0 0,035 50
4 GLT 18 0,15 550
5 Insulation (sheep wool) 16,0 0,035 50
6 OSB panel 2,0 0,13 650
7 Waterproof barrier 0,015 0,2 900
6. Floor_2 (section through the beam) : A= 14,5 m?2
Table 32 - Floor_2 layer
Layer Material dicm] | AIW/mK] | p[kg/m?3]
Wood (parquet ) 1,5 0,15 550
2 OSB panel 3,0 0,13 650
3 Wood (floor structures) 5,0 0,15 550
4 GLT 18 0,15 550
5 Insulation (sheep wool) 16,0 0,035 50
6 OSB panel 2,0 0,13 650
7 Waterproof barrier 0,015 0,2 900
Openings:
1. Windows:

Fixed window frames for passive and low energy houses. Designed in an open and flexible way in
which it is possible to meet all the needs of passive solar buildings in terms of insulation and static
properties. Innovative joints of wooden and aluminium parts enabled the unique flow isotherms.
This design can be made fixed walls, facades and vertical cliffs winter gardens. Surface of a window

is A=3,48 m2,

PROJECT MANUAL #4, 2014




- Solar
“ UNIZG %% Decathlon

Europe

Internal windows:

Table 33 - Technical characteristic of internal windows

LIGHT CHARACTERISTICS (EN410) EN 410

Bandwidth light Tv (%) 78
Reflection of light pv (%) 13
Interior reflection of light pvi (%) 13
Compliance colors RD65-Ra (%) 97

ENERGY CHARACTERISTICS EN 410 ISO 9050

Solar factor g (%) 49
Reflection energy pe (%) 24
Direct energy permeability Te (%) 45
Solar absorption of glass 1 ae (%) 28
Solar absorption of glass 2 ae (%) 33
Total energy absorption ae (%) 31
Shading coefficient (g) SC 0.6 0.56
UV Permeability UV (%) 0
Solar factor g (%) 49

THICKNESS AND WEIGHT

Nominal thickness (mm) 26

Weight (kg/m?) 25.0

HEAT CHARACTERISTICS (EN 673) EN 673

Ug- value - W/(m2.K) 1,1
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External window:

Table 34 - Technical characteristic of external windows

LIGHT CHARACTERISTICS (EN410) EN 410

Bandwidth light Tv (%) 66
Reflection of light pv (%) 17
Interior reflection of light Ra (%) 94
Compliance colors RD65 - Ra (%) 94

ENERGY CHARACTERISTICS EN 410 ISO 9050

Solar factor g (%) 40
Reflection energy pe (%) 25
Direct energy permeability Te (%) 32
Solar absorption of glass 1 ae (%) 33
Solar absorption of glass 2 ae (%) 66
Solar absorption of glass 3 ae (%) 65
Total energy absorption ae (%) 44
Shading coefficient (g) SC 0.6 0.46
UV Permeability UV (%) 0

THICKNESS AND WEIGHT

Nominal thickness (mm) 52

Weight (kg/m2) 50

HEAT CHARACTERISTICS (EN 673) EN 673

Ug- value - W/(m2.K) 0,6

2. Front door:

Door + front door with its thermal conductivity reaching up to Up = 0.46 W/m2K. Intended for
passive and low energy houses with technical features and design in line with the same name from
the windows “Bluegreen” lines. Using the technique of wood-aluminium. Outside the coated
aluminium panel, weatherproof. Interior, wooden part of the door that will suit your interior provides
a natural and comfortable atmosphere in your home, good thermal insulation and provides
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exceptional residential climate. Door + the door open for modern design demands of the customer.

Door surface is A=2,5 m=2.

Table 35 - Technical characteristic of front door

Opening name

U [w/m2K]

Orientation

Front door

0,80

North

1,00
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542 Comprehensive Energy Analysis and Discussion

Introduction

Heat concept Membrain house are well insulated roof, floor and wall, insulated with sheep's wool,
and membrane of two layers of the sandwich windows. From energy conservation point of view,
increasing heat insulation is important to reduce heat load of the house. Therefore, we calculate
air conditioning heat load of Membrain House in Paris by using “Autodesk Ecotect Analysis”.
“Autodesk Ecotect Analysis” is the simulation software for model energy consumption and air
conditioning heat load.

Figure 106 - Model for the thermal calculation - allows to view the intrusion of sunlight at any time of the day and year

Information about the software “Autodesk Ecotect Analysis”:

Ecotect is a building analysis program that gives its users an array of tool that helps in the design
of a more energy efficient building. The feedback received from Ecotect helps in both the
conceptual stages of design and helps validate the final design. Among its many features Ecotect
does shadows & reflections, shading design, solar analysis, thermal analysis, ventilation & airflow,
etc. The feedback received from Ecotect shows results in 3D, which help visualize the data. Many
of these calculations are easily done through the calculation wizards. These are step by-step guides
that help the user through the calculation analysis. Ecotect has a steep learning curve. Learning
the program starts slow but quickly accelerates.

Even though Ecotect has its own 3D modeling interface, it gives its users a wide range of import
options such as 3DS and DXF formats. Importing geometry into Ecotect could be quite cumbersome
and may require editing.

The program sometimes does not understand all the geometry being imported and different results
may occur. To reduce this problem it's necessary to only import what you need.
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The student version of the program is available as a free download through the Autodesk website
and has all the same features of a commercial version. In addition to Ecotect, the download comes
with Solar Tool & Weather Tool, which compliment Ecotect. Because of its flexibility, Ecotect is by
far the most useful program in its category. As of today, Ecotect is only available for window base
platforms.

House and Systems Description

The goal of Membrain house is to provide the balance between energy consumed and produced
renewable energy. Because openings area of Membrain house is larger than standard detached
house, heat loss from openings affects whole heat loss coefficient of the house. Therefore we
ensure membranes heath around the house. The membrane is made of two layers of windows
separated by useful space.

U value of house elements

Calculation of building components

Table 36 - U value of house elements

Name of the construction part A[lm2] U[W/m2K] Umax[W/m2K] OK
External wall_1 28,20 0,15 0,356 "
External wall _2 4,20 0,29 0,45 "

Floor _1 58,00 0,13 0,50 #
Floor _2: 14,50 0,15 0,30 7
Roof _1 58,00 0,15 0,30 7
Roof _2 14,50 0,16 0,30 #

Meteorological Parameters

Paris has an oceanic climate and is influenced by the North Atlantic Current, which rare delivers
extremely high or low temperatures. Paris has warm and pleasant summers with average high
temperatures of 25 ° C and low of 15 ° C. Winters are cold, but the temperature is approximately
3°Cto 8°C, and rarely drops below zero. For our calculation of energy use for heating and cooling
the house, we used a file “FRA_Paris.Orly.071490_IWEC.epw” with weather data for Paris.

Location: PARIS_ORLY, FRA (48.7°, 2.4°)
Data: 1st January- 31. December

Time: 00:00 - 24:00

Weather Manager
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Weekly Summary

Average Temperature (°C) Maximum Temperature (°C) Minimum Temperature (°C)

Zi

Relative Humidity (%)

Average Wind Speed (km/h) Average Cloud Cover (%) Average Daily Rainfall (mm)

w

Direct Solar Radiation (W/m,) Diffuse Solar Radiation (W/m,)

Figure 107 - Weekly Summary

Wind frequency

Prevailing Winds 0.0%

- 50 km/h 15° hrs
Wind Frequency (Hrs) 0.0% §is —
Location: PARIS_ ORLY, FRA (48.7°, 2.4°) 30°

Date: 1st January - 31st December
Time: 00:00 - 24:00
© Weather Manager

0.1% 2% 1% . 1,299 5 9.2%).
WH = i = T EAST

105°

120°

[Duration shown as percentages] SOUTH

Figure 108 - Wind frequency- shows the frequency, average and maximum winds speed for given orientation
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Figure 109 - Monthly diurnal averages
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Figure 110 - Climate summary- overall climatic data for the energy efficiency calculation

Results and Discussions

Result of solar access analysis:

The results are shown areas of the house that are most exposed to sunlight as shown in the figures

below.
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OBJECT ATTRIBUTES Whim
Total Radiation 995000+
“alue Range: S9000.0 - 995000.0 Whimz 901400
(=) ECOTECT wh

207200

Figure 111 - Model of total radiation

OBJECT ATTRIBUTES Whimz
Total Radiation [ 995000+

epnti - 901400
2 307800

walue Range: 50000.0 - B25000.0 WhimZ
(c) ECOTECT w5

Figure 112 - Model of total radiation

Result of annual load calculation (cooling load + heating load):

Positive values show heat load and negative values shows heating load in result of cooling load
calculation.
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Figure 113 - Cooling and heating load- results are shown in the annual energy for heating and / or cooling by month

Monthly heating/cooling loads

All visible thermal zones

Comfort: zonal bands

Max Heating: 2369 W at 22:00 on 26th January

Max Cooling: 2715 W at 15:00 on 20th August

Table 37 - Monthly heating and cooling load in Wh

HEATING COOLING TOTAL
MONTH (Wh) (Wh) (Wh)
| Jan | 117316 0 | 117316 |
Feb 193369 0 193369
| Mar | 0 0 | 0 |
Apr 0 33107 33107
| May | 0 118805 | 118805 |
Jun 0 174094 174094
| Jul | 0 247552 | 247552 |
Aug 215 173497 173712
| Sep | 0 134611 | 134611 |
Oct 0 43719 43719
| Nov | 0 0 | 0 |
Dec 122722 0 122722
| TOTAL | 433621 925385 | 1359007 |
PER m?2 5979 12759 18737

The results of the annual energy consumption for heating are shown below in the Figure 114, it can

be seen that house belongs to the energy class A +.
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Figure 114 - House energy class

Annual temperature distribution

Temperature Distribution

Hrs PARIS ORLY, FRA

2580

1720

860

0 2
Qutside Temp.

4 26 32 34 3 38 40 42 4 46 C

Figure 115 - Annual temperature distribution
Fabric Gains: Qc + Qs

Fabric gains will be most pronounced in June, July and August, what you can see below in the Figure
116.

PROJECT MANUAL #4, 2014 186



4

/)]

team

UNIZG

Fabric Gains - Qc + Qs - All Visible Thermal Zones

Hr

02

Annual loads table

All Visible Thermal Zones - Monthly Averages

Figure 116 -

Fabric Gains
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Table 38 - Annual loads table

PARIS _ORLY. FRA Vatts

MOMARE: : : -

HOUR | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC
(Wh) | (Wh) | (Wh) | (Wh) | (Wh) | (Wh) | (Wh) | (Wh) | (Wh) | (Wh) | (Wh) | (Wh)

00 |-779|-774|-640|-511|-299 |-160 | -89 | -79 |-227 | -450 | -645 | -741
01 |-780|-788 |-664 | -541|-338 |-191 | -119 | -102 | -240 | -467 | -653 | -750
02 |-784|-796 | -677 | -565 | -364 | -217 | -133 | -127 | -255 | -486 | -664 | -763
03 |-791|-800 |-691|-590|-378 |-241 | -159 | -151 | -273 | -506 | -673 | -766
04 |-796|-804 | -714 | -605 | -400 | -253 | -184 | -171 | -283 | -512 | -681 | -770
05 |-805|-807 |-722 |-614 | -404 | -248 | -184 | -180 | -296 | -524 | -688 | -776
06 |-811|-810|-720|-607 |-368 |-218 | -142 | -155 | -301 | -531 | -692 | -779
07 |-814|-818 |-715|-556|-309 |-172 | -89 | -76 |-247 | -482 | -693 | -782
08 |-804|-814 |-687 |-489|-258 |-120| -39 | 40 |-186 | -421|-683 | -773
09 |-789|-792 |-638 |-416 | -216 | -84 -3 -6 |-129|-361 | -654 | -749
10 |-751|-760|-573 |-352|-182| -53 | 22 27 | 98 |-298 |-614 | -724
11 |-714 | -707 | -515 | -310 | -143 | -26 | 54 67 | -78 |-242|-571|-695
12 | 683 | -676 | -474 | -277 |-114 | -2 82 | 110 | -58 | -201 | -545 | 672
13 | 665 | -652 | -456 | -261 | -76 9 106 | 138 | -48 | -189 | -521 | -652
14 |-652|-627|-430 |-243 | 46 | 28 | 124 | 159 | -30 | -175 | -521 | -643
15 |-648 |-622|-414 |-233| -39 | 30 | 132 | 175 | -23 | -175 | -524 | -642
16 |-665|-632|-417 |-233| 46 | 23 | 130 | 161 | -35 | -208 | -553 | -661
17 | -689 | 656 | -432 | -250 | -76 | 13 | 124 | 143 | 49 | -248 | -576 | -676
18 |-713 | 678 | -476 | -273 | -89 -2 | 104 | 115 | -72 | -292|-591 | -694
19 |-724 |-698 |-521|-316 |-121 | -19 | 74 64 | 99 |-321|-604 |-708
20 |-734|-715|-538 |-354|-156 | 45 | 22 33 |-132|-349 | -610 | -713
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Indirect Solar Gains: Qs

In the Figure 117 can be seen that for Paris weather conditions, indirect solar gains will be most
pronounced from May to August, in a range from 14 to 20 hours.

Indirect Solar Gains - Qs - All Visible Thermal Zones PARIS _ORLY, FRA Watts
20

8

Figure 117 - Indirect solar gains

Annual loads table

All Visible Thermal Zones - Monthly Averages

Table 39 - Indirect solar gains result

HOUR | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC
(Wh) | (Wh) | (Wh) | (Wh) | (Wh) | (Wh) | (Wh) | (Wh) | (Wh) | (Wh) | (Wh) | (Wh)
00 0 0 0 0 1 2 3 1 0] 0 0 0
01 0 0 0 0 0 0 0 0 0 0] 0] 0]
02 0 0 0 0 0 0 0 0 0 0] 0] 0]
03 0 0 0 0 0 0 0 0 0 0] 0] 0]
04 0 0 0 0 0 0 0 0 0] 0 0 0
05 0 0 0 0 0 0 0 0 0] 0 0 0
06 0 0 0 0 0 0 0 0 0] 0 0 0
o7 0 0 0 0 1 1 1 0 0 0] 0] 0]
08 0 0 0 1 2 2 2 1 1 0] 0] 0]
09 0 0 1 2 3 4 3 3 2 1 0] 0]
10 0 1 2 3 4 5 5 4 3 2 1 0
11 1 2 3 5 8 10 9 7 4 3 2 1
12 1 2 4 8 11 | 13 12 11 6 4 2 1
13 2 3 6 11 | 13 | 14 | 14 | 13 9 6 3 1
14 3 5 9 13 | 15 | 16 16 | 15 11 8 4 2
15 4 7 10 | 14 | 16 | 17 17 16 | 12 8 5 3
16 4 7 11 | 14 | 16 | 17 17 15 12 8 5 3
17 4 6 10 | 12 | 15 | 16 16 | 13 | 11 7 4 3
18 3 5 9 11 | 14 | 15 14 | 12 10 6 4 3
19 3 5 8 10 | 13 | 13 12 10 8 5 3 2
20 2 4 6 8 10 | 11 | 10 9 7 4 2 1
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21 1 3 5 7 8 9 8 7 6 3 1 0
22 0 1 2 4 6 8 7 6 3 1 0 0
23 0 0 0 2 3 6 6 4 1 0 0 0

Direct Solar Gains: Qg

Direct solar gains are significant throughout the whole year in the time period from 12 to 16 hours,
what can be seen in the Figure 118.

Direct Solar Gains - Qg - All Visible Thermal Zones

PARIS _ORLY, FRA

Annual loads table

All Visible Thermal Zones - Monthly Averages

May

Jun

Jul

Aug

Figure 118 - Direct solar gains

Table 40 - Direct solar gains result

MIMARR:: : - -

HOUR | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC
(Wh) | (Wh) | (Wh) | (Wh) | (Wh) | (Wh) | (Wh) | (Wh) | (Wh) | (Wh) | (Wh) | (Wh)
00 0 0 0 0 0 0 0 0 0 0 0 0
01 | O 0 0 0 0 0 0 0 0 0 0 0
02 0 0 0 0 0 0 0 0 0 0 0 0
03 0 0 0 0 0 0 0 0 0 0 0 0
04 0 0 0 0 0 0 0 0 0 0 0 0
05 0 0 0 0O |10 20] 13 ] 0 0 0 0 0
06 0 0 O | 18 | 105|145 [ 129 | 51 | 3 0 0 0
07 0 O | 15 | 124 | 261|300 | 303 | 247 [112 | 19 | O 0
08 1 | 17 [ 109 | 307 | 403 | 451 | 457 | 462 | 318 | 200 | 55 | O
09 | 64 | 173 | 269 | 466 | 515 | 568 | 578 | 639 | 458 | 373 | 222 | 28
10 | 213|329 | 428 | 602 | 593 | 662 | 669 | 749 | 605 | 506 | 348 | 134
11 | 296 | 428 [ 521 | 662 | 632 | 678 | 699 | 769 | 624 | 552 | 402 | 215
12 | 324 | 466 | 541 | 635 | 609 | 655 | 660 | 701 | 584 | 546 | 406 | 255
13 [ 341|501 | 553 | 646 | 632 | 681 | 670 | 727 | 669 | 584 | 412 | 261
14 | 314|492 [ 530 | 624 | 622 | 667 | 684 | 745 | 614 | 546 | 363 | 225
15 [ 233|381 | 434|535 |553|636 | 643|697 | 539 | 409 | 244 | 98
16 | 72 [ 212293399 | 438|528 | 551|579 [423 244 | 79 | 12
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17 2 26 | 114 | 219 | 292 | 395 | 402 | 391 | 238 | 37 0 0
18 0 0 14 | 68 | 148 | 248 | 258 | 193 | 36 0] 0] 0]
19 0 0 0 6 38 | 94 | 95 | 30 0 0] 0] 0]
20 0 0 0 0] 1 11 8 0 0 0] 0] 0]
21 0 0 0 0] 0] 0] 0 0 0 0 0 0
22 0 0 0 0] 0] 0] 0 0 0 0 0 0
23 0 0 0 0] 0] 0] 0 0 0 0 0 0

Ventilation Gains: Qv

Results show that the ventilation gains be the most significant in June, July and August, as can be
seen in the Figure 119.

Wentilation Gains - Qv - All Visible Thermal Zones PARIS _ORLY. FRA Watts

e 2500
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Figure 119 - Ventilation gains

Annual loads table

All Visible Thermal Zones - Monthly Averages

Table 41 - Ventilation gains result

HOU | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC

(Wh) | (Wh) | (Wh) | (Wh) | (Wh) | (Wh | (Wh | (Wh | (Wh | (Wh) | (Wh) | (Wh)
00 | - - - - |85 - | - | - - - - -
01 | - - - — (At | - | - [ - |- - - -
02 | - - - - : N - - -
03 | - - - - - R - - -
04 | - - - - . - - - -
05 | - - - - - T - - -
06 | - - - - - T - - -
07 | - - - -~ [o16| - | - | - | - - - -
08 | - - - -~ | Ba4| - |70 65| - |-880| - -
09 | - - -~ |48 469 - | 5 | 1 | - |-769]| - -
10 | - - | 994 | 653|321 | 83 | 44 | 43 | - | 512 | 969 | -
11 | - | -962 | 904 | 683 | 255 | 46 | 85 | 94 | - | -423 | 938 | -

12 | -880 | -779 | -631 | -404 | -160 | -13 | 89 | 123 | 82 | 269 | 676 | -869
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13 -849 | -752 | -616 | -393 | -109 | -2 119 | 154 | -77 | -261 | -660 | -842
14 - -867 | -784 | -484 | -100 | 21 | 179 | 218 | -76 | -328 | -904 -
15 - - 940 | -605 | -115 | 26 | 238 | 281 | -82 | -422 - -
16 - - 976 | -594 | -134 8 235 | 252 - -492 - -
17 - - 990 | 633 | 203 | -9 | 218 | 222 - -567 - -
18 - - - -940 | -305 | 48 | 230 | 229 - -890 - -
19 - - - - -406 - 139 | 99 - 978 - -
20 - - - - -498 - 2 32 - - - -
21 - - - - -585 - -70 | 11 - - - -
22 - - - - -671 - - -47 - - - -
23 - - - - -762 - - -92 - - - -

Internal Gains: Qi

The Figure 120Figure 120 - Internal gains below shows that the internal heat gains are present

throughout the year, but will be most pronounced in February and August.

Internal Gains - i - All Visible Thern

nal Fones

PARIS ORLY, FRA Watts

1100

§

MIREE: : -

Annual loads table

Figure 120 - Internal gains

All Visible Thermal Zones - Monthly Averages

Table 42 - Internal gains result

HOU | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC

(Wh) | (Wh | (Wh) | (Wh) | (Wh) | (Wh) | (Wh | (Wh | (Wh) | (Wh) | (Wh) | (Wh)
00 | 936 | 468 | 936 | 936 | 936 | 936 | 845 | 604 | 936 | 936 | 936 | 936
O1 | 936 | 468 | 936 | 936 | 936 | 936 | 845 | 604 | 936 | 936 | 936 | 936
02 | 936 | 468 | 936 | 936 | 936 | 936 | 845 | 604 | 936 | 936 | 936 | 936
03 | 936 | 468 | 936 | 936 | 936 | 936 | 845 | 604 | 936 | 936 | 936 | 936
04 | 936 | 468 | 936 | 936 | 936 | 936 | 845 | 604 | 936 | 936 | 936 | 936
05 | 936 | 468 | 936 | 936 | 936 | 936 | 845 | 604 | 936 | 936 | 936 | 936
06 | 936 | 468 | 936 | 936 | 936 | 936 | 845 | 604 | 936 | 936 | 936 | 936
07 | 936 | 468 | 936 | 936 | 936 | 936 | 845 | 604 | 936 | 936 | 936 | 936
PROJECT MANUAL #4, 2014 191



» Solar

/Y tﬁaﬁ 1ZG —~ 4

08 666 | 385 | 666 | 666 | 666 | 666 | 612 | 467 | 666 | 666 | 666 | 666
09 666 | 385 | 666 | 666 | 666 | 666 | 612 | 467 | 666 | 666 | 666 | 666
10 479 | 292 | 479 | 479 | 479 | 479 | 443 | 346 | 479 | 479 | 479 | 479
11 479 | 292 | 479 | 479 | 479 | 479 | 443 | 346 | 479 | 479 | 479 | 479
12 292 | 198 | 292 | 292 | 292 | 292 | 274 | 225 | 292 | 292 | 292 | 292
13 292 [ 198 | 292 | 292 | 292 | 292 | 274 | 225 | 292 | 292 | 292 | 292
14 479 | 292 | 479 | 479 | 479 | 479 | 443 | 346 | 479 | 479 | 479 | 479
15 666 | 385 | 666 | 666 | 666 | 666 | 612 | 467 | 666 | 666 | 666 | 666
16 666 | 385 | 666 | 666 | 666 | 666 | 612 | 467 | 666 | 666 | 666 | 666
17 666 | 385 | 666 | 666 | 666 | 666 | 612 | 467 | 666 | 666 | 666 | 666
18 104 | 573 | 104 | 104 | 104 | 104 | 950 | 708 | 104 | 104 | 104 | 104
19 104 | 573 | 104 | 104 | 104 | 104 | 950 | 708 | 104 | 104 | 104 | 104
20 104 | 573 | 104 | 104 | 104 | 104 | 950 | 708 | 104 | 104 | 104 | 104
21 104 | 573 | 104 | 104 | 104 | 104 | 950 | 708 | 104 | 104 | 104 | 104
22 104 | 573 | 104 | 104 | 104 | 104 | 950 | 708 | 104 | 104 | 104 | 104
23 936 | 468 | 936 | 936 | 936 | 936 | 845 | 604 | 936 | 936 | 936 | 936
Gains breakdown:
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Figure 121 - Gains breakdown

GAINS BREAKDOWN - All Visible Thermal Zones

FROM: 1st January to 31st December

Table 43 - Gains breakdown result

CATEGORY LOSSES GAINS
FABRIC 29.1% 1.0%
SOL-AIR 0.0% 0.4%
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SOLAR 0.0%

19.5%

VENTILATION 70.8%

1.7%

INTERNAL 0.0%

77.3%

Passive adaptability index: 0,19
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Figure 122 - Passive adaptability index

Temp/gains comparison:

. TEMP/GAINS COMPARISON. Total Gains - 1 Room
Whimz: T :

Index: 0.19

Outside Air Temperature »=

15t January - 31st December

Ind= 2.34

Figure 123 - Temp/gains comparison
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Monthly degree days:

oD MONTHLY DEGREE DAYS - All Visible Thermal Zones oo st January - 3st Eaxrﬂ;al

60.0 :
MONTHLY DEGREE DAYS - All

Figure 124 - Monthly degree days

Table 44 - All Visible Thermal Zones

MONTH | HEATDD | COOLDD | LOSSES | GAINS
(dd) (dd) (Wh) (Wh)
Jan 360.5 0.0 18045 75
Feb 317.6 0.0 13510 3
Mar 263.8 0.0 12292 | 282
Apr 173.3 0.1 7427 1624
May 74.0 4.8 2246 4858
Jun 26.6 8.9 505 7054
Jul 11.3 35.3 163 9985
Aug 10.6 37.2 444 8348
Sep 41.2 4.7 1134 5490
Oct 138.4 0.4 5360 1925
Nov 272.2 0.0 11886 | 226
Dec 341.2 0.0 17026 6
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5421 Influence of Energy Analysis on House Design and Competition Strategy

The passive/selective envelope of the house and a smart system controlling the outer membrane
and inner environment. We used the idea of a membrane - which protects the cell and regulates
the conditions between the exterior and the interior - as the skin of the house, regulating the
physical properties of the building (temperature, humidity and indoor air quality).

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. The membrane doesn’t simply protect its costumer, it hosts various functions by
itself, but it's the combination with the void space that results in a wide range of possible uses of
the house.

The Membrain as a multi-layer system consisting of three basic layers - load bearing structure,
insulation and infra layer. Two types of insulation are used in this project - sheep wool and glazing.

Advantages of sheep wool are low cost and local availability. 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 45 - Sheep wool specification

Density p (kg/m3) 30-50

Specific heat capacity ¢ (J/kgK) 1100

thermal conductivity coefficient 4 (W/mK) | 0,035

A benefit of window is transparency, which enables a high level of solar gains in winter period. Three
sides of the facade, 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.

Table 46 - Technical characteristic of double glazed panels

LIGHT CHARACTERISTICS (EN410) EN 410

Bandwidth light Tv (%) 78
Reflection of light pv (%) 13
Interior reflection of light pvi (%) 13
Compliance colors RD65-Ra (%) 97
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HEAT CHARACTERISTICS (EN 673) EN 673

Ug- value - W/(m2.K) 1.1

Table 47 - Technical characteristic of triple glazed panels

LIGHT CHARACTERISTICS (EN410) EN 410

Bandwidth light Tv (%) 66
Reflection of light pv (%) 17
Interior reflection of light Ra (%) 94
Compliance colors RD65 - Ra (%) 94

HEAT CHARACTERISTICS (EN 673) EN 673

Ug- value - W/(m2.K) 0,6

This proposal was required to find the adequate ratio of sheep wool and glazing used to insulate
the void space properly.

Air in the greenhouse and winter garden can be 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 facade translucent, we also had to think of ways to provide appropriate
sunshade, avoiding overheating during summer. The eastern and western facades 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 customer’s view to the outside. In order to ensure
complete shading and outside view protection if needed, there are roll up shades on each side.
They shades are placed outside the outer glazing layer, and are rolled up horizontally. The south
facade is protected by an innovative building integrated PV tracking system (which will be explained
in more detail in a separate section below).

5422 Projected Performance of Final Housing unit Design

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

The winter garden and greenhouse serves not only as a space for leisure, relaxation, organic
farming but also plays an important role in maintaining an optimum climate inside the house, as
shown in the Figure 125. During summer, the winter garden space is a buffer, and the warm air
inside is allowed to escape 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
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generate the greenhouse effect - the warmed up air is used to contribute to the warmth of the void.
At night, this space serves as a buffer again.

L I S L L S S e G R e e i e

2, . Kl .=

Figure 125 - Use of winter garden and greenhouse for maintaining an optimum indoor climate during summer and
winter

The northern facade is non-translucent. 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 20 cm thick sheep wool layer and finally the outermost facade 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.

Insulation atop the roof and beneath the floor slab is also provided by a sheep wool layer of 16 cm
(for the roof) and 21 cm (for the floor) thickness covered with a plywood panel to the outside.

The roof is additionally protected by a single surface synthetic hydro insulation. 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.

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.

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 people, equipment and other objects.

The ventilation system also regulates the humidity of the greenhouse and the winter garden space,
enabling the transfer of warm from these spaces into the void during to benefit from the
greenhouse effect during the winter.
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In order to solve problem reduce heat accumulation, 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.

5.4.2.3 Adaptations made by the Team in the house for the prototype in Versailles

Membrain basic idea is to be adaptable to every environment, therefore although primarily intended
for use in Zagreb, we are not made significant adjustments for house prototype in Versailles.

The only adjustment that we will do during the exhibition in Versailles is that we will use an air to
water heat pump. Due to the SDE rules teams are unable to drill the collector in the ground, but in
Borongaj campus site heat pump will be converted to water source in order to increase its
efficiency.
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5.43 HVAC Systems

HVAC system is the main house system designed for achieving thermal comfort in conditioned
spaces. System designed as part of Membrain project will satisfy needs for heating, cooling,
dehumidification, domestic hot water preparation and ventilation of the house. Central unit of the
system is heat pump which produces thermal energy for heating and cooling and is also used in
ventilation system for dehumidification. Heat exchange with air inside the house and occupants is
achieved via floor panel heating and cooling. More detailed information about the system itself and
specific components of the system will be thoroughly explained in the following text.

. . . Conditioned
Oufside air Engine room spaces
7] Air handling] — ~*171 Air inlets
unit and ouflets
S U mEUEE R e e ]
-
[
} : DHW DHW
x + ‘r _____ tank [ ™17 consumers
ol
[
[ ‘
||| I L] Radianf
T Thermal heating and
| — s — storage ||, || cooling
surfaces

Figure 126 - Main HVAC components

5.4.3.1 Heat pump

A heat pump is a device that transfers heat energy from a heat source to a heat sink. In order to do
so heat pump uses some amount of external high-grade energy. Therefore, use of heat pump allows
moving thermal energy opposite to the direction of spontaneous heat flow to accomplish the
desired transfer of thermal energy from heat source to heat sink. External energy can be
mechanical or thermal energy. More often mechanical energy is used by means of compressor that
compresses refrigerant from evaporation pressure to condensation pressure.

In Membrain concept such compression heat pump will be designed by students, produced by
project partners Dalmacija klima d.0.0. and in the end used in assembled house. As a heat source
and heat sink outside air and indoor hydronic system will be used. Heat pump connected to ground
or water heat source will have greater seasonal performance factor and coefficient of performance
than one with outside air but due to competition rules and regulations air will be used as heat
source and sink (depending on heating and cooling season).
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Figure 127 - Compression heat pump

Outdoor air is a universal available heat source and sink medium for heat pumps and is widely used
in residential systems. Extended-surface, forced-convection heat transfer coils transfer heat
between the air and refrigerant. During heating, the temperature of the evaporating refrigerant is
generally 6 to 11 K less than the outdoor air temperature; while during cooling refrigerant’s
temperature is 5 to 11 K more than the outdoor air temperature. It has low installation costs, and
moderate operation and maintenance cost in comparison to other heat sources. Main
disadvantage of air as heat source are air temperature variations during 24 h period and during
whole year. As the outdoor temperature decreases, the heating capacity of an air-source heat pump
decreases but also it overall efficiency decreases. Therefore, more energy is needed for lesser
heating capacity. Same refers for cooling season. This makes equipment selection for a given
outdoor heating design temperature more critical for an air-source heat pump. Second problem
referred to air is frost formation. On lower air temperatures, even above O °C frost may form on the
coil surface (since the temperature of coil surface is even lower to allow heat transfer). If allowed
to accumulate, frost inhibits heat transfer; therefore, the outdoor coil must be defrosted
periodically. The number of defrosting operations is influenced by the climate, air-coil design, and
the hours of operation. In order to make hot-gas defrosting effective much closer fin spacing will be
used and the system’s size and bulk will be reduced. In current practice, fin spacing’s of 1.3 to 2.5
mm are widely used.
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Figure 128 - System scheme

In order to increase seasonal energy efficiency of heat pump (known as SCOP and SEER) team will
use thermal storage tank as can be seen from scheme of the system. In that way, if the conditions
allow it, thermal energy preparation (regarding of season) can be shifted to period of day when
outside conditions are more favorable regarding efficiency of heat pump. As shown in figure below
(daily temperature changes for two months expressed in °C) during May heat needed for heating
during night will be produced during the day, when for same condensation temperature higher
evaporation temperature will be achieved and heat pump will work with higher COP. Same idea
applies for July, only the cooling energy is needed then and greater difference between night and
day temperatures is also beneficial. The greatest efficiency increase will be achieved in parts of the
year like spring and autumn when heating or cooling is needed in only one part of day. To make the
best use of system careful dimensioning of thermal storage and heat pump capacity is needed and
they will be optimized based on building and HVAC simulation results. Also control of the system
must be developed to satisfy the needs of the house. That is why the MPC (model predictive control)
will be used which will through various algorithms and predictions of inhabitants behaviour ensure
that every time there is need heating or cooling energy will be available.
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Figure 129 - Hourly temperatures of two months in year 2009.

Heat pump will also be used for preparation of domestic hot water (DHW). In winter period heat
pump will heat the DHW directly and in summer period refrigerant will condense inside DHW tank
(soin certain time heat pump will work as water/water HP) when possible and provide simultaneous
production of DHW and cold water for cooling. If condensation is insufficient HP will shift to winter
mode in order to heat DHW.

Winter

Heating
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Qutside air Dehumidification
@ N AL
Electricity

Figure 130 - Use of heat pump in heating and cooling period

Heat pump will also be connected to air handling unit and ventilation system with DX evaporator
inserted in ventilation duct. Main purpose of this evaporator is dehumidification of outside air in
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summer period to minimize the risk of water condensation on floor due to floor cooling. Second
measure against condensation will be thermometers inside floor surface that stops water
circulation if floor temperature is 19 °C or less (in cooling mode only).

Compressor

There are several requirements from compressor to make the system more efficient. It has to be
scroll compressor, frequency operated and suitable for use with R410A refrigerant. This type of
compressor with small input power is very hard to find because usage of R410A in households is
relatively new on the market. R410A is chosen because for the same volume as other refrigerants
its more effective (as described in text further below) and whole system is smaller in dimensions.
Only drawback is that operating pressures are higher compared with ones that we get from other
refrigerants. Frequently operated compressor gives us the opportunity to intelligently operate with
the heat pump because it's one of the systems vital parts, and to operate with its parameters means
to increase overall efficiency of the system and coefficient of performance.

Figure 131 - Scroll compressor

Thermal storage

Inside the house water unit will be used coupled with floor heating and cooling. As already
mentioned, heat pump will not be directly connected to coils for surface heating/cooling. It will heat
or cool the water in storage tank, depending on season. Stratification of temperature in the tank is
to be used and to sets of connections to tank are predicted, one for heating season, when floor
heating is in need of hot water (water outlet is in upper part of the tank) and one for cooling season
when there is need for cold water in cooling season (outlet is on lower part of the tank). Two 3 way
valves allow the use of same pump and same direction of water inside floor installation regardless
of which set of water outlet and inlet of storage tank is used. Using thermal storage also enables
more stable work for circulation pump because temperature in tank is more stable than one that
would be directly form evaporator/condenser. This also results in longer service life and lowers
energy consumption.
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Electronic expansion valve

Electronic expansion valve (EEV) operates with a much more sophisticated design than the
standard thermo expansion valves. EEVs control the flow of refrigerant entering a direct expansion
evaporator. They do this in response to signals sent to them by an electronic controller (Membrains
littlePLC). A small motor is used to open and close the valve port. The motor is called a step or
stepper motor. Step motors do not rotate continuously. They are controlled by an electronic
controller and rotate a fraction of a revolution for each signal sent to them by the electronic
controller. The step motor is driven by a gear train, which positions a pin in a port in which refrigerant
flows. A cutaway of an EEV with step motor and drive assembly is shown in the Figure below.

Step motors can run at 200 steps per second and can return to their exact position very quickly.
The controller remembers the number of step signals sent by the controller. This makes it possible
for the controller to return the valve to any previous position at any time. This gives the valve very
accurate control of refrigerant that flows through it.

Membrains EEV will be two way PLC operated unit. Using this type of valve allows smaller overall
dimensions of heat pump and also in synergy with compressor manages to fine tune pressures in

the system.

Permanent magnet motor

Needle valve

— J = Inlet (B¥)

Qutlet (A%

Figure 132 - EEV section view

Plate heat exchanger

A plate heat exchanger is a type of heat exchanger that uses metal plates to transfer heat from a
hotter fluid to a colder. Metal plates form a very large heat transfer surface which enables transfer
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of great thermal power inside relatively small space. High heat transfer efficiency of such small
devices made great impact on HVAC systems and domestic heating and hot water. Plate heat
exchangers are well suited for transferring heat between medium and low pressure fluids.

Figure 133 - Plate heat exchanger

Refrigerant

R410a is also known as AZ-20, Puron, EcoFluor R410, Genetron R410A and Forane 410A. This
refrigerant is a mixture of pentafluoroethane (CFsCHF2, called R-125) difluormethane (CF2Hz, called
R-32).

It is now being used as a replacement for difluoromonochloromethane (HCFC, called R-22) in air
conditioning applications. R410a is a better and more acceptable option than R-22 because of his
zero ozone depletion potential and similar global warming potential. Since R410a introduces higher
system efficiencies than R-22 (and other comparable refrigerants) it reduces power consumption.
Consequently the global warming impact and carbon footprint of such systems are considerably
lower.

Table 48 - R410a properties

ODP (Ozone Depletion Level) 0
GWP100 (Global Warming Potential) 1725
Molecular mass 72.59
Critical temperature, °C 70.17
Critical pressure, bar 47.7
Evaporating temperature (1 bar), °C -51.6
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Evaporating pressure (-15 °C), bar 4.82
Saturated liquid density (30 °C), kg/m3 1035
Saturated vapor density (-15 °C), kg/m3 18.43
Latent heat vaporization (-15 °C), kJ/kg 237.6
Volumetric refrigerant effect, kJ/m3 3243.7
Specific Heat capacity at constant pressure (1 bari 0°C), kJ/kgK | 0.793
Specific Heat capacity at constant volume (1 bari 0°C), kl/kgk | 0.667
Adiabatic index 1.189

Value of volumetric effects of refrigerants R410a, R717, R404a, R22A and R407C are comparable
with each other as it’s given in the Figure below. Compared to others, refrigerant R407C has the
lowest volumetric cooling capacity. It means that for the same capacity of the system it will have
the largest volume of compressor cylinder. For low-temperature ranges, volumetric cooling effect is
reduced (lower density at the inlet of the compressor and lower specific refrigerant effect). This
means that at lower evaporating temperatures, to get the same refrigerating effect, volume of
compressor cylinder should be higher.
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Figure 134 - Volumetric refrigerating effect

R410a has a higher latent heat of vaporization than R404a. That means it will have lower mass
flow of the refrigerant under the same operating conditions for the same capacity of the system. A
smaller mass flow rate of refrigerant and lower density of liquid and vapor phase compared to the
refrigerant R404a, means smaller diameter of liquid and vapor line. Evaporation temperature of
refrigerant at-51.6 °C means that at room temperature and under atmospheric pressure it's in the
gaseous state. Despite lower latent heat of vaporization compared to R717, R410a has the highest
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volumetric cooling effect because of its high density. Higher volumetric cooling effect results in
smaller compressor working volume, for the same cooling capacity of the system usage of R410a
allows 30-50% smaller compressors.

5.4.3.2 Floor heating and cooling

Membrain’s indoor climate control is achieved through underfloor heating and cooling. This type of
heat exchanger is chosen because of its various advantages but we also took into account the
complications and problems which come with usage of this type of exchanger.

Underfloor heating

Underfloor heating (UFH) systems work on a very simple principle, just circulate warm water through
pipes which are laid under the floor covering, the heat from water is absorbed by the floor surface
from which the heat is transferred to the rest of the space, mainly through radiation. This form of
heat transfer gives us the opportunity to considerably reduce the amount of energy which is
required for maintaining the thermal comfort of the space. These benefits are achieved through
lower operating temperatures, which allows us to use renewable energy sources (during the
competition we will use an air to water heat pump). Despite lower operating temperatures the
comfort level remains the same (or even gets higher) because the main goal of radiant heating
systems is to heat the occupants via radiation which suppresses body heat losses and results in
high thermal comfort level also the internal air mass is heated to a lower temperature.

UFH establishes an almost theoretical temperature profile (height-temperature distribution) which
is much more favorable that the profiles provided by radiators (convection heat exchangers). Even
in esthetical sense UFH is far ahead from the competition because there are no visible parts in the
room consequently the user enjoys greater freedom in decorating the room according to his wishes
and the walls are much more cleaner because there is no equipment mounted on them. Lower
operating temperatures and lack of visible equipment reduce the risk of injuries, e. g. the floor is
too cold to get burned and there is no danger of tripping on heating equipment. Scientific studies
show that UFH is allergy friendly; it doesn’t stimulate strong air circulations so allergens aren’t
blown throughout the space and the warmth of radiant floors speeds up the evaporation of wetted
floors which kills bacteria, dust mites, mold, etc. On the other hand installation of UFH system
introduces some complications, for instance the system has a slow response which makes the
process harder to control, but our automation team is developing a MPC (Model predictive control)
control algorithm which will take into account the behavior of users (and other equipment) and the
newest meteorological data so the system will be given a heads up to prepare for yet to come
events. For even better control, house will be divided in several heating zones, e. g. warmer zone
near external walls, an individual bathroom zone and the main zone for the central living space in
the house.
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Figure 135 - Heating types comparison

Figure 136 - Distribution system

Underfloor cooling

Underfloor cooling (UFC), or a bit broader term, radiant cooling is a system that uses the same
infrastructure and equipment as radiant heating but in this case cold water is circulated through
pipes which are laid beneath the floor covering. The flowing water absorbs the heat from the floor,
simultaneously the chilled floor absorbs sensible heat from people, equipment and other objects
(mainly transferred via thermal radiation), but in a small portion the floor cools down the nearby air
particles via convection.

Since most of the heat is transferred through thermal radiation this type of system achieves the
desired comfort level despite higher indoor air mass temperature, with this information in mind it
is obvious that underfloor cooling offers great potential in energy consumption reductions. UFC and
UFH share the same infrastructure and equipment consequently they share the same advantages
(energy efficiency, renewable energy sources, great temperature profile, aesthetics, etc.) and
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disadvantages (slow response) but UFC systems have one additional and very important problem,
which is condensation. Because of the condensation underfloor cooling systems seldom come
alone, rather they come in pair with an HVAC system. As mentioned above, UFC systems absorb
only sensible heat which leaves the problem of latent portion unsolved. HVAC systems must deal
with that remaining portion; in our case the ventilation system has the task of regulating relative
humidity within a safe interval so there is no threat of condensate formation on the chilled floor.
Our fresh air supply system has an integrated refrigerative dehumidifier which can control the
humidity of the supply air and that gives us the ability to control the relative humidity of the indoor
air mixture. During our elaboration of the cooling system fan coil units were also considered but
due to their lacks the UFC solution prevailed. In comparison with UFC fan coil cooling is cheaper
and simpler but greater air speeds, lower heat comfort level and lower hygiene standards
(complicated cleaning) were compromises we simply could not agree to.

wooden floor PE-Xa pipe
\ vapour barrier heat emission plate
/ /

300 mm

!
insulation

Figure 137 - Floor construction with heating pipes

Because of the mobility and modularity of the house we couldn’t choose the system in which pipes
are casted in concrete floor slab (commonly named poured floor systems) so only reasonable
solution was to go with the sub floor version. As shown on the picture, the whole construction lies
on an insulation layer (reduces heat loses to the ground and maximizes the heat output), the PE
pipes are fitted between floor joists which carry the load and keep the pipes save from damage.
Apart from the vapor barrier there is one additional layer between the pipes and the wooden floor
and that is the heat emission plate (HEP). The heat emission plates will be made from aluminum
or graphite due to good thermal conduction properties.

We included this layer because timber suspended floors don’t conduct heat as good as screed
floor, but when HEP are included the evenness of the floor temperature is significantly increased.
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Figure 138 - Floor heating and cooling panel

For greater mobility, modularity and easier reassembly of the house, our team developed custom
made panels for underfloor heating and cooling. The panels will be preassembled and ready for
mounting. Preassembled panels include floor joints, thermal insulation, piping, heat plates and
parquet. As shown on the figure above, during assembly of the floor the panels only require
connection of the inlet and outlet on the main (heating and cooling) system of the house. The house
heat exchanging system consists of three panels and a separate exchanger for bathroom. The
bathroom is a separate zone because of its special demands related to floor temperature and floor
material (frequent contact with water).
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Figure 139 - Floor heating and cooling distribution

5.4.3.3 Ventilation system

Ventilation system is of great importance for achieving satisfactory indoor comfort conditions for
occupants. Air temperature, air speed inside occupied area, humidity and inside air quality (IAQ) in
general have high impact on thermal comfort which is analytically described using PPM and PVD
indices described in ISO 7730 standard. In general terms, main ventilation purpose is transfer of
fresh and healthy outdoor air to inside of the house and the transfer of used inside air to the outdoor
environment. When outside air is conditioned (heated, cooled, dehumidified...) than the used
system is air-conditioning system.

Ventilation
system

ce

Figure 140 - Air transfer by ventilation system

In 1970’s new term received public attention - sick building syndrome (SBS). Term describes
buildings that due to poor indoor conditions result in increasing number of iliness and efficiency
reduction of its occupants. Poor indoor conditions are mainly result of undersized, unmaintained
and, due to running costs, misused ventilation and AC systems. As more and more time people
spend indoors, it is critical to secure healthy and adequate conditions inside working and living
area. Because the indoor air quality (IAQ) is closely related to the health of occupants and thermal
comfort in general, one of the main focuses of the design of the HVAC systems is exactly the IAQ.
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Adequate quantities of outside air, air filters and absorbents, air distribution and air conditioning
must be secured and used. On the other hand, supplying the indoors with required amounts of
supply air and conditioning requires certain amount of energy. Over sizing the system and bad
choice of system control (or absence of one) can result in unnecessary increase in energy
consumption. Therefore, efficient ventilation and air-conditioning system that can easily adapt to
the needs of the house is of great importance.

For small residential houses three main types of ventilation exists: natural ventilation, forced
exhaust ventilation and mechanical ventilation. In our house three different types of spaces exist:
living space, bathroom and sunspaces envelope that surround living space. Each part will be
addressed independently regarding the type of ventilation system.

Therefore, forced exhaust ventilation will be used in specific parts of our house, such as bathroom
and east and west sunspace, while the main living space and southern sunspace will be ventilated
with mechanical ventilation system and natural ventilation when possible. Natural ventilation is as
this moment predicted for sunspace only, but simulations are being made, and additional
numerical analysis, coupled with building simulation, will be made to clarify potential and energy
savings of natural ventilation of living space also (resulting in hybrid system with mechanical system
as base system).

HE |
I ! Mechanical and
g : natural ventilation
=t Forced exhaust
[ ventilation
7
e .
\ Balanced mechanical
N ventilation

Figure 141 - Ventilation zones
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Ventilation system and ventilation rate will be based on CO2 content. CO2 is one of the most
common compounds in our atmosphere. It is also cited by many as a general indicator of the
buildup of greenhouse gases and global warming. In urban areas outdoor CO2 levels typically range
from 360 up to as high as 450 to 500 ppm due to the presence of localized sources of CO2 which
can include any combustion device or process. Higher outdoor levels can also be measured when
in close proximity to a source of CO2 such as an idling vehicle or a furnace or combustion exhaust.
Because of its low molecular weight CO2 will readily diffuse and equalize within an open space. As
a result, outside CO:2 levels tend to be ubiquitous and fairly constant over large geographic regions.
Because of this consistency, it is possible to use CO2 as a baseline reference for outside air for the
purpose of measuring and controlling ventilation.
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Figure 142 - CO2 content in ppm in atmosphere

Indoors in residential buildings people are the primary source of CO2. Plants, due to their low level
of metabolic activity contribute an insignificant amount of CO2 to indoor spaces. Highly elevated
levels of CO2 (e.g., 3000 to 5000 ppm) can indicate the presence of potentially dangerous
combustion fumes as COqis one of the most plentiful byproducts of combustion and can account
for 8% to 15% by volume of the content of a combustion exhaust and one can be used as fire
warning system that will trigger ventilation shut down procedure in case of fire.

Table 49 - Approximate carbon dioxide emission per person

Activity Respiration per Person | Carbon Dioxide Emission
(m3/h) per Person (m3/h)

Sleep 0,3 0,013

Resting or low activity 0,5 0,02

Normal work 2-3 0,08-0.13

Hard work 7-8 0,33-0.38

For ventilation control people as a source of CO2 are interesting starting point. People exhale
predictable quantities of CO2 in proportion to their degree of physical activity. Because CO2
production is so consistent and predictable, it can be used as a good indicator of general occupancy
trends. For example, if the number of people in the space is doubled, the amount of CO2 produced
will double (if their activity is similar). If one or two people leave a space the CO2 production will
decrease correspondingly. It is important to note that an indoor CO2 measurement does not provide
enough information to actually count people (quantity of exhaled CO2 depends on age, gender, size
and activity of each person) but it can be used in combination with outside air concentrations to
calculate, measure and control ventilation rates. An indoor CO2 measurement is a dynamic
measure of the number of people in a space (exhaling CO2) and the amount of outside air at
baseline CO2 concentration that is being introduced for dilution via mechanical ventilation. The
result is that it is possible to determine ventilation rates in a space by measuring the CO:2
differential.

*18 1/h is CO2 emission for light office work or low activity
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Table 50 - Calculation for total ventilation

Calculation of needed ventilation rate based on CO2 content
Number of occupants 4 -

CO2 exhaled per person 18* I/h
Requested indoor CO2 content 750 ppm
Outdoor CO2 content 390 ppm
Ventilation rate per person 13,51 I/s

Total ventilation rate 200 m3/h

Calculation for total ventilation rate is based on few assumptions which include four occupants with
low activity and outdoor CO2 content of 390 ppm (as shown in the Figure above). Indoor CO2 content
is set on 750 ppm as 800 ppm is defined as set point by competition rules and regulation.
Calculated total ventilation rate is worst case scenario for living area (colored in blue in the Figure
above) in everyday house use.

Each assumption made in above calculation is for steady-state situation, but in real house use all
values have dynamic character and have different impact on ventilation rate needs. Effect of
change of each value was looked into and results are represented in diagrams below. Cumulative
effect of different values can also happen in real house use and can be displayed in diagrams but
are interesting only for presenting certain scenarios of house use and effect on CO2 content.
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Figure 143 - Required ventilation rates based on number of occupants and CO2 emission
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Figure 144 - Required ventilation rates based on indoor and outdoor CO2 content

Since the occupants are source of CO2 it’s obvious that CO2 content won’t be constant. Rather, it
will build up inside ventilated space when people enter it. Level of CO2 will continue to increase
until the amount of CO2 produced by the space occupants and the dilution air delivered to the space
are in balance. This is called the equilibrium point. The relationship between indoor/outdoor CO2
differential and ventilation rate is independent of occupants’ density. However, occupants’ density
will affect the time it takes for CO2 to build up to an equilibrium level. Following two diagrams
represent this. On first diagram minimum needed ACH are calculated in order to stay under the
800 ppm content for different number of occupants. Lower ACH also increases time required to
reach equilibrium level.
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Figure 145 - Air change per hour

PROJECT MANUAL #4, 2014 215



- » Solar
“ tU NIZG ,,,,4 Decathlon

«a».” Europe

On second diagram same number of occupants was kept while ACH was changed. It is clear that in
these conditions 0.8 or more ACH is needed.
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Figure 146 - Air change per hour

Demand control ventilation (DCV) concept based on CO2 will ensure energy consumption only if
indoor and outdoor CO2 content is measured. Based on scenarios of use and occupant behavior it
is possible to allow MPC (model predictive control) to predict needs for ventilation and its effect on
heating and cooling needs (outside air needs to be conditioned in AHU unit before it is transfered
to conditioned space). DCV system is designed in five main steps, first two steps are described
above, minimum ventilation rate is determined in step 3 depends on house interior and must be
determined in coordination with other teams, and steps 4 and 5 will be defined with Automatization
team.

1 2 3 4 5
Choose Control
Determine if Determine Space Determine Base Strategy Select Sensors
DCVis == Ventilation ™ Ventilation Rate [™ « Set Point =1 and Determine
Appropriate Requirements for « Proportional Sensor Location
Non-Occupant « Proportional-
Related Sources Integral

Figure 147 - Ventilation control scheme

Ventilation rates of sunspaces and bathroom will be calculated based on number of air changes
per hour and scenarios of use. Total rates will finally be defined after evaluation of potential of
natural ventilation. At this moment ventilation rates are taken account as:

Table 51 - Ventilation rates

Calculation of needed ventilation rate based ACH
Greenhouse SOUTH volume 8,2 ms3
Greenhouse WEST and EAST volume

. 32 m3
combined
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Bathroom volume 6,2 m3
Greenhouse SOUTH ACH 0,25 h-1
Greenhouse WEST and EAST ACH 0,25 h-1
Bathroom ACH 0,4 h-1
Greenhouse SOUTH Ventilation rate 2,05 m3/h
Greenhouse WEST and EAST Ventilation rate | 9,5 m3/h
Bathroom Ventilation rate 2,4 ms3/h
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Figure 148 - Greenhouse temperature (K) distribution

System of mechanical ventilation will be equipped with heat recovery unit, in order to minimize heat
losses and heat gains, depending on season, and will be equipped with DX evaporator that will act
as cooler and dehumidifier in cooling season.

Heat
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Figure 149 - Ventilation scheme

Product that will be used as AHU unit described as above is one offered by project partner Systemair
designated as SAVE VTR 150. It is heat recovery unit designed for dwellings where ventilated area
is up to 100 m2. The SAVE VTR 150 is double skinned, fully insulated and with complete control
functions, high efficiency rotating heat exchanger, thermostat operated re-heater battery and
filters. Energy efficient fans with EC motors will reduce energy consumption for transportation of
ventilation air by approximately 50% compared to traditional AC motors. Modern technology is
contributing to a low SFP factor (Specific Fan Power) as well as an efficient design of the unit.
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Figure 150 - VIR 150 scheme
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Figure 151 - Save VTR 150 in kitchen environment
A Minimum distance between cabinets (mm) 600
B VTR150/K unit width (mm) 598
C, Electrical stove Minimum distance between stove surface and 450 (Recommended 500)

cooker hood (mm)

C, Gas stove Minimum distance between stove surface and 650
cooker hood (mm)

Figure 152 - Dimensions

EC fans are motors with electronic control which ensures optimal operating efficiency. They are
highly adoptable to ventilation systems with variable demand and run more silently. Also, EC-motors
have longer service life due to lower wear and tear.

As air distribution type mixing distribution using high side outlets is chosen. A high side outlet may
be a sidewall outlet mounted at the high level of a conditioned space, or an outlet mounted directly
on the supply duct. As the air jet discharges from the high sidewall outlet, the surface effect tends
to keep the air jet in contact with the ceiling (Coanda effect). The air jet induces the ambient air
and deflects downward when it strikes on the opposite wall and flows along the opposite wall. The
induction of space air from the occupied zone into the air jet forms the reverse airstream and fills
the occupied zone. Mentioned Coanda effect is particularly interesting in Membrain project
because the team plans to install PCM material in the ceiling and air streaming along the PCM
surface will improve heat transfer.

PROJECT MANUAL #4, 2014 219



- Solar
Decathlon
$wuNizG W Barane

Total  Primary air Supply
* 1 air envelope M 1 outlet
Vertical REP I R i 2
spread 17—~ ) l T
Reverse |
RS airstream
L — - i L :"\ ]——| =
Cooling, . s Cooling, =
side view end view
Reverse
airstream i I —
(5] 1
=9 . .
2 ¥
Go B IRTE VLT i
° g P S e ‘
23 T e 1 Return
28 ([aiie “ inlet
T

Cooling,
plan view

Figure 153 - Mixing air distribution (Ashrae Fundamentals 1989)

It is important that the throw of high sidewall outlet is no longer than the sum of the length of the
room and the height of the opposite wall. Because of jet deflection air jet and the reverse airstream
fill the occupied zone with a higher air velocity and greater temperature difference. On the other
side, if the throw is too short, the air jet drops and this too causes higher air velocity in occupied
zone. During heating, warm air tends to rise and results in a shorter throw. As the induced airstream
rises, a stagnant zone may form between the floor and the induced airstream. A warm air jet with
sufficient velocity and a longer throw can reduce or even eliminate the stagnant zone. Ducting and
exhaust vents will be placed in northern part of the house and air will be distributed under the
ceiling toward opposite wall. This allows higher speed of jet before it drops into occupied zone.
Flexible ducting should be used to connect exhaust and intake vents to central ducting.

Greenhouse ventilation

Greenhouse will be equipped with separate ventilation system that has function to condition air for
plants. Ventilation is designed in a way that enables air supply to come to greenhouse from the
floor and the air exhaust vent placed in the ceiling. Air flow will be achieved with axial duct fans
placed in the engine room. There will be two supply and two exhaust vents in winter garden and
one supply and exhaust vent per greenhouse. Air exchange will be carried out in heat exchanger
unit that will provide air properties suitable for greenhouse plants.
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Figure 154 - Greenhouse ventilation scheme
Figure 155 - Flexible greenhouse duct
5.4.3.4 PCM (Phase change materials)

Today's practice of sustainable construction requires quick and rational construction of energy
efficient buildings. The tendency during construction is to dematerialise construction elements,
which leads to the reduction of heat accumulation of building and indirectly to the increased
consumption of energy for heating, cooling and air conditioning. The problem of heat capacity,
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especially notable in lightweight structures, is increasingly solved using phase-change materials
(PCM), which have much greater ability to store heat than conventional building materials.
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Figure 156 - PCM heat capacity compared to other conventional materials

This feature allows them to pass from one to another physical condition in the temperature interval
of 20-30°C, and at the same time to store or release large amounts of latent heat usable for room
temperature control. At temperatures lower and higher than the temperature of the melting point
they behave like other construction materials; however, their specific heat capacity is usually much
higher, and with sensible heat, they contribute to better thermal performance of buildings in use.

A large number of phase change materials (organic, inorganic and eutectic) are available in any
required temperature range. A classification of PCMs is given in the Figure below.

{ Phase Change Material
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T
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l J I
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Figure 157 - Phase change materials
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There are a large number of organic and inorganic chemical materials, which can be identified as
PCM from the point of view melting temperature and latent heat of fusion. However, except for the
melting point in the operating range, majority of phase change materials does not satisfy the criteria
required for an adequate storage media. As no single material can have all the required properties
for an ideal thermal-storage media, one has to use the available materials and try to make up for
the poor physical property by an adequate system design. For example metallic fins can be used to
increase the thermal conductivity of PCMs, supercooling may be suppressed by introducing a
nucleating agent or a ‘cold finger’ in the storage material and incongruent melting can be inhibited
by use of suitable thickness.

In general inorganic compounds have almost double volumetric latent heat storage capacity (250-
400 kg/dm3) than the organic compounds (128-200 kg/dm3). As organic material have been
chosen for project, only their thermal and chemical behavior will be discussed below.

Phase change inside the capsule

)

MELTING/SOLIDIFICATION
ENERGY ABSORPTION/ENERGY RELEASE

Figure 158 - Phase change

Paraffin wax consists of a mixture of mostly straight chain n-alkanes CHs-(CH2)-CHs. The
crystallization of the (CHs)-chain release a large amount of latent heat. Both the melting point and
latent heat of fusion increase with chain length. Paraffin qualifies as heat of fusion storage
materials due to their availability in a large temperature range. Due to cost consideration, however,
only technical grade paraffins may be used as PCMs in latent heat storage systems. Paraffin is safe,
reliable, predictable, less expensive and non-corrosive. They are chemically inert and stable below
500°C, also they show little volume changes on melting and have low vapor pressure in the melt
form.
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Figure 159 - Temperature management with PCM usage

For these properties of the paraffins, system-using paraffins usually have very long freeze-melt
cycle. The melting point of alkane increases with the increasing number of carbon atoms. Apart
from some several favorable characteristic of paraffins, such as congruent melting and good
nucleating properties, they show some undesirable properties such as: low thermal conductivity,
non-compatibility with the plastic container and they are moderately flammable. All these
undesirable effects can be partly eliminated by slightly modifying the wax and the storage unit.
Some selected paraffins are shown in the Figure below along-with their melting points and latent
heat of fusion.
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Table 52 - Paraffins with different melting points

No. of carbon Melting Latent heat of
atoms point (°C) fusion (kJ/kg)
14 55 228
15 10 205
16 16.7 237.1
17 21.7 213
18 28.0 244
19 320 222
20 36.7 246
21 40.2 200
22 44.0 249
23 47.5 232
24 50.6 255
25 49.4 238
26 56.3 256
27 58.8 236
28 61.6 253
29 634 240
30 65.4 251
31 68.0 242
32 69.5 170
33 739 268
34 75.9 269

Due to the solar gains and well dimensioned HVAC system there is no need for additional passive
heating of conditioned space. Since only floor cooling is used to achieve comfort temperature range
in the summer, it is advised to use PCM as part of passive cooling system in the summer. In passive
cooling, storage medium is used to store cold when exterior temperature is lower compared to the
room temperature and the stored cold is extracted from the storage medium whenever it is needed
using the ventilation system. Storage medium for free cooling is normally in the form of sensible
and latent energy type. The main difference between free cooling and the nocturnal ventilation
cooling is that in later the house structure (like walls) act as the storage medium while in passive
cooling technique, a separate thermal storage unit is used for the storage of the cold and a
mechanical device like fan is used to store and extract the cold from the storage unit. Advantage
of passive cooling over the nocturnal ventilation cooling is that the accumulated cold can be
extracted whenever it is needed by circulating exterior or room air through storage unit.

Thermal energy storage is the vital part of the free cooling system which is used to store the ambient
cold to be used later during hot day time. Generally thermal energy, for free cooling, is stored either
by changing the internal energy of the storage material (sensible heat storage), by changing the
phase of the storage material (latent heat storage) or the combination of these two. Latent Heat
Thermal Energy Storage (LHTES) by Phase Change Materials (PCMs) is preferred over other storage
techniques due to its high energy storage density and isothermal storage process. Phase Change
Materials (PCM) are substances with high heat of fusion, melting and solidifying at a certain
temperature and are capable of storing and releasing large amount of thermal energy at a certain
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phase change temperature. Thermal energy is absorbed or released as the material changes its
phase from solid to liquid or from liquid to solid.

Passive cooling

Solidification (Charging): This process is carried out during night time when ambient temperature
is lower compared to room temperature. The cool ambient air flows through storage unit and takes
away heat from liquid PCM which starts solidifying at certain constant temperature. An electrically
driven fan is used to remove the heat from PCM. Charging process continues until the ambient
temperature is lower enough than the melting/solidification temperature of PCM.

Melting (Discharging): Cold stored in PCM is discharged when room temperature rises above the
comfort limit. Hot air which is to be cooled passes through the PCM storage unit and PCM (which is
in solid state after charging operation) absorbs heat from the air. The air thus cooled to comfort
temperature from the storage is delivered to the living space. PCM absorbing heat from air, starts
converting from solid to liquid phase at certain constant temperature.

Figure 160 - CSM aluminium panel

One of the most important criteria to consider while choosing PCM type is that the melting point is
set to appropriate value. This means melting point of the PCM should be in the center of the comfort
zone in order to maximize efficiency. Last thing to consider, but not less important, is a suitable
quantity of PCM in use. While doing research it was found that the optimal PCM quantity for ceiling
mount is around 6.5 kg/mz2. Ceiling mounted PCM will be used as main part of ventilation system
in order to increase its efficiency. Surface covered with PCM will be around 36 m2, which implies
that around 200 kg is going to be used. To maximize its effect, phase change temperature should
be chosen carefully.
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Figure 161 - Ventilation scheme

In Membrain project Rubitherms RT25 HC organic PCM will be used, properties are shown in figure
below. Biggest challenge is to make "heat exchanger" that would enhance phase change and
improve its efficiency. Rubitherm has pre-fabricated aluminium blocks that are filled with desired
material as shown in figure above. Aluminium blocks will be placed in ceiling where ventilation
supplies fresh outside air that flows under and over the blocks thus allowing them to fully
charge/discharge depending on the exterior-interior temperature. Optimal air flow rate is 0.7 m3/h
which is easily achievable with Membrains ventilation system output.
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RUBITHERM® RT is a pure PCM, this heat storage material utilising the processes
of phase change between solid and liguid (melting and congealing) to store and
release large quantities of thermal energy at nearly constant temperature.

The RUBITHERM® phase change materials (PCIM's) provide a very effective means
for storing heat and cold, even when limited volumes and low differences in
operating temperature are applicable.

We look forward to discussing your particular questions, needs and interests with
you.

Properties:

- high thermal energy storage capacity

¢ - heat storage and release take place at relatively constant temperatures

- no superceoling effect, chemically inert

- long life product, with stable performance through the phase change cycles
- melting temperature range between -4 °C and 100 *C

Beispiel: RTZ5HC Teilenthalpie ! Partial enthalpy distribution
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g : Lo Lo | | || Rubitherm Technologies GmbH
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Su  RUBIHERM | —|-—--- D-12277 Berlin
'E I \ o) I Tel: +49 30 720004-62
T e e Bt Fax: +49 30 720004-39
& ag - ' E-Mail: info@rubitherm.com
= Internet: www.rubitherm.com
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] The product information given is @ non-
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0 changes without notice. Version:
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*Measured with 3-layer-calorimeter.

Figure 162 - RT25 HC properties
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5.4.4 Domestic Hot Water

Primary source of energy for preparation of domestic hot water (DHW) will be heat pump. Process
of preparation of DHW will be regulated with water circle between HP and storage tanks during
heating period and with refrigerant circle during cooling period by means of two motorized 3 way
valves and two different heat exchangers. In winter period heat pump will heat the DHW or water
in thermal storage tank with DHW preparation as priority. In summer period refrigerant will
condense inside DHW tank when possible and provide simulation production of DHW and cold
water for cooling (and/or dehumidification if needed). If condensation is insufficient HP will shift to
winter mode in order to heat DHW and revert back to cooling mode when done. In this way basic
needs for production of DHW is satisfied and any additional system, such as hybrid PV/Thermal
collectors, can be easily connected and decrease energy consumption.

.
Energy storag
tank
150) ny
fan

e

Figure 163 - DHW preparation
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The design of a domestic hot water system follows the procedure below:

Table 53 - DHW data

Laundry washing machine [I] 30 From manufacturer specifications

Dish washer [I] 7 From manufacturer specifications

Daily consumption per 40 From VDI 2067-12, model 1 (sink, shower cabin, dish

individual [1] washer)

Other (cooking, etc...) 10

Number of individuals 4 -

Daily need for DHW [I] 169 Itis ne_oessary to choose_) a_ bigger ta_n!« capacity if this
value fits between two similar capacities

Due to solar tracking construction limitations we are not able to put sufficient amount of solar
collectors to justify their installation economically. Considering the fact that water will be effectively
heated by heat pump, conclusion is made at this point that no other source of energy will be needed
to provide house with hot water. Hot water will be stored in 200L tank.

Custom made heat pump with expected power of 5 kW will be the source of heat production with
the priority for domestic hot water. MPC (model predictive control) will, through various algorithms
and predictions of inhabitants’ behavior, ensure that every time there is need for hot water it will
be available. This way system will be more efficient and more economically viable.

Suitable growth temperatures and the accumulation of sediments of organic material and corrosion
products at the bottom of hot water storage vessels provide an environment that is especially
conducive to the accumulation of biofilm and legionella bacteria. In order to eliminate legionella
bacteria thermal disinfection will be used once a day. Legionella pneumophila requires on average
3.2 minutes exposure to 60°C to inactivate 90% of the bacteria but where the water contains
100,000 cfu/I, the bacteria needs to be held at 60°C for approximately 10 minutes to reduce
numbers to below the action level of 100 cfu/l. Hot water storage cylinders that maintain a
temperature of 60°C throughout the whole storage vessel for a period of one hour daily should
achieve satisfactory control of Legionella bacteria, so we will act accordingly.

Approximate dimensions of the tank:
b =700 mm

H = 1500 mm

Addition: To reduce hot water consumption water saving units will be used in bathroom and kitchen
with reminder for saving water that will increase our inhabitants awareness of its importance.

Preparation of DHW

Domestic hot water production is part of home HVAC system. DHW tank has integrated heat
exchanger (spiral) that allows water to circulate through condenser and back to the tank. DHW
heating will be operated with intelligent MPC system that ensures significant savings in energy
expenditure. DHW tank will be equipped with electric spiral in order to support HVAC system if
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needed, and also to ensure water heating for hygiene purposes. DHW will be connected to water
supply unit and to HVAC system water cycle. Daily need for hot water is roughly 170 L but to be sure
it will always be available it's necessary to consider bigger tank. There are several tank
requirements. It needs to have good insulation, electric spiral heater and heat exchanger.
Viessmann tanks meet all of those requirements so one from the Vitocell V line will be used. Energy
storage tank (EST) doesn't have high hygiene requirements so it will be custom made based on
required dimensions of the engine room. Capacity of the EST will be 150 L based on norms that
advise 20-35 L volume per kW heat pump provides.
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Figure 164 - DHW tank section view

Figure 165 - Vitocell 300L tank
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5.5 Innovation Report

5.5.1 Innovation in Architecture

Architecture is primarily important, because with careful design of shapes, volumes, materials and
use of light, we can achieve the maximum energy savings and consumption reduction. Throughout
the development of the concept, we have been implementing the basic principles of bionic
architecture. We have combined modern technology with natural science ideas thus achieving the
synthesis of conventional engineering and natural principles. We aim on reducing energy
consumption and transport-induced pollution by using natural and recycled materials from the
region (such as wood and sheep wool).

In addition, we have a huge emphasis on urban planning and the use of different variants of our
house. The development of such a concept only for the competition and building only one building
would not be sustainable. It is vital that the entire project emphasizes all the possibilities of our
concept and our house. Versatility is our strongest advantage and the most important innovation.
The concept of the facility will be used, as shown already, in many different varieties and in different
environments. The idea that we are exploring is that our house - conceived as a membrane and
interior void - can be converted into different spaces and for different usages.

In any implementation, the membrane will still keep all the necessary systems for the functioning
of the building, and the interior space will accommodate the user and can be used for housing,
office space, shops, schools, etc. Classic stories for housing, offices and a variety of miscellaneous
smaller objects will be produced. The facility has been prepared for the merger in breadth, in depth
and in height. In this way you can get a smaller or larger blocks of residential or office space. What
is particularly interesting is education. In Croatia, the tradition is that the schools for the first four
years in the smaller villages have one teacher. They are mostly small, two-storey houses, where the
ground floor a classroom, and the top floor is the teacher's apartment. Our concept answers this
request, and provides a more sustainable and feasible solution.

55.1.1 Innovation in Interior

The biggest innovation in interior design is the ability to easily move the furniture inside the void.
Having no fixed walls inside the void, the furniture was made self-standing and flexible (movable).
Moving of furniture inside the void is provided with casters. To fully increase the flexibility of the
void and to insure extra storage space, furniture had to have increased functionality with functions
like folding, stacking or pulling out of another part of the furniture. For example, the kitchen consists
out of one fixed segment and three movable segments. The first segment is a kitchen cabinet, the
second is a kitchen counter and the third is a foldable dining table. All three combined create a
kitchen island. The fixed segment is placed inside the Membrain (northern wall), and the movable
segments are placed inside the void when used. When not in use, all three movable segments can
be stored into the Membrain, and the whole kitchen can be closed with folding doors. In that way,
the user can clear the void for more space and hide the kitchen if needed - for example, when
having a larger number of guests.

5.5.1.2 Innovation in Materials

Materials used for the furniture are solid oak wood, particleboard and MDF. For some furniture
parts and details we used willow wicker, which is local, traditional and safe for environment product.
These materials are chosen for their affordability and availability in Croatia.
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The basic principle of Croatian forestry is sustainable management in order to preserve the natural
structure and diversity of forests and permanently increase the stability and quality of economic
and beneficial functions of forests. The Forest Management Plan for the area is determined on
ecological, economic and social basis for biological enhancement of forests and the increase forest
production. The aim of forest management in Croatia is sustainable and harmonious use of all
functions of forests and continuous improvement of their situation. Having in mind that the area of
forests in Croatia is 2 688 687 ha, which is 47% of Croatia's land mass, wood and wood based
materials are a logical choice for the structural material of our house.

Quercus robur (commonly known as Slavonian oak) is internationally known as a high quality
material because of its aesthetic, physical and mechanical properties. This is a highly sustainable
product because of the principles of sustainable management which are conducted in Croatia.

When it comes to wood based materials like particleboard and MDF, there are many questions
concerning the sustainability of these materials. Most wood based product manufacturers
emphasize the sustainable use of raw materials in its core values. Their actions focus on the closed
material cycle. In this way, they use wood which is not suitable for production of solid wood products
and also recycled wood for production of wood based boards. When these boards are not suitable
for use, they are recycled and used for biomass fuel. When wood is burned, CO2 is released, which
would remain locked in if the wood was used to make materials and products. This CO2 is then
absorbed by forests and the cycle closes.

With these materials we wanted to show that traditional and local Croatian materials, such as oak
wood and willow wicker, can be combined with contemporary materials such as particleboard and
MDF to create a perfect minimal, yet warm and visually interesting modern interior. The use of
these local, traditional and contemporary materials in the void space is also a link to the use of
materials in the Membrain.
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55.2 Innovation in Engineering and Construction

The approach to Membrain concept design and development introduces certain innovations. The
basic concept of the house’s membrane that separates living space from environment is innovative.
Emphasis in this project is in sustainability and efficiency of the systems. House parts and systems
are not innovative per se, but synergy and the idea of them functioning together to provide
inhabitants with a comfortable living experience is what we are after. For example, PCM is a known
element in passive building design, but in Membrain it works along with the central ventilation
system in a way enhancing both and providing better living space air conditioning. Heat pump
operates with R410A refrigerant because compared to others it has higher volumetric effect and
that allows smaller dimensions of parts with increased efficiency. With electronic valves and
frequency operated compressor connected to littlePLC altogether operated by the MPC algorithm,
efficiency of the HVAC system is highest possible for this type of HVAC distribution. MPC is a
relatively new technology mostly used and tested in big infrastructures, nevertheless, it is one of
the key elements in efficient HVAC system operation so including it in Membrain concept is
expected. Innovation is a key part of Membrain’s control system as the team has developed a
functional PLC unit and a wireless sensor network instead of using industrial components; it is a
feature that greatly reduces system costs and provides a system of automation financially viable
for small building design.
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5.5.3 Innovation in Energy Efficiency

5.5.3.1 Electrical system innovation

One of the innovative aspects of the Team UNIZG house is its flexibility in the context of electricity
consumption and production. To appreciate the importance of that flexibility it is necessary to
understand the recent developments in the electrical power grids. Today there are two major
challenges which electrical power engineering is trying to address. The first one is to reduce the
electricity consumption peaks. As show on the figure below, the electricity consumption significantly
varies over time. In order to ensure reliable delivery of electricity, every part of the grid (transmission
lines, transformers, circuit breaker, etc.) 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.
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Figure 166 - Croatian power system daily load profile

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
“model citizen” 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.
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Figure 167 - Different demand side management services

One of the possible control strategies is to reduce electricity import and export peaks, as well as
reducing electricity import during power system peak hours (late afternoon). This is achieved by
managing flexible loads (heat pump, fridge, etc.) and using the batteries with the help of sensors
and communication technology. The Team UNIZG house will have several flexible loads, listed in
table below, which will be fully or partly controllable when needed:

Table 54 - Flexible loads in Team UNIZG house

Load Average daily consumption [KWh]

Dishwasher 0,93

Washing machine 0,69

Clothes dryer 1,02

Refrigerator with deep freezing 0,41

Electric stove 2,65

Oven 0,348

v 0,158

Blue ray 0,764

Lighting - inside 1,3

An example of control strategy is shown on the figure below. There are two cases shown:

Case |, where the electrical balance towards the grid is shown by the green line. Import and export
of the energy with the grid are determined by the difference between PV generation and
consumption of the loads in the house.

Case Il shows the desired behaviour of our house. All of the flexible loads are shifted into periods
with high PV generation, reducing the load in the upcoming hours. Batteries are charged during
sunny hours, and discharged several hours later, when the grid peak load occurs. The orange curve
is more beneficial for the grid, as less energy is imported (some energy is even exported) during the
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peak, late afternoon hours. One more benefit is the overall reduction of import/export peaks. This
example is not based on the real data, but it illustrates the principles that will be implemented.
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Figure 168 - Example of modifying the consumption curve

This kind of system behaviour will be enabled by the high level of control over the electrical
equipment. Control algorithms will be implemented in the central control unit, which will simplify
changes in the desired behaviour. The introduction of control algorithms and DSM has a series of
short-term and long-term benefits for the customers, energy suppliers and the network operator. A
short overview of the benefits for the customer is given in the table below. These benefits have to
be thoroughly explained to the customers via various educational programs and media who have
incalculable effect on the public.

Table 55 - Overview of customer benefits from smart metering

Customer’s benefits

distributed generation output

Short term Energy savings as a result of | Variable pricing schemes
improved information
More frequent and accurate billing | Better customer service

Long term Simplification of payments for | Additional payments for wider

system benefits

More reliable energy supply and
reduced customer complaints

Facilitating adoption of home
area automation for more
comfortable life

In addition, implementation of DSM has various other objectives such as achieving the specific
trade schedule with the grid, maximization of the profit depending on varying electricity prices or
CO2 emission minimization (taking into account varying CO2 emissions from the grid).
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Figure 169 - Varying CO2 emissions in French power system over time

5.5.3.2 PV system innovation

Innovative approach is also used in control of the tilt of the solar panels. Solar panels installed will
have the ability to change their slope from roughly 10 to 50°. The obvious way to utilize that ability
is to change their angle over the year as the height of the sun above horizon changes. However, the
change in the slope can be used to take advantage of the diffuse radiation during cloudy weather.
In that case, slope of the solar panels should be minimal, as that position captures most of the
diffuse radiation. During the very sunny or very cloudy days it is obvious how to control the solar
panel’s tilt: sunny days require solar panels facing the sun, and the cloudy weather requires them
to be horizontal. The question is how to deal with days with partial cloud cover. It is not efficient to
constantly adjust the solar panel tilt as the moving mechanism might use up more energy than it
would be gained. To address that issue, researchers at the University of Zagreb have developed an
advanced algorithm2 which will be used in the operation of Team UNIZG house (see figure below).

Figure 170 - Tracking different irradiances

2 M. V. N. P. Marko Gulin, »Dynamical optimal positioning of a photovoltaic panel in all weather conditions,«
Applied Energy, br. 108, pp. 429-438, 2013
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5.5.4 Innovation in Communication and Social Awareness

In order to approach general public more efficiently our intention is to be as creative as possible.
Since this project is unique in Croatia, it is important to mention that the Membrain concept is not
only an exhibition house. After the exhibition in Paris, it will be rebuilt in Zagreb as a part of future
Campus Borongaj project and used in educational, promotional and informational purposes. That
fact makes this project unique. Furthermore, our main mission is to inform and awake people about
ecological problems which are more and more expressed. We can accomplish that task by
resumption of representation the Membrain concept as a house which cares about nature.

An initiative planned to attract the attention of all people is the Membrain Flash mob. It will be held
in May at Ban Jelacic square, Zagreb’s main square. Details about the Flash mob will be determined
in the next few weeks.

For the purpose of introducing the Membrain concept to the other universities/faculties in Croatia,
we are planning a tour through all bigger cities and universities in Croatia in spring 2014. There will
be held presentations about the Membrain concept on courses which are related to our project.

To mark The Day of Renewable Energy, we will organize a ‘City Center One’ event in one of our many
national shopping malls, which is located in two cities, Zagreb and Split. We will exhibit the
Membrain setup and organize an art workshop for children ‘Draw your sustainable house’. Also we
will exhibit materials which are used in construction process. Other details and activities will be
determined in the next few weeks.

Even though business cards do not have big influence in social awareness, we are proud to
distinguish with unusual business card form, as shown in the Material for the Project
Dissemination.
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5.5.5 Innovation in Urban Design, Transportation and Affordability

Flexibility is not a completely new subject in urban design, but in our opinion it hasn't been exploited
enough. Furthermore, there haven't been any attempts on flexible urbanism in Croatia yet.

The house can be built anywhere, but there can also be a group of houses (varying in their layouts)
grouped together to form specific urban combinations. Elements (housing units) can be added or
withdrawn from a certain group in order to create different relations between the units. Also, a unit
can change the function it accommodates. For instance, half of the units in a housing cluster can
become workstations thus combining the habitants living and workplace.

The cluster can be expanded and reduced in size horizontally and vertically, it can even be divided
and relocated. All the units can be transformed individually in size and function. This wide range of
changes allows the cluster to adjust to its habitant's needs live a living organism.
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5.5.6 Innovation in Sustainability
5.5.6.1 Wood wool

During our research and designing we have noticed an interesting material - wood wool. It is
already used throughout Europe, United States, Russia and S.E. Asia, mainly for roofs, floors and
walls. To make wood wool insulation panel wood fibers are jointed with cement mixture. Material
possesses countless advantages compared to panels produced with organic resins: high durability,
good dimensional stability, acoustic and thermal insulation properties and low production cost. It
has both the advantages of inorganic and organic materials. Compared to most other materials, it
could be said it is environmentally friendly and sustainable; however, we believe it could be much
more and have decided to make a real improvement to production process, sustainability, price
and social impact the material could have.

Figure 171 - Main components of Wood Wool panels: wood fibres, cement and water

Today, wood wool is made in large plants, using different kinds of wood and cement. Material itself
is quite easy to make - mixing water and cement creates a cement paste which is then poured over
wood fibers, mixed and set into a mould in order to dry. The problem is that good and healthy trees
are cut down in order to get wood fibers by shaving the logs and the production of cement is one
of the most environmentally unfriendly processes known. The main problems affecting the
manufacture and use of wood wool are the inhibitory effects of wood on the setting of cement and
the high specific gravity of the final product. That is why industry has turned to use of an array of
chemicals and additives in order to negate those inhibitory effects.

To solve inhibition problems, it is common to add inorganic chemicals, known as accelerators, to
accelerate the cure of cement or use pre-treatment such as aqueous extraction to remove inhibitory
substances from wood. Cement chemicals accelerators usually improve the properties of wood
wool. There are many papers concerning the use of cement curing accelerators such as SnCl2,
FeCls, AICIz and CaCl2 and pre-treatments of wood particles to improve the properties of wood wool.

This is where we have decided to improve at first but afterwards expanded even more. Our goal is
to produce wood wool insulation for the engine room in Membrain house and we want it to be as
‘green’ as possible.

Croatia has a lot of forests and wood and timber industry has a real importance in our economy
and society. Timber is the ultimate “green” construction material. During a tree’s lifetime, it
removes tonnes of carbon dioxide from the atmosphere. Wooden materials in the building industry
have always been popular worldwide as a result of their excellent properties. However, the process
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of wood production generates considerable amounts of waste. Wood appears in numerous waste
streams, from such diverse sources as domestic furniture to construction and demolition waste.
Wood waste represents a significant proportion of the general waste stream. In recent years, wood
wastes have caused environmental concerns and the topics of recycling systems and reuse
techniques of wood wastes are widely discussed and are becoming increasingly important.
Deposing that waste at the landfills is quite costly since our waste management centres are still in
the process of being designed and built.

Figure 172 - Croatian forest

Our wood wool is made as environmentally friendly as possible. We wanted it to have everything
which all the other mass produced wood wool does not have. Wood shavings taken from waste
instead of healthy trees, no additional chemical and cement which has less than 30% of clinker
and 70% of slag (another by-product considered to be waste) and low specific gravity. A perfectly
acceptable material practically created from “waste”.

Wood is a naturally renewable house building material, and is significantly more environmentally
friendly than other materials such as steel or PVC. We have decided to use “wood waste” in making
of our material. You can get wood shavings practically for free because to sawmill it represents
extra cost due to it being of no use to them and considered waste. Wood is chemically
heterogeneous and its components can be divided into two groups: structural components of high
molecular weight - natural polymer substances (cellulose, hemicelluloses and lignin), which are the
major cell wall components; and non-structural components of low molecular weight (extractives
and inorganic components). The content of polymer substances: cellulose 40-42 %, lignin 26-28 %,
hemicelluloses 29-34 % and extractives 5-10 %. Cellulose is insoluble in water, organic solvents
and alkaline solution. It does not mediate under the influence of these materials. Lignin is the most
complex polymer among naturally occurring high molecular weight materials. It does not
disintegrate under the influence of various organic solvents, alkaline solutions and water.
Hemicelluloses differ from cellulose by containing various sugar units with much shorter chains. It
is a group of different polymers made up of 5 and 6 carbon sugars. They are soluble in alkali and
some hard wood polyoses are even soluble in water. Disintegration of hemicelluloses to the
constituents in the alkaline solution increases the amount of extractives. Hemicelluloses are more
reactive than cellulose. The extractives are non-polymeric (except pectin sand condensed tannins)
and may be separated from the insoluble cell wall materials by solving them in water or organic
solvents. The presence of extractives results in corrosion of metals in contact with wood, inhibition
of setting of concrete, glue, and finishes, etc. Cement is an alkaline inorganic composite containing
a surface hydroxyl group. Wood, in general, inhibits the setting of cement with hardwood fibers,
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being the most inhibitory. Wood extractives were found to adversely affect the exothermic hydration
characteristics of Portland cement, which in turn affects the wood cement compatibility. The main
inhibitor of cement hydration is wood fibre soluble sugars and part of hemicelluloses, which under
certain conditions can be resolved in these sugars. It has also been found that along with sugars,
starches and tannins can inhibit cement setting. Other extractives that cause problems in cement
wood compatibility are resins and fatty acids, terpenes and terpenoids, simple sugars and salts.
Sugars in concentration as low as 0.03-0.15 wt. % in cement retard the setting time and affect the
strength of the cement. The main saccharides of different wood species are glucose and gallactose,
arabinose and xylose with mannose. Pozzolanic material added to the cement stimulates
combination of free Ca(OH)2 and active silica giving water-insoluble silicate hydrates. Set-
retardation may be primarily due to retarding of the hydration of tricalcium silicate through the
adsorption of organic admixtures onto calcium hydroxide.

Wood fibers which were used were made from fresh shavings of various wood species (fir, ash,
hornbeam, birch etc.).

Figure 173 - Wood fibers

Cement is a hydraulic binder, that is a finely ground inorganic material that is mixed with water to
create a paste, which by hydration reactions and processes links and solidifies, and that after curing
retains strength and stability under water. Cement, compliant with norm HRN EN 197-1 and HRN
EN 97-1, designated as CEM cement, if properly mixed with adequate proportions of aggregates
and water, has the ability to create concrete or mortar, which retains workability long enough to
shape, and after a certain time period achieves certain grades of strength and maintain long-lasting
volume.

Manufacturing cement is an energy-intensive process. It requires 3 to 6 million kilojoules of energy
and 1.7 tons of raw materials to make one ton of clinker. The process is a significant source of
carbon dioxide emissions, in addition to nitrogen oxides, sulphur oxides, and particulate matter.
Concrete manufacturing is one of the most significant sources of CO2 emissions from
manufacturing sources.

Considering the fact that cement production heavily burdens the environment we came to the
conclusion that in need of this material being environment friendly cement must be replaced with
another binder. Some natural binders, such as magnesite (which is also commonly used in wood
wool industry), may not be the perfect solution for this problem. Even though such binders do not
require damaging manufacture, they are natural resources, which means we have to be careful
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exploiting them. Another flaw, specifically for our project, is heavy impact of the transport, since
these resources are not local. Solution we came up with is cement with high percentage of slag.
Slag is a by-product 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 it's clear there is a need of reusing it somehow. Croatian cement factory “Cemex” produces
cement with 66% - 80% of slag and 20% - 34% of clinker. That is a very high amount of slag being
used in and we believe that by using that cement as a wood wool binder we can contribute greatly
to reducing slag waste in Croatia without exploiting natural resources or burdening the environment
with excessive clinker production.

Cement of choice in the making of the material was Cemex CEM lll/B 32,5N SR-LH. It is a sulphate
resisting slag cement with low hydratation heat and consisting mainly of slag (66-80%) and clinker
(20-34%). Unlike traditional Portland cement it utilises a very high quantity of slag - another metal
industry by-product considered to be waste. Also, its chemical composition has certain benefits
which enable easier hydratation of cement and mitigate to a certain extent the aforementioned
negative effect that wood has on cement hydratation.

Table 56 - Properties and composition of CEM IlI/B 32

TYPICAL PROPERTIES OF CEM lli/B 32,5N SR-LH
%S03 2,8+0,2%
%C3A 2,5+£0,5%
Chlorides 0,12+0,02%
Binding start time 18025 min
Early strength (7 days) 27+2 Mpa
Normal strength (28 days) 41+2 MPa
Heat of hydration <220J/g

TYPICAL COMPOSITION
Clinker + Plaster 30%
Slag 70%
Other 0%

Characteristics of the cement:

e high sulphate resistance owing to a substantial proportion of slag

e |low heat of hydration and reduced tendency of shrinkage and cracking

e significantly increase the strength of concrete at a higher age (after 28 days)
e longer start bonding
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e possible thermal treatment at an early stage in order to raise early strength
e significantly slowed diffusion of aggressive ions
e resistance to impact and aggressive clean water

Recommendations for use:

e construction in wet and aggressive environments rich in sulphates

e works in road construction, development of the foundations of bridges
e marine and coastal facilities

e underground works and soil stabilization and grouting

e systems for wastewater treatment

e sewage and drainage systems

e rrigation Systems

Properties of this cement, aside from being more sustainable than the usual Portland cement,
made our job easier due to its longer start of bonding and chemical composition.

In order to determine the best way of mixing we decided to try the three technologies. We used
three moulds - dimensions 0,45 x 0,45 x 0,05 m, nine weights - each weighing 9 kg, wood fibers,
cement and water.

In the first method of mixing the wood fibers are sprayed with water to such an extent until they
reach glow, then evenly strewn with cement through a sieve material (Figure 174).

Figure 174 - Spraying wood fibres with water and distributing cement over the wood fibres

In the second mixing method, we first put cement in a bowl, then kneaded the wood fibers into
cement (Figure 175) and finally sprayed with water.
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Figure 175 - Mixing the dry wood fibres with the cement

In the third method, we separately mixed cement and water in order to get the cement slurry in
which we kneaded the dry wood fibers (Figure 176).

Figure 176 - Mixing the dry wood fibres with cement slurry

Mixtures were then put into molds and left to dry for three days in a room which has air temperature
of 22 °C (Figure 177).

Figure 177 - Wood wool in moulds under a load
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After that we had to determine the correct mass ratios of wood fibers, cement and water. We also
wanted to test if it was possible to achieve consistency of the material without using any additives.
Following mixtures were made:

Table 57 - 6 different wood wool mixtures

w/c mwf(g) | mc(g mw (g) d (cm) V(m3) r(kg/m3)
M1 0,60 300 2500 1500 2,725 0,005518 | 535,9973
M2 0,65 300 2500 1625 3,125 0,006328 | 444,7921
M3 0,70 300 2500 1750 2,950 0,005974 | 353,4128
M4 0,60 400 2500 1500 3,875 0,007847 | 400,6691
M5 0,65 400 2500 1625 3,800 0,007695 | 392,9695
M6 0,70 400 2500 1750 3,813 0,00772 | 361,0476

w/c - water/cement ratio, mwf - mass of wood fiber, mc - mass of cement, mw - mass of water,
d - thickness of specimen, V - volume of specimen, r-density of specimen

These samples were left under a load of 36 kg to settle down for three days. After that, we took
them out and put to dry. We found that all the samples had excellent consistency and achieved a
certain level of rigidity (Figure 178).

Figure 178 - Samples after drying

Samples with highest water-cement ratio achieved the least density. Given that less dense
materials have better absorption properties (for frequencies lower than 2000 Hz) we have selected
samples M3 and M6 (same water-cement ratio of 0.7, but different amounts of wood fiber) for
further testing.
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Figure 179 - Densities of samples after drying

We have decided to perform further tests on samples M3, M6 and DRVOLIT AKUSTIK DA (Figure
180) by using Kundt's tube to get an approximate sound absorption coefficient for all three
products. Kundt’'s tube (Figure 181) is used today only for demonstrating standing waves and
acoustical forces. DRVOLIT AKUSTIK DA will be used as the reference product, therefore we will use
its absorption coefficient as a guideline for the selection of the sample that we will produce for
insulation of the engine room in Membrain house.

Two samples were prepared for testing in Kundt’s tube:

Table 58 - Samples prepared for testing in Kundt’s tube

w/c mwf(g) | mc(g) mw (g) d (cm) V(m3) r(kg/m3)
M3 0,70 300 2500 1750 3,5 0,007088 | 355,5728
M6 0,70 400 2500 1750 3,5 0,007088 | 391,0835

w/c - water/cement ratio, mwf - mass of wood fiber,

mc - mass of cement,
d - thickness of specimen, V - volume of specimen,

r- density of specimen

Figure 180 - Samples: DRVOLIT AKUSTIK DA, M3 and M6
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Table 59 - Densities of samples M3, M6 and DRVOLIT AKUSTIK DA

d (cm) r(kg/m3)
M3 3,5 355,5728
M6 3,5 391,0835
DRVOLIT
AKUSTIK 3,5 414,2857
DA

d - thickness of specimen, r- density of specimen

Figure 181 - Kundt’s tube apparatus

We plan to perform many further tests on this new material such as testing in a reverberation
chamber, flammability testing, permeability to water, thermal conductivity, tensile and pressure
strength tests, in order to observe its behavior and how it compares to other available products.
Even so, wood wool offers obvious environmental and sustainability benefits. Material is very cheap
to produce. Two most expensive items are cement and manpower. Since it wasn’t made in a big
facility or plant it significantly reduces the carbon footprint and embedded energy used in the
production.

Our goal was not to make a material which has high load capacity, but a porous and light one, which
can be used for covering the facade and provide better thermal and acoustic insulation. It is highly
resistant to humidity, pests, insects and fire. We are currently testing all of those properties in a
certified laboratory and will soon be able to compare the performance of wood wool with other
similar materials on the market. When done with all the testing, we are going to produce insulation
panels for the engine room in our house.
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Figure 182 - Engine room 3D model

Wood wool is very easy to handle. It is light and can be cut with a saw into any shape you wish. We
haven’t observed any problems while dyeing it and we are planning to dye it in three different colors
to create some sort of mosaic in our engine room. At first glance it looks scruffy, but it can easily
be transformed and become aesthetically pleasing. Installation of wood wool is another easy thing
about it. Gluing works extremely well and offers a lot of flexibility.

-
3

Figure 183 - Cutting and mounting idea

Another interesting and useful thing is that this is a material that practically anyone can produce at
home with very little effort and knowledge. Croatia has a lot of problems with the insulation of
buildings. Most of them were built a long time ago when insulation was unheard of or uncommon
practice. Also, a lot of people after building their homes don’t have the financial ability to insulate
the facade. This could be a viable method of achieving that. It could also be used in third world
countries to accomplish the same goal since this material is not too dependent on the type of wood
used.
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5.6 Sustainability Report

Membrain’s sustainability report is based on the motive that technological optimism in
collaboration with environmental standards is the response to problems of environmental capacity
and the impact on the environment.

The environment is a complex set of physical, geographic, biological, social, cultural and political
conditions that surround an individual or organism and this set of conditions have influence on our
way of living and behaving. Carrying capacity is a term that stands for the highest density of species
that may occupy a habitat or ecosystem without degrading the ability of that habitat for future
species. Sustainable development is the concept of using resources while preserving them for
future generations, and having no irreversible impact on ecosystems. There are two views in
achieving this goal:

e Technocentrism, which is identified with anthropocentric view of the world where there
are no limits for development and unlimited commitment to economic growth and
scientific and technological optimism that will give an answer to every environmental
problem.

e Ecocentrism is the second view where there are ecological and social limits to growth,
reducing the use of natural resources at the level of the bearing capacity of the
ecosystem, and respecting the complexity of ecosystems, as well as the limits of human
understanding and elitist expertise.

Technological optimism is a vision that will increase the number of technological improvements in
areas such as food production, environmental quality and energy and facilitate the sustainability of
human life and existence as a response to the increasing number in the total population of people
in the world. But some experts do not support this vision because they find that technological
optimists can deceive mankind with anticipation of continuing occurrence of technological
advances with increasing estimation of prices. They promote the idea of a stable politics that will
enable mankind steady state of using resources in response to the possibility that technological
innovations fail. On the other hand, by educating people in lifelong cultural behavior and rational
use of resources, optimists believe that the idea of technological developments can take hold in
sustainable development.

Since the world can’t be all black and white, through the development of project the team decided
to use the best of both directions and offer society the Membrain.

5.6.1 General Concept of the project and Sustainability

If one were to explain the general concept of our house in few terms, it would more likely be the
absence of a specific concept or context. The concept of Membrain, though clear and simple, is
hardly a concept in the conventional meaning - in a way, the concept itself is to avoid a specific
concept, and embrace a principle, one very present in all aspects of life and behavior.

It is the principle of a membrane and its content - which is similar to the relation of a house to the
life which occupies it. Physically, the house is not a volume, but a membrane - a thin envelope
which defines the difference between in and out, safe and uncertain, livable and unsuitable.
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Our concept, so to say, was to create such a membrane which would implement the very principles
of sustainability which we described previously. The integration of technological innovation (heat
pump, PV tracking systems, smart house, PCM), usage of sustainable materials (wood, sheep wool),
rainwater collection, treatment of wastewater and reduction of waste in general, reduces the
ecological “footprint” of the envelope and the life inside it to a minimum - but also increases the
level of awareness and consciousness of its inhabitants towards their environment.

To put it briefly - our principle is the envelope, the Membrain, which defines the living space of the
user, and our concept is to make it highly sustainable and comfortable for the user, with the local
resources in our disposition.
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5.6.2 Urban Design, Transportation and Urban Design

Membrain's adaptable urban strategy (described previously in the chapter of the Urban Design,
Transportation and Affordability Report), is based on the same principles as the house itself -
simplicity, modularity and adaptability. These principles are implemented through modular
planning inside an urban grid, developing complex social, economic and cultural spaces through
the usage of simple Membrain units. The units themselves are adaptable to a wide variety of
purposes, thus serving as “transformable cells” of a complex urban organism.

The horizontal modularity gives way to endless possibilities for forming different urban layouts,
inside a variety of grids formed by transportation lines, while the vertical modularity (stacking
several units to form a higher building) provides a relatively high density - applicable to different
ranges of urban zones - low-rise and medium-rise housing, services, tourism, etc. - the key contents
of the Croatian urban context.

Of course, the urban design also implies solutions in not-so-urban contexts, which constitute a large
portion of Croatian territory. The rural parts of Croatia (in the continental regions as well as the
Mediterranean) frequently require small service structures such as schools, local communities and
self-governments, libraries, post offices and shops - which usually imply an expensive and
inefficient construction process, often not using the local materials but transporting from distant
sites and constructing by expensive technologies.

The Membrain, in this case, would serve as a cheap and effective solution - offering quick,
inexpensive, locally based and easily manufactured structures with high energy standards and
minimal ecological impact. In some cases, almost all of the material could be provided locally and
the working force would be the local community. The technology and material would be adapted to
the local resources (for instance - the insulation may be sheep wool, as well as wood wool, straw
bale and other local resources) and the usage of the space defined by the modular grid of the
Membrain.
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5.6.3 Bioclimatic Strategies: Passive design strategies

There are several aspects of passive design strategies to be considered in the Membrain concept:

There are two types of insulation used in this project - sheep wool and glazing, the advantages of
the first being its cost efficiency and local affordability, while the seconds is translucent, thus
enabling sunlight and heat exploitation. By means of the Membrain, we wanted 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 facade, 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.

During summer, the winter garden space is a buffer, and the warm air inside is allowed to escape
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 -
the warmed up air is used to contribute to the warmth of the void. At night, this space serves as a
buffer again. It can be seen in the figures below, that the PV tracker is operating synergistically with
the previously described use of the winter garden, as shown in the Figure 184.

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, as shown in the Figure 184.

By having three facades translucent, we also had to think of ways to provide appropriate sunshade,
avoiding overheating during summer. The eastern and western facades are partially protected by
plants grown in the greenhouse. In order to ensure complete shading and outside view protection
if needed, there are roll up shades on each side. They shades are placed outside the outer glazing
layer, and are rolled up horizontally. The south facade is protected by an innovative building
integrated PV tracking system (which is explained in more detail in a separate section). The three
translucent facades provide a large portion of daylight, while previously described means of
shading enable a fine control of the daylight factor.
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Figure 184 - Use of winter garden for maintaining an optimum indoor climate during summer and winter (top and
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5.6.4 Construction system

Manufacturing of the house elements will be performed under controlled conditions in which they
will be easily monitored for energy, time and materials consumption. Elements of the house will be
produced in dimensions that will allow the optimal number of trucks required for transport. Total of
eight trucks are predicted to transport the construction elements from Zagreb to Versailles. On the
other hand the dimensions of the elements and their assembly methods are designed to perform
quick and energy-efficient construction of the house. The main construction machines that will be
used in building process are tower crane, forklift and cherry picker. Team UNIZG will also hire a
truck mounted crane that will be also used for transporting the elements from Zagreb to Versailles.
This truck will be set up as an additional machine on the site that will be also used as a crane to
avoid unnecessary organizational delays and to speed up the process of assembling the house as
well as to save time and energy. House Membrain consist of completely prefabricated elements so
there will be small amount of waste, which will be sorted and recycled.
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5.6.5 Materials

5.6.5.1 Materials Selection

For the main material of our house we selected wood for its availability in Croatia. Forests in Croatia
have a long history of serving the nation's survival and for economic recovery. It gives a man the
necessary materials for life from the cradle to the grave (cradle, lumber, paper, furniture, woodwork,
floors, ceilings, wall coverings, fuel wood, coffin, etc.) so that life without the wood can't be
imagined. Croatian forests in the history of our nation enabled its economic progress (especially
Slavonian oak) and because of their exploitation and sales, many railways, roads, bridges and even
entire cities were built. Croatia is in the wooded countries in Europe with more than 0.50 ha per
capita, and the forests are one of the biggest Croatian national wealth.

Total area of forests and forest land in Croatia amounts to 2, 688. 687 ha which is 47% of its total
land area. Forests are classified according to their purpose as well. The Forest Act states that
according to their purpose, forests can be:

e Commercial
o used for the production of forest products, next to the preservation and
improvement of their welfare functions
e Protective
o serve for the protection of soil, waters, settlements, etc.
e Forests with special purpose:
o protected nature areas (reserves, national parks, nature parks, nature monuments,
important landscapes, park forests)
o forests and parts of forests registered for production of forest seed (seed stands)
o forests for scientific research
o forests for defense of the state

Figure 185 - Croatian forest

The term "growing stock" depicts the total volume of wood mass in a certain forest, which indirectly
defines the quality of that forest, too. The term "increment" shows the quantity by which this volume
is increasing every year, which is again a figure that depicts the availability of wood for usage by
men.

“Hrvatske Sume” are applying the principles of sustainable management for hundreds of years
already. Significantly less wood is taken from the forest than it is growing every year, and as trees
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of lesser quality are constantly cut, it is clear that our forests are the more beautiful the longer they
are managed.

Some people are worried when passing through some wooded parts of country and seeing parts of
forests cut, thinking that foresters cut the trees clear. They are wrong. What looks like a clear cut,
is actually a young forest only a few years old. And when one oak falls down, that should be looked
on like birth of a few thousand of them, who cannot live in the shadow of their ancestors and can't
wait for their chance. That is why some tree species simply have to be managed in a regular way,
as foresters say. It is important to notice that felling, which looks like clear cut, happens only on
small areas, whereas at the level of a management unit the total growing stock is either the same
or even higher with time.

In the forests of Gorski kotar forest management is different. In that region the selection
management is applied, so that every couple of years, individual ripe trees are taken out, opening
in that way space for young growth. Beech and fir are species that enable such kind of
management. Looked at from the outside, it seems as the forest is not changing at all, although by
this method the same quantity of wood is exploited as in the regular forests. As the selection forests
cannot be classified by age, they are classified in tables according to their diameter class.

Wood stock by types in Croatia

MW Fagussylvatica

B Quercus robur

W Quercus petraea

M Carpinus betulus

m Abies alba

W Fraxinus angustifolia

Picea ahies

Other

Figure 186 - Wood stock by types in Croatia

Pedunculate/English oak (Quercus robur) is a deciduous tree of the genus oak family Fagaceae. It
is a tree with height of 40 m (exceptionally up to 50 m), and the tree can reach a diameter of up to
3 m. This is a tree that can reach an age of 500 - 800 years. Its treetop is broad, irregular and well
branched.

Pedunculate oak requires deep, clay or sandy, fertile, mostly wetlands, with a high level of
groundwater. Less thrives on shallow dry soil. Because of that, pedunculate oak habitat is
predominantly in illuvial - lowland soils or slightly hilly terrain. There he is represented in the pure
pedunculate oak forests or in combination with hornbeam, ash etc.

PROJECT MANUAL #4, 2014 258



‘team ﬁ SO|aI'
“ UNIZG /z..,‘ Eecathlon

urope

Figure 187 - Pedunculate oak (Quercus robur)

Silver fir (Abies alba Mill.), Coniferous tree species of temperate regions of the Northern
Hemisphere, the third most widespread forest tree species in Croatia, after beech and oak tree.
Silver fir is represented with 50% in coniferous forests Croatian. Silver fir is the only Abies genus
native in Croatia. In Gorski Kotar fir has exceptionally favorable conditions and achieves high
quality. It grows up to 40 m (in the jungles of up to 60 m), reaches a thickness greater than 1.5 m
in diameter at breast height. The trunk is cylindrical. Treetop is initially conical, and can be
straightened in the later age, as cut off. It is very sensitive to winter cold and frost, requires high air
humidity and tolerate well snow and hail. It is threatened due to the effects of acid rain.
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Figure 188 - Silver fir (Abies alba)

Spruce (Picea albies) is a coniferous wood species of the family Pinaceae. It grows in northern
Europe and mountainous regions of central and southern Europe. It is grown outside the natural
habitat because it grows quickly, provides high-quality wood and is commonly used as a Christmas
tree. In Croatia it is an indigenous species. Spruce is 50 meters high and 2 meters thick wood. Its
trunk is straight and slender, up to 1 m in diameter. Treetop is tight and columnar. In our country it
is populated in the areas of northern Velebit. We distinguish its two ecotypes with respect to
resistance to the frost. It loves areas with plenty of rainfall and it is very sensitive to summer
drought. However, is one of the most adaptable species and is easily grown beyond the boundaries
of its habitat.
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Figure 189 - Spruce (Picea albies)

Penduculate oak

For hardwood floor we chose oak, a native Croatian species of lowland area. It is the most
aesthetically valued species with great physical and mechanical properties and high durability.
Pedunculate oak is the most common choice in floor making because its lively texture. Its color
enriches both traditional and modernly decorated spaces. Because of its durability Pedunculate
oak is used to build houses since ancient times that are now protected and make the cultural
heritage of the area.

Table 60 - Technical properties of pedunculate oak

TECHNICAL PROPERTIES
density (g/cms3) 0,390-0,790
tangential stability 9,4
hardness (daN/cm2) 470-1140
speed of sound in the grain direction (m/s) 3381 - 4310
color stability Medium
change of water Slow
possibility of setting in the kitchen, bathroom and on underfloor heating Medium
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Silver fir and spruce

For structural and wall elements we chose fir and spruce, a native Croatian species of mountainous
regions. With beech and oak these are the most common wood species. They are mostly used in
making structural elements where they are irreplaceable. Main advantage of these wood species
are low density, easy and fast drying, easy processing and gluing, as well as relatively low cost
compared to wood species such as larch or pine. Although these are poorly durable wood species,
they can be used on wooden facades with appropriate constructional and physical protection,
surface treatment. They have the possibility of maintaining and restoring in order to achieve
aesthetic effect, environmental standards and low cost.

Table 61 - Technical properties of spruce and fir

TECHNICAL PROPERTIES
SPRUCE FIR

density (g/cm3) 0,300-0,640 0,320-0,710
bending strength (daN/cm?2) 490 - 1360 470-1180
compressive strenth (daN/cm2) 310-590 350-790
compressive strenth (daN/cms3) 210 -2450 480 -1200
shear strength (daN/cm?2) 40-120 37-63
modulus of elasticity (daN/cm?2) 73000 -214000 66000 - 172000
work to maximum load (KJ/m?2) 10-110 30-120
natural durability rating 4 (poorly durable)

Glued Laminated Timber (Glulam)

Of the structural building materials, wood has the lowest energy requirements for its manufacture,
significantly reducing the use of fossil fuels and pollution of our environment compared to other
materials. As part of a structure, wood’s natural insulating properties (many times higher than steel
or concrete) reduce the energy required to heat and cool the structure for its lifetime. Wood is
reusable, easily recycled, and 100% biodegradable. Advantages of these materials in particular are
that they can be harvested from second- and third-growth forests and plantations. Glulam elements
provide the strength and versatility of large wood members without relying on the old growth-
dependent solid-sawn timbers because they are made by gluing individual thin timber layers
together. They reduce the overall amount of wood used when compared to solid sawn timbers by
diminishing the negative impact of knots and other small defects in each element. Wood has a
greater tensile strength relative to steel - two times on a strength-to-weight basis - and has a
greater compressive resistance strength than concrete. Glulam wood is naturally durable and
robust. Glulam offers excellent fire resistance, unlike other alternatives, and provides a known
charring rate bringing safety and integrity to our structure. Glulam is chemically stable and suitable
for aggressive and humid environments. The layers are bonded together using formaldehyde-free
and environmentally-friendly adhesive which makes up less than 1% of the entire product.
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Figure 190 - Glued laminated timber slabs

Wood Wool

Wood wool panels for acoustic insulation of the house are made by binding wood fibers with
cement. Wood fibers are a completely organic product that has very good technical properties, while
the cement mixture is used for fiber bonding; it also strengthens the element and increases its fire
and moisture resistance. Important property of wood wool panels is that debris from the timber, i.e.
out of all wood parts which remain unused after the production of structural elements, beams,
columns and the like, can be used for fibers. Therefore, for the production of such insulating boards
it is not required to procure new raw material since all healthy and acceptable wooden remains can
be utilized.

Figure 191 - Wood wool

Considering the fact that cement production heavily burdens the environment we came to the
conclusion that in need of this material being environment friendly cement must be replaced with
another binder. Some natural binders, such as magnesite (which is also commonly used in wood
wool industry), may not be the perfect solution for this problem. Even though such binders do not
require damaging manufacture, they are natural resources, which means we have to be careful
exploiting them. Another flaw, specifically for our project, is heavy impact of the transport, since
these resources are not local. Solution we came up with is making wood wool panels with cement
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which has high percentage of slag (as described in chapter 5.5.6.). 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 it's clear there is
a need of reusing it somehow. Croatian cement factory "Cemex” produces cement with 66% - 80%
of slag and 20% - 34% of clinker. That is a very high amount of slag being used and we believe that
by using that cement as a wood wool binder we can contribute greatly to reducing slag waste in
Croatia without exploiting natural resources.

Sheep Wool

For thermal insulation of the house we choose sheep wool. Croatia is a country with long tradition
in sheep breeding and farming. Even though sheep farming is developing more and more,
nowadays it’s focused on production of meat, cheese and milk and not on making products from
sheep wool. Sheep are sheared once or twice per year and since there is no organized collecting
system in Croatia the wool is being left in the nature making unregulated dumps. Raw sheep wool
is slowly biodegradable and hard flammable material, which causes difficulties with its disposal.
The discarded wool does not allow plants to grow, smells and becomes lair for bacteria and rodents,
becoming ecological and health problem.

Figure 192 - Discarded sheep wool

According to the data base, there is about 1200 t of discarded sheep wool in Croatia and the quality
of that wool is not good enough to make fine products, but it is acceptable for making carpets and
thermal insulation. Using sheep wool as an insulation material leads to unregulated dumps large
decrease. Because of their crimped nature, when wool fibers are packed together, they form
millions of tiny air pockets which trap air, and in turn serve to keep warmth in during winter and out
in the summer. Wool's unique advantage is its breathability. It's ability to absorb and release
moisture from the surrounding air, without compromising it's thermal efficiency. When wool fibers
absorb moisture, they generate tiny amounts of heat. This warmth acts to prevent condensation in
construction cavities by maintaining the temperature above the dew-point in damp conditions. This
property creates a natural buffering effect, stabilizing heat changes that occur with relative
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humidity. Practically, this reduces the need to keep adjusting heating or cooling levels as wool
insulation will keep a buildings cooler during the day and warmer during the night.

To make wool insulation panels wool is washed in an environmentally friendly way with soda and
soap and moth repellent is added during textile processing, so there is no hazard to human health
and panels can be reused or recycled as compost.

Figure 193 - Life cycle of sheep wool

Powder Coated Steel

Powder Coated Steel is used for foundation system. Powder coating is a dry finishing process.
Powder coatings are based on polymer resin systems, combined with curatives, pigments, leveling
agents, flow modifiers, and other additives. These ingredients are melted, mixed, cooled and
ground into a uniform powder similar to baking flour. A process called electrostatic spray deposition
(ESD) is typically used to achieve the application of the powder coating to a metal substrate.
Representing over 15% of the total industrial finishing market, powder is used on a wide array of
products. More and more companies specify powder coatings for a high-quality, durable finish,
allowing for maximized production, improved efficiencies, and simplified environmental
compliance. Powder coated products are more resistant to diminished coating quality as a result
of impact, moisture, chemicals, ultraviolet light, and other extreme weather conditions. In turn, this
reduces the risk of scratches, chipping, abrasions, corrosion, fading, and other wear issues.
Because powder coating materials contain no solvents, the process emits negligible, if any, volatile
organic compounds (VOCs) into the atmosphere. It requires no venting, filtering or solvent recovery
systems such as those needed for liquid finishing operations. Exhaust air from the powder booth
can be safely returned to the coating room, and less oven air is exhausted to the outside, making
powder coating a safe, clean finishing alternative and saving considerable energy and cost.
Theoretically, 100 percent of the powder over-spray can be recovered and reused. Even with some
loss in the collection filtering systems and on part hangers, powder utilization can be very high.
Over-sprayed powder can be reclaimed by a recovery unit and returned to a feed hopper for re-
circulation through the system. The waste that results can typically be disposed of easily and
economically.
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5.6.5.2 Incorporated Energy

The embodied energy of a building material can be taken as the total primary energy consumed.
This would normally include (at least) extraction, manufacturing and transportation. Ideally the
boundaries would be set from the extraction of raw materials (including fuels) until the end of the
products lifetime (including energy from manufacturing, transport, energy to manufacture capital
equipment, heating and lighting of factory, maintenance, disposal etc.), known as ‘Cradle-to-Grave’.
It has become common practice to specify the embodied energy as ‘Cradle-to-Gate’, which includes
all energy (in primary form) until the product leaves the factory gate. The final boundary condition
is ‘Cradle -to-Site’, which includes all of the energy consumed until the product has reached the
point of use (i.e. the building site)

“Cradle-to-Gate” - Glued Laminated Timber

1. Transportation

In some cases, the transport of raw and processed materials consumes a significant amount of
energy. Logs are harvested in the forest and weight about 1 tone/m3. A large part of this is water
which is removed later in the production process. Logs are transported from the forest in trucks on
road built for the purpose. Processed timber is also transported and it is relatively light material
and weighs 500 kg/m3. That is much lighter than the approximate 2,500 kg/m3 weight of concrete.
We also need to considered the transportation from Zagreb to Paris and backwards.

2. Manufacturing structural timber

The conversation of raw resources into a usable product typically uses the most energy and creates
the most pollution in the life cycle of a building product. However, compared product such as plastic,
timber requires only minor processing. Also, the manufacture of rough sawn timber uses vastly
less fossil fuel energy per unit volume than does that of steel, concrete or aluminum. Table shows
that the fossil fuel energy required to manufacture rough sawn timber is 1.5 MJ/KG while the
manufacture of aluminum requires 435 MJ/kg of fossil fuel energy.

Table 62 - Fossil fuel required to produce four common building materials

Material Fossil fuel energy (MJ/kg) Fossil fuel energy (MJ/ms3)
Rough sawn timber 1.5 750
Steel 35 266000
Concrete 2 4800
Aluminium 435 1100000

Also, timber stores up to 15 times the amount of CO2 released during its manufacture, whereas

steel and aluminium store negligible amounts.

3. Dressing and molding
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The process of planning the wood surface to a smooth finish is known as dressing. Molding is simply
the shaping of timber into forms other than rectangular. Dressing and molding are relatively simple
industrial processes and they do not use much energy.

Wood wool

Wood wool panels for acoustic insulation of the house are made by binding wood fibers with
cement. Wood fibers are a completely organic product that has very good technical properties, while
the cement mixture is used for fiber bonding; it also strengthens the element and increases its fire
and moisture resistance. Compared to most other materials, it could be said it is environmentally
friendly and sustainable; however, we believe it could be much more and have decided to make a
real improvement to production process, sustainability, price and social impact the material could
have (as described in chapter 5.5.6.1).

P R

N\ T

\ /{’ 1) N 79 aty
T'w\\ > 4/» “ Q‘.’Q{

& . ““7”; ROTS ‘5:’

&

Figure 194 - Main components of Wood Wool panels: wood fibers, cement and water

Today, wood wool is made in large plants, using different kinds of wood and cement. Material itself
is quite easy to make - mixing water and cement creates a cement paste which is then poured over
wood fibers, mixed and set into a mold in order to dry. The problem is that good and healthy trees
are cut down in order to get wood fibers by shaving the logs and the production of cement is one
of the most environmentally unfriendly processes known. The main problems affecting the
manufacture and use of wood wool are the inhibitory effects of wood on the setting of cement and
the high specific gravity of the final product. That is why industry has turned to use of an array of
chemicals and additives in order to negate those inhibitory effects.

This is where we have decided to produce our own wood wool for acoustic insulation of the engine
room and improve at first but afterwards expanded even more. Our goal is to produce wood wool
insulation for the engine room in Membrain house by ourselves and we want it to be as ‘green’ as
possible. To achieve that we also needed to replace cement with another binder.

Manufacturing cement is an energy-intensive process. It requires 3 to 6 million kilojoules of energy
and 1.7 tons of raw materials to make one ton of clinker. The process is a significant source of
carbon dioxide emissions, in addition to nitrogen oxides, sulphur oxides, and particulate matter.
Concrete manufacturing is one of the most significant sources of CO2 emissions from
manufacturing sources.

Considering the fact that cement production heavily burdens the environment we came to the
conclusion that in need of this material being environment friendly cement must be replaced with
another binder. Some natural binders, such as magnesite (which is also commonly used in wood
wool industry), may not be the perfect solution for this problem. Even though such binders do not
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require damaging manufacture, they are natural resources, which means we have to be careful
exploiting them. Another flaw, specifically for our project, is heavy impact of the transport, since
these resources are not local. Solution we came up with is cement with high percentage of slag.
Slag is a by-product 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 it's clear there is a need of reusing it somehow. Croatian cement factory “Cemex” produces
cement with 66% - 80% of slag and 20% - 34% of clinker. That is a very high amount of slag being
used in and we believe that by using that cement as a wood wool binder we can contribute greatly
to reducing slag waste in Croatia without exploiting natural resources or burdening the environment
with excessive clinker production.

Croatia has a lot of forests and wood and timber industry has a real importance in our economy
and society. Timber is the ultimate “green” construction material. During a tree’s lifetime, it
removes tonnes of carbon dioxide from the atmosphere. Wooden materials in the building industry
have always been popular worldwide as a result of their excellent properties.

However, the process of wood production generates considerable amounts of waste. Wood appears
in numerous waste streams, from such diverse sources as domestic furniture to construction and
demolition waste. Wood waste represents a significant proportion of the general waste stream. In
recent years, wood wastes have caused environmental concerns and the topics of recycling
systems and reuse techniques of wood wastes are widely discussed and are becoming increasingly
important. Deposing that waste at the landfills is quite costly since our waste management centers
are still in the process of being designed and built.

That is why we have decided to use “wood waste” in making of our material. You can get wood
shavings practically for free because to sawmill it represents extra cost due to it being of no use to
them and considered waste.

Figure 195 - Wood fibers

Our wood wool is made as environmentally friendly as possible. We wanted it to have everything
which all the other mass produced wood wool does not have. Wood shavings taken from waste
instead of healthy trees, no additional chemical and cement which has less than 30% of clinker
and 70% of slag (another by-product considered to be waste) and low specific gravity. A perfectly
acceptable material practically created from “waste”.
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Figure 196 - Our efforts to produce wood wool insulation by ourselves

Another interesting and useful thing is that this is a material that practically anyone can produce at
home with very little effort and knowledge. Croatia has a lot of problems with the insulation of
buildings. Most of them were built a long time ago when insulation was unheard of or uncommon
practice. Also, a lot of people after building their homes don’t have the financial ability to insulate
the facade. This could be a viable method of achieving that. It could also be used in third world
countries to accomplish the same goal since this material is not too dependent on the type of wood
used.

Sheep wool

Sheep wool, provided it is not imported from long distances, has a very low level of embodied
energy, since unlike many other insulation materials it is a natural product manufactured without
any input energy, and is processed with only minimal energy consumption.

Being made from a naturally produced fiber, sheep wool insulation requires less than 15% of the
energy required to produce than glass fiber insulation. It can absorb and break down indoor air
pollutants, such as formaldehyde, nitrogen dioxide and sulphur dioxide. Wool is a sustainable and
renewable resource, that has zero ozone depletion potential and at the end of it's useful life can be
remanufactured or biodegraded. Sheep wool insulation is safe and easy to handle and no protective
clothing or special breathing apparatus is required to install it. Sheep Wool Insulation also requires
only a fraction of the energy to produce compared to that of man made counterparts. This means
that Sheep Wool Insulation will pay back its energy costs more than 5 times sooner (only 15 kW of
energy are used to produce 1 m3).

Table 63 - Embodied energy
Density

Material Energy MJ/kg kg/m3 Volume m3 Total (MJ) MJ/m2
Footing
Plywood pad 15 600 5.248 47232000 683333.33
Steel 19.8 7860 0.61 94933.08 1373.45
Polypropylene 99.2 950 10.05 947112 13702.43
(Buzons)
Superstructure
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Glue Laminated
timber (wooden 12 380 26.1 119016 1721.88
slab)
Roofing - Waterproofing - Frame
Panels of oriented
fibred (OSB) 15 650 1.45 14137.5 204.54
Glue Laminated
timber (wood 12 350 1.44 6048 87.5
pillars)
Sheep wool 20.9 50 7685 8030825 116186.70
PVC 77.2 1200 0.1695 15702.48 227.18
Backing wall - Ceiling - Interior Joineries
Plaster 6.75 900 0.486 2952.45 42,71
Timber 8.5 400 122.419 416224600 | 6021767.94
Aluminium 214 2700 4.84 2796552 40459.38
Exterior Joineries and Facade
Wooden facade 7.8 800 0.82 5116.8 74.03
elements
GLT (wall) 12 500 2.376 14256000 206250
Glass 15 2900 2.751 119668500 | 1731315.1
Wood wool 20 90 0.54 972 14.0625
Sheep wool 20.9 50 746 779570 11278.50
Heating - Ventilation - Cooling
Stainless steel 56.7 7500 0.00064 272.16 3.9375
Aluminum 214 2700 0.004 2311.2 33.4375
Copper 42 8900 0.0012 448.56 6.49
HDPE 76.7 600 0.04 1840.8 26.63
EPDM 89 1000 0.0018 160.2 2.32
PVC pipes 77.2 1100 0.0303 2573.076 37.23
Photovoltaic Panels ; Batteries
Monocystalline 4750 2330 0.0059 65298.25 944.71
Temp;;esdsso'ar 26.2 2420 | 0.118528 | 7515.15 108.73
Aluminium 214 2700 1.05 606690 8777.34
Copper 42 8900 0.04 14952 216.32
PVC compound 77.2 1100 110.561 | 9388840120 | 135833914
Lead 25.21 11340

Embodied energy values are usually expressed in energy used per kilogram - but for any useful
comparison to be made between materials, thermal performance and material density need to be
included.

5.6.5.3 Incorporated CO2

The embodied carbon of a building material can be taken as the total carbon released over its life
cycle and it is subject of rising importance. Modern society is underpinned by an intricate web of
economic and social activities; commerce, transport and leisure interwine providing support to not
only sustain, but also enhance our way of life. However we have created unprecedented
environmental impacts and significant demands upon our natural resources. Clearly concerted

PROJECT MANUAL #4, 2014 270



Solar

/ Decathlon
»" Europe

‘team
‘\ UNIZG

action must be taken: not only to limit, but also to reverse any long term damage, and thus ensuring
that we live on this planet in a sustainable manner.

Most energy used in the production of building materials is derived from fossil fuels, and embodied
energy is a significant indicator of material's impact on the carbon cycle. As timber and other forest
products are largely made from atmospheric carbon, they do not have the same relationship
between embodied energy and the carbon cycle as other major building materials.

As part of the process of photosynthesis, trees give off oxygen and absorb carbon dioxide from the
air and sequester (store or fix) it in woody tissue. To produce 1 kg of wood, a tree takes 1.47 kg of
CO2 and returns 1.07 kg of oxygen to the atmosphere. In effect, the tree acts as a storage sink for
carbon. Carbon storage does continue in the ecosystem in, for example, leaf litter in the forest floor.
Timber in buildings and wood in other products sequesters carbon from the atmosphere for at least
as long as the building stands or the material is used and for much longer if the timber is not burnt.
Timber buildings form a considerable carbon sink. Using wood materials in construction ensures
that the CO2 remains fixed for long periods. The embodied carbon of timber products is low relative
to many other construction materials. As with all plant-based materials, carbon is stored during tree
growth and continues to be stored through its use as a building material. At the end of its life,
carbon is released either through natural decomposition, returning other nutrients to the soil, or
through the generation of heat/energy by burning it as a fuel, either way providing a comparatively
highly efficient end-of-life treatment.

Table 64 - Embodied carbon

Embodied .
Material Carbon kg CO2 IID(ensny Volume m3 Total (kg kg CO2/m?2
g/m3 CO2)
per kg
Footing
Plywood 1.07 600 5.248 3369216 48744.44
Steel 1.37 7800 0.61 6518.46 94.31
Polypropylene 2.7 950 1005 | 2577825 | 372.95
(Buzons)
Substructure
Glue Laminated
timber (wooden 0.67 5380 29 104533.4 1512.35
slab)
Roofing - Waterproofing - Frame
OSB (Panels of 1.12 650 1.45 1055.6 15.27
oriented fibred)
Glue Laminated
timber (wooden 0.67 350 1.44 337.68 4.89
slab)
Sheep wool 1.2 50 7685 461100 6671.01
PVC 241 1100 0.2175 576.5925 8.34
Backing wall - Ceiling - Interior Joineries
Plaster 0.12 900 0.486 52.488 0.76
Timber 0.72 400 12.1 3484.8 50.42
Aluminium 8.25 2700 4.84 107811 1559.77
Exterior Joineries and Facade
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Wooden facade 7.8 800 0.746 4655.04 67.35
elements
GLT (wall) 0.67 500 2.376 795960 11515.63
Glass 0.85 2900 2.751 6781215 98107.86
Wood wool 0.98 90 0.54 47.628 0.69
Sheep wool 1.2 50
Heating - Ventilation - Cooling
Stainless steel 6.15 7500 0.00064 29.52 0.43
Aluminum 8.25 2700 0.004 89.1 1.3
Copper 2.6 890 0.0012 2.7768 0.04
HDPE 1.6 600 0.04 38.4 0.56
EPDM 2.69 1000 0.0018 4.842 0.07
PVC pipes 2.41 1100 0.0303 80.3253 1.16
Photovoltaic Panels; Batteries
Monocystalline 242 2330 0.0059 3326.774 48.13
Temp;;esiso'ar 1.27 2420 0.118528 | 364.28 5.27
Aluminium 8.25 2700 1.05 23388.75 338.38
Copper 2.6 8900 0.04 925.6 13.39
PVC compound 2.41 1100 110.561 | 293097211 | 4240411.04
Lead 1.57 11340
Maintenance plan
Table 65 - Maintenance tasks
Part of . Who will do the
building Maintenance task work? Frequency
ROOF
1.After a
tormy
Inspect roofs areas from the ground and , S
Roofs area report any loss or damage to the roof Unskilled or weather
generally , voluntary
coverings 2. Every
year
Metal parts Inspe<.:t the condition of panels,.Jomts Skilled volunteer Twice 3
and clips. Make temporary repaints to from team or
of roof ) year
crack and splits. contractor
Weathering Inspect the condition of lead flashings Skilled volunteer
sand o from team or One a year
. and weathering’s.
flashing contractor
EXTERNAL WALLS
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1.After a
External Inspect external walls from the ground and , stormy
. . . Unskilled or weather
1 walls accessible high points and report any damage voluntary
generally and signs of movement. 2.Every
year
Skilled
I Make sure that ventilation grilles, air bricks, volunteer from | Once a
2| Ventilation
louvers and so on are free from blockages. team or year
contractor
Skilled
) Check that roofs and windows are bird-proof volunteer from | Twice a
3 Windows .
before nesting starts. team or year
contractor
) Inspect window and make essential minor Unskilled or Once a
4 Windows . .
repairs to glazing. voluntary year
5 Doors and Check hinges, bolts and locks and lubricate as Unskilled or Twice a
windows necessary. Check the security of locks. voluntary year
Foliage and
'ag Check the trees in yard and report any dead ,
large trees ) , Unskilled or Once a
6 branches and signs of ill health, or root damage
close to - . voluntary year
to the building or below-ground drainage.
walls
INTERNAL STRUCTURE
1.After a
. . : . stormy
Internal Inspect roof voids and internal spaces, particularly | Unskilled
1| spaces below gutters. Report on any evidence of roof or or weather
generally gutter leaks. voluntary 2.Every
year
fabric includi f
Internal .Inspect the structure and fabric inc udlng roo Unskilled
timbers and bell frames and report any signs of
2 | structure or Once a year
. structural movement or damp, fungal growth and
and fabric voluntary
dry rot.
Roof and . . Unskilled .
3 floor Check roof and floor spaces for signs of vermin and or Twice a
remove. Avoid use poison. year
spaces voluntary
HOUSE SERVICES
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Lighting Visually inspect the lighting-conductor system | Lightning Once 3
protection including spikes, tapes, earth rods and all conductor car
installation connections and fastenings. engineer y
Approved
. . . code of Once a
Heating system Service the heating system. .
practice year
engineer
Make sure that all exposed water tanks, Unskilled Once 3
Water water pipes and heating pipes are protected or car
against frost. voluntary y
Fire-fightin L L - Once a
. gnting Service fire extinguishers. Specialist
equipment year
Fire protection e . .
Get a qualified engineer to test an service the - Once a
and smoke ) . Specialist
fire-detection and smoke-alarm systems. year
alarm systems
Control system . . L Once a
y Test the system and inspect the wiring, Specialist
for house year
Wiring and . .. .
. Inspect all wiring and electrical installations o Once a
electrical . . . Specialist
, . in line with current regulations. year
installation
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5.6.6 Active Systems and Equipment

5.6.6.1 HVAC

Global consumption of primary energy to provide space heating/cooling, lighting and other building-
related energy services grew up due to growth in population, urbanization and industrialization.
These appliances are the main part of the energy consumption in buildings which plays an
important role in consumption of energy all over the world. Unfortunately, non-renewable energy
sources or electricity, especially fossil fuels, provide for these purposes. Nowadays, most of the
energy is used for keeping our living and working spaces at comfortable temperatures to provide
better environment. However, low efficient equipment is still used for these purposes. Therefore,
energy utilization in an efficient way for space heating and cooling is very important for the
development of the energy systems. Although, excessive utilization of non-renewable energy
sources leads to several environmental issues, such as acid rain, global warming, ozone depletion
due to an intensive increase in the level of carbon emissions.

03
0,2
0. -

Qil Electricity Heatpump Heat pump
(COP 3) (COP4)

= kg CO2 per kWh

Figure 197 - Carbon footprint comparison

Heat pumps offer the most energy-efficient way to provide heating and cooling in many applications,
as they can use renewable heat sources in our surroundings. They also have the smallest CO2
footprint of all today’s energy sources. Even at temperatures we consider to be cold, air, ground
and water contain useful heat that's continuously replenished by the sun. By applying a little more
energy, a heat pump can raise the temperature of this heat energy to the level needed. There are
various types of heat pumps. In our project we will be using Air supply heat pump (ASHP).

Heat pump efficiency is measured by the CoP (Coefficient of Performance). This is a measure of the
ratio of useful heat output by the heat pump to the amount of energy input for operation. The CoP
is typically between 3 and 5. Efficiency can also be measured by the SPF (Seasonal Performance
Factor) which can be regarded as an average CoP for the entire heating season. This takes into
account variations in weather and is thus a more accurate measure of efficiency. In house
designing one of the goals is to create such environment that will minimize heat losses and thus
increase efficiency of whole conditioning system.
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Figure 198 - Energy losses in heat pump operation

The heat pump that will be used in this project is going to be manufactured by local firm so transport
costs will be minimized. The compressor and housing are usually made from reinforced steel but
the evaporator and condenser are made from low alloyed steel. Other parts of the heat pump such
as the pipework, electrical cables and expansion valve are all made from copper. Pipes are
insulated with polymeric material (elastomere) and the cables are mostly insulated with PVC. First,
we decided that the refrigerant used in heat pump will be R-134a (1,1,1,2-tetrafluoroethane), but
after extensive research it was found that R410A refrigerant is more potent and effective. The heat
pump will be charged with R-410a refrigerant. R-410a is a high efficiency refrigerant blend of R-32
(Difluormethane CF2H2) and R-125 (Pentafluoroethane CF3CHF2). Many sources say that R-410a
is the most efficient refrigerant on the market and it is stated that users may experience energy
savings of anywhere from 2% to 5% which leads to significant drop of carbon footprint. R-410a is
an environmentally conscious refrigerant because its ozone depletion potential is zero but it has a
global warming potential of 2100 which is acceptable in comparison with other refrigerants. The
ASHRAE gave R-410a a rating of Al for safety. R-410a operates at higher pressures which allow
use of smaller components and piping.
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Figure 199 - R410A properties

The units are considered maintenance free, only requiring a top up of refrigerant. Metal and plastic
components make a minor contribution to the heat-pump footprint, only 2-3% of the overall value
compared to the refrigerant footprint which is significant.

Heat - pump footprint, base case average
2%

m Refrigerant
= Power

® Equipment

Figure 200 - Heat pump footprint

The installation process for Air source heat pump is minimal compared to the Ground source heat
pump which require extensive drilling and/or digging over a large area.

A lifetime of 20 years has been assumed for the heat pumps. At the end of the life cycle, metal
components are recycled as are the polymeric parts and insulation materials. The rest of the waste
is landfilled. The remaining refrigerant is reused, assuming losses of 20% during extraction process.
Life cycle of heat pump is shown on figure below (T meaning transport).
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Figure 201 - Heat pump life cycle

As shown in figure below, compared to other countries in Europe, Croatia is in relatively good
position regarding CO2 emission via heat pumps. But are the heat pumps always the best solution?
For example, Poland has significantly more heat pumps that Croatia yet CO2 emissions are sky high.
It's because heat pumps use electricity and almost every power plant in Poland uses coal. Because
of electricity production mostly from fossil fuels, gas boilers would be better solution for heating
when CO2 emission is considered. In Croatia, heat pumps are very suitable for domestic and
industrial use because significant part of electricity is produced from renewable sources and
nuclear energy (Krsko nuclear plant). Apart from water source heat pumps, Croatia is also very
favourable for geothermal heat pumps because geothermal gradient is 30% higher than the Europe
average (0,05°C/m vs 0,035°C/m). We can conclude that use of the heat pumps causes no
carbon dioxide emission in those countries where only renewables or nuclear power stations
produce the electricity. For this reason, Norway or Sweden present nearly almost ideal situations
for heat pump usage.

Tracking system

In order to increase efficiency of solar modules they will be placed on tracking system. Membrain
solar tracker is unique because it acts like a roof, provides shade, channels rainwater and increases
PV efficiency. In order to make it light, cheap and reliable materials had to be chosen carefully.
Prefabricated aluminum profiles will be used for tracker construction. Apart from properties, we are
using aluminum for our main construction because it is one of the most recyclable materials. To
recycle it, we need to use only 5% of energy needed to manufacture new primary aluminum. This
construction is designed in a way that part of the load is distributed through our driving mechanism
so usage of aluminum is minimized. Even though aluminum production carbon footprint is
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substantial in this project use of aluminum is justified through merging multiple systems together
in the form of PV tracker.
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Figure 202 - Metal production CO2 emission

Compared to steel, aluminum takes more energy to produce and its production emits more CO2 in
the atmosphere. Having that in mind, aluminum was still the first choice over steel. If weight of both
is compared for the same construction, and nonexistent corrosion resistance of the steel is taken
into account, choice is obvious. In order to make steel corrosion resistant for long period of time
toxic coatings and materials would have to be used. Pound for pound steel is more environmentally
friendly but weight of the construction if steel is used would be 60% more compared to aluminum.
More weight means higher maintenance and transport costs. Sustainability is not about material,
it’s about final product.

Phase change material

Phase change materials (PCMs) are an innovative technology that can reduce HVAC energy
consumption in buildings and houses. PCMs are substances capable of storing or releasing large
amounts of energy. Heat is released or stored through phase change, when the material changes
from solid to liquid it absorbs latent heat but during phase transition from liquid to solid it releases
latent heat.

Significant amount of PCM will be put inside the ventilation channel. The function of this PCM mass
is reduction of peak loads. For example during hot summer days the outside air is precooled (PCM
melts and absorbs heat) before entering and mixing with inside air which results in decrease of
cooling load, consequently the heat pump consumes less electricity and the overall carbon footprint
of the house is significantly reduced. During night when the outside air is cooler, PCM is regenerated
(it congeals and releases heat).

We will use RUBITHERM® RT25HC as out phase changing material. RUBITHERM® RT25HC is
chemically inert and ecologically friendly (organic PCM) and has virtually unlimited product life. The
material melts/congeals between 22°C and 26 °C with main peak at 25°C. Heat storage capacity
varies around 230kJ/kg and the manufacturer indicates that performance remains stable during
phase change cycles.

PROJECT MANUAL #4, 2014 279



%6 Solar

“fu tt‘jaﬁlzc; Wy Decathion

Figure 203 - Phase change material
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5.6.7 Solar Systems

5.6.7.1 Energy recovery time

As Membrain is planned for two locations, Zagreb and Paris, it is necessary to calculate the
greenhouse gas emissions per produced kWh per year with respect to these two locations. This has
been done with program RETScreen. The input data for the calculation are parameters of the PV
system as well as of the inverter, location of the system, and transmission and distribution losses.
RETScreen contains base cases for average greenhouse gas emissions per kWh of electricity
generated in Croatia and in France. Therefore, if we calculate the total emission savings per year,
this amounts 1.7 t CO2/year for Zagreb which is equivalent to 729 litres of gasoline not consumed
(Figure 204).

GHG emission

factor T&D GHG emission
Base case electricity system (Baseline) excl. T&D, losses factor
Country - region Fuel type tCO2IMWh %
Croatia [ Antypes | 0.236 [ 16.0% ] 0,281
Electricity exported to grid MWh 7 T&D losses
GHG emission
Base case tcoz 2,0
Proposed case tcoz 0.3
Gross annual GHG emission reduction tcoz 1.7
GHG credits fransaction fee % I:|
Net annual GHG emission reduction tcoz2 1.7 is equivalent to 729 |Lmres of gascline not consumed

Figure 204 - RETScreen calculation for Zagreb
For Paris the savings are lower due to the lower base case and amount 0.5 t CO2/year which is
equivalent to 201 liters of gasoline not consumed (Figure 205).

Emission Analysis

GHG emission

factor T&D GHG emission
Base case electricity system (Baseline) excl. T&D! losses factor
Country - region Fuel type tCO2/MWh % tCO2/MWh
France [ antypes | 0.079 | 5.0% | 0,083
Electricty exported to grid MWh H T30 losses
GHG i )
Base case tco2 05
Proposed case tC02 0.0
Gross annual GHG emission reduction tco2 0.5
GHG credis transaction fee % ‘:
Net annual GHG emission reduction tco2 0,5 is equivalent to 201 Litres of gasoline not consumed

Figure 205 - RETScreen calculation for Paris

To calculate total emissions and savings of the solar system, it is necessary to observe its life-cycle.
The life-cycle of solar system (i.e. photovoltaic) covers material production (e.g. mining, smelting,
refining, purification), solar cell- and PV module production, system operation and maintenance,
system decommissioning, and disposal or recycling. The parameters that determine the life-cycle
are initial efficiency, the efficiencies degrade over the system lifetime, the lifetime of the system
and performance ratio. We assumed that the initial efficiency of the multi-Si is 14.2 % and the
lifetime of a PV system was set at 30 years, as recommended by guidelines from the International
Energy Agency (IEA). Total emissions in life cycle for observed solar system is 45 g/kWh. If we
include total emissions in life cycle of solar system in calculation of total emissions and savings of
the Membrain solar system, total emission savings per year for Croatia are 1,38 t CO2/year and for
France 0,23 t CO2/year.
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In terms of energy efficiency of solar system, an important parameter for observing is the energy
pay-back time. A popular belief still persists that PV systems cannot "pay back" their energy
investment within the expected lifetime of a solar generator - about 30 years. This is because the
energy expended, especially during the production of solar cells, is seen to outweigh the energy
eventually generated.

Data from recent studies shows, however, that present-day systems already have an energy
payback of 1 to 3.5 years, well below their expected lifetime. Energy payback time depends on the
solar cell technology and installation location. According to the data from German Fraunhofer
Institute, since geographical conditions for Zagreb and Paris are very similar (irradiation ~1500
kWh/m2/a), we can assume that energy payback time for Membrain solar system will be 2.1 year.

5.6.7.2 CO2 emissions

Implementing a home solar energy system is a great way to reduce carbon footprint, cut greenhouse
gas emissions and help fight global warming (Figure 206). When calculating CO2 emissions for solar
energy system in the house few parameters should be calculated. Firstly, the geographic location
and the average greenhouse gas emissions per kWh of electricity produced for the observed
country and life cycle of solar system from its production to decommissioning and recycling.
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Figure 206 - Prediction of CO2 emissions until 2050 with several reduction schemes

Accessibility

PV modules

PV system requires little maintenance. It is recommended to check the status of the modules at
least once each six months. However, if the system output drops at any time during sun hours, a
check should be performed to remove any dust, tree leaves or other dirt from the modules.

To clean the modules, the maintenance agent can simply use a ladder and climb safely up the roof.
Once up, the agent can use water and a non-abrasive detergent to wash them.
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The visual inspection also includes checking possible broken glass. Then those broken glass should
be replaced.

Solar grid inverter and Quattro inverter/charger

The inverters should be checked every three months for any visual signs of external damage. The
status indicators can be cleaned also with a cloth. In case of any inverter shutdown, the module
branch belonging to that inverter should be checked and cleaned to remove shadowing and a reset
should be done on the inverter.

The housing has to be mechanically sound. In case of damage (cracks, holes, missing covers) that
endanger the operating safety, the device needs to be immediately deactivated. Larger particles of
dirt are removed from the device with a soft brush while dust is removed with a damp cloth.
Depending on the ambient conditions it is necessary to clean the fans only at a standstill either
with a vacuum cleaner or a soft brush. The control elements can also be cleaned with soft, damp
cloth without the usage of solvents, abrasives or corrosive liquids. It's important to regularly check
whether error messages are present.

Batteries

Type of battery integrated in the PV system of Membrain do not need water replacement and no
residues of electrolytes appear in the battery contacts. That is the reason why they were called
maintenance-free. Pressure valves are used for sealing and cannot be opened without destruction.
Therefore, they are defined as “Valve-Regulated” lead-acid batteries (VRLA-batteries).

To ensure the reliability and longevity of the battery bank, regular maintenance is required.
a) Work to be performed every six months
Take the following measurements and record the measurement values:

e Voltage of the complete battery bank.

e Voltage of a few selected batteries in the battery bank.

e Surface temperature of a few selected battery in the battery bank.
e Temperature in battery room.

If the battery voltage deviates from the average float charge voltage by more than +1.2V / battery
or -0.6V / battery and/or if the surface temperature of selected battery in battery bank differs by
more than 5°C, contact customer service.

b) Work to be performed annually
Take the following measurements and record the measurement values:

e Voltage of the complete battery bank.

¢ Individual voltage of all batteries in the battery bank.

e Surface temperature of all batteries in the battery bank.

e Temperature in battery room.

e Perform a visual check of all screwed connectors.

e Check all screwed connectors to make sure that they are firmly secured.
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Visual check of battery racks or battery cabinets.
Check to make sure that the battery room is properly ventilated.

c) Cleaning of the battery

Cleaning the batteries on a regular basis is necessary to maintain battery availability and to meet
accident prevention regulations. Before cleaning is carried out, each component of the system
should be isolated. This would involve switching off circuit breakers to and from the battery bank.
While cleaning the batteries you must wear safety goggles and safety clothes. Plastic battery
components must be only cleaned with pure water. After cleaning the battery surface has to be
dried with appropriate measures, like antistatic cleaning cloth (e.g. cotton). Batteries should be
cleaned at least once per year.

Wiring and protections

An inspection should be taken every six months. Following should be checked:

the terminals; check if they are loose, overheated or burned out. If any wire is burned it
should be replaced

the wiring skin; to detect any possible defects and to be fixed with self-adhesive tape
oxidation in welding and circuits of PV modules (caused by the entrance of humidity across
the enclosures)

the connecting pin wiring of the PV modules to check for failures in pressure

the connection between the other equipment, checking power values

the sealing of the PV modules, to replace any affected elements, avoiding future
malfunctions

the protection equipment, including all the relays, following the instructions of the
manufacturer

In case of any inconvenience or doubt, the manufacturer’s datasheet should be checked
for further instructions concerning the maintenance.
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5.6.8 Water

At the beginning of the third millennium the United Nations proclaimed the new International
Decade for water (2005-2015). Project ,Water Life“ determined water from Croatia as very
important economic asset. Both foreign and domestic science agrees that Croatian water resource
has economic value that exceeds the local and regional significance. In fact, according to a report
on the water supply, which is made by UNESCO in up to 188 countries, Croatia is in Europe in the
high third position, only two northern countries: Norway and Iceland are richer in water resources.
Croatia according to the report has 32,818 cubic meters per year of renewable fresh water per
capita and therefore belongs with among 30 richest countries in the world with water supply. In
addition, Croatia is among the few countries where the public water supply guarantee and provide
drinking water for their citizens. The amount of the assessment of ground water supplies have a
total annual capacity of 9,133 million cubic meters, with the majority of stocks (7132 mil/m3)
situated in karst - carbonate aquifer and the rest in alluvial area. It is significant because about 90
percent of the water in Croatia is obtained from reserves of groundwater. Today water from the
public water supply in Croatia supplies about 80 percent of the population. Till 2015th is planned
to finish project of expansion of national water supply where wil