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Abstract

CENERGIA is a consulting engineering company, distiabd in 1982 by four
employees at the Thermal Insulation LaboratorjpatTtechnical University of
Denmark (now: byg.dtu).

EPS students of the IHK were asked to design aleevgy house. This gives the
company a fresh insight into a low energy houséyddsom the mixed students. This
year 48 students applied for the EPS program, nyakielve mixed teams, 2 teams
designing a low energy house.

At the beginning, a brief was given to direct tlejgct in accordance with the
CENERGIA criteria’s. All teams had to work freedpnd organise themselves. The
aim of this project is designing a low energy howbéch have to reach Class 1

(Danish standard class when house use less thak\B&h/m2 per year).

Yearly energy consumption, kWh/m?

710

50,7

E-ramme Klasse2 Klassel

ASCOT program from company CENERGIA

Our project plan:
Project review: February 24th
Interim report March 19th
Project review 2: February 24th
Final report: June 3th
Exam: June 16th

At the end of the semester and with the help of EPS teachers, both team had
developed a low energy house project for the CENERGIA.
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1. Introduction

The team is composed of four students from diffecenntries but we all
have followed the same course in the IHK (Copenhdgygversity college of
Engineering) during the 2010 spring semester. ¢hisse is the EPS (European
project Semester) program for exchange students.pfbgram is composed of
different theoretical courses and a project.

This report compiles all the information relatirtgpat the team project.

1.1 Work team

Student Nationality School

Oskars Pudzs Latvian LLU

Leo Caumeil French IUT de saint-etienne
Andres Rubio Spanish EPSEVG

Hernandez

Sylvain Robic French IUT de Cholet

1.2 Brief of the project

At the beginning, a brief was given to direct thejgct in accordance with
CENERGIA criteria.

It defines the problem and gives the objectivesilfd.
Assignment: Design a low energy house
Client: CENERGIA
Scope: CENERGIA plans to design a low energy house inrbank, Copenhagen
Design requirements for a low energy house:
Must:
- Effective lighting
- Electric control system
- Effective ventilation system
- Effective heating system control
- Effective building thermal isolation

- Use sun energy (Solar photovoltaic panel, s@ature, use daylighting)

Nice to have:



- Use wind energy
- Use garbage energy (electricity/heat generaton foiomass)

Project plan:

Project review: February 24th
Interim report March 19th
Project review 2: April 8th
Final report: June 3rd

Exam: June 14+15+16th

2. Methodology

2.1 Product functional model “A low energy house”

— == Useful functions
———= |nsufficience functions
— = Harmful functions

wood briquettes

Lost energy

‘ hot water %>‘ Low energy house ‘

‘heat pumpR

‘ electricity

garbage

‘ Wind generator ‘

Wind

Solar capter ‘ Solar panel ‘

sorting

Sun

Inputs Functions Outputs
Water Surplus energy
s Place for people who works
un energy Effective use of energy Wasted energy
Gas energy Sell energy (containment structure, ventilation system)
- Respect nature .
Wind energy Collect energy Garbage, pollution
Electricity Happy people :)




2.2 Clarifying objectives

2.2.1. Developing levels of objective “Low energy house”

Why

Save electric energy

Effective lighting | Electric control system

' How

2.3Task

Effective ventilation system |Heating system control |Building termal isolation

Save energy

Save heating energy

A low energy house

Use renewable energy

Use sun energy

Use wind energy

Use garbage energy

Ventilations and heating
system with air Recovery,
CO:2 control, variable air
supply

Wall, first floor, roof extra
layer of isolation,
glass package of 3 glass
with selective cover,
door with extra isolation

Solar
photovoltaic
panel

Solar
captor

2.3.1. Save energy

0 Save electric energy

Effective lighting

Electric control system

0 Save heating energy

Effective ventilation system

Heating system control

Wind genaration

e (Ventilation and heating system with air recovery
CO2 control, variable air supply)
Building thermal isolation

o Wall first floor, roof extra layer of thermal isolation,
glass package of 3 glass with selective cover, door
with extra isolation

2.3.2. Use renewable energy

Use sun energy

e Solar photovoltaic panel for electricity generation

e Solar capture for hot water

Use wind energy

e Small wind generator for electricity generation

Electric generation
from biomass




2.4 Responsibility matrix

OBS
% N £

WBS S |5 S

o 5 =

g |0 |< |®
Effective lighting S R
Electric control system S R
Effective ventilation system (Ventilation and S R
heating system with air recovery, variable alr
supply)
Solar photovoltaic panel for electricity R
generation
Building thermal isolation R S
Wall first floor, roof extra layer of thermal
isolation, glass package of 3 glass with
selective cover, door with extra isolation
Solar Collector system for hot water R
preparation and heating system
Calculate energy flow in 1 year S R S S
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3. Desk research
When starting a project, the first thing to doagyather as much existing

information as possible. That is the aim of thesldeesearch”. Information can be

taken from every existing source.

3.1Cenergia

CENERGIA ENERGY CONSULTANTS

CENERGIA is a consulting engineering company, dislaéd in 1982 by four
employees at the Thermal Insulation LaboratorjpatTtechnical University of
Denmark (now: byg.dtu). They work for sustainapilit building through
participation in national and international coopiera projects that:
- demonstrate new knowledge of energy savings &lhshtion of renewable energy
in building projects, e.g. in urban ecological paig;
- develop energy saving, sustainable technologigbdr and put these into practise;
- develop calculation tools for application by d@gsand total economic optimisation
of housing projects;

- provide and communicate new knowledge of sustainable building.

Their activities span initiation, planning and exation of demonstration
projects, contribution to process and product dgwekent via energy planning and
project management of international cooperatiopepte within these fields.

In Denmark, CENERGIA co-operates with housing asdmns, local
authorities, architects and other consulting ergying companies, suppliers,
contractors, the Danish Building Research Instjtiite Technical University of
Denmark and the Danish Technological Instituteaddition to this we co-operate
with an extensive international network of instsiand consultants.

Total economic optimisation

Preparation of a general concept of a new builetvofit housing project
based on a total economic optimisation of all ddestnergy saving technologies.
The total economic optimisation is based on loeadmeters, heating, gas, electricity
and water prices. The result - an economic prgaiion of all technologies - is used

as base for composition of a concept that givesmyph energy savings without an
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increase of the rent for the tenants. CENERGIAde&loped a special computer

tool, Optibuild, for total economic optimisation.

Solar energy- solar heating, PV-modules and passive solairgat
CENERGIA’s employees have more than twenty yeargedaence of development,

test, planning and follow-up on solar energy system

CENERGIA has participated in development of sotdlectors and storage
tanks and has planned a large number of smallaagé kolar heating systems,
including for municipal old peoples’ homes. CENERGIas experience of both
water and airborne solar heating systems and sgsitéti interseasonal heating

storage.

Within the PV field (PV = photovoltaic that is direct transformation of
sunlight to electricity), Cenergia works in a number of projects with inatigin of
PV-modules in the weather screen of a buildingof emd facades. CENERGIA is
initiator of the EU-JOULE project PV-VENT, where anternational cooperation
team examines and demonstrates the possibilitiaslising PV-modules to run

ventilation systems.

Passive solar heating is utilisation of solar eneygfor heating through
deliberate design and orientation of buildingsAs the building construction is
included as a storage for the solar energy, thigéss to be optimised by use of a
dynamic simulation programme where the temperatutiee building can be
calculated hourly. To obtain the best possiblasatiion of the passive solar heating it

is important to take this into consideration veaylgin the planning process.

CENERGIA has participated in the preparation of Bf8ctions and

Northern and international planning manuals withi@a solar energy field.

Ecology - low-energy building — sustainability
CENERGIA's basic attitude is that sustainable husettiement is not just

going to be for particular social categories, grasgs and fiery souls with the
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initiative and will to realise ecological buildirfigom the bottom, but should be a
realistic possibility for everybody.

Based on and know-how from development and pilofgets, we develop and
combine technologies that individually suit withiute house owners’ needs and
requirements. At the same time, materials, constng and installations are chosen
to future technology, which as regards reliabitipmes up to traditional technology

and whose operation is not unnecessarily compticael time-consuming.

Fields of activity:

Energy savings, heating (reduction of transmissioah ventilation l0ss);
Energy savings, electricity (lighting, refrigerdfogezer, washer, appliances);
Utilisation of solar energy (active and passiveasbkating and PV-modules);
Heating systems for low-energy housing, low temjeeaheating;

Heat recovery;

Healthy building materials;

Product and material assessment by use of life@gdessments;
Involvement of tenants through recognition of tagaurce circulation;
Compost toilets;

Urine collection;

Wastewater treatment;

Water savings;

Rainwater drainage (fascines);

Rainwater collection

Natural ventilation

Natural ventilation

Natural ventilation can in many cases be used adtrantage instead of
mechanical ventilation in schools and day-careresnCENERGIA has planned
several systems and has very positive experienmossthese. Today natural
ventilation is more than just opening and closingdews. With a rather simple
control system it is possible to open and closemamin either supply or exhaust
ducts, with which the CO2and temperature levelsorantrol e.g. the ventilation.

Moreover, dampers for air intakes are placed saithean be preheated, by means of
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which annoying draught are avoided. Several parersérm part of the analysis of
natural ventilation versus mechanical ventilatiba:what extent can the necessary air
change be reached with natural ventilation alonef® @ere a need to assist with a
ventilating fan? What consequence does it havettigtisually not possible to
recover heat from the exhaust air? What is the @ogrof mechanical and natural
ventilation respectively? CENERGIA is in possesaboomputer tools and the
necessary experience in application of these tovanthe questions above. We have
also made both quantitative (measuring of CO2 antperature) and qualitative
analyses of the air quality before and after tisgaittation of natural ventilation

systems.

Low-energy ventilation

Many ventilation systems have been made in theaes yeithout minding the
energy consumption. CENERGIA has several years2e&pce of optimising
ventilation systems from an energy-wise point eiwby using e.g. low-energy
ventilation fans and heat recovery with a highogicy. An energy economical total

assessment is usually made for each system.

Total economic optimisation

Preparation of a general concept of a new builetvofit housing project
based on a total economic optimisation of all gdestnergy saving technologies.
The total economic optimisation is based on loeadmeters, heating, gas, electricity
and water prices. The result - an economic prgaiton of all technologies - is used
as base for composition of a concept that givesmyph energy savings without an
increase of the rent for the tenants. CENERGIAde&loped a special computer

tool, Optibuild, for total economic optimisation.

Daylight

CENERGIA’s work on ventilation and thermal conditgohas had the result
that the company has included another importantiroamate factor, daylight, with
great advantage.

Together with acoustics, thermal comfort and aaliy light conditions
affect peoples’ wellbeing. CENERGIA has especialtyked on daylight in
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connection with other techniques that have an amfte on the daylight. E.g. the use
of natural ventilation means that most of the usedlows can be utilised as a
ventilation source. By working with optimisation @éylight combined with
optimisation of the natural ventilation it is pddsito make a design that takes both

matters into account.

Lifecycle assessment

CENERGIA works very deliberately on sustainable andlogical solutions.
This means that it is necessary to work with liftdeyassessments. A lifecycle
assessment means that the influence on the enwrdroha building is assessed from
production to transport of building materials, gyyeconsumption in a building and to
demolition of the building.

The word assessment is used instead of analysig ase aware that a
complete analysis requires a huge amount of infoamdérom producers and power
stations. To be able to give useful advice, CENERKAS participated in an EU-
Thermie project about development of a practicdl simple tool for lifecycle
assessment. The result is called BEEAM (Buildingrgy and Environmental
Assessment Method). BEEAM contains four methodh ditferent detail levels and
therefore it can be used in all phases of the phann

CENERGIA does also work together with the Daniskdech Institute on
their development of a Danish lifecycle assessmeygram "BEAT". We attempt to

affect the program to tend towards a practical tootonsultants.

Advanced calculation and simulation

CENERGIA's role as a developer requires expert Kedge within advanced
calculation and simulation methods. Therefore, CRISEA keep informed within the
research world through participation in Danish artdrnational projects.
CENERGIA’s employees have wide experience in ariccgetinuing training in
development and application of advanced simulatiethods so we can go through
innovative development projects when standard &atiom methods are insufficient.
CENERGIA have both calculation programmes that eselhdeveloped ourselves or
participated in the development of (Optibuild, BEB#Aand commercial available
programmes (TRNSYS, COMIS, SUNCODE, etc.).
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3.2 Building insulation

The building insulation is very important for rexig the energy consumption
of the heating system. It make the building easievarm up and make it also easier
to keep a constant temperature in the Building. ditergy consumption of the
heating system represents the biggest part ofeéokigy consumption of the building.
A good insulation combine with an efficient heatsygtem reduce a lot the energy

consumption.

3.2.1.Heat transmission mode

It is important to know how heat is transferrdds ltransferred by conduction,
convection or radiation, or by a combination ofthtee. Heat always moves from
warmer to colder areas; it seeks a balance. Iéxtterior of a Building is colder than
the indoor air, the Building draws heat from thside. The greater the temperature
difference, the faster the heat flows to the colter.

Conduction

By this mode, heat energy is passed throughi@, $iguid or gas from
molecule to molecule in a material. In order fao treat to be conducted, there should
be physical contact between particles and somedsanpe difference. Therefore,
thermal conductivity is the measure of the speedukat flow passed from particle to
particle. The rate of heat flow through a speatfiaterial will be influenced by the
difference of temperature and by its thermal condifyg.

Convection

By this mode, heat is transferred when a heatrégbaior liquid moves from
one place to another, carrying its heat with ite Tate of heat flow will depend on the
temperature of the moving gas or liquid and omate of flow.

Radiation

Heat energy is transmitted in the form of lighd,infrared radiation or another
form of electromagnetic waves. This energy emarfates a hot body and can travel
freely only through completely transparent mediae &tmosphere, glass and
translucent materials pass a significant amounadiaint heat, which can be absorbed

when it falls on a surface (e.g. the ship’s dedfase on a sunny day absorbs radiant
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heat and becomes hot). It is a well known fact lilgat-colored or shiny surfaces
reflect more radiant heat than black or dark segatherefore the former will be
heated more slowly.

In practice, the entry of heat into a Buildinghe result of a mixture of the
three modes mentioned above, but the most signtfitede is by conduction through

walls and flooring.

3.2.2.Definition

The thermal properties of insulating materials aticer common Building
construction materials are known or can be acclyrateasured. The amount of heat
transmission (flow) through any combination of mille can be calculated.
However, it is necessary to know and understandioetechnical terms to be able to
calculate heat losses and understand the factaraté involved.

By convention, the ending -ity means the propeftg material, regardless of
its thickness and the ending -ance refers to thpauty of a specific body of given

thickness.

Heat energy

One kilocalorie (1 kcal or 1 000 calories) is #mount of heat (energy)
needed to raise the temperature of one kg of vibgtene degree Celsius (°C). The Sl
standard unit for energy is Joule (J). One kcabisroximately 4.18 kJ (this varies
slightly with temperature). Another unit is the BRritish thermal unit). One Btu
corresponds roughly to 1 kJ.

Thermal conductivity

In simple terms this is a measure of the capaditymaterial to conduct heat
through its mass. Different insulating materiald ather types of material have
specific thermal conductivity values that can bedu measure their insulating
effectiveness. It can be defined as the amouneat/énergy (expressed in kcal, Btu
or J) that can be conducted in unit time througih anea of unit thickness of material,
when there is a unit temperature difference. Theomaductivity can be expressed in

JmleCcl and in the SI system in watt (WyhfC L. Thermal conductivity is also

known as the k-value.

Coefficient of thermal conductance “ I’ (J nt2 h'l °C1)
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This is designated as | (the Greek letter lamlada)defined as the amount of
heat (in J) conducted in one hour through?lofmaterial, with a thickness of 1 m,
when the temperature drop through the material uoaleditions of steady heat flow
is 1 °C. The thermal conductance is establisheg&tg and is the basic rating for any

material. | can also be expressed in Sl units im@Kelvin (K)™1.

Thermal resistivity

The thermal resistivity is the reciprocal of thedue (1/Kk).

Thermal resistance (R-value)

The thermal resistance (R-value) is the reciprotal1/l) and is used for
calculating the thermal resistance of any matenaomposite material. The R-value
can be defined in simple terms as the resistarateatty specific material offers to the
heat flow. A good insulation material will have iglh R-value. For thicknesses other
than 1 m, the R-value increases in direct propotiothe increase in thickness of the
insulation material. This ig/l, wherex stands for the thickness of the material in

meters.

Coefficient of heat transmission (U) (J m-2 h-1 °Q,)

The symbol U designates the overall coefficiehedt transmission for any
section of a material or a composite of materibte Sl units for U are J per square
meter of section per hour per degree Celsius, iffexehce between inside air
temperature and outside air temperature. It cantssexpressed in other unit
systems. The U coefficient includes the thermaktasces of both surfaces of walls
or flooring, as well as the thermal resistancendfvidual layers and air spaces that

may be contained within the wall or flooring itself

Permeability to water vapor (pv)

This is defined as the quantity of water vapot gesses through the unit of

area of a material of unit thickness, when theedéhce of water pressure between
both faces of the material is the unit. It can keressed in the Sl system as g m ¥N

s1(grams meter per mega Newton per second).

Resistance to water vapor (rv)
This is the reciprocal of the permeability to watapor and is defined as rv = 1/pv.
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3.2.3. Contribution to energy loss

Building insulation is made for avoid Heat excharfiggm inside to outside, if
the inside air is warmer than outside air, if ithe opposite the heat come from the
outside to the inside. Insulation types dependhefdimate and the location of the
building. There is different part of the house whesarm air can go outside and
cooling down the building. Those parts are:

Contributionto Energy Loss

"

B Doors & Windows [215)
B HVAC Ducts (15%)

[ Fireplacesi14%)

[ Plumbing Entries [13%)

[T Fans, Vents & Cutlets (635

Figure3.2.1. Energy loss diagram.
http://www.evergreen-builder.com

But a heavy insulation can create some problentsrm of cost and the
reduction of free space. Few centimetres of glams Wave better insulating
properties than basic walls. Without insulationMsktold and generate condensation
and some water on the wall which encourage theldewent of mold. Insulation act
as an envelope for the building, it stop heat emgkhaand avoid any other problem
linked to this.

3 types of insulation exist:

-Indoor insulation, which is the more easy to mdkeonsist of an insulating
layer put on the inside of construction. With tphiscess, the heavy construction do
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not get heat energy from building. And don't needéarm up the wall for have
constant temperature, so the building became festgarm up. But with such
insulation, contraction lifetime is shorter becaiise exposed to outside conditions.

-Outdoor insulation. Comparing with inside isatatit is a little bit more
expensive because of front cover material (decggddiyer/plaster/panel). It takes
more time to warm up building, because construstasorb heat energy. It make
heat inertia and it provides a uniform temperature.

-Integrated insulation, the walls are made of & oficoncrete (or other
building material) and insulator directly integrat® the wall. Disadvantage of this

insulation is that it makes many thermal bridges.

The best insulation is air. It is the air (or atigasesgnclose between the

fibers (polystyrene, wood, Glass wool etc...) whstbp the thermal transfers.

The best type of insulation is the outdoor insafatComparing with indoor
isolation this way of insulation doesn’t generdttertnal bridges. There is less
condensation possibility with this type of insutet It is a little bit more expansive.

In Denmark, the main material used for insulat®glass fiber (and wool) and wood.

3.2.4. Different insulating materials

Glass wool insulation.

Glass wool is made from silica glass recoveryiolusind polymerization and
fiber drawing. Its density is between 15 and 25I&)/s0 it is a lightweight material.

Very efficient and inexpensive, the glass woollaton material is sold in the
entire world. Based on combustible minerals, glassl is not flammable.

According to WHO, glass wool does not presentatheisk. The skin
irritation that can occur during installation arechanical and not chemical, so
harmless, and they disappear after rinsing witrew&nce installed, the glass wool

causes no irritation.
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Figure 3.2.2. Picture of wool fiber panels.
http://www.antiquesurveying.com

Styrofoam insulation

Formed from crude oil, expanded polystyrene (EfBjains a multitude of
beads connected by compression during molding dmchwirap the dry air still. This
provides a lightness to the material (between 1D3fhkg/m3) and a high mechanical
strength.

Highly flammable, the polystyrene foam requireenbination of a
combustible material such as plaster. When shautdain apparent, this insulation
must be fireproof.

Figure 3.2.3. Styrofoam into panel form Figure 3.2.4 Styrofoam into chip form
http://www.styrocut.de http://wwwdiadl.com
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Polyurethane insulation

Polyurethane (PUR) is a material commonly usdiltdefects in insulation.
It is a lightweight (density 40 kg/m3) effectivechadaptable.
It is dangerous in case of fire as it emergesararbonoxide. Associated with

flame retardants, can also release toxic gaségtodrvous system of man.

Figure 3.2.5. Polyurethane panels.
http://img.archiexpo.com

Thin insulating

The thin insulation, also called thermo-reflectinsulation is a new
generation of insulation.
Insulation is lightweight and thin, which variesrh a few millimeters to

several centimeters:

* |t consists of one or several layers of aloamn fitted together and intermediate
layers of different natures: felt, wool, foam, etc.

* These layers act as reflectors, that is 10 ey return the thermal radiation and
prevent the heat loss.

* The thin insulation is commonly used for ifeging attics. It can also be used to

insulate the roof, floor or walls.

Properties of this material

The thin insulation has many qualities:

* It is a lightweight insulation, thin, comfaittle and easy to install because of its
flexibility and maneuverability.
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* Since its thinness, it greatly increasesdivelling thinner walls, ceiling height
greater compared to a thicker insulation.
* The thin insulation is also a healthy prodtzt poses no health risk and does not

contain carcinogenic compound.

Thermal and phonic performance of thin insulation

The thin insulation must be used to supplementremdsolating one.

Indeed the thermal resistance is quite low andbtbty to soundproofing are
good.

Used to supplement other insulating thin insutatevery effective in

summer and winter:

* Winter:
* thin insulation keeps heat in and preasehe return of cold;
* it reduces the temperature loss throthghwalls;

* In summer it serves as a barrier against apdtsunlight.

Longevity of this material

The thin insulation has a high durability and stsice to time. It is a durable
material that resists moisture and rodents.

The thin insulation is lightweight, flexible andamageable, making it easy and
fun to install. it can be placed on all forms aticarfaces and requires only one

cutter, cutting and stapling.
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Prices of thin insulating

The price of thin insulation varies from 5 to 1@e& m2, or 100 to 200 € the 20 m?

Figure 3.2.6. Thin insulator picture.
http://img.archiexpo.com

Wood fiber Insulation.

Renewable and made of natural wood - if properyaged - is a practical
resource and ecological isolation.

Thermal and phonic performance of wood fiber

The wood fiber provides excellent performancetti@rmal insulation. Its
coefficient of thermal conductivity is between 0.039 and 0.049 W / m.K
It is also effective as a sound insulator, agaam&torne and impact. The wood

fiber has the property of absorbing the sounds tewea their frequency range.

Terms of laying the wood fiber

Insulation fibers of wood are offered mainly i tform of rigid panels of
different densities, but they are also semi-ricatigls and grooved boards with a
water proof treatment .

As for the insulation of plant type, they mustdretected from the habitable
part by non-flammable materials such as plaster.

Wood fiber is used:

* For roof insulation from the outside.
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* For insulation under slabs and floors.
* For insulation in external walls cladding.
* For the insulation of wood frame buildings.

* For insulation inside walls and partitions.

The wood fibers are used in bulk for filling voisl®ping roof, walls and
floors.
Longevity
This excellent insulation aging well.
* Not flammable, it does not emit toxic fumé&seatment with fireproofing
provides good performance in front of the fire.
*With its Hygroscopic properties, it can stoneisture. It purify the air in the
house and regulate humidity.

Price of wood fiber

15 to 20 € / m2to 100 mm thick and 6-7 € for 40 . mm

holr.#.rep.ﬂm waa"
= fibre )

=LA

Figure 3.2.7. Picture of wood fiber panel.
http://farm3.static.flickr.com

PIV: panels of insulating vacuum

The PIV represents the new generation of insulatith exceptional thermal
qualities. Utra-thin, it is composed of a matetsdul” contained in a waterproof film
and put in depression.
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Extremely powerful, it is still not widespread dretmarket because its prices even
higher.
Thermal and phonic performance.

The PIV, isolating new generation, offering exoepal thermal capacity. Its
coefficient of thermal conductivity is in effect between 0.0042 and 0.0050 W / m.K.
On the sound, its qualities are still little stedli but the material "soul” of

insulation consisting of aerogels, it has a godtitylo reduce noise.

Installation conditions of panels vacuum insulatio

* The signs of insulation vacuum should be laitivo layers with cross joints
staggered to avoid thermal bridges caused by ttieThe main drawback of this
material is its fragility: it must not be drilled.

* Panels can not be cross-referenced, so leetsiknow the precise measurements
of surfaces.

* The PIV fits perfectly flat surfaces.

* Very efficient, the PIV demand a small thigsgs. It may well be sufficient in 30
mm, which makes it particularly to gain interiorasp or during renovations.

Longevity of these panels

* The PIV is not permeable to water vapourthetinstallation of a vapour barrier
is recommended.

* They have good resistance to compression.

* The placement of a single gypsum board inMHe protection will be kept out of
holes and borings.

Still rare on the market, produced in smaller dii@s compared to mineral

wool, the PIV is an insulator expensive: betweermd® 60 € per m2. But his
performance is really excellent, it's a safe bat frices will decline in coming years.

Core Material\

\_Gs_is'-Bgrtia_r

Figure 3.2.8. Two pictures of PIV panel.
http://www.nrc-cnrc.gc.ca
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3.2.5. Windows Insulation

Energy losses through the windows are also anritapbissue for building
Insulation. The most common Insulating window is ttouble glazed windows. But
many types of those windows are available depenalinthe properties required. But
basically the double glazed windows are composad@fylass layer (and adding
some other special material layers which modifyRheperties of the glass) separate
by a thin space with trapped air (which is a vesgdjthermal and
phonic insulation).
Tinted glass

Tinted glass may be used to reduce solar heatogaia an architectural
feature. The principal colours available are broigzay and green. The degree of tint
depends on both the composition of the glass amthibkness of the coating. Tinted
glass is usually placed on the exterior Layer efwlindow. It almost always requires
heat-treatment to reduce potential thermal stredeeakage and tends to re-radiate
the absorbed heat.

Low-emissivity glass (Low -e)

Low emissivity glass has a thin coating, oftemmadtal, on the glass within its
airspace that reflects thermal radiations or irtkilié emission reducing heat transfer
through the glass. A basic low-e coating allowsisohdiations to pass through into a
room. Thus, the coating helps to reduce heat losallows the room to be warmed
by direct sunshine. The change in location ofdbeing does not affect the
insulating properties of the window, only the pertegie of solar heat gain.

There are two types of low-e coatings availalieyd-coat" or pyrolytic and
"soft-coat" or sputtered. Hard-coat glass is martufad using the Atmospheric
Pressure Chemical Vapor Deposition (APCVD) methioaipplying a doped tin
composition to the glass surface as the glasssheebeing manufactured in the hot
tin bath of a glass float plant, or alternativealyain offline furnace process. The tin
bonds to the surface of the glass and forms avelathick coating. Hard-coat glass
is considered a low to medium performance coatimgesthe emissivity is greater
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(about 10 times) compared to the sputtered coafing.advantage of hard-coat glass
is that it does not require special handling inwledow assembly process to
maintain the surface's coating integrity and dagssaratch easily. It does require that
the glass surface in contact with the spacer badalorto improve adhesion of the
sealant.

The properties of double glazed windows can bg géferent depending of
composition of the different layers add to the gld&ut it is now a very common
process and most of buildings are using this telcigydor thermal and phonic

Insulation.
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3.3Ventilation system

A basic requirement for living in a healthy housé¢a have good ventilation,
which provides an inside air completely hygienibisTis why we must take care
about the ventilation in our low energy house.
In order to avoid the Sick Building Syndrome (SB&¢, must avoid toxic pollution
from chemical substances and dust inside the Imgijdiccumulation of microbes,
bacteria and viruses, and reduce the exposuréetgeahs. We can obtain it with a
good ventilation system, which must be low eneafycourse.
Reducing the SBS is also a way to reduce costst &lealthy, as we can see at the

web pagehttp://www.nibe.co.uk/NIBE-Heat-Pumps/Exhaust-air-heat-pumps/ ,

it says that:

'From a health and allergy perspective, the ideahahange rate would be 0.5 — 1.0,
but in actual fact, air ex change rates in appeately insulated houses are only
between 0.3 and 0.5, which means that the poliutgde air is exchanged far too in-
frequently. Based on the reasons given above,@aase in the incidence of
complaints affecting the population is inevitatl&is is where controlled domestic
ventilation can have a particular role to play.pispose is to control temperature and
dampness, while ensuring that the quality of tisédie air is totally hygienic. The

relevant technical guidelines and hygiene regubatiare stipulated by DIN 1946.'

And about the controlled domestic ventilation ays. 'Nowadays we spend
around 90% of the time indoors. This undoubtedicet great demands on the
climate inside. The inside climate is affected edesably by odours, harmful
substances, noise and temperature. In every bgittere is a certain amount of basic
ventilation, even if it is only produced by air coig through windows, doors, pipe
ducts and walls. This type of ventilation, in oléeuses in particular, provides the
necessary exchange of air. Ventilation is also iplex¥ through opening windows and
doors, perhaps also when one or more windows aeeapat an angle. Strong wind
pressure and a difference in temperature betweemtbrior and the exterior also
increase the exchange of air. On the other hangak wind or small temperature
difference will reduce the required air exchange.r@his uncontrolled ventilation
also accounts for a significant part of the heatiogts and causes a considerable
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proportion of non-renewable energy resources towdmsed. Low-energy house In
contrast to this, there is the low-energy houseept A construction design is used
in this type of house that prevents heat from a@sgaghrough use of effective thermal
insulation. This also means that low-energy hobee®fit the environment. But even
with this construction design, there is still threllem that the required hourly air
exchange rate of 0.5 — 1.0 is not achieved. Toeaehthe required air exchange rate
either the windows would have to be opened, whiohld/run counter to the whole
low-energy house concept, or installation of a calgd domestic ventilation system
with heat recovery would have to be considered.

Controlled domestic ventilation can be used in Botirenergy and older
houses. In low-energy houses the controlled veitiiasystem guarantees the
required air exchange rate, even with the doorsrandows closed. When older
houses are renovated better thermal insulatiorddoeiused, along with fitting new
windows to enable controlled domestic ventilatiorathieve the necessary air
exchange rate. These types of older building aenddffected by street noise. A
ventilation system would therefore be beneficiahese cases too. Controlled
domestic ventilation with heat recovery When vetitin based on opening windows
and controlled domestic ventilation without heaioneery are used, the energy from
the inside air is not used. However the ventilaheat requirement accounts for a
considerable part (40 — 50%) of the total heatirequent. In contrast to this,
controlled domestic ventilation with heat recovesyses the energy from the exhaust
air. Not only that, the additional heat generatgdrnally from lighting, people and
domestic appliances is also utilised through heavery. Our fighter exhaust air heat
pumps facilitate heat recovery and supply the gnexgovered from exhaust air for
the domestic hot water and even the heating. Nigtdoes energy recovery ensure a
healthy and comfortable form of heating, it alsodarces considerable savings in
terms of heat energy, along with CO2 emissions.'

From: http://www.nibe.co.uk/NIBE-Heat-Pumps/Exhaais-heat-pumps/

In the next table it can be seen the common sewncé types of pollutants, that they

can be avoid with ventilation systems:
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Common sources and types of pollutants Table:

Outdoor sources Pollutant Types

Outdoor sources Pollutant Types

Ambient air

S02, NO, NO2, O3
Hydrocarbons, CO, particulates and
lead compounds

Motor vehicles

Exhaust pollutants including CO

Indoor Sources Pollutant Types
Building Construction Materials

Soll Radon
Particle board Formaldehyde

Insulation
FIRE retardant
Adhesives
Paint

Formaldehyde, fiberglass

Asbestos, valtile organic compounds
(VOC)

Organics

Mercury, organics

Building Contents
Heating and cooking
Furnishings

Water service

CO, S0O2, NO, NO2, particulares
Organics, odors
Radon

Human Occupants
Metabolic activity

CO2, NH3, organics, odors, virases

Human Activities

Tobacco smoke

Aerosol devices

Cleaning and cooking products
Hobbies and crafts

CO, NO2, HCN, organics, odors
Fluorocarbons, vinyl chloride
Hydrocarbons, odors, NH3
Organics

Figure 3.3.1.- Common sources and types of pollutants table.

In our project we must perform ventilation systegffecient for the whole

building, so it will part of the study calculateviaddig must be this system. We must

also think about the economic part, both for thergaand for the ecological reasons,
so the best way to perform is by a heat recovengilation system, that can recovery
the heat from inside, and transmit it to the caofram outside, as you can see in the

next text.
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3.3.1. Heat Recovery Ventilation System
According to a text extracted from:

http: //www.soloheatinginstallations.co.uk/heat recovery.htm , the air that you

breathe inside your home could be up to ten timeermpolluted than the air by a
busy road. In our project we want to use a RecoVertilation Systems, that reduce

energy consumption at home, by recovering the wdstat, by a heat exchanger.

Cool Air From Warm Extract
Outside Air

B

Cool Stale Warm Fresh

Exhaust Air Incoming Air

Figure 3.3.2-. Heat Exchanger.
http://www.soloheatinginstallations.co.uk/heat recovery.htm

As it says athttp://www.soloheatinginstallations.co.uk/heat recovery.htm :

'A heat recovery system will keep your house fuliytilated all year long, by
recovering the heat already inside your home.ifigsrfresh air from the outside and
recycles the wasted heat from bathroom and kitelneas. Anywhere where there is a
high heat or humidity will be used to power thethreaovery unit and keep
efficiencies high.

Very old properties, although sometimes quite diiifi to install, will benefit
greatly from a mechanical heat recovery ventilaigstem. Moisture and stale air can
cause lasting damage to Grade 2 listed and oldaesoThis is where a heat recovery
system can count towards protecting the actuaidatructure of the building, along
with the comfort of the inhabitants occupying it.'

The cost of this Heat Recovery Ventilation Systara new property, is about
400 DKK, including the electrical components.

The Heat Recovery Systems works this way:
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HEAT RECOWERY
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Figure 3.3.3.-diagram of working of a heat recovery unit.
http://www.soloheatinginstallations.co.uk/heat recovery.htm

Step 1 - Extract stale air from wet parts.
Dirty, stale air is continually extracted from #ik wet areas of the home, through

unobtrusive white ceiling or wall mounted grilles.

HEAT RECOWER'
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Figure 3.3.4.- Step 1. Diagram of working of a heat recovery .unit
http://www.soloheatinginstallations.co.uk/heat recovery.htm
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Step 2 - Take fresh air from the outside.
This air then makes its way through the ducting tsedong rigid silencer,
back to the heat recovery unit. Before being disgpdd outside, it passes through the

plate or rotary wheel heat exchanger giving up&at to the cold fresh air coming

into the house.

HEAT RECOVERY
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Figure 3.3.5.- Step 2. Diagram of working of a heat recovery.unit
http://www.soloheatinginstallations.co.uk/heat recovery.htm

Step 3 - Warm the fresh air with the heat fromdtade air.

The highly filtered supply air is heated up to thquired temperature by the
water heater coil (linked to your wet heating syster an electric heater coil
ensuring no cold draughts, which must be avoidée. feat recovery unit controls the

extra heat requirements automatically.
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Figure 3.3.6.- Step 3. Diagram of working of a heat recovery .unit
http://www.soloheatinginstallations.co.uk/heat recovery.htm

Step 4 - The air is delivered.
The supply air is now delivered through a longdisgilencer into the supply
ducting, through ceiling or wall mounted supplyistgrs, to all the habitable rooms

resulting in whole house heat recovery ventilation.
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Figure 3.3.7.- Step 4. Diagram of working of a heat recovery.unit
http://www.soloheatinginstallations.co.uk/heat recovery.htm
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It is common practice to have two or more heatveppunits working in one
large home; and they can be positioned to serveszonfloors of their own.

So in our project we must evaluate how many heatvery units we need, for
the whole building, and how much energy and moneyan save.

3.3.2. Ventilation in Denmark — Status and Future Trends
Through the project by Per Heiselberg, from thedapent of Civil Engineering at
Aalborg University we can identify the status antlife trends of the ventilation in

Denmark.

3.3.3. Standards & Regulations
* New Building regulations in 2008 (replaces 198§uiations)
* New Code of Practice for Mechanical Ventilati@stems in 2005, DS447
(replaced previus from 1981).
» Only minor changes regarding minimum air flowesaind critia for IAQ.
» The main changes with regard to ventilation amesequences of new demands for
energy use.

« Different indoor environmental quality levels anéroduced.

Residences: Minimum Air Flow Rates

* In every room as well as for the whole residetheesupply of outdoor air shall be
minimum 0,35 I/s rh~ (0,5 h-1 at normal room height).

* The air flow shall be provided on a 24 hours $&demand control not allowed).

* Air shall be supplied either though vents, coliébwindows or mechanical suply.
* Air shall be exhausted from kitchen (20l/s), matm (15 I/s), toilet (15 I/s) and
similar rooms.

» All residences shall have a cooker hood in thehlein with mechanical exhaust.

Criteria for Energy Use for Ventilation
* Minimum heat recovery 65 %
» Specific Fan Power (SFP)
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— Constant air volume (CAV) 2.1 kW/(¥s)

— Variabel air volume (VAV) 2.5 kW/(f#s)

— Mechanical exhaust 1,0 kW/{fs)

— Residences (CAV) 1,2 kW/(is)

* Humidification can only be used if aspects reldteproduction, security,

conservation or health demand it.

Building Airtightness
« Building airtightness should be less than 1,5fdloor area at 50 Pa.

» Documentation can be required in the buildingmpe(minimum 5% of the cases).

Political Agreement of February 21, 2008

» 20% renewable energy in 2011 (minimum 30% in 2020

 Energisavings on average 1,5% in 2010-2020 (&dialit 16%).

» Demands for energy use in new buildings are rediy at least 25% in 2010, 2015
and 2020 to a maximum of 25% of todays demand 2020

Future Trends: Ventilation in Residences

» Energy requirements drive a change towards bathntechanical ventilation with

heat recovery.

» Heat recovery efficiency will have to increasenfr65% to minimum 75%-80% in

2015 (keeping SFP at the same level or lower).

* Increased need for cooling in low energy resiésnenatural ventilation and night
cooling hended.

» Demand control in residences might be possibtaerfuture, but this requires

suitable criteria for health and comfort.
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3.4 Hot water heating using sun collectors and heatingystem

3.4.1. Solar Radiation Energy in Denmark

In Denmark the sun shines average 1,800 hourggaer Solar energy is one
of renewable energy resource, its use is frienallyehvironment. In Denmark the
solar radiation is about 1000 kWH/mer year on a horizontal plane and about 1150
kWh / m2 per year on surfaces with an inclinati@ndégree angle to the horizon and
the location to the south.
The following table compares solar radiation dat®enmark, southern Spain and the
Sahara, which is the one of the sunniest areasiiode and the world. As the table
shows it is possible to get 2.6 times less solargnper year in Denmark than the
Sahara. This factor is even slightly below the &Ben the angle is optimal (40°).
The major difference between Denmark and the Sabdnat the solar radiation is
much more variable in Denmark than in the Sahausing the summer months solar

activity in Denmark is much higher than in the weintonths.

Solar radiation per year (3.4.1.table)
On the horizontal surface | On the surface the optimum angle
kWh/per o Incidence | kWh/per o

coefficient coefficient

year/nf angle year/nf

Denmark 1000 1.00 40° 1150 1.00

southern

) 1800 1.80 30° 2000 1.75
Spain
Sahara 2600 2.60 20° 2700 2.35

http://www.solenerqi.dk/SEC/visTekst.asp?id=62
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Solar radiation is not equal in all Denmark. In geture below you can see the solar
radiation distribution in Denmark. The scale is kWil3/per year in picture
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Figure3.4.1. Solar radiation distribution in Denmark
http://www.solenergi.dk/SEC/Grafik/Solindstr%eC3%Atjskort.jpg
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3.4.2. Heat water for house using energy from the sun
Solar water heating systems use free heat frorauhdo warm domestic hot
water. A conventional boiler or immersion heatethisn used to make the water

hotter, or to provide hot water when solar enesgyriavailable.

Sofar oollecion

To taps
Contraliar
P
4 ]
r B
ot ———}7 Cold waler lead
Pumip

Figure 3.4.2 Hot water heating system with solar collectors
http://www.solarage.co.uk/spaw/plugins/imgpopup/ipmpup.php?img_url=/spaw/..
/res/embedded/swhsystem.gif

Solar water heating systems
Solar water heating systems use solar panelsdaadléectors, fitted to roof.
These collect heat from the sun and use it to waater which is stored in a hot

water cylinder.

3.4.3. Solar Collectors

At the heart of a solar thermal system is the saddlector. It absorbs solar
radiation, converts it into heat, and transferguldesat to the solar system. There are
a number of different design concepts for collextbesides simple absorbers used
for swimming pool heating, more sophisticated systéave also been developed for
higher temperatures, such as integral storageatotlsystems, flat-plate collectors,

evacuated flat-plate collectors and evacuated-tobectors.
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There are two main types of solar water heating pagls - they are :

o flat plate collectors

e evacuated tubes

Residential and commercial building applicatiorst tiequire temperatures below
80°C typically use flat-plate collectors, wherdasse requiring temperatures higher
than 80°C use evacuated-tube collectors.

Flat-plate collectors

The majority of solar collectors that are sold iany countries are of the flat-
plate variety. The main components of these ararsparent front cover, collector
housing and an absorber. The absorber, insidéahplate collector housing,
converts sunlight to heat and transfers it to wiaitéine absorber tubes. As the
collector can reach stagnation temperatures up@6Q (i.e. when no water flows
through), all the materials used must be ablegsrsuch heat. Therefore, the
absorber is usually made of metal materials sudopper, steel or aluminium. The
collector housing can be made of plastic, metal@od, and the glass front cover
must be sealed so that heat does not escape,rgndssicts or humidity do not get
into the collector itself. Many collectors also kasontrolled ventilation, so as to
avoid condensation inside the glass front covee ddilector housing is highly
insulated at the back and sides, keeping heatddsse However, there are still some
collector heat losses, mainly due to the tempegadifference between the absorber
and ambient air, and these are subdivided into@cdron and radiation losses. The
former are caused by air movements, while therlatte caused by exchange of heat
by radiation between the absorber and the envirohme

A sheet of glass covers the collector as it fabhesstin, and this helps to
prevent most of the convection losses. Furthermbreduces heat radiation from the
absorber into the environment in a similar way gsenhouse does. However, the
glass also reflects a small part of the sunlighictv does not then reach the absorber

at all. Figure 3.4.3 shows the processes occuaitrgflat-plate collector.
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Figure 3.4.3 Figure with processes occurring at a flat-platdlector
http://www.volker-qguaschning.de/articles/fundamésftAndex.php

Figure 3.4.4. Flat-plate collectors
http://www.siliconsolar.com/shop/solarimages/sunkmaX-solar-flat-plate-collector-
p-501608_T_2.jpg

Flat-plate collectors are used for residential whesating and hydronic space-
heating installations.

Flat-plate collectorteat liquid as it flows through tubes in or adjdderthe
absorber plate. The simplest liquid systems usabp@household water, which is

heated as it passes directly through the colleatdrthen flows to the house.
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Evacuated-tube collectors

Picture 3.4.5. Evacuated-tube collectors
http://www.treehugger.com/files/2008/03/solar-hatter.php

Evacuated-tube collectors can achieve extremely t@mperatures (80°C to
180°C), making them more appropriate for commesama industrial application.
Evacuated-tube collectors are efficient at highderatures.

The collectors are usually made of parallel rowsafsparent glass tubes.
Each tube contains a glass outer tube and metattaysube attached to a fin. The
fin is covered with a coating that absorbs solargy well, but which inhibits
radiative heat loss. Air is removed, or evacudfen the space between the two

glass tubes to form a vacuum, which eliminates aotide and convective heat loss.

There are two main tapes of Evacuated — Tube Collewrs:

o Direct-flow evacuated-tube collectors

e Heat pipe evacuated-tube collectors (integral colieor-storage (ICS)

3.4.4. Direct-flow evacuated-tube collectors

A direct-flow evacuated tube collector has two pigieat run down and back,
inside the tube. One pipe is for inlet fluid and tither for outlet fluid. Since the fluid
flows into and out of each tube, the tubes areeasily replaced. Also, should a tube
break, it's possible that all of the fluid couldgnenped out of the system - if a closed

loop is used, or your water will flow out as in@ken pipe, if an open loop is used.
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Evacuated-Tube Collector

Croms section

Duter glass tube
Absarbing coating
Inner glass tube
Fluid tubes
Copper sheet
Evacuated space
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Figure 3.4.6. Direct-flow evacuated-tube collectors
http://www1.eere.energy.gov/buildings/commerciatéraheating.html
http://www.gs-solarhotwater.co.uk/evacuated-tubkessbot-water-collectors.html

3.4.5. Heat pipe evacuated-tube collectors (integral ctdlestorage (ICS))

Heat pipe evacuated tube collectors contain a edpge pipe, which is
attached to an absorber plate, inside a vacuuradgealar tube. The heat pipe is
hollow and the space inside is also evacuatediértbie heat pipe is a small quantity
of liquid, such as alcohol or purified water plypesial additives. The vacuum enables
the liquid to boil at lower temperatures than itulgbat normal atmospheric pressure.
When sunlight falls the surface of the absorbex litjuid in the heat tube quickly
turns to hot vapor and rises to the top of the.piidater or glycol, flows through a
manifold and picks up the heat. The fluid in thati@pe condenses and flows back

down the tube. This process continues, as longeasun shines.
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Figure 3.4.7. Heat pipe evacuated-tube collect@nstegral collector-storage (ICS))
http://www.altdotenergy.com/wp-content/uploads/208&vacuated-tube-

collectors.jpg
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Collect more sunshine
A key benefit of the Evacuated Tubes used in Kitddar Esteem hot water
systems is that they are round. Therefore the taleealways facing the sun and can
absorb more of the sun's energy.
Sun overhead at midday

v A g
- v

HEm OO0

Flat-plate collector Evacuated-tubes
has full sun exposure have full sun exposure

Figure 3.4.8. Sun overhead at midday
http://www.alternative-renewable-energy-solutioosadevacuated-tubes-vs-flat-

plates
In contrast, flat-plate collectors only achieveitmeaximum efficiency in the

middle of the day. A great deal of the sun's en&gymply reflected off the flat glass
panels, especially in the morning and afternoore dylindrical design of the tubes

ensures effective collection of the Sun's thermalrgy throughout the day.
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Sun on an angle in the morning and afternoon

» A 4

b v

s 000

Flat-plate collector Evacuated-tubes
reflects sunshine still have full sun exposure

Figure 3.4.9. Sun on an angle in the morning and afternoon
http://www.alternative-renewable-energy-solutionsn¢evacuated-tubes-vs-flat-

plates

However, evacuated-tube collectors are more expemsithan flat-plate

collectors, with unit area costs about twice thatfoflat-plate collectors.
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3.4.6. Water heating methods and different solutions

Thermosyphon system

For storing water overnight or on cloudy days,aae tank is needed. A
very simple way of doing this, making use of gravwet shown in Figure 3.4.10 - the
thermosyphon system. The principle of the thermbseypsystem is that cold water
has a higher specific density than warm water,ssmbdeing heavier will sink down.
Therefore, the collector is always mounted beloamiater storage tank, so that cold
water from the tank reaches the collector via aeleding water pipe. If the collector
heats up the water, the water rises again and esahk tank through an ascending
water pipe at the upper end of the collector. Tyabecof tank—water pipe—collector
ensures the water is heated up until it achievesgarlibrium temperature. The
consumer can then make use of the hot water frentogh of the tank, with any water
used is replaced by cold water at the bottom. Thleator then heats up the cold
water again. Due to higher temperature differematdsgher solar irradiances, warm
water rises faster than it does at lower irradian@berefore, the circulation of water
adapts itself almost perfectly to the level of salediance. A thermosyphon
system’s storage tank must be positioned well alioeeollector, otherwise the cycle
can run backwards during the night and all the watk cool down. Furthermore, the
cycle does not work properly at very small heiglfffedences. In regions with high
solar irradiation and flatroof architecture, staagnks are usually installed on the
roof.

Thermosyphon systems operate very economicallpasesdtic water heating
systems, and the principle is simple, needing seghpump nor a control. However,
thermosyphon systems are usually not suitableafgrel systems, that is, those with
more than 10 m2 of collector surface. Furthermibrig,difficult to place the tank
above the collector in buildings with sloping roadsid single-circuit thermosyphon

systems are only suitable for frost-free regions.
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Figure 3.4.10Thermosyphon systems
http://www.volker-qguaschning.de/articles/fundamésftAndex.php
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Forced-circulation systems

In contrast to thermosyphon systems, an electpigalp can be used to move
water through the solar cycle of a system by for@ezllation. Collector and storage
tank can then be installed independently, and imghhdifference between tank and
collector is necessary. Figure 3.4.11 shows ayatang forced circulation with a
conventional boiler for back-up heating.

Two temperature sensors monitor the temperaturéeisolar collector and
the storage tank. If the collector temperaturébsva the tank temperature by a
certain amount, the control starts the pump, whicdves the heat transfer fluid in the
solar cycle; ‘switch-on’ temperature differences aormally between 5°C and 10°C.
If the temperature difference decreases below ensethreshold, the control switches
off the pump again.

In regions where there is a danger of frost, a oaibcuit system is usually
used. Drinking water is kept inside the storagéd tarhile the water in the solar cycle
is mixed with an antifreeze agent. A heat exchahgessfers the heat of the solar
cycle to the storage tank, and keeps the drinkiatgmseparate from the antifreeze
mixture.

Forced-circulation systems can also be used fanroeating as well as
domestic water heating. In this case, collectossiarage tanks must be much larger
than with simple domestic water heating system&revia collector surface of about 4
m2 is sufficient for most households. Larger systdrave also been realized

successfully with two or more storage tanks.
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Figure 3.4.11.Forced-circulation systems
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Active systems with drainback

A drain-back system is an indirect active systenengtheat transfer fluid
circulates through the collector, being driven lguanp. However the collector piping
is not pressurised and includes an open draintesgkvoir. If the pump is switched
off, all the heat transfer fluid drains into thehback reservoir and none remains in
the collector. Consequently the collector cannodémaged by freezing or

overheating. This makes this type of system watksto colder climates.

System Off System On

Lystem turns on when
solar epergy can be
added to the water

Solar Collector heater

Water in
Solar Collector

N SWater Ha Watar
Abawe Above
This Level This Leval
v
4 Dralnback
Tank
ll:.'ll
Solar .
Contreller
System twrns off when
WL
solar energy cannot be

added to the water
heater

Figure 3.4.12. Active drain back system
http://www.gogreenwithsun.com/images/dual-solargdsssm.jpg
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3.4.7. Controls

The heart of an active solar energy system is tih@naatic temperature
control. Numerous studies and reports of operatisysgiems show that faulty
controls are usually the cause of poor solar sygterformance. Reliable controllers
are available, and with proper understanding ofiesystem function, proper control
systems can be designed. In general, control sgssbould be simple; additional
controls are not a good solution to a problem ¢hatbe solved by better mechanical

design. The following key considerations pertaicadatrol system design:

» Collector sensor location/selection

» Storage sensor location

* Over-temperature sensor location

* On-off controller characteristics

» Selection of reliable solid-state devices, sensmsirollers, etc.

» Control panel location in heated space

» Connection of controller according to manufactigénstructions

» Design of control system for all possible systeraraping modes,
including heat collection, heat rejection, powetage, freeze protection,
auxiliary heating, etc.

» Selection of alarm indicators for pump failure, leemperatures, high
temperatures, loss of pressure, controller failnighttime operation, etc.

The following control categories should be consderhen designing

automatic controls for solar energy systems:

» Collection to storage

e Storage to load

» Auxiliary energy to load

* Alarms

* Miscellaneous (e.g., for heat rejection, freezeagqmioon, draining, and

over-temperature protection)
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3.4.8. Differential temperature controller (DTC)

Most controls used in solar energy systems ardagina those for HVAC
systems. The major exception is the differentialgerature controller (DTC), which
is the basis of solar energy system control. Th€ Ta comparing controller with at
least two temperature sensors that controls osewaral devices. Typically, the
sensors are located at the solar collectors amdgedank (Figure 3.4.13). On
unpressurized systems, other DTCs may controlxtraction of heat from the

storage tank.

%/ D
udid

COLLECTOR

AT =

"-'Pq_"'_ﬂ—il- ) - i HEAT
I é 18 % @ i EXCHANGER
———— |
FILL AND DRAIN VALVES

Figure 3.4.13. Basic Nonfreezing Collector Loop for Building SeevHot Water
Heating-Nonglycol Heat Transfer Fluid
1998, 1999, 2000, and 2001 ASHRAE Handbook CD, {€hapg

The DTC monitors the temperature difference, andmthe temperature of
the panel exceeds that of the storage by the medited amount (generally 4.5 to 11
K), the DTC switches on the actuating devices. Whertemperature of the panel
drops to 1.5 to 5.5 K above the storage tempergatiueeDTC, either directly or
indirectly, stops the pump. Indirect control thrawgcontrol relay may operate one or
more pumps and possibly perform other control fienst, such as the actuation of
control valves.

The manufacturer’s predetermined set point of thi€ bnay be adjustable or
fixed. If the controller set point is a fixed tennatare differential, the controller

selected should correspond to the requirementseofystem. An adjustable
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differential set point makes the controller moexible and allows it to be adjusted to
the specific system. The optimwif temperature differential should be the minimum
possible; the minimum depends on whether theréhesah exchanger between the
collectors and storage.

If the system requires a heat exchanger, the engagsgferred between two
fluids raises the differential temperature set poiihe minimum, ooff, temperature
differential is the point at which pumping the emecosts as much as the value of the
energy being pumped. For systems with heat exchanieoff set point is generally
between 3 and 5.5 K. If the system does not hanveatexchanger, a range of 1.5 to
3.5 K is acceptable for thadf set point. The heat lost in the piping and the powe
required to operate the pump should also be coreside

The optimum differentiabn set point is difficult to calculate because of the
changing variables and conditions. Typically, ¢timeset point is 5.5 to 8.5 K above
theoff set point. The optimuran set point is a balance between optimum energy
collection and avoiding short cycling of the pump.

3.4.9. Over-temperature protection

Overheating may occur during periods of high insofeand low load; thus,
all portions of the solar energy system requirdqution against overheating. Liquid
expansion or excessive pressure may burst pipistpoage tanks, and steam or other
gases within a system may restrict the liquid flovaking the system inoperable.
Glycols break down and become corrosive if subgetdedemperatures greater than

115°C. The system can be protected from overhelatng

» stopping circulation in the collection loop untikt storage temperature
decreases;

» discharging the overheated water from the systesrgplacing it with cold
makeup water;

* using a heat exchanger coil as a means of heaticgjeéo ambient air.

The following questions should be answered to datex whether over-

temperature protection is necessary.
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1. Is the load ever expected to be off, such thasthar input will be much
higher than the load? The designer must deternossilpilities based on the
owner’s needs and a computer analysis of systefarpgance.

2. Do individual components, pumps, valves, circulgfiaids, piping, tanks,
and liners need protection? The designer must ex@all components and
base the over-temperature protection set poinheromponent that has the
lowest specified maximum operating temperatures iy be a valve or
pump with an 80 to 150°C maximum operating tempeeatSometimes, this
criterion may be met by selecting components capabbperating at higher
temperatures.

3. Is the formation of steam or discharging boilingevaat the tap possible? If
the system has no mixing valve that mixes cold watth the solar-heated
water before it enters the tap, the water must dietained below boiling
temperature. Otherwise, the water will flash t@steas it exits the tap and,
most likely, scald the user. Some city codes regaimixing valve to be

placed in the system for safety.

Differential temperature controllers are availaiiat sense over temperature.
Depending on the controller used, the sensor magydaeted at the bottom or the top
of the storage tank. If it is mounted at the botwfithe tank, the collector-to-storage
differential temperature sensor can be used toesevexr-temperature. Input to a DTC
mounted at the top of the tank is independent@bibiittom mounted sensor, and the
sensor monitors the true high temperature.

The normal action taken when the DTC senses antexaguerature is to turn
off the pump to stop heat collection. After the @iann a drain-back system are
drained, they attain stagnation temperatures. Whde-back is not desirable, the
panels used for these systems should be desigaegsted to withstand over-
temperature. In addition, drain-back panels shadtdstand the thermal shock of
start-up when relatively cool water enters the fanile they are at stagnation
temperatures. The temperature difference can rfmoge40 to 170 °C. Such a
difference could warp panels made with two or mmoegerials of different thermal
expansion coefficients. If the solar panels camvititstand the thermal shock, an
interlock should be incorporated into the contoglit to prevent this situation. One
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method uses a high-temperature sensor mounteceaotlector absorber that
prevents the pump from operating until the colletémperature drops below the
sensor set point.

If circulation stops in a closed-loop antifreezstsyn that has a heat
exchanger, high stagnation temperatures will ocCliese temperatures could break
down the glycol heat transfer fluid. To prevent da or injury due to excessive
pressure, a pressure relief valve must be installéte loop, and a means of rejecting
heat from the collector loop must be provided. $eetion on Hot Water Dump
describes a common way to relieve pressure. Peegstneases due to the thermal
expansion of any fluid; when water-based absolbeds are used, pressure builds up
from boiling.

The pressure relief valve should be set to relava below the maximum
operating pressure of any component in the clogeg-$ystem. Typical settings are
around 350 kPa (gage), corresponding to a temperaftapproximately 150°C.
However, these settings should be checked. Wherelie¢ valve does open, it
discharges expensive antifreeze solution. Glyctifraeze damages many types of
roof membranes. The discharge can be piped to anginers to save the antifreeze,
but this design can create dangerous conditionsusecof the high pressures and
temperatures involved.

If a collector loop containing glycol stagnateseictical decomposition raises
the fusion point of the liquid, and freezing becasrpessible. An alternate method
continues fluid circulation but diverts the flowoin storage to a heat exchanger that
dumps heat to the ambient air or other sink (Figu4el4). This wastes energy, but it
protects the system. A sensor on the solar coll@tisorber plate that turns on the
heat rejection equipment can provide control. Emegderature sensor set point is
usually 95 to 120°C and depends on the system coemp®. WWhen the sensor reaches
the high-temperature set point, it turns on purfgss, alarms, or whatever is
necessary to reject the heat and warn of the @repeérature. The dump continues to
operate until the over-temperature control in thiector loop DTC senses an

acceptable drop in tank temperature and is reset tmrmal state.
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Figure 3.4.14. Heat Rejection from Nonfreezing System Using HigHAir Heat
Exchanger
1998, 1999, 2000, and 2001 ASHRAE Handbook CD, {&h3f

3.4.10.Hot water dump

If water temperatures above 95°C are allowed, tdedgard temperature-
pressure (99°C, 860 kPa) safety relief valve magrate occasionally. If these
temperatures are reached, the valve opens, andafdime hot water vents out.
However, these valves are designed for safety paigg@nd after a few openings,
they leak hot water. Thus, they should not be debie as the only control device. An
aguastat that controls a solenoid, pneumatic,emtretally actuated valve should be

used instead.
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3.4.11 District heating system

A district heating system distributes thermal egdrgm a central source to
residential, commercial, and/or industrial conswsrfer use in space heating, cooling,
water heating, and/or process heating. The ensrdigiributed by steam or hot water
lines. Thus, thermal energy comes from a distrdsuthedium rather than being
generated on site at each facility.

Whether the system is a public utility or user odjrsuch as a multi-building
campus, it has economic and environmental bers#pending somewhat on the
particular application. Political feasibility mus¢ considered, particularly if a
municipality or governmental body is consideringistrict heating installation.
Historically, successful district heating systerasdnhad the political backing and
support of the community.

Applicability

District heating systems are best used in markbtyav

e the thermal load density is high

e the annual load factor is high.

A high load density is needed to cover the capitastment for the transmission
and distribution system, which usually constitutesst of the capital cost for the
overall system, often ranging from 50 to 75% oftibtal cost for district heating
systems (normally lower for district cooling applions).

The annual load factor is important because tled $ystem is capital
intensive. These factors make district heatingesgstmost attractive in serving

¢ industrial complexes
e densely populated urban areas

¢ high-density building clusters with high thermaddts

Low-density residential areas have usually not lstactive markets for
district heating, although there have been someesstul applications. District
heating is best suited to areas with a high bujidind population density in relatively
cold climates. District cooling applies in mostasehat have appreciable
concentrations of cooling loads, usually associatig tall buildings.
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Components
District heating and cooling systems consist oé¢hprimary components:

e the central plant
e the distribution network

e the consumer systems

STEAM, HOT WATER, 4

AND/OR CHILLED

WATER SUPPLY PIPE §
BOILER,
INCINERATOR, CONDENSATE, HOT L -
HEAT WATER, AND/OR EXCHANGER
EXCHANGER, CHILLED WATER
OR CHILLER RETURN PIPE ‘

PRIMARY FUEL:
RECOVERED

HEAT, GEOTHERMAL,
OR SOLAR ENERGY

PRODUCTION
PLANT

TRANSMISSION
AND DISTRIBUTION
SYSTEMS

IN-BUILDING
EQUIPMENT

Figure 3.4.15. Major Components of District Heating System
1998, 1999, 2000, and 2001 ASHRAE Handbook CD, {&haf

Thecentral sourceor production plant may be any type of boiler, a refuse
incinerator, a geothermal source, solar energihemmal energy developed as a by-
product of electrical generation. The last approaalied cogeneration, has a high
energy utilization efficiency

The second component is tHistribution or piping network that conveys the
energy. The piping is often the most expensivei@odf a district heating or cooling
system. The piping usually consistisa combination of preinsulated and field-
insulated pipe itoth concrete tunnel and direct burial applicatidrisese networks
require substantial permitting and coordinatingwibnusers of thgystem for right-
of-way if not on the owner’s property. Becauseithigal cost is high, it is important
to optimize use.

The third component is ttnsumer systemwhich includes in-building

equipment. When steam is supplied,
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e it may be used directly for heating;

¢ it may be directed through a pressure-reducingpstébr use in low pressure
(O to 100 kPa) steam space heating, service watding, and absorption
cooling;

e it may be passed through a steam-to-water heabagein.
When hot water is supplied, it may be used:

e directly by the building systems;

e isolated by a heat exchanger.

3.4.12 Benefits of district heating system
Environmental Benefits

Emissions from central plants are easier to comivah those from individual
plants. A central plant that burns high- sulphualaan economically remove noxious
sulphur emissions, where individual combustors @oalt. Similarly, the thermal
energy from municipal wastes can provide an enwviremtally sound system.
Cogeneration of heat and electric power allowsctombined efficiencies of energy

use that greatly reduce emissions and also allofué flexibility.

Consumer Economic Benefits

A district heating and cooling system offers thkofwing economic benefits.
Even though the basic costs are still borne bycémral plant owner/operator,
because the central plant is large the customerezdize benefits of economies of
scale.

Operating Personnel.One of the primary advantages to a building owser i
that operating personnel for the HVAC system carebdeiced or eliminated. Most
municipal codes require operating engineers torbsite when high-pressure boilers
are in operation. Some older systems require tlaoperating personnel to be in the
boiler/mechanical room at all times. When thernmargy is brought into the building
as a utility, depending on the sophistication efbuilding HVAC controls, there may
be opportunity to reduce or eliminate operatingpenel.

Insurance. Both property and liability insurance costs aragigantly
reduced with the elimination of a boiler in the agical room since risk of a fire or
accident is reduced.
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Usable SpaceUsable space in the building increases when araile
related equipment are no longer necessary. The agssociated with such in-building
equipment is also eliminated. Although this spasgally cannot be converted into
prime office space, it does provide the opportufotyincreased storage or other use.

Equipment Maintenance.With less mechanical equipment, there is
proportionately less equipment maintenance, regyiti less expense and a reduced
maintenance staff.

Higher Thermal Efficiency. A larger central plant can achieve higher thermal
and emission efficiencies than can several smafigs. When strict regulations must
be met, additional pollution control equipmentlisoamore economical for larger
plants. Cogeneration of heat and electric powerlt®s much higher overall
efficiencies than is possible from separate hedtpawer plants. Partial load
performance of central plants may be more efficikah that of many isolated small
systems because the larger plant can operate anerercapacity modules as the
combined load requires and can modulate outputtr@esiants generally have
efficient base-load units and less costly peakipgpmment for use in extreme loads or

emergencies.
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3.4.13.Heat exchanger

HEAT EXCHANGERS transfer heat from one fluid to #érer without the
fluids coming in direct contact with each otherat&ansfer occurs in a heat
exchanger when a fluid changes from a liquid t@ajour (evaporator), a vapour to a
liquid (condenser), or when two fluids transferthedhout a phase change. The

transfer of energy is caused by a temperaturerdrife.

3.4.14 Plate heat exchangers

Plate heat exchangers consist of metal plate paianged to provide separate
flow paths (channels) for two fluids. Heat trangfecurs across the plate walls. The
exchangers have multiple channels in series tleatnaunted on a frame and clamped
together. The rectangular plates have an openipgrbrat each corner. When
assembled the plates are sealed such that theppovise manifolds to distribute
fluids through the separate flow paths. Figurduitates the flow paths.

The multiple plates, calledate pack, are supported by a carrying bar and
contained by pressure plates at each end. Therdekige carrying bar and pressure
plate permit the units to be opened for maintenand¢be addition or removal of plate
pairs. The adjoining plates are gasketed, weldebtazed together.

Gasketed plate heat exchangers are typically lthitiedesign pressures of
2MPa. The type of gasketmaterial used limits therafing temperature. Brazed plate
units are designed for pressures up to 3 MPa anpdeatures up to 260°C.

Gasketed.The most common plate heat exchanger is the gabfgétte unit.
Typically, nitrile butyl rubber (NBR) gaskets aread in applications up to 110°C.
Ethylene-propylene terpolymer (EPDM) gaskets agalable for temperatures up to
160°C. The gaskets are glued or clipped onto thegl The gasket pattern on each
plate creates the counterflow paths illustratedigure 3.4.16.

Welded. Two plates can be welded together at the edgeamassembly
called acassette This flow channel contains fluids when approgrigasketmaterial
is not available such as for handling corrosived8uThe channels containing the
non-aggressive fluids are sealed with standardegasWelded units can also be used
for refrigeration applications. Figure 3.4.17. sisalve flow path of a welded plate

heat exchanger.
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Brazed.Brazed plate heat exchangers have neither gastiefsames. They
consist of plates brazed together with a copp@iakel flux. This design can be a

very cost-effective; however, the lack of maintezeaaccess limits their application.
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Figure 3.4.16. Flow Path of Gasketed Plate Heat Exchanger
1998, 1999, 2000, and 2001 ASHRAE Handbook CD, {&h4f
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Figure 3.4.17. Flow Path of Welded Plate Heat Exchanger
1998, 1999, 2000, and 2001 ASHRAE Handbook CD, {&h4p
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3.5.5olar electrical energy

For our project, we have separated in differentsptire work. we worked about the
choice for the solar panels photovoltaic and alimiter systems for the building.
Before that, we looked for different piece of infation about the weather in
Denmark, the percentage of sunlight, the precipitatdata or the daylight during one
year. Once those data were collected, we were tabtempute which panels is the
best and how many KW.h we can get. We will finishchoosing the right lights and
lamps and we will try to take advantage of thisichato save money. We will

compare these lamps between advantages and disagesiand some tables.

3.5.1. The weather

First of all, let's try to find some data about thenmark climate, because we
need to know if it is possible to install solar pEnPV and if we will have a good
efficiency in this country. We found some documeatsd drawings about the

weather.

Table 3.5.1 : Denmark atmospheric temperatures

Laftitude: 55°37'N  Longitude: 012°35'E Elevation: 4m  Station: DNOG180
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an| Temperature: Daily High Daily Low
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http://www.climate-charts.com/Locations/d/DNO618{p
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Table 3.5.2 : Average temperature in Denmark

0101 [TSMPperature ¢l 1| — 1| 2.0/ 5.6/10.9|15.0(16.4|16.2|12.3| 96| 5.1/ 1.8
Mean Value

0201 |lioh Temperature - 5 o 5 | 4 5| g9 (15 1(19.4|20.5(20 4(16.8(12 2| 7.2| 3.7
Mean Value

Low Temperature| | , 5| 5 3/ _ 4| 2 3| 7.0l11.1|12.8[12.5(10.0] 6.9 —.2| .5

0301 Mean Value

http://www.climate-charts.com/Locations/d/DNO61 8@ p

We can see on this picture the average temperaturBenmark. The highest
temperature is during the summer and it does noeexk 20 centigrades and the
lowest is during winter and it is O °C or a litthé less. We don’t need to have a high

centigrade but with this diagram we can have aa at®ut the country.

Table 3.5.3: Sunshine in Denmark

Average monthly hours of sunshine over the year
This is the monthly total of sunhours

300 hrs

v weatherand-clim

http://www.weather-and-climate.com/average-montowrs-
Sunshine,Karup,Denmark

You can see on this table the sunshine over the ipehours. During spring and
summer the solar panels can make more electricég tutumn and winter. In fact
during this period the daylight is very importargchuse we are in the north of

Europe.



66

Table 3.5.4 : Percent of sunshine

Average percent of sunshine over the year
This is the mean percent of sunhours during the day

e

http://www.weather-and-climate.com/average-mongdyeent-
Sunshine,Karup,Denmark

We can notice, in the picture below, we can seeptiteentage of the sunshine by
months and we can calculate the average of thé&surs during the year :

(Jan + Feb + Mar + Apr...... )/112="7

(0,29 + 0,27 + 0,35 + 0,42 + 0,44 + 0,42 + 0,4Q4006- 0,43 + 0,30 + 0,18 + 0,12) /
12 =0,32

Therefore the total efficiency for one year in Damknis 32,6 % of sunshine.

Table 3.5.5 : Monthly precipitation

Average monthly precipitation over the year (rainfall, snow)
This is the mean monthly precipitation, including rain, snow, hail etc.

100 mm—y

BOrmm 3

{ B0 mm

g 40mm

20 mm

0 mm
dun Jul Alig

ation (rainfsnow) in Karup, Denmark - Copyright &
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http://www.weather-and-climate.com/average-mongileipitation-
Rainfall, Karup,Denmark

For a low energy house we need to know if the prtion rate in Denmark is high
so that we could be able to recycle and use ithethousing water system. During the
summer and winter the precipitations are importaotif we want to install a tank for

that we can compute how many liters of waters westack.

Table 3.5.6 : Time of daylight

24
22
20
18

0 14
‘E 12 HooR Da'f"ght HOOH
@ 10

Tim
(=" TR - R W Sy W IR R O X

L=T0 - T

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Winter Spring Summer Autumn

http://www.climate-charts.com/Charts/D/DN06180.png

This diagram highlights the amount of monthly dgiyti hours. This piece of
information is crucial for the photovoltaic sofaanels situation. Over the spring and
summer there are on average 17 daylight hoursté@hperature itself does not really
matter because the sunlight is the only cruciahelet that makes work panels.
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3.5.2. Solar Panels Photovoltaic

a.°) How are the Panels made ?

Definition :

A photovoltaic module or photovoltaic panel is arterconnected assembly of
photovoltaic cells, also known as solar cellss lthen used as a component in a larger
photovoltaic system to extend electricity for comamd and residential applications.
A single photovoltaic module can only produce aitikth amount of power, many
installations contain several modules or panels thiglis known as a photovoltaic
array. A photovoltaic installation typically incled a range of photovoltaic modules
or panels, an inverter, batteries (if you want teef the electricity) and
interconnection wiring. The solar panels photovolare used with a lot of different
systems such as satellites, approach lights oetticlachine. They use that because it

IS more expensive to connect these devices witeldatrical communication.

Constitution :
The solar panels are composed of solar cells. Tloele convert the energy of
sunlight directly into electricity by the photovait effect. The solar cells are made
with silicon and also semiconductor like indiumgdeaum telluride and so on. The
module is constituted of solar cells electricalgnoected and encapsulated. They
have frequently a sheet of Glasson of the frongé,std protect the semiconductor
wafers from the natural elements and to pass ghe li

Functioning :

Solar panels use light energy (photon) from thetsugenerate electricity. The current
received depends on the incidence of the reflelogédl The sunlight photon hit the
solar panel and are absorbed by semiconductingrialatéke silicon. The Electrons
(negatively charged) are knocked loose from théma, allowing them to flow
through the material to produce electricity. Thea solar cells convert into a usable
amount of direct current (DC) electricity. To usesell the electricity, you need to
buy a converter to spin off the direct current iatoalternative current.
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b.°) Dimensional of a photovoltaic system

=> First step :

Normally, we have to know the requirements in tensthe power of appliance and
the duration of use. But in our building we haveflais for families and 6 shops. On
average the electric consumption was 1200 kwhiZerit And for a couple with two
children this consumption was between 2500 and &Wd0(without heating). For the
shops, it is very difficult to find some data abdle consumption because we don’t
know what kinds of shop it is. we can’t estimate donsumption of heating and water
between a pub or a hairdresser, but we think thextetis a big difference between
both.

So now we can do an appraisal for the flats an@1 flats with approximately 3000

kwh of consumption, we have a total consumptio63000 kwh without the shops.

=» Second step :

Then, we can calculate the amount of solar endragtywe are going to save from the
country and the site. We are in Denmark, precisel{Zopenhagen and we found
some information about this country. It is not aimioy with a lot of sunshine and
high temperatures, so the coefficient of sunshen@00 and in average it is 1000 for
example in France. The unit is watt / m2. After, mave to find an optimal angle for

the solar panels PV and the orientation.

=>» Third step :

Now, we have to choose what kind of photovoltaiaspanels we want to use, and
the reason why we took this one. To select oné&réifit factors have to be taken into
consideration such as efficiency, the power, tlze sir if it is a monocrystalline or

polycrystalline.  There are some differences betwdmth (advantages and

disadvantages).

. Concerning the monocrystalline, there is a goottieficy (14% at
16%), a lot of producers and a good proportion betwpower and area. But it
is expensive to built this kind of panels.

o Concerning the polycrystalline, there is a goodicedhcy for
converting the electricity (about 100Wc/m?2), it Iess expensive than
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monocrystalline and the cells are square whictettebin the module. But it

does not work very well when there is not a loswfshine.

=>Fourth step :

Now, we can think about how to install the solan@s with the electric part.

e First, we try to know take if we want to sell thlectricity at the electrical

communication :
With this installation we can sell the electricatyd find all of the different devices.

Picture 3.5.1: System fir sell electricity

[Ztisnonnectﬂr Hectric Applying
Direct current atar electric
Direct current Alternating current - | |
- Electric
= board
#:- - ..'.
=T | o protecHan
A différentielle]
© EF4
Photovoltaic Circuit breaker
generator Inverter Alternating current Hectric
meter
Metworks

We have at the beginning a group of photovoltaiarspanels, then we can use a
disconnecting switch. This one can isolate the @lataic generator electrically. We

have to convert the direct current to alternatingent. This transformation is realize
by an inverter. The unit is Kilovoltampere (KVA)utside of the inverter, there is an
applying electric which are connect both. Of coutkere are some circuit breakers
and switch to isolate and protect each electriudir

The electricity is buying by the national companyDenmark and here the price for 1
Kwh is 2 DKK or 0,24 €.
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For our installation, if we can get 10,168 Kwh afhdve want to buy all of the

electricity

10.168 x 2 = 20336 DKK therefore 2733 Euros.

In secondly, If want to keep the energy and we havéake a battery for
stocking the electricity. Also the system is thmeaut you need to add a load
regulator for stabilizing the solar energy and gcting the battery against the
overloads. So we have to use a semi-stationargryait slow-shock, with the
solar panel system. This one can abide 500 to gél@éx On average, the life

span can be 5 years.

Picture 3.5.2: System for keeping electricity

Solar panel

Regulato

Cable serie

http://t3.gstatic.com/images?g=tbn:FvubBVNnvzxgplb:www.energiedou
ce.com/media/docs/Energiedouce-schema-installagaomeau-solaire-24-
volts-sans-convertisseur.jpg
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At the end of the installation, we are going toat®the panel structure, It is mean

the size of the structure so that the panels wilihboconformity with the structure.

Picture 3.5.3: Structure of the panel

http://pagesperso-orange.fr/energies-nouvelles-
entreprises/images/strctl.jpg

The price :

We have about 101,68 square meters solar panelharmtice for 1 square meter is
1000 € (7440DKK). we can calculate for my instadiaf it is around 101680 €, it is
very expensive but you could have some financild bg the government.
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3.6.The Lamps

We want to choose the best lamps for economizeggreand save the environment.

For that we need to know the different advantages disadvantages between the

kinds of lamps and why you can put a LED in thehen for example and not in the

living-room.

1.°) Comparing the different kinds of Lamps

In first , we are going to describe the LED (ligimitting diode), this one is
one of the best lamp actually. The life time is eptwnal (50 at 100.000
hours). The LED is very fast and hard-wearing. an switch off and switch
on the lamp and is not damage. They have a varlabi?ance and you can
use a dimmer. They are small and they are availablew voltage. Finally

you can put this kind of lamp outside or inside &nd very useful. But there
are some disadvantages like, the price is highcohmur is not perfect and it is
difficult to find LED with a full power.

Picture 3.6.1 : Kinds of LEDs

Types

ifatn

http://upload.wikimedia.org/wikipedia/commons/thu@ibe/Verschiedene LE

Ds.jpg/750px-Verschiedene LEDs.jpg
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e Secondly, we are going to describe the Compactréseent Lamp. For this
one there are more disadvantages than the LEDLifélene is good about 10
at 20 thousand hours. The energy efficiency is geyd, the lamp stay warm
after use. You can find a lot of different power flois kind of lamp. Although
The price is little bit expensive but less than LEie colour is not very good
above all the beginning (when you switch on thedarthe size of this lamp
is big, you cannot use everywhere. This lamps aeenwith dangerous matter
(mercury, lead). They are pretty breakable so yaweho be careful and you
cannot use with a dimmer. They do not like when gaitch of the lamp all
time, you can damage the lamp.

Picture 3.6.2 : Kind of Compact fluorescent lamp

http://upload.wikimedia.org/wikipedia/commons/thu@ibf/ CompactFluorescentLigh
tBulb.jpg/200px-CompactFluorescentLightBulb.jpg
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e Thirdly, we are going to describe the last lamgalmdescent light bulb. This
one is the best known and maybe the most use. Butwe can compare with
different lamps and this one is very bad. Theysmme advantages like the
price is very cheap when you compare with the stlemps. There are a lot of
different sizes and the colour is very good. The igaide the lamp is clean.
But the life time is very bad, no more than oneudand hours, the lamp is
very breakable and the efficiency is very bad, éhare a lot of heat and it

could be dangerous.

Picture 3.6.3 : Incandescent light bulb

http://upload.wikimedia.org/wikipedia/commons/thdbib4/Gluehlampe 01 _KMJ.p
ng/200px-Gluehlampe 01 KMJ.png




76

3.7 Automatics at house

When think about how the house of the future wel] predictions we obtain
are really different. But the real innovations wvaiticur in the interior of homes and
have their origin in the application of computarshe same, so in the coming
decades will not miss us find ourselves in a sibmdike that follows: Enter the house
and that automatically lights up the rooms thatvessed, turn on the stereo system
with your favorite radio station, enter in a batk\pously heated and placed under
running water warm shower. Throughout this sequeacene has neither triggered a
switch nor pressed any buttons. It is domoticsebrof housing services by systems
that perform multiple functions, which can be coeted together internal and external
networks and communications, thanks to all of wigeha considerable saving of
energy, effective technical management of hougiogd communication with the
outside and a high level of security.

In fact according to Xavier Passaret, automatigreeixengineer who headed
the technical services unit of the Institut Cer@dad&lona, before became the General
Director of Delta Dore Electronica S.A., “The howdehe future will be very similar
to the present, a home automation system whichprnoNide more comfort and more
safety and shall be conditioned to be more respleatthe environment.”

The possibilities of home automation will be or ah@ost endless and allow a
completely customized package of services adaptétktinhabitants of the house.
The technology will enable the house of the futareéherefore, all comfortable, safe

and effective that users can imagine and of copaye

3.7.1. Features of smart housing

In general, a home automation system have a net@fa&mmunication and
dialogue to enable the interconnection of a nunobéeams to information about the
home environment, and based on it, to conducticeatdions on that environment.

Thus the fundamental characteristics of this sysiem
a) Remote control from inside the house.

Such a possibility is achieved through a systeroaimunication among

different computers that are part of the home.
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The most immediate consequence of the above issidarable reduction of the
need to move within the housing, which may be paldrly important for people in
the elderly or disabled

b) Remote control from outside the home.

It presupposes a change in schedules in which demiasks are performed and
allows users to make better use of your time. Aspnt there are already numerous
appliances that incorporate this aspect, for exarifargherita 2000 washing
machine by Ariston Digital that can be handled gy internet.

Picture 3.7.1.- Margherita 2000 washing machine by Ariston
http://www.destek-yazilim.com/Galeri/Merloni.htm

c) Pre-programmed.

Allows systems to be programmed either to perfoentain functions at the touch
of a button or that undertaken in terms of othefirenmental conditions (time,

indoor or outdoor temperature, etc.).
d) Access to external services.

Here we can include services as telebanking oshelgping and teleworking
course, but the former has been one of the masonsafor the application of new

technologies to housing.
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Contents of the system

Although as stated at the beginning is really handlentify the limits of
performance of the intelligent, far from home tyiareas to which most directly
affected is basically reduced to four:

a) Power: As the system manages power consumpyitimbrs or timer.

b) The comfort: This includes heating, hot wateglmg or lighting.

c) Security: integrates three security fields thatmally are controlled by different
systems:

1. - Security of assets: Management of accessalarid presence, and even
simulation of the latter.

2. - Security of people: Especially suitable fa tderly and sick.

3. - Incidents and Troubleshooting: Using sensarsdetect fires and gas leaks and
water.

d) Communications: Perhaps the main feature is the integration of home automation
systems, so often see its interconnected to various devices such as telephone or video

intercom.

3.7.2. Objectives
The objectives or handicaps that are presentdtetautomation in the short
term, as we can distinguish two different perspesti the user and the purely

technical. In the first major goals are:

e Create the possibility of a installation before sibaction.

e To facilitate the expansion and introducing newuess.

e Achieving greater simplicity of use as possiblejalifis particularly difficult
if we take into account the complexity of the syste

e To a sufficient degree of standardization and irmq@etation, allowing a
significant reduction in their costs.

e Ensure complete customer service.

On the other side from the technical side, the roljective of an obvious
smooth operation of the facility in general, pagsesnsure sufficient transmission

speed.
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Home automation and ecology

The debate between high technology and ecologwdeet artificial and
natural buildings, including smart homes and plasneust take into account fools
Mother Nature needs very specific conditions teregate. Besides all this and not
only on the inner satisfaction that produces siduity environmental conservation,
but also, in most cases, a medium-term econonecast.

As the title of our project show, it is about a lemergy house. So after taking
in mind all the systems that can been improved,dbmpulsory to control them, in
order to reduce to the max the energy consumpiadimg advantage of all the
systems installed and the natural resources théawe. This is why we are going to

explain the automatics that are planning to ingtatlur house.

3.7.3. Status of the global automation
Before start with our part in this project, is aodadea to know how the state

of the art is around the world.
e United States.

The guidance given to the home automation intditihmae is basically
interactive and was the first country, in 1984dévelop a home demotic standard: the
CEBus (Consumer Electronic Bus), also knowiEBs-600, in order to improve the

home automation standard X10.

This standard have joined more than 17 Americanufisaturers (AT & T,
Johnson, Tandy, Panasonic and others).
The CEBus standard was released in September 1992.

e Japan.

Unlike the Americans the trend is towards automatmde to the interactive.
The official surveys tell of a home automation nearéf DKK 6,253 billion in present

figure.

e FEurope.



80

The first initiative began in 1984 in six Europeampanies. Information
Society Technologies (IST) developed intensivelyMeen 87 and 88 some programs,
leading finally to the current program ESPRHuopean Strategic Program on
Research in Information Technology. The main objective of this program is to
define a standard for the integration of home ed&@t systems and analyze which
are the areas of application of a system of tmd Kl'hus a standard is sought to
enable a move towards integrated applicationseohtiuse. They are currently

represented in the ESPRIT all the countries oBhmpean Union.

3.7.4. Introduction to our selection: Schneider Electric.
According to the test extracted froimtp://mhmonline.com/green-

material /news /steps-achieving-active-energy-management-1002/index2.html , wrote
by David Voynow, a global specialist in energy mgeraent, who is market segment

manager for material handling in the North Ameriogerating division of Schneider
Electric, we can say that:

“The overall goal of an energy-efficient DC shoblel continuous
improvement.

An EEM system can be especially effective in a Wause or DC because it
can track all forms of energy usage (water, conga@sir, gas and steam, in addition
to electricity). Additionally, many EEM systems caunodel energy efficiency,
allowing users to normalize energy consumption td@sevarious drivers, including
volume of products being handled or outside aiperature, among others. EEM
systems can also benchmark facilities against etddr, so best practices can be
identified and shared with under-performing faht A system could also be used to
model one utility rate against another, or quantéyback on energy efficiency
measures that are implemented.

Components like electronic motor starters have imecmbust enough to
facilitate the flow of energy information that ciead to not only critical energy
decision making, but also predictive maintenance.dxample, a motor starter can
monitor how much power each of a motor’'s phasesisirgg; if one phase becomes
unbalanced, that information can be sent to thiéitiés energy management or
supervisory control and data acquisition (SCADASteyn via PLC, which can
calculate how much power is being used. If a mistoiIsing more power than

anticipated, it could mean that the motor is singpiyy and needs to be cleaned.
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A strategic energy management plan should addmhsshort-term improvements as
well as future strategies to implement as energepifluctuate. A well considered
plan should have clear actions in mind and refjecd decisions that can be
somewhat independent of current energy prices.

Most of all, a strategic energy management plamlshioe realistic, and the
best way to ensure that is to have a strong uratetistg of a facility ownership’s
return on investment tolerance. If ownership dersamdne-year payback on energy
management technologies, the plan will look mudfedint than if a three-year
payback is acceptable. Having this informationamdh during the initial research
phase can help resources better assist in plahogenrent. Appropriate resources can
include industry associations, like the MateriahHigng Industry of America, the
local utility and suppliers of the full gamut ofengy management technologies. “

We have selected Schneider Electric as a supplieseiveral motives. The
first one is that this is a well know enterpriseoand Europe, they work in every
country, so one can get suppliers near to homBelmmark one can find them at this

adress: (Found attp://www.schneider-

electric.dk/sites/denmark/da/generalt/kontakt/kontakt.page )
Schneider Electric Danmark A/S

Industriparken 32,
2750 Ballerup

Other reason is that one of the members of ourgrandrés Rubio
Hernandez, student of the Degree in Automaticswwaked with them as
maintenance technician at Barcelona Airport, sesti@miliarized whit their products.

And finally, as they say in their web page, Schaelglectric joins forces with
its distributors to spread the message of eneffipiericy. Its purpose is to achieve,
with the participation of installers and specifiarsers and owners enjoy more
efficient facilities, comfortable and safe. At theme time, they contribute
significantly to environmental protection. Becaa$és proximity, the customer can
trust the dealer and the product offers for maxinguality and energy performance.
With its team of qualified technically and commailyi is in the best position to listen
and respond to questions about energy-efficienitisols.

According to their Guide of Energy-efficient sotuts, found at:

http://www.schneiderelectric.es/documents/local/soluciones/Guia-soluciones-
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eficiencia-energetica-2a-edicion.pdf , there is all a spectrum of products adaptedito o

necessities.

The first point to take in mind is the energy dilam With the Kyoto
Protocol, industrialized countries have agreectiuce their collective emissions of
greenhouse gases by 5.2% for the year 2012, aogai@ithe 1990 emissions level.
Currently, electricity is the largest contributorthe emission of these gases. Up to
50% of CO2 emissions attributable to residential emmmercial buildings are from
electricity consumption.

And with the proliferation of household appliancesmputers and
entertainment systems and the increased use afeflagoment such as air systems
conditioning and ventilation, electricity consunagptiis growing in a manner
disproportionate to the use of alternative energies

With their products, we can obtain a save of 30%nk to the combination of:
From +15 to 10% with devices and efficient facd#ti Low consumption, building
isolate...

From +5 to 15% Using optimized installation andides: Turn off if not required,
regular engines, heating ...
From +2 to 8% Improvement Program and monitoringnaament: Maintenance,

measurement and correction.

3.7.5. Standard ISO

The regulations are driving Energy Efficiency athand the world.

The Kyoto Protocol was the beginning of the esthiblient of quantitative objectives
and an agenda with regard to reducing CO2 emissuthsclear commitments from
governments.

Beyond Kyoto commitment (until 2012), many courgri@ve set a further
time and objectives according with the recommewodatbf the Intergovernmental
Panel on Climate Change (GIEEC) defined in the @atisn UN Framework on
Climate Change (UNFCCC) to stabilize CO2 leveld5i ppm (to halve by 2050 the
CO2 level of 1990).

The European Union is a good example and in Ma@€y has sought at least
20% by 2020 (known as the 3 x 20: reduction of 2D@®, 20% improvement in the
level of Energy Efficiency and obtaining the 20%ewable energy).
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This commitment could be extended to 30% in 202€ase of reaching a
post-Kyoto international agreement.

Some European countries are planning to commio g®% by 2050. It is
shown that the context and policies Energy Efficiewill be present for an extended
period of time.

To achieve these goals will require real change.

The regulations affect all sectors and influenceamty the facilities and new
construction, but also in buildings exist in regaranvironmental care, industry
industry or infrastructure.

At the same time, with the beginning of standartitzehave emerged a large
number of new standards or are already being imghéaa.

In buildings, impact of all energy uses:

-Lighting.

-Ventilation.

-Heating.

-Refrigeration and air conditioning.

For industrial and commercial enterprises, theoteriagencies standardization is
creating standard energy management systems, tonisisth the known quality
standardSO 9001andISO 14001environmental care. They are also developing

Energy Efficiency Services standards.

Figures in our building

Inside a small and residential building, using thigd of automatics it could
be saved between the 10 and 40% of electricityy @ heating is the 30 % of the
total consumption of energy. Lighting and home gguyaes are the 40% of the total.

In order to get this save, we must use:

o Lighting control: regulators, electronic timerstelgors of movement and
presence, specific switches, twilight switches.
o Climatic control: programmers schedules.

e Engine Control: programmers schedule variable spegds.
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« Management systems: Control Systems blinds. Sydighisg control.
Control Systems households.
e Value added services: Remote Control. Media Conffl@irm management.

Solutions to implement

Lighting control
Automatically manage lighting by detecting moving in home.

We have chosen the Unica motion detectors, whikight turns on
automatically when it is needed.

They can be recessed or surface mount indoor liastals. There is more
information in the page 210 of the document “Gugadluciones de Eficiencia

Energetica®. In the next picture it can be seenlhea motion detector.

Figure 3.7.2.- Motion detector switch Unica.
From the document “Guia de soluciones de Eficiefagiargetica.

Commodities Energy Efficiency: Lighting control lealson the presence of people,
timing and brightness threshold.

There are two modes:

e Manual: the load is controlled with a push.
e Automatic: the load is controlled by motion detentand a brightness
threshold

predefined umbral.

Solution diagram:
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Figure 3.7.3.- Motion detector switch Unica solution diagram.
From the document “Guia de soluciones de Eficiegiargetica.

Ensure efficient lighting at the entrance to our block of flats.

The shared facilities of buildings (Halls, basemsearid garages ...) have use
specific features on time and irregular. Also, @saally located in dark places that
need light at all time of day or night. Lightingaetling of these places is incompatible
with the notion of saving energy.

We have chosen the electronic timer MINp, it effeely manage simple
lighting temporary shared facilities of the builge The anticipated turning off
reduced light intensity by 50% just before the ffip@riod, which can restart a new
period of three minutes in a completely securetstfciotal darkness. If needed
permanent lighting (service, maintenance ...), @@&@nt lighting function ensures the
continuous operation of the lights. There is mafermation in the page 203 of the
attached document “Guia de soluciones de EficidBogrgetica“.
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Figure 3.7.5.- Electronic timer MINp.
From the document “Guia de soluciones de Eficiefgiargetica.

Timer function MINP with integrated termination & on the product:

-The shutdown timer can be set between 0.5 andi20 m

-The timing of 1 hour set starts by pressing thetr@d button for more than 2 s.
-The MINP can control lighting up to 3,600 W.

-Possibility to cancel the timer for a permanegitting.

Diagram of the connection:

MINp
Switch
| : B
1l -2 Switch
#.
NJ[a | |
J‘ ) 4
Lighting

Figure 3.7.6.- Electronic timer MINp solution diagram.
From the document “Guia de soluciones de Eficiegiargetica”.
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MINP timer switches need to connect in the insti@taphase. For higher
power, use a CT contact and circuit breaker priercits specifications depend on
the installed power and type of load.

Climatic control
Temperature control via thermostatic valves

In our building we need to identify areas wheretimgas centralized. It must
be possible to configure two temperatures and pragnodify its state time or using
a interactive system. Saving energy by ensuringdnefort of the user, choosing the
right temperature for each, or for each area ohthese, at their election.

In homes or facilities with central heating, th@somption needs vary
between properties of the same block, depending®geographic and time of day.
To reduce or increase 4 ° C heating in rooms ordsowhere the morning sun gives
unlike afternoon, means less energy needs anddnetewer consumption of
heating system.

We selected the Connect home automation contgjagon and
programming of heating. Operates by radio frequescyve avoid unnecessary
wiring. Thermostatic valves should be installed @ext to radiator. They are
powered by two AA batteries, 9 V. It has a prograngrsoftware for the installation.

{

Figure 3.7.7.- Connect Central RF.
From the document “Guia de soluciones de Eficiegiargetica”.

Diagram of the connection:
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Connect Central BF. Thermostatic valves

Figure 3.7.8.- Connect Central RF solution diagram.
From the document “Guia de soluciones de Eficiefaiargetica”.

Energy management
Identify sources of excessive consumption

Due to we need to identify sources of excessivasamption, it is necessary
the installation of a consumption meter. We setedte kwWh (kilowatts per hour)
meter EN40, with which we can monitor electricighnsumption and make the cost
allocation and billing. Control their electricitpesumption. Managing an electrical

installation and optimize the energy consumptionwfbuilding.
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Figure 3.7. 9. - EN4O0.
From the document “Guia de soluciones de Eficiegiargetica”.

This range is particularly inexpensive and eadpstall on all switchboards
<10 kVA. The kWh meters EN40 are designed to me&asative energy consumed by
a single phase circuit. The range kWh meter EN40pdies with IEC 61557-12, IEC
62053-21 (Class 1), EN 50470-3 and MID (pendingaygl).lts small size allows for
installation on compact switchboards. The lowek fithe current input makes
connecting the meter associated with the circ@itiker. You can use a pulse output
to manage a group of meters remotely.

Diagram of the solution:

1 v
To the charge

Figure 3.7.10. - EN4O0 solution diagram.
From the document “Guia de soluciones de Eficiegiargetica”.
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Security and continuity of servicein front of atmospheric phenomena.

Due to inclement weather and other causes, itaessary to protect
equipment sensitive to possible surges causeddingat lightning discharges and
possible maneuvers network.

Figure 3.7.11.- Lightning discharges.
From the document “Guia de soluciones de Eficielgiargetica”.

We have selected a surge limiter Type 2 to pragkadtrical and electronic equipment
with integrated automatic shutdown to ensure caoitijrof service when the limit

reaches the end of his life.

Figure 3.7.12.- Quick PF.
From the document “Guia de soluciones de Eficielgiargetica”.

Quick PF 1 P + N Features :

Maximum download | max (8 / 20 s): 10 KA.
Maximum permissible voltage steady Uc: 275 V
Short circuit current Isc of automatic disconnertié kA.
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Engine Control
Garden watering control

In the drawings of our building you can see mareegrareas. Therefore we
think that is a good idea to consider implemengéngrrigation system, so that we can
save water. We want to automate the watering of lome so that after a preset time

switch on the irrigation system.

Figure 3.7.13.- IHP garden watering control.
From the document “Guia de soluciones de Eficiegiargetica”.

To automate the watering of housing the instalfatiba digital time switch
IHP + 1C. Thus irrigation is activated at the preédene and remains on during a
time marked by the user. This timer is connecteelctly to the sprinklers, divided by
landscaped areas according to vegetation. Thig tareselect the amount of water
that we irrigate each zone. How adjusted weeklg, @an distinguish the different

seasons and the distinctions to water plants.
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Diagram of the solution:

Figure 3.7.14.- IHP garden watering control solution diagram.
From the document “Guia de soluciones de Eficielgiargetica”.
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4. Field research:

In order to improve the research made, we dedaeake some field research.
It is a very good point to see how a low energydeois in practice. That is the reason

why we visited ecological village near Aarhus.

4.1Visiting an ecological village near Aarhus

We have visited an eco-village near Aarhus, cafldprtshgj” where two
hundred adults and children are living. This prbjet being in community and
respecting the environment was imagined during 90@&. Then, people of this
village have built and designed their own housekdose the best systems to isolate

and equip the houses.

Their wishes were to reduce their heat consumgimh their CO2 emission.
They decided to build their houses with a very gowdilation to keep the heat and
install some solar panels to heat the water.

The houses are largely insulated with “paper woalhich is granulated
recycled paper. Energy used for this type of irtsahais much lower than the energy
used for the traditional melting of glass and maher

The whole heating of homes and water is done eligdsurning wood chips
or through solar heating. Wood chips are burnatieir own central wood chip stove,
which is coupled to a Stirling engine, which optaes efficiency by also producing

electricity.



Picture4.4.1;

The first boiler was a granules Boiler (180kW)
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Picture 4.4.2: When you open the door, you find the granules tank

e

Picture 4.4.3: Later on, they installed a central wood chip st@&OkW):
Ir:"""-z e ] v 7 o

. I! : || L8
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Here you can see the wood chip tank. Each weekjck tomes and delivers wood

chip. In winter, 100 meters square are deliveredysek

Picture 4.4.4: Wood chip

On the other side, a Stirling engine has been baithat electricity can be produced:

Picture 4.4.5: Stirling engine
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Here you can see the wiring diagram of StirlingieeagThe wood chips are burnt and
the heat produced is used from the Stirling engine.

Picture 4.4.6. Diagram

All the houses and common houses are equippedlaysanels and they can use the

panels during few months, from May until Octobertfee hot water.



98

Picture 4.4.7: Common house

Picture 4.4.8: Roof of the house

The village is devised in different districts artthe districts have a common house
which can be used to organize dinners all togeth@mnvite guests. And each house is

very well-equipped.
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Picture 4.4.9: Common kitchen

Each common house has also a washing machine fidwrwater used for washing
comes from the rain.

Picture 4.4.10: Common washing machine

Description of the current activities :
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= The people of the village use a car for many fasilivhich can contribute to

the respect of the environment and to save money.
= The village can use 1, 5 hectares to make growtablgs and fruits.

= They have built an underground tank at 3 meterp.dée used to collect grey
water and black water. During the summer period, wiater evaporates and
just the organic wastes leave. It's used to makerdes grow, which are used

for the heating.

Low energy houses are so well insulated that thenmeo air transfer between the
inside and the outside. So they need a doublevkntilation system to change the air

every two hours.

Picture 4.4.11: double flow ventilation system




101

Picture 4.4.12: Ventilation

The ventilation is also used as vacuum-cleaner. You just have to plug a pipe into
the socket you can see on the next picture in order to clean the ground.
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5. Framework

After carrying out some eye-opening research, ggddeamework was made.
The first two points in this framework are "Wha#id "How?" This is to make it
absolutely clear of exactly what the aim of theduat is and how it will be achieved.

This is then broken down into more specific points.

In order to reach the class 1 danish standard &®d to fit to some special
rules and regulation for building construction.cdlenergy performance framework
for residential buildings, student halls of resicefdormitories, hotels etc., i.e. a
building whose total demand for energy supply feating, ventilation, cooling and
domestic hot water per m2 of heated floor area doegxceed 35 kWh/m2/year plus
1100 kWh/year divided by the heated floor area bayglassified as a class 1 low
energy building.

Buildings must be constructed such thadeurtheir intended operational
conditions, a healthy, safe and comfortable inddionate can be maintained in rooms
occupied by any number of people for an extendedgeBuildings must be
constructed such that, under their intended opmerakiconditions and at levels
appropriate for the human activities to be cargatlin them, comfortable, healthy
temperatures can be maintained in the rooms oadigyi@ny number of people for
an extended period. The recommended temperatulaiilolings is about 19°C in
every rooms, about 22°C for bathrooms and aroui@ 1ér stairs.

For the building insulation there is a guideline $tandard U-value:

For walls and floor it should be less than 0,2 WKm?

For roof, it should be around 0,15 W/m2.K

For windows it should be around 1,5 W/m2.K

But off course for reach the class one, those nusrdoe only guideline, it is the
entire system which reduce the energy consumptions.

Buildings must be ventilated. Ventilation systemsst be designed, built,
operated and maintained such that they achievessathan the intended performance
while they are in use. Fresh air must be providedugh openings direct to the

outside or by ventilation installations with forcaidl supply. Transfer of air from one
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room to another may not be from a more to a lespaiuted room. Ventilation
installations and ventilation openings direct te tdutside must be designed and
installed such that they do not transfer substatecédse ventilated rooms, including
micro-organisms, which render the indoor climatbaaithy.

Central heating boilers, small-scale CHR{gg§combined heat and power),
generator systems, biofuel systems, wood-burnionggest fireplaces and other heating
appliances must be built and installed to previeatdanger of fire, explosion,
poisoning and health nuisance. Materials with dwursite resistance to flue gases,
fire, heat and corrosion must be used. Heatingapggs must be designed and

installed such that they can be cleaned withodicdity.

We are also interested about the guidelines and lhds of guidelines we
could do apply for our building. In fact after sted the heating system, the insulation
and the other different parts so that our builds@ “low energy house”, we would
like the residents can save energy every days. I8imes but which can allow to
save money can make a difference between before@nd The different kinds are
electricity, wastes, water and they are very imguarfor the Earth.

A°) Electricity
In first, there are some rules we can do for séaetrcity :

e They can avoid too warm machine or just when easessary, when
you wash at 40°C you consume 25% less than a ay@e° C.

e It is better to use induction cookers, it is meo®nomic than a vitro-
ceramic.

e Use the residual heat of the cookers for the eritdetooking (inertia).

e Unfroze the fridge every 6 month, you can consutnedtas less
electricity.

e Use electric devices when the electricity is chéapshing-machine,
dryer, oven)

¢ Install an economical toilet flush.

e Don't let the electrical devices in stand-by.

e Switch off the lights when it is not necessary.

e Buy low consumption lamps.

e Buy grade A household devices.

e Favour the daylight.

e Clean regularly the lamps for optimize them effincig.

e Cover the pans while cooking, you can economize 80&mergy.
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e Put the fridge in ventilated rooms like that thare no overheating.

B°) Water

We can save also water by simple rules like :

¢ Do not let the water on while washing your hands.
o Use flow limiters for the shower and the taps, yaun reduce your
consumption of water by 50% by year.
e Prefer showers to baths.
e Do not let the water flowing while washing the diss, when you
wash your hands or brush your teeth.
C°) Electricity and water
And you can save electricity and water togetheremive fill up the entire washing

machine.

D°) Wastes

It is very important to sort out the wastes (papglasses, plastic...)

E°) Heating

About the heating system, we can do some rulesdeoe energy like :

¢ Switch the heating off while airing

e Do not air too long

e Program the heating system in function of the flfgthm ( 1°C
increases by 7% of the energy consumption.)

D°) Ecology
¢ Finally we can use non polluting detergents.

Through those rules and regulation, a good framlewappear. It give a better
definitions of aims and also some very interestialgies. With this, a very good guide
line is make. And it specify what and how can wekenthis project work. We will
calculate approximately most of values by our sebed use ASCOT program given
by cenergia company for the total calculation amchs
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6. Technology solution selection and adapting for
building

The research made gave us a lot of knowledge'sudpproject. After we did
research we have to apply it to our project. Wéecbkenough information for being
able to design our own systems for low energy lmgldOur final solution should
incorporate the four main aspects of the projedtivire building insulation,
ventilation system, heating system and solar pgtesovoltaic. It is a solution
applied to our buildings, with calculation and drént steps in order to reach the class

1 Danish standard and give a proper solution tarthim aims of the project.
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6.1 Building insulation applied to the project

The insulation of the building is very importaot flecrease the energy
consumption of the heating system and make a pieasaosphere in the building.
The main part of the building which need to be latd are the exterior walls, the
roof, the floor and the windows (and doors withaaness to the outside of the
building).

After the research made, it is clear that a latadfitions are possible for this

building. But we can imagine a “main” solution irder to use it as a guide line.

6.1.1. Wall Insulation:

For the exterior walls, it seems that using amoat insulation is a good
process to keep the building in a constant temperaFor and outdoor insulation,
wool fiber is good insulator and it is very easyrtstall and cheep. The wideness of
wool fiber should be around 150 mm. In order toriowe the insulation it is also
possible to use wood fiber panels as indoor ineumaSimple wood panel ( about 100
mm wide) increase again the insulation but it alsorder to use the other properties.
Especially the Hygroscopic insulation which carrstmoisture, purify the air in the
house and regulate humidity.

For glass wool the coefficient of thermal condutyiis :  0.047 W/m.K

For wood fiber the coefficient of thermal conduittiis :  0.038 W/m.K

With this type of insulation the U-value of thelisawill be :

U=1/( 0.13 + 0.04 +( 0,15 / 0.047) + (0.1 / 0.0B& 0,16 W/m2.K

6.1.2. Roof insulation:
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For the roof it is possible to use wool fiber (ab®50 mm) for a first indoor
insulation layer and put a second layer of thirulason (about 200mm). It is a good
point to have a reflective material in roofs, bessathe warmer air tend to go up. But
with a reflective layer it can contribute to ke&p inside air to a constant heat and
avoid any heat flux in the building.

For thin Insulation the coefficient of thermal duetivity is : 0,045 W/m.K

With this type of insulation the U-value of rooiiMbe :

U=1/(0.1 + 0.04 + (0.15/0.047) + (0.1/0.045)) £®W/m2.K

6.1.3. Floor Insulation:

For the floor insulation the most used materi@tgofoam insulation. It have
enough thermal insulation properties it is realgap and very easy to install. A layer
about 250 mm is enough for create a good floarlai®n.

For Styrofoam insulation the coefficient of thetroanductivity is : 0,047
W/m.K

With this type of insulation the U-value of floall be :

U=1/(0.17 + 0.04 + (0,25 / 0,047)) = 0,18 Wkn?

For the windows the best and most common way isséodouble glazed
windows. The Low emissivity windows can be usedifave very good properties. It
enable the solar radiation to warm up the buildBgt. it can be used with some
special layers for acting as filters for light ratiton transmission. But by putting layer
with high efficiency filters generate thermal sg@s the glass which is not a good
point because it create weakness in the glassuAbuwlding is in the center of
Copenhagen the phonic insulation properties ofedlvasdows can be very
appreciate. The standard U value for double glalmngE is 1.8 W/m2.K, but if we
use a double glazing low-E treated with Argonaih ceach a U value of 1.5 W/m2.K.
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6.1.4. Installation process

Most of those insulating materials can be fourtd panel form. So for install
them, it need to be put into an aluminum (or othetal) rail framework screwed in
the walls. It is not a very complicated or expeagwocess . As you can see on this
picture the space between each rails and wallndepgthe size of piece of insulating
material used.

o ' | ol

Figure6.1.1. Installation of wall insulation.
http://www.placo.fr

Before to install insulating panels, be sure thet i

-correctly sized to fit snugly at the sides andsn
-installed to completely fill the cavity
-cut to fit properly -- there should be no gaps, stwould the insulation be

doubled-over or compressed
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-non-standard-width cavities shall be filled byutaion panels cut
approximately one inch (1") wider than the spackddilled
-cut to butt-fit around wiring and plumbing, or gglit so that one layer can fit

behind the wiring or plumbing and one layer fifriont

Obstructions from pipes conducts or else:

-insulation shall be cut to fit around wiring apldmbing without compression
-insulation shall be placed between the sheathialgtlae rear of electrical
boxes

-insulation shall be cut to fit around junction legx

-in cold climates water pipes shall have at leastthirds of the insulation
between the water pipe and the outside. If the gipear the outside, as much
insulation as possible shall be placed behind ijpe @nd no insulation shall be
placed between the pipe and the inside.

How to install insulation panels

Insulation is very easy to work with, it doesetjuire strength or tremendous
skill. The rolls or panels should fit snugly betwehe studs, and the only trimming
you'll have to do is around windows, doorframesctical outlets and plumbing. It
cuts easily with a utility knife and is extremeightweight.

Against every walls should have a metallic raifie in order to insert the
panels inside this frame (between the rails). & \®ry simple process and the only
precision required is for calculate the space betwesach rail. Here is a detailed
picture of the rails used for install building itestion:
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Rail
Securistil®

Figure 6.1.2 Example of rail used for fix insulating panels.
http://www.e-toiture.com

It is very simple rails and it is very easy to makigame with it. It is basically the

same process for walls and roof thermal insulation.

But the panels have to fit exactly (more or lésghe frame, in order to avoid
the creation of thermal bridges. Thermal bridgeskasically a way through the
insulation where the heat can move (from insideuiside or opposite) by any heat

transmission mode existing.

In real situation there is always thermal bridggsch can come from a thin
space between the panel and the rail or just avsehech drive the heat from to wall
to the inside for example. But with a good inswlatithermal bridges only represent
very few losses compare to the entire house [titlian issue and the installation of

insulating materials must be done by professiosadguproper tools and materials.

Sealing for roof:

This building have flat roof and it represent ssuie because of water
infiltration. When it rain, the water stay on tlmof and goes through the concrete and

insulating materials. This represent two main peois:
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-First, the water infiltration in the building irease the air humidity, the walls
became wet and this is a source of sickness anstun@idevelopment.

-Second, when insulating materials such as wosavod fiber became wet,
they loose they insulating properties and aftey tieed to be change because of the

development of mold in it.

It is the reason why roofs (and specially flatfyjoweds a very good
waterproof insulation. But this is not enough, fladfs also needs a way to evacuate
this still water , so they should not be flat buthwust a little inclination and

whatever a hole or else to evacuate this water.

Figure 6.1.3. Installation of roof sealing.
http://www.barbot-guesdon.fr

As you can see on those pictures it consist ahale and very thin layer to
put on the outside roof. In those days the mostnsommaterial used for sealing is
PVC layers. For the installation process a blowtarca burner is needed for have an

efficient sealing and avoid any water infiltration.

Floor insulation, installation process:

Installation of floor insulation is a very stratfgrward process. If the house is
a new construction, it is easily done before susfipoes down. It is an easy process

similar to wall installation process but even eaaithe structure is on the floor. And
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by using styrofoam, it became easier, becauseaivery inexpensive material and it

is very easy to cut for fit to the shape wanted.

Conclusion:

In order to summarized, the insulation of thiddiing is an important issue for
reduce energy consumption. To be considerate thidilhg as a “Low energy house”
it is very important to have an efficient insulatid\s the energy consumption of the
heating system represent the biggest part of tiidibg, it enable us to save a lot of
energy. Our solution for this building use commad guite cheap materials but the
efficiency is very good and enable this buildingeach the class 1and be considerate

as a low energy building.
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6.2 Ventilation system for low energy house

6.2.1. Figures in our building

The first step is to find the area of each apartpivided by type of room.
With these data we can find the flow of air musshpplied to each apartment. In the
following pictures you can see the drawings of parement two floors, and the
squared meters of each room. Were not taken in themdommon areas or gardens.

The areas are known to have an area of 302,lamd the gardens should not be aired
because they are outdoors.

Drawings of one flat (B4):

Figure 6.2.1.- Drawing of the flat B4, first floor.
"FRA GARDEN TIL GADEN”
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Figure 6.2.2.- Drawing of the flat B4, second floor.
"FRA GARDEN TIL GADEN”

Drawings of one flat, with the surface in squaresters, in red.
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Figure 6.2.3.- Drawing of the flat B4, first floor, with surface.
"FRA GARDEN TIL GADEN”
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livingroom 2 bedroom 3

Y 20,18 m2 20,18 m2

Figure 6.2.4.- Drawing of the flat B4, second floor, with surface.
"FRA GARDEN TIL GADEN”

The total area to be ventilated at this flat is &8 including the kitchen
occupies 7.6%, 8.4% the bathroom, and other aseah,as livingroom, bedroom and
corridor, the remaining 84%.

Although each flat has a different distributionstmplify the calculations, we
are going to extrapolate the results to the rette@building.

The sum of all habitable areas of the buildingli§ 44 m2. Extrapolating the
data above, we get 3500.6 m2 of livingroom, 350aihRathroom, and 316.7 m2 of
kitchen. In addition to 302.1 m2 of common areas.

The following table shows the relationship betwserfaces of different types
of rooms of the building, with the amount of floequired to satisfy the requirements
in denmark. At the end of the table we obtain ttaltflow required for the entire
building. With this information we will have to fihthe right solution.
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Relationship table between surfaces of differepesyof rooms of the building:

Areas of the surface (m2) Residences
building Minimum Air

Flow Rates

(I/s*m2) total (I/s) | m3/s
SUPPLY
livingroom 3500,4 0,35 1225,2 1,23
common areas 302,1 0,35 105,7 0,11
together 1330, 1,3
EXHAUST
bathroom 350 15,00 5250,0 5,25
kitchen 316,7 20,00 6334,0 6,33
together 4469,4 11584,0 11,58

Figure 6.2.5.-Relationship table between surfaces of differgpés$ of rooms of the
building.

As you can see, there is a difference betweenupplg air and exhaust. This

is because the exhaust requirements are much gteatethe supply. On our project

we will consider only the values of Supply to malke calculations, and work under

theassumption that the exhaust air will be used orilgnwareas like the kitchen or

bath are in use.

Solutions to implement
We have selected the model SHR 3205R by FANTECIH., (RANTECH),

whose specifications are:

Electrical Requirements: Volts: 120 Amps: 2.5
Exhaust Air Transfer Ratio: 0.03 @100 Pa/0.4 in-wg® 50 Pa /0.2 in. wg
Low Temp. Vent Reduction Factor: 11.8% Supply 13E%haust. Low Temp.

Imbalance Factor: 1.00.
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Relationship table between pressure and the anodaitt exhausted and supplied:

VENTILATION PERFORMANCE

EXT. STATIC NET SUPPLY GROSS AIR FLOW
PRESSURE AIR FLOW SUPPLY EXHAUST
Pa inwg Lis cfm Lis cfm Lis cim
75 0.3 140 297 144 306 153 326
100 0.4 126 267 129 275 141 299
125 0.5 114 243 "7 250 125 266
150 0.6 104 222 108 229 115 244
175 0.7 az 195 a4 20 103 219
200 0.8 &0 171 83 176 a9 190
225 0.9 69 147 " 151 79 169
250 1.0 o8 124 60 128 T 150
275 1.1 a7 101 48 103 a5 17
300 1.2 38 81 39 84 45 96
325 1.3 30 63 30 65 a 66
350 14 21 44 21 46 18 39

Figure 6.2.6.- Relationship table between pressure and the amafuait exhausted

and supplied.

1993 ASHRAE Handbook Fundamentals

For a pressure of 75 Pa, provides a supply of 144 $ince we need to 1300

I/s for the whole building, we installed 10 unitatered throughout the building.

In the next graph you can see the relationship éetvwpressure and the amount of air.

The upper line represents the exhaust air, anbbtier the supply air.
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Relationship graph between pressure and the anodait exhausted and supplied:
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Figure 6.2.7.- Relationship graph between pressure and the anmfait exhausted
and supplied.
1993 ASHRAE Handbook Fundamentals

As noted in the table below, applying this improegnwe can get 66%
sensible recovery efficiency. Taking into mind teath of the ten units cost around
400 DKK, adding the costs of installation, we cag that the total cost will be

approximately 10,000 DKK.

ENERGY PERFORMANCE

SUPPLY NET POWER SENSIBLE APPARENT LATENT
TEMPERATURE AIR FLOW CONSUMED RECOVERY SENSIBLE RECOVERY/MOISTURE
“C °F Lis CFM WATTS EFFICIENCY EFFECTIVENESS TRANSFER
HEATING 0 +32 56 118 136 66 7 0.02
0 +32 ] 162 182 66 76 0.02
0 +32 186 248 7z 64 74 0.03
-25 -13 58 123 168 67 79 0.05

Figure 6.2.8.- Energy performance table.
1993 ASHRAE Handbook Fundamentals

Conclusions:;
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Ventilation system is necessary to prevent tio& Building Syndrome (SBS),
toxic pollution from chemical substances, dustuamglation of microbes, bacteria
and viruses, and reduce the exposure to allergens.

Denmark rules, New Building regulations in 2008ictate the amount of air
that must be supplied and exhausted. In every m®wmell as for the whole residence
the supply of outdoor air shall be minimum 0,35W2; air shall be exhausted from
kitchen (20l/s), bathroom (15 I/s), toilet (15 I&s)d similar rooms.

Ventilation investment in the system is very lovdasry high savings, up to 66%, so

the investment is recovered quickly.
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6.3 Hot water heating system for “a low energy house”

Building hot water system consists of solar heasiggfem and from extra
boiler (district heating) in case if there will no¢ enough energy from the sun.

We calculate that in this building approximately@bple will live and on
average one person consumes 40 liters of hot \watetay. So it is 40 x 90 = 3600 |
per day.

1 n? solar collector can prepare 50 | per day.

Area of solar panel = 3600 /50 =72 m2

Size of water tank should be a little bit largearttihe amount of water needed
per one day and it is3.6 nt=4 nt
Complex structure of the roof does not allow to maksy solar collector system. The

main problem is that roof is separated in many kroafs. (Figure 6.3.1)

Figure 6.3.1. Solar collector location on the roof.
"FRA GARDEN TIL GADEN” 91209 “Alandsgade-karre@ekonkurrence”
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Yellow colour (Figure 6.3.1.) marks the place whieis planed to install a

solar collector.

The next complication was that the roof is flabefefore a decision was

taken to make an additional structure for the soddlector.

Reduction factor due to the solar collector origataand inclination

Table 6.3.1
South +- South +-
South 22.5° 45° South +- 77.5° | South +- 90°
15° 0.91 0.93 0.89 0.86 0.82
30° 0.96 0.95 0.92 0.88 0.82
45° 1 0.98 0.95 0.9 0.81
60 ° 1.01 0.99 0.96 0.89 0.79
75° 0.98 0.96 0.93 0.86 0.75
90° 0.91 0.89 0.85 0.78 0.69

http://www.batec.dk/ da-DK/Content/Data/PDF-

dokumenter/Datablade/Reduktionsfaktor%20som%20fkPefto20solfangerens%20

orientering%200g%20hldning.pdf

As you can see in table the most effective inclomais 60° and coefficient is

0.99 if orientation is South +-22.5°. Our solutierio make extra construction for

solar collectors, because of flat roof and limiéeda. But to make construction with

inclination 60° is too complicated and expensivieafflway we chose to make

construction in 15° degree angle and lose a hitlef the sun energy with lower

reduction factor (Table 6.3.1), but still use a#aof both roofs of 52 and 29 square

metres (Figure 6.3.2).
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Figure 6.3.2. Solar collector construction

We chose to use Batec BA 30 solar collectors. {ei@u3.3) (Full description
see in the Appendix 3).
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Figure 6.3.3. Batec BA 30 solar collectors
http://www.batec.dk/ da-DK/Content/Data/PDF-
dokumenter/Vejledninger/Montering%20af%20fitting &P C3%A5%20solfangere.

pdf

Size of one collector is 1120x2820mm, gross ar#@ Bf, aperture area 3.0
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Collectors are connected in parallel rows, eachgomsist of 4 collectors.
Total number - twenty-four “Batec BA30” solar amttors. (Figure 6.3.3. and 6.3.4.)

Temperature sensor

Figure 6.3.4. Drawing of solar collector locations

Each parallel row with solar collector has a terapge sensor, together 6
sensors. It is needed to calibrate system withegafar the same flow in every row of
solar collector. Also it is needed for automatiatrol system to calculate if the
medium temperature between solar collectors isdnighan in water tank and
automatic system starts or stops pump or to alatheitemperature between solar
collector rows is different.

We have designed two types of system:

e with drain-back system (see appendix 2)

e without drain-back system (see appendix 2)

There are some advantages and disadvantages fosgstem.



6.3.1. Hot water heating with drain-back system

Presure sensor

Temperature sensor
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Figure 6.3.5. Hot water heating with drain-back system.
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h]

Pump

District heating

Valve

Heat exchanger

Temperature sensor

Presure relief valve

Figure 6.3.6. Hot water heating with drain-back system.

Valve

Air intake

Reservoir (drain-back)

If this system is chosen, the pump position plaaeally important. The pump

should be placed on vertical return pipe as yousesnon Figure 6.3.5, because this

system has the possibility to get air in the sysfiemm drain-back reservoir. If pump

is on vertical pipe the air which goes in pump,gjoet because of gravity and system

work is uninterrupted.
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Drain back reservoir should collect all water freplar collectors and pipe above

reservoir. We calculate that the size of both resies should be:

1) >(8 x 2.26 >18.08) = 30 Liters
2) >(16 x 2.26 >36.16) = 60 Liters

It is really important to have air intake in toptbé drain back reservoir for filling
the collectors with air in case when the systestapped. (Figure 6.3.6). The pipe is
located inside the reservoir 5 - 10 cm above thiobo The air intake can be a hole
in the inner tube.

This height from bottom without tube is necessargoid the possibility that air

entersin the circulation loop.

The advantages of the drain-back system are:

e 100% safe against overheating

e Protection against freezing (no need to use glyeater can be used)
The disadvantages of the drain-back system are:

 Drain —back system requires at least 50 and 1@0 féservoirs in the4floor
area.

e A more powerful pump is required to pump up watent the reservoir level
up to the solar collector (approximately 3-4m) wiies system has been

stopped and has to be restarted again.
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6.3.2. Hot water heating system with the expansion tark@essure valve

Temperature sensor ; ¢
| P
/ ump |
Pump ] District heating
|
Valve
Valve W ’ v
Q L. 4
P Heat exchanger
. 1
Presure relief valve {

Presure reservoir

Figure 6.3.7. Hot water heating system with the expansion tartk@essure valve.

This main difference is that this system does movide air presence in the
system. There are bleed valves installed in thallghrows of solar collector. In case
the liquid of the solar collectors begins to besulting in additional pressure, the
pressure reservoir tank starts to load with wateron-return valve is installed
between the pressure reservoir and heat exchdngarses when the pressure is too
high and the pressure reservoir tank cannot pickliupe pressure, an overpressure
valve is triggered and excess fluid is releaseal tiéé bulk tank. If such an event

occurs the system must restart and bleed off air.

The advantages of the system without drain-back:

e Less powerful pump

e Take less space in living area (no reservoirlildur)
The disadvantages of the system without drain-back:

¢ In extra case when the sun is very active and nphaltiuse hot water energy
it is possible that the system starts boiling dredgdressure reservoir cannot
take all pressure and the pressure valve workslesotiarges some liquid out
of the system After that case it is necessaryfilh liquid in the system and
restart it.
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6.3.3. Extra systems for hot water heating

In case when there is not sufficient energy fromgtn, the system will use
district heating. It will be like an extra boilenédtrough heat exchanger it will give
extra heat energy to system.

We have designed a system with mixing valve thaesicold water with the
solar-heated water before it enters the tap.ritage so to exclude any possibilities
that the water burst out as steam exiting the t#p mgh probability to scald the user.
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6.3.4. Average energy savings installing solar collectorhot water
The total solar radiation energy perafi Danish territories is approximately
1000 kW h / year.
Using solar energy collectors we cannot get aliis@diation energy because of

several reasons:

e Solar collector efficiency
0 Solar collector glass cover reflects a small pawsmggn of solar energy
0 Solar collector has low heat loss through the arm# bottom surfaces
e The performance
0 Heat losses from the system (pipes, fixtures)

o Control system performance

The estimated amount of solar energy which carbta&ied from the
designed system (Figure 6.3.8) was calculated ubmgrogram offered on the

websitehttp://www.altomsolvarme.dk/kalkulator-mellem-AO 8. The estimate

generated by the program is average taking intouatd¢he medium level of solar
energy collectors. Calculations show that witm¥f area and the hot water
consumption of 3,600 liters per day it will be pbssto produce 29,400 kWh per
year with the proposed solar collectors.

Experimenting with this program we checked and taied that, for example,
increasing the solar receiver area two to threegirthe energy increase would be
only approximately 30%. This occurs because of anesolar energy throughout the
year. The designed system with 72 large solar collector area is optimal solution.
The sun in the active months allows to providevisatier using only solar energy and
the energy surplus in extra hot days is smalljithe winter months when solar
activity is relatively lower, the low amount of senergy is compensated with an
additional heat source (district heating). Incnegghe solar collector area two to
three times the capacity of solar energy is almeasugh also in winter months, but

during the summer months the energy would be tochnaid will not be used.
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6.3.5. Heating system

As this house is a low energy house with less losat, we can make
innovative ideas. Cenergia’s and our solution & treating system is associated with
hot water system. We connect heating system owatar return pipe and through
heat exchanger get energy for heating. (Figur®pMost of the energy will come

from district heating systems.

— Pump

District heating

Figure 6.3.9. Heating system.

For this system there are advantages and disadyemnta

Advantages:

e Fewer pipes

e Only one system (less costs)
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Disadvantages:

¢ Need heat exchanger in every flat (expensive)
¢ For heating not so high temperature is neededrdstovater which required
50-60 °C (if we want to use heat pump for gettiegtrenergy, the pump work

is much more effective if water temperature is dilyd0 °C not till 60 °C)



133

6.3.6. Conclusion

. Solar energy can be effectively used for hot whatgmot with such great
efficiency for heating purposes, as solar actixggches its peak during the
summer months, when the buildings do not requiegihg but still need hot
water. During the winter months solar activity ésatively small and the

resultant amount of energy relatively small.

. Solar activity is very variable depending on thassm, therefore the system is
designed in such a way that it provides heating08% hot water in solar
activity months, but in months when the solar atiis low the missing
energy is received from the centralized districthng system. In such a way
we avoid potential overheating of the system indgineamer months due to the
non-usable surplus energy. This is the main readgnwe choose the solar
collector system “Hot water preparation with th@amxsion tank and pressure
valve”. The main advantage of this system is a @shand low-power
circulation pump that provides lower operating sost

. The other system “Hot water preparation with actlvein back system” can
be used effectively when it is designed with suctamount of solar collectors
as to secure that all necessary amount of eneggyisded by them in the
months of low solar activity, but in the summer ri@nthe surplus energy
does not interfere with stable operation of theesys

. Not depending on the selected system a 7arge solar collector area can
provide more than 50-60 % of the energy requiredtd water for the

building (approximately 29 400 kWh per year)

. We chose Batec BA 30 solar collector for solar inems because of the

comparatively long warranty and lifetime. Althougiicuum solar collectors
are more efficient, their lifetime is relativelya@hand the price much higher.

It is proposed to equip the building with a nonaskard combined hot water
and area heating systems. It is possible becaadauilding was designed as a
low energy house and the heating energy volumelasively small. The main

advantage of this system is the reduced pipe size.
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6.4 Solar Panels Photovoltaic

a.°) Building area

Before choosing the solar panels PV, we would tik&know how many square
meters it is possible to use for installing thegdlanOur supervisor from Cenergia
gave us the drawings about the low energy housetasdherefore possible to
compute the area available. The scale was not id@280) so that we used a new
scale for the plan.

Figure 6.4.1 : Calculate of the scale

AREALOPGERELSE ‘_.J_‘

B. Brutto/ netto

Lejl Matto Terrasse  Falies S - <
A0 116 o 014  1361am2 u
B0 116 0 014 131am2
oo 125 0 014 1326am2
o 91,4 0 014 1115am2 s
35,2 T 20,14 633 m2 | J-J-‘:...r-

T 20,14 11728 m2

204 20,14 157,08 m2 [ .
204 20,14 157,04 m2 .
207 20,14 162 44 m2
20,7 20,14 135,14 m2
20 20,14 128,88 m2
17 20,14 133,74 m2

e

"EFRA GARDEN TIL GADEN” 91209 “Alandsgade-karreetekonkurrence”

At the beginning, we measured one flat on the imgld for example EO. This flat
has a 63,34 m2 gross surface and a 43,2 m2 netisétbthe net area to make my
calculations.

On the paper the area was 2,8 cm? and the reaha®d3,2 m2

> v 432 m? = 65726 m v 28 emP= 16733 om
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6,5726m => ?
1,6733cm =>1cm 657,26 cm / 1,6733 cm = 392,8
cm
We have the new scale and it is a 1/400 scale. Newan find the available area
and how many square meters we have to installdlae panels PV.
With this page, | measured the number of areanlused for my part and if it is

enough for win electricity :

Figure 6.4.2 : Area of the building

"FRA GARDEN TIL GADEN” 91209 “Alandsgade-karreetekonkurrence”
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We have eight different areas and here is whatomepated :

o [(1,6x4)x(1,2x4)]+[(1x4)x(1xD]+][(1,14)x(2,9x4)]+[(2,9x4)x(1x
4)] = 118,72 m2

o 11872+ [(24x4)x(1 x4)] +[(2,3 x4)x(1 x B][(X x 4)x(L x 4)] +[(2,3 x
4)x(1 x 4)] = 246,72 m?

It is impossible to take all these different aré@sause we want to install
some solar panels for hot water, therefore it igied to share and we will use
this areas for my installation:

Figure 6.4.3 : Using for solar panels

"ERA GARDEN TIL GADEN” 91209 “Alandsgade-karreemekonkurrence”

Solar Panels
Photovoltaic

o [(24x4)X(1x4)]+[(2,3x4)x(1x4)]+[(1xA1Lx4)]+[(2,3x4)x(1x4)]
=128 m?

| know now how many square meters | have and |d@ose the best solar panel

photovoltaic for my installation.
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B°) The optimal angle :
The formula for an optimal angle is :
optimal angle
= (latitude of the site) — sin™?  [04

X sin (N x (360+ 365))]

. Latitude of the site : We can observe a variatimreor less about
27° (that is 55° amplitude during one year) agaaighe latitude of the site.
This angle is exactly to the earth angle.

. N : Number of negative temperature days between vibmal
equinox and the first day. In Denmark, the firsgative temperature appears

in January.

optimal angle = (27%) — sin™!  [04 X sin (251 X (360 + 365))]

=28°

Figure 6.4.4 : Inclination while one year
Inclinaison
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On this diagram, we can see the best inclinatiam @aonth in different place. In the

north the angle is higher and we can start duramydry at 75°.

This formula is good when you can move the solaefsaduring the year and change
the angle of the panels. For our project, we camhange the angle for economic

reasons and we will try to find the best angle leetav30° and 35°.

On this website | choose one of thehttp://www.solaraccess.fr/produits/panneaux-

solaires.htnil | took a monocrystalline solar panel becauss ltetter for a country
like Denmark and mainly because this one has a gtiwiency.

C°) Choice of the solar panel :

Solar Panels SHARP_NU-E235 (E1) 235 Wc :

Table 6.4.1: Solar panel

Peak power 235 Wc -5 +10%

Dimensions 1,652 x 994 x 46 mm (1,64 m?)
Efficiency 14,3 %

Weight 20 kg

Production Guarantee 25 years

Connection type Cable with plug connector (MC-3)

(You can see more information appendix 1)
Actually with this formula : “Pc = 1000 x S x R” yacan calculate the peak power
Pc : is the peak power (W)
S :area (m?) R = efficiency (%)
1000 : the common sunshine without atmosphere.
But in this country (Denmark) the common sunshgedt 1000 but 800, so we have
to calculate again the new peak power.
Pc =800 x 1,64 x 0,143 = 187,616 W which is agpnately 187 W

Normally on average, we can write this formularhiPV

~ 100 W ~ 100 kWh/m?/ year”

Then, | calculated the total area we can use (12&ut we have many areas and we
need to be careful because | cannot divide thé dota by the square of one solar

panel.
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| have three different places : 16 m2 and you a#n(}6 / 1,64 = 9,75) 8 solar panels
on this area
38,4 m2 and you can put (38,4 / 1,64 = 23,43d8r panels

36,8 m2 and you can put (36,8 / 1,64 = 22 4833dlar panels.

In overall, we have in totally 62 solar panels pivoltaic.

| can calculate the energy we can get with 62 qudaels :

1,64 m2 x 100 Kwh/m?/year = 164 Kwh/panel/year
164 x 62 = 10,168 Kwh/year

2.°) Choice of the lamp.

On average a home with four people can use 560 yaah/for a bill about 50 euros
or 372 DKK.

You can install each lamps in each rooms becaugelamps are a speciality.

e A LED for a bedside light in a bedroom
e A compact fluorescent lamp for the living room
¢ Anincandescent light bulb for the corridor

e A solar lamp for the garden

When you compare power between this kinds of langps, can see a incandescent

light bulb consume a lot of power :

Table 6.4.2 : Compare the kinds of lamps\



Compact fluorescent lamp
9 watts
11 watts
15 watts
20 watts

23 watts
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Incandescent light bulb

30 watts

40 watts

60 watts

75 watts

100 watts

Table 6.4.3 : Compare price of lamps

Compact fluorescent lamps

incandescent light bulb

Life span 8000h 1000h
Number of lamps used for 8000k 1 8
Price for one lamp 10 € 0,50 €
Price of the Lamps for 8000h 10 € 8*0,5 =4€
Electric power 20 W 75W
Energy consumed during one 0,020 kW.h 0.075 kW.h

hour

Energy consumed during 8000h

0,020*8000 = 160 kW.h

0,075*8000 = 600 kW.

Energy price for 8000h

160*0,105 = 16,8 €

600*0,105 =63 €

The total price for 8000h of

lighting

10+17=27€

4+63=67€

Why | want to take LED’s ?

e When | buy this kind of lamp, | respect the envirant and the sustainable

development of the earth (98 of materials usederygclable).

¢ We can save money about 85% by the reduction aérileegy consumption.

e We can put this lamp everywhere.

e We can choose the colour of our lighting.

e |tis safe for our health.

So | think we will take just LED or Compact fluocesit lamps for our project, it is

maybe expensive but it will be a good investmentabise you can pay off very

quickly.
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Conclusion :

After look for some information about the weathbg solar panels and the lights |
can say now, it will be good to install a solarteys photovoltaic because we can get
electricity. Indeed the Denmark is a country whigdcan develop the new renewable

energy.
6.5 Automatic systems

6.5.1. Budget

Because it is difficult to find prices on produets need, we decided to get in
touch directly with suppliers in order to calculéte budget in our home.

After contact with staff support from Schneider dtee, through the email
address Es-soportetecnico@es.schneider-electricwgemrecieved the document
“"tarifa-mecanismos-contro-knx2010.pdf”, which akted in the Annex.When asked
what the budget is for the installation, we repigttthey must add 10% to final price.

With these data, we have to make the budget oh@ue automation facility,

as shown below:

Product | Description | Reference | Price/unit | number | price
1.1.-Automatically manage lighting by detecting moving in home.

Unica Motion sensor switch 300 W U3.524.12 111,3 14 1558,2
Unica Pushbutton NC U3.236.18 0,498 90 44,82
1.2.- Ensure efficient lighting at the entrance to our block of flats.

MINp Electronic timer CCT15234 13,98 6 83,88
C60N 1-pole circuit breaker 24312 0,498 18 8,964
Unica Pushbutton NC U3.236.18 0,498 0,498
2.1.- Temperature control via thermostatic valves

Domotica

RF Connect Central RF. MTN505919 701,1 18| 126198
Domotica

RF thermostatic valves MTN509201 98,98 36 3563,28
3.1.- Identify sources of excessive consumption

EN40 kWh (kilowatts per hour) meter 15238 75,98 18| 1367,64
C60N 2-pole circuit breaker 24339 0,798 36 28,728
3.2.- Security and continuity of service in front of atmospheric phenomena.

Quick PF ‘ Surge Limiter Automatic Type 2 16617 51,98 18 935,64
4.1.- Garden watering control

K60N 2-pole circuit breaker 27913 0,798 18 14,364
IHP + 1C | Digital time switch CCT15721 15,9 18 286,2
CT Contactor 2 pole 15959 0,613 18 11,034
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components 20523,048
instalation 2052,305
Total in euro: 22575,353
Total in DKK: 3034,353

Figure 6.5.1.- budget on our home automation facility.

So finally the total price of the installation wile 3034.3 DKK , regardless of
the rest of the electrical installation. Given thvat arrohar up to 10% of the energy,

the payback period is very short, due to low invesit.

Conclusions

Most analysts do not hesitate to point out thatiilygest challenges for home
automation will be the simplicity and respect floe €nvironment. Two issues those
undoubtedly strike too close.

In no case, the home can become a complicatedot@otm; its inhabitants
must be able to use them naturally. No point theg tesfind a technically acceptable
but that in practice, it produces confusion, and assult of the foregoing, rejection
and fewer still that high energy and environmeatdt nullifies the enjoyment of the
living in a comfortable home.

The total price of the installation will be 3034D&K , regardless of the rest
of the electrical installation. Given that we cawe up to 10% of the energy, the

payback period is very short, due to low investment
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/.CONCLUSION

This project was very interesting for all of useftables us to work on
different subject such as building insulation, vatibn system, heating system and
solar energy. All of us were very interested in lemergy building and all of us
choose different aspects of the subject due taldi@rent fields of study. Working in
an international team was a very good experiendeaarery good practice for

increase our English level.

The main objective of our project was to desidnugding for make it reach
the class 1 Danish standard in order to considénegéuilding as a low energy
building. Through different aspects of the projeat, learn how to decrease the
energy consumption of the building. With an effidibeating system, building
insulation and ventilation system we can reduceatheunt of energy needed and
solar panels photovoltaic generate energy in dalezduce the consumption of
district energy.

After studying the Danish climate, we were abléntagine a solar panel
system for the building. Because of the unusugbsiud the building, we did not have
a lot of space on the roof. But we still desigant calculate the amount of electricity
we can get. We also had to calculate the best amgis country in order to get the
maximum amount of electricity possible.

We also had a look about the lighting system, &thering information about
different kinds of lamps. And try to choose the mefficient one with a low
consumption, long lifetime, and money saving.

For the building insulation we had to make sevexagarch about the different
types of insulating materials. This market is altyuaell develop and we can find
some common materials with a good efficiency, a poiwe and ease of use and
installation. A good insulation enables us to havarge decrease of energy
consumption of heating system and it also maketthiising have good living
condition.

The heating system we choose use both solar eaedygistrict heating. By
using solar captor for warm up the water it helpeoagain to reduce energy
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consumption. The efficiency of solar captor depehthe climate but supply a good
amount of hot water. The district heating is ondg @s a security for hot water
supply, if the solar captor system don't generataigh hot water.

With the introduction of home automation composente have the house
more comfortable, friendly, and respecting the emment, but without turning it
into a complicated control room. The total pricelad installation will be 3034.3
DKK, regardless of the rest of the electrical afistion, and the payback period is
very short, due to low investment.

In order to prevent the Sick Building Syndrome ($Btxic pollution from
chemical substances, dust, accumulation of micrdizeteria and viruses, and reduce
the exposure to allergens, we are going to usa&tatton systems. Ventilation
investment in the system is very low and very tsghings, up to 66%, so the

investment is recovered quickly.

Through those different systems we are able tdréze class 1 Danish
standard. Such reduction of energy consumptionshadiigger investment and the
payback can be long like, for example, solar parils$ it is a good opportunity to
change behaviour because this building can hawsyagood level of life and waste
the minimum energy possible. Through our diffeffezit of study we were able to
have different point of view and different idea thrs project. But in order to waste
minimum energy, it is needed to change behavioue. dest way to save energy is to
stop the waste of energy in the everyday life. Thusding is optimized for save
energy but it is the consumers who have a bigtmf#ay for reduce energy waste

through electricity, hot water and electrical dedc
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select different energy improvements from the drop down menus (The investments covers one housing unit)

INVESTMENT

SOLAR HEATING Salar-DHW central - 1 840 euro
PHOTIVOLTAIC Photovoltakc ' w 1 251 suro
EXTERNAL WALL INSULATION + 150 mm insulation j - 1 BBY euro
ROOF INSULATION +150 mm insulation - 1 085 eura
FLOOR INSULATION +150 mm insulatian - 1091 eura
BASEMENT INSULATIOM Referencebyaning - 0 eura
WINDOWS 2-layer energy glass w 371 euro
VENTILATION MVHE good system effickency ki 0 euro
AIR TIGHTNESS Paschv house w 1 067 euro
COOLING Reference - 0 euro
HEAT SUPPLY District heating ‘- 0 euro
USERDEFINED INVESTMENT OR REDUCED COS5TS 0 eurg (7
investenng: fxhonorar tif rodgiver. Frodrogr fx tiskudsardning {ongives med minus)
SAMLET INVESTERING PR. BOLIG & 5890 euro
KEY FIGURES Reference bullding Optimised

Space heating 15.0 4.0 kwhim®  year

Heating 305 12.2 kwik/m?

Electricity 7.2 2.7 kwin/m?

Cooling BB 8.6 kwh/m®  year
ENERGY SAVINGS COSTS Heat Electriciby

Actual Energy Costs 0.08 0.25 BUrD [fkwh

Energy Savings Costs 0.09 0.27 Burg [kwh
BUILDING ENERGY INVESTMENT 252 Buro fkwh

Collector area per housing unit

PY cells per housing unit
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Figure7.1. ASCOT calculation for energy consumption and itnaeat

ASCOT

By using the ASCOT program calculation we can be gbat this building
with our technological solution selection is alded¢ach the class 1 Danish standard.
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