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Summary

Thisdeliverable provides the description of the final constructafrihe Buildsmart residential demo
buildings:

1 Skanska Residential Buildi in the KKH area in Malmo
1 Roth Residential Building in Hyllie, Malmé
1 Residential building (G.V.) in Portugalete, Basque Country

The description is focusedn:

Description of the implemented final constructive solutson

Graphic depiction of the finalonstructions

Madifications introduced during the construction process on each demo building

Description of the technical barriers found during the construction process and the solutions
implemented to overcome them
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Nomenclature

Symbols
Y U-value,thermal transmitancdW/(m?K)]
< thermal conductivity, [W/mK]

Abbreviation

AHU Air handling unit

CHP Combined heat and power

DHW Domestic hot water

DSH Distributed space heating

DHM District heating meter

EUM Electricity utility meter

EXC Excluded energy

GPRS Generalpacketradioservice

GSM Globalsystem formobile communications
HVAC Heating,ventilation and air conditioning system
HW Hot water

IAQ Indoor air quality

IDHW Individual domestic hot water

IE Individual electricity

IR Infrared radiation

LAN Local area network

LC Local climate

LED Light-emitting diode

PIR Polyisocyanurate
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PLC Programmabldogiccontroller

PV Photovoltaics

RES Renewableenergysources
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Swedish Construction glossary

Building elements

INSIDA
UTSIDA
MARK
SOCKEL
BOSTAD
HISS
SCHAKT
TRAPPHUS

Partitions and closures

YTTERVAGGAR
BJALKLAG OVAN
KALLARGOLV
KALLARVAGGAR
LOKAL
MELLANBJALKLAG
MELLANVAGGAR
MILJORUM
PLATTRAMARK

Contruction materials

Inside
Outside
Ground
Base
Dwelling
Lift

Lift shaft
Stairshaft

Exterior walls

Ceiling

Basement floor
Basement walls
Local

Intermediate floors
Partitions
Environmental rooms
Ground floor

ARMERAT BRUK/FLYTSPACK Reinforced concrete / screed

BETONG
CELLPLAST
DRANSOLERING
FIBERCEMENTSKIVA
FINGERSPALT
FUKTSKYDDSSKIKT
GIPS
HELBESLAGNING
ISOLERING

LAKT

LUFTSPALT
MINERITSKIVA

Concrete

Foam

Draintinsulation

Fiber Cement board
Mortar

Moisture protection layer
Plaster

Protection cover
Insulation

Lath

Air gap

Mineral insulation board

OORGANISK ARMERAD PUT? Nonorganic reinforced plaster

OORGANISK ARMERAD
SOCKELPUTS

Nonorganicreinforced base plaster
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OSBSKIVA
PLYWOD
RASPONT

REGEL
REGLAR/MINERALULLS
ISOLERINANGSPARR

SKALMURSSKIVA
SKIVA
SKYDDSBESLAG
SNEDAGAD REGEL

Osb

Plywood

Tongue and groove panel
Beam

Mineral wool insulation vapor barrier
Mineral wool insulation board

Board

Protectioncoating

Inclined beam

TAKBOARDSSKIVA FALLDILA Mineral wool roofing board

TATSKIKTSMATTA
TEGEL
TIJOCKPUTSSKIVA
VINDSKYDDSSKIVA
VKR STOMME
YTSKIKT

Waterproof layer
Brick

Thick plaster board
Sheathing board
VKR profile
Surface finish
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1 Introduction

The objective of the Buildsmart projers to demonstrateinnovative and cost effective techniques
and methods for constructing very low energy buildings in various climates.

Two countries, Swedeand Spain, participatén the projectand represent differentEuropean
climatic zones. The residential demo buildings described in this deliverable have allowed the
demonstration of Bw and innovative techniques applied tive residentialector.

A systematic approach halkeen taken in the measurespplied to reduce energy use and
environmental impact of the demonstrated buildings. Techniques for creadingght building

envelopes havebeen combined with different kinds of energy efficient ia#iations. Final
constructions areharacterized by:

1 Averylowtotal energy consumption

1 Airtight, highly insulated envelopeis order to create a high air tightness and low energy
losses

1 Energy efficient istallationsto minimizeenergy use

f Heat recovery systems

1 A high degree of renewabinergy production either at the building or in the vicinity

1 Close connections to surrounding infrastructures as energy systems optimizing energy use
and reducing peak loads

I Waste management systems created for maximum recycling and energy recovery

1 Newcombinations of existingnd tested technologie® show cost effectiveness and a high

replication potential

In the following chapters an accurate description of the final construction of each of the demo
buildings is providedFor each of the demo building specific subchapterhave been includedo
describe the architectonic aspects and the systems finally deployed in the buildings.

Special attention is given to the description of the changes introduced in the construction phase of
each building in relatin to the solutiors defined in the construction projects.

10
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2 Skanska Residential Building, in the KKH area in Malmo

2.1. Introduction

This buildingis located in the KKH area in Malmd, within walking distance from the Central Station
and the new City Tunnedtation, between the old city center and the new modern district of the
West Harbour The gross floor area 165,000 square meters, North building with5D0 and South
buildingwith 8,500.

The northern building refers to 72 apartments and 5 facilitidee building has a broader base of five
floors and a tower on top with thirteen floors and a basement and will be completégril 2016

The southern house relates to 86 apartments and 4 facilities. The house is projected as a building
with three assemltdd buildings with five, eight and fourteen floors with a joint basement.

2.2.  Thermal envelope
North building
A 190 mm PIR insulation<-value 0023W/mK

A {lIYREAOK MHN YY  VvARYIGENFGKS b tLw T <

Figurel: Constructiorphase

Difficulties: Careful work with maintaining the air tightness of th&uiation. Insulation can beasily
damaged during transport and construction.

11
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The design goal for air tightness was to méet requirements of the position FEBY. IThe air
tightness testing has been carried out in accordance with EN 1382823

The average air density of four (5%) tested apartments was 0.28%lighen air leakage compared
to the buildings envelope. Then treverageair leakage compared to the total area@rcling the
building is 0.08 I/s/rh

Southbuilding:
A wnn YY OSft  dzt I NOALIEM-0ESG ApOn {MYY RIBIYIBKNI < ¢ 2 2 f

A{IFYREAOK mpn YY O2yablBIASNV/IMK AyadzZ | GA2y T
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Air Pressure testing showed airtightness of the south building to 0.1913. s

Therefore, airtightness design goal is fulfilled since both buildings comply with the requirements of
the position FEBY l@naximumair leakageof 0.30 I/$m?2 compared tototal area encircling the
buildingat different pressure of 50Pa).

Listed leakagefdficulties for both building:
1
1
1
1
1
1
1
1

Internalair leakage was noted through the casing of the incoming water pipe.

p— K
: -

Minor leakage between the balcony door and the light window in an apartment.

Small leak at the floor angle to the balcony door.

between the threshold and the "door leaf" at the balcony doors (thdeer)

At drywall in the entance door to the stairwell.

At pipe penetrations in the basement.

Large leakage around the steel doors (entrance doors to the stairwells and basements).
At the drywall in electricity shafts.

between the frame and sash on the window's room

- =
o —

Figured: leakage found in the incoming water, under balcony door and under window

The foundeakageareas were sealed, and the experience is used in the rest of the houses.
2.2.1. Facades

North building

Bricks (Concrete, PIR, Bricks,) 450 mm total thickness

Energy calculation for the specific faeaelement Uvalue 0168 WimK

South building

Plaster (Concretdoam,mineral woo) Plaster) 460/430 total thickness

13
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Energy calculation for the specifechde element Walue 0144 WimK

Figure6: Facade execution

14
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2.2.2. Glazing
Windows with Uvalue approxmately 0.8 W/(m2K).
The ratio of glass to solid wall for each building is:

- North building: 36 %
- South building: 36,5 %

Noise reduction Rw up to 48dB, north building Skaala and in the south, Domlux, both 2+2 windows.

Figure7: Detail of theone of the window of the building

Difficulties: it was a few manufacturers that could cope with the high techdmalands;both noise
reduction and high indation.

15
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2.2.3. Assemblies

Prefabricated concretevalls with the joist between armstalled and molded on site.

A XN XWX\ X

] Wim!l!!ﬂ

Figure9: floors with installations that are concreted on site

16
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2.2.4. Roofs

North building is to be completeduringApril 2016. Roof terraces and sedum roofs.

-,ﬂ_'_ﬂ‘i".v,
oaTronn”

e e A

Figurel0: Southbuildingwith sedum roof and terrace.
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2.2.5. Final building
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2.3.  Energy Technologies
2.3.1. Lighting and electric equipment

Lighting in the entrance hall, posiom and elevator halls, is controlled through movement detection
strategies implemented through the deployment of IR presedetectors. The basement and the
garbage room are also included in the area covered by the presence detection based lighting control
system. In order to reduce lighting electricity consumption LED lighting has been the prevalent
technology.

In accordance wh the followed sustainability criteria, all electric wires of the electric distribution
system of the building are halogen free.

2.3.2. HVAC equipment

2.3.2.1. Heating. District heating

The building is connected through a heating substation to the district heating syftéine city of
Malmo.

The substationincorporates all the elements (heat exchangers, etc) and the integrated control
necessary to supply the building with all the required services at the required conditions (radiator
system, domestic hot water system antkchanical ventilation air praeating coils).

2.3.2.2.  Ventilation - Heating system

The baséheating of the apartments isolved with preheated ventilation to each apartment through
air handling units equipped with heating coils. The ventilation is designedabthe apartments to
21 degrees.

A conventional hot water radiator system allows the residents to regulate the heat delivery to each
apartment to adjust the temperature to their specific comfort criteria. The radiator systems receive
the hot water supplyrbm the building substation located in the basement. This is due to Swedish
regulation the house can provide enough heat without this secondary system.

The mechanical ventilation system of the building is formed by AHUs and their supply and return
duct retworks. The AHUs are equipped with high efficiency heat recovery devices providing sensible
heat recovery efficiencies above 80% (y3tem).

At apartment level, intake air is supplied in living rooms and bedrooms, whereas exhaust air is
evacuated fronkitchen, bathrooms, toilets, closet and storage rooms.

The AHUWoom of the northern building idocated in the basement and the shafts placed on the
stairwell positioned at key places to enable ventilation delivery to all the required zones. Two AHUSs,
have been installed, the first one dedicated to basements and stairwells, whereas the seocend
solves the ventilation of the apartments of the northern part of the building.

19
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Figurel4: part of ventilation flow chart South building

The southern part of the building is equipped with two ventilation reolocated in the basement

and a total number of four AHUs units. Fan room NR 1 provides ventilation/heating to the basement
and the parts of the building with heights of eight floors and five floors. Fan room NR 2 serves the
building part with a height o4 floors.The North building has a\HUroom andaccording tothe

flow chat in the picture above, the one half of the building is served by each ditheAHUs.

Due to the limited dimensions of the ventilation rooms, difficulties were found when air conducts
GKSNBE RSaA3IYSR FYyR AyaildlfttSRd {LISOAIFT STF2NI
location and trajectories. The complexity of the systemppreciable in figurd4.

gl

The AHUs include outdoor and exhaust air dampers, outside air filters (class F7), and exhaust air
filters (class F6). In the following table, the main technical features are summarized:

AHU Ventilators Building Manufacturer/size Nominal flow

(supply/exhaust) (I/s)
TA1/FAL Northern Envistar Flex/300 1500/1500
TA2/FA2 Northern Envistar Flex/300 1500/1500
TA1/FAl Southern Swegon Silver 10H 1040/1040
TA2/FA2 Southern Swegon Silver 09H 820/820
TA3/FA3 Southern Swegon Silver 12H 1600/1600

21



BUILDSMART: GA no.: 285091
Description of completed construction D1.9

The monitoring of the ventilation system includes all the sensorsnagigrs necessary to monitail
the relevant system status variables and apartment comfort and internal air quality parameters:

Outdoor air inlet air flow rate to AHUs

Exhaust air flow rate from AHUs

AHU supply air temperature

AHU exhaust air temperature

Energy consumption of the heating coils of the AHUs

Electricity consumption (CD) of the ventilators of AHUs (monthly)

Outdoor temperature( LC1)

CQ concentration value Dthe apartments (IAQ1, reported by four sensors, placed in
different rooms of the apartment)

I Humidity and Inside Air Temperature (IAQ2)

= =4 4 -4 -4 4 -8 -4

The control and monitoring of the ventilation system is integrated into the central server through
Modbus RTU communitians protocol.

2.4.  Control and monitoring system

In the following paragraphs, an overview of the architecture and the technical features of the defined
control and monitoring systerare provided, including a short description of its main components
and the aplied integration criteria.

2.4.1. Measurement and monitoring system

In the following lines the architecture, the included functionalities and the integration approach of
the deployed system are described.

22
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VISUALIZATION SYSTEM

- EL-Online) —
e . Ethernetswitch Stomtranstormator || | Huvudmtare €1
———— TCPIP
*D‘lb“. -—’ \ ﬁﬂ
ceme | | :: 7> .
TCPIP/RS232 RSAr
|AHU| | DSH | .
et it CED IDHW
Undermitare el Vattenmitare Temperaturgivare
| m| || G | | 2N

SENSORS AND METERS

Figurel5: Explanation ofliagram data points and meters, mduis system for the buildings

The EtOnline system collects the information monitored by the deployed sensor and meter
networks formed by remote sensors and meters focused on the monitoring of the electricity
consumptionof households, conofrt, internal air quality, etc.

In the following table, sensors and meters included in figure 15 are explained:

AHU | Air Handling Unit data (Air flow rate, electricity use, heating and cooling suppl
heat recovery data)

DSH | Distributed Space Heating

IE Individual Electricity

DHM | District Heating Meter (Energy amount and temperature on supply and return
rate)

IDHW | Individual Domestic Hot Water metering

IAQ1 | Indoor Air Quality (Ventilation flow rate and indoor temperature)

LC1 Local Climate (air temperature)

EUM | Electricity Utility Meter

EXC |9 -/ fdzRSR SySNH& o6O0lyy24d 6S |fft20F G

The data monitored by groups of sensdss collected through concentrators (OptoENDR2)
strategically deployed over the facility, and delivered to the main communication device, which
sends the information to the central server (OptoEMNR3V). The OptoEMIDR2 measures,

23
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displays and logs theoltage, current and power in real time from pulse input or serial from existing
meter or PLC systems. The OptoEBNR3V

Figurel6: the enclosure used in the project, Opto 22.

The communication of the monitoring system and thatcal server, where all processing and data
evaluation is performed, has been solved via the Internet. In any case, capabilities to connect via
LAN, WiFi or GSM are available through specific modules added to the communication unit.

All the communicationdbetween different equipment, devices and sensors deployed all over the
building is carried out through Mobus RTU (RS485), enabling an easy integration (no need of
gateways to allow interoperability between different communications protocols).

The visualizton module of the system is installed i local computer deployeith the building. The
Concerto database table has been used as the basis to develop an optimized output standard for
easy reading and reporting.

Below a summary of the main advantageshs tmplemented system is given:

1 Simplicity: Changes in the system parameters are performed via a centralized server
through the hternet (No need to reprogrammeontrollers or PLCs locally)

1 Flexibility and interoperability:This flexibility enabled morfreedom to select providers as
needed during the procurement process. Additionally, it makes it simple and easy to upgrade
the system during the operation stage of the building.

1 Effectiveness:The information communication box (Communicator) collects agds all
the data to the centralized server through the Internet. There the information can be
processed, presented and supplied to external systems.

1 OptoEMU is a flexible system that can communicate via cable, wireless or GPRS
and where all software isee.

24
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LAGENHETSINFORMATION WATARINFORMATION
Légenhet/lokel: | T — Dygnsfarbrukning
Adress: [Box 361 08 El: T
_ Kallvatten: 850
Postnr/Ort: [400 13 [GOTEBORG T ter

Gvrig information: Varmvatien: 224 [l liter

Objektsnamn: |
Debiteringskod: | ——

Senaste avlésning 2016-03-13

ELFORBRUKNING VATTENFORBRUKNING
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Figurel7: Each resident can log on and see the energy and water consumption for the specific
apartment.
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3. Roth Residential Building in Hyllie, Malmo

3.1. Introduction .

The building is located in the southern part of Malmd in an area called Hyllie. The area is specifically
focused on solutions for the future urban environment. All areas are considered fitom
transportation, water, waste, energy efeerspective,to try to develop a sustainable area for the
future. The Roth residential building is a good example of these sustainable solutions.
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Figurel8: Location of the building

The project consists of 53 apartments and one office space.

Buildingarea 5,466 nt
Rented area apartments 3,461 nt
Rented area office 74m?

1 room and kitchen 8 pcs

2 room and kitchen 31 pcs
3 room and kitchen 12 pcs
4 room and kitchen 2

3.2.  Thermal envelope

The high performance of the building is based on thi@imization of the energylemand of the
building, the use of highly efficient HVAC technologies and the integratiorstoibdted generation

systems.
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In relation to the architectonic design, as described in Dhé, lHigh energy pedirmance lies on
seveal pillars, including:

T Very low infiltration level thanks to thiéght envelope created yusing concrete as the main
constructive solution for the thermal envelope

1 Soecial care during the building constructistage in order to avoid thermal bridges dn
uncontrolled infiltration

1 The optimized selection ofvindows technologyto meet the insulation demands for low
energy consumption buildirsy

The followingillustrations describénow the thermal envelope has been made in the various walls
and floors &ceilings.
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Figurel9: Construction sectioriseeSwedish construction glossary)

Keeping a tight envelope is essential ttie energy performance of the building. Therefore 8
apartments have been tested for leakage aftetttng them under pressure. In all cases they have
beenseen as below the limit of.8 I/s/m? pressure being 50 Pa.
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Figure20: Prefabricated walls readymade with insulatidviddle part building.

During construction severguestiors had to be resolved’he most significant was how to mount the
windows to avoid any thermal bridges. A solution was found wherevilm@low installation was
madeeaser by placing irinto the opening before théricks orrender were applied
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Figure21: Windows installation before bricksénder

Some prefabricated concrete walls came with the wrong sizes and holes in wrong places. This was
fixedas they were found.

We had considerable amount of water inside the constien during rainy periods. This created the
demand to pump water drastically more than planned.
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3.2.1. Facades

Concrete

Figure22: Concrete, render and brick facade

The buildings a mixture between bricksenderand concrete. This gives life to the building bringing
in a lot of variation. This is also one of the driving ideas behind the plan for this area.

Figure23: Concrete faade, prefabricated
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Figure24: Concreteerectedon site forrenderand brick buildings, to the left in picture

Figure25: Some issues fixed at the end of the building period oretihéering
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Figure26: Picturedllustrating the finished feade in different places
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3.2.2. Insulating material

e s 19,

S TY T T EIT N SSEREbssbat 11111111 et

Figure28: Wholesection insulation before plastering.
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Figure30: Insulation is covered with a special steel net before plastering

Figure31: Windowsmounting in brick wall
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3.2.3. Glazing
All glazindhasbeen povided by Leiab AB. U values agg to lowerthan1.2.

hlLISYyAy3a NBLINBASY(d wHer 2F GKS Gz2aFt I NBF 2F (KS
different buildings blocks, the ratio varieetiveen facades. Below is a table with disaggregated
windows ratios per building block and orientation.

North West South East Building
North building 39% 24% 21% 7% 25%
Middle building 0% 51% 0% 27% 27%
South building 14% 29% 32% 21% 24%
Total building 25% 36% 21% 19% 26%

Noise reduction varies as follows depending on where they are mounted in the building:

1
1
1
1

Rw/Rw+Ctr 35/30
Rw/Rw+Ctr 42/37
Rw/Rw+Ctr 43/38
Rw/Rw+Ctr 46/41

Figure32: Special Japanese inspired windows inrttigdle building, delivered in set pieces ready to
be installed
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Figure33: Windows installed in prefabricated concrete walls
3.2.4. Assemblies

The project has to a large extent being erected on site with the exception of prefabricated walls in
the middle building.

3.2.5. Roofs
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Figure34: Special section showing the ending of the roof.
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Figure36: Some parts of roof is covered with grassrder to provideextra insulation & better water
handling while makingthe buildinglook nice

3.3.  Final building

See also the final €ade pictures above. Below is a series of pictures from one apartment, 2 rooms
and kitchen 62 m2.
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Figure37: Final apartments

3.4.  Energy technologies

In the followng sections, the description of the installatiodeployed on the building will be
presented, including the HVAC systems, the lighting system, the solar th&rstamand finally the
energy monitoring system.

3.4.1. Lighting and electric equipment

The deployedlighting system is formed by low ergy consumption LED type lamp¥Vith the
excepton of someoutdoor lights based on high efficiendjuorescent technology lamps)

The control of the lighting system is based atrategiesand control mechanisms that enabte
provide artificial lighting only diring the periods with actuademand(actual presence of people on
the rooms), including:

T Lightingstatus control in common areasaccording to the presence gfeople, monitored
through the deloyment of movement detectorsnainly in the basement and gardparoom.
T Stairway lightingtatuscontrolled by dedicatedight sensorgswitches)
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3.4.2. HVACequipment
Ventilation is provided by means of a meal@l ventilation systemSee also ventilation below.
3.4.3. Heating

The building is equipped with a centralizadating and domestic hot water production system which
supplies according to their specific neeteating hot water and domestic hot water to each
apartment

Heating is distbuted through floor heating to get the highesfficiency. This systemuses the
thermal mass of the building taccumulatethe heat and release it according to the existing thermal
loads, providing the required comfort conditions only to the occupied zone of the heated rooms. The
radiant emission mechanism makes it possible a verciefit energy deliver (avoidance of
stratification, etc)

Furthermore, radiant floor systems can operate with low water supply temperatusb=i({ °C)
whichcanreduce the energy wasteddm the pipe circuits on the disbution of the heating water.

Theradiant floor is a key element of the demand side managenfienttionalitiesprovided by the
smart control systemDuting special occasions it possible to turn down or off the delivery of
heating to the building without having a critical negative impaatthe thermal comfort The high
thermal inertia of this heating systemeduces the negative impact of a temporary lackeoiergy
deliveryon the comfort level of the apartments.

Figure38: Floor heatingsystem

At apartment leel, dl roomshave independent heating cinids and canbe controlledseparately
with specificthermostats. It isalsopossible to control the settings of each rodghrough a specially
designed appunning on an IPOD tou@vailable in all apartments.
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Figure39: The app supports different temperatures for all rooms in the apartment, withn around 2
degrees. It is also possible to see current temperature at all times through this program.

Apart from comfort condition adjustment a@hmonitoring functionalities,te appprovides real time
dataon water (cold and warmand dectricity consumption The connection to EON’s central pricing
systemallows the useralso tofollow the evolution of energyconsumptio cost according tahe
instantaneous evolution ofmarket price.See control and monitoring below.

3.4.4. Cooling

Coding demandhas beenavoided by the application of passive design strategies, which enable to
minimize solar gains, and to take advantage of the free cooling possibilities provided by the
mechanical ventilation system whoa# intakeduct is coupledd a heat exchanger witthe ground.

3.4.5. Mechanical ventilation

The building incorporates a mechanical ventilation system to provide fresh air to apartments.

The FTX ventilation system reuses warm air coming from all the apartments through a heat
exchanger. During the cold season soexra heating is required. This comes from the district
heating making sure that the distributed air is at least 21 degrees warm.

Totally 1600 litres per second is catering for the full demand of all apartments.

The new air inlet and exhaust air outk@te located irthe gardenand take placghrough large scale
ventilation ducs. Thissystem provides a key contribution to the energy efficiency of the building
thanks to the availability of heatecovery of the exhaust air, and the preheating and freeliog
functionalities obtained takingdvantage of the steady temperature of the ground (15 &Cpver
the year.

40



BUILDSMART: GA no.: 285091
Description of completed construction D1.9

Figure40: FTX ventilation system

3.4.6. Natural ventilation

Besides the installed HVAC systéhe relative position othe windows inside the apartments allows

to benefit from cross ventilation technique. Users should open the windows in order to create
internal air cross flows, when weather conditions are adequate. Thus, energy consumption related
with mechanical ventilabn could be reduced by using natural ventilation.

3.4.7. Renewable Energy Sources (RES)

A solar thermal system to produce dwstic hot water has been deployed in the flat roof of the
building.Totally 62 riof collector fieldhave been installed on the north gaof the building “s roof.

Figure4l: Thermal panels
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3.4.7.1. Solar thermal system

The solar collection fieldormed by 36 flat plate solar collectorE{ronomEXOSOL OPC abdhas
been installedon the roof of thenorth building south oriented and withthe optimum slopeto
providethe maximumefficiency and total hot water production.

The total collectiorarea of the solar field is &2 m? (2.5 n? of useful collection area per collector)

The solar hot water storage systeoonsist of 6 vertical tank, located in the basementith a
unitary capadiy of 1,000 | The inegration of the storagenablesto decauple solarproduction from
DHW demand

According to the foreseen productiothis system will provide the energy regeil to meet30% of
the total yearlyenergy consumption associated to temestic hot watepreparation.

3.5.  Control and monitoring system

A smart metering system has bedeployed on the building including smart grid connection to the
electric distributiongrid of EON. Ae availabilityand implementation of demand side management
strategiesis mne of the most innovative aspects of this building.

The smart metering systemrovides real time usage data on electricity consumptiohot and cold
water together wih heating to enable control decisions focused on savinghen possible.
Consumption datare providedn terms ofkWhs and cost

Energiitebrukning 4 % Y Energlkostnad 4 % 'Y

Denna vecka / minad EL VARME  VATTEN / minad EL VARME VATTEN
E mar 2015 30161KWh 83663 KWh 28588 kWh  mar 2015 209,% kr 0,00 kr 158,78 kr
i feb 2015 26559 kWh 137085 kWh 37352kWh  feb 2015 20194 kr 0,00 kr 29138 kr
":' jan 2015 32085kWh  1669,63kWh 42987kWh  jan 2015 20097 kr 000kr 32093 kr
= dec 2014 3A7A8KWh  1529,33kWh 46669 kWh  doc 2014 270,98 kr 0,00 kr 369,90 kr
@ & Nov2014 A357KkWh  93433KWh  4NM0KWH oy 2014 25693 kr 0,00 kr 366,50 kr
. ok1 2014 3604 KWh  38100kWh 38500 kWh it 2014 23864 kr 0,00 kr 296,32 kr

Figure42: Consumption figures are availble in the app on the IPOD. Several views can be,selected
current usage, weekly, monthly and yearly.

Control functionalities are provided by the installed BASTEC syistemrated wth the central
systems of EONo enable demand side managementategies. The Bastec systames Modbus as
communications protocio

In the following lines a summary of the functionalitegportedby the system is given

T Communication with the smart grid system for information, control and reporting.

1 Prioritization and handlig of loads and groups of loads (demand side managenpaak
shavingperformed by E.ON)

T Measurements and reporting of energy data to the smart grid system.

1 Visualization of relevant information to and from the smart grid system in dynamic flowchart
pictures.
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9 Logging of data for relevant signals to and frdra smart grid system.
T Alams when communication ie$t within the building system.
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4. Residential Building in Portugalete, Basque Country

4.1. Introduction

The building is located in theeighborhoodof Repélegan the town of Portugalete and has been
constructed bythe regional Basque Government for social housingopees specificallgriented to

low-incomepeople.

The plot where it has been built hagotal area of 254 nf, distributed as follows:

1 Residential land area: 609°m
9 Public Green area;426 nt
9 Pavement: 119 fh

The plot is rectangular with its longer siddigned withJuan de la Cosa street (Figud). The
topography is an inclined plane with an approximate slope of 10% from West to East.
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Figure43: Location of the building

In order to adapt to the existing slope of the street (about 6 meters) the building is formed by three
blocksof 5 floors. Each ofhese blockshas 10 dwellings, 2 per floor, and tvamlditional adapted
apartments on the ground floor of one of the blocks, givingotal number of 32 dwellings.
Furthermore, the building includes 2 underground parking fldbggsire 44)
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Figure44: Building sout facade and high performance solution deployméatiove),
andnorth facade (below)

All the dwellings hava similar configuration where the living room, kitchen and drying space face to
south, bedrooms face to north and bathroome located in interior spacdfigure45).
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There are different dwelling types, dependion the existingiumber of bedrooms:

1 16 two-bedroom apartments witmet floor area 067.42 nt
1 14 threebedroom apartments witmet floor areaof 86.24 nft.
1 2 two-bedroom adapted apartments withet floor areaof 8839 nt.

The project also includes

f 32 storage rooms
T 34 parking spaces (two of them adapted)
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2 Bedrooms apartment 3 Bedrooms apartment

Figure45: Distribution of the dwellings

The energy efficient design concegiftthe buildingis based on a minimized energy demand (heating
and cooling) optimized system technologies and integratioterca, the deployment of osite
electricity production Tehnologiesand on anadvanced control and monitoring pteorm to ensure
optimum operationof all the systems of the building.

41.1. GFreeEnergyd6 AT 1T AADPO

GCNBES SySNHe&e¢ O2yOSLIi Aa 2yS 27F ( KBerelaggeerat (1 A2y a
factors that have promoted the definition and implementation oisticoncept.

On the one hand, uk to the profile of the expected tenants for the social housing apartments- (low
income people) it was believed that it was necessary to find and implement innovative approaches
that could contribute to provide satisfactory comfort conditions to tenantdwain affordable cost.

The implementation of such approaches is facilitated by the low energy demand of the building
achieved through its optimized design, the deployment of active facade solutions and the availability
of onsite free renewable electricitproduction provided bya PV plant. The climatic conditions
existing on the area of Portugalete are ideal for the deployment of active facade solutions and PV
systems and, as a consequence, those technologies were incorporated to the design of the building.
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This boundary condition combination has allowed the definition of the "free energy" concept that
consists on the delivery of a free heat supply to the dwellings of the building, without any fossil fuel
consumption.

¢KS 2LISNI A2y 27F itk Setafe@iNG 8nd 6fyhiS deRidrg 02y OS
4.2.  Thermal envelope

The low heating demand is assured by the combined effect of a highly insulated envelope and the
heat provided by active facade elements. The design of the building also aims to minimize its
environmental impact by using materials with low embodied energy and low environmental toxicity
wherever possible.

The thermal envelope is made of lightweight maas, glazing and metal panels.
4.2.1. Facades

The facade of the buildingis formed by active facades in isouth face, and in the rest of the
orientations the selected constructive solution consists arYtong block feade

4.2.1.1. Ytong ceramic block solution
TheYtongblock faadeis composed of the following material laysffrom outside to inside):

Sandwich panel with 5 cm of Polyurethane
5 cm of rock wool

Ytong block

Plasterboard.

= =4 4

Figure46: Detail of the Ytong facade

47



BUILDSMART: GA no.: 285091
Description of completed construction D1.9

42.1.2. Active facades

One of the objectives of the Buildsmaproject is to spread the use of energfficient and
commercially available but still infrequently used strategies and technologies in the residential
sector. With such purposg Buildsmartproject contemplats the installation of three different
systemson South faade, one different solution per block, with the aim of studying the behavior of
such systems under the same conditions, climate and environmam comparing their
performance.Two of the systems thatonfigurethe South faade are two differenbptions of active
facades.

In general, a active fgade isan envelope that allows to collect, transfer and store large amount of
solar energy in form of heat used for various purposes in buildings, enabling multiple functions
including shielding, thermaollection, mitigation to the extreme weather conditions, etc.

In particular, the active faades used in Buildsmart projecise the solar radiation to preheat
ventilation air; in such a way that energy consumption for space heating decreases and indoor
comfort conditions improves.

Used active feades aredouble skin envelopethat incorporate a solar thermal absorber to its
structure and allow external or internahir to flow insidethe cavity locatedbetween the layersThis
cavity is ventilated mechanically or naturally ageherallymanaged by control mechanismActive
facades are designed to maximize the absorption of solar radiaimhto transferthese heat gains
to the air in the cavity increasing its temperagur

4.2.1.2.1. Trombe wall

The tombe wall, with a continuous air gap from the first floor to the roof, is deployed on the
southern facade of the lowest block of the building. kasipled to theventilation systemwhichacts

as distribution mechanisms of the calted energy The trombe wall is divided itwo sections one

of 25 meters and the other of nearly 4 meters wide. Both are located in the same place relative to
the dwellings, between the kitchen and theitig room (figuret?).
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Figure47: Trombe Wall position

PREHEATED AIR PREHEATED AIR
TO THEAHU TO OUTSIDE

.
W

<

2

= ;}({
s
W
|
Y

WINTER SUMMER

Figure48: Trombe Walbperational principle (left winter mode and right summer mode)
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Theoutlet of the trombewall on the roof of the building is connected to the ducts that enable the
delivery of the hot air produced by the trombe wall to the AHU of this block.cbheection allows
takingthe hot air leaving the air cavity of both sections of the tronviegll ard to deliver it to the
AHU(figure 49).

Figure49: Exhaust system placed on the roof

With this method the air is prleated by the effect othe Trombe wall and is introduced into the
heat recoverysystem whenever neessaryin order to reduce energy demandhe production of the
trombe wall is exclusively connected to the ventilation system of the lowest block of the building
The position @ the ventilation equipment anducts through which air flowis displayedn Figure50.
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Figure50: HR Ventilation system with hot air inlet of Trombe Wall

When heating is not neededthe system can exhaust the hot air produced by the tromnadl, in
order to reject the collected emgy and avoid overheatingsk This is possible througtedicated
dampers located at thanlet of the heat recovergevicethat enable the delivery of the preated air
to the AHU or to exhaust, according to the presence or lack of heating demdmgure 51 displays
the position of the exhaust damper for the trombe wall air flow and its actuator
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Figure51: Damper and damper actuator to enalilee Trombe Wall airejection
4.2.1.2.2. Solar Wall

As previously statedthere is an active tade called Solar Wailh the south f@ade of the central
block of the buildingsfigure 52).

It consists on a black coted perforated sheet of metal that allows the inlet of exterior air into the ai
gap, where the aiis heated through the collected smi energy There are 2 different sections
Solar Wall orthe facade, the first one oR.5 meters wide (l& side) and the second one afound 4
meters wide (right side).

Figure52: Solar Walhkctive facade solution

The airpreheated by the solar wall is used as heat source ofathéo waterhigh performance heat
pump deployed on the roof of the central blodke temperature increase provided by the solar wall
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to the air used by the heat pump as energy souweill allow \ery high mean seasonal performance
values for the heat pump.

The air flowpreheated by the solar wall is delivered to the heat pump through a specifically deployed
duct network, including a variable air flow rate fan to facibktatir circulation through wicts (figure
53).

When the building presents heating demartd be covered by the heat pumphe preheated air
production of the solar wall wilbe delivered to the heapump, which will generate the hot water
necessary to heat the building through the #itig radiant floor heating systerwith very high
performance valuesTheoperational principle of the solar wall system is shawfigure54.

Figure53: Chutes on the roof, extracting hot air from the Solar Wall air gap

Below the operational principle of the solar wall solution is summarizeglte 5}

1 Air enters the cavity of the solar wall

Airis heated with collected solar irradiation

I Heated airis delivered to the air to water heat pump andqaduced hot watelis sent to the
heating plantof the building

1 Finally lot waterisdistributed over the building and required energy delivered by the radiant
floor system

=
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Figure54: BioclimaticSolar Wall systeraperational principle

However,when heating or DHW production is not required, the heat pump and variable air volume
fan will be deactivated. In this circumstance, the preheated air produced by the solar wall is
exhausted though the mechanized damper located between the duct and the heai @igure 55).

Figure55: Integration of the solar wall and the heat pump
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4.2.2. Windows

Selected windows are doublganed, aitfilled windows (4/12/6) with lowemissivity (lowe) coating.
They have a Walue of 1.6 W/m2K.

WindowsNB LINB &Sy i odcm: 2F (20l f odaAtRAYy3 FIOFRSaQ |
The ratio of glass to solid wall in South facade is 4,1% while in Nedtiefahe window/wall ratio is

slightly lower, 3.5%.

4.2.3. Roofs

The solution selected for the mf of the building is arexternally (8 cm of Polystyrene) insulated
conventional flat roof.

4.2.4. Final building

Figure56: South faades
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