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Executive summary

The CULTURAL-E project aims to define modular and replicable solutions for Plus Energy
Buildings (PEBs), accounting for climate and cultural differences, to create comfortable,
efficient, and affordable indoor environments. CULTURAL-E develops specific technologies
and tailored solution sets suitable for different climatic and cultural contexts, which are tested
in four demonstration cases (France, Germany, Italy and Norway)

The present report compiles the information gathered in the Decision Tracking Tool (DTT) by
the demo owners and technical advisors along the design journey. The DTT intended to keep
track of the process and decisions related to building design and integration of the Cultural-E
technologies (Active window - Smart air ventilation system; Decentralised packed heat pump
system; Ceiling fan - smart air movement; Cloud-based House Management System) and
market-available products for building envelope, energy production, RES technologies, and
storage. The information collected in the report is also available in the Excel files attached.

The report provides information for technology developers to improve their products and adapt
them to their target market's cultural and climatic contexts. The information about design,
installation, exploitation and maintenance processes gathered during the decision process
reveals the needs and expectations of potential clients in these contexts and markets.

Moreover, the report exposes the final solution sets selected for each demo. It reveals the
decision processes behind these choices, allowing the partners of the Cultural-E project and
the PEB developers to better understand the cultural and climatic factors influencing the
solution sets and to define suitable sets for each context.
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1 Introduction

The CULTURAL-E project aims to define modular and replicable solutions for Plus Energy
Buildings (PEBs), accounting for climate and cultural differences, to create comfortable,
efficient, and affordable indoor environments. CULTURAL-E develops specific technologies
and tailored solution sets suitable for different climatic and cultural contexts, which are tested
in four demonstration cases:

1) The French demo site is in Leers in the Lille Metropolitan Area, close to the Belgian
border, in a peri-urban area by the Roubaix canal, where the climate is warm and
temperate. Vilogia, a private social housing company, will build and manage a 19-
dwelling PEB demonstrator and a reference nZEB building.

2) The German project is located in Ostfildern in the peri-urban area of Stuttgart, with a
warm and temperate climate. The company, Wohnbaustudio, will sell or rent 21
dwellings and one commercial unit.

3) The Italian demonstration building is in Castenaso near Bologna, in a rural setting close
to parks and nature. The location has a humid temperate climate with hot and humid
summers and cold and wet winters. The demo includes two similar residential
buildings with 13 dwellings for sale by Abitcoop (a private cooperative).

4) Finally, the Norwegian site in Baerum, 11km outside Oslo city centre. The climate is
subarctic; the winters are not extremely cold, and summer temperatures are fair. The
building with 12 dwellings and common areas is part of the Baeerum "Assisted living and
welfare technology" program; the municipality financed the construction with dwellings
for sale or rent. The building is managed round-the-clock by onsite staff. The
construction period for the building was nearly finished as the Cultural-E project
started.

The decision tracking tool aimed to support the Cultural-E Project partners towards a
Participative Concept Process perspective. It kept track of the design and construction
decision process for the definition and implementation of Cultural-E solution sets for Plus
Energy Buildings (PEBs), including the Cultural-E developed technologies (Active window -
Smart air ventilation system; Decentralised packed heat pump system; Ceiling fan - smart air
movement; Cloud-based House Management System) and market available products for
building envelope, energy production, RES technologies, and storage.

Most design-related decisions for implemented technologies were already made for the
Norwegian demo. The focus for this demo has been on the House Management System and
possible Model Predictive Control (MPC) implementations. Control of performance, correction
of malfunctions, improvements, installation of complimentary sensors and meters for better
operation and preparations for MPC have been in focus for the decisions.

Information and technical data about the buildings, the adopted strategies and the
technologies were systematically organised and continuously updated during the project
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development in the DTT. They are compiled in the present report. The information collected in
the report is also available in the Excel files attached.

The report aims to provide information for technology developers to improve their products
and adapt them to the cultural and climatic contexts of the market they want to enter. The
information gathered during the decision process reveals the needs and expectations of
potential clients in these contexts and markets.

Moreover, the report exposes the final solution sets selected for each demo. It reveals the
decision processes behind these choices, allowing the partners of the Cultural-E project and
the PEB developers, in general, to better understand the cultural and climatic factors
influencing the solution sets and to define suitable sets for each context.
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2 Leers, France - Vilogia

2.1 Description of the demonstration site

2.1.1 General information

The demo case selected for the Oceanic climate is in Leers (France), in the Lille Metropolitan
Area, close to the Belgian border. The property stands at an altitude of approx. 20m above sea
level, in a peri-urban area, by the Roubaix canal. The climate is classified as warm and
temperate. The annual average temperature in Leers is around 11 ° C. The annual rainfall is
around 763 mm.

The demo owner is Vilogia, a private social housing company. Four similar buildings will be
constructed on the property, next to three existing buildings and single-family houses. Building
A is targeted to be the Cultural-E PEB demonstrator. Building B, with a very similar design, is
planned as an nZEB building (Passivhaus label) and will be monitored to be used as a reference
for comparison during the operational phase. The units in both buildings will remain the
property of Vilogia and be rented as social housing. The two additional buildings (C and D) will
be standard constructions (following the current RE2020 French construction legislation), and
the units are intended to be sold.

Cultural-E demonstrator — Building A

19 appartements

4 floors

Balcony

Total living space: 1110m?

9 x T2 appartments (=48m?)
10 x T3 appartements (=67m?)
Roof area 280m?2
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FIGURE 1 - OVERALL PLAN OF PROJECT

FIGURE 2 - PHOTO-RENDERING OF THE CULTURAL-E BUILDING
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2.1.2 Reduction of energy demand

The Cultural-E demo building is designed as a passive building, focusing on the quality of the
envelope and maximising the use of passive heating sources (sun, users, equipment).
Therefore, the quality of the external thermal insulation and the air tightness is the central
concept for the envelope conception. It will be scrutinised during the works (verification of the
quality of the materials and correct installation, tests of air tightness). An active Window
System with triple-glazing will be provided by the partner Eurofinestra enabling active control
of the shadings to maximise the solar gains during winter and minimise them during summer.
A smart all-in-one system gathering heat pump, ventilation with heat recovery and DHW will
also contribute to reducing the energy demand; one unit per apartment will be installed.

Finally, the cloud-based House Management System (HMS) provided by the partner
Advanticsys, coupled with a monitoring network, will reduce the energy demand, thanks to the
coordination of the different systems and the exploitation of energy flexibility potential, as well
as interacting with the user to foster virtuous behaviours.

2.1.3 Energy production

The objective is to reach the PEB target by producing more energy than consumed and
considering: heating, DHW, lighting and ventilation; domestic consumption is not considered
(electrical plug loads). Energy is produced thanks to PV panels installed on the roof. As the
building is noticeably compact, PV panels will also be installed on the Passivhaus neighbour
building, allowing sufficient production to reach the PEB target.

Self-consumption is foreseen in the common parts of the building; the surplus of energy
production will be sold to the grid.

An e-vehicle charging station will be installed; nevertheless, the associated consumption will
not count in the energy balance considered for the PEB assessment.

2.1.4 Solution sets

The envelope design minimises the energy needs of the five regulatory consumption items
linked to French thermal regulations: heating, cooling, domestic hot water, lighting and
auxiliaries (fans/pumps). The following systems are sized and installed in the pilot building to
ensure comfort for the occupants:

e A multi-service decentralised heat pump that provides:
o Heating via fan convectors in the rooms
o Domestic hot water
o Ventilation with heat recovery (double flow)
o Cooling (passive via ventilation)

The combined system is a commercial product, the Compact P unit by Nilan.

11
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e Active Window System with triple-glazed windows and external Venetian blinds (Brand:
Hella; model: Exterior Venetian blind AF80+) to control solar gain. The windows are
produced and supplied by Eurofinestra, a partner of Cultural-E. The triple-glazed
window model installed on the French demonstration site has neither mechanical
ventilation nor trickle vents since the multi-service decentralised heat pump unit
provides ventilation.

e The cloud-based HMS will manage and control the house systems (if desired by the
occupant, who can derogate), record data related to the quality of the indoor
environment and provide feedback to the occupants. The HMS acts as a central brain
for controlling Indoor Environmental Quality (IEQ), considering user practices and
coordinating the set of technologies to ensure the best indoor conditions and minimise
energy consumption and COzq emissions.

e Energy-efficient lighting equipment

e A 43kWp photovoltaic field, with a gross surface area of panels of around 215 m?, is
installed on the demonstration building’s roof and the neighbouring building.

e Charging stations for electric vehicles (at least two expected)

12
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2.3 Technologies

2.3.1 Active Window System (AWS) - Eurofinestra

The Eurofinestra Active Window System is a multifunctional window system that enhances
energy efficiency, indoor air quality and user comfort. Since trickle vents and mechanical
ventilation could interfere with the functioning of the mechanical ventilation of the dwelling,
the French team chose to install a simple version of the AWS, with (i) triple-glazing, (ii) a
modular wood frame system, easily adaptable to different climates and design selections, and
(iii) an adaptive shading system.

The window block comprises an insulating frame of extruded polystyrene and timber
reinforcement. It is designed to allocate the window with integrated exterior Venitian blinds
Hella AF80. The motor of the blinds is controlled directly by the occupant or the Building
Management system, thanks to the algorithms developed within the Cultural-E project.

The table below describes the decision process for this equipment.

14
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Eilateral mecting and
consensus workshop:

150062020 the windaows [active system, trickle N . N 1002020 Mo trickle vents, no ackive
the mechanical ventilation [Venkive] . -
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automatic shades
all windowes will be those of
EUROFINEETRA [except the [*ilagia] final quantitics and dimensions to be
20i0iznz1 offoziz20z | d s
entrance hall], option without noticed to ELROFINEETRA e o
ticklevent and internal store
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.................. comtrol office e VRN
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tenders

25052021 Architectural integration

Zend Etatigraphy to EF

done on 1370321

EF zend an architectural detail that was
communicated ko the design team for
integration

16/04/2021  done

Architectural integration
- ‘w'ooden support installed by
Wilogia

WL will confirm :
- the thickness of the insulation lager

23/05/2022 ) ) - the lateral cladding of the windows 0052022 done
- Power cable for the blinds engine . . . B
hould arrive in th - the dimensions of the windows [final lizt)
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4_Manu
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2ainzianza

WL provides a time line of the project

0z2022  done
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2.3.2 Packed Heat Pump (PHP) - Ventive

Ventive has developed a compact unit integrating mechanical ventilation, a hydronic circuit for
space heating and domestic hot water, and thermal storage with Phase Changing Material
(PCM) into one system.

As the Ventive technology was in development, the design was constantly changing. At the
beginning of the process, Ventive adapted the product to the demo owner's needs, showing
interest in taking advantage of the project. Nevertheless, after this first stage of development,
the demo owner needed to have a fixed design and precise information to integrate the PHP
into the building design. Moreover, at the detailed design stage of the Vilogia building, the
Ventive apartment PHP unit was too high to fit between the floor and ceiling slabs.

The demo owner decided to install a market-available system with comparable features. The
Nilan Compact P was chosen (Figure 3). The technical characteristics will be as follows:

- Heat recovery efficiency certified by the IHP > 80%.

- Fan efficiency < 0.40 Wh/m3

- EC fans with constant airflow control

- F7 filtration on fresh air

- M5 filtration on return air

- Internal and external leakage ratio < 3%.

- Automatic summer bypass

- Frost protection by a battery connected to the heat pump

- Heating COP at +7°C outside = 3.58 measured according to PHI certification
- DHW COP at +7°C outside = 3.10 measured according to PHI certification
- DHW tank volume: 180 L

- Magnesium anode

- 1500W electric DHW booster heater

- R134arefrigerant

- Remote TFT control screen

- Integrated energy metering: ventilation, heating, DHW, cooling

- Data transmission and remote consultation

- Remote monitoring of machines via a dedicated application
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FIGURE 3 - TECHNICAL DRAWING OF THE NILAN COMPACT P

The heat pump uses the residual energy not recovered by the countercurrent exchanger to
heat the supply air. The supply air temperature is increased to the desired level by means of
an electric heating coil. The electric heating coil is designed for installation in the supply air
duct, with the necessary sensors already in place. The heating of each coil will be regulated by
the Nilan system control screen, which should be located in the living room.

Electric heating coil from Nilan or technically equivalent: D160, P = 1.2 kW.

Comfort heating in the bathrooms with an Atoll SPA towel warmer with 500W round tubes
from ACOVA or technically equivalent, certified NF Electricité Performance 2 stars (or Old NF
Electricité Performance Mark category C or equivalent), with electronic thermostats ensuring
at least the 6 orders: Comfort, Comfort -1°C, Comfort -2°C, Eco, Frost protection, Off.

For the dwellings located on the ground floor, which are more loss-making, the power of the
heating coil could prove insufficient in the event of extreme cold. We, therefore, plan to use an
Emotion 3 electric radiant panel from Thermor or a technically equivalent panel certified to NF
Electricité Performance 2 stars (or the former NF Electricité Performance category C mark or
equivalent), with electronic thermostats providing at least the following 6 settings: Comfort,
Comfort -1°C, Comfort -2°C, Eco, Frost protection, Off.

The table below describes the decision process for this equipment.
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Q@ ventive

Al Demo cazes
]
; — F
q
a I
3 i
Objective
1PHF ! appartmenk ko provide heating, hat water and air renewal
Date Phase and decisions To dos Deadline Remarks
“Wentive will provide info on:
Consensus Waorkshop - Performance FEN0IE020
002020 The mechanical wentilation iz azsured by the - connexion to the cxternal wall [impact on Fagade) Befare Srd GEAS daons
FHF unit; anyg ventilation in the windows - the height of the unit share
- access For maintenancs
Difine the location of the PHP : inzide or
oukside, Check the consequences of installing the PHP inside the
psH0f2020 The: dezign team recommends installing the aparkmenks
FHF inzide the apartments
Gatizigpzy Ui oF vk to be camunieated b0 Sotrol - yENTIVE provids 3 list of test bo be perfarmed 3 Eurac 2202021 done
affice
done. The control office
Send lisk ko contral office 220012021 askz For a Functioning
nokice
WENTIVE provide a functionning notice and Flow-chart 2202021 done, Tranferred to S0
30 drawings WENTIVE prowide drawings [30] ZEinzonz f;:;;‘:““"’d on
WENTIVE will provide 2 draft of the agreement with Wilogia
ko ek
Agresment Yentive!Vilogia what happc'j'j_?f!:“ the end of the praject 2202021 Meyer received
- the rezponzibilities of each part
- what happens in caze of Failure
- Mlaintenance services
. done, Received on
WENTIVE update the performance matrix 22002021 -
WENTIVE will provide 2 single document gathering the infa
on:
- gqeometry, weight, materialz, space For mainkenance and
ln?tullatlon Mever received. The
- list of components inf Ko i | d
18052022 Sythesis document on technical info - Hudraulic scheme pafFipoge  MTETMANON F releas
. picce by picce, in several
- aparation flow-chart )
. cmails
- COnFUmpkion
- perfarmances
- embedded CO2
- noize levels
The: PHP wouldn't fit
It waz decided the Wentive PHP wan't be becausze of the ceiling
inztalled on the French d f Lecrs. height. The design iz
ik e o this T rench Sume ot Lt Find a new pilok to be found tainstall one PHP ina house July 2022 =19 = Cestgn |

& solution with cquivalent Features available
on the market will be selected [Milan)

constankly changing
diffizulting architectural
integraticn,
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2.3.3 Ceiling Fan for smart air movement — Vortice

Moving air through ceiling fans can be an effective way to provide comfortable cooling in warm
environments, able to complement and/or replace the use of active cooling systems. The
smart ceiling fan automatically adapts its rotational speed based on the temperature and
relative humidity values measured in the room. Moreover, the ceiling fan learns from
occupant’s control preferences and coordinates its action with cooling and ventilation
systems for an energy-efficient, comfortable and healthy indoor environment.

In France, the ceiling height is usually 2.5m. The minimum height to install the smart ceiling
fan would be 2.7m, which would have strong financial consequences for the project. Moreover,
the total height of the building was strongly constrained by the local urbanism rules, limiting
the distance between slabs. Consequently, the design team decided not to install the system.

The table below describes the decision process for this equipment.
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Mot being installed | Eéi ! i

Al0emo cazes VORTICE
E=a
L]
&
N
Sapaceain
@ W
Chijective

Date Phase and decisions To dos E_rgan:lline Bemarks

Discuszion on technalogy

requirements

Wilagia listed questions tointegrate

the technology :

- Minimum ceiling height? Wartice will provide the technlcal drawings and
- Fization system intormation, as wWell as the user manual
artice provided answers

- minimum kight : 2, 7m

- The fan= must be fived on the

concreke slab

1G0E2020 2EM0E2020 Done

Congensus workshop

The magimum ceiling height iz 25m.

Increazing this height would have
10/09{2020 strong Financial consequences For

the project,

Therefore, the technology won't be

inztalled on the Lears project

2.3.4 Cloud Base House Management System (HMS) — AdvanticSys

The Cloud Base House Management System (HMS) combines indoor and outdoor sensors
data, RES production, common electric or thermal storages and web services to minimise and
optimise energy consumption. Based on a distributed cloud infrastructure, it implements the
logics to operate the different systems. The HMS behaves as a typical building management
system at the apartment level with extended capabilities at the cloud level, such as advanced
control strategies that run in real-time. Additionally, a user interface is developed to
communicate information to all users (tenants, facility managers, building owners, etc.).
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The table below describes the decision process for this equipment.

Objective

DOiefine the architecture of a system allowing the monitoring of the building and the control of the equipment. Define the user interface and the information
to be displayed to the user.

Date

Phase and decisions
-1 Seleation ot technalogy

Todos Deadline

Remarks

Diefinition of the space of the equipment

The space occupied by the equipment depends on the
type and quantity of the installed sensors and
controllers

00032020

YILINEE must define the services and
the list of senzorzs to be installed, and
translate this inta a system architecture

WIL held an internal workshop to define the needs
related to the Manitaring systerm and the
functicnalities of the HMS.

Objectives of the HMWS:

1] Manitar the building's performance

2] Inkeract with the building's technologies
31 Di=play information to the user

- WL needs & system operable after Cultural-E

- The occupation of he dwellings cannot be monitored
(b0 intruzive)

- The uzer must hawve The choice to un The system in
automatic or manual mode

05012021

WIL will hire a consultant o assist YIL in 1) the definition
of the manitaring system and the architecture of the

felay 2021
Bebore building
permit request

YIL will produce the tendering
documents, will call For tenders and will
zelect the company

Done. First tender
on April 21.

Delay in the building
permit. 2nd and
Final tender an April

22

Semester 2

of 22 the Cultural-E project in a tentative system

architecture

Check if this architectureis compatible

with the HME dezigned by AdSys owoafznzz

[leeting with AdSy=
and the conzultant
on 3108122
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2.3.5 Monitoring System

The Monitoring system comprises all the sensors and meters installed in the buildings (PEB
and reference nZEB); it collects the data from the equipment, the dwellings and the common
areas needed to feed the HMS.

Monitoring equipment in the dwellings

All 19 dwellings will be instrumented in the main room, bedroom n°1 and bedroom n°2 with:

Main room:

- A control screen showing temperature, air quality, CO2 & VOC information, control of
all roller shutters, electrical consumption, hygrometry, pressure and luminosity;

- 1 sensor for temperature, CO2, hygrometry, pressure;

- 1 air quality sensor;

- Slatblind drivers with wired motors only for KNX control (4-wire: common + up + down
+ yellow/green earth protection)

- GALLERY switch 2 KNX buttons busts (1 per roller shutter);

- Sensors for temperature, CO2, hygrometry, pressure and presence;

- 1 air quality sensor;

- Slat blind drivers with wired motors only for KNX control (4wire: common + up + down
+ yellow/green earth protection)

Room 2:
- GALLERY switch 2 KNX buttons busts (1 per roller shutter);
- Sensors for temperature, CO2, hygrometry, pressure;
- 1 air quality measurement sensor;

- Slat blind drivers with wired motors only for KNX control (4 wires: common + up +
down + yellow/green earth protection)

Technical shaft in the dwelling :
- 4 electrical counters
- TIC Linky
- Sockets
Others
1 meter for backup electric battery (PAC NILAN control)
- 1 domestic cold water meter (EFS)
- 1 domestic hot water meter (DHW)
- Smartphone application in CLOUD mode (see with ADSYS).
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FIGURE 4 - DESCRIPTION OF THE MONITORING SYSTEM IN THE DWELLINGS

Monitoring equipment in the commons

Technical shaft for general services
- 3 Electricity meters
ICT Linky
Sockets
- Others

Technical shaft for Lifts
- 1ICT meter

Technical shaft for Parking and outside
- 3 electrical meters
TIC Linky
Sockets
Lighting

Panel EVCI (Electric vehicle charging infrastructure)
- 3 Electricity meters
Phase 1
Phase 2
Phase 3

1st EVCI terminal
- 1 meter
ICT Linky KNX radio
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Facade
- 1 weather station

Lift pump
- Pump fault

- Maintenance alert

Weather station
- GPS position
- GPStime
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FIGURE 5 - DESCRIPTION OF THE MONITORING SYSTEM IN THE COMMON AREAS

The table below describes the decision process for this system.
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@  Monwmgsysem

1
-
0O ;
-
i
l -
1 ey

: " = der

Objective

Diefine and install the monikaring system that will colleck the data from the dwellingz to feed the HRE and command the technalogics
Date  Phase and decisions To dos Deadline Remarks

Diefine the needs in kerms of manitaring.
WILOGIA organized internal discussions

Objectives of the monitoring system:

1] record and end data on the building's performance to the HME
2] Allaw the inkeraction between the HME and the building's
technalagics

oseoirenzy - VIL needs a spstem operable after Cultural-E
- The accupation of the dwellings cannak be monitared (koo
intrusive]
= The uzer must have the choice o run the syskem in automatic or
manual mode

Diane. First kender an April 21.

flay 2021
WL will hire: a conzultant ko aszist YIL in 1] the definition of the WIL will produce the kendering B-:f-o:lzlbuildin Diclay in the building permit.
monitoring syzkem and the architecture of the HRE, 2] the documents, will call for tenders and A ut:-'l:g 2nd and Final tender on April
implementation of the system will select the company £ Hasid] o

AdEps must provide adraft
archikecture of the suzkem

260102021 Diefine the architecture of the system Feb21 Dane:

o

IEALC -. : .'.' =50k 5. list -
EURALC provides abasic af April 21 Dane

Diefine the list of zenzors needed for monitering. Done:

A ctentative izt of senzors and
their location in the building
was produced

25052021
YILMMEE. complate the list Pay 21

Firzt kender ba hire a consultant ko azsist YIL in 1) the definition of
Plarch 21 the: manikaring system and the architecturs of the HME, 2] the April 21
implementation of the system

Tender delayed becausze of
building permit izsues

Parch 22 2nd tender April 22 Company selected
The conzultant tranzlabes the needs of "."ilc;gi:': and of the Cultural-E  Chech if thiz architecture iz

Temester 2 of Mecting with AdEys and the

an project in o kenkative spzkem architecturs mﬂf atible with the HRME designed . 0032022 conaulbant on S0G 122
by A dEys
Chetck the compatibility with khe
design keam project bk e dane
Meeting with industrialz of monitering systems to define if we can
uze a proprickary solution For the monitoring [cheaper]
The proprictary solutionz are not open and don't allow v fully
1032022 implement the Cultrual-E abjectives [in particular, to control the
shading blinds an the windaws].
& B system will be more appropriate, although more expensive.
The conzultant provided 2 final architecture of the menitarin Finalcheck by the design team i i i
v P E ¥ d ! IE0lenas .ﬁr-:hlt-.:-:turt: included in the
Sy shem tendering documents
pamaranz2s  The consultant provided a final list of sensorz and a detailed costing Final check by the design team I0M02A2025  Ready to launch the tenders
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2.3.6 PV and electric storage

The photovoltaic panels and associated electric systems are installed to cover the energy
needs of the building, according to the PEB definition used by the demo site owner. Electric

storage enables flexibility.

The French building complies with this new RE2020 thermal regulation that came into force
on January 1, 2022 and incorporates the carbon impact. The RE2020 compliance verification
is done based on an evaluation by the regulatory calculation engine, which imposes typical

input data (scenarios) according to the type of building and a specific weather file.

The assumptions considered are given in the following table:

Site (other building’s impact) Consideration of neighbouring buildings (mask)

Walls stratigraphy and performance Data corresponding to the final design
Windows and characteristics Data corresponding to the final design
Solar shading Basic control (scenarios)

Thermal bridges Thermal bridges considered in the French RE2020
regulation

Internal gains Occupation 24/7 (unoccupied 2 weeks in August and
one in December)

(occupants’ heat, lighting, and other
hardware) Typical day : Oh - 10h / 18h — Oh
Wednesday : Oh - 10h / 14h - Oh
Week-end : 24h

0.02 pers/m?

Internal temperature setpoints 19 °C if occupied
16°C rest of the time

Airflow renewal Dual flux ventilation (80% heat recovery).
Power = 40W for fans
Flow rate = 60 m3/h

TABLE 1- INPUTS FOR THE FRENCH THERMAL REGULATION (RE2020) SIMULATION ENGINE

REGULATION BASED INPUTS

Weather file Weather file for the corresponding thermal zone (city of
Trappes)
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The results of the regulatory study are as follows:

Final energy Primary energy
MWh/y kWh/(m?*y) kWh/(m?*y)
heating 4,2 3,8 8,7
DHW 8,8 8 18.4
cooling - - -

lighting 2 1,8 4,1

Auxmary . 6,1 5,5 12,7
(pump+ventilation)

sum 21 19,1 43,9

User plug loads 27,5 25 57,5
PV-system generation 27,4 24,9 57,3
Balance without user 6,4 5,8 13,3
Balance with user -21,1 -19,2 -44,2

TABLE 2 - EXPECTED PERFORMANCE FOR THE FRENCH DEMO

The compactness of the building and the architectural constraints related to the local urban
plan do not allow the installation of solar panels on the facade. Thus, part of the PV production
is located in the neighbour building. The solar panels that will be installed on the Leers demo
site are MAXEON 3 (or technically equivalent, depending on the tenders) (Figure 6).
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FIGURE 6 - TECHNICAL DESCRIPTION OF THE PV PANELS MAXEON 3

Load matching and grid interaction

In the particular case of collective housing, PV marketing is complex (in the case of an
individual house, the producer and the consumer are the same person/entity, simplifying
things). It is difficult for a social housing company like Vilogia to "sell" electricity directly to its
tenants. Still, such a company can, on the other hand, self-consume in the common areas only
or at the level of the dwellings, but the second case is complicated to implement. Self-
consumption is possible without batteries/storage (self-consumption with free injection on
the grid) or with a battery, knowing that its presence is a sensitive subject from the point of
view of insurance and generates additional premiums.

Also, from a financial point of view, self-consumption lowers tenants' charges and reduces
incomes because the volume injected into the network is lower, and the price is less interesting
/kWh than choosing the “Total sale” option.
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Even if it is theoretically possible, the list of obstacles to overcome makes it simpler to sell the
entire production. The choice was to auto-consume only in the common areas (when needed)
and inject the rest on the grid. This explains the low rate of self-consumption but a higher rate
of self-production: the production compensates for the five uses, representing 50% of
consumption (the remaining 50% corresponds to plug loads).

KPI Estimated value

self-generation (load cover factor) 50 %
self-consumption (supply cover factor) 10%
Peak export 43 kW
Peak import 57 kW

TABLE 3 - KPIs oF PV
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The table below describes the decision process for this equipment.

r BIPV & electric storage
M
i ':r':'l }
ek
10
[WERs e LT A
N ]
i
FENSD busilding Melghbour passive building
Objective
Date  Phase and decisions To dos Deadline Remarks
Definition of the typo of P to be installed BIPY or common
PV pannels. Check with the objectives of the Culural-E
Auly 2020 Baszed on previous experiences [PYSite project), VIL would  project End f July 20
prefer comman PY, which are simpler toinstall and maintain.
2072020 WIL willinstall comman PY
Confirm the estimation through a detailed
SEEZ00 The design team estimated the consumption of the building — studu of the consumption of the building.
and the PY needs Depends on the objectives set by the
archite st
30032020 The desigl.'u team prc\l.lin?hz-fﬂ a detailed calculation of the
consumption of the building
Self-consumption on the common parts of the building, at
least.
VIL chiecks internally if there iz an interest in
OEMW2020  Self-consumption in the dwellings iz to be decided. Inthat implementing self-consumption with the
case, the buzinesz model iz naot Favourable for Wilogia, since  tenants
the company bears the investment, but no ROl is possible
because the law doesn't allow to zell electricity ta the tenant.
. . ) Check the possibility of installing PY on the
050212021 y.:l.e building roaf area is not enough to install all the needed reference building's roof. Check the
compatibility with the Cultural-E PEE definition
Part of the PV an the roaf of the neighbour building is
032022 compatible with the Cultural-E PEE definition
Only self-zonsumption in the common parts and not with the
tenants.
0210502022 Since the consumption volume in the common parts is low,
the interest in installing batteries iz minimal. Therefare, no
battery will be installed.
Tz The d.esign tea.m provided the dezcription of the PV syustem
ta be included in the tenders
B0 Final tendering documents sent by the dezign team with the

final PY system's description
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2.3.7 E-Mobility charging stations

It comprises the e-mobility charging stations and the associated electric system.

The car park will be served using a twisted main cable on which MICHAUD GE003/GE004
single-phase or GEO05/GE006 three-phase Electrical vehicle charging infrastructure (EVCI)
connectors (or equivalent) will be placed at each delivery point to provide individual derivations
(Figure 7).

A MICHAUD GEO001 (or equivalent) switch/disconnector box will be placed at the origin of the
EVCI outgoing feeder. Each branch will lead to a MICHAUD GE020 metering cabinet (single-
phase) integrating the individual main circuit breaker, the control panel for the LINKY meter
and the connection circuit breaker, and a modular box designed to receive the charging
station's protection equipment.

FIGURE 7 - ILLUSTRATION OF THE ELECTRIC VEHICLE CHARGING INFRASTRUCTURE (EVCI)
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The table below describes the decision process for this equipment.

E - mobility charging station

Objective

Date Phase and decisions To dos Deadline Remarks

1_Selection of technology

The French regulation obliges to pre-equip 1003 of the
parking lots with a local power grid For e-wehicles. The
tenant can then easily install a charging station. Local OS50

iz responsible For charging the electricity consumed. Meet suppliers to define & suitzble

mars-21 . . . . zolution and include it in the
Girant=s are available to finance thiz pre-equipment. The .
tendering documents

in=tallation of at least one charging station is mandatory ko
receive such a grant.

At least one station will be installed

2_Concept design

A zuitable solution was identified and included in the

sepl-22 tendering document=

3 _Detailed design

Final tendering documents sent by the design team with a

Ietzznze deszcription of the e-wehicle charging system
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3 Ostfildern, Germany — Wohnbau Studio

3.1 Description of the demonstration site

The project is located in Ostfildern near Stuttgart. At an altitude of approx. 410m above sea
level, the climate is classified as warm and temperate. The annual average temperature in
Ostfildern is around 10 ° C. The yearly rainfall is about 877 mm.

With a mix of different floor plans and sizes, an attempt is made to appeal to a wide range of
prospective tenants. The residential units will be realised as rental apartments. A large part of
the lighting design will be pre-installed on site to ensure energy-efficient lighting. The
household appliances are also made available to future tenants.

Number of floors: 4 Floors - A ground floor, two upper floors and an attic.
Number of dwellings: 21 + 1 commercial unit
Surface areas:

e Residential units, 15t - 2" floor and attic: 1679 m? (NRF), average approx. 80
m2/apartment

e Commercial unit, ground floor: 778 m? (NRF)

e Underground: car parking, storage, technical cabinets: 1173 m?

Outdoors and common areas: green open spaces around the building, potentially partially
green terraces.

FIGURE 8 - SITE LOCATION OF THE GERMAN DEMONSTRATION SITE
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FIGURE 9 - RENDERING OF THE GERMAN DEMONSTRATION BUILDING

3.1.1 General information

The energy concept is based on a three-step strategy. The first step is reducing energy demand
in the building through passive measures related to the envelope and through the targeted
choice of generation and supply technologies. On the one hand, this concerns energy demand
for heating, DHW, lighting and ventilation. On the other hand, since user electricity accounts
for about half of the total energy demand, this share is also included in our strategy. In this
context, the user with his behaviour is part of the concept. The user is involved thanks to the
feedback from the cloud system, which provides information and data from the monitoring
system. The cloud connection module provided by the partner Advanticsys is part of the House
Management System (HMS).

In the second step, we increase energy production on site. As the energy concept is fully based
on electricity, the only generation system is photovoltaics (PV). From the beginning, the
architects (partner Wohnbau Studio) focused on maximising the roof area to maximise the
area for BIPV. In total 80 kWp will be installed. The total electricity production is calculated to
be 74 MWh/a.

The third step focuses on the share of self-consumption of produced electricity and the
integration of e-mobility. Here a 2" —life battery system with a capacity of 66 kWh is planned.

Concerning the heat and DHW supply systems, the building is separated into two parts. A
central air-to-water heat pump is used from the ground floor to the 2nd floor. A separate
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storage tank is installed for each temperature level (heating, DHW). In the attic (penthouse), it
is planned to install the Packed Heat Pump (PHP) units from the partner Ventive.

Also, the ventilation system is different in the different building sections. Controlled
mechanical ventilation, including heat recovery, is planned in the attic and the commercial area
on the ground floor. In the 15t and 2" storeys with residential use, an exhaust ventilation
system with trickle vents in the facade (windows) is planned.

3.1.2 Penthouse

The solution set in the penthouse (attic) consists of the following:

e Efficiency House 40 (EH40) envelope insulation standard

e PHP unit for heating, DHW and controlled mechanical ventilation (Ventive)
e Low-temperature under-floor heating system

e Active window system (AWS) with integrated shading (Eurofinestra)

e High-efficiency user appliances

e LED lighting system

e HMS and cloud feedback system for users (Advanticsys)

e Connection to the PV — Battery system

e E-vehicle charger

3.1.3 Ground floor, 15t and 2™ floor

There are different solution sets for the residential floors and the commercial unit. A central
air-to-water heat pump heats both areas.

The solution set consists of the following:

e Efficiency House 40 (EH40) envelope insulation standard
e Central air to water HP for heating and DHW

e Low-temperature under-floor heating system

e Fresh water stations in the apartments for DHW

e Exhaust ventilation system

e Active window system (AWS) with integrated shading and trickle vents (Eurofinestra)
e High-efficiency user appliances

e LED lighting system

e HMS and Cloud feedback system for users (Advanticsys)
e Connection to the PV — Battery system

e E-vehicle charger

35



I. l Deliverable n. D6.2
CLU tLl a - Decision Tracking Tool

3.1.4 Commercial area on the ground floor

The solution set consists of the following:

e Efficiency House 40 (EH40) envelope insulation standard

e Central air to water HP for heating

e Under-floor heating system

e Electric instantaneous water heaters for DHW

e Controlled ventilation system, including heat recovery

e Ceiling fans for improvement of thermal comfort in summer (Vortice)
e LED lighting system

e HMS and cloud feedback system for users (Advanticsys)

e Connection to the PV — Battery system

e E-vehicle charger

The central heat pump can switch operation into cooling mode, which is used for the
ventilation units in the commercial area and a certain basic cooling by the chilled cooling and
heating system. In the residential areas, the cooling mode is not available.
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3.2

G

Project timeline

antt_Main activities

Preliminary Agreement on solution-set for the demo to launch the tenders

Milestones

mso-m33 |

Executive project (arch., mech., electr., etc.)

Construction of structure and walls

Confirmation by the owner of the technical executive drawings made by the providers of cultural-e technologies ??

Supply of Cultural-E technologies in area of DC building (with certifications, instruction, etc.)

Planning of Commissioning

MS11-M30

Installation of Cultural-E technologies

Installation of market available products (e.g. PV)

Installation of other monitoring system

Commissioning

End of Costruction works and Commissioning, production of the “As built” Design

MS13-M36

(where necessary) Adjustment/debugging of the installed technologies

LCC and environmental assessment

Monitoring

MS14-M39

POE (survey: interviews, ..)

Reporting of democase performance

MS16-M70

Production of User Manual by the Demo Owner

Interviews with designers

Production of Demo case video

Production of Vademecum by ACE

Organization of 2 open events for project visibility

Internal and external communication

§85%%
1|2 3 45

40 41 42 43 44

2023
o
c_UDQ_H>N:_°EL'E
=} x O o
33x80zR|8¢ S g3

6 7| 8 9/1011112| 1| 2| 3| 4 5
45 46 47 48 49 50 51 52 53 54 55 56

2024
£3338
6 7] 8 9
57 58 59 60

Deliverable n. D6.2
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official end of Project

<t LN
C 2N o N =g W o £ 3
xoo:whnm:_swxoo
O] 8Sui=2ag233awnwoO0z2dA

10/11/12| 1| 2| 3| 4| 5| 6| 7| 8 9]10/11]12|
61 62 63 64 65 66 67 68 69 70 71 72| 73 74 75
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3.3 Technologies

3.3.1 Active Window System (AWS) — Eurofinestra

The Eurofinestra Active Window System is a multifunctional window system that enhances
energy efficiency, indoor air quality and user comfort. The AWS is based on (i) a modular wood
frame system, easily adaptable to different climates and design selections, (ii) adaptive
shading systemes, (iii) integrated decentralised ventilation devices, and (iv) the possibility to
exploit the shading semi ventilated cavity through its interaction with the decentralised
ventilation devices.

The ventilation concept in the German demo is based on trickle vents in the windows combined
with exhaust fans in the bathroom. The German team chose, therefore, a version of the AWS
with (i) triple-glazing, (ii) a modular wood frame system, (iii) adaptive shading systems and (iv)
integrated trickle vents.

The window block comprises an insulating frame of extruded polystyrene and timber
reinforcement. It is designed to allocate the window with integrated exterior Venitian blinds of
Hella. The motor of the blinds is controlled directly by the occupants or the Building
Management system, where algorithms developed within the cultural-E project can be
integrated. Also, the thermally broken, noise-reducing, self-regulating trickle vents are
integrated into the timber reinforcement.

The table below describes the decision process for this equipment.
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Active window - Smart air ventilation system

Objective
Date Phase and decisions To dos Deadline Remarks
1_Selection of technology
:Vzh.:baus:ud;z gives : :rese:tatlf:'n of lthe. bmlqtl:g Iwdlth its sl previts sl e o e af v ver;tll:tlz'n co_n::t;l) qu:;reshtrlclkle vetnlrs
11.08.2021| " rit construction a'n oo'r- 0 celling glazing with sliding section of the facades to check by Eurofinestra if AWS 16.08.21 an s'a ing = e.e N eF n'o ogy: 1l
doors. It seems possible to install the AWS System at 8-12 - . and pivot wood window with integrated
T - o can be adapted to floor-to ceiling- windows. A A
classic windows in the building. exterior sun shade and trickle vents.
Wohnbaustudio will get back to Eurofinestra with The other windows are part of curtain
20.09.2021 Decision to work on the 11 "classc" windows with the AWS  |more specific technical questions during design 01.12.21 wall and they required specific desing;
o System development phase, presumably in the next 1-2 o they cant be implemented from our
months. cultural-e product.

31.01.2022

2_Final design

more info needed from Eurofinestra for better
undertanding of the AWS system. Data sheets of
technical requirements for the glazing are specified trickle vents and shading system including KNX- 26.05.22 U-value, g-value, LT, Sound rating
readiness. Deeper analysis which windows are
possible for AWS-System

24.06.2022

24.10.2022

32 AWS windows can be intgrated in the Demo
3_Execution design
coordination of AWS construction for 1/5 details started by

Wohnbaustudio Feedback needed from Eurofinestra 15.11.22

25.01.2023

repeadted request for purchasing more details of AWS
Windows for detailed integration in the plans of Feedback needed from Eurofinestra 15.11.22 still waiting for answer of Eurofinestra
Wohnbaustudio

3.3.2 Packed heat pump (PHP) from Ventive

Ventive has developed a compact unit integrating mechanical ventilation, a hydronic circuit for
space heating and domestic hot water, and thermal storage with Phase Changing Material
(PCM) into one system.

The table below describes the decision process for this equipment.



Deliverable n. D6.2

C.‘Ultl..l l‘ﬂl Decision Tracking Tool

Decentralized Pack Heat Pump
System

Objective

Heating of the apartment, DHW preparation and storage and controlled ventilation system with heat recovery system.

Date Phase and decisions To dos Deadline Remarks
Kick off meeting with WS as new Demo Ventive compiles requested technical data and 14.09.2021. done Ventive showed a new version of the PHP, that can be
case Partner drawings of the presented new version ! installed in an apartment.

On the Penthouse level, there is the possibility to
installl the PHP units outside the apartments on the
balconies/ terrasses. In the other floorplans no

all performance data are missing. Tests are adequate place could be found. Furthermore, the risk
planned at EURAC. to install a heating-ventilation unit that is still in a early
19.09.2021 decision to install PHP u.nits in the Open q}Jestions to be solveq by the ihitiative 16.09.2021, done phase:n of deve.lopment in.the whole building is to high,
penthouse apartments in the Demo Case |of Ventive: what warranty gives ventive?, how even if the units are provided for free. The advantage
can the installation and maintenance work of the decentralised system is not clear for the team,
without trained craftsmen in Germany? especially in a new building. The energy concept does
not require a controlled ventilation, this function is
accepted as add on even if the installation of the
ducting means more effort.
3_Final design

still some questions open about technical
data. SIZ asks, why the french PHP-Version 22.10.21, done
cannot be used in the german demo

drawings, schematic of new PHP and some
technical data provided by Ventive

new drawings and further technical

. ) N . integration of PHP units in floorplan by WS 22.11.2021, done
information provided by Ventive

WohnbauStudio provides floorplans with Eloyidie Fiata Elbeu: sounfi elmlssmn ame
outdoor air flow of PHP units installed on

PHP units installed at outside walls of each 03.12.2021, done

. balconies. Check if the french version could be
apartment in the 5 penthouse apartments used

Sound emissions of the units are crucial because the
open, dempends on |units will be installed on the balconies and their

capacity of EURAC  [position is near by spaces with sound level
requirements due to German law.

first technical and performance data were |Sound level issue is still open and
31.01.2022|presented by Ventive, also possibility of measurements are missing. planned at EURAC
control by screen and app during performance tests.

4_Execution design

the colud platform should fascilitate the data exchange
08.09.2022, done and accelerate the planning of the integretion in the
building and development at Ventive.

SIZ lounches a cloud platform for exchange |preparation of 3d-drawings of the unit for the

04.08.2022
of documents and data. German demo by ventive

Set up of test program ant EURAC by Roberto 30.09.22. done schedule for the tests is: shipping to Euracin Jan. 2023,
Fedrizzi, confirmation of thests by SIZ ! tests at EURAC in Feb 2023
Current situation is: during EU-Project, all support and
maintenance by Ventive is guaranteed. After end of
project, owner of units is WohnbauStudio and Ventive
gives no more warranty. In Germany, it is commmon
discussion about warranty, service and . that the manufacturer of the units give a warranty of 2
i o Set up of a draft contract for service by X i
03.11.2022|maintenance of the units in the demo after Ventive 01.04.2023 years (also EU-law?). As the project ends with the
end of EU-Project commissioning of the building, all risk is transferred to
WohnbauStudio from that point on. Ventive offers
supervision of the units by their cloud service as well as
installation of software backups. The price for this
service is open, see to dos.

08.09.2022|Presentation of drawinngs
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Each dwelling on the 3" floor (penthouse) will be equipped with the PHP system from Ventive,
providing the following functions:

High-efficiency dual-flow ventilation with heat recovery;

Heating source for under-floor heating;

DHW production;

Thermal storage system;

Additional cooling by ventilation system during loading of the thermal storage system.

aprepd =

The units will be installed outside the apartments on the balcony. Final drawings are not yet
available because the units are still in development. The technical characteristics will be
determined in May 2023 at the EURAC-test labs in Bolzano.

=1

| ~ = 1+ —

FIGURE 10 - PRE-CONSTRUCTION DRAWING OF PHP UNITS ON 3%°-FLOOR APARTMENTS
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FIGURE 11 - POSITION OF THE PHP UNITS ON THE BALCONIES ON THE 3%° FLOOR

3.3.3 Ceiling Fan for smart air movement - Vortice

Moving air through ceiling fans can be an effective way to provide comfortable cooling in warm
environments, able to complement and/or replace the use of active cooling systems. The
smart ceiling fan automatically adapts its rotational speed based on the temperature and
relative humidity values measured in the room. Moreover, the ceiling fan learns from
occupant’s control preferences and coordinates its action with cooling and ventilation
systems for an energy-efficient, comfortable and healthy indoor environment.

The table below describes the decision process for this equipment.
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S Ll S
&
H
& :
Supervising
system
Objective
generate air movement to increase thermal comfort during summer in order to avoid active cooling
Date Phase and decisions To dos Deadline Remarks
. ) . . - ) . . : Room height must be
investiage possible locations for ceiling fans|discuss minimum spatial requirements X
higher than 2,70 m
room height in residential areas are at 2,50
and therefore to low for dhe ceiling fans.
Since office work is very similar to
residential situations like sitting and . o
R to be confirmed by EURAC, Roberto Lollini 15.09.2021
reading a book or
watching TV, we think that the installation . . .
. . . confirmation by email
in the comercial area is acceptable for the L
. from Roberto Lollini
Cultural E project goals.
(15.09.2021)
fm,a,llze locations, quantity and sizes of develop office layout and different office types 01.02.2022
ceiling fans
detailing of integration of ceiling fans in the
r0f)‘ms but behlnfi.the WOOd_ I.améllas in the feedback from Vortice needed. 02.11.2022
ceiling. Also detailing of position in floor
26.10.2022(plans.
iling f d iche in the seili f d protecti
celling tan needs a niche "T . € s€l |r.1g ° Check whether acoustic requirements can be met. 06.12.2022 sound protection
02.11.2022|500x500 mm due to the minimal height between the floors.

3.3.4 Cloud-based House Management System (HMS) and Monitoring — AdvanticSys

The Cloud Based House Management System (HMS) combines indoor and outdoor sensors
data, RES production, common electric or thermal storages and web services to minimise and
optimise energy consumption. Based on a distributed cloud infrastructure, it implements the
logics to operate the different systems. The HMS behaves as a typical building management
system at the apartment level with extended capabilities at the cloud level, such as advanced
control strategies that run in real-time. Additionally, a user interface is developed to
communicate information to all users (tenants, facility managers, building owners, etc.).

The table below describes the decision process for this equipment.
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Objective
Date Phase and decisions To dos Deadline Remarks
L . . . cost estimation of sensor and room automation and cost estimation showed too
coordination meeting with Advanticsys for o . . L ) .
18.10.2021 IT-Architecture of HMS monitoring system, including realisation of setpoint dec. 2021 high cost for suggested
adjustment by cloud architecture
itis agreed: .
Requirement of
typical installation and control architecture W:hnbaustudio for
for room automation in the demo development of new new IT architecture and cost . L
02.12.2021 . . i . i february 2022 building automation is to
advanticsys adds data aquisition device for |estimation work independently of the
data collection and set-point changes, ) P Y
L Advanticsys systems.
communication by bus
Roomautomation in
IT architecture developed and agreed with apartments by KNX. control
Advanticsys. All the control routines will be inpcentral hea\t/in séation
running in Wohnbau Studio KNX system, & .
08.02.2022 08.02.2022 and other central units by

advanticsys device will only be a gateway
itself, logging data, pushing it to the cloud
and sending set point data

own Modbus system,

by MQTT gateway.

advanticsys communication

The dwellings are equipped with a comfort monitoring system and a metering system, shown
in Figure 12 to Figure 14. The sensors and actors for heating and shading control, the window
contacts, the presence button and a user interface screen are planned in KNX technology. All
meters are connected to the HMS by Modbus. Light control is in the conventional technology.

The communication in the central heating is accomplished by the BMS using Modbus. Here
the PHP units of the penthouse are included. The communication between the KNX system
and the BMS is accomplished by a KNX-Modbus gateway.

The control algorithms in stand-alone operation without cloud connection are located as
follows:

e Room temperature, shading => KNX system in each dwelling
e PHP unit independent
e Central heating station => BMS (building management system)
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The IT architecture (Figure 15) allows a bi-directional cloud connection by MQTT protocol. This
allows to collect the monitoring data in the AdvanticSys cloud and change set points in the
BMS and the KNX system via cloud control. With this, it is possible to test control strategies
and algorithms developed within the Cultural-E project in the real demo case building.
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FIGURE 12 - METERING AND MONITORING IN THE APARTMENTS ON THE 1°T FLOOR.
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FIGURE 13 - METERING AND MONITORING IN THE APARTMENTS ON THE 2"° FLOOR.
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FIGURE 14 — METERING AND MONITORING IN THE APARTMENTS OF THE PENTHOUSE.
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FIGURE 15 - TOPOLOGY OF HMS AND COMMUNICATION WITH THE CLOUD SYSTEM OF ADVANTICSYS.
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Objective
Date Phase and decisions To dos Deadline Remarks
1_Selection of technology
- . . . cost estimation of sensor and room automation and cost estimation showed too
coordination meeting with Advanticsys for o i i L ) i
18.10.2021 . monitoring system, including realisation of setpoint dec. 2021 high cost for suggested
IT-Architecture of HMS ) .
adjustment by cloud architecture
3_Final design
itis agreed:
R & . . . Requirement of
typical installation and control architecture R
o . Wohnbaustudio for
for room automation in the demo development of new new IT architecture and cost . .
02.12.2021 . . X . i february 2022 building automation is to
advanticsys adds data aquisition device for |estimation X
. . work independently of the
data collection and set-point changes, .
L Advanticsys systems.
communication by bus
. 3 Roomautomation in
IT architecture developed and agreed with
R N ) apartments by KNX, control
Advanticsys. All the control routines will be . . .
running in Wohnbau Studio KNX system in central heating station
08.02.2022 € ystem, 08.02.2022 and other central units by

advanticsys device will only be a gateway
itself, logging data, pushing it to the cloud
and sending set point data

own Modbus system,
advanticsys communication
by MQTT gateway.

3.3.5 BIPV and electric storage

The photovoltaic panels and associated electric systems are installed to cover the energy
needs of the building, according to the PEB definition used by the demo site owner. Electric
storage enables flexibility.

In total, 202 PV-Panels are planned with 80.4 kWp installed: 190 are AC-410MH/108V with 410
Wp/Module; 12 PV-Panels are semi-transparent with 210 WP/panel. The total calculated
electricity production is 74 MWh/a.
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FIGURE 16 - INSTALLATION OF THE 190 PV-PANELS ON THE ROOF TYPE AC-410MH/108V. 12 SEMI-TRANSPARENT
MODULES WITH 210 WP/MODULE.
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FIGURE 17 - TECHNICAL DESCRIPTION OF THE PV PANELS AC-410MH/108V OR SIMILAR

The table below describes the decision process for this equipment.

Date

Phase and decisions

BIPV & electric storage

Objective

maximisation of energy production and self consumption

To dos

Deadline

Remarks

1_Selection of technology

18.08.2021

beginning of PV optimisation by EURAC on
the basis of the 3d-model of the demo.

Identification of possible PV surfaces on roof(s) and
facades

15.09.2021, done

14.09.2021

SIZ-EGS presented the results of different
possibilities to reach the PEH target by
using PV-Systems only on the roof.

discussionon the possible surfaces for BIPV in
architectural point of view.

30.09.2021, done

from the beginning, the roof was enlarged
to maximize area for PV instead of using
facade PV with less yield.

decision to search for a 2nd life battery

search for manufacturer, capacity and cost

3_execution design

100 kWh and 66 kWh capacity.

20.01.2022 L R 20.02.2022

system for sustainability reasons. estimation.

decisison to install 66 kWh battery on the calculation basis: PV=90 kWp, consumer:
24.02.2022|basis of economical investigation between |[manufacturer: Voltfang 24.02.2022 heating and DHW, user of 24 apartments,

25 cars a 18250 km/a.
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3.3.6 2"life battery system

There are no efficient and widespread recycling options for current batteries from electric
mobility. The 2nd-life use of electric vehicle batteries offers the opportunity to reduce the
ecological footprint. Discarded batteries usually have an age-related residual capacity of over
80%. They are, therefore, ideal for further use in stationary storage systems, which are an
essential component of the sustainable energy transition. A 66 kWh Voltfang industrial-type
battery system is used in the project ( Figure 18).

Volttang Industrial 66 kWh

Garantie:
Systermngarantie: & Jahre
Kapozitatsgarantie: siehe Battery Flat

Batteriespeichersystemn bestehend aus:

Voltfang Industrial - Lithium-lonen Batteriespaichar:

Hersteller: Volttang GmbH
MNutzbare Kapaozitat: 66 kWh

Mo Leistungsabgabe: B0 kW

anzahl an Rack: 2

Mae (Hf B/ T) in mm pro kack: 2000 [ 800 [ 600

Batteriewechselrichter
Bidirektionaler Botteriewechselrichter:
Hersteller; KACO

Typ: gridsave 50.0 TL3~M

FIGURE 18 - SPECIFICATION OF VOLTFANG BATTERY SYSTEM.
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4 Castenaso, Italy - Abitcoop

4.1 Description of the demonstration site

4.1.1 General information

The Italian demonstration building is located in Castenaso, near Bologna (lItaly), in a rural
setting crossed by the river Idice and close to parks and nature. The location has a humid
temperate climate with hot and humid summers and relatively cold and wet winters. Average
rainfall in the town ranges from 600 to 900 mm/y and usually concentrates in spring and
autumn. In winter, snowfalls can occur and are sometimes very abundant, with frequent night
frosts. The modest windiness contributes to fogs and mists and the permanence of high air
pollution. Strong winds blow occasionally.

The demo includes two similar residential buildings with dwellings of different sizes, built by
Abitcoop (a private cooperative, meaning they get an agreement for using public soil for 99
years) for selling. Both buildings are equipped with photovoltaic panels on the roof, divided
into systems connected to each apartment. Technical boxes on the balconies host each
apartment's heat pump and other technical services. A technical room hosts the inverter and
batteries. Cabinets on each floor host vertical distribution of electricity and water.

Pilot A: 3 floors, 6 dwellings
Pilot B: 3 floors, 7 dwellings
Surface area: approximately 80 - 100 m2/dwelling

Outdoor area: green area, parking
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FIGURE 20 — WORK IN PROGRESS 9/2022
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FIGURE 21 - WORK IN PROGRESS 10/2022

4.1.2 Solution set

The solution sets for the dwellings:

e (CasaClima "A” envelope insulation standard
e Compact HP for heating, cooling and DHW
e Air distribution for heating/cooling and ventilation with heat recovery
e Active window system (AWS) with integrated external shading

e High-efficiency user appliances (suggested to new owners)

e LED lighting system

e HMS system

e PV - Battery system

e E-vehicle charger (predisposed)

Deliverable n. D6.2
Decision Tracking Tool

In particular, the design process led to the definition of the following characteristics for
building components and systems:

TYPE Notes
Insulation/air | External walls Materials: (inside) plaster, The values refer to most
infiltration poroton, EPS, plaster (outside) | relevant stratigraphy. Others

U=0.172 W/ m2K

are present, i.e., wall to
staircase
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Roof

Materials: (outside) high
reflective waterproofing
membrane, bitumen,
polyurethane foam panels,
vapour barrier, concrete slab,
floor brick—cement, internal
plaster (inside)

U=0.107 W/ m2K

The values refer to most
relevant stratigraphy. Others
are present, i.e., terraces

Floor-ground

Materials: (inside) ceramic floor,
screed, underfloor heating
package - EPS, EPS, vapour
barrier, screed with EPS,
reinforced concrete slab
(ground)

U=0.227 W/ m2K

The values refer to most
relevant stratigraphy. Others
are present, i.e., floor-garage

Windows AWS Triple glazing, minimal air
infiltration, external shadings
(control of height and tilt angle).
Traditional Materials: PVC, glass, ext. solar
shading
U=1.05W/m2K, Ug =1 W/m2K,
Uw = 1.15 W/m2K, Ggl = 0.55
HVAC NILAN Active/passive H&C and DHW Inlet: living room, bedrooms
Compact P w. production. Outlet: kitchen, bathroom
Air distribution | Air/air heat pump with
mechanical ventilation with
recovery. Thermal power
approx. 2kW.
DHW storage 180I.
Ducted split Active H&C This is a backup
unit system, w. | Thermal power approx. 2-4 kW. | system/covering peaks.
air distribution Input: living room, bedrooms.
Output: where the unit is
installed, usually corridor
Pre-tempering | Heat exchanger, solar thermal External air is preheated in
system panels & storage, passive winter and pre-cooled in
ground probe, circulation pump. | summer before the HR.
Ceiling fans Fans are activated depending These fans operate in summer
on user activity measured by a only to avoid active cooling as
specific activity sensor in the much as possible and help in
living room. In bedrooms, fans some instances, i.e., the user
are activated by user is back home or the
preferences overnight. temperature is within 25-27°C.
Lighting LED Proper lighting is installed in Consumption of lighting is

every room. Manual control, not
dimmed.

monitored. Lights are not
controlled automatically, i.e.,
based on presence after cost-
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benefit evaluation, and also
because of the reliability of
presence detection.

Plug loads User AbitCoop does not provide
appliances end users with specific
appliances. Users will be
encouraged to choose energy-
efficient appliances and
informed about consumption
trends.
E-vehicle Charging wall Ducting to garage. Only predisposition. Users will
box decide if/which product to
install.
BEMS Local BMS Controllers/Actuators installed | Wired/bus
for connecting to subsystems
(HVAC, shading), sensors and
essential user interfaces
Cloud-based Includes a field gateway to local | Requires Internet connectivity
HMS BMS and an app (tablet) for
user interaction.
Monitoring Room sensors | In the living room and Light is not measured

bedrooms, to measure
T/RH/CO2

because the high cost of
sensors is not motivated by
expected benefits. Despite the
supply temperature for H&C
being managed at the
dwelling level, it is important
to get room temperature for
comfort reasons (driving
room) and for shading
control/avoid overheating

Outdoor
sensors

On the roof/facades, to
measure actual
T/RH/irradiance/wind

Wind sensors are required for
safety reasons, i.e., to recover
blinds if the wind is strong.
Some measures are
conveniently acquired by
subsystems. Outdoor
conditions are also fetched by
cloud services, which are
increasing reliability.

Power, energy
consumption

Light/force lines are monitored.

Relevant subsystems are also
monitored because built-in
power/energy consumption
measurement is not
available/precise

PV-electric
energy storage

Energy production, battery
charge status and energy
exchange with the power grid
are monitored.

This is done by the PV-
inverter-battery subsystem,
which is connected by a
standard interface to the HMS
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4.2 Project timeline

Last update 26/02/2023 by C.

Pozza 2019 2020 2021 2022 2023 2024 2025
month 1011412112 (3/4|5|6|7|8|9|10y11f12|1|23{4|5|6|7|8}|9{10/11|12|1|2,3{4|5/6|7|8|9|10{11f12|1}{2,3|4|5|6,7(8|9|10/11f12(1}2|{3|4|5|6,78(9|10|11j12(12|3|4|5|6|7|8|9]10
Cultural-e project month M1| M2| M3 | M4 | M5|M6| M7 | M8 | M9 M10|M11|M12|M13|M14|M15|M16| M17| M18|M19| M20| M21| M22| M23| M24| M25| M26 M27| M28| M29| M30| M31 M32| M33| M34| M35 M36| M37| M38| M39| M40| M41| M42| M43| M44| M45| M46| M47| M48| M49| M50| M51(M52| M53| M54| M55| M56| M57| M58| M59| M60!

Phases Milestones MS2 MS3/9 MS4/7

Preliminary project MS_A1 - building permit released

Detailed design MS_A2 - solution set agreement

Procurement MS_A3 - tender specification ready (first for building structure and second for HVAC plants)
MS_A4 - constuction company appointed

Construction MS_AS - start of the construction works
MS_AG6 - end of the construction works

Commissioning MS_A7 - apartments delivered

Monitoring

POE
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4.3 Technologies

4.3.1 Active Window System - Eurofinestra

The Eurofinestra Active Window System is a multifunctional window system that enhances
energy efficiency, indoor air quality and user comfort. The AWS is based on (i) a modular wood
frame system, easily adaptable to different climates and design selections, (ii) adaptive
shading systems, (iii) integrated decentralised ventilation devices, and (iv) the possibility to
exploit the shading semi ventilated cavity through its interaction with the decentralised
ventilation devices.

The table below describes the decision process for this equipment.
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LA rgndana Technology provider:
ZTi0ZI2023

Cristian Pozza ¥ e
F I HE
All Demo cases S T R A

Active window - Smart air ventilation system

' i I
X -
s - b 4 'I. i
Objective
Date  Phase and decisions Todos Deadline Remarks
12 Selection of technalogi
Confiuguration option ¢ with advanced automated [ELREFINESTRA 1o perform cost done
shading was selected az the maost suitable one since estimation according to budaet available IWSZ2027: building &
ventilation will be Fully managed by the PHP system. and provide a proposalfor the [T demo  and B will have zame
ETI082020  Proposed wariant for the building B: with traditional heating (ELRAC] to check feasibli of spplication 15?D5J'2':'?'j - setup [no variants]
zyztemn and advanced ventilation and window sustem aof A3 configuration 1-2 in building B

[option -2 with decentralized ventilation).

Some limitations came out on the application of AWS on
wide openings. Having inteqrated shadings iz hard on

Fomsizozn  wide windows, both for condenzation issues within the
glazings and for shading dimension itself. A'W3S cannot be
configured as sliding doors.

_E:'_qun::-:-pt design
Sliding window replaced by cazement window to allaw For
27i0Nz021  better shadowing and to stay within the budget,

A Detsileddesign

4 Mariubactuningof the selected praduct,
Small changes to EULRCFINESTRA
product to-adapt better to structures,
Sealing with siliconeis the anly option
limstead of metall

oniz0zz

5. Deliven

200212023 Conditions agreed

At first, all 4 potential setups were discussed by the LDWG and the technology developer. The
option (external shading system, integrated mechanical ventilation, no trickle vents/air pre-
tempering) was then selected based on uncertainties on the feasibility and reliability of more
complex solutions. The same setup was chosen for both A-B pilots to ease the commissioning
phase. Double-glazing windows were selected based on considerations of the local climate.
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In particular, a specific need emerged during the design phase, as usually new owners are
allowed to choose the type of windows. Wide windows have been chosen by default instead
of sliding windows, which are unavailable under the AWS concept. Also, scaling the AWS
concept to wide windows posed some issues with condensation within glazings in more
complex configurations, and the shading size implied a higher distance between glazings.

During the finalisation of the design, some potential issues were discussed on how different
materials and sealing types could be compatible with wall insulation layers and still durable to
avoid fissuring/water infiltration. Silicone sealing was chosen because a metal layer (the
common practice) could not be used. Also, anti-theft bars on the ground floor would
compromise the thermal efficiency of the component (thermal bridges). The window frame
was specifically shaped. Minor changes to the original design were necessary to reduce the
potential air infiltration caused by imprecise commissioning.

4.3.2 Packed Heat Pump (PHP) - Ventive

Ventive has developed a compact unit integrating mechanical ventilation, a hydronic circuit for
space heating and domestic hot water, and thermal storage with Phase Changing Material
(PCM) into one system.

During the preliminary design, some decisions were taken:

- Preliminary estimations raised an issue related to the original concept of PHP. Indeed,
the unit can cool recirculating air while recovering heat from exhaust/air extraction,
and the process can happen until DHW storage is tapped. In the Mediterranean climate,
the unit would stop cooling on many summer days. A secondary heat sink was
proposed to overcome the issue, which would have eliminated excess heat outside.

- The compact unit should be positioned outside, in a technical box on the balcony. It
was not feasible to make a large hole in the fagade to host the unit exhaust/inlet and a
second heat sink. This was due to visual impact and potential noise emission from the
facade.

- Underfloor heating was planned. The unit did not have the capability to regulate outflow
temperature, and a mixing valve/extra components were needed.

- The size prescribed for ducting was minimal for the nominal flow, thus, a silencer was
foreseen.

- The air inlet in rooms was expected to be colder and move faster than from usual
systems. Then, special care was needed to choose suitable diffusers to avoid bedroom
discomfort.

The Packed Heat Pump system development did not fit the demo timelines and the
requirements for support during installation and commissioning. An Mk2 model shown in 2022
differed significantly from the one shared earlier; therefore, integrating the new layout would
have implied design changes that could not be considered as they impacted structural design
and seismic risk evaluations and would oblige a new building permit request, with consequent
delays. Relevant documentation (technical information and drawings, user manuals, and
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installer instructions) was also unavailable and offered remote commissioning and assistance
service unsuitable for Abitcoop’s business, which required a local assistance/dealer. These
conditions did not allow the LDWG to implement the PHP in the Italian demo, despite the
product being considered very interesting for the application. LDWG run the process of
selecting an alternative technology.

From a climate perspective, both heating degree day (HDD) and cooling degree day (CDD) are
relatively high, and humidity can reach high levels in summer. This means that heating, cooling
and ventilation are essential and must work smoothly. Despite heating and cooling need peaks
that could be mitigated by proper design and control of envelope components, the HVAC
system should be selected carefully to provide good performance in both summer and winter
without penalising comfort and user expectations.

From a cultural perspective, Italian owners have specific expectations regarding indoor
comfort, targeting comfortable temperature and humidity conditions. It is also common praxis
to adopt flexible and modular systems so that customisation and additional systems can still
be opted-in when selling the dwellings.

Abitcoop also has specific needs as a company. By their statute, Abitcoop continues to assist
the dwelling owners after sales, not only because of legal constraints and because Abitcoop
brand is renowned locally for quality and high customer satisfaction but also because the
owners are cooperative associates first. On these premises, introducing a component that is
not tested and ready for installation in the dwellings for sale is impossible.

Different alternatives have been evaluated based on the above considerations while preserving
the project goals of positive energy balance, cost affordability and user acceptance.

The selection of alternatives has been made:

Firstly, considering the impact of different alternatives on the project objectives and the
innovation level.
- multi-split system based on reversible air-air heat pump;

- based on replacing Ventive's compact unit with separate components (air-water HP,
mechanical ventilation with HR, dehumidifier, heat storage), then performing both
heating and cooling by an underfloor system;

- based on a compact unit (high efficiency, i.e. PassivHaus compliant).

This step outputs specifications (qualitative criteria) as:

- Minimum functionalities required: Heating, Cooling, DHW, and Ventilation;
- Suitable for installation in a dwelling (50-150 m2);
- Compliance with national and local regulations;

- High manufacturing quality, CE marked, accompanying documentation in Italian
(datasheet, manuals, installation instructions), aftersales support;

- Installers/local retailers should be available for prompt repair and maintenance
services;

- Compatible with Cultural-E project requirements

61



I. l Deliverable n. D6.2
Cu tLl I -» Decision Tracking Tool

Possibility to connect and control from supervisory/BMS system to allow for
cooperation with other project technologies and interaction with users;

Proven very low energy consumption;

Be an innovative solution for PEB (at the component level or system level);
- Standard interfaces and connections/ducting;

Flexibility and energy storage capabilities;

Cost affordability.

Secondly, considering the quality criteria above, a list of suppliers has been contacted. The
solution with a compact unit providing HVAC/R by air distribution, supplemented by ducted
split AC units, has been selected.

A pre-tempering water supply to HVAC/R units has been applied using a passive ground probe
under the parking lot to increase heating and cooling efficiency.

Further, the larger dwellings are connected to a centralised heat storage fed by solar thermal
panels to increase the dwelling’s efficiency in heating mode and reduce the need for active
heating.

The table below describes the decision process for this equipment.
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@ ventive

Objective

To dos Deadline Remarks

Accarding to the preliminary analysis [dunamic
energy simulations] on predicted heating and

[EURAC] ta check with Yentive if possible ta

include a backup electrical resistance

ZTP0SIZ020  cooling lazds of the building, the PHR iz [ABITCOOR) ta define ductw ark system far Z3M03120z0
conzidered suitable for the application. Eurac allthe apartments and share it with ventive
propozed a scheme for asraulic distributian. and eurac
PHP will be installedin a dedicated shelf anthe [ABITCOOR) ta send specificatians far checked on 332021 specification for
balcary of each apartment. Heating system space heating [mazs flaw, pressure head space hesting and cooling shared.
29)09/2020  distributian is aradiant flaor system under specific and supply temperature] to Eurac and HOBIZ020 AbitCoop will need to provide interface

request from abitcoop.

Wentive [hud. separatar, miking walve, circulatar,

actuatars at the manifald].

FW032021

PHP daez not pravide contral of UFH [mix valve,
circulatar, actuators). Eurac proposedthat HMS
cauld cantrol these devices instead of purchaszing
acommercizlly ausilable contral and raom
FEMNFOrE.

[Eurac] share the information with AdSus
and AbitCaop. Ta cansider befare defining
electrical plants/provizioning

02021

2_Concept design
PHP cannaot manage UFH directly
Bz, hydraulic separator is needed

FW0EZ2021

OG0

naize insulation arount PHP and along air ducts
needed

FW0E2021

IW03E021

3_Detailed design

obtained tech specs for dema designer on
1903/2021 and 23/3/2021. AbitCoop can
continue!Peview design steps

Eurac and MBK check infarmation
AbitCoop can review architectural, electric
plant, HYALC plart design

AbitCoop can apply for permission to build

INW0F2021

ETI0SI2021

integrated in electrical design
4_Manufacturing of the selected product

S_Delivary

O0e2022

HF zannct be delivered on time for testing and
finalization of units. First protatypes not warking
properly. Meeded guarantees missing li.e. dacs,
maintenance agreement] for finalizing desing

MILAN Compact P unit chasen

OW0EZ022
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4.3.3 Ceiling Fan for smart air movement - Vortice

Ceiling fans can effectively provide comfortable cooling in warm environments,
complementing and/or replacing active cooling systems. The smart ceiling fan automatically
adapts its rotational speed based on the temperature and relative humidity values measured
in the room. Moreover, the ceiling fan coordinates its action with cooling and ventilation
systems for an energy-efficient, comfortable, healthy indoor environment.

Since the initial stage, LDWG recognised that ceiling fans could be an excellent option to
reduce cooling loads, especially in the living rooms and kitchens. As the benefit to the user
relies on the increased evaporation from the skin, their usage in bedrooms was not foreseen
initially.

It was also agreed that user preference had to be considered a priority while the ceiling fan
could operate autonomously.

The positioning of the ceiling fans was not trivial to define. They had to be positioned in the
room's centre, but lighting had similar requirements. Putting rotating blades close to lights
would cause light flickering; thus, the positioning and type of lighting had to be defined
carefully.

The minimum height for the rotating blades posed an issue at a later stage, once the ceiling
height had to be reduced to allow for enough space for running air distribution, and a
plasterboard layer was added. The LDWG and technology provider co-designed a new solution
that allowed for shortening the stem length (bearing the blades) and reducing the footprint of
the product's base. The updated version also hosts light on the stem, which solves the
flickering issue.

The table below describes the decision process for this equipment.
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4.3.4 Cloud Based House Management System (HMS) — AdvanticSys

The Cloud Base House Management System (HMS) combines indoor and outdoor sensors
data, RES production, common electric or thermal storages and web services to minimise and
optimise energy consumption. Based on a distributed cloud infrastructure, it implements the
logics to operate the different systems. The HMS behaves as a typical building management
system at the apartment level with extended capabilities at the cloud level, such as advanced
control strategies that run in real-time. Additionally, a user interface is developed to
communicate information to all users (tenants, facility managers, building owners, etc.) in an
open, standardised way.

As a first step, the LDWG and technology partner cooperated in drafting a proper architecture
for the field devices and connections to each subsystem. The LDWG outlined a specific
requirement about the system'’s reliability in case of connectivity loss. In this case, the user
should be allowed to get minimal information and operate key actions on the technical building
systems through the HMS components in the dwelling.

A second decision was taken about the monitoring. As 1) most of the information foreseen for
demonstration purposes (metering and IEQ monitoring) could be conveniently collected on the
cloud by the HMS instead of introducing invasive redundant systems, and 2) the HMS could
provide the end user with the resulting KPls, it was decided to connect all sensors and metering
to the HMS.

At the building level, a technical vane hosting PV's inverters and batteries was dedicated to
hosting the HMS hardware. At the dwelling level, most HMS hardware was positioned in
electrical boxes facing stairwells. As Abitcoop requires a local dealer/assistance for installed
systems, a local installer will provide hardware for managing field-bus connectivity and
minimal control of devices and subsystems. The technology provider will remotely configure
a field gateway to communicate and control Sensors, devices, subsystems and the HMS.

A building field controller will connect to building common spaces and systems. Each dwelling
field controller will connect to the dwelling’s sensors, devices and subsystems. The overall
system is designed to allow at least minimal interaction/control for the user.

Advanced information from HMS is provided by a user app on a tablet. This directly connects
to HMS and requires an active connection to the cloud.

The table below describes the decision process for this equipment.
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4.3.5 Monitoring system

The Monitoring system comprises:

- Allthe sensors and meters installed as fixed in the buildings (PEB and reference nZEB);
it collects the data from the equipment, the dwellings and the common areas needed
to feed the HMS (temperature, relative humidity, C02).

- All the sensors and meters installed temporarily in the buildings for running a specific
measurement (noise, lux, particulate)

It was decided to avoid redundant sensors (sensors for the project scope and sensors for the
HMS); therefore, most IEQ sensors (temperature, relative humidity, CO2) have been installed
and connected to the HMS for nearly real-time data collection. The status of subsystems and
devices (i.e. dwelling mode, windows contacts) and energy metering (lighting, appliances,
HVAC, PV production, energy exchanged with grid) are also tracked.
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Both the quality of the measurement and the appearance of the sensor had to be considered.

The table below describes the decision process for this equipment.

Lasf graate LA LmestE Technology provider:
27082021
Cristian Pozza

Al Demo cases
| E Maonitoring system
Objective
Date Phase and decisions To dos Deadline Remarks

We will monitor also building © as reference [ELRAC] toinclude inthe 2nd amendment the
aodnaeznzn  building. EURAC did a first budget estimation. budget shift request for the monitoring of the AM0E020
reference building

2nd amendment not
submitked yet

Ponitaring of ref building will include HRS [Eurac] share First draft of required sensors and
oWozney  backbone miekering for refere!'uce building IR0
[Euraz] ask green light to [AdSys]

4.3.6 BIPV and electric storage

The photovoltaic panels and associated electric systems are installed to cover the energy
needs of the building, according to the PEB definition used by the demo site owner. Electric
storage enables flexibility.

LDWG evaluated the optimal size for PV and batteries based on energy simulations and
considering different scenarios, including:

- Each dwelling is connected to its own PV system and batteries.
- All dwellings share the same PV plant and batteries, joining an energy community.

A techno-economical analysis showed that lower capacity for PV plants was needed in the
case of PV shared across buildings and in an energy community.

At design, installing batteries was not economically convenient based on lItalian-specific
energy market rules and rewarding. Also, management costs for an energy community were
unclear and likely too high/risky for AbitCoop, as no precise regulation was established on the
benefits repartition between users. Finally, based on the existing regulation, sharing a PV plant
of relevant peak power across different users would have implied sizing all the dwellings’
electrical systems as a 3-phase system, raising costs and complexity without generating a
comparable benefit.

It was decided to install PV systems serving the individual dwellings, oversize the PV system
and electrical installations in the dwellings (still in the 1-phase range), and design it for future
adaptation of connections and/or join all the apartments in an energy community. The battery
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size meets self-sufficiency targets based on estimated load profiles, including user appliances
and HVAC.

The same PV and battery size (5.5 kWp, 6 kWh, respectively) were adopted for all the
apartments to ease management with suppliers and the energy supplier (while remaining
below the 6kW threshold).

A technical room hosting inverters and batteries was foreseen on the ground floor. DC cabling
runs from the roof to the ground floor in insulated ducts.

The table below describes the decision process for this equipment.

Loge update Tachrclcgy provcer:
TRl M
Crintan Foccw

Al Darmp cupag
@1. BRI & alocinic steeaga
Objective
Deadline Re=marks

Daie Phase and decisions Todas

ELEAL prazamed the tmsulia of opomiceson snelfpeis mthe o o IRAETIOOF, s ciwrims | i roaf planm il
sninted FY giang far B0 Duiiieg B0 mmenes | By DOmimesity) 3 Sl o of I el ofbeiiey LRIE i o]
emp's amall FY plens for ssch s parom emi. Lowar capscty (8 resded fler mef nurfare peexlins

the P sysiem e 35 KWl InThe cese of 2nergy Lomem Uy o mpaned 10| ELITEL] rim 2i ma Damna s il pas me @ negy
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£3 i nchi 0O SN ETRF COMMM LNETE IN CREE TNE USETS WSNTED 0D THEE o [

Putumm
AETIEOR ard ELAAS apwed oo hasw smms PV piss piaw for ssch |AETIOLF ik wiifi B acrdiect iU perais 1 EN I S EWh
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mrampy suppl e Thendors, the produceicn of iha FY glenk nessd oo b preed den o e needed for f e o ene il
e et ==k TELHET mfn agnlv TS g B i
Tezkniced reom for iresrmsr mred betzarsrs zan Bo glssed at prours plert spmirmni imtsdied o & plithed reni 10
HNOVEETY  foor DO oatles e From ool oogran e Miee thigegh Insulensd dums. [nc emifon] snd hems= 1EFECIIY

ELIAL] i proed w mapgpeatme o BY meduie
TG T M e e affcimreyand on b ery

P e T 112

69



Deliverable n. D6.2

CUltL.I rﬂl__ E+ Decision Tracking Tool

—

4.3.7 E-Mobility charging stations

It comprises the e-mobility charging stations and the associated electric system.

At an early stage, it was foreseen to install a 3 kW wall box EV charging station in each garage.
The installation cost was too high regarding the benefit, as many new owners are likely not to
own an electric vehicle soon. Therefore, it was planned to run ducting as a predisposition, thus
leaving the new owner the choice for customisation.

The table below describes the decision process for this equipment.

[o%t Lpdee Losr wmsore Technodogy provider:
2700013003
Crostomn Pozes
ali B e
Ohjective
Date Phase and decisions Todos [readline Remarks

Aelection ftecmwiogy . ...
3 1% wall box to be instalied in each garages forEY
IE0I02) cpmreing statons.

3 Contephifessgm

tharging stat:on prediapomed |rot insted led). Sdd
I  eterice
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5 Baerum, Norway — Baerum Municipality

5.1 Description of the demonstration site

5.1.1 General information

The Norwegian demo owner is Baerum Municipality, and the building is located just outside
(11 km) Oslo City Centre. The climate can be classified as subarctic, but due to proximity to
the coast, the winters are not extremely cold, and summer temperatures are fair. The mean
temperature in January is -3 °C and 18 °C in July. There are about 2400 sun hours a year, and
precipitation is about 700 mm per year (snow in the winter and rain in the summer).

FIGURE 22 - MAP: EIKSVEIEN 116 IS LOCATED JUST OUTSIDE NORWAY'S CAPITAL, OSLO.

Eiksveien 116 was included in the project during the construction phase (end phase). The
building is still “run-in” phase, which will be over in May 2023.

The decisions regarding solutions and technologies implemented in this building were taken
before the Cultural-E project started. These technologies and solutions sets were aligned with
the Cultural-E project and, with minor new additions, the demo would provide information and
data. Beerum Municipality was therefore invited to join the Cultural-E project.

The Norwegian building code describes the minimum requirements for any new building.
However, Baerum Municipality wanted to go further in environmental impact and clever climate
solutions, cooperating closely with residents and commercial and academic interests. By
2050, Baerum municipality should be a low-carbon emission community, and this building
should be part of the solutions. Ba&erum Municipality and its design team had certain building
criteria they wanted to reach and implement. The building should be a Futurebuilt project and
should achieve BREAM-Nor Excellent. The following requirements had to be met to reach this
goal:

e Zero-emission construction site;

e Circular economy/construction requirements;

e Universal design;

e Local headwater management and climate adaptation;
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The building should be near zero energy standard (Futurebuilit);

Plus Energy building solutions and local energy storage should be assessed;

Energy solutions (electrical consumption and heating) should be from a renewable
source;

Heating should be provided by heat pumps with energy wells;

Passive measures should be implemented to provide cooling (blinds);

Photovoltaic panels on the roof must be installed;

Low-energy bulbs for lighting should be used;

Materials used should be low-carbon emission materials;

Innovative use of wood elements and use of precut wood elements, modules of solid
wood. The use of solid wood will give flexibility at assembly and disassembly;

The materials must also tolerate high stress, have long maintenance intervals and
contribute to low total carbon emissions. Materials with a low carbon footprint must
be used;

The material in the building should also facilitate a healthy indoor climate.

During the run-in phase, the contractor operates and tests the building. Baerum Municipality
planned to take over all the responsibilities, including technical systems, in august 2022, but
troubles in the run-in phase have postponed the takeover. At takeover, the official logging
period will start.

The building is part of the “Assisted living and welfare technology” program. Baerum
municipality financed the construction, but users can buy or rent their apartments. The building
is managed round-the-clock by onsite staff, three workers at night and about 12 during the day.
There are 12 units with one occupant per unit, and the building’s total floor area is 1350m?.

FIGURE 23 - PHOTO OF THE FINISHED BUILDING (COURTESY BZRUM MUNICIPALITY).

The area per apartment is about 60 m?. The building has three floors, with apartments on the
second and third floors. The staff areas are on the ground floor, consisting of offices, meeting
rooms and restrooms. The common areas on the 1%t and 2™ floor are common living rooms
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with a kitchen and a hallway. Outside, there are parking areas with EVs and E-bike charging
possibilities.

5.1.2 Solution set

5.1.2.1 Building level

Some of the solutions used are at the building level, and offices, common areas and
apartments utilise them:

The building envelope and windows are highly insulated;

The centralised electric boiler heats the floor and preheats domestic water in the
whole building;

Limited floor heating control (+3 °C) in all rooms;

The boiler is connected to the 20kW heat pump;

The geothermal wells provide energy to the heat pump;

Advanced HMS (control of offices and common areas and metering in the
apartments);

PV panels on the roof (20kWp) (energy input at building level);

Battery pack (7kWh);

Centralised demand-controlled ventilation system (DCV) (common areas and
offices);

Charge points for wheelchairs in the hallway;

4 charge points for EV outside;

Motion detection light system in offices and common areas;

An AMS meter registers all electric usage in offices and common areas.

These areas have the following solution sets (in addition to the above):

5.1.2.2 Apartments

Some of the solutions above are also utilised by the apartments, while others are in apartments

only:

Automatic window blinds;

Balanced mechanical ventilation with heat recovery;

Electric floor heating bathroom (thermostat);

A private AMS meter registers electricity usage for each apartment;
Energy meters for each apartment measure hot water usage and heating.
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5.2 Project timeline

Gantt_Main activities
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Mai
Jun
Jun
Jul
Okt
Jun
Jul
Okt
Jun
Jul
Okt
Jun

Ongoing project [pre—Cultural-E) 16.08.2021

Commissioning ! test period 16.07. 2021 16.07.2022

Cultural-E Activities

KOM 0i5.10.2013 03102013

Eztablishment of LOWG follawing the Guidelines MS2 01122020 3032021

Sharing of 20030 drawings (first wersion) 01.03.2020 01.09.2020 .
Enpreszion of project needs in Cultural-E 01.01.2021 31.08.2021

Cultural-E project concept (new project of revizsion of previous standard version) 01.01.20:21 31082021

Configuration of HMS (with support by techrology provider and Eurac) 0.03.2021 01.03.2021

[Updated] Energy simulation by Cultural-E project advisar June 2021

Confirmation by awner of the technical executive drawings made by the providers of cultural-e techrologies 30.04.2023

Installation of Cultural-E technologies (HMS, complemental technologies] M5 0.03.2021 30.04.2023

[where necesszary] Adjustment!debugging of the installed technalogies 30112021 30.04.2023

LCC and environmental assessment Ongoing a0.04.2023 -
Monitoring MS14-M39 01,2021 30102022

Building labelling 15.06.2022 31072022

POE [survey: interviews, ] 01.05.2022 30.04.2023

Reporting of democase perfarmance MS16-M5d m.0.2022 3.03.2023

Praduction of Uszer Manual by the Dema Owner Mot plarnned

Interview s with desigrers Mot plarned

Production of Dema case vides 16.05. 2021 30.06.2023

Production of Yademecum by ACE 20052023 | 200582023 .
Organiz ation of 1open events for project visibility 30.06.2023 .07, 2023

Internal and external communication 01102013 03.07.2024

Run in phase is still in progress. This phase has been extended several times and is now set to May
2023. In January 2023, the contractor responsible for the run-in phase paused his work and
terminated his contract with Baerum Municipality, causing delays in the delivery and instalment of
several Cultural-E components. Baeerum Municipality took over the run-in phase in conjunction with
external advisors in February 2023.
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5.3 Technologies

Most of the solution sets and technologies implemented in the building were requirements
from Baerum municipality and were included in the original tender documents. The
requirements and decisions for the solutions at Eiksveien 116 were taken before the
construction phase and before the building was included in the Cultural-E project. The original
tender documents are, therefore, currently unavailable.

Building design and materials, window system and HVAC system were defined before the
building was included in the Cultural-E project. However, the technologies have been evaluated
from a local context perspective.

The active window system is not considered a relevant test object for the Norwegian demo.
According to Building codes in Norway, energy-efficient balanced ventilation with 80% heat
recovery and 0.8 W/(m? K) or better u-value for windows is expected for energy-efficient
buildings. Separate ventilation units are installed in each dwelling, and a centralised demand-
controlled ventilation system is installed in common areas.

A packed heat pump system would not be a relevant choice for the Norwegian demo. The
building has a centralised heat pump and domestic hot water system for the whole building.
Generally, for the Norwegian market, the preferable solution is one balanced ventilation system
per apartment or a centralised balanced ventilation system for several apartments connected
to the same staircase. Domestic hot water systems are often centralised for all flats, with an
electrical heater in each apartment. The Scandinavian market is quite fragmented, and
preferable solutions and practices differ. Packed heat pump systems are more relevant for the
Swedish market, where Flexit is a competitor with similar solutions.

The ceiling height in Norwegian dwellings usually is 2.4 m. This is not fulfilling the needed
height for the safe operation of ceiling fans. Some projects might have up to 2.7m ceiling
height. However, up to now, cooling is not a standard solution for Norwegian dwellings. If used,
cooling by air-to-air heat pumps is a standard solution in single-family houses. Cooling in the
demo building can be done by a lower setpoint for water-based floor heating systems and
cooling by ventilation in common areas. Prototypes for increased air movement are developed
for office buildings; they are included in the ventilation system as personally controlled nozzles
in the ceiling.

5.3.1 Installed Monitoring system and control

The demo building already had an advanced cloud-based BMS (or HMS) system through GK
cloud and the Niagara system at the Municipality level. The building has advanced real-time
control strategies for sensor-based demand-controlled ventilation (DCV) in common areas,
optimal control of the heat pump and electrical boiler, sensor-based floor heating system, etc.

Setpoints, real measured values and historical data can be read at room level in real-time.
Currently, the total signals/values possible to log are several hundred, but we do not need all
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of them for Cultural-E purposes. We are presently logging and sending 4 signals to Advanticsys
and looking into about 250 other signals in the Cultural-E context. Due to restrictions from
Baerum municipality, we cannot send all of the values. Only a few carefully selected values can
be transmitted abroad and used in the Cultural-E project.

The Cloud-based House Management System (HMS) combines indoor and outdoor sensors
data, RES production, common electric or thermal storages and web services to minimise and
optimise energy consumption. Based on a distributed cloud infrastructure, it implements the
logics to operate the different systems. The HMS behaves as a typical building management
system at the apartment level with extended capabilities at the cloud level, such as advanced
control strategies that run in real-time. Additionally, a user interface is developed to
communicate information to all users (tenants, facility managers, building owners, etc.).

The Monitoring system comprises all the sensors and meters installed in the buildings (PEB
and reference nZEB); it collects the data from the equipment, the dwellings and the common
areas needed to feed the HMS.
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5.3.2 Ventilation systems

Control in common areas

The air-handling unit for common areas and offices is a DCV, or Demand Controlled
Ventilation system. It is installed in the technical room on the ground floor. A Variable Airflow
Valve (VAV) regulates the airflow in each room, which controls heat, cooling and CO2.
Setpoints for the parameters are set in the HMS. In each room, a sensor regulates the VAV in
sequence with the floor heating. With increased temperature or CO2 over setpoint, the air
volume will increase, and floor heat will decrease, and vice versa.

Control in apartments

Each apartment has one air handling unit (placed in the storage room). This unit is a
balanced mechanical ventilation system with heat recovery (84 — 86 %). Itis a CAV or
Constant air volume unit. The residents locally control it. The controls are limited to only a
few settings. They should be used mainly in winter or summertime. The unit is connected to
the HMS by Modbus RTU, but the unit cannot be controlled. Temperature and air volume can
be monitored in the HMS.
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Sensors

Several sensors are necessary for the HMS operation. For instance, the CO2 and temperature
sensors give input to the ventilation system. In addition, there are energy meters on technical
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units like the heat pump and boiler. Temperature meters are installed on the domestic water
inlet and the water-based floor heating system.

A true occupancy detector activates some indoor lights in the common areas/offices. The
window blinds are controlled by a sun detector mounted outside the building.

Information on airing habits (windows open/closed) and door opening/closing is required to
optimise energy conservation and understand the usage of the building (habits of the
residents). Therefore, part of the Cultural-E procurements will include wireless sensors on
doors and windows in some apartments. This is a separate system which is not connected
to the HMS system.

5.3.3 Window blinds and windows used for airing

The window blinds are controlled by daylight detectors and provide shade when solar
radiations are too intense, enabling indoor temperature control.

A daylight detector automatically controls the blinds, which may also be controlled manually
from within each apartment. Blinds are also used for visual protection while caring for the
users; they should not open during care activities. The blind position is not registered in the
original BMS system.

Blinds are not mounted for all apartments. Detailed simulations showed a possible need for
more shading. These apartments will be under detailed monitoring. Simulations also showed
window airing can be crucial for indoor summer temperatures. Extra wireless sensors will be
installed in apartments to monitor airing habits and the use of closed blinds.

Dbjective
tarbormatic wiindoeeshading o present overheating in summer months.
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5.3.4 Centralised heat pump system

The 20kW heat pump is designed to cover about 85% of the energy used by the ventilation,
transmission/infiltration heat and hot water. The peak loads and backup heat will be provided
with a 36-kW electric boiler. The system collects energy from the energy wells, and the energy
is distributed around the building according to the scheme below. The table below describes
the decision process for this equipment.

Centralized heat pump system
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5.3.5 Thermal storage

The requirements for a renewable energy source were met by adding geothermal energy wells
outside of the building. These energy wells are 250m deep and provide energy to the heat
pump. The table below describes the decision process for this equipment.
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5.3.6 PV panels on the roof

The photovoltaic panels and associated electric systems are installed to cover the energy
needs of the building, according to the PEB definition used by the demo site owner. The roof
should have an optimal ratio between PV and Bluegreen roofing system to reach level Excellent
in BREEAM-Nor. About half of the roof comprises green plants with water absorption abilities.

The PV system does not communicate with the HMS because the communication equipment
between the HMS and PV is not yet installed. The installation process is, however, underway.
The PV is connected to the building's energy system, so solar radiation will provide extra
energy. During most of the months, this energy will be used locally in the building (net import
of energy), but during hot days in the summer, there will probably be energy export to the
electrical grid. Currently, the only way to see the energy production from the PV is on the
control unit in the technical room. Real-time (current status) energy production is shown on
display.

We have done several simulations with an increased PV area on the roof to see if we can reach
PEB requirements. We now have a PV panel area of about 137 m?generating about 20 053
kWh. The simulation predicts we will reach PEB target with a 180m? area. In addition to the
simulation, an LCA calculation was performed on additional PV. When using the Norwegian
electric mix as a reference, the results show a beneficial outcome of more PV. In any case, this
increase in the PV area is expensive and must be evaluated before the procurement as an
additional Cultural-E solution.

The table below describes the decision process for the PV panels.
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5.3.7 E-mobility charging stations

The building has 4 EV charging stations and associated electrical systems. The tenants of the
building are not capable of driving; the charging is relevant for the employees. Charging
patterns were expected to derive from a typical apartment building with main charging in the
evening and night, but since the user (employees) is different than expected, the patterns may
differ. The charge stations are currently "plug-and-play, " meaning they charge when an e-
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vehicle is connected. Currently, the only way to control charge speed and time is through the
e-vehicles onboard charging app.

Since the charging system is limited in size, it doesn’t have an advanced control system for
delayed charging as relevant for MPC control. A separate energy meter connected to the BMS
is installed for Cultural-E purposes. Monitoring is crucial and will generate new knowledge of
charging patterns for this type of buildings.

E - mobility charging station
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5.3.8 Electrical storage

Electric storage enables flexibility, storing the energy produced by the PV panels, which
becomes available when energy is consumed in the building. The demo site has a 7.2kWh
battery pack installed on an outdoor shelf. The batteries have limited storage capacity
compared to production, and a trial option for storage is included. The control system for the
batteries needs further product development to be fully optimised for MPC use. Ongoing
dialogue for battery control development is slow due to the heavy demand for PV and storage
systems in Norway. The current order of Ba&erum municipality to a contractor is only for the
battery to be connected to the HMS.

Battery control options are, however, several. The vendor can supply a control option which
regulates the battery input/output according to the electricity price. Another option is based
on the vendors' system, but we can create control algorithms based on setpoints or threshold
values according to our specifications. The latter is more complicated and requires additional
procurements in the form of working hours programming the algorithm. The table below
describes the decision process for this equipment.

86



Deliverable n. D6.2

C.‘Ultl..l l‘ﬂl Decision Tracking Tool

Objective
Prouicks sresguuhen sresroy picss sis bich srdlog o eounissctsrsige pesks | peak shs e
Date Phaseand decsions Todos Deadlire  Aemarks
1 Salector chmcknaany
Feqirsment bakevas hamem nthe [ cdmsameakien sard . mchaded
2610208 buldng =desodbedin the zorrg plas i oiginalrerde documerys
from Bl pam minicipali o before Culiesl E

Seasid canu oprons

sagpested 1 Poskahasing-
Sugomabed coriio| ol vaoms lo ;
FRITAHHE baiiery descib=d indocumsni ind |th|:i&m
'Lr\.-:ﬁ?n.ll deceripion” (Elaske | m!::'ﬁ, a.hﬁpl:'ﬁi:-f

prosien labiimllocs
o Dababed dengn : >

Battsm ool d-sfF 'preduct: Ha

P
<
i
i
1

Fiea ic bstomy supp s

Husi== netsleddve s sisire.
L Eeees o |
lrizfed I:II.IIE Mﬁﬁ T2kl B-:thﬂi
Q205 Bamer nztabed b widwes contiol unie Mo sormrad over batnen, Unclear
Faca funiccon B
[ B B ool v o e oniginadl
Mo corencd wrdn i baen, flo oprien ol oo Bainies wedin HMS wih conngd opaiors plarirsed. Bur b was ra
cannod and moniooring of poa e, Implamanied
I Eiadlagiion LR +
12023 Unable o miabale Donat ke i Of Feow R iks

Finsl 5I:I-1I..I..'¢:|i'l

P o bammer by progress
Saeanad options possbke: 1-
Bamesy ool irwai gacsd widy
Cnay Bamerw pormdd i o b cannested  Phsi b renallsd baboreranin phiase & Hnkdeed 004 20T AES- Corared by plsdisisiam
I ol 2 Dol rnegianed
in HMZ-Faraneens folcaniol
nmear: be pregrsmmed

Improvements, data transfer and MPC possibilities

Several errors have been detected (and corrected) in the run-in phase. Mostly, addressing
errors occurred between the room number and meter address (wrong room number on the
meter/valve). Also, some values on temperature/energy use are too high or too low. For
instance, one room has a high floor temperature because the air in the ventilation system is
low. This increases unnecessary energy usage from this floor circuit. Fixing the errors will
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result in better energy use (and a better indoor climate), and the building will behave according
to the simulated model.

5.3.9 Simulation

The energy and indoor environment calculations were performed with dynamic simulations via
the IDA Indoor Climate and Energy (IDA-ICE) software. The platform offers a good balance
between solid mathematical modelling and a user-friendly graphical interface, making it
possible to model all the systems of the building.

The overall energy usage was calculated to be 45 715 kWh, and the PV to produce 20 052 kWh.
With the current PV solution, we are about 25 663 kWh short of the “compliant” PEB target.
The building is classified as BREEAM Excellent, meaning the building’s performance is within
the top 10% and reaches a Passivhaus standard., even if the PV production was not scaled
with the PEB target in mind in the design stage.
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6 Conclusion

The present report compiles the information gathered in the Decision Tracking Tool (DTT) by
the demo owners and technical advisors along the design journey. The intent of the DTT was
to keep track of the process and decisions related to building design and Cultural-E
technologies’ integration.

CULTURAL-E develops specific technologies and tailored solution sets suitable for different
climatic and cultural contexts. The report shows that some technologies were not installed in
all four demonstration sites because of technical and/or cultural reasons. For instance, the
limited ceiling height didn’t allow the installation of smart ceiling fans in France, Germany
(installation only in the commercial area), or Norway.

Consequently, the technology developers must adapt their products to a selected market
segment and be competitive. For that purpose, they need feedback from the stakeholders
involved in the design, installation, exploitation and maintenance process to adapt their
product to the climatic and cultural contexts of the markets they want to enter. Moreover, the
technology developers must also identify the information their customers need for
architectural and technical integration at the different stages of the real-estate project
development (preliminary project, detailed design, tenders, construction/installation,
commissioning, monitoring). Tracking the design process helps in such tasks.

In conclusion, since it helps the technology providers refine and adapt their products and
identify the needs of potential customers, a tracking method is profitable for a project
integrating technologies in development. The present report and the information gathered
hereabove are a guide for the technology developers to access their target market.

Finally, the report exposes the decision processes that led to the final solution sets selected
for each demo. It helps the partners of the Cultural-E project and the PEB developers analyse
the cultural and climatic factors influencing the choices of solution sets and define suitable
solution sets for each context.
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