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Dear reader,

This booklet provides you insights into 6 demonstrations of the EU H2020 project STORY that were
implemented in industrial and residential settings. It describes the technicalupset the
implementation and mondring process, as well as key results and lessons. A more detailed analysis
of the monitoring data and KPIs can be found in the STORY report D6.1.

We hope you enjoy to read our findings and insights.

-The authors
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1. Introduction

The Living Lmin OudHeverlee, Belgiumwas
designed to demonstrate that a Nearly Zero
Energy Building (NZEB) could be developed to
minimize its impact on the public energy
infrastructure. The goalasto minimise the
exchange with the grid and provide maximum
flexibility on when and how much energy to
exchange.

2. Objectives

A building like the Livirg Lab could under
enabling regulationprovide a range of services
to balance the local grid or be part of an overall
aggregated load or production that delivers
flexibility at the transmission level. Within
STORY, the goaasto build, test, optimise and
evaluate the concept,and performances
beyond passive house standards.

3. The installation

The building has been subject to deep
retrofitting before the project started,
delivering building performances Igend
passive house standards. Within STORY, the
system is further leveraged to provide more
self consumption and more flexibility. An over
sized solar collector feeds two underground
thermal storage tanks for use in wintek short
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term storage tank foisanitaryhot water and
one for house heating are added to optimise
the use of solar thermal energy. A battery set
up is added to store a maximum of -gite
produced electricity and reduce the energy
exchange with the publigrid, i.e. reduce both
consumption and injection. A smart model
predictive control (MPC), i.e. a specifically
designed control program, automatically
manages the operation of valves and pumps
and the charging of the cars and the static
battery.

The normé& electrical consumption is
minimized by selecting the most efficient
appliances and LED lighting throughout the
building. Two shower heat exchangers are
added in series to minimize the demand for
sanitary hot water. A mechanical ventilation
with brine heda exchanger and heat
recuperation from the exhaust provides
continuous preconditioned fresh air. The
remaining heat demand for house heating is
delivered using a heat pump connected to a
shallow geothermal system. Two electrical
vehicles ensure that not dy the full energy
consumption of the building, but also the
majority of the energy consumption for
mobility are taken into account. A set of hybrid
PV panels provides both electrical and thermal
energy.

TlT %
iy ‘.

Figurel. Schematic oftte Living Lab energy concept
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The storage concepts that were selected for
the Living Lab are not commercially availalde a
an integrated package or sep. The
engineering work, the search for all relevant
components on the market and the installation
and integration are as interesting and eye
opening as the actual demonstration part.

3.1.Thermal seasonal
storage tank

underground

The seasonal storage stores thermal energy in
water over a longer period, i.e. typically from
summer to winter. It would be chargeand
discharged gradually and therefore working
with stratification, i.e. with consecutive layers
of a nearly constant temperature, is key to
ensure a maximum use of the quality of the
stored thermal energy. The concept of quality
of thermal energy is linkekto the temperature:
the higher the temperature, the more use can
be made of the same amount of energy.
Important to consider is that for stratification
to work optimally, the width and height of the
storage should be similaA ready made highly
insulated thermal storage tank of 24 000 liter
that is manageable to install and matches the
criterium of height equalling widitis not yet on
the market The closest to this ideal, and
providing additional testing opportunitiesyre
two identical tanks of 12 000ter meant for
storing oil for house heating. These tanks are
placed in a large bag made of water
impermeable rubber and surrounded by a large
amount of high tenperature resistant

insulation Figure2).

Figure2. Seasonal underground storage tanks
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On top of the tanks, access is created that
allows maintenance on the installed
temperature sensors and the water inlet and
outlet. It is a small zone that is filled with
removable blocks of insulation. In eachthe
tanks, the STORY partneVITO installed 10
thermal sensors reaching different depths,
spanning the entire height of the tankigure
3). They provide information on the energy
content in the tank at any moment, ergssed
as State Of Charge (S00).

Figure3. Sensors on the top of the tank

3.2.Hybrid PV

The photovoltaic thermal (PVT) panels connect
the thermal and electrical partef the Living
Lah The hybrid PV panels are made of standard
PV panels to hich a cooling panel is attached
(Figure 4. Hence, they produce both electricity
and thermal energy.

Figured. PVT panels ready for installation

An aluminium radiator of the type of the back

of a fidge is glued to the back of a standard PV
panel. Consequently, an insulation panel that
can resist high temperatures is put on top of it

and a closing aluminium shield is attached to
finish. The part around the junction box is left

open, to allow mainteance and free cooling
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33 of these panelsvere installed (Figure5), 3.3.Thermalonnections
providing 11.05 kWp of solar electrical power.

The cooling of a PV panel leads to increased
electrical yield, but there are no field data on
the effective impactThe thermal outcome is
much more dependenion outside weather
conditions compared to a standard solar
thermal collector, but still perfectly suited to
provide low temperature heat to inject heat
into the shallow geothermal system to restore
its annual heaibalance.

All different parts, PVT panels, vacuum solar
thermal setup, cooling reservoirs, different
thermal storage taks,heat pump in the main
building, etc. need to cooperate in an
orchestrated manneiThe thermal connections
and heat exchanges need to facilitate this.
Developing a research sap required thinking
about all potential future scenarios and the
collection of as much data as possible. Hence,
the thermal connectionsvere set up as a lab:
all potentially interesting operating modes
were considered. The below schematitigure

7) provides an overview.
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geothermal system, the heat extracted from Figure 7. Schematic overview of the circuits and
the PVTcircuit is cooled down in two open exchanges that can be delivered with the thermal lab set

reservoirs. The first one is made of full epoxy up-

vinyl ester resin with an armoured core of high  The integration of that scheme into a rdie

performance fibres and can resist setup in an existing building is challenging.
temperaturesover 40/ ® LU A a Ay askelerall Sonediichs tKthe outdoor are
ground to limit the impact on the surrounatj integrated,such as the undergrounanks, the

soil Figure . The second is more integrated in cooling reservoirghe thermal part of the PVT,
the natural environment: the idea is to use the vacuum solar collectors as well as the
plants to improve the water quality. Its underground connection to the main building.
temperature should therefore remain below 10 different pumps, 62 temperature sensors, 7
op e/ @ flow meters and 24 different automatechlves
are connectedo the control systemHKigureS).
These are all controlled and monitored via a
local SCADA installation.

Figure6. Moling reservoir made of fuipoxy vinyl ester
resin with an armoured core of high performance fibres
equipped with sensors

7
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Figure8. View on the 2 identical circuits connecting the
heat exchangers wit the vacuum boiler circuit with the
two underground storage tanks.

The energy consumption of all pumps
operating leads to an additional power
consumption in excess of 1500 Watts. But
operating all of them together never happens.
The most energy consumingumps only
operate when there is an intense solar
radiation. In winter, on cold and cloudy days,
energy consumption dropbelow 100 Watts
andismainlydueto transporting the hot water
from the underground tanks to the main
building.

3.4.The batterysetup

The leadacid battery is a key element to
enhance seftonsumption and thus reduce the
exchange with the grid: it stores the electricity
produced during the day to be used in the
evening and at night. In this sap, the battery

is the heart of the electra setup. 48 batteries
with a total capacity of 46.3 kWh. The available
capacity, the SOC, is more difficult to estimate
as previous cycles, external conditions and the
power to discharge all have an influence. In
general, about 28kWh, or around 60% otth
total capacity is available for energy exchange.
Because the SOC is not a very accurate
indicator, the batteries are therefore managed
using their voltage as the main indicator, with
values varying between 45 Volt and 54 Volt.

In case of dark and cold eather, this is
sufficient to provide energy for just over 2 days.
Leadacid is used in this sefp because it
provides a coseffective and reliable energy
storage solution.

orizon
EUFUPE‘E"'V European Union fundin
Commission v

Figure9. Lead acid batteries

There ae 48 batteriesin total, providing 46.3
kWh full capacity around 28 kWh of useful
capacity. The battery is integrated in order to
allow for offgrid operation Figure 10. A
dwelling is obliged to be connected to tRSO
network, but the onnection does nottome
with a consumption obligation. One is thus
allowed to turn off the connection for a couple
of days, a longer period or even permanently.
As shown in the schematic beloiwvjs situated

in betweenthe grid and the building itself. €h
PVTpanels inject directly into the batteries. In
fact, this setup is very similarto a standard
UPSan Uninterrupted PoweSupply.
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FigurelO. Schematiof battery setupand the connection
between the building and the maimid.

Ongrid operationis possiblein casesvhen the
batteries are empty, the powadtemand is too
high, the grid would demand for higher
consumption, or in case of maintenance on the
battery storagesetup.
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Injection in the grid is possible on demand,
where both the amount and the time can be
programmed. With ordemand injection and
consumption, the battery system can thus
deliver different services to an aggregator or
grid operator.

On sunny days, the 10 kWp electrical power of
the PVT provides more enertgyan needed for
the electricity demand of theuildingincluding
the pumpsand valves in the thermal lab, the
charging of the two electrical vehicles and the
charging of the battery. Instead of overloading
the grid, when all other PV sefps are
producing energy too, the production of
electricity in the Living Lab can b®pped.

3.5.The UPS battery sep after theUPS

A second battery satip (Figure 1) safeguards
the operation of the thermalab in case of a
blackout in the main grid, followed by an
empty leadacid battery.

This setup is smaller and uses Nickebn (Nt

Fe) batteries. Roughly 3.5 kW and 2.5 kWh can

be delivered.

Figurell.NiFe UPS system

The NiFe UPS systgmovidesadditional séety

in case of a black out. Mainly relevant for
preventing damage in very cold or relatively
warm and/or sunny days. This battery system
provides backup power for pumps, valves and
control in case the grid ahthe main battery
system fail.
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On warm and/orsunny days as well as on very
cold days, the operation of several of the
pumps should not be interrupted to prevent
damage. The idea for the Living Lab in STORY is
to use different kinds of batteriem a single
setup. Mixingbatteries this way in one amngy
storage unit would merit extensive research by
itself. Combining two different types in a larger
system however, provides the safety needed
here.

Why NiFe? Because it is a very robust battery
which is tolerant of abuse, (overcharge,
overdischarge, andhort- circuiting) and can
have a very long life eveftreatedsuboptimal
Itisoftenused in backup situations for example
in the telecommunications sector, where it can
be continuously charged and can lastrfare
than two decades.The batteries hawe a low
specific energy, i.e. they have a small amount
of energy storage capacity for the volume they
take, and high cost of manufacture. NiFe
batteries requirgegular followup, i.e. they are
rather maintenance intensive if seldom used.

Therefore, besidg for UPS operation, they will
be subject to regular cycles of nanitical
loads.

4. Monitoring and key results

So far, 35 days completely affid in summer
were easily achieved. During these days, the
underground storage tanks were further
loaded leading & an average temperature
AYONBFAS 2F 2@0SNJ my
panels increased the temperature of the first
O22ft Ay 3 NBFB A& ShiexsdcoHitl ane
G2 10203S wp 6/

4.1.Interoperability challenges

Setting up a project with parts either designed
and developed from scratch or provided by
different manufacturers, brings
interoperability challenges. Interoperability is
the ability of different systems (hardware and
software)to operatein conjunctionwith each
other.

c/ @
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Hardwarewise this is often less complicated
because connectors are widely available:
interconnection pieces for different pipe
diametS NA =
wise this is more complex given the wide range
of communication protocols (like Modbus,
KNX, bacnet and many more) bulsa the
different measurement frequency and how to
deal with this in a control system. To get to the
point of all devices communicating and
cooperating in a harmonized way is no easy
task.

As such, that leveraging of a database to
provide input for a progam to perform
calculations, seems reasonable. Now, the
programs are not all running in the same place.
Hence writing the code layer, application
LINEINFY AyGiSNFIOSa
implies that, as was previewed at the start of
the project, besidekardware implementation,

a large amounbf resourceds further needed
for overcoming interoperability challenges to
delivera smoothandcoordinatedoperation of
all devicesKigurel3).

Figurel2. Seltsufficiency level as function of time.
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Figurel3. Interoperability from device sensors (left green
box) with variation in language and frequency (red) over
different methods of reading and conversion (blue) to a
single line readable by one code (yellow). Uploaded to
perform calculations in the control layduiquoise) and
send it back as one line (grey box) to be redistributed and
sent in each own language to pumps, valves, ... (purple
box).

4.2.Results

Figure 14 presenis the seltsufficiency level .
ntReIdsher thek I U
seltsufficiency levelreaches 100%, while in
winter the SSks around 30%At the time it was
not permitted to inject enegy into to grid at
and therefore energy had to be curtailed in
case of consecutive daywith a high share of
solar radiation.



