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LowUpc¢ Low valued energy sources UPgradiogbuildings and industry usesis developing
efficient alternatives to supply heating and cooling for building and industries, based on th
of renewable free energy and heat recovery from n@tuated residual energy sources that a:
currently wasted. As a result, these technologiei wontribute to reducing significanthyCQ
emissionsand primary energy consumption, and increasing the energy efficiency in building

Led by the Spanish firm ACCIOM®, LowUpproject gathers 13 partners (3 large companies
research and technologgrganisations and 7 SMEs) from 7 European countries. DuBn
months, the consortium will develop efficient alternatives supply heating and cooling fc
buildings and industries based cenewable free energy as well asn-valuated wasted therma
sources:

1 3 technolayies will be developed and demonstrated: one heating and one coc¢
systemfor buildings, and one heat recovery system for industrial processes.
1 The systems will be demonstrated at 4 demo sitasPilot Office building in Sevill
(Acdona Construccion, Spain), a Waste Water Treatment plant in Madrid (Can
Isabel Il & Acciona Water), a Pulp and Paper mill in SetBoatugal, The Navigato
Company) and a Student Hall in Badajoz (Spaivelsity of Extremaduda

For more informadbn visit:www.lowup-h2020.eu

About LowUP

Coordinator contact

RafaelSocorro

Acciona Construam S.A.

Avd. Europal8, 28108 Alcobendas (Madri8pain
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ExecutiveSummary

¢CKAA NBLRNI o65ndmn a¢Sad LIXIYy F2N NBtSOlIyd Sygda
Project (GA #723930) and provideplan to execute the activitiaglated to performance testing of
HEATLowUP and CO@lowUP solutionwithin the framework ofTask 4.4.

After the proper implementation of LowUiechnologes at the projecttest sites, Task 4.4 will focus
on stable and continuous operation of the LIO® systems in the relevant operational environments
As a result, extensive characterizationof the individual equipment and the building integrated
solutionswill be achieved for the calibratioaf relevant modelsand the operational performance
validation of eachnvolvedtechnology

In preparation for this stage, this document addresses the ideatifin of objectives for the
characterization and monitoring programmés be conducted, as well as the definition of those
suitable tests in order to obtain relevant results and proof of performances.

The activity will be split ifiour different phases: Orsite test andCommissioningStartup of the
whole system, characterization of the LowUP system and the Operation and Validation at system
level.

This deliverable (D4.10) aims to bringexecution plan of all these activitiefocusd in the relevant
environment 1 namelySeville demo site.

Keywords

Commissioningstart-up, characterizationpperation, validationaction plan

List of acronyms and abbreviations

AHU Air-Handling Unit

CB Chilled Beams

COP Coefficient Of Performance

EAD External Air Damper

HVAC Heating, Ventilation, andAir Conditioning
IAD Impulsion Air Damper

NOCT Nominal Operating Cell Temperature
OA OpenAir (free cooling)

o&M Operation and Maintenance

PCM PhaseChange Material

PLC Programmable Logic Controller

PR Performance Ratio

RAD Return Air Damper

R&D Research and Development

STC Standard TesConditions

VAV Variable Air Volume (system)

2WV TwoWay Valve

3WV Three-Way Valve
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1 Introduction

After the integration of the CodlowUP and HedtowUP systems in the demo sitef Sevilleand
Badajoz the next step is to carry out the testing, operation and validation of all the technologies that
take partwithin the LowUP project, as well as the comparisdrihe results of these analysigith

those from previous work packages related systems simiations, manufacturers testing and
expected energy consumptions, cooling and heating productions, energy efficiency and cost savings.

Task 4.4 will focus on stable and continuous operation of the LosdlRionsin the relevant
operational environmentswhich is essential to validate the performance of the system, and identify
and correct any malfunctiariThefunctional performance testing will be tackled from a bottap
approach; i.e. thestudy search for malfunctionsvill start by confirming the perfenance of every
elementary component and progressively working up to the whole system.appi®achrequires
significant efforts, but allows a safer identification of local defawtsl prepares for reliable
performance evaluationThe task will be split n four different phases, with different purposes, as
shown in Figurel:

A)
Commissioning
of each
subsystem

»)} B)

Operation and StartUp of the
Validation whole system

C)
Characterization
of the LowUP
subsystems

Figure 1: Task 4.4 - scheme of content

The activities within the task 4afe explained in detail below:

A) Onsite test and Commissioning: each componenteatbeing properly installed according to
manufacturer indicatios and specificatiog, will be retested individually to achieve powering,
control, safety, operation and design condit&for the operational test site.

B) StartUp of the whole system: LowUP systems wilffibgtly run to reachtheir nominal working
conditions,and secondly, will be operated to exceed their limits and to modulate the operational
conditionsin order to checkpotential operational gaps, cragls, programming and dimensioning
errors, quality of connections and insulation, fault detection system, degree of automation,
operation sequencg transitory states, leakages, vibrations, acoustic limits, accessibility for
O&M, reliability and robustnessfdndividual technologies, friendliness of user interface,
communication limits.

C) Characterization of the LowUP system: otige start-up phaseis completed each component
would be runwithin their working limits in order to achieve tlireactualworkingcurve and verify

LowUPProjectc Low valued energy sources upgrading for buildings and industry @&asn°723930 1
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D)

All

the results of design and manufacturing, for corrections and improveme8isce these
characterization tests will be performed in a real environment where not all the relevant
variables can be totally controlled, a second characteripatest will bedevelopedbased on
readings from the operation of the system undwrmal conditions.

Operation and Validation asystem level: the system will be opeedt continuously and
automatically during a significant timespanreproducing differentworking conditions and
adapting to different scenarios in terms of load profiles, maintenance activities, coordination
with existing equipment, etcThis period will be recordeith orderto be used for the validation

of the TRNSYS modgdise development 6the predictive maintenance stratags, as well as the
evaluation of identified KPIs

these activities, belonging to Task 4.4, will be developedubsequent project phases and

reported in detail inupcoming deliverables(D4.12 and D4.14)However,the purpose of this
deliverable is to establisthe basis, in the form o&n action plan, whictenablesto fulfil all the
activities mentioned above for the demo sites of Seville and Badajoz in the time and manner
establishedby the Description of the Acih. In some of thaeferred 4phases, the formal process of

the activities will be very simildor both HEATLowUP and CO@lowUP as well as for the involved
equipment. Qily certain variations depending on tiparticularspecifications will be adapted.

2

Seville demo site

2.1 Cool LowUP System

The Cool LowUP systaaomprisedour main devices: Chiller/AHU, Chilled beg@B) CoolingTower
and PCMbased soragetank.Below Figure2 showsa simplifieddiagramof the facility.

Ventilation air

Cold water

@ ©/ l—p

CHILLER/AHU CHILLED BEAMS

Hot water

... B

[
L

COOLING TOWER PCM TANK

Figure 2: Cool LowUP i concept diagram

The chiller cools the water during the night, and the energy produced is stored PhtageChange
Material (PCM tank which provides th&€€Bwhen it is necessary to deal with tleeolingloads of the
building. The cooling tower is used to reject the higam the chiller condenser or to directly supply
free cooling water to the CB when favourable ambient conditions ae¢. tm the case that the

LowUPProjectc Low valued energy sources upgrading for buildings and industry @&asn°723930 2



L@W U P D4.10LowUP Test Plan for relevant environment 1 -

energy stored in the PCM tank is not enough, the energy is supplied GBdeectly by the chiller.
The ventilation air is produced in teHU whichis integrated with the chiller in the same system.

The following images offem overview of the systems integration in the plant:

Figure 3: Chiller/AHU integration

Figure 4: PCM storage tank integration

LowUPProjectc Low valued energy sources upgrading for buildings and industry @&asn°723930 3
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Figure 6: Condensation tower

2.1.1 Commissioningf each system

This section aims to describe tlyenericsteps tobe followedby qualified balancing andstart-up
techniciandor the commissioning of each Cool Low&iPsystem.The commissioning processthis
projectwill include the setting up, balancingdjustment startup and testing ofeachsubsystem, to
ensure that all the requirements are met as specified by manufactufiérs. procedure is set to be
completed before opration and validation of the system once all the elements are integr&&att
up checklists provided by the manufacturers for eveguipmentwill be methodicallyfollowed;
hence following operations are just a reference to complement specific stepglatt in official

LowUPProjectc Low valued energy sources upgrading for buildings and industry @&asn°723930 4
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installation and use manuaksnd the overall detailed commissioning process will be described in
D4.12

Foreverysubsystem, before and after ttstart-up, next checklismust becompleted
Before startup of everysubsystem

0 Collectdesignand asbuilt documents control schematicsshop drawingsand manuals from
manufacturersCheck nameplate data of equipment.

o Check that additional devices necessary for the proper development of the commission phase
areready, i.e.availableaccurde and calibratedIn case there may be any potential disruption of
the normal activity in the location where the commission will take place, ensure the users are
perfectly aware and have expressed writteonformancewith these procedures.

o Verify that all the equipment is installed in the expected locatioas specified in abuilt
documents and in conformity with RSaA 3y NBIljdZANBYSyGaz YI ydzFl Of
constructions detailspiping, valves, air vents, strainers, flexible connectors, thermorsedad
gauges, etc.

0 The electrical power supply line must be sectioned at the beginfmg sectioning device must
be locked Make sure no tension is presenerify the unit is connected to the ground plant.

o Check electrical connections and protectipimeluding the proper tightening of the screws that
fix the conductors in the board

o Inspect and remove any accumulated debris in the equipm(erd. leaves, cardboard, fixed
obstacles) Ehsure that the plumbing system has been washatt drain the wash Here
connecting the different subsystems.

o Check the tightness and alignment of drive belts, tightness of mechanicatbeld bolts, oil
level in gear reducer drive systems and alignment of couplings.

0 Rotate fans by hand and insure that blades clear ahtpoof the fan shroudONLY WHEN THE
SYSTEM IS UNPLUGGED)

o Check that circulation pumps are not blocked.

Check lubrication of equipment.

o Check that thesystemis properlyfilled with the corresponding fluids at the required conditions:
(1) check thatwater pressurameetsrequirements fromthe manufacture specifications and there
are no broken lines in the water pipe network, to avoid possible leakaf®scheck the
refrigerant charges are correcand verify the absence of oil stains which might mésakages
(3) fill the tank with the phase change material (PCM) and check the ice level sensor.

o Compare the control schemes with the final placement of the different senactsators valves
or pumps and check that positions of valves and dampers arevenient for the stadup of the
system Check he setpoints and modify them if necessary.

o0 Supply power to the system and check the supplied voltawk net frequency values are within
the limit of: 230+6% single phase system; 400/3/306% threephase system Control the
unbalancing of the phases is lower than 2%.

o Register the initial conditions of the subsystems in the st@rtreports and document pre
operation procedures

After the start-up of all subsystems

o Check the communicationsA correct display ofall the variableson the SCADAsystem s
essential and the writing variables must be modified remotely.

o Ensure a correct labelling system identifies relevant elements, as well as flow directions, fixed
setpoints and warnings or any lawr relevant information for operation and maintenance
activities.

o Document commissioning activitiegport the correct operation of every subsysteas well as
any identified malfunction or deficiencies (e.g. abnormal noise, vibratio@nd their
correponding corrective measures carried out during the commissioning phase.

As previously stated,rgy additional operations included in commissioning procedures and-sfart
checklists provided by manufacturers vidlve preference before previous items

o

LowUPProjectc Low valued energy sources upgrading for buildings and industry @&asn°723930 5
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2.1.1.1 Chiller/AHU
The following image shasa detailed schera of the Chiller/AHU system:

IAD m RAD EAD

Production CHILLER Cooling Tower
— -
m ///A ////// Pump Pump
T J o r— 0
FL @ ——
Refrigeration
cycle
Clima Value% p IAD: Impulsion Air Damper
T S
RAD: Return Air Damper
Viga Valve
EAD: External Air Damper
F: Flowmeter

1

Figure 7: Detailed diagram of the Chiller/AHU system

The commissioning of the chiller/AHIl consistof the following stepgluring startup phase
Subsystems:

0 Pumps:Check he rotatioral directionand the nominal flow. A low flow does not allow that the
compressor runs. A low flow could be consequence of the presence of air bubbles inside the
water system. In order to remove these bubbles, the system must be ve@eerate pump at
minimum and fulflow conditions, and verify, by comparing the readings to manufacturer values:
inlet/outlet pressures and flowrates of the pump, amperages and voltages of the rfjuitase
to-phase and phast-ground) Identify unusual or unexpected vibration, noises;.et

o0 Compressor: Check the start/stop and the flow.

o Fan: Nominal flow and pressure should be reached.

Sensors:

o0 Temperature and pressure sensotsiese devices should send a specific sighahce the
correct measurement ahe variables is to be verified.

o0 Flowmeter: Test these devices to deterty possiblesrror in the configuration, flow direction or
the presence of air bubbles inside the installation

Valves:

o0 Two valves control the process, and according to the operation mode, the position of the valve
will be modified.Change the position of the valves manually, in ordetheck that they operate

properly.
Dampers:

0 Three dampergomprisethe AHU mixing sectiarsupply, return andoutdoor air. The air quality
probe will control he percentage of opening of thmutdoor air damperand is to be checked

IntegratedChiller/AHU system:

o Through the display testheckdifferent operation mods includingstart/stop function, and
confirmthat the system operates properly in every mode

LowUPProjectc Low valued energy sources upgrading for buildings and industry @&asn°723930 6
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2.1.1.2 PCM Tank

oo e

2WV_V5a

3WV_V6 QX]—I 2WV_V5b
é PUMP

ST

awv_vs O

2WV: two-ways valve
WV three-ways valve
F: Flowmeter

Figure 8: PCM Tank system scheme

The commissioning of this system will consist of:

(0]

(0]
(0]
(0]

Checlingthe properoperationof the pump: rotational directionand nominal flow.
Remoingthe bubbles from the water pipe network.

Manualconfiguiingthe valves to check every operation mode.

Checking the requirements dfi¢ control logic programmed in the PLC for eatthe main four
modes: stop, charge, discharge and manual. Chagkhat the configuration of all actuatoris
the correct in these modes.

D
]
L |

4

f’[II

BN R

Figure 9: Phase change material stored in ACCIONA facilities

LowUPProjectc Low valued energy sources upgrading for buildings and industry @&asn°723930 7
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2.1.1.3 Chilled Beams

‘ CHILLED BEAMS ‘

DAMPER |7 7
Two-ways valve V11A
S
Presence and light sensor
Two-ways valve V11B
D( ):] e
Ay
Two-ways valve V11X Pressure sensor [l
[————
Ay

Figure 10: Chilled beams scheme

The most important part of the stastip phasewill be to check the communicatiogystemin order to
have a proper control of th€Bin remote mode.

The commissioning of this system wiltlude

0 Remoingair bubbles of the installation.

0 Checlngthat the valvesperform properly at all expected modes

0 Checking the proper operation oheé dampercontrolling the air flow.Depending on the air
quality, thisdeviceis opened or closed, managed by the PLC.

0 Checlngthe correct operation of the lightvhich is cotrolled by the presence and light sensor.
Calibrate the sensor.

0 Checlngthe properresponse of thesystem to changedepending on the operating conditions

o Tesingall of the eleven beams included in the system.

2.1.1.4 Cooling Tower

This system was already installed in the Accifaudities inSevill@@a &aAGS 0STF2NB GKS a
belonging to previous R&D projects. The purpose of this system is to reject heat from thearhiller

provide direct free cooling water to the CB undavourable weather conditionsThe startup will
mainlyconsistof checking that all the devicesmprisingthis system work properly.

During the starup:

o Check that the watecirculatirg system the interior filling and the basin of the cooling wateea
thoroughly cleaned of all direct and foreign matters
0 Check the external pummirection of rotation, nominal and maximumflows, and associated
power.
o Internal pump and fan must work propeiily terms of flow rate, power andirectionof rotation.
Coding Tower fan(s) do not operate unless associated cooling tower pump(s) are running.
Check the threavay-valves.
. FEFPyOS g1 GSNI FE2¢ F2ft2Ay3a GKS 022t Ay3 (26SN.
Check the function of the control system at all forward speeds.
Checkno excessive vibration in the cooling tower structure.

O O oo
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0 Adapt the programming of the PLC of this system in order to integrate with the other system.
0 Schedule preventative maintenance to avoid legionella infections.

COOLING TOWER f

PUMP [E]

@ INTERNAL PUMP

e naevave I~

Figure 11: Cooling Tower scheme

2.1.2 Start-up of the global system

Oncethe commissioning phase is completed for eveonstituent element individually, the correct
performance of the system as a whole per intent of design will be evaluatdt will be checked
that all subsystems are correctly integrated from a functional perspective, including theugtanit
the global systemshut down and sequence of operatiofhestart-up testsof the global systemwill
include: automatic equipment operation, automatic system operation and alarms safd
operation. Results from these activities will be documentdditionally, the proper triggering of the
different operation modes will be testedas planned in prgous phase for every subsystem
separately

First the system will be operated under design conditions, and after evaluating the correct
performance of all the elementge.g. supplied powers are within acceptable design limits,
temperatures follow expectedanges) the system will besecondlyforced to exceed design set
points and reach alert limits and action limits (deigurel2). This process will help checkikgy
performance aspects such as fault detection system, communication limits, operational gaps,
programming errors, transitory states or reliability and robustness of the system, among others.

Action Alert Design Design Alert Action
Limit Limit set-point set-point Limit Limit

4 . f L

Design conditions

Normal Operating Range

Operating Range - Validated Acceptance Criteria
Figure 12: System operating ranges

As described ithe previous sectioneach subsysteni.é. PCM Tank, Chill&HU, Cooling ToweiCB

isconformed by a set of devices.§.pumps, valves, fag), and all these devices are controlledthg
subsystem&PLCsA front-end PLQvill be theelementin charge of senidgto the subsyster&(PLCs

some orders in form of setpoints. Bfiront-Sy R t [/ A& (GKS 4GaoN}XAyé¢ 2F GKS
controlling the subsystemgsis also in charg®ef sendingthe orders to the auxiliary deviceg.§.

pumps, valves) which daot belong to any subsystem (see image belo®lring the startup of the

global system, the proper execution of the control strategy programmed in the fremid PLC will

be evaluated.Thus, stadup activities will be constituted bg sequence of tasks to validate the
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proper operation of the system under its different operational modes, thanks the controlled
modification of relevant variables during a significant timespan.

L PCM TANK

_é@ 3-WAYS
VALVE

3-WAYS
VALVE PUMP

E
CHILLER/AHU % ®_O CHILLED BEAMS

COOLING
TOWER

Figure 13: Global system i auxiliary devices

At avery first levelhighlevel layer) the overall control of the COlowUP solution is ruled by a set
of operational modes that are enabled/disabled depending on the occurrence of diffocamtdary
conditions Such modes are desceidb in more detail in D2.10; howeverishdocumentpresents a
brief summary of the proposed control strategy, as shown in the diagram bEligwrel4):

Occupancy prediction

UNOCCUPIED OCCUPIED
v Is OA freecooling v Is OA freecooling
needed & possible? possible?
NO YES
v v NO YES
Is chgrge Is charge
possible ? possible ? J, ‘L
AHU + CB MODE 1
demand
NO YES NO YES

v
U 2 T T <
MODEO MODE7 MODE1 MODE 2 N(\L)\)

YES
|

Is PCM available? ‘l'
MODE 4

NO YES
MODE 6 MODE 5

Figure 14. Operation modes scheme for Cool LowUp system

According tothis control strategy eight different operation modes have been defin€the main
parameters determining which operation mode is selected: aecupancy, possibility to operate
under freecooling conditions and charge status of the PCM tank

Every mode will be forced through the SCADA system to operate at least during one hour at steady
conditions, unless forcing the operating conditions widgardize the integrity of the equipment or
the normal activity of the building. For operation modes implying occupancy (i.e. 1, 4 ré&e@ant
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load conditions will be appliey using additional equipmer(e.g. auxiliary reversible split units)
when needed

In order tocheckall the operation modesinput variables necessary to trigger the control systems
will be forced in case the actual scenafwhich depends in many situations on e.g. uncontrollable
weather variablesyioes notcorrespond tothe spedfic required valueghat should actually lead to a
given mode For instancewhen outdoor air (OA) freecooling conditions are not met, the variable or
variables responsible for triggering operation mod®aplying OA freeooling (i.e. mode 1 and mode
2) will be forced to evaluate thathe control outputs are the expected ones according to the pre
defined control rules.

Each modenvolvesa different set of subsystems and auxiliary devidesing turned on andone of
the purposes of the global system staip is to check that thecontrol strategyof whole system
operates properly (not only from a subsystem perspectivaand adequately commands the
corresponding equipment involved in such operadbmodes.

2.1.3 Characterization of the ystem

After the startup process is successfully completed, thwst relevant subsysters will be
characterized on site to check that the design requirements are fulfilldsy comparing the
outcomes of this phase witltechnical reports frommanufacturers

Complementarily, these tests will provide additional data on the performance of these equipment,
which will be of relevance for future systems due to their innovative character. In this case, the
chiller, the PCM tank and th&éBwill be characterizedBefae the execution of this characterization
tests, the necessary sensing devices hale beeninstalled in case they are not already included
within the monitoring equipment.

The characterization o€OO. owUPsubsystens will be performed in two differentstages (1)
individual tests for each of the most relevant subsystems, and (2) an indirect characterization test
based on outcoming data from the normal operation of the system duringstheemerperiod (see
2.1.5. The main reason for this twphase approach of the characterization process is based on the
fact that the tests will be carried out in a real environmeménce boundary conditions will nobe
completely controlled and may not be the desired ones for a proper characterization.

In every case, the readings from the tests will be processed and selected variables will be displayed in
suitable wayto facilitate the analysis of each subsys@merformance(e.g. twaeaxis plots, surface
plots, tables etc).

2.1.3.1 Chiller

Despite the chiller does not constitute an innovatos@mponentof the COCILowlP solution it has
been decided toinclude it in the characterization phase in order to obtain a perfamoe map
associated to its operatigrwhich, among others, will contribute to the fine tuning of the simulation
models for the predictive capabilities of LowUP control solution.

The chiller is characterizdal its Coefficient Of Performan€¥COP)The C® curvémap must be
obtained for differenttemperatures of producedold waterand different condensing conditions
(which are normally determined in operation by the existing weather conditions and the cooling
tower characteristics)and compared to specifications from the manufacturéhe nominal values
are provided by the manufacturer; however, it is interesting to test the chiller workinder
different operatingconditions.

The COP is defineds the ratio between thecooling energy output (at the evaporator)and the
electricenergyinput consumed by the compressorhus:

v v

oW -

@
Qevaporator POWer generated in the evaporator
Weompresoi POwer consumed by theompressor
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2.1.3.2 PCM Tank

To calculatethe performance of the PCM Tank sorfaboratory tests were performed by the
manufacturer(FAFCO) at their premise&n example of these tesend results comparison for ice

and PCP10 latent storage dischaiigeshown in the following figure (2.8 can be consultedor
further information). It can be observed how maximum discharge power occurs at the initial phase of
the discharge process when the difference between the water inlet temperature and charged PCM
tank temperature is higher.

ICEBAT with water 1000 kWh ICEBAT PCP10 1000 kWh

Discharge Curve of a Fafco ICEBAT .
- Latent capacity: 1000 kWh -

——Discharge power of storage [kW]

Power [kW]
o
2

g

Discharge Power (kW)

0 0.2 04 0.6 08 1
Loading (Discharge)

Figure 15. Example of performance chart for the PCM tank (source: ICEBAT storage by FAFCO)

The characterization tests of the LowUP PkiAded storage tank developed by FAFCO will provide
experimental evidence to validate the mdtieg approach and simulation results derived from the
storage model developed and presented in D2.2. The monitored charging and discharging curves will
be compared with simulation results considering the same boundary conditions.

32 T T 0

3
30

29 1 20 1

“ %\ | g
“& 15 H 4
27 L- . 7 =
% Nﬁ\"‘x\ ] 10f 1
25 \ i
5t ]
24 Bes \\

Mo o S AP |
73 s L . L s L 0 L L L ' L
0

IPCM (C)

Time (h) Time (h)

Figure 16. Simulation results from LowUP PCM model (see LowUP D2.2)

As it can be observedn the previous examplesthe main variables to be controlled for the
characterization testof the PCM tank are

() the water mass flow rate or water inlet/outleemperature difference

(i) the water inlet temperature (which forces faster or slower charging/discharging processes),

(i) the charging mode of the tank (either charge or discharge modes are possible and relevant for
testing)

2.1.3.3 Chilled Beams

Thechilled beamssimiarly to the PCMtank, were tested at the manufacturef acilities (HALTON)
Depending on the cooling loads, the beams are modulated through a vadvene valveper each
beam) and a dampeResults of the manufacturer test can be consulted in thewdghble [2.4. The
figure below shows an example of this information
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Normal
Cooling

REO/A-3600-A-2500

2016 09

Room:

Supply air flow rate:

Room size:

200x66x3dm

QOccupied zone:

h=1.8 m/dw=0.5m

Supply air temperature:

8x24Vs
2.5 li(sm?)
150°C

Room air:

25.0°C/50 %

Static chamber pressure:

100 Pa

Water flow rate:

0.800 kg/s (8 x 0.100 kg/s)

Heat gain 210 W Total pressure drop: 105 Pa

Installation height. 290m Total sound pressure level: 27 dB(A)

Inlet water temperature 17.0 °C Primary air capacity: 2332 W (8x201W)
Qutlet water temperature: 19.2°C Total cooling capacity: 98T7TW (8x 1210 W)

367 Wim, 73 Wim2

Coil capacity: 7345W (Bx 918 W) Dew point temperature: 138°C
278 W/m Velocity control side=3, middie=3
Water pressure drop: 11.4 kPa Min flow opening: 67.4
Normal/boost opening: 1000/0.0
L, -
Velocity point vi v3
Nozzle jet ~0.05 m/s ~0.20 m/s
Nozzle jet, isothermal ~0.05 m/s ~0.10 m/s
dt (nozzle jet-room air) -0.2°C -09°C
Heat sources and their location may influence the velocity and direction of the jet
vlim = 0.20 mis
=B EEITRLST=T EEES
N\ v N A
v3 vl
T T T T
6.6 m

[
Figure 17: Example of results from a performance tests for CB from HALTON

In the demo site of Seville, new tests will be performed. Different dagsdifferent loads)and
different supply water temperatures will be evaluateshile keeping static pressure in the ductwork
as suggested by the manufacturer

The performance of the Normal, Boost and Min. modes of the chilled beams will be also considered
in order to compare results obtained on site vs. those provided by the manufacturer.

2.1.4 Operationand Validation

After the characterization teststhe systemwill be operatedduring a significant timespaander
relevantconditions i.e. at least one month ohe summer period irmutomatic mode with normal
activity in thedemobuildingin Seville.

Oncethis operationperiod is satisfactorily completed, a significant set of performance variables will
have been monitored and recorded. These readings will constitute the reference values to obtain
KPls (Key Performance Indicators) which will be used tootompletethe characterization of the
subsystems (see secti@l.3 and the validation othe simulationmodelsthat will be used into the
Model Predictive Control approach

Thus, he validation process wikim atevaluatng the accuracy of th@ RNSY®odels(see T2.1) and

will consist of successive comparisons of results for specific scenarios, both from the actual system
and from the TRNSYS models,order to refine the models aah try to pair real and simulated
performances.

Therefore, he outcomes of thisalidation process will be finer results of the TRNSYS mdustee

more accurate representations of the actual systef periodical revision of the models will be
carried outto adjust any potential variation that may occur in the actual system to ensure both
performances are accurately pairethe evaluationof the accuracy of the modaVill be performed
making use of two statistic indexes whi&iSBHRAE Guideline-2@14 clearly defines for calibrated
models:oefficient ofVariation of the Root Mean Square Error (CVRMSE) and Normalized Mean Bias
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Error (NMBE). These indexes, based on error measurements (i.e. the difference between simulated
resultsand the actual energyala of the building), are defined as follows:

- "'oB i O "
00O T D1
B I O
v ey € p
0 wYD Yo 3 p TP

i i AAOGOMAD A
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T 100 AAAAOCOOMOA ET OO

From the guidelinemodels basedn actual monthly datshould havea NMBE at 5% or lower aral
CVRMSE of 15%nd br hourly data calibration, those two indexetould be10% and 30%
respectively

Due to the complexity of the system, these statistic indexes will be only applied to seiedieators
which characterize each of the subsystems (E§.PCM Tank, Chiller/AHU).

Additionally,the validation of theCOOL owUP solutiorperformanceas a vhole will beconducted
based on: (i}he average indoor temperature the building (ii) the energyprovidedby the Low®
system and (iii) an overall energy performance ind&kese will be used as global indicators.

For what concerns the overall energgrformance/efficiencyin the chiller evaporator the energy
provided to the CB and the AHU is deliverégithout considering distribution losses and
performance of terminal unitsActual useful cooling energy output is delivered by the chilled beams.
Besdes, the energy consumption of theverall COOLowUP solutiorns associatedhot only to the

O K A fcodnmprddaai but alsto the main auxiliary devices (i.e. pumps and fan). Therefore, in order to
characerize and test the whole systertie global efficiency is calculated using this formula:

U

YOOY - - - Qo
w w W j
System or subsystem Indicator description Symbol | Units
Building (global performance| Average indootemperature Tindoor 'c
Cooling power provided by the LowUp system; sun Peool kw
Cool Low® (integrated power delivered by the cooling tower and the chiller
system) Overall solution performance CORootowup| -
Cooling power delivered ke chiller Pherm,chier | KW
Chiller/AHU Instantaneous Energy Efficiency Ratio EER -
SeasonaEnergy Efficiency Ratio SEER -
Cooling tower Cooling power delivered by the cooling tower Pherm.cT kw
Thermal wetbulb effectiveness Bwb -
Chilled beams Total thermal power delivered by th@B(air+coil) Plotal,.ca kw
PCM storage tank PCM discharge (load) thermal power Pecm, load kw
PCM charge (source) thermal power Pecmsource | KW

Table 1: KPI indicators for validation of Cool LowUP system

Only energy indicators will be used in the validation process. Any additional indicator such as
economic or environmental indicators will be calculated based on previously presented parameters
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Finally,the relevance of this validation process linked to the need and value oiie calibrated
simulationmodelsthat will be usedas a core part of the optimized control strategies as welioas
develop supervisory algorithmgalso atthe core of the predictive maintenance strateyyThe
strategy will be based on the comparison of acttgddings fromthe equipment with the expected
performance derived from the calibrated modelShese comparisamwill contribute to indirectly
highlight potential degradationfocomponents. The quantifation of the deviation between actual
and expected performance witlontribute to the prediction of potential failures, so maintenance

tasks to avoid these events will be derived from this process.

2.1.5 Action plan

Activities described in previougdions wil be integrated within an action plan, which will define a
logical and systematicsequence for the different tasks to be followed. Despite this action plan
includes specific timespans for each of the planned activities, these periods are subject to
modifications depending on the actual development of the activites] are to be considered as
illustrative. For instance, alecisive factor that camodify the pre-planneddevelopment of these
LINE OSRdzZNB & A aduridza theitEafivityOig ¥he&bRildilig hence any task that may
significantly affect the normal development of this activity will be adapted to avoid any relevant

inconvenience.
Commissioning of the subsystems

The commissioning of the different subsystems which integthee COOLLowlP solution will be
described in more detail into D¥2. Theactivities included in this phase (see sectibfi.1) depend
on various factorsbut the duration would nottypically exceedwo working day for each of the
subsystems if the procedures are methodically followwed no complications occur

Start-up of the global system

After the commissioning of the different subsystems separately, the-sgaudf the global sstem will

be carried out, being the operation of the system under design conditions its first goal. Next, normal
and acceptable conditions will be tested, together with the different operation modes. The complete
phase is expected ttake one week, althougdepending on the success in the checking process of
the operating modes, some extra time may be needgis set of activities anthe commissioning of

the subsystemsan be carried out at any moment of the year, althoutgsign conditions of the

systemwould be preferable.
Characterization of the system
o Chiller

The chiller will be operated following a controlled sequence which will allow to determine its
performance mapvithin a relevant range of operating conditions for the CQOWUP configuration

In particular, the characterization of the chiller will be based on testing its performance under
varying load and source temperature conditions: (i) load side will be controlled at different

evaporator water outlet temperatures supplying cooling energy t G K S

Q& O22f AY

generate a controllable cooling load and obtain comparable conditions in terms of the water
inlet/outlet temperature difference){ii) source side will be controlled at different condenser water
inlet temperatures that will bdixed as setpoints of the cooling tower water outlet temperature.

The table belowprovidesthe specifidevels for the proposed characteristic parameters:

Parameter Unit | Specific levels to be tested
Condenser water inlet temperature | °C | 20 25 30 35
Evaporator water outlet temperature| °C | 7 10 13 16

Table 2. Levels of selected relevant variables for the characterization tests of the chiller

Both the load and source water mass flow rates will be set at the design values recdeuin@nthe
manufacturer.Each of the specific scenarios will be operated during at least one hour. Average
performance values will be obtained from evanjerval.

LowUPProjectc Low valued energy sources upgrading for buildings and industry @&asn°723930

15



LCJW U P D4.10LowUP Test Plan for relevant environment 1 m

o PCM tank

Duringa set ofconsecutivedays,atotal cooling demand will be artificialtyreatedduringthe working

hoursi.e. from 9 a.m. to 21 p.m., by fixing the inlet water temperatto¢he PCM tank thanks to the

AHU cHier operating in heating mode.dte that the AHU chiller is in fact a reversildguipment

capable of delivering eithre cooling or heating; then, it will be used to create alternative
charging/discharging cycles for the PCM tank characterization).

Particularly, RdzZNAy3d (GKS RAAOKINBAY3I AYOISNBItX (GKS Ayt Si
design operating temperate) and35°C (considered athe upper limit of a reasonableperating
temperaturerange) During neworking hoursthe tank will be recharged atL0°C,and the mass flow

will be forced to the nominal valugeeFigurel8).

0,8
50 ,
35 35 08

40 25 25
— 30 0.4 0.6 <
« 15 15 04 2

20 10 10 10 10 10 10 =

10 0,2

0 0
0 4 81216200 4 81216200 4 81216200 4 81216200 4 81216200 4 8 121620
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
Discharging mode temperature——— Charging mode temperature Water mass flow

Figure 18. Charging and discharging temperature and water flow for the PCM tank characterization test

For the test period, the PCM tank will be freely operated to characterize the dischargincharging
phases. In case the imposed temperatures jeopardize the integrity of the system at any moment, the
test will be either adapted or aborted (e.g. in caseperature in the tank exceeds the maximum
operating value or minimum charging level). Similarly, inlet water flow will be stopped in case the
PCM tank reaches maximum charge level.

All variables included in the table below will be recorded during theusig the same timestep as

for the general monitoring strategyanges of values represent the intervals that will be tested
missing values correspond to expected outcomes from the tatametes to be fixed during the
tests are also explicitly spdied.

Inlet water | Outlet water | Ambient | Charging | water Discharge | - Charge Charge
cooling power
temperaturg temperature [temperature  mode mass flow . status
power required
, Charge [fixed]
1 1 1
Units| 10-35°C C C vs. discharg kg/h kw kw %

Table 3: Variables to be recorded during the characterization test of the PCM tank

o Chilled beams

For the characterization tests of theB inlet water temperature andirflow operation modesvill be
modulated during the characterization testélowever snce the characterization ahe CB will be
directly performed iside the building, where conditions are difficult foe set atconstant values,
results from the tests are likely to offer a wide range of scmrsathat cannot be directly compared
with data from the manufacturerFor instance, temperature in the building will significantly affect
the performance of the CB and will depend on external conditions and the effect of CB.

Similarly, be total thermalgan constituted byusers andequipment (e.g. computers or lighting)ll
affect the results of the testdue to theirrelatively highvariability depending on the activity at every
moment of the day For that reason, days with equal or similar and relagiveanstant gains will be
selected Thethermal gains were initially estimated in D2dnd will be revisebased on information
on occupancy, equipment and their ssalong a typical summer week and energyconversion
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factors from reliable source®.g.2013 ASHRAE Handbook Fundamenfaldl EN 13779:200%DI
2078 (2015)or SIA 2024 (2015However actual variations on these gains during the recording
period will deviatethe readings from the estimatesence the accuracy of the characterization will
be affected.

As part ofthe characterization test of the CBext variables will be recorded and analysétio®
values stated asowill be fixed as constant parametedsiring the tests

Inlet | Outlet Supply RoomHeatgain| Water flow Caoil Primary air Water
water | water | air tem (est.) rate capacit capacit pressure
temp. | temp. | temp. P: ' pactty pactty drop

: PO N .+ | [fixed'] |[fixed] 0.8 kg/4 [fixed]
Unit|16-20'Cf 'C C |25C KW (8x0.1kg/s) kPa

Table 4: Variables to be recorded during the characterization test of chilled beams

Specific characterization tests will be complemented wdidta resulting from the continuous
operation period programmed for the validation tie models but only if previous tests do not
provide the expected resultsTherefore, there wihilnot be a specific interval for this task within the
action plan, butit will be developed along with the operation of the systemnly if necessaryi.e. if
conditions for specific testenable proper characteriation of every subsystemresults from the
operationperiod will notbe further analysed to support such characterization)

Operation and validation

The operation of the system in automatic mode will start as soon as the previous phases are
completed, andwill be conducted undecooling operation conditions during the summer period in
2020.The start of the validation phasahich will use the outcomes of ¢hoperation period can

start after a significant interval of time has been monitar&the decision on the exact amount of
time before starthg the validation will depend on the criteria of the technician in charge of the
system, but one week after transient conditionsnche a reasonable periodTtus, aniterative
validation process will allow refining models along with data being recordédr the operation
period is completed, the validation phase may extend for some extra weeks depending on the
matching process of real and modelled systems.

Next a Gantt chart summarizes the sequence of main activities included in this actiofuptas ae
expressed in days)

System

Task/Subtask Duration Start End|1 2 3 4 5 6 7 8 9 10111213141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45| X | 100

Cool LowUP 2.1.1 Commissioning of each system

- Chiller/AHU

- PCM Tank

- Chilled beams

- Cooling Tower

2.1.2 Start-up of the global system
- Start-up phase

- Operation modes

2.1.3 Characterization of the system
- Chiller/AHU tests

- PCM Tank tests

- Chilled beams tests

13
10
11 13
14 34
14 20
21 27
28 34

NN SNNoNManvNDNN©
©

2.1.4 Operation and validation 66 35 100
Automatic operation 66 35 100
Validation process 59 42 100

Figure 19. Proposed Gantt for the commissioning, start-up, characterization and operation of COOL-
LowUP

1 As previously exposed, internlermal gains are not easily controllable in a real environment and may vary
significantly during working hours. However, efforts are advisable to keep them as stable as possible.
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