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About LowUP

LowUp¢ 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 wastel. As a result, these technologies will contributeratiucing significanthyCQ

emissionsand primary energy consumption, and increase the energy efficiency in buildings.

Led by the Spanish firm ACCIOM®, LowUpproject gathers 13 partners (3 large companies
research and technology organisations and 7 SMESs) from 7 European countries. Bororghs,

the consortium will develop efficient alternativés supply heating and cooling fouildings and
industries based orenewable free energy as well asn-valuated wasted thermal sources:

1 3technolaies will be developed and demonstrated: one heating and one cooling sy
for buildings, and one heat recovery system for indasfprocesses.

1 The three systems will beechonstrated at four demo sites: a pilot office building
Seville (Spain, ACCIONA Construction); a water treatment plant in Madrid (Canal de
Il & ACCIONA Water); a Pulp and Paper mill in Setubal (Portugal, The Navigator Co
and a student haih Badajoz (Spain, University of Extremadura).

For more information visitvww.lowup-h2020.eu

Coordinator contact

Rafael Socorro

Acciona @nstruccion S.A.

Avda.Europa 18, 28108 Alcobendas (Madrid, Spain)
email:rafaelclaret.socorro.hernandez@acciona.com
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ExecutiveSummary

This report (@.13 d_owUP Commissioning and Startup Relevant environment2 K & 6 SSy St | o
within the LowURProject (GA #723930) and provides the descriptiomuéds andproceduresfor a

successful design, integration and installatioh all the devices, systemsubsystemsincluding

primary equipment and auxiliary devicést haveto be desigredfor the Madrid, Setubal and ecnalia

demo site according to Spaniahd Potugueseregulations

As aresult, here is presented a statip of the components thatomposes different installations at
component level and finally, at system levédscribing how equipment and units were integratead
order toachieved expected performances of apton.

Keywords

Industrial keat recoverymonitoring, control of energy systemsjghtemperatureheat pump rotary
heat exchanger

List of acronyms and abbreviations

APl Application Programming Interface
BAS Building Automation System

BACN Buiding Automation and Control
Network

BAU Businessasusual
BEMS Building Energy Management System
BMS Building Management System

HVAC Heating, Ventilating and Air
Conditioning

HX Heat exchanger

JDBC Java DataBase Connectivity
ODBC Open DataBase Connectivit
PCM Phase Change Material

PLC Programmable Logic Controller
REST REpresentational State Transfer
SOA ServiceOriented Architectures
SWHR Sewage Water Heat Recovery
WC  Water-Cooled

WWTP Waste Water Treatment Plant
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1 Introduction

The procedures stated in this Commissioning and Start up proceduee the activities in preliminary
tests and inspections, functional performance tests and the commissioning of newly completed
installations and existing ones after major alteration.

The idea of this report is givgnnformation about all activitiesindertaken from the placementfo
technology up to delivery in operation conditigns order to have &ase for future implementations.

This report will describe how HReX technology, integrated in a multifunctional plug & plagnekid
installed in two different enviroments,has been tested, fixed arslarted up in all its components.

On other hand, all actitrtes undertaken for the HP units, which cover the most difficult part of HP
LowUP solution, will also be described.

LowUP Project Low valued energy sources upgrading for buildings and industry @&asn°723930 1
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2 Rotating heat recovery system

In this section, it’s going to be explained how was the commissioning andiptaftthe Heat recovery
system installed in EDAR Arroyo Culebro Cuenca Baja, located in Getafe (laBid) & Paper

factory of Navigator company in t8bal.

The demo at WWTP in Madrid has been used as real environment test bench to validate the operation
of RHeX with a fluid with high density and viscosity, so with high potential of causing fouling problems

in traditional heat exchangers.

The demo oP& factory in Setubal is more oriented to show reliability of the system when installed in
aggressive and corrosive environmewhich require expensive technologies for contention or

continuous maintenancéor preventing damages.

RHeX pretends to be a noefficient and operation cheaper solutidar these fluids which require
tailor made technologies for these plants which have to deal with dluitth a lot of suspended

particlesand potentially corrosive chemical components.

2.1 WWTP¢ Madrid

First at all, issown the P&IDof the system to identify each component and its positiirmust be
underlined how the commissioning was made for the skid, whricludes control & monitoring, heat

rejection, heat exchange and fluid circulators, as shown in picture below.

GENERAL VIEW

PRESSURE SENSOR EXISTING SLUDGE PIPE
P TEMPERATURE SENSOR
© FLOW SENSOR

DRYCOOLER  \ yy HEAT EXCHANGER

WATER PIPES o

ﬁ' %y

<=

WATER PUMP

L e i W M Wi [ Ml S UL S ay e A S

FLOW REGULATION VALVE

NEW PIPING
—-""-‘f

Figure 1. PI&D of the installation

2.1.1 Commissioning at component level

Once all equipment was installed in the skad factory before shippingthe first thing to do was
integrating in the facilitiesas described in previous deliverablésvasnecessary install the skaver

the line between the anaerobidigester anddecanting pool in the outlet céffluent stream.

LowUP Project Low valued energy sources upgrading for buildings and industry @&asn°723930
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In order to increase thealidity of tests, fluid the fluid has been taken directly from the digester,
insteadfrom the outlet, in order to operate the heat exchanffem water-sludgeto clean waterand
so adding high component of suspended material (sludge).

Next figure shows the skid installed in its final position in this environment.

I T

u(-

i

W | e Il
;

e B

W

- 5 '\‘,grtf_

Figure 2. System installed

2.1.1.1 Rotating Heater exchanger

The RHeX is placed in the lower part of the skid and is fed in primary loop byskatge directly
coming from thebiodigestor, without anypumpingsystem because using the staticdakby the height

of the biodigestor itself.

Figure 3. Heater exchanger integrated in the skid

RHeX works with primary fluid by gravity, so extremely attention was paiglidating that the
installation ofthe skidwasperfectly horizontallywhich allows the correct flowing of sludge from inlet

to outlet.

LowUP Project, Low valued energy sources upgrading for buildings and industry @&asn°723930 3
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Before starting with the sludge, the primary loop of RHeX was filled with water, to test the integrity of
the metal pool, of lenticular discs, of the rotor and thiesance of obstructing elementdongthe
direction of the flow

Mechanic physical elements for draining the pool from excess of filling were checked as thell as
level sensors; on other hand, visual inspectionoddér shaft and bearing was takerior to activation
of the rotating system of RHeX.

e\
s

Figure 4. rotating shaft

For controlling the rotation of the shaft, an electric motor is powered by VSD driver for frequency
variation; first verification was the correct sequendestectric phases inlet and outlet of the VSD, then
the correct voltage of power supply and the correct operationow€rcurrent and short circuit
protections.

Thenrotation of the shaft was forced with manual control of the VSD drigkecking correct way of
rotation, starting with low frequency until reaching nominal speed in time frame of 30 minutes, always
with water as primary fluid, insd of effluent.

Once verified the operation with water, the sludge is progressively intradlicéhe RHeMith water,
through the samepipe, reducing proportionally water during time, until having 100% effluent as inlet
primary fluidin the pool, keepinghe shaft rotating. It was verified thalkdwing of effluent was correct
andwithout obstrucion, as expected.

2.1.1.2 Dry cooler

The drycooler is used for rejecting heat in the environmaatpassage of aithrough water coil, so
most importart thingsare 1) the operation of the fans, with bottoump air flow, at differentspeeds,
and 2) the sealing of the coil water loop, for avoiding leakages andiaiproper water flowing.

For controlling the rotation of the fans, individual electric motors are powered by VSD driver for
frequency variation; first verification was tlearrect sequence of electric phases inlet and outlet of
the VSD, then the correct voltage of power supply and the correct operation of overcurrent and short
circuit protections.Then a visual inspection of the fans and of the coil to check absence afictistr
elements.

The rotation of the fans was forced with theanual control of the VSD driver, checking correct way of
rotation, starting with low frequency until reaching nominal speed in a time frame of 5 minutes; then

LowUP Project Low valued energy sources upgrading for buildings and industry @&asn°723930 4
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acceleration and deceleration rgymm were implemented with a totatycletime of 5 sec, from O to
100% (and viceversa).

Differently from the shaft, fans can achieve high rpm, so at maximum speed it was checked that the
skid was not suffering vibratidior any unbalance of rotating elemesnt

Figure 5. Dry cooler at Madrid WWTP

It was checked that air flow would move proportionally to fgpeed, without affecting the operation
of other elements of the speed.

In next section, filling of the primary water loop is described includorgmissioning ofvater pump.

2.1.1.3 Water loop and circulatiorPumps

Circulationpump is installed in line witprimal loop piping; it includes in the motor a VSD regulator
which is embedded in the electric motor over the pump bolst of problemscome if the rotor
works in dry conditions for absence of water or for excess of air in the kmjefore startirg the
pump, apreliminary filling and purging was mandatory.

Electrical connectiowasrevisedaccording tasequence of the electrighases in voltageand in circuit

breakers; oncdilled the loop, first start was achieved at minimum speed, checking the sense of
rotation and the direction of the fluid. No leakages were deteciéahg the loop.

LowUP Project Low valued energy sources upgrading for buildings and industry @&asn°723930 5
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Figure 6. In line Water pump

Clean water loop, or secondary loop of RHeXJso used as primaloop from thedry coolerand is a

closed loop for transmission of heat from sludge to air. It is composed by plumbing elements like
valves piping, SELJ yaA2y Gyl aditGBGRY BEHANISKER SdiOXKK aSya
necessary fothe operation of the skid.

Filling the water loops is achievable through a pressure reduction valve installed between the
expansion tank and the piping, while air purge can be achieved only with a valve installethover
coolermanifolds.

Thefirst thingmade,was to fill the water circuit 1.5 times the maximum operating pressure and leave
it for around 30 minutes, then it was verified that the pressure did not drop more than 0.6 bar and
that no cracks appeared.

Purging the loop was the mosbmplex activity, because a lot of air is trapped in the upper part of
lenticular discs, which are in the lower part of the sldd purging must be achieved through a long
period, which includesoperation of the pumpof the shaftat different speeds The entire operation

has required more than a week of recirculation and had to be repeated each time the loop requires a
refill.

2.1.1.4 Control and automationrcomponents

The system is composed by a plc to which are connected all sensors and actuators; the plc is connected
to an embedded pc whe is host the SCADA for the contrall the monitoring components were
connected to the PLC, and once all the connections had been checked, they were first tested manually
and then through the PLC / SCADA.

The flowmeters could be tested manually throubke built-in screen and with the stattip of the water
pump. Once verified manually, the equipment veheckedby means of the readings in the PLitQvas

LowUP Project Low valued energy sources upgrading for buildings and industry @&asn°723930 6
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verified that the connection of the flowmeter with the PLC was not correct due to adaittuthe
equipment power supply. This problem was fixed and the reading was verified to be correct.

Figure 7. Flow meter installed

To verify the temperature sensors, it was necessary to do it from the PLC / S@aifore, after
connecting the temperature sensors, from the SCADA temperature changes were verified at the
different points where the temperature sensors were distributed.

The following image, it shows temperature sensors distributes in the installatio

Figure 8. Temperature sensor

The PC is the bridge between the plc and the 3G router used for remote connection with Seville
supervisor and databaseso automatic restore of the system in casepofver failure had tobe
configured on all devicesmnaintaining the skid in safety conditions during rebooting activities.

Communication with the remote kdJP supervisor was also configured with stavaster hierarchy
over internetfor data transfer; for safety reasons, a remote access to pc and SCA&DAvas also
configured, in order to have real tinonnection for remote recommissioning.

All this equipmentare shown below:

LowUP Project, Low valued energy sources upgrading for buildings and industry @&asn°723930 7
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Figuré 9. Inputs/Outputs PLC (Left), PC (Center) and 3G router (rigt)
Due to the nature of the demaharacterizatiortest had to be done automatically, foperatingwhen
environmentconditions would make air heat rejection possildespecifically developed jagaftware
was used to communicate different setpoints for pump, drycooler and steafirding to planned tests.
The softvare was tested in communication with SCADA and in prajgit interpretation of
environmental conditions, before at lab level and tharskid level.

With this equipment, it was possible to start up the installation at the system level, which will be
explained in the next section.

2.1.2 Commissioning at system level

Once hardware side wascommissioned(switching on/df, direction of rotdion, speed variation,
sensors measurement and communicationgxt step waghe software that control the skid. This
section explains software and each part to manage the system.

The software used fahese testavere SCADA, for making test in real time locally, andgaftaare,
for making test remotely automatically. SCADA was the first to be checked, in order to see if at
supposed working conditions the skid was ablenatch required performaces.

W Proces: Controlier Graphoc mterface fo ] B e
J Machine |K Commands | 4
Total Time :
ik 0375:08:00:28
swee 10,001 2 | TOR RN Tipe
sesc | 52,0 = 0056:23:14:33
n Water
R 3,00 Vater Flow LUMi.\ Total m3
wescl 600 | /[ 704 [ 9.797,51
e 1 5'89 Water Hot °C KCal/Min ey
RPSC 62,5 272 391
omtc| 220 ’ Total MCal
% W ter Hot Pres. Bir
PSC [ 30,0, [ 0.00 175.511
N Sludge
Total m3
Sludge Fl_ti Etil_l:\ oy 5.921,48
8 | 832 KCallMin
i = 432
; o TotalMCal
‘ M Sludge Out °C 62.544
Sludge In °C il Rotor % Lev. Outmm 432 Efficiency %
484 | 6625| 625 8222 — 188
B Sludge Pump % Water/Sludge ratio
e [ 52,0 Rotor W Tot Rotor Pow. KWh 0,96
\ o 12,77
1

Figure 10. SCADA software

In the last figure, software window is divideddifferent parts, see below:
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1. Parameter to manage the system: Rotor speed, Water Cold temperature, Sindgeater
pump flow.

2. Information parameter of water circuit

3. Sludge information: Sludge pump, Heater exchanger rotor speed, temperature sensors.

4. General information:; water circuit energy, sludge circuit energy, efficiency of the system.

LewUP

D4.13LowUP Commissioning and Startup Relevant environment 2

With this interface the user is able to modify setpoint by setpoinitil achieving desired operation;
the installation was started manually, but it was necessary to test all the commands to control the
system remotelyand checking how single devices and the system as a whole would behave

The first thing was to check th&ensorsreadings distributed throughout the system, whiarere
checked with the analag sensorsinstalled as described above (temperature and flovif) was
confirmed that reading of the sensor corresponded to correct magnitude and to correct position.

After the checks on the readings, the write variables were checked, specifically, sludge pump speed,
water pump HReX rotor and dry cooler speedlt was confirmed that writing of the actuators
corresponded to correct magnitude and to correct device.

This verification was preliminary to automatic implementation of-gesigned strategies; to each
strategy correspond a specific way of operation of eachiaewhich in most of the casesdssociated

to a PID for regulation of the actuatofhe following table shows the different operating modes of the
systemthat were used for the testavorking mode corresponds to PWCC of the SCADA.

Table 1. Heat recovery system working mode.

\ Working Mode Description Water Pump HX Rotor Dry Cooler
00000 Plant OFF OFF OFF OFF
10111 PLANT ON ON ON ON
11011 PLANT ON Fixed Speed ON ON
11101 PLANT ON ON Fixed Speed ON
11110 PLANT ON ON ON Fixed Speed

To be able to set speed valuiesthe differentdevices it was necessary to set different working modes
and then write the speed variablesd check through the flow meters, the flow rates in the pumps

and speeds in the EEX rotor and the dry cooler.

£

e e

MANUAL MODE

STOP

COMMAND

Al

SPSC
SPRC
SVFC
WPSC
'WPRC
(WVFC

VALUE

SEND

Figure 11. User interface for manual mode in java software
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Manual mode means defining which actuators work and at which setpoint; semi automatic means to
select the operation and define theetpoint automatic mode means that all strategiesopferations
are preprogrammed and automially executed by the java software.

In Automatic mode its enough switching on, and that Java app is going to launch many various tests.
The automatic mode changes the different valeéghe installation tobe able to do all the possible
tests and cover all the use cases.

2 ===

MANUAL MODE

COMMAND VALUE

AUTOMATIC MODE STOP

| MEASURED SVE

[2020-03-25 11:11:29] Command number: 189, RMS: 50.0 [Hz], SVF: 50.0 [Ifmin], WVF: 80.0 [Ifmin], DPSC: 30.0

[2020-03-26 10:16:47] Command number: 476, RMS: 50.0 [Hz], SVF: 83.0 [Ifmin], WVF: 120.0 [l/min], DMTC: 27.5
[2020-03-26 10:16:47] Command number: 476, RMS: 50.0 [Hz], SVF: 83.0 [I/min], WVF: 120.0 [|/min], DMTC: 27.5
[2020-03-26 10:16:47] Command number: 476, RMS: 50.0 [Hz], SVF: 83.0 [Ifmin], WVF: 120.0 [l/min], DMTC: 27.5
[2020-03-26 10:16:47] Command number: 476, RMS: 50.0 [Hz], SVF: 83.0 [I/min], WVF: 120.0 [|fmin], DMTC: 27.5

Figure 12. Automatic mode

Testing was based on validating all modeopération and thereliability of the java software in
sending correct writings to the SCAIDnce SCADA as well is verified, what is missing is the calibration
of the PID regulating fan, shaft and pump.

2.2 Pump & Paper FactorySetubal

First at all, isown the P&IDof the system to identify each component and its position, it must be
underlined how the commissioning was made for the skid, which includes control & monitoring, heat
rejection, heat exchange and fluid circulators, as shown in picture below.
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P&ID

PRESSURE SENSOR

® TEMPERATURE SENSOR

DRYCOOLER © FLOW SENSOR

|
AV

SLUDGE TO WATER _ |
HEAT EXCHANGER

)

SLUDGE PUMP I

=> PP 5
e WATER PUMP

@ s— ANRARRELIINTERY a

Figure 13. PI&D of the installation

Setubal and Madrid skids are technoloai twins, exception for the effluent way of feedirsp, all
activities undertaken for common elements will not be repeated in this sectocus will be on
differences encountered during commissioning.

2.2.1 Commissioning at component level

Once allequipment was installed in the skid, at factory before shipping, the first thing to do was
integrating in the facilities, as described in previous deliverables. It was necessary install the skid at the
end of gatheringpipeline for the residual effluent daoming from the factory, which corresponds to

the beginning of local WWTP, in the decanting pool.

In order to increase the validity of tests, fluid the fluid has been taken directly dreerspecific point
of the pool, where concentration of pollutanttise highest, in order to test the resistance of the RHeX
to such corrosive and aggressive environment.

The pool is divided in 2 part: the principal where the effluent arrives directly from the factory for being
stabilized and for decanting most of suspled particles, and a secondary which is not accessible from
particlesfor effect of decantation in th@rimaryzone.TheRHeX pumps the effluent froprimaryzone
andreturnsit just before secondary zone.

Next figure shows the skid installed in its fipakition in this environment.
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2.2.1.1 Rotating Heater exchanger
As it can be seen, the RHeX is placed for both skids in the same position and the activities undertaken

for this demo wadotally similar that ones already described for Madrid denso please refer to
previous sections

Figure 15. Heat exchanger installed

2.2.1.2 Dry Cooler
All procedures for drycooler ofladrid can be applied to Setubal skid, so please refer to previous

sections.
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Figure 16. Dry cooler installed

2.2.1.3 Loops and circulation Pumps

There are two optiongor filling up the clean water loaghe first one was fronma pressurizedank,

while the second one waly fireman truck(no close network to the skid)n order to overcome this
situation, the most suitable solution was to make use of the private fire brigade of the Navigator
Company.

Next figures showprocess ofilling.

Figure 17. Filled from fireman truck

Filling and purging activities had to be run at the same time, because of evident impossibility to have
an automaticre-filling in case of loss of pressure; before filling alleotbtomponents of the skid have
been previouslydeeplytested, in order to sae time and avoid possiblproblems with pressurized
water.

This activity with the truck have been repeat8dmore times in different week in order tomaintain
the right operation pressuréAll activities of commisshing related with water loop and water pump
have already been described in previous sectidre pipe is connected to the skid via steel reinforced
flexible plastic pipe

Effluent loop is fed by submerged pump suspended inpbel though a steel cable hanged from a
metallic post, which waspecifically installed for achieving the installation of the pump on the most
relevant part of the poolThis post allowed also the proper positioning of the plastic pipe avoiding
obstructions andconsequenoverpressure.
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