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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 engy sources that are
currently wasted. As a result, these technologies will contributeetducing 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 technology organisations and 7 SMESs) from 7 European countries. Bororghs,

the consortium will develop efficient alternativés supply heating and cooling fouildings and
industriesbased orrenewable 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 systems will belemonstrated at5 demo sites: A Pilot Office building in Sev
(Acciona Construction, Spain), a Waste Water Treatment plant in Madrid (Canal de
Il & Acciona Water), a Pulp and Paper mill in Setubal (Portugal, The Navigator Cot
a Student Halh Badajoz (Spain, University of Extremadaad a thermal lab in Gipuzko:
(Tecnalia, Spain).

For more information visitvww.lowup-h2020.eu

Coordinator contact

Rafael Claret Socorro Hernandez

Acciona Construccion S.R&D Centre

C. Valportillo 1l, 8, 28108 Alcobendas (Madrid, Spain)
email:rafaelclaret.socorro.hernandez@acciona.com
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Executive Smnmary

The aim of thigleliverableis fulfilling all activities necessafor executing theproper implementation
of LowUPconcepts at emulated testite scalen relevant environmeng®, a pulp and paper factory in
Setubal (Portugal), wastewvater treatment plant in Madrid (Spain), atlke thermal lab ofTecnalian
Gipuzkoa(Spain) upgrading thealready installed technologieend minimizing the investment for the
execution.An execution plan to a proper integration of thE2LowUP systems imese demo sites will
be stablished.

The first demo sités the wastewater treatment plant placed in Madrid (Spain), named EDAR Arroyo
Culebro The purpose is to recover the remaining low exergy heat contained in the sludge, produced
after the anaerobic @jestion, one of the stages in the process of water treatment. The digested sludge
is released at a constant temperature around 35@able to carry out an upgrade.

Theseconddemo site is lhe pulp and papefactory, placed in Setubal (Portugal) analled Navigator
company With a high water consumption, thB&P mills produce large volume of wastewater (at
different temperatures). The HBowUP conceptretendsto recover the unused low exergy waste heat
from this polluted wastewater. This energy recovery will be monitored and data collected will be stored
to be used irsubsequentmulations.

Finally the last demo site is the thermal lab of Tecnalia, placed itGipeizkogSpain)As a technological
corporation, part of its activity is dedicated thermal systemgesting. The heat pump, the key of the
HRLowUP concept, will bidtally characterizedn this thermal lab.

This activity will allovio define te instalation/integration procedures and activities needed for correct
preparationprior execution of constructioprocess.

A detailed planning is here defined after the design phase, identifying possible blank spots, delays,
techno-economic constraints, risk alyagisand contingency plansn(synergywvith WP5).

Keywords

Installationplan, risk and contingency plaspaceconditioning heat pump wastewater, heat recovery
unit

List of acronyms and abbreviations

HP Heat Pump

HRLowUP Heat Pump LowUP

EDAR Estaciones depuradorake aguas residuales (Wastewater treatment plant)
RHeX Acronym of the new design of the improved sekaning rotating exchanger
P&P Pull and Paper

PC PersonalComputer

PLC Programmabld.ogicController

LowUP Project Low valued energy sources upgrading for buildings and industry @&asn°723930 6
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1 Introduction

In this second phase of the project, the gaalthe design, installation, operation and validation in
relevant environment othe LowUPsystems This deliverable is focused d#PLowUPsystems, which
will be tested in real industry environments.

According to resits from previous tasksnfainlywithin WP3), HP-LowUPprototypesand the necessary
auxiliaries according to results from dimensioning engineering process, previously individiially
tested, will be shipped to the sitethese devicewill be integratedin three pilot plants: Navigator
Company EDAR Arroyo Culebro and Tecnalia.

The HPLowUP concept is based omeffective and reliable heat pump based system, and 100% thermal
powered by residual and rejected low temperature energy soufbetow 45C) for application at
industrial processes with temperaturep to 80°C. This temperature upgrading solution is based on the
combination of heat recovery technologies, from low valued energy sources like rejected and process
waste heat 20-45°C), with highefficiencyhigh temperature watetto-water heat pump for the
production of process heat betwedib-80°C

As shown from the Figure 1, HBwWUP system is composed by the following technologies:

1 A sludge/wastewateto-water or waterto-sludge/process watdneat exchangers that could be
used as a heat recovery system or as a heat delivery system.
1 High efficiency electrically driven heat pump.

RESIDUAL HEAT TO HEATING

FROM PROCESSES PROCESS
7’ \ RN HicH TEMP. (R ’ \
I o 4 HEAT PUMP [ I

Lo | Lo
| : |

| 15-402C 70-452C 1 I

, 1 gy 15-a0ec 4 70-452C @ [---z--"
I 1151 I 171l

POZZI LEOPOLDO ' \POZZI LEOPOLDO l

Figure 1: HP-LowUP concept

From now on, there aréour partial objectivesn the frame d this demonstration work package (WP4)

A - Design at component leveEngineering process for electromechanical adaptation of relevant test
sites to LowUP System/technologigsngineering process for test site control system adaptation to
operational neessities.

B- Installation at component leveT.est sites conditioning for LowUP System implementation, from civil
to electromechanical works.

C- Desigrat system levelEngineering process for integration of LowUP System with relevant test sites.
D - Installationat system levelfFunctional integration/implementation and commissioning of LowUP
with real and simulated test facilities (relevant environment), from electrical, hydraulic and energetic
point of view.

LowUP Project Low valued energy sources upgrading for buildings and industry @&asn°723930 7
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E - Control and operation Characterizaon of LowUP System from limit to operational working
conditions. Continuous operation and maintenance at nominal and modulating working conditions.
Validation of predictive maintenance and continuous commissioning techniq@a$bration of
simulation modés and control strategies.

This deliverable aims to fulfil the description of objectives A, B and C, dealing with the preparation of
the sites where LowUP technologies will be deployed and giving an optinmgedlation plan. The
objective of the relatedaskin the project (Task 4.33 fulfilling all engineering activities necessary for
executing theproper implementation of LowU&oncepts at emulated testite scale Factory plants will

be modified according to integration with waste heat recovery eyst; the heat pump will be totally
characterized in the thermal lab of Tecnalia; both systems, after their characterization, will be integrated
in a virtual environment in order to be tested working together

LowUP Project Low valued energy sources upgrading for buildings and industry @&asn°723930 8
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2 Installation plan forWastewatertreatment plant

The purpose of this section is to give a detailed overview of the LowUP demo site in Madrid (Spain),
describing the current state of the demo site, the systems that will be integrated and their main features,
the necessary works to adaptdlplace and the installation and risk management plans.

2.1 Description of Madrid demo site

Locatedin Getafe (Madrid), the EDAR Cuenca Baja del Arroyo Culebro, is in chargéreatiment of
the waste water produced in Pinto and Getafe. The capacityoisnar 172800 m3/d and population
equivalent of 1.3 million peoplg].

AW S AW < . e e

Figure 2: EDAR Arroyo Culebro Cuenca Baja

A brief resume oftie process is presented as follows (for more informatiocait be consulted the
RSt APSNI 6fS 50bdm G/ FaS aidzRASE RSAONRLIIAZ2YE0Y
The gwagesludgeproduced in wastewater treatment plant, products from the primary and secondary

treatments, requires to betreated. Anaerobic digestion is proven technology for sewage slge
treatment because it allows a high reduction of the solid matter in the sludge

The slidge is pumped into thanaerobic continuously stirred tank reactpFgure3, where digestion
takes place, usually at mesophilic temperature {3® °C)

After the anaerobic digestion, the digested sludge is released at a constant temperature aré@nsb35

as to be dewatered. At this point, the remaining low exergy heat contained in the sludge will be
recoveredthroughthe Heat Recovery Systedeveloped by Pozzi.

LowUP Project Low valued energy sources upgrading for buildings and industry @&asn°723930 9
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Figure 3: Anaerobic digester in EDAR Arroyo Culebro Cuenca Baja

Next imageshowsthe location of thebiodigeser reactors area in the plant:

EdaipArroyo "
@ & CulebroiCuenca Baj

LowUP Project Low valued energy sources upgrading for buildings and industry @&asn°723930 10
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2.2 Description of the HR_.owUP system to be installed Madrid

This section aims to describe in detail the main system to be installed in Madrid, setting out the
requirements of all of them to be properly integrated in the waste water treatment plant.

A concept scheme of the installation is presented ds\io

NEW PIPING
|

‘ ‘ DRYCOOLER
\ ELECTRIC CABINET

= ‘ = | | =

WATER PIPES W W. HEAT EXCHANGER

MAINTENANCE WALKWAY

FLOW REGULATION VALVE / _—
‘ ‘ WATER PUIP

| o L L L DL L LT LT, LU T S Us su | ,Jl.““‘\‘.‘\"“‘\‘\‘\‘\‘M‘\‘\“"‘.““MM““M‘. DEPOSITO TAMPON EXISTENTE

I 2

s L~ r “
(
EXISTING SEUDGE PIPE i ////
— | ‘ ‘ —

Figure 5: Madrid Demo Site conceptual P&ID diagram

The system is composed tiyee mainly devices (they can be identified in the images above):

- Heat exchanger
- Drycooler
- Water pump

The technology developed in the frarnéthe LowUP project to be installed in Madrid is tHéeRheat
recovery unit. The rest of the systems are considered as auxiliaries whose function is the impulsion of
the clean wateland the dissipation of the heat.

2.2.1 RHe&Xheat recovery unit

The heat exganger is the most important part of the heat recovery system and it has been designed
specifically for the requirements of this project.

The heat exchanger unit consist of:

w hrgt&ing heat exchanging elementade of AISI 316L stainless steel.

w hext&nal tankwith protection lig. The tank has connections for discharge watetlet and inlet,
overflow pipe and tank emptying valve.

w ¢g2 2NJ Y2NB &aSIftAy3I AINRdzLJA | yR &adzLILR2 NI FaasSvyo
wRotating jointsfor freshwater inlet and outlet connected to the rotor.

w hs#@féy valveon the fresh water circuit.

w hmyo®r groupconsisting of one or two moteeducers with pulleys and toothed belts.

w higvérterto allow for the presetting of rotational speed of the nehine and of thestart ¢ stop
ramps.

LowUP Project Low valued energy sources upgrading for buildings and industry @&asn°723930 11
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Figure 6: Design of the RHeX

Fluid circuits requirements:

- A primary fluid, flowing outside the rotor of the exchanger (inside the trough of the exchanger).
This fluid will be highly polluteeven with mechanical impuritie$he primary fluid generally
consists of fluid coming out of a continuous process that could be operating while the heat
exchanger needs special cleaning and maintenance.

- A secondary fluid, flowing inside the rotor, countairrent to the primary one. This fluid will be
free from mechanical impurities. In this case the secondary fluid will be watee. secondary
circuit connects the heat exchanging element (the rotor) to the clean fluid network. In order to
avoid depositor sedimentations caused by hardness, it is suggested that this fluid should be
softened and filtered.

Secondary
fiuid intet Secondary Secondary
fluid rotor fluid outiet

primary
fluid outlet

Figure 7: RHeX working principle

LowUP Project Low valued energy sources upgrading for buildings and industry @&asn°723930 12
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Site requirements:

The area where the RHeX is installed has to fulfilrsyirements:

Once running, machine surfaces can become very hot, therefore it is mandatory that proper protecting
fences or paddings are available to avoid accidental contact with surfaces and to prevent operators from
eventual scorching. However, suctotgctions must allow for maintenance and/or temporary cleaning

of the unit, so the following minimum side clearances are required: @Bnhe short sides, free access

to the side where the identification plate is installed, and 0.1m on the opposite side.

Figure 8: space requirements of RHeX system

According to deliverable D3.2, the necessary exchanging surface of the RHex system in the Madrid demo
site will be the following:

RHeX populated with 14 lenticular discs.

2.2.2 Auxiliary systems

In this section the main requirements of the auxiliary systems will be presented. Two systems are
considered essential for a proper working of the systéme dry cooler and the water pump. The main
considerations to take into accounteathe required space and power:

Drycooler:

Its main function is the dissipation of the heat from the water, previously heated through th& RHe
systems.

LowUP Project Low valued energy sources upgrading for buildings and industry @&asn°723930 13
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"j’]"mg

Main features:

L=2.145m

Power consumption = 1.9 kW

A more detailed description will be provided in deliverable D4.5.

Figure 9: Dry cooler

Water pump:
The water pump is in charge of the secondary fluid circulation.

,250 min

Figure 10: Water pump

DN =50 mm L1 =190 mm
H1 =145 mm H =535 mm
L =350 mm J =255 mm
Weight = 45 kg

Power consumption = 0.75 kW
A more detailed description will be provided in deliverable D4.5.

2.2.3 Skid construction

A preinstalled skid with all the necessary attachment and instrumentaticsoissidered, in order to
integrate all the systems in a single unit, simplifying the installation procesistuke is presented as
follows:

LowUP Project Low valued energy sources upgrading for buildings and industry @&asn°723930 14
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Figure 11: RHeX system integrated with the auxiliary systems in a single unit

As it @n be observed in the image above, the Ridgstem the dry cooler and the water pump are
integrated in a single unit.

The main requirement to install the systems are:

- Ground conditioning to ensure an stable support
- Available space

The size of the skid showed in the following image:

IRCULATION PUMP
SECONDARY CIRCUIT

el 2500

Figure 12: skid unit dimensions

LowUP Project Low valued energy sources upgrading for buildings and industry @&asn°723930 15
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2.3 Preparation works

This section aims to describe all the preparatory works which are needed to be executed in the demo
site of Madrid to allow a proper systems integration, minimizing the impact and the investment. A
preparatory works plan will be presented at the end of this section.

2.3.1 System integration in the plant

As it has been said in previous sections, the system willtbgrated in thebiodigesterreactors area.
This area is showed in the image below:

Figure 13: biodigester reactors area

The available space is enough to host the system andt thél be located near from the sludge pipe
which is currently used to sample collection ($égurels):

LowUP Project Low valued energy sources upgrading for buildings and industry @&asn°723930 16
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Cutoff valve

Figure 14: sludge pipes used for tests

As it has been said, these pipes are used to collect some sludge samplaler to be analysed. To
integrate the Heat recovery system with the reactor, one of the slygigeswill be adaptedo allow

this integration So, the cubff valve (sed-igurel4), which is opead only whena sample is required,

will keep open to feed théowUP system with the sludge. In this case the circulation of the sludge will
be produced by the gravity force, Witut the necessity of using a circulating puriipe adaptation of

the pipe system will be considered as a preparation work to integrate the system in the plant.

Water and power supply:
In this demo site, the water and power supplyintsare notacritical issugedue to both are guaranteed.

Structure anchoring:

To ensure an stable support of the skid, a concrete foundation slab will be built. This will allow anchoring
the structure to the ground.

2.3.2 Monitoring/control system

The main purpose of this system is to collect data in order to characterize the system working with an
specific fluid and to emulate this in a virtual environment. For this reason, some probes, sensors and
controllers will be installedlhe following imagshows an scheme of the control syststnucture
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Signal to RHex
system and
auxiliary
devices

Figure 15: monitoring system scheme

A brief description is presented as follows:

The main system will be the PLC. This PLC receive a signal from the temperature and pressure sensors,
and from the flowmeters. Depending on this data, and the parameters stablished by the user through
the PC, the PLC sends the orders to the frequency tiengeof the different devices (rotor, drycooler,

water pump).

All the data will be collected in a database of #mabeddedPC installed in the plant, but also will be
saved in a database of Seville.

The temperature pbes, that have a critical importande the proper operation of the system, will be
installed to characterize the temperature of the environment, the sludge and the water.

2.3.3 Engineering works

To ensure a proper working of the system in the plant some activities related to engineeringwilbrks
be done. The following set of activities will be carried out:

- Updating the P&ID schemes and layouts

- Sizing the pipe networks: clean watand sludge

- Selection of the HR&system according to LowUP project requirements

- Selection of the dry cooler to enre the dissipation of the heat

- Calculation of the pressure losses

- Auxiliaries selection: According to the pressure losses previously calculated, sizing the plumbing
system.

- Select the monitoring devices

- PLC programming and interface generation to all@ariactivity.

- Skid design and construction

All the engineering designeill be widely described in the deliveraldal.5.
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2.4 Installation Plan

This section ais to propose a timetable, collecting all the activities related to engineering and

preparatoryworks, analysed in previous sections, and the installation and the commissioning of the
systems.

Table 1: Installation Plan - Madrid Demo

Act. Work to be executed Description of activities Partners involved
1 Research bevelopment activities | - Design and testing of a new Heat Exchanger - Pozzi
following the requirements of the LowUP
project
2 Engineering works - P&ID generation - Acciona
- Pipe networks andwiliary devices selection | - Pozzi
- Selection of monitoring devices - Eurecat
- PLGorogramming
- Skid design
3 Manufacturing and delivery of - Sizing of equipment - Pozzi
products - Manufacturing
- Skid construction
- Delivery
4 Systems installation - Installation of each system, following the - Acciona
manufacturerinstructions - Localinstallers
5 Systems connections - Installation waterand sludgepipe network, - Acciona
auxiliary devices, electrical connections and | - Local installers
monitoring systems.
6 System commissioning - Startup ofglobalsystem - Acciona
- Pozzi

Table 2: Installation Plan i Madrid Demo - Timetable

== ™~ == == [ee] (o] (o] [se] [se] [o°] [°) [e°) [oe] [ee] (o] [ee)

— > (6] c o) — —_ > c —_— - > (&)
o | 8 ) < © =] o | 8 ()
Slo|2|3|=|2|E|® e|l2|=|8|a|° 2|5

Research + Development
activities

(Units testing)
Engineering design works
Manufacturing and delivery
System installation
System connections
System commissioning
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