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1. Executive summary

The objective of nanoCOOL project is to develograrovative Hybrid Liquid Desiccant (HLD) Air
Conditioning System with independent temperaturé lammidity control, where the latent load is
removed by a liquid desiccant dehumidifier, whiie sensible load is removed by a conventional air
conditioning system. nanoCOOL project aims at redyccapital and operating costs of air
conditioning systems, by developing a HLD systerwinich waste heat from the condenser is used
for regeneration of the desiccants.

The project entails different steps in order toidate the HLD technology with the advances
proposed. The first step has been the conceptsardef the HLD system, which comprises a liquid
desiccant system and a conventional air handlinigagiapted to fit it. The system is completed with

a polyvalent unit, able to provide simultaneoustingaand cooling to the different components of
the HLD device. Secondly, the demonstration sielleen defined, and the prototype has been sized
according to the calculated thermal loads, by mednke thermodynamic models developed in the
design phase.

In parallel, the research in nanomaterials forauagicomponents of the system has been carried out.
This has been focused on the one hand on the geweltd and upscaling of a plasma treatment for
the improvement of wettability of polymeric tubesid on the other hand, on the development and
upscaling of composite materials, with grapheneoralatelets dispersed throughout a polymer
matrix, for the improvement of thermal conductivitiyheat exchangers.

The physical design of the whole system has beeplated, and then the manufacturing of each of
the parts and the final assembly has been cartigdwinstall the complete nanoCOOL system first
in a laboratory. Besides, the control strategy Ibesn designed and different control modes have
been implemented. In the design, particular effims been made on the use of materials which are
corrosion resistant in the part of the desiccastesy, and the inclusion of a polymeric knitted wire
mesh demister able to prevent carryover of lithiahtoride droplets to the rest of the system.
Another key point considered during the design @sscis the capacity of the system to control
independently temperature and humidity.

The complete system has been firstly tested iraberatory, in order to set it up correctly, tdst t
different working modes and control strategiespipto its transportation to Taipei (Taiwan), where
the demonstration site is located, comprising tiekér rooms of a swimming pool in the Taiwan
Building Technology Centre Campus.

During the demonstration period, the system has loperating continuously. Its ability to control
independently temperature and humidity has beerodstrated, and energy savings of around 30%
have been achieved, when compared to a traditisygtem. Moreover, increased quality of the
indoor environment by suppression of unpleasantsodad an appropriate control of the humidity
resulting in superior comfort and indoor air qualitave been reported by the locker room users
through comfort questionnaires.

Project results have been disseminated to relestakeholders throughout the project development.
Furthermore, two international workshops have baganized in the scope of the project, for the
results dissemination. Finally a Plan of Use ansgsBinination of Foreground has been completed,
and a Memorandum of Understanding for Exploitatias been accomplished.



2. Project context and objectives

Buildings account for 40% of final energy consuraptglobally and are an equally important source
of CO, emissions. Currently, space heating and coolingedsas hot water are estimated to account
for roughly half of global energy consumption inildings. These end-uses represent significant
opportunities to reduce energy consumption, impenergy security and reduce £émissions, due

to the fact that space and water-heating provisaominated by fossil fuels while cooling demand
is growing rapidly in countries with very carborténsive electricity systems.

In air conditioning, humidity control and ventilati are equally important as temperature control, fo
maintaining Indoor Air Quality. Sick Building Syrmmine has aroused as a consequence of poor
ventilation or high humidity levels inside the Maiilgs. This can be solved by improving the
ventilation requirements; however in very humidmdies, even if the required air changes are
reached, the introduction of very humid air in th@ldings can cause discomfort and unhealthy
environments, easing mold growth for example.

Conventional compression air conditioning systenagcin the latent cooling loads by reaching the
dew point of air, for water condensation (growthhmadld and bacteria). Consequently, the air leaving
the cooling coils is very cold and near the satomapoint. For many applications, that temperature
level just after the cooling coil is too low for @dequate thermal comfort, making necessary the
posterior reheating of air, with the consequentdase in energy consumption. This process can be
easily observed in a psychrometric chaigure 1 shows the cooling and dehumidification process
with two different approaches. In the conventiopaicess (red line), due to the need to reach the
dew point for reducing humidity ratio, outlet temaiire from the cooling coll is less than 10°C, a
temperature way too cold to be introduced to a itmmed space, and needs to be reheated. In the
HLDS process (blue line), the humidity ratio is wedd without the need to reach the dew point,
reaching a temperature closer to the comfort impaleemperature.

Especially in very humid climates with low sensihkat ratio, it is difficult to meet the requirenten

of ventilation and match the sensible and lateati$oin an efficient way. The sensible heat ratio
represents the ratio of sensible heating or cooloagl to total thermal load. In these cases the
concept of free-cooling, i.e. the use of externat@lower the humidity and match the latent load,
becomes difficult.
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Figure 1. Comparison between a Hybrid Liquid Desiccant System and a conventional cooling and
dehumidification



Liquid desiccant systems (LDS) are a promisingradtéve to compression cooling technology for
the proper matching of the latent cooling loadshauit the need of cooling the air in excess. These
systems rely on a hygroscopic solution which alsdrbmidity from air, therefore being able to
match the latent cooling loads without reachingdée point of air. The solution used for absorption
must be regenerated, and a heat source is needddatopurpose. The advantage is that thermal
energy is used, which can be provided from renesvabivaste heat sources, for example.

The desiccant used for the purpose of dehumidifgang be in liquid or solid form. Liquid desiccant
systems show several advantages when comparedidodssiccants; such as lower pressure drop
and regeneration temperatures, ease of manipulapossibility of thermo-chemical storage,
suitability of dust removal by filtration and supgsion of unpleasant odors.

When combining the LDS features with the convergi@ompression cooling technology, a Hybrid
Liquid Desiccant (HLD) system is created. Thesetesys take advantage of the convenient
dehumidification of the liquid desiccant, with tbeoling by conventional compression technology.

Moreover, Hybrid Liquid Desiccant Systems are dd@aas well for other applications where
humidity control is of high importance, includinggdd processing, hospitals, pharmaceutical
industry, cleam rooms, ice rinks, etc.

As stated before, in conventional air conditionsygtems the dehumidification and cooling process
takes place simultaneously, by reaching the dewtpufiair, condensing and cooling the air at the
same time.

In order to match the sensible and latent cooloagl$, during the design process the sensible heat
ratio is defined and HVAC systems are sized acogigi However, the ratio of sensible load to total
load can vary considerably inside a building, maihlie to changes in outdoor climate, occupancy,
indoor equipment and lighting utilization, etc. $hmakes difficult an independent control of
temperature and humidity. Moreover, the conventiairareatment process often leads inevitably to
reheating the air.

For that reason, the development of systems alderitrol independently temperature and humidity
is considered of high interest in the HVAC sectand this is one of the main objectives of
nanoCOOL project.

The major drawback of Liquid Desiccant Systemshis torrosiveness of the solution used as
absorbent, generally lithium chloride. This candeg¢rimental to main construction materials, which
makes it necessary to use expensive metals sudhrdaam, or especially protected materials for the
machines.

For this reason the design is focused on plastiemads, resistant to corrosion. A major problematth
the use of plastic materials has for the main tewm@onents of the system, the absorber and the
regenerator, is the poor wettability propertiestiobse materials. In falling film heat & mass
exchangers, ensuring a complete wettability oftthies is essential to have a good efficiency of the
system, as dry patches lead to important redudfgperformance. Therefore one of the identified
objectives of the project has been the use of natenmls for the improvement of wettability of
polymeric materials, with specific developmentshis field.

On the other hand, thermal conductivity of polyroematerials is quite low when compared with
metals. Hence, another important objective of th@gegt is the development of polymeric matrix
nanostructured compounds with higher thermal cotntyc



Additionally, the corrosiveness of the LiCl soluticmakes necessary the minimization of carryover
of liquid out of the system, as the solution magr@de other parts of the installation (air ducts,)e
Therefore, the avoidance of carryover has beerhanamnportant objective of the project, focusing
on the design of an effective demister for appiocain the HLD system.

Project Public Website:

The public websitevww.nanocoolproject.eu contains background information and has been up-to-
date with results from the project.

List of partners:

- Tecnalia Research & Innovation: Project coordinétevw.tecnalia.comf

- SGL Group ywww.sglcarbon.com

- Airlan (www.airlan.e$

- Universitat Rovira | Virgili (vww.urv.ca)
- D’appolonia (vww.dappolonia.it
- Politecnico di TorinoWww.polito.it)

- Ridan (www.ridan.p)
- Stam (vww.stamtech.coln

- Fenix (vww.fenixtnt.el

- Technion www.technion.ac.)l

- Decsawww.decsa.iX
-  TBTC (http://www-e.ntust.edu.twy/
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3. Main S&T results. Foreground

Below, a synthesis of the main activities and ddien technical results of nanoCOOL project is
presented; starting from the conceptual designdéwelopments in the frame of nhanomaterials, the
detailed design, manufacturing, testing, and fintle demonstration phase and the achieved results
in real operation.

Conceptual design. System requirements

The first stage of the project has been the cone¢plesign of the system. Since the beginning, the
design has been aimed at a hybrid system, whiclbras:

- The liquid desiccant technology for matching thiea cooling load, which means removing
humidity from air until required comfort conditions

- The conventional cooling compression cycle for miaig the sensible cooling load, which
means cooling down the air until required comfamditions.

The nanoCOOL prototype has been sized for its dparan the locker rooms of a swimming pool in
the Taiwan Building Technology Center in Taipei.isTtapplication is characterized by a high
internal humidity generation, low sensible heaioraand high external humidity levels due to sub-
tropical humid climate present in Taiwan.

Based on the design conditions, the internal sensibd latent heat generation, and the ventilation
requirements according to international standatls; design conditions and the cooling and
dehumidification loads have been calculated, a$ agethe annual sensible and latent cooling loads,
as shown irrable 1 andFigure 3.

Outdoor design conditions 30°C/ 21,5 g/kg dry air
Comfort design conditions 24°C /7,5 g/kg dry air
Ventilation rate 2.500 m3/h
Internal sensible heat load 3,5 kW
Ventilation sensible heat load 5 kW

Total sensible heat load 8,5 kW
Internal latent heat load 8,8 kW
Ventilation latent heat load 21,3 kW

Total latent heat load 30,1 kW

Table 1. Design conditions and cooling and dehumidification loads
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Figure 3. Annual sensible and latent cooling loads

The designed Hybrid Liquid Desiccant (HLD) systesncomprised by a Liquid Desiccant System

(LDS) whose main components are the absorber, eegem and liquid-liquid heat exchanger; and a
conventional Air Handling Unit (AHU) with a coolingoil and a cross-plate heat exchanger for
ventilation heat recovery. A polyvalent unit abte dimultaneously provide cooling and heating,

feeds the absorber and the cooling coil with coddewat around 15°C, and the regenerator with hot
water at around 55°C.
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Figure 4. Scheme of the complete nanoCOOL HLD system

Nanomaterialsfor heat exchangers

Liquid desiccant systems often have corrosion @i, as the used lithium chloride solution is
highly corrosive. As common metals can be easilyatted, plastic materials are used for the liquid
desiccant part. One drawback of the use of plastterials for the absorber and regenerator, is the
poor wettability of tubes, which is a key parametefialling film heat & mass exchangers.



This is why one of the goals of the project haslibe development of nano-thin layers by means of
plasma treatment for wettability improvement ofymoéric tubes.

On the other hand, the use of nanomaterials cdrebeficial for improving the thermal conductivity

of some materials. For this reason, the developmipblymeric matrix nanostructured compounds
has been investigated, by the combination of gtapand polypropylene with nanoplatelets of
graphene; for the improvement of the thermal cotiditig of the liquid-liquid heat exchanger.

Plasma treatment for improvement of wettabilinheht & mass exchanger tubes

Two different approaches have been developed ferittiprovement of wettability, namely by
plasma deposition or by deposition of nanolayessfaqueous suspensions of polyelectrolites (layer
by layer technology). Full wettability has beenabed with both approaches, but plasma treatment
results so far in the highest coating durabilitystis why it has been chosen as the method for the
wettability improvement of tubes.

By plasma technique, different deposition and p@sgeation methods for acrylic acid have been

tested on 3 different polymers as substrate. Reslilbwed in all cases a radical change in the
surface wettability by the LiCl solution, with c@at angles in the range between 30° to less than 10
after treatment.
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Figure5. Contact angle of LiCl 40% solution in different coated polymeric materials.

These contact angles result in full wettability safrffaces when used in continuous flow of LiCl
solution, as in the absorber/regenerator exchangers

After the treatment of individual tubes, the upswabf the process to a continuous ambient pressure
plasma torch deposition system has been carriedTdu$ way, large quantities of tube can be
continuously treated, easing the process whenge laatch of tubes is needed, as in the case of the
tube bundles of the absorber and regenerator @@@@OL system.
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Figure 7. Wettability comparison between untreated and atmospheric pressure continuous plasma treated PP
pipe. (water 30w% LiCl)

Plasma treated tubes were used to manufacturerdlo¢ @f concept heat & mass exchangers to be
tested at laboratory scale. After comparison oftaility behavior with both proof of concept heat

exchangers (treated and untreated), plasma treatwaenproved to deliver a better performance,
from wettability point of view, compared to standiggolypropylene tubes, enhancing the heat and

mass transfer coefficients.

Figure 8. Falling film proof-of-concept heat/mass exchanger.
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The plasma technology transfieom lab scale to pre-industrial scale (10 km bas}hwas carried
out.This activity was particularly challenging oginto the several parameters affecting the
deposition and the intrinsic difficulties in therace characterization of the nanometric-thick faye

Another activity which has been carried out inckidecelerated ageing tests of the plasma treated
tubes, in order to check their durability over tiniée tests consist on having the treated tubds wit
solution flowing externally over them continuouskt a higher temperature than the operating
temperature in nanoCOOL system. Results from &8t show that the wettability gained thanks to
the plasma treatment is not completely maintainest ime, which will result in a loss of capacity
of the system.

Development of nanostructured compounds for impram of thermal conductivity of heat
exchanger

Different graphene nanoplatelets have been selectédised as nanofillers for thermally conductive
polymer nanocomposites. Using Graphene Nano-PlatgBNP) as such, moderate improvements of
thermal conductivity have been achieved, owinghto defectivity degree of commercially available
graphenes and severe difficulties in dispersionm®ft blending. Two different methods for the
improvement of GNP by pre-dispersion in liquids é&een developed and demonstrated beneficial,
despite limitations apply in their industrial amattion.

On the other hand, the combination of graphite gnaghhene has demonstrated synergistic effect in
terms of thermal conductivity, leading to a forntida which can be applied to the liquid-liquid heat
exchange in the nanoCOOL system. However, thisrBptte/GNP nanostructured microcomposite
solution will inevitably have to compete with marenventional PP/graphite compositEspecially

the cost of the GNP, still in the range of hundrefi€/kg, and the limited industrial availability
clearly affects the industrial exploitation at pes

The nanostructured compounds which have been desetlare included in the solution-solution heat
exchanger constructed for the prototype of nanoCo@item.

Figure 9. PHE plate made of 22% PP, 74% Graphite and 4% GNP

Design and manufacturing of nanoCOOL system

The designed hybrid liquid desiccant system (HLXSyomprised by a liquid desiccant system
(LDS) whose main components are the absorber, eegtem and liquid-liquid heat exchanger; and a
conventional Air Handling Unit (AHU) with a coolingoil and a cross-plate heat exchanger for
ventilation heat recovery. A polyvalent unit abte dimultaneously provide cooling and heating,

12



feeds the absorber and the cooling coil with coddewat around 15°C, and the regenerator with hot
water at around 55°C.

Liquid desiccant system (LDS)

The absorber and the regenerator are falling fjlpe theat&mass exchangers, internally cooled and
heated respectively. They are comprised by a tgaté/propylene tube bundle, a liquid distribution
system based on spray nozzles, and a demisteeiaditier glass tower. Tube bundles are formed by
individual modules of tubes, which are linked hontally in groups of three, and then vertically to
form several passes. Proper wettability of tubesksy factor for obtaining good performance in the
liquid desiccant cycle, for that reason, as preslpwexplained, the polypropylene tubes have
received a plasma treatment in order to improve thettability.

The air flows from bottom to top getting in contagth the descendent lithium chloride solution,
which forms a falling film outside the tubes. ThehrLiCl solution absorbs humidity from the air in
the absorber, meanwhile the poor LiCl solution deschumidity enriching the solution in the
regenerator. Cold (15°C) and hot water (55°C) fiogide the absorber and regenerator tubes,
respectively, cooling the solution and the air dgrihe absorption process (exothermic reactiorg, an
heating the solution and the air during the regatiar process (endothermic reaction).
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Figure 10. Scheme of the absor ber/regenerator units, and the tube bundle layout
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Figure 11. Tube bundles of the absorber and regenerator heat & mass exchangers

On top of the absorber and regenerator towerse tlsethe demister, a polypropylene wire-mesh
device aimed at avoiding LiCl solution carryoverth@ rest of the system and the air distribution
installation. Below the demister, the distributoidahe nozzles which spray the LiCl solution over
the tube bundles are located.

Figure 12. Distributor with nozzles (left) and demister s of the absorber and regenerator towers (right)

The demister has been specifically designed fopthpose of avoiding carryover of lithium chloride
to the rest of the system, as it can cause coritbiedamage, due to it corrosivity. Different kirafs
wire-mesh has been selected, focusing on havingpi@gsure drop and higher droplet separation
effectiveness.

The liquid-liquid heat exchanger is a plate heathexiger made of a polymeric matrix composite
including graphene nanoparticles. It is used taquoethe solution going to the absorber, and to
preheat the solution entering the regenerator.
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Figure 13. Liquid-liquid heat exchanger included in the nanoCOOL prototype

nmaiom 3

Air Handling Unit (AHU)

The air handling unit comprises the air plate heathanger for heat recovery of ventilation, the
cooling coil, and the corresponding fans, dampea fdters for the system. The casing and the
arrangement of the different elements is specaglsigned for its optimal connection with the LDS.

The extended surface cooling coil has a serpeatirgement of multipass tube circuits, and in the
case of nanoCOOL system, it will only take car¢hef sensible cooling or heating loads. It has been
oversized to be able to match the total maximunsibéncooling load, although in design conditions
it will have a much lower capacity.

The air heat exchanger is a compact plate heataegeh, with cross-flow configuration, made of
aluminium and with internal fins to increase thatheansfer between both air streams. The use of
such equipment enables considerable savings toche&evad in the operating costs of air-
conditioning plants, and thus the saving of endl@gt would otherwise be lost. In the HLDS it is
used for preheating the air entering the regenerato

Figure 14. Cooling coil
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Figure 15. Air plate heat exchanger

Polyvalent Unit (PU)

The polyvalent unit is a heat pump able to providating and cooling simultaneously, by recovering
the heat of condensation through water condensenwe machine is working on dual mode, and
dissipating condensation heat to the air when taehme is working on cooling mode. Therefore, it
is used in cooling mode when the LDS is only deldifying and cooling (regenerator off), or in
dual mode when the system is regenerating LiClteoiwas well, with no need from another external
source of heat. The selected polyvalent unit cpoeds to a frequency of 60 Hz because of the
electric power supply in Taiwan.

NRP 0200 = 0280

Figure 16. Polyvalent unit

Complete system design and construction

Apart from the main components detailed before réis¢ of the components of the system have been
selected, including the measurement sensors. Aisdésign of the LiCl solution circuit (connecting
absorber and regenerator through the solutionisallieat exchanger in the LDS), and the hydraulic
circuit (connecting the PU with the absorber, regator and cooling coil in the HLD), have been
carried out.

Furthermore, the electrical scheme of the prototyg® been developed, taking into account that the
electric power supply in Taiwan is three-phase ¥3hd 60 Hz

16



The complete nanoCOOL system including all its congmts, sensors and actuators, is represented
in a Piping and Instrumentation Diagram (P&ID), efhihas been continuously updating until the
ultimate design version (S€wgure 17).
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Figure 17. nanoCOOL overall architecture

For the design, rating and simulation of the systdetailed thermodynamic models of the main
components (absorber, regenerator, liquid-liquidt lexchanger) of the LDS have been carried out.
Based on developed component models a completadldgnamic model of the LDS, and the whole
HLD system, has been carried out. For a specifagrical configuration of the system (absorber,
generator, solution-solution heat exchanger, aikaat exchanger and cooling coil) and with fixed
working conditions given by supply and return @mperature and humidity conditions, cold/hot
water supply temperatures and flow rates and LoGiteon’s flow rate; the developed model returns
as a result: air, solution and hot/cold water dutlenditions, and thermal loads of absorber,
regenerator, solution-solution heat exchanger, ikgotoil, and air-air heat exchanger. For the
absorber and regenerator thermodynamic models, aedt mass transfer coefficients of an
experimental set-up with a titanium heat exchanigave been considered, assuming similar
wettability of plasma treated polypropylene tubes.

The model is also useful for determining the presgirop in the solution air and water circuits,
which is necessary for sizing several componenteegystem.

Once the model is validated with experimental issut is valuable for sizing installations of
different thermal capacities, for future designistway, it is possible to size a new system based

the design conditions (climatic and air impulsiamnditions), or to rate an existing system with
different working conditions from the design ones.

Finally, a 3D CAD design of each of the elements] the complete nanoCOOL system has been
developed, as well as the executive drawings poidhe construction of the system. For the off-the-
shelf components, 3D or 2D drawings from the martufers have been used, but mainly the design
has been customised for the specific requiremdriteechybrid liquid desiccant system.
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Figure 19. Isometric view of the nanoCOOL prototype

The system has been constructed in two stages.tkRerd.DS construction took place in Italy, from

where it was transported to Spain. The next step the AHU and hydraulic circuit construction.

The combined system plus the polyvalent unit whken transported to another location in Spain,
where the installation in the laboratory was corgae including the link between the hydraulic

circuit and the polyvalent unit.
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Figure 21. AHU and hydraulic circuit construction in Spain

Control system

In parallel to the physical design of the nanoCO€jstem, the control algorithm has been
developed. The purpose of the control algorithntoignsure a reliable operation of the prototype,
taking care of the possible malfunction during dperation and controlling the main variables of the
system to maintain the comfort conditions (tempemand humidity) in the conditioned space. An
important feature of the system is the independentrol of temperature and humidity, which has
been considered in the control algorithm definition

The operation of the absorber is related to theuchéttification requirements while the operation of

the cooling coil is related to the temperature geint required in the conditioned space. The
operation of the regenerator depends on the ligigdiccant operation. The objective of the

regeneration process is to maintain the LiCl soluttoncentration between some levels in order to
guarantee the dehumidification capacity in the dieo The operation of the regenerator can be
continuous or intermittent as a function of the whaidification requirements and the selected
strategy to control the regenerator. Several gfieéewith different options have been implemented
in order to select, during the testing phase, wiidhe best strategy to control the regeneratoes@
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control strategies have been experimentally testede laboratory, as well as in the demonstration
site, in order to choose the final control stratefythe system, in order to ensure an adequate
operation during its lifetime.
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Figure 22. Block diagram showing the start/stop per missionsfor the regenerator

Testing and demonstration in real conditions

As explained before, final assembly including timk lof the HLD system and the polyvalent unit
was made in a laboratory. The objective of thariggteriod has been to correctly set-up the system,
test different working modes, and analyze measwtath for performance calculation and
optimization.

The following activities have been carried outhe taboratory:

- Testing of the nanoCOOL system in manual and auiom@des according to the type tests
previously defined.

- Installation of a first version of the monitoringssem.

- Carryover and air quality tests.

- Data acquisition and performance analysis.

- Calculation of heat and mass transfer coefficiants validation of the models.

20



Figure 23. Installation of the nanoCOOL system in the laboratory

The laboratory has been prepared in order to emuls same conditions of operation of the
nanoCOOL system in the demonstration site. In otdexchieve moist air at tropical conditions for
the absorber’s supply air stream a gas boilerghatides hot water to an Air Handling Unit (AHU) ,
a steam generator and a humidifier are used. Omtter hand room conditions are achieved by
using a chiller that provides cold water to anothEiU.
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Figure 24. Test bench + nanoCOOL system conceptual scheme

First, functional tests have been carried out,rdeoto set-up the subsystems, and set maximum and
operation flow rates, make adjustment of manualeglrecalibration of the required sensors, check
leaks, pressure tests, etc. Then, a set of maesial has been developed, in order to test operation
modes and set control parameters. Finally, a sgegidp checking of the control algorithm has been
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carried out and once it has been fine-tuned, thensatic tests with different control modes have
been completed.

Obtained results from a representative period wiethave been used to calculate heat & mass
transfer coefficients and validate the developeztrtodynamic model of the nanoCOOL system.
Also the first calculation of performance has bene; attaining Total COP (coefficient of
performance) values of around 3. The Total COPbleas defined as:

Q_total_h

Total_COP_h =
orat- - PUActiveEnrgy.o — PUActiveEnergyio—sominutes

For the cooling effect the load of the absorber gnedcooling coil are summed, accounting for the
latent (dehumidification) and sensible (coolinggds. The energy consumption considered is the one
of the Polyvalent Unit, as the rest of the instadla (air distribution system, etc.) is not the saas

in the final installation (Demonstration Site).

An important output in this stage has been theyosar measurement. It is crucial to avoid lithium
chloride carryover, as it is a highly corrosivet sa@hich can cause considerable damage to different
parts of the machine if it escapes from the abstrdgenerator, as well as to the distribution air
ducts. Two individual methods have been used inudgratly for the determination of lithium
chloride concentration in the air stream:

- Lithium measurement: Flame Atomic Absorbtion Spatietry (FAAS)
- Chlorides measurement: UV/VIS Spectrophotometry
The results showed that carryover values fall welbw most restrictive exposure limits (5 mg)m

On the other hand, the concentration of particutaégter in the air was measured, being one of the
key factors contributing to air quality. In eachtbeé measured conditions, the volume of the dust
meets the requirements of the maximum dust coratgons in respect to the Ambient Air Quality
Standards for the European Union, defined in threddive 2008/50/EC of the European Parliament
and of the Council of 21 May 2008 on ambient aialdqy and cleaner air for Europel2 which
defines the value of 50g/m® (24 hours averaging period) ad d§/m’® (1 year) in PM10 dust and 25
ng/m’® in case of the PM2.5 dust.
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Figure 25. Carryover measurement

After the laboratory tests stage, the nanoCOOLesydtas been transported by ship from Spain to
Taiwan, in order to be installed in the demonstrasite, the locker rooms of a swimming pool in the
Taiwan Building Technology Center in Taipei (Taiyamhe nanoCOOL system travelled by sea
from Barcelona port to Kaohsiung port in Taiwand déimen by road to Taipei.

Figure 26. Dismantling and containerization of the nanoCOOL system in Spain, for itstransportation to Taipei

[ &) NTUST Campus Map |
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Figure 27. Pilot plant overview (Taipei, Taiwan)

The nanoCOOL system has been installed in a teraalfacent to the locker rooms of the swimming
pool. The site has been prepared for the commisgjaf the system. A lay out design of the system
has been prepared in advance, taking into accathtthe dimensional restrictions of the terrace and
the distances that should be respected for theeprpprformance maintenance of the system.
Besides, the existing climatic conditions in Taiwaake necessary to install a protective roof above
the unit. A fence has been also designed to linatgassing of unauthorized users. The system also
required the installation of dampeners, in ordeminimize the effects of possible vibrations to the
building.

In order to provide treated air to the locker roptag air ducts have been installed between those
and the nanoCOOL system, located in the terrace;fanthe supply air to the locker rooms and the
other one for the return air from the locker rooffiseir dimensioning was established considering
the nominal air flow rate, a proper air velocityfided by normative and the structural constrairits o
the building.

A variable air flow rate installation is chosen tbe best possible independent control of tempezatu
and humidity. In each zone, an independent coetro#gulates a damper to control the supply air
flow rate as a function of the temperature in tbeez The fan of the AHU is controlled to maintain a
constant supply air pressuildhe supply temperature is constant and the humisliégntrolled in the
return air stream. With this regulation, each zmetpiires a damper in the main supply and return air
duct.

(Top-view) Partition

Man locker room E Woman locker room 3
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il i B 800x200 | T aoosao B " 600x300
| a ] ] 2! | | o © C
rd it:
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R.A. : Retum Air

E.A. 2 Exhaust Air
O.A. : Outdoor Air
V.D. t Volume Damper

Figure 28. Air distribution system from the terraceto the locker rooms
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Figure 29. Air ductsinstallation, damper and sensor

For the installation of the nanoCOOL system in temonstration site, a modification of the
hydraulic circuit was proposed, including a watecwanulation tank and an additional pump and
two-way valve in each of the circuits (hot and colctuits), between the polyvalent unit and the
hydraulic circuit of the HLD system. These tanksvpde inertial load, impeding that the PU starts or
stops working many times in short periods of tineglucing the life span of this equipment.

10000 b - 400 kPa

2 f 750 tank .2
= E Hot water Ol y 3 £

Figure 31. NanoCOOL system installed in the demonstration site
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After the nanoCOOL system installation, the comroisisg of the system has taken place, starting
with functional manual tests in each part of thetay, focusing specially in the new parts of the
installation:

- Air distribution system and dampers, temperatume lmidity sensors placed in the locker
rooms.

- Upgraded Hydraulic circuit with new water circutati pumps and buffer tanks, for the
revision of possible leakages, pressure tests dewednt, drainage of air, and adjustment of
manual valves.

These functional tests helped to identify some lerob which could be solved, for the successful
setting up of the system to work in automatic mddiece the commissioning process was finished, a
schedule was programmed for an automatic start-tipeananoCOOL prototype, taking into account
the swimming pool calendar.

The system includes a monitoring and control systiea act at different levels, each of which is
characterized by different time requirements andutation power. The actual control of nanoCOOL
is performed by the control system (PLC) and theAB& software. Such system is physically
installed in the demo and allows supervisory cdné&med data acquisition even remotely. It is
characterized by real time behaviour; high religbénd availability; and a relative poor calcudeti
power, tailored on the system necessities. AlthotighSCADA includes the storage of data, the
limited calculation power and memory, and the pmesecurity issues make impossible to satisfy the
need for data analysis at a satisfactory level.

The Monitoring System is conceived to be able toaee the available data from the SCADA, store
them in a larger database and making them accessibline, without interfering with control.

Multi- User
interaction (via
web interface)

C &

Monitoring
Tool + database
(CLOUD)

™™ T—
-
Lll,!' F~mm Control Room:
v "_. N SCADA
e ~
<<'/ -

nanoCOOL

Testers and O&M
users

Figure 32. Architecture of control and monitoring system

The instrumentation and actuators installed in @EMOL are used and controlled by the local PLC,
responsible of valves regulation, temperatures ffowl rates control. The PLC is connected by
Ethernet cable to the SCADA system, in charge aisueement retrievement and high level control
(it allows the facility manager to select the opieraal mode, to set a weekly time table, to disectl
control the actuators, etc). The on field valued by the PLC are stored in a database.
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The SCADA has a secure interface to internet, saltov the Monitoring System, hosted in a cloud
service, to periodically download the measuremesia.dTo avoid any external intrusion, the
connection between SCADA and Monitoring System aglenthrough a VPN.
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Figure 33. Scada of the nanoCOOL system

The monitoring system consists on a web-basedaibldifferent functionalities:
- Selection of individual parameters and list of paeters to be plotted in charts
- Customizable plot ranges and dates
- Export function of the selected data into a dowd&dde Microsoft Excel file

- Calculation of Key Performance Indicators (KPIs)

The calculated KPIs include:
- Instantaneous values
e Saturation pressure
* Absolute humidity
* Enthalpy
» Air density
* Air flow rate
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» Cooling and heating power
- Hourly values
* Cooling and heating energy

* COP values for the whole system, for PU and LDS

The nanoCOOL monitoring system is accessible withe tfollowing URL address:
http://nanocool.ridan.pl

Figure 34 andFigure 35 show screenshots of the monitoring system mainunaenl the selection and
visualization of charts.

The newest record in the cloud database: 4/6/2016 10:42:00 AM

nanoCOOL Sensor management Charts Virtual sensors KPls Reporis Layout User management

o - &1 & G B o

Figure 34. nanoCOOL monitoring web-based tool: Main menu

Figure 35. nanoCOOL web-based tool: Selection and visualization of charts

The system has been continuously running from Nden?2015 to February 2016, those four
months are considered the monitoring period. Afiter project end in February 2016, the system
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continues working and monitoring data, for furthealysis. The partners had reach an agreement to
continue nanoCOOL system monitoring for a periodtdeast two years from the end of the project.

One of the main objectives of nanoCOOL system iadioieve successfully independent control of

the temperature and humidity. For evaluating tb&ure of the system, data from different operation
days have been analyzed. According to the analygadts, nanoCOOL system shows an adequate
independent control of temperature and humidity.

In days at full load, the system does not seemesmlr the set point values, but the values are
maintained below the maximum levels fixed in thentcol system, so they are corresponding to
acceptable comfort levels. It must be taken intooaant that the system has been sized for a design

point which has been exceeded during monitoringodeiThis is allowable for an air conditioning
system.

At partial loads, nanoCOOL system regulates cdgdct maintain humidity and temperature set
point values, and the further is working from thesign values, the most variations in the supply
conditions occur to reach the set point valuesh wdériation of the coil operation between cooling
and heating mode intermittently. It is clear thed turther weather conditions from the design value

the worse is going to be the COP of the system.

The independent control of temperature and humigdityuccessfully achieved, for many different
ambient conditions faced by the system.
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Figure 36. Temperatures and humidity ratiosin the HLDS during a day with medium humidities and
temperatures.

Different control strategies have been tested dutie monitoring period. A thorough analysis of the
data coming from the real values of the monitosggtem has been developed in order to compare
the experimentally tested control strategies inaaite. In order to do that, the evolution of ambie
conditions and the internal and ventilation loadsehbeen considered in order to find the most
suitable days in which each of the strategies cbalthirly compared.

From this comparison, it is concluded that the loesitrol strategy for a proper accomplishment of
the temperature and humidity set points, is to ltheeregenerator working all the time. The other
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alternative was to use the regenerator intermiftetgpending on the density values of the lithium
chloride solution.

For the operation period, the values of the Coeificof Performance (COP) have been calculated,
achieving values of the Global COP of around 1t Global COP is defined as:

Q_total
GeneralActiveEnergy;, — GeneralActiveEnergyo_cominutes

Global COP_h =

For the cooling effect, the load of the absorbet @@ cooling coil are summed; this accounts fer th
latent (dehumidification) and sensible (coolingads. Energy consumption comprises the general
active energy consumed by fans, pumps, sensorsutacs, control boards and rest of peripherals.

It should be noted that the value of the Global GOd#fferent from the Total COP calculated during
the laboratory testing period, in which the enecggsumption taken into account was the one of the
polyvalent unit only. In the case of the demongirasite, the global installation has been takda in
account, considering energy consumption of alldixstem, which includes electrical consumption
associated with the air impulsion and return.

Based on the measured data in the pilot plantxaamolation of the whole year energy consumption
has been carried out, in order to compare it withaditional air conditioning system and evaluate
the achieved energy savings. This comparison laded in the Life Cycle Analysis (LCA) and Life
Cycle Costing Analysis (LCC) carried out.

The monitoring campaign on the pilot plant in Taipdowed performing the energetic, economic
and environmental assessment based on real daacollacted data have been used to calibrate the
theoretical energy model of the nanoCOOL systemcamndpare it with a traditional air conditioning
system.

The calculation has been performed on a single Yeasis and then scaled up to the whole
operational life of the system in the LCA and LOtalyses.

For the nanoCOOL system the calculation is basedhenmonitored data. The compatibility of
average hourly weather conditions in Taipei witla thonitored data available was checked and the
consumptions for the whole year were set up intatpg the available information with respect to
external air temperature and humidity, as welhasastimated occupancy level.

Regarding the traditional HVAC system, the energgstimed is calculated theoretically since there
IS no plant to monitor. The traditional system @anprised by an Air Handling Unit fed by cooling
water and heating water from two different heat panThe modelling equations used traditionally
by HVAC designers and the characteristic curveleaait pumps for Energy Efficiency Ratio (EER)
and COP, are included in the calculations.

Based on the performed calculations, thermal enseyyngs of around 50% are calculated, with
around 30% electric consumption savings. If rend@vabwaste heat were used, these savings would
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be even higher. These results are based on theacmmp of extrapolated data of the measurements
in the demonstration site, and the simulated eneoggumption of a tradicional HVAC system, over
an entire year. During the demonstration periodpo@DOL system faced different climatic
conditions, which have been considered represgatafi the conditions which can occur in all the
seasons. For that reason, the measured data heweskieapolated to calculate energy consumption
over a year.

Calculated electrical savings are lower than ernrgavings for two reasons:

- The presence of auxiliary devices in the nanoCO@it,present in the traditional case (salt
solution pumps)

- The different working conditions of the heat pun(iosver power set-points are characterized
by lower COPSs)

Moreover, the environmental impact of nanoCOOL exystvas calculated, using the LCA approach
according to international standards ISO 14040:2806 14044:2006. Obtained results show that
nanoCOOL solution contributes to a lesser exteatdhvironmental impact in terms of Primary
Energy Demand, Global Warming Potential, Acidifioat Potential and Photochemical Ozone
Formation.

The possible release of LiCl constitutes the mdjawback of nanoCOOL and more in general of
Liquid Desiccant Systems; especially with regards Qzone Depletion Potential (ODP) and
Freshwater Eutrophication Potential (FEP).

It was already well known since the beginning @& ghoject that LiCl carryover must be minimized.
This salt, although non-toxic, may have undesirepacts if not controlled:

- Corrosion of metals in metalic components downstresuch as rest of conventional HVAC
systems, air distribution systems, etc.
- Ozone Depletion Potential and Freshwater Eutropibicd otential.

The deep effort in developing the appropriate deanisninimized the problem without exceeding
the pressure losses and therefore the AHU fan ompisons. The principal recommendation of the
current study is therefore to never underestimatelLtCl carryover problem: the exploiter will have
to keep using the filtering technology already deped in nanoCOOL and will have to conceive all
possible ways to contain LiCl leakages during maaitufring.

During the demonstration period, a set of quesages was completed by users of the facilities, in
order to have their feedback in terms of thermahfoot, assessment of humidity levels, hygiene and
ventilation, perceived Indoor Air Quality, and sst functionality.

The received feedback from users is very positihnaing a general high punctuation; and many
positive comments with regards to the decreaseuafidiity levels in the locker rooms, increased
thermal comfort, and reduction of odors.

Another set of questionnaires was prepared and lebeapby installers, in terms of the comfort, but
also for evaluation of the installation and maiitece. The main concern of the installers was the
maintenance of the system.
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For that purpose the correspondent maintenanceslined, recommendations and references have
been provided from the nanoCOOL consortium to tiséallers and maintenance responsibles.
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Figure 37. Comfort questionnaire sample (end users)

Conclusions. Achievements of nanocool system

1) Energy savings

nanoCOOL project has achieved its main objectihe: development of a hybrid liquid
desiccant air conditioning system able to indepetigecontrol temperature and humidity,
and energetically efficient. Energy consumptiortte system during the monitoring period
(November 2015-February 2016) has been extrapoltied whole year analysis, and
compared with a traditional system for the same@se ; showing thermal energy savings of
50%, and electrical savings of 30%, when compavdti¢ simulation of a traditional HVAC
system for a period of one year.

2) Independent temperature and humidity control
This goal has been fulfilled, as according with tbperational behaviour during the
monitoring period in the demonstration site, nan@LOsystem operates automatically
controlling independently temperature and humidityhe conditioned space.
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3)

4)

5)

Improvement of air quality

Related with the previous point, air quality inner of comfort has been significantly
improved, with the possibility to control tempenawand humidity to the desired set points in
the conditioned space. Related with this, the dumsaires filled by the users show a high
degree of satisfaction related to the system ojoer.at

On the other hand, the concentration of particutadégter in the air has been measured in the
laboratory, being one of the key factors contribgtio air quality. In each of the measured
conditions, the volume of the dust meets the reguents of the maximum dust
concentrations in respect to the Ambient Air Qyalttandards for the European Union.
Besides, lithium chloride is known by its antibatkproperties, which results in cleaner and
safer air. However, this property has not been oredsduring the operational period.

Carryover avoidance. Corrosion under control

Lithium chloride carryover must be avoided, asah @cause corrosion of metals in metalic
components downstream, such as rest of conventiBVeAC systems, air distribution
systems, etc. This is one of the goals of the desidnich has been successfully achieved,
confirmed by measurements of LiCl content of the downstream of nanocool system,
showing values lower than the most restrictive axpe limits.

Development of nanomaterials for wettability andrthal conductivity improvement

One of the objectives which has been partially el is the development of nanomaterials
for two purposes: wettability improvement and thakrrmonductivity increase in heat&mass
exchangers. Developed plasma treatment has shownpaovement of the wettability of the
tubes in the heat&mass exchangers; however thjgepnpis not completely maintained over
time. This results in a loss of capacity of thetsyswhen compared to the design values.
Regarding the improvement of thermal conoductivitjpe inclusion on grapheme
nanoplatelets in the plate heat exchanger has showmprovement; but the application of
this technology in a cost effective way is not agiable for the moment.
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4. Potential impact. Dissemination activities and exploitation
of results
Potential impact

Applications benefiting from HLD systems (nanoCOQ#a)l into three categories: those that require
low humidity, require high ventilation (especiaityhumid climates), or present a high internalrate
load. Spaces requiring cool, comfortable conditiand low dew points (below 10°C) or low relative
humidity (30-50%) benefit from liquid desiccant ®mss.

Supermarkets, operating rooms, some commerciahdustrial processes, and ice rinks are prime
candidates for improved performance using this @ggr. Health care facilities, schools, and hotels
all have high occupant density and correspondiriggh ventilation requirements. Laboratories
require ventilation to eliminate toxic chemicalheBe buildings especially in humid climates, can
greatly profit from HLD systems.

ASHRAE best practice design standards call for isgpaequipment to treat ventilation and/or latent
loads. Finally, spaces with a high internal hunyidiiad such as indoor pools, health clubs, and food
processing facilities have high moisture removaumrements that cannot be easily and efficiently
achieved with conventional equipment.

For decades, liquid desiccant technology has besenadl player in the HVAC market, but with more
focus on energy conservation and improved air atiterest has rapidly increased. In the last few
years companies such as Advantix Systems, Kathabdr/AC are offering these products. As such,
the number and variety of applications using liquesiccants is growing rapidly.

In the HVAC domain there are 2 standard desiccaahriologies: Solid Wheel Desiccants and
Conventional Vapor Compression Units, the LDAC (lijDesiccant Air Conditioning) technology
boasts some key advantages over them:

1) Unlike conventional air conditioning systems, lidudesiccant systems directly absorb
humidity from the air while cooling. This reduceseegy consumption, by eliminating the
need for over-cooling and reheating the air or negating the solid wheel.

2) Liquid desiccant systems also offer the abilityinoependently control temperature and
humidity. This capability is beneficial for a widange of applications including laboratory
clean rooms, electronic chip manufacturing, in Whvery particular ambient conditions are
required.

3) LDAC systems remove approximately 91% of the ameomicroorganisms and 80% of
particles larger than 5 microns in a single passs €apability is crucial for a wide range of
applications including food processing, hospitatej pharmaceutical industry.

4) Liquid desiccant systems can be powered by renenaikrgy sources such as solar panels
and geothermal water or by waste heat from co-geinarsystems. In this case, a competing
technology is absorption cooling, which is knownle effective when coupled to solar
energy.

5) HLD systems are adequate for applications in whiehuent fluctuations of the sensible heat
ratio (ratio of sensible load to total load). Ieteensible heat ratio changes very frequently,
this is problematic for traditional systems. nan@@Osystem can cope with these variations
more easily, with an adequate independent contr@noperature and humidity.
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Unfortunately the HLD systems niche has never red¢he popularity of the standard technologies
because of two key facts:

1) Complexity and lack of knowledge: The liquid desiot technology is unfamiliar to
engineers and designers who install HVAC equipmant] to the traders that install and
maintain it.

In nanoCOOL this problem has been partially soltrethks to the adoption of non adiabatic
towers, i.e. heat exchangers that integrate twortbdynamic processes in one (absorption/
desorption and cooling / heating).

2) Carry over and corrosion: Lithium chloride producesrosion problems downstream leading
to shorter lifespan of equipment.

In nanoCOOL this problem has been solved with ssg¢bhanks to the wide adoption of
wettable plastic components and a successful anggrdemister solution.

nanoCOOL system has been able to overcome thedecawback of HLD systems, by succesfully
avoiding carryover of lithium chloride, thanks teetuse of specifically designed demisters.

However, the main drawback encountered at the étite@roject, is that presently the system is not
cost-effective, when compared to traditional HVAGtems. Usually, traditional HVAC systems are
designed as plug-and-play systems. nanoCOOL sysquires specific hydraulic cirucit design for
different installations, meaning additional costd @ffort for design, pre-testing and commissioning

The main impact in terms of socio-economics of temoCOOL development, considering
technology itself, and the potential exploitatio;,mainly related with the concept of independent
control of temperature and humidity. This fact @mtivate several technological adaptations of the
concept developed in the project to specific marketh critical demands of one or both of these
parameters control requirements.

Humidity is a parameter usually controlled indihgdhrough the cooling process, which implies
very important inefficiencies, and that can be ioyaed drastically with the technology developed in
the project. The independent management of temperand humidity opens a relevant market for
specific business that can be relevant in the hdare, with potential activity in main economic
sectors, as automotive, aerospace, or many induattivities as industrial dryers, agro food sesto
etc.

It is also relevant to say that humidity is a kagtbr on the comfort of people, which can be usteful
change the perception of comfort without altering ather condition.

These facts allow to say that beyond this projgwtre is a relevant potential impact in terms of
society and economy effects derived from the dgareknts made in the project.

Considering also the main impacts generated duhegproject at this level, the “link” between
nanotechnology and thermal systems has shown gisteatial contribution to a wider expansion of
the nanotechnology to a very huge sector of agtiwith a strong ‘local’ character, as is the HVAC
sector, which generates a very important quanfityualified employment with a very high impact
over the energy consumption and £€nissions at global level. This effect can gemelatsiness
opportunities with the proper combination of thepecialties, which has shown during the project
more connections than those that were plannedaai pmi the work plan. Wettability and surface
treatment, conductivity and mass diffusion of nabes of carbon, and corrosion avoidance have
been identified and addressed from the nanotecyp@pproach.
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Exploitation of results

During the project execution, seven Exploitatioratetgy Seminars and a Final Exploitation Strategy
Seminar have been developed, with the aim of catetolg (1) the exploitable results, (2) the

claimed background and foreground for each par{Bgrthe claimed ownership level for each

partner, and (4) the planned IPR strategy. In othends, this exploitation strategy brought as the
main output the final version of the Plan for Use ®issemination of Foreground (PUDF).

A list of Exploitable results has been identifiedthe project partners:

1) A hybrid liquid desiccant based technology for HVA@plications with cooling / heating
capability.

- Ideal markets are residential, commercial, manufagg HVAC applications with high
latent / sensible ratios and need of air purity.

- The system is conceived for stand-alone application
- Target clients are high level system integrators.

- The technology comprises 3 modules: a polyvalerdat hmump unit, the LDS, a
specifically adapted Air Handling Unit.

- Other sub-modules comprise:
= Demister solution
= Control system + SCADA
= Monitoring system
» Liquid-liquid heat exchanger
2) A liquid desiccant based unit for DESICCANT applioas.

- The product comprises 2 modules: the LDS, a spatlyi adapted Air Handling Unit. To
operate, the system must be connected to (posshbBwable) sources of hot and cool
water. The product does not have cooling capabibsif.

- The system is conceived for applications where dad/or cold sources are already
available and only dehumidification is required.

3) Falling film adiabatic heat exchanger for heat avabs transfer comprising:
- A process fiber glass tower (“Tower”)

- A non-atomizing sprinkler (“Distributor”)

- A “Bundle” of plasma treated plastic tubes cargycooled or heated water

- An advanced ant carryover filtering solution (“Dester”)

Regarding Intellectual Property Right (IPR), thiédwing rules have been established:
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Patenting option has been discarded. There wastarest from one of the partners to patent
the plasma treatment of plastic tubes but the pstiate-of-the-art search revealed that similar
processes have already been invented and, in twdgt a patent, the claims would be too
narrow.

The relevant IP, in line with what stated in then€artium Agreement, must be protected by
confidentiality: software, cad drawings, datasdif| of materials, control algorithms,
technical data sheets, installation manuals musbealisseminated outside the consortium
unless they are licensed out or sold to an approyed Party under the authorizations of the
CO-OWners.

The TBTC prototype in Taipei can be shown to ttpedties, but in case someone wants to
test it, make further R&D, take photos or receieeuinentation, the IPR committee must be
informed.

The TBTC prototype should remain operational fossdmination purposes at least 24
months (it is built to last for several years thioug

The challenge for exploiting commercially the na@f@L technology (and therefore to cross the
valley of death) is relevant due to the followirgsons identified:

The market analysis performed shows that nanoCO@tken is relatively limited since it
must be targeted to high latent / sensible apptioaf with needs of high air purity that
cannot be reached by alternative systems (unlessyastrict maintenance is provided).

Price of nanoCOOL is inevitable driven by its ldgcle costs, which are relevant and account
approximately double than conventional chilling d&@eéting machines.

nanoCOOL machine, as all LDAC technologies, is fahiliar to the HVAC engineer
community, which tends to be rather conservative.

nanoCOOL has reached all target performancesnmstef:
= Energy efficiency
» Independent T/H control
= Low carryover

=  User Comfort

However, nanoCOOL is still in TRL6: this will reqai additional R&D, which was one of the key
discussions made during the final workshop.

Dissemination activities

A Dissemination Plan has been completed, with thgative of identifying and organising the
activities performed in order to promote the conuiarexploitation of the project’s results and the
widest dissemination of knowledge from the nanoCO@bject. The plan is expanded in two
directions: towards the marketing activities in @rdo enhance the commercial potential of the
system and towards the notification of project'sutes in the scientific, EC and general RTD sector.
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Dissemination is a horizontal activity and concatgs on disseminating the results of nanoCOOL
project itself to a wide range of existing or pdiainstakeholders. Special attention has been foaid

the transfer of knowledge to Eastern European cmsnas the Liquid Desiccant Systems (LDS)
work effectively under specific conditions — hunaidd hot climate, which was proven by the system
prototype installed and tested in real scale canthtin Taiwan (lockers of a swimming pool). The

practical experience and guidance to emerge franptioject work have been of relevance to an
array of stakeholders within EC and beyond andadiier across different sectors and internationally.

The objectives of the dissemination activities wittihhe framework of nanoCOOL project are:
- To provide up-to-date information about the nanoCQ@ject.
- To improve the knowledge of nanoCOOL results inittaeistrial community.
- To share the technical results of the nanoCOOLeptayith the scientific community.
- To promote the research and receive useful inpais bther scientists and communities.

- To create strong base for future partnerships,abohations, and information exchange
between relevant communities.

- To create European communication channels withdnstry and scientific communities.
- To attract potential customers.

- To gather feedback from peers, experts, scientssgarchers, potential customers, industry,
and the general public.

The main focus for all dissemination activitiesois the energy savings, the HVAC systems, the
indoor air quality and the building sector in geleiarget groups are all players involved in a
HVAC system industry, construction and renovatioojgts:

- Public authorities (local, municipal authoritiesgting building permits).
- Investors (financial institutions, bankers, projéetvelopers).
- Service providers (engineers, construction compa8COs).

- Industry/Manufacturers (HVAC systems’ manufactuigneviders, nanotechnology sector,
installers).

- Civil society/End-users (building managers, pulblicldings owners, homeowners, housing
associations).

- Standardization/certification bodies (technical robars, National standard organizations,
health institutes focused on indoor quality envinemt).

Dissemination activities are targeted both natignahd internationally. Tools that are used for
dissemination:

- Publications (scientific, technical and economigalrnals, popular magazines, mailings
related to construction, HVAC systems, energy sgs)in

- Conferences, congresses, workshops, seminars, $orum
- Press releases.
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Fairs, exhibitions.

Internet (nanoCOOL project website, nanoCOOL wooksh website, social network
profiles).

Links to other projects.

BuildUp portal.

Leaflets, brochures, roll-up posters, scientifistgos.
Video production (project video, video from the wsinop).
Newsletter, info graphics.

Stickers for the system prototype.

Common graphic identity.

Figure 38. nanoCOOL logotype

The public websitevww.nanocoolproject.eu contains background information and has been up-to-
date with results from the project:

The content is in clear, understandable language.
The website provides private area (password pred@dor the consortium members.
Coordinator and all partners’ information are irugd.

lllustrations, designs, photos, videos and dowrdbéel informative poster, brochure are
publicly available.

Information regarding forthcoming events and cosfiees is included.
Web address is registered to search engines.

Social network profiles links and newsletter sulpgon included

Regarding dissemination material, a four page hreeland one page poster were prepared for the
nanoCOOL project in order to increase the awareoktse project.
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Figure 39. nanoCOOL project brochure

One of the key methods for the effective projessdmination was agreed to be the creation and
publication of a project promo video. The video samtation is meant to follow the successive
introduction to the strategies regarding the “WWVdmpaigns™. social media promotions,
workshops, web advertising in general. Besidesptioeno video, specific training video following
the Installation guidelines for Taiwan demo sitas been created. All videos related to nanoCOOL
project can be found on the YouTube channel prqjedfile:

https://www.youtube.com/channel/lUCVTqpBKwWDOBBLLAEIBTg

In order to raise a public awareness about nanoC@@Gject, social network profiles were created —
LinkedIn, Google+ page, Twitter and Facebook, Ydudchannel - and links were added into
nanoCOOL website. The updates and posts have beetmwously maintained, based on the
partners’ contribution (photos from disseminatiativaties — fairs, conferences, workshops, etc.).

Two important activities for dissemination have bele international workshops organized in the
scope of the project.

The first public international workshop for nanoCDgoject was organized of%September 2015

in Prague, Czech Republic; in the premises of Teah&entre ASCR. For the workshop promotion,
detailed information and registration online - gpeavebsite has been created, and can be accessed
onwww.nanocoolworkshop.eu

The event has been promoted in local area (NatiGoatact Point, Czechlinvest, Fenix website and
social network profiles, ASMP — Association of Shidédium Enterprises, Technical Centre ASCR,
BIC Brno — Business Innovation Centre Brno, HVAGm@&anies, technical universities) and in EU
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area (AMANAC, BuildUp portal, partners websites$, well as information shared on the project
website and project social network profiles.

Relevant speakers invited came from Technical usitye of Liberec, Brno University of
Technology, National Contact Point for nanotechggleand advanced materials, ENE-HVAC
project, EeB cPPP partnership board, project pestfiecnalia, Technion, D’Appolonia and Fenix.

NANOCOOL WORKSHOP PRAGUE

First MNanocool dissemination waorkshop has been  organized in
Technology Centre ASCR, Prague on 2™ September 2015 by project
partner FEMEX THNT to promaote the project and its results to the wide public
and to involve stakeholders from HVAC industry, researchers, universities
representatives, public bodies and many others to start an open
discussion about the innovation and potential which Manocool system
brings to the market

The warkshop visited 36 people, from which 10 were project partners. The
whole day session covered all the topics related to the project - energy
planning, research and innovation, Liquid Desiccant System technology,
exploitation of the project results, cluster approach, thermal exchange
challenges, nanotechnology and open discussion between all the
participants. Statistics from the workshop are described below as well as
the video sumarizing the day.

Thank you all for participation!

Figure 40. Video from workshop Prague (printscreen from the website)

A second public international workshop has beeramizged at the demo site by National Taiwan
University of Science and Technology on"2&ebruary 2016. The website dedicated to the
nanoCOOL workshops promotion was updated and tle@tewas shared also on social network
profiles, project and workshop website, BuildUp tpgr newsletter number 3 and among the
partners’ contacts.

The workshop in Taiwan included also a webinartfer European attendees who could not come
personally at the demo site. Workshop visited albdypeople on-site and by webinar.

This workshop has been a successful event, witlpdingcipation of Dr. Jonathan S. Shieh (Taiwan
Minister of Science and Technology), and many HV#&{ted stakeholders, who have shown their
interest in the developed technology, and may texésted in promoting the technology in different
applications and countries. In the same way, therdinator has been invited by the Ministry of

Economic Affairs to present the project during Ehgopean Innovation Week in May 2016.
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Figure 41. nanoCOOL International Workshop in Taiwan. Photo gallery
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