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1 FINAL PUBLISHABLE SUMMARY

1.2 EXECUTIVE SUMMARY
In the context of global climate control policidmproving the energy efficiency of existing buildim
represents a great challenge, worldwide as wedlt dise European level. Reducing the energy consampt
of buildings is nowadays preferably achieved byéasing the thermal resistance of the insulatigerlén

the building envelope.

The AEROCOINS project, in order to contribute te thture reduction of energy consumption by dedngas
heating and cooling demands of existing-buildirtss been working on the clever combination of sbl-g
science and nanotechnology aiming to advance ordésggn and development of novel super-insulating

aerogels.

The AEROCOINs project has developed new reinforecgnstrategies in order to produce mechanically
strong super-insulating aerogel composite/hybritenels. The main approaches developed are bas#don
employment of two polysaccharides materials: ceflaland pectin, respectively. These strategies ogen

possibilities for further development of superiraguig materials.

It was found in this project that the critical ssepoint when wet gels crack during Ambient Presfirying
(APD) can be found by measuring the internal pnessuolution. This valuable information can be uted
reduce the drying rate before the crack developthé current state-of-the art it is commonly assdirtinat
this point roughly corresponds to transition frohe tconstant to the falling rate period, which reemii

sample mass monitoring in situ.

For the thermal characterization of this type gy insulating materials, an optimized hot-wirethwa has
been developed within AEROCOINs, which permits tharacterization of very small samples (down to
diameters of about 27 mm). This method has beddatall by comparing it to measurement with the same

set-up on larger samples and comparing it to hateplesults.

In addition, an efficient ambient pressure dryimggess and optimization on the supercritical dryngcess
have allowed the up-scaling manufacture of aerbgealrds. Designing and fabricating a novel building
component prototype based on the developed aelikgehaterial has yield a component compatible with
conventional construction installations where theedope is part of the buildings. This building qmment
integrates low-conductive plastic-composite prafiland plasterboard renders within a multi-layer

arrangement, and it has obtained the best firsiéilzaion for organic materials: B-s1,dO.

Demonstration of the structural, mechanical andntla¢ performance of the insulating component umdat
conditions have been performed in two demo builgliig the DemoPark in Madrid and KUBIK in Bilbao)

and compared with conventional insulating materials
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1.3 PROJECT CONTEXT AND OBJECTIVES
World energy demand is expected to increase by sil% between 2003 and 2030. As it is defined ly th
International Energy Agency (IEA) the energy futdlesmand has to be a balance between the “tBs&e
Environmental protectionEnergy security andeconomic growth. Different researches have indeed
concluded that the only way to avoid a drasticéase of energy consumption is to achieve an orfder-o
magnitude improvement in Energy-Efficiency (EE)fided as the ratio between energy services provided

and energy consumed.

According to the Buildings Performance Instituterépe (BPIE) the residential stock in Europe is the
biggest segment with a floor space of 75% of thi&dlmg stock and accounts for the 68% of the téitzl
energy use in buildingsSpace heating is the most energy intensive eadausomes accounting for 70% of
the total final energy use. This is due to the that more than 40% of the European residentidtimgs
were constructed before the 1960s, when energyibgilregulations were very limited, arthve not
undergone renovations to improve energy performameaning that, these have low insulation levels and
their systems are old and inefficient. One apprdadmprove energy efficiency of buildings is tohamce

the thermal resistance of the envelope.

The development of advanced insulation technologidsr energy efficient buildings is a very promising
field. Indeed, the emerging field of superinsulatig materials for new and retrofitting buildings, thanks

to nanotechnology, has great promise to contributt this unique domain of sustainable development.

Based on the “global” assessment that silica isdbal raw material for large-scale commercial iagan
application for buildings, the present project niett its research area on a well-defined selectibn
improvement strategies for the silica-based aeragmhposite/hybrid systems. The central goal is to
capitalize on partners’ expertise and their deegpkedge of the state-of-the-art described in ttezdiure by
finding new and/or complimentary ways to manufaetauperinsulating and strong very efficient aerogel

like materials.

The main goal of the AEROCOINSs project wago develop a new composite/hybrid aerogel materiab
improve the insulating performance of existing duigs aiming at reducing their energy demands. Elenc

the main objectives were:

OGL1.- to synthesize and elaborate novel, mechanicaityng and superinsulating aerogel-based

materials via a subcritical ambient drying process.

OG2.- to design and fabricate a highly efficient amdbust _building component (based on the

developed aerogel composite and/or hybrid mateiaal)ts implementation in the external part of

the envelope of existing buildings.

1 BPIE. Europe’s buildings under the microscopeedtive summary, 2011. ISBN: 9789491143014
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OG3.- to demonstrate the significant cost reductiothef commercial production of superinsulating

aerogel-like materials and hence also of the corpin

These general objectives were expected to be ahi¢hrough the development and completion of

complementary work packages. These, were basech@rfotlowing specificscientific_and technical

objectives:

S&T O - Related to the elaboration and developmentf a composite/hybrid aerogel material.

1. To obtain a reinforced aerogel-based superinsulataterial: improvement of mechanical
properties (an improvement of up to 100 tinkessusplain silica aerogel) while maintaining
thermal conductivity at a very low leveli{ 0.018Wm'K™) by cross-linking and/or
nanodispersion concepts.

2. To promote multifunctionality of the so-obtainedpstinsulating materials: for example,

enhancement of flame retardancy with mineral naspmdision in the sol.

3. To develop a subcritical ambient drying processnimize evaporation-induced shrinkage
thanks to an optimized fine-coupling between sijtila chemistry of the silica network and
strengthening techniques (cross-linking and napedsson).

S&T O — Related to the design and development of ¢ghinsulation fagade construction component.

4. To transfer the chemical process technology of bestlidate lab-scale materials to the pilot
scale (including both, the synthesis and ambieegsure drying processes for the elaboration of

large monolithic superinsulating boards of 50 xx8Dcn? dimensions.

5. To design and fabricate a brand-new building corsporprototype based on the developed
aerogel-like material, which will need to be coniplat with conventional construction

installations for implementation into the envelqaet of buildings.

6. To design a cost-effective continuous industrigkleprocess for the production of the aerogel-

like material board.

S&T O - Related to the validation of the efficiencyof the insulation facade component and
building integration.

7. To demonstrate the thermal performance of the highkulating component under real
conditions.

8. To demonstrate the structural and mechanical padoce of the insulating component under
real conditions.
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To accomplish its objectives, tiEROCOINS project was structured into seven workpackages (it
of which address specific technical objectives (WWPR5), one of them is devoted to dissemination and

exploitation issues (WP6) and the last one to mamemt activities (WP7).
The seven WPs were the following:

The WP1- Synthesis of reinforced superinsulating aerogewas focused on the design and synthesis of
brand new superinsulating silica-based aerogels. Mhin technical and scientific objective of WPX ha
been to optimize the soft-chemistry processes Mier preparation of such superinsulating silica-based
aerogel-like materialg to promote their mechanical reinforcement @hdheir multifunctionality, without

degrading their very low thermal conductivity.

TheWP?2 - Drying and thermal conductivity optimization dealt with the development and optimization of
a robust and efficient drying process to be tramsteat pilot scale (in WP3) for elaboration ofosig
superinsulating aerogel-like boards. The main teethmbjective of WP2 was to develop an effectiab-I
scale subcritical ambient pressure drying (SAPDEess) able to minimize shrinkage and cracking during
evaporation,i) permitting to obtain 10cmx10cmx1cm monolithic aedopglates andii) well-suited for
further transfer to pilot scale. WP2 also aimeddspting standard supercritical drying (SCD) predeshe
specificities of the brand new organic/inorganitsgg/nthesized within WP1. Because of its highagree

of maturity, the SCD route would provide the sdedi‘plates of reference”.

The WP3- Pilot scale material fabricationfocused on the design and fabrication of new sopalating
aerogel board (of 50cmx50cmx1cm dimensions). Th&i® technical objectives of WP3 wajeaip-scaling
of optimized materials (at least one solution chdsem WP1-WP2)ii) to produce sufficient amounts of the
selected best-case aerogel boards for the comparemifacture in WP4 and) to perform an analysis of
the potential for up-scaling and large-scale indaistabrication of the aerogel boards. This indddhe

design of a continuous fabrication scheme and gptEimvolume and parameter dependent cost estimatio

The WP4- Aerogel-based component manufacturingdealt with the design and fabrication of new
superinsulating building components for retrofigtimstallations. The main technical objective of s
been the customization of individual aerogel bododgield a component which is compliant with cutre

insulating systems and solutions and can be usedtldiin construction.

TheWP5- Building integration and validation dealt with energy efficiency demonstration actastiand its
main objective was the integration of the compon@titained in WP4) in a demonstrator building to

validate its thermal, mechanical and structuralggerance under real conditions.

The WP6-Dissemination and exploitationaimed at finely studying the global impact of theveloped
superinsulating silica-based aerogel-like matefiasmproving energy efficiency in buildings aral set up

the academic/industrial dissemination and exploitestrategies of the outputs of the project.

Finally, the WP7-Project Managementhad as a main objective to ensure a sound cooiginand

management of the project covering administrategal and financial issues, and the relation wath EC.
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1.4 DESCRIPTION OF THE MAIN S&T RESULTS/FOREGROUNDS
The main scientific and technical results of AEROR®project are described in this section. They lsan

divided in the following categories:

Developments on the sol-gel chemistry in orderrgpare reinforced silica-based aerogel materials.

2. Characterization of Aerogel materials.
3. Development of the up-scaling process for the &ation of aerogel material.
4. Life cycle analysis of aerogel materials.

5. Aerogel-based building component design and evialuat

1. DEVELOPMENTS ON THE SOL-GEL CHEMISTRY IN ORDER TO P REPARE
REINFORCED SILICA-BASED AEROGEL MATERIALS

Different chemical strategies have been pursued tiier reinforcement of silica aerogels, based on

crosslinking and nanodispersion approaches. Hettermain achievements are described.

New strong polysaccharide and polysaccharide-silicaerogelshave been developed within AEROCOINSs.
Two polysaccharides were used for this purposdulose and pectin. Silica sol was polyethoxydisiog
(PEDS), a product from PCAS.

Cellulose-based aerogels

a) New experimental set-up for accelerating the impagion of silica sol into cellulose matrix, andostg

cellulose-silica aerogels have been developed BMINES

Strong, light (bulk density around 0.2 grand monolithic crack-free cellulose-silica comippserogels

have been prepared by impregnation of wet coagllatellulose with PEDS-based solution. The
impregnation was performed either by molecularugitbn or by a forced flow process (due to a pressur
gradient). The latter allowed an enormous decr@aghe impregnation times, by almost three orddrs o

magnitude. In both cases, nanostructured silicavgslin situ formed inside cellulose matrix pornpsit

Nitrogen (N) adsorption analysis revealed an almost threeiottlease in specific surface area, from
cellulose aerogel alone to their organic-inorgamimposite counterparts. Thermal conductivity of posite
aerogels was lower than that of cellulose aerogeltd the formation of mesoporous silica insidéutete
pores. Composite aerogels were strongly reinfoeced@ompared with the reference aerogels still keepi
high ductility characteristic of Aerocellulose (ijure cellulose aerogels): Young modulus incredse8-4

times and fracture strain remained very high, albogb.
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b) Thermal super-insulating hydrophobic and monolittelulose-silica aerogels

Hydrophobic cellulose-based aerogels and their micgaorganic counterparts were synthesized and
characterized by ARMINES. Cellulose was chemicathodified with triphenylmethyl chloride in
homogeneous conditions; composite aerogels wepaprd by impregnation of coagulated tritylcellulbge
PEDS which was then in situ gelled in the porodkilgesic matrix (Figure 1). Silica phase was sulhssgly
hydrophobised with HMDZ (hexamethydisilazane) amdnposite samples were dried with supercritical

Figure 1. Morphology  of
tritylcellulose aerogel and associated
organic-inorganic composite

The impregnation approach and hydrophobization oth bphases resulted in new organic-inorganic
monolithic thermal super-insulating aerogels witke thermal conductivity significantly below that &if at
ambient conditions, 0.021-0.022 WKi', and good resistance (in weight and volume) tos/émamidity in
the conditions studied (at 30°C and 80%RH for 2drp The obtained organic-inorganic aerogels iaedyf
nanostructured, with very high specific surfaceaafieetween 600 and 800%m depending on synthesis
parameters), and highly hydrophobic, with watertachangles 133-135°. Tritylcellulose aerogelshagaly
compressible, with zero Poisson’s ratio. The meidaduproperties of composite organic-inorganic gets

are strongly improved as compared with pure sdieagels.

c) Nanofibrillated cellulose dispersion route

Compounding of PEDS gels with unmodified, maleibyairide esterified and TEMPO oxidized NFC works
in principle, yielding monoliths via supercriticalrying; mechanical reinforcement in compression is

nonexistent but in tension there is a 50% improvéme

=
S

o
\\}\\\ i

Figure 2. .Cellulose-silica aerogels prepared from nanofiied cellulose (EMPA)

d) Cellulose foams route

Since a poor dispersion of the cellulosic fibersilita sol was observed, an alternative route dea®loped

by EMPA for compounding of PEDS gels with unmodifend silylated modified NFC foams. The approach
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uses freeze drying of nanofibrillated cellulosepresence of MTMS. The E-modulus of the composites
increased, but fracture toughness remained the samas slightly lowered. Thermal conductivity vedu
were around 0.016 W/(m K) at room condition for t@mposites reinforced with the MTMS modified
foams, while values significantly higher (0.018ZD0VN/(m K)) were obtained for silica reinforced kihe

unmodified foams.

Figure 3. Cellulose-silica aerogels reinforced with silylatdBC foams (EMPA)

Pectin-based aerogels

Pectin based aerogels can be obtained applyinglerking and nanodispersion approaches:

e-1) 100% pectin strong and monolithic thermal supstHating aerogels via cross-linking

Pectin-based aerogels were synthesised via crddadi of pectin with C& by ARMINES. Finely
nanostructured Aeropectins with extremely low diesi(0.02 — 0.06 g/cthwere thus obtained, showing
high specific surface areas (200-306.g1). Such Aeropectins are able to sustain up to 86-3frain
without breaking. The associated thermal condugtiid remarkably low, 0.015-0.023 W/(m.K) at room
conditions (Figure 2). This fully biobased aerogethus completely falling in the range of truerthel

super-insulating materials.

40 -
35 -
-;30 ] \ air thermal conductivit
L e Tl Rt
E
220 1 .1_ ]
E ' Silica Aerogel B T 4
<15 1 «* Figure 4. Aeropectin morphology (rlght) and
1 Aeropectin o thermal conductivity of Aeropectins and
10 1 Aeropectin-silica S . . f . f
1 compasite organic-inorganic composite as a function o
5 ] bulk density (left). Data for silica aerogels
1 p (g/cm?) (Bisson et al, J Non-Crystalline Solids, 350,
OF—— " T T T T T T 379-384 (2004)) are added for comparison.
0 0.05 0.1 0.15 0.2 0.25

e-2) Pectin route via nanodispersion

In the nanodispersion approach pectin biopolymes &lso been employed. Using one-pot mixing of
dissolved pectin with sodium silicate, monolith&cfin-silica aerogels with super-insulating projsrcould
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be obtained via SCD; the thermal conductivity valeé¢ the resulting composites range from 0.016-0.02
W/(m K).

reference 5%

X SN
. 3 s unEs e

A= 16.6 16 15.6 17.8 mW/(mK)

Figure 5.'One-pot’ pectin-silica aerogels designed by EMPARMINES

f) Super-insulating pectin-silica aerogels.

Pectin-silica composite aerogels were preparednvsegnation of pectin matrix, using the same apgino

as developed for cellulose-silica composite aemgdereby the silica phase was hydrophobized. Highe
density as compared to the neat Aeropectin (0.0015 g/cm), and huge specific surface area (800-850
m’.g') were obtained. Pectin-silica aerogels were alggesinsulating with the conductivity 0.015-0.023
W/(m.K) (Figure 5). The contact angle with waterswaround 135° and humidity uptake was strongly

decreased as compared to neat Aeropectin at the gamditions.
2. CHARACTERIZATION of AEROGEL MATERIALS

Several characterization tools have been employedtife characterization of the developed aerogel
materials and also for optimizing the synthesistetries in reducing the thermal conductivity ofcail
aerogel based composites on one hand and imprawieg mechanical properties for handling and

application on the other hand.

For the thermal characterization of this type ofify insulating materials, an optimized hot-wirethoel has
been developed by ZAE within AEROCOINSs, which pesrthe characterization of very small samples
(down to diameters of about 27 mm). This methoddesen validated by comparing it to results dernwet

the same set-up on larger samples and compatiodpdt-plate results.

Structural and mechanical characterization wasopedd to provide first trends in terms of the two
contributions, solid and gas phase thermal trangpdhe overall thermal conductivity (see Figuje After

a cross validation of the methods with lab scalapes provided by the AEROCOINs partners, aerogel
samples were analyzed with respect to their thepmtgderties at ambient conditions as well to t@ung’s
moduli.
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‘Young'‘s modulus ~

&, . backbone connectivity
%, 2.5

f
Le &)
thermal transport as a superposition of solid phase

&
£ transport (green) and gas phase transport (blue)
) 3}}) specific surface area~
backbone diameter/pore size

Figure 6: The measurement of the Young's modulus and thefgspB&ET-surface area (pore size) provide quargitie
that allow for an identification of trends in termiscontributions to the total thermal conductivitybe expected. The
later can also be measured at ambient conditiggresenting a superposition of the solid phase b@adjas phase
contribution. The two effects can be separated bgsuring the gas pressure dependence of the theomduictivity
A(p), with A(p=0)= Asoiig-

The evaluation of the thermal conductivity of soaerogels reinforced witkinyl polymers (prepared by
TEC) reveals that the thermal conductivities agmeined at ambient conditions decrease with dersityn
to about a density of about 150 kd/amd then saturate at 0.013 to 0.014 W/m K. In otlases, i.e. some
aerocellulose-based aerogels, high thermal condtiesi are obtained due to a combination of a Hight

transport along the solid phase and a large fractionacropores also present in the composites.

In general, for theanofibrillated cellulose based aerogels the incorporation of individual Nfges into
the aerogels yielded materials with poorer or emjeit mechanical properties; the elastic modulus wa
observed to decrease slightly, while no change etgerved in the compressive strengths. However, th
tensile properties were observed to increase bytdib% with the addition of lower concentratioigNg-C.
The presence of the fibres does not affect themhlkerconductivities of the aerogels or increasednthe

slightly.

In the case o€ellulose foams routecombined with supercritical drying, the presenteirmmodified NFC
foams within the silica aerogel caused a deteimmabf the mechanical properties, as exemplifiedthmsy
gradual decrease in elastic modulus (E), compresdiength and fracture strain with increasing NR&>s
fraction. A significant improvement of mechanicabperties is observed when the silica is interpated
with silylated NFC foams. In comparison with thderence silica aerogel, these composites display a
maximum increase in E of 55 %. All composites digpd thermal conductivities of 0,020 W/m-K or less

which makes them superinsulating materials.

For the supercritical driegectin based aerogelsin general, the elastic modulus (E), compresstwength
and fracture strain strongly depend on pectin logdand pH fabrication value. The most significant

improvement of the optimized composite displayednarease in E, final compressive strength anddrac
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strain of 9.4 MPa/ 27.5 MPa/ >80%. All compositespthyed thermal conductivity values below 0.017Wm
'K, which shows that they are true superinsulatingeras.
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Figure 7. (a) Strain-stress curve (b) Thermal conductivilyGompressive strength and (d) E modulus of the
supercritical dried NFC foam reinforced PEDggP>paerogels synthesized at different pH values.

3. DEVELOPMENT OF THE UP-SCALING PROCESS FOR THE FABRI CATION OF
AEROGEL MATERIAL

An ambient pressure drying process (EMPA) has lomreloped and applied in the manufacturing of
aerogel boards in AEROCOINSs. The reactors weretoaeted from corrosion resistant (HCI) grade sesasl
steel and are designed for 22 samples of 50x50%2pembatch. The main steps for the fabricatiothef
boards are as follows:

Stage 1: Sol-gel process: In a first step, labescatipes were adjusted to the large scale reaatwtshe
gelation and aging processes optimized. In a tyjiatch, 190 liters of the sol with 30% of the PERS:2
precursor content (55.1L) was stirred with ammamid then transferred into the gelation reactor.

AEROCOINs_Final Report_V9
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Stage 2: Gelation and aging process of the aexmgeposites: After keeping sols at°65for 2 hours, the
gelation and aging proceeded simultaneously andhydeogel blocks were lifted for checking the sg#n
and removing the extra gels between plates.

Stage 3: Hydrophobization process of the aerogabposites. After aging, the hydrophobization of ¢jeds
is initiated by using HMDSO (the HMDSO can be rdegcfor next batches use) with catalytic amount
HCI/Ethanol solution for 15 hours.

Stage 4: Ambient drying of the aerogel composiédter hydrophobizaton, the gels are dried employtimg
drying profile: 3 hours at 150°C.

Figure 8. Fabrication of ambient pressure drying of the pxgie board of aerogel: (A) the hydrogels movedajuhe
aging container (B) wet gels moved to modificatieactor (C) silylated gels take out from modifioat(D) aerogels

after drying.
4. LIFE CYCLE ANALYSIS (LCA) OF AEROGEL MATERIALS

An LCA assessment for the production of silica getansulation has been developed and compared with
conventional insulation materials made from oihoneral bases.

Life cycle analysis has been performed for twaailaerogel production routes: for ambient dryind for
supercritical drying processes, respectively. (Edetme scope of AEROCOINs was the development of
ambient drying process, supercritical drying has &leen employed).

The LCA assessment is made according to the basicides of LCA methodology (ISO 14040/14044).
The main goal was to use the data from Europeas Cyficle database (ELCD) but due to the limitatibn o
this database, the LCA has taken also existinptitlee data.

The assessment covers also some variation in raeriaaroutes and electricity production method.
Normally the life cycle of a product assessmentecsall the phases of the product life but asithegsnovel
product and thus its environmental impact sizeaskmown, only production phase (A1 — A3) and globa
warming potential (GWP) is taken into consideratidhus the assessment covers life cycle stages from
“cradle to factory gate” including information frormw material supply, transportations, manufactyh
products and all upstream processes.
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Total GWP for aerogel life cycle stages Al - A3GWP impacts for the aerogel life cycle stages A43—

(raw material acquisition, transportation and puitun) calculated per 0.11%w@erogel board for ambient

drying- and 0.06 rhfor the supercritical product. The result is shawiable 1,

2 and injError! No se encuentra el origen de la referencia.

Table 1.GWP results for the aerogel production (0.1%). fBlectricity, which used in production procesas tiow GWP
(140 g/kwh). Production life cycles are: raw-madbri(Al), raw material transportation (A2) and aeloproduction
(A3). Al considers that virgin HDMSO is used by 7a%d virgin ethanol is used by 2%.

Total,
Al A2 A3, low A1-A3, low Relative
kg CO.e | kg CO.e | kg CO.e kg CO.e impact, %
Sol gel preparation 50 9.5 0.74 60 52 %
Gelation and aging 5 0.0063 0.71 5.2 5%
Hydrophobization 33 0.33 2.0 35 31 %
Ambient drying 13 13 12 %
Total, kg/0.11 n?
aerogel 88 9.9 17 114 100 %
Total, kg/kg aerogel 7.3 0.82 1.4 9.5 100 %

Table 2. GWP results for the supercritical aerogel produrctimatch size 0.06 $ Electricity, which used in production
process, has low GWP (140 g/kwh). Life cycles sag-materials (Al), raw material transportation JAhd aerogel
production (A3). Al considers that ethanol and ieppnol is recycled and only 1% of virgin substaiscesed.

Total,
A3, Al-A3,
Al A2 low low
kg kg kg kg Relative
CO.e CO.e CO.e CO.e impact, %
Sol gel preparation 22 4.2 26.2 31%
Gelation and aging 3.1 0.98 3.2 5%
0.001
Hydrophobization 2.8 8 2.8 3%
Total for production 50.6 50.6 61%
Total, kg/0.06 n?
supercritical aerogel 28 5.1 51 83.3 100%
Total, kg/kg supercritical
aerogel 4.2 0.78 7.7 12.6 100%

GWP share for Aerogel life cycle
Al-A3

8,6 %

W A1, material

mA2,

transportation
A3, production,

low
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Figure 9. GWP share for Aerogel life cycle A1-A3.respectividy ambient drying and supercrithical drying protu
Electricity used in production produced with low GW

The assessment is also made for the aerogel useGWP result is compared on the level of building
components with alternative insulation solutionsil(hng components with traditional insulation nméés

with the same performance and for the case of @iwv with 100 mm additional aerogel in Northern or
Southern Europe use). Figure 8 shows the exampdmefgy saving, which is presented for one analysed

case.

Annual heat losses and savings compared to mineral Annual heat losses and savings compared to mineral
wool structure, Finland wool structure, Spain

60 50
[ e PEE

1

1

1

1

50 +

, PURsavings
2

40 -

Aerogel savings
31 kWh/m 2

PUR savings Aerogel savings

30 1 ZKWh/m 2 8 kWh/m?2

20 +

Annual heat losses,
kWh/m 2
Annual heat losses,
kWh/m 2
N
o

10 +

0 -

100 mm mineral 100 mm PUR+ 100 mm aerogel + 100 mm mineral 100 mm PUR+ 100 mm aerogel+ 2
wool + 1 gypsum 1 gypsum board 2 gypsum boards wool + gypsum gypsum board gypsum boards
board board

Figure 10. Annual heat losses and savings compared to thenb®@nineral wool insulation, cases Finland and Spain

5. AEROGEL BASED BUILDING COMPONENT DESIGN AND EVALUATION

A building integration framework has been generasedit is directly linked with the format in whighe
material/building component is available. The dedinntegration framework targeted at internal ia8ah
systems for building retrofitting, as this applioat provided the most suitable environment for the

competitive advantage of superinsulation: reducedai space in locations with space constraints.

Several alternatives were discussed, and integraifolaminated aerogel boards in plasterboard based
solutions was approached. However, when manufadiests were conducted with up-scaled aerogel
processes, this solution was evaluated inadequatéuli-scale deployment, and an alternative buidi
component was proposed. This finally developeddingl component integrates all the elements neealed f
the building integration of aerogel boards, asdbrporates all the elements previously defineplaatsof the
construction system for building integration. Tlaf version of the prototype consists of: 2 aeldgards
closed between two polymeric profiles and covenedioe side by the reflexive cover and on the o$ia

by the plaster board (Figure 11).

Figure 11.Prototype selected for the further studies
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In AEROCOINS, a novel approach has been providethéouse of structural reinforcement profiles for
internal insulation systems. State of the art driernal insulation systems rely on metal or wooden
profiles/studs to mechanically bear the system i@mdler. Along the project, it was realized thatsthe
solutions tend to produce relevant thermal brid@eces (above 30% reduction of insulation capacyen
used in highly insulated fagades, and traditionalt®ns are not applicable when highly insulatmagterials
such as aerogels are used. Therefore, TEC hasdpphstic composite based solutions which proade

high performing solution to this problem.

The moisture performance was also evaluated agargleThis issue was approached through the evatuat
under typical construction environments by VTT, whassessments in typical building applicationseund
cold and warm climate conditions were performece foisture performance principles, required pradact
means against moisture loads and the moisture niskbe aerogel applications were studied. Only the
performance of AEROCOINs aerogel materials werelisty other materials were assumed to have safe

moisture performance in the presented assembly.

Example of simulation performance is presentedigufeé 12. In this simulation performance in Malaga
(south Spain) was examined in undamaged compddge.effects of different structure and small dasgg

were investigated both in Finland and Spanish dler@nditions.

30 ——MIg_noh_1.5k-a-15k_s_ext ——
——MIg_noh_1.5k-a-1.5k_s_int

0 365 730 1085
Days, start Oct. 1st

Figure 12. Simulation of relative humidity values for the exte (ext) and interior (int) surfaces of aeroge¢rtmal
insulation under Malaga climate (south Spain).

To verify used parameters in simulations also erpemtal investigation was performed. In these thet
aerogel component was subjected to different mastoadings and moisture behaviour was followed.
Example of these tests is presented in Figureriiéhd test, component is subjected to 95%RH mastar
the test, a moisture barrier prevents moisture raotation. Even small nail or drill hole did not cau

dramatic weakening in moisture behaviour.
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Figure 13. Panel interior humidity when subjected to higlatigk humidity in moisture barrier side.

According to simulations and measurements the on@stamage risks were higher in cold northern ¢éma
than in warm climate conditions. This is due to higher temperature and partial vapour pressuréigmts
in structures and the also the lower drying capafithe structures under cold conditions. Thefferdinces
set also different requirements for the protectdraerogel insulation layer under different climédads,
something to be considered for further designeobgel-based materials.

On the other hand, concerning the fire retardaopgnties of this type of materials, indicative $ng
Burning Item (SBI) test and inflammability test weperformed by TEC. Organic modified silica-based
aerogels developed in AEROCOINs ignited very quicks$ soon as the burner was on. Hence, the peak of
the heat release was very high. Once the orgamichpans, the inorganic part starts to fall dowiisT
phenomenon should be considered the final of tis¢ taccording to EN13823 standard and an E
classification would be declared). The sample ditlignite neither propagate after the applicatibrihe
flame. However, the building component based on dkeogel materials has obtained the best fire

classification for organic materials: B-s1,d0.

AEROCOINSs has evaluated the performance of aenmogétrials in two demo buildings, KUBIK in Bilbao
by TEC and DemoPark in Madrid by ACC, respectivdlgst set-ups were constructed and monitorization
campaigns performed over roughly 6 months whereotherall thermal and mechanical performance of
building components was evaluated. Results from oshestnation reached the performance obtained at
laboratory scale, and that in all cases superiteliassemblies were obtained.

Aerocoins

Test &

Figure 14.Left: External view of the test set-up for Aerocoinshest Kubik test facility in Bilbao (Spain). Right:
DemoPark in Madrid, Spain.
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1.5 POTENTIAL IMPACT, MAIN DISSEMINATION ACTIVITIES AND
EXPLOITATION OF RESULTS

The DISSEMINATION EFFORTS undertaken within the AEROCOINs project were aimat
communicating and disseminating the relevance amgbitance of super-insulating materials aerogels,
mainly for the building application. Over last ygathe European Commission has boosted innovative
measures to improve Europe’s energy efficiency tandontribute to the objectives 40-27-27 by 2030
Specific Directive§ energy labels and standards for products saveeynahich can partially result in new
job creation. Under this context, AEROCOINs has enat communicating the developments of high

insulation performance aerogel based materialsloleed within the project.

Dissemination activities were deployed at two levalonsortium/project level as well as by individua
project partners using their own dissemination ale#n and networking relationships. Below the main

dissemination channels and respective activitiegldped within AEROCOINs are presented.
Project website and mailings

AEROCOINSs project web siteMvw.aerocoins.euwas created as a primary source of informaticsuaithe

project activities and its key outputs. Some visualerials that have been presented there inclubécp

deliverables, information on relevant events,distlissemination activities, and list of publicai#o

Mailings as a dissemination channel were also uSaétce the creation of AEROCOINs website it has

received a total of 8.023 visitors, with a 72.2%nefv visitors and a 27.8% of returning visitors.
Restricted access zone of the web site

To ensure proper dissemination of project outcoamengst project partners, a restricted access wase
created within AEROCOINs web site. All key docunentestricted deliverables, working presentations,

minutes of the meetings have been uploaded fomakteonsortium use.
Workshops and Conferences
Two AEROCOINs workshops and a final conference Hzaen organized.

i) 1 AEROCOINS workshopiSuperinsulation Aerogel Materials for Energy Efficiency” wasorganized
by ARMINES and TECNALIA on the 19of June 2012 in Sophia Antipolis (France).

The goal of the workshop was to engage externaleawi and industrial experts together with Aerosoin
partners in scientific and technical discussiond @xchanges concerning the opportunities arisiog fthe
current demand in Europe for Energy Efficient Matlsr particularly focused on superinsulating aeloge

materials for strategic sectors (building, spacg, ...

2 Change our Energy System - Decarbonisation Ereugyply System - A policy framework for climate asmergy in the period from 2020 to 2030
— COM(2014) 15 http://ec.europa.eu/clima/policié8@documentation_en.htm

3 Directive 2012/27/EU of the European parliamert af the Council of 25 October 2012 on energycedficy
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More than 30 persons from Finland, France, GermBoiand, Portugal, Spain and Switzerland partieghat
to the work-shop. There were about 10 represeetatitom companies, and also from agencies related t

building industry. About 20 participants were frgumblic research laboratories and universities.

The work-shop showed a lot of interest from allypls, both at industry and academy levels, invoinetie
development of efficient insulation materials farilding envelopes applications. The presentatioesew
followed by questions and discussions; the exclmmge hot topics continued during lunch and poster

presentations.

i) 2™ AEROCOINs Workshop Migh Performance Thermal Insulation (HPI) 2013 - Towards Near
Zero Energy Buildings’ organized by ZAE and TECNALIAt the Energy Efficiency Center (EEC), ZAE
Bayern (Wirzburg, Germany) on the 27728 November 2013.

The focus of the workshop was specifically morecompetitive insulation systems and integration eath

than materials synthesis.

In particular, the workshop aimed at bringing tbgetthe people in the field of thermal insulatibaijlding

physics and architecture to:

» Present recent developments in terms of insulatiaterials and components suited for building

applications;

* Address problems to be solved upon integration aomdbination of new components towards

zero energy buildings;
» Give an overview over current demo-activities;
» Discuss degradation and recycling issues relategxbgeneration buildings.

90 participants from all over Europe attended therkehop. The attendees were from industries (30
companies), universities and research institut€s. (1 particular, all AEROCOINs partners as wedl a
partners from the Nano-E2B Cluster attended th&symp. The attendees came from 16 different Europea
countries (e.g. D, F, NL, DK, GR, N, E, B, SVN, BE, CH) as well as Hong-Kong.

The workshop attracted a lot of interest in patéicérom industries and partners in Nano E2B prigjethe
vivid podium discussions at the end of each dayelbas during coffee breaks and the dinner redi@the

current importance of the workshop’s topics.

During the workshop the following key points forghi performance thermal insulations (HPI) were

addressed; hereby high performance insulation whsedl by thermal conductivities < 0.02 W/(mK):
1) performance & handling
a) thermal conductivity

b) costs (added values, e.g. comfort for example wsipect to moisture)
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¢) handling (easy to handle on construction site)

d) installation (time needed for installation, compatserequired for installation that reduce the
overall performance of the thermal insulation materspecific training of architects and

craftsmen)
2) characterization of HPI components (homogeneitysi@measurements)
3) building regulations, standards (extensions req@ire

4) long term stability of thermal and mechanical prtips of hanomaterials based HPI such as VIP
cores, fumed or precipitated silica boards, aesog@ligh surface energies, stability of

hydrophobization)
5) recycling
6) health risks, public acceptance

In the current phase, costs and handling issuekegreharacteristics that represent thresholdsrhest be
overcome to allow introduction of HPI into the metrkin the second phase, installation related #pic

standards and long term stability as well as puldimeptance have to be addressed.

iii) The Final Conference was held in the frame of the VII International @oess on Architectural
Envelopes organized by TECNALIA on the 27%2May 2015 (www.http://icae.hei-tecnalia.comThe
conference was organized together with AMANAC Glustvww.amanac.euin which AEROCOINSs is

taking part very actively.

On the 27 an AMANAC entitled session was organized in whkIBROCOINSs project presented some of
its developments. On the 2@ Fire Workshop took place. The full agenda fer ¢onference can be found
on the following webpagédttp://www.icae2015.com

The main objective of AMANAC session was to disseaite, promote, raise awareness on the latestgesult
and the technologies developed within the clustajepts with the main focus put on the envelope
application. Several participant projects gavesalound the following topics:

» High performance insulation systems based on akbaged materials.
* Nano-based HVAC systems

» Buildings with low embodied energy materials

» Lightweight materials and components for constoscti

» New materials/composites/paints for a Healthieoarcenvironment

 New materials for Smart windows

AEROCOINSs project presented the next three presenta
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Mechanically robust pectin-silica nanocompositagels: potential materials for thermal
superinsulation

S.Zhag, A. Demilecamps A.Rigacct, L.Hubet, T. Budtova,*, M.M. Koebef' *

! _ab. for Building Energy Materials and ComponeBs|PA, CH:*MINES ParisTech, Centre de Mise en
Forme des Matériaux, FranddINES ParisTech, Centre procédés, energies renablesl et systems

énergétiques, France

Full scale performance evaluation of Aerogel prasland systems for building insulation
Ignacio del Vall Roberto Garay2, Ewa A. Zukowsk&Llinate Goiti2

! Acciona Infraestructuras, SpafriTecnalia Research & Innnovation, Spain

Bio-aerogels: new promising materials for thermgdesinsulation

Cyrielle Rudaz, Arnaud DemilecampsGeorg Poutr Margot Alves, Arnaud Rigacdj Christian
Beaugef, Claudia Hildenbrarfd Gudrun ReichenaugfTatiana Budtova

Centre for Materials Forming (CEMEF), MINES ParisfigFrance’Centre procédés, énergies renouvelables
et systemes énergétiques (PERSEE), MINES ParisTeahce; Bavarian Center for Applied Energy Redgarc

Germany

The main objective of Fire Workshop was to makeoe@rview on the fire aspects related to the bugdin
components and systems, and for doing so, theafimitptopics were addressed:

* New trends in fire-retardant materials

» Reaction to Fire and Resistance to Fire Testingraladed European Regulations: Challenges for

advanced Materials
» Fagade and Structural fire Testing: State of theaAd future needs

» Computational tools for Fire Research: Potentiatslank to Performance based Codes.

The vivid podium discussions at the end of each aayvell as during coffee breaks reflected theerurr
importance of the conference topics.

This type of events represents a good opportuaitigseminate and also increase the impact ofribjeqts
such as AEROCOINSs as the promising applicationss asd advantages of materials such as aerogéis in
building envelope were presented in front of a vaddience composed of companies related to artinigdc
envelopes and their components; Architectural angirteering studies; Facade manufacturers; Devedoper
and builders.

Participation at conferences, seminars, workshopsutside the project framework

AEROCOINSs consortium members took part in up t@vénts organized in different part of Europe. bist

these events are included in Table A2.
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Peer-reviewed publications

Six scientific papers have been published so fandexed journals. A seventh paper has been regcentl
submitted and additional ones are expected to bmitted in the following months. The list of papéss

presented in Table Al.
Awards

ARMINES received an award from ADEME (French AgefayEnergy and Environment) in innovation for
materials for energy for 2014, based on the workop@ed on BIOAEROGELS within AEROCOINSs. (see

http://www.pollutec.com/prix-techniques-innovankes).

Within AEROCOINS project a number BXPLOITABLE RESULTS have been identified:

ER1 Trityl cellulose aerogels and their silica-based composites

ER2 Pectin-silica one-pot

ER3 Hot-wire characterization method suitable for small samples

ER4 Profile-based facade insulation system for highly insulating materials

ER5 Method of identification of critical stress point in ambient pressure

drying

ER6 Knowledge for analysis, simulation procedures and sheltering principles

New reinforcement strategies for silica aerogeR{End ER2)

AEROCOINs have developed new reinforcement stragefpir the silica based aerogels. These approaches
are aiming at improving the mechanical propertiesilica aerogels to obtain aerogels via ambiegtndy

process.

An innovative cellulosic route to elaborate somafoeced silica-based superinsulating materialglatscale
has been developed by ARM. The processing is basetnpregnation of nanostructured hydrophobic
cellulose matrix with a silica sol and gelation time porosity of the superinsulating silica gel. The
corresponding product does not present yet thetedghermal conductivity and is still dried in sugritical
conditions but the achieved level of conductivdyeally promising (20 mW/m.K) and the basic meatein

properties are significantly increased.

As alternative and innovative ‘one pot’ route ofnfercement, cross-linked silica network with pacti
biopolymer has also been explored for the elabmmaif strong super-insulating aerogel compositeerias

by ARM and EMPA. The main innovation is ‘one-poghshesis route, based on inexpensive sodium slicat
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SEP and PCAS industrial partners could be intergsti exploiting these results, however, therenissaue
of importance, that is a common baseline in th@ &feaerogels , the high cost of the precursorsifsta
materials. This aspect could retrieve/delay thdatgtion of these two results mainly for the apgtion of
the resultant aerogels, at least in the buildirgjose Therefore it is an important aspect to coesid future

developments.

Hot-wire characterization method suitable for smealinples

A modified hot-wire set-up was developed by ZAEttakhows analysis of thermal conductivity for small
samples down to about 3 cm in diameter at heighdbofut 1 cm. The method was validated within the
AEROCOINS project.

Profile-based facade insulation system for highBulating materials

State of the art dry internal insulation systemg om metal or wooden profiles/studs to mechanjcbéar
the system and render. These solutions tend taipeogklevant thermal bridge effects (above 30%ataiu

of insulation capacity) when used in highly insathfacades, and traditional solutions are not eablée
when highly insulating materials such as aerogets wsed. The profile system employed by TEC is
independent of the aerogel material developed IrRBEOINs. Its target technical niche covers the
integration of any superinsulation material (AERQ®HP), or insulation materials below a threshofd o
1<0.020W/niK.

Method of identification of critical stress poimt ambient pressure drying

TUL has developed a method that identifies thacatitstress point when wet gels crack during Ambien
Pressure Drying (APD). The method is based on dper@nental analysis performed in a tunnel that can
measure drying kinetics of solvent saturated getieuvariable conditions and measure internal press

gel as a representative of stress formation inside.

Knowledge for analysis, simulation procedures dwaltsring principles

New materials have properties that differ from itiadal materials, therefore, the building physics
behaviours are also different. Reliable and vetifsgmulation is one result of this research workhimi
AEROCOINs. This can be used in all new superingaatmaterial concepts and also in different
applications with different superinsulation matkxigso it is not dependent of the material develemnin
the project. Major risk in this result is if theagsparameters in simulation are not practical thistcould be

dealt by doing sensitivity analysis.

AEROCOINs_Final Report_V9 -24 -



AEROCOINs Grant Agreement N° 260141

FINAL REPORT

CONTACTS AEROCOINSs

Visit AEROCOINs webpage/ww.aerocoins.eu

e

\[o} BENEFICIARY NAME CONTACT
1 FUNDACION TECNALIA RESEARCH & INNOVATION Dr. Eunate Goiti
Spain eunate.goiti@tecnalia.com
ASSOCIATION POUR LA RECHERCHE ET LE
France
EIDGENOESSISCHE MATERIALPRUEFUNGS- UND ]
Dr. Matthias Koebel
3 FORSCHUNGSANSTALT EMPA ]
) matthias.koebel@empa.ch
Switzerland
4 TEKNOLOGIAN TUTKIMUSKESKUS VTT Dr. Markku Leivo
Finland Markku.Leivo@vtt.fi
S Poland zdzislaw.pakowski@p.lodz.pl
BAYERISCHES ZENTRUM FUR
6
ZAE EV Gudrun.Reichenauer@zae-bayern.
Germany
; PRODUITS CHIMIQUES AUXILIAIRES ET DE SYNTHESE SA Dr. Pierre-Andre Marchal
France pierre-andre.marchal@pcas.com
8 SEPAREX SA Dr. Eric Francais
France efrancais@separex.fr
9 ACCIONA INFRAESTRUCTURAS S.A. Ms. Ewa Zukowska

Spain

ewaalicja.zukowska@acciona.com
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2 USE AND DISSEMINATION OF FOREGROUND

FINAL REPORT

SECTION A (PUBLIC): DISSEMINATION

This section describes the dissemination measwleiding scientific publications relating to foregnd.

PART Al: SCIENTIFIC PUBLICATIONS

In table Al the peer reviewed publications from ABROINSs are included.

Table Al. Scientific (peer reviewed) publications

Title of the Year of
. e Numbe ) _ Relevant
N° Title Authors periodical or the Publisher | publica
. r ) pages
series tion
Mechanical
i J.C.H. Wong
properties of _
S Microporous and
monolithic silica H. Kaymak _
1 Mesoporous 183 Elsevier 2014 23-29
aerogels made from| s Brunner _
o Materials
polyethoxydisiloxan
M. M. Koebel
es
Cellulose-silica A. Demilecamps
composite aerogels | G- Reichenauer _ 2625—
2 . . Cellulose 21 Springer 2014
from “one-pot” A. Rigacci 2636
The Mechanism of
Moisture R.Adamski,
3 | Transport in a Ge| Z-Pakowski, prying 32 (11) Taylor& | 14 | 1266-1268
Cylinder A.Kaminska Technology Francis
A. Demilecamps
C. Beauger
Cellulose-silica . Carbohydrate
4 C. Hildenbrand 122 Elsevier | 2015 | 293-300
aerogels A. Rigacci Polymers
T. Budtova
Multiscale assembly] S. Zhao Advanced
5 | of superinsulating Z.Zhang Functional 25 | Wiley 2015 2326-2334
silica aerogels G. Sébe Materials
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within silylated R.-Wu
nanocellulosic RV.Rivera
Virtudazo
scaffolds: improved P. Tingaut
mechanical MM. Koebel

properties promoted
by nanoscale
chemical

compatibilization

Xerocellulose:
lightweight, porous | G- Pour, C. _
) Beauger, A. J Materials .

6 and hydrophobic Rigacci, T _ 50(13) Springer| 2015 4526-453

t Science
cellulose prepared | Budtova
via ambient-drying
Mechanical and
] J. C. H. Wong
Thermal Properties HK ‘
. Kayma i
of Nanobirillated ) Microporous and

7 P. Tingaut Mesoporous Submitted Feb 2015  Elsevigr
Reinforced Silica M. M. Koebelf
Aerogel Composites

S. Zhao,

W. J. Malfait,
Strong, Thermally | T. Budtova,
Superinsulating, A. Rigacci,

g Biopolymer-Silica | A. Demilecamps It will be submitted
Aerogel Hybrids by Y. Zhang, in June 2015
Cogelation of Silicic S. Brunner,

Acid with Pectin | - HUPer:
P. Tingaut
M. M. Koebel
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PART A2: DISSEMINATION ACTIVITIES

List of all dissemination activities: conferencemrkshops, flyers, presentations, posters, etc.

TEMPLATE A2: LIST OF DISSEMINATION ACTIVITIES

o Main ) ) Size of Countries
N° | Type of activities* Title Date Place Type of audience’ ]
leader audience | addressed
Workshop % Scientific Community
Brussels European
1 Short oral presentation TEC 1st Workshop on Impact of the EeB PPP November Industry 100 _
2010 (Belgium) Union
Dr. Maria Moragues Policy Makers
Conference Sustainable Energy Week. Energy Scientific Community
_ Efficient Buildings PPP: long term 13 June Brussels European
2 Short oral presentation ACC , o Industry 100 .
roadmap, synergies and potential in 2011 (Belgium) Union
o ' ' Scientific Community European
3 Publication TEC E2B Project Review 2011 July 2011 - - _
Industry Union

4 A drop down list allows choosing the disseminatmtivity: publications, conferences, workshopsbweress releases, flyers, articles publishedérpthpular press, videos, media briefings,

presentations, exhibitions, thesis, interviewsndil TV clips, posters, Other.

5 A drop down list allows choosing the type of pubBcientific Community (higher education, Resejrirdustry, Civil Society, Policy makers, Mediawiltiple choices' is possible.
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Policy Makers

Scientific Community

September Industry Internation
4 Press Release TEC
2011 Policy Makers al
Media
Scientific Community
. October Industry Internation
5 Aerocoins Flyer TEC
2011 Policy Makers al
Media
5 Publication AR EPNOE - European Polysaccharide October Scientific Community Internation
Announcement Network of Excellence — Newsletter 2011 Industry al
Scientific Community
, , November Industry Internation
7 Web site TEC www.aerocoins.eu
2011 Policy Makers al
Media
Scientific Community
_ _ November Industry Internation
8 Aerocoins KoM Video TEC
2011 Policy Makers al
Media
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The Parliament Magazine, Issue 338

THE RESEARCH REVIEW - FOCUS on

21

Scientific Community

Publication Industry European
9 TEC NANOTECHNOLOGIES November 80.000 )
Announcement 2011 Policy Makers Union
http://www.theparliament.com/digimag/iss .
1e338 Media
o Faculty of Civil Engineering and January o ,
10 | Flyers Distribution TUL , Scientific Community Poland
Architecture of TUL 2012
Scientific Community Internation
Aerocoins short TUL WEB-Page al
, January Industry
11 | announcement on TUL’s SEP | http://www.p.lodz.pl/bmpn,podmenu,menu , European
2012 Policy Makers .
Webpage 367.tul_in fo 7_index.htm Union
Media France
Meeting 7.8
Coimbra Scientific Community European
12 | Short oral presentation ARM | AerSus Kick-Off Meeting February ~20 .
2012 (Portugal) Industry Union
Dr. Arnaud Rigacci
Wi , 16 I .
13 ZAE , , ) February Mincen, (Germany) Germany
Flyers distribution energetischen Sanierung von Geb&uden 2012 Industry 60-100
Meeting
14 . EPNOE - European Polysaccharide 6-7 March Sophia Antipolis | Scientific Community European
Short oral presentation ARM ) ~20 i
Network of Excellence — Meeting 2012 (France) Industry Union
Dr. Tatiana Budtova
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Workshop

Scientific Community

14-15
15 . 2nd Workshop on Impact of the Energy- Brussels European
Oral presentation TEC . o March Industry ~20 _
efficient Buildings PPP 2012 (Belgium) Union
Dr. Maria Moragues Cénovas 0 Policy Makers
Scientific Community Internation
al
Link of Aerocoins web page SEPAREX WEB-Page March Industry
16 SEP - - European
on SEPAREX Webpage http://www.separex.fr/index.php/news 2012 Policy Makers Union
Media France
ZAE BAYERN WEB-Page Scientific Community
Project Description and Link of Gernan
17 | Aerocoins web page on ZAE | ZAE hitp:/fwww.Zae 2012 - - Speakers
BAYERN Webpage bayern.de/querschnittsthemen/nanomateri Policy Makers Countries
alien/projekte/aerocoins.html Media
The Parliament Magazine, issue 346 Scientific Community
18 | Publication Suistainable Building & Construction 16 April Industry European
TEC 2012 - ~80.000 .
Announcement http://www.theparliament.com/digimag/iss 0 Policy Makers Union
ue346 Media
International Conference Scientific Community
. International symposium on 26 April Brussels Internation
19 | Oral presentation TEC , . . Industry >250
"Superinsulating Materials" 2012 (Belgium) al
Written publication
AEROCOINs_Final Report_V9 -31-




AEROCOINs Grant Agreement N° 260141

FINAL REPORT

Dr. Maria Moragues Canovas

International Conference

S 10t International Symposium on 13-16 May . Scientific Community Internation
20 | Flyers distribution SEP B , San Francisco (USA) >250
Supercritical Fluids 2012 Industry al
Dr. Michel Perrut
International Conference
Flyers distribution
_ NICOM 4 - 4th International Symposium 20-22 May Crete o . Internation
21 | Oral presentation TEC , , Scientific Community >120
on Nanotechnology in Construction, 2012 (Greece) al
Written publication
Dr. Maria Moragues-Canovas
International Conference
_ NICOM 4 - 4th International Symposium 20-22 May Crete o . Internation
22 | Oral presentation EMPA , , Scientific Community >120
on Nanotechnology in Construction. 2012 (Greece) al
Dr. Mathias Koebel
BUILDING UP PORTAL Scientific Community
Project Description and Link of SUPERINSULATION MATERIASL .
_ Industry Internation
23 | Aerocoins web page on the TEC COMMUNITY June 2012 - >120 |
Policy Makers a
BUILDING UP PORTAL http://www.buildup.eu/links/community/26 .
315 Media
24 | Aerocoins General Poster TEC June 2012 - Scientific Community -
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Industry
Policy Makers

Media

Scientific Community

Aerocoins General Industry
25 . TEC June 2012 - -
Presentation Policy Makers
Media
Scientific Community
Internationa Conference
INDUSTRIAL TECHNOLOGIES 2012 19-21June Aarhus Industry >100 Internation
26 | Aerocoins Poster TEC
http.//industrialtechnologies2012.eu/ 2012 (Denmark) Policy Makers al
Flyer Distribution
Media
International Workshops
19 June Shopia —Antipolis Scientific Community >30 Internation
27 | Aerocoins Oral Presentation ALL 1st Workshop AEROCOINS
2012 (France) Industry al
Aerocoins Poster
Scientific Community
o , , European
28 | Publication TEC E2B Project Review 2012 July 2012 - Industry - Uri
nion
Policy Makers
i . 28-30 ientif ,
Oral presentation Conference « Centenary of education in . . Scientific Community European
29 ARM . o November lasi, (Romania) 50 _
Dr. Tatiana Budtova chemical engineering » 2012 Industry Union
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Seminar Seminar on AEROGELS (ISASF-2012) 6-7 Nancy European
30 TEC December SC, | 100 _
Poster communication Properties-Manufacture-Applications 2012 (France) Union
Poster presentation Seminar on AEROGELS (ISASF-2012) 6-7 Nancy Scientific Community Internation
31 ARM December 100
G. Pour Properties-Manufacture-Applications 2012 (France) Industry al
, 6-7 S ,
Oral presentation Scientific Community Internation
32 ARM | Seminar on AEROGELS (ISASF 2012) December Nancy (France) 100
A. Rigacci, C. Beauger Industry a
2012
28
o ) , , All sectors related to )
33 | Flyers distribution ACC Fair GENERA 2013 February Madrid (Spain) _ >100 Spain
Construction
2013
Workshop 12-13 Scientific Community
. 3 Workshop on Impact of the Energy- Brussels European
34 | Oral presentation TEC o o March Industry 30 )
efficient Buildings PPP 201 (Belgium) Union
Dr. Maria Moragues Cénovas 013 Policy Makers
Oral presentation American Chemical Society conference, 7-11 April Scientific Community Internation
35 ARM New Orleans (USA)
Dr. Tatiana Budtova Cellulose division 2013 Industry al
Scientific Community
. Industry Internation
36 | Nano-E2B-Cluster - Video TEC May 2013 >100
Policy Makers al
Media
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Oral presentation . 16-21 June Pisa Scientific Community Internation
37 _ ARM | European Polymer Federation conference 2013 1200
A. Demilecamps (Italy) Industry al
Oral presentation N .
Scientific Community
Flyers Distribution TEC 18-20 June Dublin European
38 EuronanoForum 2013 201 Industry >100 Uni
Dr. Eunate Goiti, Dr. Maria ACC 013 (Ireland) . nion
) Policy Makers
Moragues Cénovas
t - [ -
Oral presentation fetFrance-Japan Symposium on Green 26-27 June Scientific Community Internation
39 ARM Materials and Advanced Characterization 2013 Nancy (France) |
iaacci a
A. Rigacci, C. Beauger (GMAC2013) Industry
Oral presentation 18-20 June Scientific Community Internation
40 TEC | Euronanoforum 2013 Dublin, Ireland 50
E. Goit 2013 Industry al
Scientific Community
o , , September European
41 | Publication TEC | E2B Project Review 2013 Industry _
2013 Union
Policy Makers
34 EPNOE International Polysaccharide
Oral presentation ARM Conference *POLYSACCHARIDES AND 21-24 Scientific Community Internation
42 POLYSACCHARIDE-DERIVED October Nice (France) 450 |
i a
A Demilecamps ZAE | PRODUCTS FROM BASIC SCIENCE TO | 2013 Industry
APPLICATIONS”
Oral presentation 3¢ EPNOE International Polysaccharide Scientific Community Internation
, 21-24 :
43 ARM | Conference  “polysaccharides ~ and Nice (France) 450 |
T. Budtova , , October Industry a
polysaccharide-derived  products  from
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basic science to applications” 2013
Real scale thermal assessment of Scientific Community
. . . Autumn European Energy
44 | Publication (Communication) | ACC | @dvanced insulation materials. Innovation Industry +1000 EU
Collaborative research success story. 2013
Medias
. 5 I .
Oral Presentation Superinsulating Materials: state of the art . Scientific Community Internation
45 TEC Webi November Web Seminar 210 |
iti ebinar a
E. Goiti 2013 Industry
. High Performance Thermal Insulation
International Workshop 27-28 o )
_ (HPI) 2013 - Towards Near Zero Energy Scientific Community Internation
46 | preparation ZAE o November | Wiirzburg (Germany) >80
Buildings Industry al
2013
(2@ Workshop AEROCOINS)
High Performance Thermal Insulation
Poster presentation A. (HPI) 2013 - Towards Near Zero Energy 21-28 Scientific Community Internation
47 Derni ARM Buildings November | Wirzburg (Germany) >80 |
emilecamps a
p 2013 Industry
(2@ Workshop AEROCOINS)
26-28 Internation
48 | Oral Presentation (invited) TEC | World Suistanable Energy Days February Wels (Austria) Oral Presentation >100
2014 al
Oral presentation ARM | 247th American Chemical Society national Ic/lgri(r)] Dallas. USA _ Internation
49 | 1 Budotva ZAE | meeting, cellulose division 2014 ’ Oral Presentation al
50 | Oral Presentation SEP 14”.7 European Meeting on Supercritical | 18-21 May Marseille (France) | Oral Presentation >100 Intemation
Fluids 2014 al
51 | Invited Lecture at CIMTEC | ARMIN | Aerogel materials for energy 10-13 June | Montecatini, ltaly | |nyited Lecture at| 90-100 | internation
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2014 ES 2014 CIMTEC 2014 al
Oral presentation at
Oral presentation at Xl . . . Xl International .
52 | International Conference of | ARM New thermal superinsulating - materials | 13-18 July Moscow, Russia Conference of Internation
. from pectin based bio-aerogels 2014 al
nanostructured materials nanostructured
materials
Identification ~ of  solvent  transport 2497
IDS'2014 International Drying coefficient in silica gel during convective Scientific Community, Internation
53 . TUL : , , August Lyon, France 300
Symposium ambient pressure drying - R.Adamski, 2014 Industry al
Z.Pakowski, A.Kamiriska
, . . Experimental investigation of sorption 24-21 o . .
54 ISD?nZ(())l?unlqnternatlonal Drying TUL | isotherm and surface of silica hydrogel — August Lyon, France ﬁgﬁg:lﬁc Community, 300 Iar:ternatlon
ymp R Adamski, Z.Pakowski, A.Kamiriska 2014 i
, ARMIN o ,
Oral presentation at French- Nanostructured organic-inorganic 27-29
] ES o ] French and
55 | Romanian Conference on , cellulose-based aerogels for thermal |  august Pitesti, Romania Academy 100 ,
(with . , romanian
Polymers superinsulation 2014
ZAE)
Oral presentation at “NIMS EMPA ffgg_ezcﬁgfeyr igge),g fvystglefafenjgﬁﬁge 28 August, Tsukuba Ibaraki, Oral Presentation, 100 Internation
56 | Technical Seminar’ 9 9 9 2014 JAPAN Academy al
solutions
Oral presentation at
International Seminar on Pectin and pectin-silica aerogels: new
ARMIN o , , 6-7 october .
57 | AEROGELS - 2014 Es promising  thermal  super-insulating 2014 Hamburg, Germany | Academy and industry 200 All
Properties-Manufacture- materials
Applications
Oral resentation at Aerogels as high-performance insulation 6-7
58 P . EMPA | materials: preparation techniques and | October Hamburg, Germany | Academy and industry 200 All
International Seminar on ; ; .
mechanical reinforcement strategies 2014
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AEROGELS - 2014

Properties-Manufacture-

Applications
Invited talk at European- ARMIN 14.16
Japanese conference on ES Bio-based aerogels: a new generation of , Europe and
59 ) ) ) ) ) october Berlin, Germany Academy 100
cellulose and functional (with thermal super-insulating materials 2014 Japan
polysaccharides ZAE)
. NEDO (New Energy and Industrial | 22 October .
60 | Oral presentation PCAS Technology Development Organization) 2014 Tokyo Industrial 100 Japan
Oral presentation  at From efficiency to renewables and storage | oo -1 o
g1 | International Seminar on EMPA | - Sol-gel materials for integrated building 2014 Wiirzburg, Germany | Academy and industry >100 Al
Sol-Gel 2014 solutions
Oral presentation at French ARM ) ) ) 24-28
62 i , Bio-aerogels pour la superisolation . .
National Conference (with thermi november Montpellier, France | Academy and industry 1000+ France
ermique
MATERIAUX 2014 ZAE) I 2014
Invited Conference at French ) ) . ) 24-28
, ARM Superisolants thermiques a pression , ,
63 | National Conference o november Montpellier, France | Academy and industry 1000+ France
atmospheérique
MATERIAUX 2014 2014
ARMIN
Invited lecture at_“Polymer ES . , 7-10 _
4 , Bio-based aerogels: a new generation of , , Internation
6 Energy, Materials, (with , , , january Orlando, USA Academy and industry 100
\ thermal super-insulating materials al
Nanotechnology ZAE) 2015
Invited lecture at French work-
shop « Bio-based materials for ARMIN Overview on bio-based thermal super- 18 march )
65 |7 , ES , Lyon, France Academy and industry 50 France
high-performing thermal insulators 2015
insulators and super-
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insulators”

Invited lecture at French work-
shop « Bio-based materials for

66 , i ARM | Overview on conventional thermal super- | 18 march .
high-performing thermal , Lyon, France Academy and industry 50 France
, insulators 2015
insulators and super-
insulators”
ARM
Invited lecture at “Biopolymer - 15-17 april Slovenij Gradec, Academy and Internation
67 ) , P , y ) (with Bio-aerogels P ) , y 100
Materials and Engineering ZAE) 2015 Slovenia Industry al
Oral Presentation on VI
. ARM, . _ " . .
68 International Congress on JE Bio-aerogels: new promising mateirls for 27-22(?1lglay Donostia, Spain Industry, Academy Internlatlon
Architectural Envelopes ICAE thermal superinsulation a
2015
69 | Short Oral presentation on EMPA n?ﬁggg:]wa”}{ robust pf(f\tm'f"'?l 27-29 May Donostia. Spai Industrv. Acad Internation
ICAE 2015 ARM composite aerogels: potentia 2015 onostia, Spain ndustry, Academy al
materials for thermal superinsulation
. Full scale performance evaluation of .
70 | Short Oral presentation on ACC, s 27-29 May . . Internation
ICAE 2015 TEC aerogel productsiniﬁclja?i)(/)sntems for building 2015 Donostia, Spain Industry, Academy al
Experiences and challenges for the
Oral presentation on ICAE development of architectural systems 97.29 Ma Internation
| 2015 TEC when increasing insulation levels and y Donostia, Spain Industry, Academy
. . . 2015 al
P. Elguezabal incorporating energy harvesting & heat
delivery systems
i 4 . . 0 . 0
Oral presentation rgsentatlo_n on th . Application of superinsulation materials .
72 | International Building Physics TEC into real world facade retrofittin 14-17 June Turin. Ital Academy and Internation
Conference” actua‘gons g 2015 1Ay Industry al
Roberto Gary
Oral presentation on Full scale performance assessment of 3-4 .
73 | ‘Conference on Advanced TEC |advanced materials in architectural | November | Bern, Switzerland Internation
velop 2015
Roberto Garay
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SECTION B: USE OF FOREGROUND

This section specifies the exploitable foreground provide the plans for exploitatiofll these data can be public
or confidential; the report must clearly mark non-publishable (confidential) parts that will be treated as such by
the Commission. Information under Section B thatas marked as confidential will be made availahl¢he public
domain thus demonstrating the added-value andiyo#ipact of the project on the European Union.

PART B1:APPLICATION FOR PATENTS

There are not applications for patents, trademarks, registered designs, etc (thus table B1 is empty).

TABLE B1: LIST OF APPLICATION FOR PATENTS, TRADEMAR KS, REGISTERED DESIGNS, ETC

Type of IP Rights: Patents, Application Subject or title of Applicant (s) (as on the
Trademarks, reference(s) application application)
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PART B2 (CONFIDENTIAL ): EXPLOITATION OF FOREGROUND

In the following table AEROCOINs exploitable resutire recorded.

FINAL REPORT

Type of | Description Confi- Foreseen Exploitable | Sector(s) of| Timetable, Patents or| Owner &
- . - . 7 .
Exploitable of  exploitable dential embargo product(s) | application commercial | other IPR | Other
6 . . . .
Foreground foreground Click on date or or any other | exploitation | Beneficiary(s)
YES/NO | dd/mmiyyyy measure(s) use (licences) involved
Trityl cellulose ARM as
F.41.1
aerogels and owner
Development
Technology | their silica- + PCAS &
of building
based SEP as
. projects
composites beneficiaries
Aerogels based
F.41.1
on cross-linked
Development
Technology | pectin and ARM
of building
pectin-silica
projects
aerogels
The
products EMPA &
F.41.1 are quite ARM as
Pectin-silica Development| promising, owner
Technology No Product
one-pot of building but further SEPAREX,
projects R&D ZAE as
activity is beneficiaries
needed
M74.9 -
Other
Hot-wire
professional,
Service characterization ZAE
scientific and
method

technical

activities

2 A drop down list allows choosing the type of forgnd: General advancement of knowledge, Commerxjrbization of R&D results,
Exploitation of R&D results via standards, expladatof results through EU policies, exploitationresults through (social) innovation.

" A drop down list allows choosing the type secddACE nomenclature) :
http://ec.europa.eu/competition/mergers/cases/inder_all.html
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F4l.l 2 years of
Development | time to
of building market due
Profile-based .
pI‘OjECtS to
facade
i i M71. certification
Technology/ insulation .
Architectural | féquirements
system for | TEC
Service i and according to
highly
i ; the
. ) E
insulating ngineering
i activities: Construction
materials
technical Products
testing and Regulations
analysis (CPR)
M74.9 -
Method of
Other
identification of
professional,
Technology | critical stress No TUL
scientific and
point in ambient
technical
pressure drying
activities
Knowledge for
M71.
analysis,
Architectural
simulation
Technology and VTT
procedures and
Engineering
sheltering
activities
principles
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In addition to the table, in the following pagestiier information about the exploitable foregrouadrovided,
including the purpose, how the foreground might ébgloited, IPR exploitable measures, potential/etqub

impact.

Exploitable Result 1:Trityl cellulose aerogels and their silica-based aoposites

Description: Development of soft strengthening psses, based on impregnation of hydrophobic wétlost
network, permitting to synthesize strong superlatgg ornagic-inorganic composite aerogel. Themmanovation

is in use of hydrophobized biobased matrix forithpregnation with silica-based sol.
» Linking strengthening strategies with biobased (bptiobized) solutions and fast impregnation prangss

» Significant mechanical reinforcement of silica ags by soft chemistry.

» Thermal conductivity can reach 0.020 W/m.K

Market: The new aerogels developed is associateéd amsuring that buildings become increasingly gyer
efficient. This clearly represents a next genenaterogel product including some biobased fracpotentially
permitting to improve environmental impact. The ketrvolume should be >10M EUR in the building irsidn
markets for 2020.

Impact on the construction and related industse@st targeted but other niche “insulation” maridere greener

products are necessary could also be addressed.

Time to market: 5 to 10 years after the end ofgrgect if thermal conductivity level is improvedrther and if

processing route is simplified.

Prospects/Customers: Mainly, cement/lime basedyatadanufacturers — insulation industry plastertoar

IPR & Exploitation claims:

Table 3. IPR and Exploitation Claims: Trityl cellulose aerogels and their silica-basethposites

IPR Exploitation Claims
B F M U L
ARM ARM PCAS ARM
ZAE SEP SEP SEP
SEP

Exploitation routes: ARM: Publications and/or fuethscientific research at lab scale and/or indaistrainsfer

and/or patent. Industrial partners SEP and PCAdcbelinterested in using it.

Risks: New patent from a competitor. There is aeothisk which is associated with the high cost lo¢ t
precursors/starting materials. This aspect coulieke the exploitation of this result mainly fdret application of

the resultant aerogel in the building sector.
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Exploitable Result 2: Pectin-silica one-pot

Description: As alternative and innovative ‘one’ gotite of reinforcement, cross-linked silica netlwavith pectin
bio-polymer was used to elaborate strong supetatiag aerogel composite materials. The main intiowais
‘one-pot’ synthesis route, based on inexpensiveusodilicate. The composite displays an improvedmaaical
property: E modulus shows 5 times higher than #ference, final compressive strength presents nouse
increase ~ 20 times higher than reference, andcdimeposite can be compressed up to 80% strain. Bherm
conductivity presents no obvious increase (15.6¥22/m.K with varying ratios of pectin) as comparedthe
typical silica aerogels. Such cross-linked aercgehposite shows less dust release, which may kasmhcerning

of “nano” safety. The new material is associatetthwensuring that buildings become increasingly gnefficient.

This clearly represents a next generation aeragelygt.

Market: The products are quite promising, but fertR&D activity is needed. The market volume shdagd>10M
EUR in the building insulation markets for 2020.

Applications: Acoustic & Thermal insulating matdsidor building & pipeline insulation but niche nkats in drug

delivery, shock absorption, filtration, spill clegnshould also be considered.

IPR & Exploitation claims:

Table 4.IPR and Exploitation Claims: Pectin-silica one-pot

IPR Exploitation Claims
B F M U L
ARM ARM PCAS ARM EMPA
EMPA EMPA SEP EMPA
ZAE SEP SEP
SEP

Exploitation RoutesEMPA and ARM: Publications and/or further sciemtifesearch at lab scale and/or industrial

transfer and/or patent. PCAS and SEP: Patent, Dirduastrial use, technology licensing

Risks: Some technical risks are identified: asghlkation period is quite long at low pH, so fagesgh gels only can
be dried under supercritical condition. Potentraeivention:Working at slightly higher pH or try to accelerate
gelation by adding crosslinking agents As for ER1, there also exists the risk which isoggated with the high cost
of the precursors/starting materials. This aspextidc retrieve the exploitation of this result mgirfor the

application of the resultant aerogel in the buiigsector.
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Exploitable Result number 3: Hot-wire characterizaion method suitable for small samples

Description: For thermal characterization of higimgulating materials, ZAE optimized the hot-wirethnod so that
very small samples (down to diameters of about 2id) mould be analyzed. The method was validated by

comparing it to measurement with the same set-uprger samples and comparing it to hot-plate tesul

Market: Market requested by R&D departments of cammps and science during materials developmen
irrespective of their field of final applicatiom iparticular in a screening phase where only ssethples are

available. The set-up could be provided via a tla¢amalysis company transferring the ZAE know-how.

IPR & Exploitation claims:

Table 5. IPR and Exploitation Claims:Hot-wire characterization method suitable for srsalnples

IPR Exploitation Claims
B F M U L O
ARM EMPA -- -- -- ZAE
EMPA ZAE
ZAE
ACC

Exploitation Routes: ZAE: Publications; improvemenfthermal analysis techniques. Service for théamalysis.

EMPA: Publications and/or further scientific resgaat lab scale.
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Exploitable Result number 4: Profile-based facadenisulation system for highly insulating materials

Description: State of the art dry internal inswatsystems rely on metal or wooden profiles/stodfi¢chanically
bear the system and render. These solutions tepobtluce relevant thermal bridge effects (above 88dtiction
of insulation capacity) when used in highly insethfacades, and traditional solutions are not eaple when
highly insulating materials such as aerogels aegl.uBlastic composite based solutions provide a pegforming

solution to this problem.

Applications: Cement/Lime based product manufactureplaster, plasterboard, blocks, bricks, rdestifinishing

composite tiles

Market: There is a clear trend towards energy iefficsolutions in the construction sector. Highigulated facades
are one of its main vectors. Insulation materiafufacturers as Isover, Rockwool, Ursa, Basf,...cagdcend-

users.

IPR & Exploitation Claims:

Table 6.IPR and Exploitation Claims: Profile-based facade insulation system for highgulating materials

IPR Exploitation Claims
B F M U L O
TEC TEC TEC TEC
VTT ZAE VTT VTT
ZAE ACC
ACC

Exploitation Routes: TEC: Consultancy in the depatent of architectural systems and to architectpiliot

projects/solutions. VTT: Using and modificationtbé developed results in further research and dpedlwork in

the future.

Risks:
Market factors: 1) Market price cost is too higlen@ngency plan: Selection of different profile glipr. Reduce
the amount of different profile geometries to irage production levels. 2) Delay obtaining a cesiion.

Contingency plan: Direct link to national testingdeassessment bodies

Technical factor: Performance failure in one oresal/ of the basic requirements in the ConstrucBooducts

Regulation. Contingency plan: modification of desig
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Exploitable Result number 5: Method of identification of critical stress point in ambient pressure dring

Description: It was found in this project that @ritical stress point when wet gels crack duringbfent Pressure
Drying (APD) can be found by measuring the inteqmr@ssure evolution. This information can be usecketluce
the drying rate before the crack develops. In theent state-of-the art it is commonly assumed thet point
roughly corresponds to transition from the constemtthe falling rate period, which requires samptass

monitoring in situ.

Market: Growing interest in aerogel-like materipfeduction by APD method. Determination of dryirapditions

of monolithic gels in APD
Time to market: Ca. 3-5 years after project connphet

IPR & Exploitation Claims:

Table 7.IPR and Exploitation Claims: Method of identification of critical stress poimt ambient pressure drying

IPR Exploitation Claims
B F M U L @)
TUL TUL TUL TUL TUL TUL
PCAS

Exploitation routes: Services and test facilityypded by TUL and PCAS: further scientific reseaathab scale.

Risks: Market factor: Offer of similar service byrpeting labs. Scope and type of potential intefgan

Improvement of the method resulting from ongoingerech
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Exploitable Result number 6: Knowledge for analysissimulation procedures and sheltering principles

Description: New materials have properties thafediffrom traditional materials. So the building plos
behaviours are also different. Reliable and vetienmulation results are one result of this redearork. This can
be used in all new superinsulation material corezdptimerical simulation and analyse is widely ategpnethod

of verifying performance in building physics. Newdwledge can be used to help new materials to rharke

Market: It could be utilised in addition of traditial building industry also in industrial, energgdaarctic
applications. Cold temperature applications areifigtance cold storages, LNG and Arctic applicatioHigh
temperature applications are in energy productamsindustrial processes. Material industry, congpbmdustry,

structure owners, designers.
Time to market: Ca. 1 year after project completion

IPR & Exploitation Claims:

Table 8IPR and Exploitation Claims: Knowledge for analysisulation procedures and sheltering principles

IPR Exploitation Claims
B F M U L O
VTT VTT - VTT - VTT
ACC ACC

Exploitation routes: VTT: Direct use of result iasearch and development work. It will also be shgd for

reference.

Risk: Technical factor: Major risk in this resuls if the used parameters in simulation are not tjmalc
Contingency plan: Doing sensitivity analysis andidaging used parameter values from literature prelious

analysis
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