EUROPEAN UNION

@ REPUBLIC OF SLOVENIA _

MINISTRY OF EDUCATION, ‘b"': AND INVESTMENT FUNDS
SCIENCE AND SPORT é INVESTING IN YOUR FUTURE

Mid-term evaluation

Title of the programmePotential of biomass for development of advanced materials and
bio-based products
Acronym of the programmé&iM P

S4 priority areaNetwor ks for the transition to the circular economy

Evaluator:
Gijsbertus De With
Eindhoven University of Technology

Eindhoven, the Netherlands

General:
The present report will follow closely the guidamgiven, as indicated before each section.

The evaluator’s task is to evaluate the progrestenby specifidResearch and development
programme (RRP) with regard to the objectives outlined in the pobjproposal, objectives
set by the call as well as the future prospectshefprogramme’s results of the research
activities. The Report should not be shorter thgages and not longer than 10.

1. Introduction: basic data on the project and mid-term evaluation

The original proposal and associated mid-term tepbthe project under discussion
were provided about a month before the date oétaduation, held in Ljubljana, May
7 and 8, 2019. This provided ample time to readntlagter in sufficient detail before
the meeting. The project deals with a well-integgdaproject to assess and exploit the
possibilities of biomass leading to raw materialsddvanced functional materials and
bio-based products. This is an important and tinadjective for which no further
arguments have to be given here. The interrelatipesof the various parts are nicely
illustrated with a scheme showing their dependendi@e aim and goal of the project
was also clearly explained in the introductory preation.

Initially the program consisted of 19 partners dfietn 10 industrial, but 7 others
(of which 6 industrial) joined the program. This@lead to the expenditure of 283 fte
(instead of the 206 fte as foreseen in 2016). Coantly, 53 researchers were
employed, as compared to the targeted 21. In thentime 12 theses have been
completed and a considerable number of publicatiassissued

A few general remarks. The project proposal asigealis rather extensive and
from the logics of constructions, one is easilytrdisted from the red line. This is
probably a result of the guiding lines given totesra proposal for this program. As |
am not informed about that, | will not address tissue further. However, the mid-
term evaluation report remedies this to a largermxby being, generally speaking,
concise and to-the-point. At a certain number atp§, the comments in the report are
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relatively general, but that, on its turn, has bemmedied quite adequately with the
presentations during the mid-term evaluation meetin

2. Assessment of the progress made with regard to the objectmatined in the project
proposal of the programme and it's research andldpment projects:

2.1

2.2.

General observations with regard to mid-term report and visit

The mid-term report is generally clear, but somesrmaomewhat superficial. However,
missing information was provided quite adequatelyrih my visit and also
afterwards answering the (small) list of remaingquestions. The atmosphere during
the visit was relaxed and clear answers were peolviduring the discussions. | also
liked that, at a few occasions, researchers did agpee with each other in my
presence, which | consider as sign of strengtbhduld also be said that at one or two
places a clear indication was given that a cettaeof inquiry was (is) stopped. This
is also a good sign in my view, as this type oforéptry to provide all too often that
“everything is alright”, which is, of course, haydver the case.

The overall connections between the various paftth® program are clearly
indicated in the schematic structure as providedhan proposal. Not everything is
connected to everything (as sometimes is claimedese occasions) but an adequate
connection exists between many parts while a feangfing ends” get a clear input
from the more connected parts.

More of a suggestion for future reports, readingidecome easier if, after the
summary of what has been done, directly the resmitsassociated discussion would
have been presented. This is likely a matter dfruetion to the researchers. At the
same point, a request for an overview of paperdighddl and presentations given
should be included in the instructions.

Key highlights: which achievements stand out in your opinion
For bio-based raw materials there are generalgnaréther important issues that have
to be addressed. First, availability and puritytieg raw materials. Natural materials
tend to have a relatively large variation in cheahmomposition, impurity content and
morphology. As modern materials and products requypically high quality,
meaning constant composition combined with hightputhe use of bio-based raw
materials (co-)depends crucially on their qual®gcond, bio-based raw materials are
generally more polar as compared to their synthetimterparts. This often lead to a
more hydrophilic behaviour as is desired. Thir@naatic building blocks are typically
less abundant and using less of them typically detw lower glass transition
temperatures. This, fourth on its turn, influengeserally the mechanical properties
in the sense of yielding a lower modulus, a lonandness and larger deformability.
Therefore the action to set up a data base withafhygopriate properties of
available materials and an indication of the reepigpecifications is highly relevant to
make proper choices. Furthermore, as lignin coelduoned to a valuable source for
aromatic compounds, this aspect is highly apprediathe results on the bio-fibre
based materials, such as the reinforced polymey $R&wing comparable properties
as compared to glass-fibre while introducing exsllirecyclability and the isolation
materials, | also consider as excellent. Anothpeesworth mentioning, is the overall
process and energetic analysis. For viable explomtaf the processes involved such
an analysis is imperative in my view in such aegnated project. It has led to (more
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than) prototype drying and combustion equipmentwshg considerable energy
savings.

2.3.Changes: if any changes were made to the project, do ysesasthem as reasonable
and sufficiently well elaborated
The work on the sensors on paper was stopped.€Eisem for that were already given
in the report but have been elaborated somewhdeiuin the response to list
inquiries afterwards. The arguments given are solidy are related to the intrinsic
moisture sensitivity of cellulose products and theavoidable variations humidity
under application conditions. | think the decisism proper one.

2.4.Work plan till the end of the project (comment how realisicts implementation)

The remainder of the work to be done until the ehthe project was not specifically
addressed for each of the work packages. Howeran the results obtained so far
and the related discussions, my impression is &dair fraction of the results

promised in the project proposal will be reallyaibed. Most of the things still to be
done flow naturally from what has been achievedfaso Hence, | do not expect
serious “surprises” in the remainder of the projeoe that will influence the overall

performance of the project.

3. Roleof the partnersin the project: your assessment
Possibly the most important aspect of partners aoraplex project such as the one
presently discussed is that the partners trust ettedr. Although this is difficult to
assess during a (short two day) meeting, thereeatain signs that are indicative for a
positive assessment. One of the good signs istlieatifferent researchers do not
always agree with each other during such a meelihiz was certainly the case for
this evaluation meeting. Another good sign is plowg adequate response to
guestions asked without beating around the busko Ahis was here the case, as
addressed already at another of the items discussbis report.

4. Internal (between the project partnees)d external communication: assessment on the
basis of evidence provided during the visit (if apthis deserves to be mentioned as well)
With respect to external communication, the repexcked a list of papers published
and presentations given, but these were providgethier with the response on the list
in inquiries afterwards. As far as the list of goations published is concerned, the
overall impression is that the resulting preseatetj both nationally and
internationally, are quite adequately. The impm@ssilso exist that the number of
publications in solid scientific journals could aéit larger.

With respect to the internal communication betwdlea partners, this seems
overall to be good. As “evidence” | like to rectilat upon a few questions where a
researcher addressed was not directly able to goan answer, another researcher
came to answer the issue raised, often in a bre@lewhat later. This indicates in my
opinion clearly that the researchers trust eaclerotimd thus communicate, with as
result the above. My feeling is that this will beng also without my presence.



EUROPEAN UNION

REPUBLIC OF SLOVENIA
MINISTRY OF EDUCATION, AND INVESTMENT FUNDS

SCIENCE AND SPORT . ThSnsrika IR HORFUTURE
5. Assessment of dissemination and exploitation of the project results in the phase TRL7-9
(during the duration of the programme and in theopeafter the completion of the
research activities)
This aspect is already partially addressed in trevipus section with respect to
dissemination of the results. The exploitationexfults is more difficult to assess, as |
am not really aware of the technological and/omeoaic scenery of Slovenia. In my
view the life-time cycle analysis should be an imi@ot tool in a project like this.
While such an analysis is probably more valued i iadustrial environment,
nevertheless, from a number of examples discussedgdthe meeting | have the
impression that all participants realise the imgoce of this aspect, including not only
the, obviously more economically aware, industpatticipants but also the more
scientifically oriented researchers.

6. Assessment of quality of main scientific achievements (scientific excellence in line with
planned, any special success stories)
This section will give first a brief overview oféhmain results obtained in the various
work packages. It will follow the order of addresgithe results of the mid-term
evaluation meeting. Many items were discussed imestechnical detail, which | will
not address here again. Thereafter one or twofspesinarks will be made.

WP 1:Valorization of biomass potential and development of bio-based products

This package contains several sub-packages. Ts$tedals with’"Biomass potential
assessment for developing added-value productséasehtially deals with a database
containing all sorts of relevant information. | ot aware of other attempts to realize
such a database and, although the information v&ouos$ly “local”, it is, as already
stated, in view of the variability and purity obbbased raw materials, crucial.

The second sub-package discusses the “Conventamthaldeep eutectic solvent
(DES) use for biomass decomposition and cellulibee) production”. As “freeing”
cellulose from biomass is one of the basic issbas hhave to be solved, it is proper
that attention is given to this aspect and thamas is relied solely on knowledge
available elsewhere. The realization of high qualihethacrylate monomers,
essentially having the same properties as theiroleeim-based counterparts, is
convincingly shown.

“Nano-cellulose production” is the third sub-prdjddere the use of ultrasound to
accelerate the process is an interesting aspect,dalivering heat to the system that
otherwise might have to be provided another way.

WP 2: Development of advanced and multifunctional materials with integrated
nanocellulose and environmentally acceptable additives
Two sub-packages exist. The first sub-package kandhe “Preparation and
incorporation of existing and new bio-based compisufor reaching improved/new
functionalities”. The modification of nanoparticlds highly relevant, both for
processing and for final properties of the resglttomposites. | expressed doubts
upon a realistic chance to modify gypsum by incaaping other ions (see the section
Concluding Remarks and Recommendations).

The second sub-package is directed to “Advancecnmaét and products made
from lignocellulosic fibres-paper, cardboard andnyaHere some interesting and
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unreliable results due to the (varying levels obisture always present.
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WP 3: Products with higher proportion of bio-based components and improved
functionalities for different industries

Although formally divided again two sub-packagestually the activities comprise a
range of related activities all related to the depment of functional biomass-based
(nano) composites. Here some non-woven filter medgewere developed, of which
the mechanical integrity might be questionable. Ewev, | think that options exist to
improve that. Another highly interesting topic leetdevelopment of alternative and
promising insulation materials. The development noiscanthus fibre-based PE
composites with excellent properties and recydighs still another.

WP 4: Advanced processes in waste treatment for new added val ue products

In this case the division of the package in two-pabkages is realistic. The first

attempts the “Development of processes for bioklgamd mechanical processing of
solid waste”. The raw material is sludge whichreated with enzymes to upgrade the
material by, amongst others, to reduce the heavglroentent.

The second sub-package is the “Development of fyeés of products based on
solid waste following the principle of circular esmmy”. The goal is to incorporate as
much as possible (upgraded) sludge into buildingenads, like bricks. The results
obtained look rather promising and were discuss#iima realistic perspective.

As a lot of water is used in the various processlired, a go-between between work
package 4 and 5 is the re-use of waste in otheisinds.

WP 5:Production of energy from waste with a high water content

Again a main division in two sub-packages, whickoaln this case are highly
interrelated. Formally the first addresses the ‘@epment of technologies for energy
recovery from refused material flows”, while theaged deals with the “Development
of prototypes for energy recovery from refused maltdélows”. A thorough analysis
of the various processes involved was presentetinigdo a drying system as well as
a combustion system which incorporated the ideasltreg from the models
developed. The potential gain in energy consumpgaoluction is large.

Some remarks

Apart from the overall assessment given abovegethsz one or two topics that render
a remark necessary. First, on the modificationhef gypsum to try to increase the
refractive index, possibly by incorporating othens. During the visit this was briefly

discussed and | expressed then that | am scepiiat dbe prospects for a sufficient
increase in refractive index. | remain at that posi the crystallographic structure
will allow only a limited exchange of ions (leading small changes in refractive
index) or to another crystallographic phase (witbbably a quite different refractive

index). An option based on morphology would be gdmollow particles (so as to

maximize the refractive index difference) but ipitally not really simple and also

expensive, meanwhile leading to more fragile pkasic
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Second, the use of lignin as a possible sourcearhatics seems to be a rather
good opportunity to provide a somewhat wider dikgrsf aromatics from bio-based
sources. It seems profitable to evaluate thesalplitsss a bit further.

7. Cooperation between public and private partners (assessmeayneirgies)
Overall, there is a nice balance in cooperationbeh public and private partners.
This statement based on the contributions of thiowa partners as presented in the
report as well during my visit. This cooperatiosalseems to be of a rather open
nature, as occasionally during the meeting alsoré¢searchers started arguing about
certain aspects.

8. Concluding remarksand recommendations

First of all, I should remark, as has been donénduhe mid-term evaluation meeting

that the atmosphere during the presentations abseguent discussions were open,

pleasant, with answers given to question withoasexe moves. | say this because this

is not always the case during an evaluation atieewe are discussing. Second, a

number of questions were posed after the discussbrihe individual sub-projects

during a general discussion at the end of the mge#lso they were adequately

addressed, for those questions where a representatuld answer the questions, as a

number of researchers had other obligations that Tlae remainder of the question

was repeated in a short questionnaire maileddathanisers afterwards and rapidly
answered in a mail within a few days. Also the pgeet presentations and the full
publication list (which for some reason or anotivas not provided in the report, most
likely because the questions was not asked) wasda® in that mail. This all implies
that all responses were quickly and professionalbvided, answering essentially all
guestions asked. | also have say that remarks oradey of mode of “interrogation”
were pleasant to hear and appreciated.

Having said all this, there are few point that d@n mentioned in a summary
containing final recommendations and remarks. Tlaesdisted below in a bullet list
in arbitrary order:

* In my view the possibilities of lignin to provide wider range of aromatic
compounds based on bio-based raw materials desaritber attention. One of
the general problems of bio-based raw materialghes range of aromatic
compounds that are provided. As they are an essepéirt of the modern
application of polymer materials, a change towdndsbased materials providing
a wider range of aromatics that can be realisetnerative can only really
succeed if such compounds become available.

« Titania, or titanium oxide (in the rutile as wel anatase crystallographic form) is
an almost indispensable compound for many appticati This not applies to
white paints but also to tainted paints as theyegdly also contains a large
amount of titania. Moreover, this material is alssed in many other products,
such as cosmetics and sun tan preventing and ntaey products. With present
concerns and (either already installed or comingjogean legislation the use of
this material will be highly restricted, if not cphetely forbidden. Technically
speaking this (most probably) will be an impossitalsk, but nevertheless many
applications probably will allow alternatives, ifotheven just to avoid legal
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problems and/or image building. This warrants tharsh for alternatives, both
from an ecological as well as economical pointiefw The program part dealing
with issues is highly appreciated but solutions gkwuin the directions of
modifying gypsum by incorporating other ions makelly will not lead seems to
viable solution. The main problem is that the cleimgrefractive index required is
really large and is likely not to be reached withnic substitution. Other
approaches may be pursued, however, one of whitheigealisation of hollow
particles, so as to maximise the refractive inddferdnce. | realise that this is a
not only a difficult route, almost certainly leadimo more complex technology,
but it is, in my view, a more promising route.

The life-time cycle analysis of the processes inedlis a most valuable part of the
whole project. It is realised, by the presentelirduthe meeting as well as by me,
that such an analysis could be easily result in Gl&arbage In, Garbage Out)
results, but that for a proper assessment of alteeand/or modified processes,
such an analysis carried using the best knowledgdahble to all participants of
the project is crucial for an honest appraisalhef process at stake. Therefore, as
the results of the life-time cycle analysis in tlegort are somewhat scattered,
although very clearly and honestly addressed bythasenter during the meeting,
some more effort to this project is warranted. Tikiall the more important as the
project as a whole is substantial and with, altioggen as an advantage as
indicated, several crucial interconnections thdt wfluence the overall or total
result.

As an overall conclusion, | would to say thatihththat the present project is well
on its way with realistic prospects for incorpongtisome of the) results in actual
materials and processes. This is largely due towk# thought-over project
proposal, as summarized in the scheme mentionedreheleading overall to
integrated activities with realistic expectatioh®at the results.



