UNIVERZITNI
CENTRUM
ENERGETICKY
EFEKTIVNICH BUDOV
¢VUT V PRAZE

=y
G

Konference
CVUT UCEEB 2020

Conference
CTU UCEEB 2020

4.6. 2020, Bustéhrad



Uvodni slovo Feditele

Tato aktivita je soucasti projektu LTI19013 Zvy3eni kvality podplrné infrastruktury
v oblasti energeticky efektivni vystavby (Inform EEB-CZ), podpofeného MSMT v rdm-
ci programu Inter Inform.

Vazené kolegyné, vazeni kolegové,

jiz fadu let pofadame na CVUT UCEEB interni seminéfe o tom, jakymi projekty se
zabyvame a jakych vysledkl v nich dosahujeme. Letos jsme se rozhodli poprvé
usporadat celodenni konferenci, na které predstavime v kostce to hlavni, co se za
uplynuly rok na CVUT UCEEB v oblasti vyzkumu a vyvoje udalo. PGvodni plan potkat
se v Dejvicich nam prekazila pandemie, pfesto véfime, Ze i vzdalena ucast ma svij
vyznam. A pro lepsi orientaci v nasich predndaskach jsme pfipravili pravé tento sbor-
nik, ktery se Vam dostava do rukou.

Lukas Ferkl
feditel CVUT UCEEB

Foreword

This activity is within the project LTI19013, supported by MSMT Inter-Inform pro-
gramme.

Dear Colleagues,

For many years, we have been organizing internal seminars on what projects we
deal with and what results we achieve in them at CTU UCEEB. This year, for the first
time, we decided to organize an all-day conference, at which we will briefly pre-
sent the main events that happened at the CTU UCEEB in the field of research and
development over the past year. The original plan to meet in Dejvice was disabled
by a pandemic, yet we believe that remote participation also has its value. And for
better orientation in our lectures, we have prepared this book of abstracts, especi-
ally for you.

Lukds Ferkl
Director of CTU UCEEB
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CAMEB - Centre for Advanced Materials and Efficient

Buildings

Lukas Ferkl
feditel UCEEB

CAMEB je centrum sdruzujici vyznam-
né univerzity a podniky v oblasti sta-
vebnictvi. Jeho motivaci je ubyvani,
resp. fidnuti neobnovitelnych pfirod-
nich zdrojd, a to jak materidlovych, tak
energetickych, a dopad tohoto jevu do
stavitelstvi. Soucasny trend masivnich
energetickych Uspor provozu budov
sice pfindsi vyrazna zlepsSeni v oblasti
provoznich energii, aviak materidlova
a energetickd naro¢nost vystavby tim
prudce roste.

Narodni centrum kompetence CAMEB
(Centre for Advanced Materials and Effi-
cient Buildings) vzniklo v roce 2019 spo-
lupraci CVUT v Praze, VUT v Brné a dal-
Sich dvaceti osmi partnerl — univerzit
azejména soukromych firem. Cilem bylo
vytvofit centrum, kde se soustfedi zna-
losti pro inovace ve stavitelstvi — kromé
postupného zdokonalovani stavajicich
technologii, materidld a procesl chce-
me v souladu s obecnymi priimyslovymi
trendy také propojovat stavebnictvi
s ostatnimi obory, zejména informacni-
mi technologiemi, kybernetikou a fize-
nim procesa.

V rdmci Narodniho centra kompetence
CAMEB chceme efektivné propojovat
pramysl s vyzkumem a spoleénymi ino-
vacemi pfispivat k pozitivnimu vyvoji ve

stavitelstvi a souvisejicich oborech. Je-
dnim z cilG centra CAMEB je rozvijet pfi-
mou spolupraci mezi univerzitami a fir-
mami na bazi smluvniho vyzkumu, tedy
bez statni podpory. Nejedna se o malé
Castky — Ctyfi univerzitni pracovisté, kte-
rd jsou v centru CAMEB zapojena, maji
dohromady rocni obrat smluvniho vy-
zkumu na trovni 100 mil. K& (pro pfed-
stavu, v celé CR déld pfima spoluprace
vyzkumnych instituci a prdmyslu cca
950 mil. K&). Partnefi CAMEB v soucas-
né dobé realizuji 12 dil¢ich vyzkumnych
projektd v celkové hodnoté pfesahujici
100 mil. K¢, pficemz vice nez 20 mil. K¢
tvofi pfimé prispévky partnerskych fi-
rem.

Tento projekt je spolufinancovan se
statni podporou Technologické agentu-
ry CR v rdmci Programu Narodni centra
kompetence.

s

CAMEB - Centre for Advanced Materials and Efficient

Buildings

Lukas Ferkl
Director of UCEEB

CAMEB is a centre for cooperation of
major universities and companies in
the field of building industry. Its motiva-
tion is the diminishing, or dwindling of
non-renewable natural resources, both
materials and energy, and the impact
of this phenomenon on construction.
Although the current trend of massive
energy savings in the operation of buil-
dings brings significant improvements
in the field of operational energy, this
causes the material and energy intensi-
ty of construction to grow rapidly.

The National Centre of Competence
CAMEB (Centre for Advanced Materials
and Efficient Buildings) was established
in 2019 in cooperation among the Czech
Technical University in Prague, Brno Uni-
versity of Technology and twenty-eight
other partners — universities, but mainly
private companies. The aim was to crea-
te a centre where knowledge for inno-
vation in construction is concentrated -
in addition to the gradual improvement
of existing technologies, materials and
processes, we want to connect con-
struction with other fields, especially in-
formation technology, cybernetics and
process control.

Within the National Centre of Compe-
tence CAMEB, we want to effectively

connect industry with research, and to
contribute to positive developments
in building industry by joint innovati-
ons. One of the goals of the CAMEB is
to develop direct cooperation between
universities and companies based on
contractual research, i.e. without state
support. These are not small amounts -
the four university units involved in the
CAMEB together have an annual turno-
ver of contractual research of CZK 100
million (in the whole Czech Republic di-
rect cooperation between research in-
stitutions and industry is about CZK 950
million). CAMEB partners are currently
implementing 12 partial research pro-
jects with a total value exceeding CZK
100 million, with more than CZK 20 mi-
llion being direct contributions from
partner companies.

This project is co-funded by the state
subsidy of Technology Agency of the
Czech Rebublic under the National Cen-
tres of Competence programme.



Moznosti a efektivita vyuzZiti recyklovanych materiali

v budovach (RENCO)

Tereza Pavlii, Jan Pesta

Laborator kompozitnich konstrukci, oddéleni Architektura a Zivotni prostredi

Cilem projektu bylo ve spolupraci s pri-
myslovym partnerem AZS 98, s.r.0. vyvi-
nout pokrocilou technologii recyklace
stavebniho a demoli¢niho odpadu pro
zvySeni efektivity jeho wvyuZiti v kon-
strukcich budov. Vzhledem k nizké vyu-
zitelnosti smésného recyklovaného ka-
meniva z dlivodu obsahu nezadoucich
materidld, jako napfiklad plastd, zbytka
izolaci, papiru, textilii, zeminy a dalSich,
se projekt zaméfil na Upravu a ndsledné
vyuziti tohoto materialu.

V prvnim roce projektu byly navrzeny
Upravy recyklacniho zafizeni a recyk-
la¢niho procesu, aby doslo k co nejvyssi
mife odseparovani nezddoucich ¢astic
z recyklovaného kameniva. Koncepce
pokrocilého recyklaéniho procesu byla
zaloZena na dvou pilifich. Prvnim byl na-
vrh separacniho zafizeni, jehoz Gkolem
je pomoci proudu vzduchu odseparo-
vat nezddouci lehké materidly. Druhym
pilitem byla Uprava samotného recyk-
la¢niho procesu k tzv. dvou-cyklové re-
cyklaci, kde v prvnim cyklu jsou odse-
parovany jemné podily znehodnocujici
kvalitu vystupniho materidlu a ve dru-
hém cyklu dochazi k drceni ¢istého ma-
teridlu. Kombinaci téchto dvou postupd,
je mozné dosdhnout recyklovaného
kameniva, které obsahuje prevdzné dr-
cené zdivo, beton a kamenivo. Pfestoze
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toto kamenivo ma své specifické vlast-
nosti, je mozné pro néj nalézt efektivni
vyuziti. Jeho vlastnosti vyznamné ovliv-
fuji ndvrh a vlastnosti betonové smési,
proto se tento projekt zaméfil na vyvoj
a ovéfeni téchto betond.

Na zakladé zjisSténych vlastnosti betonu
byly vyrobeny a ovéfeny rozebiratelné
zdici a zakladové prvky pro vystavbu
nizkopodlaznich objektd, které byly na-
sledné pouzity pro vystavbu rodinnych
domU nedaleko PIzné. Stavba téchto
objektl bude dokoncena v roce 2020.

Vyzkum a vyvoj byl podpofen Minister-
stvem préimyslu a obchodu CR v letech
2016 az 2020.

Possibilities and Efficiency of the Use of Recycled Materials

in Building Structures (RENCO)

Tereza Pavlii, Jan Pesta

Laboratory of Composite Structures, Department of Architecture and the Environment

The aim of the project in cooperati-
on with the industrial partner AZS 98,
s.r.o. was to develop advanced techno-
logy for recycling of construction and
demolition waste, in order to increase
the efficiency of its use in building con-
struction. Due to the low usability of
mixed recycled aggregates because of
undesirable content of materials, such
as plastics, insulation residues, paper,
textiles, soil etc, the project is focused
on the treatment and subsequent use
of this recycled material.

In the first year, modifications to the
recycling equipment and the recycling
process were proposed to minimize
the separation of unwanted particles.
The concept of an advanced recycling
process was based on two pillars. The
first was the design of a separation de-
vice, the function of which is to separate
unwanted light materials using an air
stream. The second pillar was the mo-
dification of the recycling process to
two-cycle recycling, where fine fracti-
ons degrading the output material are
separated at first and further the pure
material is crushed. By these processes,
it is possible to achieve recycled aggre-
gates containing only crushed masonry,
concrete and aggregates. Although this
aggregate has its specific properties, it

is possible to find an efficient use for it.
Its properties affect the design and pro-
perties of the concrete mix, so this pro-
jectis focused on the development and
verification of these concretes.

Based on the determined properties of
concrete, demountable masonry blocks
and foundation elements for the con-
struction of low-rise buildings were de-
signed. These structural elements were
subsequently used for the construction
of houses near Pilsen.

Research were supported by the Mini-

stry of Industry and Trade of the Czech
Republicin the years 2016 to 2020.
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Vihkostni a mikrobiologické problémy v prostoru pod

wrwe - _w

zvy$enou podlahou MS Skalnikova - pFi¢iny a Feseni)

Kamil Stanék

Laborator stavebni tepelné techniky, oddéleni Architektura a Zivotni prostredi

Cilem projektu bylo odhalit pficiny
vlhkostniho a mikrobiologického po-
$kozeni spodni stavby MS$ Skalnikova
a navrhnout technicka feSeni k jejich tr-
valému odstranéni. Rozsdhlé problémy
se objevily jiz v prvnim roce provozu
a byla opradvnéna obava, Ze mohou vést
k trvalému poskozeni budovy, ktera byla
realizovdna jako pudorysné rozsahla
drfevostavba zaloZend nad terénem.

V prvnim kroku byl proveden rozbor
technického feseni spodni stavby a za-
hdjena rozsahla zjistovaci kamparn. Bylo
instalovano méreni tepelné-vlihkostnich
podminek a zméfena intenzita priroze-
ného vétrani v prostoru pod zvysenou
podlahou. Byl stanovovan obsah vlh-
kosti v materialech stavby i v podlozi
a provadény mikrobiologické rozbo-
ry. Ve druhém kroku byla provedena
teoretickd analyza. Byl sestaven nu-
mericky tepelné-vlhkostné-mikrobio-
logicky model spodni stavby, ktery byl
validovan méfenymi daty. Pomoci mo-
delu byly vycisleny vlivy, které zpUsobily
nevyhovujici stav. Jako rozhodujici se
ukazaly tfi, vzajemné provdzané: odpar
vlhkosti z nezakrytého povrchu zeminy,
velkd tepelnd setrvacnost prostoru pod
zvySenou podlahou a vzdusnd vlhkost
pfivadéna nekontrolovanym pfiroze-
nym vétrdnim. Nakonec byl model po-
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uzit pro vyhodnoceni dopadu navrhova-
nych technickych opatfeni. Vysledkem
byla komplexni sanace spodni stavby
zahrnujici mj. provedeni obvodové
drendze, poloZeni parozabrany na po-
vrch zeminy, tepelné zaizolovani nad-
zemnich ¢asti spodni stavby a instalaci
adaptivniho pfirozeného vétrani fizené-
ho systémem MoistureGuard.

NavrZzené feSeni trvale odstranilo vlh-
kostni a mikrobiologické problémy
spodni stavby MS Skalnikova, jak doka-
zuji udaje pribézné odesilané systé-
mem MoistureGuard. Na zdkladé shro-

mazdénych znalosti pak byly stanoveny
obecné zasady navrhovani a provadéni
prostord pod zvySenou podlahou.

Moisture Risks and Biodegradation in the Crawl-Space
of Kindergarten Building — Causes and Solutions

Kamil Stanék

Hygrothermal Laboratory, Department of Architecture and the Environment

The aim of the project was to reveal the
causes of moisture and microbiological
damage to the substructure of the tim-
ber-based Skalnikova Kindergarten and
to propose technical measures for their
permanent removal.

In the first step, an analysis of the tech-
nical solution of the crawl-space was
performed and an extensive survey
campaign was launched. Measurement
of hygrothermal conditions was insta-
lled and the intensity of natural ventila-
tion in the crawl-space was measured.
The moisture content in the building
materials and in the subsoil was de-
termined and microbiological analyses
were performed. In the second step,
a theoretical analysis was performed.
A numerical hygrothermal and micro-
biological model of the crawl-space was
compiled and validated by the measu-
red data. Using the model, the influen-
ces that caused the unsatisfactory con-
ditions were quantified. Three proved to
be decisive: the evaporation of moistu-
re from the uncovered soil surface, the
high thermal inertia of the crawl-space
and the moisture brought in by uncon-
trolled natural ventilation. Finally, the
model was used to evaluate the impact
of the proposed technical measures. As
a result, the crawl-space was compre-

hensively rebuilt, including perimeter
drainage, laying of vapour barrier on the
soil surface, additional thermal insulati-
on, and installation of adaptive natural
ventilation controlled by the Moisture-
Guard system.

The proposed solution permanently eli-
minated moisture and microbiological
risks in the crawl-space, as the conti-
nuous monitoring by the MoistureGuard
system shows. Based on the acquired
knowledge, the general principles of
designing crawl-space structures were
determined.
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Modelovani tepelné degradace a hoieni deskovych
materiali na bazi dieva (Pyroboard)

Petr Hejtmanek

PoZarni laboratof, oddéleni Architektura a Zivotni prostredi

V oblasti pozarni bezpecnosti staveb
a zjistovani pficin vzniku poZaru se sta-
le vice uplatiiuje matematické mode-
lovani jako alternativa nebo nadstavba
fyzickych poZdarnich zkousek. Relevance
vystupl z modelovani vyznamné ovliv-
nuje relevance vstupnich dat. Cilem
projektu je ziskat validovand data do
modelu tepelné degradace a hofeni pro
aplikaci v pozarnich CFD fesicich a za-
méfuje se na skupinu deskovych mate-
ridld na bazi dreva, které nas obklopuji
ve vSech typech budov a vyznamné se
podileji na vzniku a rozvoji pozaru.

Na projektu, bézicim od cervence 2019,
spolupracuje CVUT UCEEB s Technic-
kym dstavem pozarni ochrany a Vyso-
kou Skolou chemickotechnologickou.
Experimentalni ¢ast je ve svém zdbéru
komplexni: materidly sleduje od mikro-
skopickych a malych méfitek, kde bude
zjisténo prvkové slozeni materidlu a te-
pelnétechnické charakteristiky za bézné
i zvySené teploty, az po realné zkousky
v nabytkovém kalorimetru. Velkorozmé-
rové zkousky poslouzi pro optimalizaci
a validaci hodnot ziskanych ve vypoc-
tové casti. Metodika, kterd ma na konci
projektu vzniknout, vysvétli, jak dfevény
deskovy materidl v modelu popsat, aby
vysledky modelu tepelného rozkladu co
nejvice odpovidaly realité.

PrestoZze sila projektu tkvi zejména
v komplexnim zabéru, vicendsobné op-
timalizaci materidlovych charakteristik
a validaci pozarnimi zkouskami v néko-
lika méfitkach, i dil¢i vystupy maji svou
vahu. Pro potfeby méné detailnich CFD
analyz jsou celosvétové Zzddané vstu-
py ovérené z velkorozmérovych zkou-
$ek (rychlost uvolfiovani tepla, rychlost
Ubytku hmotnosti nebo slozeni zplodin
hofeni velkych nabytkovych sestav), kte-
ré jsou provadény v CVUT UCEEB.

Vyzkum a vyvoj byl podpofen v ramci
programu IMPAKT 1 — Strategickad pod-
pora rozvoje bezpecnostniho vyzkumu
CR 2019-2025 Ministerstva vnitra CR.

Fire Development Modelling of Engineered Wood

(Pyroboard)

Petr Hejtmanek

Fire Laboratory, Department of Architecture and the Environment

In fire safety of buildings and fire in-
vestigation, mathematical modelling is
increasingly used as an alternative orin
addition to physical fire tests. The rele-
vance of modelling outputs is affected
by the relevance of input data. The aim
of the projectis to obtain validated data
for the thermal degradation and com-
bustion applicable in CFD fire simulati-
ons and focuses on a group of enginee-
red wood board materials that surround
usin all types of buildings and contribu-
te to fire development.

Project runs since July 2019 in coopera-
tion of the University Centre of Energy
Efficient Buildings, the Technical Institu-
te of Fire Protection and the University of
Chemical Technology. The experimental
part is complex: materials are investi-
gated from microscopic and small sca-
les, where the material elemental com-
position and material characteristics
at normal and elevated temperatures
are determined, to large-scale tests in
a furniture calorimeter. Large-scale tes-
ts will be used mainly for the material
characteristics optimization and valida-
tion. As a result, a methodology will be
developed to describe how the material
should be put in model so that results
of thermal decomposition model corre-
spond to reality as much as possible.

Although the strength of the project lies
mainly in the complex scope, multiple
optimizations of values and subsequent
validation by fire tests of various scales,
the data from partial outputs are also
valuable. For less detailed CFD analyses,
validated data such as heat release rate,
mass loss rate or combustion products
composition of large furniture assemb-
lies, which are performed at UCEEB, are
worldwide desired.

This project is supported by the Minis-
try of the Interior of the Czech Republic
programme IMPAKT 1 — Strategic sup-
port of Czech safety research develop-
ment 2019-2025.



Vyvoj a pokrocilé prefabrikace inovativnich multifunkcnich
prvkii obvodového plasté pro dodateéné energetické
sanace bytovych domii (MORE-CONNECT)

Antonin Lupisek

Laborator udrzitelné vystavby, oddéleni Architektura a Zivotni prostiedi

Cilem mezinarodniho projektu MORE-
CONNECT bylo vyvinout moduldrni fe-
Seni pro energetickou sanaci bytovych
domd, které bude mit nizkou uhlikovou
stopu, umozni pfeménu stdvajici budo-
vy na energeticky nulovou, umozni zlep-
Seni vnitfniho prostfedi, a bude mozné
ho primyslové vyrdbét jako prefabriko-
vané dilce.

Pfi feSeni projektu jsme nejprve po-
drobné zmapovali potfeby uZivatell
starSich bytovych domU a pozadavky na
sanace plynouci z obvyklého technické-
ho stavu objektl. Na zjisténi jsme re-
agovali sadou architektonickych studii.
Podle nich jsme navrhli systém prefab-
rikovanych dilcQ, jejichZ sklady a kritic-
ké detaily jsme podrobili podrobnym
simulacim. Vyrobili jsme funkéni vzor-
ky dilc(, na nichZ jsme v laboratornich
podminkdch ovéfili funkénost kotveni
a vzdjemného napojeni, a experimen-
talné jsme oveéfrili pozarni bezpeclnost
vzduchotechnickych rozvodl vedenych
uvnitf skladby. V BIM jsme vymodelova-
li maly demonstra¢ni objekt, na kterém
jsme v redlném méfitku ovéfili zplsob
instalace prvkd béhem jednoho dne.
Objekt je vyuzivdan a monitorovan, je
mozné ho vidét béhem exkurzi do area-
lu CVUT UCEEB.
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Hlavnim vysledkem projektu vyvinutym
CVUT UCEEB je komplexni systém prefa-
brikovanych dilclinabazidreva proener-
getické sanace budov, ktery je vhodny
pro objekty s vnéjsi nosnou sténou
a zelezobetonovym stropem. Systém je
uréen primarné pro bytové domy, ale je
pouzitelny i pro rodinné domy ¢&i men-
Si kancelarské budovy. Hlavni vyhodou
systému, ktery pfreméni starsi domy na
energeticky nulové budovwy, je rychlost
instalace umoznéna prefabrikaci jed-
notlivych dilc(, integrované feseni roz-
vodu vétrani pomoci vzduchotechnické
jednotky s rekuperaci a moznost fidit
vnitini prostfedi individualné pomoci
mobilni aplikace. Systém jako celek je
pfipraven pro zavedeni do vyroby, jsme
pfipraveni pomoci s doladénim detailG
v ndvaznosti na konkrétni dodavatele
integrovanych technologii podle kon-
krétnich potreb vyrobce.

Tento projekt ziskal finan¢ni podporu
z programu Evropské unie pro vyzkum
a inovace Horizon 2020 na zdakladé
grantové dohody ¢. 633477. Primyslo-
vym partnerem byla firma RD Rymarov.

Development and Advanced Prefabrication of Innovative,
Multifunctional Building Envelope Elements for Modular
Retrofitting and Connections (MORE-CONNECT)

Antonin Lupisek

Sustainable Building Laboratory, Department of Architecture and the Environment

The goal of the project was to develop
a modular solution for energy renova-
tion of apartment buildings, with low
carbon footprint, enabling the con-
version of existing buildings to zero
energy standard, improving the indoor
environment, with the possibility of in-
dustrial prefabrication.

We mapped the needs of users of older
apartment buildings and the require-
ments for renovations arising from the
usual technical conditions onsite, which
resulted in a set of architectural studies.
On their basis we designed a system of
prefabricated parts, whose compositi-
ons and critical details were subjected
to simulations. We produced functio-
nal samples of components, verified
the functionality of the anchoring and
interconnections in lab conditions, and
experimentally verified the fire safety of
airducts conducted inside the compo-
sition. In BIM, we modelled a small de-
monstration object, on which the insta-
llation of the elements in just one day
was verified in full-scale. The building
is in use and monitored, it is possible to
see it at excursions.

The result of the project is a compre-
hensive system of prefabricated tim-
ber-based components for energy re-

novation of buildings, which is suitable
for buildings with an external load-be-
aring walls and a reinforced concre-
te ceiling. It is designed primarily for
apartment buildings but can be used
also for family houses or office buil-
dings. The main advantage of the sys-
tem, which converts older houses into
zero-energy buildings, is the speed of
installation enabled by prefabrication,
integrated ventilation distribution solu-
tion using an air handling unit with heat
recovery and the ability to individually
control the indoor environment from
mobile app. The system as a whole is
ready for production, we are ready to
help with fine-tuning the details in re-
lation to specific suppliers of integrated
technologies according to the specific
needs of the manufacturer.

This project has received funding from
the European Union's H2020 framework
programme for research and innovation
under grant agreement no 633477. In-
dustrial partner was RD Rymarov.
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Moznosti vyuziti elektronového mikroskopu pro analyzu

stavebnich materiala

Pavla Bauerova

Laborator skenovaci elektronové mikroskopie, oddéleni Materialy a konstrukce budov

Skenovaci elektronovy mikroskop (SEM-
-EDS) umoZiuje pozorovat detailni
morfologii a chemické sloZeni studo-
vanych vzorkl. Nase laboratof vyuZziva
SEM-EDS napfiklad ke studiu morfologie
a slozeni novych stavebnich materialG
(vysokoteplotni sadra, beton s pfimési
karbonatovych kald), novych technolo-
gii (samohojeni prasklin v cementu) &i
k charakterizaci historickych malt.

Podili se na vyzkumu moZnosti ndhrady
Casti portlandského cementu v pojivu
odpadnim mramorovym kalem vznikaji-
cim pfi tézbé a zpracovani vapence. Ex-
perimenty s modelovymi cementovymi
pastami s pfimési mramorového kalu
ukazaly, ze pro vylepSeni mechanickych
vlastnosti pojiva je optimalni obsah
mramorového kalu ve smési 10-15 %.
SEM-EDS umoZnilo na zdkladé pozoro-
vani mikrostruktury takto modifikova-
nych cementovych past zdGvodnit zmé-
ny mechanickych vlastnosti s rostoucim
podilem mramorového kalu. Podobné
pfispivd SEM-EDS k vyzkumu zmén
struktury a vlastnosti sadrovych pojiv
zpUsobenych vysokymi teplotami. Diky
SEM-EDS lze velmi dobfe dokumentovat
samohojeni cementovych past pomoci
bakterii schopnych produkovat CaCO..
Diky pfitomnosti bakterii Bacillus pseu-
dofirmus dochdzi k témér uplnému vy-
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hojeni zafezli v modelové cementové
pasté jiz po dvou mésicich. Vyuzitim
SEM-EDS v kombinaci s dalsimi analytic-
kymi metodami bylo ddle mozné urcit
rlzné typy anorganickych pojiv a zjistit
tak rlznou technologii vyroby fixa¢nich
malt dvou desitek historickych mozaik.

B&hem minulych tfi let se podafilo roz-
vinout metodiku na pfipravu vzork(
stavebnich materidld pro SEM. Cenna je
mezioborovd spoluprace s jinymi pra-
covisti. Napfiklad na poli kulturniho dé-
dictvi se ndm na zdkladé materidlového
prizkumu podafilo zmapovat techniky
réznych producentd mozaik 19. a 20. stol.
a lépe zaradit nékterd plvodné ano-
nymni dila neurcité provenience.

Tento projekt je spolufinancovan se
statni podporou Grantové agentury CR
a MSMT, projekt ¢ LO1605.

Portland cement __
Al Si, %8
Na g

Ca, Mg, Fe

Al, Si,
K

Examples of the Application of Electron Microscopy
in the Analysis of Building Materials

Pavla Bauerova

Laboratory of Scanning Electron Microscopy, Department of Materials and Structures

A scanning electron microscope (SEM-
-EDS) enables to study detailed mor-
phology and chemical composition
of the studied samples. In our lab, the
use of SEM-EDS includes for instance
the compositional and morphological
studies of new building materials (high-
temperature gypsum, marble sludge-
containing concrete), the investigation
of new technologies (self-healing ce-
ment and concrete) or the characteriza-
tion of historic mortars.

The lab participates in the research of
replacing a part of Portland cement
with a waste marble sludge in the ce-
ment binder. Experiments with mo-
del cement pastes containing marble
sludge showed an optimal content of
marble sludge in the mixture leading to
the improvement of mechanical proper-
ties is between 10 — 15%. Based on the
observation of such modified pastes'
microstructure, SEM-EDS made it possi-
ble to explain the changes of mechani-
cal properties with increasing amount
of the sludge. Similarly, SEM-EDS con-
tributes to the investigation of structu-
ral changes and properties of therma-
lly treated gypsum binders. Thanks to
SEM-EDS self-healing of cement pastes
with CaCO, precipitating bacteria can
be well documented. In the presence of

Bacillus pseudofirmus bacteria almost
complete self-healing of experimental
grooves in model pastes takes place as
early as after two months. Apart from
this, SEM-EDS combined with other ana-
lytical methods enabled to identify va-
rious types of inorganic binders in histo-
ric mortars and thus to describe various
methods of fixing mosaic mortars' pre-
paration in twenty historic mosaics.

In the past three years we managed
to develop a suitable methodology for
building materials' sample preparation.
We appreciate an interdisciplinary co-
llaboration with other institutions. Ba-
sed on the materials research combined
with art historic studies we managed to
characterize the mosaic technology of
various 19" and 20™ century producers
and better classify some anonymous
mosaics of uncertain provenance.

This project is co-funded by the state

subsidy of Czech Science Foundation
(GACR) and MSMT, project No. LO1605.
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Monitoring stiesSni konstrukce zimniho stadionu v Kladné

Lukas Velebil

Mechanicka laboratof, oddéleni Materidly a konstrukce budov

Vzhledem k nevyhovujicimu technické-
mu stavu ocelové konstrukce zastfeSeni
zimniho stadionu a k nedostatku financi
pro provedeni potfebné rekonstrukce
bylo pro umoznéni bezpecného provo-
zu nutné zajistit kontinudlni monitoring
stability konstrukce a navrhnout sys-
tém, umoziujici varovani navstévnika
v pfipadé pfetizeni nosnych prvka.

Na zdkladé podrobného technického
prizkumu stavu nosné konstrukce, ktery
provedla firma EXCON, a.s., byl sestaven
systém kontinudlniho méreni a defino-
vano 30 méficich bodl véetné stanove-
ni meznich hodnot pro vyhladseni alar-
movych stupfid. Monitorovaci systém je
sloZzen z tenzometrickych senzorl méfi-
cich pretvofeni ocelovych prvkd, z lase-
rovych senzord posunuti, senzord vnitini
teploty, vyhodnocovaci jednotky, indi-
kacniho panelu s akustickou signalizaci,
stanic méficich zatizeni vnéjsi teplotou
a vétrem, lokalniho serveru pro ukla-
dani dat a externiho cloudu. Aktudlni
hodnoty v meéfenych bodech a data
z meteostanic jsou dostupnd pres
webovou aplikaci centralni vyhodno-
covaci jednotky. Casovy zdznam dat je
dostupny pres cloudovou aplikaci, ktera
béZi na externim serveru.
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Pfi prekroeni meznich hodnot prvniho
alarmového stupné je systémem auto-
maticky upozornéna obsluha objektu
a soucasné je SMS zpravou vyslana vy-
straha vybranym odpovédnym osobdm.
Pfi narGstu namdahani a vyhlaseni alar-
mu druhého stupné je aktivovan akus-
ticky signal, vedouci k evakuaci sta-
dionu. Stfecha stadionu je v soucasné
dobé stabilizovana a vzhledem k probi-
hajicimu monitoringu mize byt objekt
bezpelné provozovan az do doby, nez
bude zahdajena jeho rekonstrukce.

Roof Structure Monitoring of Winter Stadium in Kladno

Lukas Velebil

Mechanical Laboratory, Department of Materials and Structures

Due to the unsatisfactory technical con-
dition of the steel roof structure of the
winter stadium and a lack of funds for
a necessary reconstruction works, it was
necessary to ensure continuous moni-
toring of structural stability and design
a system to warn operators and visitors
in case of overload to enable safe ope-
ration of the building.

Based on a detailed technical survey
of the condition of the load-bearing
structure carried out by EXCON, Ltd., the
system of continuous measurement
was set up and 30 measuring points
were defined, including the setting of
limit values for the announcement of
alarm stages. The monitoring system
consists of strain gauges measuring the
strain of steel elements, laser displace-
ment sensors, indoor temperature sen-
sors, evaluation unit, indication panel
with acoustic signalling, stations mea-
suring external temperature and wind
loads, local data storage server and ex-
ternal cloud storage. Current values at
the measured points and data from the
weather stations are available via a web
application of the central evaluation
unit. Time-stamping data are available
via a cloud application that runs on an
external server.

When the limit values of the first alarm
stage are exceeded, the system auto-
matically notifies the operator of the
object and at the same time an alert
is sent by an SMS message to certain
responsible persons. When the stress
increases and the second stage alarm
is announced, an acoustic signal is ac-
tivated leading to the evacuation of the
stadium. The roof of the stadium is cu-
rrently stabilized and due to ongoing
monitoring, the stadium can be safely
operated until its reconstruction begins.
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Energeticky aktivni lehké obvodové plasté

Tomas Matuska
oddéleni Energetické systémy budov

Od roku 2015 jsme s primyslovym part-
nerem SKANSKA, a.s. oblast LOP (nyni
Wieden, s.r.o.) zkoumali moznosti inte-
grace energetickych prvkd do fasadnich
modull lehkych obvodovych plasth
(LOP). V projektu energeticky aktivniho
LOP bylo cilem integrovat hybridni foto-
voltaicko-tepelny (FVT) kolektor a optic-
ky selektivni odrazny rastr. V probihaji-
cim projektu autonomniho fasadniho
modulu jsme se zaméfili na vyuziti Pel-
tiérova chladic¢e v kombinaci s fotovol-
taikou integrovanou do LOP spole¢né
s bateriovym ulozistém.

Hybridni fotovoltaicko-tepelny (FVT)
kolektor slouzi pro mistni kombinova-
nou produkci elektfiny a tepla a pfinasi
zhruba o 35 % vysSSi Uspory nez v pfipa-
dé kombinace stavajicich technologii
(fototermické kolektory, fotovoltaic-
ké moduly). Opticky selektivni odraz-
ny rastr slouzi pro zajisténi difazniho
osvétleni, solarnich ziskd v zimnim ob-
dobi a odraz slunec¢niho zafeni v letnim
obdobi pro eliminaci tepelné zatéze in-
teriéru. Celkové jeho aplikace vede ke
snizeni spotfeby energie na vytapéni
a chlazeni az o0 25 % v zavislosti na pro-
centu proskleni s rastrem.

Pro autonomni fasadni modul byly na
zakladé simulace v CFD navrZeny a ex-
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perimentdlné otestovany rdzné kon-
strukce Peltiérova chladice a zaroven byl
navrzen fasadni fotovoltaicky systém
s plochym akumuldtorem pro pohon
chladice, ventilatordl, Zaluzii a vnitiniho
osvétleni. Autonomni fasadni modul
s prefabrikovanou integraci zminénych
prvk( ma potencidl zvysit rychlost vy-
stavby, zvySit autonomii stavu vnitini-
ho prostfedi na centralnim technickém
systému a zlepsit tak uzivatelsky kom-
fort v administrativnich budovach.

Vysledkem obou projektl jsou proto-
typy prefabrikovaného lehkého obvo-
dového plasté v rozméru cca 3 x 3 m
vybavené energetickymi prvky, kte-
ré jsou otestovdny na testovaci bun-
ce CVUT UCEEB postavené pro ucely
dlouhodobého testovani a monitoringu
funk&nosti konceptd. Oba koncepty jsou
pramyslové chranény.

Tento projekt je spolufinancovan se

statni podporou Technologické agentu-
ry CR v rdmci Programu Epsilon.

e AR B

Energy Active Curtain Walling Facades

Tomas Matuska

Department of Energy Systems in Buildings

From 2015, together with industry
partner SKANSKA (today WIEDEN) we
investigated possibilities of integrati-
on of energy components into facade
modules of curtain walling systems. In
past project of energy active curtain
walling facade, the goal was to integrate
a hybrid photovoltaic-thermal solar co-
llector together with optically selective
prismatic structure. In running project
of autonomous facade module, we con-
centrate on application of Peltier cooler
in combination with photovoltaics and
battery integrated into facade.

Hybrid photovoltaic-thermal collector
(PVT) is dedicated for local combined
heat and power production and brings
about 35 % higher savings than com-
bination of conventional technologies
(solar thermal collectors, photovoltaic
modaules). Optically selective prismatic
glazing provides diffuse daylight, solar
gains in winter and solar radiation re-
flection in summer to eliminate cooling
load of interior. Its application leads to
reduction of space heating and cooling
demand by up to 25 % in dependency
on share of prismatic structure applica-
tionin glazing.

Different construction alternatives of
Peltier cooler for autonomous facade

module has been designed (based on
CFD simulations) and experimentally
tested. Simultaneously, facade photo-
voltaic system with flat electric battery
has been designed to feed the cooler,
fans, sun-blinds and interior lighting.
Autonomous facade module thanks to
prefabricated integration of given com-
ponents has a potential to increase the
speed of building construction, enhan-
ce the autonomy of indoor environment
and improve thus user comfort in office
buildings.

Both projects resulted in prototypes
of prefabricated curtain walling facade
in size of 3 x 3 m equipped with ener-
getic components, which are tested at
CTU UCEEB test-cell built for long-term
monitoring and evaluation of the fun-
ctionality of concepts. Both concepts
gained industrial property protection.

This project is co-funded by the state
subsidy of Technology Agency of the
Czech Rebublic under the Epsilon pro-
gramme.
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Hybridni fotovoltaicko-tepelné kolektory

Nikola Pokorny
oddéleni Energetické systémy budov

Jiz od roku 2014 probiha v CVUT UCEEB
vyzkum a vyvoj zaskleného hybridni-
ho fotovoltaicko-tepelného solarniho
kolektoru. Cilem je dopracovat vlastni
koncept do certifikovaného technolo-
gicky pokrocilého feSeni na jedné stra-
né, nicméné s optimalizovanymi vyrob-
nimi ndklady.

Zaskleny hybridni fotovoltaicko-tepel-
ny kolektor pfemé&fuje slunecni zareni
soucasné na elektrickou energii a vy-
uzitelné teplo o potfebné teploté s vys-
Si produkci nez kombinace klasickych
solarnich technologii. Koncept vyvijeny
CVUT UCEEB vyuziva specialni technolo-
gii zapouzdrovani fotovoltaickych ¢lan-
ké do trvale pruzného polysiloxanového
gelu, ktery umoznuje teplotni dilatace
a s vysokymi teplotami nedegraduje
oproti bé&zné pouzivanym materidlim
ve fotovoltaice. Clanky se gelem zapouz-
dfuji mezi absorpcni plech a dvojsklo
s vysoce propustnym nizkoemisivnhim
povlakem. Tim vznikd nerozebiratelny
sendvic, ktery mizZe byt integrovan do
kolektorové skfiné nebo do obvodového
plasté budovy. Soucasny prototyp dale
vyuziva elektrické izolace na bazi lami-
nované félie pfimo na absorp¢ni plech.
Na ten je tepelné vodivou pastou nale-
pen trubkovy registr pro odvod tepla.
Vyroba hybridniho kolektoru je soustfe-
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déna do laboratofi CVUT UCEEB, kde byl
postupné vybudovan poloprovoz pro
malosériovou produkci vcéetné vlastni
vyroby FV stringl. Jednotlivé vyvojové
prototypy hybridnich FVT kolektord jsou
testovany v Solarni laboratofi s vyuzitim
simulatoru slune¢niho zareni a vysledky
slouzi pro validaci matematického mo-
delu, ktery umoZnuje pocitacovou si-
mulaci energetickych pfinost kolektoru
v rliznych aplikacich.

Redeni hybridniho kolektoru je paten-
tovdno, nicméné ddle probihd vyzkum
a vyvoj pro cenové optimalizované re-
Seni.

Vyzkum a vyvoj byl podpofen Minister-
stvem Skolstvi, mladeZe a télovychovy
v letech 2016 az 2020.

Hybrid Photovoltaic-Thermal Collectors

Nikola Pokorny

Department of Energy Systems in Buildings

Research and development of glazed
photovoltaic-thermal (PVT) solar co-
llector is in progress at CTU UCEEB from
2014. Target is to finalize our own con-
cept to certified technologically advan-
ced design but with optimized produ-
ction costs.

Glazed hybrid PVT collector converts
solar radiation simultaneously to power
and to heat with usable temperature
with higher production than conventi-
onal solar technologies. Concept deve-
loped at CTU UCEEB utilizes a specific
technology of encapsulation of PV cells
into permanently flexible polysiloxane
gel, which allows thermal dilatations
and it does not degrade with high tem-
peratures compared to usually applied
materials in photovoltaic production.
PV cells are encapsulated between ab-
sorber plate and double glazing with
highly transparent low-e coating. Thus,
a solid sandwich is created, which can
be integrated into collector box or into
building envelope system. Current pro-
totype also exploits electric insulation
based on foil laminated directly to ab-
sorber plate. Pipe register forheatremo-
val is directly glued to absorber plate by
thermally conductive paste. Production
of hybrid collectors is concentrated to
CTU UCEEB laboratories, where small-

-scale production pilot-plant has been
gradually built up including the own PV
strings preparation. Individual prototy-
pes of hybrid PVT collectors are tested
at Solar laboratory with the use of a sun
simulator and results are used for vali-
dation of mathematical model for com-
puter simulations of PVT collector ener-
gy yields in different applications.

Main outcome of this year are prototy-
pes of hybrid PVT collector for installa-
tion at roof of Czech pavilion within the
frame of World Expo 2020 in Dubai to be
part of the energy system of the buil-
ding. Solution of hybrid PVT collector
has been patented, however research
and development still take place to re-
ach the cost optimum.

Research and development have been

supported by Ministry of Education,
Youth and Sports in 2016 - 2020.
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Ziskavani vody ze vzduchu v poustnich podminkach

Bo¥ivoj Sourek
oddéleni Energetické systémy budov

V rdmci pfiprav vystavby Ceského pavi-
lonu pro VSeobecnou svétovou vystavu
EXPO 2020 v Dubaji jsme dostali na-
bidku na vyvoj systému pro autonomni
ziskdvani vody ze vzduchu v horkém
a suchém poustnim prostredi, kde jiné
systémy selhavaji. Systém mél byt na-
vrzen, otestovan a dlouhodobé odzkou-
Sen v pousti, aby pak jeho vykonné&jsi
verze byla integrovana do technologic-
kého zazemi pavilonu pfimo na vystavi-
Sti v Dubaji a slouZila pro produkci vody
k zalévani zahrady okolo pavilonu.

Autonomni systém S.AW.E.R. vyuzi-
va sorpcni proces, ve kterém desikant
odebird velkému mnozstvi poustniho
vzduchu vlhkost a tou navlhcuje men-
Si mnozstvi poustniho vzduchu. Pak je
mozné z néj ziskat béZnym chlazenim
pod rosny bod kapalnou vodu. Proces
je energeticky narocny, proto velka po-
zornost byla vénovana pravé energe-
tickému freSeni, od rekuperace tepla
v rdmci chladiciho procesu po vyuZiti
rznych mistné dostupnych obnovitel-
nych zdrojl energie (sdlani vaci obloze,
sluneéni zafeni). Systém S.AW.E.R. je tak
unikatni svou nezavislosti na vnéjsSim
zdroji energie, vyuziva fotovoltaickych
a fotovoltaicko-tepelnych soldrnich ko-
lektord v kombinaci s akumulaci tepla
a chladu a s akumulaci elektrické ener-
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gie. V jiném provedeni vyuziva tepelné-
ho ¢erpadla napojeného na fotovoltaic-
ky bateriovy systém.

Prototypovéa jednotka S.AW.E.R., umis-
ténd ve dvou kontejnerech (produkéni,
energeticky), byla instalovana a testo-
vana v pousti u mésta Sweihan ve Spo-
jenych arabskych emiratech v obdobi
od srpna do prosince 2019. Zafizeni
prokazalo schopnost produkovat vodu
v predpokldadaném mnoZstvi okolo
100 litrG za den. Zkusenosti ziskané pfi
zkusebnim provozu kontejnerové ver-
ze byly vyuzity pfi navrhovani zafizeni
S.AW.E.R. pro Cesky pavilon a zaroven
v soucasné bézicim projektu zmenSe-
né mobilni verze zafizeni. Maly nouzovy
zdroj vody by mél vyprodukovat v pru-
méru 10 litrd denné pfi pfedpoklddané
velikosticca1x1x2m.

Water Extraction from Air in Desert Conditions

Bo¥ivoj Sourek

Department of Energy Systems in Buildings

Within the frame of preparation for buil-
ding of Czech pavilion for World Expo
2020 in Dubai we got an offer to deve-
lop a system for autonomous extracti-
on of water from the air in hot and dry
desert environment, where other sys-
tems fail. System was to be designed,
tested and monitored in the desert, in
order that system with higher capacity
could be integrated in technology room
of pavilion directly at exhibition site in
Dubai and serve for water production in
the irrigation system for garden around
pavilion.

Autonomous system S.AW.E.R. used
sorption process, in which the desicca-
nt removes humidity from large flow of
desert air and transports it to increase
the humidity of smaller air flow. Then,
liquid water can be obtained by conven-
tional cooling process under dew point
of the air. Process is energy demanding,
therefore attention for paid especially
to energy management, from heat and
cold recovery to application of different
locally available renewables (sky radi-
ation, solar energy). System S.AW.E.R.
is thus unique by its independency on
external energy sources. It uses photo-
voltaic and photovoltaic-thermal solar
collectors combined with heat / cold
storage and electric battery storage. In

other design heat pump combined with
PV battery system is applied.

Prototype unit S.AW.E.R. placed into
two containers (production, energy)
has been installed and tested in desert
near Sweihan city in United Arab Emira-
tes in the period August to December
2019. The unit confirmed the capabi-
lity to produce the water in forecasted
amount about 100 litres per day. Expe-
riences obtained during testing ope-
ration of container version have been
applied for design of S.AAW.E.R. unit for
Czech pavilion and also in a new project
of mobile mini-unit. Small emergency
water source should produce 10 litres
of water in daily average and stay in size
of 1 x1x2m.
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WAVE 120 - kotel na biomasu, ktery kromé tepla vyrabi

elektFinu

Jakub Mascuch

Energetickd laboratof LORCA, oddéleni Energetické systémy budov

Cilem projektu je ve spolupraci s pri-
myslovymi partnery BHC Jilové s.ro.
a Ing. Miroslav Samata realizace ,kotle
s vyrobou elektfiny” o tepelném vykonu
120 kW a elektrickém 6 kW na drevni
Stépku v kontejnerovém provedeni. Jde
ozafizeniprospole¢nouvyrobuelektfiny
a tepla (kogeneraéni jednotka) pracujici
na principu ORC, projekt pfimo navazu-
je na vyvoj jednotek Wave. Pod pojmem
organicky Rankinlv cyklus se skryva
princip prace klasické parni elektrarny,
ale s vyuzitim organické pracovni latky,
kterd ma pfiznivé inZenyrské vlastnosti
v nasi vykonové oblasti.

Na pocatku roku 2020 se podafilo uvést
prototyp do zkuSebniho provozu, za-
¢atkem dubna probéhlo autorizované
mérfeni emisi. Jednotka s rezervou spl-
nila vS8echny povinné limity pro tuhé
znecistujici latky TZL (27,7 mg.m=3/limit
40 mg.m=); oxid uhelnaty CO (25 mg.m™
/limit 500 mg.m3), oxidy dusiku NOx
(142 mg.m3/limit 200 mg.m) i celkovy
organicky uhlik TOC (2,8 mg.m3/limit
20 mg.m?3). Zajimavosti je, Zze zafize-
ni pfi provozu dodava teplo i elektfinu
pro budovu CVUT UCEEB. Teplem plné
pokryje spotiebu CVUT UCEEB i pfi leh-
kych mrazech, na strané elektfiny je to
cca 10 % bézné denni vykonové potre-
by. Zafizeni je diky Gspé&sSnému ovéreni
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emisnich charakteristik pfipraveno na
prokazani parametrl tzv. Ekodesignu,
které by mélo probé&hnout do konce
c¢ervna 2020. Splnéni podminek Ekode-
sign je od 1. 1. 2020 nutné pro uvadéni
spalovacich zafizeni na trh, v ramci cer-
tifikace se sleduji nejen emisni, ale ze-
jména provozni ukazatele zafizeni, jako
jsou spotfeba paliva, ucinnosti, viastni
spotieby energii atp.

Do konce letosniho roku, kdy projekt
podle planu kondi, probéhne dalsi tes-
tovani a Upravy, aby bylo moZné na jare
pristiho roku dodat prvni Ctyfi zatizeni
tohoto typu do pilotnich provoza.

Tento projekt je spolufinancovan se
statni podporou Technologické agentu-
ry CR v rdmci Programu Théta.

Wave 120 - Wood Chips Boiler that Produces Both Heat

and Electricity

Jakub Mascuch

Laboratory of Organic Rankine Cycles and their Application, Department of Energy

Systems in Buildings

The aim of the project is to design
a ,wood chips boiler which produces
electricity” with heat output of 120 kW
and electric 6 kW named “Wave 120"
placed in a container. It is a device for
combined heat and electricity producti-
on (CHP unit) using the principle of Or-
ganic Rankine Cycle (ORC). The project
is directly related to the previous deve-
lopment of Wave units. The operational
principle of the ORC is close to the one
of conventional steam power plant, but
with the use of an organic working fluid
that has favourable engineering proper-
ties in the target power area.

At the beginning of 2020, the prototype
was put into trial operation, and at the
beginning of April, an authorized emi-
ssion measurement took place. The unit
easily met all mandatory limits for par-
ticulate matter (PM), carbon monoxide
(CO), nitrogen oxides (NOx) and total or-
ganic carbon (TOQ). It is interesting that
the device supplies heat and electricity
for UCEEB building during operation.
The heat fully covers the consumption
of UCEEB even during mild winter, on
the electricity side it is about 10% of the
normal daily power demand. Thanks to
the successful verification of emission
characteristics, the device is ready to
prove the efficiency parameters of the

so-called Ecodesign, which should take
place by the end of June 2020. It is man-
datory to comply with Ecodesign since
the 1st of January 2020 for selling of
any combustion devices on the market.
Ecodesign procedure focuses also on
the operating indicators of the equip-
ment, such as fuel consumption, effici-
ency, own energy consumption, etc.

By the end of this year and also the pro-
ject, further testing and modifications
will take place so that the first four devi-
ces of this type can be delivered to the
pilot site in the spring of next year 2021.

This project is co-funded by the state
subsidy of Technology Agency of the
Czech Rebublic under the Theta pro-
gramme.
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Kombinace tepelného cerpadla a fotovoltaiky pro témér

nulovou budovu

Tomas Matuska
oddéleni Energetické systémy budov

Cilem spoluprace s primyslovym part-
nerem Regulus, s.ro. bylo vyvinout
pokrodily energeticky systém pro za-
sobovani budov teplem, chladem
a elektfinou s vysokou sobéstacnosti
pro docileni standardu téméf nulové
budovy s ekonomickou ndvratnosti do
10 let s podilem vyuziti obnovitelnych
zdrojl energie (OZE) nad 70 %.

V prvnim roce projektu byla navrzena
koncepce energetického systému zalo-
zeného na kombinaci tepelného Cerpa-
dla, fotovoltaického systému a nizkona-
kladového zemniho zasobniku v podlozi
budovy, ktery slouzi jako jednoduchy
sezénni akumulator. Pro navrh prvkl
byly provedeny parametrické simulace
budovy a celého systému, véetné po-
drobného modelovani uklddani tepla
v podlozi. Systémové feSeni je chranéno
uzitnym vzorem. Ve druhém roce pro-
jektu byly ve spolupraci s primyslovym
partnerem Regulus vyvinuty a zkonstruo-
vany hlavni prvky systému: tepelné
Cerpadlo zemé-voda s fizenymi otdc-
kami a chladi¢em prehfatych par (pro
zvySeni vyuzitelnosti tepla pro pfipravu
teplé vody), kombinovany zasobnik tep-
la s délici pfepazkou, zemni zasobnik
a inteligentni regulator. Tepelné Cerpa-
dlo a kombinovany zdsobnik byly po-
drobné testovany v laboratofich CVUT
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UCEEB pro validaci matematickych mo-
dell k ziskani spolehlivéjsich vysledkd
simulaci pro konkrétni rodinny dim
v prostifedi TRNSYS. Z modelovani byly
odvozeny optimalni regulacni algoritmy
spoluprace FV systému a tepelného Cer-
padla. Béhem tfetiho roku projektu byl
systém instalovdn a zprovoznén v ro-
dinném domé v Hamrech u Hlinska a vy-
baven vzdalenym monitoringem.

Od podzimu 2017 je systém monitoro-
vén a vyhodnocovan. Udaje z redlného
provozu 2017-2019 potvrdily vysledky
simulaci. Rodinny diim vyuzivd OZE pro
vytapéni a pfipravu teplé vody na Grovni
84 % a mérna potreba neobnovitelné pri-
marni energie je zhruba na ¢tvrtiné poza-
davku pro pasivni domy (15 kWh/mZ.rok).

Tento projekt byl spolufinancovdn se
statni podporou Technologické agentu-
ry CR v rdmci Programu Alfa.

AR R

Combination of Heat Pump and Photovoltaics for Nearly

Zero Energy Building

Tomas Matuska

Department of Energy Systems in Buildings

Target of collaboration with industry
partner Regulus was to develop advan-
ced energy system for supply of heat,
cold and electricity with high self-suffi-
ciency to achieve nearly zero energy
standard with economic payback under
10 years with share of renewables abo-
ve 70 %.

Concept of energy system has been su-
ggested in first year of the project. It is
based on combination of heat pump,
PV system and low-cost ground storage
under building, which is used as a sim-
ple seasonal heat storage. Parametric
simulations of building and the system,
including the detail modelling of ground
storage, have been performed to design
the individual components. System so-
lution is protected by utility model. Main
components of the system: ground sou-
rce heat pump with power control and
desuperheater (to increase the usability
of heat), combined heat storage with
division plate, ground storage and inte-
lligent controller were developed and
constructed in second year. Heat pump
and combined heat storage were tes-
ted in UCEEB CTU laboratories in detail
for validation of mathematical models
to obtain more reliable results from si-
mulations in TRNSYS environment for
a given family house. Optimal control al-

gorithms for cooperation of heat pump
and PV system have been derived from
modelling. The system has been insta-
lled and commissioned in family house
in Hamry close to Hlinsko during third
year of project. The system was equi-
pped with remote monitoring system
and from autumn 2017 it is continuou-
sly monitored and evaluated.

Data from real operationin period 2017-
2019 confirmed the results from simula-
tions. Family house utilizes renewables
for space heating and hot water prepa-
ration at level of 84 % and specific de-
mand of non-renewable primary energy
is around 15 kWh/m?2.a, i.e. one quarter
of the requirement for passive houses.

This project was co-funded by the sta-
te subsidy of Technology Agency of
the Czech Rebublic under the Alfa pro-
gramme.
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Prediktivni Fizeni bateriového tilozisté s fotovoltaickym
zdrojem zalozené na cloudové sluzbhé predpovédi osvitu

Petr Wolf

Fotovoltaické systémy, oddéleni Monitoring a fizeni inteligentnich budov

Cilem projektu byla optimalizace sta-
vajici sluzby predpovédi pocasi pro fo-
tovoltaické systémy provozované CVUT
UCEEB (PV Forecast, http://pvforecast.cz)
a jeji rozsireni o kratkodobou predpo-
véd s uzitim kamer sledujici oblohu
(sky-imagerd). Nasledné byla tato sluz-
ba propojena s bateriovym systémem.
Timto jsme dosahli efektivnéjsiho pro-
vozu baterii, coz bylo ovéfeno v labora-
tofi.

Cloudova sluzba PV Forecast poskytu-
je informace o osvitu, teploté vzduchu
a srazkovém Uhrnu ve formdtu vhod-
ném pro strojové zpracovani dat. Sluzba
byla celkové optimalizovéna, aby bylo
mozné ji dale moduldrné rozsifovat
a umoznovala paralelni vypocet pfred-
povédi pro jednotlivé lokality. Lokality
mohou byt vybaveny senzorem osvitu
pro zpétnou vazbu a zvySeni presnosti
predpovédi. Pro dalSi zvySeni prfesnosti
prfedpovédi byl vytvofen model poci-
taCového zpracovdni obrazu ze sky-i-
magerd. Model zaloZeny na sledovani
mrakl poskytuje pfesnou predpovéd
osvitu v kratkém ¢asovém horizontu do
cca 30 minut.

Partnerem projektu byla ceskd firma

AERS, s.r.0., ktera vyvinula bateriové ulo-
Zisté pro domadci uziti. V rdmci spolec-
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ného projektu navrhla pro toto ulozisté
rozsifujici modul pro pfipojeni senzorl
osvitu i sky-imageru. Modul obsahuje
mikrokontrolér pro zakladni prfedzpra-
covani dat. Data preda sluzbé PV Fo-
recast. Zpétné ziska data predpovédi

osvitu, z nichZz je pocitana predpovéd

vyroby fotovoltaického zdroje a nasta-
vovany parametry bateriového UloZiste,
jako je maximalni hloubka vybiti ¢i podil
energie Cerpané ze sité a z baterie.

Celkovd sestava bateriového Ulozis-
té propojeného na sluzbu PV Forecast
byla odladéna v laboratofi. V zavérecné
fazi projektu byl proveden dlouhodo-
by test presentujici 2 dny provozu. Ten
ukdzal 10% usporu odbéru energie ze
sité pomoci fizeni baterii s uzitim sluzby
PV Forecast.

Tento projekt byl spolufinancovan se
statni podporou Technologické agentu-
ry CR v rdmci Programu Zéta.

Predictive Control of Battery Storage Using Photovoltaic
Energy Source based on Cloud Irradiance Forecast Service

Petr Wolf

Photovoltaic Systems, Department of Control and Monitoring of Intelligent Buildings

The aim of the project was to optimize
current forecasting service for photo-
voltaic systems operated at CTU UCEEB
(PV Forecast, http://pvforecast.cz) and
extend it for a short-term forecast using
cameras observing the sky (sky-im-
agers). In the next step, this service has
been combined with a battery storage
system. This way we reached a more
effective battery operation, which was
proved by laboratory measurement.

Cloud based service PV Forecast provi-
des information of irradiance, tempera-
ture and precipitation in a format sui-
table for machine data processing. The
service was completely optimized and
newly structured to enable modular ex-
pansion and parallel data processing of
prediction for individual locations. The
locations can be equipped with an irra-
diance sensor to give a feedback and
increase prediction accuracy. To further
increase the accuracy, a model utilizing
computer image processing of sky-i-
mager has been developed. Based on
cloud tracking, the model provides an
accurate prediction for a time horizon
up to around 30 minutes.

Partner for this project was a Czech
company AERS, s.ro. that developed
a battery storage system for house-

holds. Within the common project the
company designed an extension mo-
dule to connect irradiance sensors and
the sky-imager. The module includes
a microcontroller that performs prepro-
cessing of measured data. The data is
then served to the PV Forecast service.
Power production of photovoltaic sou-
rces is calculated based on irradiance
prediction to set battery storage system
parameters, such as depth of discharge
or grid and battery energy ratio.

Battery storage system connected to
the PV Forecast service has been tuned
in laboratory. In the final project stage,
a 2day long term test has been per-
formed. The result showed 10 % grid
energy saving due to the utilization of
PV forecast service.

This project was co-funded by the sta-
te subsidy of Technology Agency of the
Czech Rebublic under the Zeta pro-
gramme.
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Akusticky komfort v budovach pro bydleni

Ji¥i Novacek

Akustickd laboratof, oddéleni Architektura a Zivotni prostredi

Akustickd laborator CVUT UCEEB se dlou-
hodobé snazi pfispivat k postupnému
zlepsSovani akustického komfortu v novo-
stavbach obytnych budov. Ve spolupraci
se spolecnosti JRD Development s.r.o. byl
realizovdn smluvni vyzkum zaméreny
na kroc¢ejovou neprizvucénost stropnich
konstrukci, jehoz cilem bylo navrhnout
a ovéfit skladby podlah, které by uziva-
teldm budov poskytovaly lepsi ochranu
pred kroejovym zvukem.

Navrh podlah provedeny v prvni fazi
vyzkumu respektoval nejen poZadavky
akustické, ale téz technické a ekono-
mické. Ve vSech variantdch se jednalo
o téZzké plovouci podlahy s anhydritovou
rozndSeci vrstvou na Zelezobetonovém
stropé. Pfedmétem vyzkumu bylo na-
1ézt optimalni izolaéni souvrstvi, které
by nejen zajistilo splnéni standardnich
pozadavkl na krocejovou neprizvud-
nost, ale také v maximalni mife pfispi-
valo k potlaceni pfenosu krolejového
zvuku v kmitoctové oblasti pod 100 Hz.
PrestozZe se tyto nizké kmitocty pfi hod-
noceni zvukové izolace mezi mistnost-
mi bézné nezohlednuji, z hlediska sub-
jektivniho vnimani jsou povazovany za
velmi ruSivé a projevuji se typickym du-
nénim podlah. V navrzenych skladbach
byly zastoupeny izola¢ni podlozky
z mineralnich vldken i elastifikovaného
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polystyrenu, v kombinaci s riznymi ma-
teridlovymi variantami vyrovnavacich
vrstev. Druhd faze vyzkumu byla zamé-
fena na ovéreni skutecnych akustickych
vlastnosti podlah. K tomuto ucelu byly
vyrobeny a otestovany zkusebni vzorky
podlah v akustické laboratofi. Pfi jejich
vyrobé byl kladen dlraz na to, aby byly
respektovany postupy a detaily jako na
stavbé, véetné instala¢nich rozvoda ve
vyrovnavacich vrstvach.

Z vysledkl zkousSek byla vybrana akus-
ticky nejlepsi skladba podlahy, kterou
bude néasledné partnerskd spolec¢nost
uplatinovat v projektech novych byto-
vych domd. Realizovany smluvni vy-
zkum tak muze v budoucnu pfrispét
k vySSimu akustickému komfortu
a k vétsi spokojenosti uzivateld. Pfi rea-
lizaci na stavbé spole¢nost JRD dosdhla
u navrzené skladby dokonce lepSich pa-
rametrd neZ v laboratofi.

Acoustic Comfort in Residential Buildings

Ji¥i Novacek

Acoustic Laboratory, Department of Architecture and the Environment

Acoustic laboratory of CTU UCEEB seeks
to contribute to continuous improve-
ment of acoustic comfort in new resi-
dential buildings. In cooperation with
JRD Development company, contractual
research focused on impact sound in-
sulation of floor structures was carried
out. The goal was to design and verify
floors that would provide building users
with better protection against impact
sound.

The design of floors carried out in the
first phase of the research respected
not only the acoustic requirements,
but also the technical and economic
aspects. Inall variants, these were heavy
floating floors with an anhydrite screed
on a reinforced concrete slab. The sub-
ject of the research was to find the op-
timal insulation layer, which would not
only meet the standard requirements
for impact sound insulation, but also
contribute to the suppression of impact
sound transmission in frequency range
below 100 Hz. Although these frequen-
cies are not commonly taken into ac-
count when evaluating sound insulati-
on, they are considered very disturbing
in terms of subjective perception and
are reflected as the typical rumbling no-
ise. Insulating layers made of mineral fi-
bers and elastified polystyrene were re-

presented in the set of designed floors,
in combination with different materials
of leveling layers. The second phase of
the research was focused on verifica-
tion of the real acoustic properties of
floors. For this purpose, test samples of
floors were built and tested in acoustic
laboratory. During their production, em-
phasis was placed on respecting proce-
dures and details as on site.

Based on testresults, the best floor from
acoustical point of view was chosen,
which will then be used by the partner
company in new projects of residential
buildings. Realized contractual rese-
arch can thus contribute in the future to
higher acoustic comfort and more sa-
tisfied users. According to JRD Develop-
ment company, during the realisation of
building the results in a real condition
was even better than the previous labo-
ratory tests.
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Bytova vétraci jednotka s termoelektrickym vyménikem

pro fizeni teploty vzduchu

Daniel Adamovsky

Laborator vnitfniho prostredi, oddéleni Kvalita vnitfniho prostredi

Cilem projektu je vyvinout a ovéfit by-
tovou vétraci jednotku, kterd umoznu-
je celoro¢né fidit teplotu pfivddéného
vzduchu bez nutné podpory systému
chlazeni a vytapéni. K zajisténi své funk-
ce vyuziva dvojice tepelnych vyménikd.
Prvni je vysoce ucinny deskovy vyménik
zpétného ziskdvanitepla, druhy je aktiv-
ni vyménik vyuzivajici termoelektrické
moduly. Timto vyménikem jednotka za-
jistuje ohfev a chlazeni vétraciho vzdu-
chu.

Soucasné feseni predstavuje kompakt-
ni bytovou vétraci jednotku s nizkou
vyskou pro snadnou zastavbu napfi-
klad na WC. Nejvyssi pratok vzduchu je
150 m3/h. V rdmci projektu bylo navrze-
no a odzkouseno mnoho variant feseni
aktivniho vyméniku a celkové konfigu-
race vétraci jednotky. Vysledné feSeni
vyuziva protiproudého uspofadani pro-
stfednictvim hlinikovych vyménikd, kte-
ré vhodné rozvadi tepelny tok z jed-
notlivych modulld a vytvari zvétSenou
teplosménnou plochu pro ohtev a chla-
zeni vzduchu. Soucasné je vyvijen regu-
1ator napdjeni termoelektrickych modu-
1G4, ktery je klicovy pro dosazeni vysoké
ucinnosti v celém provoznim rozsahu.
Pfi sprdvném fizeni dosahuje jednotka
zvySeni teploty vétraciho vzduchu 10 K
nad teplotu odvadéného vzduchu pfi
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zimnim rezimu. V letnim rezimu dosah-
ne snizeni teploty venkovniho vzduchu
az o 9 K. EER celé vétraci jednotky pfi
chlazenije 0,6 az 2,3.

Hlavnim vysledkem je funkéni vzorek
bytové vétraci jednotky, ktery v pfevazu-
jici mife vyuziva technologie budouciho
prototypu (napf vyroby té&la jednotky
frézovanim z XPS).

Vyzkum a vyvoj byl podpofen projektem
OPPIK Aplikace.

Residential Ventilation Unit with Thermoelectric Heat
Exchanger for Control of Supply Air Temperature

Daniel Adamovsky

Laboratory of Indoor Environment, Department of Indoor Environment Quality

The aim of the project is to develop and
verify a residential ventilation unit that
allows year-round control of the supply
air temperature without the necessa-
ry support of cooling and heating sys-
tems. It uses a pair of heat exchangers
to ensure its function. The first is a hi-
ghly efficient heat recovery exchanger,
the second is an active exchanger using
thermoelectric modules. With this ex-
changer, the unit provides heating and
cooling of the ventilation air.

The current solution is a compact resi-
dential ventilation unit with a low hei-
ght for easy installation, for example on
a toilet. The highest air flow is 150 m3/h.
Within the project, many variants of the
active heat exchanger solution and the
overall configuration of the ventilation
unit were designed and tested. The re-
sulting solution uses a counter-current
arrangement using aluminium exchan-
gers, which suitably distributes the heat
flow from the individual modules and
creates an increased heat exchange
surface for heating and cooling the air.
At the same time, a power supply con-
troller for thermoelectric modules is
being developed, which is key to achie-
ving high efficiency over the entire ope-
rating range. With correct control, the
unit reaches an increase in supply air

temperature 10 K above the extract air
temperature in winter mode. In summer
mode, the outdoor air temperature is
reduced by up to 9 K. The EER of the en-
tire ventilation unit during cooling is 0.6
to 2.3.

The main result is a functional sample
of a residential ventilation unit, which
predominantly uses the technology of
a future prototype (e.g. production of
the unit body from XPS).

Research and development are suppor-
ted by a project OPPIK Aplikace.
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Realizace klinickych studii s vyuzitim telemedicinského

systému

Jan Muzik

Laboratof personalizované telemediciny, oddéleni Kvalita vnitfniho prostfedi

Cilem zdméru je provést pilotni a na-
sledné plnohodnotné Kklinické studie
zaloZené na sbéru dat z béZného Zivota
pacientl s chronickymi chorobami. Pro
tento Ucel je vyuzivan telemedicinsky
systém Diani s moduly zamérenymi na
pacienty s diabetem, hypertenzi a pa-
cienty, u nichz je tfeba pribézné sledo-
vat Uroven fyzické aktivity.

Telemedicinsky systém Diani je postaven
na jadru systému Seniorlnspect, ktery je
vyvijen od roku 2010. Systém Seniorln-
spect pozdéji pfejmenovany na Protectu
je technologie zajistujici provoz stejno-
jmenné mobilni asistencni sluzby pro
seniory. Systém Diani je telemedicinskou
nadstavbou, kterd umoznuje automati-
zovany sbér fady zdravotnich informaci
o pacientech s chronickymi chorobami.
Tyto informace jsou sbirdny pomoci mo-
bilni aplikace nebo mini-PC umisténého
u pacienta doma, pfipadné ve zdravotnic-
kém zafizeni.Data jsou sbirdna ze zafizenfi
jako jsou glukometry, tonometry, bioim-
pedandni vahy, chytré naramky, elektro-
nické deniky nebo dotaznikové systémy.
Data jsou ndsledné uloZena v cloudu
a prezentovana jak pacientdim, tak i Ié-
kardm nebo oSetfujicim osobam. Data
mohou byt rovnéz automatizované ode-
silana do nemocnicnich informacnich
systéma.
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Pomoci systému Diani byla realizo-
vana klinickd studie SOMA zamérena
na sledovani fyzické aktivity pacient(
hospitalizovanych v Psychiatrické ne-
mocnici Bohnice. Dale byl systém vyuzit
v pilotnim projektu telemediciny, kterou
realizoval Magistrat HMP. Systém je dale
aktivné vyuzivan ve dvou bézZicich kli-
nickych studiich, jedna je zamérena na
optimalizacilé¢by a kontrolu IéCebného
rezimu pacientd s diabetem a druhd na
pacienty s hypertenzi. Systém je rov-
néz vyuzivan v klinické studii ovéfujici
prfesnost chytrych naramkl u pacientd
s poruchou chlizového stereotypu, kte-
rd pravé probiha v Rehabilita¢nim Usta-
vu Kladruby.

Vyzkum a vyvoj byl podpofen OP PPR
(MHMP), OP PIK (MPO), GAUK (UK).

Implementation of Clinical Studies Using a Telemedicine

System

Jan Muzik

Laboratory of Personalized Telemedicine, Department of Indoor Environment Quality

The aim of the plan is to conduct pilot
and subsequently full-fledged clinical
studies based on the collection of data
from the daily life of patients with chro-
nic diseases. For this purpose, the Diani
telemedicine system is used with mo-
dules aimed at patients with diabetes,
hypertension and patients in whom the
level of physical activity needs to be
monitored on an ongoing basis.

The Diani telemedicine system is built
on the core of the Seniorlnspect system,
which has been developed since 2010.
The Seniorlnspect system, later rena-
med Protect, is a technology ensuring
the operation of the mobile assistance
service of the same name for seniors.
The Diani system is a telemedicine ex-
tension that enables the automated
collection of a range of health informa-
tion about patients with chronic disea-
ses. This information is collected using
a mobile application or mini-PC located
at the patient's home orin a medical faci-
lity. Data are collected from devices such
as glucometers, tonometers, bio impe-
dance scales, smart bracelets, electronic
diaries or a questionnaire system. The
data is then stored in the cloud and pre-
sented to patients, doctors or caregivers.
Data can also be sent automatically to
hospital information systems.

Using the Diani system, a SOMA clinical
study was carried out aimed at moni-
toring the physical activity of patients
hospitalized at the Bohnice Psychiatric
Hospital. Furthermore, the system was
used in a pilot project of telemedicine,
which was implemented by the City of
Prague. The system is also actively used
in two ongoing clinical trials, one aimed
at optimizing treatment and controlling
the treatment regimen of patients with
diabetes and the other at patients with
hypertension. The system is also used in
a clinical study verifying the accuracy of
smart bracelets in patients with a gait
stereotype disorder, which is currently
underway at the Kladruby Rehabilitati-
on Institute.

Research and development were sup-

ported by OP PPR (MHMP), OP PIK (MPO),
GAUK (UK)
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1Q-pump: cerpadlova jednotrubkova otopna soustava 4.0

Laboratof Hydronics 4.0, oddéleni Monitoring a fizeni inteligentnich budov

Projekt IQ-pump si klade za cil vyvinout
prototyp fidiciho ¢lenu pro Cerpadlové
jednotrubkové otopné soustavy. Jedna
se o inteligentni mikrocerpadlo, kte-
rym bude osazeno kazdé otopné téleso
v soustavé a zdroven dokaze stanovit
pratok otopnym télesem, pfesné jej fi-
dit, a na zakladé mérenych teplot urcit
tepelny vykon doddvany do mistnosti.
Hlavni vyhodou je pouziti virtudlniho
senzoru pritoku namisto pritokoméru
jako takového. Kromé fizeni tepelného
vykonu lIze bez pouziti pridtokoméru
také diagnostikovat G¢innost otopného
télesa ¢i méfit spotrebu tepla. V Cerpa-
dlové jednotrubkové soustavé jsou tyto
prvky fazeny sériové za sebou tak, jak
ilustruje pfiloZzend grafika.

V prvni fazi projektu byl navrzen a po-
staven testbed reprezentujici otopnou
soustavu, kterd mizZe byt prepnuta
mezi jednotrubkovou a dvoutrubkovou
variantou. Testbed je osazen senzory
umoziujicimi méfit fyzikdlni velic¢iny
potfebné pro validaci stanoveni pritoku
a uréeni parametrd ¢erpadla a armatu-
ry v zavislosti na teploté a fyzikdlnich
vlastnostech teplonosného média. Test-
bed je fizen pomoci Matlab/Simulink
skrze nami vyvinutou UPI Rapid Proto-
typing Platform. Ve druhé fazi projektu
probihal navrh dvojité T-odbocky, ktera
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zajistuje hydraulickou separaci, a sed-
la Cerpadla s teploméry. Navrh doznal
mnoha iteraci stejné jako pouzity po-
hon ¢erpadla s elektronikou. Ve treti fazi
jsou navrhovany algoritmy virtualnich
senzort pritoku a tepelného vykonu.
Maximalni odchylka virtualniho senzo-
ru pritoku je nyni 25 I/h. Zajimavosti je
aktudlné vyvijeny algoritmus detekce
pracovni kapaliny také pouze z provoz-
nich dat mikroCerpadla. Technologie je
chrdnéna dvéma patenty.

V soucasné dobé probihd dokoncovani
prototypu a planujeme pilotni nasazeni

v redlné budové. V cerpadlovych jed-
notrubkovych soustavach s fidicimi prv-
ky 1Q-pump spatfujeme cestu integrace
prvkd koncepce primyslu 4.0 do otop-
nych systémd budoucnosti.

Tento projekt je spolufinancovan se stat-
ni podporou Technologické agentury CR
v rdmci Programu Théta.

1Q-Pump: One-Pipe Hydronic Heating 4.0

Jiii Dostal

Hydronics 4.0 Laboratory, Department of Control and Monitoring of Intelligent Buildings

The IQ-pump project aims at develo-
ping a smart control device for one-pi-
pe hydronic heating systems. The de-
vice comprising a micropump serves
as a means of controlling flow of heat
transfer fluid through an adjacent heat
exchanger and thus controls the ther-
mal power entering a room or zone. It
does so without using a flowmeter, only
by a virtual flow sensor. Apart from heat
control, a heat exchanger diagnostics
and heat metering may be performed.
These devices are connected in series
as the enclosed figure illustrates.

At first, we aimed at constructing a tes-
tbed allowing for precise measurement
of mass flow and thermal power of
a heat exchanger either in one-pipe or
two-pipe configuration. The testbed is
used to prove design concepts, mainly
hydraulic separation between circuits
and pump housing, and validate deve-
loped virtual sensors of mass flow and
thermal power. The testbed controls
Matlab/Simulink via in-house develo-
ped UPI Rapid Prototyping Platform,
that allows for either remote connecti-
on or embedding into a PLC. The design
of 1Q-pump first involved mechanical
arrangement and sizing of the two T-jo-
ints, pump housing and thermometer
sensors. Several design iterations also

occurred on the pump drive and its con-
trol electronics. Virtual sensors of mass
and thermal power are now being deve-
loped and refined. Current maximal ab-
solute deviation of the mass flow sensor
is 25 I/h. Worth noting is also the algo-
rithm of a heat transfer fluid detection
also depending solely on pump motor
measurements. The technology is pro-
tected by two patents.

We are currently finishing the prototype,
and we began planning its pilot testing
in a real building. One-pipe hydronics
systems comprising IQ-pump control
devices constitute, in our view, a way of
integration of the Industry 4.0 concept
into the hydronic heating systems of the
future.

This project is co-funded by the state
subsidy of Technology Agency of the
Czech Rebublic under the Theta pro-
gramme.
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Vyuziti loT technologii pro monitoring vnitiniho

a venkovniho prostiedi

Jan Vcelak

Elektronické systémy a diagnostika, oddéleni Monitoring a fizeni inteligentnich budov

Cilem projektu je vyvinout a otestovat
v redlném provozu senzorickou platfor-
mu, kterd bude umoznovat méfeni pa-
rametrd vnitfniho a vnéjsiho prostredi
a pomoci bezdratovych loT technologii
data zasilat do databdzového systému
pro jejich zobrazeni a nasledné detailni
zpracovani. Cilem je redlné ovéfeni moz-
nosti masového nasazeni loT senzord
ajejich funkce v méstském prostredi jak
v interiéru, tak v exteriéru. Na projek-
tu spolupracovalo CVUT UCEEB, mésto
Kladno a Ceské Radiokomunikace.

V rdmci projektd OP-PPR byla vyvinuta
senzorova platforma podporujici bez-
dratové rozhrani WiFi, ale i bezdratové
rozhrani LPWAN LoRaWAN. Plvodné byl
senzor navrzen cCisté pro potfeby mo-
nitoringu kvality prostfedi v interiéru
meéfici veli¢iny jako teplota a vlhkost
vzduchu, koncentrace CO,, koncent-
race organickych tékavych latek, ale
i doplikové veli¢iny obsahujici infor-
maci napfiklad o barometrickém tla-
ku nebo osvétleni &i hluku v mistnosti.
V dalsim kroku byla platforma rozsifena
o moznost méreni koncentrace pevnych
castic PM1, PM2.5, PM4 a PM10, ¢imz
byl u€inén prvni krok k moznosti vyuzi-
ti platformy i pro méfreni ve venkovnim
prostredi, byt s velmi omezenou pale-
tou mérenych velicin.
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V roce 2018 a 2019 probéhlo nasazeni
vyvinutych senzorl pro méreni ve Skol-
nich budovéach v Kladné a Praze 7, kde
bylo vyhodnoceno vice nez 50 méfe-
nych uceben. Pro vzdaleny pfenos dat
se osvédcila technologie LoRaWAN
v celorepublikové siti Ceskych Radio-
komunikaci. Nasazeni ovéfilo moznost
pouziti senzorl ve vnitinim prostiedi
s dobrym pokrytim signdlem LoRaWAN.
Méreni poukazalo na celkové nevyhovu-
jici kvalitu vnitfniho prostfedi v uceb-
nach, kde hlavnim problémem bylo
pravidelné prekracovani doporucenych
maximalnich darovni koncentrace CO,.
V roce 2019 doslo k nasazeni upravené
verze senzoru pro méreni kvality vnéj-
Siho prostredi v mésté Kladné ve trfech
méficich bodech.

Vyzkum a vyvoj byl podpofen OP-PPR
v letech 2018 az 2019.

10T Technologies for Monitoring the Indoor and Outdoor

Environment

Jan Vcelak

Electronic Systems and Diagnosis, Department of Monitoring and Control of Intelligent

Buildings

The aim of the project is to develop and
test in real operation a sensor platform
that will allow to measure parameters of
the internal and external environment
using wireless loT technologies to send
data to a database for their presentati-
on and detailed processing. The aim is
to verify the possibility of mass deploy-
ment of loT sensors and their function
in the urban environment both indoors
and outdoors. CTU UCEEB, the city of
Prague, Kladno and Ceské Radiokomu-
nikace collaborated on the project.

As part of the OP-PPR projects, a sensor
platform supporting wireless WiFi as
well as the LPWAN LoRaWAN interface
was developed. Originally, the sensor
was designed purely for the needs of
monitoring the quality of the interior,
measuring variables such as tempera-
ture and humidity, CO, concentration,
concentration of volatile organic com-
pounds, but also additional quantities
containing information such as baro-
metric pressure, lighting in the room
or noise in the room. In the next step,
the platform was extended by the po-
ssibility of measuring the concentration
of dust particles PM1, PM2.5, PM4 and
PM10, which was the first step to extend
the possibility of using the platform for
outdoor measurements, although with

a very limited range of measured quan-
tities.

In 2018 and 2019, the developed sen-
sors were tested for measurement in
school buildings in Kladno and Pra-
gue 7, where more than 50 measured
classrooms were evaluated. The Lo-
RaWAN technology in the nationwide
network of Czech Radiocommunica-
tions has proved its worth for remote
data transmission. The measurements
showed an overall unsatisfactory quali-
ty of the indoor environment in classro-
oms, where the main problem was the
regular exceeding of the recommended
maximum levels of CO, concentration.
In 2019, a modified version of the sen-
sor for measuring the quality of the ex-
ternal environment in the city of Kladno
was deployed at three measuring spots.

The project was supported by OP-PPR
grants in 2018 and 2019.
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Funkcionalizovana nanovlakna pro ultracitlivou detekci,
identifikaci a dlouhodobé digitalni skladovani pachovych

stop

EvZen Amler

Laboratof pokrodilych biomateridld, oddéleni Pokrocilé biomateridly

Hlavnim cilem projektu bylo vytvoreni
kvalitativné nového systému pro sbér
pachovych stop a jejich uchovavani ve
vybranych rozpoustédlech na bazi roz-
pustitelnych nanovldken. Tato meto-
da umoznuje jednoduchou a efektivni
tvorbu netkané textilie s velkym ad-
sorpcnim povrchem a velkou porozitou,
které mohou byt modifikovatelné pro
dosazeni optimalnich fyzikdlné-che-
mickych podminek.

Vytvofeny systém umoziiuje ultrasen-
zitivni adhezi pachovych molekul na
modifikovany nanovldkenny povrch
s naslednym prevedenim pachovych
stop do vhodné podoby pro uchovava-
ni, transport nebo pfipadné pro dalsi
chemické analyzy vedouci k digitalizaci
pachové stopy. Tyto pokrocilé chroma-
tografické pfripadné spektroskopické
metody umozni tvorbu digitdlnich pa-
chovych databazi, ¢imz se docili ne-
omezené dlouhodobého uchovavani
informaci o pachovych stopdch v dobé
jejich odbéru. Tato novd metoda sbé-
ru pachovych stop umoznuje efektivni
a reprodukovatelné zachyceni Sirokého
spektra molekul tvoficich lidsky pach
a diky kontrolované rozpustnosti umoz-
ni jednoduchy pfevod molekul do ka-
palného stavu a jejich vysoce presnou
analyzu pomoci analytickych metod.
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Vysledkem projektu jsou mimo jiné
funkéni vzorky a uzitné vzory pacho-
vého snimace pro sbér stop v pozafisti
a pachového snimace pro sbér decho-
vych a plynnych stop, u nichz byl apli-
kovan vyvinuty odbérovy systém na
bazi funkcionalizovanych nanovldken.
Vysoka ucinnost sbéru plynnych pacho-
vych stop a moZnosti aplikace plynové
i kapalinové chromatografie pro analy-
zu latek zvySuje informacni obsah pa-
chové stopy a jeji zvySenou reproduko-
vatelnost a prikaznost v kriminalistické
praxi, v€etné prevedeni do digitalniho
zaznamu.

Vyzkum a vyvoj byl podporen Minister-
stvem vnitra CR v letech 2015 aZ 2018.

Functionalized Nanofibers for Ultrasensitive Detection,
Identification and Long-Term Digital Storage of Odour

Traces

EvZen Amler

Laboratory of Advanced Biomaterials, Department of Advanced Biomaterials

The main objective of the project was
to create a qualitatively new system
for collecting odour traces and storing
them in selected solvents based on so-
luble nanofibers. This method allows
simple and efficient formation of non-
woven fabric with a large adsorption
surface and a large porosity, which can
be modified to achieve optimal physi-
cochemical conditions.

The created system enables ultrasen-
sitive adhesion of odor molecules to
a modified nanofiber surface, followed
by the conversion of the odor traces
into an appropriate form for storage,
transport or, where appropriate, for
other chemical analyses leading to digi-
tization of the odor trace. These advan-
ced chromatographic or spectroscopic
methods enable the formation of di-
gital odor databases, thus achieving
unlimited long-term retention of infor-
mation on odour traces at the time of
collection. This new method of collec-
ting odour traces enables efficient and
reproducible capture of a wide range of
molecules forming human odours and,
thanks to controlled solubility, allows
easy conversion of molecules to a liquid
state and their highly accurate analysis
using analytical methods.

Results of the project are, among other
things, functional samples and utility
models of the odor sensor for collecting
traces in the fire and the sensor for co-
llecting breath and gaseous traces, for
which the developed sampling system
based on functionalized nanofibers was
applied. The high efficiency of collecting
gaseous odor traces and the possibility
of application of gas and liquid chroma-
tography for the analysis of the substan-
ces increases the information content
of the odor trace and its reproducibility
and relevance in forensic practice, inclu-
ding conversion to digital records.

Research and development were sup-
ported by the Ministry of the Interior of
the Czech Republic in the years 2015 to
2018.
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Transport vody, nerozpusténych latek a tepla v clovékem
vytvoiFenych pidach méstské zelené infrastruktury

Michal Snéhota

Laboratof hydrometeorologie & hydropedologie, oddéleni Architektura

a zivotni prostredi

Hlavnim cilem projektu bylo objasnit
komplexni dynamiku tokd vody, tepla
a Castic v ¢lovékem vytvorenych pldach
ovlivnénych ranymi stadii pedogene-
ze. Projektovy tym sledoval ndsledujici
konkrétni cile:

Posouzeni tokl vody a tepla v pidé bé-
hem infiltrace, redistribuce a drendaze
a evapotranspirace v inzenyrské padé.

Aplikace pristupd, které byly recentné
vyvinuty a Uspésné pouzity pro mode-
lovani transportnich procest v pfirod-
nich ptddach, na numerické modelovani
transportnich procest v inZzenyrskych
padéach. Projektovy tym dosahl nasle-
dujicich vysledkd, které se tykaly oceka-
vanych cilG.

Byly vytvofeny dvé experimentdlni,
dobfe instrumentované, bioretencni
bunky. TéZ byly zalozeny Ctyfi testovaci
plochy se zelenou stifechou, které pred-
stavovaly rdzné vysadbové strategie
a substraty (Snehota et al., 2019). Cha-
rakterizace struktury pddy a mapovani
distribuce vody byly provadény na vzor-
cich pldy odebranych z bioretenénich
bunék. Byla vyvinuta a aplikovdana nova
metoda zobrazovani pomoci neutro-
nd a kvantitativniho zpracovani obrazu
(Carminati, et al., 2020). PouZitelnost
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infiltrace ve vsakovacich prillezich byla
studovana analyzou laboratornich ex-
perimentd a 2D modelovanim (Sobot-
kova et al., 2018). Dopad miry infiltrace
na kapildrni a strukturalni zachycovani
vzduchu a hydraulickou vodivost v ¢lo-
vékem vytvofeném poérovitém prostre-
di experimentdlné objasnil Sacha et al.
(2019). Odtok z rozséhlého systému
zelené stiechy byl hodnocen Skalou et al.
(2019) jednoduchym hydrologickym mo-
delem. Hydrologicky a tepelny rezim
tenkého zeleného strfesniho systému
byl vyhodnocen fyzikdlné zaloZzenym
modelem (Skala et al., 2020).

Vyzkum byl podpofen Grantovou agen-
turou CR, v letech 2017 az 2019.
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Transport of Water, Suspended Solids and Heat
in Engineered Soils of Urban Green Infrastructure

Michal Snéhota

Laboratory of Hydrometeorology & Hydropedology, Department of Architecture

and the Environment

The main objectives of the project were
to elucidate the complex dynamics of
water, heat and particle fluxes in engi-
neered soils affected by early stages of
pedogenesis. The project team pursued
the following specific objectives, outli-
ned below.

Assessment of water and heat fluxes in
the soil during infiltration, redistributi-
on, and drainage and evaporationin en-
gineered soil.

Application of approaches recently de-
veloped and successfully used for mo-
delling of transport processes in natural
soils, to numerical modelling of trans-
port processes in engineered soils.

Two experimental, well instrumented,
bioretention cells were established. The
four green roof test beds that represen-
ted different planting strategies and
substrates were established and data
collected (Snehota et al., 2019). Soils
structure characterization and water
distribution mapping were conducted
on soil samples taken from the biore-
tention cell. The novel method of neu-
tron imaging and quantitative image
processing was developed and applied
(Carminati, et al., 2020). The feasibility of
infiltration in trenches was studied by

analysis of laboratory experiments and
2D modelling (Sobotkova et al., 2018).
The impact of infiltration rate on capilla-
ry and structural air trapping and hyd-
raulic conductivity on artificial porous
media was experimentally elucidated
by Sacha et al. (2019). The outflow from
the extensive green roof system was
assessed by Skala et al. (2019) by a sim-
ple hydrological model. The hydrologi-
cal and thermal regime of a thin green
roof system was evaluated by a physi-
cally-based model (Skala et al., 2020).

Research has been funded by Czech

Science Foundation between 2017 and
2019.
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Planovani verejnych prostranstvi malych obci

Martina Sykorova

Laborator udrzitelné vystavby, oddéleni Architektura a Zivotni prostiedi

Projekt Planovani vefejnych prostran-
stvi malych obci reaguje na poptdvku
po jednoduchém postupu, ktery umoz-
ni typicky mensim obcim planovat po-
dobu prostranstvi s ohledem na potreby
obyvatel a aktualni technologické moz-
nosti. MenSim obcim chybi zdzemi, kte-
rym disponuji vétSi mésta. Ta jsou mimo
jiné sidly organl statni spravy v prene-
sené plsobnosti (ORP, obce s povéieny-
mi obecnimi Gfady), oproti mensim ob-
cim maji tedy pfi zvelebovani vefejnych
prostranstvi oporu v odbornych i perso-
nalnich kapacitach téchto organa.

Nasim zakladnim predpokladem je,
ze atraktivni vefejné prostranstvi nenf
tvofeno pouze hmotnym prostfedim,
tedy architekturou okolnich staveb, or-
ganizaci dopravy ¢i vybérem povrchi
a mobiliadre. Kvalita hmotného prostredi
je jen jednim z kli¢ovych aspektd. Stej-
nou dUlezitost pfisuzujeme mife vyuZiti
vefejného prostranstvi, vztahu obyvatel
k nému i jeho schopnost pfizplsobit
se novym naroklm obyvatel v digital-
nim véku. Na tvorbé metodiky se tedy
podili multidisciplindrni tym sloZzeny
z odbornikd na architekturu a urbanis-
mus, sociologii a participativni design
i aplikaci novych technologii ve verej-
nych prostranstvich.
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Hlavnim vystupem projektu je certifiko-
vana metodika, kterd ma zastupce men-
Sich obci provést procesem pfipravy
a planovani verejnych prostranstvi. Ci-
lem metodiky neni zastupce obci vzdé-
lat, udélat z nich odborniky na tuzemni
pldnovani a participativni design. Cilem
je vytvofit z nich rovnocenné partnery
pro odborniky, ktefi maji vizi, umi zvazit
zakladni vyhody a nevyhody navrhova-
nych feSeni a délaji informovand roz-
hodnuti.

Projekt bude dokoncen v dubnu 2021.
Vyzkum byl podpofen Technologickou
agenturou Ceské republiky, v rdmci
programu ETA. Aplika¢nim garantem je
Stfedoceské inovacni centrum.

Planning of Public Spaces of Small Cities

Martina Sykorova

Sustainable Building Laboratory, Department of Architecture and the Environment

The Project Planning of public spaces of
small cities responds to the demand of
smaller cities for a simple guide, which
would advise them how to plan public
spaces with regard to the needs of the
population and current technological
possibilities. In contrast of the larger ci-
ties as the seats of local authorities, the
smaller cities suffer from the deficiency
of personnel and professional capaci-
ties.

Our basic research premise is that the
urban structure, e.g. architecture of the
surrounding buildings, the transport
or the choice of surfaces and outdoor
furniture, do not only form an attracti-
veness of public spaces. The quality of
the urban structure is just one of the
key aspects. We assign the same impor-
tance to human activity in public spa-
ces and ability to adapt to the new de-
mands the digital age. Multidisciplinary
team of specialists in architecture and
urbanism, sociology and participatory
design and the application of new tech-
nologies in public spaces participatesin
the creation of this methodology.

The main output of the project is
a certified methodology, which will be
a simple guide for representatives of
municipalities of smaller cities. The aim

of the methodology is not to educate
representatives of municipalities, to
make them experts in urban planning
and participatory design. The aim is to
make them equal partners for professi-
onals. The partners who have a vision,
can consider the basic advantages and
disadvantages of the proposed soluti-
ons and make informed decisions.

The project will be completed in April
2021. The research was supported by
the Technology Agency of the Czech Re-
public, the ETA program. The application
guarantoris the Central Bohemian Inno-
vation Centre.
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Kvalitni veFejna vystavba: KVAS

Tomas Vacha

Participativni planovani a design, oddéleni Monitoring a fizeni inteligentnich budov

Projekt vychazi ze zku$enosti CVUT
UCEEBnabytych v ramci spoluprace
s mensimi a stfedné velkymi obcemi,
kterd poukdzala na opakujici se nedo-
statky a potfeby obci pfi feSeni pfipra-
vy stavebnich zakazek. Projekt se za-
méfuje na zvySovani kvality verejnych
stavebnich projektd s dlrazem na je-
jich pfipravnou fazi. Cilem je nabidnout
obcim webovy ndstroj, ktery je provede
procesem pfipravy stavebniho projektu,
pomtze jim zapojit odborniky i verej-
nost a podpofi jejich informované roz-
hodovani.

Projekt je feSen v rdmci mezioborového
tymu, jehoz c¢lenové garantuji jednotli-
vé aspekty stavebnich projektl: Procesy
& legislativa, architektura & urbanis-
mus, energetika & vnitini prostfedi, par-
ticipace & komunikace a tzemni ekono-
mie & ekonomie staveb. Vedle toho ma
projekt tfi prifezova témata: udrzitelna
vystavba, zadavani na kvalitu a Zivotni
cyklus budovy. Projekt je realizovan ve
spolupraci s Fakultou architektury a Fa-
kultou informaénich technologii CVUT.

Projekt vychazi z expertni analyzy, re-
vize realizovanych projektd a také
z potfeb a zkuSenosti vybranych cilo-
vych skupin. V rdmci projektu spolu-
pracujeme se zastupci obci, a to i diky
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podpofe Narodni sité zdravych mést,
jez je aplika¢nim garantem projektu.
V prvni fazi projektu probéhla série do-
taznikovych Setfeni a pracovnich setkani
se zastupci mést, zastupci dodavatell
a architektd a se zastupci statni spravy
a organizaci mést. Vystupy spoluprace
expertd a cilovych skupin jsou zachyce-
ny v podkladové studii, kterd poslouzila
jako voditko pro dalsi pfipravu metodi-
ky. Jednotlivé ¢asti metodiky jsou testo-
vany v rdmci pilotnich projektd — v Cela-
kovicich a v obci Bast.

Hlavnim vystupem projeku je interativ-
ni web, ktery provede zadavatele po-
stupem pfipravy stavebniho projektu
véetné klicovych rozhodnuti, &innosti
a jejich vystupl a predstavi nastroje,
které ma zadavatel k dispozici. Projekt
nabidne knihovnu Sablon ke stazeni a
priklady dobré praxe. Dalsim vystupem
budou doporuceni pro organy statni
spravy.

Tento projekt je spolufinancovan se
statni podporou Technologické agentu-
ry CR v rdmci Programu Eta.

Quality Public Construction: KVAS

Tomas Vacha

Participatory Planning and Design, Department of Control and Monitoring

of Intelligent Buildings

The project KVAS focuses on improving
the quality of public construction pro-
jects with an emphasis on their pre-
paratory phase. The goal is to present
municipalities with a web tool that will
guide them through the process of pla-
nning and procurement in a constructi-
on project, help them engage experts
and local stakeholders, and support
their informed decision-making.

The project is carried out by an interdi-
sciplinary team, whose members gua-
rantee individual aspects of constructi-
on projects: Processes & legislation,
architecture & urbanism, energy & in-
door environment, participation & com-
munication, and territorial economics
& building economics. In addition, the
project has three cross-cutting themes:
sustainable construction, quality-based
procurement and the building life cycle.
The project is implemented in coopera-
tion with the Faculty of Architecture and
the Faculty of Information Technology
of the Czech Technical University in Pra-
gue.

The project combines the input from
expert analysis, revision of implemen-
ted projects and on the needs and
experience of selected target groups.
The team engages municipalities with

the support of the National Network of
Healthy Cities, which is the application
guarantor of the project. In the first pha-
se of the project, a series of surveys, in-
terviews and workshops were held with
representatives of cities, representati-
ves of contractors and architects, and
with representatives of state administ-
ration and city organizations. Individual
parts of the methodology are tested in
pilot projects — one in Celdkovice and
the second in the village of Bast.

The main outputs of the project is an
interactive web that will guide munici-
palities through the preparation of the
construction project, including key de-
cisions, activities and their outputs. The
project offers a library of downloadable
templates and examples of good prac-
tice. Another output is a policy paper
serving as feedback for relevant policy-
makers.

This project is co-funded by the sta-
te subsidy of Technology Agency of
the Czech Rebublic under the Eta pro-
gramme.
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Spoluprace se statni spravou v INTERREG EUROPE

Tereza McLaughlin Vanova

Oddéleni pro spolupraci s primyslem a mésty

Program Interreg Europe podporuje
spolupraci mezi regiony a sdileni po-
znatkl mezi vefejnymi organy v EU
s cilem zlepsit fungovani programi
regionalniho rozvoje. Kazdy partner se
spolu s fidicim orgdnem vénuje své-
mu programu. Inspiraci a podnéty na
zlepSeni ziskdvaji na narodnich a me-
zinarodnich setkanich, ktera zasadné
posiluji dialog mezi klicovymi subjekty
daného programu. Partnefi sbiraji pfi-
klady dobré praxe a pfipravuji akéni
plan definujici mozny pfenos Uspésnych
feSeni.

V projektu FINERPOL jsme se Ucastnili
mezirezortni pracovni skupiny pro fi-
nancni nastroje v oblasti energetické
ucinnosti, pfispéli jsme ceskymi ukaz-
kami do interaktivni mapy s pfiklady
dobré praxe. Ministerstvo pro mistni
rozvoj vyclenilo prostfedky z Integrova-
ného regiondlniho opera¢niho progra-
mu do programu Zateplovani, uréeného
na energetickou modernizaci bytovych
dom v Ceské republice s vyjimkou Pra-
hy. Vlastnici mohou u Statniho fondu
na rozvoj bydleni od bfezna 2020 zadat
o bezurocny uvér.

Dva projekty bézi od srpna 2019. Ve
spolupraci s Ministerstvem pramyslu
a obchodu fidime RESINDUSTRY cilici
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na implementaci obnovitelnych zdrojd
v pramyslu. V fijnu jsme v Praze uspofa-
dali meziregionalni workshop a v rdmci
exkurze navstivili firmu Luna Plast a.s.
na Mélnicku. Jsme pysni na referenci
projektu, jez se dostala do Vnitrostat-
niho planu energetiky a klimatu CR jako
pfiklad preshraniéni spoluprace.

V LC DISTRICTS spolupracujeme s Ener-
getickou agenturou Zlinského kraje na
zlepSeni programu podpory renovace
vefejnych budov v gesci Ministerstva
zivotniho prostfedi. Vedeme komuni-
kacni aktivity pro cely projekt. Pracuje-
me na Regionalni diagnostice, mapujici
legislativni a technicky rdmec renovaci
budov v CR, konkrétné ve Zlinském kraji.

Projekty FINERPOL, RESINDUSTRY & LC
DISTRICTS jsou podpofeny z programu
INTERREG EUROPE financovaného z pro-
stfedkd Evropského fondu pro regional-
ni rozvoj (ERDF).

Cooperation with State Authorities in INTERREG EUROPE

Projects

Tereza McLaughlin Vanova

Department of Cooperation with Industry and Municipalities

The Interreg Europe programme sup-
ports cooperation and knowledge sha-
ring among managing authorities in
the EU to improve regional policies.
Each partner together with the Mana-
ging Authority focuses on their policy
instrument. They learn at national and
international meetings, which deeply
strengthen the dialogue among key
stakeholders. Partners collate good
practices and prepare action plans with
possible transfer of successful soluti-
ons.

In FINERPOL we participated in a mini-
sterial working group for financial in-
struments in energy efficiency, and we
supplied Czech examples to an interac-
tive map of good practices. The Minis-
try for Regional Development alloca-
ted funds from the Integrated Regional
Operational Program to the Insulation
Programme aimed at energy retrofit of
apartment buildings in the Czech Re-
public, with the exception of Prague.
From March 2020, owners can apply
for an interest-free loan from the State
Housing Development Fund.

Two projects started in August 2019. In
cooperation with the Ministry of Indu-
stry and Trade we are leading RESIN-
DUSTRY, aimed at implementing more

renewable resources in industry. In
October we organized an interregional
workshop in Prague and a study visit to
Luna Plast in the Mélnik region. We are
proud of the project reference included
in the National Energy and Climate Plan
of the Czech Republic as an example of
cross-border cooperation.

In LC DISTRICTS we cooperate with the
Energy Agency of the Zlin Region to
improve programme for renovation of
public buildings, managed by the Minis-
try of the Environment. We lead project
communications activities. We are wor-
king on Regional Diagnostics, mapping
the national and regional framework for
building retrofitting.

FINERPOL, RESINDUSTRY & LC DISTRICTS
projects are supported by the INTERREG
EUROPE programme financed from the
European Regional Development Fund
(ERDF).
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SPARCS: Jak miiZe vypadat rozvoj mésta ve spolupraci

mésta a univerzity

Michal Kuzmic¢

Oddéleni pro spolupraci s primyslem a mésty

Projekt ma za cil demonstrovat a ovéfit
technické a socio-ekonomické parame-
try energeticky plusovych systému in-
tegrovanych na drovni méstskych ctvrti.
Projekt se zaméfi na systémy funkénich
a opakovatelnych feSeni potfebnych pro
prechod k uhlikové neutralni a zdrojové
efektivni ekonomice se zaméfenim na
zapojeni obyvatel.

Sedm meést bude demonstrovat vice
nez sto dil¢ich akci, které preméni blo-
ky budov a Ctvrti do tzv. energetickych
prosumerl. Dopad projektu zasahuje
oblast ekonomického rlstu, zvySovani
kvality Zivota a generuje environmen-
talni pfinosy na cesté k naplnéni rdmce
Evropské komise pro klima a energii,
strategie SET Plan a cild udrzitelného
rozvoje podle OSN.

SPARCS propojuje obyvatele, spolec-
nosti, vyzkumné organizace, odborni-
ky na méstské planovani a rozhodo-
vaci subjekty za cilem spoluvytvoreni
bezuhlikovych spolecenstvi. Vedouci
mésta Espoo (FI) a Lipsko (DE) realizuji
velké demonstracni projekty. Jejich na-
sledovniky je pétice mést Reykjavik (IS),
Maia (PT), Lvov (UA), Kifissia (EL) a Kladno
(C2), které se udi ze zahrani¢nich feeni
a prendseji je do svych podminek.
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Z celkovych péti let ma projekt za sebou
prvnich osm mésict a uz nese prvni kon-
krétni vysledky: termosnimkovani més-
ta Kladna, vstupni analyzu rozvojovych
ploch, interaktivni vzdélavaci seminar
Lipsko-Kladno. To hlavni je ale teprve na
programu: od formulace méstské vize,
vytvoreni inova¢niho ekosystému az po
ndvrh konkrétnich technologickych fe-
Seni pro vybrané méstské Ctvrti. Projekt
ukazuje, jak mlze v budoucnosti uni-
verzita a mésto dlouhodobé efektivné
spolupracovat.

Tento projekt ziskal financni podporu
z programu Evropské unie pro vyzkum
ainovace Horizon 2020 na zakladé gran-
tové dohody ¢. 864242.

SPARCS: Blueprint for Municipal Development
in City - University Collaboration

Michal Kuzmic¢

Department of Cooperation with Industry and Municipalities

Sustainable energy Positive & zero cAR-
bon CommunitieS demonstrates and
validates technically and socio-econo-
mically viable and replicable, innovati-
ve solutions for rolling out smart, inte-
grated positive energy systems for the
transition to a citizen centred zero car-
bon & resource efficient economy.

Seven cities will demonstrate 100+ ac-
tions turning buildings, blocks, and dis-
tricts into energy prosumers. Impacts
span economic growth, improved qua-
lity of life, and environmental benefits
towards the EC policy framework for cli-
mate and energy, the SET plan and UN
Sustainable Development goals.

SPARCS co-creation brings together ci-
tizens, companies, research organizati-
ons, city planning and decision-making
entities, transforming cities to carbon-
-free inclusive communities. Lighthou-
se cities Espoo (FI) and Leipzig (DE) im-
plement large demonstrations. Fellow
cities Reykjavik (1S), Maia (PT), Lviv (UA),
Kifissia (EL) and Kladno (CZ) prepare re-
plication with hands-on feasibility stu-
dies.

Within first eight months of the five
years of its implementation CVUT and
Kladno have already produced some
interesting results, e.g. thermal imaging
of the city, urban development areas
analysis, Leipzig-Kladno knowledge ex-
change seminar and many more. The
most important work is yet to come,
including formulation of the city visi-
on 2050, creation of the city Innovation
ecosystem and definition of technolo-
gical solutions for selected Kladno dis-
tricts. The project has showed how the
effective municipality-university colla-
boration may look like in the future.

This project has received funding from
the European Union's Horizon 2020
research and innovation programme
under grant agreement No. 864242.
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