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Uvodni slovo $éfredaktora
Vazeni Ctenari,
obvykle se na tomto misté nejprve vénuji obsahu cisla
a pfipadnym aktualitam a az na zavér zminuji partnera Cisla.

Tentokrat se ale chci vénovat partnerovi ¢isla, protoZe jsem
zde osobné zainteresovan.

Partnerem tohoto Cisla je Tyden vyzkumu a inovaci pro
praxi a Zivotni prostredi TVIP 2024. TVIP zastfeSuje m.
symposium Vysledky vyzkumu a vyvoje pro
prumyslovou a komundlni ekologii ODPADOVE FORUM,
Jjehoz odbornym partnerem je WASTE FORUM a moje
malickost zakladatelem a od samého pocatku v roce 2006
jeho programovym garantem.

Od loriského ro¢niku jsme se rozhodli program TVIPu obohatit o dal§i konferenci zamérenou
na vybranou skupinu odpadt nebo priamyslové &i hospodarskeé odvétvi. Loni jsme vybrali
Vedlejsi produkty z a pro stavebnictvi. Pro leto$ni ro¢nik jsme plvodné zvolili téma Vedlejsi
produkty a odpady z potravinarskeho pramyslu a zemédeélstvi, pozdéji jsme se rozhodli téma
konference rozsifit na POTRAVINARSTVI NA CESTE K UDRZITELNOSTI s tim, Ze se do
ného vejdou i projekty snizovani energetické naro¢nosti a spotfeby vody (redukce uhlikoveé i
vodni stopy).

| kdyZ je termin pro prihlasky prispévki az 30. 9. 2024, pfihlasky uz zacinaji pfichazet, coz
nas tési. Navic Potravinafska komora ve spolupraci s ¢lenskymi firmami pripravila viastni blok
pfednasek, ktery zatim pracovné nazyvame Priklady spravné praxe, a to je novinka, kterou
jesté nenajdete v prvnim cirkulari TVIPu 2024, ktery je na konci tohoto Cisla, kde jinak najdete
vSechny potfebné informace.

Nicméné mam starost, aby pro vesSkerou propagaci zminéné konference nebylo upozadéno
samotné symposium ODPADOVE FORUM, které stejné jako dosud je zaméfené na
prezentaci vysledkl vyzkumu z celé oblasti primyslové a komunalni ekologie, od odpad(

a vedlejsich produktu pres pramyslové odpadni vody az po Cisténi odpadnich plynt nebo
sanace ekologickych zatézi.

TakzZe, koho néco z toho zajima, s nim se tésim na setkani 12. listopadu v Hustopecich.
Ondrej Prochazka

Editorial
Dear readers,

The partner of this issue is the Tyden vyzkumu a inovaci pro praxi a Zivotni prostredi
(Research and Innovation Week for Practice and the Environment) TVIP 2024, which includes
the symposium Results of research and development for industrial and municipal ecology
ODPADOVE FORUM and the conference POTRAVINARSKY PRUMYSL NA CESTE
K UDRZITELNOSTI (FOOD INDUSTRY ON THE ROAD TO SUSTAINABILITY)

(November 12-14, 2024, Hustopece, Czech Republic). The working languages are Czech and
Slovak. Participants from abroad are welcome, lectures and posters in English are possible, but
the organizers do not provide simultaneous translation.

The program guarantor invites
Ondrej Prochazka
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Pro autory

WASTE FORUM je Casopis urCeny pro publikovani plvodnich védeckych praci souvisejicich
s primyslovou a komunalni ekologii. Tj. nejen z vyzkumu v oblasti odpadu a recyklace, jak by mohl
naznacCovat nazev €asopisu, ale i odpadnich vod, emisi, sanaci ekologickych zatézi atd. Vychazi pouze
v elektronické podobé a Cdisla jsou zvefejiiovana na volné pfistupnych internetovych strankach
www.WasteForum.cz.

Do redakce se pfispévky zasilaji v kompletné zalomené podobé se zabudovanymi obrazky
a tabulkami, tak zvané ,,printer-ready“. Pokyny k obsahovému c&lenéni a grafické upravé prispévku
spolu s pfimo pouzitelnou Sablonou grafické upravy ve WORDu jsou uvedeny na www-strankach
Casopisu v sekci Pro autory. Ve snaze dale rozSifovat okruh moznych recenzentl Zzadame autory, aby
soucasné s prispévkem napsali tfi tipy na mozné recenzenty, samoziejmé z jinych pracovist nez je autor
Ci spoluautory. Je vzdy dobré mit rezervu.

Publika¢ni jazyk je Cestina, slovenstina a angli¢tina. Preferovana je angli¢tina a v tom pfipadé je
nezbytnou soucasti €lanku na konci nazev, kontakty a abstrakt v éeském ¢&i slovenském jazyce, pficemz
rozsah souhrnu neni shora nijak omezen.

Vydavani Casopisu neni nikym dotované. Proto, abychom pfijmové pokryli naklady spojené
s vydavanim Casopisu, vybirame publikaéni poplatek ve vysi 600 K& za kazdou stranku (bez DPH).
V pfipadé nepublikovani pfispévku v disledku negativniho vysledku recenzniho fizeni je tato Castka
poloviéni.

Uzdvérka nejblizsiho ¢isla ¢asopisu WASTE FORUM je 8. fijna 2024, dalsi pak 8. ledna 2025.

For authors

WASTE FORUM is an open access electronic peer-reviewed journal that primarily publishes
original scientific papers from scientific fields focusing on all forms of solid, liquid and gas waste. Topics
include waste prevention, waste management and utilization and waste disposal. Other topics of interest
are the ecological remediation of old contaminated sites and topics of industrial and municipal ecology.

WASTE FORUM publishes papers in English, Czech or Slovak. Papers submitted for
publication must be the author's own work and may not have been previously published
elsewhere or sent to another publisher at the same time. For more, see Publication Ethics.

Manuscripts for publication in the journal WASTE FORUM should be sent only in electronic form
to the e-mail address prochazka@cemc.cz. Manuscripts must be fully formatted (i.e. printer-ready) in
MS WORD. The file should have a hame that begins with the surname of the first author or the surname
of the corresponding author.

All articles submitted for publication in WASTE FORUM undergo assessment by two independent
reviewers. The reviews are dispatched to authors anonymously, i.e. the names of the reviewers are not
disclosed to the authors. The paper, if it is of good quality and passes the review, is published no
later than 10 weeks after the editorial deadline.

All papers that was not subjected to a peer-review are labeled in a header of each page by the
text Not peer-reviewed and commercial papers.

Revenue to cover at least the costs associated with the issuance of the magazine, we select a
publication fee 600 CZK or 30 USD per each new page of the paper.

The deadline of the next issue is on October 8, 2024, more on January 8, 2025.
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Snizovani obsahu iontl cesia a stroncia ve vodach pomoci
prirodniho zeolitu

Eva MISTOVA, Jelena TOROPITSYNA, Miloslav HOUSTAVA, Lenka
MATOUSKOVA, Helena PARSCHOVA, Ludék JELINEK

Vysoka Skola chemicko-technologicka v Praze, Fakulta technologie ochrany
prostredi, Ustav energetiky, Technicka 5, 166 28 Praha 6,

e-mail: eva.mistova@vscht.cz

Souhrn

Cilem experiment(i bylo ovérit moznosti pouZiti pfirodniho zeolitu z lokality Nizny Hrabovec
(Slovensko) pri odstrariovani iontl cesia a stroncia z riznych druht vod (demineralizovana / pitna |
morska). Provedené rovnovazné vsadkové pokusy prokézaly vysokou sorpéni ucinnost zeolitu pro
odstrariovani iontt cesia, kterého bylo zachyceno 65 mg/g (tj. 0,49 meq/qg) z roztoku demineralizované
vody, mnoZstvi zachyceného stroncia pak bylo 19 mg/g (tj. 0,44 meq/qg). Za pFfitomnosti konkurencénich
kationtd (Na*, K*, NH,*, Mg?*, Ca*") v roztoku pak zachycené mnoZstvi ionti cesia a stroncia klesalo,
kdy z modelového roztoku pitné vody bylo zachyceno 61 mg/g (. 0,46 meq/g) cesia a 18 mg/g
(tj. 0,41 meg/g) stroncia. Z modelového roztoku morské vody bylo zachyceno 47 mg/qg cesia a 5 mg/g
stroncia. Kolonové dynamické experimenty také prokazaly vysokou selektivitu vuci iontum cesia. Byl
potvrzen pfedpokladany vliv hofe¢natych a vapenatych iontl na sorpci stroncia. Nec¢ekané byl zjistén
velky vliv vapenatych iontt i na sorpci cesia, a to uz pfi koncentraci vapniku bézné v pitné vodé (tj. 40 —
80 mg/l). Kolonova dynamicka sorpce stroncia z morské vody byla netspésna, u sorpce cesia pak bylo
nutné zménit kondicionaci sorbentu a zarover i snizit specifické kolonové zatizeni z 15 na 6 m*/(m*-h).

Kli¢ova slova: cesium; stroncium; pfirodni zeolit; sorpce; pitna voda; morska voda

Uvod
PFi zkouskach jadernych zbrani v letech 1945 aZ 1980 byl do Zivotniho prostifedi uvolnén nejvétsi
podil z celkového mnozZstvi vS§ech antropogennich radionuklidd. Spektrum radionuklidd, které vznika pfi

vybuchu jadernych zbrani, je pomérné Siroké. Zahrnuje pfedevSim samotné Stépné produkty jaderné
reakce, zbytky nevybuchlé naloze a radionuklidy vzniklé z prvka prostfedi aktivaci neutrony.

Jednou z 16 byvalych oblasti zkou$ek jadernych zbrani byl naptiklad® Semipalatinsky jaderny
polygon (SNTS) v byvalém Sovétském Svazu (dnes Kazachstan). V této oblasti o rozloze 18 500 km?
byla pfed sedmdesati lety odpalena prvni sovétska jaderna puma. V letech 1949 a 1989 zde bylo
provedeno nejméné 459 jadernych zkouSek, pfi kterych bylo odpaleno nejméné 616 jadernych
a termonukledrnich zafizeni, v€etné 116 atmosférickych a 343 zkuSebnich explozi pod zemi.

Pomérné dobfe zmapovanym piikladem mizZe byt podzemnim atomovy vybuch? z roku 1965, kdy
v ramci studie vyuZiti jadernych vybuchd, bylo na fece Cagan (pfitok feky Irtysh) jihovychodné od mésta
KurCatov vytvofeno jezero Balapan, tzv. Atomové jezero. Je to krater o hloubce sto metri a objemu
6-10°m?.

Prvky uvolnéné b&hem jadernych zkousek? pak vyrazné ovlivnily kratkodobou a dlouhodobou radiaéni
situaci v postizenych oblastech. Jednalo se zejména o cesium (***Cs a™*'Cs) a stroncium (*°Sr).
Analyzou povrchovych vzorkll bylo stanoveno, Ze kolem jezera Balapan byla v pldnich vzorcich
koncentrace aktivit *'Cs 0,42 — 17,64 kBqg/kg a *°Sr 0,96 — 18,25 kBq/kg. V oblasti samotného polygonu
se koncentrace aktivit v padnich vzorcich ménila u **Cs od 87 az do 400 kBg/kg a u *°Sr od 94 aZ do
1000 Bg/kg. Z naméfenych dat vyplynulo, Ze vzorky odebrané z SNTS a vzorky pldy ve vzdalenosti
0,5 — 2,5 km od epicentra nesplnuji bezpe€nostni standardy a situace se nezméni dalSich sto let.
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Zatimco vysokoaktivni odpadni vody musi byt skladovany (napf. vitrifikaci), nizkoaktivni odpady jsou
vétSinou po monitoringu vypoustény do vodnich recipientl. Pfikladem muze byt jaderné stfedisko
v Sellafieldu na severozapadni &asti Anglie, kdy napfiklad pfi pozaru Windscale Pile v Fijnu 1957 uniklo®
8,8 TBq **°Po, 740 TBq **'I nebo 22 TBq **'Cs. Celkové® bylo v letech 1950 — 1990 do Irského more
vypusténo 30 — 40 PBqg *'Cs. V soudasné dobé je vypousténi odpadnich vod z jadernych elektraren
pfisné monitorovano a vliv vypousténého *’Cs je zcela prekryvan rezidudlni kontaminaci z havarii
jadernych elektraren &i testt jadernych zbrani.

Mezi radioaktivnimi latkami®®, které byly uvolnény v dubnu 1986 pfi havarii jaderné elektrarny
v Cernobylu, prevazovaly radionuklidy s relativné kratkymi pologasy rozpadu (< tficet dni). PFiblizné 1 %
z celkového mnozstvi uvolnénych latek tvofily radionuklidy s delSim polo€asem rozpadu (cca fficet let), a
to predevdim '*'Cs a *Sr. Celkovy unik radioaktivity z Cernobylu byl podle odhadu az 1,2-10" Bq.
Depozice **’Cs se pak snizovala se vzdalenosti od mista Gniku a na disperzi *’Cs do &irokého okoli mél
vliv zejména smér proudéni vzduSnych mas a spoluplsobeni srazek pfi vymyvani radionuklid(
z atmosféry. Z hlediska vlivu na kontaminaci vodnich tokd a hydrosféry v Ceské republice’® se plochy
zvy$eného spadu **'Cs dotykaji v povodi Labe, Moravy a Odry. Vedle *’Cs bylo v povrchovych vodach
sledovano i °Sr. Sledovani *°Sr se provadélo pouze u vybranych profilt na Vitavé. Primérné objemové
aktivity ®°Sr v roce 1999 byly zjistovany na tGrovni kolem 0,008 Bg/l.

Druhou nejhorSi havarii jaderné elektrarny v historii se stala FukuSimska havarie, ktera byla
ohodnocena na stupnici INES, stejné jako havarie v Cernobylu, nejvy$§im stupném sedm®®. 11. bfezna
2011 zasahlo severovychodni pobfezi japonskych ostrovl zemétfeseni o sile 9,0 stupnd Richterovy
Skaly. Po zemétfeseni nasledovala ni¢iva vina tsunami, ktera zpUsobila Skody obrovského rozsahu.
Tsunami zasahla Ctyfi jaderné elektrarny umisténé pfi pobfezi. V jedné z nich, v jaderné elektrarné
Fukusima Daiici, zplsobila po poSkozeni systému chlazeni reaktoru jadernou havarii. V prabéhu havarie
doSlo k uniku radioaktivnich latek do Zzivotniho prostfedi, a to do atmosféry a do oceanu. Celkové
mnozstvi uniklych radioaktivnich latek je uvedeno v tabulce 1.

Tabulka 1: MnoZstvi radioaktivnich latek uniklych do atmosféry a oceanu®®

1¥%Cs (PBq) ¥'Cs (PBq) Sr (PBQq)
do atmosféry TEPCO 10 10 —
ostatni instituce 18 6,1 -15 0,02
do oceanu TEPCO 3.5 3.6 —
ostatni instituce — 3,6 —27 —

Do poloviny &ervence 2011 bylo celkové mnoZstvi uvolnéného **’Cs do morského prostiedi
odhadnuto mezi 12 az 41 PBq, coZ vyustilo v historicky nejvétsi tnik **'Cs a **Cs do oceanské vody.
Analyzou povrchovych vzorka z vice nez 50 stanic ze vzdalenosti 30 az 600 km od pobfezi Japonska
o celkové rozloze 150 000 m? bylo zjisténo'™, Ze povrchova aktivita *'Cs a '**Cs se pohybovala
v rozmezi od 1 — 2 Bg/m® do hodnot vy$sich nez 3000 Bg/m®.

Pro odstranéni izotopl cesia a stroncia z radioaktivnich odpadnich vod se vyuziva iontova vyména,
koagulace, elektrochemické a membranové procesy, extrakce, biosorpce, atd. NejCastéji vyuzivanou
metodou je iontova vyména a extrakce. lontova vyména je proces zalozeny na vyméné iontd mezi
pevnou fazi a elektrolytem, selektivita iontoménicu je dana jak velikosti iontd v hydratovaném stavu, tak
velikosti naboje, obecné plati, ze napf. dvoumocné kationty jsou vionexu poutany pevnéji nez
jednomocné. Nicméné existuji prirodni latky, jako napfiklad klinoptilolit'*? (ten je obvykle majoritni
slozkou mnoha pfirodnich zeolitd), které vykazuji vysokou selektivitu k univalentnim iontim. Té&chto
vlastnosti Ize vyuzit' pfi odstrafiovani amonnych iont( z odpadnich vod, &i pfi odstrafiovani radionuklidu
37Cs. Empiricky vzorec klinoptilolitu je (Ca, K, Nay, Mg)4AlgSisOes:24H,0.

Zeolity patfi mezi hydratované hlinitokfemicitany (aluminosilikaty) s porézni trojrozmérnou strukturou.
Primarni struktura zeolitd je tvofena tetraedrem, jehoZ stfed je obsazen atomem hliniku i kfemiku se
Ctyfmi atomy kysliku ve vrcholech. V jejich krystalové struktuie vznikaji pomérné velké dutiny, které jsou
spojené kanalky, a tim zeolity dosahuji velkého mé&rného povrchu. Zjednoduseny obecny vzorec zeoliti*
je Myn[ALSI,Ozx:y)] ' PH2O, kde M reprezentuje alkalické kovy Ci kovy alkalickych zemin, n je naboj
kationtu a cela Cisla v poméruy/x =1 -6, p/x =1—-4.
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Chemické slozeni a kationtové vyménné kapacity pfirodnich zeolitl (s pfivlastkem klinoptilolit)
z nékolika rGznych svétovych nalezist ukazuje tabulka 2. Zaporny naboj, ktery vznikda zameénou
¢tyfvazného kiemiku za trojvazny hlinik, mdze byt ve struktufe zeolitd kompenzovan kationty (Na*, K",
Mg**, Ca®"). Ty mohou byt nahrazeny kationty z roztoku, dochazi k vyméné iontd, a proto zeolity vykazuji
obdobné chovani jako katexy (selektivita je ovSem jina).

Tabulka 2: Chemické sloZeni (%) a kationtové vyménné kapacity pfirodnich zeoliti*®

zeolit SiO, Al,O; | Fe)0O3 CaO MgO Na,O KO | TiO; \ CEC (meqg/g)
Turecky 69,72 | 11,74 1,21 2,30 0,31 0,76 4,14 - 1,84
Australsky 68,29 | 12,99 1,37 2,09 0,83 0,64 4,11 0,23 1,20
Cinsky 65,52 9,89 1,04 3,17 0,61 2,31 0,88 0,21 1,03
Slovensky 67,16 | 12,30 2,30 2,91 1,10 0,66 2,88 0,17 1,40

Studii zabyvajici se selektivnim odstrafovanim cesia a stroncia pomoci zeolitl existuje nepfeberné
mnoZstvi, nasleduje jen velmi kratky pfehled nami vybranych praci, které uvadéji vysledky pro
odstraniovani radionuklidd cesia/stroncia nebo kolonové dynamické experimenty.

Abusafa'® studoval sorpci '*’Cs na pfirodnim klinoptilolitu pochazejicim ze Zapadni Anatolie
v Turecku. Klinoptilolit byl pfeveden do Na, K, NH,4, Ca formy, kdy v poméru 100 ml roztoku pfislusného
chloridu o koncentraci 1 mol/l ku 1 g sorbentu byla smés tfepana pfi teploté 60 °C po dobu 24 h
(sedmkrat probéhla vyména roztoku). Pomoci vsadkovych experiment(l provedenych pfi pocatecni
koncentraci **’Cs v rozmezi 107° — 10 mol/l bylo zji§t&no, Ze rovnovahy bylo dosaZzeno b&hem &tyf
hodin. Sorpéni kapacita napf. u Na formy sorbentu byla 1,7 meq/g a u K formy sorbentu pak 1,36 meq/g.
Klinoptilolit pouzity bez upravy formy pak mél sorpéni kapacitu zhruba poloviéni. Pomoci kolonovych
dynamickych experimentl bylo zjiSténo, Ze pfi vstupni koncentraci Cs 1 meqg/l (132 mg/l), pratoku
5 ml/min a objemu sorbentu v koloné 1,4 ml (1 g) byly celkové (rovnovazné) kapacity Na, K a NH, formy
klinoptilolitu velmi podobné, kolem 1,5 meq/g, pfi limitni koncentraci 0,5 meq/l, pak uzitkova kapacita
byla nejvy8si u Na formy 1,4 meqg/g, nejnizsi hodnoty kapacit patfi opét klinoptilolitu pouzitému bez
predupravy (0,79 meq/g, respektive 0,44 meq/qg).

Borai'® publikoval studii, jejimz cilem bylo poskytnout finanén& nenaroéné materialy, které by
vykazovaly vysokou sorpCni kapacitu pro radionuklidy cesia v nizkoaktivnich odpadnich vodach. Mezi
zkoumanymi zeolity byl i pfirodni klinoptilolit z provincie Akita v Japonku. Sorbent byl pfeveden do sodné
formy pomoci roztoku NaCl (1 mol/l; 3 g sorbentu:100 ml; 24 h) pfi laboratorni teploté. Vsadkové
experimenty ukazaly, Ze rovnovahy bylo dosaZeno az po 12 h kontaktu. Sorpéni kapacita pro ***Cs pak
byla 1,27 meq/g.

Prajitno™® pouzil pro experimenty pfirodni zeolit z oblasti Holistic Valley ve Velké Britanii. Sorbent byl
pfi vsadkovych rovnovaznych experimentech pouzit jak v ptivodni formé&, tak v Na formé (100 g sorbentu
na 1 | roztoku NaCl o koncentraci 1 mol/l, 24 h, pfi laboratorni teploté). Vyménna kapacita byla pro
cesium 67 mg/g (0,51 meqg/g) u sorbentu bez upravy a 140 mg/g (1,06 meg/g) u Na formy; pro stroncium
pak 36 mg/g (0,41 meq/g) respektive 52 mg/g (0,59 meq/g). B&éhem kolonovych dynamickych
experiment('’ byl pouZity zeolit bez pfevedeni do Na formy. Separace iontl cesia a stroncia probihala
z roztokll o koncentraci iontu 200 mg/l pfi neutralnim pH, pfi specifickém kolonovém zatizeni dva
kolonové objemy za hodinu (9,42 ml/h, tj. 0,157 mil/min), vyménna kapacita byla pro cesium 1,06 eq/l,
pro stroncium byla za stejnych podminek kapacita 0,32 eg/l po snizeni vstupni koncentrace na 100 mg/I
stroncia 1,83 eq/l.
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Experimentalni ¢ast

VSechny popsané experimenty vtomto ¢&lanku byly provadény jiz po optimalizaci pracovnich
podminek, a to na zakladé prvotnich jednoduchych experimentl a dlouhodobych zkuSenosti pracovni
skupiny s provadénim vsadkovych a kolonovych experimentu.

Sorbent

Pro vSechny experimenty byl pouZit pfirodni zeolit pochazejici z dobyvaciho prostoru Nizny Hrabovec
(Slovensko), dodany spoleénosti Zeocem, a.s., a to véetné certifikatu’® o jeho sloZeni a fyzikalné-
chemickych vlastnostech (tabulka 3). Pro experimenty byl pouzit zeolit o velikosti zrn 400 — 1600 pum,
tato frakce byla ziskana sitovanim sorbentu v suchém stavu pomoci sitovaciho pfistroje AS 200 (Retsch,
Némecko) pfi pouziti sit o velikosti pért 1600 a 400 pym. Zafizeni bylo spusténo s amplitudou 40 po dobu
dvaceti minut.

Dle certifikatu ma pouzity zeolit nasledujici mineralogické slozeni: 84 % klinoptilolitu, 8 % kristobalitu,
4 % jilovitych slid, 3 — 4 % plagioklasu, 0,1 — 0,3 % rutilu a stopova mnozstvi kiemene. Pomér Si/Al
uréujici koncentraci zaporného naboje, a tim i mnozstvi kationtt nutnych k jeho kompenzaci, je 4,9 — 5,4;
coz je hodnota b&zna v porovnani se zeolity z jinych lokalit*2.

Podle certifikatu vykazuje zeolit selektivitu k odstrafiovanym iontim v poradi:
Cs' > NH," > Pb* > K'> Na" > Ca®* > Mg** > Ba** > Cu** > Zn*

Tabulka 3: Vybrané fyzikélné-chemické viastnosti pfirodniho zeolitu'®

Vlastnosti Hodnoty Vlastnosti Hodnoty
Teplotni stabilita <400 °C Pevnost v tlaku 33 MPa
Specificky povrch (BET) 30 - 60 m“/g Mé&rna hmotnost 2 200 — 2 440 kg/m?®
Stabilita vaci kyselinam 79,50 % Hutnost 70 %
Pérovitost 24 -32 % Bod tani 1340 °C
Efektivni pramér poéra 0,4 nm Bod méknuti 1260 °C

Pomoci rovnovaznych vsadkovych experimentd a dynamickych kolonovych experimentl byla
studovana sorpce cesia a stroncia a vliv doprovodnych iontd (Na*; K*; NH,*; Ca** a Mg®") z rGznych
druh( vod (demineralizovana/pitna/mofska). VSechny experimenty byly provedeny za laboratorni teploty.

Rovnovazné vsadkové experimenty

Sorbent byl pro experimety pfeveden do Na formy. Do sklenéné kolony (vnitfni pramér 1,4 cm) s fritou
bylo standartizovanym zpusobem vlozeno 50 ml sorbentu, tj. jeden kolonovy objem (vySka loze
32,5 cm). Na prevedeni sorbentu do Na formy bylo pouzito pét kolonovych objem( (tj. 250 ml) roztoku
NaOH (p.a.; Lachmer) o koncetraci 1 mol/l pfi specifickém kolonovém zatizeni 5 m®m®h (EBCT 0,2 h).
Pro vytésnéni zbytku roztoku hydroxidu z hmoty sorbentu bylo pouZito deset kolonovych objemu
demineralizovaé vody (konduktivita < 0,5 uS/cm) s rychlym pratokem (25 m®/m?3-h). Po vyjmuti z kolony
byl sorbent 48 h susen pfi laboratorni teploté. Pfevedeni sorbentu do Na formy v kolonovém usporadani
bylo zvoleno pro minimalizaci mechanického poSkozeni sorbentu a pro maximalni kontakt sorbentu
S roztokem.

Modelovy roztok demineralizované vody s nadavkovanymi ionty cesia (CsCl; 299,9%.; ROTH)
nebo stroncia (Sr(NOs),; 299,9%.; ROTH) o koncentraci 10 meg/l (tj. 132,6 mg/l Cs* respektive 43,8 mg/I
Sr*) a prislusny doprovodny iont Na* (NaCl; p.a; Lachner); K*; Ca?* (KCI; CaCl,; p.a; PENTA); NH,"
(NH,NOg; p.a; Lachema) a Mg®* (MgSO,-7H,0; p.a. PENTA) v ekvivalentnim poméru 1:1; 1:3 a 1:5.

Modelovy roztok pitné vody s pfidavky iontl cesia nebo stroncia o koncentraci 10 meq/l. Byla

pouzita pitna voda z prazského vodovodniho fadu o zakladnich, pro experimenty dulezitymi, parametry
uvedenymi v tabulce 4.
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Tabulka 4: Koncentrace vybranych ionti v modelovych roztocich pitné a morské vody

Pitna voda Morska voda
p (mg/l) ¢ (meqg/l) p (mg/l) ¢ (meqg/l)
Na 11,5-15,0 0,50 - 0,65 15 310 - 15 800 666 — 688
K 45-5,0 0,115-0,128 36-44 092-15
Mg 7 0,58 21 1,75
Ca 52 - 55 2,60-2,75 28 —41 1,40 - 2,05
Sr - - 1,75 0,04

Modelovy roztok morské vody byl pfipraven rozpusténim 36 g morské soli v 1 | demineralizované
vody (zakladni parametry v tabulce 4) a obsahoval pfidané ionty cesia nebo stroncia o koncentraci
10 meq/I.

Do PE vzorkovnic bylo navazeno 0,5+0,01 g sorbentu (analytické vahy Precisa 240A; PAG Oerlikon
AG Ziirich, Svycarsko) a pfidano 25 ml pFislusného modelového roztoku. Pro dosaZeni nepretrzitého
kontaktu celého objemu sorbentu s modelovym roztokem byla pouzita tfepacka Unimax 1010 (Heidolph
Instruments, Némecko), jeji princip je zaloZzen na vytvofeni rotacniho pohybu platformy s konstantni
amplitudou, frekvence kmit byla nastavena na 310 otacek za minutu. Po uplynuti doby kontaktu tj. 0,25;
0,5; 0,75; 1; 2; 4; 6; 24; 48; a 72 h byl zeolit odfiltrovan (filtracni papir 390) a byly zméfeny vystupni
koncentrace iontd v roztoku pfislusnymi analytickymi metodami.

Dynamické kolonové experimenty

Do sklenéné kolony s fritou o vnitfnim priméru 1 cm bylo standardizovanym zplsobem prevedeno
vzdy 10 ml zeolitu (vySka loze 13 cm). Do Na formy byl sorbent pfeveden pomoci péti kolonovych
objemua (V/Vyp), tj. 50 ml roztoku NaOH o koncentraci 1 mol/l pfi specifickém kolonovém zatizeni
5 m*/m°h. Pro vyt&snéni zbytku roztoku hydroxidu z hmoty sorbentu bylo pouzito deset kolonovych
objem(i demineralizované vody s rychlym pritokem (25 m®*m?3-h). Pro nékteré experimenty byl postup
pfevedeni do Na formy zménén na pouziti 100 V/V, 10% roztoku NaCl pfi specifickém zatizeni
5 m®m3h. K vytésnéni roztoku NaCl z hmoty sorbentu bylo pouZito také 10 V/V, demineralizované vody
s rychlym priitokem (25 m*/m?*-h).

Koncentrace cesia a stroncia v modelovém roztoku byla vzdy 0,25 meq/l (j. 33 mg/l Cs nebo 11 mg/I
Sr). Byly pfipraveny modelové roztoky z demineralizované, pitné nebo mofské vody. Modelové roztoky
demineralizované vody pro sledovani vlivu doprovodnych iont na sorpci Cs obsahovaly pfislusné ionty
(Na* ,K*, NH,*, Ca*") v ekvivalentnim poméru 1:1, 1:20 a 1:100. Limitni koncentraci cesia a stroncia pro
ukonc&eni sorp&ni faze a vypocet uzitkové kapacity sorbentu byla zvolena hodnota 0,023 meqg/! (tj. 3 mg/I
Cs, respektive 1 mg/l Sr).

Modelovy roztok byl pfivadén pomoci peristaltického &erpadla PCD 21 (Koufil Kyjov, Cesko) do
kolony naplnéné sorbentem, jednotlivé frakce eluatu byly pak odebirané pomoci sbérace frakci FCC 61
(Laboratorni pfistroje Praha, Cesko) nebo FC 500 (WATREX, Cesko). Sorpéni faze pracovniho cyklu
byly provozovany (nebude-li fe¢eno jinak) pfi specifickém kolonovém zatizeni s =15 m*m°h (EBCT
0,067 h).

Pro regeneraci sorbentu po sorpci cesia bylo pouzito 20 V/V, roztoku NaNO; (p.a.; Lachner) nebo
NaCl o koncentraci 1,5 mol/l pFi specifickém zatizeni 5 m*m°h (doba regenerace 4 hodiny).

Analyticka stanoveni

Pro stanoveni Cs, Na, K, Mg, Ca a Sr byl pouzit atomovy absorpéni a emisni spektrometr
SpectrAA 220 (Varian, USA).

Partnerem cisla je Tyden vyzkumu a inovaci pro praxi a zivotni prostredi TVIP 2024 (12. — 14. 11. 2024, Hustopece) - www.tvip.cz
WASTE FORUM 2024, &islo 3, strana 187



Eva MISTOVA, Jelena TOROPITSYNA, Miloslav HOUSTAVA, Lenka MATOUSKOVA, Helena PARSCHOVA,
Ludék JELINEK: Snizovani obsahu iontt cesia a stroncia ve vodach pomoci prirodniho zeolitu

Koncentrace Mg, Ca a Sr byla stanovovana metodou absorpCni atomové spektrometrie (AAS),
koncentrace Cs, K a Na byla stanovena metodou atomové emisni spektrometrie (AES). Pro stanoveni
iontdl Cs a Sr byl ke kalibraénim roztokim a vystupnim vzork(im pfidan*®?° roztok KCl o koncentraci
25 g/l (deionizator pro F-AAS od firmy ANALYTIKA®, spol. s. r. 0.) v poméru 10: 1.

Koncentrace amonnych iontl byla stanovena fotometricky s Nesslerovym ¢inidlem. Princip metody je
zaloZzen na reakci amoniaku a hydroxidu alkalickych kovl s tetrajodortutnatanem sodnym ¢&i draselnym
za vzniku zlutohnédého koloidniho roztoku (Millonovy baze). Absorbance vzorku byla zméfena v 1 cm
kyveté na spektrofotometru Cecil CE 2041(Cecil Instruments Limited; Velka Britanie) pfi vinové délce
425 nm.

Vypocdty

Pro popis ziskanych dat jsou vyuzivany nasledujici veli€iny:
¢ sorpcni kapacita g (meg/g) (mg/g) (rovnice 1), tj. zachycené mnozstvi cesia/stroncia v pevné fazi
e ucinnost sorpce A (%) (rovnice 2)

e uzitkova kapacita C, (meg/l) (rovnice 3), ktera vyjadfuje mnoZstvi zachyceného iontu na litr
sorbentu do okamziku praniku pfedem ur€ené limitni koncentrace (pruniku) na vystupu

Z kolony.

q=(co—c,) -V /mg (mg/g) (meg/l) (1)
A =100 — (cy/c,) - 100 (%) )
Co = W/V)-co (meq/l) (3)

Co . . . vstupni koncentrace odstrariovaného iontu (mg/l) (meg/l)
Cn . ..koncentrace iontu v odebraném n-tém vzorku (mg/l) (meg/l)
V, ... objem sorpéniho roztoku (1)

ms . . . hmotnost sorbentu (g)

V ... .objem proteklého roztoku (I)

Vo . . . objem sorbentu (I)

Vysledky a diskuse

Hlavnim cilem této prace bylo zjistit, za jakych podminek bude mozZné pouzit pfirodni zeolit pro
odstraniovani iontl cesia a stroncia z roztokd, a to pfedevsim zhodnotit vliv prostfedi — vliv doprovodnych
iontd (Na" ,K*, NH,*, Ca**, Mg®") a dalSich iont(i obsaZenych v pitné a mofské vod&. Po provedeni
vsadkovych rovnovaznych experimentl byly provedeny dynamické kolonové experimenty, u kterych
vedle sledovani vlivu prostfedi byl sledovan i vliv doby zdrzeni roztoku v koloné a v neposledni fadé
I moznosti regenerace a znovupouZiti sorbentu.

Vsadkoveé rovnovazné experimenty

Ke zjisténi vlivu doprovodnych ionti na sorpci iont cesia a stroncia a také kinetiky sorpce pro uréeni
rovnovazné doby kontaktu byly provedeny vsadkové pokusy s pracovnimi roztoky o stejné vstupni
ekvivalentni koncentraci Cs a Sr iont(, ale pfi rizném ekvivalentnim poméru k doprovodnym iontiim (1:1;
1:3; 1:5) v demineralizované vodé a nasledné s pracovnimi roztoky pitné a mofské vody.

U v8ech takto provedenych experimentl bylo pozorovano, Zze nejvétsi mnozstvi odstranovanych iontd
se zachytilo uz béhem prvnich Sesti hodin kontaktu, zmény vystupnich koncentraci po 24 a 48 h uz byly
minimalni a systém za danych experimentalnich podminek dospél do rovnovahy po 72 h.
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Obrazek 1: Vliv doprovodnych ionti na sorpci iotu cesia z modelového roztoku demineralizované vody

Mnozstvi zachyceného cesia se zaroven snizuje se zvysujicim se mnozstvim doprovodného iontu
v modelovém roztoku (obrazek 1). V pfitomnosti doprovodnych Na* iont doslo ke sniZeni u¢innosti sorpce
na 96,3 % (1:1), 94,6 % (1:3) a 92,7 % (1:5). Po 72 h kontaktu je ucinnost sorpce Cs* sniZzovana vlivem
zvysujici se koncentrace K* iontll na hodnoty 93,1 % (1:1), 81,1 % (1:3) a 75,5 % (1:5). Z uvedenych
hodnot vyplyva, Ze v pétinasobném prebytku doprovodnych K* iontt doslo ke snizeni uéinnosti sorpce Cs*
0 23 %. Se vzrlstajici koncentraci doprovodnych NH," iontt ve vstupnim roztoku dochazi v 72. hodiné
postupné ke sniZeni uc€innosti sorpce cesia na 94,2 % (1:1), 87,2 % (1:3) a 82,4 % (1:5).

V tabulce 5 jsou uvedeny hodnoty sorpénich kapacit a u€innosti sorpce po 72 h kontaktu z roztoku

s nejvy$Sim pomérem pfislusného doprovodného iontu a pro porovnani i hodnoty pro roztok bez
doprovodnych iontd.

Tabulka 5: Vliv doprovodnych iontii na rovnovaznou sorpci iontii Cs* a Sr**

+ 2+
A (%) Cs Sr
g (meq/g) q (mg/g) q (meq/g) q (mg/g)

Cs' 98,4 0,491 65,2 - -
Cs':Na' (1:5) 92,7 0,467 62,1 - -
Cs': K (1:5) 75,5 0,406 54,0 -- --
Cs':NH,” | (1:5) 82,4 0,455 60,5 - -
Cs':ca” (1:5) 94,3 0,466 62,0 - -
Sr*t 94,9 -- - 0,434 19,0
Sr*t: ca” (1:5) 75,0 - - 0,330 14,5
Sr Mg | (1:5) 90,5 -- - 0,422 18,5

Sledovanim i vystupni koncentrace doprovodnych iontd bylo zjisténo, Ze béhem experimentt dochazi
také k sorpci draselnych, amonnych a vapenatych iont, kdy napf. pfi vstupnim poméru 1:5 bylo
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zachyceno po 72 hodinach 0,573 meq K'/g nebo 0,492 meq NH,'/g. Je tedy patrné, Ze sorpéni kapacita
zeolitu nebyla zcela vy€erpana zachycenim iontu Cs.

Porovnanim uginnosti sorpce Cs* v pfitomnosti Ca®* iontil bylo dle predpoklad(i zji$t&no, Ze
pfitomnost dvoumocnych iontli nema se zvysuijici se dobou kontaktu na sorpci Cs* tak negativni vliv jako
pfitomnost konkurenénich jednomocnych iontd. Po 72 h sorpce byla G¢innosti sorpce Cs® vlivem
zvysujici se vstupni koncentrace Ca®" iontt postupné snizen na 95,7 % (1:1), 95,3 % (1:3) a 94,3 %
(1:5), coz je podstatné méné nez v pfitomnosti jednomocnych kationtd, nicméné i zde dochazelo
k zachyceni vapenatych iontl z roztoku, a to nap¥. pro pomér 1:5 to bylo 0,240 meq/g.

Na zakladé vysledkl téchto experimentl byl proveden jednoduchy experiment, kdy byla vstupni
koncentrace Cs ve vstupnim modelovém roztoku zvySena z 10 na 20 meqg/l (2,6 g/l) a smés byla
ponechana na tfepacce po dobu jednoho tydne. Vystupni koncentrace Cs byla 3,2 meq/l, coZ odpovida
112 mg zachyceného Cs v 1 g sorbentu (0,85 meq/g) pfi uc€innosti odstranéni 84,2 %.

Porovnanim provedenych vsadkovych experimentl vyplyva, Ze doprovodné ionty ovliviuji negativné
uginnost sorpce cesia v poradi K* > NH," > Ca** = Na".

PFi porovnani vlivu dvoumocnych kationtd Ca®, Mg® na odstranéni iontu Sr** byl pozorovan
vyraznéjsi vliv vapenatych iontl (tabulka 6). V pfipadé, Ze bylo do pracovniho roztoku pfidano cesium,
tak se jako jednomocny iont pfednostné zachytavalo pravé cesium. Pfi ekvivalentnim poméru Cs:Sr (1:1)
se snizila ucinnost sorpce stroncia z 94,9 % na 66,5 %, zatimco cesium bylo zachytavano s 92%
ucinnosti. ZvySenim ekvivalentniho poméru na 1:5 pak poklesla u€innost sorpce pro stroncium na 36 %
a pro cesium na 86 %.

Tabulka 6: Zachycené rovnovazné mnoZstvi ionti Cs a Sr z riiznych druht vod

Demineralizovana voda Pitna voda Morska voda
A q q A q q A q q
(%) (meg/g) | (mg/g) (%) (meg/g) | (mg/g) (%) (meg/g) | (mg/g)
Cs’ 98,4 0,491 65,1 97,6 0,461 61,1 72,9 0,352 46,7
Sr# 94,9 0,434 19,0 89,6 0,414 18,1 24,2 0,119 5,21

Rovnovazné experimenty s modelovymi roztoky pitné a morské vody (tabulka 6) pak potvrzuji, ze
zvy$ovani solnosti roztoku mé vliv na sorpéni tginnost zeolitu. U&innost sorpce cesia z morské vody se
oproti demineralizované dle pfedpokladu snizila o Ctvrtinu, u stroncia byl pokles jesté vyraznégjsi, a to
vice jak 70 %.

Smérem ke kolonovym dynamickym experimentim, pak vsadkové rovnovazné experimenty
naznadcily, Ze i se zvySujici se solnosti vstupniho roztoku se da oCekavat, Zze pouziti zeolitu bude mozné,
jen bude nutné pocitat s niz8i uzitkovou kapacitou. Kinetika vymeény iontd byla dobra, a proto bude
mozné pouzit i vy$si specifické kolonové zatizeni 15 m*m°h (2,5 ml/min), coZ neni u anorganickych
sorbent( pfi stejném objemu/vySce sorbentu v koloné bé&zné, kdy napk. Prajitno'’ provozoval kolony pfi
specifickém kolonovém zatizeni 2 m*m°h tj. 0,157 ml/min, ale naopak Abusafa pouZil rychlost
5 ml/min, to pfi pfepoétu na objem sorbentu v kolon& bylo dokonce 212 m*/m®h. Nami zvolena rychlost
prutoku 2,5 ml/min byla optimem i vzhledem ke vstupni koncentraci iontd cesia a stroncia. Dale bude
mozné zvysit i ekvivalentni pomér doprovodnych iontd vaé&i cesiu/stronciu a bude pfinosné sledovat i
prubéh jejich koncentraci, at uz se ze sorbentu budou uvolfiovat, nebo zachytavat spole¢né s cesiem
a stronciem.

Kolonové dynamické experimenty

Pomoci dynamickych kolonovych experimentd bylo zjisténo, ze bez pFitomnosti velkého prebytku
doprovodnych iontl Ize pouzity pfirodni zeolit povazovat za velmi G€inny sorbent pro odstrafiovani cesia
z vodnych roztoku (obrazek 2). PFi vstupni koncentraci Cs* iontt 0,25 meq/I (33 mg/l) a specifickém
kolonovém zatizeni 15 m®m°h bylo limitni koncentrace 0,023 meg/l (3 mg/l) dosaZeno po 3100
zpracovanych kolonovych objemech, coZ odpovida uzZitkové kapacité 107 g Cs’ na litr sorbentu
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(109 g/kg). To je sice hodnota niz$i nez v dfive zmifiovanych pracich'*"’, kde dosahli uzitkovych kapacit
1,4 eq/l*, respektive 1,06 eq/l*’, kdy uzitkové kapacity byly vztazeny k vystupni hodnot& 0,5 c./c,
(66 mg/l respektive 100 mg/l). Nami zvolené limitni koncentrace 3 mg/l (tj. 0,09 c./co) je tedy dosazeno
dfive, ale da se predpokladat, Zze by pfi uziti realnych vod s radionuklidy musela byt jesté nizsi, tudiz by
klesla i realna uzitkova kapacita. Vypoctené hodnoty uzitkovych kapacit jsou shrnuty v tabulce 7.

8 —
3 &-Cs 7 | &-Cs
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Obrazek 2: Vliv doprovodnych ionti na sorpci iontu cesia z roztoku demineralizované vody pFi
specifickém kolonovém zatizeni 15 m®m?®-h

Tabulka 7: Shrnuti uzitkovych kapacit zeolitu pfi sorpci Cs v pritomnosti doprovodnych iontu

Na* K* NH," Ca**

Cs : DI (eall) | (mg/g) | (eq/l) | (mg/g) | (eq/l) | (mg/g) | (eq/l) | (mg/g)
1:1 0,78 105 0,60 80,9 0,66 87,8 0,56 74,6
1:20 0,64 85,9 0,21 28,6 0,35 47,5 0,28 37,9

1:100 0,37 50,1 0,04 5,9 0,08 11,0 0,20 26,5

Dle oCekavani na zachyceni cesia mély nejmensi vliv ionty sodiku, kdy pfi nejvy§Sim ekvivalentnim
pomeéru byl pocet zpracovanych kolonovych objemd 1350 (uzitkova kapacita poklesla o vice jak 50 %),
nicméné pro experimenty s modelovou mofskou vodou, jejiz hlavni soucasti je NaCl, je to vysledek
pozitivni.

Z uvedenych hodnot uZitkovych kapacit si Ize povsimnout, e Ca®* ionty mély pfi dynamickych
pokusech na uginnost sorpce Cs® podstatné vétsi vliv nez pfi rovnovaznych experimentech. Uz pfi
pomeéru 1:1 byl pokles kapacity 30 % a u poméru 1:20 dokonce 65 %, pro experimenty s pitnou vodou,

kde se mnozstvi vapniku pohybuje obvykle v rozmezich cca 40 — 80 mg/l (2 — 4 meq/l tj. v poméru
k vstupni koncentraci Cs 1:8 — 16), pfedstavuje neCekané Spatnou prognézu.

Nejvétsi pokles uzitkové kapacity byl pro doprovodny iont drasliku v ekvivalentnim poméru vici cesiu
1:100, a to 0,04 eqg/l sorbentu, tj. 95% pokles, nicméné 25 meq/l (978 mg/l) drasliku je koncentrace
v realnych vodach pfinejmensim ojedinéla.
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Béhem experimentd byly sledovany i koncentrace doprovodnych iontd (obrazek 3). Pribéh
koncentraci iont v eluatu byl ukazkovym pfikladem vymeény iontl, kdy pfi zachytu cesia z modelového
roztoku bez doprovodnych iontll se do roztoku uvolriuji ekvivalentné ionty sodiku (A), stejny pribéh je
vidét i pfi sorpci z modelového roztoku s pfitomnymi amonnymi ionty v poméru 1:1 (B), kdy prvnich
900 V/V, byly z roztoku zachycovany, jak ionty cesia, tak amonné ionty a po tuto dobu se do roztoku
uvolfiovalo ekvivalentni mnozstvi iontll sodiku. Sorbent ma vyssi afinitu k cesiu, to bylo zachytavano i
poté, co amonné ionty v eluatu dosahly vstupni koncentrace.
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Obrazek 3: Koncentrace sledovanych iontu v eluatu pfi sorpci z modelovych roztoku
demineralizované vody (A) Cs bez doprovodnych ionti; (B) Cs™: NH," (1:1)

Regenerace zeolitu byla provedena pomoci 20 V/V, roztoku NaNO; nebo NaCl o koncentraci
1,5 mol/l pii specifickém zatizeni 5 m®*m?3h. Pro vyhodnoceni uginnosti regenerace byla pogitana
bilance zachyceného a desorbovaného cesia. Uginnost regenerace sorbentu roztokem NaNO; byla 49 %
a roztokem NaCl pak 47 %. Vzhledem k nizké Gcinnosti regenerace nebyly provedeny nasledné sorpcni
cykly. Vzhledem k cené sorbentu se jednorazové pouziti pro pfipad zachytu radionuklidu Cs jevi
ekonomicky i bezpecnostné pfijatelnou moznosti.

Kolonové dynamické experimenty s modelovymi roztoky pitné a mofské vody neodpovidaly
vysledkim z rovnovaznych experimentl (tabulka 8). Uzitkova kapacita zeolitu pro sorpci cesia z roztoku
pitné vody se sniZila na 0,18 eq/l (24,5 mg/g), to pfedstavuje pokles o pfiblizné 75 % oproti sorpci
z demineralizované vody. Sorpce stroncia byla uz z roztoku demineralizované vody poloviéni, oproti
vysledkim rovnovaznych experimentu. U roztoku pitné vody pak byla kapacita dokonce jen 0,02 eq/l, to
bylo ani ne 10 % ocCekavanych hodnot.

Tabulka 8: Uzitkoveé kapacity zeolitu pfi sorpci iontu Cs a Sr z ruznych druhd vod

Demineralizovana voda Pitna voda Mofiska voda

Cu (eg/l) Cu (mg/g) Cu (eg/l) Cu (Mmg/g) Cu (eg/l) Cu (Mmg/g)
Cs' 0,803 109 0,183 24,5 0,005 0,680
Srt 0,236 10,5 0,018 0,810 -- --

Z divodu vyraznému poklesu uzitkové kapacity pfi sorpci cesia zroztoku pitné a stroncia
z demineralizované a pitné vody byla nasledné pozménéna pfeduprava sorbentu. Sorbent byl pfeveden
do Na formy pomoci sta kolonovych objem( 10% roztoku chloridu sodného (s =5 m*m?®-h).

U sorpce stroncia z modelového roztoku demineralizované vody (obrazek 4 B) uzitkova kapacita
zvysila na 0,537 eq/l (23,9 mg/g), coz bylo 25 % vySSi hodnota nez z rovnovaznych experimentd.
Nicméné z roztoku pitné vody se uZzitkova kapacita cesia a stroncia zvysila jen o 10 % oproti uzitkové
kapacité pfi pouziti zeolitu plivodnim pfevadénim sorbentu do Na formy roztokem NaOH.

Partnerem cisla je Tyden vyzkumu a inovaci pro praxi a zivotni prostredi TVIP 2024 (12. — 14. 11. 2024, Hustopece) - www.tvip.cz
WASTE FORUM 2024, &islo 3, strana 1 92



Eva MISTOVA, Jelena TOROPITSYNA, Miloslav HOUSTAVA, Lenka MATOUSKOVA, Helena PARSCHOVA,
Ludék JELINEK: Snizovani obsahu iontt cesia a stroncia ve vodach pomoci prirodniho zeolitu

0,06 0,06 — _
- Cs-pitna (NaOH) Sr-dem!neralfzovane'l(NaOH)
B Cs-pitnd (NaCl) —Q—S-r-fier'nmerallzovana(NaCI)
50,04 - - - limitni koncentace _.0,04 -t I|m|t-n| l,(oncentrace
g —O—Cs-demineralizovana (NaOH ;.; Sr-p!tnell (NaOH)
ey —@—Cs-demineralizovana (NaCl) £ Sr-pitna (NaCl)
0024 TR T TTTTTTTTTTTTT AT Coo02d 1 T Tt
0,00 ECT E OB DA- P 0 - we-e—ro—o—o T r
0 600 1200 1800 2400 3000 3600 0 600 1200 1800 2400
VIV, VIV,
A B
Obrazek 4: Vliv zmény prevedeni sorbentu do Na formy na sorpci cesia (A) a stroncia (B)
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Obrazek 5: Koncentrace sledovanych ionti v eluatu pri sorpci cesia (A) a stroncia (B)
z modelovych roztoki pitné vody

Z obrazku 4 neni jasné, pro¢ hodnoty uzitkovych kapacit pfi sorpci z roztoku pitné vody po zméné
zpusobu prevadéni sorbentu do sodné formy zlstaly v podstaté beze zmény, proto byla pozornost
zaméfena i na dalsi ionty v eluatu (obrazek 5 — kvuli vyraznym rozdildm hodnot koncentraci Na, Ca a Mg
bylo nutné vztahnout je k vedlejsi (pravé) ose y). Pribéhy koncentraci sledovanych iontl pfi sorpci
z modelového roztoku pitné vody ukazuji, ze prvnich 60 V/V, se zachycovaly vSechny kationty,
s vyjimkou sodiku, za ktery se vyménovaly. Postupné pak zacaly narustat koncentrace dvoumocnych
kationtd v pofadi Mg, Ca, které postupné dosahly vstupni koncentrace. Z roztoku se stronciem se
zachycovaly ionty drasliku, ten jako jednomocny ion ma k sorbentu vySsi afinitu. Z roztoku s cesiem se
také draslik néjaky €as zachycoval a jeho mnozZstvi v eluatu se zacalo zvySovat pfed cesiem, protoze
z téchto dvou jednomocnych iontl je I1épe poutano cesium. V pripadé zeolitu po Upravé roztokem NaOH
byl tento pribéh obdobny, jen rychlejsi. Hlavni pfic¢inou nizkych uzitkovych kapacit zustava pritomnost
vapenatych a hofe€natych iontd ve vstupnim roztoku. Pro pouziti zeolitu pfi Upravé realnych
kontaminovanych vod bude nutné jeho mnozstvi zohlednit i pfi navrhu dekontaminacni stanice
(. mnozstvi sorbentu/vysku vrstvy, rychlost pritoku kolonou, pfipadné i pfeduprava vstupniho roztoku).

V pfipadé sorpce stroncia z modelového roztoku moiské vody se nesniZila vystupni koncentrace
sledovaného iontd pod limitni koncentraci 0,023 meq/l, a to ani pfi snizeni rychlosti pritoku kolonou,
experimenty probé&hly postupné pfi specifickém kolonovém zatizeni 15; 12; 9 a 6 m*(m>.h). Podobné
experimenty probéhly i pfi sorpci cesia z roztoku morské vody (obrazek 6 — A), pfesto uzitkové kapacity
byly zanedbatelné, nasledné byly pokusy provedeny se sorbentem pfevedenym do Na formy opét
pomoci 100 V/V, 10% roztoku chloridu sodného (s =5 m®*(m3.h) ) a je vidét (obrazek 4 — B), Ze bylo
dosazeno lepsiho vysledku, nicméné uZitkova kapacita sorbentu byla maximalné 17 meq/l, a to pfi
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100 V/V, 10% roztoku NaCl bylo uz v laboratofi pomérné ¢asové naro¢né a pro primyslové méfitko by
to znamenalo i dalsi finanéni naklady. Vysledky se ani zdaleka nepfiblizily k hodnotam z rovnovaznych
vsadkovych experimentll, bude tedy tfeba prehodnotit dalSi parametry jako vstupni koncentraci,
mnozstvi sorbentu v koloné/vySku vrstvy.
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Obrazek 6: Pribéh sorpcénich krivek pFi sorpci cesia z roztoku morské vody pri rizném
specifickém zatiZzeni (pfevedeni zeolitu do Na formy: A — 1M NaOH; B — 10% NacCl)
Zavery

Pfirodni zeolit z lokality Nizny Hrabovec (Slovensko) ma vysokou sorp&ni kapacitu vaci iontiim cesia.
Rovnovaznymi vsadkovymi experimenty bylo zjisténo, Ze kinetika sorpce i sorpéni kapacita je velmi
dobra, nicméné se snizuje se zvysSujici se solnosti vstupniho roztoku. Ve vstupnich i vystupnich
roztocich je nutné sledovat i dalSi ionty, které maiji vliv na sorpci cesia i stroncia, to jsou pfedevsim ionty
drasliku, vapniku a amonné ionty.

Bylo zjisténo, Ze je mozné tento sorbent pouzit i kolonovém dynamickém uspofadani, kdy sorpci
cesia a stroncia ovliviiuje vhodné zvoleny postup pfevedeni sorbentu do Na formy, zde by bylo vhodné
experimentalné ovéfit i zvySeni teploty, at uz v pribéhu upravy sorbentu nebo jako jeji posledni krok.
Omezujicim faktorem snizujicim uzitkovou kapacitu zeolitu je koncentrace vapenatych iontl ve vstupnim
roztoku. Ta omezuje pouziti tohoto sorbentu pro sorpci iontd cesia, stroncia a jejich radionuklidu
z béznych typ vod.

DalSim krokem bude u spole¢né sorpce cesia a stroncia ovéfit, kdy je vyhodny/mozny spoleCny
zachyt a kdy by bylo lepSi zvazit jejich separaci, byt s pomoci jiného sorbentu, pak mohl byt vyuZzit
systém vice kolon s rznou naplni (napf. zeolit-slabé/silné kysely katex aj.).

Seznam symboli
SNTS Semipalatinsky jaderny

INES polygon Mezinarodni stupnice jadernych udalosti
TEPCO  Tokijska elektrarenska spole¢nost

VIV, kolonovy objem (m*/m?)

DI doprovodné ionty
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Remove of cesium and strontium ions in water using natural zeolite
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Summary

The aim of the experiments was to verify the possibilities of using natural zeolite from the locality Nizny
Hrabovec (Slovakia) in the removal of cesium and strontium ions from various types of water
(demineralized/drinking/sea). Equilibrium batch experiments were carried out and demonstrated the high
sorption efficiency of zeolite for the removal of cesium ions, where 65 mg/g (i.e. 0.49 meg/g) was
captured from the demineralized water solution, while the amount of captured strontium was 19 mg/g
(i.e. 0.44 meg/g). In the presence of competing cations (Na*, K*, NH,*, Mg®*, Ca*"), the captured amount
of cesium and strontium ions decreases. Thus, 61 mg/g (i.e. 0.46 meq/g) of cesium and 18 mg/g (i.e.
0.41 meqg/g) of strontium was captured from the model drinking water solution and from the model
seawater solution 47 mg/g of cesium and 5 mg/g of strontium was captured from. Column dynamic
experiments also demonstrated high selectivity towards cesium ions. The expected effect of both
magnesium and calcium ions on strontium sorption was confirmed. Unexpectedly, a strong effect of
calcium ions on cesium sorption was also found, even at the calcium concentration common in drinking
water (i.e. 40 — 80 mg/L). Dynamic column arrangement for the sorption of strontium from seawater was
unsuccessful, for the sorption of cesium it was necessary to change the pretreatment and to reduce the
specific column load from 15 to 6 m*(m?*-h).

Keywords: cesium; strontium; natural zeolite; sorption; drinking water; seawater
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Podpora produkce zelenych ras v provozu bioplynové
stanice

Pavia TOMASOVA, Marek SIR, Zuzana HONZAJKOVA, Jana
CHUMCHALOVA, Jifi HENDRYCH, Eva MARCINKOVA, Martin KUBAL
Viysoka skola chemicko-technologicka v Praze, Fakulta technologie ochrany
prostredi, Technicka 5, 166 28 Praha 6,

e-mail: hrychovp@vscht.cz

Souhrn

V ramci kultivace zelenych ras bylo studovano vyuZiti pfedupraveného kapalného digestatu
Z bioplynové stanice za ucelem vyuZiti obsaZenych anorganickych sloZek. Digestat byl predupraven
1) prosévanim a 2) prosévanim s naslednym chemickym sraZzenim. Pro kultivacni testy provadéné
pfi étyfech urovnich osvétleni byla pouZzita fasa Scenedesmus cf. acutus Meyen CCALA 438. NejvySsi
vytéznost rasové biomasy byla zjisténa u digestatu predcisténého pouze prosévanim, coz dava Sanci
na technologicky jednoduchou a ekonomicky pfijatelnou realizaci.

Klicova slova: bioplynova stanice, digestat, zelené rasy

Uvod

Bioplynovou stanici mizeme pfi ur€itém zjednoduSeni definovat jako technické zafizeni uréené
pro zpracovani zemédélskych produktl a odpadu, kde vystupem tohoto zpracovani je elektricka
&i tepelna energie a zbytkové materialy opét vyuzitelné v zemédélské vyrobé&. Dle doloZitelnych zdroja*
bylo ke dni 31. 12. 2022 na uzemi Ceské republiky provozovéano 540 bioplynovych stanic s celkovym
instalovanym vykonem 380,5 MW. V domacich podminkach prodélala technologie bioplynovych stanic
intenzivni vyvoj, a to od své prvni instalace v roce 1974 v Tfeboni’ a tehdej$iho zaméfeni na zpracovani
pouze nevyuZitelné rostlinné a Zivoc€isné biomasy. Jako mnohostranné vyhodna technologicka inovace
je v této praci popsana moznost sou¢asného vyuziti odpadniho tepla a predupraveného digestatu
z bioplynové stanice.

Hlavnim produktem bioplynové stanice je bioplyn, jehoz energeticky pfinos je s ohledem na vyse
vyznaceny instalovany vykon velmi vyznamny. VedlejSim produktem bioplynové stanice jsou potom
tzv. digesCni zbytky, které jsou v tomto textu oznaCovany kratSim terminem digestat. Hmotnost susSiny
produkovaného digestatu byva pfiblizné o ¢tvrtinu nizsi oproti susiné substratii na vstupu do bioplynové
stanice®®, u objemovych mnozZstvi byva potom rozdil mensi. Proces zpracovani digestatu se v minulosti
stal jednou z prekéazek v rozsifovani vyroby bioplynu®. V Ceské republice je na instalovanych jednotkach
produkovan digestat v mnozstvi pfiblizné 5 miliond tun roéné>.

Digestat vznika v prubéhu vyroby bioplynu transformaci a stabilizaci organické hmoty, kde oproti
vstupnimu substratu dochazi k poklesu obsahu organického uhliku (o cca 20 — 90 % hm.), snizeni
viskozity a rlistu obsahu mineralniho dusiku®® Digestat produkovany na zemédélskych bioplynovych
stanicich je charakterizovan vy$§im obsahem susiny 6 — 24 % hm. v disledku pouziti zemédélskych
plodin jako vstupniho materialu do fermentace a zarovern obsahuje vyznamny podil zbytkové organické
hmoty. Digestat se vyznaCuje mirné zasaditou az neutralni hodnotou pH s vysokym obsahem dusiku,
jehoz celkové mnoZstvi miize dosahnout az 12 g-I*, a taktéz fosforu, kdy celkovy fosfor mze dosahnout
az 5,8 g-I" ®. Digestat mlze byt s pomoci b&Znych separaénich metod v principu rozdélen na tzv. fugat
(kapalna frakce) a separat (pevna frakce)’®.
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Digestat ze zemédélskych bioplynovych stanic muze obecné plnit funkci hnojiva (v souladu
s vyhlaskou €. 474/2000 Sb.). Zpracovani pevné frakce (separatu) obvykle zahrnuje kompostovani,
vermikompostovani, suSeni a vyrobu pelet nebo podestylky pro skot. Kapalna frakce, ktera je dobre
Cerpatelna, muze byt poté pouzita vzemédélstvi pomoci injektazni techniky snizujici emise
amoniakalniho dusiku do prostfedi jako hnojivo®. Konkrétni pouziti digestatu & jeho frakci v praxi uréuji
provozni parametry bioplynové stanice, typy vstupnich substratd, lokalita jejiho umisténi, SirSi
ekonomické zazemi provozovatele a v neposledni fadé také nadfazené globalni strategie, které zde
otviraji cestu k realnému zavadéni technologickych inovaci.

Representativni popisy vyuziti digestatu jiz byly v minulosti popsany’. Pfima aplikace kapalného
digestatu na zemédélskou puadu s sebou v§ak nese vyznamné negativni environmentalni problémy jako
je kontaminace vod a eutrofizace vodnich tok( & nadrzi v blizkosti aplikagnich mist'®**. Digestat &i jeho
frakce mulze pfinaSet chemickou (napf. tézké kovy), biologickou (napf. patogeny) nebo fyzikalni
(napt. plasty) kontaminaci’*2. Digestat je pfFi vyrob& bioplynu produkovan nepretrzit&, zatimco hnojeni
pudy je zavislé na rastovych fazich plodin a jeho rezim podrobné popsan v legislativé (zejména vyhlasce
€. 377/2013 Sb.). V nékterych rocnich obdobich tedy musi byt digestat skladovan.

Za inovativni zpUsob vyuziti digestatu, ktery navic dobfe vychazi vstfic aktualnim environmentalnim
strategiim, mizeme povazovat aplikaci pfitomnych mineralnich slozek do kultivaénich médii pro rast
zelenych fas. Jedna se o technologicky princip, ktery jiz byl v poloprovoznim meéfitku testovan
na bioplynové stanici v Dublovicich'®. Pro testovani zde byl instalovan kaskadovy fotobioreaktor,
ve kterém kultivaCni médium sycené oxidem uhliCitym, vyhfivané odpadnim teplem a v kontaktu
se sluneénim zafenim kontinualné protékalo v tenké vrstvé po mirné sklon&nych plochach™.

Takto navrzeny systém soubé&zné nabizel hned nékolik technologickych a nasledné i ekonomickych
vyhod: 1) vyuziti odpadniho tepla pfimo v prostoru bioplynové stanice; 2) zachyt oxidu uhli¢itého;
3) vyuziti produkovanych fas jako krmiva v ramci hospodarského celku, jehoZ souéasti byl také chov
skotu; 4) moznost celoroéniho provozu a 5) moznost vyuziti mineralnich latek pfitomnych v digestatu.
Otevienou otazkou bylo v dobé tohoto poloprovozniho testovani nalezeni technologicky jednoduchého,
administrativné prdchodného a ekonomicky zZivotaschopného zplsobu pfedupravy digestatu do formy
aplikovatelné v ramci ristu zelenych fas.

Samotna kultivace zelenych fas je v priimyslovém meéfitku vyuzivana jiz po fadu desetileti a sméfuje
k ziskavani mnoha potravinafskych, farmaceutickych, kosmetickych a zemédélskych produkt(™.
Vyzkum probiha také v oblasti vyuziti zelenych fas pro vyrobu biopaliv. Pogatek komeréniho péstovani
zelenych fas Chlorella a Spirulina mizeme datovat do Sedesatych let dvacatého stoleti, k zacatku
osmdesatych let je pak zdokumentovano vyuziti fas Dunaliella Salina pro produkci B-karotenu®®?’.

Kultivace zelenych Ffas probiha vétsinou autotrofné ve fotobioreaktorech'*® v uméle pfipravenych

médiich, za pfitomnosti oxidu uhli¢itého a svétla. Nékteré druhy fas lze péstovat také heterotrofné,
pfipadné mixotrofné. Kultivaéni média pro péstovani fas jsou zpravidla pfipravovana davkovanim
komercné dostupnych chemickych latek, coz zvySuje cenu kultivace a nékdy pfinasi i negativni dopady
pro zivotni prostredi.

Jak jiz bylo zminéno v pfedchazejicim textu, Ize jako alternativu k davkovani komercnich chemickych
latek uvazovat vyuziti latek pfitomnych v digestatu z bioplynové stanice, a to v kombinaci s vyuZitim
oxidu uhligittho a odpadniho tepla z kogeneraénich jednotek'®. Zmin&na alternativa je ovsem
podminéna znalosti a ekonomickou pruchodnosti technologického postupu, kterym by bylo mozné
z vychoziho digestatu pfipravit Ciry roztok s co nejvy§Sim obsahem potfebnych Zivin. Zakladni princip
tohoto technologického postupu jiz byl navrzen v predchazejici praci?®, kdy se jako prvni krok osvédéilo
fedéni digestatu podobné jako zde*#, a kde se testovaly riizné kombinace mechanickych a chemickych
separacnich krokd a kde se jako mirné vyhodné&jSi ukazal postup zahrnujici pouZiti chemickych latek.
Ve snaze o zjednoduSeni byly tedy separacni kroky testovany podrobnéji a na jiném typu vychoziho
digestatu, pficemz do experimentl byl jako nezavisle proménny parametr zaveden také zplsob osvitu
pfi kultivaci zelenych fas.

Partnerem cisla je Tyden vyzkumu a inovaci pro praxi a zivotni prostredi TVIP 2024 (12. — 14. 11. 2024, Hustopece) - www.tvip.cz
WASTE FORUM 2024, &islo 3, strana 1 98



Pavla TOMASOVA, Marek SIR, Zuzana HONZAJKOVA, Jana CHUMCHALOVA, Jiii HENDRYCH, Eva
MARCINKOVA, Martin KUBAL: Podpora produkce zelenych fas v provozu bioplynové stanice

Experimentalni ¢ast

Pro ucely této prace byl na bioplynové stanici ZD Krasna Hora nad Vitavou, a.s. odebran
do 50 litrovych PE barelld vzorek digestatu (hovézi kejda, kukufiéna/travni hmota 70/30, velké mnozstvi
¢astic < 0,1 mm, malo tekuty). V tomto vzorku byl stanoven obsah aniontu (filtrace prfes 0,45 um
membranovy filtr a nasledna analyza technikou kapilarni elektroforézy — pFistrojem CAPEL-105M,
LUMEX, kiemenna kapilara v déle 60 cm a priméru 0,74 um, napéti -20 V, UV detekce pfi 220 nm).

Obsah kovu v susiné byl stanoven pomoci modifikované metody mineralizace podle EPA Method
3050B, analyza technikou AAS podle CSN ISO 8288 (AAS SensAA, GBC Scientific Equipment).
Zakladni parametry suSina, obsah organickych latek, obsah popela, hodnota pH a konduktivita byly
stanoveny podle CSN EN 13040, CSN EN 13039, CSN EN 13038, CSN EN 13037. Stanoveni
amoniakalniho dusiku bylo provedeno pomoci jednopaprskové spektrofotometrické metody s vyuzitim
Nesslerova Cinidla a detekci pfi vinové délce 470 nm.

Analyza CHNS byla provedena na pfistroji Elementar vario Cube Il firmy Elementar. Pro kalibraci
pristroje byl pouzit standard Merck kyseliny stearové a standard od Elementar Analysensysteme GmbH
(C: 67,68 hm. %, H: 4,95 hm. %, N: 0,69 hm. %, S: 0,81 hm. %). Vzorek (5 — 15 mg) byl spalen v Cisté
kyslikové atmosféfe. Plynné produkty spalovani byly po redukci separovany v chromatografickém
systému proplachovani a zachycovani, a nakonec detekovany detektorem tepelné vodivosti (TCD).
Vysledky vstupnich analyz jsou shrnuty v tabulce 2.

Na zakladé rozsahlé série predbéznych laboratornich experimentll byly navrzeny dva zpusoby
predupravy digestatu, které jsou schematicky ukazany na obrazku 1. Oba zpusoby maiji spole¢ny zaklad,
kterym je nafedéni digestatu vodou v poméru 1:5. Prvni zplsob pfedupravy (kultivaéni roztok 1) je Cisté
mechanicky a zahrnuje sitovani, odstfedovani a posléze filtraci pfes membranovy filtr (2 um). Druhy
zpUsob (kultivacni roztok 2) kombinuje mechanické postupy s chemickym srazenim. Koncovym stupném
predupravy je u obou zpUsobU fedéni vodou na uroven pouzitou pro kultivacni experimenty 30x.

KULTIVACNI ROZTOK 1 KULTIVACNI ROZTOK 2

¥

| Redéni 1:5 |
P \
Sitovani | Okyseleni
2-05-0,1-0,04 mm \Jr
Sitovani
v 2-05-0,1-0,04 mm
| Centrifuga 4500 ot/min | J
| Alkalizace |
v ‘L
‘ Filtrace ‘ | Dekantace a filtrace ‘

\ /
L Redéni 30x J

v

| Kultivace zelenych ras ‘

Obrazek 1: Procesni schéma pripravy testovanych kultiva¢nich roztoku

V tabulce 1 je uvedeno zjednoduSené oznaceni kultivacnich roztokd pouzitych pfi testech Ctyf
svételnych rezim(, které byly pfipraveny jako kultivaéni roztok 1 a kultivaéni roztok 2 kombinaci kyselé
a alkalické upravy a poté byly nafedény 30x (a téz 60x pro BCU) pro nasledné kultivacni testy zelené
fasy rodu Scenedesmus.
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Tabulka 1: Kombinace kyselin a zasad pouzitych v ramci chemickeé upravy digestatu

KULTIVACNI ROZTOK 2
OZNACENI | OKYSELENI ALKALIZACE
A H2804 Ca(OH)2
B H2804 NaOH
C H,SO, KOH
D H,PO, Ca(OH),
E H,PO, NaOH
F H,PO, KOH
G HCI Ca(OH),
H HCI NaOH
| HCI KOH
KULTIVACNI ROZTOK 1
BCU bez chemické upravy

Kultivaéni roztoky pfipravené podle obrazku 1 byly pouzity pro laboratorni experimenty s fasovou
kulturou Scenedesmus cf. acutus Meyen CCALA 438 (Scenedesmus cf. acutus), ktera pochazela
ze Sbirky autotrofnich organismti CCALA Botanického Gstavu AV CR, v. v. i. Dodana kultura byla
uchovavana pfi teploté 4+1 °C a pfed kazdym z dale popsanych experimentl naockovana do 30 ml
Bold’s Basal (BBM) média v Erlenmayerové barice, umisténa na orbitalni tfepadku (130 ot.-min™)
a kultivovana pfi stalém osvétleni (zdroj zafeni 2x 3800 Im, 9500 K) pfi 24 — 27 °C po dobu tfi dna.
Nasledné byly spocitany bunky pomoci Blrkerovy komurky a prepocitany na objem 1 ml. Do 50mi
Erlenmeyerovych banék bylo poté davkovano vzdy 20 ml nafedéného kultivaCniho roztoku podle
obrazku 1 a pfidana Cerstva fasova kultura tak, aby pocate€ni koncentrace v bance odpovidala
100 000 bunék v ml. Kontrolu zde pfedstavovalo BBM médium.

Rust fas byl monitorovan prostfednictvim poctu bunék pomoci Birkerovy komurky, ze kterého byly
sestrojeny rlstové kfivky, tj. graficka zavislost koncentrace bunék na dobé rastu fas, viz obrazek 2.
Na konci experimentu byl stanoven vytéZek fasové biomasy. Testovany byly Ctyfi svételné rezimy
(pomér svétlo:tma vyjadieny v hodinach), a to 24:0, 16:8, 14:10 a 12:12. Stanoveni vytéZku bylo
provedeno gravimetricky, po odfiltrovani a vysu$eni fas (filtrani papir MN 619 EH, MACHEREY-
NAGEL, Germany). Celkovy vytéZek fasové biomasy byl vyjadfen v g-I™".

Vysledky a diskuse

Vychozi charakteristiky odebraného digestatu jsou shrnuty v tabulce 2 a vysledné charakteristiky
kultivaCnich roztokd jsou potom v zavislosti na provedenych uUpravach ukazany v tabulce 3. U prvku
s ogekavanou inhibiéni uginnosti va& fasam, jako méd a zinek®, jejichz puvod je prevazné
z agrochemikalii pouzivanych na oSetfeni zemédélskych plodin, byly zjistény jen méné& vyznamné
koncentrace.

Prvnim spole€nym krokem obou separacnich postupu ukazanych na obrazku 1 bylo fedéni digestatu
vodou v poméru 1:5, kde fedici pomér byl nastaven tak, aby vysledna suspenze vykazovala dostateCnou
tekutost. Tato vychozi uroveri fedéni je dale ve vysledcich oznaCovana jako Sestinasobné redéni.

Pfiprava kultivacniho roztoku 1 spocivala v kombinaci mechanickych separacnich kroku, béhem kterych
doslo k postupnému odstranéni hrubych a suspendovanych &astic. Pouzité schéma mechanické separace
vychazelo z predbéznych experiment a zajiStovalo nejlepsi dosazitelnou pritokovou rychlost i separacni
ucinnost. Zbytkové koncentrace vybranych kovl a aniontl v takto ziskaném roztoku jsou ukézany
v tabulce 3. Z hlediska rustu zelenych fas Ize za vyznamné povazovat zejména zjisténé koncentrace meédi
a zinku, které mechanickou separaci proSly a mohly jiz pusobit inhibi€né pfi pouziti nefedénych roztok,
nicméné pfi pouZiti tficetinasobného Fedéni kultivatniho roztoku 1, jako posledniho kroku uUpravy
vyznaceného na obrazku 1, je jejich koncentrace prakticky nestanovitelna, tudiz témér zanedbatelna.
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PFi pfipravé kultivacniho roztoku 2 bylo nejprve provedeno okyseleni kyselinou sirovou, fosfore¢nou
nebo chlorovodikovou na hodnotu pH = 2,0. Poté nasledovalo odstranéni pevnych &astic (v€etné
produktl kyselého srazeni) na stejné sestavé sit jako u kultivaéniho roztoku 1. V dalSim kroku byly
roztoky alkalizovany hydroxidem vapenatym, sodnym nebo draselnym na vysledné hodnoty pH uvedené
v tabulce 3. Po odstranéni vzniklych srazenin byly Ciré roztoky dale fedény podle obrazku 1. Vysledné
koncentrace sledovanych kovu a aniontl jsou opét ukazany v tabulce 3.

Ve v8ech variantach chemické uUpravy se koncentrace médi v Sestinasobném fedéni dostaly
pod detekéni mez pouzité analytické techniky, zatimco u zinku byly u variant B a C zjiStény koncentrace
na urovni desetin mg-I"*. Zasadnim zplisobem se potom ve slozeni roztokt projevily kationty & anionty
pouzitych srazecich €inidel.

Prostfednictvim vySe ukazanych dil€ich separacnich krok( byla tedy pfipravena proménliva série
roztok( pro navazujici kultivacni experimenty, jejichz pfehled a oznaceni jsou uvedeny v tabulce 1.

Tabulka 2: Poéateéni charakteristika odebraného digestatu™

.. . | Obsah Obsah
Susina popela orgalgtl:’l((ych C H N S pH EC
[% hm.] [] [mS-cm™]
586 | 287 | 71,3 | 395 | 482 | 330 | 0,73 ] 7.74 4,05
Tabulka 3: Vysledné charakteristiky upraveného digestatu®
o Koncentrace kovu, Namon @ vybranych anionti
% Cu ‘ Zn ‘ Fe ‘ Ca ‘ Mg ‘ Na ‘ K ‘ Mn ‘ cr ‘5042' ‘ NO3" PO,* ‘N pH EC
” [mg-T"] [1 | [mS-cm™
A <0,1 | <0,2 | 054 | 637 | 144 | 685 | 584 | 0,54 | 225 | 4410 | 53,1 | 564 | 352 | 7,5 6,85
B <0,1 | 035 | 21 | 213 | 132 | 621 | 503 | 2,2 | 224 | 4470 | 59,1 | 117 | 343 | 6,8 7,61
C <0,1 | 0,20 | 1,10 | 216 | 136 | 74,3 | 1340 | 1,5 | 225 | 4430 | 62,6 | 749 | 377 | 6,8 7,94
D <0,1 | <0,2 | 036|108 | 147 | 744 | 493 | <02 | 215 | 492 | 746 | 129 | 310 | 71 3,79
E <0,1 | <0,2 | 0,17 | <05 | 14,0 | 2800 | 411 | <0,2 | 218 | 81,2 | 875 | 254 | 271 | 7,0 8,54
F <0,1 | <0,2 | 0,12 | <05 | 68,6 | 89,5 | 4000 | <0,2 | 206 | 545 | 545 | 177 | 289 | 6,9 9,82
G <0,1 | <0,2 | 034 | 626 | 151 | 71,6 | 517 | 0,69 | 3290 | 73,0 | 13,5 | <0,25 | 377 | 7,4 8,36
H <0,1 | 020 | 1,6 | 254 | 157 | 509 | 522 | 1,9 |3250 | 75,1 | 18,7 | 1,10 | 357 | 6,9 8,15
[ <0,1 | 020 | 1,6 | 255 | 164 | 72,4 | 1180 | 2,0 | 3210 | 73,3 | 18,2 | 0,91 | 346 | 6,9 8,67
BCU | 079 | 054 | 63 | 529|809 | 112 | 410 | 0,41 | 482 | 384 | 716 | 9,12 | 306 | 8,6 4,01

Kinetika rustu fasové hmoty pro vySe vyznacené zpusoby Upravy digestatu je v souhrnné formé
ukazana na obrazku 2. Ziskana kineticka data byla interpretovana prostfednictvim obecné kfivky ristu
mikroorganismu v logaritmickém méfitku, kde pro kazdy dil¢i experiment byl vyhodnocen pfechod mezi
exponencialni a stacionarni fazi. Takto ziskany €asovy udaj byl nasledné pouzit pro nastaveni doby
trvani experimentl, pfi kterych byl zjiStovan vytéZzek fasové hmoty (biomasy). Pro podminky
permanentniho osvitu (24:0) tak byla ur€ena doba pro sklizer fas 23 dnu, zatimco pro dalSi typy osvitu
(16:8; 14:10; 12:12) byly stanoveny doby 33; 41; 41 dna.
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Obrazek 2: Porovnani rustovych krivek Scenedesmus cf. acutus v kultivacnich roztocich 1, 2
digestatu z bioplynové stanice Krasna Hora, na zakladé sledovani po¢tu bunék na ml uvedenych
v logaritmickém méfritku.

Hlavnim faktorem ovliviujicim rust zelenych fas je svétlo, které poskytuje energii potfebnou
pro prubéh metabolickych procesu. Spravné nastaveni dostupnosti a intenzity svétla ma z hlediska
vytéZnosti fasové hmoty zasadni vyznam. Nevyhodny je zde jak nedostatek, tak i pfebytek svétla, ktery
muzZe vést k tvorbé Skodlivych forem reaktivniho kysliku a vzniku oxidagniho stresu *. V této praci byly
vytéZky Fasové biomasy sledovany pfi Ctyfech svételnych rezimech, vCetné permanentniho osvitu.
Testovany byly vSechny varianty mechanické a chemické pfedupravy pfi tficetinasobném nafedéni
kultivaCnich roztokl, které se ukazalo jako nejvyhodnéjSi. Vysledky kultivacnich experimentu
jsou v souhrnné formé ukazany na obrazku 3.

Jako nejméné vhodny se zde zhlediska vytéZku fasové hmoty ukazal vcelku jednoznacéné
permanentni osvit. Za nejvhodné&jSi mizeme potom povazovat pomér svétlo:tma 14:10, kde kromé
celkové vysokych vytézka byla vibec nejvysSi hodnota tohoto parametru zjisténa pro kultivaéni roztok 1,
ktery byl z digestatu pfipraven pouze sitovanim, bez pouZziti chemickych latek. Vysoky efekt Cisté
mechanické predupravy digestatu byl zjistén také pro pomér svétlo:tma 12:12, kde byly zjistény prakticky
stejné vytéZky pro kultivacni roztok 1 a kultivaéni roztok 2 srazeny kyselinou fosfore¢nou.
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Obrazek 3: VytéZek fasy Scenedesmus cf. acutus pfri riznych reZimech osvétleni
(wemmm vVy'téZek,— pocet bunék)

Efekt chemické upravy provadéné v celkem deviti variantach u kultivaéniho roztoku 2 je ovdem velmi
vyrazny z hlediska poc€tu bunék v jednotkovém objemu. Zde se pro vSechny poméry osvitu projevoval
stimula¢ni UCinek fosfore€nan(, jejichz koncentrace byla ve variantach D — F oproti pGvodni Grovni
vyrazneé vys$Si. Ze dvou parametrli znazornénych na osach Y na obrazku 3 je s ohledem na cil této prace
Ze nejvysSi prakticky potencial vykazuje kultivacni roztok pfipraveny z digestatu pouze mechanickou
Upravou, tedy bez pouziti chemickych latek.

Vysvétleni pfekvapivé uspésnosti pouhé mechanické upravy digestatu, stejné jako rozdilnych trendi
mezi vytéZzkem Fasové hmoty a poctem bunék, je Cisté na zakladé zde ukazanych vysledkl obtizné. Rust
zelenych fas v ramci provedenych experimentd ovliviiovala, nebo pfinejmensim mohla ovliviiovat, fada
faktort, které jednotlivé mohly pusobit stimulacné i inhibi¢né a celkovy efekt pak byl dan jejich souctem.
llustrativnim pfikladem zde muze byt pfitomnost rozpusténych organickych latek. Mnozstvi fosforeCnan
v kultivanich roztocich je ovlivnéno pfidavkem Ca(OH),, které se v kombinaci s pfitomnym vapnikem
srazeji, coz pfi pouziti NaOH a KOH nenastava. Pouzitim KOH dochazi k vyznamnému vneseni
draselnych iontl do roztoku, pfi¢emz draslik spolu s dusikem a fosforem je jednim ze tfi primarnich
makroZzivin pro produkci biomasy, coz potvrzuje i nejvySSi vytéZzek fasové biomasy na obrazku 3
u kultivaéniho roztoku 2, ktery byl upraven kombinaci H;PO,a KOH.

Bylo ukazano?, Ze rozpustné organické latky (stejné jako vysoky obsah amoniakalniho dusiku®’)
mohou zpUsobovat vyznamnou inhibici ristu zelenych fas, a proto je dllezité zaradit jako prvni krok
upravy digestatu fedéni ?*?®. Rozpustné organické latky a amoniakalni dusik mohou ale na druhé strané
v digestatu vytvaret komplexy s pfitomnymi kovy® a snizovat tak jejich toxicitu viigi fasam. Realny efekt
je tak zpravidla nutné ovéfit experimentem.
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Vy8e popsané experimenty a z nich vychazejici vysledky tedy prokazaly dobrou vyuZitelnost digestatu
Z bioplynové stanice ZD Krasna Hora nad Vlitavou, a.s. pro kultivaci zelenych fas, kde potfebnou Upravu
digestatu zajiStovala pouze jednoducha mechanicka separace suspendovanych latek vétSich nez
0,04 mm a odstfedéni koloidnich latek. | kdyz v porovnani s kultivacnim roztokem 2 v kombinaci kyseliny
fosfore¢né a hydroxidu draselného poskytlo vy$Si vytézky Fasové biomasy, je potfeba zminit,
ze vzhledem k BCU tato, ale i ostatni kombinace chemické upravy digestatu, s sebou nesou technické
a technologické komplikace, a pfedevsim také naklady spojené s nutnosti pofizeni €inidel, davkovaciho
zarizeni, odstranénim vzniklého kalu a daldiho technologického vybaveni, jako jsou nadrze pro upravu
a skladovani, nehledé na to, Ze dochazi k prokazatelnému zasoleni kultivaénich roztokl, které muaze
ovlivnit produkci fas a tvorbu biomolekul, jako jsou sacharidy nebo lipidy, které mohou byt vyuzitelné
pro daldi aplikace v potravinarském nebo biopalivaiském sektoru. Vybrana zelena fasa rodu

vvvvvv

a dobrou celkovou odolnost. Ziskané vysledky vykazuji vysoky aplikaéni potencial®.

Zavery

V praci byly v laboratornim méfitku ovéfeny dva zpUsoby pfedupravy digestatu z bioplynové stanice,
jejichz vysledkem byly Ciré roztoky zivin vyuzitelné pro péstovani zelenych fas. Prvni zpusob byl Cisté
mechanicky, zatimco druhy kombinoval mechanické a chemické separacéni principy. Sledovani kinetiky
rastu zelenych fas Scenedesmus cf. acutus v pfedupravenych roztocich ukazalo optimalni doby rastu,
tj. od nadavkovani mate¢né kultury fas do kultivacnich roztokli az po dosazeni stacionarni faze rustu,
kdy dochazi k vyCerpani nutrientl potfebnych pro rlst. Konkrétné tedy pro svételny rezim 24:.0
(svétlo:tma) jde o 7. az 10. den kultivace s prodlouzenou dobou kultivace az na 21 dni pro roztoky
upravené pomoci kyseliny fosfore€né. Pro svételny rezim 16:8 pak 12. az 14. den kultivace
s prodlouzenou dobou kultivace aZz na 23 dni pro roztoky upravené pomoci kyseliny fosforecné.
Pro svételny rezim 14:10 a 12:12 by byla optimalni doba rdstu shodné 14. az 16. den opét
s prodlouzenim doby rlstu az na 27 dni pro roztoky upravené pomoci kyseliny fosfore¢né.

Pro zvolené urovné osvitu 24:0, 16:8, 14:10 a 12:12 byly nasledné stanoveny vytéZky fasové biomasy
na konci kultivaénich testu tj. 23.(32.), 33.(37.), 41., 41. den kultivace, jejichz porovnani vcelku
jednoznacné ukazalo vyhodnost Cisté mechanického zplsobu pfedupravy. S vyjimkou permanentniho
osvitu, byly vytézky Fasové hmoty po mechanické pfedupravé zcela srovnatelné s vytézky po Upravé
kombinované, v€etné systému s kyselinou fosfore€nou, kde se oCekaval stimulacni efekt. Tento zavér
je z praktického hlediska velmi pozitivni, nebot naznacuje moznost jednoduché predupravy digestatu
(bez pouziti chemickych latek) a fotobioreaktoru s dobrym vytéZkem pfi pfirozeném dennim rezimu.

Podékovani

Tato prace vznikla s podporou projektu TA04020608 a projektu financovaného z tcelove podpory
na specificky vysokoSkolsky vyzkum (MSMT ¢. 20-SVV/2017).
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Supporting green algae production in biogas plant operation

Pavla TOMASOVA', Marek SIR, Zuzana HONZAJKOVA, Jana CHUMCHALOVA,

Jifi HENDRYCH, Eva MARCINKOVA, Martin KUBAL

University of Chemistry and Technology Prague, Faculty of Environmental Technology, Czech
Republic;

* corresponding author: e-mail: hrychovp@vscht.cz

Summary

The use of pretreated liquid digestate from a biogas plant was studied within the cultivation of green
algae to utilize the inorganic components contained. The digestate was pretreated by 1) sieving and
2) by sieving followed by chemical precipitation. The algae Scenedesmus cf. acutus Meyen CCALA 438
was used for the cultivation tests carried out with four levels of illumination. The highest yield of algal
biomass was observed in the digestate pretreated by sieving alone, which provides a chance for
a technologically simple and economically acceptable implementation.

Keywords: Biogas plant, digestion residues, green algae
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Abstract

Trends in accommodation services in recent years include an approach to ecology and the principles
of sustainable development. These trends manifest mainly in large hotel companies, but independent
hotels and guesthouses with a smaller bed capacity are also trying to go green. The goal of this article is
to analyze the application of environmental measures in selected accommodation facilities in Czechia
(administrative district Zd'ar and Sézavou). The questionnaire was evaluated as the most suitable data
collection method to answer the research questions. Accommodation facilities (n = 47) were contacted
from November 2022 to March 2023, and the selection set consisted of 33 accommodation facilities. The
method of correspondence analysis was used for the evaluation, and the STATISTICA 12 software was
used for graphical representation. The results indicate minimal differences in the number of
environmental measures implemented between collective accommodation facilities, i.e., hotels and
guesthouses. The categories of apartments, and cottages & chalets achieved reasonable results.
However, they did not apply more than half of the environmental measures concerning employees and
guests. On the other hand, the star rating of accommodation facilities is not a key parameter in the
environmental impact assessment. The research results are helpful for the practice of national
professional associations that promote resource conservation and thus influence the entire hospitality
industry. Furthermore, they can be used by other accommodation facilities to gain information on
sustainability issues or examples of best environmental practices.

Keywords: hospitality, accommodation facilities, environmental management, Czechia

Introduction

Sustainability and corporate social responsibility are becoming a more significant strategic issue in the
business environment . The values associated with sustainable business are included in the
foundations of strategies for the further development of businesses “*°, and this is unchanged in the case
of accommodation facilities as well "®. Thriftiness in the local and global environment is very important,
as the demand for sustainable products, services, and consumption increases with the dwindling supply
of natural resources °.Urbancova and Vrabcova add that sustainable business is about managing the
triple profit, which *° defines as economic, social, and ecological. The triple bottom line approach ***?,
which arose out of frustration with traditional, financially focused measures of business performance,
suggests that decision-making criteria should also include social and environmental factors instead of
a business focusing solely on profit maximization ** as the concept supports the evaluation of overall
business performance based on three critical areas: profit, people and planet **. Businesses know that
success is not only reflected in their profit and loss statements. Instead, to gain an accurate and holistic
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view of its operations and relationships with the environment, community, and economy, a business
must thoroughly consider all the costs of doing business beyond compliance *2. The International Union
for Conservation of Nature (IUCN), in the document Many Voices, One Earth, states that some
businesses favor the economic pillar of sustainable development over the social, especially the
environmental one *°. Even though this document is almost twenty years old, companies still prioritize
the economic side over others. However, in our opinion, the situation is improving, as businesses that do
not consider the social and environmental pillars will not survive in the tourism market in the long term. It
is, therefore, more than desirable that the dimensions of the environmental and social pillars are
comparable to the economic ones (Figure 1).

Economic Social Economic Economic Social
Social 1
y 2N

Environmental = Environmental Environmental

Figure 1: The three pillars of sustainability
Source: IUCN, 2004.

The circular economy, whose principle consists of the alternative reuse, recycling, and recovery of
materials *°, is an integral part of sustainable development **° and represents one of the possible ways
to ensure a sustainable hospitality business ?*** where production and consumption generate net zero
(or near zero) waste. The 3R principle, i.e., Reduce — Reuse — Recycle, has already been adopted by
many businesses in the tourism industry . However, Vargas-Sanchez? describes the circular economy
in terms of the 6Rs, i.e., Reuse — Recycle — Redesign — Remanufacture — Reduce — Recover.

The effort to minimize any negative environmental impact is manifested in the hotel industry through
environmental management (also known as green or green management). Environmental management
refers to an organization's philosophy, technology, and methodology aimed at optimizing the impact of its
operations on the environment. It is becoming a fundamental aspect of the operation of tourism
businesses worldwide #. Environmental management in hotels is usually focused on waste
management, saving energy and water, improving indoor air quality, and educating employees and hotel
guests to protect the environment. It is the hotel industry that causes a less negative impact on the
environment than the manufacturing industry **. However, due to the luxurious nature of its functions,
operations, and services provided, hotels consume a large amount of non-durable products, water, and
energy, creating a much more significant negative impact on the environment than can be expected .
Montabon et al.?® defined environmental management practices as techniques, principles, and
procedures used by a hotel specifically aimed at monitoring and controlling the impacts of its operation
on the natural environment.

Running an accommaodation facility that satisfies every need of the most demanding guest, creates an
unforgettable image on the market, and its competitiveness reflects all its competitors is challenging. In
addition, with ongoing efforts to sustain the development of an environment in which tourism and the
hotel industry play a significant role, the chances of success often disappear. However, it can mean
something other than an apparent failure. Information and communication technologies in the tourism
industry contain many utilities, practices, and elements that help managers run just such successful
accommodation facilities and enjoy the joy not only of satisfied guests but also of the quality of the
environment to which the accommodation facility contributes ?’. The pressure to reduce costs, especially
during the COVID-19 pandemic, is noticeable. In their study, #® verified that, in the long term,
accommodation applying environmentally friendly principles reduces costs with higher societal added
value and increases the rate of return on investment. In addition, Omune et al.®® note that the
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government should provide accommodation facilities with financial support to implement costly
environmental measures. As a result, hotels have been challenged by stakeholders such as
governments, customers, investors, and government agencies to implement measures to enable them to
protect and preserve the natural environment. Following the growing interest in environmental
management in the hotel sector, hotels have adopted various environmental management practices that
allow them to reduce the negative impacts of their operations. An environmental management plan
represents the techniques, policies, and procedures adopted by organizations specifically aimed at
monitoring and controlling the negative impacts of their activities on the natural environment®.

Table 1: Examples of environmental management elements in accommodation facilities

- purchasing commodities and products within the region,
- supporting local infrastructure,

- utilizing public transport and bikes,

- employing residents, etc.

Economic and social activities

- a steady plan for staff training in working with new technologies,
- setting work procedures and checking their implementation,
- promoting a public environmental program,

Communication and raising
employees’ and guests’

awareness ; o
- gently promoting the observance of green principles even by guests, etc.
- implementing EMAS, EN ISO 14 001 standards,
- purchasing in bulk,

Management - giving priority to “eco-friendly” products,

- purchasing quality and truly needed products,
- purchasing products from regional suppliers,
- measuring customer satisfaction, etc.

- sorting waste at the accommodation facility,

- recycling bins for plastic, paper, etc., in hotel rooms,
- multiple reuses of recyclable materials,

- composting organic waste, etc.

Waste management

- geothermal energy and waste heat utilization,

- heating and air-conditioning control,

- compact fluorescent lamps and LED light bulbs,
- at a minimum Class A energy-efficient appliance,
- energy-saving technologies,

- thermal insulation of buildings, etc.

Energy conservation

- installing single lever taps and faucet aerators
- installing water-saving shower heads,

Water conservation - dual-flush toilets,

- utilizing greywater,

- rainwater catchment, etc.

Source: Own elaboration, 2024.

Several measures (Table 1) in environmental protection are primarily aimed at reducing energy
consumption **** and water “°°°. It also involves the reduction of chemical agents, office material,
increasing the proportion of natural materials®, limiting the generation of waste **°®, aestheticizing the
environment, reducing noise and emissions, etc. °¢">">"¢,

Accommodation facilities take different approaches to selecting cost-saving measures. Some facilities
decide based on what is most urgent, while others focus on measures that will bring the most significant
savings at the lowest cost. There are many ways to go green. Environmental responsibility takes many
forms, including energy management or recycling practices, turning off lights, monitoring air conditioner
use, or recycling waste "’

This article aims to analyze the application of environmental measures in selected accommodation
facilities in Czechia.
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Data and Methods

The goal of this article is to analyze the application of environmental measures in selected
accommodation facilities in Czechia (administrative district Zd'ar and Sazavou, see Figure 2). It is located
in the north-east of the Vysocina Region. The neighboring municipalities with extended competence are
includes 48 municipalities, the average of the Vysocina Region. The territory is covered with dense
forests, and half of the area is agricultural land (CZSO, 2013).
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Figure 2: The map of the administrative district Zd’ar and Sdzavou
Source: Czech Statistical Office, 2023.

The administrative district of Zd'ar nad Sazavou (Figure 3) is an area with good environmental quality.
Implementing transport and technical infrastructure and other processes reduces environmental risks
and the negative impacts of human activity on this district's environment and public health. These
include improving air quality, reducing the volume of liquid waste, protecting water resources, reducing
the volume of unsorted municipal solid waste, improving old ecological burdens, eliminating the mutual
adverse effects of activities in the area, and anti-flood measures. In this mentioned district, there is no
facility (industrial, agricultural, mining) with significant adverse effects on the environment (CZSO, 2013).
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Figure 3: The detailed map of the administrative district Zd’ar and Sdzavou
Source: CZS0, 2023.
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The following research question was posed concerning the research goal: What environmental
management measures are most often applied in selected accommodation facilities? The questionnaire
was evaluated as the most suitable data collection method to answer the research questions.
Accommodation facilities were continuously contacted using e-mail addresses for five months, from
November 2022 to March 2023, at three-week intervals. Respondents were sent a link to the online
guestionnaire. In the case of non-functioning or full e-mail boxes of the accommodation facility, the
operators, owners, or receptionists were contacted by phone, and after the agreement, a questionnaire
was sent to them via social networks. The highest return of completed questionnaires was recorded at
the end of November and the beginning of December 2022. The questionnaire targeted hotels,
guesthouses, apartments, and cottages and chalets. It consisted of twelve questions: the first five were
general and identified the respondents, i.e., the accommodation facilities into appropriate categories. In
contrast, others focused on the usage of environmental management. Another section dealt with
individual environmental management measures and elements. The questions were formulated so that
respondents could choose from several options. All the participants remained informed concerning the
research and the privacy of the questionnaire, and all of them were willing to participate. The method of
correspondence analysis was used for the evaluation, and the STATISTICA 12 software was used for
graphical representation. The number of mass accommodation facilities is 47 in this district, of which
2,100 beds. The most significant number of accommodation facilities can be found directly in the town of
Zdar nad Sazavou, with a total of twelve accommodation facilities with a structure of six hotels, two
guesthouses, and four other accommodation facilities (apartments + cottages and chalets). The village
of Skrdlovice occupies the second place with eight accommodation facilities. It is dominated by
guesthouses with five and other accommodation facilities (apartments + cottages and chalets). The
municipality of Svratka and the municipality of Polnicka have more than three accommodation facilities.
The remaining municipalities in the municipality of Zdar nad Sazavou have either one or two
accommodation facilities. There are ten hotels, twenty guesthouses, and seventeen other
accommodation facilities (apartments + cottages and chalets; Czech Statistical Office, 2023). All the
accommodation facilities were contacted (n = 47), and the selection set consisted of 33 accommodation
facilities. The return rate was 70% (Table 2).

Table 2: Selection set

Category Basic set Selection set Return rate in %
Hotel 10 9 90
Guesthouse 20 10 50
Apartment 9 7 78
Cottage and chalet 8 7 88
Total 47 33 70

Source: Own elaboration, 2024.

Results

Thirty-three accommodation facilities participated in the research, of which 31% were guesthouses,
and 27% were hotels. Categories “apartments” and “cottage and chalet” comprised 21%. More than half
of the accommodation facilities (55%) stated they had no stars. Tourist class included only 3% of
accommodation facilities, Economy class (12%) and Standard class (30%). The First Class and Luxury
classes had no representation in the basic set. Accommodation facilities with different capacities were
used in the research. The basic set contains accommodation facilities with a smaller accommodation
capacity, which was also confirmed in the selection set. The most represented was the capacity of 5 to
20 rooms, where all guesthouses were included, and overall, 52% of accommodation facilities applied for
this capacity. The second most represented capacity was 1 to 4 rooms (all apartments), more than one-
third of accommodation facilities (36%). The capacity of 21 to 40 rooms was represented by 9% of
accommodation facilities (hotels only), and the capacity of 41 to 60 rooms was represented by 3% of
accommodation facilities (hotels only; Figure 4).
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Figure 4: The capacity of surveyed accommodation facilities
Source: Own elaboration, 2024.

The application of environmental measures varied in the accommodation category. Thermal insulation
of the building was the most applied measure in the hotel category (78%). The least applied measure
was in the cottage and chalet category (29%). In contrast, thermal insulation of windows was the most
applied measure in the cottage and chalet category (57%), and the least applied measure was in the
apartment category (29%). Heating control in individual rooms was the most applied measure in the
apartment category (86%) and the least in the cottage and chalet category (71%). However, this
measure was more than 70% in all categories. The solar energy measure was at most 30% for the
accommodation categories. The apartment category and cottage and chalet category had the highest
uptake (29%). The cottage and chalet category had the highest value of energy-saving appliances
(86%), followed by the hotel (78%) and guesthouse (70%) categories, and the apartment category was
the lowest (14 %). More than half of the hotels (67%) unplugged unused appliances. Guesthouses were
worse off by more than half, with only 30% reporting that they take this measure, the worst of all
categories. The use of low-consumption light bulbs was the most applied energy measure by all
categories: hotels (100%), guesthouses (100%), apartments (86%), and cottages and chalets (86%).
Automatic motion sensor lights in rooms were installed by hotels (11%) and guesthouses (10%). The
guesthouses (70%) and hotels (44%) mainly applied automatic lights for motion sensors in corridors. The
other categories did not apply these measures because of their uselessness (Table 3).
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Table 3: Environmental measures — energy (%)

Measure Hotels Guesthouses Apartments Cottages and
chalets

Thermal insulation

of the building 8 50 57 29

Thermal insulation of windows 44 50 29 57

'He.atlr)g' control 78 80 86 71

in individual rooms

Solar energy 11 10 29 29

Energy saving appliances 78 70 14 86

Unplluggmg appliances 67 30 43 43

not in use

Energy-saving light bulbs

with low consumption 100 100 86 86

Automatic motion sensor

lights in rooms 11 10 0 0

Automatic motion sensor 44 70

lights in corridors

Lights in rooms via hotel card 0 0

Source: Own elaboration, 2024.

Water flow reduction devices, such as aerators, were used most by hotels (89%), followed by
apartments (71%), and cottages and chalets (57%). None of the respondents in the guesthouse category
reported using water flow reduction devices. Water-saving shower heads were also used most by hotels
(78%), followed by apartments (71%) and guesthouses (50%). Two-stage flushing toilets were used
most by the hotel category (100%), followed by apartment, and cottage and chalet categories (86%) and
guesthouses (80%). The possibility of collecting rainwater for later use is one of the lesser-known water-
saving measures. This measure was mainly applied by guesthouses (20%), followed by cottages and
chalets (14%), and hotels (11%). The change of bed linen was applied only upon guest request by 90%
of guesthouses (Table 4).

Table 4: Environmental measures — water (%)

Measure Hotels Guesthouses Apartments Cottages and
chalets

Water flow reduction devices

(aerators) 89 0 1 57

Energy-saving shower heads 78 50 71 43

Two-stage toilet flush 100 80 86 86

Rainwater collection for later use 11 20 0 14

Change of linen and towels only 33 90 14 14

on guest request

Source: Own elaboration, 2024.

All surveyed hotels (100%), guesthouses (90%), and cottages and chalets (86%) had sorting
containers in their properties. Apartments were the least likely to have this measure (71%). The
apartments (43%) and cottages and chalets (43%) had the most sorting bins in each room. The results
are above average, but every accommodation facility should sort the waste. We note that such an
obligation exists and is enshrined in the Waste Act (No. 541/2020 Coll.), specifically in § 62. The law
does not regulate in what specific way and to what extent; it only specifies that it is necessary to enable
sorting into containers for paper, plastics, glass, metals, and biological waste. The methodological
instruction of the Ministry of the Environment states that collection containers must be placed at
a reasonable distance and in sufficient numbers so that customers can dispose of waste. In our opinion,
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it is not a requirement to have containers for sorted waste in every room. At the same time, we do not
believe it is necessary, for example, for the maid to take over and further sort the waste. However, the
law requires placing sufficient containers at a reasonable distance. This is up to individual judgment, but
we can imagine one such place on the floor, e.g., strategically located near the elevator, the staircase
(where most customers pass, so they have collection containers "on the way"), then, for example at the
exit of the hotel or in another place, or more considerable waste should be sent to collection containers
for sorting in the hotel's facilities, for example (ramp, etc.). The guesthouse category was the best in
sorting bio-waste (90%). Apartments (57%), hotels (56%), and guesthouses (50%) were the most likely
to minimize single-use products. Apartments (14%), hotels (11%) and guesthouses (10%) were the most
likely to reuse recycled materials. Eco-friendly cleaning products were used by 50% of guesthouses and
14% of cottages and chalets. No hotel or apartment applied this measure (Table 5).

Table 5: Environmental measures — chemicals and waste (%)

Measure Hotels Guesthouses Apartments Cottages and
chalets

Sorting containers 100 90 71 86

Sorting bins in individual 22 20 43 43

rooms

Sorting of biological waste 22 90 43 43

Minimizing single-use

products 56 50 57 29

Reuse of recycled materials 11 10 14 0

Eco-friendly interior paints,

varnishes 0 30 0 0

Eco-friendly cleaning 0 50 0 14

products

Source: Own elaboration, 2024.

Staff training regarding the environment was applied most by guesthouses (20%), followed by
cottages and chalets (14%). Hotels and apartments still need to train their staff about the environment.
Staff training regarding the correct dosing of cleaning agents was also carried out primarily by
guesthouses (40%), followed by apartments (14%), and hotels (11%). Apartments trained their staff the
most about efficient management of waste, water, energy, and natural resources (43%), followed by
hotels (33%), guesthouses (20%), cottages and chalets (14%). This measure was the only one
represented in each category of accommodation facility. Only guesthouses reported rewarding their
employees for suggestions in ecology (10%). Guesthouses (10%) and hotels (11%) applied to support
employees in using public transport. Only 11% of hotels reported informing guests about environmental
efforts in their information brochures. Less than 1/5 of cottages and chalets (14%) reported informing
guests about environmental efforts on booking portals. Half of the guesthouses (50%) did not apply any
environmental measures; for hotels, it was even a value of 56%, apartments 57%, and cottages and
chalets 71%. Thus, cottages and chalets applied the most minor environmental measures regarding staff
and guests. This may be because of the nature of the cottages and cottages, as this accommodation
facility has few employees (Table 6).
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Table 6: Environmental measures — staff and guests (%)

Measure Hotels Guesthouses Apartments Cottages and
chalets

Edu'catlng employees about 0 20 0 14

environmental management

Educating employees _about the 11 40 14 0

correct dosage of cleaning agents

Educating employees about

waste, water, energy and natural 33 20 43 14

resources management

Rewarding employees for

suggestions for environmental 0 10 0 0

improvements

Encouraging employees to use

public transport (e.g. travel 11 10 0 0

allowance)

Promotion of the environmental 0 0 0 0

program to the public

Informing guests about

environmental efforts on the 0 0 0 0

website

Informing guests about

gnvwonmental efforts in 11 0 0 0

information forms around the

reception area

Informing guests about

environmental efforts in the 0 0 0 0

information brochure

Informing guests about

environmental efforts on booking 0 0 0 14

portals

None of the above 56 50 57 71

Source: Own elaboration, 2024.

Discussion and conclusion

The findings of this study indicate a low level of implementation of environmental measures in
accommodation facilities, which is in line with studies ®”°. The inadequate implementation of
environmental measures in accommodation facilities is a significant issue influenced by various factors.
One crucial factor is the need for clear government regulations concerning water and energy
conservation in tourism accommodation units . This trend contrasts with the growing global interest in
construction and interior design sustainability, where using recycled materials and eco-friendly products
is becoming the standard ®. As mentioned in the article, the implementation of green measures can
have a synergistic effect not only on the accommodation facilities themselves but also on their guests,
who can be motivated to adopt these principles in their daily lives #®2 Hotels typically have larger
operating budgets, allowing them to invest in technologies that reduce energy and water consumption. At
the same time, often family-run guesthouses can focus more on lower-cost initiatives such as waste
segregation and staff training. These conclusions were also reached by ®. Another interesting finding is
that most accommodation facilities need to use rainwater harvesting. This practice, although relatively
simple to implement, can significantly reduce potable water consumption, which is particularly crucial
during periods of drought. Moreover, if combined with other measures such as the use of greywater, this
initiative could significantly contribute to the sustainability of water resources in the region. It is
appropriate to consider raising awareness of these measures among accommodation operators or
offering financial or technical support for their implementation.
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Considering the current situation, accommodation facilities should invest more funds in green
initiatives and behave more responsibly towards the environment. Although individual accommodation
facilities affect only a tiny part of the global environment, they can contribute to a certain extent to the
solution of the main ecological global problems. The use of these environmental measures can also
create a synergistic effect. There is an assumption that if the guest becomes familiar with the given
philosophy of the accommodation facility and adopts the environmental principles, he will also follow
them daily.

The goal of this article was to analyze the application of environmental measures in selected
accommodation facilities in the administrative district of Zd'ar and Sazavou. After an overall evaluation of
all responses from the investigated accommodation facilities, it can be concluded that environmental
management is not yet a big topic for accommodation facilities in the administrative district of Zd4ar nad
Sazavou. Regarding energy saving, using energy-saving light bulbs with low consumption (97%) was the
most widely used in accommodation facilities—the fewest accommodation facilities reported using
automatic motion sensor lights in rooms (6%). In the water area, the measure of two-stage toilet flushing
was the most used (88%), and the measure of collecting rainwater for later use was the most minor used
(12%). In the field of waste and chemicals, the most used measure was sorting containers, which was
applied by 88% of surveyed accommodation facilities. On the contrary, ecological interior paints,
varnishes, and repeated use of recycled materials were used the most minor (9%). As part of staff
training, 58% of accommodation facilities did not apply any measures, followed by staff training on
efficient management of waste, water, energy, and natural resources (27%). The difference in the
application of environmental measures between collective accommodation facilities, i.e., hotels and
guesthouses, differed according to the area on which the accommodation facility could concentrate.
Hotels have applied more energy and water-saving measures. Guesthouses focused more on waste,
chemicals, and staff and guest training.
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Souhrn

K trendim v ubytovacich sluzbach v poslednich letech patfi pfistup k ekologii a zasadam udrzitelného
rozvoje. Tyto trendy se projevuji prfedevsim u velkych hotelovych spolecnosti, ale o ekologizaci se snazi
i nezavislé hotely a penziony s mensi luzkovou kapacitou. Cilem tohoto ¢lanku je analyzovat uplatriovani
environmentalnich opatfeni ve vybranych ubytovacich zafizenich v Ceské republice (ORP Zd4r nad
Sazavou). Jako nejvhodnéjsi metoda sbéru dat pro zodpovézeni vyzkumnych otazek byl vyhodnocen
dotaznik. Ubytovaci zafizeni (n = 47) byla oslovena od listopadu 2022 do brfezna 2023 a vybérovy
soubor tvofilo 33 ubytovacich zafizeni. Pro vyhodnoceni byla pouZita metoda korespondencéni analyzy,
pro grafické znazornéni byl pouzit software STATISTICA 12.

Vysledky ukazuji minimalni rozdily v poctu zavedenych environmentalnich opatfeni mezi hromadnymi
ubytovacimi zafizenimi, tj. hotely a penziony. Primérenych vysledk( dosahly kategorie apartmani a
kategorie chat a chalup. Neuplatnily vSak vice neZ polovinu ekologickych opatieni tykajicich se
zaméstnanc( a hostu. Na druhou stranu hvézdi¢kové hodnoceni ubytovacich zafizeni neni klicovym
parametrem pii posuzovani vlivu na Zivotni prostiedi.

Viysledky vyzkumu jsou uZite¢né pro praxi narodnich profesnich asociaci, které podporuji ochranu
zdroju, a tim ovlivriuji celé odvétvi hospitality. Dale je mohou vyuZit dalSi ubytovaci zarfizeni k ziskani
informaci o problematice udrzitelnosti nebo prikladi osvédéenych environmentalnich postupda.

Kliéova slova: hospitality, ubytovaci zafizeni, environmentéalni management, Cesko.
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Summary

This article provides an in-depth analysis of textile waste streams and pertaining data gaps at various
levels in the Czech Republic, focusing on identifying and quantifying data gaps that hinder accurate
material flow analyses. The research was conducted through a combination of existing data collection
from available statistics and semi-structured interviews with 25 key stakeholders across the textile supply
chain, including manufacturers, waste managers, and recycling entities. The study uncovered significant
data gaps in areas such as textile waste from producers generating less than 100 tons per year,
deadstock disposal, and textile waste in mixed municipal waste. These gaps present challenges to
effective waste management and the implementation of the European Union's Strategy for Sustainable
and Circular Textiles. The findings also highlight the critical need for standardised data collection
methodologies and enhanced collaboration among stakeholders to improve data accuracy and support
the transition to a circular economy in the textile sector. The article concludes with targeted
recommendations for improving data collection practices and policy frameworks to address these gaps
and facilitate better decision-making for sustainable textile management in the Czech Republic

Keywords: Textile waste, data gaps, textile waste management, circular economy, circular waste
management

Introduction

The textile industry, alongside textile waste management are extremely complex ecosystems, which
historically lack transparency and are entrenched in major social and environmental issues, including
large amounts of emissions, land use, and water degradation, as well as dire human rights
infringements, unfit working conditions and issues of child labour. It is difficult to approach the topic
holistically due to the aforementioned lack of transparency, but it is also impossible to focus only on
a certain part of it without underlining the importance of the bigger picture. Hence, though this
publication’s main area of focus is textile waste and data gaps in the Czech Republic, this topic is
approached within the larger framework of a problematic global textile sector.

The Circular Economy (CE) is perceived as a means to move beyond the linear approach of
producing and consuming, which involves taking, making, and disposing of products, and instead
implementing a circular system that preserves the value of materials, products, and resources within the
economy for as long as possible’. A simpler definition is used by the consultancy Material Economics,
which states that they “include under the umbrella of ‘circular economy’ any opportunity to provide the
same economic service with less primary material’>. With the aim of operationalizing these definitions
through concrete steps, the European Union (EU) has decided to promote circularity by embedding it
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within the European Green Deal. Specifically, the EU has taken a significant step towards sustainability
in the textile industry with the introduction of the EU Strategy for Sustainable and Circular Textiles which
was released in 2022, underscoring the pressing need to identify and regulate the social and
environmental impacts caused by the fashion and textile sectors. The Commission emphasizes that
addressing these issues is now more urgent than ever before®.

The implementation of CE in the textile industry encompasses not only environmental impacts, but
also social aspects across the entire supply and distribution chain. These social aspects involve
challenges that begin at the very outset of raw material cultivation, extending through manufacturing
facilities, and are closely linked to working conditions, fair wages, and occupational health and safety.
This also includes minimising health risks associated with the use of harmful chemicals, thereby
protecting both workers and end consumers®. A key approach within this framework is the extended
producer responsibility (EPR), which obligates manufacturers to manage the entire lifecycle of their
products, aiming to promote circularity and enhance end-of-life management®. The activities associated
with CE also pose a threat to occupational health and safety due to the global waste trade, which tend to
flow from Global North countries to the Global South. These waste streams are driven by the high costs
of waste management in domestic markets and gaps in global waste legislation. In the countries of the
Global South, the most disadvantaged population groups are exposed to this waste, creating significant
health and safety risks®.

One of the reasons why the EU focuses on textiles is the fact that annually approximately 2.1 million
tonnes of consumer clothing and home textiles for recycling or sale on global reuse markets are
collected in the EU. This accounts for roughly 38% of the textiles introduced to the EU market, leaving
the remaining 62% to be disposed of as mixed waste, according to research conducted by Kohler et al.
(2021)" and the European Commission (2022)3. The EU Strategy for Sustainable and Circular Textiles
acknowledges the harmful environmental effects of the textile sector and aims to transform textiles into
more durable, repairable, reusable, and recyclable products. Its implementation will have implications for
consumers and businesses alike, both within and outside of the EU, with a focus on enhancing
transparency, sustainability, and accountability throughout the textile supply chain. By embracing this
strategy, the European Commission seeks to engage designers, manufacturers, retailers, advertisers,
and citizens in reshaping the fashion industry. The main objectives of the EU Strategy for Sustainable
and Circular Textiles are as follows:

e Improving the sustainability of the textile industry: The aim is to reduce the environmental impacts
of the textile industry, including greenhouse gas emissions reduction, increased resource
utilisation, and waste generation reduction, while promoting sustainable production and
consumption of textile products.

e Supporting the transition to a circular economy: The strategy focuses on promoting the adoption
of circular models in the textile industry. The goal is to, amongst others, support reuse, upcycling
and recycling of textile products.

e Increasing transparency and awareness: The strategy aims to enhance transparency throughout
the textile supply chain, provide consumers with information about the sustainability and
composition of products, and promote conscious decision-making when purchasing textile goods.

e Supporting innovation and digitalization: The strategy emphasises the support for innovation and
digitalisation in the textile industry to achieve sustainable and efficient solutions. It also promotes
research and development of new technologies and materials.

To effectively achieve the set environmental objectives and benchmarks of the EU Strategy for
Sustainable and Circular Textiles, it is imperative for policy-makers and all relevant stakeholders to
employ strategies grounded in solid, empirical data. Yet, the gap in data on textile waste is significant at
the moment. It is precisely for the positive political decisions related to measures in the area of the
circular economy that the analysis of material flows is promoted as a tool. It is evident that mapping data
gaps and the conduction of material flow analyses of textile waste for individual countries in the future
will be crucial for fulfilling the objectives of the EU Strategy for Sustainable and Circular Textiles.
Achieving effective combined CE monitoring will require harmonisation of data reporting across the
supply chain and a more intensive dialogue between stakeholders involved in data provision, collection,
and dissemination at the EU level. Current studies of material flow analyses in the EU textile industry
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have highlighted significant data gaps and a lack of alignment of definitions for individual processes®.
Some of the significant data gaps are the absence of data on the exchange and consumption of textiles
due to stockpiling by consumers and non-uniform consumption practices of individuals, the distribution
between private and institutionalised users, and recycling or downcycling according to the method of
material use®. Additionally, data on the flow of exported textiles are also missing. Overall, filling these
data gaps and aligning definitions for individual processes are necessary steps to promote sustainability
and circularity in the textile industry.

Some data on textile waste streams are available upon request from the Czech Statistical Office, as
can be seen on the table below, however these are not sufficient nor complete. This insufficiency is due
to the absence of specific data, as the Czech Statistical Office does not publish waste management
values according to individual catalogue numbers but only according to European Waste Classification
codes (EWC-STAT).

Table 1: Data on textile waste streams from the Czech Statistical Office

Waste production (year / tons)

Catalogue
number Waste type / category 2017 2018 2019 2020 2021 2022
040221 Waste from unprocessed textile fibres 321 202 278 175 124 161
040222 Waste from processed textile fibres 43245| 41544 31574 26284 23834| 22988
150109 Textile packaging 804 621 248 241 265 283
191208 Textile 3819 6701 7743 5610 6 364 5932
200110 Clothing 19631 20188| 23525| 22852 18660| 24443
200111 Textile materials 12 156 12764 12783 17 848 16 842 14534
Handling of textile waste (year / percentage)
Dispose methods 2017 2018 2019 2020 2021 2022
Energy recovery 19,1 11,8 14,7 20,0 22,9 22,9
Material recycling 50,7 45,4 45,6 42,5 53,3 36,6
Composting 1,8 2,4 2,0 1,3 2,9 2,7
Landfilling (covering) / backfilling 0,0 0,0 0,0 0,1 0,0 0,0
Incineration 0,1 0,1 0,2 0,2 0,3 0,3
Landfilling 28,3 40,3 37,6 35,9 20,7 37,6

The importance of material flow analyses and future legislation

The topic of reducing the environmental impact of textile production throughout its life cycle is not
new®!®. However, until 2022, no study utilised a Material Flow Analysis (MFA) in the European context in
accordance with the EU Waste Framework Directive®. The most recent work of this kind has produced
a quantification of textile flows using an MFA, including basic theoretical and policy recommendations™.
An MFA is a methodological tool used to quantify material and energy flows within social-metabolic
systems, providing a systematic assessment of the inputs, outputs, and stocks of materials within
a defined system boundary (e.g., a city, country, or industrial sector). A "social-metabolic system" refers
to the complex interactions between human societies and their material and energy flows. This concept
is rooted in the analogy to biological metabolism, where an organism processes nutrients to sustain its
functions. Similarly, social-metabolic systems analyse how human societies extract, transform, use, and
dispose of natural resources to maintain socio-economic activities. An MFA identifies the most critical
flows of the entire system, such as barriers to recycling or missing data, which represents a suitable
policy-making tool in the management of resources and waste'>*,
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Europe is preparing to tighten the collection of data on textile waste as part of a broader effort to
increase the sustainability and circularity of the textile industry. A key action proposed in the EU Strategy
for Sustainable and Circular Textiles is to stop the destruction of unsold and returned textiles'®>. On
December 5, 2023, the Council of the European Union and the European Parliament reached
a provisional political agreement on a proposed regulation establishing a framework for setting eco-
design requirements for sustainable products (ESPR). This new regulation replaces the existing
Ecodesign Directive from 2009 and extends its scope beyond energy-related products to significantly
enhance circularity, energy efficiency, resource efficiency, and other environmental sustainability aspects
for specific product categories placed on the EU market. Article 20 of the proposed ESPR establishes
a general obligation of transparency for economic operators who discard unsold consumer products,
including disclosing information on the number of unsold consumer products discarded per year. It also
opens the possibility of adopting specific actions to prohibit the destruction of specific groups of unsold
consumer products. The EU co-legislators are deciding on a direct prohibition of the destruction of
unsold textile products. Small and micro companies would be exempted from this ban, while medium-
sized companies would benefit from a six-year exemption. This ban would be applicable two years after
the regulation comes into force®®.

Currently, there is no specific information available on additional Czech national legislation aimed
directly at the acquisition and refinement of data on textile waste. However, ongoing efforts to implement
and develop strategies for sustainable and circular textiles will undoubtedly lead to further initiatives and
legislative actions in this area. This comprehensive approach to data collection and legislative action
underscores the importance of accurate material flow analyses and highlights the need for robust data to
support the transition to a more sustainable textile industry.

The first steps towards mapping the disposal of textile waste in the Czech Republic

In the Czech Republic, the responsibility for waste management, including textile waste, falls primarily
on municipalities rather than individual households. This is because Czech law mandates that
municipalities are responsible for organising and ensuring the collection, transportation, and disposal of
municipal waste, which includes waste generated by households. The relevant legislation is Act
No. 185/2001 Coll. on Waste, which clearly defines the role of municipalities as waste managers within
their jurisdictions.The Ministry of the Environment of the Czech Republic imposed the obligation to create
a "methodology for a qualified and quantified assessment of textile production and the flow of worn and
reused clothing and textile waste in order to determine the current state, obtain primary data and monitor
the effectiveness of preventive measures in the following years" in the Government Regulation 352/2014
on the Waste Management Plan of the Czech Republic for the period 2015 — 2024. However,
methodologies are still not available and data gaps are not addressed. The Ministry of Industry and
Trade (MIT) stated in the document “The update of the Secondary Raw Materials Policy of the Czech
Republic for the period 2019 — 2022”*" that there is currently not enough basic information about the flow
of raw materials in this area. For this reason, MIT has set as one of its main goals the monitoring of the
textile industry and the creation of a body that will cover the industry. Currently, however, this has not yet
started happening. Cooperation between ministries and the fulfiiment of these methodologies is a key
aspect for the availability of data for future MFA processing. This is why this article focuses on mapping
the current gaps, so that in the near future, these gaps can be bridged by changing data recording
obligations for companies and organisations involved in textile management throughout its life cycle. The
need for the exploration of this article’s topic was confirmed by a roundtable organised in the Czech
Republic by Deloitte in 2021. Key stakeholders gathered to address the fundamental question: "What
steps can we take today to prevent the waste management system from collapsing due to textiles in
municipalities by 2025?" The main responses were two-fold:

1) Acquire comprehensive data and map the material flow: We possess only fragmented information,
lacking a basic overall market mapping. It is therefore essential to first acquire comprehensive data and
map the material flows of textile materials in the Czech Republic.

2) Support for products made from recycled materials: The support for products utilising secondary
raw materials should begin with the state®®.
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The quest for relevant data and the effort to map current data led the Ministry of the Environment to
announce a grant call through the Technology Agency of the Czech Republic, resulting in the
establishment of CEVOOH (Center for Environmental Research: Waste and Circular Economy and
Environmental Safety). The centre, formed by a consortium of eight research organisations and
universities, focuses on conducting research in thematic areas related to the Czech Republic's transition
from a linear to a circular economic model. One of the first outcomes of the research of CEVOOH is the
Analysis of Textile Waste Issues in the Czech Republic, which provided preliminary modelling and the
visualisation of textile material flows'®. However, a significant portion of data that enters the analysis is
either inaccurate or missing due to non-existent statistics or the absence of an obligation to report data
on textile flows, for example in the prevention regime. The response rate of stakeholders involved in
textiles is also low, making such a visualization merely a hypothetical framework and, without accurate
data, an unusable political tool. Therefore, another aim of this work is to build upon this visualization and
use it to illustrate where data gaps arise.

Different approaches to manage data uncertainty in material flow analyses

Analyses of material flows (MFA) of textiles and other waste materials at the EU level face several
challenges related to data uncertainties, including the lack of standardisation, where different countries
use varying methods for data collection, complicating comparisons. Another challenge is the quality and
availability of data, as obtaining reliable information on textile flows is often difficult, with many countries
lacking comprehensive data on textile consumption and waste management. Additionally, the opacity of
supply chains, where the complex and global nature of the textile industry makes tracking materials
difficult, leads to frequent inaccuracies. The lack of data on waste flows is not only a problem for the
Czech Republic. Numerous MFA studies emerging from EU countries highlight similar issues. In 2015,
Sevigné-Itoiz et al.”° conducted a general material flow analysis (MFA) of plastics in Spain, but without
confronting official data, which were considered significantly insufficient. Pimentel et al.?* emphasised
the lack of data on material consumption and waste management in the EU, mirroring the situation in
countries of the Global South. They also pointed out that MFA has significant potential in designing
circular economy management policies. This was confirmed by research in southern European
countries, where Lombardi et al.?? stated that while it is important to conduct national studies to
understand the reality in different countries, as the authors emphasise, a major problem in plastic MFA
studies is the lack of data and the difficulty of obtaining it*’. Specifically, in MFA, rather than preparing
precise MFA models, basic schemes are often created, or attention is focused on individual sorting
centres. Nynne Ngrup followed this approach for a specific sorting centre in Sweden, where it was
possible to obtain specific data for the facility”>. In Switzerland, a sectoral analysis specifically for
workwear in textiles was also recently conducted, identifying data gaps as a challenge for other
countries®®. Generally, it can be said that thanks to the increasing scientific activity highlighting these
data gaps, discussions are currently taking place at the European Commission level not only about
common circularity goals but also about data harmonisation. Activities at the level of individual states
seem ineffective, uncoordinated, and dysfunctional for meeting common commitments.

Although it is known that MFAs need to be supported by a precise definition of data uncertainties
according to known methodologies®, often the only available data are individual measurements,
interviews, or historical sources. In such cases, uncertainties need to be "roughly estimated" by
analysing the data source. The results can be influenced by the method used and the data collected®,
and it has been shown that the data available in the Czech Republic are insufficient despite the possible
additional calculation methods. A concrete possible solution is the Mathematical Material Flow Analysis
methodology developed by Baccini and Bader?’, which is a systematic approach to quantify and analyse
the flows and stocks of materials within a defined system. This method involves creating a detailed
accounting of all inputs, outputs, and accumulation of materials to understand the behaviour of the
system. When data is incomplete or uncertain, mathematical models can be employed to estimate
missing values and simulate the system's behaviour under various conditions. This allows for
a comprehensive assessment of material cycles, helping to identify inefficiencies and opportunities for
improvement. By using mathematical modelling to address uncertainties, the MFA method enhances the
accuracy and robustness of environmental and resource management strategies.

Partnerem cisla je Tyden vyzkumu a inovaci pro praxi a zivotni prostredi TVIP 2024 (12. — 14. 11. 2024, Hustopece) - www.tvip.cz
WASTE FORUM 2024, &islo 3, strana 22 7



Soria KLEPEK JONASOVA, Bedfich MOLDAN, Andrea VESELA Bridging the gaps: recommendations for
improving the status quo pertaining to textile waste data discrepancies in the Czech Republic

Missing data can be modelled mathematically to handle uncertainties by stimulating the behaviour of
the system under various conditions. However, the preliminary data collection process uncovered
a significant number of missing data points, leading to a pivot towards addressing these gaps.

It is clear that if we want to make good decisions fulfilling the vision of the Strategy for Sustainable
Textiles, we need to have as accurate a picture of reality as possible in future MFAs. Evaluating the
uncertainty within data is a crucial component of all MFA processes. This ensures that any conclusions
drawn can be critically assessed, allowing users and decision-makers to consider the importance of any
variances found in the results®®. And so the research team decided to answer the following basic
research questions:

1) What are the biggest data gaps in the current management of textile waste in the Czech
Republic?
2) How can these gaps be quantified?

The aim at this stage was to identify and justify, and ideally quantify data uncertainties, to achieve the
highest possible accuracy and relevance of the future MFAs of textile material flow in the Czech
Republic.

Experimental part

In order to obtain a reliable picture of data gaps in the management of textile waste in the Czech
Republic, thorough qualitative research was necessary. The first step was to create a list of key actors
covering the entire life cycle of textiles, from producers, designers, processors, users, institutions to
waste companies or organisations involved in cleaning up trash in nature, as well as research and
institutional players. The basic identification of actors was done through snowball sampling, whereby
interviewees suggest further relevant stakeholders to get in touch with®. The initial identification of
actors prioritised those with a link to the circular economy — for research purposes, we identified
participants from working groups, platforms, conferences and other programs dedicated to the above-
mentioned thematic areas of textile material flows (from production to disposal). We attempted to identify
those who play key roles in the textile material flow cycle across the entire lifecycle. This thus included
a wide range of stakeholders partaking in activities such as production, collection, recycling or disposal
system operation. In total, 25 in-depth semi-structured interviews were conducted. The goal was to find
the most significant data gaps in the current system.

In order to comprehensively capture the various stakeholders involved in the textile circular economy,
we conducted a structured selection process targeting key actors across the entire "circular cycle" from
production to waste management. Initially, we approached members of the Czech Circular Hotspot,
leveraging their established interest and active participation in circular economy initiatives. These
stakeholders included textile material manufacturers, distributors, collectors, waste management
platforms, and non-governmental organisations (NGOs). The selection was based on their visible
engagement through media outputs and their demonstrated commitment to circular practices.
Furthermore, we employed the snowball sampling method®’, requesting recommendations from initial
participants to identify additional relevant stakeholders. This approach ensured a thorough
representation of entities involved in the circular management of textiles, encompassing both well-known
and emerging actors within the sector. Some actors wished to remain anonymous.
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Table 2: Overview of interviewees

Category Selected actors for in-depth interviews Number of in-depth
interviews

Textile material manufacturers Toray (yarn production), Anonymous #2 (Large 4
(fibre producers, fabric textile manufacturer), Anonymous #3 (SME, textile
manufacturers, weavers, dyers, manufacturer), Cirkulo (clothing company)
etc.) and garment manufacturers
Distributors / retailers (textile Anonymous #1 (Wholesale seller of children's 2
brands distributing clothes to the clothing), H&M fashion clothing distributor
Czech market)
Users (Households, The City of Prague (waste department), SAKO 3
municipalities, public and private Brno, Anonymous #4 mayor of a municipality (less
institutions) than 5,000 inhabitants)
Organisations involved in textile SWAP Prague (organising clothing exchanges 2
reuse (second hand, exchange, among household users), MOMENT charity shop
resale) selling vintage clothing
Collectors (companies ensuring DIAKONIE BROUMOYV (cooperative ensuring 2
take-back — both in the EPR collection, sorting, redistribution of textiles),
scheme and waste management) COMPAG Miada Boleslav (textile collection)
and sorting lines
Waste management platforms CYRKL (digital waste marketplace) 1
Recyclers Dimatex (textile collection, recycling), Retex 2
Disposal (energy recovery, ZEVO Prague, SAKO Brno (waste-to-energy 2
landfilling) facility),
Organisations involved in nature Uklidme Cesko( Let's Clean Up Czechia), Trash 2
cleanup Hero
Research organisations / NGOs INCIEN (NGO in the field of CE creating the 2

platform Czech Circular Hotspot), RREUSE (think

tank focused on reuse, operating at the EU level)
Associations, clusters, etc. SOTEX (association), CLUTEX (association) 2
Government organisations Ministry of Industry and Trade (responsible for 1
(ministries, etc.) integrating the Strategy for Sustainable Textiles at

the national level of the Czech Republic)

Total number of actors 25

An existing MFA would be an ideal basis for semi-structured interviews. However, since the data for
that is currently insufficient, we have complemented the use of an existing visualisation created by the
CEVOOH research team'® with stakeholder consultations. This can then provide a basis or add
legitimacy to MFA study results. A similar approach of combining an MFA with stakeholder consultations
has been taken by Volk et al.**. Furthermore, the interviews conducted in this research had a semi-
structured nature, which allowed the participants to freely engage in a debate after the initial introduction
of the interviewee and the researcher in order to create mutual trust and obtain basic information®.
Interviews are the most common data collection method used®, and these semi-structured formats are
the most commonly used interview technique in qualitative research®. Based on semi-structured
interviews, the basic categories of interested parties were determined. The method of collecting and
reporting data on textile waste was discussed with individual representatives, including their personal
expert experience in the field. The participants were invited into a general conversation on the topic of
textile waste management. The individual questions were chosen according to whether they were waste
producers or just interested players in the field. The general list of questions was as follows:

e Are you one of the companies that deal with textile materials in the form of physical handling?
(production, logistics, recycling, waste management)
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e Do you know the data gaps in the current data collection system on the production of textile
waste?

Do you know the exact amount of waste you produce?

Are you required to report this data?

Can you estimate the degree of uncertainty that arises when reporting data in the system?

Do you know other actors who could share their relevant opinion on the subject of data gaps?

In conclusion, in order to visualize the findings in the area of post-consumer waste, a basic
conception scheme of an MFA created using the STAN (subSTance flow ANalysis) software was
developed according to the Austrian Standard ONORM S 2096, allowing consideration of data
uncertainties®>. The MFA methodological framework was applied using widely accepted guidelines
based on the work of Brunner & Rechberger®®. A production approach that uses physical inputs (textile
waste) as opposed to monetary inputs (consumption-based approach) was used for quantification®. To
measure circularity, the input and output flows of the system were aggregated over the entire estimated
waste production, and the total regeneration flows were divided by the total output. This method is also
used in the Circular Gap Reports studies®’. The overall circularity rate is subsequently defined by the
breakdown of material flows in tons.

Basic definitions and terms in MFAs

The following relevant definitions and terms for processing an MFA in the above scope and with the
given intention were taken from the work of Brunner and Rechberger®. Material is a common term in
MFAs denoting both a substance and a product. The material in this analysis is the textile waste flow
generated at the level of municipalities or textile production enterprises. A process is defined as the
transformation, transport or storage of materials. The transformation of materials occurs during primary
production processes, such as the production of textiles or the processing of textile waste. Usually,
a process is defined as a black box, which means that internal processes within the black box are not
considered. Only inputs and outputs are considered. If an internal process is important and should be
included in the MFA, then it must be split into two or more subprocesses. Stock is the total amount of
material that is in stock for a given process. Flow is defined as "the proportion of the material flow", eg.
the proportion of the material flow per time between individual parts of textile processing. The physical
unit in this MFA is the amount of tons per year. A system is defined as a group of elements and as
relationships between these elements. In an MFA, system elements are called processes or flows. The
system can be a company (e.g. a textile production company, a sorting line, a facility for the energy use
of textiles), a region or a state. In the MFA system, each product is clearly identified through the origin
and destination process. System boundaries for our model are defined within one year, space
boundaries are represented by the Czech Republic. Flows within the system that enter individual
processes are called inputs and flows that leave the process are called outputs. The STAN system is
software used for analysing material flows in various systems, such as the waste textile flow analysis
presented here. This software allows for the modelling of material flows and stocks within a specific
system, taking into account data gaps and uncertainties in the measured values. The STAN system
operates based on the principle of mass balance, meaning that total inputs must equal total outputs
(including losses). When only limited or imprecise data is available, STAN allows for their
supplementation through estimates or assumptions, which can lead to varying levels of uncertainty that
are continuously recalculated and updated.

For this research approach, the principle of so-called emergent design was also used, which is based
on the ability to adapt to new ideas, concepts, and findings that emerge during the exploration®. Unlike
more deductive and structured approaches, emergent design works inductively, adapting to changes in
conceptualization, data collection, data analysis, and the composition of research phases. Ongoing
proposals facilitate adjustments when participants, events, or data present unexpected information>*“°.
A typical example where emergent design research makes sense is in qualitative interviews or focus
groups39. At the same time, it is an interactive and situational research where the researcher
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continuously evaluates fresh developments and progress and includes new and research-relevant inputs
into them*'. Given the research team's previous experience with material flow analyses, where it was
often necessary to change the research approach and supplement data with qualitative research and
investigation in practice, the principles of emergent design were chosen as a continuous agile approach
to the work in preparing this paper.

Results

In-depth discussions with key stakeholders revealed a list of fundamental data gaps that need to be
addressed in the near future. Only by covering these gaps is there a chance for modelling an accurate
analysis of material flows, which can become a relevant basis for sound decision-making by government
organisations in the future. To clarify the individual data gaps, a visualisation of each gap is set within the
already used scheme by the CEVOOH research team. Although, for example, the CEVOOH team did an
excellent job in mapping the current state of textile handling and collecting available data, it turns out that
a number of data points are not only missing, but even with maximum effort to obtain data through direct
questioning, this approach proves unworkable. Specifically, despite directly contacting stakeholders,
some actors (e.g., textile collectors) are not obligated to respond. Consequently, only two textile
collectors participated, which is insufficient to cover the entire sector comprehensively. This lack of
participation is particularly problematic, as precise information on collection and subsequent handling is
crucial for accurate mapping and analysis.These data gaps will be further elaborated in the individual
sections detailing the discovered deficiencies.

Given the clarity and quality of the groundwork provided by this study, this schematic diagram was
utilised to visualise missing data for a better understanding of the complexity of the entire situation in the
experimental part of this work.
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Figure 1: Material Flow Analysis of the Textile Industry (CEVOOH®) with Indicated Data Gaps by
Degree of Accuracy
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Absence of data on textile waste for producers under 100 tons/year: The absence of data on
textile waste from producers under 100 tons/year was one of the valuable inputs for identifying gaps. The
possibility of working with data collected from interviews conducted by Veronika MareSova from the
company Cirkulo, whose business model is based on the principle of utilising textile remnants from
textile companies, was instrumental. Veronika mapped the activities of 50 companies (knitters, weavers,
clothing manufacturers, fabric stores, etc.) with inquiries about the quantity of available textiles and their
qualities. The transcripts of the interviews were made available for this research and provide insight into
the quantity of textiles produced, how they are further utilised, and in some cases, their estimated
amount. About 90% of the respondents in this study deal with textile waste outside the reporting
obligations arising from Czech legislation, the Waste Act No. 541/2020 Coll., which mandates reporting
waste after exceeding the limit of 600 kg for hazardous waste or 100 tons/year for other wastes
(including textiles). These companies thus do not report their data, creating a data gap in otherwise
available data in the ISOH database (Information System of Waste Management). These producers
often talk about quantities on a weekly level (which can also be estimated considering the export of
textile waste by waste companies, transfer for processing to other entities, or donations for charitable or
creative purposes to local charities or schools). These companies produce textiles in the range of
approximately 50 kg - 4 tons/month. In annual totals, these could be lower tens of tons, which although
not subject to registration, could in the final estimated total constitute thousands of tons outside of waste
records.

Deadstock: Discussions with representatives of waste-to-energy facilities confirmed that their
facilities carry out material disposal (albeit with energy recovery) of unsold textiles or other stock from
private entities. This is new merchandise, which the producer has no interest in reselling or donating to
charities or other organisations. This issue is actively addressed by the EU within the new EU Ecodesign
Regulation, which concerns a direct ban on the destruction of unsold textiles and footwear. The
estimated amount of textiles based on qualitative interviews is in the range of thousands of tons annually
within the Czech Republic.

Textiles in waste prevention mode: The collection of sorted textiles is carried out in the Czech
Republic within a decentralised system of textile collection containers. Currently, about 20 companies
collect used textiles in the Czech Republic, which, according to earlier estimates by the Ministry of the
Environment, have about ten thousand containers across the country®®. This data is partially confirmed
by an interview with representatives of the organisation Clean Up Czechia (Uklidme Cesko), which
operates the "Kam s nim" ("Where to with it?") portal, aiming to map all the places where it is possible to
sort waste or return unused products to the cycle in the Czech Republic, with more than 7500 containers
or places for textile disposal. It is worth noting that the organisation collects data on textile disposal sites
on its own and thus does not provide a completely exhaustive list. Representatives of Clean Up Czechia
confirm that the data contains about 80% of the sites. The list is not complete, as many organisations
have little interest in visualising collection sites due to competition, not always authorised places for
container placement, and also because they are not obliged to provide such complete information.
However, textile containers are intended for good quality textiles (damaged textiles should be within
mixed municipal waste collection). This material is then transported by the collection system operator to
the sorting line, where individual materials are sorted depending on the needs of further processors®.
Households that currently sort textiles thus practically contribute to two systems: the waste system and
waste prevention, although they are not always sufficiently informed about this issue.

Organisations operating a textile collection system can be divided into two groups according to how
they handle used material:

1) Companies that are authorised to deal with textile waste and used clothing (recorded in the ISOH
CENIA database) and

2) charitable organisations that collect worn clothing in a waste prevention scheme.

Companies are not legislatively required to record the amount of textiles and report it to the relevant
authorities. However, the amount of textiles collected for prevention is a significant part of the collected
textiles and remains outside of records, thus representing a data gap and a source of discrepancy in
data on total production. Organisations such as Diakonie Broumov, Potex, Dimatex, Czech Red Cross,
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Textil Eco, Klok Tex, and Coretex are considered charitable because they collect used textiles and
redistribute them to those in need, support various social programs through the proceeds of textile sales,
and promote environmental sustainability through recycling efforts. By providing essential clothing to
vulnerable populations, funding social and community projects, creating employment opportunities for
marginalised groups, and engaging the public in responsible consumption and recycling practices, these
organisations deliver significant social, economic, and environmental benefits, thereby embodying the
essence of charitable work. The largest collectors include Diakonie Broumov, Dimatex, Potex, and Textil
Eco. However, only two organisations provided data, despite high efforts to involve as many
organisations as possible.

Utilization of collected textiles by Potex Utilization of collected textiles by Diakonie Broumov
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Figure 2: Graphs 1 and 2 from CEVOOH defining the amount of textiles collected by survey
respondents and the paths of its further utilisation

When comparing the charts on textile management between two organisations, both of which focus
on waste prevention, it is also important to highlight the differences in how they handle this material. It is
evident that Potex is highly focused on export (over 90% of the collected textiles), while Diakonie
Broumov strives to find ways to recycle or reuse the textiles locally (primarily within the Czech Repubilic).
Two-thirds of the textiles collected by the organisation are processed or utilised in this way. In the future,
it will be essential to accurately monitor not only the quantity collected by these organisations but also
how the textiles are subsequently managed. The CEVOOH study also states that: "The social
cooperative Diakonie Broumov has 852 containers and employs 105 employees, Potex has 11
employees, operates as a private entity, and services 600 containers. Currently, Potex does not charge
fees for container collection, while Diakonie Broumov mentioned that they do collect a fee, but its amount
is voluntary and depends on the size of the municipality and the number of installed containers.". When
converting the total amount of collected textiles according to available data (the total amount is not
mentioned precisely in the text, therefore the sum is estimated based on visual graphs and the y-axis
representing the amount of textiles) and using the knowledge of the number of containers for each
company, the amount of textiles collected by other collectors was also estimated. For the company
TextilEco a.s., information about the number of containers was found on the website. The company
states on its website that it operates more than 7000 collection containers in the Czech Republic, and for
the calculation of average yield based on data from POTEX and Diakonie Broumov, it can be assumed
that the company annually handles approximately 30 000 - 40 000 tons of textiles.

Absence of data on textile waste from public and private institutions: Public institutions
(hospitals, hospices, children's homes, other social security institutions, police, military, etc.) and private
enterprises (accommodation institutions, companies providing workwear to their employees, etc.) can
also potentially be considered significant producers of textile waste. However, data on the amount of
textile waste disposed of is not available at all. The data could potentially be mapped through
organisations providing garment care (laundries, etc.), but even these entities do not provide data, as
they are private entities without a recording obligation. These could amount to lower thousands of tons
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annually. Due to the lack of further research focused on mapping textile waste generated by institutions,
we can at this point estimate the amount of textile waste from workwear in the Czech Republic by
extrapolating from data provided for Switzerland, which is the only relevant study available.?. In 2019,
Switzerland consumed approximately 3,200 tons of workwear, equating to 0.4 kg per capita and 1.6 kg
per worker annually. By applying these figures to the Czech Republic, with a population of approximately
10.7 million in 2019, the estimated consumption of workwear would be around 4,280 tons per year based
on per capita consumption. Alternatively, considering the approximately 5.3 million economically active
individuals in the Czech Republic, the estimated consumption could reach up to 8,480 tons annually
based on per worker consumption. This range highlights the potential variation in workwear textile waste
generation, emphasising the need for more precise data tailored to the specific economic and
occupational conditions in the Czech Republic.

Textile waste in mixed communal waste: One of the most significant material flows outside official
statistics of standard catalogue numbers is textile waste contained in mixed municipal waste (MMW).
Data on textile waste in municipal waste have only been measured in a few scientific projects, with the
most extensive dataset provided by The Institute of Circular Economy (INCIEN). The first set of data has
already been published and demonstrates that this material flow is evidently substantial in volume.
According to the Czech Statistical Office (CSO), the average amount of MMW produced in the Czech
Republic between 2018 and 2020 is 2,798,126.67 tons. The average share of textile waste during this
period, based on analysed locations, is 6.56%, equating to 183,557 tons. However, this amount is
adjusted using a coefficient of 0.74 to account for moisture content, reducing the final amount of textile
waste in MMW to 4.86%, or 135,989 tons. In its latest statements, the Ministry of the Environment also
indicates that, according to expert estimates, the amount of textiles in mixed municipal waste may reach
up to 180,000 tons, highlighting that this data gap is by far the most significant®. This highlights the
considerable presence of textile waste in MMW and underscores the need for comprehensive data to
inform waste management and recycling strategies.

Data on textile exchange, reuse and further sale: Another data gap can be identified in the area of
clothing reuse. According to the platform "Where to with it?" (and discussions with representatives of
Clean Up Czechia, which stands behind it), there are about 50 reuse centres in the Czech Republic, and
about 80% of them state on their websites that they accept textiles. This information is also confirmed by
the CEVOOH survey. However, reuse centres do not record the amount of textiles reused. Charities also
focus on reuse, sorting usable and saleable textiles (see Graphs 1 and 2) and record it as part of reuse
(Diakonie Broumov and Potex together state that they return about 1000 tons of textiles to circulation per
year through this method). Given the low level of available data and the high number of organisations
operating in the waste prevention regime, it is possible that further thousands of tons of textiles are
reused annually.

Similarly, other textile sellers are not obliged to record the amount of textiles resold. However, a good
practice example is the charitable shop MOMENT, which keeps meticulous records that could serve as
a model for implementing systemic changes. In the most recent data available from the year 2023,
MOMENT is reported to have sold a total of 66 tons of textiles, amounting to 199,632 individual items.
Cumulatively, since they began detailed record-keeping in 2017, they have sold a total of 612 tons of
textiles, equating to 1,499,251 pieces. These sales were conducted through seven different outlets in
2023. MOMENT stands out as the only seller that has maintained a detailed and specific record of their
textile sales since 2017, demonstrating their commitment to transparency and precise inventory
management. This meticulous tracking allows for an accurate assessment of their contributions to textile
recycling and reuse efforts.

However, it is necessary to mention that reuse does not only occur after the collection phase within
the container system mentioned in the previous chapter. An interesting trend in recent years is the
exchange of clothing at the local, community level. From discussions with organisers of so-called SWAP
events (clothing exchange events), it was found that since 2017, when these events began being
organised in the Czech Republic, about 13,000 visitors have attended, and 115 tons of textiles have
been returned to circulation. However, the measurements also include small items such as toys or other
household equipment. About 80% of textiles are returned to circulation on-site, and the rest is given to
the textile collection company at the event site, especially charitable organisations. The usability rate can
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reach up to 97% if it is clearly communicated before the event that only textiles in excellent condition
without signs of damage are suitable for exchange. (Note: One of the authors of this work participated in
the introduction of a system for weighing garments for pilot testing the amount of textiles returned to
circulation at these events).

Repairs and donations should also be mentioned in the category of reuse. In a consumer behaviour
study in the field of textile management by Nenckova**, it was found that only 26% of respondents repair,
darn, or re-sew unnecessary clothing, with older people and people from low-income groups doing it
most often. However, clothing repairs are crucial in terms of compensating for the environmental impact
during the product life cycle: if the average number of times a piece of clothing is worn were to double,
then greenhouse gas emissions would be 44% lower®. Worn and no longer needed pieces of clothing
and other textiles are also further traded on online platforms, which have been gaining users' interest in
recent years. In the Czech Republic, the platform Vinted is most widely used, with the international
platform Sellpy gaining popularity last year. Sellpy, an online platform for second-hand clothing, has
seen a notable increase in popularity in recent years. As of 2023, Sellpy has facilitated the sale and
reuse of numerous textile items, contributing to the reduction of textile waste. The platform has garnered
attention for its role in promoting sustainable fashion by allowing users to buy and sell pre-owned
clothing items. Sellpy operates primarily in Europe and has been expanding its user base, making it
a significant player in the second-hand market alongside other platforms like Vinted.

However, data on the amount of textiles reused and resold through these platforms are not available.
Further sale and reuse are mainly motivated by economic factors and environmental interests*. In
recent years, platforms like Vinted have also played an increasingly significant role in the resale and
redistribution of textiles. Vinted, a major online marketplace for second-hand clothing, has facilitated the
circulation of millions of textile items. As of 2023, Vinted has over 105 million registered users and
generated €596 million in revenue, indicating its substantial impact on reducing textile waste by
promoting reuse*’*®. The platform's extensive user base and significant volume of transactions
contribute to diverting textiles from landfills and encouraging a circular economy in fashion.

Overview of upcycling, recycling, and downcycling: In the Czech Republic, textile upcycling,
recycling, and downcycling are key components of sustainable textile management. Upcycling is
primarily facilitated by companies such as Cirkulo, which transforms old garments into new, high-quality
products, often through creative redesign and repurposing. This process not only extends the life of
textiles but also adds value by creating unique, desirable items. Fibre-to-fibre recycling, which involves
the mechanical processing of textiles back into fibres for the production of new textiles, is still emerging.
Companies like NILMORE are pioneering this method, producing new fibres from recycled materials,
although detailed data on the scale and output are limited. Downcycling is more prevalent, where mixed
textile waste is mechanically recycled into lower-quality products such as insulation materials or
industrial rags. According to the Ministry of the Environment and CENIA, basic aggregated data from
individual producers and waste management entities are available, though comprehensive data on fibre-
to-fibre recycling and downcycling stages are sparse. This highlights the need for enhanced data
collection to better understand these material flows and set targets for continuous improvement in textile
recycling practices.

Textile fibre recycling in the Czech Republic mainly occurs in the so-called "downcycling" category.
Recycling in such low-value applications can be referred to as downcycling, which is the practice of
using recycled material for an application of lower value than the original purpose of the material®.
Respondents of in-depth interviews focus on mechanical recycling.

The table below shows a summary of the main data gaps and an estimated quantification of the total
amounts of various textile streams based on the interviews carried out.
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Table 3: A summary of the main data gaps and their estimated quantification based on interview
findings

Data gap Quantification of the total amount (t/year)
Textile waste for which there is no reporting obligation (below 100 3000 — 10 000
t/year/producer)

Deadstocks < 1000

Textiles in waste prevention mode 30 000 — 40 000

Absence of data on textile waste from public and private institutions 4 000 — 8 000

Textile waste in mixed communal waste 135 000 — 180 000

Data on textile exchange, reuse, and further sale < 5000

The data gaps identified in table 3 reflect significant challenges in accurately quantifying textile waste
management within the European Union. The most substantial gap lies in the textile waste found in
mixed communal waste, with estimates ranging from 135,000 to 180,000 tons per year, highlighting
a critical need for better waste sorting and data collection. Similarly, the absence of data on textiles in
waste prevention mode, estimated between 30,000 to 40,000 tons annually, emphasises the importance
of capturing the full spectrum of textile reuse and recycling efforts. Additionally, non-reported textile
waste due to lack of reporting obligations (3,000 to 10,000 tons) and the lack of data from public and
private institutions (4,000 to 8,000 tons) further complicate efforts to develop comprehensive waste
management strategies. The smaller yet still significant gaps in deadstocks (less than 1,000 tons) and
data on textile exchange, reuse, and further sale (less than 5,000 tons) indicate the need for more
precise data to support circular economy initiatives and improve textile waste management practices
across the EU. For the purpose of visualising the total amount of waste material flows, the following
visual scheme was also created. This scheme, along with the subsequent MFA model for municipalities,
can assist users—particularly policymakers—in defining priorities to focus their attention on addressing

these flows.
Non reported textile waste g
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Textiles in waste prevention stream &

Institutional textile waste ' /
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o oy -
Textile in mixed communal waste m

Reuse, futher reuse @
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Smallest estimated data gap value Largest estimated data gap value

Figure 3: Visualisation of textile data gaps (their median values) of textile waste in the Czech
Republic (original work of the authors)

The final step in the creation of an MFA diagram is the visualisation of waste material flows. The
visualisation in figure 4 was created for the municipal level, with a breakdown into individual processes.
This diagram presents a comprehensive overview of the material flow analysis (MFA) for textile waste at
the municipal level in the Czech Republic. It illustrates the movement of textile waste (TO) from its initial
generation to its final disposal or reuse, highlighting key processes and material losses.
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Figure 4: Material flow analysis (MFA) for municipal textile waste in the Czech Republic

The uncertainty rates (in percentages) are an expert estimate derived from the opinions of
respondents during semi-structured interviews.The system begins with the sale of textiles, representing
the primary input into the system at 199,000 + 15% tons per year. From this input, textile waste (TO) is
generated, amounting to 159,200 * 15% tons per year, with a portion of this waste entering the mixed
municipal waste stream. A segment of this textile waste is collected through sorted collection systems,
accounting for 39,800 + 18% tons, which is then subjected to further sorting and processing. A portion of
the sorted waste is reused, amounting to 5,970 £ 34% tons, either through second-hand markets or by
being exported, with exports reaching 15,920 + 28%. Textile waste that undergoes processing is
transformed into recycled material, contributing 9,751 + 30% tons to the production of new products.
However, during this stage, there are losses primarily due to the inefficiencies in shredding, sorting, and
material preparation technologies, resulting in a 30% loss.A significant portion of the textile waste that
cannot be reused or recycled is either sent to incineration plants (ZEVO) for energy recovery or ends up
in landfills. The incineration process contributes to energy production, but a notable quantity of textile
waste remains as ash or emissions, amounting to 35,820 + 16%, which leads to further losses totaling
167,359 + 15% tons. The total outputs from the system are balanced with the inputs, ensuring that all
material flows are accounted for. The MFA diagram in figure 5 emphasises the material losses that occur
throughout the system, whether through disposal, energy recovery, or processing inefficiencies.In
conclusion, this MFA diagram provides valuable insights into the lifecycle of textile waste at the
municipal level in the Czech Republic. It highlights the challenges in achieving higher rates of reuse and
recycling, pointing out significant losses during the waste management process. The diagram serves as
a crucial tool for policymakers and stakeholders to identify key areas where improvements can be made
to enhance the circularity of textile waste management.
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Discussion

The previous chapter highlighted a critical lack of data on textile flows in certain areas, or the absence
of harmonised data among different organisations. A reliable source of data is the Czech Statistical
Office, where data on the import and export of clothing (both new and used), including export and import
destinations, are recorded within the goods movement database. However, what is missing are the
weight expressions of the quantity of clothing produced in the Czech Republic, as well as data on
e-commerce. The amount of textiles representing stocks in the system and a detailed description of the
user phase are also unknown. Data on the amount of textiles that are part of mixed municipal waste vary
significantly depending on the organisation conducting the data collection. To eliminate this problem,
inter-organizational cooperation and the unification of the methodology for analysing the composition of
mixed municipal wastes are essential. Another significant data gap is the absence of diversified statistics
on the amount of clothing undergoing mechanical recycling and data on the export of these products
abroad.

Data on the amount of collected and sorted clothing within the textile collection container system are
inconsistent, stemming from the nature of reporting obligations in various waste management regimes or
its prevention.

Recording textile flows outside the waste regime: For the creation of a detailed Material Flow Analysis
(MFA), recording just the catalogue numbers of waste is insufficient. It will be necessary to set
a harmonised policy also for recording material flows outside the waste regime, whether in the context of
waste prevention (online and offline platforms for textile reuse, recycling, etc.) or in the context of
secondary raw materials (definition of secondary raw materials stated in the Glossary of Terms and
Abbreviations) arising within industrial processing enterprises and exempt from the waste management
regime. Quantification should be based on the amount of waste (in tonnes).

Introduction of digital product passports: The recording of textile material flows should also be in line
with the proposals of the EU Strategy for Sustainable and Circular Textile Products®. Quantification
should also comply with the new requirements of "digital tags" or “digital product passports”, introduced
by the new EU Strategy for Sustainable and Circular Textile Products™, which mentions the introduction
of a digital product passport for textile products in accordance with the regulation on the ecodesign of
sustainable products. The digital product passport will contain mandatory information requirements on
circularity and other key environmental aspects. The Commission also plans to review the regulation on
the labelling of textile products, "which requires that textile products sold in the EU market be labelled

with a clear identification of material composition and indicating all non-textile parts of animal origin"*°.

Data gaps: The identified data gaps can be divided into the following areas:

a) Poor data quality: Data on textile waste material flows are often incomplete and inconsistent, which
can cause inaccuracies in analysis and decision-making based on this data.

b) Lack of harmonised data standards: Currently, there is no uniform standard for collecting and
processing data on material flows of textile waste, which can lead to loss of information and the
impossibility of comparing data from different sources.

c) Lack of transparency: Some sources of data on the material flows of textile waste may be restricted
due to trade secrets and the competitiveness of companies, which may cause a lack of transparency in
the analysis and decision-making based on this data. However, data openness at national level can help
optimise textile waste flows and truly deliver on the essence of the Green Deal for Europe.

The lack of data extensively described in this paper has also commonly been identified as a batrrier to
greater circularity, according to 59.32% of the respondents in questionnaires and interviews®'. Individual
stakeholders often do not sufficiently collect their own data in cases where they are not required to do
so, and they struggle with the lack of coordination of public data. The situation is worsened by the
globalised nature of the textile industry, due to which companies commonly lack information on their own
material flows (e.g. where fibres come from, what happens to their waste, etc.). Moreover, insufficient
data makes setting and enforcing any targets on improving the situation difficult. This contributes to the
uncertainty experienced by the stakeholders and their perception of the policy environment as unclear.
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Only 5.26% of the respondents reported having all the information that they need on ‘changes to
environmental policy at the EU level and the implications of the Green Deal’, with over half being
unaware of the implications that these policies would have on them. This can be related to insufficient
communicf_gtion of the upcoming legislation, as well as the lack of certainty and ambitiousness around
some of it™".

The final challenge associated with legal measures is a clear definition of the methods of collection
and measurement of textile waste. These should be improved both locally and globally. Similar
methodologies have already been proposed in the area®® and similarly European institutions should
propose appropriate measurement methodologies for data collection and comparison of results between
Member States in the areas of waste registration or direct measurement at the point of origin (e.g. flow
analysis based on mass balance sheets or waste composition analyses). Data availability (preferably
with the highest possible level of detail within open access) is a prerequisite for setting specific goals, but
also for evaluating the effectiveness of individual interventions®?.

It has been demonstrated that companies handling used textiles, such as MOMENT, are highly
proficient in recording both the weight and the number of items sold. If such detailed record-keeping
were mandated by legislation, it would significantly enhance the transparency and understanding of
textile data management. This regulatory requirement could provide a comprehensive overview of how
textiles are processed and recycled, facilitating better planning and goal-setting for sustainable practices
in the industry.

Recommendations for further research

This comprehensive analysis of textile waste data in the Czech Republic reveals several key areas for
future academic research. Firstly, it is crucial to develop standardised data collection methods, including
mandatory reporting for all textile producers. Accurate and comprehensive data is essential for effective
waste management and policy-making. Secondly, exploring technological innovations like digital product
passports and blockchain for tracking textile waste can enhance transparency and efficiency in the
supply chain. Thirdly, fostering stakeholder collaboration through regular engagement can help
harmonise data collection standards and address data gaps.

Additionally, research should investigate consumer behaviours promoting the repair and reuse of
textiles, supporting platforms like Vinted and Sellpy for second-hand textile redistribution. Conducting
detailed Material Flow Analyses (MFASs) to identify inefficiencies and model policy impacts is also
essential. Targeted research should address specific data gaps, particularly in underreported areas such
as small producers, public and private institutions, and textile waste in mixed municipal waste. Lastly,
investigating new recycling technologies, including fibre-to-fibre recycling, and supporting innovative
upcycling and downcycling methods can extend textile lifecycles and enhance industry sustainability.

Currently, the Institute of Circular Economy (INCIEN) is carrying out a project focusing on the
guantification of textile waste streams in the Czech Republic, as part of a larger European consortium, in
which analyses of separately collected textile and mixed municipal waste are taking place in order to
present a representative sample and gain more insight into amounts of waste nationally. This project
aims to address the data gaps, which are present at the moment, and its results will be available this
year. Such further research is an example of what needs to be done at local, national and EU levels.
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Conclusion

The fact that data is necessary for measuring the circular economy is evergreen. In order for data to
be socially beneficial, it must be easily accessible, shared across the entire network of actors, and used
for decision-making®. This article identifies and delves into significant data gaps within the Czech
Republic's textile waste streams, highlighting the need for a more robust and circular material flow. It
emphasises the necessity of accurate data collection and the implementation of the European Union's
Strategy for Sustainable and Circular Textiles to ensure the industry's transition towards sustainability
and circularity.

The key data gaps identified include the absence of detailed information on textile waste from both
public and private institutions, including significant producers like hospitals and accommodation facilities.
Moreover, the lack of data on the amount of textiles reused, recycled, or disposed of, particularly from
smaller producers generating under 100 tons/year, presents a significant challenge to achieving
a comprehensive understanding of the textile lifecycle and waste management practices.

To address these gaps, several recommendations have been proposed. These encompass the
enhancement of data collection methods, such as leveraging in-depth interviews with stakeholders and
utilising existing data sources more effectively. The establishment of clear and mandatory reporting
requirements for all textile producers, regardless of their size, could significantly improve data accuracy
and availability. Additionally, fostering collaboration between government bodies, research institutions,
and the textile industry is crucial for developing a cohesive and effective approach to textile waste
management. It is also necessary to mention that the identified data gaps range from a few tons to
hundreds of thousands of tons of waste, highlighting the significance of addressing this material flow,
which should receive adequate attention from policymakers in the future. The quantity can be compared
to the data on e-waste collection, which amounted to 170,000 tons in the Czech Republic in 2023, For
e-waste, there are already functioning organisations for its collection as well as a financial participation
system through extended producer responsibility (EPR). This EPR system could play a key role in the
future in building and financing a robust textile collection network, which will become mandatory for
municipalities starting in 2025.

The recent legislative developments in the EU, aimed at tightening the handling and reporting of
textile waste, offer a valuable framework for national efforts. The introduction of a direct ban on the
destruction of unsold textiles and footwear, as part of the EU's broader strategy to promote circularity
and sustainability in the textile sector, sets a precedent for the Czech Republic to follow. Implementing
similar regulations at the national level, alongside the EU's ecodesign requirements for sustainable
products, could drive significant progress in addressing the identified data gaps and enhancing the
circularity of the textile industry. And therefore, one of the goals of this article is to assist local
policymakers by providing the necessary groundwork to identify priority areas for bridging data gaps in
the coming years. Although key documents such as the Strategy for Secondary Raw Material
Management by the Ministry of Industry and Trade define areas for material analysis, this goal cannot be
achieved without accurate data. A deeper understanding of the origins of these gaps, including their
guantification, can significantly aid in this prioritisation.

Ultimately, bridging these data gaps requires a concerted effort from all stakeholders involved in the
textile lifecycle, from production to disposal. By aligning national strategies with the EU's legislative
direction, the Czech Republic can significantly improve its textile waste management practices, paving
the way for a more sustainable and circular textile industry. This endeavour not only aligns with the
global push towards environmental sustainability but also offers economic opportunities by promoting the
reuse and recycling of textiles, thereby reducing waste and fostering innovation in the sector.
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Souhrn

Tento ¢lanek poskytuje podrobnou analyzu toku textilniho odpadu a souvisejicich datovych mezer na
riznych drovnich v Ceské republice, zamérfuje se na identifikaci a kvantifikaci datovych mezer, které
brani presné analyze tok( materialt. Vyzkum byl proveden prostfednictvim kombinace sbéru existujicich
dat z dostupnych statistik a polostrukturovanych rozhovort s 25 kliCcovymi aktéry v celém dodavatelském
retézci textilu, véetné vyrobcd, spravcl odpadu a recyklacnich subjektu. Studie odhalila vyznamné
datové mezery v oblastech, jako je textilni odpad od producentt s produkci mensi nez 100 tun rocné,
likvidace neprodaného zboZi (deadstock) a textilni odpad ve smésném komunalnim odpadu. Tyto
mezery predstavuji vyzvy pro efektivni nakladani s odpady a implementaci Strategie Evropské unie pro
udrzitelné a cirkularni textilie. Zjisténi také zdtrazriuji kritickou potfebu standardizovanych metodik pro
sbér dat a zvySenou spolupraci mezi zainteresovanymi stranami ke zlepSeni presnosti dat a podpofe
pfechodu na cirkulédrni ekonomiku v textilnim sektoru. Clanek uzavird cilenymi doporudenimi pro
ZlepSeni praxe sbéru dat a politickych ramcu k reSeni téchto mezer a usnadnéni lepSiho rozhodovani
pro udrzitelné fizeni textilniho odpadu v Ceské republice.

Klicova slova: Textilni odpad, mezery v datech, management textiiniho odpadu, -cirkularni
ekonomika, cirkularni odpadové hospodarstvi

Partnerem cisla je Tyden vyzkumu a inovaci pro praxi a zivotni prostredi TVIP 2024 (12. — 14. 11. 2024, Hustopece) - www.tvip.cz
WASTE FORUM 2024, &islo 3, strana 244


mailto:andrea.vesela@incien.org

TVIR.

Tyden védy a inovaci pro praxi a zivotni prostredi

Wwww.tvip.cz

Vazeni priznivci aplikovaného vyzkumu, dovolujeme

si vas pozvat na dalSi ro¢nik Tydne vyzkumu a inovaci 1 2 _1 4 1 1
pro praxi a Zivotni prostredi - TVIP 2024, ktery n m ™
probéhne ve dnech 12.-14. 11. 2024 v Hustopecich u Brna.

LetoSni TVIP opét zastreSuje dvé tematicky specializovana
odborna setkani: konferenci APROCHEM a symposium
ODPADOVE FORUM. Letos se k symposiu pfidava samostatna
konference POTRAVINARSTVI NA CESTE K UDRZITELNOSTI.

Vysledky vyzkumu a vyvoje pro primyslovou
a komunalni ekologii - 18. roc¢nik:

« VEDA A VYZKUM PRO OBEHOVE HOSPODARSTVI
« OVZDUSI
« ODPADY

* VODA Cilem konference je zmapovat

environmentalni dopady potravinarskych
odvétvi a identifikovat hlavni pFilezitosti k
jejich napravé. Predstavit dosazené pokroky
i aktuadlni vyzkum.

Rizikovy management - 32. rocnik:
- Problémy, aktualni vyzvy a trendy

* POSUZOVANI A RIZENIRIZIK . - Vysledky VaV a priklady spravné praxe

* MANAGEMENT RESENT HAVARINICH SITUACI - Udrzitelné vyroba (ESG, LCA, uhlikova

* PREVENCE ZAVAZNYCH PRUMYSLOVYCH I-JAVARI’I _ stopa..)

» ZKUSENOSTI Z ODSTRANOVAN{ NASLEDKU HAVARIi - Minimalizace odpadd a vyuzivani vedlejich
* RIZIKA VYPLYVAJICI Z NOVYCH VYZEV produkt(

* BEZPECNOST A HYGIENA PRACE - Cisténi odpadnich vod a recyklace slozek

- Kompostovani a anaerobni digesce

Termin kondni Termin prihlasek prispévk Termin pinych textd | Termin prihlasek casti

DULEZITE TERMINY 12-14.11.2024 | do 30.9.2024 do 15. 10. 2024 do 15.10. 2024

Poradatel: CEMC - Ceské ekologické manaZerské centrum, z.s., 28. pluku 524/25, 101 00 Praha 10, tvip@cemc.cz, www.tvip.cz
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VAZENI PRIZNIVCI APLIKOVANEHO VYZKUMU A RIZIKOVEHO
MANAGEMENTU,

dovolujeme si vas pozvat na dalSi ro¢nik Tydne vyzkumu a inovaci pro praxi a zivotni
prostiedi (TVIP), ktery letos probéhne v terminu 12. — 14. listopadu 2024 v Hustopecich
u Brna. Novy roCnik opét zastifeSuji dvé tradicni specializovana odborna setkani: konference
APROCHEM a symposium ODPADOVE FORUM. Tyto dvé akce doplini letos konference
POTRAVINARSTVi NA CESTE K UDRZITELNOSTI.

APROCHEM: Konference tematicky pokryva oblast fizeni rizik a bezpe¢nosti. Zaméfuje se
zejména na Fizeni priumyslovych rizik a rovnéz na rizika pfi spravé regioni, mést
a obci. Konference odrazi vyznam vyzev vyplyvajicich ze zmén ovliviiujicich nasi spolecnost
v oblasti Sirokého spektra rizikového managementu (mezinarodni bezpec€nostni situace,
bezpe€nost kritické infrastruktury v souvislosti s uplathiovanim novych technologii,
rozSifovanim energetického mixu o alternativni zdroje energie, zménami klimatu atd.).

RIZIKOVY MANAGEMENT A PREVENCE A ODSTRANOVANI HAVARIi

O Posuzovani a fizeni rizik O Rizika souvisejici s nanomateridly (napf. ve
O Prevence zavaZznych primyslovych havarii vztahu k potravindm)
O ZkuSenosti z odstranovani nasledkd havarii O Rizika vyplyvajici z novych vyzev (zména klimatu,
O Rizika pfi nakladani s chemickymi latkami a nastup chytrych technologii, vyuziti alternativnich
pfipravky zdrojli energie a dopady geopolitickych zmén)
O Bezpetnost a hygiena prace

ODPADOVE FORUM: 18. roénik symposia pokraduje v prezentaci vysledki vyzkumnych
projektl z celé oblasti primyslové a komunaini ekologie s tim, Ze od leto$niho ro¢niku
chceme v samostatné konferenci vénovat zvySenou pozornost jedné vyznamné skupiné
odpadu. Letos to budou Odpady z potravinafstvi (vice nize).

VODA OovzDUSI
O Cisténi pramyslovych odpadnich vod O Cisténi odpadnich plyn{ a spalin
O Ziskavani cennych latek z odpadnich vod O SniZzovani a méfeni emisi
O Recyklace vody O Doprava a lokalni zdroje
O Nakladani s kaly, kapalné odpady O Kvalita ovzdusi a zdravotni dopady znecisténi
ovzdusi
ODPADY VEDA A VYZKUM PRO OBEHOVE
HOSPODARSTV]
O Systémové otazky odpadového hospodafstvi O Sance a bariéry cirkularni ekonomiky
O Materidlové, biologické a energetické vyuziti O Nové zdroje surovin a energie
O Nebezpeéné odpady, odstrafiovani odpadu O Inovativni technologické postupy a technologie
O Sanace ekologickych zatézi a nasledkd havarii O Nové materialy a jejich aplikace (bio- a
nanomaterialy)

POTRAVINARSTVI NA CESTE K UDRZITELNOSTI: Od minulého roéniku chceme
vramci TVIP vénovat zvySenou pozornost nékterému vyznamné skupiné odpadd Ci
primyslovému odvétvi a vénovat mu samostatnou konferenci. Letos to bude Potravinarstvi,
kdy se chceme zaméfit na nejdllezitéjSi environmentalni aspekty tohoto odvétvi, na
snizovani jeho uhlikové a vodni stopy, vyuzivanim vedlejSich produktd a odpadu apod.
Udrzeni konkurenceschopnosti neni jen o vyrobnich nakladech, ale i o spoleCenské
odpovédnosti firmy, kterou muze vykazat v ESG reportu, jehoz jsou environmentalni dopady
nedilnou soucasti

KLICOVE TERMINY CENY VLOZNEHO

Prihlasky pFispévku 30. 9. 2024 PIné vlozné 5600 K¢
Zaslapl pinych textd do 15. 10. 2024 Dvoudenni vlozné 5000 Ké
sborniku

PFihlaSky u&asti 15.10. 2024 Jednodenni vlozné 4 350 Ké

Termin konani 12. - 14. 11. 2024
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PRIHLASKY PRISPEVKU A PREZENTACE PREDNASEK

Prispévky na TVIP mohou mit povahu prfednasky v odborné sekci (15 min. pfednaska
a 5 min. diskuse) nebo vyvésky. Vyvésky mohou byt az do formatu A0 na vySku, vétsi
rozméry je tfeba konzultovat s pofadateli.

Termin prihlaSek pfispévkd je 30. 9. 2024. PrihlaSky je mozné zasilat vyhradné
prostiednictvim elektronického formulafe na www.tvip.cz. Poradatel potvrzuje pfijeti
pfihladky a vyhrazuje si pravo kone¢ného rozhodnuti o pfijeti pfispévku, formé jeho
prezentace a zafazeni do konkrétni sekce a programu.

Po uvedeném datu je mozno pfihlasit pfispévek bud po vyzvé pfipravného vyboru, nebo do
naplnéni kapacity (sestaveni kone¢ného programu). Jednaci jazyk je €eStina a slovenstina.
Zahrani¢ni pfednasejici (i posluchaci) jsou vitani, ale tlumoceni nezajiStujeme. Komeréni
prezentace na konferenci je mozna, vice na www.tvip.cz.

PLNE TEXTY PREDNASEK

Autory v8ech prispévkl, pfednasek i vyvések zadame o v€asné predani kone€ného, graficky
upraveného plného textu pfispévku v elektronické podobé v MS Word nejpozdéji do 15. 10.
2024. Pozadavky na grafickou Upravu texti do sborniku jsou uvedeny na internetovych
strankach TVIP, kde je rovnéz i vzorova Sablona pro psani textd. Sbornik TVIP je vydavan
v elektronické formé s oznacenim ISBN.

PUBLIKACE VE WASTE FORUM

Casopis WASTE FORUM, ktery je dlouholetym medialnim i odbornym garantem TVIP,
je od roku 2017 indexovan v databazi SCOPUS. V pfipadé zajmu o publikaci pfispévku ze
symposia v ¢asopisu je toto mozné. Publikaéni jazyk je angli¢tina, ¢estina a slovenstina.
Redakéni uzavérky jsou pravidelné 8. 1., 8. 4., 8. 7. a 8. 10. Text je tfeba upravit podle
redakénich zvyklosti (vice na v sekci Pro autory). PrFispévky jsou
posuzovany minimalné dvéma nezavislymi recenzenty. Hotové Cislo byva vystaveno na
internetu zhruba 10 — 11 tydnU po redakéni uzavérce. VSechna Cisla Casopisu (aktualni
i archivni) jsou volné ke stazeni na strankach

V pfipadé clanka s tematikou souvisejici s odpady z potravinarstvi planujeme na zacatku
roku vydat tematické Cislo Casopisu WASTE FORUM s timto zamérenim.

PRIHLASKY UCASTI

K uCasti na TVIP se pfihlasuje prostfednictvim formulafe na www.tvip.cz. Jeho soucasti je
internetu. Termin pro pfihlaseni je 15. 10. 2024 K ucasti se pfihlasuji (a plati viozné) i autofi
prispévkl, prednasky nejsou honorované. Za neodpfednasenou prednasku ¢&i za

nevystaveny poster fakturujeme poplatek 1000 K& za zafazeni pfispévku do programu
a uvefejnéni textu ve sborniku.

DRUHY CIRKULAR A DALSi INFORMACE

Druhy cirkulaf s predbéznym programem bude rozesilan v poloviné fijna. Veskeré, pribézné
aktualizované informace k TVIP naleznete na internetovych strankach www.tvip.cz.
Konkrétni dotazy a pfipominky adresujte bud' na nize uvedené garanty, nebo na spole¢nou
adresu tvip@cemc.cz.

PORADATEL KONTAKTY

Ceské ekologické manazerské O Ing. Vladimir Student, hlavni garant —

centrum, z.s. studentv@cemc.cz

28. pluku 524/25, Praha 10, PSC 101 00 O Ing. Ondiej Prochazka, CSc., programovy garant OF
www.tvip.cz, tvip@cemc.cz a Potravinarstvi na cesté k udrzitelnosti, Séfredaktor
Tel.: (+420) 274 784 417 WASTE FORUM - prochazka@cemc.cz

ICO: 45249741, DIC: CZ45249741 O Ing. Jifi Student, programovy garant AP —

Cislo uétu: 27534061/0100 student@cemc.cz

TVIP@CEMC.CZ ~2w WWW.TVIP.CZ


http://www.wasteforum.cz/
http://www.wasteforum.cz/
http://www.tvip.cz/
mailto:tvip@cemc.cz



