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ABSTRAKT

Pravni, ekonomické a technologické aspekty vyuziti alternativnich surovin jako zpiisob

ochrany mimoprodukénich funkei lesa

Odlesnovani je celosvétova hrozba v podob¢ snizovani vSech ekosystémovych sluzeb,
které poskytuji lesni ekosystémy lidem. Vladni ochrana lest samoziejmé rozsah odlesiiovani
snizuje, otdzkou vsSak zlstava, zda dostatecné. Z tohoto divodu mé smysl zabyvat se
ochranou ekosystémovych sluzeb lesa formou hledani substitutu k difevni biomase, kupf.
poskliziovych zbytkii zemé&délskych plodin. Tyto poskliziiové zbytky zemédélskych plodin
nalézaji v poslednich letech uplatnéni zejména na energetické a materialové vyuziti. Ma-li byt
tato surovina dlouhodob¢ primyslové vyuzivana, musime mit piedstavu o jeji budouci
produkci. V predkladané disertacni praci byly predstaveny odhady budouci produkce slamy
psenice a fepky ozimé v Ceské republice a v Evropské unii. Nutno zminit, Ze vyvinuté modely
jsou aplikovatelné i na jiné poskliziiové zbytky, a to i v jinych castech svéta. Kromé
dostupnosti suroviny v ¢ase byly hodnoceny také technologické parametry vyroby materiali z
poskliziiovych zbytkli. Pozitivné byla hodnocena enzymatickd a chemicka piedaprava
povrchu tiisek, které mély za nasledek snizeni povrchového napéti tiisek, které dale pozitivné
ovliviluje vlastnosti kompozitnich materiali. RovnéZz byl publikovan jeden uzitny vzor, ktery
chrani feSeni tepelné izola¢niho materialu z plev pSenice ozimé. Ze zhodnoceni
administrativnich a pravnich aspekti zahajeni dané vyroby vyplyva, Ze administrativni zatéz
pfi vzniku nového vyrobniho provozu nebo doplnéni/modernizaci stavajici vyroby by byla
prakticky totozna, a to zejména z toho ditvodu, Ze i pii doplnéni/modernizaci stavajici vyrobni
linky bude pravdépodobné vzdy nutné podstoupit stavebni fizeni a s nim spojené vyhodnoceni
vlivlh na Zivotni prostiedi. Zaroven byly v této Casti prace zhodnoceny klady a zapory
jednotlivych druhii obchodnich spolecnosti, zakladni administrativni povinnosti spojené
s poc¢atkem podnikani a mozné druhy dotacnich titull, jeZ je mozné na Gcely zminéné v této
praci Cerpat. Z divodu nejriznéjSich faktort se do budoucna ocekava, a dosavadni vyvoj tyto
predpoklady zcela potvrzuje, nedostatek dievni suroviny v dievozpracujicich, energetickych,
ale 1 jinych odvétvich narodniho hospodaistvi. Tato disertacni prace pfinasi komplexni pohled
na jedno mozné feSeni budouciho nedostatku difevni suroviny, a to na problematiku ¢astecné

substituce dieva v kompozitnich materialech poskliziovymi zbytky zeméd¢€lskych plodin.



Klicova slova: poskliziiové zbytky, kompozitni material, vyroba, zivotni prostiedi,

ekonomické aspekty

ABSTRACT

Legal, economical and technological aspects of the use of alternative raw materials as a

way of protecting non-productive functions of the forest

Deforestation is a global threat in the form of a reduction of all ecosystem services that
forest ecosystems provide to humans. The government forest protection reduces the extent of
deforestation, but the question remains whether it is sufficient. For this reason, it makes sense
to deal with the protection of forest ecosystem services in the form of finding a substitute for
wood biomass, e.g. post-harvest residues of agricultural crops. In recent years, these post-
harvest residues of agricultural crops have found application mainly for energy and material
use. If this raw material is to be used industrially in the long term, we must have an idea of its
future production. In the presented dissertation thesis, estimates of future production of straw
of wheat and winter rape in the Czech Republic and in the European Union were presented. It
should be mentioned that the developed models are applicable also to other post-harvest
residues, even in other parts of the world. In addition to the availability of raw materials over
time, the technological parameters of the production of materials from post-harvest residues
were also evaluated. The enzymatic and chemical pretreatment of the particle surface, which
resulted in a reduction of the surface tension of the particles, which further positively affects
the properties of composite materials, was evaluated positively. One utility model has also
been published which protects the solution of thermal insulation material from winter wheat
chaff. The evaluation of the administrative and legal aspects of starting a given production
shows that the administrative burden when creating a new production plant or supplementing /
modernizing existing production would be practically the same, especially since even when
supplementing / modernizing an existing production line it will probably always be necessary
to undergo construction proceedings and the associated environmental impact assessment. At
the same time, in this part of the work were evaluated pros and cons of individual types of
companies, basic administrative duties associated with the beginning of business and possible
types of grant titles that can be drawn for the purposes mentioned in this work. Due to various

factors, the lack of wood raw material in wood processing, energy, but also other sectors of



the national economy is expected in the future, and the development so far fully confirms
these assumptions. This dissertation provides a comprehensive view of one possible solution
to the future shortage of wood raw material, namely the issue of partial substitution of wood

in composite materials by post-harvest residues of agricultural crops.

Keywords: alternative raw materials, composite material, production, environment,

economical aspects
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1. Uvod

V poslednich né€kolika letech vzrista snaha o rozsahlejsi vyuziti alternativnich surovin,
mezi které jsou fazeny posklizinové zbytky, jako dosud viibec ¢i nevhodné vyuzivaného zdroje
biomasy pro dalS§i vyrobu, nebot nyni jsou poskliziiové zbytky zejména nedostatecné

zaoravany, nebo vyuzivany energeticky.

Vzhledem k zjiSténym mechanickym a fyzikdlnim vlastnostem se jevi jako vhodné
vyuziti poskliziiovych zbytkd, tedy kupt. plev pSenice ozimé, stonkd pSenice ozimé, stonki
fepky ozimé, pro vyrobu ttfiskovych desek. Hlavnim zdmérem této prace je proto zhodnotit
pravni, ekonomické a technologické aspekty vyuziti téchto poskliznovych zbytki, pro vyrobu
tiiskovych desek, a to jako jednoho z moznych zptsobli ochrany mimoprodukcnich funkci

lesa.

Je zcela zfejmé, Ze v soucasné dobé kirovcové kalamity v Ceské republice je dievni
hmoty pro vyrobu tfiskovych desek az nadbytecné mnozstvi, navic za velmi nizkou cenu,
avSak tato prace si klade za cil zabyvat se stavem, ktery zcela jisté¢ nastane v budoucnosti,
nikoliv vzdalené, kdy bude dievni hmoty nedostatek. Tento nedostatek nejenze zptsobi
zna¢ny cenovy narust suroviny, ale zejména zplsobi ohroZeni lesa a v kone¢ném disledku
riziko ohrozeni moznosti poskytovani mimoprodukénich funkci, které si v soucasné dobé
zaCind uvédomovat nejen odborna vetejnost (Maes a kol. 2015). Celosvétovy nesoulad
produkce a spotieby dieva v letech 2030 — 2050 predikoval jiz v roce 1996 Solberg a kolektiv.
V roce 2010 nasledné vyc¢islil Mantau a kolektiv, Ze v roce 2030 bude chybét v Evropské unii
316 milionti m*® dfeva. Dle udaji Evropské komise ¢inil v roce 2015 ¢isty import dieva do EU
38 miliontt m® dieva (Cazzaniga akol. 2019). Johnson a kolektiv v roce 2018 publikovali
optimisti¢téjsi odhad, nez Mantau a kolektiv v roce 2010. Dle Johnsona a kolektivu bude
v roce 2030 v EU chybét jen 31 miliont m® dieva. Rozdil mezi témito dvéma prognézami
spociva v tom, ze Johnson a kolektiv neuvazuji vyuzivani surového difeva pro energetické

ucely, jako Mantau a kolektiv.

Vyse popsany jev samoziejmé neni pouze lokalnim jevem odehravajicim se v Ceské
republice, ale v urcitych obdobach je mozné jej pozorovat také v Asii ¢i Jizni Americe.
Analyzy v této disertaéni praci jsou zaloZeny zejména na lokalnich datech z Ceské republiky a
Evropské Unie, poptipad¢ v jednom clanku na lokalnich datech z Jizni Ameriky. Vysledky

prace je vSak mozné generalizovat a aplikovat i globdln€. Generalizace vysledki je Zadouci
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zejména z divodu, Ze popisovany problém nelegalnich tézeb dievni hmoty je aktualni
zejména v rozvojovych zemich v oblasti vyskytu deStnych pralest, kde zaroven poskliziiové

zbytky nejsou nikterak vyuzivany, a to ani energeticky, ale pouze paleny na polich.

Prace je zpracovana tak, Ze v ivodni Casti je detailné rozpracovana cast pravnich a
administrativnich aspekti pro vyuziti alternativnich surovin, kdyz ekonomické a
technologické aspekty jsou obsazeny v odbornych ¢lancich a jsou v této praci obsazeny
souhrnné tak, aby prace poskytovala jasny ptehled aspektl, které z vyuziti alternativnich

surovin plynou.

Udrzitelnd produkce lignocelul6zovych materidld (dfeva ¢i stonkti jednoletych a
dvouletych rostlin) a vyroba produkti z téchto biomaterialii je zdsadni bioekonomicka otazka
(Evropska komise 2012). A¢ tato prace predstavuje stonky jednoletych a dvouletych rostlin
jako vhodny substitut difeva, rozhodné netvrdi, ze je nutny rast produkce téchto stonki
dosahovat expanzi zemédélsky obhospodafované plidy ¢i neudrzitelnou intenzifikaci
zemédelské vyroby. Naopak, veskeré kalkulace, které jsou v praci provadény, uvazuji pouze
s poskliznovymi zbytky, které Ize dle osvédCenych agronomickych postupii v ramci
udrzitelného zeméd€lstvi z pole odebrat. Navrzené bioekonomické fesSeni, které je v praci
popisovano zejména v kontextu evropském, vSak miize byt akcentovano a aplikovano i
v métitku celosvétovém, tim spise, Ze k masivnim nelegalnim tézbam dfeva dochézi zejména
v rozvojovych zemich, a pravé tam by bylo zdhodno nelegaln¢ vytézenou difevni hmotu

substituovat poskliziiovymi zbytky.
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2. Cile prace

Cilem préce je zhodnoceni moznosti vyuziti poskliziiovych zbytk zemé&délskych plodin
v Ceské republice hojné péstovanych pro vyrobu kompozitnich materiali. Konkrétné se jedna
o nasledujici posklizitové zbytky: plevy pSenice ozimé, stonky pSenice ozimé, stonky fepky
ozimé. Préace si klade za cil (a) zhodnotit administrativni a pravni aspekty zahdjeni dané
vyroby, v€. moznych dotacnich titull; (b) zhodnotit technicka a technologické feseni vyroby;
(c) zhodnotit ekonomické aspekty vyroby, zejména piredpoveéd’ stability dodavky surovin

v Case a vycislit potencial téchto surovin.
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3. Rozbor problematiky

3.1. Mimoproduk¢ni funkcee lesa

V soucasné dobé¢, kdy si spolecnost zacina stale vice uvédomovat dopad klimatickych
zmen, zaCind nabyvat na dilezitosti ochrana zivotniho prostfedi v podobé¢, ve které jsme jiz po
nékolik generaci navyknuti zit. Vyssi teploty, sucho, klirovcova kalamita, to jsou jen nékteré
dopady, které spolecnost vnima a zac¢inaji tak byt patrné snahy o alespon ¢astecné zastaveni
téchto zmen, které v§ak dle mého nazoru maji stale spiSe ekonomického ptivodce. Avsak diky
vSem probihajicim zménam v krajin€ si Sirs§i vefejnost zacind uvédomovat dilezitost zivotni

prostiedi v podobé, ve které¢ ho nyni zname, a to nejen z divodii ekonomickych.

Jak jiz bylo zminéno vyse, v ivodu této prace, pripadné zvyseni vyuziti poskliziovych
zbytkli pro dalSi vyrobu v celosvétovém meéfitku je moznosti, jak ochranit lesy, zatizené
zejména nelegalni t€zbou, pred dalsim odlesniovanim, a to zejména pro zachovani moznosti
poskytovat mimoprodukcéni funkce lesa a zabranit tak znehodnocovani ekosystémovych

sluzeb lesa v postizenych lokalitach.

Pokud budeme celosvétove uvazovat s poskliziiovymi zbytky zemédélskych plodin jako
s ndhradou za dfevni biomasu, mize zvySeni materidlového vyuziti téchto poskliziiovych
zbytkli snizit v postizenych lokalitich odlesiovani a zabranit tak znehodnocovani
ekosystémovych sluzeb lesa — produkénich, kulturnich, regulaénich i podplrnych. Nize v této
kapitole je predstaven uceleny piehled téchto ekosystémovych sluzeb, se zaméfenim na les,

pricemz jsou piedstaveny pohledy rtiznych autord.

3.1.1. Ochrana lesa — historie a souc¢asnost

Dle udaji Ceského statistického ufadu lesy nyni pokryvaji stabilné cca 33% rozlohy
Ceské republiky a jsou nenahraditelnou slozkou Zivotniho prostiedni a velmi dilezitym
obnovitelnym ptirodnim zdrojem (de Groot a kol. 2002), ktery spole¢nosti poskytuje mnohé
(Kindler 2016), pficemz od roku 2002 je patrny neustdly mirny ptirstek plochy, jez se
zvetSuje zejména u soukromych vlastnikti a mést a obci. V ptipad¢ lest statnich je pozorovan

mirny sestup rozlohy, aviak v zanedbatelné miie (CSU 2018).

Ceské zemé& a jeji zdkonodarce si byl nutnosti ochrany lesa, jako jednoho z

vvvvvvvvvvvv
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pravni normy upravujici ochranu lesa tak najdeme jiz v Maiestas Carolina, ktery vSak byl
Karel IV. nucen prohlésit za shotely, nebot’ reformatorské myslenky omezujici moc stavi
nebyl schopen prosadit (Maly 1997). Naptiklad v Anglii byla podobnd tuprava jesté diive,
konkrétné v obdobi Viléma Dobyvatele, tedy v 11. stoleti (Green 2013).

Prvni pravni predpis upravujici ochranu lesa na celém uzemi byl Tereziansky lesni fad z
roku 1754, avSak prvnim modernim piedpisem upravujicim tuto problematiku byl Lesni
zakon z roku 1852. Néasledovna pravni uprava pochézejici z dob 60. a 70. let 19. stol. byla

vzhledem k dobé¢ vzniku zamétena na hospodareni s lesy statnimi (Tuhacek a Jenikova 2015).

Pro pomérné rozsahlou plochu naSeho uzemi je v soucasné dobé stéZejnim pravnim
predpisem zakon ¢. 289/1995 Sb., o lesich a 0 zméné nékterych zakoni, ve znéni pozdéjsich
piedpist (dale jen ,lesni zdkon*), jez v ustanoveni § 1 jasné deklaruje zajem zakonodarce o

zachovani lesa, péci o les a obnovu lesa jako narodniho bohatstvi.

Lesni zakon se, dle Drobnika, snazi vytvofit vyhovujici pravni prostiedi nejen pro
hospodateni na velkych plochach statnich lesi, ale téZ i pozadavkim jinych vlastnikd, véetné
vlastnikti menSich lest. Hlavnim cilem je samoziejmé zachovani lesii, coz plisobi na upravu
harmonizace vztahii spojenych jak s produk¢ni, tak mimoprodukéni funkei lesti. (Drobnik a

Dvoréak 2010).

Mezi dals$i neopomenutelné zakony patii téz zakon ¢. 114/1992 Sb., o ochrané ptirody a
krajiny, ve znéni pozdéjsich predpisi, jez upravuje pravni rezim lesti v nékterych kategoriich
zvlasteé chranénych Uzemi a zohlediuje téz evropskou upravu oblasti oznacenych Natura
2000. Dale téz zakon ¢. 254/2001 Sb., o vodach, ve znéni pozdé&jSich ptedpisi, jez upravuje
rezim lesnich pozemkl v ramci chranénych oblasti piirozené akumulace vod a ochranna
pasma vodnich zdroji. Dale téz zakon ¢. 449/2001 Sb., o myslivosti, ve znéni pozd¢jsich
predpisii, ktery upravuje problematiku snizovani stavli zveéfe v honitbé jako opatieni pro

ochranu lesnich porosti.

3.1.2. Funkce lesa

Z vyse uvedeného je patrné, Ze 1 zakonodarce si je védom hodnoty lesa a jeho funkei, o
cemz svédci téz ust. § 2 pism. b) lesniho zdkona, kdy urcuje ,,funkcemi lesa prinosy
podminéné existenci lesa, které se cleni na produkcni a mimoprodukcni . Tato mySlenka je
déle rozvedena v ust. § 8 tohoto zdkona, kde je urcena kategorie lest se zvlastnim uréenim, ve

kterych je plnéni mimoprodukénich funkei lesa nadfazeno plnéni produkénich funkei. Ust. § 8
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odst. 2 lesniho zdkona taxativné vyjmenovava, ze jde o lesy: ,,a) v prvmich zonach
chranénych krajinnych oblasti a lesy v prirodnich rezervacich, narodnich prirodnich
pamatkach a prirodnich pamdtkach, b) lazenské, c) priméstské a dalsi lesy se zvySenou
rekreacni funkci, d) slouzici lesnickému vyzkumu a lesnické vyuce, e) se zvySenou funkci
ptidoochrannou, vodoochrannou, klimatickou nebo krajinotvornou, f) potiebné pro zachovani
biologické riiznorodosti, g) v uznanych obordach a v samostatnych bazantnicich, h) v nichz jiny
dulezity verejny zdjem vyzaduje odlisny zpiisob hospodareni.“ Vyskot k tomuto dopliuje, ze
mimoproduk¢ni funkce lesa jsou tak uplatiovany jen v jinych nez hospodarskych lesich

(Vyskot 2003).

Pojem mimoproduk¢éni funkce lesa obsahuje také wvyhlaska ¢. 298/2018 Sb., o
zpracovani oblastnich planti rozvoje lesti a o vymezeni hospodaiskych soubori, v ust. §3 odst.
1 pism. a), kdyZ urcuje, Ze oblastni plan obsahuje také zjiSténi funkEniho potencionélu lest
v dané oblasti, a to pro funkci produkcni a funkce mimoprodukéni. Na rozdil od vyhlasky €.
83/1996 Sb., o zpracovani oblastnich planti rozvoje lest a o vymezeni hospodaiskych
souborid, vSak na stejném misté rezignuje na prikladny vycet mimoprodukcnich funkei,
kterymi byly funkce vodoochranné, ptidoochranné, rekreacni, reprodukcni (zachovani a
rozvoj genofondu) a funkce ochrany ptirody apod. Jiné nez produkéni funkce lesa odliSuje téz

literatura, avSak pftistupy a klasifikace se odliSuje.

Vyskot charakterizuje funkce lesa jako ,,napliiovani aktualnich tcelovych pozadavkua
spolecnosti na les* a dale dopliuje, Ze dominujici funkci lesa je dfevorpodukcni. Zaroven
Vyskot upozoriiuje na dvoji pojeti objektivizace funkei lesa, a to jako utilitdrni pojeti funkci
lesa, tzv. antropocentrické a existenéni pojeti, tzv. ekosystémové. V pripade
antropocentrického pojeti vychazi z principu uzitkovosti a Cleni funkce lesa na tii zékladni
skupiny — hospodarské, ekologické a socidlni, které pak jesté dale Cleni, kupt. ekologickou
funkci dale rozdéluje na stabilizacni, piidoochrannou, vodohospodéiskou a klimaticko-
vzduchoochrannou. Zajimavé pak je, tvrzeni, ze lesni ekosystém neni schopen produkovat
zadné funkce, protoze rekreace neni ¢innosti lesa, nybrz clovéka. Stejny ndzor ma i na funkci
turistickou, kdyz turistika je také pouze ¢innosti ¢loveka, s funkci kulturné nau¢nou, védeckou

atp. (Vyskot 2003).

Naproti tomu pro ekosystémové pojeti je charakteristické pouhym rozliSenim uc¢inkt

lesa, tedy jeho naturdlnich schopnosti. Dle tohoto pojeti pak rozliSuje klimatické, hydrické,
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edafické, fytobiologické a krajinotvorné funkéni ucinky, stim tvrzenim, Ze je nutné si

uvédomit, Ze tyto €inky plsobi v kazdém lesnim ekosystému, a to synergicky.

Sisak a Pulkrab zevrubné hovoii o mimoprodukénich funkcich lesa, které oznacuji jako
funkce bez trzni hodnoty a mezi které fadi ekologické funkce lesa (plidoochranné,
vodohospodarské a vzduchoochranné funkce), kulturné-naucné funkce lesa, obranné funkce

lesa a zdravotnd-hygienické (Sisak a Pulkrab 1994).

Ve své praci Sisak konstatuje, Ze existuji dvé mozné formy vyjadieni vyznamu lesa jako
objektu a jeho funkci, a to penézni a nepenézni, pii¢emz upozoriuje, ze penézni ocenovani je
jednim z moznych pohledt, ktery vSak neni mozné absolutizovat, kdyz jde o vysledek
plynouci zejména z neoklasické ekonomiky. Nad ramec teoretického konstatovani
mimoprodukéni hodnoty lesa pak Sisdk hodnoti mozné piistupy k samotnému ocendni
ekonomického vyznamu funkci lesa, tedy na zéklad¢ Cistého diichodu nebo renty, nakladovy
pfistup nebo vynosovy pfistup aj. s tim zavérem, Ze pro ocenéni ekonomického vyznamu je
nejvhodnéj$i mimotradny zisk, renta. Zarovenn k tomuto dopliuje, Ze jde o velmi obtiznou
disciplinu snazit se o vyjadieni hodnoty socialnich funkci lesa v penézich, pfiCemz jeji
piipadné porovnani s hodnotou ekonomické stranky funkci lesa je velmi problematické (Sisék

a Pulkrab 1994).

Sisdk a kolektiv ve studii publikované vroce 2013 piedstavili metodiku
diferenciovaného ocenovani spolecenské socidlné-ekonomické vyznamnosti funkci lesa, kdy
zésadnim faktorem, kterym se publikovand metodika odliSuje od metodik piedeslych, je
vypocet hodnot nikoli absolutnich, ale relativnich v porovnani s hodnotami funkci jinych
zakladnich pldnich krytd krajiny, kterymi muze byt les nahrazen, napf. trvalym travnim
porostem. Metodika ocenovani spoleCenské socidlné-ekonomické vyznamnosti funkci lesa
zohlediiuje funkce trzni, zprostfedkované trzni a netrzni, kazdd z funkci je ocenovana
individualnim pfistupem. Trzni funkce jsou vypocitany ztrzeb (za dievo v cenach na
odvoznim misté, za zvéf podle objemu trzeb), zprostiedkované trzni funkce (hydrické a
pudoochranné) jsou ocenovany na zdkladé ndkladl prevence a kompenzace, netrzni funkce
pak expertnim odhadem (Sisdk a kol. 2013). Mimoprodukéni funkce lesa jsou vsak
spoleCensky podminéné, v raznych oblastech a case, u rtiznych skupin obyvatelstva maji
mimoproduk¢ni funkce lesa jinou spolecenskou hodnotu. Proto je nutné metodiky, které byly
vytvareny v jiném hodnotovém prostiedi, aktualizovat. Ve vétsin€ ¢asti metodiky publikované

vroce 2017 doSlo knovym kalkulacim trovné vstupi. Metodika nabizi aktualizované
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vyCislené hodnoty sluzeb lesa jako ekosystému, které jsou transparentni, jednoduse
identifikovatelné a odpovidajici jejich socialng-ekonomickému dopadu na spoleénost (Sisak a

kol. 2017).

Z vyse uvedeného je patrné, Ze hodnota tzv. mimoprodukénich funkci lesa nebyla pouze
teoreticky konstatovana, ale téz riznymi zpiisoby vypocitavana. Dle mého nazoru si nove tyto
funkce stale vice zac¢ind uvédomovat 1 Sir§i spoleCnost a hledd rizné zpisoby, jak je v co

nejvetsi mife zachovat i nadale.

Jednou z moznych variant by bylo dle mého mozné vyuziti poskliziiovych zbytki jako

mozného substitutu za surové dievo.

Kazdy asi ihned namitne, Ze v sou¢asné dobé je v Ceské republice dieva nadbytek, ktery
je nutno prodavat za velmi nizké Castky, pokud se prodej vibec podaii. Je vSak tfeba brat
v potaz blizkou budoucnost, v horizontu pfistich 5 az 10 let, kdy se situace dramaticky, praveé

z divodu aktualniho stavu, obrati.

V ramci celosvétového meéfitka je tato potieba velmi aktualni jiz nyni, zejména

v mistech, kde je les kacen, pro ziskdni dfeva (kupt. Asie).

Veskeré produkéni a mimoprodukéni sluzby lesa mizeme souhrnné nazyvat
ekosystémové sluzby lesa. Podobné jako ceSti autofi, rozd€luji i1 zahraniéni autofi
ekosystémové sluzby lesa do podobnych kategorii, s drobnymi odliSnostmi. Tabulka 1
zachycuje rozdéleni ekosystémovych sluzeb lesa uvedené v Brockerhoff a kol. 2017, tabulka

2 pak zachycuje rozdé€leni ekosystémovych sluzeb lesa uvedené v Almeida a kol. 2018.

Na tomto misté je vhodné zdaraznit i rozdil mezi ekosystémovymi sluzbami a
funkcemi. At uz jsou ekosystémové sluzby definovany jakkoli, vzdy jsou definovany ve
vztahu k ¢lovéku. Naproti tomu se ekosystémové funkce vyskytuji nezavisle na tom, zda

z nich lidé mohou benefitovat (Escobedo a kol. 2011).

Tabulka 1 Seznam ekosystémovych sluzeb lesa dle Almeida a kol. 2018

Typ ekosystémové sluzby Nazev ekosystémové sluzby

produkce dieva a biomasy, nedfevni

Produkéni o
produkce, zver

) rekreace, turismus, vzdélavani, pozorovani
Kulturni . .
rostlin a zvéte

Regulacni kontrola znecisténi, retence vody, ochrana
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proti erozi, ukladani uhliku

odolnost proti klimatické zméné,
Podptirna biodiversita, odolnost proti boufim, odolnost
proti suchu, odolnost proti nakazam

Tabulka 2 Seznam ekosystémovych sluzeb lesa dle Brockerhoff a kol. 2017

Sekce Divize Trida
) Rostliny a zvét
Vyziva Y -
Voda (pitnad)
Dievni biomasa
Produkéni . — >
Material Geneticky material
Voda (uzitkova)
Energie Palivové dievo

Filtrace, sekvestrace

Mediace toxickych latek a

wr oo Mediace pachu a hluku,
rusicich jeva

vizualni vliv

Ochrana proti erozi

Regulace toku vody

Mediace zaplav -
P Ochrana proti zaplavam

Regulaéni Ochrana proti boufim

Opyleni a rozptyl semen

Poskytovani ptirozené¢ho

Udrzba fyzikalni, chemické a mista vyskytu
biologické kondice Kontrola sktidct a chorob
Tvorba pidy
Regulace klimatu

ZkusSenostni uziti rostlin,
zvitat a prostiedi

Fyzicka a intelektudlni Fyzické uziti rostlin, zvitat
interakce s piirodou a prostiedi

Védecké a edukaéni uziti

Kulturni . v T
rostlin, zvitat a prostiedi

Symbolické a posvatné

Spiritualni a symbolicka rostliny, zvifata a prostfedi
interakce s pfirodou Byti a odkaz budoucim
generacim

Escobedo a kol. 2011 si vSak kladou i otdzku, zda jsou ekosystémové sluzby lesa vzdy

pozitivni. Podobné jako ekosystémové sluzby lze definovat i negativni ekosystémové sluzby
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lesa, neboli ekosystémové naklady, které negativné ovliviiuji blahobyt lidi (Tabulka 3).
Koncept negativnich ekosystémovych sluzeb lesa je nejvice pouzivan pii vycCislovani Cisté
hodnoty ekosystémovych sluzeb méstskych lest, kdy polozky jako alergie, strach
z kriminality ¢i koncentrace divokych zvifat cistou hodnotu ekosystémovych sluzeb

meéstskych lesii snizuje (Escobedo a kol. 2011; Ango a kol. 2014).

Tabulka 3 Priklady negativnich ekosystémovych sluzeb lesa dle Escobedo a kol. 2011

Naklady Negativni ekosystémové sluzby

Udrzba porostu v¢. zavlazovani méstskych
lest
Skody na infrastruktufe zptisobené vegetaci
Néklady usl¢ ptilezitosti zaborem pudy
Stinéni (zvySeni spotieby energie)
Produkce zeleného odpadu
Ujmy na zdravi (nemoci pfenasené hmyzem
a zver, alergie, atd.)

Finanéni

Zdravotni obtize
Obtize zplisobené zveri
Negativni esteticky vliv a stinéni
Strach z kriminality

Spolecenské

Spotteba vody, hnojiv a pesticida
v mestskych lesich
Spotieba energie managementem
Environmentalni Znecisténi ovzdusi emisemi vzniklymi pfi
udrzbé a pozarech, VOC emise
Introdukce invazivnich druhi a vytlaceni
puvodnich druhii

3.2. Administrativni a pravni aspekty

Zakladni administrativni a pravni aspekty, se kterymi se bude nutné v piipad¢ snahy o
vyuziti poskliziovych zbytki zabyvat, bude fizeni u pfislusného rejstiikového soudu,
zivnostenského tradu, v ptipadé nutnosti stavebnich uprav stavebni fizeni ev. posouzeni vlivu
na zivotni prostfedi, aj. Situace se bude samoziejme zcela lisit, a to v zavislosti na tom, zda jiz
provoz na vyrobu dievotiiskovych desek jiz existuje, ¢i nikoliv, ptipadné¢ zda se bude jednat o
provoz osoby fyzické, nebo pravnické. DalSimi aspekty, které budou situaci odliSovat, bude

kupf. velikost provozu, nebo dalsi planovany rozvoj ¢innosti a ev. také spole¢nosti samotné.
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Pro ptehlednost jsou niZe jednotlivé situace rozdéleny do nékolika podkapitol tak, aby
bylo zfejmé, jaké zésadni pravni ev. administrativni otdzky bude nutné v konkrétnich
podminkach vyfesit. V rdmci této prace tak bude feSena situace, kdy se nove vznikajici
vyrobou bude zabyvat jiz existujici obchodni spole¢nost, ktera v soucasné situaci jiz vyrabi
konvenc¢ni dfevotiiskové desky (ze zkuSenosti zpraxe byla véEétS§i pozornost vénovana
posouzeni vlivu na zivotni prostiedi); spolecnost, kterd se dosud zabyvala vyrobou odli$nou;
jiz podnikajici fyzickou osobou; nebo zda dana osoba teprve zacne podnikat, pficemz v tomto
piipadé bude z pocatku téz nutné zhodnotit, zda podnikat zacne jako osoba fyzicka, nebo
zalozi obchodni korporaci, v tomto ptipad¢ pak také jaky druh. Je pravdépodobné, ze pro
vyrobu desek z poskliziiovych zbytkli bude nutné zaméstnat vét§i mnozstvi zaméstnancii a je
tak spiSe menSi Sance, Ze by podnikatel podnikal jako osoba samostatné vydélecné ¢inna,

avSak z divodu uplnosti a korektnosti je 1 tato varianta v této praci rozpracovana.

3.2.1. Jiz existujici obchodni spole¢nost, ktera vyrabi konvencni

drevotriskové desky

Vzhledem k nize popsanym zménam ve vyrobé bude pravdépodobné nutné provést
minimaln¢ stavebni Upravy, ne-li vystavbu novych objekti (kupt. skladovacich prostor), ve
kterych by bylo mozné planovanou vyrobu realizovat. K tomuto bude zcela jist¢ nutné
iniciovat zahdjeni stavebniho fizeni dle zékona ¢. 183/2006 Sb., o uzemnim planovani a
stavebnim fadu (stavebni zakon), ve znéni pozdé&jSich predpist. V ramci tohoto fizeni vSak
bude nutné také posoudit vliv na zivotni prostiedi dle zakona ¢. 100/2001 Sb., o posuzovani
vlivli na Zivotni prostiedi a o zméné nékterych souvisejicich zédkonti (zdkon o posuzovani
vlivil na Zivotni prostfedi), ve znéni pozd¢jSich ptedpist, a to z divodu moznosti vzniku
negativniho vlivu na zivotni prostfedi. Konkrétni povinnost provedeni tohoto zhodnoceni je
obsazena v pfiloze €. 1 tohoto zékona, ktera urci, Ze vyroba dievovlaknitych, dievotiiskovych,
pilinovych desek nebo preklizek a dyh od limitu 200 m?/den je podfazovéna pod vyrobu, u
které bude toto posouzeni nezbytné vykonat, pficemZ zjiStovaci fizeni bude vedeno
pfislusnym krajskym tufadem. Ucelem zjistovaciho fizeni je zjisténi, zda bude nutné
posouzeni vlivu na zivotni prostfedi vykonat, ¢i nikoliv. Krajsky ufad muze rozhodnout, Ze se
posouzeni vlivu konat nebude, pfiCemz proti tomuto rozhodnuti se mimo ucastnikli fizeni

muze odvolat také spolek (ziska-li 200 podpisi, nebo existuje alespont 3 roky (§3 pism. 1)),
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ktery je poté opravnén podat téZ spravni Zalobu.!

Dle soucasnych ptedpisit je mozné
posouzeni provést v rdmci uzemniho fizeni, nebo v ramci spojeného tizemniho a stavebniho

fizeni.

Jednotlivé faze fizeni je mozné popsat nasledovné. Zaroven je na tomto misté¢ vhodné
uvést, ze se jedna o druh spravniho fizeni a zakon ¢. 500/2004 Sb., spravni fad, bude uzit
subsidiarng, tedy podptirng. Rizeni je zahajeno ve chvili, kdy investor doruéi ozndmeni spolu
s dokumentaci pfislusnému krajskému uradu. Tyto podklady je vSak opravnéna zpracovat
vyhradné osoba k tomuto autorizovana. Oznameni  spolu s dokumentaci je vzdy

uvetejnéno na webovych strankach https://portal.cenia.cz/eiasea/view/eial 00 _cr - Informacni

systém EIA - tak, aby bylo mozné po vypracovani posudku od nezavislé akreditované osoby
provést vefejné projednani. K tomuto fizeni se miiZze jakakoli osoba kdykoli vyjadfit, pficemz
krajsky ufad neni povinen se timto jakkoli fidit, nebo je pii vydani svého rozhodnuti
projednat. Rozhodnuti, jez je vysledkem tohoto fizeni, je pak zavaznym stanoviskem pro dalsi
fizeni, tedy jak je vySe uvedeno, pro uzemni nebo spojené uzemni a stavebni fizeni, a dalsi
organy vetejné spravy jej musi vzdy respektovat a zohledilovat ve svych fizenich, pro ktera je
jednim z nezbytnych podkladii. Je-li vydano stanovisko, které¢ znemoziuje zadosti vyhovét,

spravni organ zadost bez dal$iho zamitne (§149/4 SR).

V ptipadé, ze podané odvolani bude smeéfovat proti obsahu tohoto zavazného
stanoviska, bude odvolaci organ vyzadovat po nadfizeném organu, ktery toto stanovisko
vydal, potvrzeni nebo zménu uvedeného zavazného stanoviska (§149/5 SR). Je-li vydano
zavazné stanovisko nezdkonné, lze jej zménit ev. zrusit v pfezkumném fizeni, ke kterému je
pfislusny nadfizeny orgéan, ktery rozhodnuti vydal, pfiCemz k tomuto je opravnén podat

podnét také jiny spravni organ (§149/6 SR).

Uspésnost nasledného stavebni fizeni pak zavisi nejen na bezchybném zpracovani
projektové dokumentace, ale téz na dalSich zavaznych stanoviscich dalSich dotcenych osob. I
v tomto piipadé vSak samoziejm¢ plati, Ze tato stanoviska musi byt kladna, v opacném
ptipad¢ bude zadost bez dalsiho zamitnuta, lhostejno, o jaké fizeni se bude jednat, zda pajde o
ohlasku, nebo stavebni povoleni. Stavby, pro které dostacuje ohlaska, jsou urceny

v ustanoveni § 103 a nasl. stavebniho zakona.

! stanovisko EIA je moZzno napadnout prostfednictvim namitek, proti samotnému rozhodnuti je moZno podat

odvolani dle SR, piip. podat spravni zalobu za Gi¢elem zruseni rozhodnuti
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S ptipadnym rozsifenim vyroby jsou pak déle spojeny dalsi aspekty, pro které druh nové
¢innosti neni rozhodujici, tedy kupt. ndbor novych zaméstnancti a administrativni zatéz s tim
spojend. Tedy nutnost nahlasit zaméstnance u zdravotni pojistovny, piihlasit zaméstnance u

Ceské spravy socialni zabezpeceni, Finan¢niho tradu.

3.2.2. Jiz existujici obchodni spole¢nost s odliSnou vyrobou

V tomto piipad¢ je vysoky ptfedpoklad nutnosti provedeni zhodnoceni vlivu na Zivotni
prostiedi tak, jak je uvedeno vySe, a to zejména s ohledem na predpokladanou vyraznéjsi
zménu ve vyrob¢ a s tim plynouci nutnost vyraznéjSich stavebnich tprav (sklady suroviny,

hospodateni s odpadni vodou, zamezeni emise prachu).

Dle ustanoveni § 123 zdkona ¢. 89/2012 Sb., ob¢ansky zakonik, ve znéni pozd¢jsich
predpisii, patii vedle sidla a firmy (dle §423 odst. 1 obcanského zakoniku — néazvu)
k zakladnim pozadavkim na zakladatelské pravni jednani téz urceni predmétu Cinnosti. Dalsi
konkretizaci pfedmétu podnikani nebo Cinnosti vyzaduje ustanoveni §146 odst. 1 zakona ¢.
90/2012 Sb., o obchodnich spole¢nostech a druzstvech (zdkon o obchodnich korporacich), ve
znéni pozdé€jsich ptedpisu. ,,Predmeét cinnosti bude spolecenské smlouva obsahovat namisto
predmétu podnikani v pripade, Ze spolecnost bude v souladu s § 2 odst. 1 zaloZena za jinym
uicelem, nez je podnikani (Stenglova a kol. 2017). Samotné zpracovani dfeva je uvedeno
v priloze €. 4 zékona ¢. 455/1991 Sb., o zivnostenském podnikéni (zivnostensky zakon), ve
znéni pozdéjsich predpisii, jako Zivnost volna. Je velmi pravdépodobné, ze Cinnost probihajici
v dosavadni vyrobé bude také spadat do této kategorie a nebude tak nutné ménit predmét
podnikani, ktery je povinn¢ zapisovan do obchodniho rejstitku vedenym piisluSnym
rejstiikovym soudem. ,,Predmeét cinnosti nebo podnikani se zapisuje zpravidla vidy, protoze
c¢innost je realizaci ucelu. Oproti tomu ucel je zpravidla vymezen podstatou pravnické osoby a
do verejného rejstiiku se podle hmotného prdva zapisovat nemusi. Ucel je soukromy nebo
verejny s tim, Ze neni-li vymezen, urcuje se zpravidla podle hlavni cinnosti. Ucel se napr-
vymezuje u spolku [§ 218 pism. b) ObcZ] nebo u nadaci verejne prospésny ucel, dobrocinny
ucel [§ 311 odst. 2 pism. b) ObcZ]. Oproti tomu u obchodnich korporaci, kde se predpoklada

ucel podnikatelsky, byt nejen, se ucel do verejného rejstiiku nezapisuje “ (Havel 2015).

V ptipad¢, Ze je dosavadni ¢innosti také zivnost volna a obchodni spolecnost ma jiz

potiebna opravnéni, netfeba dale situaci fesit s piislusSnym zivnostenskym ufadem.
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Volna Zivnost je dle ustanoveni §19 zivnostenského zdkona urcena jako Zivnost
ohlaSovaci a je tedy nutné ji ohlasit pfislusSnému zivnostenskému ufadu, pfi¢emz k tomuto je

nutné uvést veskeré nalezitosti uréené ustanovenim § 45 odst. 3 Zivnostenského zakona.

Splni-li ohlasovatel vSechny pozadované nalezitosti, vydd mu dle wust. §47
zivnostenského zakona ptislusny Zivnostensky tfad do 5 dnit ode dne doruceni ohldseni vypis

z zivnostenského rejstiiku.

Opét 1 v tomto pripad¢ bude nutné zajistit standartni zalezitosti spojené s rozsifenim

vyroby.
3.2.3. Podnikajici fyzicka osoba

V ptipadé¢ jiz podnikajici fyzické osoby bude nutno feSit jak stavebni fizeni
s posouzenim vlivu na Zivotni prostfedi, tak pfipadné fizeni u ptisluSného Zivnostenského
ufadu. Podnikajici fyzickd osoba je opravnéna na pfislusném zivnostenském ufadu podat
piihlaS8ku k dani z pfijmu nebo silnicni dani, podat piihlasku k diichodovému pojisténi,
nemocenskému pojisténi, podat oznameni dle zdkona o vefejném zdravotnim pojiSténi piip.
téZ oznamit zahajeni samostatné vydélecné ¢innosti dle zdkona o socidlnim zabezpeceni (ust.§

45a a § 45b zivnostenského zakona).

3.2.4. Dosud nepodnikajici fyzickA osoba/dosud nevznikla

obchodni spole¢nost (moZné druhy obchodni spole¢nosti)

Nejdfive je nutné ujasnit si, jaka pravni formu podnikani bude pro dalsi ¢innost a rozvoj
nejvhodnéjsi, tedy zda bude zaloZena, ev. pofizena obchodni spolenost’, nebo zda bude
fyzickd osoba podnikat jako osoba samostatné vydéleéné &inna (tzv. OSVC). V piipadé
zaCinajiciho podnikdni se jevi jako vhodnéjsi podnikani prostiednictvim obchodni
spolecnosti, a to idedlné takové, kde fyzickd osoba neruci zdvazky a existuje vétsi moznost
vstupu potencialnich investori nebo prodeje. Samotné¢ zhodnoceni jednotlivych typa
obchodnich spole¢nosti bude uvedeno nize tak, aby bylo mozno zjistit a zhodnotit veSkeré

mozn¢é klady a zapory dané spolecnosti pro kazdy konkrétni ptipad.

2 je mozno poiidit jiz zalozenou, aviak nikdy ¢&innost nevykonavajici tzv. ready made spole¢nost, nebo
spolecnost jiz existujici tzv. s historii, ktera je vhodna kupf. pro potfeby zadosti o rizné dotacni tituly, avSak
velmi rizikova z pohledu jak finan¢niho (predluzenost), tak pravniho (mozna trestni odpovédnost pravnické
osoby dle zakona ¢. 418/2011 Sb., o trestni odpovédnosti pravnickych osob a fizeni proti nim, ve znéni
pozdgjSich predpisit)
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Obecné je mozno zkonstatovat, ze mezi klady podnikani jako osoby samostatné
vydéle¢né Cinné patii relativné niz8i administrativni zatéz, nebot’ dostaCuje vyplnit tzv.
jednotny registraéni formular a splnit zakladni pfedpoklady pro ziskani zivnostenského
opravnéni, mezi které patii dosazeni zletilosti, svépravnost, tedy zptisobilost k praévnimu
jednani, bezuhonnost, pfiCemz vypis z rejstiiku tresti neni jiz tfeba dokladat, neexistence
danovych nedoplatkt, ptip. nedoplatkii na socidlnim a zdravotnim pojisténi. Zarovei i danové
hledisko byva povazovano za klad, kdyz osoba samostatné¢ vydélecné ¢inna odvadi dan
z ptijmu ve vysi 15%, oproti tomu dail z pfijmu pravnickych osob ¢ini 19%. Rozdé&li-1i si
spole€nici podil ze zisku, bude tento zisk dale také zdanén 15% dani. Zaroven je osoba
samostatné vydelecné ¢innd opravnéna vést pouze evidenci piijml a pohledavek a nevést tak
danovou evidenci. Daniové vydaje jsou pak v tomto pfipadé vypocitavany jako urc. procento
z ptijmu diky tzv. pauSalnim vydajim, avSak pouze do vysSe stanovené¢ho maxima, které je
kazdym rokem spiSe snizovano. V piipadé uvazované vyroby desek z poskliziiovych zbytka
je predpoklad, ze bude nutné zaméstnavat vétsi mnozstvi zaméstnanct a naklady budou zcela
jisté prevySovat tyto vySe zminéna maxima. S takto vét§Sim mnoZstvim zaméstnancl se tak

zcela vytrati nejvetsi klad této formy podnikani — nizkd administrativni zatéz.

Nutno poznamenat, ze vobou ztéchto piipadi bude nutné provést registraci
zamestnavatele u zdravotni pojiStovny/zdravotnich pojistoven, u Ceské spravy socidlni
zabezpeceni, u Finan¢niho ufadu. Zaroven také bude nutné uzaviit zakonné pojiSténi

odpovédnosti zaméstnavatele.

Aspektem, ktery je dobré zminit, je také nesrovnatelné vyssi administrativni narocnost

ukonceni podnikéani v pfipad¢ likvidace spolecnosti.
Dosud nevznikla obchodni spolecnost

Prvnim krokem pfi zaloZeni spolecnosti, je volba, kterou obchodni spolecnost zalozit.
Dle zakona o obchodnich korporacich rozliSujeme spole¢nosti osobni a kapitdlové.
NejzasadnéjSim rozdilem mezi témito spoleCnostmi je zpiisob ruc¢eni, kdyz spolecnici neruci
za dluhy spole¢nosti, pfip. jen omezen¢; naproti tomu minimalné alespon néktefi spole¢nici
ru¢i za dluhy soliddrng, neomezené a celym svym majetkem (Stenglova 2017). Samoziejmé
existuji 1 dal$i rozdily, avSak pro vétsi pfehlednost budou jednotlivé znaky danych spole¢nosti

charakterizovany nize v textu.
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Osobni spolecnost — verejna obchodni spolecnost

Ziejmé nejstar§i druh obchodni spole¢nosti, znamy jiz zdob starovékého Rima,
v historii na naSem Uzemi patrné¢ nejhojnéji uzivan za dob prvni republiky, kdyz zde
neexistovala povinnost vytvaret zékladni kapital. V soucasné dobé je vefejnd obchodni
spolecnost spole¢nosti vznikajici z podnétu vice osob Ucastnicich se na jejim podnikani nebo
na spravé majetku, jeZz je mozné zalozit pouze spolecenskou smlouvou (zalozeni
zakladatelskou listinou neni mozné, protoze zakladateli musi byt alespoii dvé osoby,
lhostejno, zda osoby fyzické, ¢i pravnické). Vkladova povinnost neni i nadale urcena, a to
piredevsim z toho divodu, Ze spolecnici ruci za dluhy neomezené, nerozdilné a spolecné.
V tomto bod¢ je jisté vhodné upozornit, ze uhrazovaci povinnost z titulu ruceni je mozno
vztdhnout téZ na spole¢né jméni manzelii. Statutdrnim organem bude vzdy kazdy spolecnik,
pokud je vSak spole¢nikem pravnicka osoba, je povinna zplnomocnit osobu za ni jednajici,
pficemz neucCini-li tak, jednéd statutarni organ pravnické osoby, kterd je spoleCnikem. V
piipadé, ze spolecnik ma své vlastni podnikatelské opravnéni, toto nedostacuje a je nutné, aby
se jej ziidila spole¢nost sama pro sebe. Stenglova upozoriiuje, Ze soudasti ¢innosti této
spolednosti bude vzdy i sprava vlastniho majetku (Stenglova a Havel 2017). Neni podévéano

danové piiznani pravnické osoby, av§ak neni mozné vyuzit institutu pausalnich vydaju.

Specifikem je také skutecnost, zZe zanik ucasti jednotlivych spole¢nikli znamena ve
svém dusledku téz zanik spole¢nosti samé. Pokornd upozoriiuje t€z na zakaz pievodu podilu
spolecnikli znamenajici téz zdkaz zastaveni podilu. Ptipad smrti, tedy pfechodu podilu, je
nutné vyslovné sjednat ve spolecenské smlouvé, jinak je vyloucen. Smrt spole¢nika bude tak
znamenat zruSeni spolecnosti, nedohodnou-li se ostatni spole¢nici na jejim pokracovani.
Predmétem dédictvi by pak byl vypotadaci podil, zrusila-li by se spolecnost, pak podil na

likvida¢nim ztstatku (Pokorna 2014a).
Osobni spolecnost — komanditni spolecnost

Tento druh osobni spolecnosti vznikl zhruba kolem 12.stol. v Italii, a to za ucelem
moznosti soustfedéni kapitalu od osob, které nemély zdjem podnikat, za zisk ve formé podilu
na zisku z tohoto podnikéni. V soucasné dobé spolec¢nost vznika spolecenskou smlouvou za
podminky, ze alesponi jeden ze spolecnikli ruc¢i za zdvazky neomezené¢ (komplementar) a
druhy omezené (komandista). Stejné¢ jako u vefejné obchodni spolecnosti je mozné tuto
spolecnost zalozit za ucelem podnikani a spravy vlastniho majetku, pficemz spole¢nost musi

mit vlastni podnikatelské opravnéni, 1 pokud jim disponuje néktery z jejich spole¢nikii (Havel
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a Stenglova 2017a). Jak je uvedeno vyse, komandista ru¢i za dluhy omezené, a to do vyse
vkladu, tedy do doby, nez je do obchodniho rejstiiku zapsano, zZe splatil svlyj vklad (Havel a
Stenglova 2017b). Tyto vklady pak odpovidaji velikosti podilu, naproti tomu komplementafi
maji podily stejné (Havel a Stenglova 2017c). Pokorna dovozuje, Ze pievod podilu
komplementare je vyloucen, stejné tak i zastava tohoto podilu, oproti podilu komandisty, na
ktery je mozné aplikovat pfiméfené ustanoveni o prevoditelnosti obchodniho podilu u
spoleCnosti s ruc¢enim omezenim (Pokorna 2014b). Komanditni spolecnost nemda vnitini
organizacni strukturu a spolecnici se tak osobn¢ ucastni na fizeni spolecnosti s tim, ze
statutarnim organem jsou vyhradné komplementati (Pokorna 2014b). Pokornd poznamenava,
ze jim tak ndlezi obchodni vedeni spole¢nosti, a to vzhledem k vy$§imu riziku, které nesou.
V zasadnich otazkach rozhoduji vSak komplementaii, tak komandisté, kdyz hlasuji zvlast a je

nutné, aby souhlasily obé¢ tyto skupiny (Pokorna 2014b).
Kapitalova spolecnost — spolecnost s rucenim omezenym

Tato spole¢nost vznikla koncem 19. stol. v reakci na nutnost omezit ruceni spolecnikd, a
to 1 vjiné, snadnéjsi formé, nez kterou byla akciova spolecnost. Tento pojmovy znak je
zékladnim definicnim znakem 1 v soucasné pravni upraveé, kdyz ostatni znaky spole¢nosti
mohou byt uréeny dispozitivng, tedy odchylné, nez jak uréi zakon (Stenglova a kol. 2017a).
Hlavnim kladem oproti vySe uvedenym spole¢nostem je pouze omezené ruceni za dluhy
spolecnosti, a to do vyse nesplnéné vkladové povinnosti. Jeji minimalni vySe je vSak zakonem

(ust. § 142 odst. 1 zadkona o obchodnich korporacich) stanovena na 1 K¢.

Zalozit tento druh obchodni korporace je opravnéna jak jedna, tak vice osob, lhostejno, zda
fyzickych, nebo pravnickych, a to zakladatelskym pravnim jednanim. Toto jednani je
oznacovano rozdilng, a to podle toho, kolik osob takovéto jednani €ini. Jedna-li pouze jedna
osoba, hovofi zdkon o zakladatelské listin€, jedna-li vice osob, pak prostfednictvim
spolecenské smlouvy. Obé tyto listiny musi mit formu veiejné listiny, tedy dle ust. § 776 odst.
2 zakona o obchodnich korporacich formu notafského zapisu. Je tedy ziejmé, ze v tomto
ptipad€ musi zakladatel¢ navstivit notafe. Na toto jednani nemé zakon pouze pozadavky co do
zpusobu uzavieni, ale téz co do obsahu, pficemz mezi zakladni nalezitosti (ust. § 123 odst. 1
obcCanského zékoniku ve spojitosti s ust. § 146 zdkona o obchodnich korporacich) téchto listin
patii zejména urceni sidla, pfedmétu ¢innosti, urceni statutarniho organu, prvnich ¢lent tohoto
organu, vysi vkladu, vysi zdkladniho kapitalu, pocet jednatelii a jejich opravnéni k jednani,

urceni spravce vkladu (HolejSovsky 2014).
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Spolecnost vSak vznikd az zapisem do obchodniho rejstiiku, pfiCemz pro toto je tieba
zajistit nasledujici dokumenty: vypis z zivnostenského rejstiiku, listinu dokladajici pravni
divod uzivani prostor, ve kterych bude zapsano sidlo obchodni spolecnosti, pficemz k tomuto
postaCi pisemné prohlaseni vlastnika nemovitosti, které nebude starSi 3 mésicii, vypis
z evidence rejstiiku trestil, potvrzeni o vkladu na bankovni tcet pro dosud nevznikly subjekt a

prohléaseni spravce vkladu.

K tomuto je zaroven dilezité poznamenat, Ze k zadosti o zapis do obchodniho rejstiiku
je nutné (dle ust. § 18 zédkona ¢. 304/2013 Sb., o vetejnych rejsticich pravnickych a fyzickych
osob, ve znéni pozd¢jSich predpist) vyuzit elektronicky inteligentni formuldi dostupny na

https://or.justice.cz/ias/ui/podani.

Druhou moznosti je u€init toto jednani u kteréhokoli notéfe, ktery je opravnén nové
vzniklou spole¢nost do obchodniho rejstiiku zapsat dle ust. § 108 a nasl. zdkona o vefejnych
rejstiicich. Je-1i vyuzit tento zpusob, je placen niz$i poplatek za zapis nez v ptipad¢ bézného

zplisobu zapisu.
Dalsi povinnosti pii vzniku spolecnosti jsou téz tyto:

- aktivovat a uzivat datovou schranku
- vést uCetnictvi (podavat danové ptiznani)
- zaregistrovat se k dani z ptijmu pravnickych osob

- oznacit sidlo.

Se vznikem tohoto typu obchodni spolecnosti jsou konstituovany téz obligatorni organy,
tedy valnou hromadu, pokud mé spolecnost vice jak jednoho spolecnika, a jednatele.
Samoziejmé spole¢nost miize spolecenskou smlouvou urcit vznik téz dalSich organt, typicky
dozor¢i radu jako organ poradni. Spolecnici vSak nejsou nijak omezovani a je tak mozné, aby

vznikly téz dal$i organy — napf. inventarizacni komise.

Valna hromada je nejvys$Sim orgdnem spolecnosti a rozhoduje tak o nejpodstatnéjSich
vécech spolecnosti, kterymi jsou kupt. volba, ev. odvolani jednatele, schvalovani ucetnich
zaveérek, rozhodovani o zméné vyse zakladniho kapitdlu apod. Valna hromada je svolavana
jednatelem, a to alespoil jednou za ucetni obdobi, pficemz je samoziejm¢ mozné, aby byla
stanovena piimo frekvence Cast€j$i, nebo aby byla za zvlastnich okolnosti, jez je nutné

projednat neprodlen¢, mimofadnad valnd hromada. Ma-li spolecnost pouze jediného
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spolecnika, rozhoduje dle zakona tento spolecnik sam v plisobnosti valné hromady

(Holejsovsky 2014).

Jednateli pak dle HolejSovského nalezi obchodni vedeni spolecnosti a je statutdrnim
organem spolecnosti, ktery je volen. Jednatel musi spliiovat hned nékolik podminek, a to
svépravnost, beziahonnost, nesmi byt zndma prekazka k provozovani zivnosti a zaroven nesmi
byt na majetek jednatele samotného, piip. korporace, ve které pusobil jako ¢len organu
vedeno insolvencni fizeni. Jednatel je povinen vykondvat svoji funkci spéci fadného

hospodate, tedy s potfebnymi znalostmi a peclivé (HolejSovsky 2014).

Ptevoditelnost podilu jednotlivych spole¢nikli je moznda, kdyz naproti vyse uvedenym

spole¢nost nejde o spolec¢nost osobni.

Spole¢nost s ru¢enim omezenim nema povinnost zfidit internetové stranky, avSak ziidi-
li je, je nutné, aby na nich mimo jiné zvetejnila stejné udaje, jak je tomu v piipad¢ akciové

spole¢nosti (ust. § 7 odst. 3 zakona o obchodnich korporacich).
Kapitalova spolecnost — akciova spolecnost

Vznik tohoto typu spolecnosti je mozno datovat az do doby fimské, avSak novodoby raz
tato spole¢nost zaCala mit nejdiive ve stfedoveké Italii. Nejveétsi rozvoj vSak zaznamenala
s v souvislosti s rozvojem namoini dopravy, kterd zabezpecovala obchod s koloniemi tehdejsi

Evropy (Stenglova a kol. 2017b).

Akciova spoleCnost je spoleCnosti, jejiz zakladni kapitél je rozvrzen do urcitého poctu
akci (ust.§243 odst. 1 zédkona o obchodnich korporacich). Oproti povinné minimalni vysi
vkladu u spole¢nosti s rucenim omezenim musi zékladni kapital akciové spolecnosti Cinit
minimaln¢ dva miliony korun Ceskych, ev. 80 tis. EUR. Tuto vysi stanovil zdkonodarce jako
tzv. test seridznosti. Akcionafi neruc¢i za dluhy spolecnosti a zpravidla se nepodili na
kazdodennim fizeni spole¢nosti, kdyz tento kol pienechéavaji profesionalnimu managmentu.
Svij vliv uplatiiuji na schiizi valné hromady, na které vykonavaji sva stanovena prava. Zakon
dale urcuje 1 dal§i povinnost strukturu — spole¢nosti, kdyz stanovi na vybér dva mozné
systémy vnitiniho fizeni — monisticky nebo dualisticky. V pfipadé monistického sytému je
spolecnost fizena statutarnim feditelem a spravni radou, oproti tomu v piipad¢ dualistického
systému spolecnost fidi pfedstavenstvo a dozorc¢i rada. K zaloZeni spole¢nosti je nutné prijeti
stanov, a to formou vefejné listiny, tedy notafského zapisu, které obsahuji zakladni

organiza¢ni a spravni dokument dané spolecnosti. Zakon stanovi povinné ndleZitosti i
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samotnému znéni téchto stanov, mimo jiné 1 uréeni predméetu podnikani. V naSem ptipadé
vSak bude dostacovat uvést vyroba, obchod a sluzby neuvedené v ptfilohach 1 a 3
zivnostenského zakona. Mezi dal$i povinné naleZitosti patii pocet akcii, jejich forma, urceni
poctu hlasti spojenych s jednou akcii, ktery systém vnitiniho fizeni byl zvolen, pocet ¢lent
jednotlivych ztfizovanych organti atd. (Lasak 2014). Mezi dal$i povinnosti, které je tteba plnit,
je kupf. i nutnost zfizeni webovych stranek (ust. §7 odst. 2 zdkona o obchodnich
korporacich), na kterych krom¢ zékladnich informaci o sobé zvefejnuje 1 pozvanky na valnou
hromadu s miniméalnim pfedepsanym obsahem (ust. §407 odst. 1 a 2 zdkona o obchodnich
korporacich). Vzhledem k vySe uvedenému zékladnimu vyctu je jasné, Ze zpocatku
podnikani je zalozeni tohoto typu akciové spolecnosti finanéné naroné a oproti zalozeni
spolecnosti s ru¢enim omezenim nepiinasi vyssi piidanou hodnotu nez vétsi divéryhodnost ¢i
prestiz. Samoziejm¢ pokud se bude spoleCnost uspéSné rozvijet, zaméstnivat vice
zamé&stnancl a vyvstane-li potfeba, je mozné spolecnost s ru¢enim omezenym transformovat

na spole¢nost akciovou.
Podnikani fyzické osoby

Nejzakladnéjsi znaky tohoto zplisobu podnikani byly popsany v kapitole vySe a neni tak
nutné je zde opakovat. Zakladnim pravnim ptedpisem upravujicim pievaznou cCast
podnikatelskych Cinnosti je zivnostensky zakon (zédkon €. 455/1991 Sb., o zivnostenském
podnikéni, ve znéni pozdé¢jSich predpist). Pokornd vysvétluje, Ze neni mozné zameénovat
pojem zivnost a podnikani, kdyZz zivnost je uz$i pojem zahrnujici jen podnikéani fidici se
zivnostenskym zakonem?®. Zaroven zddraziuje, e Zivnostensky zakon dopadd jak na osoby
fyzické a pravnické, které podnikaji dle tohoto zdkona a neni tak mozné do této kategorie
zatazovat jen drobné podnikajici fyzické osoby (o povinnosti zfidit zivnostenské opravnéni
téz v pripadé obchodnich korporaci bylo vyse v pfislusnych podkapitolach pojednéno)
(Pokorna 2014c).

Ma-li jakakoli osoba zajem zaéit podnikat jako OSVC, je nutné podat Jednotny
registratni formuldf na pfisluSném zivnostenském ufad€. Touto registraci odpadd nutnost
provést registraci zaméstnavatele u zdravotni poji§tovny/zdravotnich pojistoven, u Ceské
spravy socialni zabezpeceni, u Finan¢niho ufadu, jak je tomu u obchodnich spolecnosti.

Zavérem je také nutné uzavrit zakonné pojisténi odpovédnosti zaméestnavatele.

3 do této kategorie nespadaji napf. tzv. svobodna povolani, nebo zemédélstvi
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3.3. Dotacni tituly

Samotny proces ziskani dotace je v hlavnich bodech vzdy stejny, avSak je tifeba
upozornit, ze kazdd vyzva miZe obsahovat odliSnosti. Je jist¢ vyhodou, Ze vyroba
drevottiskovych desek zposkliziiovych zbytki je Cinnosti spadajici do oblasti ochrany
zivotniho prostfedi a je tedy velmi zadouci. Je tak mozné domnivat se, Ze jde z pohledu
zédosti o poskytnuti dotace o kvalitni podnikatelsky zamér, na ktery je mozné aplikovat hned
nékolik aktualné vyhlasenych vyzev, u kterych je dle mého nadzoru ptedpoklad, Ze budou
vyhlasovany i pro dal$i obdobi. Samotnd Zadost je poddvana na Portalu IS KP14+ jako

soucast MS2014+ dostupného na internetovych strankdch https://mseu.mssf.cz/ formou

celkové zadosti. Samoziejme je vhodné zadost podavat co nejdiive po terminu vyhlaSeni
vyzvy tak, aby nebyly finanéni prostfedky jiz vyCerpany, avSak kupf. program
Nizkouhlikovych technologii mé ve vyzvé samotné uvedeno, ze je mozné alokovanou ¢astku
navysit, a to za podminky, ze bude pievis kvalitnich Zadosti o poskytnuti dotace. Jasné vSak
je, ze toto bude hodnoceno spiSe subjektivné a se samotnym navySenim alokace tak nelze
kalkulovat. Publikace vysledkt, tedy rozhodnuti, zda dotace byla, ¢i nebyla poskytnuta, se
zadatel dozvi opét na Portadlu IS KP14+. V ptipad¢ uspéchu je nutné, aby byl projekt
realizovan naprosto piesné dle podminek uvedenych ve vyzvé a zadosti o poskytnuti dotace.
Financni prostiedky zadatel ziska zpétn¢€, po realizaci projektu, na zékladé¢ skutecné
vynalozenych ndkladl na projekt, které je povinen dolozit. VSechny podpotené projekty maji
zpravidla uréenu téZ podminku délky udrzitelnosti v délce 5 let od ukonceni realizace, ktera

monitorovana prostfednictvim tzv. monitorovacich zprav (OPPIK 2020a).

Moznost ziskdni dotace, tedy finan¢ni podpory, je piilezitosti pro kazdého pro zacatek,
¢i rozsifeni svého podnikani, avSak vzdy je nutné podrobné nastudovat znéni jednotlivych
vyzev a vesSkerych podminek v nich obsazenych, kdyZ i ty se v ¢ase méni a neni tak mozné
spoléhat na znéni jiz uzaviené vyzvy, nebot’ nedodrzeni podminek mize mit az fatalni dopady
na zadatele, a to zejména v ptipadech, kdy je nutné veskeré financni prosttedky navratit
z divodu nesplnéni téchto pfedem stanovenych pozadavki. Finan¢ni podpory je mozné délit
do nékolika kategorii, pficemz v této praci budou pro lepsi orientaci déleny dle ucelu, pro
ktery jsou poskytovany. Zaroven je nutno podotknout, ze v praci jsou reflektovany jen
aktualni oteviené vyzvy, které mohly v prib¢hu tvorby prace jiz uzavieny, nebot’ doba trvani

vyzvy se muze pohybovat pouze v fadu nékolika mésict.
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Nemovitosti

Tyto dotace jsou poskytovany v ramci operacniho programu Podnikani a inovace pro
konkurenceschopnost (OPPIK) v obdobi 2014-2020, ktery spravuje Agentura pro podporu

podnikéni a inovace spadajici pod Ministerstvo primyslu a obchodu.

Dotaci na nemovitosti, konkrétné na modernizaci zastaralych a technicky
nevyhovujicich, nebo jejich nahrazeni novymi, ve vysi 1 — 70 mil. K& mohou ziskat malé a
stiedni podniky* z kraje Usteckého, Moravskoslezského nebo Karlovarského, pfi¢emz jako
dalsi podminkou je zachovani a zvySeni zaméstnanosti v regionu. VySe dotace je urCena ve
vysi 35% pro stfedni podniky a ve vySi 45% pro malé podniky a piijemce musi byt
vlastnikem pfedmétnych nemovitosti. Mezi zpisobilé vydaje je pak mozné zaradit jak
rekonstrukci samotného objektu, tak terénni Upravy, odstranéni piivodni stavby, zajiSténi

inzenyrskych siti nebo komunikaci ke stavbam (API 2020a)

Déle je mozné pozadat o poskytnuti dotace na sniZzeni energetické narocnosti a zvyseni
energetické efektivity v podnikatelském sektoru, ve vysi 500 tis. — 400 mil. K¢, pfi¢emz tato
podpora je poskytovana oproti vySe uvedenému i velkému podniku. Pocet zaméstnancu je
vSak rozhodujicim kritériem pro urceni vyse dotace, kdyz maly podnik ma stanovenu hranici
na 50% zplsobilych vydajh. stfedni 40% a velky 30%. Dotaci je mozné vyuZzit napf. na
rekonstrukci a modernizaci rozvodu elektfiny, tepla, nebo plynu, modernizaci soustav
osvétleni, zatepleni, vyménu a renovaci otvorovych vyplni, instalaci vzduchotechniky,

instalace obnovitelnych zdroji energie atd. (OPPIK 2020b).
Ndakup stroju

V ramci programu Nizkouhlikové technologie 1ze pofidit nejen elektromobil, ¢i dobijeci
stanici ale pfedevSim ziskat dotaci za uCelem zavedeni technologie urcené k ziskavani
druhotnych surovin v kvalité, jez je vhodna pro dalsi vyuziti v primyslové vyrobé, ptip. té€z k
zavedeni inovativni technologie na vyrobu inovativnich vyrobkli vyrobenych z druhotnych
surovin, véetn¢ nadhrad primarnich zdrojii druhotnymi surovinami. Celkova vyse podpory se

pohybuje v rozmezi 1 — 70 mil K¢, pficemz je omezena maximalni vysSe podpory, a to dle

4 podnikatel, ktery zaméstndva méné& nez 250 zaméstnancli a jeho ro¢ni obrat neptfesahuje 50 miliont
EUR nebo jeho bilanéni suma rocni rozvahy nepfesahuje 43 milioni EUR - z
https://www.czechinvest.org/cz/Sluzby-pro-male-a-stredni-podnikatele/Chcete-dotace/OPPI/Radce/Definice-
maleho-a-stredniho-podnikatele
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velikosti podniku v rozmezi od 25% (velky podnik) do 45% (maly podnik). Dotaci je mozné
vyuzit k pofizeni dlouhodobého hmotného majetku, ev. i nehmotného, je-li nezbytny
k provozovani hmotného majetku, tedy napt. k ndkupu stroju a softwarti. Jedinym omezenim

je nutnost realizovat projekt mimo oblast Prahy (OPPIK 2020c; API 2020Db).
Priklad dobré praxe

Jako piipad dobré praxe Cerpani dotace OPPIK v dfevozpracujicim prumyslu muize byt
rozSiteni a modernizace vyrobnich a skladovacich prostor druzstva Dievotvar. Druzstvo
vyrabi nabytek, nabytkové dilce, kuchyniské dievéné nacini a altany, své vyrobky vyvazi do
celého svéta, zejména do zdpadni Evropy. Dle oficidlné dostupnych informaci byl projekt,
podpoieny operacnim programem Podnikani a inovace pro konkurenceschopnost, realizovan
v letech 2017-2019 a celkové naklady projektu byly 33 mil. K¢ Modernizace objektu
piinesla zefektivnéni vyroby a rozsifeni vyrobnich a skladovacich kapacit. Rekonstrukce
zahrnovala vyménu oken v objektu, zatepleni budovy, rekonstrukci stiechy a ptdnich
skladovacich prostor, instalaci nového osvétleni, modernizaci vytdpéni, rekonstrukci
nakladniho vytahu, vzduchotechniky, vyasfaltovani celého aredlu atd. V ramci projektu byl

vystaveén 1 expedicni sklad s rampou (Dfevotvar 2020).
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4. Metodika

Vzhledem k tomu, Ze ptredklddand disertacni prace ma podobu komentovaného souboru
publikovanych ¢lankd, metodiky dil¢ich casti vyzkumu jsou detailné prezentovany

v jednotlivych ¢lancich.
V praci byly pouzity nasledujici metodické postupy:

- administrativni, pravni, technologické 1 ekonomické aspekty vyroby byly zhodnoceny

s vyuzitim metod deskripce, analyzy, komparace a syntézy ptisluSnych predpisii,

- data pro analyzy byla Eerpana zejména z odbornych védeckych &lanka, ze statistik Ceského
statistického titadu (CSU) a Organizace pro vyzivu a zem&délstvi (FAOSTAT) a z vyrobnich
podnik,

- primarni i sekundarni data byla zpracovana statistickymi metodami, konkrétni metodika je

vzdy uvedena v pfislusném ¢lanku.
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5. Syntéza vysledku a diskuse

Lignocelul6ozové materidly maji pro zpracovatelsky primysl velky potencidl, a v
nadchézejici dobé budou mit dilezitou tlohu pii vyrobé kompozitnich materiali nejen proto,
ze mohou byt produkovany udrzitelnym zptasobem. Vyuziti obnovitelnych materidla pii
vyrobé kompozitit se zvySuje (Wu a kol. 2014, Mohanty a kol. 2001), pfi¢emz zejména je
atraktivni kombinace levného lignocelul6zového materidlu a levného adhesiva. Pravé tato
skutecnost byla motivaci pro vyzkum publikovany v ¢asopise Industrial Crops and Products
(Hyskova a kol. 2020c). V piipad¢ vyuziti napt. slamy pSenice ozimé, kterd je dvakrat
levnéjsi nez dfevo (Perlack a kol. 2011), v kombinaci s moc¢ovinoformaldehydovym lepidlem

je mozné docilit cenu vstupnich surovin pro vyrobu tfiskovych desek v urovni 66 EUR/t.

Dtlezitym faktorem, pro ktery se povazuji lignocelulozové zbytky jako budouci
alternativa dfeva pro vyrobu paneld, je ofekavany budouci nedostatek dievni hmoty v
Evropské unii (Mantau a kol. 2010). Naproti tomu, kazdy rok Evropskéd unie vyprodukuje
celkem 700 miliont tun odpadu ve formé zemédé€lskych poskliziiovych zbytkil (Babenko a
kol. 2018). K dnesnimu dni je znacnd ¢ast poskliziiovych zbytkl spalena, coz je ekonomicky
nevhodné a z hlediska zivotniho prostiedi nebezpeéné z divodu produkce velkého mnozstvi

sklenikovych plynti spalovanim.

Dals§imi hlavnimi benefity poskliziiovych zbytki zemédélskych plodin jsou téz jejich
nenarocna obnovitelnost, snadnd dostupnost, recyklovatelnost, biologicka odbouratelnost a
ekologicka kompatibilita. A co vice, jsou charakteristické vyhodnou specifickou pevnosti,

hmotnosti, dobrymi termalnimi a akustickymi vlastnostmi (Dukarska a kol. 2017).

Vyroba kompozitnich materiali ze slamy pSenice a fepky také piiznive ptispéje k feSeni
problému s ukladanim CO2 z ovzdusi. Pfevod téchto poskliziiovych zbytkii zemédélskych
plodin na produkty s vysSi pifidanou hodnotou mize vést ke zlepSeni vykonnosti
zemedélského sektoru, protoze jejich lepsi vyuziti bude pro zeméd€lce uzitecné ve smyslu
zdroje dalSiho pfijmu, ktery muize byt dilezitym motivujicim faktorem pii prosazovani
efektivniho systému sbéru a zpracovani téchto komodit (Yasin a kol. 2010; Gajdacova a kol.

2018).
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5.1. Technologické aspekty

Uprava povrchu a struktury pfirodnich materiali miiZe zlepsit jejich zpracovatelnost a
vyuzitelnost, pfi¢emz mezi metody vedouci ke zméné struktury je mozno zafadit metody
biologické (Mamun a Bledzki, 2014), hydrotermické (Yu a kol. 2014), mechanické (Alang a
kol. 2012) a fyzikalni a chemické (Naghmouchi a kol. 2015, Zhang 2014). Tyto metody byly
hojné védecky zkoumany a nyni jsou zpracovatelskym primyslem vyuZzivany pii vyrobé
materiali z bavilny, Inu a konopnych vlaken. VétSina vyzkumi tykajici se materidlového
vyuziti poskliziovych zbytkl je zamétena na zlepSeni povrchovych vlastnosti odstranénim
tuka, vosktl, bilkovin a nekrystalickych ¢asti celuldézy, za vyuziti vSech vyse uvedenych

metod (Bledzki a kol. 2010).

Jiz zminéna biologickd metoda, jejiz Casti je enzymaticka modifikace, je ve srovnani s
tradicnimi metodami (zejm. chemicka metoda) vhodnéjsi, ztoho diivodu zZe je mozné ji
provadét za mirnych a ekologickych procesnich podminek, a to za bezvyznamného ovlivnéni
mechanickych vlastnosti vlaken (Zhang a kol. 2012). Enzymatickd modifikace nemusi vést
pouze k odstranéni neceluldzovych latek, ale miize byt vyuzita také k apraveé povrchu (Saleem

a kol. 2008).

Zkoumani pravé enzymatické modifikace bylo predmétem clanku ¢. 1 (Hyskova a kol.
2020c). Prispévek se zabyva moznosti vyuziti poskliziiovych zbytkt zemédé€lskych plodin,
konkrétné pak slamy pSenice ozimé a slamy fepky ozimé pro tcel vyroby tfiskovych desek.
Za ucelem zvyseni povrchového napéti tiisek byly tfisky pred nanesenim adhesiva upraveny
pusobenim enzymii; xylandz, pektindz a kombinaci obou. Byl sledovan vliv enzymatické
upravy na vlastnosti upravenych tiisek a nasledné, po vyrobé desek, byl sledovan i vliv

upravy tiisek na mechanické a fyzikalni vlastnosti vyrobenych kompozitt.

Prokazal se vliv enzymatické modifikace na vlastnosti zvolenych tfisek. PouZzitymi
xylandzami a pektinazami byla ovlivnéna morfologie povrchu tiisek, jejich povrchové napéti
a rovnovazna vlhkost. Nejvétsi eroze povrchu byla dosazena kombinaci xylanaz a pektinaz.
Ackoli mély zvolené enzymy vliv na vlastnosti tfisek, vliv enzymatické tpravy na vlastnosti
vyrobenych ttiskovych desek pozorovan nebyl, a to ani u tfisek z pSenice nebo fepky.
Naslednou vyrobni technologii tfiskovych desek bylo vSak dosazeno eliminace téchto

rozdilnych vlastnosti vstupnich tfisek.
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Na zaklad¢ fyzikalnich a mechanickych vlastnosti vyrobenych tfiskovych desek tak
nelze zvolené enzymatické Upravy pokladat za UCinné a nelze je tedy doporucdit jako
predipravu pii vyrobé tiiskovych desek ze slamy pSenice a fepky. Je nezbytné podotknout, ze
enzymaticka prediprava povrchu tiisek je mokra uprava, ktera by pii vyrobé¢ triskovych desek
produkovala navic také odpadni vodu. Hospodateni s odpadni vodou pifindsi vyznamné
vicendklady, které by bylo mozné akceptovat jen v ptipad¢ vyznamného zlepSeni fyzikalnich

a mechanickych vlastnosti desek z upravenych tiisek.

Piedipravou povrchu poskliziiovych zbytki zemédélskych plodin za Gcelem zvySeni
adheze mezi materialem a lepidlem se zabyval i ¢lanek Gajdacova a kol. 2018. Zamérem
vyzkumu bylo porovnavani tc¢innosti dvou modifikaci stonkti (alkalickd a hydrotermickd) na
stoncich fepky (Brassica napus L.), kukutice (Zea mays L.) a pSenice (Triticum aestivum L.).
Ve vyzkumu byl prokazan statisticky vyznamny vliv hydrotermické modifikace na snizeni
kontaktniho tthlu mezi vodou a povrchem stonku fepky ozimé a kukufice a vliv alkalické
modifikace na snizeni kontaktniho uhlu mezi vodou a povrchem stonku kukufice. Déle byla
v tomto ¢lanku hodnocena i moznost vyuziti fepky ozimé pro vyrobu kompozitnich materiali,
a to pomoci SWOT analyzy, ve které byla tato problematika komplexné zhodnocena. Tato

cast vysledki je diskutovana v kapitole 5.2.

DalSim moznym vyuzitim poskliziovych zbytk zemé&délskych plodin je vyroba tepelné
izolacnich materiali. Ukazuje se, ze v oblasti tepelné izola¢nich materidlii jsou poskliznové
zbytky zemédélskych plodin daleko vice konkurenceschopné produktim ze dieva (tepelné
izola¢ni vlaknité desky), nez v oblasti materidlli pro konstrukéni Gcely €i v oblasti materiala
pro nabytkaiské ucely. Tepelné€ izolaéni desky jiz byly Gspésne vyrobeny ze stonkil slunecnice
(Binici a kol. 2014), stokt ryze (Wei a kol. 2015) a mnoha dalSich alternativnich materialt
(Asdrubali a kol. 2015).

Z pohledu tepelné izolaCnich vlastnosti jsou zajimavym poskliziovym zbytkem,
produkovanym v Ceské republice, plevy pienice ozimé. PSeniéné plevy maji velmi dobré
tepelné izolacni vlastnosti ve volné€ sypaném stavu (Pavelek a kol. 2018), 1 v podobé lisované
desky (Hysek a kol. 2018a). V ramci feSeni této disertacni prace rovnéz vzniklo jedno
technické feseni pro vyuziti plev obilovin. Byl vyvinut tepelné izola¢ni panel z plev obilovin a
recyklované polyuretanové pé€ny. Vyvinutd izola¢ni deska je az z 85% tvofena odpadnimi

materidly (plevy obilovin a recyklované polyuretanova péna). Deska méa dobré izolaéni
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vlastnosti, a zaroveil oproti jinym izolatnim materidliim se vyznacuje vysokou pruznosti,

soudrznosti a pevnosti. Toto technické feseni je zapsano jako uZzitny vzor ¢. 31238.

5.2. Ekonomické aspekty

Materidlové vyuziti poskliziiovych zbytkt je velmi racionalni zuzitkovani, zejména diky
vazéani oxidu uhli¢itého v produktech po delsi dobu (Ramamoorthy a kol. 2015; Hysek a kol.
2018b). Velmi zajimavé plodiny jsou samoziejmé ty, které jsou v globdlnim méfitku
nejpestované]si, a zaroven produkujici velké mnozstvi biomasy, kterou lze z pole po sklizni
odvést a nasledné zuzitkovat. Uspé&sné jiz byly vyrobeny kompozitni materialy napf. z ryzové
slamy (Xia a kol. 2018), ryzovych plev (Muthuraj a kol. 2019), pSeni¢né slamy (Sitz a kol.
2015), pSeni¢nych plev (Hysek a kol. 2018a), fepkové slamy (Hyskova a kol. 2020c) ¢i
z poskliziiovych zbytkl dalSich plodin (Klimek a Wimmer 2017).

Samotna technologie vyroby kompozitnich materidli z poskliziiovych zbytkl
zemedélskych plodin je ve vySe uvedenych, a mnoha dalSich studiich velmi dobfe
zmapovana. Budouci dostupnost lignicelul6zové suroviny pro vyrobu téchto kompoziti vsak
tak dobfe popsana neni (Gajdacovd a kol. 2018). Odhadem budouci dostupnosti
poskliziiovych zbytkli, zejména pro energetické vyuziti, se jiz né€kolik studii zabyvalo
(Ericsson and Nilsson 2006; Graham a kol. 2007; Kluts a kol. 2017). Vzhledem k tomu, Ze
produkce poskliziiovych zbytkli zemédélskych plodin systematicky sledovana neni, je nutné

tuto produkci odhadovat.

Systematicky jsou sledovdna data tykajici se rozlohy osevnich ploch zemédélskych
plodin a rovnéz také produkce jednotlivych plodin. Tato data jsou velmi dobie dostupna i

v Casovych fadach, a to jak na narodni urovni, tak i nadnarodni.

Samotné mnozstvi vyprodukovanych poskliziiovych zbytki zeméd¢€lskych plodin vSak
systematicky sledovdno neni, coz je dano tim, Ze poskliziiovym zbytkiim se az donedavna
nevénovala pozornost. Vyuzivali se kupf. k zaorani a obohaceni pidy o nezbytné organické

latky, nebo jako podestylka pro chovana zvifata.

Vzhledem ktomu, Ze hlavnim nositelem zisku rostlinné zemédé€lské vyroby je
produkce, vynos semen, jsou sledovany tyto hodnoty. Celosvétovy vzestup z4djmu o
poskliziiové zbytky je velmi izce spjat az se vzestupem z4jmu o biopaliva druhé generace. Na

mnozstvi vyprodukovanych poskliziiovych zbytkli je usuzovano na zékladé¢ vypoctu
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uc¢inéného pomoci piepocitavacich koeficientii residue to product ratio (RPR), definovanych

jako podil zbytkl a zemédélské produkce (Bensten a kol. 2014; Scarlat a kol. 2010).

V ptipad€¢ znalosti budouci produkce rtznych plodin lze pak jednoduse vypocitat i
o¢ekavanou produkci poskliziiovych zbytkl tak, jak je pocitano napt. ve studii Searle a
Malins 2013, BNEF 2012, Ericsson and Nilsson 2006. Otazkou vSak zlstava, zda je tento
postup vhodny. Hmotnostni podil semen a vegetativni ¢asti rostliny je zavisly na mnoha
faktorech, od klimatu, pocasi a ptidnich podminek, pies agronomicky plan, az po odrtidu dané
plodiny. S rostoucim hektarovym vynosem RPR navic klesa. Tésnost této zavislosti neni vsak
z vyse uvedenych divodi velka (Scarlat a kol. 2010). Neptesnost do prepoctu dale vnasi fakt,
ze zemeédélei maximalizuji pouze vynos semen a ten je sim o sob& ovlivnén témi samymi

faktory, jako pomér hmotnosti semen a poskliziiovych zbytkli (EU agricultural outlook 2018).

Manuskript Hyskova a kol. 2020b si klade za cil odhadnout budouci produkci
poskliziiovych zbytkl psenice a fepky v Evropské unii a v Ceské republice, pfi¢emz pro
odhad produkce poskliziiovych zbytkl byla pouzita odlisnd metodika, nez v ptipad¢ doposud
publikovanych vyzkumut. Tyto metodické odliSnosti jsou v ¢lanku popsany a divody jsou

diskutovany.

Odhadnuté modely produkce poskliziiovych zbytkli pSenice (sldma 1 plevy) jsou
graficky znazornény na obrazku 1 a 2. Zobrazené péasy kolem regresni piimky predstavuji
95% interval spolehlivosti predikce v zobrazené oblasti. Produkce poskliziiovych zbytki

pSenice je dlouhodobé rostouci v celé EU, i v CR.
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Odhadnuté modely produkce poskliziiovych zbytkl fepky jsou graficky znazornény na
obrazku 3 a 4. Zobrazené pasy kolem regresni piimky ptfedstavuji 95% interval spolehlivosti
predikce v zobrazené oblasti. Z grafu je patrné, Ze riist produkce poskliziiovych zbytkl fepky

je jak v celé EU, tak i v CR, strmé&jsi, neZ v piipadé vyvoje posklizitovych zbytkd p3enice.

1.8E7 .
y =-8,7624E8 + 4 4268E5"x; .
= r=0,9470; p = 0.0000; r* = 0,8968 e 5 4
~— 16E7 - B s
> |
- - o
% /,/’ o
i Y
= 14E7 Tk /} 4 ;
3 g
B 1287 L
N o
- o ,ﬁ/ﬁ
. L
g = 7
Q y L
@ o E/" o © &l
QO  BE6 | -
4 - /’Ef
= -
3 o7 o
= 6BE6 g
m r
4E6 e
1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
Rok

Obrazek 3 Model produkce poskliziiovych zbytkl fepky (uvadéno v susin¢) v Evropské unii

41



1,2E6

y = -4 8783ET + 24661,3065"x; L
= r=0,9572; p = 0.0000; r* = 0,8163 g J
> 16 a2 o
4 i s
= R
hE fﬁ/-/‘d. ? o
3 8E5 o G A
- gr . D’.K‘J‘D (o]
E; o B
_- GES L s "
3 9
o : -
o JE5 o i e
Q s D &
- L
é; s o
D00
E! 2E5 5 o;:fso
m [} 0’9/"/
f’/"
"

1980 1985 1990 1995 2000 2005 2010 2015 2020

Rok
Obrazek 4 Model produkce poskliziiovych zbytki fepky (uvadéno v susing) v Ceské

republice

V tabulce 4 jsou uvedeny predikované hodnoty celkového vyprodukovaného mnozstvi
poskliziiovych zbytkl v roce 2030, které bude mozné v ramci udrzitelného zemedélstvi z pole
odvést. V roce 2030 predikujeme v Evropské unii produkci 58,3 milionti tun poskliziiovych
zbytkil pSenice a 22,4 milionti tun poskliziovych zbytki fepky. V Ceské republice pak
predikujeme produkci 1,8 milionii tun poskliziiovych zbytkli pSenice a 1,3 milionl tun
posklizitovych zbytkl fepky. V diive publikované predikci Searle a Malins 2013 odhaduji, ze
v roce 2030 bude v EU vyprodukovano 109 milionti tun poskliziiovych zbytkl pSenice, které
bude mozné odvést z pole. Pouze 54 miliont tun vSak bude dle této studie dostupnych na trhu.
Jedna se o vyrazné vyssi predikované hodnoty, nez v naSem modelu. Naopak u fepky jsou
Cisla ptredpoklddand v predikci Searle a Malins 2013 niz$i, nez v nasi studii, kdyz pro rok
2030 predikuji celkovou produkci pro odvoz zpole naurovni 15 miliond tun, pficemz
mnozstvi dostupné na trhu pak odhaduji na 7 milionii tun. Rozdil v téchto predikovanych
hodnotach je dan odliSnou metodikou, Searle a Malins 2013 pouzivaji pro ob¢ sledované
plodiny jiné RPR (0,94 pro pSenici a 1,08 pro fepku, oba koeficienty konstantni v case),
odecitaji spotiebu poskliziiovych zbytkl z n€kterych odvétvi (ve vysi jedné tretiny pro obé

plodiny), pfepocitavaji jinak vlhkost a rovnéz uvazuji u obou plodin s jinym podilem
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poskliziiovych zbytki, které je v rdmci udrzitelného zemédélstvi nutné ponechat na poli (ve

vysi jedné tfetiny pro ob¢ plodiny).

Motivem pirevazné casti vyzkumii odhadujicich produkei poskliziiovych zbytkl je
kvantifikovat tuto produkci pro Ucel zjisténi dostupnosti biomasy pro energetické ucely
(Ericsson a Nilsson 2006; van Dam a kol. 2007; Monforti a kol. 2013; De Wit a Faaij 2009).
Odhady z téchto studii vSak nejsou s ndmi predikovanymi vysledky porovnatelné, protoze
nejsou dostate¢né zobecnéné a zamétuji se pouze na produkci biomasy pro energetické tcely.
Urcitd cast vyzkumi si pak klade za cil kvantifikaci produkce poskliziiové biomasy
v uplynulém obdobi, bez predikce do budoucnosti (Garcia-Condado a kol. 2019; Kim a Dale
2004; Scarlat a kol. 2019). Velmi detailni modely, zohlediujicich mnoho faktori,
publikované ve studii Garcia-Condado a kol. 2019 ¢i Scarat a kol. 2019 odhaduji produkci
poskliziiovych zbytkiih v EU v minulosti. Bylo by uzitecné aplikovat tyto modely na

predikovand data a vytvofit touto metodikou odhad produkce do budoucnosti.

Tabulka 4 Odhad produkce poskliziiovych zbytki psenice a fepky (susina) v EU a CR v roce
2030

Linearni Odhad produkce | Linearni Odhad produkce
regresni model | poskl.  zbytkil | regresni model | poskl.  zbytki
produkce poskl. | pSenice v roce | produkce poskl. | fepky v roce
zbytkil pSenice | 2030 zbytki pSenice | 2030

Evropska unie y = -6,8099E8 + | 583 Mt y = -8,7624E8 + | 22 4 Mt
3,6417E5*x 4,4268E5*x

Ceska republika |y = -1,6798E7 + | 1.8 Mt y = -4,8783E7 + |13 Mt
9155,4288*x 24661,3065*x

Rostouci poptavka po biomase vede k hledani alternativnich zdroji. Cast poptavky
muze byt uspokojena recyklovanym dievem tak, jak je popsano ve ¢lanku Hysek a kol. 2020.
Cely systém recyklace vSak predpokladé disledné tiidéni vyrobkli ze dieva a z materialii na
bazi dieva. Pravé zde je v Ceské republice slabé misto. Této skutednosti si je védom i
zékonodarce, a to jak na urovni vnitrostatni, tak i evropské. Zasadni ustanoveni, které je v této
souvislosti nutno brat v potaz, je ustanoveni § 21 odst. 7 zakona o odpadech, ve znéni
u¢inném od roku 2020, které mimo jiné urCuje, Ze je zakadzédno na skladdky ukladat
recyklovatelny a vyuzitelny odpad. Tento ambiciézni plan byla Ceska republika pfipravena
splnit, ale vzhledem k posunu tohoto cile v rdmci celé EU (smérnici 2018/850/EU) byla

ucinnost tohoto zdkazu posunuta az na rok 2030. Je tak ziejmé, ze jakasi aktivita je v
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souvislosti s timto nedostatkem vyvijena, ale jeji uCinnost nastane nejdiive v roce 2030

(Hysek a kol. 2020).

Budeme-li chtit vyuzit poskliziiové zbytky v $ir§Sim méfitku jako realny zdroj suroviny
pro vyrobu, kupt. dievottiskovych desek, je nutné provést zhodnoceni, které bylo provedeno
formou SWOT analyzy, jez byla publikovéna v ¢asopise BioResources. Jako silnou stranku
spatiuji relativni snadnou dostupnost suroviny, a to za nizkou cenu, u které ani v budoucnu
neni predpoklad poklesu produkce. Neméné¢ vyznamnou silnou strankou jsou dobré
mechanické vlastnosti, kdyz kompozitni materidly vyrobené z této suroviny maji vlastnosti
srovnatelné s komercéné vyrabénymi produkty na bazi dieva (Huang a kol. 2016; Nikvash a
kol. 2012; Dziurka a kol. 2015; Dukarska a kol. 2017). Mezi slabé stranky oproti tomu je
nutné dle mého ndzoru zatfadit sezonnost sklizn€ a vyssi objemnost pfi skladovani, ktera tak
suroviny, ktery v blizké dob¢ nastane, a to 1 za pfedpokladu moznosti vyuziti i jinych stonki
nez z fepky. Ve vyrabénych kompozitnich materidlech nemusi byt zastoupena pouze vlakna ¢i
tiisky fepky ozimé, ucelove je 1ze kombinovat i s jinymi pfirodnimi vlakny ¢i tfiskami (Oh a
Jmaludin 2015; Nikvash a kol. 2012). Nejvétsi hrozbou dle mého minéni je konkurence
biopaliv, zejm. druhé generace, které ma byt v budoucnu vice podporovano jako mén¢
ekologicky narocné, nez v soucasné dob¢ nejvice uzivana biopaliva prvni generace. AvSak
biopaliva druhé generace je mozné ziskavat z jinych zdrojl, jako napt. z odpadovych tukt,

kafilernich tukti apod. Dal$i hrozbou mohou byt také sktidci napadajici monokultury.

Nekonvenéni zdroje mohou pomoci diverzifikovat zdroje surovin pouzitelné v primyslu
a prispét k udrzitelné ekonomice. Mezi tyto alternativni zdroje biomasy patii totora
(Schoenoplectus californicus (C. A. Mey) Sojak), coz je mokiadni jednodélozni rostlina
z rodu skiipinec, kterd roste v jezerech a mocalech v Americe od Kalifornie po Chile a na
nékterych z tichomoiskych ostrovii (Hidalgo-Cordero a Garcia-Navarro 2018). Na Ceské
zem&délské univerzité probihd rozsdhly vyzkum vyroby lisovanych desek ze stonkl této
zajimavé rostliny. V ramci feSeni této disertacni prace byla provedena analyza, kterd odpovida
na otazku, zda ma smysl desky z totory vyrabét. Vyzkum publikovany v ¢asopise Composite
Structures (Hyskova a kol. 2020a) zohlediiuje nejen mechanické a fyzikalni vlastnosti téchto

desek, ale také zvazuje potencial totory, cenu suroviny nebo dostupnost totory na trhu.

Totora je vytrvald bylina s kazdoro¢ni obnovou stonkti. Dobfe fizena sklizeni by proto

neméla mit velky dopad na pfirozeny cyklus rostliny. Seceni navic pfispiva k ciSténi
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starnoucich a mrtvych casti rostliny, omezuje produkci metanu v mokiinach a podporuje
opctovny rist novych vyhonkd, které zvySuji hustotu rostliny. Napiiklad ptirodni porost
totory miize mit hustotu kolem 200 stonkli / m2, zatimco porost, ktery je neustale seCen, miize
mit hustotu kolem 320 stonkti / m2, tedy vyssi produktivitu na jednotku plochy (PELT 2000).
Rostlina totora je produktivni déle nez 25 let, pokud neni znicen kofenovy systém (Macia a
Balslev 2000). Na druhé strané¢ muize pietézovani porostu vést k jeho degradaci (Hidalgo-

Cordero a Garcia-Navarro 2018; ADESU 2001; PELT 2002).

Produkce suSiny stonkii mize dosahovat az 58 t / ha / rok v substratech obohacenych o
ziviny, jako jsou uméle vybudované mokiady pro cisténi odpadnich vod (de Lange a kol.
1998). Za normalnich podminek je vSak maximalni zdokumentovana produkce susiny kolem
37 t / ha / rok, s primérem 20 t / ha / rok v zavislosti na riznych faktorech, jako je lokalita,
srazky, substrat a stafi rostlin (Hidalgo-Cordero a Garcia-Navarro 2018; Noriega 1993).
Maximalni hodnoty vynosu v umélych moktadech jsou podobné hodnotam uvadénym pro jiné
druhy makrofytd, které byly pouzity ve fytoremediacnich moktadech, a vyssi, nez je mozné

vidét, u nékterych zemédelskych plodin, pokud jde o t / ha / rok (Obrazek 5).
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Obrazek 5 Primérny hektarovy vynos suSiny rtiznych rostlin, FAOSTAT 2020, Klimek a
Wimmer 2017

AC se jedna o rostlinu s velkym hektarovym vynosem, z které lze vyrobit hodnotné
produkty, hlavni ptekdzkou jejiho vétSiho rozsiteni je nerozvinuty dodavatelsko-odbératelsky

fetézec a manualni zplsoby péstovani a sklizeni.
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Z dostupnych udaji z Ekvadoru je patrné, ze rucni seCeni bylo nejméné efektivni ¢asti
vyrobniho procesu. Cena sklizeni pfedstavovala téméf 50% hodnoty suroviny. Komplikovana
byla i ¢asova narocnost sklizn€, kterd se znacné liSila v zdvislosti na hloubce baziny, typu
porostu a zkuSenostech pracovnikli. V jezefe San Pablo (Ekvador) sklidila jedna osoba
piiblizné 50 m2 za 50 minut, zatimco v jezefe Yaguarcocha (Ekvador) bylo sklizeno piiblizné
900 m2 za 12 dni 6-7 osobami (Macia a Balslev 2000). Simbafia 2003 publikoval naklady na
vysadbu a sklizeni totory na rozloze 1 682 m2 v jezefe San Pablo. Podil nakladi na
jednotlivych €astech je nasledujici: sazenice 1%, ptiprava terénu 8%, vysadba 5%, GdrZzba
10%, doprava 16%, zatizeni 10%, seceni 49%. Na druhé strané ve studiich provedenych
PELT a ADESU v Lake Titicaca v roce 2003 byly odhady nakladd provedeny pomoci
prazkumi. Vysledky se 1isi od prvni zminované studie: sazenice 25%, piiprava terénu 5%,
vysadba 5%, udrzba 6%, doprava 20%, zatfizeni 14% a seceni 25% (PELT, ADESU 2003).
Porovnani je uvedeno v tabulce 5. Obé prezentované studie byly provedeny v roce 2003.
Z tabulky 5 je déle patrné, ze naklady na obhospodatovani 1 ha totory (v€. sklizeni) na jezete
Titicaca byly téméf polovicni ve srovnani s cenou uvadénou v Ekvéadoru. Jedna se o rozdil
zpusobeny rozdilnou plochou péstovani a z toho plynoucich uspor z rozsahu. HlaSena trzni
cena za 1 kg suché totory v Lake Titicaca Cinila 0,25 USD. Cena totory v roce 2003
v Ekvadoru publikovana nebyla. V soucasné dob¢ je trzni cena jednoho kilogramu suchych
stonkil totory prodavanych v okoli jezera San Pablo (Ekvador) 0,35 USD. Vzhledem k tomu,
ze vysadba a sklizeni jsou stale provadény hlavné rucné, mize byt efektivita produkce totory
pomoci novych technologii vyrazné zlepsena. Napiiklad nékteré sklizeci stroje pouzivané pro
seCeni rakosu v severni Evropé¢ jsou schopny sekat mezi 1 a 1,5 ha / hodinu (van der Sluis
2013). To by mohlo zvysit G€innost sklizné a snizit ceny surové totory, ¢imz by se zvysila jeji

konkurenceschopnost vii¢i jinym zdrojim biomasy.
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Tabulka 5 Porovnani nédklada na péstovani 1 ha totory na riznych stanovistich

Naklady na 1 ha totory
jezero San Pablo jezero Titicaca
(Ekvador) (Peru/Bolivie)
(USD) (%) (USD) (%)

sazenice 4 1,10 150 25,08
ptiprava pudy 28 7,68 30 5,02
vysadba 20 5,49 30 5,02
udrzba porostu 36 9,87 33 5,52
doprava 60 16,46 120 20,07
vybaveni 36,6 10,04 85 14,21
sklizen 180 49,37 150 25,08
celkem 364,6 100,00 598 100,00

Nakladova stranka produkce totory vychazi daleko ptiznivéji, pokud vezmeme v tivahu
rostliny péstované na umélych mokiadech. Hlavnim ufelem makrofytli péstovanych na
umélych moktadech je ¢isténi vody za soucasné nizkych provoznich ndkladld. VedlejsSim
efektem je vazani oxidu uhli¢itého v biomase. V piipadé materidlového vyuziti stonkd je oxid
uhlic¢ity nadale vazan v produktu, coZ s sebou nese 1 vyznamné benefity pro zivotni prostiedi

tak, jak je uvedeno vySe v rozboru ekosystémovych sluzeb.

Porosty totory v umélych mokiadech vykazovaly vysokou odolnost vic¢i raznym
urovnim pH (od 3 do 11) a rovnéz mély vysokou schopnost odstraiovani tézkych kovi
(Blanco 2018; Rearte a kol. 2013; Knox a kol. 2010; Arreghini a kol. 2017). Ne vSak vSechny
umélé moktady, jejichz primarni ucel je fytoremediace, jsou vhodné 1 pro sklizeni stonka
totory. Dle druhu kontaminantt, které voda obsahuje nemusi byt vzdy vhodné seceni stonk.
V nékterych piipadech je Zzadouci hromadéni detritu, aby dochazelo k akumulaci

kontaminantli ve vrstvé sedimentu (Murray-Gulde a kol. 2005).
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5.3.Mezinarodni pi‘esah

Odlesiiovani je nejvyznamnéjSim faktorem, ktery zptisobuje globalni ztratu biodiverzity,
snizovani schopnosti pidy zachytit srazky a obecné snizuje vSechny ekosystémové sluzby,
které poskytuji lesni ekosystémy lidem (Fugére a kol. 2016). Odlesiiovani je ve vétSiné
zédpadnich zemich zamezovano, kupf. Ceska republika stanovi vlastnikiim lesa povinnost
vykéaceny hospodaisky les znovu zalesnit, pficemz holina na lesnich pozemcich musi byt
zalesnéna do dvou let a lesni porosty na ni zajistény do sedmi let od jejiho vzniku (Lesni
zakon, ¢. 289/1995 Sb.). V Bavorsku, naptiklad, musi byt vykaceny hospodaisky les zalesnén
do tfi let (Art. 15 BayWaldG). I v zdpadnich zemich, kde je odlestiovani velmi ucinné
omezovano, je viak vymahatelnost tdchto nastrojii velmi omezena, kupt. v Ceské republice
jsou tyto povinnosti prozatim dodrzovany zejména z divodu vlastnické struktury lesi, kdy
vétina lesd je vlastnéna stitem nebo samospravnymi celky (CSU 2018). Samoziejmé ani
statni vlastnictvi lesii ¢i statni kontrola nezarucuje, ze odlesiovani bude vzdy zamezeno, a to

at’ po pravni, ¢i faktické strance (Le Tourneau 2016).

Situace v rozvojovych zemich je vSak jeSté horSi. Teézebni aktivity provadéné
neudrzitelnymi postupy jsou v rozvojovych zemich motivovany zejména tézbou dieva pro
materidlové vyuziti, t€Zbou palivového dfeva a tézbou dieva pro vyrobu dfevéného uhli.
Intenzita téchto neudrzitelnych aktivit ma pfimy negativni vliv na klima, vodni cyklus, erozi
pudy, 1 biodiverzitu (Eguiguren a kol. 2019). Existuji nejriznéjsi strategie, jak odlesnovani
zamezit. VEtSina stath se snazi tento problém fesit vladni ochranou, napt. v podob¢ zfizovani
velkoplo$nych chranénych tzemi (Eguiguren a kol. 2019; Tan-Soo a kol. 2016). Ackoli
existuji 1 nejrizn&j$i programy pro rekultivaci ¢i znovuzalesnéni uzemi po vytéZenych
tropickych destnych lesich, ekosystémové sluzby poskytované takto znovu obnovenymi
ekosystémy jsou nizsi, nez u ptivodnich ekosystémi. To je ddno zejména nizsi biologickou
rozmanitosti a hor$i kvalitou pidy v nové zalozenych porostech na degradované pudé
(Chazdon 2008). Odlesiiovani se pfitom v nejvyssi mife vyskytuje v tropickych destnych
lesich, v rozvojovych zemich, kde jsou zaroven poskliziiové zbytky zemédé€lskych plodin
paleny na poli (Ziegler a kol. 2012; Srinivasarao a kol. 2014). Vyuzivani poskliziiové
biomasy zemédé€lskych plodin namisto tézeni biomasy z tropickych destnych lest v t&€ samé
lokalité je tedy logickou variantou pfiznivou pro Zivotni prostiedi. Materidlové vyuzivani

poskliziiovych zbytkii zemédé€lskych plodin v rozvojovych zemich miize vyznamnym
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zpusobem piispet k ochrané mimoprodukcnich funkci lesa a k vazani oxidu uhlicitého v

materidlech po delsi dobu.
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6. Zavéry a prinos

V disertacni préci byly pfedstaveny a postupné podrobné€ rozebrany pravni, ekonomické
a technologické aspekty vyuziti alternativnich surovin. Uvazime-li poskliznové zbytky
zemedélskych plodin jako substitut k difevni biomase, mtlize nartist materialového vyuzivani
poskliziiovych zbytkli celosvétoveé snizit odlesiovani a tim zamezit znehodnocovani

ekosystémovych sluzeb lesa.

Maji-li byt poskliziiové zbytky zemédélskych plodin dlouhodobé primyslove
vyuzivéany, je nutné znat jejich budouci produkci. V této disertacni praci bylo pfistoupeno
k odhadu budouci produkce pseniéné a fepkové slamy v CR a v EU, kdy byla pouZita odlisna
metodika nez v dosud publikovanych studiich. Zejména koeficient residue to product ratio byl
vypocitan pro sledované plodiny v kazdém roce zvlast’ a nasledné byla vypocitana produkce
poskliznovych zbytkli v kazdém roce dle pfepocitavaciho koeficientu charakteristického pro
kazdy rok. Dale pak se odhady zabyvaji celkovym vyprodukovanym mnozstvi poskliziiovych
zbytki, které je mozné v ramci udrzitelného zemédélstvi z pole odvést, zadna ¢ast produkce
poskliziiovych zbytkd pro vybrand odvétvi zcelkové predikce neni odecitdna. Odhady
ukdzaly, ze vroce 2030 bude v Evropské unii mozné sklidit zpole 58,3 miliond tun
poskliziovych zbytkil psSenice a 22,4 milionti tun poskliziiovych zbytkd fepky. V Ceské
republice potom 1,8 milionu tun poskliziiovych zbytka pSenice a 1,3 milionu tun zbytka

fepky.

Jako zajimavé varianta kompozitu z alternativnich surovin byla identifikovana deska z
pSenicné slamy pojena mocovinoformaldehydovym adhesivem, kdy by cena vstupnich
surovin pro vyrobu 1 tuny téchto tfiskovych desek cinila 66 EUR. Potencialni ptedupravy
povrchu slamy by vSak vyrobou téchto desek vyznamné prodrazovali. Nejucinnéjsi Gpravy
povrchu; hydrotermicka, enzymaticka ¢i alkalickd, jsou mokré upravy, které by béhem vyroby
desek produkovaly odpadni vodu. Naklddani s odpadnimi vodami by pfinaSelo dodatecné
naklady, které v ptipad€ vyroby tfiskovych desek ze dieva neexistuji. Tyto naklady by mohly
byt akceptovany pouze v ptipad¢€, kdy by fyzikéalni a mechanické vlastnosti desek vyrobenych
zupravované slamy byly vyrazné vylepSeny. Triskové desky vyrabéné z alternativnich
surovin nemusi nutn¢ obsahovat slamu, ¢i jinou alternativni surovinu, napf. totoru, ze sta

procent. V piipadé¢ kombinace dfeva a sldmy v jedné desce poskytuje toto feSeni lepsi

vlastnosti desky, nez pokud by byla deska vyrobena pouze ze slamy. Pouze Caste¢nd ndhrada
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dfeva v materiadlech na bazi dfeva piinasi rovné€z pozitivni externality projevujici se v ochrané

mimoprodukénich funkcich lesa.

Kromé vyuzivani alternativnich surovin mize ke zmiflovanym pozitivnim externalitdm
ptispét i1 recyklace dfeva, zejména pak v podobé vicestupniového kaskadového vyuzivani
dfeva. Idedlni, ale zaroven i realn¢ proveditelna kaskada, muze byt Ctyistupnova, kdy surové
dfevo neni ihned spalovano, ale je pouzito nejprve pro vyrobu konstrukci z masivniho dieva
napf. krovil, ndbytku ¢i palet. Po skonceni zakladni Zivotnosti vyrobkil z masivniho dfeva jsou
tyto vyrobky dezintegrovany a jsou z nich vyrobeny tfiskové desky (dievotiiskové desky,
OSB desky). Z téchto tiiskovych desek mohou byt nasledn¢ dale vyrobeny hodnotné
chemické produkty (papir nebo celul6za). Az jako posledni, tedy ctvrty stupen, lze zaradit
energetické vyuziti vyslouzilych produktl. Pficemz samoziejmé i popel z tohoto paleni lze

také vyuzit, a to jako pfimés do stavebnich materiali.

Ze zhodnoceni administrativnich a pravnich aspektl zahdjeni vyroby kompozitnich
material z poskliziiovych zbytki vyplynulo, Ze primdrné vhodnéjsi pro tento ucel podnikani
je zalozeni obchodni spolecnosti, kdyz vyroba by vyzadovala zapojeni vétSiho mnozstvi
zaméstnancl. Pro korektnost je vSak v praci obsazeno i1 rozpracovani podminek podnikani
osoby samostatné¢ vydélecné¢ c¢inné. V praci bylo téz zhodnoceno, ze pravdépodobné
nejvhodnéjsi formou obchodni spolecnosti bude spolecnost sru¢enim omezenym, a to
z divodu nizSich administrativnich nékladi nez v ptfipadé zalozeni akciové spolecnosti,
omezené¢ vysSe ruceni a snazSiho pfevodu v pifipadné dalSiho rozvoje, tedy pro potieby
snadnéjSiho vstupu investora, ¢i prodej obchodniho podilu. Prace obsahuje zaroven uceleny
ptehled povinnosti spojenych se vznikem nové obchodni spolecnosti, pfipadné snovym
druhem podnikani, jez se bude zabyvat vyrobou tfiskovych desek tak, aby poskytla

investorovi jasny piehled o nutnych krocich potiebnych pro zacatek podnikani.

Déle je v praci uveden krats$i vycet moznych dotacnich titula, které je mozno pro tento
ucel podnikani vyuzit, jde vSak pouze o demonstrativni vycet, kdyz dotaéni tituly se v Case
meéni. Jejich zdkladni ucel je vSak shodny, do budoucna tak bude slouzit jako pomysiné
voditko pti hledani vhodnych dota¢nich titult. Zejména se tak jedna o dotace poskytované v

ramci operacniho programu Podnikani a inovace pro konkurenceschopnost (OPPIK).

Jak jiz bylo feceno vyse, prace predpoklada, ze mozné vyuziti poskliziiovych zbytka pro
vyrobu dievotiiskovych desek bude znamenat znac¢nou usporu v objemu mnozstvi dievni

hmoty potfebné pro tuto vyrobu a ve svém disledku tak nejen ochranu lesa samotného, ale
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také ochranu mimoproduk¢nich funkci lesa, které, a¢ dle riznych ptistupt k nim, se jevi jako

velmi dulezité, a to se vzrustajici tendenci.

Vzhledem k zavérim, které prace poskytuje, je mozné konstatovat, Ze jednotlivé
hodnocené aspekty nijak neptekracuji naroky na pocatek odlisSné vyroby a nemély byt
piekazkou pro rozvoj tohoto podnikani. Vzhledem k objemu masy dievni hmoty pottebné
k vyrobé standartnich dievottiskovych desek, je jasné, ze 1 zde v praci piedjimand vyroba,
kterd pouze z €asti nahradi dfevni hmotu, poskliziovymi zbytky bude znamenat vyraznou
ochranu lesa a jeho mimoprodukénich funkci, které nam poskytuje. Nutno poznamenat, Ze

nam jako lidstvu, nebot’ obdobné zavéry 1ze dovodit také kupft. pro rozvojové zemé.
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ARTICLE INFO ABSTRACT

The paper deals with the possibility of using post-harvest crop residues, namely winter wheat straw and winter
rapeseed straw for the purpose of producing particleboards. In order to increase particle surface energy, particles
were treated with enzymes prior to application of the adhesive; xylanases, pectinase, and a combination of both.

Keywords:
Composite material
Enzymatic modification

Wheat q The effect of the enzymatic treatment on the properties of the treated particles was monitored and, after the
Is{;gs:ee production of the boards, the influence of particle treatment on the mechanical and physical properties of the

composites was also monitored. The effect of enzymatic modification on the properties of wheat and rapeseed
particles was observed. The enzymes used influenced the particle surface morphology, their surface energy and
equilibrium moisture content. Only the combination of pectinase and xylanase (Texazym SER 7) increased the
surface energy of wheat surface from 26 mN/m (untreated) to 30 mN/m. The greatest erosion of the surface was
achieved by the combination of xylanases and pectinases. After enzymatic treatment both wheat and rapeseed
straw exhibited higher equilibrium moisture content. The increase of moisture of wheat straw was from 11.9
%-13.2 % and of rapeseed straw from 12.4 %-13.44 %. Although the selected enzymes had an effect on the
properties of the particles, the effect of the enzymatic treatment on the equilibrium moisture, the internal bond
strength and the bending characteristics of the produced particleboards were not observed. Produced boards

reached low mechanical properties, internal bond strength reached values form to 61-99 mN/mm?

1. Introduction

Lignocellulosic materials have great potential for the manufacturing
industry and will have an important role to play in the production of
composite materials in the near future, and not only because they can
be produced in a sustainable way (Lee et al., 2018). The use of re-
newable materials in the production of composites is increasing
(Mohanty et al., 2001; Wu et al., 2014). In particular, there is an at-
tractive combination of cheap lignocellulosic material and cheap ad-
hesives. In the case of the use of, for example, winter wheat straw,
which is twice as cheap as wood (Perlack et al., 2011), in combination
with urea-formaldehyde adhesive, we can achieve the price of input
raw materials for the production of particleboards at 66 EUR/t. An
important factor due to which lignocellulosic residues are considered a
future wood alternative for panel production is the expected future
shortage of wood in the European Union (Mantau et al., 2010). By
contrast, each year the European Union produces a total of 700 million
tonnes of waste in the form of agricultural post-harvest residues
(Babenko et al., 2018). To date, much of the post-harvest residue has
been burned, which is economically unsuitable and environmentally
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hazardous due to the production of large quantities of greenhouse gases
from incineration. One of the main benefits of post-harvest crop re-
sidues is their easy renewal, accessibility, recyclability, biodegrad-
ability and ecological compatibility (Mesquita et al., 2018). Further-
more, they are characterized by advantageous specific strength, weight
and good thermal and acoustic properties. For example, rapeseed par-
ticleboard with density of 650 kg/m> reached following values: MOR
20.6 N/mm? MOE 3610 N/mm? IB 0.63 N/mm?® (Dukarska et al.,
2017), or insulation particleboard from rice straw with density of 250
kg/m® reached thermal conductivity coefficient of 0.0498 W/(m.K)
(Wei et al., 2015). These panels are competitive with low-density fi-
berboards made from wood. The production of composite materials
from wheat and rapeseed straw favorably contributes to resolving the
problem of CO, in the air. The conversion of these post-harvest crop
residues into products with higher added value can lead to an im-
provement in the performance of the agricultural sector (Klimek et al.,
2018). Their better utilization will be useful for farmers in terms of a
source of additional income, which may be an important motivating
factor in promoting an efficient system of collection and processing of
these commodities (Mahieu et al., 2019; Gajdacova et al., 2018; Yasina
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et al., 2010).

The treatment of the surface and structure of raw materials can
improve their processability and usability. Methods leading to struc-
tural change are biological (Mamun and Bledzki, 2014), hydrothermal
(Yu et al., 2014), mechanical (Alang et al., 2011), physical and che-
mical (Liu et al., 2017; Naghmouchi et al., 2015; Zhang, 2014). Mod-
ifications of raw materials such as cotton, linen and hemp fibre have
been extensively investigated by the manufacturing industry. Most re-
search is focused on improving surface properties by removing fats,
waxes, proteins and non-crystalline celluloses (Bledzki et al., 2010).
Compared to traditional methods, enzymatic modification is desirable
because it can be carried out under mild and environmentally-friendly
process conditions and without significantly affecting the mechanical
properties of fibres (Zhang et al., 2012). Enzymatic modification may
not only lead to the removal of non-cellulosic substances, but surface
treatment can also be carried out by enzymes (Saleem et al., 2008).

Pectic substances are the main components of the middle lamellae
of plant cells that are present in the form of calcium and magnesium
pectate. Alkaline pectinases, which are capable of degrading pectin in
the middle lamella, are classified as pectinases or pectinolytic enzymes
(Chiliveri et al., 2016; Li and Pickering, 2008). These include two major
groups: methylesterases, which catalyse the removal of the methoxyl
group from pectin to form pectate and depolymerases (hydrolases and
lysates), which divide the main chain of pectin and pectate via hydro-
lytic cleavage (Chiliveri et al., 2016). Post-harvest plant fibres treated
by enzymatic pectinase treatment exhibit the same fibre fractions and
higher strength, thereby increasing their suitability for use in composite
materials (Bernava et al., 2014). Hoondal et al. (2002) report the use of
enzymatic treatment of pectinase in jute and flax. Their results are
consistent with Saleem et al. (2008) and confirm the increase in the
mechanical properties of the fibres of the test material, or an increase in
the elastic characteristics and tensile strength.

D-Xylans are the most abundant non-cellulosic polysaccharides in
annual plants that have a lump-shaped stem and form 20-35 % of total
dry matter. Xylanases are a group of glycoside hydrolase enzymes that
degrade linear polysaccharide xylan to xylose via catalytic hydrolysis of
the glycosidic bond (3-1,4) of xylosides (Liu and Kokare, 2017; Walia
et al., 2017). The best known xylanases are endo-B-1,4-xylanases,
which attack the main chain of xylans, and fl-xylosidases which hy-
drolyse xylooligosaccharides to D-xylose (Haltrich et al., 1996).
Vardhini and Murugan (2017) investigated the effect of enzymatic
treatment of xylanase on banana fibers. Their results show that the
effect of treatment resulted in a decrease in lignin by 27.7 % and
hemicelluloses by 61 %. Treatment of the chemical composition of the
fibers led to an increase in tensile strength when using an enzyme
concentration of up to 15 %. A higher concentration leads to a decrease
in strength. Removal of lignin and hemicellulose results in increased
fibre density.

The combination of enzymatic treatment of pectinase and xylanase
was used to soften and refine the surface of jute fabrics. A suitable
mixing ratio of enzymes can reduce the rate of enzymatic reaction and
improve its effectiveness (Hoondal et al., 2002).

The motivation for this study was utilization of cheap raw materials
and cheap adhesive in order to produce a material with high added
value. However, the adhesion between straw surface and urea-for-
maldehyde adhesive was already found to be poor. Based on the carried
out research, it can be assumed that the enzyme pre-treatment of par-
ticles from straw will lead to increased adhesion in the production of
straw particleboards using urea-formaldehyde adhesive. In order to
verify this hypothesis, in the submitted study, particles from wheat and
rapeseed straw were treated with xylanases and pectinases, and parti-
cleboards were then made from such particles. Along with the idea of
using cheap input materials, commercially produced enzymes were
used for enzymatic treatment. In order to clarify the effect of enzymatic
treatment on the properties of the particles and particleboards, tests of
the properties of the treated particles and the properties of the resulting
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Table 1
Enzyme identification.

Variant code ~ Commercial name of the Main enzymatic component

enzyme

0 untreated

1 Texazym BFE Pectinase

2 Texazym SER 7 conc. Combination of pectinase and
xylanase

3 Texazym DLG new Xylanase

composite materials were carried out.
2. Materials and methods
2.1. Materials

Commercially-sold chopped wheat (Triticum aestivum L.) and rape-
seed (Brassica napus L.) straw particles were used to manufacture the
boards (Miké Stroh, Borota, Hungary). Commercially used enzymes
were obtained from Inotex (Dvur Kralové nad Labem, Czech Republic).
The enzyme identification is shown in Table 1. Nofome AF (TANATEX
Chemicals, Einsteinstraat, Netherlands) was used for venting, de-
foaming and wetting the product. Enzymatic modification was carried
out on both wheat and rapeseed particles using an apparatus for the wet
dyeing process. The dye bath was 1:5. The process of the enzymatic
modification is described in Table 2.

2.2. Particleboard manufacturing

According to the methodology previously published in (Hysek et al.,
2018a), particleboards were pressed from particles with an applied
urea-formaldehyde adhesive mixture. The K350S urea-formaldehyde
with ammonium nitrate hardener was used. The resin content was 9 %
(solid adhesive / dry particle mass), the content of paraffin emulsion
was 1 % (solid paraffin / dry particle mass) and the ratio solid hardener
/ dry adhesive was 6.5 %. The paraffin emulsion was mixed into the
adhesive mixture prior the addition of the hardener. Before pressing,
the particles were dried to a moisture content of 10 %. The dimensions
of the produces particleboards were 8 mm x 320 mm x 380 mm and the
nominal density was 490 kg/m>. Fig. 1 shows the pressing diagram used
for the manufacture of all boards in this research.

2.3. Characterization of treated particles

The following techniques were used to analyse the modified particle
material. Changes in the surface structure of particles (degradation)
were observed using scanning electron microscope (SEM) MIRA 3. A
secondary electron detector operated at 15 kV acceleration voltage was
used. Changes in surface properties were further characterized using
test inks evaluating the surface energy of the investigated surface. Non-
toxic test inks with values (28, 30, 32, ... 60 mN/m) and toxic test inks
with values (20, 22, 24 and 26 mN/m) from the company Arcotest
GmbH were used. In order to assess the effect of enzymes on the volume
properties of the treated particles, the equilibrium moisture content of
the modified particles air-conditioned in an environment of 65 % re-
lative humidity and 20 °C was monitored. Fluorescence-lifetime ima-
ging microscopy (FLIM) was used to determine whether the effect of
enzymes had changed in the macromolecular composition of the treated
particles. A more detailed description of methods used can be found in
(Hysek et al., 2018a).

2.4. Determination of particleboard properties

Both the physical and mechanical properties of produced compo-
sites were observed. The equilibrium moisture content of the boards
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Table 2
The enzymatic modification process.

Industrial Crops & Products 144 (2020) 112067

Code Type of particles Bath composition Conditions Completion of operation
A0 wheat without treatment
Al wheat 5 % from v.m Texazym BFE temperature 55 °C Rinse warm cold water
0,5 ml/1 Nofome AF time: 2 hours Drying
A2 wheat 5 % from v.m. Texazym SER 7 conc. temperature 55 °C Rinse warm cold water
time: 2 hours Drying
A3 wheat 5 % from v.m. Texazym DLG new temperature 55 °C Rinse warm cold water
0,5 ml/1 Nofome AF time: 2 hours Drying
BO rapeseed without treatment
Bl rapeseed 5 % from v.m. Texazym BFE temperature 55 °C Rinse warm cold water
0,5 ml/1 Nofome AF time: 2 hours Drying
B2 rapeseed 5 % from v.m. Texazym SER 7 conc. temperature 55 °C Rinse warm cold water
time: 2 hours Drying
B3 rapeseed 5 % from v.m. Texazym DLG new temperature 55 °C Rinse warm cold water
0,5 ml/1 Nofome AF time: 2 hours Drying
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Fig. 1. Pressing diagram.

and their vertical density profile were chosen in order to characterize
the physical properties. The equilibrium moisture content of the boards
was estimated after conditioning of the boards in an environment with
65 % relative humidity and 20 °C and subsequent drying at 103 °C. The
density of particleboards has a fundamental influence on their physical
and mechanical properties and was therefore checked according to
standard EN 323 (1993). A previous study showed that particle mod-
ification may affect the vertical density profile (VDP) of boards (Hysek
et al., 2018b), and the VDP was therefore also assessed in this work. An
X-ray density profile analyser was used to determine the VDP of the
produced board. Internal bond strength and bending strength were
measured in order to characterize the mechanical properties of manu-
factured boards. The measurements of internal bond strength were
carried out according to EN 319 (1993) and the measurements of four-
point bending strength were carried out according to modified standard
EN 798 (2004). The exact method of determining the bending strength
of the developed composites is described in Hysek et al. (2018b).

2.5. Statistical analysis

The results were statistically processed using descriptive statistics
and variance analysis (ANOVA). The Tukey post-hoc test was further
used to ascertain if any of the differences were statistically significant.
All of the hypotheses were tested at a significance level of a = 0.05

3.1. Morphological changes in particles

In Fig. 2a-h are depicted morphological changes in the particle
surface after three enzymatic pre-treatments. The surface of untreated
wheat particles can be seen in Fig. 2a, where the pores in the surface
layer are sunk into the top layer (epidermis). In Fig. 2b-d, the loss of the
top layer (epidermis) of the wheat particle surface can be partially
observed, where pores are protruding (Gajdacova et al., 2018). The
highest loss in the top layer was caused by a combination of pectinases
and xylanases (Fig. 2c). Enzymatic treatment of rapeseed particles
caused erosion of particle surface (Fig. 2f-h), and the highest erosion
was again caused by the combination of pectinases and xylanases
(Fig. 2g). When the enzymes were applied to rapeseed particles sepa-
rately, the erosion of surface was milder (Fig. 2f and h), however visible
in comparison with untreated rapeseed surface (Fig. 2e).

3.2. Physical properties of particles

The values of surface energy of particle surfaces are specified in
Table 3. Not all of the modifications of wheat particles caused the de-
sired effect in terms of an increase in the surface energy. The increase
was caused only by the combination of pectinases and xylanases
(treatment 2). On the other hand, all of the enzyme combinations
caused an increase in surface energy on rapeseed particles. The highest
increase was caused by pectinases. The higher surface energy of parti-
cles should contribute to higher mechanical properties of boards glued
with urea-formaldehyde adhesive (Banea and da Silva, 2009).

Fig. 3 shows the equilibrium moisture content of straw particles
climatized at 20 °C and 65 % RH and Table 4 shows the statistical
significance for pairwise differences. Rapeseed straw reached higher
equilibrium moisture content than wheat straw, and in all of the cases
the enzymatic pre-treatment increased the moisture uptake of particles.
An increase in moisture uptake after pre-treatment indicates the desired
degradation of hydrophobic substances from the particles. However,
higher moisture uptake can be a disadvantage in application of boards
from those particles and has to be resolved by adding paraffin emulsion
to the adhesive mixture (de Lima Mesquita et al., 2018; Onat et al.,
2014).

From the statistical significance for pairwise differences (Table 4) it
can be concluded that the value of equilibrium moisture content of
untreated wheat straw statistically significantly differs from other va-
lues. The highest value of equilibrium moisture content (modification
no. 2 of rapeseed straw) was not statistically significantly higher than
values reached by rapeseed straw (modifications no. 1 and 3) and
wheat straw (modifications no. 2 and 3).

The effect of pre-treatment on the mean fluorescence lifetime (decay
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Fig. 2. Electron micrographs of wheat and rapeseed surfaces. (a) Untreated wheat straw, (b) wheat straw treatment no. 1, (c) wheat straw treatment no. 2, (d) wheat
straw treatment no. 3, (e) untreated rapeseed straw, (f) rapeseed straw treatment no. 1, (g) rapeseed straw treatment no. 2 and (h) rapeseed straw treatment no. 3.
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Table 3
Surface energy of straw.

Pre-treatment Straw Surface energy (mN/m)
untreated wheat 26 +2
1 wheat 26 =2
2 wheat 30+ 2
3 wheat 26 +2
untreated rape 34+2
1 rape 42 + 2
2 rape 382
3 rape 382
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Fig. 3. Effect of pre-treatment on equilibrium moisture of straw particles.

time) of modified straw is depicted in Fig. 4. It can be seen that only the
mean decay time of wheat straw was affected by the enzymatic pre-
treatments. The differences between variants of treated rapeseed straw
are not statistically significant. Pre-treatments of wheat straw caused a
decrease in the decay time, and the highest decrease was caused by
pectinases. The mean fluorescence lifetime of lignocellulose materials is
affected mainly by the content of sugars and lignin (Coletta et al., 2013;
Hysek et al., 2018a) and this characteristics is lower when the content
of lignin in the lignocellulose is higher (because lignin is characterized
by a shorter fluorescence lifetime than the fluorescence lifetime of
cellulose and hemicelluloses) (Coletta et al., 2013; Donaldson and
Radotic, 2013). The measured decay times of treated wheat straw in-
dicated that the content of lignin in treated straw was higher than in
untreated wheat straw, and that all of the wheat straw variants had a
higher lignin content than rapeseed straw. This finding partly corre-
sponds to the analyses of equilibrium moisture content (both particles
and boards) when rapeseed materials reached slightly higher moisture
due to higher content of holocellulose. However, our findings do not
correspond to other studies, where the lignin content was reported to be
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Fig. 4. Effect of pre-treatment on fluorescence lifetime of modified straw.

higher in rapeseed straw (Adapa et al., 2009; Tofanica et al., 2011).
This can be explained by high variability of straw composition caused
by soil-climate conditions (Adapa et al., 2009; Haag et al., 2017).

3.3. Physical and mechanical properties of boards

The vertical density profiles of the boards are shown in Fig. 5. In all
cases, the high press closing speed created a steep density profile, which
subsequently had a positive effect on absolute bending strength values,
but a negative effects for internal bond strength (Azizi et al., 2011;
Wang and Sun, 2002). Due to manual layering, minor variations
(caused by scattering of the density in the area of the board as well as in
the density of individual layers of samples) in the density were recorded
between the variants.

The comparison between equilibrium moisture of particles and
equilibrium moisture of pressed boards may provide information about
the influence of an adhesive mixture (mainly hydrophobic agent) on
board properties. The graph in Fig. 6 shows the equilibrium moisture of
the pressed boards at 25 °C and 65 % relative humidity. Compared to
the equilibrium moisture content of the particles shown in Fig. 3, it is
also evident that boards made of wheat particle achieved a lower
average equilibrium moisture. However, due to the addition of paraffin
emulsion to the adhesive mixture, the differences between individual
particle variants decreased and only one difference was statistically
significant at a significance level of 0.05 (Table 5). Enzymatic treatment
of wheat particle resulted in a higher board equilibrium moisture
content of about 2 % compared to particleboard made from plasma-
treated wheat particles (Hysek et al., 2018b).

The results of the mechanical properties of pressed boards (internal
bond strength, bending strength and modulus of elasticity) are specified
in Figs. 7-9. All of the mechanical properties, and in particular their
dispersion, may be slightly affected by the non-homogeneous density

Table 4

Statistical significance for pairwise differences in Fig. 3 (effect of equilibrium moisture content).
Straw / Pre-treatment Wheat Wheat Wheat Wheat Rapeseed Rapeseed Rapeseed Rapeseed

0 1 2 3 0 1 2 3

Wheat 0 s. s. s s s s
Wheat 1 s. n.s n.s. n.s. n.s. s. s.
Wheat 2 s. n.s. n.s. s. ns. ns. n.s.
Wheat 3 S. n.s. n.s. S. n.s. n.s. n.s.
Rapeseed 0 s. n.s. s. s. s. s. s.
Rapeseed 1 s. n.s. n.s. n.s. s. n.s. n.s.
Rapeseed 2 s. s. n.s. n.s. s. n.s. n.s.
Rapeseed 3 s. s. n.s. n.s. s. n.s. n.s.

Note: s. statistically significant; n.s. not statistically significant; significance level a = 0.05.
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Fig. 6. Effect of particle pre-treatment on equilibrium moisture of boards.

profile due to the manual particle layering (Fig. 5). Although the se-
lected enzyme particle treatment variants caused significant changes in
their surface structure and their equilibrium moisture, the effect of the
modification on the mechanical properties was not observed. None of
the differences in Figs. 7-9 are statistically significant at a significance
level of 0.05. The addition of the adhesive mixture (adhesive and hy-
drophobization additives) and the pressing of boards eliminated the
different properties of wheat and rapeseed particles modified by dif-
ferent enzymes. However, the difference between modified and un-
modified particles was also eliminated. Surprisingly, no statistically

Table 5

Fig. 7. Effect of particle pre-treatment on internal bond strength of boards.

significant effect was observed between rapeseed and wheat particle-
boards. The difference between the types of particles was eliminated by
the technology of board production, which did not correspond to other
works (Khan et al., 2018; Tran et al., 2014).

Due to the fact that the same time was used for all of the enzymatic
treatment variants, it is not possible to evaluate the dependence of the
enzymatic treatment efficiency on the length of the soaking process and
the different concentrations. Enzymatic treatment of wheat and rape-
seed particles was carried out at temperatures of 50 °C, as the enzymes
are the most efficient at this temperature, and optimizing the

Statistical significance for pairwise differences in Fig. 5 (effect of equilibrium moisture).

Straw / Pre-treatment

Wheat Wheat Wheat Wheat Rapeseed Rapeseed Rapeseed Rapeseed

0 1 2 3 0 1 2 3
Wheat 0 n.s. n.s. n.s. n.s. n.s. n.s. n.s.
Wheat 1 n.s. n.s. n.s. n.s. n.s. s. n.s.
Wheat 2 n.s. n.s. n.s. n.s. n.s. n.s. n.s.
Wheat 3 n.s. n.s. n.s. n.s. n.s. n.s. n.s.
Rapeseed 0 n.s. n.s. n.s. n.s. n.s. n.s. n.s.
Rapeseed 1 n.s. n.s. n.s. n.s. n.s. n.s. n.s.
Rapeseed 2 n.s. s. n.s. n.s. n.s. n.s. n.s.
Rapeseed 3 n.s. n.s. n.s. n.s. n.s. n.s. n.s,

Note: s. statistically significant; n.s. not statistically significant; significance level a = 0.05.
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temperature to achieve the most efficient level of treatment no longer
makes sense in order to optimize this treatment process. For en-
zymatization of the particles in this study, enzymes were used at a
concentration of 5 % with an effect of 2 h followed by rinsing with hot
and cold water followed by drying. In the study by Foulk et al. (2008),
the enzyme Texza BFE pectinase at concentrations of 2, 5 and 10 % for
7-10 hours at 50 °C was also used for the enzymatic process of flax
fibres. Higher enzymatic treatment efficiency was achieved at a con-
centration of 10 % and a treatment duration of more than 7 h (Foulk
et al., 2008).

4. Conclusions

In order to develop a material with high added value from cheap
raw materials and cheap adhesive, this study deeply analysed proper-
ties of raw materials treated with enzymes and properties of boards
made from such modified raw materials. The influence of enzymatic
modification on the properties of the selected particles was demon-
strated. The used xylanases and pectinases influenced the morphology
of the surface of the particles, their surface energy and equilibrium
moisture. The greatest erosion of the surface was achieved by the
combination of xylanases and pectinases. Although the selected en-
zymes had an effect on the particle properties, the influence of enzy-
matic treatment on the properties of the produced particleboards was
not observed, even for wheat or rape particles. The production tech-
nology of particleboards therefore eliminated the different properties of

Industrial Crops & Products 144 (2020) 112067

the input particles. Even the difference between the wheat and rapeseed
particles was eliminated by the board production technology. Based on
the physical and mechanical properties of the produced particleboards,
the selected enzymatic treatment cannot be considered effective and
cannot therefore be recommended as pre-treatment for the production
of wheat and rapeseed straw. The enzyme pre-treatment of the particle
surface is a wet treatment that produced waste water in the production
of particleboards. Wastewater management brings significant addi-
tional costs that can only be accepted if the physical and mechanical
properties of boards from modified particles are significantly improved.
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ARTICLE INFO ABSTRACT

Keywords: Totora (Schoenoplectus californicus. C.A. Mey, Sojak) is an annual-cycled macrophyte from the Cyperaceae family
Composite material that has been used by indigenous people of the Americas for more than 500 years to produce a wide range of
Prediction

objects from handicrafts to boats and huts. In this study, the hot-pressing process was applied to produce boards
from totora particles without added adhesives. First, the physical and mechanical properties of totora binder-free
boards are described. Secondly, several factors that influence the properties of totora boards are taken into
account. However, is it worth it to produce such boards? In this paper, the reasonability of potential production
of these boards is considered from a complex point of view. Although totora shows several benefits such as its
fast-growth rate, high dry matter productivity, and potential environmental benefits; the water uptake
(92-341%), thickness swelling (75-227%) and internal bonding (18-85 kPa) of the binderless boards made with
the parameters described in this study could not comply with current standards. Further research on treatments
or different production parameters can lead to better properties.

Raw material
Totora

1. Introduction

Increasing demand for biomass-based products and limit supply of
wood have led researchers to focus on non-conventional resources such
as agricultural wastes or non-wood-forest products that may help di-
versify the sources of raw materials applicable in the industry, which
may generate sustainable and economic benefits.

Among these alternative biomass sources is totora (Schoenoplectus
californicus (C. A. Mey) Sojak), which is a sedge that grows in lakes and
marshes in the Americas from California to Chile and some of the
Pacific Islands (Fig. 1) [1]. This plant has been used for long time by
several traditional communities, some of them continue to use it today,
such as the communities nearby Lake San Pablo in Ecuador or the Uros
in Lake Titicaca, who use this plant to make mats, huts, boats, and even
floating islands [2]. Studies have identified the potential environmental
benefits of this plant such as its fast-growth rate that can produce up to
56 t/ha/year of dry matter in rich substrates [3], its short renovation
time which makes it possible to be harvested twice a year, its water
cleaning capacities [4], among others. These characteristics makes it an
interesting material to be studied for its applicability in the con-
temporary construction sector [5].

Studies about the anatomy of totora stems have described two main
tissues: an internal pith made of air chambers and stellar cells known as

* Corresponding author.
E-mail address: hyseks@fld.czu.cz (. Hysek).

https://doi.org/10.1016/j.compstruct.2019.111572

aerenchyma, and an external rind with a more compact structure that
performs different anatomical functions and has different chemical
characteristics [6].

Additionally, studies of similar species have demonstrated the po-
tential of these kinds of plants to achieve self-bonding under certain
hot-pressing conditions [7-9]. The self-bonding capability can lead to
the production of binder-free boards that do not contain any added
adhesives. Binder-free boards may be interesting alternatives con-
sidering the increasing rigorousness of regulations on some of the
conventional glues used in many of the wood-based boards available in
the current market [10]. Some studies have shown the feasibility of
producing binder-free boards with different tissues of totora stems;
however, the mechanisms through which ligno-cellulosic materials
achieve self-bonding and their relation to board properties have not
been completely elucidated and vary depending on the feedstock and
hot pressing parameters used in the production process [11].

Additionally, in order to define the applicability of these materials,
mechanical properties are one of the key factors to analyze. Flexural
characteristics in the plastic range are an important mechanical prop-
erty to consider. Most research deals with the elastic range of the dia-
gram up to the limit of proportionality, while only a small amount of
research deals with deformations in the plastic range, from the limit of
proportionality to the yield point where plastic deformation occurs
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Fig. 1. Totora stand in Lake San Pablo-Ecuador.

[12].

The aim of this paper is to evaluate the reasonability of potential
production of totora boards from a complex point of view. Not only
mechanical and physical properties of these boards are taken into ac-
count, but we are also considering totora productive potential, the price
of the raw material or prediction of totora availability on the market.

2. Material and methods

For the board production, totora plant (Schoenoplectus californicus.
C.A. Mey, Sojak) was used. Dry totora stems from Ecuador were sup-
plied. The board production scheme is shown in the Fig. 2. The stems
were disintegrated using a laboratory shredder, and three types of
tissue were separated — pith, rind and whole totora stems (mixture of
pith and rind). Fiber mat was manually layered and then pre-pressed

Composite Structures 232 (2020) 111572

Table 1
Description of produced totora boards.

Code Pressing temperature Part of the stem Density (kg/m>)
TP 180 180°C Pith 891 (12.9)

TP 200 200°C Pith 1051 (3.2)

TR 180 180°C Rind 929 (8.9)

TR 200 200°C Rind 1061 (3.9)
WTS 180 180°C Whole totora stem 964 (5.5)

WTS 200 200°C Whole totora stem 1043 (8.0)

using a universal testing machine. Pre-pressed fiber mat was placed into
a hot press and preheated for 4 min. Two pressing temperatures were
selected: 180 °C and 200 °C. Pressing time was 10 min. A description of
the different parameters used for producing each board is shown in
Table 1.

2.1. Values in brackets represent coefficient of variation

Internal bonding strength and 2-hour thickness swelling were se-
lected to evaluate the properties of the developed boards. Internal
bonding was measured in accordance with standard EN 319 [13],
thickness swelling and water uptake were measured in accordance with
standard EN 317 [14]. The measured properties were compared with
commercially produced boards; namely type 3 oriented strand board
(OSB) and type P2 particleboard (PB).

A state-of-the-art literature review was done on totora plant and raw
material. The entire analysis covers aspects such as availability of totora
stems with respect to market prices and volumes, totora board devel-
opments, and material selection criteria [15]. Both primary and sec-
ondary data were processed using economic-mathematical methods. In
order to comprehensively evaluate the possibility of using totora stems
for the production of composite materials, the methods of description,

Fig. 2. The board production scheme. (a) dried totora stems, (b) disintegrated totora tissue, (c) pre-pressing, (d) pre-pressed totora mat, (e) pre-pressed mat in the hot

press, (f) pressed board, (g) cut samples.
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analysis, synthesis and comparison were used in the discussion part.

3. Results
3.1. Totora productive potential

Since totora is an annual cycled macrophyte, many of the emerging
stems of the plant die naturally after the flourishing stage and new
shoots are grown every year. Therefore, a well-managed harvesting
process should not generate a big impact on the natural cycle of the
plant. Additionally, the mowing activities help with cleaning the se-
nescent and dead matter from the plant, limiting the methane pro-
duction of the wetland and encouraging the regrowth of new shoots,
which increase the plants density. For example, a natural totora stand
may have a density of around 200 stems/m?, while a totora stand which
is being constantly mowed can have a density of around 320 stems/m?,
hence a higher productivity per unit area [16]. The totora plant can
remain productive for more than 25 years as long as the root system is
not destroyed and correct management and care of the plant is done
[17]. On the other hand, a lack of management and overuse can lead to
the degradation of the totora stand [1,18,19].

3.2. Dry matter productivity of totora stands

Data about the productivity of totora is scarce and scattered. Studies
have shown that totora dry matter production can be up to 58 t/ha/year
in nutrient-enriched substrates such as constructed wetlands for was-
tewater treatment [3]. However, in normal conditions, the maximum
reported dry matter production is around 37 t/ha/year, with an average
of 20 t/ha/year depending on different factors such as location, rain
patterns, substrate and the plant age, among others [1,20]. The max-
imum yield values in enriched substrates of totora are similar to the
values reported for other macrophyte species that have been used in
phytoremediation wetlands, and higher than the yield reported for
some agricultural wastes in terms of t/ha/year, as can be seen in Fig. 3.

In Lake Titicaca, totora has been considered one of the main re-
sources for the local people because of its different uses and applica-
tions. The dry matter yield of totora has been studied by several authors
who have reported different data. A study conducted by Galiano [22]
indicated an average productivity of totora of about 311.02t/ha of
green matter, considering 12% content of dry matter, a dry matter yield
of 37.66 t/ha was calculated in the Puno bay of the Peruvian part of the
lake. Another study conducted by the Binational Project of Lake Titi-
caca (PELT) studied the productivity of approximately 40,000 ha of
totora, of which 62% where in the Peruvian part and 38% in the Bo-
livian part of the lake. It was shown that the average green matter yield
was between 130 and 280 t/ha in the Peruvian part and 150-290 t/ha

70.00

60.00

Dry matter yield t/ha/year

Wheat straw Rice straw

Corn stover
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in the Bolivian part with a total production of 10,955,000t of green
matter [23].

In the lakes of the northern parts of the Andean region of Ecuador,
distributed in a radius of 100 km, approximately 400 ha of natural to-
tora stands have been identified [17,24]. A study about the productivity
of totora in Lake San Pablo-Ecuador was conducted and 80 ha of totora
were identified. It was reported that a cultivated plot of 1,682 m? was
able to produce 2,562 kg of dry matter per mow. Considering that a
cultivated plot is usually mowed twice a year, it is possible to estimate a
dry matter yield of approximately 30 t/ha/year in this case [25].

3.3. Analysis of the totora production chain

In order to analyze the raw totora productive cycle, data available
from studies conducted in Ecuador and Peru were considered. From the
available data from Ecuador, it could be observed that manual mowing
was the least efficient part of the production process. It accounted for
almost 50% of the raw material value. Harvesting time varied a lot
depending on the depth of the marshland, the type of stand, and the
expertise of the mower. In Lake San Pablo-Ecuador, one person could
harvest approximately 50 m? in 50 min, whereas in Yaguarcocha lake-
Ecuador, approximately 900 m? were harvested by 6-7 people in
12 days [17]. Simbafa [25] studied the costs of planting and harvesting
a totora plot of 1,682m? in Lake San Pablo. Although the initial in-
vestment includes plating costs, once the plant is established and is
correctly managed, it can remain productive for more than 25 years.
The costs percentages of each part of the process were reported as
follows: seedlings 1%, terrain preparation 8%, planting 5%, main-
tenance 10%, transport 16%, equipment 10%, and mowing 49%. On the
other hand, in the studies conducted by PELT and ADESU in Lake Ti-
ticaca in 2003 on the economic validation of totora productive cycle,
the costs estimations were performed using surveys. The percentages
each part represents were reported as follows: seedlings 25%, terrain
preparation 5%, planting 5%, maintenance 6%, transport 20%, equip-
ment 14%, and mowing 25% [26].

As can be seen in Table 2, the seedlings costs represent a much
higher percentage in the case of Lake Titicaca. This might be because in
the case of Lake San Pablo in Ecuador, the studied plot area was much
smaller; therefore, the planters could have been able to obtain the
seedlings from previously existing plants or nearby plants by them-
selves, whereas in Lake Titicaca, the area was almost 10 times bigger,
and the seedlings may have to be bought from a nursery. However,
other activities are much more efficient when planting larger areas,
such as the mowing activities which accounts for only 25% of the cost
in Lake Titicaca compared to almost 50% of the cost in Lake San Pablo.
Both of the analyzed studies were conducted in 2003. We can see that
the production price of one kg of dry totora stems in Lake Titicaca was

50.00

40.00

30.00

20.00

10.00 .
0.00 - .

Totora
(Wastewater)

Typha Arundo donax
(Wastewater)  (Wastewater)

Fig. 3. Dry matter yield of different biomass sources. Figure made with data obtained from FAOSTAT, [3,21].
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Table 2
Comparison of costs and item percentages of planting and harvesting one
hectare of totora in Lake San Pablo and Lake Titicaca.

Lake San Pablo-Ecuador Lake Titicaca-Peru/Bolivia

Cost Percentage Cost Percentage

(USD) (%) (UsSD) (%)
Seedlings 4 1.10 150 25.08
Terrain preparation 28 7.68 30 5.02
Planting 20 5.49 30 5.02
Maintenance 36 9.87 33 5.52
Transport 60 16.46 120 20.07
Equipment 36.6 10.04 85 14.21
Harvesting 180 49.37 150 25.08
Total 364.6 100.00 598 100.00

almost the half of that reported in Ecuador, which is thought to be due
to the greater planting area in Lake Titicaca, which can optimize most
of the processes. The reported market price for one kg of dry totora was
about 0.25 USD in Lake Titicaca. The market price of totora stems in
Ecuador was not reported in that study.

Currently, the market price of one kg of dry totora stems sold in
Lake San Pablo-Ecuador is around 0.35 USD, which could be reduced
for wholesale orders depending on the transaction conditions.
Considering that the planting and harvesting processes are still per-
formed mainly by hand, the efficiency of totora production can be
significantly improved by employing new harvesting technologies. For
instance, some harvesting machines used for mowing common reed
(Phragmites australis) in northern Europe are able to mow between 1 and
1.5ha/hour [27]. This could increase the harvesting efficiency and
reduce raw totora prices, thereby making it more competitive against
other biomass sources.

4. Constructed wetlands for phytodepuration as potential raw
material source

Constructed wetlands planted with macrophyte species have shown
to have several benefits in addition to water quality improvement, such
as their low operational costs [28], bioenergy source [29], and CO,
capturing [30]. Additionally, stricter regulations on wastewater quality
and water management have encouraged research on increasing the
efficiency of existing treatment plants by incorporating alternative
systems, such as constructed wetlands to comply with the requirements
at low initial and operational costs [31]. Several authors have studied
totora in constructed wetlands that showed high resistance to different
pH levels (from 3 to 11), and high heavy metal removal capacities
[4,32-34]. Additionally, a study conducted in Chile about greenhouse
gas emissions and energy consumption of a horizontal subsurface flow
constructed wetland (HSSF), planted with totora and Phragmites aus-
tralis intended for serving a 700-people equivalent population, reached
the conclusion that the HSSF wetland emitted almost a third of GHG
emissions (12-22 kgCOseq/p.e/yr vs. 67.9 kgCO,eq/p.e/yr) and con-
sumed approximately a third of primary energy (24-27 MJ/m® vs.
96 MJ/m®) compared to a conventional wastewater treatment plant
[30]. The feasibility of totora to be used as a phytoremediation species
in constructed wetlands may indicate the possibility of achieving sy-
nergy by pairing the water-quality improvement with the raw material
supply chain. For instance, in the Imperial Valley-California constructed
wetlands planted with totora were studied for treating agricultural
drain water [35]. In that study it was concluded that a system of ap-
proximately 4 ha of wetlands can treat 18 cm/day of water flow, re-
moving 41% of the total phosphorus, 25% of the total nitrogen, and
40% of the total suspended solids. In the Imperial Valley area the au-
thors identified more than 80 potential treatment sites with more than
1500 ha for constructed wetland treatment plants [35], which could
produce around 10,000 t of dry matter every year if the system is paired
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with the reeds management plan as part of the productive cycle of the
system. Another study conducted by the Environment, Mining and In-
dustry Foundation (MEDMIN) in a rural area in Bolivia showed that a
constructed wetland of 2500 m? planted with totora could work as a
prior step for increasing the efficiency of the conventional purification
plant intended for a population of 500 people [36]. Other studies have
pointed out the importance of treating wastewater generated in in-
dustrial parks, where centralized treatment systems, including con-
structed wetlands, could be planned to address the removal of different
kinds of contaminants [37]. Therefore, it could be possible to achieve
synergy between the water cleaning service that the plant provides, and
at the same time providing raw material that can be used in the in-
dustrial sector.

However, it is important to know what kind of contaminants the
water contains to define the best strategy for managing the wetland,
and whether it is convenient or not to cut the totora stems or allow for
detritus accretion to prevent toxic levels of contaminants accumulated
in the sediment layers. For example, Murray-Gulde, Huddleston,
Garber, & Rodgers [38] have reported that in South Carolina, 3.2 ha of
constructed wetlands were used to reduce the copper concentration of
water discharges that did not comply with some of the requirements
recently introduced on wastewater quality standards. In this case it was
not recommendable to cut the stems, for it was stated that since the
biomass production of totora surpassed the detritus decomposition rate,
it was a good species to sustain a system of sediment accumulation,
where the senescent stems acted as carbon sources for bacteria that
helped digest some of the contaminants, and at the same time, sedi-
ments accretion favored by senescent stems provided binding zones for
reducing the bio-availability of the heavy metal that remained trapped
in the progressive deposits of sediments layers preventing the risk of the
wetland to achieve toxic levels of contaminants. Considering that water
quality and protection of water sources has become one of the main
concerns of our day, and that regulations on wastewater treatment are
becoming stricter [38], constructed wetlands are one of the interesting
solutions that comply with these requirements in situations such as in
rural areas, agricultural irrigation systems, industrial wastewater
treatment plants, and urban wastewater treatment plants [39].

4.1. Wetlands for environmental restoration as raw material source

Natural wetlands have been identified as important carbon storage
places and biodiversity promoters [40]. Several projects for recovering
marshlands and wetlands use totora as one of their main species; for
instance, the wetland restoration project of the San Francisco Bay Es-
tuary in the U.S., where more than 24,000 ha are planned to be restored
along the coastal marshes [41]. This wetland could be periodically
managed to remove mature plants and limit the methane production
from senescent aerial stems, which can become an important raw ma-
terial source at the same time. Another restoration project is taking
place at Lake Titicaca in Peru and Bolivia, where more than 30,000 ha
are planned to be restored along the lake shores aimed at recovering
their environmental characteristics and encourage the management of
the totora plant by the local people. This could also generate income
sources for local communities that can use totora to develop local in-
dustries or handicraft making. The situation is different in Ecuador.
While in the lakes where the communities that know how to work with
totora and see it as a valuable resource, such as in Lake San Pablo
(140 ha), and Yaguarcocha lake (90 ha), people keep the lake well
managed to encourage the totora regrowth and increase the stems
density; there are other cases for example in Colta lake (80 ha), where
people do not regard totora as a valuable resource anymore and the lake
has become overgrown with totora plants. Therefore, the local admin-
istration started a project in 2010 to “clean” the lake with an invest-
ment of nearly 1,000,000 USD, aimed at removing approximately 70 ha
of totora plants to keep the shores open and gain free water surface,
which could facilitate tourist activities at the lake [42,43]. In cases like
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Fig. 4. Influence of board type on 2h thickness swelling TR 180 — board from
rind, pressing temperature 180 °C, TR 200 — board from rind, pressing tem-
perature 200 °C, TP 180 - board from pith, pressing temperature 180 °C, TP 200
- board from pith, pressing temperature 200 °C, WTS 180 - board from pith and
rind, pressing temperature 180°C, WTS 200 — board from pith and rind,
pressing temperature 200 °C, OSB - oriented strand board, PB - particleboard.

this, it could be possible that the same industry carries out the totora
extraction as a public service, and thereby the raw material acquisition
may become an income source instead of an expense in the productive
cycle.

4.2. Comparison of thickness swelling, water uptake and internal bonding

From the thickness swelling and water uptake charts, it can be seen
that the absorbent capacity of totora boards is very high (Fig. 4). The
Totora stem is built from cellulose and hemicelluloses tissues that are
hydrophilic and almost in all variants of totora board, the 2-hour water
uptake was more than 100% of dry board mass. Since no adhesive is
used, and self-bonding effect is based on sugars and the thickness
swelling is also high. The highest thickness swelling was achieved by
boards made from totora pith (Fig. 5). However, post treatments could
be studied to limit the water uptake of the boards. Internal bonding
values were extremely low, and these values do not fulfil standards and
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Fig. 5. Influence of board type on 2h water uptake TR 180 - board from rind,
pressing temperature 180 °C, TR 200 - board from rind, pressing temperature
200 °C, TP 180 - board from pith, pressing temperature 180 °C, TP 200 — board
from pith, pressing temperature 200 °C, WTS 180 — board from pith and rind,
pressing temperature 180 °C, WTS 200 — board from pith and rind, pressing
temperature 200 °C, OSB - oriented strand board, PB — particleboard.
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Fig. 6. Influence of board type on internal bonding TR 180 — board from rind,
pressing temperature 180 °C, TR 200 - board from rind, pressing temperature
200 °C, TP 180 - board from pith, pressing temperature 180 °C, TP 200 — board
from pith, pressing temperature 200 °C, WTS 180 - board from pith and rind,
pressing temperature 180 °C, WTS 200 — board from pith and rind, pressing
temperature 200 °C, OSB - oriented strand board, PB — particleboard.

are much lower than the internal bonding values of commercially sold
boards (Fig. 6). However, pre-treatments can be studied to improve the
mechanical properties of totora binderless boards and identify potential
applications.

5. Conclusions

Although totora is not currently a crop of industrial importance,
through the adequate management of the already existing sources, in
addition to the potential material production that may result from other
uses such as constructed or natural wetlands, it may be possible to
create several sources for raw material supply that can become feed-
stock to other industrial developments.

The totora binderless boards produced using the parameters de-
scribed in this study did not generate satisfactory outcomes in terms of
water uptake and internal bonding strength properties. However, post
treatments such as wax addition could improve the water resistance of
these boards, and the study of different properties, such as their thermal
and acoustic insulation capacity, could help identify potential appli-
cations in other fields. Further research is needed to study the influence
of different hot-pressing parameters, and possible strategies to improve
the boards’ mechanical properties.
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Utilisation of Winter Rapeseed in Wood-based Materials
as a Solution of Wood Shortage and Forest Protection

Petra Gajdacova,? Stépan Hysek,** and Vilém Jarsky 2

Due to various factors, there is evidence that there will be a future lack of
wood materials in the woodworking and energy sectors, as well as other
sectors. This has been confirmed definitively through the most recent
developments. Possible solutions include the partial replacement of
wood in composite materials by post-harvest remnants of agricultural
crops. Unlike wood matter, however, these stems need surface pre-
treatment before they can be used to produce composite materials. In
this study the effects were compared for two pre-treatments of stems
(alkaline and hydrothermal) of rapeseed (Brassica napus L.), maize (Zea
mays L.), and wheat (Triticum aestivum L.). The effects were compared
using the contact angle between water and the surfaces of the stems.
Hydrothermal modification yielded a statistically significant reduction in
the contact angle between water and the stem surfaces of winter
rapeseed and maize; likewise, alkaline modification yielded a statistically
significant reduction in the contact angle between water and the stem
surface of maize. The possibility of using winter rape to produce
composite materials was further evaluated and comprehensively
assessed using SWOT analysis.

Keywords: Rapeseed; Wheat; Maize; Straw; Wood; Forest; Surface modification

Contact information: a: Faculty of Forestry and Wood Sciences, Czech University of Life Sciences Prague,
Kamycka 1176, 165 21 Prague 6 — Suchdol, Czech Republic; *Corresponding author: hyseks@fld.czu.cz

INTRODUCTION

Forests are a source not only of goods but also of ecological services and socio-
cultural benefits (Stenger et al. 2009; Sisak et al. 2016). The increased demand for wood,
however, can pose a threat to the performance of these non-production functions of
forests (Balest et al. In Press). Locally and globally, the demand for wood material is
increasing, with the greatest needs for its supply, in terms of volume, coming from not
only various wood and energy sectors but also from the paper, chemical, and other
sectors of national economies (Seintsch 2011; Lauri et al. 2012). For example in the
Czech Republic, where the production potential of forests is well known (Pulkrab at al.
2015), wood-processing companies are facing a shortage of logs even now, with their
economic performance declining (Sujova et al. 2017). Unfortunately, the growth figures
for wood matter are not large enough to meet the ever-increasing demand for its supply
(Bostedt et al. 2016). It is estimated that by 2030 there will be an increase of 73% in the
demand for wood (compared with 2010), with a shortfall of 316 million m® (Mantau et al.
2010). To avert the threat of a shortage of wood for industrial use, other actions need to
be implemented in cooperation with silvicultural actions, strategies, and measures
(Mburu et al. 2007; Ye et al. 2007; Dieter and Seintsch 2012; Temperli 2017). Legal
regulation for the protection of forests appears to be an evident and necessary instrument
for coordinating the expected situation.
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Comprehensive legislation does not exist within the European Union, even though
forest cover accounts for 38% of the surface area of the region. The main reasons for this
are the distinct types of geoclimatic diversity and the circumstance that only six member
states occupy some two thirds of the total area. This would make any compact European
legislation quite extensive or even confusing and, in most member states, impossible to
apply in practice. Therefore, member states stipulate the conditions for the protection of
forests at the national legislative level (European Parliament 2017). In the Czech
Republic, Czech Parliament Act No. 289/1995 (1995) is the main piece of legislation and
is further supplemented, in particular, by decrees issued by the Ministry of Agriculture.
The main task of the Forest Act is, according to the provisions of its Section 1, to specify
the prerequisites for the preservation, management, and regeneration of forests as a
national resource while still allowing permanent economic activities in the area; such
activities are possible in forests, whether national or private, but compliance with all the
conditions for the sustainable development of forests is required.

In the future, demand for wood will continue to increase because of the need to
reduce CO2 emissions and, in particular, to replace energy-consuming materials such as
concrete and steel. Another driver of demand will be the goal to eliminate fossil raw
materials in both the energy and processing industries, motivated not only by the need to
reduce CO2 emissions but also because deposits of fossil raw materials will gradually
become exhausted in the long term (Lauri et al. 2012; Temperli et al. 2017). This implies
that, in addition to forestry and legal measures, which alone cannot fully protect the
performance of the non-production functions of forests in the long term, it will be
necessary to look for other natural sources of cellulose and lignin. This involves annual
and biennial plants because their stems, which also consist of cellulose and lignin, can be
utilised for the manufacture of materials (Halvarsson et al. 2010; Marinho et al. 2013;
Hysek et al. 2016) as well as for energy purposes (Haq et al. 2016; Taha et al. 2016).
Post-harvest remnants of agricultural crops appear to be promising materials (Guler et al.
2006; Belini et al. 2012; El-Kassas and Mourad 2013; Castkova et al. 2018). Unlike with
wood matter. However, the production of composite materials from the stems of
agricultural crops typically requires that the surfaces of these stems be pre-treated, in
order to disrupt the waxy layer that inhibits high-quality bonding between the particle and
the adhesive (Bekhta et al. 2013; Castkova et al. 2018).

Pre-treatment of rapeseed particles by both boiling in water or soaking in NaOH
solution led to morphological changes of the particle surface and statistical significant
decrease of some elements (Ca, K, Mg, and S) in the particle mass (Castkova et al. 2018).
Bekhta et al. 2013 reported that soaking in acetic anhydride solution, as well as boiling in
soapy solution or in water enhanced the adhesion between wheat straw particle and urea
formaldehyde adhesive, which consequently led to increase of mechanical properties.

This aim of this report is to determine the effects of different types of stem pre-
treatment on the surface properties of the stems of rape, maize, and wheat modified in
this way. Furthermore, the report seeks to evaluate more comprehensively the possibility
of using stems of winter rapeseed for the production of composite materials.
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EXPERIMENTAL

Materials

In order to compare the effect of modification on contact angle between stalk
surface and water, three kinds of stalks were used: rapeseed (Brassica napus L.), maize
(Zea mays L.), and wheat (Triticum aestivum L.). All plants were grown in the Czech
Republic in the Central Bohemian Region.

Methods

Two kinds of surface pre-treatment (modification) were tested: hydrothermal
modification and alkaline modification. A third group was left untreated as a control.
The hydrothermal treatment was carried out by boiling in water for 45 min. In the
chemical treatment, the particles were soaked in 2% sodium hydroxide (NaOH) solution
at 20 °C for 45 min. After both modifications, particles were carefully flushed with water
and then oven dried to 6% moisture content (Castkova et al. 2018).

To determine the wettability of treated and untreated surface of stalks, the contact
angle of the water and stalk surface was measured using a DSA 30E goniometer (Kriss
GmbH, Hamburg, Germany). The contact angle was measured only on the exterior
surface of stalks. Thirty (30) measurements of static contact angle were made for each
straw modification. The volume of each distilled water droplet was 5 pL, with the
measurement taken 5 s after the application. Contact angle was measured using image
analysis software (Castkova et al. 2018).

The morphological changes of surface of stalks were observed with a MIRA 3
scanning electron microscope (Tescan Orsay Holding, Brno, Czech Republic) with a
secondary electron detector operated at 15 kV acceleration voltage.

To evaluate measured data, descriptive statistics (arithmetic mean, minimum,
maximum, standard deviation, and coefficient of variation) were calculated. A two-way
analysis of variance was used to determine whether any of the pairwise differences
among the various arithmetic means were significant. The Tukey post hoc test was
employed to determine the significant differences between group means. Computations
were carried out using Statistica 12 software (StatSoft, Tulsa, OK, USA). A significance
level of a = 0.05 was selected.

An analysis of strengths, weaknesses, opportunities, and threats (SWOT analysis)
was made for boards based on oilseed rape stems in order to evaluate the possibilities of
using winter oilseed rape for the production of composite materials; it is presented in the
Results and Discussion section.

RESULTS AND DISCUSSION

Surface Modification

Table 1 lists the arithmetical averages, minimum and maximum figures, standard
deviations, and coefficients of variation for the data sets of measured contact angles
between water and the surfaces of three types of plant stems for three surface treatment
variants. In accordance with theoretical assumptions, the greatest contact angles between
water and the straw surfaces were achieved in untreated stems in all three species of
plants. The highest figures were reached for maize; however, the differences between
plants were not statistically significant. Both types of modification caused the desired
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effect, a reduced contact angle between water and the surfaces of the stems. The lowest
figures were recorded for maize stems modified in an alkaline environment.

Table 1. Descriptive Statistics of Measured Contact Angle Values

Straw Modification | Mean (°) | Minimum (°) | Maximum (°) Ds\t/?ant?oar{%) Sgﬁg{%ﬁn(t(;s ;
Hydrothermal | 82.7 68.85 112.70 104 12.6
Rapeseed Alkaline 91.1 79.01 100.90 6.3 6.9
Untreated 94.1 70.70 109.90 9.6 10.2
Hydrothermal | 83.9 71.59 98.15 6.9 8.2
Maize Alkaline 76.8 53.39 97.09 8.6 11.2
Untreated 94.8 79.13 104.82 5.6 5.9
Hydrothermal | 89.6 70.73 108.50 11.4 12.8
Wheat Alkaline 85.0 69.42 98.41 7.7 9.1
Untreated 91.3 62.40 107.05 10.8 11.8

The two-factor analysis of variance shown in Fig. 1 depicts the relationship
between the contact angle and the type of stem or surface treatment; Table 2 shows the
statistical significance for pairwise differences. The results show that the hydrothermal
modification significantly reduced the contact angle between the water and the surfaces
of the maize and rape stems. Alkaline modification, in contrast, yielded a statistically
significant reduction in contact angle in maize stems only. Using a 0.05 level of
significance, alkaline modification of wheat stems did not have a statistically significant
effect on the contact angle. Modification by sodium hydroxide solution did reduce the
contact angle between water and rape stems, but this difference was not statistically
significant either. For rape straw, hydrothermal modification seems to be a suitable type
of surface treatment, based on these results. For maize stems, alkaline modification can
be used in addition to the hydrothermal variant; however, if a cheaper variant is preferred,
hydrothermal modification would be sufficient. From the results obtained, the selected
types of modification seem to be inappropriate for modification of the surface of wheat
straw.

The contact angle generally presents a high variability among plant materials
(Oberhofnerova and Panek 2016), and increased variability is also evident from the
results obtained in this work. The considerable variability of the measured data,
unfortunately, caused some of the rather large differences to be statistically insignificant.
For example, no statistically significant difference between hydrothermal and alkaline
modifications was demonstrated for maize stems, and no influence of modification at all
was demonstrated for the contact angle of wheat straw.
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Fig. 1. ANOVA - effect of straw and modification on contact angle (Note: vertical bars depict 95%
confidence intervals)

Table 2. Appropriate Statistical Significances of Differences in Fig. 1

Straw R R R M M M w w w

Straw Modification H A U H A U H A U
R H S. S. n.s. n.s. S. n.s. n.s. S.
R A S. n.s. S. S. n.s. n.s. n.s. n.s.
R U S. n.s. S. S. n.s. n.s. S. n.s.
M H n.s. S. S. n.s. S. n.s. n.s. S.
M A n.s. S. S. n.s. S. S. S. S.
M U S. n.s. n.s. S. S. n.s. S. n.s.
W H n.s. n.s. n.s. n.s. S. n.s. n.s. n.s.
W A n.s. n.s. S. n.s. S. S. n.s. n.s.
wW U S. n.s. n.s. S. S. n.s. n.s. n.s.

Note: R = Rapeseed, M = Maize, W = Wheat; H = Hydrothermal, A = Alkaline, U = Untreated;

s. = significant, n.s. = not significant

In Fig. 2a-i are depicted morphological changes of rapeseed, maize and wheat
stalks after different modifications. It can be seen that both hydrothermal and alkaline
modification caused visible changes in the surface structure of stems. In Figs. 2g-h one
can observe loss of the top layer (epidermis) of the wheat stem surface. Pores of untreated
stems are sunk in the top layer, whereas pores of modified stems are protruding, because
the top layer is missing. Maize stalks exhibited visual changes of stem surface only after
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alkaline treatment. The damage of maize stem surface by hydrothermal treatment was not
visible, despite the fact that the decrease of water contact angle was significant. It can be
assumed that boiling water did not cause any morphological changes of the maize
surface, but only washed the stems and thus the water contact angle was lower. Also any
damage of rapeseed stem surface was caused by hydrothermal treatment. Rapeseed stems
evidenced changes of surface only after alkaline modification. On the rapeseed, maize
and wheat stems were deposited crystals of Ca after alkaline treatment. These crystals
were precipitated by sodium hydroxide (Castkova et al. 2018).
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Fig. 2. Electron micrographs of rape, maize and wheat straw surfaces (magnification 1000x). (a)
Hydrothermal modified rape stalk, (b) alkaline modified rape stalk, (c) untreated rape stalk, (d)
hydrothermal modified maize stalk, (e) alkaline modified maize stalk, (f) untreated maize stalk, (g)
hydrothermal modified wheat stalk, (h) alkaline modified wheat stalk, and (i) untreated wheat stalk

Scientific reports that evaluate the possibility of using post-harvest remnants of
crops have focused mainly on the characteristics of the material produced. If, however,
the present results are to be commercialised, then the issue of producing composite
materials from these crops needs a more comprehensive assessment. Therefore, the
strengths, weaknesses, opportunities, and threats of the production of particle board from
rape stems were analysed. Stems of winter rapeseed were selected as a promising
material, with their production amounting to about 42 million tonnes per annum in the
European Union (Eurostat 2016); unlike stems of wheat and maize, however, they have
not yet found any considerable application. In the European Union, 29.1 million m® of
particle board was produced in 2015 (EPF 2017). Therefore, the current rape stem
production already has the potential to replace almost two times the wood used in particle
boards in the EU (ca. 0.75 tonnes of raw materials are required to produce 1 m® of
particleboards). The possibility of successful replacement of wood in wood-based
materials by rapeseed stems has already been demonstrated (Dziurka et al. 2015;
Dukarska et al. 2017), and the effect of rapeseed particle pre-treatment by hydrothermal
and alkaline treatment on the disrupting of the surface layer has also already been
estimated and reported (Céstkova et al. 2018).

SWOT Analysis of Making Particle Board from Rape

Strengths

e Low purchasing costs (waste not used): Rape stems are currently not used; they are
turned to chips during harvest and left on the field or used for energy purposes at the
most (Karaosmanoglu et al. 1999; Zabaniotou et al. 2008; Diaz et al. 2009). As this
involves unused harvest remnants, low purchasing costs can be assumed.

e Widespread availability: In 2017, there was in The Czech Republic a total of 407
thousand hectares of land sowed with rape, which represents 16.5% of the total
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sowing area of this country (CSO 2017). For stems, yield per hectare in Europe is 3 to
10 t/ha, meaning that in 2014 the European Union produced around 42 million tonnes
of stems (Eurostat 2016). Widespread availability and huge produced amounts of rape
stems are reported from all over the word, as from China (Huang et al. 2016), Poland
(Dukarska et al. 2017), Iran (Yousefi 2009), Canada and United States (Oh and
Jamaludin 2015).

e Renewable resource: It is a renewable resource that can be harvested annually to
source lignin and cellulose (Karaosmanoglu 1999).

e Policies of the EU and the Czech Republic: European Union policy supports
sowing large areas of winter oilseed rape, meaning that the crop is highly financially
advantageous for farmers. The European Union has set itself an objective (European
Parliament (EP) Directive 2009/28/EC 2009) to reduce greenhouse gas emissions by
20% compared with the values in 1990. In addition, a directive was adopted
(European Parliament (EP) Directive 98/70/EC 1998) concerning fuel quality that
tasks fuel suppliers to reduce, by 2020, the intensity of greenhouse gas emissions in
fuel mixtures by 6% in comparison with 2010; this provides an incentive for more
extensive use of low-carbon fuels in transportation. Because most of this 6% consists
largely of rape, there is an assumption of high consumption of rape (European
Commission (EC) Report COM(2017) 284 2017). This issue is also elaborated at the
national level; the mandatory content of mineral oil is governed by Czech Parliament
Act No. 353/2003 (2003), where it is established that a mixture of medium oils and
heavy gas oils shall contain at least 30% methyl ester of rapeseed oil (§ 45(2)(c)).
Despite the fact that in the European Union 2" generation biofuels are regarded as
having better prospects, in the Czech Republic biofuels 1t generation from rapeseed
are highly supported, the financial concession can be found in the excise taxes (Act
No. 353/2003 (2003).

e Good mechanical and physical properties: The chemical composition of stems and
the dimensions of rape fibres are similar to those of the wood of broad-leaf trees
(Adapa et al. 2009; Tofanica et al. 2011). The characteristics of composite materials
made of this raw material are comparable with commercially available products based
on wood (Huang et al. 2016; Nikvash et al. 2012; Dziurka et al. 2015; Dukarska et al.
2017).

e The existing technology of particle and fibre boards can be leveraged: Given the
similarities in the composition of rape fibres and particles and those of wood, existing
board production technology could presumably be utilised after modifications.

e Stems can be compressed for storage: Stems of annual and biennial plants contain
pulp, allowing compression of the straw into bales for transportation, handling, and
storage.

e Annual cycle of rape cultivation: The annual cycle of the cultivation of winter
oilseed rape (Su et al. 2014), and the consequent production of straw, is an important
benefit permitting rapid response to changes in the market.

e Low energy intensity of production: The bulk density of rape straw is around 270
kg/m® for 10% moisture content; the particle density is 1,550 kg/m*® (Adapa et al.
2009). Compared with wood, which has a significantly higher density, the stems are
easier and require less energy to disintegrate (Zhu and Pan 2010).
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CO2 emissions reduction: Unlike burning stems in solid form or using them for
biofuel production, making boards binds CO2 in the product for several decades
(Schlamadinger and Marland 1996).

Weaknesses

Variability of the properties: The properties of natural materials exhibit higher
variability compared with artificial materials (Anandjiwala and Blouw 2007; Das et
al. 2012; Hysek et al. 2016).

Soaking and moistening capacity: With free hydroxyl groups contained in the
cellulose fibres, rape fibres can absorb molecules of water from both the air and
liquid water (Hofstetter et al. 2006), which in turn influences the properties of
soaking and moistening of materials produced from these fibres. In composite
materials, however, soaking and moistening capacity can be substantially reduced by
appropriate adhesives and additives (Dukarska et al. 2017).

The technology of collecting straw from fields is not fully developed: Currently,
winter oilseed rape stems are being turned into chips when harvested and left lying in
the fields. For collecting stems, it would be appropriate to use collecting and
packaging units that are already being used for collecting post-harvest remnants of
other crops (Carvalho et al. 2017; Tang et al. 2017).

Production technology is not fully developed: Boards made of rape particles are not
yet commercially produced, though research is currently underway, with objectives
including the development of board production technology. In the case of water-
assisted particle pre-treatment, waste water management could raise costs of this
production.

Demand for environmentally friendly products still low: Demand for
environmentally friendly products is rising, yet only a quarter (26%) of the EU
population “often buy environmentally-friendly products” (Flash Eurobarometer
2013).

Drawing nutrients from the soil: Compared with ploughing stems into the soil,
nutrients are removed from the soil, with the subsequent need for fertilising using
inorganic fertilisers (Su et al. 2014). However, the straw still needs to be ploughed
into the soil for the nutrients to be absorbed. Through the widely used practice of
shallow ploughing, instead of deep ploughing, the quantity of nutrients absorbed is
significantly reduced (Su et al. 2015; Zhu et al. 2016).

Bulkiness of the raw material: Pulp represents a substantial portion of the stem. Due
to the pulp, the density of the stems is 270 kg/m? for approximately 10% humidity,
and bulkiness is greater in comparison with wood (Adapa et al. 2009).

Degradation by biotic factors: Stems of rape can degrade through the action of
biotic factors when stored improperly, as can any other natural lignin-cellulose
material (Anandjiwala and Blouw 2007; Das et al. 2012).

Seasonal nature of the harvest: Given the seasonality of the harvest (Tofanica et al.
2011), it is necessary to put the material into storage in large quantities, with an
associated cost.

Opportunities
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An extensive market of large-area composite materials for construction and
furniture-making applications: In the European Union, 53.8 million m® of wood-
based, large-area composite materials were produced in 2015 (EPF 2017).

Improved economic situation of farmers: Using straw as a by-product from the
production of winter rape provides a significant monetary income to farmers.
Addressing the situation of the wood raw materials shortage: The partial
replacement of wood in lignin- and cellulose-based composite materials by winter
rape can significantly contribute to addressing the lack of wood in various wood-
processing and energy sectors (Ye et al. 2007; Dziurka et al. 2015). This contributes
to protecting the equally important non-production functions of forests as a very
important positive externality.

Legislative support for environmentally-friendly products: Support from national
governments for environmentally-friendly solutions is assumed in the future and can
enhance their propagation in relation to products from non-renewable resources.

Low energy consumption in production: Energy demands for the production of
final products made of wood-based composites is significantly lower than for
products made from concrete, steel, or glass. It is assumed that the production of
boards from rape will use even less energy than production from wood.

Expansion into sectors other than just the furniture-making and construction
industries: While the furniture-making and construction sectors are assumed to be
the major industries in which products made of rape stems could find applications (in
the form of large-area materials), composite materials made of rape stems, such as
composites from fibres and shaped moulded pieces, could find applications in
automotive, shipbuilding, and other industries.

Utilising the stems of plants other than rape: There could be more than just winter
oilseed rape fibres or particles present in the composite materials produced; they
could be combined with other natural fibres or particles according to the purpose
(Nikvash et al. 2012; Oh and Jamaludin 2015).

Threats

Competition from composite materials made of other renewable raw materials:
Research is underway, focusing on the use of other renewable raw materials. Possible
examples for potential use include bamboo (Marinho et al. 2013), sugar cane (Belini
et al. 2012), reeds (Han et al. 2001), flax, hemp, and kenaf (Aisyah et al. 2013;
Papadopoulou et al. 2014).

Concrete lobby: The lobbying activities of conventional construction companies
could significantly hamper the propagation of materials based on wood and other
natural resources; this currently involves legislative disadvantages and the limits
applied to wood structures.

Low consumer awareness: In general, any further growth in production using
renewable raw materials in Europe might be prevented through low consumer
awareness. In Eastern European countries especially, consumers still prevail who
prefer cheaper variants using non-renewable resources to those involving renewable
resources.

Pests: As with any other monoculture, fields of rape are at risk of being damaged by
pests. As the area of monoculture grows, this threat is increasing, making it necessary
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to take agronomic measures. In the case of winter oilseed rape, this involves selective
breeding, proper agronomic practices, treatment of crops against pests, and other
measures (Zegada-Lizarazu and Monti 2010).

Competition from biofuel production: Producing biofuels provides an alternative to
using post-harvest remnants of agricultural crops to produce composite materials; this
primarily involves bioethanol production. Raw materials for producing biofuels are
also not subject to quality requirements of such a high level as are materials intended
for the production of composite materials (Haqg et al. 2016; Taha et al. 2016).
Reduced rape production volume: Any reduced production of winter rape, whether
from a change in the policy that currently results in a higher volume of rape
production compared with other raw materials or from other factors such as decreased
demand for rapeseed oil, poses a significant threat. According to Directive 98/70/EC
(1998) on the quality of fuels, the European Commission does not propose extending
the reduction of emissions of greenhouse gases through fuels after 2020 (European
Commission (EC) Report COM(2017) 284 2017).

CONCLUSIONS

1. Hydrothermal and alkaline modification of the surface of plant stems has an effect on
the contact angle between the stem surface and water.

2. Specifically, hydrothermal modification yielded a statistically significant reduction in
the contact angle between water and the stem surfaces of winter oilseed rape and
maize; likewise, alkaline modification yielded a reduction in the contact angle
between water and the stem surface of maize.

3. SWOT analysis suggests that winter rape stems are a very promising material for the
production of composites.

4. Partial replacement of wood in wood-based composites with winter rape stems brings
positive externalities, one of the most important being a contribution to the protection
of the non-production functions of forests.

ACKNOWLEDGMENTS

The authors are grateful for the support of the Czech University of Life Sciences

Prague, Faculty of Forestry and Wood Sciences, Grant No. IGA (A09/17).

REFERENCES CITED

Adapa, P., Tabil, L., and Schoenau, G. (2009). “Compaction characteristics of barley,

canola, oat and wheat straw,” Biosystems Engineering 104(3), 335-344. DOI:
10.1016/j.biosystemseng.2009.06.022

Aisyah, H. A., Paridah, M. T., Sahri, M. H., Anwar, U. M. K., and Astimar, A. A. (2013).

“Properties of medium density fibreboard (MDF) from kenaf (Hibiscus cannabinus

Gajdacova et al. (2018). “Rapeseed-Wood Composites,” BioResources 13(2), 2546-2561. 2557



PEER-REVIEWED ARTICLE b | oresources.com

L.) core as function of refining conditions,” Composites Part B 44(1), 592-596. DOI:
10.1016/j.compositesh.2012.02.029

Anandjiwala, R. D., and Blouw, S. (2007). “Composites from bast fibres — Prospects and
potential in the changing market environment,” Journal of Natural Fibers 4(2), 91-
109. DOI: 10.1300/J395v04n02_07

Balest, J., Hrib, M., Dobsinska, Z., and Paletto, A. (In Press). “The formulation of the
National Forest Programme in the Czech Republic: A qualitative survey,” Forest
Policy and Economics. DOI: 10.1016/j.forpol.2017.02.002

Bekhta, P., Korkut, S., and Hiziroglu, S. (2013). “Effect of pretreatment of raw material
on properties of particleboard panels made from wheat straw,” BioResources 8(3),
4766-4774. DOI: 10.15376/biores.8.3.4766-4774

Belini, U. L., Tomazello Filho, M., Louzada, J. L. P. C., Rodrigues, J., and Astolphi, J. R.
S. (2012). “Pilot study for MDF manufacture from sugarcane bagasse and eucalyptus
fibers,” European Journal of Wood and Wood Products 70(4), 537-539. DOI:
10.1007/s00107-011-0577-4

Bostedt, G., Mustonen, M., and Gong, P. (2016). “Increasing forest biomass supply in
northern Europe — Countrywide estimates and economic perspectives,” Scandinavian
Journal of Forest Research 31(3), 314-322. DOI: 10.1080/02827581.2015.1089930

Carvalho, D. J., Veiga, J. P. S., and Bizzo, W. A. (2017). “Analysis of energy
consumption in three systems for collecting sugarcane straw for use in power
generation,” Energy 119, 178-187. DOI: 10.1016/j.energy.2016.12.067

Castkova, T., Hysek, S., Sikora, A., Schonfelder, O., and Béhm, M. (2018). “Chemical
and physical parameters of different modification of rape straw (Brassica napus L.),”
BioResources 13(1), 104-114. DOI: 10.15376/biores.13.1.104-114

CSO. (2017). “Zeméd¢lstvi - casové Fady [Agriculture — time series],” Czech Statistical
Office (CS0O), (https://www.czso.cz/csu/czso/zem_cr), accessed 2 May 2017.

Czech Parliament Act No. 289/1995. (1995). “Act on forests and amendments to some
acts (the forest act),” Prague, Czech Republic.

Czech Parliament Act No. 353/2003 (2003). “Act No. 353/2003 concerning excise
taxes,” Prague, Czech Republic.

Das, D., Pradhan, A. K., Chattopadhyay, R., and Singh, S. N. (2012). “Composite
nonwovens,” Textile Progress 44(1), 1-84. DOI: 10.1080/00405167.2012.670014

Diaz, M. J., Cara, C., Ruiz, E., Romero, I., Moya, M., and Castro, E. (2009).
“Hydrothermal pre-treatment of rapeseed straw,” Bioresource Technology 101(7),
2428-2435. DOI: 10.1016/j.biortech.2009.10.085

Dieter, M., and Seintsch, B. (2012). “Changes in the competitiveness of the German
wood and paper industries due to increasing shortage of coniferous
roundwood,” Allgemeine Forst und Jagdzeitung 183(5-6), 116-128.

Dukarska, D., Czarnecki, R., Dziurka, D., and Mirski, R. (2017). “Construction
particleboards made from rapeseed straw glued with hybrid pMDI/PF resin,”
European Journal of Wood and Wood Products 75(2), 175-184. DOI:
10.1007/s00107-016-1143-x

Dziurka, D., Mirski, R., Dukarska, D., and Derkowski, A. (2015). “Possibility of using
the expanded polystyrene and rape straw to the manufacture of lightweight
particleboards,” Maderas. Ciencia y tecnologia 17(3), 647-656. DOI: 10.4067/S0718-
221X2015005000057

Gajdacova et al. (2018). “Rapeseed-Wood Composites,” BioResources 13(2), 2546-2561. 2558



PEER-REVIEWED ARTICLE b | oresources.com

El-Kassas, A. M., and Mourad, A.-H. 1. (2013). “Novel fibers preparation technique for
manufacturing of rice straw based fiberboards and their characterization,” Materials
& Design 50, 757-765. DOI: 10.1016/j.matdes.2013.03.057

EPF. (2017). “Market information,” European Panel Federation,
(http://europanels.org/facts--figures/market-information), accessed 19 Sep 2017.

European Commission (EC) Report COM(2017) 284. (2017). “Report from the
Commission to the European Parliament and the Council in accordance with Article 9
of Directive 98/70/EC relating to the quality of petrol and diesel fuels,” European
Union, Brussels, Belgium.

European Parliament. (2017). “Fact sheets on the European Union: The European Union
and forests,” European Parliament at Your Service,
(http://www.europarl.europa.eu/atyourservice/en/displayFtu.html?ftuld=FTU_5.2.11.
html), accessed 17 Sep 2017.

European Parliament (EP) Directive 2009/28/EC. (2009). “Directive 2009/28/EC of the
European Parliament and of the Council of 23 April 2009 on the promotion of the use
of energy from renewable sources and amending and subsequently repealing
Directives 2001/77/EC and 2003/30/EC,” European Union, Brussels, Belgium.

European Parliament (EP) Directive 98/70/EC. (1998). “Directive 98/70/EC of the
European Parliament and of the Council of 13 October 1998 relating to the quality of
petrol and diesel fuels and amending Council Directive 93/12/EEC,” European
Union, Brussels, Belgium.

Eurostat. (2016). Agriculture, Forestry and Fishery Statistics: 2015 Edition, Publications
Office of the European Union, Luxembourg.

Flash Eurobarometer. (2013). Flash Eurobarometer 367: Attitudes of Europeans
Towards Building the Single Market for Green Products. TNS Political & Social.

Guler, C., Bektas, I., and Kalaycioglu, H. (2006). “The experimental particleboard
manufacture from sunflower stalks (Helianthus annuus L.) and Calabrian pine (Pinus
brutia Ten.),” Forest Products Journal 56(4), 56-60.

Halvarsson, S., Edlund, H., and Norgren, M. (2010). “Wheat straw as raw material for
manufacture of medium density fiberboard (MDF),” BioResources 5(2), 1215-1231.
DOI: 10.15376/biores.5.2.1215-1231

Han, G., Kawai, S., Umemura, K., Zhang, M., and Honda, T. (2001). “Development of
high-performance UF-bonded reed and wheat straw medium-density fiberboard,”
Journal of Wood Science 47(5), 350-355. DOI: 10.1007/BF00766784

Haq, F., Ali, H., Shuaib, M., Badshah, M., Hassan, S. W., Munis, M. F. H., and
Chaudhary, H. J. (2016). “Recent progress in bioethanol production from
lignocellulosic materials: A review,” International Journal of Green Energy 13(14),
1413-1441. DOI: 10.1080/15435075.2015.1088855

Hofstetter, K., Hinterstoisser, B., and Salmen, L. (2006). “Moisture uptake in native
cellulose — The roles of different hydrogen bonds: A dynamic FT-IR study using
Deuterium exchange,” Cellulose 13(2), 131-145. DOI: 10.1007/s10570-006-9055-2

Huang, L., Xia, P., Liu, Y., Fu, Y., Jiang, Y., Liu, S., and Wang, X. (2016). “Production
of biodegradable board using rape straw and analysis of mechanical
properties,” BioResources 11(1), 772-785. DOI: 10.15376/biores.11.1.772-785

Hysek, S., Wimmer, R., and Bohm, M. (2016). “Optimal processing of flax and hemp
fibre nonwovens,” BioResources 11(4), 8522-8534. DOI: 10.15376/biores.11.4.8522-
8534

Gajdacova et al. (2018). “Rapeseed-Wood Composites,” BioResources 13(2), 2546-2561. 2559



PEER-REVIEWED ARTICLE b | oresources.com

Karaosmanoglu, F., Tetik, E., and Golli, E. (1999). “Biofuel production using slow
pyrolysis of the straw and stalk of the rapeseed plant,” Fuel Processing Technology
59(1), 1-12. DOI: 10.1016/50378-3820(99)00004-1

Lauri, P., Kallio, A. M. 1., and Schneider, U. A. (2012). “Price of CO2 emissions and use
of wood in Europe,” Forest Policy and Economics 15, 123-131. DOI:
10.1016/j.forpol.2011.10.003

Mantau, U., Saal, U., Prins, K., Steierer, F., Lindner, M., Verkerk, H., Eggers, J., Leek,
N., Oldenburger, J., Asikainen, A, et al. (2010). Final Report: Real Potential for
Changes in Growth and Use of EU Forests, EUwood, Hamburg, Germany.

Marinho, N. P., Nascimento, E. M. d., Nisgoski, S., and Valarelli, I. d. D. (2013). “Some
physical and mechanical properties of medium-density fiberboard made from giant
bamboo,” Materials Research 16(6), 1387-1392. DOI: 10.1590/S1516-
14392013005000127

Mburu, F., Dumarcay, S., Huber, F., Petrissans, M., and Gérardin, P. (2007). “Evaluation
of thermally modified Grevillea robusta heartwood as an alternative to shortage of
wood resource in Kenya: Characterisation of physicochemical properties and
improvement of bio-resistance,” Bioresource Technology 98, 3478-3486. DOI:
10.1016/j.biortech.2006.11.006

Nikvash, N., Kharazipour, A., and Euring, M. (2012). "Effects of wheat protein as a
biological binder in the manufacture of particleboards using a mixture of canola,
hemp, bagasse, and commercial wood,” Forest Products Journal 62(1), 49-57. DOI:
10.13073/FPJ-D-11-00102.1

Oberhofnerov4, E., and Panek, M. (2016). “Surface wetting of selected wood species by
water during initial stages of weathering,” Wood Research 61(4), 545-552.

Oh, Y.-S., and Jamaludin, M. A. (2015). “Evaluation of rapeseed stalk particleboard
bonded with laboratory-made urea-formaldehyde resin,” Ciéncia Florestal 25(2),
515-521.

Papadopoulou, E., Bikiaris, D., Chrysafis, K., Wladyka-Przybylak, M., Wesolek, D.,
Mankowski, J., Kolodziej, J., Baraniecki, P., Bujnowicz, K., and Gronberg, V.
(2014). “Value-added industrial products from bast fiber crops,” Industrial Crops and
Products 68, 116-125. DOI: 10.1016/j.indcrop.2014.10.028

Pulkrab, K., Sloup, R., and Podrazsky, V. (2015). “Production potential of the forests in
the Czech Republic,” BioResources 10(3), 4711-4725. DOI:
10.15376/biores.10.3.4711-4725

Schlamadinger, B., and Marland, G. (1996). “The role of forest and bioenergy strategies
in the global carbon cycle,” Biomass and Bioenergy 10(5-6), 275-300.
DOI:10.1016/0961-9534(95)00113-1

Seintsch, B. (2011). Stellung der Holzrohstoffe in der Kostenstruktur des Holz- und
Papiergewerbes in Deutschland (Nr. 03/2011), Institut fiir Okonomie der Forst- und
Holzwirtschaft, University of Hamburg, Hamburg, Germany.

Sisak, L., Riedl, M., and Dudik, R. (2016). “Non-market non-timber forest products in
the Czech Republic — Their socio-economic effects and trends in forest land use,”
Land Use Policy 50, 390-398. DOI: 10.1016/j.landusepol.2015.10.006

Stenger, A., Harou, P., and Navrud, S. (2009). “Valuing environmental goods and
services derived from the forests,” Journal of Forest Economics 15(1), 1-14. DOI:
10.1016/j.jfe.2008.03.001

Su, W., Liu, B, Liu, X., Li, X., Ren, T., Cong, R., and Lu, J. (2015). “Effect of depth of
fertilizer banded-placement on growth, nutrient uptake and yield of oilseed rape

Gajdacova et al. (2018). “Rapeseed-Wood Composites,” BioResources 13(2), 2546-2561. 2560



PEER-REVIEWED ARTICLE b | oresources.com

(Brassica napus L.),” European Journal of Agronomy 62, 38-45. DOI:
10.1016/j.eja.2014.09.002

Su, W., Lu, J., Wang, W., Li, X., Ren, T., and Cong, R. (2014). “Influence of rice straw
mulching on seed yield and nitrogen use efficiency of winter oilseed rape (Brassica
napus L.) in intensive rice—oilseed rape cropping system,” Field Crops Research 159,
53-61. DOI: 10.1016/j.fcr.2014.01.007

Sujova, A., Michal, J., Kupc¢ak, V., and Dudik, R. (2017). “The impact of international
trade of raw wood to the economic growth of forest-based sectors in the Czech and
Slovak Republics,” BioResources 12(1), 1102-1111. DOI:
10.15376/biores.12.1.1102-1111

Taha, M., Foda, M., Shahsavari, E., Aburto-Medina, A., Adetutu, E., and Ball, A. (2016).
“Commercial feasibility of lignocellulose biodegradation: Possibilities and
challenges,” Current Opinion in Biotechnology 38, 190-197. DOI:
10.1016/j.copbio.2016.02.012

Tang, Z., Li, Y., and Cheng, C. (2017). “Development of multi-functional combine
harvester with grain harvesting and straw baling,” Spanish Journal of Agricultural
Research 15(1), e0202. DOI: 10.5424/sjar/2017151-10175

Temperli, C., Stadelmann, G., Thirig, E., and Brang, P. (2017). “Silvicultural strategies
for increased timber harvesting in a Central European mountain
landscape,” European Journal of Forest Research 136(3), 493-509. DOI:
10.1007/s10342-017-1048-1

Tofanica, B. M., Cappelletto, E., Gavrilescu, D., and Mueller, K. (2011). “Properties of
rapeseed (Brassica napus) stalks fibers,” Journal of Natural Fibers 8(4), 241-262.
DOI: 10.1080/15440478.2011.626189

Ye, X. P., Julson, J., Kuo, M., Womac, A., and Myers, D. (2007). “Properties of medium
density fiberboards made from renewable biomass,” Bioresource Technology 98(5),
1077-1084. DOI: 10.1016/j.biortech.2006.04.022

Yousefi, H. (2009). “Canola straw as a bio-waste resource for medium density fiberboard
(MDF) manufacture,” Waste Management 29(10), 2644-2648. DOI:
10.1016/j.wasman.2009.06.018

Zabaniotou, A., loannidou, O., and Skoulou, V. (2008). “Rapeseed residues utilization for
energy and 2nd generation biofuels,” Fuel 87(8-9), 1492-1502. DOI:
10.1016/j.fuel.2007.09.003

Zegada-Lizarazu, W., and Monti, A. (2011). “Energy crops in rotation. A
review,” Biomass and Bioenergy 35(1), 12-25. DOI: 10.1016/j.biombioe.2010.08.001

Zhu, H., Tao, J., Yan, X., Zhou, B., and Mwangi, J. K. (2016). “Short-term effects of
straw application on carbon recycle in a rice-rapeseed rotation system,” Aerosol and
Air Quality Research 16, 3358-3363. DOI: 10.4209/aaqr.2016.10.0431

Zhu, J. Y., and Pan, X. J. (2010). “Woody biomass pretreatment for cellulosic ethanol
production: Technology and energy consumption evaluation,” Bioresource
Technology 101(13), 4992-5002. DOI:10.1016/j.biortech.2009.11.007

Article submitted: September 25, 2017; Peer review completed: December 4, 2017;
Revisions accepted: February 12, 2018; Published: February 14, 2018.
DOI: 10.15376/biores.13.2.2546-2561

Gajdacova et al. (2018). “Rapeseed-Wood Composites,” BioResources 13(2), 2546-2561. 2561



4. HYSKOVA, P., HYSEK, S., a JARSKY, V. 2020, The Utilization of Crop Residues as
Forest Protection: Predicting the Production of Wheat and Rapeseed Residues,

Sustainability, ro€. 12, €. 14, 5828.



o ey z
<@ sustainability ﬂw\p\py

Article

The Utilization of Crop Residues as Forest Protection:
Predicting the Production of Wheat and

Rapeseed Residues

Petra Hyskova, Stépan Hysek * and Vilém Jarsky

Faculty of Forestry and Wood Sciences, Czech University of Life Sciences Prague, Kamycka 129, 6-Suchdol,
165 00 Praha, Czech Republic; gajdacova@fld.czu.cz (P.H.); jarsky@fld.czu.cz (V.].)
* Correspondence: hyseks@fld.czu.cz

check for
Received: 22 June 2020; Accepted: 17 July 2020; Published: 20 July 2020 updates

Abstract: Deforestation is a global threat in the form of the reduction of all of the ecosystem services
provided to humans by forest ecosystems. For this reason, this article deals with the protection of forest
ecosystem services by searching for a substitute for wood biomass. In recent years, the post-harvest
residues of agricultural crops have been used mainly for energy and material uses. If this raw material
is to be used industrially in the long term, we must have an idea of its future production. In most
studies, predictions of future post-harvest residue productions are resolved in terms of the availability
for energy sectors. This paper deals with the total amount of produced post-harvest residues that
can be taken from the field; the post-harvest residue production for selected sectors is not subtracted
from the overall prediction. Post-harvest residue production was estimated using the residue to
product ratio (RPR), wherein the RPR coefficient was calculated for the monitored crops in each
year, and the post-harvest residue production was subsequently calculated in each year according
to the conversion rate characteristic for each year. The production of two widespread agricultural
crops—wheat and rapeseed—was predicted. Linear regression models were used for the estimations.
Based on these models, we predict the production of 58.3 million tonnes of post-harvest wheat
residues and 22.4 million tonnes of post-harvest rapeseed residues in 2030 in the European Union.
In the Czech Republic, we predict the production of 1.8 million tonnes of post-harvest wheat residues
and 1.3 million tonnes of post-harvest rapeseed residues. The presented results can be used as the
basis for further considerations of the material use of post-harvest residues and for the substitution of
wood with these residues.

Keywords: crop residues; wheat; rapeseed; prediction; straw

1. Introduction

Deforestation is the most important factor causing the global loss of biodiversity, reducing the
ability of soil to capture rainfall, and generally reducing all ecosystem services that forest ecosystems
provide to humans [1]. Deforestation is prevented in most western countries. For example, the Czech
Republic imposes an obligation on forest owners to reforest felled forests, and the clear-cut areas on
forest plots must be afforested within two years and have forest stands established on them within
seven years [2]. In Bavaria, for example, felled forests must be reforested within three years [3].
However, even in western countries where deforestation is very effectively restricted, the enforceability
of these instruments is very limited. In the Czech Republic, for example, these obligations are met for
the time being mainly due to the ownership structure of forests, where most of the forests are owned
by the state or self-governing units. Of course, even state forest ownership or state control does not
guarantee that deforestation will always be avoided, either legally or factually [4].
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However, the situation in developing countries is even worse. Unsustainable logging activities
in developing countries are mainly motivated by logging for material use, the logging of firewood
and logging for charcoal production. The intensity of these unsustainable activities has a direct
negative impact on the climate, the water cycle, soil erosion and biodiversity [5]. There are various
strategies to prevent deforestation. Most countries try to solve this problem via government protection,
e.g., by establishing large-scale protected areas [5,6]. Although there are various programs for the
reclamation or reforestation of areas for harvested tropical rain forests, the ecosystem services provided
by the restored ecosystems are lower than the original ecosystems. This is mainly due to lower
biodiversity and poorer soil quality in the newly established stands on degraded soil [7]. Deforestation
is most prevalent in tropical rain forests in developing countries, where post-harvest crop residues
are also burned in the field [8,9]. Using the post-harvest biomasses of agricultural crops instead of
mining biomass from tropical rainforests at the same location is therefore a logical option that is
environmentally friendly. The material uses of post-harvest agricultural crop residues in developing
countries can make a significant contribution to the protection of non-productive forest functions and
carbon dioxide binding in materials for a longer period.

In recent years, post-harvest crop residues have had a wide variety of uses; in particular, the energy
and material uses of this raw material are receiving scientific attention [10,11]. The material utilization
of post-harvest residues is a very rational utilization, mainly due to carbon dioxide binding in products
for a longer period of time [12,13]. Of course, those crops that are the most cultivated on a global
scale are very interesting, as they produce a large amount of biomass which can be removed from the
field after harvest and then utilized. Composite materials have already been produced successfully,
for example from rice straw [14], rice husk [15], wheat straw [16], wheat husk [17], rapeseed straw [18],
or the post-harvest residues of other crops [19].

The technology for producing composite materials from post-harvest agricultural crop residues
is well mapped in the above-mentioned and many other studies. However, the future availability
of lignocellulose raw material for the production of these composites is not as well described [20].
Several studies have already looked at the estimation of the future availability of post-harvest residues,
particularly for energy use [21-23]. Given that the post-harvest residue production of agricultural
crops is not systematically monitored, it is necessary to estimate this production.

Data concerning the expanses of the crop areas of agricultural crops and the production of
individual crops are systematically monitored. This data is very well available in time series both at
the national and transnational levels. However, the amount of post-harvest agricultural crop residues
produced is not systematically monitored. This is because, until recently, post-harvest residues have
not received much attention. They were used, for example, for ploughing and enriching the soil with
the necessary organic substances, or as bedding for reared animals. As seed yield production is the
main bearer of profit from crop agricultural production, these values are monitored. The worldwide
increase in interest in post-harvest residues is very closely related to the increase in second-generation
biofuels. The amount of post-harvest residues produced is judged on the basis of a calculation using
the residue to product ratio (RPR) conversion rates, defined as the proportion of residues to agricultural
production [24,25].

Many different models predicting crop production have been published, including models based
on time series analysis, such as the linear regression model [26-28], the quadratic model [26,27],
the Holt—Winter model [26] and the dynamic linear model [29]. If the future production of different
crops is known, then the expected production of post-harvest residues can be easily calculated, as is
presented, for example, in the studies of (BNEF) Bloomberg New Energy [30], Ericsson and Nilsson [21],
and Searle and Malins [28]. However, the question is whether this procedure is appropriate. The weight
fraction of the seeds and vegetative part of the plant depends on many factors, from climate, weather
and soil conditions, through to the agronomic plan, and the variety of the crop. In addition, RPR declines
with increasing hectare yield. However, the tightness of this dependence is not high, for the above
reasons [25]. Furthermore, the inaccuracy of the conversion is due to the fact that farmers only
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maximize seed yield, which is influenced by the same factors as the seed weight ratio and post-harvest
residues [31]. In addition to predicting the production of post-harvest residues using time series
analysis, studies have been published that consider complex factors affecting future production and
identify the main drivers of post-harvest residue production [32,33].

This present paper aims to estimate the future production of post-harvest wheat and rapeseed
residues in the European Union and in the Czech Republic, using a different methodology for estimating
post-harvest residue production than in the case of previously published research. These methodological
differences are described in the paper, and the reasons are discussed. The proposed method was
applied in this study to the prediction of the post-harvest residues of wheat and rapeseed in the
European Union and in the Czech Republic. This methodology can also be applied to the prediction of
these post-harvest residues in other regions if sufficient data are available.

2. Methods

Data on the production and crop areas of wheat and rapeseed from the Czech Statistical Office [34]
and the Food and Agriculture Organization [35] were used for the prediction. When looking at
post-harvest residues as a raw material for the production of composite materials, it makes sense
to only consider dry matter. Absolute crop production values reported at normal moisture values
were converted to zero humidity [36]. All the presented values on crop production and post-harvest
residues are given in this text after conversion to zero humidity, i.e., only dry matter is used.

Given that the yield per hectare of crops varies from year to year, a solution was used in this work
where the RPR was calculated for the monitored crops in each year, and subsequently the post-harvest
residue production was calculated in each year according to coefficient characteristic for each year.

The RPR for the monitored crops was calculated according to the equations given in
Scarlat et al. [25]:

The calculation for wheat:

RPR = -0.3629- In(x) + 1.6057 1)
The calculation for rapeseed:
RPR = —0.452-In(x) + 2.0475 @)

where x is hectare yield of the crop (t/ha).

The post-harvest residue production in individual years was then calculated as the product of
RPR and the production of individual crops.

The data prepared in this way was used to predict post-harvest residue production.
Future developments were assessed based on historical data. Therefore, the stable parameters
affecting the given time series are assumed. A regression model was created using the Statistical2
program. Since the dependence of both wheat and rapeseed production on time has a linear nature in
the monitored period, a linear regression model was used. Time series from 1993 to 2017 were used
to predict post-harvest residue production in the European Union (EU-28), as both older and newer
data are not available for the whole EU-28. As the development up to 2030 is predicted, longer time
series were used to predict post-harvest residue production in the Czech Republic, from 1980 to 2018.
Using the linear regression model created, it is possible to estimate the production of post-harvest
residues. However, the amount of post-harvest residues available will certainly be lower, mainly
because of sustainable agriculture, where a certain percentage of post-harvest biomass must be left
in the field. The proportion of post-harvest residues that should be left in the field (the sustainable
removal rate) depends on many factors, such as soil type, erosion, terrain slope, crop rotation and local
conditions, etc. In their study, Searle and Malins [28] count the proportion of post-harvest residues left
in the field as one third, irrespective of the crop. Similarly, de Wit and Faaij [37] expect a flat-rate of
50% of the post-harvest residues to be left in the field. Scarlat et al. [25] distinguish this percentage
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according to crops and, based on extensive research, state that only 40% of post-harvest wheat residues
and 50% of rapeseed residues can be removed from the field in sustainable farming. The proposed
coefficients in the Scarlat et al. [25] study were also used in the model in this work. A certain proportion
of post-harvest residues are also consumed in the primary agricultural production itself, i.e., for the
needs of livestock production.

It is therefore clear that not all of the predicted post-harvest residue production will be available
for other processing sectors. In this study, however, unlike other authors [28,38], this part of the
post-harvest residue is not subtracted from the overall prediction. We predict the total quantity of
post-harvest residues produced that can be taken from the field under sustainable agricultural practices,
regardless of the purpose. Of course, there are already currently consumers of post-harvest residues
(livestock production, energy use, material use, mushroom cultivation, etc.), but there is no reason
why we should subtract this consumption from total production. The consumption of post-harvest
agricultural crop residues also changes over time, and therefore the subtraction of the post-harvest
residue consumption in selected sectors by the coefficient alone only adds another inaccuracy to
the model.

The goodness of fit to past data was evaluated by the root mean square error (RMSE) [29]:

1 M 2
RMSE = 4| = Z(Yt =0 3)
t=1

where Y is post-harvest residue production (tonnes), Y} is the calculated post-harvest residue production
based on the model used (tonnes) and M is number of observations (24 for European Union data, 38 for
Czech Republic data).

In order to evaluate the predictive capabilities of the model, predictions of post-harvest residue
production in the last known year (2017 for the EU and 2018 for the Czech Republic) were made using
parameters calculated on the basis of a shortened time series of k. The value of k was set to 1 and
10 in order to evaluate the short-term and long-term prediction accuracy. The difference between
the post-harvest residue production Y; and the calculated post-harvest residue production based on
shortened time series Y; was expressed relative to the post-harvest residue production in the last
known year:

-1

A
k Y,

-100% 4)

3. Results and Discussion

Figure 1 illustrates the variability of the wheat and rapeseed hectare yield in the monitored period
in the European Union and the Czech Republic. This variability is, of course, also transferred to the
calculated RPR coefficients, as shown in Figure 2. The RPR of wheat ranges from 0.98 to 1.22, and the
RPR of rapeseed ranges from 1.47 to 1.92. The appropriateness of the calculation method, where the
RPR that best describes a given year is used for each year, is therefore obvious. However, the use of
a unique RPR for each year to estimate the post-harvest residue production is not common [21,28].
The decreasing trend of the RPR for both of the monitored crops fully corresponds to the predicted
increasing hectare yield of wheat and rapeseed in the EU [31].
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Figure 1. Hectare yield of wheat and rapeseed in the EU (a); hectare yield of wheat and rapeseed in the
Czech Republic (b).
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Figure 2. Residue to product ratio (RPR) of wheat and rapeseed in the EU (a); residue to product ratio
(RPR) of wheat and rapeseed in the Czech Republic (b).

The production of both of the monitored crops has been increasing over the long term in the entire
European Union and in the Czech Republic. In 2017, 129 million tonnes of wheat and 20 million tonnes
of rapeseed [35] were produced in the EU. In the Czech Republic, 4.7 million tonnes of wheat and
1 million tonnes of rapeseed [39] were produced in 2017 (all of the data is recalculated to dry matter).
Figure 3 depicts the linear nature of the dependence of the production of wheat and rapeseed on time
over the monitoring period. The estimated parameters of all linear regression equations are statistically
significant at the significance level of 0.05; therefore, the use of linear regression for the prediction of
future production is justified. The estimated correlation coefficients show that the tightness of the
relationship between rapeseed production and time is higher than that of wheat production.
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Figure 3. Development of wheat and rapeseed production in the European Union (a); the development
of wheat and rapeseed production in the Czech Republic (b).
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The estimated models of post-harvest wheat residue production (straw and husk) are shown
graphically in Figure 4. The bars shown around the regression line represent the 95% confidence
interval of the prediction in the displayed area. Post-harvest wheat residue production has long been

increasing throughout the EU and in the Czech Republic.
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Figure 4. Model of post-harvest wheat residue production (specified in dry matter) in the European

Union (a) and in the Czech Republic (b).

The estimated models of post-harvest rapeseed residue production are shown graphically in
Figure 5. The bars shown around the regression line represent the 95% confidence interval of the
prediction in the displayed area. The graph shows that the increase in post-harvest rapeseed residue
production is steeper in both the EU and in the Czech Republic than the development of the post-harvest

wheat residues.
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Figure 5. Model of the post-harvest rapeseed residue production (specified in dry matter) in the

European Union (a) and in the Czech Republic (b).

Table 1 shows the predicted values of the total amount of post-harvest residues produced in
2030 that can be taken from the field under sustainable agricultural practices. In 2030, we predict the
production of 58.3 million tonnes of post-harvest wheat residues and 22.4 million tonnes of post-harvest
rapeseed residues in the European Union. The total amount of 80 million tonnes of post-harvest wheat
and rapeseed residues corresponds, for example, to four times the annual consumption of wood in
the European Union for the production of particleboards [19]. In the Czech Republic, we predict the
production of 1.8 million tonnes of post-harvest wheat residues and 1.3 million tonnes of post-harvest
rapeseed residues. In a previously published prediction, Searle and Malins [28] estimated that, by 2030,
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109 million tonnes of post-harvest wheat residues will be produced in the EU that can be taken from
the field. However, according to this study, only 54 million tonnes will be available on the market.
These are significantly higher predicted values than in our model. For rapeseed, on the other hand,
the figures in the Searle and Malins [28] predictions are lower than in our study, wherein they predict
the total production for removal from fields at 15 million tonnes for 2030, and they estimate that
a quantity of 7 million tonnes will be available on the market. The difference in these predicted
values is due to a different methodology. Searle and Malins [28] used different RPRs for both of the
observed crops (0.94 for wheat and 1.08 for rapeseed, with both coefficients being constant over time),
subtracted post-harvest residue consumption from some sectors (one-third for both crops), recalculated
the moisture differently, and also considered post-harvest residues—which need to be left in the field
under sustainable agricultural practices (one-third for both crops)—with a different proportion for
both crops.

Table 1. Estimation of post-harvest wheat and rapeseed residue production (dry matter) in the EU and
in the Czech Republic in 2030.

Linear Regression . Linear Regression Estimate of
Estimate of
Model of Model of Post-Harvest
Post-Harvest Wheat
Post-Harvest Production in 2030 Post-Harvest Rapeseed
Wheat Production Rapeseed Production  Production in 2030

y =—6.099 x 108 +
3.6417 x 10° x x
y =-1.6798 x 107 +
9.1554 x 10% x x

y = —8.7624 x 108 +
4.4268 x 10° x x
y = —4.8783 x 107 +
2.4661 x 10* x x

European Union 58.3 million tonnes 22.4 million tonnes

Czech Republic 1.8 million tonnes 1.3 million tonnes

The characteristics of the goodness of fit and prediction accuracy of the models used are listed
in Table 2. Although Michel and Makowski [29] reported the relatively poorer performance of using
linear regression for wheat yield time series analysis, several authors [40-43] have already successfully
used this regression for crop yield analysis. If a linear regression model is used, which assumes a
constant increase in production, its limitations must be kept in mind. The use of a linear regression
model for the prediction of future production presupposes a constant action of exogenous parameters.
However, some phenomena, such as land use change or annual weather variations, are very difficult to
predict [32]. The sustainable removal rate is also an important factor for sustainable agriculture. It is
not excluded that future agronomic practices will adjust this rate [44], but in this study, it is considered
constant over time. On the other hand, the methodology used in this study removes the limitation
emphasized by Wietschel et al. [32]. Wietschel et al. [32] considered a constant RPR in their study,
while in the present article a unique RPR for each year is used, and its development is estimated on the
basis of past values.

Table 2. Goodness of fit and prediction accuracy.

RMSE (Tonnes) A1(%) MA10(%)
Wheat  Rapeseed Wheat Rapeseed Wheat Rapeseed
European Union 2,474,848 1,191,631 1.2 9.2 2.9 0.9
Czech Republic 147,680 87,271 5.8 33 0.1 6.5

The motive of most of the research estimating post-harvest residue production is to quantify
this production to determine the availability of biomass for energy purposes [21,37,45,46]. However,
estimates from these studies are not comparable to the results we predict because they are not
sufficiently generalized and focus only on biomass production for energy purposes. A certain part of
the research then aims to quantify the production of post-harvest biomass in the past period, without
predicting the future [25,33,47]. The highly detailed, multi-factor models published in the study by
Garcia-Condado et al. [33] and Scarlat et al. [48] estimate the production of post-harvest residues in the



Sustainability 2020, 12, 5828 8 of 10

EU in the past. It would be useful to apply these models to the predicted data and use this methodology
to estimate production for the future.

4. Conclusions

If post-harvest crop residues are to be used industrially in the long term, it is necessary to
know their future production. The study published in this article deals with post-harvest wheat
and rapeseed residues, where the future production of this biomass was estimated using a linear
regression model. Several characteristic elements were used in the created models that distinguish
them from the predictions of other authors. In particular, the residue to product ratio coefficient was
calculated separately each year for the monitored crops, and subsequently the post-harvest residue
production was calculated in each year according to the conversion rate characteristic for each year.
Furthermore, the estimates deal with the total amount of post-harvest residues produced, which can
be taken from the field within the framework of sustainable agriculture. We do not subtract any part of
the post-harvest residue production for the selected sectors from the overall prediction. The output
of this study is an estimate of the production of wheat and rapeseed post-harvest residues in the
EU and the Czech Republic in 2030; these data can be used as input data in further decision making
and planning concepts for the material use of post-harvest residues. The results show that, in 2030,
58.3 million tonnes of post-harvest wheat residues and 22.4 million tonnes of post-harvest rapeseed
residues can be harvested from the field in the European Union. In the Czech Republic, 1.8 million
tonnes of post-harvest wheat residues and 1.3 million tonnes of rapeseed residues can be harvested
from the field. If we consider post-harvest crop residues as a substitute for wood biomass, the increase
in the material use of post-harvest residues can reduce deforestation worldwide and thus prevent the
degradation of forest ecosystem services.

Author Contributions: Conceptualization, P.H.; Data curation, P.H.; Investigation, P.H.; Methodology, PH. and
SH,; Supervision, V.J.; Validation, SH.; Writing—original draft, PH. and SH,; Writing—review and editing,
V.J. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by “Advanced research supporting the forestry and wood-processing
sector’s adaptation to global change and the 4th industrial revolution’, OP RDE (Grant No.
CZ.02.1.01/0.0/0.0/16_019/0000803) and the APC was funded by the Czech University of Life Sciences Prague,
Faculty of Forestry and Wood Sciences.

Acknowledgments: The authors are grateful for the support of ‘Advanced research supporting the forestry and
wood-processing sector’s adaptation to global change and the 4th industrial revolution’, OP RDE (Grant No.
CZ.02.1.01/0.0/0.0/16_019/0000803).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Fugere, V,; Nyboer, E.A.; Bleecker, ].C.; Chapman, L.J. Impacts of forest loss on inland waters: Identifying
critical research zones based on deforestation rates, aquatic ecosystem services, and past research effort.
Biol. Conserv. 2016, 201, 277-283. [CrossRef]

2. Forestry Act, no. 289/1995 Coll. Zakon o lesich a 0 zméné nékterych zdkona (lesni zakon) [Act on Forests and
Amendments to some Acts (the Forest Act)]. Available online: https://www.zakonyprolidi.cz/cs/1995-289
(accessed on 23 March 2020).

3. Art. 15 Bavarian forest Act. (GVBI S. 313) BayRS 7902-1-L Art. 15 Bayerisches Waldgesetz (BayWaldG)
in der Fassung der Bekanntmachung vom 22. Juli 2005 (GVBI. S. 313, BayRS 7902-1-L), das Zuletzt
Durch § 3 Abs. 2 des Gesetzes vom 27. April 2020 (GVBL. S. 236) gedndert worden ist. Available online:
https://www.gesetze-bayern.de/Content/Document/BayWaldG-15 (accessed on 23 March 2020).

4. Le Tourneau, F-M. Is Brazil now in control of deforestation in the Amazon? Cybergeo 2016, 10, 769. [CrossRef]

5. Eguiguren, P; Fischer, R.; Giinter, S. Degradation of Ecosystem Services and Deforestation in Landscapes
With and Without Incentive-Based Forest Conservation in the Ecuadorian Amazon. Forests 2019, 10, 442.
[CrossRef]


http://dx.doi.org/10.1016/j.biocon.2016.07.012
https://www.zakonyprolidi.cz/cs/1995-289
https://www.gesetze-bayern.de/Content/Document/BayWaldG-15
http://dx.doi.org/10.4000/cybergeo.27484
http://dx.doi.org/10.3390/f10050442

Sustainability 2020, 12, 5828 90f 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Tan-S00, J.-S.; Adnan, N.; Ahmad, I; Pattanayak, S.K.; Vincent, ].R. Econometric Evidence on Forest Ecosystem
Services: Deforestation and Flooding in Malaysia. Environ. Resour. Econ. 2016, 63, 25-44. [CrossRef]
Chazdon, R.L. Beyond Deforestation: Restoring Forests and Ecosystem Services on Degraded Lands. Science
2008, 320, 1458-1460. [CrossRef]

Srinivasarao, C.; Lal, R.; Kundu, S.; Babu, M.B.B.P.; Venkateswarlu, B.; Singh, A K. Soil carbon sequestration in
rainfed production systems in the semiarid tropics of India. Sci. Total Environ. 2014, 487, 587-603. [CrossRef]
Ziegler, A.D.; Phelps, J.; Yuen, ].Q.; Webb, E.L.; Lawrence, D.; Fox, ] M.; Bruun, T.B.; Leisz, S.J.; Ryan, C.M.;
Dressler, W.; et al. Carbon outcomes of major land-cover transitions in SE Asia: Great uncertainties and
REDD+ policy implications. Global Change Biol. 2012, 18, 3087-3099. [CrossRef]

Jiang, D.; Zhuang, D.; Fu, ].; Huang, Y.; Wen, K. Bioenergy potential from crop residues in China: Availability
and distribution. Renew. Sustain. Energy Rev. 2012, 16, 1377-1382. [CrossRef]

Kalia, S.; Dufresne, A.; Cherian, B.M.; Kaith, B.S.; Avérous, L.; Njuguna, J.; Nassiopoulos, E. Cellulose-Based
Bio- and Nanocomposites: A Review. Int. |. Polym. Sci. 2011, 2011, 1-35. [CrossRef]

Hysek, S.; Podlena, M.; Bshm, M.; Bartsch, H.; Wenderdel, C. Effect of Cold Plasma Surface Pre-treatment of
Wheat Straw Particles on Straw Board Properties. BioResources 2018, 13, 5065-5079. [CrossRef]
Ramamoorthy, S.K.; Skrifvars, M.; Persson, A. A Review of Natural Fibers Used in Biocomposites:
Plant, Animal and Regenerated Cellulose Fibers. Polym. Rev. 2015, 55, 107-162. [CrossRef]

Xia, T.; Huang, H.; Wu, G.; Sun, E.; Jin, X.; Tang, W. The characteristic changes of rice straw fibers in anaerobic
digestion and its effect on rice straw-reinforced composites. Ind. Crops Prod. 2018, 121, 73-79. [CrossRef]
Muthuraj, R.; Lacoste, C.; Lacroix, P.; Bergeret, A. Sustainable thermal insulation biocomposites from
rice husk, wheat husk, wood fibers and textile waste fibers: Elaboration and performances evaluation.
Ind. Crops Prod. 2019, 135, 238-245. [CrossRef]

Sitz, E.D.; Bajwa, D.S. The mechanical properties of soybean straw and wheat straw blended medium
density fiberboards made with methylene diphenyl diisocyanate binder. Ind. Crops Prod. 2015, 75, 200-205.
[CrossRef]

Hysek, S.; Podlena, M.; Bartsch, H.; Wenderdel, C.; Bshm, M. Effect of wheat husk surface pre-treatment on
the properties of husk-based composite materials. Ind. Crops Prod. 2018, 125, 105-113. [CrossRef]
Hyskova, P.; Hysek, S.; Schonfelder, O.; Sedivka, P; Lexa, M.; Jarsky, V. Utilization of agricultural rests:
Straw-based composite panels made from enzymatic modified wheat and rapeseed straw. Ind. Crops Prod.
2020, 144, 112067. [CrossRef]

Klimek, P.; Wimmer, R. Alternative Raw Materials for Bio-Based Composites; Bioresources: Brasov, Romania, 2017.
Gajdacova, P.; Hysek, S.; Jarsky, V. Utilisation of Winter Rapeseed in Wood-based Materials as a Solution of
Wood Shortage and Forest Protection. BioResources 2018, 13, 2546-2561. [CrossRef]

Ericsson, K.; Nilsson, L.J. Assessment of the potential biomass supply in Europe using a resource-focused
approach. Biomass Bioenergy 2006, 30, 1-15. [CrossRef]

Graham, R.L.; Nelson, R.; Sheehan, J.; Perlack, R.D.; Wright, L.L. Current and Potential U.S. Corn Stover
Supplies. Agron. J. 2007, 99, 1-11. [CrossRef]

Kluts, I.; Wicke, B.; Leemans, R.; Faaij, A. Sustainability constraints in determining European bioenergy
potential: A review of existing studies and steps forward. Renew. Sustain. Energy Rev. 2017, 69, 719-734.
[CrossRef]

Bentsen, N.S.; Felby, C.; Thorsen, B.J. Agricultural residue production and potentials for energy and materials
services. Prog. Energy Combust. Sci. 2014, 40, 59-73. [CrossRef]

Scarlat, N.; Martinov, M.; Dallemand, J.-F. Assessment of the availability of agricultural crop residues in the
European Union: Potential and limitations for bioenergy use. Waste Manag. 2010, 30, 1889-1897. [CrossRef]
Boken, V.K. Forecasting Spring Wheat Yield Using Time Series Analysis: A Case Study for the Canadian
Prairies. Agron. J. 2000, 92, 1047-1053. [CrossRef]

Kumar, V.; Haque, C.E. Forecasting wheat yield in the Canadian Prairies using climatic and satellite data.
Prairie Perspect. 1998, 1, 81-92.

Searle, S.; Malins, C. Auvailability of Cellulosic Residues and Wastes in the EU 2013; The International Council On
Clean Transportation: San Francisco, CA, USA, 2013.

Michel, L.; Makowski, D. Comparison of Statistical Models for Analyzing Wheat Yield Time Series. PLoS ONE
2013, 8, €78615. [CrossRef]


http://dx.doi.org/10.1007/s10640-014-9834-4
http://dx.doi.org/10.1126/science.1155365
http://dx.doi.org/10.1016/j.scitotenv.2013.10.006
http://dx.doi.org/10.1111/j.1365-2486.2012.02747.x
http://dx.doi.org/10.1016/j.rser.2011.12.012
http://dx.doi.org/10.1155/2011/837875
http://dx.doi.org/10.15376/biores.13.3.5065-5079
http://dx.doi.org/10.1080/15583724.2014.971124
http://dx.doi.org/10.1016/j.indcrop.2018.04.004
http://dx.doi.org/10.1016/j.indcrop.2019.04.053
http://dx.doi.org/10.1016/j.indcrop.2015.05.006
http://dx.doi.org/10.1016/j.indcrop.2018.08.035
http://dx.doi.org/10.1016/j.indcrop.2019.112067
http://dx.doi.org/10.15376/biores.13.2.2546-2561
http://dx.doi.org/10.1016/j.biombioe.2005.09.001
http://dx.doi.org/10.2134/agronj2005.0222
http://dx.doi.org/10.1016/j.rser.2016.11.036
http://dx.doi.org/10.1016/j.pecs.2013.09.003
http://dx.doi.org/10.1016/j.wasman.2010.04.016
http://dx.doi.org/10.2134/agronj2000.9261047x
http://dx.doi.org/10.1371/journal.pone.0078615

Sustainability 2020, 12, 5828 10 of 10

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.
43.

44.

45.

46.

47.

48.

(BNEF) Bloomberg New Energy Moving Towards A Next-Generation EthanolEconomy: Final Study 2012.
Available online: https://about.bnef.com/blog/moving-towards-a-next-generation-ethanol-economy-report/
(accessed on 23 March 2020).

EC EU agricultural outlook for markets and income, 2018-2030.  Available online: https:
//ec.europa.eu/info/news/eu-agricultural-outlook-2018-2030-changing-consumer-choices-shaping-
agricultural-markets-2018-dec-06_en (accessed on 23 March 2020).

Wietschel, L.; Thorenz, A.; Tuma, A. Spatially explicit forecast of feedstock potentials for second generation
bioconversion industry from the EU agricultural sector until the year 2030. J. Clean. Prod. 2019, 209, 1533-1544.
[CrossRef]

Garcia-Condado, S.; Lopez-Lozano, R.; Panarello, L.; Cerrani, I.; Nisini, L.; Zucchini, A.; Van der Velde, M.;
Baruth, B. Assessing lignocellulosic biomass production from crop residues in the European Union: Modelling,
analysis of the current scenario and drivers of interannual variability. GCB Bioenergy 2019, 11, 809-831.
[CrossRef]

CSO Zemedelstvi—Casové f{ady [Agriculture—Time Series]. Available online: https://www.czso.cz/csu/
czso/zem_cr (accessed on 23 March 2020).

FAOSTAT Crops—Data.  Available online: http://www.fao.org/faostat/en/#data/QC (accessed on
23 March 2020).

EUROSTAT. Annual Crop Statistics Handbook 2019; Edition 2019; EUROSTAT: Luxembourg, 2019.

de Wit, M.; Faaij, A. European biomass resource potential and costs. Biomass Bioenergy 2010, 34, 188-202.
[CrossRef]

Bakker, R.R.C.; Elbersen, HW.; Poppens, R.P.; Lesschen, J.P. Rice Straw and Wheat Straw—Potential Feedstocks
for the Biobased Economy; NL Agency: Utrecht, The Netherland, 2013.

CSO Statistickd Rocenka Ceské Republiky—2018 [Statistical Yearbook of the Czech Republic 2018].
Available online: https://www.czso.cz/csu/czso/statistical-yearbook-of-the-czech-republic-2018 (accessed on
23 March 2020).

Hafner, S. Trends in maize, rice, and wheat yields for 188 nations over the past 40 years: A prevalence of
linear growth. Agric. Ecosyst. Environ. 2003, 97, 275-283. [CrossRef]

Finger, R. Evidence of slowing yield growth-The example of Swiss cereal yields. Food Policy 2010, 35, 175-182.
[CrossRef]

Lin, M.; Huybers, P. Reckoning wheat yield trends. Environ. Res. Lett. 2012, 7, 024016. [CrossRef]
Rondanini, D.P; Gomez, N.V.; Agosti, M.B.; Miralles, D.J. Global trends of rapeseed grain yield stability and
rapeseed-to-wheat yield ratio in the last four decades. Eur. J. Agron. 2012, 37, 56-65. [CrossRef]

VDLUFA. Humus Balancing: A Method for the Analysis and Assessment of the Humus Provision of Cultivated
Farmland (in German); VDLUFA: Speyer, Germany, 2014.

Monforti, E; Bodis, K.; Scarlat, N.; Dallemand, J.-F. The possible contribution of agricultural crop residues to
renewable energy targets in Europe: A spatially explicit study. Renew. Sustain. Energy Rev. 2013, 19, 666-677.
[CrossRef]

van Dam, J.; Faaij, A.P.C.; Lewandowski, I; Fischer, G. Biomass production potentials in Central and Eastern
Europe under different scenarios. Biomass Bioenergy 2007, 31, 345-366. [CrossRef]

Kim, S.; Dale, B.E. Global potential bioethanol production from wasted crops and crop residues.
Biomass Bioenergy 2004, 26, 361-375. [CrossRef]

Scarlat, N.; Fahl, F; Lugato, E.; Monforti-Ferrario, F.; Dallemand, J.F. Integrated and spatially explicit
assessment of sustainable crop residues potential in Europe. Biomass Bioenergy 2019, 122, 257-269. [CrossRef]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


https://about.bnef.com/blog/moving-towards-a-next-generation-ethanol-economy-report/
https://ec.europa.eu/info/news/eu-agricultural-outlook-2018-2030-changing-consumer-choices-shaping-agricultural-markets-2018-dec-06_en
https://ec.europa.eu/info/news/eu-agricultural-outlook-2018-2030-changing-consumer-choices-shaping-agricultural-markets-2018-dec-06_en
https://ec.europa.eu/info/news/eu-agricultural-outlook-2018-2030-changing-consumer-choices-shaping-agricultural-markets-2018-dec-06_en
http://dx.doi.org/10.1016/j.jclepro.2018.11.072
http://dx.doi.org/10.1111/gcbb.12604
https://www.czso.cz/csu/czso/zem_cr
https://www.czso.cz/csu/czso/zem_cr
http://www.fao.org/faostat/en/#data/QC
http://dx.doi.org/10.1016/j.biombioe.2009.07.011
https://www.czso.cz/csu/czso/statistical-yearbook-of-the-czech-republic-2018
http://dx.doi.org/10.1016/S0167-8809(03)00019-7
http://dx.doi.org/10.1016/j.foodpol.2009.11.004
http://dx.doi.org/10.1088/1748-9326/7/2/024016
http://dx.doi.org/10.1016/j.eja.2011.10.005
http://dx.doi.org/10.1016/j.rser.2012.11.060
http://dx.doi.org/10.1016/j.biombioe.2006.10.001
http://dx.doi.org/10.1016/j.biombioe.2003.08.002
http://dx.doi.org/10.1016/j.biombioe.2019.01.021
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

5. HYSEK, S., HYSKOVA, P., a HABAN, R. 2020, Materialové vyuziti recyklovaného

dteva v Ceské republice, Odpadové forum, roc. 38, €. 1, s. 38-39.



CIRKULARNI EKONOMIKA

Materialove vyuziti recyklovaného
dreva v Ceske republice

| Stépan Hysek, Petra Hyskova, Fakulta lesnicka a dfevarska, CZU v Praze;
Rostislav Haban, Xylo Engineering CZ, s.r.o.

Recyklace dreva, zejména pak v podobé vicestupriového kaskadového
vyuzivani difeva, mliZe vyznamné napomoci feSeni nemilosrdného
odhadu, podle néhoZ bude v roce 2030 chybét v Evropské unii pres
300 miliont m?® dteva. Tak vysoky deficit bude zpisoben zejména diky
rostoucimu vyuZzivani surového dreva pro energetické ucely.

ento ¢ldnek si klade za cil ¢tené-

i predstavit pomérné jednodu-

ché reSeni, které je v nékterych

evropskych zemich jiz v praxi

vyuzivano. V Ceské republice je
pak prozatim pouze ve fazi snahy néko-
lika jednotlivych subjektd je aplikovat,
bez sir§itho povédomi spole¢nosti.

Ideélni, ale zarover i redlné proveditelna
kaskada, mtize byt ¢tyfstupriovd (obra-
zek 1), kdy surové dievo neni ihned spa-
lovéno, ale je pouZito nejprve pro vyrobu
konstrukei z masivniho dfeva, napt. kro-
v, ndbytku ¢i palet. Po skonc¢eni zdklad-
ni Zivotnosti vyrobkt z masivniho dieva
jsou tyto vyrobky dezintegrovéany a jsou
z nich vyrobeny tfiskové desky (die-
votfiskové desky, OSB desky). Z téchto
tfiskovych desek mohou byt nasledné
déle vyrobeny hodnotné chemické pro-
dukty (papir nebo celuléza). Az jako
posledni, tedy ¢tvrty stuperii, lze zatadit
energetické vyuziti vyslouzilych produk-
th. PficemZ samoziejmé i popel z tohoto
spaleni Ize také vyuzit, a to jako piimés
do stavebnich materiéld.

V celé kaskadé existuje i nékolik pfte-
mosténi smérujicich tok surového dreva
pfimo na druhy nebo tfeti stupen kas-
kady. Z divodu nedostate¢ného dispo-
nibilniho mnozstvi recyklovaného dre-
va nebo pro zaji§téni kvality vyrobku
na druhém a tfetim stupni (vyroba tiis-
kovych desek a vyroba chemickych pro-
duktd) je mozné ¢astetné uspokojovat
poptavku po suroviné primo surovym
dfevem. Rozhodné v3ak neni nutné tok
surového dreva vést pfimo k energetic-
kému vyuziti, bez predchoziho vyuziti
ve vy§§ich stupnich kaskady.
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Druhym typem premosténi je vyuZiti
vedlejsich produktt z pilaiského zpra-
covéni surového dfeva na prvnim stupni
kaskady ($tépka, piliny) ptimo pfi vyro-
bé materidlti na bazi dreva nebo chemic-
kych produktt (papir, celuléza). Na ob-
razku 1 miZeme rovnéZ identifikovat
existenci zpétnovazebnych smycek. Tyto
smycky se uplatiiuji na druhém a t¥etim
stupni, kdy 1ze tispésné recyklovat a k vy-
robé toho samého produktu pouZit jiz vy-
slouzilé produkty z téchto stupnia (kom-
pozitni materialy na bazi dieva, papir).

Cely systém samoziejmé predpokla-
d4 didsledné tridéni vyrobka ze dfeva
a z materiald na bdzi dieva. Pravé zde
je véak v Ceské republice slabé misto.
Této skutecnosti si je védom i zdkono-
déarce, a to jak na Uirovni vnitrostatni, tak
i evropské. Zasadni ustanoveni, které je
v této souvislosti nutno brat v potaz, je

ustanoveni § 21 odst. 7 zdkona o odpa-
dech ve znéni uéinném od roku 2020,
které mimo jiné urcuje, Ze je zakézano
na skladky ukladat recyklovatelny a vy-
uzitelny odpad. Tento ambiciézni plén
byla Ceska republika pfipravena splnit,
ale vzhledem k posunu tohoto cile v rdm-
ci celé EU (smérnici 2018/850/EU)
byla u¢innost tohoto zdkazu posunuta az
na rok 2030. Je tak zfejmé, Ze jakasi akti-
vita je v souvislosti s timto nedostatkem
vyvijena, ale jeji i¢innost nastane nejdii-
ve vroce 2030.

Do té doby je samozfejmé mozZné
dievo dale vyuzivat tak, jak se tomu jiz
nékolik let déje jak v Belgii, kde se ma-
teridlové zpracovdvd nékolikandsobné
vice recyklovaného dfeva, nez dieva su-
rového, tak naptriklad v Némecku, kde
recyklaci dfeva upravuje specidlni prav-
ni predpis. Je jisté zajimavé, Ze od roku

MASIVNI
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KOMPOZITNI
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Obrazek 1: Kaskadové vyuZziti dieva (pfepracovano dle Thonemann a Schumann 2018).



2003 se v Némecku dfevni odpad neu-
klada na skladky. Neni tak nutné ¢ekat
na stanoveni zdkazu novym zdkonem a je
mozné jednat ihned. Ostatné i v Ceské
republice jsme podobné snahy jiZ zazna-
menali.

Prakopnikem ve vyuZivani recyklova-
ného dfeva a nejvétsim zpracovatelem
této suroviny v Ceské republice je spo-
le¢nost Kronospan CR, spol. s r.o. Tento
vyrobce kompozitnich materiald na bazi
dfeva jiz vyuzivd recyklované dievo
pri vyrobé drevotfiskovych desek, a to
v hmotnostnim podilu az 50%. V sou-
¢asné dobé pripravuje vyrobu OSB desek
rovnéz az s poloviénim podilem dievni-
ho recyklatu v celé desce.

Spoleénost tak nachézi pro tento ma-
teridl uplatnéni, avSak i pres maxim4l-
ni snahu ziskavat dievo ze sbérnych
dvord, neni schopna svoji poptavku
po recyklovaném dievé v Ceské repub-
lice uspokojit a je nucena v poslednich
letech dovazet ze zahrani¢i, zejména
z Némecka, vice nez 50% potiebného
dtrevniho recyklatu. A to i ptes to, Ze ze
sbérného dvora je mozné dodat jakykoli
tvar, velikost, povrchovou dpravu nebo
sta¥i jiz jednou pouZitého produktu ze
dtreva, protoZe spole¢nost Kronospan
CR, spol. s r.o. je schopna tento material
zpracovat do stavu, ktery umoziiuje dal-
81 pouZziti.

Opétovné vyuziti deva, které pocha-
zi z rdznorodych vyrobkd s velmi od-
liSnymi tvary, dpravami, ale i odliSnymi
piimési ¢i komponenty z jinych mate-
riald, se mizZe zdat technologicky kom-
plikované a ndro¢né. Neni tomu ale tak,
nebot tyto technologické vyzvy jsou
jiz pti vyrobé kompozitnich materidlt
z recyklovaného dfeva zdarné vytese-
ny. Ve zmiflované nové pldnované vy-
robni lince OSB desek z recyklovaného
dfeva, detailné popsané ve vypraco-
vané studii vlivu na Zivotni prostiedi
(EIA), je vstupni material nejriznéj-
§iho ptavodu (obrazek 2) nejprve roz-
Stépkovan drticem.

Recyklatova Stépka je nasledné t¥idéna
dle velikosti a vznikla drobna frakce je vy-
uzita pfi vyrobé dievotiiskovych desek.
Frakce vhodné pro vyrobu OSB desek je
dopravovana do sila, které zabezpeéi rov-
nomérné davkovani do tfidiciho zatizeni.
Ttidici zatizeni skladajici se predevsim
ze separdtor magnetickych a nemag-
netickych kovd a minerdlnich ptimeési je
v pldnované lince zarazeno z divodu nut-
nosti ¢isténi recyklatové stépky.

Magneticky separator odlou¢i magne-

Obrazek 2: Recyklované drevo pochazejici z rlz-
norodych vyrobkd.

tické kovy, zejména Zelezo, a to za pou-
ziti jednoduchého principu vsazeného
magnetu, diky kterému dojde k zachy-
ceni téchto nezddoucich ¢astic. Recyklat
postupuje ddle do separdtoru nemag-
netickych kovd, ktery pracuje na princi-
pu rizného plisobeni vifivych proudi.
Kineticky separdtor tézkych ¢&astic (ze-
jména kameny a sklo) vyuziva principu
gravitace, kdy téz8i ¢astice vypadava-
ji na pas a lehké ¢dstice jsou unaSeny
proudem vzduchu. Pro vytéZeni veSkeré
dtevni slozky z recyklatu je planovana fi-
nélni vodni pracka, uréend pro pretiidé-
ni tézkych frakei vytiidénych v kinetic-
kém separdtoru, ktera zajisti, Ze zbytky
lehké dtevni frakce vyplavou na hladinu
a mohou byt zachyceny.

Stépka z recyklatového dieva muze
byt déle roztriskovdna pomoci stavaji-
cich nozovych rozttiskovac¢i specidlné
upravenych pro vyrobu plo$nych tfisek
pro vyrobu OSB desek. Ziskané tiisky
mohou byt dopravovany soustavou sta-
vajicich dopravniki do stavajiciho sila
mokrych tfisek pfed suSarnu plochych
t¥isek. V tomto technologickém kroku
neni rozdil mezi vyrobou OSB desek ze
surového dieva a z recyklovaného die-
va. Ploché trisky budou déle ddvkovany
do susaren, kde nasleduje proces suseni
a tridéni trisek.

Ploché tiisky se tfidi dle rozméra.
Na tisky z recyklovaného dfeva vhodné

pro vyuZiti ve stfedové vrstvé OSB de-
sek je nasledné nanaseno lepidlo v nové
valcové nandSecce lepidla. Stejny typ
nana$ecky je vyuzivan pti vyrobé dre-
vottiskovych desek. Je pldnovéno pouZiti
stejného lepidla jako v bubnovych nana-
Seckach (polyuretanova lepidla).

Na dalsi technologické operace pii vy-
robé OSB desek nem4 vyuziti recyklova-
ného dfeva vliv. Lisovani v kontinualnim
lisu, zuslechtovaci operace (brouseni
povrchu desek, profilovani hran), skla-
dovani a dal$i operace zustavaji beze
zmény.

Je nutné podotknout rovnéZ jeden da-
lezity fakt, ktery plyne z provedené stu-
die EIA. Zménou oproti stavajici vyrobni
lince OSB desek je skute¢nost, Ze veske-
r4 manipulace s recyklovanym drevem,
vyjma skladovdni, ma probihat v uza-
viené budové. Realizaci tohoto zdméru
tedy dojde k vyraznému sniZeni emisi
prachovych ¢astic a hluku z této casti
provozu.

Vyzkumem a vyvojem materidlové-
ho vyuziti tohoto materidlu s vysokym
potencidlem se zabyvad vyzkumny tym
z Fakulty lesnické a dievaiské Ceské
zemédélské univerzity v Praze. Labo-
ratofe FLD v Dfevatském pavilonu
a v noveé postaveném High-tech pavilonu
jsou vybaveny nejmodernéjs$imi pristroji
pro analyzu drevniho recyklatu, vyrobu
materidlt z difevniho recyklatu a pro
hodnoceni vlastnosti vyrobenych kom-
pozitnich materiala.

Jedna se o Siroké spektrum analyz,
které muZze fakulta nabidnout firmam
pracujicim s recyklovanym dfevem.
Pracovnici fakulty jsou vs$ak aktivni
i v zdkladnim vyzkumu recyklovaného
dfeva a vyrobkid z néj. V roce 2020 se
mimo jiné plédnuje publikace odborné
monografie se zaméfenim na materidlo-
vé vyuziti recyklovaného dieva v Ceské
republice.

V oblasti zdjmu védcd z Katedry
zpracovani dieva a biomaterialt zdaleka
neni pouze drevo a recyklované dievo,
pracovnici katedry fesi i vyzkumné pro-
jekty nebo zakdzkové vyzkumy tykajici
se vyuzZiti recyklovanych anorganickych
materiald, plasth ¢i poskliziiovych zbyt-
ki zemédélskych plodin.

Tento vyvoj je samoztejmé naroény
na pfistrojové vybaveni, ale diky $iro-
ké modern{ infrastruktute ve dvou vy-
zkumnych a vyvojovych pavilonech FLD
jsou zajistény vSechny potiebné analyzy,
provadéné dle standardizovanych i dle
nové vyvijenych metod. O]
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Tepelné izola¢ni materidl a lisovand izola¢ni deska jej obsahujici
Oblast techniky

Piedkladané technické fedeni se tyka tepelné izolaéniho materidlu z plev obilovin, recyklované
polyuretanové pény a z polyuretanového lepidla. Redeni se dale tyka lisované izola¢ni desky,
obsahujici tento material. V polyuretanovém lepidle je jako plnivo vyuZita recyklovana polyure-
tanova péna (tvrd4 nebo m&kka) v podobé prasku. Lisovana izolaéni deska je vyrobena lisovanim
a je uréena k vyuZiti jako tepelnd izolace.

Dosavadni stav techniky

Plevy obilovin se v soudasnosti vyuZivaji pro vyrobu biopaliv nebo jako tuhé palivo. Tento mate-
rial ma i dobré tepelné-izolaéni vlastnosti a v minulosti byl pouZivan v rodinnych domech jako
tepelna izolace, kterou byly vysypéany stény (i stropy.

V soudasnosti se jako tepelna izolace ve stavebnictvi pouZivaji desky z pénovych &i vléknitych
materialii, jak z organickych, tak anorganickych latek. VyuzZivaji se i pfirodni materidly jako ce-
luléza nebo slama, konopi &i ovéi vina. PoZadavek na vlastnosti téchto izolaCnich desek jsou
tepelné-izolaéni vlastnosti a soudrznost materidlu. SoudrZnost materidlu, charakterizovana pfede-
vi{m pevnosti v tahu kolmo k rovin€ desky, je dileZit pfi montéZi desek a pro frézovani drazek.
Pevnost a pruznost desek je dilezita, pokud jsou izolaéni desky vyuZity jako desky obkladove.

Pro tepelné izolace se jiz pouZivaji recyklované materialy - recyklovany papir (foukana izolace),
pénovy polystyren obsahujici recyklét, recyklované sklo, recyklovand mineréalni vina a recyklo-
vany textil. Desky z t&chto materiald viak postradaji pruZnost. Pokud desky obsahuji vyssi obsah
kovi & plastiy, jako napiiklad v piipad recyklovanych népojovych kartoni polyetylen a hlinik,

tak dosahuji vy$si pruZnosti, aviak zvySuje se jejich hustota a sniZuji se tepeln€ izola&ni vlast-
nosti.

Podstata technického feSeni

Piedkladané technické Feleni se tyka tepelné izolaénfho materidlu a lisované izola¢ni desky
z tohoto materialu. Tepelné izolaéni materidl je na bazi recyklované polyuretanové pény (ve
form& &astic mékké &i tvrdé polyuretanové pény), plev obilovin (tedy odpadniho materidlu pii
gisténi zma obili) a polyuretanového lepidia, které jako plnivo obsahuje naptiklad prach z tvrdé
nebo m&kké polyuretanové pény. Recyklovand polyuretanova péna se vyuZiva pro vyrobu
pojenych polyuretanovych pén, které se vyuZivaji pfedeviim jako jadra matraci. Tepelné izola¢ni
materidl podle predkladaného technického Fesent je az z 85 % tvoten odpadnimi materialy (plevy
obilovin a recyklovana polyuretanové péna), jeho vyroba a pouZiti je tedy velmi ekologické.
Sou¢asné ma material a z ngj vyrobena lisovana izolaéni deska velmi dobré izolaéni vlastnosti,
a zaroveli oproti jinym izolaénim materialim se vyznaCuje vysokou pruZnosti, soudrZnosti
a pevnosti. Plnivy polyuretanového lepidla lze navic zvySovat odolnost desky proti vysokym
teplotam.

Ptedmétem predkladaného technického Feseni je tepelné izolatni materidl, ktery obsahuje 5 az
70 % hmotn. plev obilovin, 5 az 70 % hmotn. polyuretanové pény a 15 az 45 % hmotn. polyure-
tanového lepidla, pficemZ polyuretanové lepidlo obsahuje 1 az 20 % hmotn. pragkového organic-
kého a/nebo anorganického plniva, pfi¢emZ organické plnivo je vybrané ze skupiny obsahujici
polyuretan a polymo&ovinu a anorganické plnivo je vybrane ze skupiny zahrnujici kalcit (uhlici-
tan vapenaty), kfemik, kaolin, kiidu, saze, oxid hlinity. Velikost Castic praskového plniva je
s vyhodou v rozmezi od 10 do 200 pm. S vyhodou je plnivem polyuretanova péna ve formé
prasku. Polyuretanovym lepidlem se rozumi jednoslozkova polyuretanova lepidla vytvrzujici
vlhkosti a/nebo dvousloZkové polyuretanova lepidla.

Ve vyhodném provedeni ma polyuretanové péna velikosti Castic s primérem v rozmezi od 2 do
15 mm, s vyhodou od 4 do 9 mm.
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V jednom provedeni je polyuretanovou pénou mé&kka nebo tvrda polyuretanova péna, pri¢emsz
mékka polyuretanova péna ma mérnou hmotnost v rozmezi od 7 do 35 kg.m™, a tvrda polyureta-
nova péna ma mérnou hmotnost v rozmezi od 35 do 50 kg.m™, zejména je polyuretanovou pénou
recyklovana polyuretanova péna pro vyrobu pojenych polyuretanovych pén pro jadra matraci.

V jednom provedeni tepelné izolaéniho materialu podle pfedkladaného technického feseni jsou
plevy obilovin pSeni¢né, Zitné, je¢né a/nebo ovesné plevy a/nebo plevy kiiZenct téchto obilovin.

Pfedmétem predkladaného technického feSeni je rovnéZ lisovana izoladni deska, ktera je vytvo-
fena z tepeln€ izolaéniho materidlu podle pfedkladaného technického feseni.

Ve vyhodném provedeni je mérmé hmotnost lisované izola¢ni desky podle predkladaného tech-
nického feSeni v rozmezi od 40 do 240 kg.m>.

Ve vyhodném provedeni je tloustka lisované izola¢ni desky podle pfedkladaného technického
feSeni v rozmezi od 20 do 200 mm.

Priklady technického feseni

Nasledujici pfiklady provedeni technického feSeni slouzi k jeho objasnéni, aniz by jimi bylo
technické feSeni jakkoliv omezeno.

Piiklad 1: SloZeni lisované izolaéni desky ve svislych obvodovych konstrukcich

- Zastoupeni recyklovanych &astic polyuretanové pény v desce 60 % hmotnostnich
- Zastoupeni obilnych plev v desce 10 % hmotnostnich
- Zastoupeni polyuretanového lepidla v desce 30 % hmotnostnich
- Zastoupeni praskového plniva v lepidle 10 % hmotnostnich

Pfiklad 2: SloZeni lisované izolaéni desky jako vypliiové izolace ve svislych obvodovych kon-
strukcich a ve stiechich

- Zastoupeni recyklovanych ¢astic polyuretanové pény v desce 37,5 % hmotnostnich
- Zastoupeni obilnych plev v desce 37,5 % hmotnostnich
- Zastoupeni polyuretanového lepidla v desce 25 % hmotnostnich

- Zastoupeni praskového plniva v lepidle 5 % hmotnostnich

Ptiklad 3: SloZeni lisované izola¢ni desky jako obkladové desky ve svislych obvodovych kon-
strukcich

- Zastoupeni recyklovanych ¢4stic polyuretanové pény v desce 5 % hmotnostnich

- Zastoupeni obilnych plev v desce 55 % hmotnostnich
- Zastoupeni polyuretanového lepidla v desce 40 % hmotnostnich
- Zastoupeni praskového plniva v lepidle 15 % hmotnostnich

Priklad 4: SloZeni lisované izolaéni desky pro pouZiti jako tepelné izolace ve stropech

- Zastoupeni recyklovanych ¢astic polyuretanové pény v desce 15 % hmotnostnich
- Zastoupeni obilnych plev v desce 70 % hmotnostnich
- Zastoupeni polyuretanového lepidla v desce 15 % hmotnostnich
- Zastoupeni praskového plniva v lepidle 2 % hmotnostnich

V Piikladech 1 az 4 bylo jako praskové plnivo pouZito polyuretanového prachu.
Priklad 5: Ptiklad vyroby izolaéniho materilu uvedeného v Pikladu 2

Byla vyrobena izola¢ni deska 0 mérné hmotnosti 140 kg.m™ a rozmérech 400x400x30 mm. Bylo
odvaZeno 252 g recyklovanych polyuretanovych &astic a 277,2 g pSeni¢nych plev naklimatizova-
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nych na 10% absolutni vlhkosti, tzn., obsahovaly 252 g susiny. Castice byly promichany. Dale
bylo pripraveno lepidlo, bylo odvaZeno 159,6 g jednoslozkového polyuretanového lepidla vytvr-
zujiciho vihkosti a bylo do néj vmichéno 8,4 g prasku z m&kké polyuretanové peny. Za stalého
michani byla takto pfipravend lepici smés vmichdvana do Castic recyklovaného polyuretanu
aplev. Céstice s nanesenym lepidlem byly rovnomérné navrstveny do formy a byly lisovany po
dobu 60 min pfi tlaku 3 kPa. Plosnym lisovanim materidlu pfipraveného uvedenym postupem
a dle uvedenych pomérii Ize vyrobit desku i v&tich plo$nych rozmérd, napf. 2800x1200 mm. Na-
méfeny soutinitel tepelné vodivosti této vyrobené desky byl roven hodnoté 0,06 W/m.K, coZ je
vyrazné méné v porovnani s deskou vyrobenou z recyklovanych odpadnich vrstevnatych potravi-
nafskych obalil, ktera rovnéZ disponuje vysokou pruZnosti, aviak jeji soucinitel tepelné vodivosti
je 0,18 W/m. K. Vyrobené deska disponovala vysokou pruznosti, modul pruznosti v ohybu byl
217 kPa a koeficient ohybatelnosti 0,042.

Priimyslova vyuZitelnost

Piedkladané technické feSeni obsahuje aZ 85 % odpadnich materiali (plevy obilovin a recyklo-
vana polyuretanova péna) a lze jej vyuZit pro izolace staveb v podobé vypliiové Ci obkladové
izolace.

NAROKY NA OCHRANU

1.  Tepelng izolaéni materidl, vyznadeny tim, Ze obsahuje 5 aZ 70 % hmotn. plev
obilovin, 5 a2 70 % hmotn. polyuretanové pény a 15 az 45 % hmotn. polyuretanového lepidla,
pfi¢em? polyuretanové lepidlo obsahuje 1 aZz 20 % hmotn. organického a/nebo anorganického
plniva, pidem# organické plnivo je vybrané ze skupiny obsahujici polyuretan a polymocovinu
a anorganické plnivo je vybrané ze skupiny zahrnujici kalcit, kfemik, kaolin, kfidu, saze, oxid
hlinity.

2. Tepelné izola¢ni material podle ndroku 1, vyznadeny tim, Ze polyuretanova péna
ma4 velikosti &4stic s primérem v rozmezi od 2 do 15 mm, s vyhodou od 4 do 9 mm.

3.  Tepeln& izolaéni material podle naroku 1 nebo 2, vyznaéeny tim, Ze polyuretano-
vou pénou je mékka nebo tvrda polyuretanova péna, pfi¢emZ mékka polyuretanova péna ma
mérnou hmotnost v rozmezi od 7 do 35 kg.m?, a tvrd4 polyuretanov4 péna ma mérnou hmotnost
v rozmezi od 35 do 50 kg.m™, zejména je polyuretanovou pénou recyklovana polyuretanova péna
pro vyrobu pojenych polyuretanovych pén pro jadra matraci.

4.  Tepelné izolaéni materidl podle kteréhokoliv z pfedchozich nrokd, vyzmnaéeny
tim, Ze plevy obilovin jsou pSeni¢né, Zitné, jeiné a/nebo ovesné plevy a/nebo plevy kfizenci
téchto obilovin.

5.  Lisovana izolaéni deska, vyznadend tim, Ze je vytvofena z tepeln¢ izolaéniho
materialu podle kteréhokoliv z pfedchozich néroki 1 aZ 4.

6.  Lisovana izoladni deska podle naroku 5, vyznaéena tim, Ze jeji mérna hmotnost je
v rozmezi od 40 do 240 kg.m”.

7. Lisovana izola¢ni deska podle néroku 5 nebo 6, vyzna&ena tim, Ze jeji tloustka je
v rozmezi od 20 do 200 mm.
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