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1. ZINATNISKA DARBA VISPAREJS RAKSTUROJUMS

Promocijas darba témas izvéles pamatojums un aktualitate

Eiropas Savienibas regulas un globalas labas prakses tendences klimata
parmainu ierobezo$anai Latvijai ir likuSas Tstenot darbibas siltuma energijas
racionalai patérésanai un taupisanai. Sis energétikas aspekts kluvis pasi svarigs
pec Krievijas iebrukuma un agresijas Ukraina, jo ped&jo divu gadu laika
energijas cenas paaugstinajusas vairakas reizes, kas padarijis energijas
taupiSanas aspektu ne tikai par politisku un ekologisku, bet arT par ekonomiski
svarigu jautdgjumu. Latvija 2023. gada izveidota Klimata un energétikas
ministrija, kuras galvenie uzdevumi ir koordinét klimata un energijas politiku
Latvija un kopuma rpéties par valsts virzibu energijas aprites ilgtspgjas virziena.

Lai gan pedgjo gadu laika 1stenota daudzdzivoklu maju energoefektivitates
programma ar ES (Eiropas Savieniba) fondu atbalstu, energo-neefektivu &ku
daudzums Latvija joprojam ir loti liels, bet visizteiktaka probléma verojama tiesi
padomju okupacijas laika buvetajas daudzstavu ekas. Ka secinats petijjuma par
€ku kvalitati un siltumnoturibu ES, Latvija ir zemaka majoklu kvalitate, ekas ir
ar salidzino$i zemu siltumnoturibu, jo ~15% &ku ir biivétas lidz 1940. gadam,
kad celtnieciba parsvara izmantoja kiegela, akmens mira un koka konstrukcijas.
Savukart 65% iedzivotaju dzivo &kas, kas uzbiivétas Ilidz 20. gadsimta
devindesmitajiem gadiem, kad izmantoja materialus, kas neatbilst miisdienu
siltumtehniskajam prasibam. Lai taupitu apkurei nepiecieS8amo energiju un
izmaksas un pilditu ES regulu prasibas par €ku siltumefektivitati, €kas
nepiecieSams siltinat atbilstigi valsts minimalajam. Par atbilstosam, Sobrid speka
esosajam siltumtehniskajam prasibam, var uzskatit tikai tas €kas, kas uzbuvétas
péc 2015. gada. So iemeslu d&] $obrid notiek un ari turpmak gaidama intensiva
€ku fonda energoefektivitates uzlabosana, respektivi — €ku siltinasana.

Energijas  taupiSanas  konteksta  pirmie  regulg§jumi  majoklu
energoefektivitates joma Eiropa paradijas 20. gadsimta septindesmitajos gados
un turpmak bija neatnemama projekteSanas un biivniecibas procesa sastavdala.
Pakapeniski majoklu minimalas energoefektivitates prasibas padaritas
stingrakas un radits arvien pieaugo$s pieprasijums péc siltumizolacijas
materialiem. Sakotngji komercialie siltumizolacijas materiali razoti no
neilgtsp&jigiem sintetiskiem un mineralas izcelsmes materialiem. Tomér gan ES
regulu, gan sabiedribas uz ilgtsp&ju un ekologiskiem aspektiem orientéto vélmju
iespaida tirgus pieprasa alternativus siltumizolacijas materialus — ilgtsp&jigus,
veselibai un videi draudzigus produktus ar pozitivu iespaidu uz telpas klimatu un
vienlaikus ar minimalu ietekmi uz vidi un klimata izmainam. Siem nosacijumiem
atbilst no biomasas iegiiti izolacijas materiali, tom&r tie ir dargaki neka no
neatjaunojamiem resursiem razotie.

Globalaja tirgli ~80% no alternativajiem izolacijas materialiem ir raZoti no
koksnes celulozes un kokskiedras, tom&r kopuma alternativo izolacijas materialu
tirgus ir daudzpusigs un plass. Tiek piedavati vairak neka 60 dazadi izolacijas
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materiali no celulozes, korka, kanepém, aitas vilnas, niedrém un citiem
dabiskiem materialiem, turklat katram no tiem ir savas prieksrocibas un trukumi.
Paterétajam miusdienas ir butiskas ne tikai siltumizolacijas 1pasSibas, bet arl
produkta kimiskais sastavs un ietekme uz apkartgjo vidi, tapéc joprojam pastav
liels pieprasijums p&c no biomasas razotiem izolacijas materialiem, kuriem biitu
zemas razoSanas izmaksas un minimala ietekme uz vidi.

Aizstajot biezak lietoto Skiedru izejmaterialu — koksni — ar citiem
lignocelulozes resursiem, piemeéram, viengadigu lauksaimniecibas augu
atlikumiem jeb blakusproduktiem, tiek nodroSinats ieguldijums racionala un
ilgtsp&jiga biomasas resursu izmantoSana. Piem@ram, viens hektars kanepju
piesaista 9 Iidz 15 tonnas COy, kas ir lidzvertigi jaunam mezam, tacu laika zina
patéré piecus méneSus, kas padara kanepju augu pievilcigu daudzveidigai
izmanto$anai dazadu jaunu produktu radisana. Gan Eiropa, gan Latvija pieaug
kanepju audzesanas apjomi.

lepriekSminétie konstat&jumi un faktori rada pamatotu un aktualu vajadzibu
péc jauna, no vietgjas izcelsmes nekoksnes lignocelulozes biomasas razota
siltumizolacijas, materiala izstrades. Izmantojot Latvijas Valsts Koksnes kimijas
instittta (LVKKI) attistito tvaika spradziena (TS) tehnologiju, no plasi pieejama
lauksaimniecibas augu blakusprodukta - kanepju spaliem - ir nepieciesams iegiit
jaunu beramo siltumizolacijas materialu ar zemam izmaksam un aktualajiem
regul&jumiem atbilstigam prasibam pret vidi. Lai maksimali lietderigi izmantotu
izejmaterialu un izveidotu materialu, kas var konkurg&t ar komerciali pieejamiem
izolacijas materialu produktiem, nepiecieSams detalizéts un fundamentals, bet
vienlaikus augsti tehnologisks pétijums, kas ieklauj kanepju spalu TS
prieksapstrades metodikas izstradi, iegtito Skiedrveida materialu Tpasibu izp&ti un
berama siltumizolacijas materiala paraugu izvertgjumu.

Promocijas darba hipotéze — aizstavama téze: no kanepju Skiedru
razosanas blakusproduktiem — kanepju spaliem — ar TS metodi iesp&jams iegiit
beramo siltumizolacijas materialu ar lidzvertigam vai labakam siltumizolacijas
1pasibam neka komerciali pieejamiem analogiem siltumizolacijas materialiem.

Zinatniska darba mérkis — jaunu beramo siltumizolacijas materialu izstrade
no Latvija audz&tu kanepju spaliem, izmantojot TS metodi.
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Darba mérka sasniegSanai izvirziti $adi pétnieciskie uzdevumi:

1. izstradat metodi kanepju spalu apstradei ar TS tehnologiju;

2. izveidot kanpepju spalu Skiedru beramo siltumizolacijas materialu
paraugus;

3. noteikt beramo siltumizolacijas materialu fizikalas un kimiskas
Tpasibas, ka arT tas ietekmgjosos faktorus;

4. noteikt beramo siltumizolacijas materialu siltumizolacijas Ipasibas un
tas ietekméjosSos faktorus;

5. noteikt/planot/prognozet/ieteikt kanepju spalu Skiedru beramo
siltumizolacijas materialu pielietoSanas iespgjas atkariba no iegiitajam
Ipasibam.

Saja pétljuma iegiits un pétits jauns izolacijas materials no kanepju
spaliem, izmantojot TS apstradi. Ka izejmaterials lietota biomasa no
Bialobrzeskie (Polija, kods 893), (Cannabis sativa L.) kanepju $kirnes, kas ir
parbaudita un labi aug Latvija. Izolacijas materiala izstradei kanepju spali
apstradati ar TS metodi — ar Gdens tvaiku paaugstinata spiediena noslégta vide.
Péc apstrades laika biomasa dekompresijas ietekmé saskiedrota, veidojot
Skiedras un Skiedru kilus. legttajam materialam parbauditas fizikalas un
kimiskas 1paSibas, tas salidzinatas ar citiem siltumizolacija lietotajiem
materialiem. No kanepju spaliem iegtitais materials definéts ka berama (birstosa)
izolacija.

Pétijuma zinatniska nozimiba

1. Izstradats inovativs siltumizolacijas materials no kanepju spaliem ar TS
tehnologiju

2. Atrasts jauns TS pielietojums videi draudziga siltumizolacijas materiala
ieguve

3. Izpétitas TS tehnologijas pielietojuma iesp&jas kanepju spalu parveidei
berama siltumizolacijas materiala

4. lIzpétita TS tehnologijas mainigo parametru ietekme uz ieglita materiala
struktiiru, Ipasibam un pielietojuma iesp&jam siltuma un skanas izolacija

5. Raditas jaunas zinasanas par TS tehnologijas pielietoSanu lauksaimniecibas
atlieku apstrade

Petijuma praktiska nozimiba

1. Papildinata Latvijas kop€ja zinaSanu baze par no biomasas raditiem
produktiem

2. Raditi zinasanu ietilpigi, inovativi produkti ar augstu pievienoto vértibu un
eksporta potencialu

3. Butisks ieguldijums Latvijas klimatneitralitaites un CO. emisiju
samazinasanas mérku sasnieg§ana energoefektivitates joma
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4.

Izstradata praktiski pielietojama tehnologija kanepju Skiedru razo$anas
blakusproduktu — kanepju spalu parstradei produktos ar augstu pievienoto
vertibu

Sniegts ieguldijums pieaugosaja pieprasijuma péc ilgtspgjigiem
siltumizolacijas materialiem

Promocijas darba struktiira un apjoms
Promocijas darbs ir pakartots petijjumu uzdevumiem un sastav no 6 nodalam:

1.

N

4,
5.
6.
Ko

Literattiras apksta veikta paSreiz€jas situacijas analize par reguléjumiem un
klimata mérkiem energoefektivitates jautajumos. Apkopota informacija par
siltumizolacijas materialiem, to veidiem un galvenajam tpasibam. Ieklautas
aktualitates par biorafin€Sanu un apskatita TS tehnologija. Nodala analizéta
literatira par industridlo kanepju resursiem, audz€Sanu, parstradi un
pielietosanu.

P&tTjuma izmantoto materialu un metozu raksturojums.

P&tTjumu rezultati un to izvertgjums. Apaksnodalas izklastiti rezultati un to
skaidrojums par kanepju spalu materialu ktmiskajam un fizikalajam 1pasibam
pirms un péc TS. Talakajas apakSnodalas izvertéta ieglito paraugu
siltumvaditssp&ja, siltuminerce, tidens tvaika parvade, ugunsreakcija un
skanas izolacijas sp€ja. legiitie rezultati salidzinati ar tirgli esoSiem
siltumizolacijas materialu analogiem, un izskaidroti izmantojot ieprieksgjas
apaksnodalas iegtitos kimisko un fizikalo 1pasibu raksturojumus.
Ekonomiska izvertéjuma kopsavilkums.

Secinajumi.

Rekomendacijas.

puma promocijas darba ir 111 Ipp., teksta ir icklautas 10 tabulas, 60 attéli, 21

formulas un 225 norades uz izmantotajiem literatiiras avotiem.
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2. SITUACIJAS ANALIZES KOPSAVILKUMS

Apskatot un analiz€jot globalos un nacionalos klimata politikas stratégijas
dokumentus un regul&jumus, secinats, ka Eiropas zala kursa un uz ta bazes
raditajos reguléjumos un dokumentos, kuri attiecas uz energétikas jomu, galvenie
merki izvirziti attieciba uz siltumnicefekta gazu emisiju samazinaSanu un
cilveku dzives kvalitates uzlaboSanu kopuma, bet viena no prioritateém ir &ku
energoefektivitate un tas uzlabosana.

Veérojama un tuvakaja nakotné planota pieaugosa aktivitate &ku
energoefektivitati uzlabojoSajas aktvitates, respektivi, €ku siltinasana, jo
vislielako ieguldijumu €kas energoefektivitates uzlaboSana sniedz tiesi argjo
konstrukciju siltumizolé$ana. Sagaidamas aktivitates palielinas pieprasijumu péc
ilgtspgjigiem siltumizolacijas materialiem, jo arl materialu radiSanas joma
paklauta Zala kursa un Aprites ekonomikas reguléjumiem, kas paredz inovativu
un ilgtsp&jigu materialu radiSanu, izmantojot labakas pieejamas tehnologijas un
lokalo biomasas izejmaterialu izmantoSanu. Nemot v&ra borafiné$anas principus,
atbalstamakais izejvielu veids ir lokali pieejamas biomasas izejmateriali —
atlikumi p&c izmantoSanas citas nozares.

Secinats, ka notiek s€jas jeb industrialo kanepju kultiiras lauksaimniecibas
nozares attistiba gan Latvija, gan Eiropa. Eksperti Latvija saredz kanepju
audzgSanas nozares potencialu, prognoze s€jas kanepju platibu palielinasanos un
dazadu produktu razoSanas apjoma pieaugumu Latvija, kas vienlaikus radis ari
lielaku mazvertigu spalu apjoma parpalikumu .

Zinatnisko publikaciju un citu avotu izpéte liecina, ka kanepju spali pétiti un
atziti par pielietojamiem biivnieciba, pieméram, kanepju spalu betona sastava un
platnu izgatavoSana, tomer netika atrasta informacija par petijumiem, kad biitu
lietota kada priekSapstrades tehnologija, lai no industrialo kanepju spaliem
ieglitu beramo siltumizolacijas materialu. Vienlaikus secinats, ka LVKKI
pieejama moderna tehnologija — TS hidrolize.

Apvienojot klimata politikas merku radito pieprasijumu pec ilgstpgjigiem
siltumizolacijas materialiem un aprites ekonomikas nosacijumus izejmaterialam,
ka ari zinaSanu trokumu par priekSapstradatu kanepju spalu beramo
siltumziolacijas materialu, ir radits politisks, zinatniski — teor&tisks un praktisks
pamatojums promocijas darba pieteiktajam tematam. Lai maksimali lietderigi
izmantotu izejmaterialu un izveidotu materialu, kas var konkuré&t ar komerciali
pieejamajiem izolacijas materialu produktiem, nepiecieSams detaliz€ts un
fundamentals, bet vienlaikus augsti tehnologisks pétijums, kas ieklauj kanepju
spalu TS prieksapstrades metodikas izstradi, iegiito Skiedrveida materialu Tpasibu
izpéti un berama siltumizolacijas materiala paraugu izvertgjumu.
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3. MATERIALI UN METODES

Nodala satur informaciju par kanepju spalu iegiiSanas vietu, augSanas
apstakliem, Tpasibam, Skiedru iegtiSanas metodi un to raksturojosam ipasibam.
Aprakstitas metodikas struktiiras un Ipasibu petiSanai, skiedru apstrades rezultata
radusos izmainu novert€Sanas metodes, ka arT metodes materialu pielietojuma
izvertesanai.

3.1. Petijuma metodologiskais pamats

Izvirzitais darba uzdevums atspogulots shema (3.1. att.).

2 N & ™
Neapstradati kanepju ——) Tvaika spradziena
spali apstrade (TS)

b Vv y
(" A N )
Kimiskas Tpasibas Fizikalas ipasibas Izolac_ljas materidla

TpaSibas
\ J J \ J

$ ¥ ¥

Kimiskas analizes J [ SEM [ Siltumvaditsp&ja ]
FTIR ’ [ Masas zudumi Siltuma inerce ]

$

$

$

[ o=

Tilpums/Blivums ] [Udcns tvaika caurlaidiba ]

4=

$

$

[ Frakcionalais sastavs ] [ Uguns reakeijas Tpaé'i'bas]

Udens aizturg3anas spéja] [ Akustika }

3.1. att. Pétijuma darba uzdevumu shéma
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3.2 Materiali un reagenti

Darba izstradasanai izmantotais izejas materials ir kanepes (Cannabis sativa
L.), 8kirne Bialobrzeskie (Polija, kods 893), precizak kanepju spali, kas rodas ka
atlikums péc kanepju stublaju apstrades un garo 8kiedru ieguves. Skirne ir
parbaudita un labi aug Latvija. Kanepes ir viengadigs augs, un no 1 ha apsétas
platibas iesp&jams iegit 6-9 t stiebru. Biolabrzeskie skirnes kanepes ir kiedru
kanepes, kuru garums var sasniegt 4,5 metrus. Paraugi izgatavoti no “SIA
ZALERS” Kraslavas novada audzétam 2012. un 2018. gada vaktam razas
kanepem.

3.3. Izolacijas materiala iegiiSana ar TS metodi

Beramas skiedru izolacijas materiala iegiiSanai no kanepju spaliem izmantota
TS (tvaika krekings, atra (flash) hidrolize) vai, pareizak, TS autohidrolize jeb
apstrade ar piesatinatu augsttemperatiiras tvaiku. Metodes parametri ir T = 235
°C, P = 3,2 bar, laiks — 0 — 3 min., (0 — TS apstrade tiek veikta tilit péc mérka
tvaika spiediena sasnieg8anas; 0,5; 1; 2; 3 min — TS apstrade tiek veikta, attiecigi,
péc 30, 60, 120, 180 sekunzu noturéSanas merka tvaika spiediena) 3.2. att.

Udens Kanepju spali
—_— 1
. . Udens sagatavosanas konteiners
Tvaiks
¥ _
L . Udens rezervuars
9) 3. Tvaika generators
3
. Tvaika spradziena ickartas reaktors
Lo : .
N 5. Reaktora atvér$anas mezgls
\

6. Uztvergjs
Tvaika spradziena masa

3.2. att. TS iekarta
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4. REZULTATI

Rezultatu aprakstiSanai izmantoti 4.1. tabula redzamie apzim&jumi un

krasas.
4.1. tabula
Izstradato un pétito siltumizolacijas materialu apziméjumi
Apzimgums 1 T, Co p, atm ts p, kg m? Apzimgjums 2
KS-k - - - 100 KS-k/100
40 KS-0/40
KS-0 0 60 KS-0/60
80 KS-0/80
100 KS-0/100
235 32 60 KS-0,5/60
KS-0,5 30 80 KS-0,5/80
100 KS-0,5/100
KS-1 60 100 KS-1/100
KS-3 180 - KS-3
60 KSk/60
KSk 80 KSKk/80
EVC ) 40 EVC/40
60 EVC/60
40 EVT/40
EVT 60 EVT/60

KS — kanepju spali

-k — neapstradats paraugs
-0; -0,5; -1, -3 — attiecigi, tiilit p&c mérka spiediena sasniegsanas, péc 30

sek, 60 sek, 180 sek TS apstradati paraugi.

/40; /60; /80; /100 — parauga atbilstosais blivums kg m
KSk — kokskiedra (industrials siltumizolacijas materials)
EVC — ekovate Climax (industrials siltumizolacijas materials)

EVT — ekovate TERMEX (industrials siltumizolacijas materials)
-10 — pievienots 10% tetraborata
-15 — pievienots 15% tetraborata

16



4.1. Materialu iegiSana ar TS metodi

TS izmantots ka kanepju spalu apstrades metode, lai iegiitu saskiedrotaku
materialu ar lielaku beramtilpumu. TS procesu var iedalit divas fazes. TS pirma
faze ir biomasas apstrade ar augstas temperatiiras tvaiku paaugstinata spiediena.
Pirma faze butiba darbojas ka termokimiska reakcija. Termokimiskaja reakcija
no biomasas hemicelulozém tiek atdalitas acetilgrupas, un veidojas etikskabe.
No hemicelulozém neliela daudzuma veidojas arT uronskabe. Polisaharidu
noardiSanas procesa veidojas skudrskabe un levulinskabe. Talak, izveidojusos
skabju iedarbiba, notiek hemicelulozu hidrolize. Pie lielaka barguma faktora
(augstakas temperattras un laika) notiek celulozes amorfas dalas hidrolize, ka ar
lignina sai$u, galvenokart B — O — 4, destrukcija. TS otra faze ir adiabatisks
process, kura laika siltumenergija parvérSsas mehaniskaja energija, ka rezultata
rodas spradzienveida spiediena tvaika izlade. Pirmas fazes laika tiek mikstinats
materials, bet otraja fazg pie izlades notiek mehaniska saskiedrosana. TS mainas
ne tikai skiedras kimiskais sastavs, bet arT virsmolekulara un ultrastruktira lidz
pat Stnu Iimenim. Kanepju spalu paraugu vizualais izskats pirms un péc TS
paradits 4.1. attela.

4.1. att. Kanepju spalu paraugs pirms un péc TS

P&c 4.1. attela redzams, ka TS apstrades ietekmé mazaka barguma faktora
apstaklos (isaks apstrades laiks) kanepju spali tiek saskiedroti jeb fibrilléti.
Veidojas $kiedru kiili, kas dalgji tiek atrauti no kanepju spaliem. Sis process,
visticamak, notiek, jo TS pirmaja faz€ tidens, temperatiiras un spiediena ietekmé&
paraugs tiek mikstinats, notiek starpskiedru fidenraza sai$u sarausana. Sis saites
tiek sarautas pirmas, un péc tam seko ktmiskas reakcijas. KS-0 parauga gadijuma
TS apstrades otrais posms — mehaniska saskiedrosana — seko tulit pec pirma
posma (ttlit péc T un spiediena pievadisanas reaktors sekundes desmitdalas tiek
atverts, un reaktora masa tiek “izSauta” uztvergja). Pie 1sa TS apstrades laika
ktmiskas reakcijas notiek minimali, tacu dens, temperatiiras un spiediena
ietekm@ mikstinatais materials ar parrautam starpskiedru tidenrazu sait€m viegli
saskiedrojas. legltais paraugs ir ,uzpukojies”, pateicoties Skiedru
mikrofibrillam, kas dal&ji palikuSas piestiprinatas kanepju spaliem. Ka redzams
4.1. attela, palielinoties barguma faktoram (TS apstrades laikam), sakas kanepju
spalu destrukcija kTmisko reakciju ietekmé. Kanepju spali mehaniski tiek sarauti
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smalkakos fragmentos, un skiedru mikrofibrillas tiek atrautas no kanepju spalu
fragmentiem. Kanepju spalu paraugi sablivinas. Kanepju spalu paraugu
shematisks att€lojums pirms un pec TS apstrades attelots 3.2. attela.

KS-k KS-0

4.2. att. Kanepju spalu paraugu shematisks modelis pirms un péc TS

Klasiski TS metode tiek izmantota ka priek$apstrade, un galvenais uzsvars ir

uz termoktmisko fazi. Promocijas darba ir atklats jauns TS metodes pielietoSanas
veids kanepju spalu pamatapstrade.
4.1. apak$nodalas kopsavilkums: TS apstrade notiek 2 faz@s. Pirma —
termokimiska parauga mikstinasana, otra — adiabatisks process, kura notiek
mehaniska saskiedrosana. Pie Tsaka TS apstrades laika kimiskie procesi notiek
mazak intensivi. Tvaika un temperatiiras ietekmé tiek mikstinats materials un
saSkeltas Gidenraza saites. SaSkiedroSana notiek galvenokart uz tvaika izlades
rekina, spalus saskiedrojot mehaniski. Palielinot TS apstrades laiku, pagarinas
termokimiskas fazes ilgums — straujak notiek autohidrolize, un parauga
sadaliSanos biitiskak sak ietekmét kimiskas reakcijas. Promocijas darba ir atklats
jauns TS pielietoSanas veids kanepju spalu pamatapstrade.

4.2. Kanepju spalu ka siltumizolacijas materala fizikalo izmainu pétijumi
pirms un péc TS

Kanepju spalu ka siltumizolacijas materdla izmainas pirms un péc TS
raksturoja, nosakot masas zudumus, frakcionadlo sastavu, beramblivumu un
beramtilpumu, kas biitiski ietekme siltumizolacijas materiala 1paSibas.

4.2.1. Masas zudumi

Pec TS apstrades novéroti masas zudumi. Tas janem v&ra, izvéloties
piemérotakos apstrades apstaklus izolacijas materiala izstradei, lai tas biitu
ekonomiski pamatoti.

Ka redzams 4.3. attéla masas zudumi klidu robezas pieaug lineari
proporcionali pret barguma faktoru. Masas zudumi skaidrojami ar: (i) gaistoSo
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vielu iztvaikoSanu un (ii) fident $kistoSo ekstraktvielu pareju $kiduma pie zemaka
barguma faktora, (iii) dalgju cukuru pareju gaistoSajos produktos un (iv)
hemicelulozu hidrolizi, pieaugot barguma faktoram un (v) celulozes nesakartotas
(amorfas) dalas hidrolizi pie augstaka barguma faktora. Sie procesi apskatiti 3.2.
sadala par kanepju spalu kimiska sastava izmainam. Masas zudumi pieaug
robezas no 2,5% lidz 20%. Mazakais masas zudums novérojams KS-0 paraugam,
jo apstrades procesa tam ir visisaka termokimiska faze un maksimali maz
notikusi parauga kimiska destrukcija. Masas zudumi notikusi uz neorganisko
vielu salu iz§kiSanas un dal&jas hemicelulozu hidrolizes rékina.

25
19.99

20
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R e
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Barguma faktors R,

4.3. att. Masas zudumi ar TS metodi apstradatajiem kanepju spalu
paraugiem

4.2.2. Beramtilpums un beramblivams

Beramblivums un tam apgrieztais raditajs beramtilpums ir batiski parametri
izolacijas materialiem. Tas norada, cik daudz beramas izolacijas materiala bus
nepiecieSams iestradat pie vienada siltumizolacijas slana biezuma.
Beramblivums ir fizikals lielums, kas nosaka, cik sver 1 m® parauga.
Beramblivumam apgrieztais lielums beramtilpums raksturo, cik lielu tilpumu
aiznem 1 kg parauga.

Beramblivuma un beramtilpuma izmainas kanepju spalu izolacijas
materialiem pirms un péc TS apstrades redzamas 4.4. attéla. Paraugam KS-0
beramblivuma veértiba samazinajas vairak ka 2 reizes, salidzinot ar sakotngjo

kanepju spalu paraugu KS-k. Beramblivuma samazinaSanos nodroS§ina skiedru
uzirdinasanas.
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Kimiskais process, kas notiek TS apstradg, ir sarezgits, bet ir zinami vairaki
iespgjamie procesi, kas nodroSina Skiedru uzirdinasanos vai sablivésanos.
Primari Skiedru uzirdinaSanas notiek pateicoties tam, ka Skiedras ieksieng tiek
parrautas iidenraza saites, dalgji atbrivojot celulozes fibrillas. Tiek atverti Skiedru
kali un dalgji Skeltas saites starp celulozi, ligninu un hemicelulozém. Process
shematiski redzams 4.2. attéla. Sada veida $kiedras sastavdalas klast vieglak
pieejamas kimisko vielu iedarbibai. Ka redzams 4.4. attela, palielinot apstrades
laiku Iidz 30 un 60 sekundém (paraugi KS-0,5 un KS-1; attiecigie barguma
faktori 3,7 un 4), beramblivums samazinas mazak (pret kontroles paraugu), vai
pareizak vartu teikt, ka, palielinot apstrades laiku, kanepju spali sak sablivéties,
salidzinot ar paraugu KS-O0.

Tas skaidrojams ar to, ka, palielinoties TS apstrades laikam, no kanepju
spalos esoSajam acetilgrupam veidojas skabes (galvenokart etikskabe). Ta
rezultata notiek hemicelulozu hidrolize (hemicelulozu hidrolizes produkti pariet
$kiduma) un notiek arT celulozes amorfas dalas hidrolize, ka notiek celulozes
kristalisko fragmentu atdalisanas no celulozes amorfas dalas. Paraléli notiek
lignina, galvenokart B — O — 4 saiSu destrukcija.

= N
[62] o
o o
-
(6]
Beramtilpus, L-kg!

Beramblivums, kg-m-3
[
a o
o o

KS-k KS-0 KS-0,5 KS-1 KS-3
Kanepju koksnes paraugi

4.4. att. Beramtilpums (ITnija) un beramblivums (stabini) neapstradatajiem
un ar TS metodi apstradatajiem kanepju spalu paraugiem

Palielinot apstrades laiku 1idz 3 miniiteém (paraugs KS-3; atbilstoSais barguma
faktors 4,5), sakas parauga destrukcija. Gandriz pilniba notikusi hemicelulozu
hidrolize, turpinas lignina B — O — 4 saiSu destrukcija un notiek celulozes
mikrofibrillu amorfo apgabalu hidrolize. Veidojas celulozes kristalisko apgabalu
fragmenti jeb mikrokristaliska un nanokristaliska celuloze. Veidojas loti Tsi
Skiedru fragmenti, paraugs sabliv€jas un beramblivums palielinas gandris 2
reizes, salidzinot ar kontroles paraugu. Ta ka paraugs KS-3 ir ar lielaku
beramblivumu neka izejas kanepju spaliem un nav piemérots siltumizolacijas
materialiem, talakos petfjumos tas netiek apskatits.
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4.2.3. SEM

Kanepju spalu paraugu morfologiju pétija ar sken&oSo elektronu
mikroskopiju pirms un p&c TS apstrades, lai noverotu paraugu fizikalas izmainas
izméros.

SEM MAG: 50 X HV: 200 kV

4.5.att. Kanepju spalu SEM atteli pirms (KS-k —a un b) un péc TS (KS-0 —
¢ un d) ar 50x palielinajumu (a; ¢) un 200x palielinajumu (b; d)

SEM atteli kanepju spalu paraugiem pirms apstrades Ks-k (a un b) un péc TS
apstrades tlit péc temperattiras un spiediena pievades Ks-0 (c un d) divos
dazados palielinajumos apkopoti 4.5. attela. Ka redzams a un b attela,
neapstradati kanepju spali sastav no apméram 1-1,5 mm platiem un 5-7 mm
gariem gabaliniem, kas veidoti no paraléliem ciesi saklautiem Skiedru kaliem.
Péc TS apstrades (c, d) kanepju spali ir sadalijusies sikakos gabalos, $kiedru
kilos un atseviskas Skiedras. Novérojama paraugu saskiedroSanas jeb
fibrillesanas. Ka redzams 4.5. attéla (c) kanepju spali TS apstrades ietekmé
saSkiedrojas nevienmérigi, un paraugs sastav no dazada izméra frakcijam — no
daziem pm lidz 1 mm platuma un apméram 2-3 mm garuma.

SEM attéli péc 30 sekunzu KS-0,5 (a un b) un 1 minates KS-1 (c un d) TS
apstrades 2 dazados palielinajumos apkopoti 4.6. attela. Paraugiem, kas
apstradati pie lielaka barguma faktora izvelets lielaks SEM palielinajums, lai
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noverotu paraugu fibrilléSanos un no parauga izdalito repolimerizéto vielu —
pseidolignina izgulsné$anos uz paraugu virsmas.

SEM MAG: 500 X HV: 200KV

4.6. att. Kanepju spalu SEM attéli péc 30 sekunZu (KS-0,5-aunb)unl
min (KS-1—-cun d) TS apstrades 200x un 500x palielinajuma

4.6. attela (a) redzama kanepju spalu saskiedroSanas péc 30 sekunzu TS
apstrades, veidojot tievakas Skiedras. Apskatot paraugu lielaka palielinajuma (b),
redzama Skiedru fibrilleSanas — no garakam skiedram, kas sastav no paraléliem
Skiedru kaliem, dalgji atrautas mikroSkiedras, tas nodroSina parauga
uzirdinasanos. Uz Skiedru virsmas (b) novérojami mazi, kristaliski nosédumi,
kas, iesp&jams, skaidrojams ar pseidolignina izdali§anos uz parauga virsmas.
Palielinot TS apstrades laiku (¢ un d), sakas parauga degradacija — turpinas
saSkiedroSanas, smalkas fibrillas ir pilniba atrautas no Skiedram. Parrauto
ktmisko saiSu dél un kimiskas destrukcijas ietekme Skiedras ir sarautas sikakas
dalas. Veidojas aglomerati un uz parauga virsmas ir noveérojami izgulsn&jumi (d).
4.2. apakSnodalas kopsavilkums: KS-0 paraugam TS apstradé beramblivums
samazinas vairak ka 2 reizes, ir vismazakie masas zudumi un vismazak pieaug
smalkas frakcijas daudzums. Tie ir butiski raditaji, izveloties siltumizolacijas
materialu no tehniski ekonomiska viedokla. Pie lielakas TS apstrades
beramblivums pieaug, ka arT palielinas masas zudumi un smalkas frakcijas
daudzums, kas ir skaidrojams ar paraugu kimisko destrukciju, autohidrolizi,
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depolimerizaciju un parieSanu gaistosajos un tdent $kistoSajos savienojumos.
KS-0 parauga gadijuma galvenokart notick parauga mehaniska “uzpikosana”,
saSkiedroSana jeb fibrilleSanas. Tas nodroSina parauga beramblivuma
picaugumu. Tas novérots ari SEM att€los. Pie ilgakas TS apstrades gan
termokTmisko reakciju ietekmé€, gan mehaniska procesa no parauga lielakajam
Skiedram tiek atrautas fibrillas un Skiedru fragmenti, pieaug sikas frakcijas
daudzums un palielinas beramblivums. Lai ar1 pie TS apstrades notiek fibrillacija
un ir vairak brivi pieejamu hidroksilgrupu, Skiedru Gidens aiztur€Sanas sp€ja
samazinas. Tas skaidrojams ar hidrofoba pseidolignina veidoSanos un
izdaliSanos uz Skiedru virsmas, tadejadi atgrizot @ideni. Analiz€jot fizikalo
Ipasibu izmainas, var secinat, ka siltumizolacijas materialam atbilstosakais ir
paraugs TS-0.

4.3. Siltumvaditspéja

Siltumvaditsp&jas koeficients ir svarigaka ipasiba, ko parasti apskata,
izveloties siltumizolacijas materialu. Siltumizolacijas materiala
siltumvaditspgjas koeficients A, W-m-K™, tiek noteikts robezas no 0°C Ilidz
+30°C, tacu 4.7. att. tick noradits iegiito rezultatu kopsavilkums saskana ar
standartu LVS ISO 8301:2001, pie +10°C. Zinams, ka, pieaugot mériSanas
temperatiirai, arT siltumvaditsp&jas koeficients pieaug, tatad pasliktinas, paatrinot
konvekciju un palielinot lamdu A W-m™2-K™. Balstoties uz zina$anam par
materiala struktiiru un ipasibam, pétijuma izveléti dazada blivuma viena
apstrades veida materiali, meklg€jot optimalo blivumu.

Salidzinot kontroles parauga KS-k/100 siltumvaditsp&jas rezultatus ar TS
liclaka méra apstradatajiem paraugiem, redzams (4.7. att.), ka TS apstrade ir
bitiski uzlabojusi (pazeminajusi) siltumvaditsp&jas koeficientu A.
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4.7. att. Siltumvaditspéja neapstradatajiem un ar TS metodi
apstradatajiem kanepju spalu paraugiem salidzinajuma ar industralajiem
siltumizolacijas materialiem
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Lai izvertetu, cik liels ir lamdas samazinajums, izrékinats tas samazinajums
pret kontroles paraugu un izteikts procentos. KS-0/40 — 25,4 %, KS-0/60 —
21,8%, KS-0/80 — 25,5%, KS-100 — 22,3%, kas arT skaidri parada, ka apstrades
rezims pie nulles laika ir efektivaks, salidzinot pret 0,5 min vai 1 min cikliem,
attiecigi KS-0,5/80 — 18,1%, KS-0,5/100 — 19,9% un KS-1/100 — 4,4%.

Redzams, ka optimalais materiala blivums meklgjams starp paraugiem, kam
veikta TS apstrade 0 min., jo, palielinot apstrades laiku lidz 0,5 min., piem&ram,
KS-0,5/80, bitiski pieaug siltumvaditsp&jas koeficients, sasniedzot 0,047
W-m-K, Tas ir statistiski biitiski augstaks neka paraugam KS-0/100, kuram
raditajs ir 0,045 W-m™*-K? (p=0,046). Optimalais blivums beramiem kanepju
spalu siltumizolacijas materialiem varié starp 40 un 80 kg m3, jo rezultati $ajas
robezas ir loti [1dzigi — starp tiem nav statistiski biitiskas atskiribas (p=0,226 un
p=0,135). Salidzinot kanepju spalu materialu KS-0/40 ar tirgl esoSiem
kokskiedru vai ekovates siltumizolacijas materialiem ar lidzigu blivumu,
secinams, ka to siltumvaditsp&jas koeficienta atSkiribas neparsniedz 10%, tapec
tos var uzskatit par [idzigiem materialiem gan p&c ipasibam, gan péc struktiiras.

Ir visparzinams, ka labakais izolators ir nekustigs gaiss, tacu tam ir jaatrodas
miera stavokli. Gaisa daudzumam izolacijas materiala ir biitiska nozime. Ja
materiala ir parak lielas poras, pieaug gaisa daudzums un gaiss tajas sak kusteties
straujak, pasliktinot siltumizolacijas pasibas. Katram materialam ir optimalais
blivums, kad tam ir vismazaka siltumvaditsp&ja un lielaka siltumpretestiba.
Brivas gaisa poras tiesa veida ietekmé materiala blivumu. Dabiskas izelsmes
Skiedru izolacijas materialos gaiss ir ne tikai starpskiedru telpa, bet ari paSas
Skiedras lumena, kur gaiss ir gandriz nekustigs. No dabiskas izcelsmes
materialiem vislabakie raditaji ir tadiem materialiem ka koks, salmi, kanepju
spali, kam struktiira ir neviendabiga. To sauc par anizotropiju.

Analizgjot izstradato Skiedru materialu paraugu siltumvaditspgju, labakos
raditajus uzradija paraugi ar TS apstrades laiku 0 min. Tas ir skaidrojams ar
vislielako skiedru fibrillaciju un vienlaicigi vismazako parauga destrukciju, kas
nodrogina parauga uzirdinasanos. Skiedu fibrillizacija ir apskatita 4.1. attela, kur
redzama fotovizualizacija izstradatajiem paraugiem un pamatota ar 3.5. SEM
atteliem. ST paradiba shematiski attélota 4.2. attéla. Parauga uzirdina$anas
nodrosina arT vismazako beramblivumu (4.4. att€ls).

Primari Skiedru uzirdinasanas notiek pateicoties tam, ka Skiedras iekSiene tiek
parrautas fidenraza saites, dal&ji atbrivojot celulozes fibrillas. Tiek atverti skiedru
kili un dalgji Skeltas saites starp celulozi, ligntnu un hemicelulozém.

P&tfjuma izstradatie materiali ir konvektivie porainas struktiiras materiali ar
atvértam poram, labi vada mitrumu un gaisu. Lai $adi materiali funkcion&tu
pareizi un A koeficients saglabatos nemainigs, konstrukcijas tie ir jaiestrada ar
vgja aizsargbarjeram, aizsargajot no mitruma iedarbibas, ka arT no @idens tvaiku
iedarbibas, kas nak no telpas iekSpuses. Siltumvaditspgju tiesa veida ietekmé
materiala mitruma saturs, blTvums un vides temperatiira.
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4.3. apakSnodalas kopsavilkums: TS apstrades KS-0 reZims statistiski
butiski  (p=0,0001 un p=0,0002) samazina (uzlabo) siltumvaditsp€jas
koeficientu, salidzinot ar kontroles parauga KS-k/100 koeficientu 0,058
W-m1.- K, Samazinajums robezas ir no 21,8% — 25,5%, atkariba no blivuma.
Piemérotakais siltumizolacijas materials, analizgjot TS apstrades laiku, ir KS-0
ar blivumu 40-80 kg m=3, kur siltumvaditsp&jas vértiba nav statistiski biitiski
atSkiriga. Parauga iestrades blivums jaizv€las atbilstosi konstrukcijai, iestrades
iespgjam, un nemot vera parauga saséSanos. Materials ir Ilidzvertigs citiem
dabiskas izcelsmes $kiedru siltumizolacijas materialiem.

4.4, Siltuma inerce

Materialu siltuminerces atkariba no materiala veida redzama 4.8. att.
Izmantojot autora izstradato siltuminerces simulacijas iekartu iegiits grafiks, kura
att€lota temperatiira, kas izgajusi cauri izolacijas materialam noteikta laika spridi
(siltuma difuizija).

Akmens vates un stikla vates paraugiem caursilSana notika 12—13 min laika,
t.i. materiala otra pusé novietotais temperatiiras méeritajs sasniedza 70°C 12-13
min laika. Mingta temperatiira 70°C ir konkrétas iekartas merieri¢u maksimums.
P&c starojuma izslégSanas akmens un stikla vates materiali turpinaja siltuma
parnesi vél videji 20 un 19 min, lidz atkal atdzisa Iidz 70°C temperatiirai. Péc tam
temperatiira diezgan strauji (mérijuma 30—60 min) pazeminajas no 70°C 1idz 31°C
un 32°C gradiem.
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4.8. att. Siltuminerce neapstradatajiem un ar TS metodi apstradatajiem
kanepju spalu paraugiem salidzinajuma ar industralajiem siltumizolacijas
materialiem
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Rezultati parada dabiskas izcelsmes materialu biitisku priekSrocibu pret
akmens vates un mineralvates izolacijas materialiem. Tas skaidrojams ar
atskirigam materiala Tpasibam un struktiru. Dabiski materiali sastav no
starpsiinu telpas, $tiinu dobumiem jeb lumena, kas pildits ar gaisu un Gdeni, bet
akmens vates un mineralvates izolacijas materialiem Skiedra ir ka monolits
pavediens.

No biologiskajiem izejmaterialiem gatavotu materialu mérijjumos maksimala

70 °C temperatiira otra materiala pus€ eksperimenta laika netika sasniegta. Lai
panaktu lénaku termisko difuziju, ir bitiski palielinat tie$i materiala bltvumu.
Materiala blivuma tiesa ietekme uz siltuma inerci noverota, veicot meérjjumus art
autora konstruétaja iekartd. Kanepju spalu materialiem saules starojuma
simulatora novérota butiska TS reZimu ietekme uz siltuminerci. Pieméram,
KS-1/100, kas TS apstradg ir sagrauts visvairak, ir ar augstaku siltuminerci neka
tada paSa blivuma materiali, kas apstradati vieglak, pieméram, KS-0/100 un
KS-0,5/100, kam, savstarpgji salidzinot, siltuminerce nav bitiski atskiriga.
Parauga KS-k/100 siltuminerces likne, kas ir ka bazes linija neapstradatam
kanepju spalu materialam, atrodas aptuveni pa vidu starp KS-0/100, KS-0,5/100
un KS-1/100. TS apstrade statistiski biitiski samazina siltuminerci paraugam
KS-0/100 pret kontroles paraugu (p=0,004). Talaka TS apstrade nelabveligi
ietekmg siltuminerces vértibas, jo paraugam KS-0,5/100 vairs nav statistiski
butiskas atSkiribas ar kontroles paraugu KS-k/100 (p=0,13), un, turpinot TS,
parauga KS-1/100 siltuminerces vertibas ir statistiski butiski augstakas
(sliktakas) ka kontroles paraugam KS-k/100 (p=0,33).
44. apakSnodalas Kkopsavilkums: Materiali ar lidzigu blivumu un
siltumietilpibas raditaju Cp uzrada Iidzigus siltuminerces raditajus. Paaugstinot
materiala blivumu, iespgjams samazinat siltuma inerci. Dabiskas izcelsmes
materialiem ir butiski 1€naka siltuma parvade, ko uzrada ari saules starojuma
iedarbibas simulators. Termiskas diftizijas koeficients izstradatajam materialam
ir 24 — 4,2 m?h1.10", salidzinot ar organiskas izcelsmes siltumizolacijas
materialiem 14,8 m?-h™.10. TS apstrade ar maksimali Tstu termokimisko fazi
paaugstina materiala siltumietilpibu un palénina siltuma inerci.

4.5. Ugunsreakcijas parbaude ar Koniska kalorimetra metodi

Autora noliks bija konstatet degSanas faktu un izveidot parskatu par
izstradata kanepju spalu materiala degSanas attistibu, analiz€jot maksimalo
degsanas jaudu HRRmax, siltuma izdaliSanos THR un aizdegSanas laiku TI un tos
salidzinat ar jau praksé lietojamiem beramajiem izolacijas materialiem. Lai gan
visiem materialiem ar TS apstradi materialu sastavs ir lidzigs, novertéSana
ietvera katra materiala ktmisko TpasSibu un atskiribu atraSanu un analizi.

Promocijas darba pétjjuma autors izstradato materialu salidzina ar
kokskiedras un celulozes siltumizolacijas materialu, kuras iestradatais tetraborats
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funkciong ka liesmas slapétajs, kas neizplata uguni. Visu (iznemot KS-0/80 un
KS-0/100) izstradato kanepju spalu siltumizolacijas paraugu aizdegSanas laiks
bez antipiréniem ir statistiski butiski lielaks (p=0,00058-0,013) ka komerciali
pieejamajiem celulozes un kokskiedras izolacijas materialiem (3.9. att.).
Pievienojot antipirénus, statistiski butiska atSkiriba pieaug (p=0,00015-0,047).
P&tijuma autors ieveroja, ka celulozes un kokskiedras paraugu aizdegSanas ar
liesmu ilga 2-3 sekundes, péc tam liesma nodzisa. Augstas temperatiiras ietekme
un pievienotie antipiréni rada vidi, kad celulozes Skiedra neaizdegas, bet ta
paroglojas 90-95 °C temperatiira, neizdalot toksiskas gazes (koka elementi
aizdegas, sakot no 200 °C, un metala elementi sak zaud&t savas TpaSibas pie 300
°C). Ogles slanim ir lieliskas siltumizol&joSas 1pasibas, un tas aizsargd no
uzkarsanas.

Celulozes izolacija ir bitiski atskiriga no autora izveidota materiala, jo ta ir
viena veida Skiedra, homogéna, iegiita amurdzirnavas; tas pats attiecas uz
kokskiedras izolacijas paraugu, kas ieglits Skiedrotaja ar noteiktiem Skiedras
garuma un platuma parametriem. Autora izveidotais materials sastav no
nehomogenam skiedram un skiedru kiiliem, tatad biitiski atSkiras no salidzinama
materiala gan pec kimiskam, gan fizikalam 1pasibam.
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4.9. att. TI Aizdegsanas laiks neapstradatajiem un ar TS metodi
apstradatajiem kanepju spalu paraugiem pie daZadiem blivumiem

Apliikojot iegiitos rezultatus 4.10. att., redzams, ka 10% antipirénu piedeva
ir statistiski batiski (p=0,004-0,039) samazinajusi kop&jo siltuma izdaliSanos
visas paraugkopas par 4-7 MJ-m2, kas ir par 20-30%, salidzinot ar paraugiem,
kuriem nav pievienoti antipiréni. Kopgja siltuma izdaliSanas ir samazinajusies
materialos p&c visam apstradém un visos bltvumos proporcionali, ka arT redzama
blivuma ietekme uz rezultatiem. Ir vérojama tendence, ka, pieaugot blivumam,
siltuma izdaliSanas samazinas, mazaku ietekmi atstajot ktmisko Tpasibu ietekmei
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uz uguns reakciju. Tomér, balstoties uz aprékiniem, blivuma pieaugumam nav
statistiski butiskas ietekmes (p=0,2—0,79). Antipiréna piedevas apjoma
palielinasana no 10% uz 15% nerada bitisku efektu (p >0,05) uz paraugu kopgjo
siltuma izdaliSanas daudzumu THR. Pievienojot antipirénus izstradatajiem
siltumizolacijas materialiem vismaz 10% apméra, kopgja izdalita siltuma
daudzums visas datu kopas statistiski baitiski neatskiras no komerciali lietotas
kokskiedras siltumizolacijas materiala (p=0,3-0,5). Paraugam KS-0/100
kopgjais izdalitais siltuma daudzums statistiski batiski neatSkiras no EVT
paraugiem (0,08-0,5).
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4.10. att. Kopéja siltuma izdalisanas (THR) uz laukuma vienibu 300
sekundes neapstradatajiem un ar TS metodi apstradatajiem kanepju spalu
paraugiem ar antipiréna piedevu 10 un 15%

Paraugiem pievienota antipirénu piedeva degSanas jaudu ietekmée loti dazadi
(skat. 4.11. att.). Kontroles paraugiem tetraborata pievienoSana degsanas jaudu
samazina mazak (par 6-13%), kas nav statistiski butiski (p=0,2), neka
paraugiem, kas apstradati ar TS. Antipiréna pievienosana ar TS apstradatiem
paraugiem statistiski biitiski (p=0,00001-0,048) samazina maksimalo degsanas
jaudu par 12-40%, pievienojot 10% antipiréna, un par 15-50%, pievienojot 15%
antipiréna. Salidzinot apstradatu un nepastradatu kanepju spalu materialus ar
rupnieciski razotajiem paraugiem, ugunsreakcijas Ipasibas ir zemakas (iznemot
kokskiedras izolacijas materialu, kur p=0,09-0,75), bet, ka liecina promocijas
darba pétijums, to ir iesp&ams uzlabot. Ekovates izolacijas materiala
uzliesmosana ir atraka neka jebkuram no neapstradatajiem un TS apstradatajiem
kanepju spalu un kokskiedras paraugiem, bet kopgja siltuma izdaliSanas ir
vismazaka. Rezultata noverota butiska atskiriba — ekovate uzliesmoja, un pec isa
briza liesma nodzisa, ta¢u autora izstradatie materiali aizdegas un dega, liesma
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samazinajas Iidz bridim, kad materials koniskaja kalorimetra ietvara bija
sadedzis pilniba. Uz rezultatiem ictekmi atstaja probléma, ko neizdevas atrisinat
visa pétljuma gaita — antipirénu uzneSanas vienmérigums. Antipiréns bija
pulverveida viela, kuru sajauca ar materiala masu atbilsto$as proporcijas, pirms
to iestradaja iekartas ietvara.
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4.11. att. Maksimala degSanas jauda (HRRmax) uz laukuma vienibu
neapstradatajiem un ar TS metodi apstradatajiem kanepju spalu
paraugiem ar antipiréna piedevu 10 un 15%

4.5. Apaksnodalas kopsavilkums: Aplikojot izstradato materialu bez
antipirénu piedevam, aizdegSanas laikiem skaidru sakaribu nevar redzgt, ka art
nav saskatama sakariba starp blivumu un aizdegSanas laiku. THR rezultati
neuzrada TS ietekmi uz siltuma izdalisanos. Pieaugot blivumam, THR vértiba
samazinajas. HRR vértibu neietekm&é TS apstrade, ta samazinas, palielinot
paraugu blivumu. Vienigais atSkirigais paraugs ir KS-1/100, kura atskirigas
ugunsreakcijas Tpasibas skaidrojamas ar biitiskam kimiska sastava izmainam.

Izstradatajam materialam, pievienojot antipirénus 10% apméra, novérojama
biitiska pozitiva ietekme uz ugunsreakcijas ipasibam, tacu aizdegSanas laikam
kopsakariba netika noveérota. 10% antipirénu piedeva samazina THR par 4—7
MJ-m2 (par 20-30%, salidzinot ar bezpiedevu materialu). HRR samazinajums ir
par 12-40% atkarba no blivuma un TS apstrades reZima.

Materialu ugunsreakcijas TpasSibas noteiktas arl tirgii plasi lietotiem
siltumizolacijas materialiem, kurus savstarpgji salidzinaja ar izstradato
siltumizolacijas materialu. Visiem parbauditdjiem paraugiem ir konstat&tas loti
lidzigas 1pasibas, kas atbilst EUROCLASS E ugunsreakcijas klasei. Lai So vargtu
drosi apgalvot, ir svarigi veikt papildu p&tijumus ar liesmas testu.

Pétijuma atklatie un ugunsreakciju ietekmé&joSie faktori vai apstakli.

Beramo materialu test€Sana ir paSi sarézgits process, jo katrs materials
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atskiras péc beramibas, skiedrainuma, sikskiedrainuma un frakcionala sastava,
kas savukart ietekmé iegiito ugunsrekcijas rezultatu. Tetraborata iestrade katram
materiala veidam ir atskiriga un btiski var ietekm&t vienmerigu vielas uzklasanu
uz Skiedru virsmas. lestradajot beramo materialu test€Sanas ietvara, ir gruti
vienmerigi iestradat materialu, var veidoties ptikaina virsma vai mikroskiedras,
tas jacensas nogludinat, jo to klatbiitne var butiski ietekméet aizdegSanos. Parauga
iesvars beramiem materialiem ir ar mazu masu, $aja gadijuma 21-50 g, kas ir
iekartas sverSanas minimala robeza. Promocijas darba pétfjuma izstradatais
materials ir paredz&ts iestradei konstrukcija, tap&c nepiecieSams 1pasi pieverst
uzmanibu antipirénu iestrades tehnologijai beramas Skiedru situmizolacijas
materialiem.

5. EKONOMISKA IZVERTEJUMA KOPSAVILKUMS

Pilns tehnologiski ekonomiskas prieksizpétes dokuments apskatams promocijas
darba pielikuma. Ekonomiskais izvert€§jums izstradats rekinot uz pilna izméra
razotni.

TEP “Lignocelulozes berama siltumizolacijas materiala iegliSanas
tehnologijas komercializacija” meérkis bija veikt potenciali jauna produkta
(lignocelulozes berama siltumizolacijas materiala) un potenciali jaunas
tehnologijas (lignocelulozes berama siltumizolacijas materiala iegfGsanas
tehnologijas ar TS metodi) ievie$anas noveértgjumu un analizi, lai objektivi un
racionali apzinatu jauna produkta un tehnologijas prieksrocibas, trukumus,
iespgjas un draudus, ka arT noteiktu komercializacijas TstenoSanai vajadzigos
resursus un istenosanas izredzes.

Tehniski ekonomiskas prieksizpétes uzdevumi bija:

Veikt jauna produkta analizi;

Veikt analogo produktu tirgus un potenciala noieta tirgus analizi;

Analizet intelektuala 1pasuma tiesibu aizsardzibas pasakumus;

Analizet lidz§ingjo un planoto sadarbibu ar citam pé&tniecibas organizacijam
un komersantiem;

5. Veikt produkta komercializacijas izmaksu — ieguvumu analizi.

Tehniski ekonomiska priekSizpéte ir veikta saskana EK Regulas
Nr. 651/2014 2. panta 87. punkta definiciju, ka arT saskana ar 25.10.2016.
Ministru kabineta noteikumiem Nr. 692 “Darbibas programmas "lzaugsme un
nodarbinatiba" 1.2.1. specifiska atbalsta mérka "Palielinat privata sektora
investicijas P&A" 1.2.1.2. pasakuma "Atbalsts tehnologiju parneses sisteémas
pilnveidosanai" TstenoSanas noteikumi”.

Dokumenta analizétais potenciali jaunais produkts (lignocelulozes beramais
siltumizolacijas materials) un potenciali jauna tehnologija (lignocelulozes
berama siltumizolacijas materiala iegiiSanas tehnologija ar TS metodi) atbilst
divam RIS3 specializacijas jomam - Viedie materiali, tehnologijas un

el NS s
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inZeniersistémas un Zinasanu ietilpiga bioekonomika. Tadgjadi, lignocelulozes
berama = siltumizolacijas materiala ieglSanas tehnologijas izpSte ir
starpdisciplinara. Lignocelulozes berama siltumizolacijas materiala ievieSana
razo$ana Latvijas tautsaimniecibas nozar€s ar augstu pievienoto vértibu veicinas
Latvijas komersantu starptautiskas konkurétsp&jas celSanos un to ieklisanu
jaunos arvalstu tirgos.

Produktam un tehnologijai ir augsts novitates Iimenis — Sobrid tirgli nav
pieejams siltumizolacijas materials, kas iegits, izmantojot TS tehnologiju.
Augsto produkta novitati apliecina iegiitie patenti un zinatniskas publikacijas.

Produkts — lignocelulozes beramais siltumizolacijas materials — ir izstradats
un tehnologija ir validéta maksliga (laboratorijas) vide. Ir iegits siltumizolacijas
materiala paraugs nelielos apjomos laboratorijas apstaklos, izmantojot 0,51 TS
iekartu. Komercializacijas p&tijuma izstradats produktu Iidz TRL6 limenim — ir
sarazotss siltumizolacijas materiala pilotpartija, testgjot tehnologiju pilotraZotnes
limenT un parbaudot produkta ipasibas reala darbibas vidé (koka karkasa majas).

Atbilst tautsaimniecibas transformacijas virzienam ‘“Nakotnes izaugsmes
nozares, kuras eksisté vai var rasties produkti un pakalpojumi ar augstu
pievienoto vértibu”, 2.prioritatei “Jaunu produktu/ pakalpojumu pastaviga
mekl&Sana, kuras ietvaros ir nepiecieSams radit efektivu identifikacijas sistemu,
kas spgj atrast un sniegt atbalstu jaunu produktu radiSanai esoSo nozaru un
starpnozaru ietvaros, ka ari veidot jaunas nozares ar augstu izaugsmes
potencialu”.

Tehniski ekonomiskas prieksizpétes rezultata ir secinats, ka lignocelulozes
beramais siltumizolacijas materials ir produkts ar augstu komercializacijas
potencialu. Lignocelulozes beramais siltumizolacijas materials ir dabisks no
atjaunojamiem dabas resursiem un razoSanas blakusproduktiem izgatavots
materials, kas ir nekaitigs cilvéka veselibai. Produkta komercializacijai véra
nemami $kér§li nepastav. Komercializ€jamajam produktam (lignocelulozes
beramajam siltumizolacijas materialam) var biit biitiska nozime strauji augosu
tirgu paplasinasana, tadel tam ir 1paSi augsts investiciju piesaistes
potencials.
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SECINAJUMI

. Izstradata inovativa Skiedru iegiiSanas tehnologija berama Skiedru
siltumizolacijas materiala iegiiSanai no kanepju spaliem (kanepju Skiedras
razosanas blakusproduktiem) ar TS metodi, ko nav iesp&jams Istenot ar
tradicionalajam SkiedroSanas metodém.
Optimalie TS metodes apstrades parametri berama siltumizolacijas materiala
iegtiSanai no kanepju spaliem ir T=235 °C, pmax=32 Bar, ar atbrivosanu uzreiz
péc spiediena un temperatiiras maksimuma sasniegSanas, t.i. izturéSanas laiks
=0 min (paraugs KS-0)
. Izstradataja TS metodes tehnologija kanepju spalu apstradé butiskakais ir
adiabatiskais process (otra faze — spradziens), kas veic spalu saskiedroSanu,
maksimali saisinot termoktmisko procesu (pirma faze).
Optimalajos TS apstrades apstaklos ieglitajam kanepju spalu beramam
siltumizolacijas materiala paraugam KS-0:

v beramblivums samazinas 2,3 reizes (salidzinot ar kontroles paraugu
— neapstradatiem kanepju spaliem) lidz 43,5,
masas zudumi - 2,4%,
mazakais smalkas frakcijas apjoms (10%),
termiska difiicija (2,4-4,2 a-m?-h*-107)
siltumvaditspgja 0,043 W-m™-K? (par 25% mazaka, salidzinot ar,
salidzinot ar kontroles paraugu - neapstradatiem kanepju spaliem)
. Ar TS apstrade iegiita kanepju spalu berama materiala ar iestrades blivumu
no 40 Iidz 80 kg'm? siltumvaditsp&jas koeficients A ir Iidzvertigs tirgi
esoSajiem siltumizolacijas materialu analogiem.
. TS apstrades parametru ietekme uz kanepju spalu beramas siltumizolacijas
materiala ugunsreakcijas un skanas izolacijas 1pasibam ir nebitiska.
Optimalajos TS apstrades apstaklos iegiita kanepju spalu berama
siltumizolacijas materiala blivuma paaugstinasana (Iidz 100 kg-m®) biitiski
pasliktina ta siltuminerces un ugunsreakcijas rezultatus.
Optimalajos TS apstrades apstaklos iegiita kanepju spalu berama
siltumizolacijas materiala blivumam robezas no 40 Iidz 100 kg-m= nav
butiskas ietekmes uz siltumvaditsp&ju un skanas izolacijas Tpasibam.
. Ekonomiskais izvertejums rada, ka optimalajos TS apstrades apstaklos
iegitais kanepju spalu beramas siltumizolacijas materials ir konkurétsp&jigs
ne tikai niSas buvmaterialu tirgii, bet arT plasaka patérina tirgii ta zemo
razoSanas paSizmaksu un labo siltumvaditsp&jas paSibu dél. Cenas un
kvalitates zina izstradatais beramais siltumizolacijas materials konkure pat ar
mineralvati, turklat ta prieksSrociba ir augstaks ilgtsp&jibas potencials, jo
ieglits no atjauniga resursa un razo$anas blakusproduktiem.

AN NI NN
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Pamatojoties uz ieglitajiem rezultatiem un izdaritajiem secinajumiem, var
apgalvot, ka promocijas darba mérkis ir sasniegts, un izvirzita hipotéze
(aizstavama t€ze) — no kanepju skiedru razoSanas blakusproduktiem — kanepju
spaliem — ar TS apstrades metodi iesp&jams ieglit beramo siltumizolacijas
materialu ar [idzvertigam vai labakam siltumizolacijas Tpasibam neka komerciali
pieejamajiem analogiem siltumizolacijas materialiem — ir apstiprinajusies.

REKOMENDACIJAS

1. Lai nodro$inatu ugunsreakcijas klasi, lidzigu tirgli esoSajiem analogiem,
nepieciesams lietot vismaz 10% antipiréna (tetraborats). Biitiski pieverst
uzmanibu kvalitativai antipirénu uzstradei.

2. Nemot vera izstradata siltumizolacijas materiala augstos siltumietilpibas
un zemos siltuminerces raditajus, materialu veiksmigi var izmantot jumta
un arsienu konstrukcijas karsta klimata.

3. Izstradato siltumizolacijas materialu izmantojot auksta klimata, ieteicams
lietot tvaika diftzijas membranas un ventilgjamas fasades.

4, Atbilstosi Latvijas buvnormativam par norobeZojosSo konstrukciju
siltumtehniku, sienu konstrukcijas minimalais biezums 190 mm.

5. Atkariba no pielietojuma — sienas, jumta vai horizontalajam
konstrukcijam — ieteicamais iestrades blivums ir robezas no 60-80
kg-m3,
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1. GENERAL CHARACTERISTICS OF THE
SCIENTIFIC WORK

Justification and relevance of the topic of the Thesis

European Union regulations and the best global trends in limiting climate
change have forced Latvia to take measures to ensure the rational consumption
and saving of thermal energy. This aspect of energy has become especially
important after the Russian invasion and aggression in Ukraine, since energy
prices have increased several times over the past two years, making the aspect of
energy saving not only a political and environmental but also economically
important issue. In 2023, the Ministry of Climate and Energy was introduced in
Latvia, whose main tasks are to coordinate climate and energy policies in Latvia
and generally take care of the country’s progress towards the sustainability of the
energy cycle.

Although in recent years, with the support of EU funds, an energy efficiency
programme for apartment buildings has been implemented, the number of non-
energy-efficient buildings in Latvia is still very large, but the most pronounced
problem can be observed in multi-storey buildings constructed during the Soviet
occupation. As follows from the study of the quality and thermal resistance of
buildings in the EU, Latvia has the lowest housing quality; the buildings have
relatively low thermal resistance since ~15% of buildings were built before 1940,
when brick, stone masonry and wooden constructions were mostly used in
construction. On the other hand, 65% of the population live in buildings built
before the nineties of the 20" century, when they used materials that did not meet
modern thermal requirements. To save energy and heating costs, as well as to
meet EU regulations on the thermal efficiency of buildings, buildings must be
insulated in accordance with the national minimums. Only those buildings built
after 2015 can be considered to meet the current thermal technical requirements.
For these reasons, intensive improvements in the energy efficiency of the
building stock are currently underway and expected in the future, i.e., building
insulation.

In the context of energy saving, the first regulations in the field of energy
efficiency of housing appeared in Europe in the seventies of the 20" century and
have since become an integral part of the design and construction process.
Gradually, the minimum energy efficiency requirements for housing have been
made stricter and an ever-increasing demand for thermal insulation materials has
been created. Initially, commercial thermal insulation materials were made from
sustainable synthetic and mineral materials. However, influenced by both EU
regulations and public desires focused on sustainability and environmental
aspects, the market is demanding alternative thermal insulation materials —
sustainable, health and environment-friendly products with a positive impact on
the indoor climate and at the same time with minimal impact on the environment
and climate change. Insulation materials derived from biomass meet these
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conditions but are more expensive than those produced from non-renewable
resources.

On the global market, about 80% of alternative insulation materials are made
from wood pulp and wood fibre, but overall the market for alternative insulation
materials is quite broad and versatile. There are over 60 different insulation
materials available from cellulose, cork, hemp, sheep’s wool, reeds and other
natural materials, each of them with their own advantages and disadvantages.
Nowadays, not only are thermal insulation properties important to consumers but
also the chemical composition of the product and the environmental impact, so
there is still a strong demand for insulation materials made from biomass that
have low production costs and minimal environmental impact.

By replacing the more commonly used fibre raw material, wood, with other
lignocellulosic resources, such as residues or by-products of annual crops,
investment is made in the efficient and sustainable use of biomass resources. For
example, one hectare of hemp captures 9 to 15 tonnes of CO,, being equivalent
to a new forest, but takes five months in terms of time, making the hemp plant
attractive for repeated use in the creation of various new products. Both in Europe
and in Latvia, the volume of hemp cultivation is growing.

The aforementioned data and factors create a justified and urgent need for the
development of a new thermal insulation material from locally sourced non-
wood lignocellulosic biomass. Using the steam explosion (SE) technology
developed at the Latvian State Institute of Wood Chemistry, it is necessary to
obtain a new loose-fill thermal insulation material with low cost and modern
environmental requirements from a widely available by-product of agricultural
plants — hemp shives. In order to make the most efficient use of raw materials
and create a material that can compete with commercially available insulating
materials, detailed and fundamental, but at the same time high-tech research,
including the development of pre-treatment techniques, is required for the SE of
hemp shives, the study of the properties of the resulting fibrous materials and the
evaluation of a sample of loose-fill thermal insulation material.

Thesis hypothesis - thesis to be defended: it is possible to obtain a loose-
fill thermal insulation material with equivalent or better thermal insulation
properties than similar commercially available thermal insulation materials from
the by-products of hemp fibre production, hemp shives, using a SE method.

Aim of the Scientific Work: the development of new loose-fill thermal
insulation materials from hemp grown in Latvia, using the SE method.
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In order to achieve the aim of the Doctoral Thesis, the following study tasks
have been set:

1. todevelop a method for processing hemp shives using the SE tehnology;

2. to create samples of loose-fill thermal insulation materials from hemp
fibres;

3. to determine the physical and chemical properties of loose-fill thermal
insulation materials, as well as the factors influencing them;

4. to determine the thermal insulation properties of loose-fill thermal
insulation materials and the factors influencing them;

5. to determine/plan/predict/recommend the possibilities of using thermal
insulation materials made from hemp fibres depending on the resulting
properties.

In this study, a new insulating material from hemp shives is obtained and
investigated using SE treatment. The raw material used is the hemp biomass from
Bialobrzeskie (Poland, code 893) (Cannabis sativa L.), which has been tested
and grows well in Latvia. For the development of the insulation material, hemp
shives are processed by the SE method — with water vapour under high pressure
in a sealed environment. After the processing time, the biomass is decompressed
to form fibres and fibre bundles. The physical and chemical properties of the
resulting material were tested and compared with other materials used in thermal
insulation. The material obtained from hemp shives is defined as loose
(cohesionless) insulation.

Scientific Significance of the Study

1. An innovative thermal insulation material made from hemp shives using the
SE technology has been developed

2. A new application of SE method has been found in the extraction of
environmentally friendly thermal insulation material

3. The possibilities of using SE technology for converting hemp shives into
loose-fill thermal insulation material have been investigated

4. The influence of variable parameters of SE technology on the structure,
properties and possibilities of using the resulting material in heat and sound
insulation has been studied

5. New knowledge has been obtained about the use of SE technology in the
processing of agricultural residues

Practical Relevance of the Study

1. Latvian general knowledge base on biomass products has been updated

2. High-tech, innovative products with high added value and export potential
have been created

3. A significant contribution to achieving Latvia’s climate neutrality and CO>
emission reduction goals in the field of energy efficiency has been made
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4.

5.

A practically applicable technology has been developed for processing by-
products of hemp fibre production — hemp shives into products with high
added value

The Study contributes to the growing demand for sustainable thermal
insulation materials

Structure and Scope of the Thesis

1.
2.

5.
6.

7

The Doctoral Thesis is subject to research tasks and consists of 6 chapters:
The Literature review section analyses the current situation regarding
regulations and climate goals in matters of energy efficiency. Information
about thermal insulation materials, their types and main properties is
summarised. Updates on the biorefining process are included and SE
technology is discussed. The chapter reviews the literature on the resources,
cultivation, processing and use of industrial hemp.

Characteristics of the materials and methods used in the study.

The study results and their evaluation. The subsections present the results and
their interpretation of the chemical and physical properties of hemp material
before and after SE. The following subsections evaluate the thermal
conductivity, thermal inertia, water vapour transmission, fire reaction and
sound insulation ability of the obtained samples. The results obtained are
compared with analogues of thermal insulation materials on the market and
explained using the characteristics of the chemical and physical properties
obtained in the previous subsections.

Summary of the economic evaluation.

Conclusions

Recommendations.

In total, the Thesis has 112 pages; the text includes 10 tables, 60 images,
21 formulas and 225 references to the used literature sources.
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2. SUMMARY OF SITUATION ANALYSIS

After reviewing and analysing the global and national climate policy strategy
documents and regulations, it was concluded that the regulations and documents
created on the basis of the European Green Deal and related to the energy sector
set the main goals in terms of reducing greenhouse gas emissions and improving
quality of life of people in general, but one of the priorities is the energy
efficiency of buildings and its improvement.

In the nearest future, intensification of measures to improve the energy
efficiency of buildings, namely the insulation of buildings, is noticeable and
planned, since the greatest contribution to improving the energy efficiency of
buildings is provided by the thermal insulation of external structures. The
expected activities will increase the demand for sustainable thermal insulation
materials, since the field of materials creation is also subject to the regulations of
the Green Deal and Circular Economy, including the creation of innovative and
sustainable materials using the best available technologies and local biomass raw
materials. Taking the principles of biorefining into account, the most favourable
type of raw materials is locally available biomass raw materials, i.e., residues
after use in other industries.

It is concluded that the development of the agricultural sector of seed or
industrial hemp is taking place both in Latvia and in Europe. Latvian experts see
the potential of the hemp cultivation industry, predict an increase in the area of
hemp cultivation and an increase in the production of various products in Latvia,
which will also create a greater surplus of cheap hemp shives.

Research into scientific publications and other sources shows that hemp
shives have been studied and accepted for use in construction, such as hemp
shives in the composition of concrete and in the production of slabs, but no
information was found about studies when any pre-treatment technology was
used to obtain loose-fill thermal insulation material based on industrial hemp
shives. At the same time, it was concluded that LSIWC has access to modern
technology — SE hydrolysis.

By combining the demand for sustainable thermal insulation materials
created by climate policy goals and the conditions of the circular economy for
raw materials, as well as the lack of knowledge about the thermal insulation
material made from pre-treated hemp shives, a political, scientific-theoretical and
practical rationale for the topic presented in the Doctoral Thesis has been created.
In order to make the most efficient use of raw materials and create a material that
can compete with commercially available insulating materials, detailed and
fundamental, but at the same time high-tech research, including the development
of pre-treatment techniques, is required for the SE of hemp shives, the study of
the properties of the resulting fibrous materials and evaluation of a sample of
loose-fill thermal insulation material.
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3. MATERIALS AND METHODS

The chapter contains information about the place where hemp shives are
obtained, growing conditions, properties, method of obtaining fibres and their
characteristics. Methods for studying structure and properties, methods for
assessing changes resulting from fibre processing, as well as methods for
assessing the use of materials are described.

3.1. Methodological basis of the study

The proposed study task is reflected in the diagram (Fig. 3.1).
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(SE) treatment
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[ KMR J [ Volume/Densitv } [ permeability
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[ Water-holding }{ Acoustics ]

Fig. 3.1. Scheme of the study tasks
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3.2. Materials and reagents

The raw material used for the development of the work is hemp (Cannabis
sativa L.), variety Bialobrzeskie (Poland, code 893), more precisely hemp shives,
which are obtained as residues after processing hemp shives and extracting long
fibres. The variety has been tested and grows well in Latvia. Hemp is an annual
plant, and it is possible to obtain 6-9 tonnes of shives from 1 ha of sown area.
The Biolabrzeskie hemp variety is fibrous hemp that can reach 4.5 metres in
length. The samples are made from 2012 and 2018 harvest hemp grown by “SIA
ZALERS” in Kraslava region.

3.3. Obtaining insulation material by SE method

To obtain loose-fill fibre insulation material from hemp shives, SE (steam
cracking, flash (rapid) hydrolysis) or, more correctly, SE autohydrolysis, or
treatment with saturated high-temperature steam, is used. The parameters of the
method are T = 235°C, P = 3.2 bar, time — 0-3 min., (0 — SE treatment is
performed immediately after reaching the target steam pressure; 0.5; 1; 2;
3 min — SE treatment is performed, respectively, after holding for 30, 60, 120,
180 seconds at the target steam pressure), see Fig. 3.2.

Hemnp

Water
—_—

T Steam

1. Water preparation
container

2. Water tank

3. Steam generator

4. Steam explosion
equipment reactor

5. Reactor opening unit
6. Receiver

(8]

Lo

Steam explosion

Fig. 3.2. SE equipment
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4. RESULTS

The results are described using the symbols and colours presented in
Table 4.1.

Table 4.1.
Designations of developed and studied thermal insulation materials
Designation 1 T, Co p, atm t,s p, kg m3 Designation 2
KS-k - - - 100 KS-k/100
40 KS-0/40
KS-0 0 60 KS-0/60
80 KS-0/80
100 KS-0/100
235 32 60 KS-0.5/60
KS-0.5 30 80 KS-0.5/80
100 KS-0.5/100
KS-1 60 100 KS-1/100
KS-3 180 - KS-3
60 KSk/60
KSk 80 KSk/80
EVC ) 40 EVC/40
60 EVC/60
40 EVT/40
EVT 60 EVT/60

KS — hemp shives

-k — raw sample

-0; -0.5; -1; -3 — SE treated samples, respectively, immediately after
reaching the target pressure, after 30 sec., 60 sec., 180 sec.

/40; /60; /80; /100 — corresponding density of the sample, kg m3

KSk — wood fibre (industrial thermal insulation material)

EVC — ecowool Climax (industrial thermal insulation material)

EVT — ecowool TERMEX (industrial thermal insulation material)

-10-10% tetraborate added

-15-15% tetraborate added
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4.1. Obtaining materials by the SE method

SE is used as a method of processing hemp shives to produce a more fibrous
material with a larger bulk volume. The SE process can be divided into two
phases. The first phase of SE is the treatment of biomass with high-
temperature steam at elevated pressure. The first phase basically works as a
thermochemical reaction. In the thermochemical reaction, acetyl groups are
removed from the biomass hemicellulose and acetic acid is formed. A small
amount of uronic acid is also formed from hemicelluloses. During the
degradation of polysaccharides, formic acid and levulinic acid are formed. Next,
hemicelluloses are hydrolysed under the action of the resulting acids. At a higher
stiffness factor (higher temperature and time), hydrolysis of the amorphous part
of cellulose occurs, as well as the destruction of lignin bonds, mainly B — O — 4,
takes place. The second phase of SE is an adiabatic process in which thermal
energy is converted into mechanical energy, resulting in an explosive discharge
of steam under pressure. During the first phase, the material is softened, while
during the second phase, the product, mechanically broken into fibres, is received
at discharge. SE not only changes the chemical composition of the fibre but also
the supramolecular and ultrastructure down to the cellular level. The appearance
of hemp shive samples before and after SE is shown in Fig. 4.1.

KS-0,5 KS-1 KS-3

/ ]

le before and after SE

——

Fig. 4.1.7Hemp shive samp

According to Fig. 4.1, it can be seen that, under the influence of SE treatment,
under conditions of a lower stiffness factor (shorter processing time), hemp
shives are defibred or fibrillated. Bundles of fibres are formed that are partially
detached from the hemp shives. This process most likely occurs because in the
first phase of SE, the sample softens under the influence of water, temperature
and pressure, and inter-fibre hydrogen bonds are broken. First, these bonds are
broken, and then chemical reactions follow. In the case of a KS-0 sample, the
first phase is immediately followed by the second phase of SE treatment —
mechanically defibred material is obtained (immediately after T and pressure
application, the reactor opens in tenths of a second, and the mass of the reactor
is “fired” into the receiver). With a short SE treatment time, chemical reactions
occur minimally, but under the influence of water, temperature and pressure, the
softened material with broken inter-fibre hydrogen bonds is easily defibred. The
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resulting sample is “puffed up” by the microfibrils of the fibres that remain
partially attached to the hemp shives. As can be seen in Fig. 3.1, as the stiffness
factor (SE treatment time) increases, the destruction of hemp shives begins under
the influence of chemical reactions. Hemp shives are mechanically torn into finer
fragments, and microfibrils of fibres are torn from fragments of hemp shives.
Compacted samples of hemp shives. Schematic representation of hemp shive
samples before and after SE treatment is shown in Fig. 3.2.

KS-k KS-0

Fig. 4.2. Schematic representation of hemp shive samples before and after
SE

Classically, the SE method is used as a pre-treatment and the main focus is

on the thermochemical phase. The Thesis has discovered a new way of applying
the SE method in the basic processing of hemp shives.
Summary of subsection 4.1: SE processing takes place in 2 phases. The first
one is thermochemical softening of the sample; the second one is an adiabatic
process in which mechanical defibering occurs. In the case of shorter SE
treatment, chemical processes take place less intensively. Under the influence of
steam and temperature, the material is softened and hydrogen bonds are broken.
Defibering occurs primarily thanks to the steam discharge, when the shives are
defibred mechanically. As the SE treatment time increases, the duration of the
thermochemical phase increases — autohydrolysis occurs faster, and chemical
reactions begin to significantly affect the decomposition of the sample. The
Thesis has discovered a new way of applying SE in the basic processing of hemp
shives.

4.2. Research on the physical changes of hemp shives as a thermal
insulation material before and after SE

Changes in hemp shives as a thermal insulation material before and after SE
were characterised by determining the loss of mass, fractional composition,
bulkiness and bulk volume, which significantly affect the properties of the
thermal insulation material.
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4.2.1. Mass loss

Mass losses were observed after SE treatment. This should be taken into
account when choosing the most suitable processing conditions for the insulating
material so that it is economically justified.

As can be seen in Fig. 4.3, the mass loss within the error limits increases
linearly in proportion to the stiffness factor. Mass loss can be explained by: (i)
evaporation of volatile substances, (ii) transition of water-soluble extractives into
solution with a lower stiffness factor, (iii) transition of partial sugars into volatile
products and (iv) hydrolysis of hemicelluloses with an increase in stiffness factor
and (v) disordered cellulose (hydrolysis of the amorphous) part at a higher
stiffness factor. These processes are discussed in section 3.2 on changes in the
chemical composition of hemp shives. Mass loss increases from 2.5% to 20%.
The least mass loss is observed in sample KS-0, since it has the shortest
thermochemical phase during processing and the least amount of chemical
destruction of the sample has occurred. The mass loss occurred due to the
dissolution of salts of inorganic substances and partial hydrolysis of
hemicelluloses.
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Fig. 4.3. Mass loss of hemp shive samples treated by the SE method

4.2.2. Bulk volume and bulk density

Bulk density and its inverse bulk volume represent important parameters for
insulation materials. It indicates how much loose-fill insulation material will
need to be used for the same thickness of thermal insulation layer. Bulk density
is a physical quantity that determines how much 1 m? of a sample weighs. The
inverse of bulk density, bulk volume, describes how much volume is occupied
by 1 kg of sample.
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Figure 4.4 shows the changes in bulk density and bulk volume of hemp
insulation materials before and after SE treatment. For sample KS-0, the bulk
density value decreased by more than 2 times compared to the initial sample of
hemp shives KS-k. The reduction in bulk density is ensured by the scarification
of fibres.

The chemical process involved in the SE treatment is complex, but several
possible processes are known to cause scarification or compression of the fibres.
Primarily, fibre scarification occurs due to the breaking of hydrogen bonds within
the fibre, partially releasing the cellulose fibrils. Fibre bundles are opened and
bonds between cellulose, lignin and hemicelluloses are partially broken. The
process is schematically represented in Fig. 4.2. Thus, the fibre components
become more accessible to the action of chemicals. As can be seen in Fig. 4.4,
with an increase in processing time to 30 and 60 seconds (samples KS-0.5 and
KS-1; corresponding stiffness factors are 3.7 and 4), the bulk density decreases
less (compared to the control sample), or more correctly we can say that with
increasing processing time, hemp shives begin to compact compared to the KS-
0 sample.

This is explained by the fact that as the time of SE treatment increases, acids
(mainly acetic acid) are formed from the acetyl groups present in hemp shives.
As a result, hemicellulose hydrolysis occurs (the products of hemicellulose
hydrolysis go into solution), and the amorphous part of the cellulose is also
hydrolysed, since crystalline fragments of cellulose are separated from the
amorphous part of the cellulose. In parallel, the destruction of lignin, mainly 8 —
O — 4 bonds, takes place.
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Fig. 4.4. Bulk volume (line) and bulk density (bars) for untreated and
steam-explosion treated hemp shive samples

By increasing the treatment time to 3 min (sample KS-3; corresponding
stiffness factor 4.5), the destruction of the sample begins. Almost complete
hydrolysis of hemicelluloses has occurred, the destruction of B — O — 4 lignin
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bonds continues, and hydrolysis of amorphous sections of cellulose microfibrils
takes place. Fragments of the crystalline areas of cellulose, or microcrystalline
and nanocrystalline cellulose, are formed. Very short fibre fragments are formed,
the sample becomes compacted and the bulk volume increases by almost 2 times
compared to the control sample. Since the KS-3 sample has a higher bulk volume
than the original hemp shives and is not suitable for thermal insulation materials,
it is not considered in further studies.

4.2.3. SEM

The morphology of hemp shive samples was studied using scanning electron
microscopy before and after SE treatment to observe physical changes in the size
of the samples.

-
Fig. 4.5. SEM images of hemp shives before (KS-k —a and b) and after SE
(KS-0 — c and d) at 50x magnification (a; c) and 200x magnification (b; d)

Figure 4.5 summarises the SEM images of the hemp shive samples before
Ks-k (a and b) treatment and after SE treatment immediately after temperature
and pressure supply Ks-0 (c and d) at two different magnifications. As can be
seen in figures a and b, raw hemp shives consist of pieces about 1-1.5 mm wide
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and 5-7 mm long, consisting of parallel bundles of tightly packed fibres. After
SE treatment (c, d), hemp shives have broken down into smaller pieces, fibre
bundles and individual fibres. Decomposition of the material into fibre or
defibering is seen in the samples. As can be seen in Fig. 3.5 (c), the hemp shives
are unevenly defibred under the influence of SE treatment, and the sample
consists of fractions of different sizes — from a few pum to 1 mm in width and
about 2-3 mm in length.

Fig. 4.6 summarises SEM images after 30 seconds of KS-0.5 (a and b) and 1
min of KS-1 (c and d) SE treatment at 2 different magnifications. For the samples
treated at a higher stiffness factor, a higher SEM magnification was chosen to
observe the defibering of the samples and the precipitation of the repolymerised
substances released from the sample — pseudo-lignin on the surface of the
samples.

Fig. 4.6 SEM hemp shives images after 30 seconds of (KS-0.5 —a and b)
and 1 min of (KS-1 c and d) SE treatment at 200x and 500x magnifications.

Fig. 4.6 (a) shows the defibering of hemp shives after 30 seconds of SE
treatment, forming finer fibres. When examining the sample at higher
magnification (b), defibering of the fibres is visible — from longer fibres,
consisting of parallel bundles of fibres, partially detached microfibres, this
ensures the scarification of fibres. Small crystalline deposits can be observed on
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the surface of the fibres (b), which can probably be explained by the release of
pseudo-lignin on the surface of the sample. By increasing the SE treatment time
(c and d), the degradation of the sample begins — defibering continues, and the
fine fibrils are completely detached from the fibres. Due to the broken chemical
bonds and the effect of chemical destruction, the fibres are broken into smaller
parts. Agglomerates are formed and precipitates are observed on the surface of
the sample (d).

Summary of subsection 4.2: For the KS-0 sample, when treated under SE
method, the bulk density decreases by more than 2 times, and the smallest mass
loss and smallest increase in the amount of fine fraction are observed. These are
important indicators when choosing a thermal insulation material from a
technical and economic point of view. With higher SE treatment intensity, bulk
volume, mass loss and the amount of fine fraction increase, which is explained
by the chemical destruction of samples, autohydrolysis, depolymerisation and
transition to volatile and water-soluble compounds. In the case of the KS-0
sample, mechanical “swelling” or defibering of the sample occurs
predominantly. This provides an increase in sample bulk density. This is also
seen in SEM images. During longer SE treatment, fibrils and fibre fragments are
detached from the largest fibres of the sample, both under the influence of
thermochemical reactions and in a mechanical process, the amount of the small
fraction increases and the bulk density increases as well. Although defibering
occurs under SE treatment and there are more freely available hydroxyl groups,
the water-holding capacity of the fibres decreases. This is explained by the
formation and release of hydrophobic pseudo-lignin on the fibre surface, thus
repelling water. Analysing the changes in physical properties, it can be concluded
that sample TS-0 is the most suitable for the thermal insulation material.

4.3. Thermal conductivity

The thermal conductivity coefficient is the most important characteristic that
is usually taken into account when choosing a thermal insulation material. The
thermal conductivity coefficient A, W-m™-K1, of a thermal insulation material is
determined in the range from 0 °C to +30 °C, but Fig. 4.7 provides a summary
of the results obtained according to the LVS ISO 8301:2001 standard, at +10 °C.
It is known that as the measurement temperature increases, the thermal
conductivity coefficient also increases, so it worsens, accelerating convection
and increasing lambda A W-m-K'1, Based on knowledge about the structure and
properties of the material, materials of different densities of the same type of
processing were selected, and a search for the optimal density was carried out.

Comparing the thermal conductivity results of the control sample KS-k/100
with the SE-treated samples to a greater extent, it is clearly seen (Fig. 4.7) that
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SE treatment has significantly improved (decreased) the thermal conductivity
coefficient A.
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Fig. 4.7. Thermal conductivity of raw and steam-exploded hemp shive
samples compared to industrial thermal insulation materials

In order to assess how great the reduction in lambda was, its reduction was
calculated compared to the control sample and expressed as a percentage. KS-
0/40 — 25.4%, KS-0/60 — 21.8%, KS-0/80 — 25.5%, KS-100 — 22.3%, which also
clearly shows that the processing mode at zero time is more efficient compared
to 0.5-min or 1-min cycles, respectively KS-0.5/80 — 18.1%, KS-0.5/100
—19.9.% and KS-1/100 — 4.4%.

It can be seen that the optimal density of the material can be found among the
samples subjected to SE treatment for 0 min., since when the treatment time is
increased to 0.5 min., for example, KS-0.5/80, the thermal conductivity
coefficient increases significantly, reaching 0.047 W-m™*-K1. It is statistically
significantly higher than the sample KS-0/100, which has a value of
0.045 W-m1-K'! (p=0.046). The optimal density for loose-fill hemp thermal
insulation materials ranges from 40 to 80 kg-m3, since within these limits the
results are very similar — there is no statistically significant difference between
them (p=0.226 and p=0.135). Comparing the hemp material KS-0/40 with wood
fibre or eco-wool thermal insulation materials on the market with a similar
density, it can be concluded that the differences in their thermal conductivity
coefficient do not exceed 10%, so they can be considered similar materials both
in terms of properties and structure.

It is common knowledge that the best insulator is still air, but it must be at
rest. The amount of air in the insulation material is of fundamental importance.
If the material has too large pores, the amount of air increases and the air begins
to move faster inside, worsening the thermal insulation properties. Each material
has its optimal density when it has the lowest thermal conductivity and the
highest thermal resistance. Free air pores directly affect the density of the
material. In natural fibrous insulation materials, air is found not only in the space
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between the fibres but also in the lumen of the fibre itself, where the air is
practically motionless. Among materials of natural origin, the best performance
is achieved by materials such as wood, straw and hemp shives, which have a
heterogeneous structure. This property is called anisotropy.

When analysing the thermal conductivity of the developed samples of fibrous
material, the best performance was shown by samples with an SE treatment time
of 0 min. This is explained by the greatest defibering of samples and at the same
time the least destruction of them, ensuring the samples’ scarification. Fibre
fibrillation is presented in Fig. 4.1, showing a photo-visualisation of the
developed samples. However, the justification is seen in 4.5 SEM images. This
phenomenon is schematically represented in Fig. 4.2. The scarification of the
sample also provides the least bulk density (Fig. 4.4).

Primarily, fibre scarification occurs due to the breaking of hydrogen bonds
within the fibre, partially releasing the cellulose fibrils. Fibre bundles are opened
and bonds between cellulose, lignin and hemicelluloses are partially broken.

The materials developed in the study are materials with a convective porous
structure with open pores and conduct moisture and air well. In order for such
materials to function properly and for the A coefficient to remain unchanged, they
must be incorporated into structures with windproof barriers, protecting them
from the effects of moisture, as well as from the effects of water vapour coming
from inside the room. Thermal conductivity is directly affected by the humidity,
density and ambient temperature of the material.

Summary of subsection 4.3: The KS-0 mode of SE treatment statistically
significantly (p=0.0001 and p=0.0002) reduces (improves) the thermal
conductivity coefficient compared to the coefficient of the control sample KS-
k/100 by 0.058 W-m™-K'l, The reduction ranges from 21.8% to 25.5%
depending on the density. The most suitable thermal insulation material, when
analysing the SE treatment, is KS-0 with a density of 40-80 kg-m, when the
thermal conductivity value is not statistically significantly different. The
incorporation density of the sample should be chosen according to the design,
incorporation possibilities, and taking into account the settlement of the sample.
The material is equivalent to other fibre thermal insulation materials of natural
origin.

4.4. Thermal inertia

The dependence of the thermal inertia of materials on the type of material can
be seen in Fig. 4.8. Using thermal inertia simulation equipment developed by the
author, a graph was obtained that shows the temperature passed through the
insulating material over a certain period of time (heat diffusion).

For mineral wool and glass wool samples, heating occurred for 12—-13 min,
i.e., the temperature gauge placed on the other side of the material reached 70 °C
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within 12-13 min. The mentioned temperature of 70 ‘C is the maximum of the
measuring devices of the particular equipment. After turning off the radiation,
the mineral and glass wool materials continued to transfer heat for an average of
20 and 19 min, respectively, until they cooled down again to 70 °C. After that,
the temperature dropped quite rapidly (30—60 min after the measurement) from
70°Cto31°Cand 32°C.
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Fig. 4.8. Thermal inertia of raw and steam-exploded hemp shive samples as
compared to industrial thermal insulation materials

The results show a significant advantage of materials of natural origin over
stone and mineral wool insulation materials. This can be explained by the
different properties and structure of the material. Natural materials consist of
intercellular space, cellular cavities or gaps filled with air and water, and in
insulation materials made of stone and mineral wool, the fibre is like a monolithic
thread.

When measuring materials made from biological raw materials, the
maximum temperature of 70 °C on the other side of the material was not reached
during the experiment. To achieve slower thermal diffusion, it is important to
directly increase the density of the material. The direct effect of material density
on thermal inertia was observed through measurements using equipment
developed by the author. A significant effect of SE regimes on thermal inertia
was observed for the materials of hemp shives in the solar radiation simulator.
For example, KS-1/100, which has been destroyed the most during SE treatment,
has a higher thermal inertia than materials of the same density that have been
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processed more lightly, such as KS-0/100 and KS-0.5/100, which do not differ
significantly in thermal inertia compared to each other. The thermal inertia curve
of the KS-k/100 sample, which serves as the baseline for raw hemp material, lies
approximately in the middle between KS-0/100, KS-0.5/100 and KS-1/100. The
SE treatment statistically significantly reduces the thermal inertia of KS-0/100
sample compared to the control sample (p=0.004). Further SE processing
adversely affects the thermal inertia values, as the sample KS-0.5/100 no longer
has a statistically significant difference with the control sample KS-k/100
(p=0.13), and with the continuation of SE, the thermal inertia values of the
sample KS-1/100 are statistically significantly higher (worse) than for the control
sample KS-k/100 (p=0.33).

Summary of subsection 4.4: Materials with a similar density and heat capacity
index Cp show similar thermal inertia values. By increasing the density of the
material, thermal inertia can be reduced. Materials of natural origin have
significantly slower heat transfer, which is also shown by the solar radiation
exposure simulator. The thermal diffusion coefficient for the developed material
is 2.4-4.2 m?-h1.10, compared to 14.8 m?-h1.10" for thermal insulation
materials of organic origin. SE treatment with the most realistic thermochemical
phase increases the heat capacity of the material and slows down the thermal
inertia.

4.5. Fire reaction test using the Cone Calorimeter test

The author’s intention was to establish the fact of combustion and create
an overview of the combustion development of the developed hemp material by
analysing the maximum combustion power HRRmax, heat release THR and
ignition time TI and comparing them with the loose-fill insulation materials
already used in practice. Although all SE-treated materials have a similar
composition, the evaluation involved searching for and analysing the chemical
properties and differences of each material.

During his research within the framework of the Thesis, the author compares
the developed material with wood fibre and cellulose thermal insulation material,
in which the embedded tetraborate acts as a fire retardant that does not propagate
combustion. The ignition time of all (except KS-0/80 and KS-0/100) developed
hemp heat insulation samples without fire retardants is statistically significantly
higher (p=0.00058-0.013) than that of commercially available cellulose and
wood fibre insulation (Fig. 4.9). When fire retardants are added, the statistically
significant difference increases (p=0.00015-0.047). The author of the study
observed that the ignition of cellulose and wood fibre samples lasted for
2-3 seconds, after which the fire went out. The action of high temperature and
the addition of fire retardants create an environment in which cellulose fibre does
not ignite, but chars at a temperature of 90-95 °C, without emitting toxic gases
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(wooden elements ignite at 200 °C, and metal ones begin to lose their properties
at 300 °C). The carbon layer has excellent heat-insulating properties and protects
against overheating.

Cellulose insulation differs significantly from the material created by the
author, since it is one type of fibre, homogeneous, and produced in a hammer
mill; the same applies to a sample of wood fibre insulation obtained in a fiberiser
with certain parameters of fibre length and width. The material created by the
author consists of heterogeneous fibres and bundles of fibres, and therefore
differs significantly from a similar material in both chemical and physical
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Fig. 4.9. Ignition time of untreated and steam-explosion treated hemp
straw shives at different densities

Analysis of the results obtained in Fig. 4.10 allows the conclusion to be made
that a 10% fire retardant additive statistically significantly (p=0.004-0.039)
reduced the total heat release in all groups of samples by 4-7 MJ-m, which
makes 20-30% as compared to samples without the addition of fire retardants.
The total heat release has decreased in the materials after all treatments and at all
densities proportionally, and the effect of density on the results can be seen as
well. There is a tendency for heat release to decrease as density increases, with
less influence of chemical properties on fire response. However, based on the
calculations, increasing density does not have a statistically significant effect
(p=0.2-0.79). Increasing the amount of fire retardant additive from 10% to 15%
does not have a significant effect (p > 0.05) on the total amount of heat release
in the THR of the samples. When fire retardants are added to the developed
thermal insulation materials in the amount of at least 10%, the amount of total
heat generated in all data sets is not statistically significantly different from the
industrially used wood fibre thermal insulation material (p=0.3-0.5). For the
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sample KS-0/100, the total amount of released heat does not statistically
significantly differ from the EVT samples (0.08-0.5).
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Fig. 4.10. Total heat release (THR) per unit area in 300 seconds for
untreated and steam-exploded hemp shive samples with 10 and 15% fire
retardant additive

The fire retardant additive added to the samples has a very different effect on
the combustion power (see Fig. 4.11). For control samples, the addition of
tetraborate reduces the combustion power to a lesser extent (by 6—13%), which
is not statistically significant (p=0.2) than for samples treated with SE. The
addition of a fire retardant to samples treated with SE statistically significantly
(p=0.00001-0.048) reduces the maximum burning capacity by 12-40% when
adding 10% fire retardant and by 15-50% when adding 15% fire retardant. When
comparing treated and untreated hemp shive materials with industrially produced
samples, the fire retardant properties are lower (with the exception of wood fibre
insulation material, where p=0.09-0.75), but, as the Doctoral Thesis research
shows, they can be improved. The ignition of the eco-wool insulation material is
faster than any of the untreated and SE-treated hemp shive and wood fibre
samples, but the overall heat release is lowest. As a result, a significant difference
was observed — the eco-wool caught fire, and after some time the flame went out,
but the materials developed by the author ignited and burnt, and the flame
decreased until the material was completely burnt inside the conical calorimeter.
The results were influenced by a problem that could not be solved during the
entire study — the uniformity of fire retardant application. The fire retardant was
a powdered substance that was mixed with the mass of material in appropriate
proportions prior to being placed in the equipment.
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Fig. 4.11. Maximum burning capacity (HRRmax) per unit area for
untreated and steam-explosion hemp shive samples with 10 and 15% fire
retardant additive

4.5. Summary of subsection When considering the developed material
without fire retardant additives, there is no clear dependence on the ignition time,
as well as a noticeable relationship between density and ignition time. THR
results show the influence of SE on the heat release. As the density increased,
the THR value decreased. The HRR value is not affected by the SE treatment; it
decreases with increasing sample density. The only different sample is KS-1/100,
the different fire reaction characteristics of which can be explained by significant
changes in the chemical composition.

The addition of 10% fire retardant to the developed material showed a
significant positive effect on the fire reaction properties, but no correlation with
ignition time was observed. 10% fire retardant additive reduces the THR by 4—
7 MJ-m? (by 20-30% compared to the material without additives). HRR
reduction is 12-40% depending on the density and SE processing mode.

The fire reaction properties of the materials were also determined for the
thermal insulation materials widely used at the market, which were compared
with the developed thermal insulation material. All tested samples have been
found to have very similar characteristics corresponding to EUROCLASS E
based on the European Reaction to Fire Classification System. Further research
using flame tests is important to be able to state this with certainty.

The factors or conditions discovered in the study and influencing the fire
reaction.

Testing of bulk materials is a particularly complex process since each
material differs in volume, fibrous structure, fineness of the fibres and fractional
composition, which in turn affects the obtained fire resistance result. The
application of tetraborate is different for each type of material and can
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significantly affect the uniformity of application of the substance to the fibre
surface. When incorporating bulk material into the test unit, it is difficult to
incorporate the material evenly; a fluffy surface or microfibres may form, and
care should be taken to smooth them out as their presence can significantly affect
ignition. The sample weight for bulk materials is of low mass, in this case, 21—
50 g, which is the minimum limit for the weighing equipment. The material
developed during the Doctoral Thesis research is intended for incorporation into
the structures, so it is necessary to pay special attention to the technology of
introducing fire retardants into loose-fill fibrous thermal insulation materials.

5. SUMMARY OF THE ECONOMIC EVALUATION

The full document of the technological and economic feasibility study can be
viewed in the appendix of the thesis. The economic evaluation has been
developed on the basis of a full-size production plant.

The aim of the TEP “Commercialisation of technique for the production of
lignocellulose loose-fill thermal insulation material” was to assess and analyse
the introduction of a potential new product (lignocellulosic loose-fill thermal
insulation material) and a potential new technology (technique for obtaining
lignocellulose loose-fill thermal insulation material using the SE method) with
the aim of objectively and rationally identifying a new product and the
advantages, disadvantages, opportunities and threats of the technology, as well
as the resources necessary for commercialisation and implementation prospects.

The tasks of the technical and economic feasibility study were:

1. To perform the analysis of the new product.

2. To perform the analysis of analogical product markets and potential sales
markets.

3. To analyse the measures for the protection of intellectual property rights.

4. To analyse previous and planned co-operation with other research
organisations and merchants.

5. To perform the cost-benefit analysis of product commercialisation.

The technical and economic feasibility study was performed in accordance
with the definition of Paragraph 87, Article 2 of EC Regulation No. 651/2014, as
well as in accordance with Cabinet Regulation No. 692, adopted on 25 October
2016. Regulation for the Implementation of Activity 1.2.1.2 “Support for
Improvement of the Technology Transfer System” of Specific Support Objective
1.2.1 “To increase investments of the private sector in R&D” of the Operational
Programme “Growth and Employment”.

The potentially new product (lignocellulose loose-fill thermal insulation
material) and potentially new technology (technology for obtaining
lignocellulose loose-fill thermal insulation material using the SE method) are
analysed within the document and conform to two specialisation areas of
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RI1S3 — Smart materials, technologies and engineering systems and knowledge-
intensive bio-economy. Thus, the study of the technology of obtaining
lignocellulose loose-fill thermal insulation material is an interdisciplinary study.
The introduction of lignocellulosic loose-fill thermal insulation material in the
manufacturing processes of the Latvian economy shall stimulate the international
competitiveness of Latvian merchants and their entry into new foreign markets.

The product and technology is of a high novelty level — currently, there is
no thermal insulation material that is obtained using the SE technology available
on the market. The high novelty of the product is confirmed by the obtained
samples and scientific publications.

The product — lignocellulose loose-fill thermal insulation material — has been
developed and the technology has been validated in an artificial (laboratory)
environment. A sample of thermal insulation material has been obtained in
small quantities in laboratory conditions using a 0.51 SE device. In the
commercialisation study, products up to the TRL6 level have been developed —
a pilot batch of thermal insulation material has been produced, testing the
technology at the pilot plant level and checking the properties of the product in a
real operating environment (wooden frame houses).

The product corresponds to the direction of economic transformation
“Sectors of future growth, where products of high added value and services exist
or may emerge”, Priority 2 “Constant search for new products/services, within
which it is required to create an effective identification system capable of finding
and providing support to create new products within existing and cross-sectoral
industries, as well as to create new sectors with high potential of growth”.

As a result of the technical and economic feasibility study, it is concluded
that lignocellulose loose-fill thermal insulation material is a product with high
commercialisation potential. Lignocellulosic loose-fill thermal insulation
material is a natural material made from renewable natural resources and
industrial by-products, harmless to human health. There are no significant
obstacles to the commercialisation of the product. The commercialised product
(lignocellulose loose-fill thermal insulation material) can play an important
role in expanding fast-growing markets, therefore it has a particularly high
potential for investment.
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CONCLUSIONS

. An innovative fiber extraction technology, which cannot be implemented
with traditional fiberization methods, has been developed for obtaining loose-
fill fiber thermal insulation material from hemp shives with the SE method.

. The optimal treatment parameters of the SE method for obtaining loose-fill
thermal insulation material are: T=235 °C, pmax=32 Bar, with release
immediately after reaching the pressure and temperature, i.e. holding time
=0 min (KS-0).

In the developed SE method technology, the most important thing is the
adiabatic process (second phase — explosion), which fragments the sample,
maximally shortening the thermochemical process (first phase).

. Parameters of loose-fill thermal insulating material sample obtained from
hemp shives KS-0 under optimal conditions of SE treatment:

v the bulk density decreases 2.3 times (compared to the control sample -
raw hemp straws) to 43.5 kg-m3,

mass loss - 2.4%,

the smallest volume of the fine fraction (10%),

thermal diffusivity (2.4-4.2 a-m2-h*-107)

thermal conductivity 0.043 W-m-K! (25% lower compared to control
sample - raw hemp seeds)

. The thermal conductivity coefficient A of the loose-fill material obtained by
SE treatment with a density of 40 to 80 kg-m= is equal to the analogs of
thermal insulation materials on the market.

. The effect of SE treatment parameters is insignificant on the loose-fill thermal
insulation material's fire response and sound insulation properties.
Increasing the density (up to 100 kg-m) of hemp shives loose-fill thermal
insulation material obtained under optimal SE treatment conditions
significantly worsens its thermal inertia and fire reaction results.

In the optimal SE treatment conditions, the density of the obtained hemp
shives loose-fill thermal insulation material in the range of 40 to 100 kg-m
has no significant effect on thermal conductivity and sound insulation
properties.

. An economic assessment showed that lignocellulosic loose-fill thermal
insulation materials made from hemp shives are competitive not only in the
niche building materials market but also in the consumer market, given their
low production costs and good thermal conductivity. In terms of price and
quality, the developed loose-fill thermal insulation material even competes
with mineral wool, but, unlike mineral wool, it is a product of natural origin.

AN N NN
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Based on the results obtained and the conclusions drawn, it can be claimed
that the goal of the Doctoral Thesis has been achieved, and the proposed
hypothesis — it is possible to obtain a loose-fill thermal insulation material with
equivalent or better thermal insulation properties than similar commercially
available thermal insulation materials from the by-products of hemp fibre
production, hemp shives, using a SE method — is proven.

RECOMMENDATIONS

1. In order to ensure a fire reaction class similar to analogues on the market,
it is necessary to use at least 10% fire retardant (tetraborate). It is
important to pay attention to the development of high-quality fire
retardants.

2. Considering the high heat capacity and low thermal inertia values of the
developed thermal insulation material, the material can be successfully
used in roof and external wall structures in hot climates.

3. When using the developed thermal insulation material in cold climates, it
is recommended to use vapour diffusion membranes and ventilated
facades.

4. In accordance with the Latvian Construction Standards for the thermal

engineering of enclosing structures, the minimum thickness of the wall
structure is 190 mm.

5. Depending on the application — wall, roof or horizontal structures — the
recommended installation density is within 60-80 kg m™.
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