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Aplikace nestandardnich biopaliv ve vznétovych motorech

Souhrn

Prace pojednava o problematice obnovitelnych zdroji energie a vyuziti nestandardnich
biopaliv: biobutanolu, dimethyleteru, vodiku, hydrogenovanych rostlinnych oleja aj. jako

biopaliv pro aplikace ve spalovacich motorech.

Teoreticka Cast se zabyva vymezenim piehledu soucasného stavu problematiky kapalnych
biopaliv. V praci jsou hodnoceny vlastnosti a parametry fosilnich paliv a biopaliv pro aplikace

ve vznétovych motorech.

Cilem prace je ovéfeni moznosti vyuziti zkoumanych biopaliv a standardizace
biopalivovych smési. Smési biopaliv s konvenénimi palivy jsou porovnavany s klasickou
motorovou naftou. Sledovany jsou palivaiské charakteristiky, dopady na Zivotni prostiedi

a v pripadé vodiku i ekonomika.

Metody prace vychazely z platnych normovanych piedpisi pro testovani kapalnych
biopaliv v souladu s platnymi normami (EN 590). Vyzkum probihal na pidé CZU v Praze
a vyzkumném tstavu ORLEN UniCRE a.s. v Litvinov¢, véetné jejich laboratorniho a méticiho
vybaveni. Prace pokracuje vysvétlenim technickych pozadavkt a norem pro biopaliva a navazuje

statni politikou vic¢i obnovitelnym zdrojim vSeobecné.

Experimentalni cast je slozena z publikovanych ¢lankti na témata rGznych aplikaci
alternativnich biopaliv. Analyzovany jsou jednotlivé smési téchto nestandardnich biopaliv
a jejich vlastnosti a dale standardizace béznych paliv na kvalitativni trovni tak, aby nebyla

zapotiebni konstruk¢ni tiprava vozidel.

Ptedlozena prace navrhuje biopalivové smési tak, aby odpovidaly pozadavkiim standarda
V ramci platnych norem pro fosilni paliva. Aplikace nestandardnich biopaliv otevird mozZnosti
vyuziti 1 vV ramci cirkularni ekonomiky a rovnéz pozitivn€ prispivaji v dnes tolik diskutované

problematice snizovani emisi sklenikovych plynti a uhlikové stopy.

Klic¢ova slova: biopalivo, bionafta, hydrogenovany rostlinny olej, hydrogenace, vodik,

nafta, spalovaci motor, dimethyleter



Application of non-standard biofuels in diesel engines

Summary

The work deals with the issue of renewable energy sources and the use of non-standard
biofuels: biobutanol, dimethyl ether, hydrogen, hydrotreated vegetable oils, etc. as biofuel

for applications in combustion engines.

The theoretical part deals with the definition of an overview of the current state of the liquid
biofuels issue. The work evaluates the properties and parameters of fossil fuels and biofuels

for applications in diesel engines.

The goal of the work is to verify the possibilities of using the investigated biofuels
and the standardization of biofuel mixtures. Blends of biofuels with conventional fuels
are compared with conventional diesel fuel. Fuel characteristics, environmental impacts

and, in the case of hydrogen, the economy are monitored.

The work methods were based on valid standardized regulations for testing liquid biofuels
in accordance with valid standards (EN 590). The research was conducted at the CZU in Prague
and the research institute ORLEN UniCRE a.s. in Litvinov, including their laboratory
and measuring equipment. The thesis continues with an explanation of the technical requirements
and standards for biofuels and continues with the state policy towards renewable resources

in general.

The experimental part is composed of published articles on the topics of various
applications of alternative biofuels. The individual mixtures of these non-standard biofuels
and their properties are analyzed, as well as the standardization of conventional fuels
at a qualitative level so that structural modification of vehicles is not required.

The presented work proposes biofuel mixtures to meet the requirements of the standards
within the valid standards for fossil fuels. The application of non-standard biofuels opens up
possibilities for use within the framework of the circular economy and also contributes positively

to today's much-discussed issue of reducing greenhouse gas emissions and the carbon footprint.

Keywords: biofuel, biodiesel, hydrotreated vegetable oil, hydrotreating, hydrogen, diesel,

internal combustion engine, dimethyl ether
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Uvod

Jednou ze stéZejnich soucasti moderni spole¢nosti je problematika dopravy. Bez kvalitni
dopravy ¢i logistiky nemiize fungovat zadna firma ani dne$ni spolecnost jako celek. Doprava,
at’ jiz individualni ¢i hromadné, umoznuje svobodu jedince a zajistuje jistou kvalitu zivota.
Celosvétove ma doprava tendenci riist, s tim souvisi 1 vétsi prodeje vozidel obecné, a tedy 1 nartist
spotieby pohonnych hmot (PHM). Tyto jevy maji jak sva pozitiva, tak i negativa. Mezi nevyhody

patii zatéz zivotniho prostiedi a zavislost na energetickych zdrojich.

Vyzkum v oblasti paliv za ucelem zvySeni efektivity spalovacich motori miizeme
vysledovat zejména po ropnych Socich v 70. letech. Se silicim ekologickym citénim spole¢nosti,
které nabyvalo na sile zejména v 80. a 90. letech, se vyzkum zaméfil i na nahrady tradi¢nich paliv
za ekologictéjsi verze. Od prvnich teoretickych zavért se doslo v novém tisicileti k prvnim
praktickym vysledkim a implementaci novych paliv. Pod tlakem nadnarodnich organizaci
se zacaly prosazovat do legislativy prvni nafizeni, ktera pod hrozbou sankci a ptislibem dotaci
zavadely piisnéjsi a piisnéjsi predpisy, které bylo nutno splnit. To umoznilo vznik celého nového

prumyslu zalozeného na péstovani a zpracovani plodin vhodnych pro vyrobu tzv. biopaliv.

Po prvotnim nadseni z nespornych vyhod novych zdroju paliv se zacaly po letech praxe
ozyvat i kritické hlasy, které poukazovaly 1 na nesporné negativni vlivy, které nebyly ¢i nechtély

byt vidény.

Mezi vyrazné hlasy volajici po omezeni stavajici politiky dotaci a sankci patfi zejména
evropsky primysl, kterému se zdrazuji vstupy, byt jeho piinos svétovému znecisténi
je v jednotkach procent, zatimco zbyly svét, ktery generuje nepomérné vice necistot, povétsinou
jen prihlizi. Evropa se tak stava prukopnikem technologii, coz s sebou pfinasi enormni vydaje
za vyvoj, nebot’ neni jasné, kterd z technologii a postupli se nakonec ukédze byt optimalni.
| ptes vysledky studii, které jiZ zapocitavaji do srovnavacich analyz cely Zivotni cyklus novych
paliv ¢i technologii a poukazuji na pfevazujici negativni vlivy (biopaliv prvni generace, viz dale),

podpora biopaliv stoupd, zejména diky medializaci a politizaci problematiky.

V soucasné dobé& se jiz pomalu ustupuje od prvotnich koncepti biopaliv prvni generace

avyroba se zaméfuje jiz na druhou generaci, kterd je piiznivéjsi jak z ekologické,

tak i z ekonomické stranky.



1.  Soucasny stav FeSené problematiky

Tradiéni fosilni palival, mezi ktera jsou po¢itana predeviim uhli, ropa a zemni plyn jsou
pfedmétem protichudnych prognéz. Dle energetického vyhledu spole¢nosti British Petroleum
(BP) nemaji zelené zdroje Sanci porazit fosilni paliva az do roku 2040. Pokud se bude
predpokladat, ze poptavka hlavné diky rozvojovym ekonomikam poroste o 30 %, bude v roce
2040 c¢init podil obnovitelnych zdrojt asi 14 %. Fosilni zdroje pak budou muset pokryt 75 %
trhu, prim bude hrat hlavné plyn (BP Energy Outlook 2018).

Vzhledem k obavam z nedostatku ropy, snaze o ochranu Zivotniho prostfedi a pomoci
zemédélcim s uplatnénim jejich produktti se zacaly hledat nové zdroje pohonnych hmot a cesty

na jejich ziskani (Vachova & Vozka 2015).

Rostlinné oleje predstavuji hlavni surovinu pro vyrobu biopaliv pouzivanych
jako alternativni palivo k motorové naft¢ (NM). Jejich vlastnosti jsou vyrazné odlisné
od vlastnosti NM. Jako palivo pro vznétové motory je mozno oleje vyuzit dvéma zakladnimi
zpusoby. Bud’ rostlinny olej upravit transesterifikaci nebo hydrogenaci na bionaftu pifimo
pouzitelnou pro naftové motory, anebo piizpisobit naftové motory a jejich palivové piislusenstvi

vlastnostem rostlinného oleje (Laurin 2008; Simacek et al. 2017).

Pro lepsi predstavu o readlnych moznostech ndhrady ropnych paliv 1ze uvést, Ze zatimco
celosvétova ro¢ni tézba ropy predstavuje vice nez 4 000 Mt, globalni produkce rostlinnych oleja
dosahuje pfiblizné 200 Mt, z cehoZ na vyrobu bionafty pfipadd pouze necelych 30 Mt. Zatimco
v Cisté podobé¢ nalezly rostlinné oleje jako palivo pro vznétové motory jen okrajové uplatnéni,
ve form¢ bionafty jsou v soucasné dobé dominantnim biopalivem vyuZivanym pro pohon

vznétovych motort (Simacek et al. 2017).

Mnohem kvalitngjsi dieselové palivo, nez je klasicka bionafta, je mozné z rostlinnych olejt
vyrobit jejich hydrogenaci. Produkt ziskany z tohoto procesu pfedstavuje skutecné perspektivni
dieselové biopalivo, jehoz vlastnosti jsou v mnoha ohledech naprosto srovnatelné nebo dokonce

mnohem lepsi neZ vlastnosti ¢isté ropné motorové nafty (Simacek et al. 2017).

! Pod pojmem palivo rozumime chemickou latku &i jeji smés, ktera umi spustit (za danych podminek) a drzet
proces spalovani. Spalovanim se méni chemicka energie v palivu na energii tepelnou.

Typem paliva jsou pak pohonné hmoty (PHM), ale i tfeba vybusniny. PHM se pouZivaji v tepelnych
motorech. Jsou tvofeny uhlovodiky. Chemicka energie se pfeméiiuje na energii pohybovou.
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Rostlinné oleje zpracované pomoci hydrogenace se daji pfimichdvat do motorové nafty
ve velkém poméru, a tim se zvySuje moznost pouziti obnovitelnych zdroja jako paliv (Vachova

& Vozka 2015).

Hydrogenacéni rafinace rostlinnych oleji, jakoz i vhodnych odpadu a zbytkovych tukovych
frakci pro vyrobu hydrogenovanych oleju je zcela novy, ale jiz vyspély vyrobni proces pouzivany
v komerénim méfitku. Je zalozen na know-how rafinace ropy a pouziva se pro vyrobu biopaliv

pro dieselové motory (Neste Renewable Diesel Handbook 2016).

Biopaliva typu hydrogenované oleje lze vyrabét bud’ investovanim do samostatnych
zafizeni nebo pfeménou stavajicich ropnych rafinérii na vyrobni nebo koprodukéni zafizeni

pro technologii hydrogenace rostlinnych oleju (European Alternative Fuels Observatory 2019).

V soucasnosti jsou hydrogenované oleje tfetim nejvétsim objemovym biopalivem na svété
a jejich produkce roste rychlej$im tempem nez vyspélejsi primyslova odvétvi vyroby etanolu
a bionafty. Z tohoto diivodu nékolik spole¢nosti vyvinulo vlastni technologie pro ziskani tohoto

druhu zelené nafty (Biorrefineria 2017).

Pokud do roku 2025 vstoupi v platnost vSechny oznamené projekty, svétova vyrobni
kapacita hydrogenovanych oleji by méla vzrust o vice nez 40 %. V soucasné dob¢ je instalovana
kapacita po celém svété 4 745 000 Mt, ale v nasledujicich ctyfech letech mtize dosédhnout
az 6 775 000 Mt (43% nartst). Ve vychodni Evropé, Japonsku, Ciné a na Stiednim vychods
se zkoumaji 1 dalsi projekty, které by mohly dale pfispét k rozsifeni kapacity Green Diesel,

ktera by mohla snadno piekrocit 7 milionti Mt (Greenea 2017).

Aktualni stav problematiky je koncipovan jako ptehled o ropé a ropnych produktech
V kontextu se soucasnou legislativou ¢eskou i evropskou. Déle je pfes vymezeni pojml biomasa
a biopaliva navazano na ekologii s diirazem na kritéria udrzitelnosti. Prace pokracuje piehledem

strategie v budoucich dekadach.



1.1 Ropa, palivaa PHM

Ropa je obecné kapalna smés uhlovodiki fosilniho ptivodu. Sklada se z plynti (metan, etan,
propan, butan, oxid sifi¢ity, sulfan nékdy i dusik a vzacné plyny), kapalnych latek (n-alkany,
izoalkany, cykloalkany, aromaty v riznych kruzich s alkylsubstituenty s riznym rozvétvenim,
mohou byt pfitomny i slouceniny obsahujici siru, dusik, kyslik) a tuhych latek (tuhé uhlovodiky-
parafiny a cereziny, asfaltické latky). Pomér tuhych a kapalnych latek se méni dle stari ropy
a zavisi 1 na naleziSti. Nalezi$té byvaji pory propustnych hornin v hloubce 0,6-2,4 km. Obecné
plati, ze se stoupajicim bodem varu ropné frakce roste slozitost smési (Blazek & Rabl 2006).

Ropa je také lehéi nez voda, jeji hustota se pohybuje zhruba mezi 800-1 000 kg.m.

Ropa je vychozi surovinou pro petrochemicky primysl. Hlavnimi vystupy jsou pak
motorové nafty, automobilovy benzin, letecka paliva, plynna paliva, mazaci oleje, topné oleje,

ropny koks, asfalty, hnojiva aj. (Maxa 2019).

V Evropské unii (EU) se témér polovina ropy, at’ jiz vytéZené ¢i dovezené, spotiebuje pro
silni¢ni dopravu, viz obr. 1.1. Podil ostatni dopravy pak tvoti necelou pétinu spotieby ropy v EU.
Z celkové spotieby energii ma pak nejvétsi podil, zhruba tietinovy, sektor dopravy, jak ukazuje
obr. 1.2. (Eurostat Statistics Explained 2020).

Energetika Neenergetické Pramysl || Silni¢ni Sluzby Zeméd@lstvi | | Jiné Doprava
5,4% vyuziti 14,5% 4,8% || doprava 13,5% 2,2% 0,4% 33,2%
47,5%
Sluzby
2.6% Pramysl ‘
‘ 25,0% ‘
Zemédélstvi y
T—
2.2% ———
)
Rybafstvi " ’
L\ -
: Ostatni Lodni Leteckd Domdcnosti
Bydleni doprava | | doprava | | doprava 25,7%
0, ’ ’
5,9% 0,3% 8,0% 8,6%
Obr. 1.1: Podil celkové spotieby ropy v EU Obr. 1.2: Podil celkové spotieby energie v EU

podle sektoru

Zdroj: (Eurostat Statistics Explained 2020) Zdroj: (Eurostat Statistics Explained 2020)



Spekuluje se o dvou teoriich vzniku ropy, organické a anorganické, obé teorie maji
argumenty podporujici jejich spravnost, avSak v dneSni dobé se upiednostiiuje spise organicka

teorie (Blazek & Rabl 2006).

Dle elementarniho sloZeni, je v ropé zastoupen z 84-87 % hm. uhlik, 11-14 % hm. vodik,
0,14 % hm. sira, 0,01-1,0 % hm. dusik a 0,05-1,0 % hm. kyslik, dale organicky vazané kovy,
zejména vanad a nikl (Maxa 2019). Z vyse uvedenych procent je jasné, Ze pievaznou ¢ast tvori
uhlovodiky a jejich modifikace. V tab. 1.1 je uvedeno pro lepsi pfedstavu idealizované frakeni

slozeni.

Tab. 1.1: Obvyklé frakce n-alkant a jejich destila¢ni rozmezi

Frakce Teplota varu (°C) Obsazené n-alkany
Plynné uhlovodiky <5 Ci—C4
Lehky benzin 30-85 Cs—Cs
Tézky benzin 85-180 C7—Cuo
Petrolej 180-270 Cu—Cis
Plynovy olej 270-370 C16—C22
Vakuové destilaty 370-550 C23—Css
Vakuovy zbytek nad 550 >Cuse

Zdroj: (Blazek & Rabl 2006)

Z tab. 1.1 je vidét, ze petrolej, tvofeny uhlikovymi fetézci C11-Cis, ma zacatek teploty varu
kolem 180 °C. Plynovy olej, tvofeny uhlikovymi fetézci Ci16-C22, ma konec teploty varu kolem

370 °C. Tyto dvé€ slozky tvofi smés zvanou NM.

Jiz v misté t€Zby se z ropy ohfevem odstrafiuje zna¢na ¢ast vody a v ni obsazené soli,
aby se do rafinérii dopravovala pouze ropa. Ropa dopravena do rafinerii obsahuje 0,02-0,2 %
objemu vody, piesnéji emulgované vody, ve které jsou stale rozpusStény anorganické soli (Maxa

2019).

V rafinériich se ropa nejdiive odsoluje z divodi koroze technologického zatizeni
pro zpracovani ropy; usazenin v potrubi, pecich a ventilech; mize také dojit k ucpani péra

katalyzatori pouZivanych pfti zpracovani destilacnich zbytkt. Pfi odsolovani se k ropé ptida 3—



10 % obj. Cerstvé vody, kterd rozpusti dispergované soli a zaroven se snizuje koncentrace soli

v emulgované vodé. Odsolovani probiha pfi teploté v rozmezi 90—150 °C (Blazek & Rabl 2006).

Nasleduje destilace odsolené ropy, pii které se ziskavaji pozadované uzsi frakce
s pozadovanym rozmezim bodu varu. Regulace Sitky frakce je dilezita nejen kvili pozadavkim
na destilacni rozmezi vyrobku, ale také kvuli nasledujicim rafina¢nim procesim. Zakladni
destilace se déli na dva stupné, atmosférickou (destilace pii mirné zvySeném atmosférickém
tlaku, 0,15 MPa) a vakuovou, ktera probiha za snizeného tlaku (za vakua, snizeny tlak na 2—10
kPa). Frakce motorovych paliv primarné vychazeji z atmosférického stupné. Vakuova frakce pak
produkuje olejové frakce, ze kterych zle také vyrabét motorova paliva, ale k tomu je zapotiebi

dalsi hlubsi zpracovani ropy a petrochemické procesy (Mat&jovsky 2005).

Atmosférické destilace se provadi v destilacni kolon¢é bézné o kapacité 3 mil. tun ropy

za rok.
Sluzby | | Jiné | | Neenergetické Zelezni¢ni Leteckd Nakladni +
2,4% 2,9% vyuziti 1,6% 11,2% hromadna osobni
14,0% 34%
Domacnosti
4,8%
\ A / \ /
- vm -
Individudlni
Primysl Energie Doprava Lodni Pozemni osobni
7,9% 14,6% 53,4% 10,7% 76,5% 66%
Obr. 1.3: Podil finalni celosvétové Obr. 1.4: Podil spotieby Obr. 1.5: Podil spotieby
spotieby ropy ropy v doprave ropy v pozemni dopraveé
Zdroj: (IEA 2022) Zdroj: (IEA 2022) Zdroj: (IEA 2022)

Z obr. 1.3 az 1.5 je ziejmé, ze podil pozemni dopravy a zejména individualni osobni
dopravy na spotfebé ropy je v porovndni s ostatnimi slozkami dominantni, a tudiz je zde velky
potencial pro snizovani jak spotteby PHM — a tedy omezeni zéavislosti na dovozu ze zahranici
¢i rovnou nahrazenim jinym, syntetickym palivem. Rovnéz je zde velky prostor pro snizovani

emisi oxidu uhlicité¢ho (COy).



Jiné Doprava Zelezniéni Letecka Nakladni +

77,0% 23,0% 4,6% 10,6% hromadna osobni
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Obr. 1.6: Podil celosvétovych Obr. 1.7: Podil celosvétovych Obr. 1.8: Podil
emisi CO; emisi CO; v dopraveé celosvétovych emisi CO»

V pozemni doprave

Zdroj: (IEA 2022) Zdroj: (IEA 2022) Zdroj: (IEA 2022)

Obr. 1.6 az 1.8 ukazuji emise CO: a jejich podil dle druhu dopravy. Z piedchozich srovnani
je ztejmé, Ze ackoliv doprava spotiebuje mirné ptes polovinu produkce ropy, jeji podil na emisich

CO2 je mensi nez ¢tvrtinovy.

Ropa se podili na globalnim energetickém mixu zhruba 32 %. Do CR se ropa dopravuje
ze dvou smért, viz obr. 1.9. Z vychodu k nam proudi ropa z Ruska plynovodem Druzba
(Pratelstvi) a ze zapadu jsme napojeni plynovodem IKL (Ingolstadt — Kralupy nad Vltavou —

Litvinov) na ropovod TAL, ktery k nam dopravuje ropu z piistavu v Terstu (Hrozek 2017).

Obr. 1.9: Ropovody zasobujici CR ropou

Zdroj: (Hrozek 2017)



Ropovodem Druzba se do CR piepravi zhruba 3 850 tun ropy, ropovod IKL pak obstara
3 626 tun. Minimum se dovazi po zeleznici (Hrozek 2017). V roce 2015 méla nejvétsi zastoupeni
ropa z Ruské federace, konkrétné 56,5 %, naproti tomu data z roku 2021 ukazuji narast
az na skoro t¥i¢tvrteéni podil dovozu (CSU 2022). Ostatni zemé jsou zastoupeny mensi mérou,
jak je vidét na obr. 1.10. Data pro rok 2022 v souvislosti s valkou na Ukrajiné nejsou nyni

k dispozici, predpoklada se ale zna¢né snizeni zavislosti na Ruské federaci.

Spojené stty Jiné Azerbdjdzan Kazachstan
6,0% 1,8% 8,5% 9,4%
Norsko

0,8%

Ruska federace
73,7%

Obr. 1.10: Podil zemi dovazejicich ropu do CR
Zdroj: (CSU 2022)

Ztab. 1.2. je ziejmé, kolik miliard K¢ vynaklada stat na import potfebnych surovin,

zejména ropy a produktti z ni. Jen za rok 2015 to bylo pies 120 miliard K¢.

Tab. 1.2: Piehled cen a dovozu ropy a produktt z ropy

Dovoz ropy Cena Dovoz rafinérskych Cena
2015 (tuny) (T K¢) produktt 2015 (tuny) (T K¢)
7131975 71189591 3632 641 50943 725

Zdroj: (MPO Bilanéni piehled 2016)?

2 MPO: Ministerstvo primyslu a obchodu



Tab. 1.3: Podil nafty a jinych produkti na dovozu

Dovezené mnozstvi (tuny)

Produkt

2015 2021
Automobilové benziny celkem 502 745 570 000
Letecky benzin 2 622 2 000
Motorova nafta 2 186 580 2641 000
Plynové oleje 19 693 13 000
Letecky petrolej (kerosen) 140 243 96 000
Ostatni petroleje 2501 2 000
Topné oleje vysokosirné 11789 0
Topné oleje nizkosirné 2 396 17 000
Aditiva / oxygenaty 26 757 n/A
Ropny (petrolejovy) koks 9168 7 000
Ostatni ropné vyrobky 4 829 186 000
Zkapalnéné ropné plyny (LPG) 99 151 170 000
Specialni benziny 32 378 17 000
Primarni benzin (naphta) 86 331 161 000
Maziva a mazaci oleje — lubrikanty 151 477 165 000
Parafiny a vosky 10 786 24000
Asfaltové vyrobky 343 195 311 000
Celkem 3632 641 4 382 000

Zdroj: (MPO Bilanéni piehled 2016; CSU 2022)

NM a benzin tvofila v roce 2016 celkem 74 % vsech dovezenych ropnych produkti, jak
ukazuje orientacni piehled Ministerstva pramyslu a obchodu (MPO) v tab. 1.3. V roce 2021
doslo k 20% narGstu importu v porovnani s rokem 2016. Ostatni produkty tvoii méné vyznamnou

¢ast importu, snad s vyjimkou asfaltovych vyrobkl a maziv.

Dle vyrobnich dat se z 1 litru ropy vyrobi 43,1 % motorové nafty v CR (Unipetrol 2019),
pti dovozu 56,4 % ropy z Ruska z celkového poctu 7 131 975 tuny je podil 4 022 434 tuny ruské
ropy, z niz by bylo 1733 669 tun motorové nafty za 17,3 miliard K¢. Po pficteni pro nas



teoreticky vypocet 2 186 580 tun dovezené motorové nafty za cenu 14 K¢ za kilogram®

se dostane celkem 3 920 249 tun motorové nafty za zhruba 50 miliard K&, které plati CR ro¢né

za import.

Motorova nafta (NM), téz mineralni motorova nafta, je smés kapalnych uhlovodiki
s bodem varu v teplotnim rozmezi 180-370 °C (smés petroleje a plynového oleje). Pomér
smiSeni téchto dvou frakci mé vliv na jeji uziti v rocnich obdobich. Teplota tuhnuti plynového
oleje se pohybuje v kolem 0 °C, ptipadné¢ muze byt i vyssi. Plynovy olej tvoii prevazny podil
letniho druhu nafty. Petrolej tuhne pii teploté nizs§i nez -50 °C a proto tvoii pievazny podil

zimniho druhu motorové nafty (Matéjovsky 2005).

NM, vyrobena vySe zminénym smisenim plynového oleje a petroleje z destilace
a naslednym hydrokrakovanim potfebnym K odsifeni a odstranéni stopovych mnozstvi dusiku
a kysliku, vyhovuje svym cetanovym ¢islem normé a neni potieba ji aditivovat. Plynovy olej
(obsahuje podstatné vice sirnych sloucenin nez petrolej) ziskany termickym a katalytickym
krakovanim vakuovych vysokovroucich frakei ropy ma vSak nizké hodnoty cetanového Eisla
(CC, cetane number CN), ale vysoké mnoZstvi aromatd. Proto se jesté navic musi podrobit
katalytické hydrogenaci, s jejiz pomoci se prevedou aromaty na cykloalkany a CC se zvétsi

(Matgjovsky 2005; Blazek & Rabl 2006).

Obsah lehkych podili je dan poZadavkem na bod vzplanuti a obsah tézkych podili
je omezen vznikem usad ve spalovacim prostoru. NM také vétSinou obsahuje pfisady na zlepSeni

nizkoteplotnich a uzitnych vlastnosti paliva (Hromadko et al. 2011).

Norma pro NM ma ozna¢eni CSN* EN® 590 (65 6506), v niZ jsou uvedeny jasné definované
pozadavky na vlastnosti nafty a je zde uvedeno jeji jakostni tfidéni (kvuli pozadavkim bodu
filtrovatelnosti za nizkych teplot) zejména podle ro¢nich obdobi (CSN EN 590 (656506) 2022).
Vybrané ukazatele z CSN EN 590 jsou znazornény v tab. 1.4.

3 Cena je vzata z primérné ceny viech dovazenych rafinérskych produktt za rok 2015 dle tabulky MPO, kde
motorova nafta odpovida zhruba 60 % vsech dodanych produktii.
4 Ceskoslovenska statni norma

% Oznageni prevzatych evropskych norem
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Tab. 1.4: Vybrané parametry motorové nafty dle CSN EN 590

Motorova nafta

Ukazatel Jednotka

trida B trida D trida F trida 2
Hustota pii 15 °C kg.m 820,0-845,0 820,0-845,0 820,0-845,0 800,0-840,0
Cetanové &islo - min. 51,0 min. 51,0 min. 51,0 min. 48,0
Obsah siry mg.kg-! max. 10,0 max. 10,0 max. 10,0 max. 10,0
Viskozita pfi 40 °C~ mm?2.s? 2,00-4,50 2,00-4,50 2,00-4,50 1,50-4,00
Bod vzplanuti °C nad 55 nad 55 nad 55 -
Destila¢ni zkouska
pti 180 °C predest. % obj. max. 10
pii 250 °C ptedest. % obj. <65 <65 <65 -
pii 340 °C ptedest. % obj. min. 95
pti 350 °C predest. % obj. min. 85 min. 85 min. 85 -
90 % predest. obj. °C max. 360 max. 360 max. 360 -
Filtrovatelnost CFPP  °C max. 0 max. -10 max. -20 max. -32
Obdobi dle mirné klima mirné klima mirné klima arktické klima
klimatickych - 15.04.-30.09. 1.10.-15.11. 16.11.-28.02.
podminek 1.03.-14.04.
Obsah metylester % obj. max. 7,0 max. 7,0 max. 7,0 -

mastnych kyselin

(FAME)

Zdroj: (CSN EN 590 (656506) 2022)

Z tab. 1.4. je patrné, ze NM pro arktické klima ma mirné niz$i rozmezi hustoty. V tabulce

je znazornéno i obdobi, kdy je mozné dany typ NM tankovat u ¢erpacich stanic.
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1.2 Legislativav EU a CR, smérnice RED 1.

Nejdiilezit&jsi legislativa platna v CR:

1)  Zakon® o PHM ¢&. 311/2006 Sb., v platném znéni;

2)  Zékon o ochrang ovzdusi ¢. 201/2012 Sb., v platném znéni;

3)  Nafizeni vlady ¢. 351/2012 Sb., o kritériich udrzitelnosti biopaliv;

4)  Zakon o podminkach provozu vozidel na pozemnich komunikacich ¢. 56/2001 Sb.,
V platném znéni;

5)  Vyhlaska’ o jakosti a evidenci PHM ¢. 133/2010 Sb., v platném znéni;

6)  Nafizeni vlady ¢. 189/2018 Sb., v platném znéni.

Nejdilezitéjsi evropska legislativa:

1)  Smérnice ¢. 2003/30/ES (Evropské spoleCenstvi), nahrazena Smérnici
¢. 2009/28/ES;

2)  Smérnice ¢. 2009/28/ES (RED, Renewable Energy Directive), v platném znéni;

3)  Smérnice ¢. 98/70/ES, v platném znéni (zejména 2009/30/ES);

4)  Smérnice Evropského parlamentu a Rady (EU) 2018/2001 (RED I1) (Honig 2019);

5)  Navrh znéni smérnice RED III.

Popis smérnic uvedenych v bodech 1) az 3) je souéasti piilohy D. Cesky Zakon o ochrané

ovzdusi v sob¢ implementuje piislusné predpisy Evropské unie. Tento zédkon:

1)  ptipustné urovné znedisténi a znedistovani ovzdusi,

2)  zpusob posuzovani piipustné urovné znecisténi a znec¢istovani ovzdusi a jejich
vyhodnoceni,

3)  nastroje ke snizovani znecisténi a zne¢istovani ovzdusi,

4)  prava a povinnosti osob a piisobnost organt vefejné spravy pii ochrané ovzdusi,

5) prava a povinnosti osob uvadégjicich motorové benziny nebo motorovou naftu
do volného daniového ob&hu na datiovém tizemi Ceské republiky pro dopravni ucely
a osob, které dodavaji na datiové tizemi Ceské republiky pro dopravni ucely
motorové benziny nebo motorovou naftu uvedené do volného danového obéhu

Vjiném clenském stat€ Evropské unie (dale jen "dodavatel motorového benzinu

6 Zakon definuje evidence, prodej a vydej PHM, podminky distribuce a evidence erpacich stanic
" Vyhlagka definuje jednotlivé PHM, jejich ukazatele jakosti a zptisob sledovani slozeni a jakosti PHM.
12



nebo motorové nafty") a ptisobnost organii vefejné spravy pii sledovani a snizovani
emisi sklenikovych plynti z pohonnych hmot v dopravé (Zakon o ochran¢é ovzdusi

201/2012 Sh. 2022).

K vytvofeni programu pro vyuzivani alternativnich paliv vedou staity EU zejména tyto

divody:

1)  rostouci celkova spotieba energie v¢etné energie pro dopravu;

2)  nedostate¢né zasoby ropy v zemich EU;

3) obava z rostouci ceny ropy;

4)  zavislost na dovozu tohoto cenného zdroje fosilniho uhliku, zejména ze zemi
stfedniho vychodu, ktera by v roce 2020 mohla dosdhnout az 70 %;

5)  rostouci emise zejména sklenikovych plynti (GHG, Green House Gases) ohrozujici
klimatické podminky;

6) zavazky na snizovani emisi GHG vyplyvajici z Kjotského protokolu.

RED II.

Nova Smérnice o obnovitelnych zdrojich (RED II) z roku 2018 vytycuje cile az do roku
2030.

Smérnice podporuje rozvoj OZE v pfistim desetileti pomoci zavazného cile pro energii
Z obnovitelnych zdrojii v celé EU do roku 2030 ve vysi alespon 32 %, kterého maji ¢lenské staty
dosahnout spole¢né. Za timto ucelem smérnice obsahuje fadu odvétvovych opatieni na podporu
dalsitho vyuZivani energie z obnovitelnych zdroji v odvétvi elektfiny, vytapéni, chlazeni
a dopravy, pficemz vSeobecnym cilem je pfispét ke sniZzeni emisi GHG, ke zlepSeni energetické
bezpecnosti, k posileni vedouciho postaveni Evropy v oblasti technologii a primyslu z hlediska
energie z obnovitelnych zdrojt a k tvorbé pracovnich mist a ristu (Smérnice o podpote vyuzivani

energie z obnovitelnych zdroji (RED 1II) 2018).

Smérnice rovnéz posiluje unijni rdmec udrzitelnosti pro bioenergii, aby zajistila spolehlivé
uspory emisi GHG a minimalizovala nezamyslené dopady na zZivotni prostiedi. Zavadi zejména
novy piistup k feSeni emisi zplisobenych neptimou zménou ve vyuzivani pidy, kterd souvisi
S vyrobou biopaliv, biokapalin a paliv z biomasy. Za timto ucelem smérnice stanovi
pro biopaliva, biokapaliny a paliva z biomasy s vysokym rizikem nepiimé zmény ve vyuzivani

pudy vyrobena z potravinaiskych nebo krmnych plodin, u nichZ je zjisténo znaéné rozsiteni
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oblasti produkce na pidu s velkou zasobou uhliku, vnitrostatni limity, které nejpozdéji do roku
2030 klesnou postupné az na nulu. Tyto limity ovlivni mnozstvi uvedenych paliv, které lze
zohlednit pii vypoctu celkového narodniho podilu obnovitelnych zdroji a podilu obnovitelnych
zdroji v dopravé. Smérnice vSak zavadi vyjimku z téchto limita pro biopaliva, biokapaliny
a paliva z biomasy, které jsou certifikovany jako biopaliva, biokapaliny nebo paliva z biomasy
S nizkym rizikem neptimé zmény ve vyuzivani piady (Smérnice o podpofe vyuzivani energie z

obnovitelnych zdroji (RED II) 2018).

Smérnice RED II omezuje ptispévek konvencnich biopaliv, biokapalin a paliv z biomasy
spotfebovanych v dopravé smérem k cili Unie v oblasti energie z obnovitelnych zdroji pro rok
2030. Podil biopaliv, biokapalin a paliv z biomasy s vysokym rizikem nepiimé zmény
ve vyuzivani ptidy bude od roku 2020 omezen na Groven roku 2019 a poté bude v obdobi od roku
2023 nejpozdéji do roku 2030 postupné snizovan az na nulu. Podle smérnice RED II musi
biopaliva ve srovnani s fosilnimi palivy snizit emise GHG alespoii 0 50 %, a to na zakladé
analyzy zivotniho cyklu, ktera zahrnuje vS§echny p¥imé emise, nezahrnuje viak emise nepiimé®

(Smérnice o podpoie vyuzivani energie z obnovitelnych zdroji (RED II) 2018).

U odpadnich surovin je poc€itano s tzv. double counting systémem, ktery zvyhodnuje pii

zapocitavani emisi pouziti odpadnich surovin v celkovém emisnim souctu.

Ptiloha IX Smérnice RED II. ,,Suroviny pro vyrobu pokrocilych biopaliv*:

1)  Cast A (vycet neni kompletni)

a) fasy;

b)  podil biomasy na komunalnim odpadu, primyslovém odpadu (dle dalsich
kritérii);

c) Dbiologicky odpad z domacnosti z tfidéného sbéru;

d) slama;

e)  chlévska mrva a kal z Cistiren odpadnich vod;
f)  surovy glycerin;

g) ofechové skofapka;

h)  kukufi¢né klasy zbavené zrn;

8 Emise vyplyvajici z nepfimé zmény ve vyuzivani piidy. Jde o suroviny, u kterych je zji§téno znacné
rozsifeni oblasti produkce na ptidu s velkou zasobou uhliku. Je-li pozemek s velkou zasobou uhliku v pidé nebo
vegetaci pfemeénén na pozemek pro péstovani surovin pro biopaliva, ¢ast ulozeného uhliku zpravidla unikne do
atmosféry, coz vede k vytvoreni oxidu uhli¢itého. Vysledny negativni dopad GHG muize zrusit pozitivni dopad
GHG z biopaliv nebo biokapalin na GHG, v nékterych piipadech v rozsahlé mitfe. Nepiimé emise nelze piesné
mefit.
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2)

i)  podil biomasy na odpadu a zbytcich z lesnictvi a z dfevozpracujiciho
pramyslu;

j)  dalsi nepotravinaiské celulozové vlaknoviny, lignocelulozové vlaknoviny, aj.

Cast B

a)  pouzity kuchynsky olej a zivocisné tuky;

b)  (pivodn¢ navrzena melasa zcukrové titiny nebo fepy byla z pfilohy
vypusténa) (Zedek & Trapl 2018).

Parizska dohoda

Patizskd dohoda byla sjedndna v prosinci 2015 v Pafizi a je to podobné¢ jako Kjotsky

protokol pravné zdvazna mezinarodni dohoda, ktera je soucasti Rdmcové tmluvy OSN o zméné

klimatu (UNFCCC). Patizska dohoda deklaruje nasledujici cile:

1)

2)

3)

UdrzZeni nartistu primérné globalni teploty vyrazné pod hranici 2 °C oproti hodnotam
pred primyslovou revoluci a usili o to, aby narust teploty neptekrocil hranici 1,5 °C
oproti hodnotam pied primyslovou revoluci.

ZvySovani schopnosti pfizpiisobit se nepfiznivym dopadim zmény klimatu
a posilovani odolnosti vi¢i zméné klimatu a nizkoemisniho rozvoje zplisobem,
ktery neohrozi produkci potravin.

Sladéni finanénich tokd s nizkoemisnim rozvojem odolnym vici zméné klimatu

(Patizska dohoda 2015).

Tato dohoda, kterou dosud podepsalo 195 zemi, v roce 2020 nahradila Kjotsky protokol
z roku 1997.

Dohoda zavazuje ¢lenské staty ke stanoveni a dodrzeni tzv. narodnich zavazka (NDCs,

Nationally Determined Contributions) ke snizovani emisi sklenikovych plyna a stanovuje proces,

kterym budou narodni zavazky sledovany a vyhodnocovany. V c¢lanku 6. dohoda uznava

dualezitost spoluprace a trznich mechanismu ke sniZzovani emisi, nicméné¢ jejich konkrétni podoba

je pfedmétem dalSich jednani (Pafizska dohoda 2015).

Green Deal

Green Deal predstavuje snahu Evropy stat se prvnim klimaticky neutralnim kontinentem

do roku 2050. Zména klimatu a zhorSovani zivotniho prosttedi piedstavuji pro Evropu a cely svét

existencialni hrozbu. K pfekondni téchto vyzev vznikla Zelen4 dohoda pro Evropu, ktera ma Unii

transformovat na moderni, konkurenceschopnou ekonomiku, jez u¢inné vyuziva zdroje a kde:
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1)
2)
3)

se do roku 2050 doséhne nulovych ¢istych emisi sklenikovych plynt;
bude hospodarsky rist oddéleny od vyuzivani zdroju;

nebude opomenut Zadny jednotlivec ani region (Zelena dohoda pro Evropu 2019)

Zelena dohoda pro Evropu rovnéz nastinuje sméfovani nasi spolecnosti po pandemii

COVID-19. Na realizaci jejich cila pijde jedna tietina investic ve vysi 1,8 bilionu €, které jsou

k dispozici v ramci programu oziveni NextGenerationEU a sedmiletého rozpoctu EU (Zelena

dohoda pro Evropu 2019).

Zelena dohoda pro Evropu zlepsi zivot a zdravi ob¢anti 1 budoucich generaci tim, ze zajisti:

1)  ¢&isté ovzdusi, nezavadnou vodu, zdravou ptudu a biologickou rozmanitost;

2)  renovaci budov v zajmu energetické ucinnosti;

3)  zdravé, cenové dostupné potraviny;

4)  rozsifeni vetejné hromadné dopravy;

5)  ekologict&jsi energie a inovace diky $pickovym ¢istym technologiim;

6)  delsi zivotnost vyrobku, jelikoz je bude mozné opravovat, recyklovat a opét pouZivat;

7)  pracovni mista odolna proti budoucim zménam na trhu prace a vzdélavani
V oblastech, které¢ budou potieba pro budouci transformaci spolecnosti;

8)  globalné konkurenceschopny, odolny primysl (Zelena dohoda pro Evropu 2019).

Fit for 55

Fit for 55 je balic¢ek legislativnich navrhui Evropské komise, které maji vést k 55% snizeni

evropskych emisi sklenikovych plynt do roku 2030 v porovnédni s rokem 1990. Tento cil

je mezikrokem k dosazeni uhlikové neutrality do roku 2050, ke kterému se Evropska unie pravné

zavazala (Fit for 55 2022).

Fit for 55 je soucasti Sirsi strategie Evropské unie (EU) k dosaZeni uhlikové (klimatické)

neutrality do roku 2050 zndmé jako Zelend dohoda pro Evropu (European Green Deal). Zelena

dohoda byla ptedstavena Evropskou komisi v roce 2019, nacez byla v roce 2020 odsouhlasena

¢lenskymi zemémi. V 1ét€¢ 2021 pak nabyl ucinnosti Evropsky pravni rdmec pro klima, znamy

téz jako Evropsky klimaticky zdkon (European Climate Law), ktery ¢ini dosazeni uhlikové

neutrality do roku 2050 pravné zdvaznym. Soucasti tohoto zdkona je i sttednédoby cil, ktery EU

zavazuje ke snizeni emisi sklenikovych plyni o 55 % do roku 2030 oproti roku 1990, pticemz
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jeho dosazeni ma zajistit praveé balicek Fit for 55 (volné€ pielozeno jako ,,pfipraveni pro 55 %)
(Fit for 55 2022).

Pro udrZeni globalniho otepleni pod hranici 1,5 °C vzhledem k piedindustridlnimu obdobi
je potieba do roku 2030 snizit emise sklenikovych plynti na polovinu celosvétove, nejen v ramcei
EU. Evropské unie (EU-27, bez Spojeného kralovstvi) se v roce 2020 na téchto emisich podilela
7,5 %. V absolutnich ¢islech zemé EU v témze roce vyprodukovaly 2,6 miliardy tun emisi COz,

&imz se zafadily na tieti misto za Cinu a USA (Fit for 55 2022).
Navrhovanymi opatfenimi v balicku Fit for 55 prostupuji nasledujici principy:

1)  Pfiméfenost a Gcinnost opatieni — navrhovana opatieni jsou zaloZena na trznich
mechanismech i regulacich.

2)  Znecistovatel plati — firmy nesou naklady emisi, které produkuji, coZ je motivuje k
zavadéni Cistych technologii. Tento princip podporuje zejména systém obchodovani
s emisnimi povolenkami.

3) Solidarita — cilena a systematicka podpora skupin obyvatel, které mohou byt
opatfenimi nepfiméfené zasazeny (napi. zdrazovanim energii, ztrdtou zaméstnani

apod.) (Fit for 55 2022).

Jednotliva navrhovana opatifeni 1ze rozdé€lit do tfi skupin. Prvni skupinu tvofi tzv. trzni
mechanismy, které zahrnuji zejména evropsky systém obchodovani s emisnimi povolenkami
(EU ETS), kde Komise navrhuje zahrnuti dalSich odvétvi (ndmoini dopravy, silniéni dopravy
a budov), rozsiteni povolenek v oblasti letecké dopravy a rychlejsi snizovani mnoZstvi povolenek
v ob¢hu. Zaroven Komise stanovuje, ze vSechny vynosy z povolenek budou ¢lenské staty
povinny pouzit na opatfeni souvisejici se zmeénou klimatu (dosud $lo o 50 %). Déale Komise
navrhuje zavedeni mechanismu uhlikového vyrovnani na hranicich (Carbon Border Adjustment
Mechanism, CBAM), ktery by mél zajistit zpoplatnéni vysokouhlikovych dovozi. To se ma tykat
zejména napiiklad cementu nebo oceli tak, aby dovozci ze tfetich zemi byli zatizeni stejnymi
poplatky za emise jako vyrobci v EU. Tyto dovozy aktualné tvoii 2 % vSech dovozi. Dovozci
do EU by si tedy museli zakoupit certifikaty podle emisni naro¢nosti komodit (pokud
je jiz neuhradili ve tfeti zemi). Zminéna opatieni reflektujici princip znecistovatel plati (Fit for
55 2022).
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Dalsi sada opatfeni spada pod cile a regulace, které zahrnuji revizi stdvajici smérnice
0 obnovitelnych zdrojich energie, kdy by mélo dojit k navyseni jejich pozadovaného podilu
na vyrob¢ energie na 40 % do roku 2030, a smérnice o energetické ucinnosti, kterd upravuje cil
snizit spotfebu primarni energie oproti o¢ekdvanym hodnotam v roce 2030 na 39 %. Dalsi navrhy
zahrnuji pfisnéjs§i emisni piedpisy pro osobni automobily a dodavky, budovani nové
infrastruktury pro alternativni paliva a iniciativy pro udrzitelné;jsi letecka paliva a ¢ist§i namoini
paliva. Soucasti balicku je rovnéz revize nafizeni o sdileni usili, kterd navysuje cil snizeni emisi
v sektorech mimo systém EU ETS o0 40 % do roku 2030 oproti roku 2005. Déle se navrhy tykaji
lesni strategie EU a revize nafizeni o vyuzivani pudy a lesnictvi. V prosinci 2021 Komise
predstavila navrhy zaméfujici se na energetickou naro¢nost budov, snizovani v metanu

V energetice a vnitini trh s plyny z obnovitelnych zdroji, se zemnim plynem a s vodikem (Fit for
55 2022).

Tteti skupinu navrht tvofi podplirna opatieni. K zajisténi socialné spravedlivé a solidarni
transformace Komise navrhuje vznik nového Socidlniho klimatického fondu, jehoz prostiedky
budou namifeny ke skupindm obyvatel, které budou z dusledku transformace hospodarstvi
zraniteln&jsi. Cast piijmi fondu bude tvofena vynosy z obchodovani s emisnimi povolenkami,
cast budou tvofit ptispévky Clenskych zemi. Solidarita je namifena i smérem k zemim s vyssi
zavislosti na fosilnich palivech a nizSim HDP, pro které budou k dispozici prostredky

z posileného Moderniza¢niho a Inova¢niho fondu (Fit for 55 2022).
RED 111

Jde 0 navrh smérnice o obnovitelnych zdrojich energie z roku 2022. Soucasny cil EU
tykajici se alespont 32% podilu energie z obnovitelnych zdroji do roku 2030, stanoveny
ve smérnici o obnovitelnych zdrojich energie (RED Il1), nestaci a mél by byt podle planu cild
Vv oblasti klimatu zvySen na 38—40 %. K dosazeni tohoto zvySeného cile jsou zaroven zapotiebi
nova doprovodnd opatieni v riiznych odvétvich v souladu s integraci energetického systému,
vodiku, obnovitelné energie na mofi a strategii v oblasti biologické rozmanitosti (RED Il

(proposed) 2022).

Nova paliva bude tfeba doplnit zlepSenim energetické ucinnosti, pfechodem na jiny druh
dopravy a usilim o elektrifikaci. Tato inovativni paliva nebudou dostatecné podporovana jinymi

prostiedky, jako je systém obchodovani s emisemi.
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V navrhu ma byt rozhodnuto minimalizovat pouZiti plodin na bazi biopaliv, ackoliv tato
biopaliva byla hlavnim pfispévatelem k vytésiiovani fosilnich paliv. Pfipravovana smérnice
RED III je vlastné i souborem revizi a oprav piedchozich dvou na zaklad¢ redlnych dopadi

do spole¢nosti, prumyslu aj. (RED Il (proposed) 2022).
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1.3 Strategie 2020, 2030, 2050
Hlavnimi cili energetické strategie 2020 jsou:

1)  redukce GHG produkce o minimalné 20 %;

2)  narGst podilu obnovitelnych paliv v celoevropském mixu o nejméné 20 % z celkové
spotieby;

3)  narGst efektivity vyuziti energie o minimalné 20 % nebo nartst energetickych tspor
0 20 %.

Prosttedky pro dosazeni cilt jsou:

1)  urychleni investic do opatfeni na Gspory energie;
2)  zjednoduSeni zmény dodavatele a sledovani spotieby;
3) budovani dobrych vztahi shlavnimi dodavateli energetickych surovin

prostfednictvim organizace Energetického spolecenstvi (Zedek & Trapl 2019).
Hlavnimi cili energetické strategie 2030 jsou:

1)  pokles GHG emisi 0 40 % ve srovnani s rokem 1990;

2)  minimalné 27% podil obnovitelnych zdroji na koneéné spotiebé.
Prostfedky pro dosazeni cilt jsou:

1)  reforma systému pro obchodovani s emisemi (EU ETS, Emissions Trading System,
obchodovani s emisnimi povolenkami);

2)  diverzifikace dodavateli;

3) novy systém fizeni zaloZzeny na narodnim planu pro konkurenceschopny, bezpecny

a udrZitelny energeticky primysl.
Hlavnim cilem energetické strategie 2050 je:

80-95% pokles GHG produkce ve srovnani s rokem 1990.
Prosttedky pro dosazeni cilt jsou:

1)  energeticka ucinnost (nejen G¢innost, ale i isporna opatieni);
2)  obnovitelna energie;
3) skladovani oxidu uhli¢itého (Honig 2019).
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1.4 Alternativni paliva

Podle prognézy IEO (International Energy Outlook, mezinarodni energeticky vyhled) bude
v roce 2025 svétova spotieba energie o 50 % vyssi neZ v roce 2000. Toto predpokladané zvySeni
sveétoveé spotieby energie souvisi s oekavanym zvysSenim jeji spotieby v rozvojovych zemich.
Pokud se tyka ropy, odhaduje se, Ze jeji svétova tézba by meéla kolem roku 2020-2025 vrcholit
a potom nastane obdobi, ve kterém jiz bude trvale klesat. Tato tzv. ,.tieti ropna krize* nebude
zpusobena tim, ze by staity OPEC tézbu ropy spekulativné omezovaly, ale skute¢nym
nedostatkem strategické ropné suroviny. Predpoklddané zvétSovani celosvétové spotieby
energie, stav svétovych zasob zdroju fosilniho uhliku a snaha o zlepSeni kvality ovzdusi jsou
pri¢inou hledani alternativnich energetickych zdroji, které by mohly alespon ¢astecné fosilni
zdroje energie nahradit a soucasné i ur€itou mérou piispet ke snizeni emisni zatéze, predevs§im
pak sniZzeni emisi GHG. V dopravé predstavuji takovou alternativu biopaliva, tj. paliva vyrobena
Z biomasy. Jejich vyrob¢ a vyuziti jako PHM Vv dopravé je ve svété v soucasné dob¢ vénovana

intenzivni pozornost (MPO 2006).

Alternativu k ropnym paliviim (benzin a nafta) pfedstavuji zejména plynna (LPG, CNG,
vodik) a kapalnd (biopaliva obecnég) paliva. Vyhodou je, Ze vétSinou nevyzaduji velkou zménu

technologie pohonu. Tato biopaliva jsou jednim ze zakladd konceptu trvale udrzitelného rozvoje.
Diivody pro jejich aplikaci jsou zejména:

1)  snizovani emisi a GHG;
2)  omezeni zavislosti na ropnych zdrojich (Alternativni paliva a pohony v dopravé
2011).

1.1.1 Druhy alternativnich paliv

Vycet alternativnich paliv je rozsahly, patfi sem kromé bionafty a etanolu / metanolu

I bioplyn, kapalné uhli, FT diesel, stlaeny vzduch a jiné. Piehled uvadi nejrozsitenéjsi typy.

LPG se zpodstaty nedd zcela povazovat za alternativu, protoze je pfimo vazan
na zpracovani ropy. Toto palivo je ve svété pomérné rozsifené, distribu¢ni sit’ je velmi Siroka

i v CR. Nevyhodou je nutnost piestavby vozidla.

CNG je spojen s minimalnimi emisemi, nutna je piestavba vozidla. Nevyhodou je rovnéz

zéavislost na dodavkach z jinych zemi.
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Vodik. Jeho vyhodou jsou nulové emise (voda) a vysoka vykonnost pohonu, nevyhodou
pak neekologicka vyroba vodiku a nedostatecnd distribu¢ni sit’, ktera souvisi s problémy
pii skladovani. Vodikovy pohon (palivové c¢lanky) generuje elektrickou energii z chemické

reakce mezi vodikem a kyslikem ze vzduchu (Alternativni paliva a pohony v dopravé 2011).

Elektiina. Problémem je zpiisob ziskavani elektrické energie, zda se generuje spalovanim
fosilnich paliv, ¢i zda pochazi z obnovitelnych zdroji nebo zda je vyrobena v jaderné elektrarne.
Primérni roli zde hraji baterie, zejména jejich nadro¢nost pii vyrob¢ (vzacné suroviny, ekologicka
likvidace aj.). Solarni ¢lanky jako zdroj energie nejsou pro automobilovy primysl dostate¢né

technologicky vyvinuté (Alternativni paliva a pohony v dopraveé 2011).
Biopaliva (viz kapitola 1.7)
1.1.2 Obnovitelna biopaliva

Biopaliva jsou ve srovnani s fosilnimi palivy obnovitelnd, vyrabéna z biomasy.
Obnovitelné zdroje jsou tedy takové zdroje energie, které jsou v urcitém mnozstvi dostupné
prakticky neustale. Z pohledu ndrokid dnes$ni civilizace (na rozdil od tradi¢nich fosilnich paliv)
jsou tedy nevycerpatelné. Pti pfeméné z primarni energie na vyuzitelnou formu maji tyto zdroje

minimalni dopad na Zivotni prostfedi (Jiranova 2018).
Nové typy biopaliv doplnujici trh s PHM by mély spliiovat nasledujici podminky:

1)  vysoka kvalita a ekologi¢nost neZ stavajici biopaliva;

2)  moznost pouZiti je ve stavajicich motorech bez jakychkoliv iprav;
3) pouzivanim by nemél byt ovlivnén vykon motoru;

4)  zarucena misitelnost s ropnymi PHM v jakémkoli poméru;

5)  snadna integrace do sou¢asného trhu s PHM (Sebor et al. 2006)
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1.5 Biomasa

Obecné je pod pojmem biomasa minéna veskera organickd hmota na nasi planeté, ucastnici
se kolob&hu Zivin v biosfére. Jsou to téla vSech organismi — Zivocicht, rostlin, bakterii, hub
a sinic. Mezi biomasu zafazujeme zejména dfevo a jeho odpad, slamu z obilnin a olejnin,

energetické rostliny a bioplyn (Vobotil 2017).

Pod pojmem biomasa rozumime dle Smérnice 2001/77/EC biologicky rozlozitelnou ¢ast
vyrobkll, odpadu a zbytkli ze zemédé€lstvi (vCetné rostlinnych a Zivocisnych latek), lesnictvi
a souvisejicich primyslovych odvétvi, a rovnéz biologicky rozlozitelnou ¢ast prumyslového
a komunalniho odpadu. Biomasa tedy mize byt vyuzita pro spalovani ¢i jiné premény

s naslednym energetickym vyuzitim (Jakubes et al. 2006).

Z hlediska energetického je dilezitd pouze biomasa, kterd je energeticky vyuzitelna.
Teoreticky je mozné ziskavat energii ze vSech forem biomasy, jelikoz zdkladem veskeré zivé
hmoty je uhlik a jeho chemické vazby, obsahujici energii. Za energetickou biomasu jsou vSak

vétsinou povazovany rostliny (Vobotil 2017).

Bioenergie v dnes$ni dobé pochazi z mnoha riznych zdroji v mnoha podobach. Cena
jakékoliv formy energie ale musi byt vidéna v kontextu cen energii pochazejicich z podobnych

energetickych zdrojt, obvykle fosilnich paliv.

Podle studie zvetfejnéné v periodiku Global Change Biology Bioenergy se jako jedna
z plodin vhodna k péstovani pro bionaftu jevi davivec &erny® (Vaknin 2017). Rostlina
je nenaro¢na na pudu a (tfeba oproti kukufici pro bioetanol) nekonkuruje potravinovym plodinam

(Smejkalova 2009).

Pokud se tykéa energetického vyuziti biomasy, lze ji spalovat bud’ pifimo, anebo jsou
spalovany kapalné, resp. plynné produkty jejiho zpracovani. Zakladni postupy pfipravy, resp.

zpracovani biomasy lze na zékladé¢ jejich principu rozdé€lit do nasledujicich skupin:

1)  mechanické — Stipani, drceni, lisovani, peletace, mleti (vyroba pevnych paliv),

lisovani (vyroba oleje);

% Jatropha curcas je povaZzovéna za jednu z mala skute¢né perspektivnich plodin, ze kterych lze vyrabét
pomeérné levnou bionaftu. Rostlina nema nic spole¢ného s potravinarstvim, tedy ceny ropy neovliviiuji cenu
potraviny. Jedna se o nendrocny keft, ktery Ize péstovat na méne vhodnych pudach.
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2)  termochemické - pyrolyza, zplynovani, hydrokrakovani;
3)  biochemické — fermentace, anaerobni kvaseni (vyroba bioetanolu) a anaerobni
kvaseni (metanizace, vyroba bioplynu);

4)  chemické — esterifikace (vyroba bionafty a pfirodnich maziv) (MPO 2006).

Pro vyrobu biopaliv Ize pouzit posledni tfi z uvedenych postupii piemény biomasy.
Biopaliva jsou povazovana za alternativni PHM, které¢ mohou nahradit klasické kapalné PHM,
benzin a motorovou naftu prakticky hned, aniz by to vyzadovalo provedeni vétSich zmén
Vv infrastruktufe nebo v konstrukci motorovych vozidel, resp. motort. Z biopaliv se dosud
na komerc¢ni bazi ve svété uplatnily pouze ze zemédé€lskych plodin vyrabéna bionafta, bioetanol

a etyl-terc. butyl-ether (ETBE) vyrabény na bazi bioetanolu (MPO 2006).
1.1.3 Zamérné péstovana biomasa

Cilené¢ péstovani rostlin pro biomasu, respektive biopaliva, nabyva na vyznamu.
V zahrani¢i jsou napiiklad rozsifené plantaze rychle rostoucich dievin (topoly, vrby), téZba

je pak mozna jiz za 2-8 let (Kovatik 1999; Pettikova 2006).

Mezi energetické rostliny patii i bylina Miscanthus (sloni trava), u nas ale neni vzhledem
ke klimatickym podminkam pfili§ rozsitend. Pro CR byly vybrany k energetickym w&eliim
predevsim $tovik krmny, muzak prorostly, oman pravy, ozdobnice Cinska, aj. Obecné jsou
pro spalovani efektivni ty rostliny, jejichz vynos dosahuje 10 tun suché hmoty na 1 hektar

(Petiikova 2006).

Nejvice roz§ifené je ale péstovani obilovin, kukufice, cukrové fepy a fepky olejné. Posledni

dvé rostliny patii mezi olejnaté, patii sem 1 slunecnice, ve svéte je pak znama palma olejna.

Kukufice patii s obilninami mezi skrobnato-cukernaté rostliny. Dale zde zafazujeme

brambory, cukrovou titinu, aj. (Pastorek et al. 2004).

Péstovani energetickych plodin je vyhodné a Zadouci zejména na pidach, které nejsou

vhodné pro produkci potravinaiskych plodin.
1.1.4 Odpadni biomasa

Jedna se o biomasu primarné vyuzitou za jinym tGéelem. Zpracovani odpadni biomasy

je velmi efektivni a ekologicky piinosné. Zarazujeme zde piedevsim rostlinné odpady (seno,
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slama, dfevni odpad aj.). Déle zde patii organické odpady z primyslovych zdroji (hobliny,
piliny, kira aj.), odpady z jatek, mlékdren, lihovarti atp. Vyznamné jsou i odpady z Zivocisné
vyroby (hntj, zbytky krmiva aj.). Dal§im zdrojem muze byt komunalni odpad (Pastorek et al.
2004).

Pod pojmem energetické biomasy vétSinou rozumime biomasu rostlinného plivodu.
Rostliny vyuzivaji zndmého principu fotosyntézy, pfi kterém se z jednoduchych anorganickych
latek (voda a oxid uhliCity) vytvaii cukry bohaté na energii. Timto principem tedy rostliny

akumuluji slunecni energii.

Pro uvolnéni této nashromazdéné energie mizeme pouzit nékolika zptisobl. Nejstar§im
Z nich je spalovani. Pfi spalovani biomasy se na rozdil od fosilnich paliv uvoliiuje prave jen
takové mnozstvi oxidu uhli¢itého, které rostlina za Zivot absorbovala. Vysledna bilance je tedy

nulova (Pastorek et al. 2004).

Mezi dalsi metody patii karbonizace (vyroba dievéného uhli), pyrolyza ¢i zplynovani.

Z chemickych metod uved’'me alkoholové ¢i methanové kvaseni a esterifikaci.
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1.6 Cirkularni ekonomika

Nedilnou soucasti konceptu udrzitelného rozvoje je ob€hové hospodatstvi, téz zvané jako

cirkularni ekonomika.

Materialy organického ptivodu, jako biomasa, jsou biologicky odbouratelné a ptirozené
se navraceji do ob¢hu. Naproti tomu uméle vytvorené latky, které se odbourat nedaji ¢i s velkymi
obtizemi, mohou byt soucasti produktii, pokud se z téchto produktt daji snadno vyjmout a pouzit
znovu. Znovupouziti je podminéno minimem spotiebované energie, jak je zndzornéno na obr.
1.11.

Teoreticky se tak zamezi tvorbé odpadu, ¢i se jeho objem drasticky redukuje. Zde je i tlak
na vyrobce, aby produkovali vyrobky s dlouhou Zzivotnosti. Oproti linearné koncipované
ekonomice nésleduje po spotiebni f4zi opétovny sbér pouzitych produkti ¢i jejich Casti za icelem

recyklace.

CIRKULARNI
EKONOMIKA

Spotreba

(VS ]
\ ey

LINEARNI EKONOMIKA

‘ i \m

Obr. 1.11: Cirkularni ekonomika

Zdroj: (Mitroliosova 2021)
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1.7 Testovana biopaliva

Pti dlouhodobych a koncep¢nich uvahach o vyrobé biopaliv je tieba uvazit, ze vyroba
biopaliv vychazi ze stejného zakladu jako produkce nékterych OZE, specialné biomasy.
Jak biomasa, tak i vstupni suroviny pro vyrobu biopaliv jsou vysledkem zemé&délské produkce

a jako takové usiluji o stejné zdroje — o zemédé€lské kapacity (MPO 2006).
Vyhody

Cena biopaliv se odviji od ceny komodity, vySe spotiebni dané a danové politiky,
ze které je bioslozka ziskana (Honig 2019). Pouzivani biopaliv rovnéz podporuje zemé&délstvi.
Hlavnim argumentem je pak samoziejmé¢ obnovitelnost téchto zdroji. Déle mensi zavislost
na dovozu z ropnych zemi (plati zejména pro CR). Neméné vyznamnd je i skute¢nost, Ze se takto

1ze efektné zbavit a vyuzit ¢asti odpadi (MPO 2006).
Nevyhody

Oproti tomu ale mnoho faktorti poukazuje na problémy pii vyuzivani biopaliv. Bionafta
zplodinami vice poskozuje zdravi nez obycejnd nafta a pfi spalovani produkuje vice oxidu
uhli¢itého ¢i oxidu uhelnatého. Na vyrobu jednoho litru biopaliva pfipadd 2 500 litrG vody.
Mnozstvi zrna, pouzitého k naplnéni nadrze vétsiho sportovniho automobilu etanolem, odpovida
mnozstvi jidla, které jeden ¢lovék spotiebuje za rok®. Dale jde o likvidaci pralest pro tcely
péstovani plodin pro biopaliva, vyCerpani vody, nasledné znehodnoceni pudy a pokles
zemé&délské produkce. Pro péstovani napt. kukufice pro vyrobu etanolu je nezbytné pouZivat
fosilni paliva pro kazdou fazi péstovani (sdzeni, hnojeni, sklizen, doprava). Konecna bilance
je nartst spotiebované energie o 27-117 % (Lang 2017) v porovnani se ziskanou energii.
Pouzitim 10 % celkové svétové sklizn€ cukru pro vyrobu etanolu by se ceny této komodity

zdvojnasobily, stejné, jak se to jiz stalo s kukufici (Plume 2016).

Péstovani energetickych plodin (fepka, kukufice) ma za nasledek uvoliiovani NO,

ktery je cca 300 krat horsi sklenikovy plyn v porovnani s CO, (MPO 2006).

1 David Pimentel, profesor ekologie na Cornell University, mluvi o ,,dotovaném spalovani potravin‘
(subsidized food burning).
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Biopaliva se rozdéluji dle skupenstvi na tuhd, kapalna a plynna. Dle vyvoje na biopaliva
I. az III. generace. Biopaliva prvni generace se vyrab¢ji ze zemédélskych plodin. Tato biopaliva

patii v souCasnosti mezi nejvice rozsifena.

Biopaliva prvni generace

se vyrabg&ji z biomasy urcené primarn¢ k potravinové
produkci a vykazuji az o 50 % niz$i produkci emisi CO2 nez fosilni paliva, viz obr. 1.12, zdroj
analyza LCA!2 Jako biopaliva prvni generace se nejéastéji deklaruje bioetanol vyrobeny
ze skrobu a cukru. Jedna se o bezvody kvasny etanol, ktery je mozno michat do motorového
benzinu v riznych koncentracich. Jiz dnes se pfidava do veskerého benzinu do 5 % celkového
objemu. Dale je u nas k dostani vysokoprocentni smés E85, tvofena z 85 % bioetanolem a z 15 %
benzinem. Aby nebyl problém s palivem E85 v zimnim obdobi, dodavaji do n&j vyrobci na zimu

niz8i procento bioetanolu. Katalytickou konverzi bioetanolu se pak ziskava biobutanol (biopalivo

druhé generace) (Biopaliva v Cechach 2014).

Za zminku stoji i upraveny bioplyn, ktery se vyrabi fermentaci z rostlinného i zivoc¢isného
odpadu nebo z kal pochazejicich z Cistiren odpadnich vod. Obsahuje pfedev§im metan a oxid
uhli¢ity. Po dostate¢ném vyciSténi je mozné ho pouzivat jako palivo srovnatelné kvality

se zemnim plynem (CNG, Compressed Natural Gas, stlaeny zemni plyn) (Janda 2017).

Mezi dalsi druhy biopaliv pocitame i biometanol, biobutanol, Bio-ETBE, Bio-MTBE
(metyl-terc. butyl-ether) nebo biovodik. S t€émito produkty vSak nema bézny spotiebitel pfilis
Sanci se potkat (Janda 2017).

Biopaliva druhé generace®® se ziskdvaji z nepotravinaiskych a odpadnich biomas
(zemédélsky, domaci odpad). Mezi biopaliva druhé generace se zafazuje etanol vyrobeny
z lignocelulézové casti biomasy, palivo BtL (Biomass to Liquid, biomasa ke zkapalnéni)

vyrobené tepelné-chemickym zpracovanim biomasy na kapalné syntetické palivo a rovnézZ vodik

11 Biopaliva 1. generace pochazeji z cukrii a rostlinnych oleji zemé&dé&lskych plodin. Maji negativni vliv
na péstovani a ceny potravin, jsou snadno dostupna.

12 Kalkulator Life Cycle Assessment (hodnoceni Zivotniho cyklu, také Cradle to Grave), byl sestaven na
Imperial College London, kde LCA za&ind jiz kultivaci ptdy, vlastni péstovani, aplikace hnojiv, sklizefi a
zpracovani. Kalkulator ve vysledku vypo¢ita ekvivalent COg, ktery zohlediiuje vSechny GHG ( ).

13 Biopaliva Il. generace jsou z biomasy (zbytky, dfevo, zemé&délsky odpad, aj.). Vyroba je naroén&jsi, maji
ale mizivy dopad na pudu.

Biopaliva III. generace se ziskavaji z plodin, které neomezuji potravinovou vyrobu, z fas a také z geneticky
modifikovanych plodin. Vynikaji vysokou vytéznosti.
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vyrobeny z energeticky obnovitelnych zdroju. Dale zde patii metanol, dimethyleter a synteticka
motorova nafta vyrobena pomoci Fischer-Tropschovy (FT) syntézy. Vyrobni procesy slouzici
k ziskavani biopaliv druhé generace jsou ve stavu vyzkumu a vyvoje — tzv. faze poloprovozu.
Jde o nesmirné komplexni a vysoce investicné narocné technologie. V soucasné dobé prozatim
neni mozné udélat zavérecné zhodnoceni souvisejicich procesti z hlediska energetické
a ekologické bilance a ekonomiky vyroby. Tato biopaliva v8ak maji vyss$i transformacni
potencial ve srovnani s biopalivy prvni generace. Z 5 tun biomasy lze vyrobit 1 tunu biopaliva.
Potencial na snizeni emisi COz je az 90 %4, viz obr. 1.12. | kdyby se v$ak podafilo vy$e uvedené
procesy realizovat v primyslovém meéfitku, neni mozné pocitat do roku 2025 s né&jakym

vyznamngj$im mnozstvim takto ziskaného paliva na trhu (Hromadko et al. 2010).
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Obr. 1.12: Potencial snizovani emisi CO»
Zdroj: (Gal 2010)

Biopaliva se prodavaji u klasickych cerpacich stanic, kde I1ze natankovat pozadovanou
smes, napiiklad bionaftu. Biopaliva jsou Casto podporovana vladami dotacemi, konkrétné
osvobozenim od spotiebni dané, kde se dafiova uleva tyka vzdy dané bioslozky ve smési. Mezi
nejcastéjSi skupinu konzumentl patii zemédélci. Neni bez zajimavosti, Ze biopaliva

JSOU postupné nasazovana i v motosportu (Bures 2012).

14 pocita se s celkovym cyklem biopaliva, tedy od vypéstovani po nadrz, nikoliv pouze emise z vyfuku.
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Benzin Nafia LPG

Konetna cena za litr 40.00 40,00 20.00
Cena bez dani 2022 24 61 14.38
Dané celkem 1978 15,39 5.62
Podil dani 49,45 % 38,48 % 28,10 %

Jednotlivé podrobné rozpoctené dangé

Cena bez DPH 33.06 33,06 16.53
DPH 6,94 6,94 3,47
Spotfebni dari 12,64 8,45 215
Podil spotiebni dané 32,10 % 21,13 % 10,75 %

Obr. 1.13: Datové zatizeni benzinu, NM® a LPG

Zdroj: (Benzin a nafta — spotiebni dain a DPH 2022)

Zobr. 1.13 je vidét danové zatizeni NM, které tvoii téméf polovinu koneéné ceny.

Osvobozenim od spotiebni dan¢€ by se dala usetfit téméf tietina ceny paliva.

Biopaliva tfeti generace jsou zatim ve fazi vyzkumu, mezi nadéjné projekty patii
pfedevsim vyzkum v oblasti motskych fas, které obsahuji az 40 % olejti. Vyhodou je velmi rychla

obnova fas a také potencial pro vyuziti ve zpracovani odpadi rozpustnych ve vodé (Buuren
2008).

Pro CR je zadouci vytvofit nestandartni smési (napf. také se surovym rostlinnym olejem,
bioethanolem, biobutanolem), které mohou byt vyrobeny z vlastnich zdroju. Tento aspekt
je nutny v piipadé zvySenych cen ropy, ohroZeni ¢i omezeni dodavek paliva ¢i pifimo ohrozeni
statu. Vyuzitelnost nestandartnich smésnych paliv je mozna také v rozvojovych zemich kvuli
rozvoji zaméstnanosti a zpracovani odpadnich zdroji. Ty jsou celkové zakladem tzv. cirkularni
ekonomiky®®, soucasné také stabilizuji ceny zemédélskych komodit a snizuji exploataci

surovinovych zdrojii (Uloha vyroby energie z odpadi v ob&hovém hospodaistvi 2017).

15 Nékladova cena MERO se dle kalkulace VSCHT pohybuje mezi 17,50 K& do 19,30 K& za litr pfi vstupni
cené 6 450 K¢ za tunu fepky a vytéznosti oleje 36 %.

18 Jinak téZ ob&hové hospodafstvi. Cirkularni ekonomika je soucasti konceptu udrzitelného rozvoje. Cilem je
zvySovani kvality Zivotniho prostfedi s pomoci zvySovani efektivity prace a recyklace.
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Mezi biopaliva pouzitelna pro konvencéni motory se zatazuji predevsim bioetanol, bionafta

a rostlinné oleje.
1.1.5 Bioethanol

Pokud EU nebude revidovat indikativni cil pro rok 2020, tj. 8 % e. 0. ndhrada klasickych
PHM biopalivy, bude muset byt piikro¢eno v CR pro dosaZeni tohoto cile k vyznamnému

zvétseni vyuziti bioethanolu (MPO 2006).

Bioethanol se vyrabi alkoholovym kvaSenim z biomasy (stejné, jako vznika alkohol
ze sladu). Bioethanol patii k biopaliviim tzv. prvni generace. Na jeho vyrobu se pouzivaji
rostliny obsahujici vétsi mnozstvi Skrobu a sacharidii (cukrit), napt. kukufice, obili nebo
brambory. Mezi nejvétsi vyhody pouzivani bioethanolu ve srovnani s benzinem jsou niz$i
naklady na jeho vyrobu, sniZeni emisi oxidu uhli¢itého a toxickych zplodin a vyssi oktanové ¢islo

(Walker 2010).

Vytéznost plodin se musi prepocitavat na pudu, ne na tunu ziskané energie. Pak vychazi,
ze z jednoho hektaru fepky ziskame 1 200 litrd metylesteru fepkového oleje, z hektaru obili témér

2 200 litrt lihu, z hektaru kukufice a podobné cukrovky uz skoro 5 000 litra lihu (Ayas 2018).

Bioethanol se pouziva pro spalovani v zazehovych motorech, a to bud’ samotny,
nebo je michan v uréitém podilu s benzinem. U cerpacich stanic je oznacen zkratkou
E nasledovanou procentualnim podilem bioetanolu v palivu. Pfimichdvani mensiho mnoZstvi
bioethanolu do benzinu (4,5 %) je v sou¢asné dob& v CR povinné. Specialnimi palivy jsou

pak E85 a E95, tj. biopaliva s vysokym obsahem bioethanolu!’ (MPO 2006).

Pro provoz automobilu na bioetanol je potfeba motor kviili nizké vyhievnosti lihu specidlné
upravit. Diky jeho vlastnostem ma o néco vyssi vykon, ovSem i vyssi spotiebu biopaliva. Pti
spalovani bioethanolu E85 se snizuji emise CO2 a NOx;, snizuji se rovnéz emise prasnych ¢astic

(PM, Particulate Matter) a polyaromatickych uhlovodika (PAU) (Miler 2010).

1" Dosazeni tohoto cile (ndhrady klasickych paliv biopalivy) je podminéno i zavedenim postupli vyroby
syntetickych PHM na bazi biomasy, které jsou v sou¢asné dobé ve fazi intenzivniho vyzkumu, vyvoje a
provozniho ovétrovani.
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1.1.6 Bionafta (FAME)

Pokud se tyka spInéni indikativnich cili EU pro vyuziti biopaliv v dopravé, je CR schopna
splnit cil nahrady klasickych kapalnych motorovych paliv biopalivy diky vyuziti MERO (metyl
ester fepkového oleje) ve formé jeho ptidavku do béznych motorovych naft (do 5 % obj.)
a smésnych naft (30 % obj.) anebo jako Cisté bionafty. Lze konstatovat, ze vyroba motorovych
naft s piidavkem MERO je méné problematicki a v CR schiidngj§i neZ vyroba benzint

s ptidavkem bioetanolu (MPO 2006).

Lze doporugit, aby maximalni mozné mnozstvi MERO bylo spotiebovano ve formé smésné
nafty s 30 % obj. bioslozky nebo i Cisté bionafty v oddélené distribuéni siti v sektoru zemédélské
a lesni vyroby, poptipad¢ v sektoru stavebnictvi. Jedna se o sektory s pomérné velkou spotiebou
motorové nafty, které by mély byt schopny spotiebovat vétsi objemy smésné nafty a bionafty

(250-300 kt/r) bez vétsich technickych problémt (MPO 2006).

Pro vyrobu smésné nafty bude nutno zajistit dostate¢né vyrobni kapacity. To je mozné tak,
ze se pro vyrobu smésného biopaliva vyéleni ¢ast kapacit velkych vyrobci motorové nafty,

nebo vyrobu realizovat prosttednictvim mensich regionalnich vyrobctt (MPO 2006).

Je nutno upozornit, Ze, ptiprava distribucni sit€ pro prechod na paliva s piisadou biopaliv
je zcela nezbytna. V piipadé€ plosného ptidavku biopaliv do motorovych paliv je mozno ocekavat
na zaklad¢ zkuSenosti z Némecka zavazné problémy zejména pii potrubni distribuci a bézném
distribu¢nim skladovani. V diisledku pfirozenych detergentnich u¢inka biopaliv mize dochazet

k rozpousténi a vymyvani usazenych necistot v nadrzich a armaturach (MPO 2006).

Je nutno pfipomenout i mozné negativni vlivy PHM obsahujicich bioslozky na konstrukéni
materidly pouzité pro vyrobu motorovych vozidel. Tyka se to predevSim starSich vozidel,

které maji v CR stale jesté dominantni zastoupeni (MPO 2006).
Vhodné suroviny

Bionafta, respektive FAME (Fatty Acid Methyl Ester, metylestery mastnych kyselin),
je ekologické palivo rostlinného ptvodu vyrobené z oleje pochazejiciho z tzv. energetickych
plodin. Vstupni surovinou pro vyrobu bionafty je olej, ktery se ziskava lisovanim (v CR vétsinou
fepkového semene), jak je patrné z obr. 1.14. Vice jak 80 % svétové produkce rostlinnych oleji

je tvofeno palmovym olejem, sdjovym olejem, fepkovym olejem a slune¢nicovym olejem.
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Z nichz v tropickych oblastech Asie dominuje palmovy olej a v USA sdjovy olej. V EU a hlavné
v CR prevlada olej ziskdvany zfepky olejné a to asi ze 70 % hm. z diivodu vhodnych

klimatickych podminek pro jeji péstovani (Laurin 2008).

B100
Biodiesel
_,| FAME + nafta | yicekomponentni
reesterifikace (MERO) gl bionafta
—’fepkovy’ methanol
olej katalyzator
B30
SMN30
repkove | | Bionafta
semeno S
—®| glycerol
repkoveée rafinace
vylisky
l &isty glycerol

krmné smeési

Obr. 1.14: Schéma procesu vyroby FAME z rostlinnych oleju
Zdroj: (Honig 2016)

Dle druhu suroviny se vysledny produkt vétSinou jmenuje, rozliSuje se tedy SFME
(Sunflower Methyl Ester, metylester slune¢nicového oleje), SME (Soya Methyl Ester, metylester
ze sojového oleje), PME (Palm Methyl Ester, metylester z palmového oleje), RME (Rapeseed
Methyl Ester, v piekladu je to MERO). Bionafta se pouziva pro spalovani ve vznétovych

motorech, jako nahrada za naftu.

Rostlinné oleje Ize spalovat i piimo, a to v upravenych dieselovych motorech. Zasadni
nevyhodou je nutnost finan¢ni investice do Upravy motoru. Automobil je pak schopen spalovat
nejen bézny rostlinny olej, ktery se pouziva v kuchyni, ale i olej pouzity, samoziejme
po vyc€isténi od usazenin a odfiltrovani vody. Vykon motoru se pfechodem na olej méni jen malo

nebo viibec, stejné je na tom i jeho spotieba (Vyslouzilova 2015).

Emise motoru provozovaného na olej mohou byt vyssi i nizs$i nez pii provozu na naftu,
zalezi na typu motoru. Pouze emise oxidu uhli¢itého a PAU jsou vzdy nizsi. Vyuziti rostlinnych
oleju jako biopaliva vSak nardzi na pfistup vyrobcli motori vozidel, ktefi pro své motory
doporucuji provoz pouze s naftou nebo s bionaftou. Podle silni¢niho zakona lze vozidlo
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provozovat jen s PHM piedepsanymi vyrobcem. Palivo musi také vyhovovat pfisluSnym
normam. Z tohoto pohledu je provoz vétSiny automobilli na olej problematicky a fidici

se tak mohou setkat s problémy (Vyslouzilova 2015).
Vyroba

MERO (FAME) je latka, ktera se vyrabi (trans)esterifikaci, jejiz priibéh je schematicky
znazornén na obr. 1.15. Béhem této reakce se misi surovy fepkovy olej (triglyceridy) spolecné
s alkoholem (metanolem) za pfitomnosti alkalickych hydroxidi jako katalyzatora (NaOH,
KOH). Reakce probiha bud za bézné, nebo i zvySené teploty (v zavislosti na zvolené
technologii). Cilem je rozrusit alkoholem vazby triglyceridi s glycerolem. Tim vznikaji
(metyl)estery mastnych kyselin, tedy FAME. Ziskany MERO se izoluje od vedlejsiho produktu
— surového glycerinu — a Cisti. VedlejSim produktem vyroby metylesteru je surova glycerinova
faze (GVS), kterou lze pouzit dale v chemickém primyslu, nebo mize byt spalovana

jako alternativni zdroj energie (Demirbas 2002; Zhang et al. 2003; Kolomaznik et al. 2010).

olej bionafta
glycerol
CH2 -0COR .
| 2 1 alkohol katalyzator R4COO-CH 4 CH2 —CH—CHo
?H—OCOR;_' 4+ 3 CHsOH =——> R,CO0-CHj4 + | |
H ©OH OH
CH2 ~OCORa R4COO-CH 4 OH OH O

R4 .2.3 Isou hydrofdbni zhytky mastnych kyselin

Obr. 1.15: Zjednoduseny chemicky proces transesterifikace
Zdroj: (M¢kotova 2019)

Nejpodstatnéj§imi parametry pro vyrobu jsou sloZzeni oleje (zvlasté pak obsah vody
a mnozstvi volnych mastnych kyselin, které je u rostlinnych oleji nizké), molarni pomér:
metanol x olej (6 x 1), typ katalyzatoru (NaOH, KOH), dale pak je sledovano mnozstvi
katalyzatoru: katalyzator x olej (1 % hm. x 100 % hm.) a v neposledni fad¢ i intenzita michani.
Teplota pii vyrobé se pohybuje nejcastéji v rozmezi 60-70 °C, ¢as reakce je 60—90 minut.
Pii nasledné separaci (nejéast&ji pomoci centrifugy) se oddéli MERO od ostatnich produktii jako

jsou glycerol a voda, ktera se odstrani procesem suseni (Mékotova 2019).

Vyroba metylesterti je zavisla zejména na cené olejii a tukd, kterd tvoii vice jak 80 %

celkovych vyrobnich nékladl. Rostlinné oleje jsou drazsi nez odpadni zivoc¢isné tuky. Protoze
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vyroba metylesteru je draz§i nez vyroba b&zné motorové nafty, misi se ,,Cistd bionafta“
s nékterymi lehkymi ropnymi produkty, aby byla cenové konkurenceschopna. Vysledkem
je palivo tvotené 30 % metylestert a 70 % ropnych latek, které si zachovava svou biologickou
odbouratelnost a svymi vlastnostmi se vice pfiblizuje bézné nafté (Ttebicky 2015; Vyslouzilova

2015).

Homogenni katalyza neni jedind metoda, dalsi tii metody vyroby jsou ve fazi vyzkumu.

Heterogenni katalyza pouzivd specialni katalyzatory, které je mozno znovu
pouzit, coz U homogenni katalyzy nejde, jedna se o zeolity, oxidd kovi (MgO), oxidy smésnych
oxidi nebo katalyzatory na bazi organokovovych komplext. Nevyhodou je technologicka

naro¢nost procesu a draha vyroba katalyzatoru (Kocian 2021).

Enzymaticka katalyza pouziva rizné enzymy (Rizhomucor miehei, Pseudomonas cepacia,
Caida antarctica), které jsou izolovany z uréitych mikroorganismi. Reakce sice probiha pii 25—
35 °C ale trva az desitky hodin. Hlavnim problémem vyuziti v primyslovém méfitku je cena

enzymu a ¢aste¢na ztrata aktivity v metanolu (Kocian 2021).

Bionaftu lze vyrobit i bez katalyzatoru pouze pomoci metanolu v superkritickém stavu.
Tato technologie vyzaduje vysokou teplotu asi 350 °C a tlak 45-65 MPa. Vyhodou, krom¢ rychlé

reakce, je i ziskani relativné Cistého glycerolu (Kocian 2021).

Vyroba bionafty pfedstavuje provéfenou a dobie zvladnutou technologii, ktera je Gspésné
provozovana ve velkokapacitnim méfitku jiz fadu let. V Evropé je hlavni surovinou pro vyrobu
bionafty fepka olejna. Na 1 t MERO je potieba okolo 2,5 t fepky (Vandurova 2008). Soucasna
cena MERO se v EU pohybuje okolo 0,5 €/1, resp. 15 €/GJ. Pokud se tyka investi¢nich nakladd,
pii kratkodobé ndvratnosti se investice u jednotky se vstupni kapacitou 400 MW pohybuji okolo
150 €/kWi. Pii dlouhodobé navratnosti 1ze pfedpokladat snizeni investi¢nich nakladt o cca 30 %

a to pro velkokapacitni jednotku se vstupni kapacitou 1 000 MW (MPO 2006).
SloZeni a vlastnosti

Rostlinné oleje maji vysoky podil triglyceridli nenasycenych mastnych kyselin (kyselina
olejova, linolova a linolenova) (Laurin 2008). Tyto triglyceridy tvoii zakladni slozku oleji
a tukt, obsahuji 90-98 % hm. Triglyceridy, coZ jsou estery vys$ich mastnych kyselin + glycerol,

dale obsahuji malé mnozstvi monoglyceridd, diglyceridi, volné mastné kyseliny od 0,3 % hm.
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(Prasa 2012) do 30 % hm., rostlinna barviva, slizové slozky, malé mnozstvi siry pod 0,01 % hm.,
vody do 0,2 % hm. a filtrovatelnych Castic. Délka fetézcti mastnych kyselin vazané na glycerol
muze byt stejnd, nebo se miize liSit. VEtSina prirodnich tukii a oleji je ale smés raznych
triglyceridi od Cge do Cp, nejcastéji pak Cis a Ci7, proto také maji bod tani a varu v Sirokém

rozmezi teplot (Vachova & Vozka 2015).

V porovnani s motorovou naftou maji rostlinné oleje vysokou kinematickou viskozitu
v rozmezi 35-40 mm?.s? ptfi 40 °C, kterd neumozni dobré rozpraseni oleje vstfikovaného
do spalovaciho prostoru, vysokou teplotu vzplanuti 246 °C, vysokou teplotu tani, nizké cetanové
gislo 38, vys§i hustotu 915 kg.m=3, niz§i vyhievnost 36 MJ.kg™?, obsah piibliznd 11 % hm.
kysliku, malou oxida¢ni stabilitu a snadno polymeruji. Tyto skuteénosti zkracuji pouzitelnost

oleju jako biopaliva (Laurin 2008).

Vlastnosti FAME jsou uvedeny v tab. 1.5 v kapitole 1.7.6.3 ve srovnani S motorovou
naftou, SNM30 (smésna motorova nafta s podilem 30 % MERO), rostlinnym olejem a HVO
(Hydrotreated Vegetable Qil, hydrogenovany rostlinny olej).

Vyhody

Za vyhody uziti rostlinnych oleji v porovnani s motorovou naftou se povazuje dobra
biologickd odbouratelnost, netoxi¢nost, kviili vysokému bodu vzplanuti i pozarni bezpecnost
a technicky malo ndronad vyroba pouze lisovanim pii 40 °C (mald a stfedni vyroba)
nebo lisovanim pii 80-90 °C a naslednou chemickou extrakci hexanem zbytku oleje z vyliska
(velkovyroba). Vylisky se po pouhém lisovani daji pfimo zkrmovat dobytkem, takze miizeme

mluvit 0 bezodpadové technologii (Simacek et al. 2017).

MERO je latka &ista, nazloutld. Jedna se o hotlavou kapalinu III. bezpe&nostni tiidy,
ktera ma srovnatelné cetanové Cislo s motorovou naftou, je s ni neomezené misitelna, je bez
mechanickych necistot a viditelné vody. Neobsahuje siru, tézké kovy (nenapékaji
se na vstiikovage), halogeny, ani polyaromatické latky (redukuji CC a zvysuji koutivost). Ma
vysokou mazaci schopnost, vynikajici biologickou odbouratelnost (do 28 dn je degradovano

95 % bionafty oproti 40 % ropné nafty) a az o 50 % nizsi koutivost (Tiebicky 2015).

Pti spalovani v motoru bionafta Iépe hofi, sniZuje tak koufivost naftového motoru, emise
PM, siry, oxidu uhli¢it¢ho a PAU. Ma také vysokou mazaci schopnost a snizuje tak opotiebeni

motoru (Prisa 2012).
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Pro vyuziti bionafty neni tfeba budovat specidlni Cerpaci stanice, jako v piipadé¢ LPG

(Liquified Petroleum Gas, zkapalnény ropny plyn) nebo CNG.
Nevyhody

Z vySe uvedenych diivodi musi byt naftové motory pro provoz na rostlinné oleje specialné
upraveny. Olej musi byt schopny byt Cerpan i za nizkych atmosférickych teplot, proto se musi
vhodné umistit palivova nadrz v palivovém systému. Déle se viskozita oleje snizuje elektrickym
topenim nebo ohfevem pomoci kapalinového média. Vozidla byvaji nejéastéji vybavena
dvoupalivovou nadrzi. Dvoupalivovy systém je navrZen tak, aby se pfi studeném startu motoru
nejdiive pouzila motorova nafta a pak, pii dosazeni provozni teploty oleje v rozmezi 70-80 °C
(hlavné z divodu dobrého rozpraseni oleje ve spalovacim prostoru valce) rostlinny olej. Olej Ize
davkovat také do specialni komtrky v hlavé vélce. VSechny modifikace vstfikovani musi byt
spojeny s vhodnym piizptisobenim pratoénych poméri vstiikovacich trysek. Pomoci téchto
uprav jsou feSeny problémy s tvorbou relativné velkych kapek oleje (az o 80 % vétsi nez
U motorové nafty) s nizkou odpativosti, coZ zplsobuje nedokonalé spalovani a vyssi tvorbu

karbonovych tsad, které je mozné potlacit pridanim aditiv (Honig & Hromadko 2014).

Za nevyhody FAME se povazuje agresivita vuc¢i béznym natérim a pryzim,
hygroskopi¢nost, niz§i vyhtfevnost, chladové parametry a oxidacni stabilita oproti motorové
nafté. Palivové smési s vysSim obsahem FAME jsou citlivé na manipulaci béhem distribuce,
zejména pak na mikrobiologickou kontaminaci, kterd muize vyznamné ovlivnit vlastnosti

takovych paliv (Ttebicky 2015).
Oblasti pouziti

V sou¢asnosti, se smi FAME pfimichavat do motorové nafty dle CSN EN 590 do 7 % obj.,
dale do Smésné motorové nafty (SMN30) dle CSN 65 6508 minimalné 30 % obj. nebo lze pouzit
1 B100, coz je 100 % obj. FAME podléhajici normé EN 14214 +Al. Na takova vysokoprocentni
biopaliva musi byt ovSem vozidla uzptisobena. Smésnad motorova nafta ma lepsi spalovaci
vlastnosti v sériovych dieselovych motorech oproti Cisté bionaft¢ (B100) a také nevyzaduje

upravu motoru a palivového systému vozidel (Laurin 2008; Visek & Pokorny 2013).

Jednou z hlavnich nevyhod bionafty je energeticka naro¢nost celého vyrobniho procesu

a také vysoka produkce GHG pfi vyrobé. Oxidacni parametry jsou velice podstatné z hlediska
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skladovatelnosti. Pomérné vyznamnou nevyhodou je zkracena doba skladovani. Bionafta totiz

pomérné rychle starne, neméla by zlstat ve vozidle déle jak jeden mésic.
1.1.7 Biobutanol

Mezi biopaliva Il. generace fadime i biobutanol, ktery se tradi¢né vyrabi ze Skrobnatych
a cukernatych surovin. Vyroba je vSak mozna 1 zjinych alternativnich surovin,
jako napt. syrovatka, odpadni glycerol nebo jednobunééné tasy kumulujici $krob. Predmétem
vyzkumu jsou nyni suroviny z celuldzy, jako napft. slamy, odpadni papir a energetické plodiny.
Uvolnéni celulozy z lignocelulozové matrice a jeji nasledné Stépeni na glukozové jednotky

at’ jiz chemickou ¢i enzymatickou cestou vsak tuto vychozi surovinu zdrazuje (Patakova et al.

2009).

Volba vychozi suroviny zavisi na enzymovém vybaveni mikroorganismi. Kultury
Clostridium acetobutylicum a Clostridium beijerinckii jsou schopny jako substrat vyuzivat rizné
monosacharidy, disacharidy a na rozdil od kvasinek i polysacharidy (Skrob). Nemaji enzymové
vybaveni pro fermentaci polysacharidii typu celulézy a hemiceluldozy. Takovéto suroviny
je tieba nejprve podrobit hydrolyze na jednoduché cukry, a to pisobenim hydrolytickych enzymu
nebo fedénych kyselin (Honig et al. 2014).

Pravé objevem zminénych kultur bylo dosazeno zasadnich zmén v technologii vyroby
biobutanolu. Tyto mikroorganismy v navaznosti na sebe zajistuji optimalni produkci butanolu
4,64 gltht a vyt&znost z glukdzy 42-45 %. Prvni z obou mikroorganismii maximalizuje
pfeménu glukdzy na kyselinu maselnou (a vodik) a druhy pak konvertuje kyselinu na zadany
butanol. Ve srovnani s plivodni technologii fermentace ABE tato nova technologie eliminuje
tvorbu nezadoucich produkti, jako je kyselina mlécna a propionova, aceton, isopropanol, ethanol
a daldi. Proces je kontinudlni, probiha ve dvou fermentorech, na které navazuje zafizeni
pro separaci butanolu od ostatniho materialu a velké ¢asti vody (odstiedivky, polopropustné
membrany). Na konecnou destilaci tak ptichazi butanol jen s10% obsahem vody,
coz je energeticky vyhodné. Kromé toho v prvni fazi vznika i energeticky velmi cenny vodik,

ktery by mohl zlepsit celkovou energetickou vytéznost procesu az o 18 % (Pospisil et al. 2012).
1.1.8 Dimethyleter

Mezi automobilova paliva vyrabéna z biomasy fadime také étery — dimethyleter (DME)
a ethyltercbutyleter. DME je bezbarvy plyn chloroformového zapachu, ktery hoti slabé
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luminiskujicim plamenem. Plyn neni jedovaty, mirn¢ drdzdi dychaci cesty a ma narkotické
ucinky. Pln ve smési se vzduchem, kyslikem, chlérem a chlorovodikem tvofi vybusnou smés

(Behbahani et al. 2011).

Odhaduje se, ze svétova rocni spotieba DME se v soucasné dobé pohybuje kolem
150 000 tun. Ptevéazna ¢ast DME (90 %) se pouziva jako hnaci plyn pfi vyrob¢ aerosolovych
naplni. DME tak nahradil diive pouzivané a nyni zakdzané a pro ozénovou vrstvu nebezpecné
freony. DME je vychozi surovinou pro vyrobu octanu metylnatého a anhydridu kyseliny octové

a perspektivni surovinou pro vyrobu lehkych alkentl, pfedeviim ethylenu a propylenu (Sebor et
al. 2006).

S ohledem na jeho fyzikdlni vlastnosti a spalovaci charakteristiky se v soucasné dobé
ptedpokladd, ze se DME v blizk¢ dobé vyznamné uplatni jako palivo v komunalni sféfe
a domécnostech a jako alternativni palivo pro pohon motorovych vozidel se vznétovymi motory.
Problematice vyuziti DME jako pohonné jednotky zacala byt vénovana pozornost v pomérné
nedavné dobé (Sebor et al. 2006).

DME lze vyrédbét z riznych surovin, napi. ze zemniho plynu a biomasy. Pro vyrobu jedné
tuny DME je potieba tfi tun dfevni hmoty. DME se v soucasné dobé vyrabi katalytickou

dehydrataci methanolu.

Pokud je DME vyroben z biomasy, oznacuje se jako bioDME. Pro vyuziti ve vozidlech
se DME stlacuje na 0,5 MPa, ¢imz zkapalni a v kapalném stavu se tankuje do nadrzi. Zpracovava
se podobnym zptisobem, jako LPG, proto se pro jeho dopravu a tankovani mize pouzit podobna

infrastruktura. Podobné mohou byt i upravy palivového systému (Sebor et al. 2006).

DME je fyzikédlnimi vlastnostmi podobny LPG — za teploty 20 °C je v plynné fazi,
ale jiz pii tlaku 0,5 MPa zkapaliiuje. Upravy vozidel spoéivaji v instalaci ptetlakovych nadrzi,
pro dosazeni stejného dojezdu je niz§i mérna energie kompenzovéna instalaci vétSich nadrzi.
Motory maji specidlni palivové cerpadlo i vstfikovace, upraveny program fidici jednotky

a vstiikovani common rail (Kumar et al. 2011).
1.1.9 Vodik

Mezi dalsi alternativy k tradi¢nim paliviim fadime vodik. Spalovanim vodiku nevznika

oxid uhli¢ity, ma tedy minimalni dopad na Zivotni prostredi (Duan et al. 2017).
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Nevyhodou vodiku je Spatné skladovani, neefektivni a nehospodarna vyroba a skutec¢nost,
ze vodik, na rozdil od fosilnich paliv, neni primarnim zdrojem energie. To znamena, Ze energii

je potieba nejprve pieménit (napf. v jaderném reaktoru) a poté ji az pouzit (Vojtéch 2009).

Procesti vyroby vodikt je cela fada. Mezi nejzndméjsi patii elektrolyza, rozklad methanu,

zplynovani uhli, parni reformovani, pyrolyza biomasy a jiné (Abanades 2012).

Vodik mtze byt pouzit ve vodikovém spalovacim motoru nebo jako vodikovy ¢lanek.
Vodik hoii velmi rychle a diky vysoké vyhtevnosti na kilogram (a nizké na objem) ma stabilni
plamen. Palivovy ¢&lanek je zafizeni ménici chemickou energii na elektrickou. Uginnost

palivovych ¢lanki se pohybuje od 35 % az po 50 % (Doucek et al. 2011).
1.1.10 Hydrogenované rostlinné oleje

Prvni zpréva v literatufe o konverzi rostlinnych olejii na biopaliva pomoci hydrogenace
byla zvefejnéna v roce 1986. Byla to detailni studie zpracovani oleje ze s6jovych bobil pomoci
katalyzatord Ni/Al2O3 v redukované formé a Ni-Mo/Al203 v sulfidové formé. Reakce byly
provadény pii teploté 360 °C a tlaku 20 MPa. Plynova chromatografie poté ukazala tvorbu

kapalnych produktt s destilacnim rozmezim benzinu a nafty (Vachova & Vozka 2015).

V soucasné dobé se hydrogenované oleje, povazované za tzv. 1,5 generaci biopaliv,
v ur¢itém poméru piidavaji do motorové nafty. Toto palivo je mozné pouzit jako ptidavek
do motorové nafty pro mirné klima az do objemu cca 30 %. Hydrogenované rostlinné oleje jsou
jednou z moznosti pouziti zvySeného obsahu biopaliv v motorové nafté. To by umoznilo dalsi
moznost pro splnéni limitu sniZzeni emisi CO2 pro rok 2020. Soucasné bude potieba zahrnout tato
vyspéla biopaliva do legislativy tak, aby byla stanovena jednoznac¢na pravidla pro jejich vyuziti.
Kromé uvedenych zmén lze predpokladat do budoucnosti 1 zmény ve sloZzeni motorové nafty.
To se tyka predevs§im poZadavkil zvySeni cetanového €isla a cetanového indexu, upravy prubehu
destilacni kiivky (snizeni teploty 95 % predestilovaného objemu), dal§i redukce obsahu
polyaromatli a zavedeni limitu pro obsah aromati podobné jako u automobilovych benzint
a zptisnéni pozadavkil na mazivost a mechanické necistoty pro paliva pro vznétové motory.
Zavedeni zmén s pozitivnim G¢inkem na redukovani skodlivych emisi bude znamenat zvySeni
nakladd na vyrobu, a proto rychlost jejich zavedeni bude zavisla na ekonomické situaci

a legislativnich zménach pftijatych v ramci EU (Ttebicky 2016).
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Proces hydrogenace potvrzuje tdaje zvefejnéné smérnici 2009/28/ES* (RED), tedy
ze zivotni cyklus emisi GHG je mirn€ nizs§i u HVO ve srovnani s FAME vyrobeného ze stejné
suroviny. Vyuziti identickych surovin jak pro vyrobu FAME, tak pro vyrobu HVO ukazuje,
ze udrzitelnost rozvoje a otazka vyuziti zeméd¢€lské pidy je pro oba produkty témeéi stejna.
Intenzivni vyzkum se vénuje piedevSim hledani alternativnich surovin, jako napf. fas
a mikrobidlnich olejii, pro produkci HVO. Uvazuje se rovnéz o opétovném vyuziti odpadnich

tuku a jinych zbytkovych materialt a surovin (Musilova & Trapl 2014).

1.1.10.1  Suroviny a vyroba HVO

Vhodné suroviny

Jako vhodnou surovinu pouzitou na vyrobu lze pouzit téméf kazdy rostlinny olej nebo
zivocisny tuk, protoze obsahuji potiebnou slozku (stejnou i pro vyrobu FAME), a to dominujici
triglyceridy, na které jsou navazané del$i alkylové fetézce (mastné kyseliny) od Co do Cao
(nejcastéji Ci5 az Cig). Tyto mohou byt také pouzity na vyrobu stfedné vrouciho produktu
slozeného ptrevazné z kapalnych alkanii. Touto flexibilni technologii 1ze pfeménit celou Skalu
surovin z prvni, druhé i tieti generace biomasy pro vyrobu biopaliva (surové rostlinné oleje,
odpadni oleje ze smazeni potravin, syntézni ropa (FT), pyrolyzni olej ze dfevni biomasy,
zivoCisné tuky, oleje z mikrofas). Jako potravinafskeé rostlinné oleje se pouzivaji sojovy, fepkovy,
palmovy, slune¢nicovy, araSidovy, bavinikovy a kanolovy olej, zatimco jako nepotravinaiské

se pouzivaji ricinovy, Inény, tungovy a jatrophovy olej (Vozka et al. 2015)

Spole¢nost Neste Oil udava, ze je schopna z 1 191 kg predupraveného surovinového oleje
a 42 kg vodiku vyrobit 1 000 kg biopaliva HVO, 72 kg propanu, 48 kg oxidu uhli¢itého a 113 kg
odpadni vody. Také tvrdi, Ze je vyroba HVO lacingjsi nez FAME (Nikander 2008).

Vyroba

Katalytické hydrokrakovani (§té€peni vodikem), dale jen hydrogenace, je jednou z mnoha
technologii pro zpracovani kapalnych produkti ziskanych z biomasy. Hydrogenace oleju
je moderni metoda vyroby vysoce kvalitniho dieselového bezkyslikatého biopaliva bez ohledu
na snizeni doby uskladnéni, zhorSeni palivaiskych parametrd, bez potieby upravy vyfukovych

plynd, nebo zhorSeni jejich parametrd. Tomuto palivu se netika Biodiesel, toto pojmenovani

182009/28/ES je smérnice EU o podpoie vyuzivani energii z obnovitelnych zdroji.
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se ustalilo pro FAME. Findlni produkt po dvoustupiiové hydrogenaci nese pojmenovani HVO,
pro odpadni tuky a kuchynské oleje by byl vhodnéjsi nazev HEFA (Hydrotreated Esters and Fatty
Acids, hydrogenované estery a mastné kyseliny), tento ndzev se komercné vSak nepouziva, jako
souhrnny nazev se ustalilo pravé HVO. Existuji dalsi mén¢ zndmé pojmenovani jako je Green
Diesel, obnovitelna nafta, NEXBTL (zkratka “Next Generation Bio-to-Liquid”), coz je obchodni
nazev finské Firmy Neste Oil (Aatola et al. 2008; Vachova & Vozka 2015).

Proces katalytické hydrogenace je klicovy pro odstranéni heteroatomt (S, N, O a kovi)
anasyceni alkenti a aromatu. Tento proces umoznuje konverzi (deoxygenaci) triglyceridi
a jinych lipid obsazenych v rostlinnych olejich na n-alkany a izoalkany s body varu v rozsahu
varu stfednich destilat. Proces probihé nejcastéji pii tlacich 2—-10 MPa a relativné mirné teploté
300-370 °C. Hydrogenace rostlinnych oleji vychdzi z procest a katalyzatorG podobnych
takovym, které se pouZivaji pro hydrorafinaci ropnych frakeci pii vyrobé fosilnich paliv. Jedna
se 0 Co-Mo, Ni-Mo sulfidové katalyzatory nebo Pt, Pd katalyzatory. Z dtivodu vysokého obsahu
kysliku v suroving je proces zaméten na katalytickou hydrodeoxygenaci. Vedlejsi produkty tvofi

pak voda, biopropan, oxid uhelnaty a oxid uhli¢ity (Nikander 2008; Vachova & Vozka 2015).

Hydrogenace je slozena z nasledujicich postupnych reakei, jak je znazornéno na obr. 1.16.
Nejdiive se hydrogenuji dvojné vazby alkylovych fetézci v triglyceridu, nasleduje Stépeni
triglyceridu na mastné kyseliny a propan, dale dochazi ke konverzi mastnych kyselin
na uhlovodiky pomoci hydrodeoxygenace, hydrodekarboxylace a ptipadn€ hydrodekarbonylace.
Vsechny reakce pti hydrogenaci jsou zavislé hlavné na pouzitych surovindch a dle nich se odviji
druh pouzitych katalyzatort. Pro zlepSeni nizkoteplotnich vlastnosti mtize byt na konec procesu

vyroby zafazena i hydroizomerace a krakovani vysledného produktu.
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H,
povrch vodik se adsorbuje adsorbuje se i molekula
katalyzdtoru na povrch katalyzdtoru alkenu
C
vznikly alkan H/ NS
Cc

/N

H

regenerovany atom H se navdZe k jednomu atomu C,
katalyzdtor druhy atom C je vdzdn na povrch

Obr. 1.16: Princip hydrogenace

Zdroj: (Bezdék 2022)
Bé&hem katalytické hydrogenace tedy probihaji tyto jiz zminéné reakce:

1)  Hydrogenace dvojnych vazeb v nenasycenych fetézcich acyld;

2)  Transformace triacylglyceroli na diacylglyceroly, monoacylglyceroly, propan
a mastné kyseliny, ze kterych mohou vzniknout odpovidajici alkoholy;

3) Hydrodeoxygenace (HDO) esteri a mastnych kyselin, pfi této reakci dochazi
k eliminaci atomt kysliku z karboxylové skupiny ve formé vody a vzniku n-alkant
se sudym poc¢tem atomu uhliku;

4)  Hydrodekarbonylace (HDCN), pii které dochazi k odstranéni karbonylové skupiny
ve formé oxidu uhelnatého a vzniku n-alkant s lichym po&tem atomi uhliku®®;

5)  Hydrodekarboxylace (HDCX), kdy dochazi k odstranéni karboxylové skupiny
ve formé oxidu uhli¢itého a vzniku n-alkani s lichym poétem atomd uhliku (Vachova
& Vozka 2015).

Vyse uvedené reakce (HDO, HDCX a HDCN) probihaji pii rozdilnych reakénich

rychlostech, ty zavisi na reakénich podminkach a typu uzitého katalyzatoru. Pomoci zmén

19 Zde nent jisté, zda je tato reakce zdrojem oxidu uhelnatého, nebo jestli je za jeho vznik spise zodpovédna
sekundarni reakce mezi vodni parou, vodikem a oxidem uhli¢itym.
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reak¢nich rychlostech jednotlivych typi reakci, je mozné dosahnout zmény poméru hlavnich
produktt, kterymi jsou hlavné uhlovodikové fetézce alkanti: Cis (n-pentadekan — DCN% +
HDCX) a Cis (n-oktadekan — HDO). Pro vétsi piehlednost je na obr. 1.17 schéma znazornéného
chemického procesu hydrogenace jedné molekuly triglyceridu (Vachova & Vozka 2015).

Hydroizomerace je kliCovym procesem pro ziskani rozvétvenych uhlovodikt (vznik
izoalkant, tedy ptidani podilu uhlovodikti s vysokym obsahem izomer(). Jedna se 0 radikalovou
reakci, kde rozvétveni molekul uhlovodiku je dosazeno pouzitim tvarové selektivnich
katalyzatoru s vyssi kyselosti, jako napf. zeolitd, nebo jinych kyselych katalyzatoru. N-parafiny
s bodem varu odpovidajici motorové nafté maji obecné vyssi cetanové ¢islo nez jejich rozvétvené
izomery. Naopak izoparafiny maji nizsi body ztuhnuti nez n-parafiny. Existuje tedy kompromis
v kvalité paliva bohatém na parafiny, tedy zda ma palivo mit bud’ dobré spalovaci vlastnosti,
nebo dobré vlastnosti nizkoteplotni. Vysledkem hydroizomerace je tedy palivo s niz§im bodem

tuhnuti a niz§im cetanovym ¢islem (Aatola et al. 2008).

Hydrogenace

[l [l
CH;—O0——C——C,,H,, CHy—O0——C—C,.H,;

0o +3H, i o
Il —_— i
CH—0—C¢—C H,. - EH—O0—C— 3L,
| ? | i
]
CH:—0—€—¢,/H, CH—O0—e—Cl,
Gy, L—3H2 +?f 3 Cysflyg +6 H0 Hoe
+3H
3 C47H;5COOH — 2 » 3C;Hy+3CO+3H,0 HDCN

\ 3 Cy;Hze+ 3 CO, HDCX

Obr. 1.17: Schéma reakénich procesi hydrogenace triglyceridu

Zdroj: (Vachova & Vozka 2015)

20 Dekarbonylace
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1.1.10.2 Katalyzatory

Jako se kazdy druh ropy lisi svym slozenim dle nalezisté, tak stejné i kapalny produkt
ziskany vhodny zpracovanim biomasy ma jiné vlastnosti, obsah heteroatomi, obsah kovu
a dalSich latek. Rozdilné slozeni tedy ovliviiuje 1 dil¢i procesy pii zpracovani,
proto také neexistuje jeden univerzalni katalyzator pro hydrogenaci ropnych frakci a surovin
ziskanych z biomasy. V soucasnosti také ani neni mnoho komerénich, specialné navrzenych
katalyzatorti pro hydrogenaci kapalnych produkti ziskanych zpracovanim biomasy. Nejvice
se pouzivaji komeréné vyrabéné katalyzatory pouzivané pro hydrorafinaci sttednich ropnych

destilati (Vozka et al. 2015).

Pro hydrogenacni zpracovani se pouzivaji takzvané bifunkcni katalyzatory, ty maji
za nasledek katalyzu hydrogenacnich a také 1 krakovacich nebo izomera¢nich reakci.
Hydrogenaéni reakce zptisobuji aktivni vzacné kovy, jako jsou Mo, Pt a Pd nebo sulfidy
prechodnych kovli — Zn, Mn, Sn, Ti, Ni a Co. Krakovaci a izomeracni reakce probihaji
na kyselych centrech obsazenych v jejich nosi¢ich. To mohou byt nosice na bdzi oxidu hlinité¢ho
(y-Al203) jinak znamého jako alumina (je nejpouzivanéjsi), na bazi amorfnich alumino-silikata
(SiO-Al203), krystalickych zeoliti nebo vzajemnou kombinaci jednotlivych druhti, a nakonec
specidlni mesoporézni nosice (MCM, Mobil Composition of Matter), specialni mesoporézni
silikatové nosi¢e (SBA, Santa Barbara Amorphous), silikatovy mesoporézni nosi¢ (HMS,
Hexagonal Mesoporous Silica) a specialni mesoporézni zeolitovy nosi¢ s optimalizovanou
porovitosti a aktivitou (DMS, Dimethyl Sulfide). U nosi¢i se sleduji dva nejdalezitéjsi
parametry: kyselost a porovitost. V prubehu pouzivani katalyzatoru se jeho aktivita snizuje kvili
tvorbé koksovych tsad. Deaktivaci katalyzatoru ovliviiuji hlavné parcidlni tlak a pfedevs§im
reakéni teplota vodiku. ZvySena teplota urychluje deaktivaci a naopak, zvySeny parcidlni tlak
vodiku snizuje rychlost deaktivace. Katalyticka aktivita se miize obnovit regeneraci. Vyhodou
katalyzatorti na bazi vzacnych kovl oproti katalyzatorim na bazi sulfidi pfechodovych kovi
je zde absence sifeni, jsou ucinngjsi za nizsich teplot a diky tomu nedochazi k tak velkému
zakoksovani. Pokud se pouzije jiny nosi¢ neZz alumina, je mozné vyhnout se problémim
S nestabilitou zplisobenou piitomnosti vody. Nevyhodou je, ze 1 malé mnozstvi necistot (sira,
zelezo) zpiisobuje vyrazny pokles aktivity a dale jejich vysoké potizovaci 1 provozni naklady.
Tyto katalyzatory jsou tedy vhodné pro hydrogenaci biooleji s nizkym obsahem siry. Nejvice
pouzivanymi jsou bifunkéni katalyzatory na bazi sulfid pfechodovych kov, a to predevsim Ni-

Mo a Co-Mo na alumin€. Aktivn€jSim je obvykle druhy zuvedenych kovd, prvni kov
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se pak nazyva promotor. Pfidavek promotort vede ke zvyseni aktivity katalyzatoru. Také potadi
nanaseni kovli ma vliv na aktivitu katalyzatoru, naptiklad u Co-Mo katalyzatoru je vyhodnéjsi,

pokud je jako prvni nanesen molybden (Vozka et al. 2015).

Bifunk¢ni katalyzatory na bazi sulfidi prechodovych kovi maji vyssi odolnost vici
necistotdm v suroving, jejich pofizovaci a provozni ndklady jsou niz$i nez katalyzatory na bazi
vzacnych kovli a umoziuji spolecné zpracovani ropnych latek a rostlinnych oleji
V jiz provozovanych rafinériich. OvSem pii hydrodeoxygenaci nizkosirnych surovin neni
sulfidicka struktura katalyzatoru stabilni, pokud jsou reakcim podrobeny nizkosirné suroviny.
Z tohoto diivodu se musi do suroviny pfidat sirna sloucenina, H>S nebo H2S generovany ze sirné
slouCeniny, k udrzeni aktivity katalyzatoru. Sirnd sloucenina nezajiStuje pouze aktivitu
katalyzatoru, také vynahrazuje ztratu aktivity po vodou vznikajici deaktivaci (Vozka et al. 2015;
Budin 2015).

1.1.10.3  Vlastnosti a parametry HVO

Rostouci zajem a investice petrochemického, automobilového a leteckého pramyslu
dokazuji, ze technologie vyroby biopaliv pomoci hydrogenace bude hrat dilezitou roli v oblasti

biopaliv v blizké budoucnosti.

Hydrogenované rostlinné oleje spliiuji standard EN 15950:2014 pro parafinické motorové
nafty ze syntézy, respektive hydrogenace, dfive TS 15940:2012%! pro parafinické motorové
nafty. Tento standard plati i pro produkty Fischer-Tropschovy syntézy??: GTL (Gas to Liquids,
plyn ke zkapalnéni), BTL (Biomass to Liquids, biomasa ke zkapalnéni) a CTL (Coal to Liquids,
uhli ke zkapalnéni). Specifikaci TS 15940:2012 piredchazela smluvni specifikace CWA
15940:2009 (CEN Workshop Agreement, technicka dohoda Evropské komise pro standardizaci),

ktera vznikla ve spolupraci vyrobct automobilt a paliv. HVO je obvykle dodavan bez FAME,

neumoznovala. V mnoha piipadech je uvadéno “XTL/HVO* pro oznaceni parafinickych paliv.
Pravé XTL je termin pouzivany pro GTL, BTL a CTL Fischer-Tropschovou syntézu. Norma
CSN EN 14214 pro FAME neplati pro HVO, jelikoz HVO je slozeny pouze z uhlovodiki. HVO

21 TS 15940:2012 je norma pro pozadavky na parafinova biopaliva ziskana ze syntézy nebo hydrogenace.
22 Fischer-Tropschova syntéza je katalyzovana chemicka reakce, kde se CO a H, ptipadné CH, za teploty
200-350 °C pod velkym tlakem méni na uhlovodiky (CnH2n+2) za Gcelem vyroby nahrady ropy.
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viak splituje podminky normy CSN EN 5902% pro motorovou naftu s vyjimkou hodnoty hustoty,
ktera je pod spodnim limitem této normy. To plati také pro americkou ASTM (American Society
for Testing and Material, americka spole¢nost pro testovani a materialy) D975%* a kanadskou
CGSB-3.517% (Canadian General Standards Board, kanadska rada pro obecné normy) normu
(Pospisil et al. 2012; Honig 2016).

V prubéhu dlouhodobého skladovani se HVO 1 jejich smési chovaji stejn€, jako motorova
nafty. Rizikové necistoty (napf. nasycené monoglyceridy obsazené¢ ve FAME) nejsou v HVO
pritomny, a tudiz nebezpeci srazeni pii teplotach nad bodem zakalu je eliminovano. Srazeni
vsak muize nastat diky pfitomnosti parafint, stejn¢, jako u klasické motorové nafty, pokud teploty

pii dlouhodobgéjsim skladovani budou pod bodem zakalu (Honig 2016).

Pro stanoveni stability biopaliva s HVO je vhodné pouzivat i tradi¢ni metody uréené
pivodné pro fosilni motorovou naftu, protoZe, jak jiz bylo zminéno, HVO je slozen pouze
z uhlovodiki, na rozdil od FAME. Obsah siry v HVO je pod 1 mg.kg?. Vlivem kontaminace
s motorovou naftou napt. v pribéhu zasobovani miize obsah siry nartstat, proto je dana
normovana hodnota < 5,0 mg.kg™. HVO je tedy vhodné i jako redukéni ¢inidlo u paliv, kde byla
koncentrace siry prekro¢ena nad ramec normy CSN EN 590 (Honig 2016).

Obsah popela v HVO je velmi nizky (< 0,001 %). Také obsah fosforu, vapniku a hot¢iku

je znaéné pod detekénimi limity analytickych metod (< 1 mg.kg?).

Oproti vodé je HVO nepoldrni slou¢eninou. Rozpustnost vody v biopalivech je obecné
zadouci a je v tomto piipadé¢ obdobnd tradicni motorové nafté. Disledkem je, ze v procesu

zasobovani neni nutno realizovat zadna opatieni, obdobné, jako u NM (Honig 2016).

Pritomnost HVO v motorové naft€¢ nema vliv na mikrobialni rust, na rozdil od FAME.
Na druhou stranu je Zadouci sledovat i tento ukazatel, protoZe mikrobi se rozmnozuji i v Cistém
fosilnim palivu, pokud je zde zastoupena volna voda a minerdlni soli. Mikrobidlni rist je pak

pfimo imé&rny rostouci teploté (Simadek et al. 2017).

23 CSN EN 590 je ¢eskou verzi evropské normy EN 5904:2003, uvadi pozadavky na rozliseni motorovych
naft a jejich vlastnosti, metod zkouSeni atd.

24 ASTM D975 je americka norma, vztahuje se na sedm stupfitt motorové nafty pro motorova vozidla a uvadi
pozadavky pro mot. nafty, které jsou v souladu s danymi zkusebnimi metodami.

% CGSB-3.517 je kanadské norma, vztahuje se na dva typy nafty s velmi nizkymi obsahy siry (typ A, B)
pro pouziti ve vysokootackovych dieselovych motorech.
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Pti teplotach nad bodem zakalu je HVO bezbarva, ¢ird kapalina, bez viditelnych necistot
a bez typického aroma, na rozdil od benzinu ¢i motorové nafty. Bod zakalu vyvolava vytvoreni

Slemu charakteristického pro motorovou naftu (Vachova & Vozka 2015).
Vyhody

Oproti bionaft¢ md HVO jako dieselové palivo jednoznaéné vyhodu spocivajici v jeho
uhlovodikové povaze. HVO je materidlové kompatibilni s palivovym systémem a vyznacuje
se dobrou oxidac¢ni stabilitou zpusobenou nepfitomnosti dvojnych vazeb kyslikatych latek.
Na rozdil od bionafty se tedy na produkty HVO nevztahuji zddna omezeni souvisejici s dopravou
a skladovanim, tudiz lze libovolné vyuzivat distribu¢ni a skladovaci systémy urcéené pro ropna
paliva. V mnoha ohledech jsou vlastnosti HVO dokonce lepsi nez vlastnosti ropné motorové
nafty. HVO ma zanedbatelnou kyselost a zvySeny stupeil nasyceni. Vedle niz§iho obsahu kovil
(nenapékaji se vstiikovace), kysliku a siry (nezanasi DFP, Diesel Particulate Filter, filtr pevnych
castic) je to predev§im vysoké cetanové Cislo a s nim souvisejici extrémné nizky obsah
aromatickych uhlovodiki redukujicich CC a zvysujicich koufivost. Dva posledné jmenované
parametry ptitom ptiznivé ovliviluji nejen provozni vlastnosti motoru, ale i emise polutant.
Mezi dalsi patii vyssi podil vodiku vi¢i uhliku (0€inné;jsi spalovéni, vyssi vyhievnost), dale pak

niz§i schopnost pohlcovat vodu (Simadek et al. 2017).

Hydrogenovany olej je ze 100 % obnovitelny, netoxicky a udrzitelny zdroj energie, snizuje
emise GHG z vyfukovych zplodin az o 90 %?°® a je neomezené misitelny se stavajici minerdlni

motorovou naftou. HVO je také biologicky odbouratelné.

Z rafinérského hlediska je dulezité, ze vétSina uhlovodikt vzniklych hydrogenaci oleji
a tukti spada do destilacniho rozmezi stfednich destilatl, které jsou tvoreny uhlovodiky s pfimym
parafinickym fetézem, tzv. n-alkany. Ty maji uhlovodikovy fetézec Ci5—Cig (v mineralni
motorové nafté je kazdy z nich zastoupen v mnoZstvi cca 0,5-2,5 % hm. (Simadek et al. 2007)

a jsou tedy vhodné pro vyrobu motorové nafty (Vachova & Vozka 2015).

%6 Pti zapocteni celého cyklu, tedy od vypéstovani po nadrz.
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Pro dosaZeni Zadoucich nizkoteplotnich vlastnosti paliva (CN?’, PP, Pour Point, bod
tuhnuti?®®) musi byt béhem vyroby optimalné zkombinovéany jednotlivé slozky s n-uhlovodiky
arozveétvenymi uhlovodiky pomoci hydroizomerace. Po této tUpravé jiz palivo spliluje
i normované nizkoteplotni poZzadavky na pouziti v arktickych podminkach a nizkych teplot pti
1étani (CFPP, Cold Filter Plugging Point, teplota filtrovatelnosti, pro letecka biopaliva az -62 °C).
Hydrogenované oleje také mohou byt upraveny poddnim bézné uzivanych aditiv pro motorovou
naftu. Dalsi vlastnosti jsou velmi podobné syntetické naft€¢ vyrobené technologii GTL ¢i BTL,
diky tomu Ize katalytickou hydrogenaci také wvyuzit pro vylepSeni vlastnosti i jejich
meziproduktt. Jeji nespornou vyhodou je spoluzpracovani s ropnymi surovinami a schopnost

zpracovat tézce zpracovatelné odpadni produkty (Nikander 2008).

Cetanové ¢islo u HVO se pohybuje v rozmezi od 75 az do 95 jednotek. Toto je dano
slozenim HVO (n-parafiny a izoparafiny). Ve smésnych palivech pak dochazi k linearnimu
zvySeni cetanového ¢isla, které koresponduje se zastoupenim jeho slozek. HVO se tak jevi jako
vhodna ptisada pro zvySeni cetanového ¢isla uz diky povaze paliva. Vliv HVO je ucinngjsi
ve srovnani s uZitim béZnych aditiv. Cetanové c¢islo u HVO se urc¢i linearni extrapolaci,
kdy je nejprve HVO smichano s palivem s danym nizkym cetanovym ¢islem tak, aby vysledna
smés méla cetanové ¢islo pod 70 jednotek v rozsahu méfici techniky. Cetanovy index, primarné

definovany pro standartni motorovou naftu, neni vhodné u HVO pouzivat (Neste Renewable
Diesel Handbook 2016).

HVO nema skodlivé u¢inky FAME. HVO vykazuje snizené emise NOx (0 6 % hm.) a CO
(032% hm.), rovnézi THC (Total Hydrocarbon Emission, celkové uhlovodikové emise) (0 31 %

hm.), coz ma za nasledek niZzsi koufivost motoru a snizeni spotieby paliva?® (0 6 % hm.), a to bez

27 Cetanové &islo udava vznétovou charakteristiku — tedy i kvalitu — motorové nafty dle obsahu cetanu
(hexadekan).

28 Bot tuhnuti (teplota tuhnuti) je bod, ve kterém ptechazi kapalna forma v pevnou. U amorfnich latek bod
nelze urcit presné.

2 St&zejnim ukazatelem pro objemovou spotfebu paliva a maximalni vykon je hustota. U HVO, diky jejich
parafinické povaze a niz8i teploté na konci destilace, se pohybuje kolem 780 kg.m=a je tedy nizsi, nez u fosilni
motorové nafty s hustotou v rozpéti 800-845 kg.m3. S nizsi hodnotou vyhievnosti se obecné dostava motoru méné
energie a potiebuje tedy vE&tsi mnozstvi paliva, aby byl schopen zajistit stejny energeticky vykon pfi ¢aste¢ném
zatizeni. Rozdilny efekt je u HVO. Toto je dano tim, ze hmotnostni vyhfevnost dokaze vykompenzovat cast
negativniho vlivu niz§i hustoty. Vys§$i hodnota hmotnostni vyhfevnosti HVO je dana vét§im podilem vodiku v HVO

— okolo 15,2 % hm., na rozdil od 13,5 % hm. ve standardni motorové nafté.
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zmén parametrd motoru nebo jeho ovladacich prvka. HVO rovnéz piispiva ke zvyseni akcelerace
i vykonu v zavislosti na rychlosti a case (Aatola et al. 2008; Neste Renewable Diesel Handbook
2016).

HVO také netvoii tsady na vnitinich sténach motoru a neucpava palivové trysky ve formeé
zape&enych polymer. Hydrogenovany olej podléhé standardu jakosti dle normy CSN EN 15940
Motorova paliva — Parafinické motorové nafty ziskané syntézou nebo hydrogenaci.
Hydrogenovany olej po izomeraci odpovida pozadavkéim normy CSN EN 590 s vyjimkou niZsi

hustoty (Honig et al. 2015; Vachova & Vozka 2015).

Z tab. 1.5 vyplyvaji vyvhody HVO ve srovnani s jinymi palivy. Za pozornost stoji zejména
cetanové Cislo a teplota filtrovatelnosti. HVO vynika i oxidaéni stabilitou. Ze srovnani je vidét,

ze hodnoty kinematické viskozity a vyhievnosti jsou srovnatelné jak s NM, tak i s SMN30.

Tab. 1.5: Vlastnosti NM, FAME a HVO

100% Repkovy
HVO _ SMN 30 NM
FAME olej
Parametr Jedn. min. max. min. max. min. max. min. max. min. max.
Hustota pfi 15 °C kg.m3 765 800 860 900 910 925 820 860 820 845
Kin. viskozita pfi 40 °C | mm2.s? 2 45 35 5 36 36 2 45 2 45
cca cca
Vyhievnost MJ.kgt - - 36 - 40,5 - ccad26 -
441 37,2
Bod vzplanuti °C 55 - 101 - 300 - 55 - 55 -
Oxidacni stabilita 20
] h (2% - 8 - 6 - - - 20 -
pFi 110 °C
FAME)
Maziv. HFRR pii 60 °C um - 460 - 460 - - - - - 460
CFPP °C <40 -20 -20 - -18 - -20 - -20
Cetanové ¢islo - 70 - 51 - 38 - 51 - 51 -

Zdroj: (Honig 2016)

Nevyhody

Nizkoteplotni vlastnosti HVO (pfed hydroizomeraci) jsou naprosto nevyhovujici.

To je dano vysokym obsahem n-heptadekanu (Ci7) a n-oktadekanu (Cig). Ty maji sice vysoka
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cetanova ¢isla (105 a 110 jednotek), ale maji zaroven vysoky bod tani — teplotu tuhnuti (+19

a +28 °C) (Nikander 2008).

Uhlovodikové slozeni bez obsahu aromati ma za nasledek horsi mazaci schopnosti paliva
(jen 650 um). Mazivost hydrogenovanych oleji odpovida bezsirné motorové nafté¢ zimni t¥idy
nebo GTL. Je nezbytné nutné, aby do téchto paliv byla pfidavana aditiva pro zvySeni mazivosti
tak, aby byly splnény specifikace CSN EN 12156-1% (HFRR High Frequency Reciprocating Rig,
pfistroj s vysokofrekven¢nim vratnym pohonem, zaveden je WSD, Wear Sear Diameter,
korigovany pramér odérové plochy pii 60 °C < 460 mm). Je také mozné aplikovat bézné
pouzivané mazivostni ptisady uréené pro motorovou naftu s obdobnym davkovanim. Pii pouziti
tohoto paliva pfi vysSich koncentracich se tak ptedpoklada doplnéni dalsi zkousky pro ovéfeni

mazacich schopnosti (Ttebicky 2015).

Oproti nafté ma i niz$i hustotu, tj. HVO je leh¢i na litr, a proto na rozdil od nafty ma méné
energie, tedy i mensi objemovou vyhievnost. Naproti tomu hmotnostni vyhifevnost HVO je vyssi
vV porovnani s NM. Obecné je pak problematickd dostupnost HVO v distribucni siti.
To je zptisobeno legislativnimi problémy (vyhlaSska o PHM) a také nedofeSenym zptisobem

identifikace HVO3! ve srovnani s fosilnimi palivy kviili odpo&tiim emisi (Vaculik 2021).

Dalsim problémem je dostupnost vhodnych katalyzatori pro hydroizomeraci — preménu n-

alkanti na izoalkany (Vachova et al. 2019).

1.1.10.4  Oblasti vyuziti HVO

HVO muzZe byt pouzito jako ndhrada mineralni motorové nafty, protoZe jejich chemicka
konzistence je podobnd. Diky svému chemickému sloZeni, ale také mulze nahradit fosilni
surovinu i k jinym uceliim nez jen jako palivo v automobilové dopravé. HVO bylo jiZz pouzito
a testovano v leteckych motorech, kde 1 jako sloZka leteckych PHM bylo schvaleno normou

ASTM jako novy standard syntetického tryskového biopaliva s nazvem HRJ (Hydroprocessed

3 CSN EN 12156-1 je norma pro motorové nafty a technické pozadavky a metody jejich zkouseni,
konkrétné odhad mazivosti pomoci HFRR.
31V soucasnosti neni mozné rozlisit staif ptirodnich a syntetickych uhlovodiki. Stavajici senzorika je uréena

pro identifikaci FAME. U HVO je nutné zjistovat staii metodou radioaktivniho uhliku *C (zeleny vs. fosilni
uhlik).
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Renewable Jet). Tato norma povoluje michani biopaliva vyrobeného hydrogenaci rostlinnych

oleju s tradi¢nim palivem v mnozstvi az 50 % obj. pro komer¢ni lety a také u vojenskych letadel.

Déle bylo HVO testovano v turbinach, generatorech, transportnich lodich, jachtach
a pracovnich strojich pouzivanych v dolech a na stavbach. Navic, HVO lze pouzit v chemickém
pramyslu, napiiklad jako surovinu pro vyrobu obnovitelnych plasti nebo také jako obnovitelné

rozpoustédlo v barvach (Vachova & Vozka 2015; Neste Renewable Diesel Handbook 2016).

Studie ukazuji, Ze s optimalizovanym vstfikovanim biopaliva pro parametry HVO miuize
byt dosazeno jesté vétsiho sniZzeni emisi. Také pii udrzeni konstantni spotieby biopaliva dojde
k jesté vysSimu snizeni koufivosti a NOyx, neZ pii uziti motorové nafty dle EN 590 (Aatola et al.

2008; Neste Renewable Diesel Handbook 2016).

Rada vyrobcti ve svété vyvinula a nasledné otestovala proces vyroby hydrogenovanych
rostlinnych oleju. Jedna se napiiklad o Neste Oil (Finsko), Conocophillips (USA and Irsko),
Syntroleum (USA), Universal Oil Products (UOP)-Eni (Ente Nazionale Idrocarburi, ropna
spolecnost) (Velka Britanie a Italie), Nippon Oil (Japonsko) a SK Energy (Korea). Néktera
z téchto paliv ziskala také své vlastni obchodni ndzvy jako NExBTL & HVO pfedstavujici
obchodni nazev pouzivané firmou Neste Oil Corporation. Dale také “Green Diesel” vyrabény
UOP-Eni a HBD (Hydrogen-Treating Biodiesel) vyrabény SK Energy (Honig et al. 2015; Neste
Renewable Diesel Handbook 2016).

Hydrogenované oleje svou palivostni charakteristikou mnohem vice koresponduji
s kvalitni bezsirnou motorovou naftou anebo se syntetickou naftou GTL, nez s FAME (Nasikin
et al. 2009). Hydrogenované oleje disponuji velmi dobrymi nizkoteplotnimi vlastnostmi. Bod
zakalu nastava i pod -40 °C. Z téchto divoda jsou tato biopaliva vhodna pro piipravu tzv.
prémiovych paliv s vysokym cetanovym ¢islem a vybornymi nizkoteplotnimi vlastnostmi.
Teplota ztraty filtrovatelnosti CFPP prakticky odpovida i hodnoté zakalu. Pomoci hydrogenace
Ize produkovat biopaliva s nalezitymi nizkoteplotnimi vlastnosti rovnéz z palmovych i jinych
oleji, rovnéz 1z zivocisnych tukii. Metylestery zivocisSnych tukii maji obecné velmi $patnou
vyuzitelnost pfi nizsich teplotach. HVO naproti tomu mohou byt pouzivany (po hydroizomeraci)
celoro¢né, aniz by byla riskovana provozuschopnost stroje anebo problémy v oblasti zasobovani
palivem. Jak jiz bylo zminéno, HVO se neomezuji pouze na motorova vozidla, nabizi se

perspektiva jejich vyuziti i jako leteckych paliv (Nasikin et al. 2009).
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1.8 Ekologické aspekty paliv

Emise znecist'ujicich latek v ovzdusi plisobi negativné zejména v pfizemni vrstve, kde ma
silné znecisténi negativni vliv na lidsky organismus, ekosystémy 1 materialy. Pusobi
vSak také v globalnim méfitku na klimatické podminky Zemé¢ a na jeji ozonovou vrstvu. Jednim

z vyznamnych zdroji znecisténi ovzdusi je silni¢ni doprava (MPO 2006).

Mezi hojné diskutovand témata patii zejména tlak na zdbory zeméd¢lské pudy pro ucely
péstovani palivarskych plodin, ktery mé za nasledek niceni piirozenych ekosystému, zvysSuje
ceny potravin a znamena v kone¢ném dusledku paradoxné narist produkce GHG, hodnotime-li
cely cyklus vyroby (v€etné napt. hnojeni dusikem, dopravu, aj.) a nejen podle taspory fosilnich

paliv (MPO 2006).

Naptiklad bioetanol z cukrové titiny je z hlediska energetické bilance i tspory emisi oxidu
uhli¢itého bezesporu jednim z nejekologictéjSich paliv. To vSak piestdva platit, pokud se nové
plantaze zakladaji vymycenim tropického destného lesa. Biomasa tropického lesa je bohata
nauhlik a jejim spalenim se vyprodukuje tolik oxidu uhli¢itého, Ze to ekologicky efekt
vyprodukovaného biolihu zcela zvrati. Pokud vezmeme v ivahu i samotnou ztratu nenarusen¢ho
tropického destného lesa, pak jsou napéachané Skody jest¢ mnohem vysSi. Biopaliva jsou
produkovana za cenu narusSeni biodiverzity, hydrologického rezimu a dramaticky nartstajiciho

rizika pudni eroze. Naprava téchto skod je velmi obtizna, ne-li nemozna (Petr 2009).

Mezi nejvice ekologicky ptizniva biopaliva patii ta, ktera vznikaji z odpadni biomasy

a recyklovaného potravinatského oleje.

Mezi nepiimé efekty péstovani biopaliv patii zejména zmena struktury péstovani plodin.
Podpora jedné plodiny od statu vede k rozsifovani oseté plochy na tikor jiné plodiny, kterd je tim

padem vice nedostatkova, coz se projevuje na jeji vzrustajici cené¢ (MPO 2006).

V literatufe lze nalézt fadu praci orientovanych na problematiku vlivu biopaliv na emise.
Pfi hodnoceni velmi sledovanych emisi GHG nelze hodnotit pouze emise CO2 produkované
pohonnou jednotkou motorového vozidla. Pro objektivni hodnoceni je nutné vzit v ivahu cely
fetézec, tj. pé€stovani, dopravu, vyrobu a teprve na konci jsou emise vznikajici pti spalovani paliva
V pohonné jednotce motorového vozidla. V piipadé¢ porovnavanych klasickych PHM tento
fetézec zacina tézbou a pokracuje dopravou, zpracovanim ropy, resp. vyrobou PHM, dopravou
ke spotiebiteli a konci spalovanim paliva v pohonné jednotce motorového vozidla. Tento zpiisob
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hodnoceni emisi je proto oznacovan jako WTW (Well to Wheels, od studny po Kkola,
tedy od t€zby po spaleni). WTW analyza je pouzivana pro hodnoceni celkového mnozstvi

energie potfebné v ramci celého fetézce a hodnoceni emisi GHG produkovanych vozidlem

na 1 km (MPO 2006).

Sohledem na vySe uvedeny zpiisob hodnoceni emisi neni zddnym piekvapenim
skutec¢nost, ze publikované hodnoty emisi GHG se v pfipad¢ biopaliv pohybuji v pomérné
Sirokém rozmezi hodnot. Tyto emise GHG totiz zavisi na typu suroviny, se kterym jsou
pak spojeny typ pouzité pudy a zpusob jejiho obd€lavani, pouziti hnojiv, klimatické podminky
a zpusob vyroby biopaliva. Hodnotu emisi GHG ovliviiuji také predpoklady, ze kterych vychazi
odhad, resp. urceni spotieby energie potiebné pro péstovani plodin, jejich dopravu, odhad
konverzni Gi¢innosti procesu a dulezitou roli hraje i zpisob vyuziti vedlejSich produkt vyroby

biopaliv (MPO 2006).

Velka ¢ast emisi spojenych s vyrobou biopaliv je spojena s jejich péstovanim. Tyto emise
pochazi ze dvou zdroji, a to z vyroby dusikatych hnojiv a dale k nim pfispivaji také emise oxidu
dusného (N20) z poli. Protoze sklenikovy efekt tohoto plynu, jak jiz bylo zminéno dfive,
je 300krat vétsi nez CO2, tak i relativné malé mnozstvi emisi tohoto plynu miize mit vyznamny
vliv na celkovou bilanci emisi GHG. Tak jako v pfedchozim pfipad¢, i emise oxidu dusného opét
zavisi na péstované ploding, typu piidy a zplsobu jejiho obdélavani a na mnozstvi pouzitych

umélych hnojiv, resp. hnoje (MPO 2006).

Pro souc¢asny stav automobilového priimyslu je charakteristicky intenzivni vyzkum a vyvoj
novych technologii, které by umoznily vyrazné€ sniZit nezadouci emise Skodlivin a soucasné
udrzet, piipadné jesté zlepSit termickou ucinnost spalovani paliva. Je ovSem potieba fici,
ze vyrazné snizovani emisi vyzaduje integrovany piistup k feSeni, tj. kombinaci pouziti moderni
pohonné jednotky, progresivniho katalytického konvertoru vyfukovych plynt a kvalitniho
paliva. Velkd pozornost je pochopitelné vénovana i sniZzeni spotieby paliva. Toto sniZeni
vylepSuje ekonomiku provozu vozidla a vede ke snizeni emisi Skodlivin vcetné emisi COx.
S ohledem na vySe uvedené skutecnosti je pochopitelné, ze intenzivni pozornost je vénovana

I vyvoji novych ucinnych konvertord vyfukovych plynt (MPO 2006).

Na zakladé vysledkl ziskanych v ramci feSeni evropského programu EPEFE (European
Programme on Emissions, Fuels and Engines, Evropsky program o emisich, palivech

a technikach motorti) byl mimo jiné uc¢inén i pokus o jisté zobecnéni vzdjemnych vztahli mezi
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emisemi, konstrukci pohonné jednotky a kvalitou paliva. I kdyz se zatim nepodafilo tyto vztahy

zcela objasnit, byly ptesto formulovany nasledujici obecnéjsi zavéry k této problematice:

1)

2)

3)

zmény kvality paliva bez zmén v konstrukci pohonné jednotky nepiinaseji
vyznamnéjsi zlepseni kvality ovzdusi,

vliv konstrukce pohonné jednotky na sniZeni emisi je zhruba 6krat vétsi, nez vliv
zmén v kvalité paliva;

moderni pohonné jednotky vyzaduji 1 pouziti kvalitnéjSiho paliva a nového typu

vysoce u¢inného konvertoru vyfukovych plyni (MPO 2006).

Pokud se tyka emisi GHG ve vztahu k pouziti biopaliv v dopravé, v fad¢ praci bylo

provedeno posouzeni publikovanych dat tykajicich se porovnani vztazenych na 1 km pro klasicka

kapalna motorové paliva a tzv. klasicka biopaliva (tj. biopaliva obsahujici 5 % obj. MERO, resp.

bioetanolu) a byla konstatovana nésledujici zjiSténi:

1)
2)
3)

4)

bionafta vykazuje ve srovnani s klasickou motorovou naftou 50-80% sniZeni emisi;
bioetanol vyrobeny z obili vykazuje ve srovnani s benzinem 20-40% snizeni emisi;
bioetanol vyrobeny z cukrové fepy vykazuje ve srovnani s benzinem 30-50% snizeni
emisi;

bioetanol vyrobeny ze surovin obsahujicich celulézu vykazuje ve srovnani

s benzinem snizeni emisi o 75-100 % (MPO 2006).

V tabulce 1.6 je znazornén vyvoj emisnich norem EURO 1-6 a jejich zpfisfiovani,

se kterym se musi potykat evropsti vyrobci automobild.

Tab. 1.6: Piehled emisnich norem pro vznétové motory

CoO NOx vP,eV_né HC + NOx
castice
Norma g/km g/km g/km g/km
EURO 1 3,16 - 0,18 1,13
EURO 2 1,00 - 0,08 0,70
EURO 3 0,64 0,50 0,05 0,56
EURO 4 0,50 0,25 0,025 0,30
EURO 5 0,50 0,18 0,005 0,23
EURO 6 0,50 0,08 0,005 0,17

Zdroj: (Ptehled emisnich norem 2018)
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1.9 Kritéria udrzitelnosti biopaliv

V CR® jsou tzv. kritéria udrzitelnosti biopaliv soucasti zdkona o ochran& ovzdusi
a navazujiciho provadéciho predpisu. Ostatni ¢lenské staty EU zavedly své vlastni certifikacni

systémy.

Podstatnou charakteristikou biopaliv vS§eobecné jsou i kritéria udrzitelnosti. Slouzi k tomu,
aby — zjednodusen¢ fe¢eno — odpoveédély na otazky, zda biopaliva piispéji ke snizovani emisi
GHG, aby plodiny pro biopaliva nezabiraly ptidu potravinam, aby nedochazelo k nadmérnému
odlesnovani, aby se neposkozovaly motory atd. Pro nastaveni urcitych hranic slouzi definovana
kritéria udrzitelnosti, kterd maji zajistit, Ze biopaliva budou v souladu se spolecenskymi,
ekonomickymi a ekologickymi pozadavky (HykySova 2012). Kritériem udrzitelnosti se rozumi
uspora sklenikovych plynt vyjaddiena v procentech oproti ekvivalentnimu cistému fosilnimu

palivu pro dopravu.

Kritéria udrzitelnosti jsou zpracovana Vv Natizeni vlady ¢. 189/2018 Sb. (Naftizeni vlady

0 kritériich udrzitelnosti biopaliv a snizovani emisi GHG z PHM) s u¢innosti od 1. 9. 2018.

Toto nafizeni zapracovava ptislusné predpisy EU a upravuje:

1)  kritéria udrZitelnosti biopaliv;

2)  zéakladni hodnotu produkce emisi GHG pro fosilni PHM;

3)  zptsob vypocétu emisi GHG z PHM pro dopravni tcely a elektfiny pro dopravni
ucely;

4)  obsahové nalezitosti zpravy o emisich;

5) pozadavky na biopaliva, ktera maji nizky dopad v souvislosti s nepfimou zménou
ve vyuzivani pudy;

6) podminky ovéfeni snizeni emisi z tézby;

32 Dnem 1. 9. 2012 nabyl G¢innosti zakon & 201/2012 Sb., o ochrané& ovzdusi (dale jen ,,novy zakon*),
ktery nahradil do t€ doby platny zakon €. 86/2002 Sb., o ochran¢ ovzdusi (dale jen ,,stary zdkon*). Nabytim
ucinnosti nového zadkona doslo k zménam v prokazovani splnéni kritérii udrzitelnosti. Stary zdkon zavedl
povinnost prodejcim a dovozctim biomasy, vyrobectim, dovozciim a prodejctim kapalnych nebo plynnych produkti
urcenych k vyrobé biopaliv a vyrobciim, dovozetim a prodejcim biopaliv vydavat k jednotlivym dodavkam
biomasy, kapalnych nebo plynnych produkti uréenych k vyrobé¢ biopaliv nebo k dodavkam biopaliv doklady
potvrzujici splnéni kritérii udrzitelnosti. Novy zakon rozsifil povinnost prokazovat splnéni kritérii udrzitelnosti
i na dovozce a prodejce motorového benzinu a motorové nafty s ptidavkem biopaliva neuvolnéného do volného
daniového ob&hu v CR ( ). (MZP: Ministerstvo zivotniho prostiedi)
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7)

8)
9)

10)

pozadavky na systém kvality a systém hmotnostni bilance zabezpecujici plnéni
kritérii udrzitelnosti a nalezitosti dokumentace péstitele biomasy;

nalezitosti certifikati podle § 21 odst. 1 az 3 zakona;

nalezitosti samostatného prohlaseni péstitele biomasy o splnéni kritérii udrzitelnosti,
dil¢iho prohlaSeni o shod¢ s kritérii udrzitelnosti a prohlaSeni o shod¢ s kritérii
udrzitelnosti a

obsahové naleZitosti dokladu o sniZeni emisi z t€Zby (Natizeni vlady ¢. 189/2018 Sb.

2018).

Pro ucely tohoto nafizeni se rozumi:

11)

12)

13)

14)

15)

16)

17)

18)
19)

odpadem odpad podle zédkona o odpadech s vyjimkou latek, které byly zdmérné
zménény nebo kontaminovany, aby se staly odpadem;

lignoceluléozovou  vladknovinou  vldknovina  obsahujici  lignin, celulézu
a hemiceluldzu;

nepotravinaiskou celulézovou vldknovinou vstupni suroviny skladajici se predevsim
z celulézy a hemiceluldozy a majici niz$i obsah ligninu nez lignoceluldozové
vlaknoviny;

zbytkem ze zpracovani latka, ktera neni kone¢nym produktem, jenZ ma byt pfimo
vyroben v procesu vyroby; nejednd se o primarni cil vyrobniho procesu a proces
nebyl zamérné upraven pro jeho vyrobu;

obnovitelnymi kapalnymi a plynnymi palivy nebiologického plivodu pouZivanymi
V odvétvi dopravy jina kapalna nebo plynna paliva nez biopaliva, jejichz energeticky
obsah je ziskavan z jinych OZE nez z biomasy a ktera jsou pouzivana v doprave;
biopaliva s nizkym dopadem v souvislosti s nepfimou zménou ve vyuziti piady
biopaliva, jejichz vstupni suroviny byly vyprodukovany v rezimech, které omezuji
vytéstiovani produkce pro jiné ucely, neZ je vyroba biopaliv, a kterd byla vyrobena
v souladu s kritérii udrzitelnosti;

zbytky ze zemédélstvi, akvakultury, rybolovu a lesnictvi zbytky, které pochézeji
pfimo ze zeméd¢lstvi, akvakultury, rybolovu a lesnictvi; nezahrnuji zbytky
ze souvisejicich odvétvi nebo zpracovani;

trvalymi kulturami viceleté plodiny, jejichZ kmen se zpravidla nesklizi rocné&;

piirodni Zivici zdroj rafinérské suroviny, ktery se vyznacuje tim, ze:
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b)

d)

v lozisku na misté tézby vykazuje hustotu podle Amerického ropného institutu
(API, American Petroleum Institute) v hodnoté 10 ° nebo méné v souladu
se zkuSebni metodou D287 Americké spolecnosti pro zkouseni a materialy;
jeho primérna ro¢ni hodnota viskozity za teploty panujici v lozisku piesahuje
hodnotu vypoétenou podle rovnice: viskozita (v centipoisech) = 518,980.038T;
kde T je teplota ve stupnich Celsia;

spada pod definici dehtovych piski pod kodem kombinované nomenklatury
(KN) 2714 uvedenym v nafizeni Rady (EHS, Evropské hospodaiské
spoleCenstvi) ze dne 23. Cervence 1987 €. 2658/87 o celni a statistické
nomenklatufe a o spoleéném celnim sazebniku, v platném znéni, a

mobilizace zdroje této suroviny se dosahuje téZzebnim vrtem nebo tepelné
podporovanou gravitacni drenazi, pti¢emz tepelné energie se ziskava prevazne

z jinych zdroju, nez je samotna tézena surovina;

20) ropnou biidlici zdroj rafinérské suroviny, ktery se nachazi ve skalnim lozisku,

obsahuje pevné kerogeny a spadéd pod definici ropné btidlice pod kodem KN 2714

uvedenym v natizeni Rady (EHS) ¢. 2658/87; mobilizace zdroje suroviny se dosahne

tézebnim vrtem nebo tepelné podporovanou gravitaéni drendzi;

21) konvencni ropou zdroj rafinérské suroviny, ktery v lozisku na misté pivodu vykazuje

hustotu podle API v hodnoté 10 ° nebo méné v souladu se zkusebni metodou D287

Americké spolecnosti pro zkousSeni a materidly a ktery nespada pod definici kodu
KN 2714 uvedeného v natizeni Rady (EHS) ¢. 2658/87 (Nafizeni vlady ¢. 189/2018
Sbh. 2018).

Kritéria udrzitelnosti biopaliv:

1)  Biopaliva spliwuji kritéria udrzitelnosti, pokud:

a)
b)

c)

vykazuji tsporu emisi GHG podle odstavce 3;

biomasa pouZzitd k jejich vyrobé¢ splituje kritéria udrZitelnosti uvedena v § 4
(kritéria udrzitelnosti biomasy) a

biomasa pouzita k jejich vyrobé byla vypéstovana v souladu s pozadavky
anormami podle spole¢nych pravidel pro reZimy pfimych podpor v rdmci
spole¢né zemédélské politiky EU, jde-li o biomasu vypéstovanou na tzemi

¢lenského statu EU;
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2)

3)

4)

5)

Biopaliva vyrobend z odpadu nebo zbytkl, které nepochdzeji ze zemédélstvi,

akvakultury, rybolovu nebo lesnictvi, spliiuji kritéria udrzitelnosti, pokud vykazuji

usporu emisi GHG podle odstavce 3;

Uspora emisi GHG vzniklych béhem tplného Zivotniho cyklu biopaliva oproti

emisim GHG vzniklych béhem uplného Zivotniho cyklu referen¢ni fosilni PHM musi

¢init nejméng¢:

a)  35%do 31. prosince 2017 v ptipadé biopaliv vyrobenych ve zpracovatelském
zafizeni uvedeném do provozu do 5. fijna 2015 vcetné;

b) 50 % od 1. ledna 2018 v ptipad¢ biopaliv vyrobenych ve zpracovatelském
zatizeni uvedeném do provozu do 5. fijna 2015 vcetné, nebo

c) 60 % v ptipadé biopaliv vyrobenych ve zpracovatelském zatizeni uvedeném
do provozu po 5. fijnu 2015.

Uspora emisi GHG vzniklych béhem tplného Zivotniho cyklu biopaliva oproti

emisim GHG vzniklych béhem tuplného Zzivotniho cyklu referencni fosilni PHM

se stanovi:

a)  pouzitim standardnich hodnot uspor emisi GHG pro biopaliva uvedenych
Vv ¢asti A prilohy €. 1 k tomuto nafizenti,

b)  vypoctem ze skute¢nych hodnot emisi GHG pfi pouzivani biopaliv zjisténych
zpiisobem uvedenym v ¢asti B pfilohy €. 1 k tomuto nafizeni, nebo

c)  vypocétem podle vzorct uvedenych v bodech 1 a 3 ¢asti B piilohy ¢. 1 k tomuto
nafizeni za pouziti n€kterych dil¢ich standardnich hodnot emisi GHG
pro biopaliva uvedenych v ¢asti C piilohy €. 1 k tomuto nafizeni.

Hodnota emisi GHG vzniklych béhem tplného Zivotniho cyklu referencni fosilni

PHM ¢ini 83,8 g CO2 ev/MJ (Natizeni vlady ¢. 189/2018 Sb. 2018).

Kritéria udrZitelnosti biomasy:

1)

Biomasa spliujici kritéria udrzitelnosti nesmi pochazet z ptudy, ktera méla ke dni
1. ledna 2008 nebo pozdé¢ji jeden z uvedenych statusi:
a) les a jinad zalesnéna plocha s piivodnimi druhy, kde nejsou zadné viditelné
znamky lidské ¢innosti a kde nejsou vyznamné naruseny ekologické procesy;
b)  oblast stanovena:
I pravnim piedpisem nebo piislusnym orgdnem k ucellim ochrany pftirody,

pokud péstovani biomasy zasahuje do tohoto tcelu, nebo
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2)

3)

4)

ii. rozhodnutim Evropské komise podle €l. 7c odst. 5 ve spojeni s €l. 7b odst.
3 pism. b) bodem ii) smérnice Evropského parlamentu a Rady 98/70/ES
ze dne 13. fijna 1998 o jakosti benzinu a motorové nafty a o zméné
smérnice Rady 93/12/EHS, v platném znéni, za ucelem ochrany
vzacnych nebo ohrozenych ekosystémi nebo druht, pokud péstovani
biomasy zasahuje do uvedenych ucelli ochrany ptirody, nebo
€)  vysoce biologicky rozmanity travni porost ureny podle piimo pouzitelného
predpisu EU stanovujiciho kritéria a zemépisné oblasti k urCeni vysoce
biologicky rozmanitych travnich porosti, a to
I travni porost, ktery by bez lidského zasahu zlstal zachovan jako takovy
a ktery stidle vykazuje pfirozené slozeni druhli a ekologické
charakteristiky a procesy, nebo
ii. porost, ktery by bez lidského zasahu neztstal zachovan jako travni porost
a je druhové bohaty a neznehodnoceny, pokud neni prokazano,
ze ziskavani biomasy je nezbytné k uchovani statusu travniho porostu.
Biomasa spliiyjici kritéria udrzitelnosti nesmi pochézet z pidy, kterd byla ke dni
1. ledna 2008:
a)  pudou pokrytou nebo nasycenou vodou trvale nebo po vyznamnou ¢ast roku;
b)  plochou o rozloze vétsi nez 1 hektar se stromy vy$§imi nez 5 metrii a pokryvem
koruny tvoficim vice nez 30 % nebo se stromy schopnymi dosdhnout téchto
limitd v daném misté, nebo
c)  plochou o rozloze vétsi nez 1 hektar se stromy vy$$imi nez 5 metrti a pokryvem
koruny tvoticim 10 aZ 30 % nebo se stromy schopnymi dosahnout téchto limiti
v daném misté, pokud neni prokdzano, ze pii uplatnéni zpiisobu vypoctu
stanoveného v ¢asti B ptilohy €. 1 k tomuto nafizeni je zasoba uhliku v oblasti
predtim, nez doslo k preméné pidy, a po jeji ptemené takova, ze by podminky
stanovené v § 3 (kritéria udrZitelnosti biopaliv) odst. 3 byly splnény.
Ustanoveni odstavce 2 se nepouZzije, ma-li pida stale status uvedeny v odstavci
2 pism. a), b) nebo c) nebo jej méla v dob¢, kdy byla biomasa ziskana;
Biomasa spliiujici kritéria udrzitelnosti nesmi pochazet z pudy, ktera byla ke dni
1. ledna 2008 raselinistém, pokud neni prokdzano, ze jeji péstovani a ziskdvani
nezahrnuje odvodiovani diive neodvodnované ptidy (Nafizeni vlady ¢. 189/2018 Sb.
2018).
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Zakladni hodnota produkce emisi GHG pro fosilni PHM a zpiisob vypoctu emisi
GHG z PHM pro dopravni uéely a elektfiny pro dopravni ucely:

5)  Zakladni hodnota produkce emisi GHG pro fosilni PHM ¢ini 94,1 g CO2 ekv/MJ;
6) Zpuasob vypoctu emisi GHG z PHM pro dopravni Gcely a elektfiny pro dopravni
ucely je stanoven v piiloze ¢. 2 k tomuto nafizeni (Nafizeni vlady ¢. 189/2018 Sb.

2018).

V zemich EU jsou kritéria udrzitelnosti zakotvena ve Smérnici 2009/28/ES, o podpoie
vyuzivani energie z obnovitelnych zdroji (dale jen RED*®). Pozadavky na udrzitelnost zahrnuji
uspory emisi GHG v ramci celého vyrobniho fetézce, zmény ve vyuziti ptidy a zdsobach uhliku,
ochranu biodiverzity, environmentalni pozadavky na péstovani plodin a pozadavky
na sledovatelnost. Problematika udrzitelnosti biopaliv je feSena také novelou Smérnice o kvalité
paliv 98/70/ES ptijatou v roce 2009, ve které jsou stanoveny redukéni cile pro emise CO2 V ramci
celého sektoru dopravy. Cilovou hodnotou je dosazeni 10% tspor emisi CO, v roce 2020%
Ve srovnani se stavem v roce 2010. Tento cil je dosazitelny pii minimalnim podilu 15 % biopaliv

(HykySova 2012).

Jednim z néstroji kritérii udrzitelnosti jsou certifikaty. Clenské staty jsou povinny zavést
systém certifikace udrzitelnosti biopaliv a biokapalin do své legislativy. Nejdale je v tomto sméru
Némecko, kde se vyuzivaji dva systémy certifikace udrzitelnosti biopaliv: ISCC (International
Sustainable and Carbon Certification, mezinarodni systém certifikace biomasy a biopaliv)

a REDcert (némecka organizace poskytujici certifikaci v oblasti biopaliv) (Hykysova 2012).

Ve Velké Britanii byl zaveden zavazek dosazeni minimalniho podilu biopaliv
prostiednictvim Renewable Transport Fuels Obligation (RTFO, zavazek obnovitelnych
pohonnych hmot), pfi¢emz britska agentura pro obnovitelna paliva (RFA, Renewable Fuel
Association) dohlizi nad sledovanim kritérii udrZitelnosti. Ve Svédsku je tato problematika
feSena prostfednictvim dvoustranné dohody mezi nejvétSim Svédskym dovozcem a Ctyimi
brazilskymi vyrobci etanolu. V USA jsou kritéria udrzitelnosti biopaliv legislativné feSena

v ramci zakona Energy Indepence Security Act. PoZzadavek na uspory emisi GHG je v piipadé

33 Renewable Energy Directive. RED II: Renewable Energy Directive pro obdobi po roce 2020

3 Smérnice EU uvadi, ze do 10% podilu budou zapo&itavat pouze ta paliva, u nichZ je uspora emisi GHG
V celém zivotnim cyklu oproti klasickym paliviim minimalné 35 %, od 1. 1. 2017 se pak podil zvysuje na
minimalné 50 %. U biopaliv ze zafizeni spusténych po 1. 1. 2017 je pak hranice alesponi 60 % uspory.
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biopaliv prvni generace 20 % a v ptipadé druhé generace 50 % v porovnani se standardnim
fosilnim palivem. Jednotlivé staty vSak mohou mit své vlastni standardy. Naptiklad kalifornsky
Low Carbon Fuel Standard (LCFS) pozaduje usporu 10 % emisi GHG do roku 2020. Tento
standard rovnéz pocitda s nepfimymi emisemi souvisejicimi se zmeénami ve vyuziti pudy

(Hykysova 2012).

V Nizozemi byl spustén certifikacni systém pro biomasu v lednu 2011. Systém vychazi
z holandské technické normy NTA 8080, kterd popisuje pozadavky pro posuzovani udrzitelnosti

pevnych, kapalnych a plynnych biopaliv a biokapalin (HykySova 2012).

Vyuziti biopaliv a jejich povinné pfimichdvani do paliv je kazdodennim tématem.
S postupem doby se zda, ze tolik oslavované ptimési jsou ptfi¢inou ekologickych katastrof,
zpusobuji hladomory, zvySuji ceny potravin, mizi kvili nim tropické pralesy, ni¢i se jimi motory
aut... Z téchto diivodii vyvstavaji otazky: Je jejich vyroba ekonomicky a ekologicky udrzitelna?

Me¢ly by byt subvencovany statem?
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2.  Cile disertacni prace

Cilem disertacni prace je navrhnout a ovéEfit moznost vyuziti nestandardnich biopaliv

ve vznétovych motorech. Soucasné tak piispét k poznani v problematice biopaliv, ktera v dnesni

dobé¢ hraje vyznamnou roli na trhu s PHM.

Cil disertacni prace je rozdélen v ramci publikovanych experimentti na n¢kolik dil¢ich cila,

jejichz zaméfeni vychazi z rozboru soucasného stavu hodnocené problematiky.

1)
2)
3)
4)

5)

6)

Standardizace odpadnich rostlinnych olejii pomoci biobutanolu jakozto nahrada
za FAME;

Dimethyleter jako alternativa k motorové naftg;

Ekonomické zhodnoceni vodiku jakozto alternativniho pohonu v ramci CR;
Zhodnotit vliv vybranych biopaliv na dany typ motoru, vyhodnoceni fyzikalng-
chemickych parametrl a emisi;

Navrhnout a ové&fit moznost vyuziti hydrogenovanych rostlinnych olejii ve smésich
s motorovou naftou a bionaftou;

Porovnat smési HVO s F-T naftou ve smésich s konvenc¢ni naftou. Potvrdit vhodnost

vyuziti métenych smési pro spalovaci motory.

2.1 Hypotézy disertacni prace

Prace ma za cil ovétit ndsledujici hypotézy:

1)

2)

3)
4)

5)
6)

Ptimés HVO uspoii Skodlivé emise a snizi vykonnostni parametry smésného
biopaliva;

Ptimés biobutanolu snizi cetanové €islo a ohrozi mazivostni parametry smésného
biopaliva;

Vysoké cetanové ¢islo HVO bude kompenzovat nizké cetanové ¢islo biobutanolu;
Biobutanol standardizuje smés pro uziti rostlinnych oleji pro vznétové motory
pfi zastoupeni vyssim nez 50 %;

Tlak par dimethyleteru bude pti 20 °C v rozmezi 400 az 600 kPa.

Smési HVO v konvenéni nafté a syntetické nafty (F-T syntéza) v konvencéni nafté

vV poméru do 50 % budou spliiovat normu EN 590.
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Piedpokladané metody FeSeni

1)
2)
3)

Reserse stavajicich poznatki v oblasti obnovitelnych paliv a legislativnich predpist;
Popis kvalitativnich pozadavki na konvencni motorova paliva;

Experimentalni vyhodnoceni charakteristik jednotlivych nestandardnich biopaliv.

Pokusy byly realizovany na pracovistich FAPPZ CZU v Praze, TF CZU v Praze, ORLEN

UniCRE a.s. v Litvinové. Pro dosazeni cili disertaéni prace bylo pouzito laboratorniho

a ptistrojového vybaveni nasledujicich pracovist’:

1)

2)

3)

Ceska zemédélska univerzita v Praze, Fakulta agrobiologie, potravinovych
a prirodnich zdroji, Katedra chemie;

Ceska zemédélska univerzita v Praze, Technicka fakulta, Katedra vozidel a pozemni
dopravy;

ORLEN UniCRE a.s. v Litvinove¢.

Laboratorni zkousky testovanych paliv byly provedeny podle normovanych postupti podle

norem:
1)
2)
3)
2.2

CSN EN 228 Motorova paliva — Bezolovnaté automobilové benziny — Technické
pozadavky a metody zkouSent;

CSN EN 590 Motorova paliva — Motorové nafty — Technické pozadavky a metody
zkousSeni;

CSN EN 14214 Motorova paliva — Metylestery mastnych kyselin (FAME)

pro vznétové motory — Technické pozadavky a metody zkouSeni.

Metody méieni

Pro stanoveni vlastnosti paliv byly pouzity nasledujici metody méfeni:

1)

2)

3)
4)

hustota pii 15 °C podle CSN EN ISO 3675 Stanoveni hustomérem a dle 1SO
12185:1996;

destilaéni zkouska podle CSN EN ISO 3405 Stanoveni destilatni kfivky
pti atmosférickém tlaku;

cetanové ¢islo podle CSN EN ISO 5165 Motorova metoda a dle ASTM D7668-17;
cetanovy index podle CSN EN ISO 4264 Vypocet cetanového indexu paliv na bazi

stfednich destilatl rovnici o ¢tyfech proménnych;
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5)

6)

7)

8)
9)
10)

11)
12)

13)
14)
15)
16)
17)
18)

19)

20)

21)

22)

bod vzplanuti podle CSN EN ISO 2719 Stanoveni bodu vzplanuti v uzavieném
kelimku podle Penskyho-Martense;

mazivost, korigovany primér odérové plochy (WSD 1,4) pii 60 °C podle CSN EN
ISO 12 156-1,;

viskozita pti 40 °C podle CSN EN ISO 3104 Stanoveni kinematické viskozity
a vypocet dynamické viskozity;

CFPP podle CSN EN 116 Stanoveni filtrovatelnosti CFPP;

bod zékalu podle CSN EN 23015 Stanoveni teploty vyludovani parafint;

oxida¢ni stabilita pti 110 °C podle CSN EN 14112 Stanoveni oxidaéni stability
(zrychleny oxidacni test);

oxidacni stabilita rostlinnych olejii pomoci metody Rancimat podle EN 15 751,
objemové a vyhievnostni hodnoty na isoperiobolickém kalorimetru IKA C200 (IKA,
Némecko) dle 1ISO 1928 a pomoci LECO AC600 Semi-Automatic Calorimeter dle
DIN 51900-2;

zavislost tlaku par na teplot¢ podle ASTM D 323;

bod varu podle EN ISO 3405;

rozpustnost vody v dimethyleteru pomoci Coulometru DME;

opacita vyfukovych plynti opacimetrem Atal AT-605 (Atal Tabor) podle ECE R24;
provozni parametry testovaného vozidla v jizdnim cyklu NEDC;

klasifikace PM byla analyzovana pomoci EEPS (Engine Exhaust Particle Sizer) TSI
model 3090;

plynné emise pomoci analyzatoru emisi VMK (VMK-RTG, Praha);

stanoveni uhlovodikti na plynovém chromatografu Agilent Technologies 7890A
vybaveném  autosamplerem, kapilarni  kfemennou  kolonou  SPB-2560
a plamenoioniza¢nim detektorem (FID, Flame lonization Detector);

spotfeba paliva byla méfena pomoci laboratorni vahy Vibra AJ 6200 (Shinko Denshi
CO, Tokyo);

Obsah dusiku a siry pomoci Trace SN Cube Instrument dle standardu ASTM D5453
and ASTM D4629.

K vyhodnoceni experimentd byly pouzity programy Statistica, Microsoft Excel,
Statgraphics, Mathcad, Star Chromatography Workstation vs. 4.51, Matlab R2015a a R 4.0.2.

Volba grafického znazornéni jednotlivych vysledki méfeni predstavuje kombinaci téchto

programt s ohledem na piehlednost vyhodnoceni.
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3. Prakticka ¢ast

Prakticka ¢ast prace ukazuje piehled vydanych a k vydani pfipravenych ¢lanka tykajicich

se obnovitelnych paliv. Clanky jsou fazeny chronologicky:

3.1

3.2

3.3

3.4

3.5

3.6

Honig, V., Pexa, M., Maftik, J., Linhart, Z., & Zeman, P. (2017). Biobutanol
Standardizing Waste Cooking Oil as a Biofuel. Polish Journal of Environmental
Studies, 26(1). DOI: 10.15244/pjoes/64466

Zeman, P., Honig, V., Prochazka, P., & Marik, J. (2017). Dimethyl ether
asarenewable fuel for diesel engines. Agronomy Research. DOI:
10.15159/AR.17.067

Obergruber, M., Honig, V., Prochazka, P., & Zeman, P. (2018). Energy analysis
of hydrogen as a fuel in the Czech Republic. Agronomy Research. DOI:
10.15159/AR.18.015

Kotek, M., Martik, J., Zeman, P., Hartova, V., Hart, J., & Honig, V. (2019).
The impact of selected biofuels on the Skoda Roomster 1.4 tDi engine’s operational

parameters. Energies, 12(7), 1388. DOI: 10.3390/en12071388

Zeman, P., Honig, V., Kotek, M., Taborsky, J., Obergruber, M., Maftik, J., ... &
Pechout, M. (2019). Hydrotreated vegetable oil as a fuel from waste materials.
Catalysts, 9(4), 337. DOI: 10.3390/catal9040337

Hoénig, V., Zeman, P., Jencik, J., Hajek, J., Vrablik, A., Cemy, R., Herink. T. (2022).
Vyhodnoceni motorové nafty a jejich smési s aditivy z hlediska palivovych smési

(2022). Clanek je ptipraven k publikovani.
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3.1 Biobutanol Standardizing Waste Cooking Oil as a Biofuel (2017)

Clanek pojednava o odpadnich rostlinnych olejich a jejich nevhodnosti pro pouziti
ve spalovacich motorech z diivodu Spatné oxidacni stability a karbonizace vsttikt a pisti. Tyto
vlivy lze ¢asteéné kompenzovat piimési biobutanolu. Vyhodou je, Ze neni potieba uprav

motorového ustroji.

Navrzena metoda standardizace odpadnich oleji biobutanolem je vhodna alternativa
k pouzivani FAME. Palivo s pifimé&si biobutanolu se svymi parametry blizi normé FAME EN

14 214 ale i normé EN 590 pro motorovou naftu.

Smés 60 % biobutanolu a 40 % odpadnich oleji byla prokazana jako vhodny pomér obou

slozek.
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Abstract

Waste vegetable fats are standardised by obutanel m this arhele whle replacing biodiesel. Viscosity,
density, cold filter plugmng pomt of fuel blend, condahion stability, and fash pomnt were measured to confirm
that a fuel is so close to a fuel standard that i1t 15 possible to use it In engines without modification. Fesults
of this analy=is have allowed us to propose a new fuel product wath the prelimmary title BUTVO 60, which
symbolizes 60% biobutanol and 40%% waste vegetable cil. Performance and emmssion parameters of this new
fuel product were tested 1 a Zetor 8641 tractor with a Forferra supercharged diesel enzine. The resulting
30% decreaze mn power was reached by measuring with an AW MEB 400 dynamometer at PTO, wiale
mantamng 33% torque reserve. But by mmereasing fuel infake the enpime mamtamed a stable performance.
Mitrate emmssions and BUTWVO 60 particles were considerably lower at the non-road steady eyele (NESC)
test. In contrast to biodiesel, BUTVO_60 fusl also has kept the fuel system cleaner while mmimmiming carbon,
mpurthes, seduments, and so on. The objectrve of thus article 15 to allow the use of waste vegetable cooking
oils as fuel while replacing biodiesel. The side effect of the proposed method 15 the ability of decentralised
blending at places where local waste cooking oil emerges. Mo technology m either investment 1= needed in
fuel processmg or engine adaptation of fuel mls.

Kevwords: vegetable oil, bicbutancl, diesel engine, non-road steady cyele, emissions
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Introduction

The EU action plan for transport fuels defines fiel
altermatives up to the wear 2020. Also, the changed
objectives of 20% of energy and 10% of renewable fuels
in the EU renewable energy directive 2009/28/EC confirm
the need and share of renewable transport fuels due to
08% EU dependence on fossil fuel imports. Biodiesel
from methyl ester of rapeseed oil and bicethanol are the
most often used biofuels in Europe. The idea of using
vegetable oils In engines was fested by Endolf Diesel
already in 1895, and two opposing opindons about using
vegetable oils in engines were discussed recently [1-2].
Engine designers and manufacturers fear fuel pump and
engine damage from vegetable oils, predominantly due to
high o1l density and wviscosity. This opimien 15 justified by
damage to engines when vegetable oil 15 nsed or an engine
has not adapted properly to ol consumption by people
trying to save money.

fegetable cil 15 a blend of macylglycerols with little
mpuntes of fatty acids. Peroxides, polymers, radicals,
and other substances appear in the ocil as a result of
chemical reactions during fiying. These fiying products
are unswitable for human consumption. Therefore, frying
oil must be replaced, bumed, or eventually recyeled [3].

Used waste vegetable fiying cils, if further processed,
can be used m the enmergy, bulding constmuction, or
forestry sectors. Physically processed waste ois can
be mixed with fuels to save other natural resources.
Waste vegetable oils for heat or electricity production
must only be purified Fegeneration of oil is a more
demanding procedurs as distillation or refinement are
needed. But regenerated oils can be broadly nsed, and
both purified and regenerated waste oils can decrease
EU imports of fossil fuels according to a recent trend
searching for new altematives. Biofuels decreaze GHG
pollution, the greenhouse effect. and climate warming as
the assimilation effect must be subtracted from pollufion
of bumed fuel Also, biodegradability of biofiels is
positive from the envirommental point of view, especially
if used in agnculture, forestry, or areas protecting water,
biodiversity, or other resources [4-5].

But the negatives of wvegetable oil also should be
menticned. Vegetable oils have especially high viscosity,
which exceeds the standard value for diesel fuel The
problem of viscosity 1s solved chemically by estenfication
or by heating cil in a two-tank fuel system.

There are two ways decreasing oil viscosity and density
allowing use of its calonfic value as fuel. Firstly, chemical
vegetable o1l processing of fuel mto fatty acid methy] ester
is done by biofuel producers [6]. Fapeseed oil, palm oil,
soybean oil, and sunflower or other cil crops are used for
trans-estenification (the chemucal reaction with methanol
oI, m:el],r ethanol) resulting m:

Eapeseed methyl ester (EME).
»  Sunflower methyl ester (SME).
*  Soya methyl ester (SOME).
»  Waste used oil methyl ester (WUOME).
*  Rape ethyl ester (REE), efc.

FME is the most widespread biofuel used in Europe.
Rapeseed oil is pressed out of rapeseeds with consequent
transesterification [7]. Density, viscosity, calonific value,
and combustion of EME are very close to diesel properties,
but stall different. Diesel fuel properties are set by EN 580
standards, which are adapted for biodiesel by EN 14 214
for fatty acid methyl ester (FAME). Recently, up to 7%
vol. of biodiesel is an obligatory blend with diesel fuel
according to the EU directive. The higher vol. of biodiesel
(for example FAME mn the form of REME) in blends with
diesel firel can also be used if recommended by an engine
producer. Performance parameters of 30% RME blend are
decreased by 3-3%. Therefore, its consumption increases
by approximately 7%. BME also penetrates info il in the
engine, shortening its replacement imterval.

Secondly, wamming up the pure vegetable oil
significantly decreases its viscosity, allowing its use in
engines directly without transesterification. But different
vegetable oil parameters opposite of diesel fuel must be
fully respected {Table 1) by engine fuel system adaptation,
for example by the mstallation of a two-fuel-tank system
(Fig. 1).

g'I']1|=3 engine starts on diesel fuel and after the vegetable
oil is warmed up, decreasing wiscosity, the fuel system
switches to the vegetable oil tank.

Three percent of the total chemical energy of vegetable
oil 15 used for oil processing (crushing, filiration, cleaning,

pumping} as opposed to more complex biodiesel
processing (+ esterification, + distillation, + conditioning,
+ transport, + methanol production), which consumes 17%
of total energy of vegetable oil. Biofiel is processed in big
centralised factonies [E]. Therefors, direct combustion of
vegetable o1l allows decentralisation, while mvestment
mto such biodiesel factones have not been made.

Bioethanol, which 13 a preduct of sugar beet or
cereals in the EU, 13 mandatonily added to gasoline [9].
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Table 1. Parameters of selected fuels. Table. 2. Chemieal and physical properties of substances.
Properties Diesel | RME R‘“‘TEEE‘:I Properties Butanol Ethanol
Chemical composition CHOH CHOH
-25°C 3-30 300 fd 1 1
) ) Density at 20°C (z-cm™ 0.3097 07894
EKmematic (g 3.14 10 180-220 . lh ; .{g :
viscosity Einematic viscosity at 20°C 152 164
{mmm?-5) 2FC 2-8 63-8.1 65-100 (15 e :
mooeC | 0.7-2 1.7 -8 Molecular weight (z-mol ") 74124 46,070
Weight ealorific value 475 371407 374 Melting pomt (°C) -B8.62 -114.1
AT k=) T o '
- Boiling pomt (°C) 11766 78.29
Volume calorfic value 359 377 144
(MT-H) ) = ) Calonific value (MTkz") 2638 325
Cﬂmblﬂtl.ﬂ-]:.l. heat 453 391429 19.6 Evaporation heat (0MTkz") 092 0.43
(MIkg™) -
Vapowr pressure accordint 193 18.6
Cetane mamber (-) 45 54-55 35-30 to Reid (BVE) (kPE) . -
Deensity (kg-dm™) 0.8-086 | 087088 | 0591-054 Solubility of watar 745 .
- — in substance (Y wi) ’
Flashpomt {"C) mm. 55 130 300-330 g
37.3%; ..
Freezing point (°C) 120 7 180 Aqueous azeotrope (-) e | 6% TRITC
Malacular weight (-) 200 §50-900 300 Creyzen content (% wi) 347 216
Oetane number RON (-) 106-130 94
: ) . . Cctane ber MON (- B8-103 8081
Bioethanol blends are standard only in gasoline engines, - 0

because fiiel parameters differ significantly from diesel
fuel. Especially its low flammability (cetane mumber is
just 8) must be mereased by additives and a diesel engine
must be adapted. The compression of a diesel engine must
be mcreased, with a second tank for bicethanol and the
blending unit offsetting difficulties of blending and low
lubricity of bicethanol with diesel fuel added [10-11].

Alecohel bicbutanel is a second-generation biofuel
suitable for blending wvegetable oils for fuel purposes.
Similarly to bicethanol. it is produced from sugary and
starchy crops. But it can also be made of whey, waste
glycerol, and single-cell algae-cummlating starch.
Cellulose as source material for bioethanol and biobutanel
15 frequently discussed under the second-generation
biofuels agenda. Feleasing glucose from cellulose of
straw, waste paper, of energy crops is part of an emotional
discussion about second-genmeration biofuels, which
makes the processing more costly. Properties of both
microbiota and organic material must fit. Clostridium
acetobutylicum and Clostridium beijerinckii are able fo
digest monosaccharides, disacchanides, and oppose yeast
and polysaccharides (starch), but they don’t have enzymes,
allowmyg for fermentation of polysacchandes of cellulose
or hemicellulose. Such raw matenials through hydrolysis
mmust be disassembled to simple sugars by hydrelytic
enzymes of diluted acids [12-13].

Closiridium acetobutylicum to Closiridium fyrobu-
tyricum 1s a breakthrough invention allowing principal
mmprovement of biobutane] production with conversion
464 gl 'h' or 4243% from glucose. Clostridium
acefobutylicm 13 maximising conversion of glacos:
butyric acid and hydrogen. Closiridium fyrobutyric
then converts the acid to biobutane]. This new technology

70

doesn’t produce such by-products as lactic acid, propionic
acid, acetone, 1sopropanol, ethanol, and others opposed to
former ABE technology. Processing 13 contmuous in two
fermenters, followed by centrifuges and semipermeable
membrane separation of bicbutancl and water from
other material. Only 10% of water in bicbutano] before
final distillation starts decreases energy consumption
of this technology. Feleased hydrogen in the first part
of the processing would mmprove energy balance of the
processing by 18%. Selected properties of bioethanol
and bicbutanel (Table 2) are compared with specific
energy content of fuel blend with air under stoichiometry
{Table 3). The higher specific energy value, the higher
performance of engines [14-15].

The volume of vegetable oil used for fiying has
mcreasing enermously i recent years due to changing
diets. But collected nsed waste vegetable oils are of very
different quality. Some food companies replace food
frying oils according to a sum of temperatures, but local

Table. 3. Spectic energy (after fuel fully evaporated m
stoichiometry test of air'fuel 1.00; t=25°C, p=1 bar).

content in blend

Subsiance kJ-r:E:rl;Elend Relative value
Isooctane (rel. valne 100) 3.420 1.00
Ethanol 3.410 0.997
Butanol 3.440 1.006
Hydrogen 2920 0.854
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fast-food stands may fiy food in vegetable oil untl it looks
like liguud asphalt. No chemical fransformation of such
materials can tranform vegetable oil in such a condifion
mto quality biofuel Trans-esterification can repair neither
totally broken cxidation stability nor high carbomisation
residue, which is composed of sediments, varmishes, and
resins [16-17].

Low temperature properties and oxidation stability are
other problems typical of methyl esters (biodiesel) from
waste o1l. Carbonisation of sediments on pistons in engine
cylinders can shorten its life cycle unless decarbonisation
15 frequently made. The injection part of the fuel system 15
more negatively influenced by carbomisation than pistons
cansing engine collapse [18-19].

Therefore, such waste vegetable oil was standardised
by biobutancl blends in further experiments. The objective
is to replace FAME by waste rapesesd oil in blends with
biocbutanol as fuel for unmodified diesel engines. The
main idea of this article is to standardise fuel by blending
ol te freat its high wviscosity, demsity, and bad low-
temperature properties and oxidation stability. Firstly,
results of chemical analyses of biobutanol and used waste
rapeseed o1l blends are histed. Secondly, the performance
and emission parameters of these biobutanol and waste
rapeseed o1l fiuel blends was measured on a Zetor 1204
tractor with a Forterra 8641 supercharged diesel engine
to demonstrate operability. Obtained results are compared
with competitive fizel blends.

Experimental Procedures

Used waste vegetable oil was received from the Czech
University of Life Sciences in Prague. Tested n-butanol
(further called butanol) was i p.a. guality (LachMNer,
Ltd ). Further teranitromethane (Sigma-Aldrich Ttd.) was
used. Parameters of the resulting blend were evaluated
according to EN 590 standards (valid for diesel fuel) and
EN 14214 for FAME. Firstly, impurities and food waste
were filtered out of the oil using two filters with different
densifies. Secondly, dehydration was applied.

Blends of oil and butanol for further analyses and fel
performance tests were prepared. The following tests of
blends were made:

Density at 15°C by EN I50 3673

Kinematic viscosity at 40°C by EN I50 3104

Cold filter plugging point (CFPP) by EN 114

Flash point by EN 2719

Oxidation stability of vegetable oil according to EN
15751

Oxidation stability of butanol by EN IS0 7536

. Cetane mumber by EN IS0 5163

Oxidation stability of used waste vegetable oil was
done using the Eancinmat method according to standard
EN 15751, The sample was aerated by 10 dm™h ' ina 110°C
thermostat. Volatile oxidation products were absorbed m
distilled water mm a container. Condoctivity of soluti
was measured by electrode. Increasing conductivity ..
caused by carboxyl acids with short chain (i.e., formic

bl ol o

~ o

acid), which emerged as secondary products of oxidation.
The conductivity curve in time shows an mduction penod
as the time delay between the beginning of the test and
fully developed oxidation reactions. Oxidation stability
of butanol was assessed according to EN IS0 7536 from
50 ml samples under 700 kPa oxygen pressure. This stan-
dard 15 valid for assessing oxidation stability of gascline
according to EN 228. Pressurized containers filled with
oxygen under 100°C were used for measurements of pres-
sure until the oxidation reaction with a consequent de-
crease of oxygen content in a container occurs. The re-
sulting induction penod (IF) 15 the time inferval umfil
oxidation reaction decreases pressure in the container.

The objective of these expenments was to assess the
minimal difference of measured composition of butanol
and cil from the standard for diesel fuel according to EN
590 (eventually EN 14 214) for methyl ester excluding
any engine adaptation.

Measurements of engine performance (Table 4 and
Fig. 2} were performed on the Zetor tractor. The AW NEB

Table. 4. Pnneipal techmical parameters of the Zetor Fortena
8641 tractor (according to the manufacturer).

Parameter Walue
Rated engine power according to ECE 24
&0
EW)
Rated speed (o™} 2200
Mactimum torque (Mm) 351
Specific consumption at rated power 153
(=kWh?) -
Marxamum over speed revolubions (min™) 2460
Idhing speed (mun™) T30

Fig. 2. AW NEB 400 dynamometer.
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Table 5. Proncipal technical parameters of the AW NEB 400

Table 6. Pnnecipal technical parameters of Flowhieter 32 ASP-

dynamometer 1E.
Parameter Value Parameter Value
Mazxinmm torque at PTO (Wm) 2850 Maxpmum How (b} 300
Maximum speed VH (man™") 3.200 Eating scale (puls-1) 400
Maomumm braking power (W) 343 Measurement errer (%2} 1
Mamrmam braking power at FTO speads 148
540 man (KW
Maximum braking power at PTO speeds Table 7. Parameters of BrainBee emissions analyser.
. 208
1000 min- (EW}) Substance | Fating scale Precision
MMeasurement error (Fo) 2 o 0.01% vol. 0.03% vol. or 5% BV
Weight dynamometer without coolmg water g6 (read valus)
kg) Co, 0.1% vol. 0.5% vol. or 3% EV
The volume of cooling water tank (1) 370 HC | ppm vel 10 ppm vel or 5% BV
0, 0.01% wol. 0.1% vol. or 3% EV
) ) ) NO lppm 10 ppm vol or 3% BV
400 dynamometer at PTO is shown in Table 5 and Fig_ 2. - -
A Macnaught MSeries FlowMeter M2ASP-1R. fuel meter Opacity 0.1% 2%
with two Hlow meters was mstalled in the engine’s fuel sys- Temperature 1°C 2590

tem (Table &). The first flow measured the supplied flow to
the engine. The second flow measured fuel retuming to the
tank. Oil, air, and fuel temperatures plus air pressure were
measured by sensors. A Brain Bee exhaust gas analyzer
measured emission components (Table 7, Fig. 3), and the
tractor’s fuel tank was disconnected from the fuel system
during the experiment. A 30-1 camister with actually tested
fuel blend was used instead.

Fiz 3. BrammBee emizsions analyser

72

The fuel system was not medified for any of the tested
FAME (FME), oil, or aleohol fuels. Each expenimental
fuel sample consumption for each of eight different engine
speed levels was added to a weighted average calculation.
Each measured level of engine speed was assessed
according to the non-road steady cycle European emission
standard (NESC). And lastly, we created a complete
performance description of the tractor engine for different
fuels. Each fuel consumption received values for carbon
monoxide (CO), carbon dioxide (CO,), hydrocarbons
(HC). nitrogen oxides (NO), and particles (PM). The
IWESC (2005/13/E5, 2000/25/ES, 2004/26/ES, 97/68/ES)
test i1s composed of eight engine speed levels and torque
(Table 8), which describes a typical daily performance of
the tractor engine.

Table 8. Measunng points of the NESC fest.

Lol | Enginespeed | Load () | oot
1 Fated 100 015
2 Fated 75 015
3 Fated S0 015
4 Foated 10 0.10
5 Intermediate 100 0.1
6 Intermediate 75 0.10
T Intermediate 50 0.10
g Idle - 015
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The following fuel blends were each measured:

1. 20% PME containing 20% rapeseed methyl ester and

80% diesel fuel.

100% FME (100% rapeseed methyl ester).

20% RO containing 20% rapeseed oil and 80% diesel

fuel.

4. Diesel fuel (1007 diesel fuel).

5. Biocbutanol‘waste wvegetable o1l —  swtable
composition was assessed according to chemical
analysis (BUTVO 60)

The fuel system was completely washed between
fuel tests. Washing fuel from the refurn tube was retained
in a separate tank. Fated rotation speed charactenstics
were measured after the foel system was cleaned and an
engine reached performance temperature. PTO and full
gas given by hand remained dunng the enfirte measuring
interval. Maxinmm engine speed gradually decreased
as the dynamometer increased engine load. Torgue,
engine power, engine spead, fiel consumption, and other
measured values were recorded in regular intervals after
each decreased engine speed level, for example if engine
speed decreased by 50 min'. At engine speed, about
1,100 min' of the measurement was closed down.

ol

Eesults and Discussions

Fig. 4 shows the relationship of waste rapeseed oil
density and the volume of butanel in the tested fuel sample.
WValues of EN 14 214 for FAME (min 260 kg m~“-max.
000 kg m™®) are reached at about 20% butancl in rapesesd
oil. Values of EN 330 for diesel fuel are reached at 75%
butanol (mmn. 20 kg-m~*-max. 8435 kg-m) [20-21].

Content of butanol in percent vol. is on the horizontal
axis. density at 13°C n kgm? is on the main vertical
axis, and kinematic viscosity for 40°C in mm®s! is on
the right vertical axis. Density and kinematic viscosity
were measured three times for each fuel sample. Density
values were identical in all measured cases. Expanded
uncertainty of measurement is 0.5 kg-m?. Time of flow has
differed less than 1 s if kinematic viscosity was measured
n a viscometer. Expanded uncertainty of measurement 1s
=1% of result value. Only averaged values are displayed
Fig. 4)

=B Density w [ 550

i
‘J_H"" —=— Kimesnatie vissoRiny ol 4070
D e i 1)
1
RED . ; 15

1 T
- Wﬁm’iu.i . E
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Fig. 4. Density and viscosity of vegetable 01l wath butanel.
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Fiz. 5. Cold filter phugging poant (CFFP) and flashpoimt (FF) of
vegetable ol with butancl.

Viscosity values at 40°C of EN 14 214 are reached
when butanol content in rapeseed oil 15 60-63% (min 3.5
mm?*5'-max. 5 mm®s'). Values of kinematic viscosity
of EN 390 are reached when butanol content in rapeseed
ol 15 70% (mm 2.0 mm*s'-max. 4.5 mm?s") [20-21].
Therefore, new product BUTVO 60 was proposed at
40°C uf‘l:lsmﬂl} (5.37 mm?*s") and 15°C of density (858
kz-m™) for 60% of butanol in waste rapeseed oil.

Other fuel charactenistics of BUTVO 60 fuel blend
were measured, especially flashpomt (41°C; Fig. &)
and CFFPP (-14°C; Fig. 3), showing that fizel doesn’t get
through the fuel filter.

Butanol content in percent volume is on the horizontal
axis, temperature of lost filiration ability (CEPP) mn °C 15
along the left vertical axis, and temperature of flash point in
*C 15 om the right vertical axis. Each sample was measured
three times with less than 1°C difference. Awverages of
measured values are shown for expanded uncertamnty of
result £1°C. Mo stability problems of blend were observed
for butanol (p-butanol) m foel blend up to -14°C, as
opposed to bioethanol [11, 22-23], where -14°C cotically
would quite often paralyze the stability of the blend
the climatic conditions of Cenfral and Eastern Eurcpe.
Therefore, no low-temperature improving additives are
needed if butanel is used as opposed to ethancl blends.
Butanol, in contrast to ethanol, is separating neither
water and fuel phases duning the long storage penied nor
sediments, which are typical for FAME (EME).

Flashpoint is the lowest temperature in which
combustible substances under nommal air  pressure
produces enough vapours if flame with precisely defined
distance for precisely defined time interval flashes shortly
and fimish quickly. Combustible substances are sorted
according to temperature to differently dangerous classes.
EN 390 sets mimimal temperature of third combustible
class at 33°C. Therefore, BUTVO_60 with 60% of butanol
in waste vegetable ol belongs to the second combustible
class. Found value of flash pomt 41°C (Fig. 3) has no
impact on diesel engine performance.

Omdation stability of diesel fuel is mimmally 20 hours

73 under 110°C (accordmg to EN 520). Oxidation stabality

of FAME 1s mummally 2 hours under 110°C (according
to EN 14214; previcusly 6 hours) [24]. The oxidation
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stability of the tested waste o1l sample was only 1.2 hours,
and the mduction period for butancl sample was longer
than 25 hours. This value cormresponds to measurements by
other anthors [23-24]. Alcchols are generally considered
oxidation-stable substances. Conflict of two methods
for measurement of diesel fuels and gasoline engine
fuels probably resulted from the absence of standard
for companison of oxidation stability of a sample of any
fuel blend of butanol with vegetable oil. Generally, the
higher content of butanol in wegetable oil mn fuel blend
the higher the oxidation stability. Content of butanol in il
also decreases velume of sediments, lacquer, and resins,
while preventing carbomisation (especially of injections).

Lubrnicity of BUTVO 60 fuel blend was very good
above standard values of EN 150 12156-1. Therefore, the
damage of moving parts of a combustion chamber due fo
finel lubncity are excluded. Butanol in an o1l blend canses
fine atomisation of injected fuel because drops have a
bigger surface and therefore evaporate faster. Both butancl
content and beiling point prevent imregular performance
of engines due to fast evaporation of mjected fuel The
presence of heavier substances in blends of butanol with
vegetable oil evaporate gradually during compression
while cooling the combustion chamber walls.

Butanol has a much lower cetane mumber than diesel
fuel, FAME, and vegetable oil [27]. The cetane number
of the resulting 30.4 BUTVO 60 blend was mereased by
adding (.6% tetrantromethane to 48.1 (Fig. 6) according
to [16]. The cetane number of BUTWVO 60 can also be
mcreased by dinitropropane or 2-ethylhexylnitrate.

The volume of tetranitromethane in volume percentage
15 shown on horizontal axis x. The vertical axis shows
cetane number values. The cetane mumber symbol for
100% butanol 15 (), for 100% rapeseed rape oil is (A),
and for BUTVO 60 with tetramitromethane added is
marked by (m). Shown vales are averaged from three
measurements. Expanded uncertainty of result assessment
15 =1 unit of cetane mumber. Found differences between
measurements were always smaller than one unit of cetane
number.

60 :
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1
1
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1
1
1
1
|
i
-
|
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0 I !
0 0,2 04

1

¢, % vol.

]

Fiz 6. Cetane numbers of competing fuels.
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Performance, fuel consumption, and emissions of the
proposed BUTVO 60 fuel blend in the Zetor fractor were
compared with 20%: BEME (20% rapeseed methyl ester in
diesel fuel), 20% RO (20% rapeseed oil in diesel fuel),
100% diesel fuel, and 100% RME.

Diesel engine torgque and power (Figs 7 and &) for 20%
BME, 20% RO, and 100% diesel fuel combinations are
equal according to 2% precision of dynamometer AW NEB
400. Power parameters of the diesel engine have decreased
by 7% if 100% EME fuel was used. Power parameters of
the diesel engine hawve decreased by 22% if BUTVO &0
fuel was used due to the lower calomfic value of raw
materials (Table 2). But decreasing power parameters is
more significant n the case of using bicethanel [11].

NESC results (Table 9) are shown in both (g kWh')
and cumulative values (g-h'). The grey background of
cells (Table %) shows the lowest cumulabive production
of selected parts of exhaust gases or fiel consumphon.
The black background and white characters show values
with mummum specific CO,. NO_, and PM production
m g-h'. The best performer from an emissions point of
view 1s tested BUTVO _60. A companson of CO, values
with diesel shows insignificant difference at 13 3%, but
NO_ decreased by 30% and PM by about 90%. Results
of BUTVO 60 are not so great if both emissions and
performance parameters are taken into account. Diesel
engine power dunng the NESC test decreased by about
30% to 22.4 kW as opposed to diesel fuel The positive
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Fig 7. The course of enpine torque m a Zetor 3641 tractor with a

Forterra supercharged diesel engime.
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Table 9. WESC test results for selected fuels in a Zetor Forterra tractor.

PTO power Fuel
Fuel e co co, HC NO | -
Weighted average 28.9 832 17844 | 1107 | 4170 | 378 9,045
30% RME (k")
HREC (kWD 3 1358 | 008 | 1397 | 0136 248
Weighted average 179 518 6455 | 1018 | 4347 | 134 10,213
100% RME (k")
NRSC (zEWE) 0.048 367
Waighted averaze
313 1.259 10.16 9,069
100% Diesel (zh) ] i
NESC (zEWE) 0.045 0363 ERE]
Weighted average . - 4 - =
20 s 29.9 70. 18380 | 1261 | 4342 | 34 9518
TEEC (kWD 73 Bl 0o | 1254 | 010 3188
Weighted average 24 1159 | 32388 a2 | 2623 | 0837 10,144
BUTVO_60 (k) == : Sk : :
G S e oo

effect of BUTVO_60 finel is 13% decreased NO_production
during the NESC test and a 90% decrease m PM.

Conclusions

Waste vegetable o1l can hardly be used as a fuel for
diesel engines. This is true for both filtered dehydrated
oll (in a two-fuel-tank system) and biodiesel (FAME) due
to problems with oxidation stability and carbomisation
of mjechions and pistons by sediments, lacguers, and
resins. Loss of compression of diesel engine is signalling
consequences of carbon in piston nng grooves. The high
percentage of butanol in a blend with waste vegetable oil
has significant positive effect on carbonisation and other
negative side effects. No engine adaptation (le., a two-
tank-fuel system offseting high density and kinematic
viscosity of cil) was needed. The proposed method for
standardising waste vegetable oils by butanol according
to fuel standards is suitable to replace FAME (biodiesel)
as a second-generation biofuel. Properties of butanol in a
blend with waste vegetable oil has simular fisel properties
to FAME. No inwvestment costs for a techmical adjustment
of vehicle, estenification facilibies, and processing of waste
oils info second-generation biofuels are positives of the
proposed method. Especially low-temperature properties
of waste vegetable oils with butanol are excluded by
otherwise needed additives if bioethanol 15 used.

Fuel made by adding butanol to used waste vegetable
oils has shown fuel properties approaching the FAME EN
14 214 standard, or also for diesel fuel standard EN 590
without the cost of warming it up or for esterification. The
propesed BUTVO 60 fuel has kinematic viscosity at 40°C
(537 mm*s"), density at 15°C (8585 kgm?), freezing
point at -14°C, and flashpoint at 41°C. Additives were used
and tested to increase the low cetane mumber.

WE.SC test results for selected firels on the supercharged
Zetor have confimmed the wsability of BUTVO 60 fuel

A blend of 60% biobutanol with 40% waste vegetable
rapeseed o1l has shown the appropriate ratio of fuels.

Lower power parameters were expected due to
lower calomfic value of BUTVO 60, which 1s 20%
lower as opposed to diesel fuel. Therefore, the intake of
fuel volume into a diesel engine should be increased for
BUTVO _&0.

Emission parameters and fuel consumption were
compared with other fuel blends using the NRESC
test. BUTVO_60 has decreased NO_and PM exhaust.
Inversely, CO, carbohydrates (HC), and fuel consumption
were mereased. Finally, the new standardized fiel source
converting costs for waste vegetable oil processing and
its consequences in sewage were found in blends with
bicbutanol.
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3.2 Dimethyl ether as a renewable fuel for diesel engines (2017)

Clanek pojednava o vyuziti dimethyleteru jakozto obnovitelného biopaliva pro dieselové
motory vyrabéného z biomasy. Mezi jeho dobré vlastnosti patfi cetanové Cislo, misitelnost
a Cistota. Fyzikalni vlastnosti jsou podobné s LPG. Nevyhodou je ndkladné palivové

prislusenstvi.

Cilem préace je zhodnoceni tohoto zdroje energie pro aplikaci v dieselovych motorech.
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Abstract: The area of automotive fuel, or fuel components, which can be produced from biomass
also mcludes dimethyl ether. otherwise known as DME. The issue of the use of DME as a fuel 1s
one which has been monitored until recently. Biomass can also be used as the raw material for
the production of DME. DME has therefore replaced the previously-used CFCs
(chlorofluorocarbons). which are now banned for their role in dangerous levels of ozone
depletion. With regard to its physical properties and combustion characteristics, it is currently
expected that DME will soon apply significantly as a fuel in the municipal sector and in
households, and as an alternative fuel for motor vehicles with diesel engines. DME is a suitable
fuel for diesel engines and can be considered as one of the most promising diesel fuel
replacements. DME is a suitable fuel for diesel engines mainly due to its low self-ignition
temperature and good cetane figures. It 1s well miscible with most organic solvents and because
the polar solvent is water-immiscible. The advantage is its high levels of purity, and its being free
of sulphur. nitrogen. or metals. The physical properties of DME are very similar to the physical
properties of LPG. DME requires relatively complex and costly fuel accessories, but the original
compression ratio of the diesel engine is maintained. A diagram of the fuel system is illustrated
i the paper. The paper analyses the dependence of vapour pressure on temperature, the
dependence of the density on temperature. kinematic viscosity. the flash point. the boiling point.
and the solubility of water. The objective 1s to evaluate this interesting energy source for
applications in diesel engines.

Key words: biofuel, biomass, liquefied petroleum gas. vapour pressure, density.
INTRODUCTION

There are many reasons why we should deal with alternative fuels. The main one
1s probably the fact that sooner or later oil reserves will exhausted and mankind will lose
its ability to produce gasoline and diesel — fossil fuels without which today’s traffic
cannot get by. Further, using these classic carbon fuels delivers negative consequences
in terms of ecology. Although there is significant emphasis on fuel quality in order to
reduce emissions and fuel-efficient vehicles are being designed. these measures are not
effective enough. All of this 1s thanks to increasing energy consumption levels in terms
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of o1l production (which should culminate in 2020) and the related increase in emissions.

Road transport continues to produce still larger quantities of substances which have

a harmful effect not only on the human body. but also on the world’s overall climate on

a global scale (De Wit & Faai. 2010; Thamsiriroj et al., 2011; Honig et al., 2015).

Among the most-discussed alternative fuels are:

e Biodiesel — a methyl ester made of vegetable or animal oil or. to put it more
precisely, fat. The quality corresponds to conventional diesel which is used as
biofuel.

e  Bioethanol — an ethanol made of biomass or by using the biodegradable fraction of
waste.

e  Biomethanol — methanol made of biomass. This methanol is used as biofuel.
LPG (Liquefied Petroleum Gas) — a blend of liquefied propane and butane.

e Biogas — a name for a fuel gas made of biomass or made by using the biodegradable
fraction of waste that can be purified to natural gas quality and used as biofuel.

e Natural gas-—a natural mixture of gaseous hydrocarbons with a majority
of methane.

e Biohydrogen —a hydrogen made of biomass and/or from the biodegradable
fraction of waste, which is used as a biofuel (Schlaub & Vetter, 2008; Kiiiit et al..
2011; Pointner et al., 2014).

Apart from suitable physico-chemical properties. an alternative fuel should meet
a number of requirements. Material from which the fuel is obtained must be accessible.
renewable if possible, and not too expensive. Actual fuel production must not be too
high-tech and energy-intensive. Extracted fuel must be economically competitive
and environmentally friendly. In terms of thermal cycles, the fuel should have adequate
calorific value. Another criterion is the need for this fuel to be applicable for use in
commonly-used cars with petrol or diesel engines. with a minimum of necessary design
adaptations being required. If the fuel requires a special redesign of the entire propellant
system, it would be desirable that such an equipped vehicle is affordable and is available
with a large selection. In order to be able to implement a totally new fuel also requires
the construction of a distribution infrastructure — the fuel must be sufficiently available.
Fuel should be easy to store, should be spoilage-resistant, and handling it should be as
safe as possible (Ju et al., 2014; Wang et al_, 2016).

Amongst automotive fuels or fuel components which can be produced using
biomass. ethers also belong to this group. whether dimethyl ether (DME) or ethyl tert-
Butyl ether. DME i1s a colourless gas with a chloroform odour. It burns with a slightly
luminescence flame and is not toxic. It mildly irritates the respiratory system and has
possible narcotic effects. When mixed with air, oxygen. chlorine, and hydrogen chloride
it forms an explosive mixture (Nazari et al.. 2015).

It 1s estimated that today’'s worldwide annual consumption of dimethyl ether
(DME) 1s around 150,000 tons (Sebor et al.. 2006). The vast majority of dimethyl ether
(90%) 1s used as a propellant in the manufacture of aerosols. DME has therefore replaced
the previously-used freons (chlorofluorocarbons, or CFCs). which are now banned
thanks to their being dangerous to the ozone layer (Laurin, 2007). DME is used in the
production of methyl acetate and acetic anhydride. It 1s a perspective material for the
production of light olefins. especially ethylene and propylene. With regard to its physical
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properties and combustion characteristics it 1s currently expected that DME will soon
apply significantly as a fuel in the municipal sector and in households, and as an
alternative fuel for motor vehicles with diesel engines. The issue of the use of DME as
a fuel was raised pretty recently (Nazari et al., 2015).

DME can be made by using various materials, such as natural gas and biomass
(biodimethyl ether). For the production of one ton of DME we need three tons of wood.
which corresponds to a yield of 500 litres of DME from one ton of wood (Laurin, 2007).
DME is currently produced via the catalytic dehydration of methanol (a fixed catalyst
base) according to this Eq. (1):

2CH30H s CH3OCH3 o H'_)O (1)

As a catalyst for the dehydration of methanol to DME, y-alumina alone or
y-alumina saturated with phosphoric acid is being recommended (Laurin. 2007; Liu &
Chen, 2015). Methanol preheated to 300 °C is dosed into a reactor which is filled with
shape-alumina or. as the case may be, diluted with mert beads (such as glass. which
offers better heat conduction). The reaction mixture is conducted from the bottom of the
reactor at a maximum temperature of 400 °C. It operates at a pressure of up to 1.7 MPa.
Under these conditions it is possible to produce a product which contains an average of
weight of 58% DME. 20% methanol. and 22% water (Sebor et al., 2006; Ju et al.. 2014).

For the large-scale production of DME from natural gas it is preferred that the
production of methanol and DME be integrated into a single process; this integration is
also advantageous in terms of thermodynamics. The direct synthesis of DME includes,
aside from the above reaction (1), both basic methanol-producing reactions (2) and (3).

CO +2H, — CH:;OH (2)
CO2 +3H2 — CH;0H + H20 (3)

All three reactions must proceed simultaneously. which is something that is
achieved by fitting a common catalyst for methanol synthesis and a catalyst for its
dehydration (Sebor et al.. 2006). In methanol factories. where methanol is produced at
low pressure, DME as a by-product does not originate. There are developed processes in
which methanol production is modified so that the synthesis product 1s a mixture of DME
and methanol. In order to be able to yield the maximum levels of DME. there must be
an available catalyst which 1s active both in the synthesis of methanol
and in the subsequent dehydration to DME. Many producers work hard on the
development of this technology. The production equipment is similar to that required in
the manufacture of methanol. The recommended capacity of DME production is 7.000
tons per day. Expected investment costs are in advance of five hundred million USD.
The investment costs were quantified as needing to be lower by 4-8% when it comes to
the production of DME in comparison to the similar production of methanol. This 1s
because energy consumption in the production of DME is about 5% lower when
compared to the production of methanol (Liu & Chen. 2015).

If DME is made using biomass. then the finished product is marked as being
bioDME. The USA produces DME under the trademark “Dymel’. For its use in vehicles,
DME 1s compressed to 0.5 MPa. which means that it is liquefied and that the liquid is
refuelled into the tanks. It is processed similar to the method used for LPG, and therefore
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a similar infrastructure for its transportation and for providing refuelling may be used.
Similar modifications may also be made in the fuel system (Sebor et al., 2006).

DME has similar physical properties to LPG. At a temperature of 20 °C it 1s a gas,
but at a pressure of 0.5 MPa it liquefies (Kumar et al.. 2011). In terms of installation,
vehicle modifications consist of the addition of pressurised tanks. In order to achieve the
same full-tank range. the lower specific energy is provided with compensation by
installing larger tanks. Engines have a special fuel pump and injectors, an adapted control
program. and common rail injection. For DME and LPG-propelled buses we need to
solve the problem regarding the placement of tanks. For low-floor buses the installation
of composite tanks on the roof can be considered, while in the case of medium and high-
floor buses tanks can be placed under the floor (Laurin, 2007; Lee et al., 2016).

DME is injected into a cylinder in the same way as diesel fuel. Injecting DME into
the combustion chamber is sufficient when compared with the injection of diesel under
relatively low injection pressures, approximately 30 MPa. which ensures the required
fuel dispersion. For instance. the accumulator injection system with electrically
controlled injection valves, known as ‘Common rail’. is suitable. One of the typical
arrangements for the fuel system is shown in diagram form in Fig. 1 (Laurin, 2007).

EV
PUMP

EV INJECTORS
EV

EV

PV EV

PV

COMPRESSOR
PV

Q-—-D—O-—

DME tank with pump tank of DME vapors
0.5-0.8 MPa 0.1-0.2 MFa

Figure 1. A diagram of the DME fuel system: EV electromagnetic valve; PCV pressure control
valve; PV pressure relief valve.

Liquefied DME is propelled around the system by means of a pump which is
located in the fuel tank. using a pressure of around 0.8 MPa in the high pressure pump
where it is compressed to an injection pressure of 30 MPa. controlled by a regulation
valve (PCV). After that. it is brought into the tank and from there to the individual
injectors. Fuel injection quantity and injection timings are controlled by means of
electromagnetic valves, which are controlled by the engine control unit (Laurin, 2007;
Wang et al., 2016).

In order to prevent the penetration of the fuel through jets into one of the engine’s
cylinders after stopping the engine. the fuel must be moved from the high pressure
section of the fuel system back into the tank. This option is provided up to certain
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pressure-relevant electromagnetic (EV) and pressurised (PV — pressure relief valve)
valves. After the further reduction of the pressure levels. the DME is delivered from the
fuel system into a closed tank, where it evaporates and the gaseous DME 1s transported
via a compressor into the fuel tank. This measure will increase the safety of the entire
fuel system and it also allows standard components to be used in hydraulic systems
instead of perfectly gas-resistant components (Laurin, 2007; Wang et al., 2016).

In 2010 the Volvo Trucks company produced fourteen Volvo FH trucks for testing,
all of which were equipped with a 13-litre engine with an output of 440 hp. which is
adapted to run on DME.

This paper aims to determine the DME parameters in terms of it being a suitable
energy source. Besides the parameters for applications in diesel engines, also being
evaluated is the dependency of vapour pressure on temperature. The determination of
this parameter is also very important when it comes to using the gaseous fuel if DME is
to become an altemnative for LPG fuel.

MATERIALS AND METHODS

For utilisation in diesel engines as a substitute for diesel fuel. it is necessary to
determine density depending upon temperature. This is due to DME being injected into
an internal combustion engine as fuel. There is a relationship between density and the
calorific value of the fuel which is being analysed in this paper. For the safe storage and
handling of DME it is necessary to know the flashpoint. A determination of the kinematic
viscosity of DME in its liquid form is important for the prediction when it comes to
mixing fuel with air in a combustion engine and the possibly of utilising a stress pump.
An analysis of the solubility of water in DME 1s also analysed in the paper. as water is
considered to be a corrosive environment.

Also. the dependence of vapour pressure on temperature was checked and
compared to that of propane and butane in advance of the possibility of DME becoming
an alternative to LPG (Liquefied Petroleum Gas as a blend of propane and butane in
different proportions).

A sample of DME in p.a. quality was used for
experimental analysis. The purity of the sample was
at = 99 6% wt. with a methanol content of < 0.05% vol.
and dissolved water at < 0.01% wt. Propane and butane
gases were purchased from Linde Gas Company.

A diesel fuel sample was used which was
compliant with the EN 590 standard without the
presence of fatty acid methyl esters for laboratory tests.

Due both to the properties of the fuel and its
boiling point. it was necessary to cool the fuel in the
test tank by means of a cooling coil (Fig. 2). As the
cooling fluid which would help to determine the
boiling point. flash point. and kinematic viscosity,
propyl ethylene glycol and ethanol were used. Figure 2. Cooling coil.




The following parameters were measured:

Volumetric and calorific value on isoperiobolic-incinerated calorimeter IKA C200
(IKA, Germany). The measurements corresponded to ISO 1928 (Fig. 4).
The dependence of vapour pressure on temperature according to ASTM D 323

(Fig. 3).

Figure 4. Isoperiobolic incinerated

Figure 3. An apparatus for measuring calorimeter IKA C200

vapour pressure.

The dependence of density on temperature according to the EN ISO 3675 standard.
Kinematic viscosity according to the EN ISO 3104 standard.

The flashpoint according to EN ISO 2719.

The boiling point according to EN ISO 3405.

The solubility of water in DME on Coulometer WTD (Fig. 5. Table 1).

Table 1. Technical characteristics of

coulometer WTD
Measuring range 1 ppm - 5% H,O
Measuwrement error  0.5%
Titration flow max. 330 mA
Indicating current  1-25 pA
Sample weight 0.002-2 ¢
Result display ug. ppm. %
Power 230 VAC,35W
Titration container 200 mI with or
without diaphragm
Figure 5. Coulometer WTID.
RESULTS AND DISCUSSION

Based on the rating of the vapour pressure by DME (Fig. 6) the practical use

of DME as a substitute for commercially used LPG has been shown. For comparison,
the vapour pressure of LPG at 20 °C is between 215 kPa and 770 kPa depending upon its
composition (represented by propane and butane as shown in Fig. 6).
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The horizontal axis x (Fig. 6) represents the temperature in degrees Celsius, while
the vertical axis y represents the vapour pressure according to the Reid method (RVP) in
kPa. For each sample three measurements were carried out. All of them always reached
the same value on the manometer. The expected uncertainty of the result is = 1% of the
value of the result.

3,000
RVP, kPa
2500 } y = 431 410025
' R*=0.9764 A5
2,000 | y = 246 68e0.029%x
*=0.9887
1,500
]
1 k y = 108_7690.0312!
0 *=0.9693
500
0

-40 -20 0 20 40 60
t,°C

Figure 6. The dependence of vapour pressure upon the DME. plus propane and butane
temperature.

An analysis of the DME vapour pressure dependant upon temperature was
necessary also from the aspect of transportation, storage, distribution, and safety
demands.

The horizontal axis x (Fig. 7) represents the temperature in degrees Celsius, while
the vertical axis y represents the density of the fuel. For each sample three measurements
were carried out. The results did not vary according to the evaluation methods. while the
expanded uncertainty is = 0.5kg m™.
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AR g [’-\E‘E"B\B\B\B?S\‘
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0 20 40 60
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Figure 7. The dependence of the DME and diesel fuel density on temperature.
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The lower density of DME when compared to diesel fuel had already signalled a
lower calorific value, unlike diesel fuel. Compared with diesel fuel, the volumetric
calorific value of dimethyl ether is almost half (Table 2). Engines running on DME,
however. achieve a comparable performance and levels of efficiency. as in the case of
the combustion of diesel (Sebor et al.. 2006).

Table 2. Other measured parameters compared to the diesel fuel

DME example Diesel example
Kinematic viscosity at 20 °C (mm" s™) 0.75 as a liquid (0.8 MPa) 4.09
Boiling point (°C) -24.5 180-360
Flash point (°C) -42 67
Water solubility (% wt.) <6 -
Density at 15 °C (kg m™) 673 834.37
Calorific value (MJ kg™) 284 36.1
Calorific value (MJ 1) 189 426
Vapour pressure at 37.8 °C (kPa) 803 -

DME has a high cetane figure, between 55 and 60 (gebor et al.. 2006; Ju et al..
2014). and is therefore suitable as a fuel for diesel engines. The compression ratio for
the diesel engine also meets the DME. With the stoichiometric air-to-fuel ratio (wt) set
at 9.0, the heat in vaporisation lies between 460 to 470 kJkg™ (Sebor et al.. 2006; Wang
etal.. 2016).

In comparison with diesel fuel. DME contains no sulphur and has significantly
dlffermt properties:
high levels of compression;

a low boiling point. and DME must be stored in tanks under pressure (Table 2);

a lower density and a low energy content per unit volume of the liquid, and DME
has a low calorific value (Table 2);

a large dependence upon density levels is influenced by temperature (Fig. 7);

a high oxygen content provides a positive influence upon the combustion process,
low viscosity levels place a high demand on the tightness of the fuel system (Table 2);
low water solubility levels are important in terms of limiting the corrosive
environment and the efficiency of the internal combustion engine (Table 2);

an aggressive reaction towards rubbers and plastics;

a very low flash point (Table 2).

The boiling point of dimethyl ether 1s -24.5 °C (Table 2); therefore it is necessary
fo store it in pressurised tanks which can be filled only to 80% of their total volume due
fo the great dependence of the specific volume upon the temperature. Low DME
viscosity places a demand on the quality of the fuel system in term of leaks. In order to
avoid any damage being caused to moving parts in the fuel system. it is necessary to
increase the levels of lubrication by means of suitable lubricating additives.

Compared to diesel fuel, the lower ignition temperature of dimethyl ether is
an advantage. Dimethyl ether's own combustion rates also has a very positive effect on
a large amount of the contained oxvgen. DME has a high cetane figure between 55-60,
which means that in terms of its use in diesel engines clearly provides it with an
advantage (Sebor et al., 2006). 85
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Dimethvl ether produces substantially less solid particles and nitrogen oxides (up to
90%) during the combustion process when compared to diesel fuel. On the contrary,
diesel fuel combustion produces less carbon monoxide than dimethyl ether combustion.
In terms of the treatment of exhaust gases only a simpler system is needed. The
advantage over diesel fuel 1s also a lower engine noise level (Kim & Park. 2016; Lee et
al., 2016).

The DME synthesis based on biomass 1s also currently still a subject of research.
The Swedish National Energy Agency stated that influences on the price of DME which
was produced from biomass included, primarily. the price of input raw materials and
investment costs. The investment costs which are required for a unit with an annual
capacity of 200.000 tons are estimated at around € 390 million. ie. € 2.000 per ton,
€ 0.27 per litre or € 14 per GJ respectively. Since DME has almost half of the calorific
value of diesel fuel. the price of an equivalent amount of DME energy 1s around € 0.50
per litre (Laurin, 2007; Kim & Park, 2016; Lee et al., 2016).

CONCLUSIONS

Conceptual studies in this field are counting on the fact that the production and
consumption of DME will increase significantly. It is expected that DME will be used
as a substitute for diesel fuel and as a substitute for LPG with regard to its similar
properties according to the EN 589 standard. and also as a petrochemical raw material
for further synthesis.

DME 1s a suitable fuel for diesel engines and can be considered as being one
of the prospective energy sources of the future. For use in diesel engines its liquefied
form comes into consideration. In the process of switching from diesel fuel to DME no
change 1s required in the compression ratio of the diesel engine. Switching to DME fuel
however requires relatively complex and expensive fuel accessories. The DME engine
output parameters engine may be the same as in the case of the diesel engine. Claims for
transportation, storage, distribution, and safety are similar for DME as they are for LPG
in petrol engines.

Application of the DME as a fuel for diesel engines is still in the process of
development. undergoing experimental verification and the implementation of
demonstration projects.
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3.3 Energy analysis of hydrogen as a fuel in the Czech Republic (2018)

Clanek pojednava o problematice pohonu aut v ramci Ceské republiky vodikem. Odpovida
na otazku, kolik vodiku by bylo potieba pro pohon vSech aut a uvadi, Ze stanoveny objem dalece
presahuje vyrobni kapacity v ramci Ceské republiky, respektive Ze ani veskery objem elektrické
energie vyrobené v ramci Ceské republiky by nesta¢il na uspokojeni potieby vyroby vodiku.
V piipadé¢ nakupu zbylého potfebného mnozstvi (cca 25 %) vodiku ze zahranici

by to piedstavovalo zhruba Sestinu celého HDP.
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Abstract. The concept of *hyvdrogen economy’ dates back to the 1970s, It was first introduced as
s response to the first o1l crisis. In the context of the hydrogen economy. it is important to calculate
how much hydrogen would be needed to power all motor vehicles in the Czech Republic. This 1s
main topics of this paper. To calculate the amount of hydrogen, we used two different methods.
One is based on thermodynamic laws and the other on normal operating conditions. Both
approaches yielded comparable results. It was found out that even with the use of all the electricity
produced in the Czech Republic in 2016, we would not be able to cover the amount of energy
that 1s required for production. It would cover only 75% resp. 76% depending on the calculation
method used. Eventually, the Czech Republic could buy necessary amount of hydrogen and it
would cost between 11 and 29 billion euros which 1s between 6% and 16% of GDP of the Czech
Republic. In the calculations, authors found out that most fuel is burnt in the passenger cars.
Therefore, we made a sensitivity analysis to find out how much our results would differ if fuel
consumption changed. It turns out that with an increase in consumption of 11 per 100 km,
hydrogen production coverage will decrease by about 4% (again with the use of all electricity
produced in the Czech Republic).

Key words: Hydrogen, Alternative fuel, Hydrogen economy, Steam reforming.

INTRODUCTION

Currently. research and development 1s focused on wider use of alternative fuels to
reduce dependence on lowering o1l reserves. Conducted research focuses, for example,
on fuels made from plant but also on long-known hydrogen (Hénig et al., 2014). 1t has
been considered as a substitute of fossil fuel since the 1970s in response to the first o1l
crisis (Molmer et al., 2016). Hydrogen as a fuel has minimal impact on the environment.
because no CO: 1s produced duning combustion. Air and the resulting NOx emissions
can be well controlled through the amount of air supplied to the engine (Cassidy, 1977;
Duana et al.. 2017).

Its disadvantage 15 poor storage, inefficient and uneconomucal production and the
fact that hydrogen compared to fossil fuels 1s not the primary source of energy. This
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means that energy needs to be converted first (e g. in nuclear power plant) and then used
for hydrogen production (Vojtéch, 2009).

There 1s a wide range of processes for producing hydrogen. Briefly, the following
methods can be described: electrolysis (decomposition of water into hydrogen and
oxygen); thermal decomposition of sulphate: gasification of coal; biochenucal
processes; steam reformung: partial coal oxidation; biomass pyrolysis; or use of
thermolysis. Currently around 48% of hydrogen 1s produced from natural gas by steam
reforming, 30% by oil and 18% by gasification (Abanades, 2012). There are also many
new and innovative ways of producing hydrogen. Mamnly hydro, geothermal and solar
show a umique potential to support these mmnovative hyvdrogen production systems
(Dinceretal.. 2017).

Smce steam reformung 1s the most common form of hydrogen production. the
followmng calculations will account for thus form of production. Also. according Mimistry
of Industry and Trade this method 1s the most suitable way how to produce hydrogen in
Czech Republic (MIT. 2017). Main reactions of steam reforming go according to Eqs (1)
and (2).

CH, +H,0 »CO+3H, (1)
CO+H,0 >CO, +H, ®)

Hydrogen can be used as a fuel in two ways: Hydrogen internal combustion engines
and fuel cells. Hydrogen burns verv quickly, and its flame 1s stable due to its high
calorific value even in the case of a very poor mixture, which can be used to reduce the
emussions of mitrogen oxides. The disadvantage of hydrogen combustion 1s the low
volume calorific value of the mixture, given by the low hydrogen density (Doucek et al..
2011; Shivaprasad et al., 2014).

A fuel cell 15 a device whach. 1n an electrochemical reaction. converts the chemuical
energy of the continuously fed fuel with the oxidizing agent to the electrical energy. The
fuel cell consists essentially of two electrodes and a membrane placed between the
electrodes. While there 1s a reaction between the fuel and the oxidant. electrical charge
and heat are formed. Compared to heat engine’ (Borgnakke et al.. 2012) with an electric
energy generator, fuel cells produce with 352-50% efficiency. depending on the load and
type of fuel cell. The high efficiency 1s mainly since the energy conversion 1s direct, not
through the intermediate (thermal and mechanical), as in the case of combustion engines
(Doucek et al.. 2011; Yilmaz et al., 2015; Choongsik et al., 2017).

In the automotive mdustry, many studies have been undertaken to develop
alternative fuel powered vehicles 1n the last three decades. Advatage of using hvdrogen
1s that it doesn’t produce any carbon dioxide during combustion and 1t gives sigmificant
advantages such as lhigh heating value, short cooling distance, high spreading rate and
high flame speed (Gurz et al_. 2017).

As of now, there are many mass-produced cars of various brands. such as Toyota
Mirai. Hyundai Tucson 1x35 Fuel Cell or Honda Clanty. However, other automakers
such as Audi, BMW, Tovota or Mercedes also think about the concepts of hvdrogen
cars. The Strategic Plan for the Use of Hydrogen Technologies KOM (2010) 2020
(Europe 2020: A strategy for smart, sustamable and inclusive growth) has been agreed

90
! Device that operates in a thermodynamic cycle. Convert part of heat into work (Borgnakke et al . 2012).
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within the European Union. which helps to define more specific transport and economic
development objectives (Soukup, 2017).

Moreover, Czech Hydrogen Technology Platform (HY TEP) opened new peniod of
hydrogen technologies in the Czech Republic. It was established under auspice of the
Mimstry of Industry and Trade of the Czech Republic. HYTEP has organizes an
international conference named Hydrogen Davs. The Czech Republic has successfully
finalized a series of projects: Tri-HyBus (fuel cell bus prototype). Hydrogen filling
station Neratovice, Solid oxide steam electrolyzer (SOSE). Autarkic system. Platinum
free novel electrocatalyst, etc., and participated successfully i several European projects
(Iordache, 2016).

While there are already many initiatives, it 1s necessary to focus on the practical
aspects of the hydrogen economy. Specifically, the question of how much hydrogen
would need to be produced to power all motor vehicles i the Czech Republic needs to
be answered.

MATERIALS AND METHODS

There are approximately 7.5 million vehicles on the Czech roads (Sda-cia, 2017).
These vehicles were further divided into six groups:
Motorcycles —L1;
Buses — M3:
Passenger cars — M1;
Utility vehicles —N1;
Trmcks — N2, N3:
. Tractors —T.
rom these groups. vehicles with the largest representation in the Czech Republic
were selected. These have the greatest impact on the fuel consumption. Since only
representatives of a given group are listed. their representation logically does not give
100%.

For this reason. the Relative Representation vanable — Eq. (1) —was introduced.
which recalculates the selected set of wvehicles and i1ts sum gives 100%. Other
calculations are denived from this value.

EL R S e

— 1::'
Ve = v, (1)

i

where v 15 the relative representation and v; 1s the representation of one type of velucle.
Typical representatives are listed 1n the tables 1-6 with their average consumption,

representation and impact on consumption.

Analyvzed motor vehicles

The first group are the motorcycles, which are analyzed in Table 1. On the Czech
roads there are 1 108 362 (Sda-cia. 2017). One motorcycle runs for about 15000 km 1n
a year (CZS0, 2017).
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Table 1. Consumption of motorcycles

Consumption Total consumption of fuel

Type I 100 km Representation I vear
Jawa 5.00 41 2% 5.5-108
Cz 5.00 7.5% 1-108

Honda 6.00 71% 1.1-10%
Yamaha 7.00 6% 1.1-10%

The second group are the buses (Table 2). On the Czech roads there are 20,645
(Sda-cia, 2017). One bus runs for about 200,000 km a vear (CZ50, 2017).

Table 2. Consumption of buses

Type Ecﬁsﬂﬁm Representation E?:éluc_;msumptmﬂ of fuel
Karosa 32.00 24 5% 1.3-10°
SOR 16.00 21 8% 5.8:107
Irisbus 31.00 13.2% 6.8107
Mercedes-Benz 38.70 8 4% 5.4-107

Another group are passenger cars (Table 3). On the Czech roads there are 3,491 868
(Sda-cia. 2017). One passenger car muns for about 15000 km a year (CZ50_ 2017).

Table 3. Consumption of passenger cars

Tvype Ecﬁsﬂﬁm Representation E?::;Ic_?nsumptmﬂ of fuel
Skoda 7.00 33.7% 3.5-10°
Ford 6.00 8.8% 7.810%
Volkswagen 7.00 7.4% 7.7-108
Renault 8.00 5.8% 6.9-10%

Another group are utility cars (Table 4). On the Czech roads there are 334 546 cars

(Sda-cia. 2017). One commercial vehicle runs for about 50,000 km 1n a year (CZ50,
2017).

Table 4. Consumption of utility cars

Type Ec-lr;sﬂﬁon Representation E?., F:;Ic_?nsumptmﬂ of fuel
Ford 8.60 14% 7.1-10°
Skoda 820 12 8% 6.2:10%
Volkswagen 8.00 11.8% 5.6-108
Renault 780 R 4% 31.9-10%

Next group are trucks (Table 3). On the Czech roads there are 189 402 (Sda-cia.
2017). Number of kilometers per vear 1s different for each representative and 1s therefore

listed separately (CZ50, 2017).
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Table 5. Consumption of trucks

Type Eﬁ&'ﬂgﬂﬂ Representation  km year™ Eiﬁ::ffﬂsum{mm of fuel
Avia 16.00 14 2% 50,000 34108
Tatra 42.00 8.7% 3.600 6.3-107
MAN 36.00 8.5% 125,000 1.8-10°
Mercedes-Benz  27.00 5.4% 125,000 1.4-10°

The last group are tractors (Table 6). On Czech roads there are 174 848 (Sda-cia,
2017). Only one representative 1s listed, as 1t has a predomunant representation over
others. One tractor runs for 3,600 km per vear (CZ50, 2017).

Table 6. Tractor consumption

Consumption ) Total consumption of fiel
Type 1100 k! Representation L vear!
Zetor 17.50 77.70 % 1-10°

In addition. it is necessary to Table 7. Energy density of individual fuels

distingmish between gasoline and Fuel Energy density
diesel vehicles because these fuels MIL!

have different energy density —see Gasoline 32.13

Table 7 (Andrews et al., 2013; Lukes Diesel 35.86

etal.. 2015). Hydrogen (6.9-10° Pa, 388K) 4.50

For this paper. it has been selected that cars and motorcycles will be powered by
gasoline and buses, utility vehicles, trucks and tractors will be powered by diesel. With
this assumption. the required volume of fuel from tables 1—6 and calculate the amount
of energy & obtained from the fuels through the energy density can be calculated

E=v, -N-s-C-p (2)

where &; 15 required energy for propulsion of vehicles I; N 1s the number of vehicles i;
5 15 number of kilometers per vear per vehicle, C 1s the consumption and p 1s the energy
density.

Then. volume of hydrogen was calculated from energy density of hyvdrogen and the
mass was calculated using the Peng-Robinson's equation (Eqs (3—7) (Peng et al.. 1976;
Orbey et al., 1998):

p=L @ 3
V. -b V.42V, b’ )
R°T;
a=045724 g—= @
P,
b=0.077796 2= (5)
P,
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[
o= 1+.lr[1— [— (6)
\T. )
k=0.37464 4 4.54226 ©—0.26992 o’ (7)

where p 1s the pressure; R = 8 314 1s the umversal gas constant; T 1s the thermodynamic
temperature; V), 1s the molar volume: T is the critical temperature; p, 1s the critical
pressure and & 15 the acentnic factor.

Equation parameters for hydrogen are

Table 8 (Orbey et al.. 1998). Tahble 8. Pmems of Peng-Robinson
For the final comparison of the requured statc equations
amount of energy for hydrogen production. the Parameter Value
amount of net electricity produced in E‘!‘!“l temperature 333K ]
- ritical pressure 12.97-109Pa
the Czech Republic m 2016 was used: Acentric factor 0915

E-z = 278,695,080 GJ (ERO. 2017).

The comparison was made 1n two different ways — empinical and theoretical.

The empinical calculation i1s based on the amount of energy required to produce
hydrogen under normal process conditions: AH, ;0 = 2.25 kWh Nm™ (T-Raissi et al._
2004).

The theoretical calculation 1s based on the application of thermodynamic laws. By
computing the reaction enthalpv in the standard state 71 = 20 °C and subsequent use of
Kirchhoff's law_ the required reaction enthalpy in the temperature conditions of the steam
reforming 7> = 800 °C — Eq. (8) was calculated. Using the reaction enthalpy, the result
with the efficiency of the process 90% was estimated.

T,
AH,(T,)= AH,(T;)+ | Co(T)dT (®
L

Both calculations will be based on reactions which occur during the steam
reformung mentioned m the mtroduction.

For comparison itself a variable of quantity ‘coverage’ was introduced. This
quantity represents ratio between calculated energy by these two ways and amount of
net electnicity produced 1n the Czech Republic. Equation for coverage ratio of empirical
calculation 1s 1n Eq. (9). equation for coverage ratio of theoretical calculation 1s 1n

Eq. (10).

AH  .-E
':Dmp _ r.proc CZ (9:}
Eg
0.9-AH,(T,)-E
m.‘hoﬂr_ E ) = (10)
H,

It 15 also necessary to calculate, what the cost of hydrogen fuel 1s for the Czech
Republic. The price for hydrogen differs according to the methodologies used in other
papers. It 15 not primarily about choosing the right methodology. Rather 1t 1s important
to cover the potential price range. Prices are found to be in range of (EUR per kg): 2.73
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(Demur et al . 2017); 2.84 (Gregorim et al., 2010); 5.04 (Jorgensen et al.. 2008); and 7.10
(Gim et al . 2012).

RESULTS AND DISCUSSION
The amount of energy requured for propulsion & and the sum of energies, which
gives total energy ¢ are in Table 9. The results show that the biggest amount of energy

1s consumed in passenger cars and trucks.

Table 9. Energy required to propulsion vehicles

Vehicle Consumption, L vear!  FEnergy &;, MJ vear!  Contribution to consumption
Motorcycles  8.83-10° 2.84-10% 6.30%

Buses 3.12-108 1.12-10% 2.52%

Passenger cars  5.72-10° 1.84-10! 41.43%

Utility cars 227-10° 8.15-101° 18.34%

Trucks 3.77-10° 1.35-10M 30.43%

Tractors 1.10-10% 3.05-10° 0.89%

Sum 1.31-10% 4.45-101 100.0%

From the total amount of energy. the requured volume and the mass of hydrogen
are calculated. The results are 4.09-10° kg or 9.88-107 m® (6.9-10% Pa, 388K).

To compare these enormous figures, a comparison was made with the electricity
produced in the Czech Republic. The energy required for hydrogen production was
obtained by two different calculations, empinical and theoretical.

Empirical calculation gives 3.07-10° kg of hyvdrogen, which would cover @ = 75%.
Theoretical calculation gives 3.13-10° kg, which would cover @ = 76%.

Values are qualitatively the same from both calculations. This 1s because different
procedures are used 1n the calculations. It can be assumed that the solution approximates
closely introduced peculiarities. It 1s clear from the results that even with the use of all
electnicity produced in the Czech Republic. 1t would not be enough to cover all the
necessary energy for hydrogen production.

The second way of companng results 1s by using the amount of financial funds that
would be required to pay for the necessary hydrogen. For the calculations. the minmmum_
average and maxmmum prices are used. These numbers are based on aforementioned
papers. They are EUR 11.2 billion per year for the mummum price. EUR 18.1 per vear
for the average price and EUR 29.0 billion per year for the highest price respectively.

In order to compare these calculated numbers with economic peculiarities of the
Czech Republic. total Czech GDP 1s selected. GDP 1n the Czech Republic i 2016 was
186 ballion EUR (Eurostat, 2017). Ratio of required financial funds to GDP are 6%_9 7%
and 15.6% respectively for the lowest. average and highest prices.

It 15 also necessary to identify main source of these potential costs. Table 9 shows
that the biggest energy consumption comes from passenger cars. Therefore. a sensitivity
analysis was performed that provides information on how mmuch the coverage would vary
when consumption is changed.

The analysis 15 based on increasing and decreasing fuel consumption (Difference
of consumption) of individual vehicles and monitoring of the change of coverage. The
result 1s 1n Fig. 1. 95
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Figure 1. Sensitivity analysis of energy coverage in relation to consumption of passenger cars.

We can see from the Fig. 1 that when the consumption 1s changed by 1 liter per
100 km. the coverage drops by about 4% 1n both calculations. Specific numbers are
provided in Table 10.

Table 10. Change in coverage depending on the change in consumption of passenger cars

Difference of consumption Coverage @ Difference of coverage

L 100 km™ Theoretical Empirical Theoretical Fmpirical
-3 03% 01% 17% 16%

-2 87% 85% 11% 10%

-1 81% 80% 5% 5%

0 76% 75% 0% 0%

1 72% 71% -4% 4%

2 63% 67% -8% -8%

3 65% 64% -11% -11%

This topic 1s widely discussed in research papers. For example, Molineret al., 2016
evaluate the strategy of mntroducing the hydrogen economy. Their conclusion 1s that the
use of hydrogen should be as a complementary energy source. rather than a competitive
one. Thev propose synergy effects when hyvdrogen 1n used the energy mix (Moliner et
al__ 2016). Other research groups (lordache et al._ 2013; Stygar et al.. 2013; Pudukudy et
al.. 2014) deal with the introduction of the hydrogen economy in mndrvidual countries.
The main problems identified are the development of energy infrastructure, the
petrochemcal and agrochemucal industnies, and the entire production and storage 1ssues.
Moreover, the slowing effect of the current geopolitical and economuc situation.
including the attitude of politicians towards investment 1n alternative energy sources, has
been highlighted.

Besides these scientific papers, there are relatively few articles dealing with the
1ssue of this article — marginally e.g. Liu etal.. 2012

CONCLUSIONS

Thas paper provides answer to the question how much hyvdrogen would be needed
to power all motor vehicles in the Czech Republic? It 1s clear from the calculations above
that this quantity 1s currently dramatically higher than the production capacity of the
Czech Republic. 96



Results suggest that using all electricity produced in the Czech Republic wouldn’t
cover amount of required hydrogen needed. Alternatively. the Czech Eepublic could buy
all hyvdrogen and i1t would cost up to 15.6% of GDP of the Czech Fepublic.

It was also found out that most of the energy 1s consumed in passenger cars. A
sensitivity analysis was provided in the paper. Analysis shows that the increase of
consumption by 1 liter per 100 km would increase the amount required hydrogen by
about 4%.
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3.4 The Impact of Selected Biofuels on the Skoda Roomster 1.4TDI Engine’s
Operational Parameters (2019)

Clanek pojednava o srovnani zadanych biopaliv a jejich vlivu na provozni parametry
motoru 1.4 TDI. Studie prokazala pozitivni vliv biopaliv na emise. Zkoumana sme¢s
(D50H30B20) je pouzitelnd v béznych dieselovych motorech bez jakékoliv technické upravy,

pfi¢emz vykonové parametry motoru se snizily o 10 %.
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Abstract: Road transport is increasing all around the globe and biofuels have come to the forefront
of public interest. According to Article 3, Directive 2009/28/EC, each member state has to ensure that
an energy share from renewable sources in all forms of transportation reaches at least 10% of the
final consumption of energy in transportation until 2020. The blending of biofuels is one of the
methods available to member states to meet this target and it might even be expected to be a main
contributor. This article analyses and compares selected biofuels, their chemical properties and their
influence on engine operational parameters. The operational parameters of the diesel engine of the
Skoda Roomster 1.4 TDI were measured on a chassis dynamometer according to the NEDC driving
cycle, and pure diesel fuel, HVO and a blend of fuels (diesel fuel, HVO and butanol) were used for
comparison. Operation on biofuels shows a slight decrease in performance parameters up to 10%
and an increase in emission production (especially CO in the case of D50H30B20). Positive
influences of biofuels were proven with a decrease in exhaust gas opacity and particulate matter
production, up to 50% in the case of DS0H30B20.

Keywords: biofuels; power; torque; HVO; butanol; chemical properties

1. Introduction

The consumption of fossil fuels keeps growing together with a significant increase in sales of
diesel vehicles in Europe. Emissions coming from these vehicles have an impact on both human
health and the environment [1-6]. The European Union (EU) regulates emissions production by
introducing more strict limits. The EU is also going to implement more onerous driving cycle WLTPs
(Worldwide Harmonized Light Vehicles Test Procedures).

The aim of the regulations of the EU is to increase the proportion of renewable energy up to 10%
by the year 2020 in order to reduce the production of greenhouse gases, especially CO: [7].

The blending of biofuels is one of the methods available to member states to meet this target and
it might even be expected to be a main contributor. This is a real imperative because the mandatory
percentage target for energy from renewable sources is likely to become increasingly difficult to
achieve sustainably as the overall demand for energy in the transportation segment continues to rise.

Bioethanol and fatty-acid-methyl-ester (FAME) are the most commonly used biofuels in Europe.
Vegetable oil may be processed in other ways than transesterification, which produces FAME. Raw
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vegetable il can be added into the diesel in the ratio 20% oil and 80% diesel and it can be burned
without modification of the engine [8], some sources state 30% of oil [9].

Another possibility is to use pure vegetable cil but it requires modification of the fuel system
because it is necessary to preheat the oil to reduce viscosity [10]. The main disadvantages of FAME
are the high price of the input feedstock and low storage and oxidation stability. In comparison with
pure diesel, generally FAME has lower mass calorific value, higher density and higher viscosity [11].

Another way of processing the wegetable oil is hydrogenation (hydrogenated vegetable oil—
HVO) [12,13]. To produce the HVO, there may also be used —besides the pure vegetable il —other
kinds of triglyceride-rich waste materials (animal fats, used cooking odl, etc ) [14]. Production of HVO
from these waste fats is less difficult than production of biodiesel. Therefore, HVO is sometimes
referred to as the second-generation biofuel. HVO production is based on the reaction of triglycerides
with hydrogen [15].

It consists of paraffinic hydrocarbons with a linear chain, and is free from aromatics, oxygen and
sulphur [16].

HVO has a lower density compared to the diesel fuel and comparable caloric value [17]. HVO
also has a low content of sulphur, which leads to the reduction of emissions of 50z, NOQ,, particulates
and aromatics [13]. HVO has lower fuel consumption, lower loss of power and higher engine
efficiency than conventional biodiese] [18].

The objective of this study is to compare pure diesel and selected biofuels—pure HVO and
mixed biofuel DHH30B20 (50% wol. diesel, 30% wol. HVO and 20% wol. butanol), their chemical
properties and their influence on engine performance parameters and opacity.

The mixed fuel D30H30B20 was chosen because butanel, as a second-generation biofuel, and
HVO, as one and a half generation biofuel (in the case of production from the second-generation
waste), will serve as a suitable fossil fuel replacement. The purpose is to maximize the utilization of
bicbutanol as a promising fuel that can be used in limited gquantities for diesel engines. HVO
positively increases the cetane number in the mixture, which butanol reduces in the mixture.
Indirectly it can be said that HVO can serve as an additive in a mixture for increasing the cetane
number. As shown by the fuel designation, this blend is composed of diesel {pure—without
bicadditives) 50% vol., HVO 30% vol. and butanol 20% vol.

Butanol can be used up to 30% vol., but due to the lower HVO lubricity in the mixture used, the
volume of butanol has been reduced to 20% wol. This blend has been designed with regard to
decarbonising the EU as planned for 2020, 2030, 2050. According to this plan, new biofuels should
contain 50% of RES (renewable energy sources) exclusively from plant sources that are not mutually
substitutable, because alcchol-based biofuels are predominantly intended for petrol engines. The
addition of butanol in diesel fuel will provide fine atomization of the fuel during injection as the
resulting droplets have a larger overall surface and a higher evaporation rate. With regard to the
boiling point of butanol, its quick evaporation from the mixture after injection into the cylinder and
thus the irregular operation of the engine should not occur. At the same time, the presence of heavier
components contained in the diesel fuel, which evaporates gradually during the compression stroke,
which cools the combustion chamber walls, is also ensured in mixtures up to 30% vol of butanol.

2. Materials and Methods

The wehicle Skoda Roomster 1.4 TDI with three-cylinder tirbochargad compression ignition (CI)
engine (Skoda auto a.s, Mlada Boleslav, Czech Republic) was used in this experiment. Detailed
technical specifications of the car are summarized in Table 1.

Table 1. Information of Skoda Foomster 1.4 TDI.

Combustion Engine
Design compression ignition, turbo charged
Fuel System unit injector system
Number of Cylinders and Valves 3 im row, & valves
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Volume of Cylinders 1422 cem
Power 58 Fow at 4000 rpm
Torque 195 Nm at 2200 rpm
EU Limnit ET4
Mannufacture Year 2006
Mileage 102,000 km
Car Body
Service Weight 1240 kg
Total Weight 1755 kg
Drive Performance
Max. Speed 165 km-h!
Acceleration 0-100 kon-h 1475
Declared Fuel Consumption 5.1/3.76/4.26 (liter-100 k)

(Urban/Extra-Urban/Combination)

Performance parameters and opacity of exhaust gases were measured using the pure diesel fuel,

the HVO and the blended biofuels D50H30B20 (50% wol. diesel, 30% vol. HVO and 20% wvol. butanel).
Other operating parameters were measured on the chassis dynamometer under NEDC driving cycle
conditions. The schema of the experiment is showmn in Figure 1.

. IFC ] h o fil R FECULM pUmp
electric fan — =ate l_rer VMK | (3
? G ﬁj ,f;.:-' 19, —<> Bl
'f- )] '=ng|nE T - = _.L_ . PC 2
1 J - [ 5
% e £ F Sy fElum pipe S, | EEPS ;
\-_ _/L I\ )i I t— _ldllusnt i
>
“_h“‘.-ﬂ.‘_' hacsic d i ventlation
AN ) dhassis dynamometar {_,- external fugl pump
: - —; external fuel tank
"""""""""""" PC 3 - lakoratorny scale

Figure 1. Schema of experiment.

In the first stage, the wvehicle's performance parameters were measured on a chassis
dynamometer. In the second stage of the experiment, the opacity of exhaust gases for each tested fuel
was measured using opacimeter Atal AT-605 (ATAL, Tabor, Czech Republic) (technical specification,
see Table 2). The opacimeter's smokiness measuring method was in accordance with ECE E24
directives for measuring by free acceleration method.

Table 2. Technical spedfication of Opacimeter Atal AT-605.

Measured Quantity Range Resolution Accuracy
Absorption coefficient (k) -lom! 001 m! =015 m™; £ 030 m 1™
Crpacity (M) 0-100% 0.1% + 2% absolute
Temperature 0-150=C 1=C +2°C
4002000 min! . + 20 min!
REM 20019999 mint U +2% RV
Acceleration time (5959 5 01s =025

EV =of reading value; 7in range 0.0 to 25 m™; 7 in range 25 to 4.0 m™

In the third stage of the experiment, the operational parameters of the tested vehicle were
measurad under NEDC driving cycle. Classification of PM was analysed by the engine exhaust
particle sizer (EEPS) T5I model 3090 whose detailed specification is shown in Table 3. The analyser
enables detection of particle sizes and monitors their number. The obtained data are presented as a
size range of produced particles. The measured sample was taken from the exhaust gas and then was
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diluted by the device. Within the experiments, only the relative changes in the production of PM in
the diluted exhaust gas were evaluated.

Table 3. Specification of PM analyser TSI EEPS 3090,

Particle Size Range 5.6-560 nm
Particle Size Resolution 16 charmels per decade (32 total)
Electrometer Channels 20
Time Resclution 10 size distribution per second
Sample Flow 10 L-min*
Dilution Accessories Fotation disk thermodilution

Emission analyser VMK (manufactured by company VME-RTG s.1.0, Prague, Czech Republic)
was used to measure gaseous emissions. The analyser uses nondispersive infrared (INDIR) method
to detect CO, CO: and HC emissions and electrochemical cell for O: and NOx emissions. Data was
recorded with 1 Hz frequency on memory card. The techmical data of the analyser are summarized
in Table 4

Table 4. Technical parameters of mobile emission analyser.

Measured Values Measurement Range Resolution Accuracy
. 0.001 % 0 ... 067%: 002% absolute, 0.67% ... 10%:
CO 0 ... 10 % Vol !
Vel 3% of measurad value

0 ... 10%: 0.3% abschate,
10 ... 16%: 3% m.v.
HC 0 ... 20, 000 ppm 1 ppm 10 ppm or 5% mov.

Coe 0 ... 16 % Vol 0.01 % Vol

0 ... 1000 ppm: 25 ppm,

NOx 0..5000 1
S PP 1000 ... 4000 ppm: 4% m.v.
0. 3%:0,1%
3y r - r ” "
0: 0..22 % Vol 01 % Vol 3 e 3

During the measurements, vehicle operating data from the engine control unit was recorded via
the OBD interface (engine speed, engine load, speed, MAF, IAT). Car diagnostic system VAG-COM
was used for communication and recording data from the OBD.

The fuel consumption was measured by the laboratory scale Vibra AJ 6200 (Shinko Denshi CO.
LTD, Tokyo, Japan) (technical specification, see Table 5).

Table 5. Technical specification of Vibra AJ 6200,

Maximum Capacity 6200 g
Unitidi/Accuracy 00l g
WVerifiable Unit 0lg
A Class of Accuracy I
Acceptable Measurement Temperature -35°C
Standard Communication Interface R5232

In the last stage of the experiment, the following chemical parameters of selected fuels were
measured:
= Density at 15 °C by EN [50 3675
*  Kinematic viscosity at 40 °C by EN I30 3104
» CFPP—Cold filter plugging point by EN 116
+  Cetane number by EN IS0 5165
*  Cetane index by EN IS0 4264
»  Flash point by EN 22713

3. Results 103
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3.1 Resulis of Chemical Properiies

The density of the mixture (Table &) is influenced by a lower density of both the HVO and
butanol compared to the diesel fuel. As the fuel is dosed by volume, we can expect a slight loss of
power and an increase in fuel consumption with respect to the quotient of butanol. Biobutanol as an
alcohol with a short hydrocarbon chain has a lower calorific value compared to the diesel fuel and
HVO, which will manifest in the mixture. Pure butanol has also a very low cetane number compared
to the diesel fuel, but the presence of HVO positively compensates for this value. The amount of the
HVO cetane number given by the manufacturer is =70.0 units. Therefore, HVO acts in the mixture as
a suitable additive in increasing the cetane number.

Both the butanol and the HVO have very good low-temperature properties characterized by the
values of cloud point and cold filter plugging point (CFPF). The CFPP value of the clean diesel fuel
reached —17 “C and the cloud point parameter was -5 °C.

The use of bicbutanol at low temperatures is characterized by a crystallisation temperature that
iz much lower than the CFPP of winter diesel fuel The CFPP walue of pure HVO normally
corresponds to the value of winter diesel fuel and there are no complications at low temperatures,
compared to the case of conventional biodiess] in the form of FAME. The cloud point parameter is
very close to CFPF in the case of pure HVO.

The tested mixture was also stable at very low temperatures and therefore does not require the
use of stabilisers. This is a very important finding as the commercially used bicethanol shows difficult
stability in mixtures at low temperatures. That is why the use of biobutanol seems preferable, which
is further reinforced by the fact that biobutanol is not hydroscopic compared to bioethanol.

Ingredients of biocbutanol have significant impact on the flash peoint value. While diesel fuel is
characterized as a III hazard class inflammable product with the flash point value =55 *C, the value
of the flash point of the mixture was only 35 °C. Flash point, however, is used for classification in
liquids hazard classes. Howewver, the resulting blend is characterized as a [T hazard class flammable
product; such a decrease of flash point is irrelevant to the process of combustion.

It is necessary to take this parameter into account to ensure safety during storage and handling
of the mixture.

Table 6. hMeasured parameters of the fuel blends.

Measured Parameter Unats Diesel D5S0H30B20 HVO
Density at 15°C kg-m* 839 810 780
Finematic viscosity at 40 °C mm?-s! 24 235 282
Flash point “C o8 35 o7
Cloud point “C = -18 -28
Cold filter plugging point “C =17 =30 =30
Cetans number - 518 541 =70.0
Cetane index - 509 532 a2

3.2 Results of Performuarce Parameters

The results of performance parameters for each fuel are shown in Figure 2. It is evident that the
best performance parameters have been reached by using pure diesel fuel while the other biofuels
reached little bit lower values of power and torque. As shown in Table 7, diesel reached 60 kW and a
torque of 188 Nm, followed by HVO, where the performance was slightly below with the value of 57
kKW and the torque of 184 Nm. The lowest performance parameters were measured by the mixed fuel
D50H30B20, where the power reached 56 kW and the torque 180 Nm.
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Figure 2. Engine performance parameters for each fuel.

Table 7. Maximal values of performance parameters.

Fuel Max. Power (kW)  Max. Torque (Nm)

[Chesel 6l 185
HVO 57 184
DS0H30B20 56 180

3.3 Results of Emission Parameters

Table & shows the emission parameters of the individual fuels. In terms of COz emissions, the
highest production was reached with D30H30620 fuel. Both fuels based on HVO exceeded the EU4
emission limits except the CO emission.

Table 8. Emission parameters under NEDC driving cycle.

Fuel CO (gkm) CO: (g-km-) NO. (gkm) HC (gkm)
DIESEL 0.173 122 0.151 0.031
HVO 0.050 147 0.251 0.033
DSOFI30B20 0.234 155 0.301 0.046
ETLI 4 limit 1 127 0.08 0.1
3.4 Results of Opacity

The results of exhaust gas opacity are shown in Figure 3. The highest opacity, 36.2%, was
detected for the pure diesel fuel. HVO exhibited an opacity slightly below 26.8% and the lowest
opacity was measured for D530H30B20 —just 15.9%.

105



Energies 2019, 12, 1383 7T of 13

B
=

6.2

L.
2

268

Opacity (%)
o w B BN R

MESEL HVO DS0H20B20
Fuel

Figure 3. Exhaust gas opacity of tested fuels.

3.5 Resulls of Fuel Consumption

Table 9 shows the fuel consumption of the individual fuels used. In arder to partially eliminate
the error in fuel mass consumption at NEDC due to the different distances travelled during the cycle,
the consumption was recalculated to volume consumption per 100 kilometres. The difference in HVO
and D50H30B20 between consumption mass and volume per hundred kilometres depends on a
significantly lower HVO density (750 kg'm~) compared to mixed fuel D50H30B20 (5810 kg-m~). The
lowest consumption was exhibited by diesel fuel (4.94 L-100 km). On the contrary, HVO reached the
highest consumption per 100 km, namely 5.64 L-100 km. Mixed fuel D50H30B20 had the second
lowest consumption of the three measured fuels. This is due to a higher proportion (50%) of diesel
fuel in the mixture and a lower proportion of HVO. Generally, changes in consumption are due to
the different calorific values of the fuels: diesel fuel 45.5 MJ-kg, HVO 4.0 M] kg™, butanol 32.5
MJ-kg™. Thus, fuel DS0H30B20 has a total calorific value of 42.45 M]-kg". Hence the calorific value of
these fuels is comparable and therefore the increase in consumption is relatively low.

Table 9. Summary of fuel consumption and distance travelled during NEDC.

Fuel Consumption per NEDC (g} Distance (m) IE::(T];:E:;M

Diesel 459 11074 494

HVO 489 11117 5.64
D50H30B20 494 11140 547

3.6 Resulls of PM Production

Figure 4 shows the instantaneous flow of the whole measured particle size spectrum of the
exhaust gas during UDC driving cycle. There are more pronounced PM production peaks for diesel
fuel, especially at every acceleration and deceleration period.

106



Energies 2019, 12, 1353 B of 13

PM production (6.4-560 nm) in UDC

60 12104
1=104
=
in
-_:' gx10%1 i
E e
o
= Ex1071
=
u =3
2 8
'E' 4104 &
=
B
=104

— 5peed diese| HyO DE0H20820

Figure 4. PM production in UDC driving cycle.

In EUDC driving cycle (Figure 3), significant increases in particle concentration are evident at
acceleration, especially at higher speeds.

PM production (6.4-560 nm) in EUDC
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Fipgure 5. FM production in EUDC driving cycle.

Using HVO, particulate matter production in the full range of the spectrum decreases
approximately 10% compared to diesel. Lower particle production in HVO is due to lower ignition,
so the buming time of the fuel is longer. Other influences may be differences in the molecular
structure or the absence of highly volatile components compared to diesel fuel Mixed fuel
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D50H30B20 reached a significant decrease of 53% in FM production compared to diesel fuel (see
Table 10). Such a difference is due to the lower kinematic viscosity of the mixture (2.35 mm®*s),
which results in better fuel spraying and mixing with air. The second, more dominant, effect on
particulate matter number reduction in D50H30B20 is a butanol component, which is mere
flammable and therefore supports better combustion. Better combustion of this mixture is also due
to higher oxygen content in butanol. By mass, the proportion of oxygen in the fuel mix is 10.9%, while
the other two fuels do not contain any.

Table 10. Total PM production in WEDC driving cvcle.

PN perlkm Procentual Difference

Fuel PN (6.4-560nm) per NEDC (PN-NEDC) 0 © )
Diesel (6.4-560 rum) 4 Bex10M 43910 100.00
Diesel (23-560 nm) 41610 3.76x10% 100.00
HVO (6.4-560 rom) 139100 3.85-10% 90.42
HVO (23-560 nm) 37610 3.38=10% 90.32
D50FI30820 (6.4-560 2.28x10% 2.04x10% 4689

m)
D50H30B20 (23-560 nm) 1.98x10% 1.78x10% 4769

Table 10 summarizes measured data for individual fuels and divides particulate matters
according to their size. The total number of measured PM (6.4-560 nm) and the number of PM that
sets the emission limits (ie., 23-560 nm) are given. The measured vehicle fulfils the EURO 4 emission
limit (6=10" PIN-km ). According to results of total PM production (23-560 nm), the vehicle exceeded
the Euro 4 limit. This result can be influenced by the used method of PM detection, which does not
separate vaporisable partides and these are included in the total number of measured PM that current
legislation does not omit.

Figure 6 shows the PM production at steady-state vehicle speed 50 km-h'. Axis x shows the
particle diameter calculated from equivalent electrical mobility, because it is difficult to directly
measure particles that do not have a spherical shape. Its diameter is thus defined as an equivalent
spherical particle that behaves equally in the electric field compared to measured particles. The v-
axis shows the relative concentration of PM in the diluted exhaust gas, that is, the number of particles

per cm?®.
100,000
10,000

1.000

100

PM concantration [PN.cm]

10

r

PM diameter [nm]

— Hw(Q

digsel - D30H30B.20

Figure 6. PM production at steady-state speed 50 km-h L.
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The highest particulate concentration (25,000 PN cm?) was reached on diesel fuel ranging from
55 to 60 nm. The second highest concentration {20,000 PN cm %) was measured for HVO ranging from
45 to 55 nm. The lowest particulate concentration (15,000 PN cm#) was for mixed fuel D30H30B20,
from 45 to 50 nm.

The course of the curves shows that the use of diesel fuel produces the highest number of
particles larger than 40 nm. The opposite effect is for particles smaller than 30 nm, where diesel fuel
emits the least. Based on the magnitude spectrum, the positive effect of the butanol component in the
mixed fuel can be attributed to a reduction in total particle number production.

4, Discussion

The aim of this study was to analyse and compare selected biofuels, their chemical properties
and their influence on engine operational parameters. The operational parameters of the diesel engine
Skoda Roomster 1.4 TDI were measured on a chassis dynamometer according to the NEDC driving
cyecle and pure diesel fuel, HVO and a blend of fuels (diesel fuel, HVO and butanel) were used for
the comparison. The comparison of performance parameters is presented in extemnal speed
characteristics. Emission parameters and PM production during driving cycle were quantified.

Diesel appears to be the best fuel in terms of fuel consumption, followed by HVO, and the worst
fuel consumption was reached by fuel D30H30B20. In contrast, [19] showed that fuel consumption
"MWeste Pro Diesel” (9.15% HVO in diesel) is lower than regular diesel. However, the NEDC driving
cycle was not used in this study.

The highest opacity of 36.2% was detected for the pure diesel fuel. HVO exhibited an opacity
slightly below 26.8% and the lowest opacity was measured for DEJH30B20 —only 15.9%.

The results of our study are in agreement with studies of [20,21] which state that higher
reduction of smoke opacity is shown in alternative fuels.

The walues of instantaneous smoke opacity for alternative fuels were notably lower than those
for reference fuel. These reductions were more important in cases of alternative fuels because, besides
polyaromatics {a common characteristic of both fuels), the presence of oxygen in this fuel also favours
lower soot generation [22].

Measured emission parameters of HVO and D30H30B20 were very similar in all parts of NEDC,
presented in the study [23,24].

The results of the study [25] also show that biofuels significantly affect the combustion engine
pollutants. In particular, biofuels containing HVO or butanol exhibit lower smokiness and up to 40%
less NO production.

CO emissions were reduced with HVO alternative fuel espedially during the first urban cycle
where these emissions were very high. These trends suggest that the composition of altermative fuels
supports a cleaner combustion [26]. In the case of our study, the highest concentration was measured
in DA0H30B20 fuel and HVO fuel showed a lower concentration of CO. The results of NOx and CO
emissions in the study [27], dealing with the influence of HVO blends on emissions, report these
results: NO. for diesel fuel 0.136 g-km and for HVO 0.325 g-lan?, CO for diesel fuel 0.147 g-km1 and
for HVO 0153 g-km. This study shows these numbers: NOx for diesel fuel 0.151 g-km and for HVO
0.251 gk, CO for diesel fuel 0.173 g-km? and HVO 0.050 g-km-.

The PM production had a significant peak by acceleration mode during the cycle. The lower
mass concenfration at steady speeds may partly be explained by higher amounts of air (higher
relative air-to-fuel ratio) available for combustion: higher air concentration provides better burnout
of the fuel particles, thus leading to lower mass concentrations [28].

The measured values of the performance parameters in this study shows that the ingredients of
HVO and butanol reduces power and torque. The same conclusion was reached in the study [29],
where the performance parameters also decreased with the addition of HVO and butanol (e g, their
fuel nBu3l-HVOT( reduced engine power by 6-8%).

The disadvantage of alternative fuel D50H30B20 is lower lubrication ability. That is why it is
necessary to use the lubricant additives. According to the prescribed minimum lubricity of 460 um
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for fuels to diesel engines, the addition of lubricant additives was not required, because the lubricity
of mixture DS0B20 {70% vol.) reaches about 420 pm and ubricity of HVO (30% obj.) is 560 pm [30].

The advantage of using DRH30B20 iz displayed in the cleaning of the fuel system and also in
the ability to use it without any technical modification of the engine (most of the engines are ready
to use DSOH30E20).

5, Conclusions

The objective of the experiment was to analyse the D50H30B20 fuel mixture, which consists of
biofuels by 50%. Selected biofuels are in the case of both HVO and butanol characterized as II
generation biofuels. Also in the case of combination of HVO and bicbutanol, it is possible to use
materials from different remewable sources.

The study demonstrated that the HVO exhibits 26% less opacity compared to the diesel fuel The
blended DS0H20B20 fuel exhibits even lower opacity, by 56% lower than pure diesel A similar
situation can be observed in PM production, where a decrease of more than 50% in the case of
D50H30B20 was reached. Biofuels proved slightly lower power parameters (10% lower) than pure
diesel, but depending on the production of emission parameters, the power difference is minimal. In
the case of emission production, the results of tested biofuels proved slightly worse. The emission of
CO, CO2 and CO reached higher values compared to diesel fuel. Both fuels based on HVO exceedad
the EU4 emission limits except the CO and HC emissions.

The potential of the mixture is also in maximizing the use of alcohel, which is more suitable for
gasoline engines, but in terms of environmental sustainability, production of harmful emissions and
biodiversity, it is a promising and reliable energy source.
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3.5 Hydrotreated Vegetable Oil as a Fuel from Waste Materials (2019)

Clanek pojednéva o tlaku na snizovani emisi ze strany organti EU. Jednou z cest je pouziti
HVO, které svym slozenim odpovidaji vysoce kvalitni mineralni nafté. Pfidani HVO umoziiuje

dosahnout snizeni nejen emisi NOx.

Cilem prace je ukazat vlastnosti riznych paliv s 1 bez ptimési HVO a prokazat vhodnost

uziti HVO.

Prace prokazala, ze jako suroviny pro vyrobu HVO lze pouzit odpadni produkty,
aniz by dochazelo k vyraznym zménam podminek hydrorafinace. Tuto technologii

Ize s drobnymi Gipravami provozovat i ve stavajicich rafineriich.
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Abstract: Biofuels have become an integral part of everyday life in modern society. Bioethanol and
fatty acid methyl esters are a common part of both the production of gasoline and diesel fuels. Also,
pressure on replacing fossil fuels with bio-components is constantly growing. Waste vegetable fats
can replace biodiesel. Hydrotreated vegetable oil (HVO) seems to be a better alternative. This fuel
has a higher oxidation stability for storage purposes, a lower temperature of loss of filterability for
the winter time, a lower boiling point for cold starts, and more. Viscosity, density, cold filter
plugging point of fuel blend, and flash point have been measured to confirm that a fuel from HVO
is s0 close to a fuel standard that it is possible to use it in engines without modification. The objective
of this article is to show the properties of different fuels with and without HVO admixtures and to
prove the suitability of using HVO compared to FAME. HVO can also be prepared from waste
materials, and no major modifications of existing refinery facilities are required. No technology in
either investment or engine adaptation of fuel oils is needed in fuel processing.

Keywords: biofuel; biodiesel; hydrotreating; hydrocarbon; waste

1. Introduction

A long-term European strategy is an effort for a so-called "recycling society”. With the growing
volume of waste, expanding industries are dealing with waste management and recycling. Despite
noticeable progress, there is still great potential in previously underutilized sources of waste. The
main obstacles are the legislative problems and the low application of approved rules, the
differentiation of regulations in different countries, and generally the low awareness of the
professional and lay public about new possibilities and prospects. The current EU waste policy is
based on the concept of the so-called waste hierarchy, which states that it is primarily necessary to
prevent the generation of waste itself, and if this is not possible, it must be recycled or otherwise
exploited, under condition of minimal dump disposal. Anything which can be reused in some way
may be considered waste, even materials like grey water, wood chips, old clothing, kitchen scraps or
diseased fruit and vegetables [1-7].

Legislative requirements are higher for double-counting materials, in order to meet the 10%
share of biofuels. This double counting applies to biofuels made from waste and residues, as well as
to biofuels made from raw materials that have been grown on so-called degraded areas, and it is thus
another supportive step towards meeting the sustainability criteria [8-10].
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Sustainability criteria in the EU are determined by Directive 2009/28/E5. Among these, we
include reducing GHG (greenhouse gas) emissions, optimizing land use and carbon stocks,
biodiversity, and environmental requirements for crop production. To achieve 10% CCOr savings
between 2010 and 2020, a minimum biofuel share of 15% must be reached.

Hydrotreated vegetable oils are one of the possible ways of using the increased biofuel content
in diesel fuel. This would provide another option for meeting the CO: reduction target for the year
2020. At the same time, it will be necessary to include these advanced biofuels in legislation, and to
establish clear rules for their use. In addition to these changes, changes in the composition of diesel
fuel can also be expected in the future. This mainly concerns requirements for increasing the cetane
number and cetane index, adjusting the course of the distillation curve (reduction of temperature by
95% of the pre-distilled volume), further reducing the content of polycyclic aromatic hydrocarbon,
introducing a limit for aromatics similar to automotive gasoline and tightening requirements for
lubrication and mechanical impurities for fuels for diesel engines. Introducing changes that have a
positive effect on reducing harmful emissions and particulate matter pollution will entail an increase
in production costs and therefore the speed of their deployment will depend on the economic
situation and legislative changes adopted within the EU [11-13]. Compared to fossil fuels, biofuels
are renewable. As far as their technological development is concerned, the issue of biofuels is only at
an early stage. The most commaonly declared "first generation” of biofuels is bioethanol produced
from starch and sugar, biodiesel produced from vegetable oils (rape, soy, etc.) and animal fats
without chemical treatment, or produced due to the transesterification process to fatty acid methyl
esters (FAME —rapeseed oil) or similar non-edible feedstocks like soursop seed oil [14,15]. These are
sophisticated technologies, and above all, commercially available [16-18].

Figure 1 shows a simplified difference between the production of hydrotreated oils and fatty
acid methyl esters (FAME).

[ Hydrotreatment — Hydrotreated oil

Hy lzomeration
Vegetable gil —— T
natural gas
Arnimal fat —— l
CH;0H

————— Esterification —* FAME

Figure 1. Simplified diagram for the production of hydrotreated oils and fatty acid methyl esters.
FAME: fatty acid methyl esters.

The production of hydrotreated vegetable oils is based on introducing hydrogen molecules into
the raw fat or oil molecule. This process is associated with the reduction of the carbon compound.
When hydrogen is used to react with triglycerides, different types of reactions can occur, and
different resultant products are combined.

The original oil obtained by hydrotreatment achieves higher oxidation stability, which is
desirable for frying oils. Partial fat stiffening is used for raw margarine production. For fuel purposes,
such a final product is not suitable. In hydrotreated fuels, therefore, partial hydrotreatment is mostly
omitted and overall hydrotreatment continues, often with free fatty acids (Figure 2).
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Figure 2. Hydrotreatment of fatty acids.

Another method of converting triglycerides by hydrogen is the cleavage of the ester to
hydrocarbon and glycerol-derived propane and free fatty acids. These fatty acids (n is the number of
carbons) are either:

1. reduced to hydrocarbons (n) and water by hydro deoxygenation,

2. subject to decarboxylation, i.e. carbon dioxide Ck is cleaved to give n-1 hydrocarbons,

3. ordecarboxylation is carried out by removing the carbon monoxide (C0) and water molecule to
produce an n-1 hydrocarbon.

For the reaction of hydrogen with vegetable oils and vacuum gas oil, the same catalysts and the
same bypes of reactors and equipment were used as for the oil processing [19,20]. In recent decades,
efforts have been made to find the best catalysts, to optimize hydrogen reaction processes and to find
suitable sources of vegelable oil or fats. A lack of resource availability and high hydrogen
consumption are increasing production costs, but these shortcomings are being gradually managed
commercially [21].

A key process for obtaining hydrocarbons is hydroisomerization. This is a radical reaction where
branching of hydrocarbon molecules is achieved by the use of form-selective catalysts, such as
zeolites or other acid catalysts. N-paraffins having a boiling point corresponding to diesel fuel
generally have a higher cetane number than their branched isomers. In contrast, isoparaffins have
lower solidification points than n-paraffins. Therefore, there is a compromise in the quality of the
paraffin-rich fuel; the fuel has either good combustion properties, or good low-temperature
properties. The result of hydroisomerization is therefore a fuel with a lower solidification point and
a lower cetane number. The relationship of these two properties is illustrated in Figure 3 [22].

=
0[O - PE
o {____.-" -_,_--'-'-'-F-F
2 aul o,
* e e
60w - { -10
———__D'___-:'"-;QH A
- g o
= —_
. /"
o '.__f_,- // 1 5
0 bt . . "
12 14 1a 18 n 20
=0~ n-paraffins - n-paraffins -#— J-methyl
—o— Isoparaffins -4~ 5-methyl isoparaffin
isoparaffin

Figure 3. Cetane number and paraffin solidification points depending on carbon number.
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Hydrotreated oils are characterized by very good low temperature properties. The cloud point
also occurs below -40 °C. Therefore, these fuels are suitable for the preparation of premium fuel with
a high cetane number and excellent low temperature properties. The cold filter plugging point (CFFP)
virtually corresponds to the cloud point value, which is why the value of the cloud point is significant
in the case of hydrotreated oils.

The production process of hydrotreated oils can also produce fuel with appropriate low
temperature properties from palm oils and other oils, including animal fats, whose methyl esters
have a very poor applicability at lower temperatures [23]. This results in the use of hydrotreated oils
throughout the year, without risking loss of serviceability or fuel logistics problems. Hydrotreated
vegetable oils thus find their potential usability as aviation fuels.

Hydrotreated vegetable oils meet EN 15940:2014 for paraffinic diesel fuels from synthesis or
hydrotreatment, formerly TS5 15940:2012 for paraffinic diesel fuels [24]. This specification also applies
to Fischer-Tropsch synthesis products: GTL, BTL, and CTL. Specification TS 15940:2012 was preceded
by CWA 15940:2009 CEN Workshop Agreement, which was created in cooperation between car and
fuel manufacturers. HVO is usually supplied without FAME, however, it is allowed to add up to 7%
vol. under specification EN 15940, which the earlier CWA 15940 did not allow. EN 14214 for FAME
for HVO does not apply, as HVO is composed only of hydrocarbons. However, HVO meets the
requirements of EN 590 for diesel fuel, except for the density below the lower limit of this standard
[25]. This also applies to the US ASTM D975 [26]. Table 1 shows the differences between these
standards.

Table 1. Requirements of EN 15940, EN 590 and ASTM D975 [27].

Parameter EN 15940 EN 590:2013 ASTM D975
Cetane number =700 =510 =40
Density at 15 °C (kg-m™) T65-800 20845
Viscosity at 40 °C {mm?-s77) 2.00-4.50 2.00-4.50 1.9-41
Hydrocarbons (% m/m) £35
Polyaromatic - =8 -
Aromatic = 1.0 - -
Olefin =01 - -
Sulfur content (mg-kg™) <5.0 =100 <15
Flash point (°C) >55 >55 > 52
Lubricity HFRR at 60 “C (um) = 46(F* = 460 < 520
95% by volume distils at ("C) < 360 < 360 2R2-338
CFPP (°C) =—34 =—34 -
Ash content (% m/m) =(.01 =0.01 =0.0
Total impurity content (mg-kg™) =24 =24 -

* Including lubricating additives for use in vehicles approved for driving on the fuel according to the
standard. CFPP: cold filter plugging point; HFRE: high frequency reciprocating rig.

2. Results

The density of the hydrotreated vegetable oil (about 780 kg 'm™) is lower than the density of
fossil diesel (800 to 845 kg -m™) because of its paraffinic character, and also a lower temperature
distillation end. The density of the fuel has traditionally been an important factor in terms of volume
of fuel consumption and maximum performance, and we can say that the reduction of volume
calorific value is only a function of density. At alower calorific value, the engine generates less energy
and needs more fuel to ensure the same power output at a partial load.
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Figure 4. Density and kinematic viscosity of diesel fuel with FAME and hydrotreated vegetable ol
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Figure 5. Calonific value of mixed fuels.

In the case of hydrotreated oils, the effect is different, as the calorific value compensates for the
lower density effect (Figures 4 and 5). The higher calorific value of the hydrotreated oils is due to the
fact that the amount of hydrogen in the hydrotreated oils is about 15.2% (m/m), as opposed to 13.5%
{m/m) in standard diesel.

Figure 4 shows that the density with increasing HVO concentration in the mixture is expected
to decrease. This is due to the lower permissible water content and paraffinic character with a higher
hydrogen content than diesel, which results in a higher energy content per kg. Mixture of diesel fuel
with HVO > 30% vol. exceeds the EN 590 (Table 1) limit for diesel (820-845 kg-m3). High proportion
mixtures did not meet the standard limits, On the contrary, low density offers the possibility of
blending HVO into diesel fuels with higher contents of heavier fractions, or their incorporation into
less profitable products, such as fuel oil. Conversely, all HVO mixtures meet standardized kinematic
viscosity limits.
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— Standard EN 530 —@—Diesal Fuel + HVO

Figure 6. Lubricity of diesel fuel with addition of HVO.

On the y-axis, lubricity (WS5D—wear scar diameter) is in pm. HVO has very low lubricity,
therefore up to 80% of the volume may be added as maximum. Once the concentration reaches 80%
or more, the mixture of the fuel does not match the EN standard - see Figure 6. It could lead to seizure
of the fuel system of the machine.

An aromatic-free hydrocarbon composition results in a lower lubricity of the fuel. Lubrication
of hydrotreated oils corresponds to sulfur-free winter grade diesel or GTL. It is essential that lubricant
additives are added to these fuels to meet the requirements of EN 12156-1 (HFER high frequency
reciprocating rig, corrected abrasion area diameter at 60 °C < 460 mm). It is possible to apply
commonly used lubricants for diesel with a similar dosage. When using this fuel at higher
concentrations, it is assumed that a further test for lubricity verification will be added.

Hydrotreated oil can also be supplied with lubricating additives for use in pure form, or as an
additive. It is commaon, however, to supply, for example, HVO without these additives if the fuel is
designated as a component of the mixture. The lubricity of the resulting fuel must then be controlled
and must be increased, to cover the HVO in the mixture. From the point of view of lubricity, this is
the only parameter where FAME is better and in itself can replace the additive in all hydrocarbon
fuels. The lubricating ability can be improved by adding the appropriate additive or a small amount
of FAME content. The expanded uncertainty of the result is = 5%.

Also, the distillation curve is different from diesel fuel and FAME. Distillation properties show
how the fuel evaporates when injected into the combustion chamber of the diesel engine. Low-boiling
fractions are important for the engine’s start-up, and the heavier fractions with higher boiling points
can cause problems with fuel being incompletely burned and increasing the proportion of harmful
emissions in the engine exhaust gases. Standard diesel fuel has a boiling range approximately from
180°C to 360 *C.
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Figure 7. Distillation curves of FAME, diesel fuel, HVO and their mixtures.

A distillation test to determine the distillation curve is a test that must always be carried out
when assessing the quality of fuel. The distillation curve expresses the volume percentage of the fuel
that is distilled to a certain distillation temperature. T50 is the temperature at which 50% of the fuel
is distilled. At this point the amount of air is bound for perfect combustion. For HVO and diesel, there
is no need to worry about combustion air as the temperature in T50 has not increased significantly;
the value is shown in Figure 7.

It is clear from Figure 7 that HVO does not affect the beginning of fuel distillation. The presence
of "light components” is not compromised, so the moving parts of the fuel system cannot be damaged.
The addition of HVO results in a flattening of the distillation curve. Distillation indicates a lower
proportion of high boiling heavy fractions, thereby reducing carbonization shares and reducing
exhaust emissions. Higher concentrations of HVO can be expected to affect engine performance.

100
" s e
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o— Diesel Fusl 50% + HVO 50% +— Diesel Fuel 30% + HVO 70%

Figure 8. Changes in the mixed fuel distillation curve as compared to pure mineral diesel on the -

axis.
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Figure B shows the difference of values due to the HVO admixtures. The addition of HVO to
diesel fuel positively affects the loss of filterability (CFPP —cold filter plugging point). Standard EN
590 sets the temperature —20 *C as the maximum value for F-class winter diesel, 14 is marked with a
thick horizontal line.

The cloud point (CP) or wax appearance temperature (WAT) is the temperature at which n-
paraffins begin to precipitate in fuel, but generally, it is not a mandatory indicator.

10 —
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Figure 9. CFPP and cloud point (CTF) of mineral diesel fuel with FAME and FIVO.

Figure 9 illustrates the decrease of temperature with increasing addition of HVO. In the case of
100% HVO, the CP value is practically the same as the CFPP value. HVO addition to diesel fuel favors
low temperature properties, which, even in the case of an HVO 30 mixture, are 6 degrees below the
winter diesel fuel EM Class F. EN 590 also sets the CFPF for an arctic climate (for 1# class it is —26 *C,
while for 2 class it is —32 *C), both of which exceed FAME + HVO 7(-100.

At temperatures above the cloud point, the hydrotreated oil is colorless, clear as water. It has no
characteristic aroma typical for other fuels. It does not contain any visible dirt at temperatures above
the cloud point. The cloud point causes the creation of scum characteristic for diesel.

The flash point is the lowest temperature at which the flammable substance produces so many
flammable vapors at atmospheric pressure that they will briefly ignite being in contact with open
flame but they do not continue to burn.
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Figure 10. Flash points of diesel fuel with HVO and FAME.
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Figure 10 shows the temperature increase of the flash point with increasing HVO content.
Temperature range Il of the hazard class, in which the measured temperatures of all HVO mixtures
are located, is defined here. However, in the case of a flash point value, these values do not affect the
work of the diesel engine.

The cetane number indicates the reactivity of diesel fuel in terms of its diesel characteristics. The
higher the fuel gets, the better it is, the higher the cetin number is, the more regular and better is its
combustion, as well as the engine running and noise. Because of the relative difficulty of the cetane
number test, the cetane index, which can be determined based on a calculation from the results of the
laboratory density and distillation tests, has been introduced as a characteristic of ignition capability.
Mccording to EN 590, the cetane number is at least 51 units, the cetane index is 46 units.
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Figure 11. Cetane numbers of diesel fuel with HVO and FAME, cetane index of diese] fuel with
FAME.

Figure 11 shows the increasing trend lines of the cetane number and cetane index with increasing
HVO content. The cetane number of hydrotreated vegetable oils ranges from 75 to 95 units due to the
composition (n-paraffins and isoparaffins). In mixed fuels, there is a linear increase in the cetane
number, corresponding to the proportion of components. Hydrotreated oil is a suitable additive for
increasing the cetane number due to the nature of the fuel, where its effect is greater than the use of
conventional additives. For measuring the cetane number on the test engine, the hydrotreated oil
must be mixed with a fuel with a known and low cetane number, such that the cetane number of the
resulting mixture is below 70 units within the measuring range. Then, the cetane number of the
hydrotreated vegetable oil is determined by linear extrapolation. The calculation of the cetane index
is suitable for standard diesel fuels (with FAME) and its use for hydrotreated oils is not appropriate.

The limit value for the cetane number according to EN 530 is highlighted in the graph with a
horizontal line; for the cetane index, 46 is also highlighted by the horizontal line. The extrapolated
cetane number is high because of the very high content of n- and isoparaffins in HVO; the value of
the HVO 30 mixture already means a much higher cetane number than the minimum value according
1o EM 5900

The measurement in this work compared mineral diesel fuel without bio-components, 100%
pure HVO and their mixtures. Prepared ratios were based on the possibility of comparison of the
results of our own measurements and results of measurements already published in the literature.
The individual measurement procedures were performed according to applicable valid standards
and were repeated three times to avoid any measurement error. The density measurement results of
mixtures with increasing HVO concentration had an expected decreasing trend, which should have
a negative effect on the calorific value (energy content per kg). According to the HVO manual, this
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drop is due to the lower permitted water content and the pure paraffinic character of HVO fuel, which
mineral diesel does not have, but due to its higher hydrogen content, HVO has a higher calorific
value at lower density.

Since hydrotreated oil consists only of hydrocarbons, traditional methods for fossil diesel, but
not FAME, are also suitable for determining fuel stability. This especially applies to "Rancimat”
methods according to EN 15751, which is intended for pure diesel fuel and FAME containing 2-7%
vol. of FAME. This method is not suitable for pure hydrotreated oil, even as an additive in diesel fuel.
The stability of hydrotreated oils is at the standard level of diesel fuel and there should be no risks
except for long-term vehicle shutdown or storage.

The sulfur content of hydrotreated oil is based on the production process and is < 1 mg-kg™. As
the standard oil logistics system is used for hydrotreated oil, the sulfur content due to contamination
may be higher, and then the normalized value is < 5.0 mg-kg'. Addition of hydrotreated oils can also
positively reduce the sulfur content, for example in diesel, where the value exceeds the relevant
standard EM 590.

The ash content in hydrotreated oils is very low (< (0L001%). Also, the content of I°, Ca and Mg is
well below the detection limits of analytical methods (<1 mg-kg).

Hydrotreated oil is, like fossil hydrocarbons, nonpolar, while water is polar. Water solubility is
thus similar to traditional diesel fuel, or even lower. Therefore, the issue of water requires no further
action in the field of logistics (as well as for diesel we use).

The issue of microbial growth is primarily about FAME, which also promotes microbial growth
in diesel fuel blends. FAME is biodegradable and tends to increase the water content of diesel fuel.
Unlike FAME, the presence of hydrotreated oil mixed with diesel fuel does not require any further
action. However, monitoring the quality indicator is useful because microbes can proliferate even in
pure fossil fuel during long term storage in the presence of free water. Higher temperatures,
especially in the summer, can increase microbial growth, mainly if mineral salts are present in the
water phase. At lower temperatures, growth of microorganisms slows down.

The hydrocarbon compaosition of HVO corresponds approximately to the hydrocarbons of which
diesel fuel is composed. The composition of HVO is composition closer to diesel oil than to a FAME
mixture, which is an advantage for the use of HVO as a substitute for FAME.
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Figure 12, Chromatogram of 1005 diesel fuel with identified (labeled) n-alkanes.
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Figure 13. Chromatogram of 100% HVO with identified (labeled) n-alkanes.
HEE
il 1Bt
. °l 4|3
i - £l =
v 3 I:
<
50- 3 -
0. i 3|3 i
30- | . 'g / -‘
| | s
10- | |
0- 1. L_.__.k_‘ L,- | S UE
10 15 20 25 30 35 40 tg, min

Figure 14. Chromatogram of 100% FAME with identified main components (methyl esters).

R is detector response in Volts; tr is retention time in minutes. Figures 12-14 are chromatograms
of fuel samples (diesel fuel, HVO, and FAME). In Figure 12, we can see the composition of analyzed
diesel fuel with labeled n-alkanes, which represent major constituents of the sample. Similarly, Figure
13 shows the composition of hydrocarbon compounds in HVO. The chromatogram in Figure 14
allowed us to specify the presence of major components (methyl esters) in FAME; the peaks are well
separated. All components labeled in the chromatograms were identified according to retention times
of analytical standards (mixture of n-alkanes), which are specified in the section Materials and
Methods.

Chromatographic results amongst individual samples may vary, depending on the refinery they
come from. Generally, the final composition of the fuel depends on the season, the country of origin,
the class of fuel, and more.

A statistical analysis was then conducted to obtain a general equation of density and viscosity
for independent variable concentration. An analysis was done for a mixture of diesel and HVO, and
a mixture of FAME and HVO. For the needs of the article, statistical tool R, and the built-in library
Im() were used.

As a first analysis, a linear regression analysis was calculated to predict the density of a diesel
and HVO mixture based on concentration. A significant regression equation was found (F(1, 3) =
1411, p < 0.01, N = 20), with R? of 0.9972. The model predicted density in the form of equation (1).
Assumptions of linear regression were verified by gvlma library. All assumptions were accepted:
Global Stats (p = 0.5704), Heteroscedasticity (p = 0.9905), Skewness (p = 0.2229), Kurtosis (p = 0.9911),
and Link Function (p = (.2302).

p = 0.52147¢ + 780.97672 (1)
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Complementary linear regression was calculated to predict the viscosity of a diesel and HVO
mixture based on concentration. A significant regression equation was found (F(1, 3) =49.97, p<0.01,
N =20, with E? of 0.9245. The model predicted viscosity in the form of equation (2). All assumptions
were accepted: Global Stats (p = 0.5884), Heteroscedasticity (p = (L.8937), Skewness (p = (0.7208),
Kurtosis (p = 0.4098), and Link Function (p = 0.1579).

v = —0.00387Y5c + 2.89085 i2)

As a second analysis, a linear regression analysis was calculated to predict the density of a FAME
and HVO mixture based on concentration. A significant regression equation was found (F(1, 3) =
94.08, p < 0.01, M = 20), with R? of 0.9588. The model predicted density in the form of equation (3).
Assumptions of linear regression were verified by gvlma library. All assumptions were accepted:
Global Stats (p = 0.5035), Heteroscedasticity (p = 0.8260), Skewness (p = 1.4299), Kurtosis (p = 0.1330),
and Link Function (p =0.5241).

p = 0.7478c + 785.6795 (3)

Complementary linear regression was calculated to predict the viscosity of a FAME and HVO
mixture based on concentration. A significant regression equation was found (F(1, 3) = 88.94, p=<0.01,
N =20, with E? of 0.9674. The model predicted viscosity in the form of equation (4). All assumptions
were accepted: Global Stats (p = 0.8565), Heteroscedasticity (p = 0.6979), Skewness (p = (0.5792),
Kurtosis (p = 0.4987) and Link Function (p = 0.5205).

v =0.011987c + 2887347 (4

3. Discussion

The experiment shows that the hydrotreatment process is an alternative to the production of
biofuels for the esterification process to eliminate the undesirable effects, as described in [16] and [28].
These include, in particular, increased NO. content, emissions, fuel storage problems, engine oil wear,
and so on. HVO are also characterized by high cetane numbers, as confirmed by the measured results
[18]. The characteristics for diesel compared to HVO were practically the same, as illustrated by
Sugiyvama [17]. Experiments and proven measurements show that HVO impurities have a positive
effect on the characteristics of diesel engines,

Characteristics to be monitored include, above all, the lubricity to provide the lubricating ability
of the moving parts of the fuel system and the cetane number. The graphs show, in accordance with
[28], that the recommended HVO ratio (addition) should be about 50% in order to be consistent with
the diesel fuel characteristics,

According to Simacek et al. [29], low density and low sulfur content have an effect on lower
lubricity, which can be improved by the application of conventional lubricating additives as is the
case with today's low-grade mineral diesel fuel. The kinematic viscosity of all HVO mixtures meets
the standard parameters. The distillation curve determines that, by addition of HVO to mineral diesel
fuel, its process is flattened. According to Honig et al. [23], this has a positive effect on the reduction
of carbon deposits and exhaust emissions. The HVO Manual [27] indicates CFPF up to —40 "C. This
value has not been confirmed by ils own measurement. The lowest measured CFPP was =36 “C in
100% HVO. This is even 11 “C less than that found in Aatola et al. [16). Even with this mismatch, all
blends have a positive effect on the CFPF drop and are well below the F-class for diesel fuels, the
CFPP reported by EN 590 max —20 "C. Resulls of the flash point measurement have an increasing
tendency, which corresponds to all other articles, the measured values were compared with. This has
a positive effect on reducing the risk of a fuel explosion during handling and storage under standard
conditions. The measured high values of the cetane number and the calculated cetane index value
increase with the HVO content in the mineral oil mixture. The values of the cetane number and cetane
index set out in this work correspond to the already high values of these figures in Aatola et al. [16],
Simacek et al. [29], Hioinig et al. [30], Vachovd and Vozka [31], and the HVO guidelines [27].
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The properties of hydrotreated oils are much more similar to high quality sulfur-free diesel or
synthetic GTL diesel fuel than to FAME.

In the production of fuels, components with n-hydrocarbons and branched hydrocarbons are
suitably combined to achieve suitable fuel properties (cetane number, pour point). Biodiesel
produced by the hyvdrotreating of vegetable oil consists mainly of Cir and G n-hydrocarbons with a
high cetane number but with poor low temperature properties due to the melting point between 20
and 28 *C. Improvement of these parameters can be achieved by adding a second proportion of highly
isomeric hydrocarbons into the fuel blend.

During long-term storage, pure hydrotreated oils as well as mixtures containing them, behave
like traditional diesel fuels. Hydrotreated oils do not contain any hazardous impurities, such as
saturated monoglycerides present in FAME. There is therefore no risk of clotling above the cloud
point. However, as with standard diesel, this phenomenon may occur due to the presence of paraffins
in the fossil fuel or hydrotreated oil during long-term storage at temperatures below the cloud point.

4. Materials and Methods

The sample of tested hydrotreated vegetable oil was received from the Neste Oil Company
(Espoo, Finland). Simultaneously, diesel fuel free of fatty acid methyl esters compliant with EN 590
and a FAME mixture compliant with EN 14 214 were used for laboratory tests.

The following tests of blends were carried out:

Density at 15 “C according to EN 150 3675

Kinematic viscosity at 40 “C according to EN 150 3104

Cold filter plugging point (CFPP) according to EN 116

Flash point according to EN 2719

Oxidation stability of vegetable oil according to EN 15 751
Cetane number according to EN 150 5165

Lubricity according to EN 12156-1 (HVO lubrication 460-650 pm)
Calorific value according to IS0 1928 on [KA C200 Calorimeter
Gas Chromatography —Flame lonization Detector GC-FID

o ope Mo e P =

The following samples and their mixtures were analvzed:

100% FAME
100% HVO (from Neste Oil Company)
100% Diesel Fuel (without any FAME)

N

For the GC measurements, the samples were diluted 1/50 (20 pl sample + 980 pl hexane).

Analytical Standards:
1. Mixed standard: n-alkanes C10 to C30 in hexane
2. Mixed standard: Supelco 37 Components FAME Mix

For sample analysis, an Agilent Technologies TEMA gas chromatograph (Santa Clara, CA, USA)
equipped with an autosampler, a fused-silica capillary column 5PB-2560 and a flame ionization
detector (FID) was used. The basic instrument parameters and GC analysis conditions are shown in
Table 2.

126



Catalysis M09, 9, 337 14 of 16

Table 2. Device parameters and GC analysis conditions.

Device Type and settings
Gas Chromatograph Agilent Technologies TI0A
Autosampler CA513A (16 positions) with a syringe Aglent Gold Standard 10 pl
Amnalytical column SP-2560, 100 m = (.25 mm i.d., film thickness (.2 pm
Temperature program 1440 “C (5 min), increase 4 “C-min ™, 245 “C (20 min) - 51.25 min
Carrier gas Helinm 5.6, const. inlet pressure 50 pst (flow rate 1.58 ml-min™ at 140 °C)

Injection chamber Temperature 280 “C, injection volume 1 pl, split ratio 1:100

Detector Temperature 280 “C, gas flow: hydrogen (6.0) 30 ml-min™, air (5.0)
400 ml-min™, makeup = nitrogen (6.0) 25 ml-min*
Data collection software Agilent ChemStation (Revision B.04.02 5P1)

Lubrication was measured on a PCS instrument: HFEE (high frequency reciprocating rig). The
PCS instrument uses an electromagnetically vibrating moving body with low amplitude, while
simultaneously compressing it against a solid body. The instrument measures the frictional forces

between the bodies and the electrical contact resistance between them. Settings of the instrument are
in Table 3.

Table 3. Technical parameters of HFRE.

Parameter Value
Frequency 10-200 Hz
Shift 20 pm-2 mm
Load 0.1-1 kg with supplied weights
Maximum fractional force by amplitude, max 10N
Temperature From room temperature to 150 °C
Standard upper test bady Ball @ 6 mm
Standard lower test body Disk @ 10 mm and thickness 3 mm
Power supply 100-230'V
Heating Two heating cartridges 24 kW, 15 kW

3. Conclusions

Due to the pressure of the European Union to reduce the total amount of greenhouse gases
released into the atmosphere, there is also a need to reduce greenhouse gas emissions in transport.
One way is to increase the share of biofuels in mineral diesel over 7%.

Biodiesel from FAME is not very suitable as a higher percentage mixture because of the low
oxidation stability, higher temperature of cold filter plugging point (CFPP), carbonization tendency
and possible microbial contamination in the presence of water. A much better biofuel is HVO, whose
hydrocarbon character can be compared to high quality mineral diesel with a very high cetane
number and a very low temperature of cold filter plugging point (CFPF). As confirmed by the actual
measurement, HVO does not have the above-mentioned drawbacks as fatty acid methyl esters do.
HVO can be mixed into mineral diesel fuel without limitation. Its presence in mineral oil blends
improves engine performance and reduces fuel consumption, exhaust emissions, and cold filter
plugging point (CFPP), so it can also be used in aviation turbine engines. The properties of
hydrotreated oils are much more similar to high quality sulfur-free diesel or synthetic GTL diesel fuel
than to FAME.

Adding HVO can achieve a lowering of NO. and particulate matter emission, which has a
positive impact on environment. This is a suitable way of accomplishing emissions below the limits
of a newly introduced ban for highly-polluting, older diesel wehicles, for example in Germany. HVO
has a naturally high cetane number, which is very useful for increasing lower cetane fuels, which
could also be conducive to other alternative fuels for lowering emissions, as well as having sufficient
fuel properties.
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The production technology of this biofuel is intergenerational in its own way, as raw materials,
both food and waste, can be used for its production without significantly changing the
hydrotreatment conditions. [t is also beneficial for this technology that it can be operated, after minor
modifications, directly in existing refineries.
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3.6 Vyhodnoceni motorové nafty a jejich smési s aditivy z hlediska palivovych vlastnosti
(Evaluation of fossil diesel fuel and blending with advanced alternative fuels (BTL)
as bio-based high percentual additives) (2022)

Clanek ovéfuje vhodnost a pouZitelnost smési konvenéni motorové nafty s HVO
a syntetickou FT naftou, dale vyhodnocuje parametry definovanych smési. Experimenty ovétuji
pouziti dvoji smési: Fischer-Trospch s hydrogenovanym rostlinnym olejem az do 30 %
V konvenc¢ni fosilni nafté. Tato smés bude spliiovat normu EN 590 pro konvencni fosilni naftu,
kde nejkriti¢téjsim parametrem je hustota. V piipadé zohlednéni hustoty pfipousti norma
EN 15940 pro parafinovou motorovou naftu nizsi hustotu v disledku chemicko-fyzikalni povahy

hustoty parafinickych paliv. Proto 1ze podobnou dvoji smés pouzit az do 50 % objemu.

Prace prokazala, ze dvoji smés v konvenéni motorové nafté spliiuje normu EN 590
pro pouziti v dieselovych motorech. Riziko hustoty a niz§i kin. viskozity lze eliminovat

vhodnymi aditivy (FAME).
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Abstract: The aim of the work is to compare and evaluate the fuel properties of diesel fuel with
additives and its mixtures in given proportions. The mixtures were evaluated according to the
EN590 standard applicable to diesel fuel. The conventional fossil diesel was mixed with HVO and
FT diesel. HVO and FT diesel are advanced synthetic fuels, which can be added to conventional
fossil diesel to use waste or non-food raw materials and thereby reduce dependence on the import
of petroleum products. The aim of this article is to evaluate the optimal mixture ratio in terms of the
required fuel characteristics for internal combustion engines. Cetane number, cetane index, CFPP,
density, flash point, heat of combustion, lubricity, viscosity, distillation curve are evaluated. Multi-
dimensional GC x GC-TOFMS was used. It was found that the fuel properties of the mixtures are
comparable to conventional diesel, with parameters such as sulfur content, calorific value and ce-
tane number even better. All measurements were carried out according to current standards,
thereby ensuring the repeatability of measurements for further research.

Keywords: Fischer~Tropsch synthesis; Hydtrotreated vegetable oil, biofuel; diesel, alternative fuels;
standardization

1. Introduction

Advanced alternative biofuels are obtained by converting renewable resources.
These resources include cellulosic biomass, waste materials, algae, biogas and others [1].
As defined in Directive 2001/77/EC, biomass means “the biodegradable fraction of prod-
ucts, waste, and residues from agriculture (including vegetal and animal substances), for-
estry and related industries, as well as the biodegradable fraction of industrial and mu-
nicipal waste”. New types of biofuels complementing the fuel market should meet the
following criteria [2], such as high quality and higher environmental aspects than the ex-
isting first generation biofuels; usage in existing engines without any modifications; usage
should not affect the engine performance; guaranteed miscibility with petroleum fuels in
a defined proportion; easy integration into the current fuel market; production from waste
sources is preferred.

The European directive RED I on the promotion of the use of energy from renewable
sources has been replaced by the directive RED II 2018/2001/EC. Among other things, the
directive states that each member state must ensure a minimum 70% saving in greenhouse
gas emissions from fuels used in transport from 1 January 2021. It also states here that the
share of advanced biofuels and biogas in final consumption in transport must be at least
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0.2% by 2022, and at least 1% by 2025. These and other goals are intended to help achieve
the proclaimed final goal of having at least a 32% share of energy from renewable sources
by 2030. RED II also strictly defines sustainability criteria for all biofuels. In the future,
only those fuels that meet the given criteria will be able to be sold.

Another initiative is the European Green Deal. This plan aims to achieve climate neu-
trality on the European continent by 2050. The agreement contains measures to reduce
emissions, investments in research and innovation, elements of nature protection and oth-
ers. The second goal of the initiative is the transformation of the European economy into
a long-term sustainable one.

In 2021, the European Commission introduced the Fit for 55 package. This includes
other legislative proposals such a Renewable Energy Directive III (RED III), including an
already approved ban on the sale of new cars with internal combustion engines from 2035.

Biofuels are generally divided into first, second and third generation. The first gen-
eration is produced from food biomass, the products are bioethanol or FAME [2,4]. The
second generation is produced from non-food or waste biomass [5-7]. Despite the techno-
logically more demanding production process [9], these fuels have the potential to reduce
CO2 emissions by up to 90% compared to fossil fuels [10,11]. Products include bioethanol,
biomethanol, bio-butanol and Hydrotreated Vegetable Oil (HVO) from Used Cooking Oil
(UCO). Third-generation biofuels primarily include products from algae. These algae are
rich in oils and the yieldsare up to 10 times higher than those from land-based plants[12].

Hydrotreated Vegetable Oil is a paraffinic bio-based liquid fuel originating from
many kinds of vegetable oils, such as rapeseed, sunflower, soybean, and palm oil, as well
as animal fats [13]. It can be used in conventional diesel engines, pure or blended with
fossil diesel (petrodiesel). Although largely unproven, HVO substitutes directly petro-
diesel or blend in any proportion with it, without modification of CI engines [14]. Catalytic
hydroprocessing of vegetable oils, animal fats, or waste cooking oils has been used as an
alternative process to transesterification for producing biofuels. To obtain the HVO, the
triglyceride of the feedstock is hydrogenated in the first step and broken down into vari-
ous intermediates, mainly monoglycerides, diglycerides, and carboxylic acids. These in-
termediates are then converted into alkanes by three different pathways: (i) Hydrogena-
tion, (ii) Hydrodeoxygenation (HDO), and Hydrodecarboxylation (HDC) [14]. The con-
version that occurs through these three reactions creates hydrocarbons similar to existing
diesel fuel components [15]. This technology is a modern way to produce high-quality
bio-based diesel fuels without compromising fuel logistics, engines, or exhaust after-treat-
ment devices.

Conventional fossil diesel fuel is a mixture of liquid hydrocarbons. It is obtained by
distillation and refining from crude oil, usually at temperatures of 180-360 °C. The quality
of diesel fuel is indicated by the cetane number, which expresses its diesel characteristics.
The most common type of diesel fuel is a specific fractional distillate of petroleum fuel oil,
but alternatives that are not derived from petroleum, such as biodiesel, biomass to liquid
(BTL) or gas to liquid (GTL) diesel are increasingly being developed and adopted [16].

Fischer-Tropsch Synthesis is a process in which carbon monoxide and hydrogen are
converted by a catalytic reaction to a mixture of substances consisting mainly of n-alkanes
(linear hydrocarbons) according to Equation (1), olefins according to Equation (2), and, to
lesser extent, alcohols according to Equation (3). The description of the reactions taking
place in the Fischer-Tropsch synthesis is as follows [17]:

(@n+1)H, +nCO = CyHypyy +nH,0 (1)
2nH2 +nCoO — CnHZn + nH20 (2)
ZnHz +nCo — CnH2n+10H + nH20 (3)
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Compared to conventional petroleum processing, products of Fischer-Tropsch syn-
thesis (FTS) synthesis do not contain salts, heavy metals, sulfur, nitrogen, or aromatic
compounds. As aresult, this technology has the potential to become a suitable technology
for biomass processing. However, one disadvantage is the higher operating cost com-
pared to the cost of processing oil [18]. Fischer-Tropsch synthesis is currently performed
in two modes. These are the low temperature (LTFT) and high temperature (HTFT)
modes. These modes differ in reaction conditions [19].

The LTFT method was used to produce the sample. Low-temperature FT synthesis
(LTFT) is most often performed in the temperature range of 200-240 °C and a pressure of
2.5 MPa. In this case, cobalt (Co) oriron (Fe) catalysts are used. These conditions cause the
formation of products with a major proportion of n-alkanes with a long linear chain [20].

For the production of liquid fuels for diesel engines, it is therefore low-temperature
FT synthesis that is preferable. Low-temperature synthesis is most often carried out in
tubular reactors with a fixed catalytic bed, or in reactors with a catalyst in suspension [21].

The percentage of products may vary depending on the reaction temperature, pres-
sure, and type of catalyst used. The difference in the composition of the primary product
of low-temperature FT synthesis using iron (Fe) and cobalt (Co) catalysts is shown in Table
1

Table 1. Composition of Low-temperature FT synthesis (LTFT) products [18].

Components Fe [wt. %] Co [wt. %]

Methane 4.3 5.6

Ethylene 1 0.1

Ethane 1.0 1.0

C3-Cs alkenes 6.0 3.4

C3-Cs alkanes 1.8 1.8

Cs-Cio alkenes 7.7 7.8

Cs-Cio alkanes 3.3 12.0

C5s-Cio oxygenated compounds 13 0.2
Cn-Cz alkenes 5.7 1.1
Cn-Ca2alkanes 135 20.8

Cn-Cz2 oxygenated compounds 0.3 0.0
Cz2+ alkenes 0.7 0.0
Cz- alkanes 492 44.6
Alcohols (dissolved in water) 39 14
Carboxylic acid (in water) 0.3 0.2

When a cobalt (Co) catalyst is applied, the product contains more methane, fewer
alkenes, and fewer oxygenates. This is due to the higher hydrogenation activity of the
cobalt catalyst [22].

Low-temperature FT synthesis (LTFT) produces two types of major products. The
lighter fraction, named as oil, is usually liquid and consists of hydrocarbons boiling up to
about 370 °C. The heavier part, called wax, is usually solid, consisting mainly of high mo-
lecular weight n-alkanes [23]. The typical fractional composition of oil and wax produced
by low temperature FT synthesis is given in Table 2.

Table 2. The typical fractional composition of oil and wax produced by LTFT synthesis [24].

Distillation Range [°C] Oil [vol. %] Wax [vol. %]
30-160 °C 44 3
160-270 °C 43 4
270-370 °C 13 25
370-500 °C 0 40
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>500 °C 0 28

2. Materials and Methods

The following mixtures were used for the evaluation of fuel properties:
100 vol. % conventional fossil diesel (CF diesel);

100 vol. % pure FT-diesel distillation fraction (FT diesel);

100 vol. % pure Hydrotreated vegetable oil (HVO);

50 vol. % Conv. fos. diesel, 30% HVO, 20% FT Diesel;

60 vol. % Conv. fos. diesel, 25% HVO, 15% FT Diesel;

70% Conv. fos. diesel, 20% HVO, 10% FT Diesel;

80% Conv. fos. diesel, 15% HVO, 5% FT Diesel;

90% Conv. fos. diesel, 7,5% HVO, 2,5% FT Diesel;

HVO was produced and obtained from Neste Oil and meets the standard for paraf-
finic diesel fuel EN 15940. The FT diesel distillation fraction (BP 160-370 °C) was produced
in an atmospheric/vacuum distillation column in UniCRE laboratories from FT products
created within the COMSYN project [25].

Pure fossil diesel was produced by Unipetrol RPA and it is fully compliant with
standard EN 590+A1 for winter grade F, with fossil-based additives from refinery produc-
tion procedure, without additional bio-additives (FAME, Biobuthanol, etc.).

Distillation of FT products was performed in the laboratory distillation apparatus
PILODIST. The PILODIST 105 distillation apparatus is a system with 70 theoretical plates
and a Sulzer EX column packing. Atmospheric distillation and vacuum distillation of
crude oil, petroleum products, and similar materials in nature can be performed on this
unit. Atmospherically, the unit can be distilled up to 200 °C. Subsequently, a certain de-
gree of vacuum must be included in the process. The entire distillation system is con-
nected to the control software DCD4001.

To identify the fuel properties of the mixtures, the physiochemical properties of FT-
diesel fraction were determined. In the evaluation of fuel density, kinematic viscosity, ce-
tane number, cetane index, flash point, cold flow properties, lubricity, water content, PAU
content, sulfur content, carbon content, hydrogen content, nitrogen content, higher calo-
rific value, and distillation curves were measured. These fuel properties were compared
for fuels containing volumetric amounts of different FT-diesel fractions.

The elemental analysis of each sample was carried out by the elemental analyzer
FLASH 2000 according to the standard ASTM D5291 (The American Society for Testing
and Materials: Standard Test Methods for Instrumental Determination of Carbon, Hydro-
gen, and Nitrogen in Petroleum Products and Lubricants).

The nitrogen and sulfur content in microscale (ppm) was measured by the Trace SN
Cube Instrument according to the standards ASTM D5453 and ASTM D4629 (The Amer-
ican Society for Testing and Materials —Standard Test Method for Determination of Total
Sulfur in Light Hydrocarbons, Spark Ignition Engine Fuel, Diesel Engine Fuel, and Engine
Oil by Ultraviolet Fluorescence, and the Standard Test Method for Trace Nitrogen in Lig-
uid Hydrocarbons by Syringe/Inlet Oxidative Combustion and Chemiluminescence De-
tection).

The heat of combustion was measured by LECO AC600 Semi-Automatic Calorimeter
which provides calorific results for various organic materials, including coal, coke, fuel
oils, and waste materials (DIN 51900-2: Determining the gross calorific value of solid and
liquid fuels using the isoperibol or static-jacket calorimeter, and calculation of net calorific
value).

The density was determined according to the standard ISO 12185:1996 (Crude petro-
leum and petroleum products —Determination of density— Oscillating U-tube method).
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The kinematic viscosity was determined according to the standard ISO3104:1994 (Pe-
troleum products —Transparent and opaque liquids —Determination of kinematic viscos-
ity and calculation of dynamic viscosity). The cetane index was determined according to
the standard ISO 4264:2018 (Petroleum products— Calculation of cetane index of middle-
distillate fuels by the four-variable equation). The cetane number was determined accord-
ing to the standard ASTM D7668-17 (Standard Test Method for Determination of Derived
Cetane Number (DCN) of Diesel Fuel Oils— Ignition Delay and Combustion Delay Using
a Constant Volume Combustion Chamber Method). The distillation curve trend according
to the standard ISO 3405:2011 (Petroleum products—Determination of distillation charac-
teristics at atmospheric pressure). The cold flow properties were determined according to
the standard EN 116:2015 (Diesel and domestic heating fuels —Determination of cold filter
plugging point—Stepwise cooling bath method). Flash point was determined according
to the standard ISO 2719:2016 (Determination of flash point—Pensky-Martens closed cup
method). The lubricity was determined according to the standard ISO 12156-1:2018 (Diesel
fuel —Assessment of lubricity using the high-frequency reciprocating rig (HFRR) —Part 1:
Test method).

An analytical method for determining the FT-diesel fraction in diesel was also vali-
dated and performed using GC x GC-MS TOFMS. The percentage of the peak area was
calculated from the measured amounts of the individual substances in the resulting mix-
tures. The sample is divided into individual components using two capillary columns (1
dimension —non-polar column, second dimension—polar column). The separation itself
occurs by continuously repeated reinjection of the eluent from the first column to the sec-
ond column by means of a two-stage thermal modulator.

The individual components are then detected by a mass detector, in particular a time-
of-flight analyzer (TOFMS) in the gas phase under vacuum, according to the length of the
flight time from the ion source to the detector. The samples were stored in dark brown
glass bottles with a volume of 2 L. No dilution was required to perform a successful meas-
urement.

For the measurement, a LECO PEGASUS™ BT 4D GC x GC-TOFMS was used. This
machine assembly comprises a mass spectrometer with TOF flow analyzer in conjunction
with GC x GC—two-dimensional gas chromatography. The two-dimensional gas chro-
matograph is equipped with a primary fused silica capillary column Rxi-55il MS and a
secondary fused silica capillary column Rxi-17SilMS. The identification of individual sub-
stances was performed by comparing the measured spectrum with the National Institute
of Standards and Technology (NIST) library. Device parameters and measurement condi-
tions are shown in Table 3. For the statistical evaluation and graphical representation of
the results, Matlab R2015a and R 4.0.2 were used.

Table 3. Parameters of GC x GC-TOFMS.

Machine Assembly LECO PEGASUS® BT 4D GC x GC-TOFMS
Primary column Rxi-55iIMS, 30m x 0.25mm, d = 025 um
Secondary column Rxi-17S5iIMS, 1.3m x 0.15mm, d = 0.15 um,
Carrier gas He, 1 mL/min
Temperature program 40 °C (1.5 min), 40-300 °C (4°C/min), 300 °C (0.5 min)
Injector 20-320 °C, 720°C/min, Split 500:1
Sample volume 0.2 ul
Ton Source 250 °C
Modulation period 8s

Parameters were always measured three times and results represent the average
value from the three measurements with the expanded uncertainty with 95% confidence
interval. The expanded uncertainty U of the measurand was obtained by multiplying the
combined standard uncertainty u(y) by a coverage factor k, which gives the best estimate
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of the value attributable to the measurand. The value of the coverage factor k was chosen
to meet the probability of coverage of about 95%, which for a normal distribution, corre-
sponds to the factor k =2.

3. Results
3.1. Fuel Parameters

Figure 2 shows the change in both the cetane number (CN) and cetane index (CI) as
a function of fossil diesel concentration. Cetane number is an indicator of the combustion
speed of diesel fuel and compression needed for ignition, otherwise called reactivity. The
reactivity is manifested by the delay between the injection of fuel into the cylinder and the
increase in pressure in the cylinder, after the mixture has been ignited, to the maximum
value. The greater the reactivity of the fuel, the more regular and perfect its combustion
and consequently the engine operation.

The minimum value of the cetane number according to the requirements of the EN
590 standard is 51 (dashed line), the minimum value of the cetane index according to the
same standard is 46 (full line). A significant increase of both cetane number and cetane
index is due to the addition of FT diesel and especially HVO to conventional fossil diesel.
The gray and brown zones represent 1% measurement accuracy.

N-alkanes (paraffins) have the highest cetane number. Cetane number further in-
creases with the length of the string. The cetane number decreases from n-alkanes to aro-
matics, depending on the number of substituents, their length, branching, double bond
position, etc. The more branched the hydrocarbon chains, the lower the cetane number.
The medium cetane number is for cycloalkanes and alkylbenzenes, the lowest cetane
number is represented by alkylnaphthalenes.
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Figure 2. Cetane number and index of fossil diesel mixtures.
The minimum limit of the cetane number for a cold start is 40 units, for an easy cold
start, at least 50 units. As shown in Figure 2, both FT diesel (CN 82) and HVO (CN 90) are

a high cetane fuels based on a hydrocarbon composition. Higher concentrations of con-
ventional fossil diesel (CN 50) reduce the cetane number.
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As the test on the engine is relatively demanding, the cetane index was later intro-
duced as a characteristic of the ignition ability (Figure 2). The cetane index can be deter-
mined on the basis of a calculation from the results of laboratory tests of both density and
distillation (temperature values during distillation (10%, 50% and 90%) of the test fuel).
The cetane index is not the same as the cetane number, practically, itis always a few units
lower.

Another measured property is the heat of combustion, which is the heat released
when a certain amount of a substance is completely burned. When compared to conven-
tional fossil diesel with 13.7 wt-% of hydrogen, HVO and FT diesel has higher heating
value per mass due to the higher hydrogen content of 15.4 wt.% for HVO and 14.5 wt.%
for FT diesel. Addition The heat of combustion of conventional diesel mixtures is depicted
in Figure 3, where the gray area represents the 1% accuracy of the measurement.
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Figure 3. Calorific value of fossil diesel mixtures.

Another important measured parameter is the flash point. The flash point values of
conventional fossil diesel range usually between 58 °C and 75 °C. The flash point of con-
ventional fossil winter diesel is lower than in summer classes due to the absence of high
boiling points hydrocarbons. Flammable liquids are classified in a so-called hazard class.
According to the EN 590, the minimum value of the flash point of diesel has to be higher
than 55 °C, characterized as a Class 2. Results in Figure 4 show that the HVO and F-T
diesel concentrations in conventional fossil diesel does not increase the flash point much.
All the values are above the standardized limit in the whole range of measured concen-
tration. The gray area represents the 1 °C accuracy of the measurement. The flash point is
important for safety and determines the values required for handling, storage, transport
and classification. The temperature range (Figure 4) has no effect on combustion process
and engine properties.
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Figure 4. Flash point of conventional fossil diesel mixtures.

According to the cold flow properties, a distinction is made between the types of
diesels sold and are decisive for the use and operability of diesel in winter. The cooling
parameters are determined by diesel sample in the device, where the diesel periodically
passes through a system of sieves. The precipitated paraffins gradually clog the sieves and
increase the pressure difference before and after the sieves. The temperature at which a
given pressure difference is reached is the desired cold filter plugging point (CFPP). After
reaching this temperature, the diesel is pumpable and eventually starts the engine, but it
goes out after a while. The reason is the formation of a thick layer of solidified paraffins
on the filter. The liquid fraction of the diesel does not pass through the filter sufficiently.
The temperature of loss of filterability must be given by both - the cooling parameters and
the temperature at which the diesel is usable.
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Increasing the concentration of both HVO and FT-diesel also increases the cold filter
plug point. Figure 5 shows the CFPP with 1 °C accuracy, together with the highlighted cli-
mate-related requirements on diesel fuels. Mixture of 60 and 50 vol.% content of conven-
tional fossil diesel fuel complies with all temperate climates and Class (0 and 1 of arctic or
severe winter climates. The addition of both HVO and FT-diesel increases the temperature
of CFPP resistance. Class F does not meet the requirements around 67%, Class E around
70%, Class D around 80% and Class C around 90%.
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Class F,
max. -20 CFPP

50% 60% 70% 80% 90% 100%
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Figure 5. Cold filter plug point of fossil diesel mixtures.

The density of the fuel is mainly determined by the content of aromatics. It affects the
calorific value of the fuel, which is related to the type of hydrocarbons. Density is also of
commercial importance in fuel supplies where it is used for volume-to-weight conver-
sions and vice versa. Density is also used to calculate the cetane index and also affects the
reactivity of diesel.

The effect of conventional fossil diesel density on engine power results from the fact
that the injection pump operates by volume, and thus the amount of fuel injected increases
with its specific gravity. It is stated that an increase in density of 0.01 g per 1 mL of diesel
will increase engine power by 0.4% to 1.6%. Specific fuel consumption decreases with in-
creasing density and vice versa.

In the case of the density of conventional diesel mixtures (Figure 6), there is a signif-
icant linear drop going under the limit by the concentration about 80 vol.%. The lowest
admissible density is 820 kg.m-3 and maximal admissible is 845 kg.m~-3 at 15 °C. The area
around density line represents 1% accuracy of the measurement.

When the density parameter decreases, it is necessary to monitor the lubricity of the
fuel. With a decreased density, no lubricating layer is formed on the moving parts and
they are excessively worn. Conversely, at high fuel density, the formation of the mixture
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deteriorates due to insufficient fuel atomization and the proportion of unburned hydro-
carbons, soot, and carbon monoxide increases, which externally manifests itself, especially
in acceleration mode and full power mode as increased engine smoke (black smoke).
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Figure 6. Density and viscosity of fossil diesel mixtures.

Another parameter is the kinematic viscosity. Viscosity is a measure of fuel flow and
has some effect on lubricity. Viscosity of the fuel has a significant effect on the size of the
droplets of fuel injected into the cylinder. Low viscosity has a positive effect on aerosol
formation when injecting diesel into the combustion chamber. If the viscosity is high, it
does not reach perfect dispersion, it can also lead to a deterioration in the pumpability of
the diesel and a deterioration in the passage of the filters. Too viscous diesel fuel is also
the cause of carbon formation, as not enough fine aerosol is formed in the cylinder. A
larger deviation of viscosity from higher values can cause poorer combustion in low-pres-
sure injection systems, resulting in a loss of performance, increased fuel consumption, and
increased harmful emissions.

According to the results of kinematic viscosity depicted in Figure 6, the influence of
FT-diesel and HVO is quite significant. The requirements given in EN 590 defines limits
between 2.0 to 4.5 mm2s-1. The lower limit is shown by the dashed line. Addition of FT-
diesel and HVO the addition of up to 50% to conventional fossil diesel drastically reduces
the kinematic viscosity parameter, but all mixtures meet the standard. The gray area rep-
resents 4% accuracy of the measurement.

Lubricity is an important property of diesel that is necessary to ensure the proper
functioning of fuel pumps and injectors. If diesel contains too many light hydrocarbon
components (<C10), there is a risk of damage to the moving parts of the fuel system due
to reduced lubricity. The lubricity of conventional diesel is shown in Figure 8 with the 1%
accuracy of the measurement shown by the gray area. According to the standard, the max-
imum permissible area diameter is 460 um—shown by the solid line. Mixtures of conven-
tional fossil diesel meet this requirement in the whole interval.
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Figure 8. Lubricity of fossil diesel mixtures.

The standard prescribes the maximum lubricity of diesel through the diameter of the
wear surface, which is created by the friction of a vibrating ball on a metal surface to test
the diesel environment at 60 °C. The better the lubricity of the diesel, the smaller the wear
area. Lubricity is closely related to density and viscosity.

3.2. Distillation Properties

Distillation curve is the dominant test that must always be performed when assessing
the quality of diesel fuel. In order for the fuel to burn in the cylinder, it must evaporate
and mix with air during injection. A sufficiently fine atomization of the fuel is necessary
(small droplets have a larger total surface area and a higher evaporation rate), as well as
a certain proportion of easily evaporable components. The fuel should be of the best pos-
sible composition and should not evaporate too rapidly after injection into the cylinder
and therefore operate irregularly.

As can be seen from Figures 10 and 11, all mixtures of HVO and FT diesel with con-
ventional fossil diesel does not behave significantly differently to conventional fossil die-
sel. Generally speaking, the addition of the FT diesel flattens the distillation curve. The
start of a distillation begins at a higher temperature. HVO deflects the distillation curve.
It starts at significantly higher and ends at significantly lower temperatures.

Thus, depending on the course of the distillation curve, the fuel is light enough to
gradually evaporate everything starting with the lightest fractions, and at the same time,
regularly so that the combustion is uniform. Simultaneously, it contains heavier compo-
nents, which evaporate gradually during the compression stroke, when they cool the
walls of the combustion chamber.
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Figure 10. Distillation curve of conventional diesel mixtures in 3D.
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Figure 11. Distillation curve of conventional diesel mixtures.
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3.3. Fuel Composition Characteristics

Chemical composition of both FT-Diesel and conventional Diesel is fundamentally
the same. It consists of alkanes, cycloalkanes, alkenes, monoaromatics, diaromatics, and
traces of sulfur, nitrogen, and water. Using the GC x GC-TOFMS system the detail com-
position of fuels was measured. Results are presented in Table 5 and Table 6.

Table 5. Measured chemical composition of CF diesel mixtures by GC x GC-TOFMS.

Mixture Alkanes Cycloalkanes Mono.- Di- .
and Alkenes aromatics aromatics

1. CF diesel 50%  70.25% 24.64% 5.02% 0.09%
2. CF diesel 60%  57.48% 35.27% 7.13% 0.12%
3. CF diesel 70%  58.96% 34.22% 6.71% 0.11%
4. CF diesel 80%  52.32% 39.16% 8.37% 0.15%
5. CF diesel 90%  46.45% 44.17% 9.20% 0.18%
6. FT diesel 73.27% 24.09% 2.61% 0.03%
8. CF diesel 38.39% 50.88% 10.53% 0.20%

Table 6. Measured chemical composition of CF diesel mixtures by elemental analysis.

Mixture C [% hm.] H [% hm.] S Img.kg1l N [mg kgl

1. CF diesel 50% 86.5 14.5 10.30 11.20
2. CF diesel 60% 859 14.2 9.09 12.60
3. CF diesel 70% 86.4 14.2 8.54 14.70
4 CF diesel 80% 858 14.2 7.21 15.10
5. CF diesel 90% 86.7 13.3 6.94 16.80
6. FT diesel 85,3 14,5 0,9 0,3

7. HVO 85,2 15,4 0,75 <0,1

8. CF diesel 86.8 13.7 7.89 18.20

Blue diagrams are output images from GC x GC-TOFMS, where the green area rep-
resents found alkanes, yellow color is for cycloalkanes and alkenes, pink shows monoar-
omatics and blue is for diaromatics. Pie charts show the elemental composition of each
measured mixture. Figure 11 displays 50 % CF diesel + 30 % HVO + 20 % FT mixture,
Figure 12 displays 60 % CF diesel + 25 % HVO + 15 % FT mixture, Figure 13 displays 70 %
CF diesel +20 % HVO + 10 % FT mixture, Figure 14 displays 80 % CF diesel + 15 % HVO
+5 % FT mixture, Figure 15 displays 90 % CF diesel + 7,5 % HVO + 2,5 % FT mixture,
Figure 16 displays 100 % FT diesel and Figure 17 displays 100 % Conventional fossil diesel
(CF diesel).
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Figure 11. (a) Output of GC x GC-TOFMS for blend 50 % CF diesel +30 % HVO + 20 % FT in diagram;

(b) chart of hydrocarbon compaosition of this blend
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Figure 12. (a) Output of GC x GC-TOFMS for blend 60 % CF diesel +25 % HVO + 15 % FT in diagram;

(b) chart of hydrocarbon composition of this blend.
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Figure 13. (a) Output of GC x GC-TOFMS for blend 70 % CF diesel +20 % HVO + 10 % FT in diagram;

(b) chart of hydrocarbon composition of this blend.
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Figure 14. (a) Output of GC x GC-TOFMS for blend 80 % CF diesel + 15 % HVO +5 % FT in diagram;

(b) chart of hydrocarbon compaosition of this blend.
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Figure 15. (a) Output of GC x GC-TOFMS for blend 90 % CF diesel + 7,5 % HVO +2,5 % FT in diagram;

(b) chart of hydrocarbon composition of this blend.
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Figure 16. (a) Output of GC x GC-TOFMS for 100 % FT diesel in diagram;

(b) chart of hydrocarbon composition of 100 % FT diesel.
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Figure 17. (a) Output of GC x GC-TOFMS for 100 % CF diesel in diagram;

(b) chart of hydrocarbon composition of 100 % CF diesel.

4. Discussion

Cai et al. 2021 confirms the beneficial usability od Fischer Trospch products in inter-
nal combustion engines The results show that FT blending fuels always have lower heat
release rate and pressure rise rate than conventional fossil diesel during premixed com-
bustion period, the differences are not obvious during diffusion combustion period. Both
used blends 30 vol.% and 60 vol.% of FT diesel in mixture with conventional fossil diesel
have better ignition property and smaller coefficient of variation of peak cylinder pres-
sure. The work of this author confirms the announced benefits found from measured tests
indirectly in this work: and that is engine has remarkably gentle operation with FT blend-
ing fuels at low and partial loads[26]. Kotek et al. 2019 proved the decrease of exhaust gas
opacity and particulate matter production, up to 50 vol.% of HVO in mixtures with fossil
diesel blend and biodiesel [27].

Ra et al., 2021, assessed suitability of the Fischer-Tropsch diesel fuel produced by
coal liquefaction. The measured parameters of the T90 of distillation curve, CFPP, flash
point, lubricity, viscosity, cetane index, and density[28]. This high paraffinic diesel com-
plying with the EN 15940:2016 expectedly shows higher values of measured parameters,
in contrast with Jencik et al.,, 2021 [29], in that study the FT diesel was used with a lower
concentration of paraffins as in this study. The fuel produced by Ra et al. is more appro-
priate for usage such a summer diesel [28].
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In the line with Mushrush’s work where he investigated the absence in aromatic con-
tent explains the instability and solubility problems observed between Fischer-Trop-
sch/biodiesel blends, therefore biodiesel was not used in this study [30]. A similar phe-
nomenon in the trend in parameters such as kinematic viscosity, calorific value, cetane
number and density was observed in the work of Rimkus, 2019, where only HVO is in-
vestigated in blends with conventional fossil diesel, which is of the same origin as the
HVO used in this work. An interesting insight is in the view of low-temperature parame-
ters, where the results of the author of this work show a far lower CFPP, therefore also
usability at lower temperatures than was verified in this work.[31].

Comprehensive two-dimensional gas chromatography coupled with mass spectro-
metric detection GC x GC-MS was already successfully used for a composition determi-
nationof a FT-diesel mixture in previous study[29]. In this work, the method was repeated
with the same intention but with a different origin of the samples, therefore it is possible
to see certain differences in the composition.

5. Conclusions

This article verifies suitability and usability with conventional fossil diesel with HVO
and FT diesel and evaluation of parameters of defined blends. Experiments verifies the
use of dual blend: Fischer Trospch with hydrogenated vegetable oil up to 30% to conven-
tional fossil diesel. This mixture will meet the standard EN 590 for conventional fossil
diesel, the most critical parameter is density. In case of taking density into account, the
standard EN 15940 for paraffinic diesel fuel allows a lower density due to the chemical-
physical nature of the density of paraffinic fuels. Therefore, similar dual-blend can be used
up to 50 vol.%.

The main discoveries are summarized below:

1. The physicochemical properties of Fischer-Tropsch diesel are almost comparable to
Hydrotreated vegetable oil. In properties such as cetane number/index and heat of
combustion, synthetic fuels are even better than conventional fossil fuel, due to the
higher content of n-alkanes and higher absence of heteroatoms.

2. According to RED II, Fischer Tropsch diesel is an advanced alternative fuel which
can be produced from renewable energy sources and waste materials as same as from
fossil sources;

3. The fuel mixtures with Fischer Tropsch diesel and hydrotreated vegetable oil enable
the EU to reduce its dependence on crude oil and meets the sustainability criteria;

4. The fuel is without the negative effects of biodiesel in the form of FAME. Mixture is
a pure hydrocarbon fuel without sulfur or polyaromatic hydrocarbons. Emissions are
supposed to be cleaner and lower.
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pii 20 %. Hodnot pro motorovou naftu (EN 590) dosahuje pii 75% zastoupeni (CSN EN 590
(656506) 2022; EN 14214:2012+A1:2014/FPRA2 2018). Hodnot viskozity pii 40 °C dosahuje
pti cca 60% zastoupeni, kinematické viskozity pti 70% zastoupeni ve smési. Bod vzplanuti ma
BUTVO 60 pii4l °C a CFPP pii -14 °C. Nebyly pozorovany zadné problémy se stabilitou
vzorku az do -14 °C, na rozdil od bioetanolu (Hromadko et al. 2009; Hromadko et al. 2011;
Muzikova et al. 2013), kdy teploty kolem -14 °C by ve stiedni Evropé ohrozily provozuschopnost
vétsiny aut. Pro biobutanol tedy nejsou potieba aditiva pro nizké teploty. Biobutanol na rozdil od
etanolu pii dlouhodobém skladovani neseparuje vodu a na rozdil od FAME se neusazuji
sedimenty. Oxidaéni stabilita testovaného odpadniho oleje byla 1,2 hodiny a indukéni doba pro
biobutanol byla pies 25 hodin, coz odpovida méfeni dle (Hasenhuetti & Wan 1992; Muzikova et
al. 2013). Biobutanol ma mnohem niz§i cetanové ¢islo, nez nafta ¢i rostlinné oleje (Lujaji et al.
2010). Cetanové cislo sme&si BUTVO 60 se zvysilo dle (Honig et al. 2015) pfidanim 0.6 %
tetranitrometanu. Pfidanim biobutanolu se snizuji vykonové parametry motoru, avSak snizeni
vykonu je mén¢ signifikantni, nez v pfipadé€ ptidani bioetanolu (Hromadko et al. 2009). V praci
je uvedeno, Ze odpadni oleje mohou byt jen sté€zi pouZity jako palivo pro dieselové motory.
Navrzena metoda standardizace odpadnich oleji biobutanolem dle palivovych norem je vhodnou
nadhradou za FAME. Pozitivy jsou absence investi¢nich ndkladi na technické upravy vozd,

proces esterifikace a zpracovani odpadnich oleju.

Dle vysledki méfeni je dimethyleter vhodny jako nahrada za LPG. Provedena analyza
tlaku par v zavislosti na teplot¢ byla nezbytna z hlediska dopravy, skladovani, distribuce
a bezpecnosti. I pres niz§i vyhfevnost DME v porovnani s motorovou naftou dosahuji motory
spalujici DME srovnatelného vykonu a G&innosti (Sebor et al. 2006). DME je i diky svému
vysokému cetanovému &islu vhodné pro spalovani v dieselovych motorech (Sebor et al., 2006;

(Ju et al. 2014). DME se kvuli velmi nizké teploté varu musi skladovat v tlakovych nadrzich.

DME generuje podstatné méné pevnych castic a oxidi dusiku ve srovnani s motorovou
naftou, u oxidu uhelnatého je tomu naopak. Spalovani DME se vyznacuje rovnéz nizsi hlu¢nosti

chodu motoru (Kim & Park 2016; Lee et al. 2016).
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Syntéza DME na bazi biomasy je stale predmétem vyzkumu. Studie v oboru predikuji
vyrazné zvySeni spotieby DME jakozto ndhrady za motorovou naftu a LPG i pies nékladnost

palivového piislusenstvi motort (zména kompresniho poméru).

Mezi dalsi alternativni biopaliva patii vodikovy pohon. Publikovana prace se zabyvala
technickou analyzou i ekonomickym vyhodnocenim. Bylo zjisténo, Ze nejvice energie spotiebuji
spalovaci motory osobnich a ndkladnich aut (ve srovnani se vSemi spalovacimi motory
pro pozemni dopravu). Tato energie se porovnala s mnozstvim elektrické energie, ktera by byla
ekvivalentem vodikové energie, a nasledné s mnoZstvim el. energie vyrobené v CR. Vysledné
zjisténi ukazalo, e ani uZiti veSkeré elektrické energie vyrobené vramci CR by zdaleka

neuspokojilo energetickou spotiebu spalovacich motorti na vodik.

Téma vodikovych pohonti je dnes Siroce diskutovano. Ukazuje se, Ze pouziti vodiku mizu
byt komplementarni, nikoliv v§ak kompetitivni ¢i substituéni zplisob pouziti ve spalovacich
motorech (Moliner et al. 2016). Jiné vyzkumné skupiny se zabyvaji zavedenim vodikové
ekonomiky v jednotlivych zemich (lordache et al. 2013; Stygar & Brylewski 2013; Pudukudy et
al. 2014). Hlavnim problémem je nakladny vyvoj potiebni infrastruktury.

Pokus kladné zodpovédél otazku, zda proces hydrogenace odpadnich rostlinnych oleji
mize byt vhodnou alternativou K procesu esterifikace pti vyrobé biopaliv, jak je popsano
i v (Aatola et al. 2008; Nasikin et al. 2009). HVO se vyznacuji niz§im obsahem NOXx a emisemi
(Honig et al. 2017), naopak maji vyssi cetanové &islo (Aatola et al. 2008; Simacek et al. 2017;
(Honig et al. 2015; Vachova & Vozka 2015; Neste Renewable Diesel Handbook 2016)
a Ve srovnani s motorovou naftou prakticky stejné nebo lepsi parametry (Sugiyama et al. 2011).
Mezi parametry, které je nutno sledovat, patii naptiklad mazivost. Dle vysledki experimentt
v souladu s (Nasikin et al. 2009) se tedy doporucuje pomér HVO k motorové nafté 50:50.
Dle Siméacka a spol (Siméacek et al. 2017) ma na sniZenou mazivost vliv niz§i hustota a nizsi
obsah siry. Toto lze odstranit pfidanim komer¢nich mazacich aditiv. CFPP je uvadén
az do - 40 °C (Neste Renewable Diesel Handbook 2016), coz nebylo v experimentu potvrzeno.
HVO ma $patné nizkoteplotni vlastnosti kviili bodu tani mezi 20 a 28 °C. Toto lze odstranit

v

ptfidanim izomernich uhlovodikl (proces izomerace — pieména na stabilng€jsi izomer).

Cilem studie bylo analyzovat a porovnat vybrana biopaliva a jejich vliv na provozni

parametry dan¢ho motoru. Jako nejlepsi palivo z hlediska spotifeby se jevi motorova nafta,
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nasledovana HVO. Oproti tomu dle Birzietise (Birzietis et al. 2017) je spotieba biopaliva Neste

Pro Diesel jesté nizsi, nez u motorové nafty.

Vysledky studie jsou v souladu se studiemi (Lapuerta et al. 2011; Yehlinu & Boehman
2012) ukazujicimi snizeni opacity kouie z vyfukovych zplodin u alternativnich paliv. Vysledky
studie (Pexa et al. 2016) rovnéz ukazuji, ze pfidana biopaliva vyznamné redukuji latky
znecistujici zivotni prostifedi. Zejména biopaliva obsahujici HVO nebo biobutanol vykazuji

az 0 40 % niZ8i koufivost.

HVO a biobutanol snizuji vykon a to¢ivy moment, coz je v souladu s VojtiSkem-Lomem
(Vojtisek-Lom et al. 2017). Cilem experimentu bylo analyzovat palivovou smé&s D50H30B20,
kterou tvoti z 50 % biopaliva II. generace. I pfes nepatrné nizs$i vykonové parametry motoru
se ukazalo, Ze vyrazné poklesly produkce emisi (krom& CO a COz). Zdroj energie je spolehlivy

a v souladu s cirkularni ekonomikou i udrzitelny.

ProspéSnost vyuziti F-T produkti ve smésich skonvenéni motorovou naftou
byla prokazana v souladu s poznatky (Cai et al. 2021). Vhodnost syntetické nafty dle F-T syntézy
je v souladu s Raem, naméfené parametry destilaéni kiivky, CFPP, bodu vzplanuti, mazivosti,
viskozity, cetanového indexu a hustoty odpovidaji zjisténim dle (Ra et al. 2021). Tato vysoce
parafinickd nafta spliiujici normu EN 15940 vykazuje vys$s$i hodnoty naméfenych parametrt,
coz je v kontrastu se zjisténimi (Jencik et al. 2021). Moznym vysvétlenim je, ze v jeho studii byla
pouzita F-T nafta s niz$i koncentraci parafind. Zajimavy pohled je z pohledu nizkoteplotnich
parametri, kde vysledky autora této prace ukazuji daleko nizs§i CFPP, tedy i pouZitelnost

pfi nizsich teplotach, nez bylo ovéfeno v praci (Rimkus et al. 2019).
Cile disertacni prace v rdmci publikaci byly splnény:

1) Standardizace odpadnich rostlinnych olejii pomoci biobutanolu jakoZto nahrada
za FAME: v ptedloZené praci byla experimentalné otestovana smés BUTVO_60,
ktera byla shleddna jako adekvatni alternativa k FAME.

2) Dimethyleter jako alternativa k motorové nafté: v ptedlozené praci byl
dimethyleter shledan jako mozna alternativa k LPG 1 motorové nafté

s pfihlédnutim k nutnym technickym Gpravam spalovacich motort.
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3)

4)

5)

6)

Ekonomické zhodnoceni vodiku jakozto alternativniho pohonu v ramci CR:
v predlozené praci byl vyhodnocen ekonomicky dopad a moznosti CR pfi pouze
hypotetickém piechodu na vodikové spalovaci motory.

Zhodnotit vliv vybranych biopaliv na dany typ motoru, vyhodnoceni fyzikalng-
chemickych parametrii a emisi: v pfedlozené praci byla porovnana tii paliva,
z nichz vsechna, v¢etné smési, vyhovovala parametrim pro uziti v daném typu
vznétového motoru.

Navrhnout a ovéfit moznost vyuziti hydrogenovanych rostlinnych oleji
ve smésich s motorovou naftou a bionaftou: v predlozené praci byly testovany
smési s HVO a FAME a potvrzena moznost a vhodnost vyuziti odpadnich
rostlinnych oleji.

Porovnat smési HVO s F-T naftou ve smésich s konvencni naftou. Potvrdit
vhodnost vyuziti méfenych smési pro spalovaci motory: v predlozené praci byly
testovany smési konven¢ni motorové nafty s HVO a syntetickou F-T naftou,

byla potvrzeno mozZnost a vhodnost jejich vyuziti ve spalovacich motorech.

Prace mély za cil ovéfeni téchto hypotéz:

1)

2)

3)

4)

5)

6)

Ptimés HVO uspoii Skodlivé emise a snizi vykonnostni parametry smésného
biopaliva: ptimés HVO redukuje emise a nesnizuje vykonnostni parametry.
Hypotéza byla zamitnuta.

Piimés biobutanolu snizi cetanové ¢islo a ohrozi mazivostni parametry smésného
biopaliva: smés biobutanolu mé velmi nizké cetanové Cislo a Spatné parametry
mazivosti. Hypotéza byla piijata.

Vysoké cetanové ¢islo HVO bude kompenzovat nizké cetanové ¢islo biobutanolu:
Hypotéza byla piijata.

Biobutanol standardizuje smés pro uziti rostlinnych oleji pro vznétové motory
pii zastoupeni vysSim nez 50 %: normovanych hodnot dosahuje smés pii vySSim
nez 60 % zastoupeni biobutanolu. Hypotéza byla pfijata.

Tlak par dimethyleteru bude pii 20 °C v rozmezi 400 az 600 kPa: Hypotéz byla
pfijata.

Smési HVO v konven¢ni nafté a syntetické nafty (F-T syntéza) v konvencni nafté
v poméru do 50 % budou splnovat normu EN 590: normu spliiuji ptimési

do cca 25 % (hustota). Hypotéza byla zamitnuta.
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5.  Zavér

Biopaliva piedevsim z odpadnich materialti s ohledem na lokalnost vyroby a dekarbonizaci

piedstavuji dlouhodob¢ udrzitelny zdroj energie pro spalovaci motory.

Ptinos préce je v navrzeni konceptu standardizace nestandardnich biopaliv pro spalovaci
motory a ptispét tim k dal§imu poznani v problematice biopaliv. Prace zamérné analyzuje vicero
biopaliv kvili jejich riznym fyzikalné-chemickym parametriim a také kviili mozné diverzifikaci

zdroji v ramci Evropy.

Zhruba tfetina spotieby dopravy v EU pfipadé na vrub dopravé, kterd drtivou vétSinou tuto
spotiebu kryje z fosilnich paliv. Dopravni sektor ma vzristajici trend spotieby, oproti naptiklad
sektoru vyrobnimu. Z toho vyplyvaji emise GHG a snahu EU zvratit globalni vyvoj. Pomine-li
se diskuse o skuteéném vlivu ¢lovéka, produkci GHG z mofi, nedostatku vérohodnych
statistickych udaji v horizontu tisict ¢i statisict let ¢i samotném faktu, Ze nejvétsi producenti
zneCisténi necini pro napravu nic ¢i jen velmi malo, je pfesto myslenka pomoci planeté Zemi

zcela jisté spravna.

Vlady ¢i spole¢nost obecné, ktera zije v blahobytu s dostatkem levnych zdroju, nema piilis
tendenci inovovat, jako ptiklad uved’'me tieba zemé Perského zalivu. Tak tomu ale bylo v oblasti
spalovacich motord az do 70. let i v zapadnim svété. Pritom inovace patii mezi impulsy, které
posouvaji pomyslné hranice a obzory lidstva dale. Mezi hlavni proudy dnes patii elektromobilita

a biopaliva.

Po obdobi zvaZzovani zakazi vjezdl dieselli do mést a masivni propagaci elektromobility
se ozyvaji na zakladé prvnich méteni dopadt hlasy volajici po zastaveni nesmyslnych nafizeni,
ktera jsou leckdy i kontraproduktivni. V ramci technického pokroku dochazi samoziejmé
i kK vyvoji Setrnéjsich dieselovych pohont; k tomuto argumentu a vysledkiim vyvoje by méla byt
vénovana zvySena pozornost, mluvi se zde pfimo o renesanci vznétovych motort. DileZité je,
aby statni instituce a vefejnost byla pravdivé informovéana o dopadech a pfinosech a neziistala

k této cesté zaujata.

Alternativou k fosilnim paliviim jsou pravé biopaliva, a¢koliv vV souc¢asné dobé nejsou vici
fosilnim paliviim plné€ konkurenceschopna. To je dano malou rozsifenosti a mensim povédomim
motoristd, legislativnimi pfekdzkami, vyS$imi vyrobnimi ndklady (vyplyvajici casto
Z maloobjemové produkce a predevSim z danové politiky) a nutnosti (u nékterych druhti)
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investovat do uprav spalovacich motord. Aby biopaliva byla i na zacatku svého zavadéni
konkurenceschopnd, je nezbytné, aby se zde chopila pfilezitosti vlada s legislativnimi
opatfenimi. Mezi nejduleZitéj$i patii zejména dotacni politika statu. Tyto dotace, respektive
danové zvyhodnéni se tykaji vzdy pouze bioslozky, fosilni slozka biopaliva je zdanéna plnou
sazbou spotiebni dané. Statu a potazmo obCaniim zem¢ se tato podpora vrati, at’ jiz v disledku
tvorby novych pracovnich mist, investic do novych technologii a vyvoje, zvySenim nezéavislosti
VUCi zemim exportujicim ropu a jeji produkty, snizenim emisi, lepsSimu vyuziti a recyklaci
zbytkovych surovin aj. Je proto dulezité, aby biopaliva méla své stalé misto v nabidce PHM

v CR.

V roce 2016 doslo v CR ke zruseni dafiového zvyhodnéni biopaliv. Spotiebitelé se vratili
k fosilnim paliviim, i diky klesajicim cenam téchto tradinich paliv. SniZeni spotieby biopaliv
ale vyvolalo problémy s plnénim emisnich natizeni EU. Pravé kvili plnéni emisnich norem
je ziejmé, ze distributoii PHM budou i nadale muset do biopaliv pfimichavat podil bioslozek.
Firmy, které se zabyvaji vyrobou a distribuci bioslozek tedy nebudou zcela ohrozeny.
Zde je dulezité ziskat zkuSenosti a poucit se z chyb i pohledem do zahrani¢i, kde jsou v této

problematice o nékolik rokli napied, zejména v severskych zemich ¢i USA.

V soucasné dobé se ob¢an muze setkat s biopalivy I. generace. Biopaliva Il. generace
se teprve postupné dostavaji do povédomi vefejnosti. Tato biopaliva jiz spliuji kritéria
udrZitelnosti a jejich vyroba je regulovana smérnici RED II. Ptes jejich nesporné vyhody bude
ale zapotiebi aktivni politiky statu, aby se podpofilo zavadéni téchto komodit na trh. Danové
zvyhodnéni by mélo byt nastaveno tak, aby kopirovalo ceny stavajicich paliv. Nicméné tato
dotacni politika nesmi trvat ptili§ dlouho, aby byli vyrobci nuceni zefektiviiovat neustale vyrobni
postupy, piikladem nam budiz biidlicovi téZati v USA, a Casem tak byt konkurenceschopni
i bez dotacni politiky. V opaéném piipadé to znamena neimérné zatizeni vefejnych financi,

jak se jiz stalo naptiklad u solarni energie.

Tato prace se zamétuje zamérné na vice druhti biopaliv ve snaze poodkryt jejich mozZnosti,
zejména po strdnce nasazeni ve spalovacich motorech. Srovndva a standardizuje ncktera
biopaliva a vyhodnocuje jejich pfinosy. Divodi je vice: snaha o diverzifikaci zdrojl a snizeni
zatéze zivotniho prostredi. Diverzifikace zdroji by méla byt zasadni pro planovani na vladni
urovni. Dnes tak jako nikdy se v plné nahoté¢ odhaluje nesystémovost a kratkozrakost odbért
Z pouze jedné zemé, jednoho dodavatele. At jiz jde o plyn, ropu ¢i jakékoliv jiné strategické

suroviny. V ramci CR samoziejmé nemiizeme mit rozlozeny zdroje tak, jak bychom si prali,
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urcita forma zavislosti tu vzdy bude, avSak to neznamena, ze bychom se neméli neustéle snazit
o jeji snizeni. Jednou z cest je pravé véda, kterd ndm ukazuje, Ze i v domacich podminkach
umime vyrobit vhodné alternativy biopaliv, které mohou ve vétsi mife dopliiovat, nikoliv

vSak nahrazovat, stavajici zdroje fosilnich paliv.

Energeticka, stejné tak jako potravinova sobéstacnost, by mély byt na programu kazdé
vlady. Stejné¢ tak by ale i spotiebitelé meli byt motivovani k odbéru domacich produktd,
které maji lepsi parametry ¢i jsou vhodnéjsi pro zivotni prosttedi, aniz by to konecny spotiebitel
ale vyraznéji pocitil na své penézence. Zde je prostor pro rozumnou dotaéni politiku vlady,
minimalné do té doby, nez budou tato biopaliva v daleko vét§im povédomi spotiebitelii a do té
doby, nez budou diky technologickému pokroku tato biopaliva i pln¢ konkurenceschopna. Zcela
jisté neni na misté slepd dotacni politika, kterd nezohlediiuje zdmérné nékteré vstupni udaje
¢i je zkresluje nebo snad dokonce nas vhani do jesté vEtsi zavislosti na jiné komodité. Je potieba

disledné oddé€lovat politiku a politikafeni ¢i ignorantsky aktivismus.

V soucasné mezinarodni bezpecnostni situaci je zadouci hledat riizné dostupné obnovitelné
zdroje. Zdroje nemusi mit podobu velkych nalezist, ale je potieba se zaméFit na lokalni zdroje,
predevsim pak na nevyuzité zdroje z odpadni biomasy at’ jiz rostlinného ¢i Zivo€isného pitvodu.
Je nezbytné i patfin¢ motivovat vetejnost, at’ jiz v omezeni plytvani ¢i ve sbéru potiebnych

odpadnich surovin.

Poslanim ptedloZené prace je rovnéz vyhodnoceni potencialu nestandardnich palivovych
smési, které byt v marginalnim mnozstvi mohou zastavat dulezitou roli v energetickém mixu
paliv v ramci CR i Evropy a soufasné zpracovavat odpadni biomasu. Lze fici, Ze potfebna

infrastruktura mize byt vyznamnym piispévkem v ramci trendu cirkularni ekonomiky.

Bylo by chybou domnivat se, Ze biopaliva vyfesi veskeré problémy tykajici se emisi,
nemluvé o dalSich souvisejicich problémech Zivotniho prostiedi. Nemély by se piehlizet
ani negativni vlivy, které doprovazi zejména prvni generaci biopaliv, at’ jiz negativni vlivy
na spalovaci motory ¢i neimérné zatézovani ptidnich fondl nebo zdrazovani potravin, zejména
v rozvojovych zemich. Pfikladem budiz problém palmového oleje, ktery je zdaleka nejlevnéj$im
olejem i ve srovnani s domaci produkci olejii. Rozvojové zemé v Asii direktivné nafidily
pestovani této plodiny ve snaze podpoftit zemedélstvi, snizit svou zavislost na dovozu a podpofit
export obecné. Tyto zemé pak ve snaze maximalizovat vynosy pfistoupily k nesystémovému

myceni pralesnich porostl, které sice kratkodobé jejich ekonomice pomohlo, av§ak negativné
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se odrazilo v produkci GHG a hlavné vefejném minéni vyspelych zemi. Tuto situaci jiz fesi
smérnice RED II., kde je dovoz takovychto produktii definovan a piimo zakazén. Posledné
jmenované vlivy se vSak daji minimalizovat, zavisi pfedevSim na zdravém uvazovani
odpovédnych autorit a odbornych propoctech, oprosténych od slepé viry, radikalismu,

undhlenych feSeni ¢i nesystémovych direktiv.

Fenoménem 20. stoleti byli automobilismus a ropa. Zadné jiné odvétvi individualni lidské
¢innosti neovlivnilo nase zivoty natolik, jako praveé rozvoj dopravy. Vysledkem prace je ovéieni,
ze hodnocena biopaliva piedstavuji dlouhodob¢ udrzitelny, obnovitelny zdroj energie pro pohon

spalovacich motorti.
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Seznam zkratek

°C

€

§
ABE
API
ASTM

(bio)ETBE
(bio)MTBE
BEV

BP

BtL
CBAM

cC

CEN

CFPP
CGSB
CIGA
CN
CNG

CP

CTL
CWA
Cepro
CNG
COVID-19
Cepro
CR
CSN EN

stupné Celsia

Euro

paragraf (legislativa)

kvagSeni aceton-butanol-ethanol, druh fermentace

American Petroleum Institute, Americky ropny institut

American Society for Testing and Materials, americka spole¢nost

pro testovani a materialy

(bio)etyl-terc. butyl-ether, nahrada MTBE pro zvyseni bioslozek v palivu
(bio)metyl-terc. butyl-ether, synteticka vysokooktanova slozka benzinu
Battery Electric Vehicle, el. viiz na baterie

British Petroleum, britska ropna spolecnost

Biomass to Liquid, biomasa ke zkapalnéni

Carbon Border Adjustment Mechanism, mechanismus upravy uhlikovych
hranic (uhlikovy tarif na uhlikové naro¢né produkty)

cetanové Cislo

European Committee for Standardization, Evropska komise

pro standardizaci

Cold Filter Plugging Point, teplota ztraty filtrovatelnosti

Canadian General Standards Board, kanadska rada pro obecné normy
Grantova agentura CZU (IGA)

Cetane Number, cetanové Cislo

Compressed Natural Gas, stlaceny zemni plyn

Cloud Point, teplota vylucovani parafini

Coal to Liquids, uhli ke zkapalnéni

CEN Workshop Agreement, technickd dohoda CEN

Ceské produktovody a ropovody

Compressed Natural Gas, stlaceny zemni plyn

nazev virového onemocnéni

Ceské produktovody, firma

Ceska republika

Ceskoslovenska statni norma, nyni oznaceni ¢eskych technickych

norem. EN je oznaceni pro pfevzatou evropskou normu
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CSU
CzU
DCN
DFP

DME
DMS

€.0.

EC
ECE
EEA
EEPS
EHS
EN
ENI
EPEFE

ES
ETBE
ETS
EU
EURO 1-6
FAME
FAPPZ
FID
FT
FT(S)
g
GHG
GJ
GTL
GVS
h

Cesky statisticky uiad

Ceskd zem&dglska univerzita

Decarbonylation, dekarbonylace

Diesel Particulate Filter, filtr pevnych ¢astic dieselt

dimethyleter

Dimethyl Sulfide, mesoporézni zeolitovy nosic¢ s optimalizovanou
poérovitosti a aktivitou

energeticky obsah

European Commission, Evropska komise

Evropska hospodaiska komise (oznaceni normy)

European Environment Agency, Evropské agentura pro Zivotni prosttedi
Engine Exhaust Particle Sizer, piistroj na méfeni emisi

Evropské hospodarské spolecenstvi

Evropska norma

Ente Nazionale Idrocarburi, Ropna spolecnost z Italie

European Programme on Emissions, Fuels and Engines, Evropsky
program o emisich, palivech a technikach motort

Evropské spolecenstvi

etyl-terc. butyl-ether

Emissions Trading System, obchodovéani s emisnimi povolenkami
European Union, Evropska unie

emisni normy EU

Fatty Acid Methyl Ester, metylestery mastnych kyselin

Fakulta agrobiologie, potravinovych a p¥irodnich zdroji CZU
Flame Ionization Detector, plamenoioniza¢ni detektor

Technicka fakulta CZU

Fischer-Tropsch (syntéza), syntézni ropa a produkty z ni

gram

Green House Gases, sklenikové plyny

gigajoul

Gas to Liquids, plyn ke zkapalnéni

surova glycerinova faze

hodina
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HBD Hydrogen-Treating Biodiesel, nazev biopaliva od spolecnosti SK Energy

HC Hydrocarbon, uhlovodik

HDO Hydrodeoxygenation, hydrodeoxygenace

HDCN Hydrodecarbonylation, hydrodekarbonylace

HDCX Hydrodecarboxylation, hydrodekarboxylace

HEFA Hydrotreated Esters and Fatty Acids, hydrogenované estery a mastné
kyseliny

HFRR High Frequency Reciprocating Rig, piistroj s vysokofrekvencnim
vratnym pohonem

hm hmotnosti

HMS Hexagonal Mesoporous Silica, hexagonalni mesoporézni silikatovy nosi¢

HRJ Hydroprocessed Renewable Jet, syntetické palivo v letectvi

HVO Hydrotreated Vegetable Oil, hydrogenovany rostlinny olej

IEA International Energy Agency, mezinarodni agentura pro energii

IEO International Energy Outlook, mezinarodni energeticky vyhled

IGA Interni grantové agentura

IKA némecka firma na laboratorni techniku

IKL Ingolstadt — Kralupy n. Vltavou — Litvinov, ropovod

ISCC International Sustainable and Carbon Certification, mezinarodni systém

certifikace biomasy a biopaliv od spolecnosti SGS (Société Générale de
Surveillance)
ISO International Organisation for Standardization, Mezinarodni organizace

pro normalizaci

K¢ ceska koruna

kg kilogram

km kilometr

KN kombinovana nomenklatura

kPa kilopascal

KWt kilowatty tepelné (thermal)

I litr

LCA Life Cycle Assessment, hodnoceni Zivotniho cyklu

LCFS Low Carbon Fuel Standard, kalifornsky standard pro nizky obsah uhliku

Z paliv (emisi)
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LPG

MCM

MERO
mg

MJ
mm
MPa
MPO
Mt
MW
MZP
NDC
NEDC
NEXBTL

NM
NTA
OPEC

OSN
OZE
PAU
PHEV

PHM
PM
PME
PP
RED

Liquified Petroleum Gas, zkapalnény ropny plyn (propan butan)

metr

Mobil Composition of Matter, mesoporézni nosi¢ — material

s hierarchickou strukturou z rodiny silikatt

Metyl ester fepkového oleje, RME (prakticky synonymum pro FAME)
miligram

megajoule

milimetr

megapascal

Ministerstvo primyslu a obchodu

megatuna

megawatty tepelné (thermal)

Ministerstvo zivotniho prostiedi

Nationally Determined Contributions, vnitrostatné stanovené piispévky
New European Driving Cycle, normovany jizdni cyklus vozidel

Next Generation Bio-to-Liquid, nyni Neste Renewable Diesel, BtL
palivo firmy Neste

nafta motorova

Dutch technical arrangement, holandska technick4 norma
Organization of the Petroleum Exporting Countries, Organizace zemi
vyvazejicich ropu

Organizace spojenych naroda

obnovitelné zdroje energie

polycyklické aromatické uhlovodiky, PAH Polyaromic Hydrocarbons
Plug-in Hybrid Electric Vehicle, el. vozy na baterie, které lze dobijet
ze zasuvky

pohonné hmoty

Particulate Matter, praSné ¢astice

Palm Methyl Ester, metylester z palmového oleje

Pour Point, bod tuhnuti / tani

Renewable Energy Directive, Smérnice ¢. 2009/28/ES Evropského

parlamentu a Rady o podpofe vyuzivani energie z obnovitelnych zdroji
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RED Il

RED IlI
REDcert
RFA
RME
RTFO

RTG

S

Sh.
SBA
SFME
SK Energy
SME
SNM30
SSSR

t

T

T

TAL
TF
THC
TS

TSI

pm

UNFCCC

UniCRE

a o zmené€ a nasledném zruSeni smérnic 2001/77/ES a 2003/30/ES ze dne
23.4.2009

viz RED. Smérnice Evropského parlamentu a Rady EU 2018/2001 ze dne
11.12.2018 o podpote vyuzivani energie z obnovitelnych zdroji do roku
2030

viz RED II. Pfipravovana aktualizace stavajici smérnice.

Némecka organizace poskytujici certifikaci v oblasti biopaliv
Renewable Fuel Association, britskd Agentura pro obnovitelna paliva
Rapeseed Methyl Ester, metylester fepkového oleje MERO

Renewable Transport Fuels Obligation, zdvazek obnovitelnych
pohonnych hmot ve Spojeném kralovstvi

rentgen

sekunda

Sbirky (zakont1)

Santa Barbara Amorphous, typ materialu, mesoporézni silikatovy nosi¢
Sunflower Methyl Ester, metylester ze sluneé¢nicového oleje

korejska ropna spolecnost

Soya Methyl Ester, metylester ze s6jového oleje

smésna motorova nafta s podilem 30 % MERO

Svaz sovétskych socialistickych republik

tuna

tisice

teplota

ropovod z Terstu do stiedni Evropy

Technicka fakulta CZU

Total Hydrocarbon Emission, celkové uhlovodikové emise

Technical Specification, norma

americka firma pro méfici techniku

mikrometr

United Nations Framework Convention on Climate Change, Ramcova
umluva OSN o zmén¢ klimatu

Spolecnost zabyvajici se zakladnim i aplikovanym vyzkumem v chemii,

soucast skupiny ORLEN
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UOP

USA
UsbD

V.V.I.
VMK
VSCHT
vUzZT
WSD
WTW
XTL/HVO

Universal Oil Products, spolecnost patfici firmé¢ Honeywell (USA), vyviji
technologii pro ropné firmy

United States of America, Spojené staty americké

americky dolar

vefejnd vyzkumna instituce

Ceska firma pro rentgenovou techniku

Vysoka skola chemicko-technologicka

Vyzkumny ustav zemédélské techniky

Wear Sear Diamater, korigovany pramér odérové plochy

Well to Wheels, hodnoceni od té€zby po spaleni v nadrzi

parafinicka biopaliva (GtL, BtL, CtL) z FT syntézy
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Piiloha A: Historie biopaliv

Ackoliv je problematika biopaliv na prvni pohled teprve v po¢atecni fazi, pokud jde o jejich
technologicky vyvoj, kratkou exkurzi do historie 1ze zjistit, ze se o nijak pfevratnou myslenku

nejedna.

Prvni automobilové motory byly zkonstruovany pro pohon na biopaliva. Rudolf Diesel
predstavil v roce 1898 v Pafizi motor na olej z burskych ofiskl, a kdyby se nestal pozdéji
akcionafem ropné spole¢nosti, t€Zko predjimat, na co by se dnes jezdilo. Rostlinny olej se piesto
pouzival az do roku 1920. Henry Ford zase sestavil motor na etanol z kukutice (Machuatova
2013).

Historie biopaliv je ovSem mnohem delsi. Pouzivala se v podstat¢ az do doby,
kdy se masov¢ zacalo t€zit uhli, ropa a zemni plyn. Zeméd¢lska vyroba odjakziva slouzila nejen
k zajisténi potravy pro lidi, ale i k produkci krmiva pro kon¢ a skot. Osobni a nakladni doprava
zprosttedkovana kofimi a voly méla jediny zdroj energie a ten pochézel ze zemédélské vyroby.
Pohyb panskych kocart, dostavnikli, formanskych vozi a konéspteznych zeleznic byl tedy
jiz od pradavna pohanén agropalivy — obilovinami, pici a dal§imi produkty zemédélstvi

(Machutova 2013).

Nejvyznamngj§im zdrojem energie pro prumysl bylo az do poloviny 18. stoleti dievo,
ze které¢ho se vyrabélo dfevéné uhli. Masova té€zba dieva zpisobila dokonce jeho kriticky
nedostatek a odlesnéni krajiny. Drancovani lesnich porostii skoncilo poté, co se v druhé poloving
18. stoleti zacalo ve vétsi mife t&zit uhli. Souviselo to s vyndlezem a dal$im rozvojem parniho
stroje. Zatimco v pramyslu nasel parni stoj velmi Siroké vyuziti, pro pohon prvnich modela
automobilll se ukazal jako ne pfiliS vhodny. K dal§imu rozvoji automobilismu mohlo tedy dojit

az po vynalezu vznétového motoru v druhé poloving 19. stoleti (Machutova 2013).

Obdobi mezi dvéma svétovymi valkami se vyznacovalo strmym rastem technické trovné
dopravnich prostfedki a také rGstem spotfeby motorovych paliv, tehdy zejména benzinu.
S vyvojem napéti mezi staty odlisSného spolecenského uspotadani vzniklo i védomi vyznamu
vlastnictvi zdrojt fosilnich paliv. Tento problém se tykal pfedevSim zemi evropského kontinentu,
kde nebyt mimoevropskych kolonii s lozisky nerostnych surovin, nemél by v celé fadé zemi jako
Francie, Velké Britanie nebo Spanélsko ropny zpracovatelsky primysl zdroj surovin. Soucasné

vznikl problém nadprodukce zemédélské vyroby, ktery byl az dosud fesen rozvojem
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lihovarského primyslu, kde vSak vznikla situace nadbytecné produkce lihu. Lihovarské vyroba
byla vté dobé regulovana vyrobnimi kvotami. A zde se objevila mySlenka vyuziti takto
ziskaného lihu jako biopaliva spalovacich motort. Tak se kvasny etanol stal ve stfedni Evropé

prikopnikem agropaliv (Divi$§ 2011).

V Ceskoslovensku se zacal etanol pouZivat k pohonu zaZehovych motorti ve forms
dynalkolu uz v roce 1922. Dynalkol byla smés 50 % kvasného lihu, 30 % benzenu a 20 %
benzinu. Dobré zkuSenosti s provozem motorid pohanénych dynalkolem a vysoka uroven
zemédé€lstvi s jistou mirou nadprodukce pak umoznila vznik zédkona o povinném miseni lihu
S pohonnymi latkami, ¢. 85 Sb. ze dne 7. 6. 1932 a vladniho nafizeni ¢. 127 Sb. ze dne 22. 7.
1932. Tento zakon stanovil povinnost pfimichavat do veSkerého klasického benzinu 20 % lihu

(Divis 2010).

V roce 1937 byl objem vyroby kvasného lihu pfes 1 milion hektolitri, 903 zemédélskych
a 59 primyslovych lihovarii zaméstnavalo 24 842 pracovnikil a odebiralo zemédélskou produkei
Z 659 972 hektart ptidniho fondu. Pouzivani lihobenzinovych smési u nés zaniklo az v roce 1950,
kdy byl zdkonem ¢. 63/1950 zruSen lihovy monopol a vznikla tada vyhlasek a norem,

které upravovaly oblast vyroby a ob&hu lihu (Divis§ 2010).

Pokud se dnes tedy hovoii o OZE, biopalivech a jejich roli v hospodateni s plody
zemédelské produkce, nefesi se viibec nic nového. Jen se mnohdy nedati spravné se orientovat

Vv pfemife protichiidnych informaci, kde hraji roli z&jmy nejrizné;sich lobby.

Po druhé svétové valce ustupuje etanol do pozadi. Nastupuje prudky rozmach t€zby ropy,
ktery trva az do sedmdesatych let, kdy pfichazi dvé ropné krize — ta prvni mezi roky 1973-1974
(arabské ropné embargo) a druha v roce 1978—1979 (iranska revoluce). Organizace zemi
vyvazejicich ropu (OPEC, Organization of the Petroleum Exporting Countries), kontrolujici
majoritu nad ropnymi zdroji, redukovaly dodavky a zvysily ceny. Ve Spojenych statech si tehdy
pIn€ uvédomili svoji zavislost na cizich zdrojich — a od této doby se rozviji 1 vyzkum v oblasti

aplikace bionafty a bioetanolu (Divis 2011).

Do Ceskoslovenska se ropa piepravovala zriznych zemi v Zelezni¢nich jimkach
az do roku 1962, kdy zah4jil provoz ropovod Druzba. Ten vedl ze SSSR (Svaz sovétskych
socialistickych republik) do Slovnaftu Bratislava a v roce 1965 byl prodlouzen az do Litvinova.

Ropovod byl propojen s nové postavenou rafinerii v Kralupech. V 90. letech doslo k postaveni
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dalsi vétve ropovodu IKL, kterym k ndm proudi ropa z Norska. Na naSem uzemi existuji i lokalni
zdroje ropy, které se dnes nachéazeji v oblasti Hodonina. Historie t¢zby zde saha az do konce
19. stoleti. Nalezist¢ maji kapacitu okolo 200 tisic tun ro¢né, coz vSak predstavuje pouze okolo

2-3 % spotieby v CR (Machutova 2013).

V obdobi existence komunistické vychodni a demokratické zapadni Evropy se zdala byt
myslenka na nedostatek zdroje ropy iluzorni, protoze nase rafinerie zpracovavaly zhruba
dvojnasobek nasi spotieby paliv a masivni investice do lepsiho vyuziti problémovych ropnych
frakci (propan, butan, hydrokrak a dal$i) vytvarely zaruku energetické bezpecnosti statu.
Az v letech 1990-1991, kdy klesl objem zpracované ropy na tietinu, a cena ropy hybala
ekonomikou vSech podnikatelskych subjektii, zacaly vznikat pochybnosti o volbé zdroju energie

a nastalo prehodnocovani celkové koncepce energetické bezpec¢nosti statu (Machutova 2013).



Piiloha B: Budoucnost elektromobility

Pti predikci vyvoje podilu elektroaut (BEV, PHEV) na celkovych objemech prodanych aut
Vv roce 2040 se dospéje k zhruba tietinovému podilu. To by v piepo¢tu na CO2 emise (v roce 2040
cca 9 % z celkovych CO2 emisi) znamenalo zhruba sniZeni na cca 6 % na globalnim podilu®.
Blizsi pohled na predikovany vyvoj nam vSak ukazuje, ze vyhledy jsou zalozeny
na spekulativnim poklesu cen baterii, respektive ceny za kWh z 350 USD v roce 2015 na 120
USD v roce 2030 s vidinou dalsiho poklesu (Townsend 2018). Dalsi neznamou v prognoze jsou

ceny ropy v budoucnu kombinované se strategii, ¢i spiSe politikou jednotlivych vlad.

Bude-li vzata jako vychozi premisa nartst prodeji vSech aut za rok o necelé 2 mil aut
absolutné, mize se dojit k hrubému orientaénimu scénafi ve tiech variantach: optimisticka,
realna a pesimisticka, viz obr. B.1. Optimisticka pfedpoklada (jen obecné€) vysoké ceny ropy,
pesimistickd pak nizké ceny. Vzhledem k tomu, ze zapocala levna tézba ropy z bfidlicovych
lozisek, a naopak Vv elektroprimyslu nedoslo k zadnému zasadnimu objevu, respektive zlevnéni

baterii, da se z tohoto vyvodit zavér, Ze blize pravdé bude spise pesimisticka varianta.

Mil. kus, globalni

objemy prodanych %, rok 2040
aut
120 - - 100
L 90
100 - | 80
80 | - 70
- 60
60 - - 50
32% L 40
i 25%
40 () /‘ L 30
16%| L
| - 20
20 1 5% Ll
1% 2% - 10
A
0 Y — . . . 0
2015 2020 2025 2030 2035 2040
1 0Objem aut celkem @7 toho BEV + PHEV

Podil BEV + PHEV pfi vysoké cené ropy e Podil BEV + PHEV pfi nizké cené ropy

Obr. B.18: Prodeje elektroaut a jejich procentualni podil

Zdroj: (MacDonald 2016)

% Ackoliv podil dopravy na spotiebé ropy je zhruba 50%, na globalnich CO- emisich se doprava podili pouze
zhruba 25%. Podil bude vsak jest¢ méné vyrazny po zapocteni stavajiciho vozového parku, ne jen prodeju v roce
2040. Odhadem by tedy doslo ke snizeni z 9% na cca 7-8%.
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Pfi nizkych cenach ropy, viz obr B.2, nam obr. B.1 ukazuje, Ze podil elektroaut neptesahne
20 % celkovych prodeja v roce 2040. K tomu je potfeba mit na paméti, ze z celkového globalniho
podilu aut na celosvétovém vozovém parku by elektroauta tvofila jesté mensi procento, odhadem
zhruba o tfetinu mensi ¢islo. Navic je potfeba k zapocteni celkovych CO2 emisi piiéist i vyssi
energetickou narocnost vyroby elektroaut, respektive baterii a také i elektrickou energii
pro napajeni, ktera bude tvofena energetickym mixem, kde budou z vétSiny zastoupeny fosilni

slozky.

250
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I EIA odhad cen od 2010 e skutecnd cena

e E| A 0dhad vysoké ceny od 2010 EIA odhad nizké ceny od 2010

Obr. B.19: Graf predikce vyvoje cen ropy

Zdroj: (U.S. Energy Information Administration 2016)
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Obr. B.20: Graf bodu zlomu tézby ropy

Zdroj: (Piotrowski 2017)

Pii pohledu na optimisticky scénaf zahrnujici globalni flotilu osobnich aut budou
elektroauta mit v letech 2040 az 2050 zhruba polovi¢ni podil, jak ukazuje obr. B.3. Ve scénafi
je ale zohlednén (zatim ni¢im nepodlozeny) piedpoklad celkového zakazu prodeju aut

se spalovacimi motory v roce 2040%°.

Vyvstava zde otazka, nakolik cena ropy ovliviiuje prodeje elektroaut. Dle vyzkumu
predniho poskytovatele vyzkumu v oblasti inovaci a poradenstvi se globalni prodeje aut mohou
pfi vysokych cenach ropy zvednout zhruba 0 20 % (LuxResearchinc 2019). Vyzkum vychazel

z prodeji Toyoty®’ Prius na americkém trhu v zavislosti na cenach galonu PHM v pribéhu Sesti

3% Pojem ,,vrchol t&zby*, neboli bod zlomu ovliviiuji interpretace riiznych pojmi, mezi hlavni patii zejména
zdroje (resource) a zasoby (reserve). Zdrojem rozumime celkové mnozstvi uhlovodikii v horninach. Zasoby jsou
mnozstvi ropy, které predpokladame vytézit z uréitého loziska od urcitého data. Odhady zasob se reviduji dle
zptesnovani geologickych informaci ale i dle ekonomického vyvoje. Zasoby dale délime na dokéazané,
pravdépodobné a mozné. Zdroje mame potencialni a prospektivni. Potencialni jsou vytézitelna z jiz objevenych
lozisek, avsak v soucasnosti nejsou ekonomicky realizovatelna. Prospektivni jsou pak ty zdroje, které budou
vytézitelné v budoucnu z budoucich nové objevenych loZisek.

Ropné naleziste je oblast s vyskytem ropy. Nalezisté se sklada z ropnych poli (maji jiz infrastrukturu pro
tézbu, jsou ohrani¢eny), ropna pole jsou tvoiena jednotlivymi lozisky ropy.

3" Toyota je znama jako pritkopnik hybridnich pohonii a ekologickych vozidel obecné. Zajimavé je, Ze
Toyota nevyrabi zadny plné elektricky automobil, jde spise cestou vodikového pohonu. Diivodem jsou baterie a
jejich vyroba. Pro stavajici objem produkce umi Toyota vyrobit baterii pro cca 1,5 milionu hybridd, avsak pro
BEVy by téchto baterii bylo jen 28 tisic. Dle vypoctl vedeni Toyoty téchto 1,5 milionu baterii Setii zivotni
prostiedi o 30% efektivnéji nez potencialnich 28 tisic baterii. Dal§im divodem je pouzivani starSich, av§ak
Setrnéjsich NiMH akumulatorti. Oproti o néco efektivnéjsim lithiovym bateriim ale neztraceji navic kapacitu a pro
hybridni pohony bohaté staci. Toyota timto ukazuje, Ze oproti okéazalé produkci elektrickych modelt je pro zivotni
prostiedi i ekonomickou stranku firmy daleko vétSim pfinosem snizovani spotieby vozi se spalovacimi motory.
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meésict v roce 2014. Z vyvoje prodeju se da vysledovat, ze pii poklesu ceny o Y % poklesnou
prodeje o (Y x 0,8) %. Tedy naptiklad poklesne-li cena PHM 0 58 %, poklesnou prodeje 0 47 %.

Priizkum prokazal, ze kupujici jsou ovlivnéni cenami PHM.

Vyzkum dale ukdzal, ze pti scénafi levné ropy (napt. 70 USD/barel) poklesnou prodeje
BEV vozidel o zhruba 20 %, u PHEV pak mén¢, cca o 14 %. Scénat levné ropy je vztazen
relativné ke scénéii stabilnich cen (90 USD/barel). Pii procentudlné vétsSim poklesu ceny ropy
nepoklesnou analogicky prodeje elektroaut. Pokles prodeji aut je zhruba polovic¢ni. V zavéru
¢lanku je tento jev vysvétlen skutecnosti, ze prvotni kupujici elektroaut jsou viceméné rezistentni
vaci pohybu cen ropy, respektive PHM. Toto je ddno tim, Zze velka ¢ast téchto kupujicich
si pofizuje elektroauta z presvédéeni, z environmentalnich divodd, technologického nadseni

a z vyhod, kter¢ elektromobilita poskytuje.

Velkou neznamou zlstava vliv elektromobility na podil fosilnich zdroji v budoucnu.
Mnozi ptredpokladaji i diky tlaku vlad a organizaci rapidni snizeni zéavislosti na ropg,
avsak pfi blizSim pohledu je spiSe ziejmé, Ze vliv elektromobility je pfecenovan. Podil
individudlni osobni dopravy na celkové spotiebé fosilnich paliv (hlavné ropy) je ale zhruba
polovi¢ni ve srovnani s celkovym objemem dopravy (lodni, automobilova, kolejova, letecka)
a zhruba ¢tvrtinovy ve srovnani s celkovymi odbéry ropnych paliv. Stavajici podil elektromobilt
VvV osobni dopravé je v fadu jednotek procent a tento stav se bude zvySovat jen velmi pomalu,
nehled€ na ceny téchto vozil, jejich dojezdy, nedofeSenou infrastrukturu a dobijeni obecné.
Dal8im prvkem, ktery miZe vyraznégji ovlivnit podil fosilnich paliv na energetickém mixu, jsou
politicka rozhodnuti, nastup novych technologii, sdileni aut a demografické poméry, respektive
bohatnuti spole¢nosti v rozvojovych ekonomikach, ekonomicky rist ve vyspélych a rozvojovych

zemich, a pfedevsim ceny baterii do elektroaut.



Priloha C: Mezinarodni klimatické dohody

Casové osa zachycujici klicové udalosti svétového Usili v ochrané klimatu nabizi piehled hlavnich
mezinarodnich klimatickych setkani, jejich aktért a vystupd.

KONFERENCE, SUMMITY,
JEDNANI NEBO PANELY
oznacuji setkani akterd
utvarejicich klimatickou
politiku (zejména politika
Ci zastupct nevladnich
organizaci a byznysu)

i vZenevé

: komunita, hlavnim vystupem je
i rozhodnuti o vzniku meziviadniho
i panelu pro zmény klimatu (IPCC)

/ Vznika Mezivladni panel :

/' pro zmény klimatu (IPCC) :

# Zalozen WMO a Programem

; OSN pro Zivotni prostredi
/ (UNEP). Jde o apoliticky orga
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Obr. C.21: Vyvoj klimatickych dohod v ¢ase
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Priloha D: Smérnice o obnovitelnych zdrojich energie

Cilem Smérnice 2003/30/ES je podle jejiho odstavce 1 "podpora zvySeného uziti biopaliv
a ostatnich obnovitelnych paliv pro dopravni tcely namisto nafty a benzinu za tcelem pfispéni
k plnéni dalSich cild, jakymi jsou zavazky v oblasti klimatickych zmén, zabezpeceni dodavek
Setrnych k zivotnimu prostiedi a podpora obnovitelnych zdroji." Uvedeny cil je vysledkem
postupné snahy nahrazovat strategicky vyznamnou surovinu ropu, jejiz svétové zdsoby
pro vice primyslovych odvétvi, proto se v poslednich letech ve svéte siln€ prosazuje snaha ropu
nahradit, a to pfedev§im v oblastech jeji nejvétsi spotieby, tj. v oblasti vyroby PHM. Realizace
vyroby biopaliv a jejich uplatiiovani v oblasti dopravy maji prispét i k dalSimu cili,
ktery vSak neni Smérnici 2003/30/ES vyslovné zmiflovan. Je jim oSetfeni orné plidy v resortu
zemédé@lstvi jejim osazenim nepotravindiskym obilim, které¢ slouzi jako biomasa k vyrobé

biolihu, a fepkou olejnou, z niz se vyrabi bionafta (MPO 2006).

Problematika vyuziti biopaliv je velmi slozitd, nebot’ zasahuje hned do né€kolika resortt,
ato predevSim resortu zemédélstvi, primyslu a obchodu, dopravy, Zivotniho prostiedi
aidoresortu financi. Pro jeji feSeni je nutno najit kompromis vyhodny jak pro zemédé€lce,
tak pro prumysl a dopravu, a pifedev§im nalézt dostatek potiebnych financi, nebot’ uplatnéni
biopaliv at’ jiz v oblasti dopravy, jako ndhrada fosilnich paliv, nebo v oblasti energetiky, vyzaduje
finanéni podporu statu. To se netyka jen soucasné situace v CR, ale je to skuteénost dotykajici se
vSech stath v Evropé, které biopaliva pouZivaji pro pohon motort nebo pro vyrobu energie. Timto
stadiem prosly 1 staity mimo Evropu, napt. Brazilie, u nichz vyuziti biopaliv, konkrétné biolihu
pro pohon motort, je realizovano jiz del$i dobu, a které na rozdil od CR maji dostatek levné

biomasy pro vyrobu bioetanolu®® (MPO 2006).

Primérny podil energie z obnovitelnych zdrojt v dopravé se zvysil z 1,4 % v roce 2004
na 7,1 % v roce 2016. V ¢lenskych statech EU se relativni podil obnovitelnych zdrojii energie
(OZE) na spotfebé PHM pohyboval od nejvyssich hodnot 30,3 % ve Svédsku a 10,6 %
v Rakousku az po méné nez 2,0 % v Chorvatsku, Recku, Slovinsku a Estonsku. Pokud jde
0 pouzivani energie z obnovitelnych zdroji v dopravé, jsou nejpouzivanéj$imi zdroji energie

kapalné bioslozky, jeZ se vétSinou pfimichdvaji do fosilnich paliv. Diky zavaznému cili na rok

38 Napf. z cukrové titiny v Brazilii.



v

2020 se vyroba kapalnych bioslozek v EU vyznamné zvysila, pfi¢emz nejrozsifenc;si je vyroba
bioslozek do NM, na dal$im mist¢ jsou pak bioslozky do motorového benzinu a ostatni kapalné

bioslozky (Energie z obnovitelnych zdrojia v EU — SHARES 2020).
Smérnice 2003/30/EC vytvoiila koordina¢ni organ postihujici celou oblast problematiky:

1) strategie zem&délstvi v oblastech:

a)  bioproduktd, které se vyuzivaji pro vyrobu biopaliv (které bioplodiny jsou
ekonomicky vyhodné a v jakém rozsahu, vyuziti odpadu z jejich zpracovani
v zemédélstvi, energetice, prumyslu);

b)  koncepce biosurovin — v souvislosti s péstovanim bioprodukti pro vyrobu
biopaliv je tfeba zhodnotit a kvantifikovat moznosti produkce biomasy
pro energetiku s ohledem na splnéni zavazku vyrabét z OZE do roku 2010
mnozstvi elekttiny odpovidajici 8% podilu na hrubé spotiebé elektiiny;

2)  posouzeni ekonomickych aspektii technologického feSeni vyroby biopaliv, jejich
kvality a miseni s PHM; skladovéni, doprava a distribuce jak cistych biopaliv,
tak PHM s ptidavkem biopaliv. Zhodnoceni energetické naro¢nosti vyroby
jednotlivych druhti biopaliv;

3)  vyhodnoceni ekologickych disledkt vyroby a uziti jednotlivych druhi biopaliv;

4)  respektovani systému skladovani a obnovy statnich hmotnych rezerv,
produktovodniho systému pohonnych latek (Cepro, Ceské produktovody
a ropovody) v¢etné krizového planu zasobovani;

5) fiskalni dopady jednotlivych variant feseni, zejména dopady na statni rozpocet
z titulu sniZené spotiebni dan¢ a pti podpofie celé oblasti ve form¢e dotaci (Smérnice

Evropského parlamentu a Rady 2003/30/ES 2003).

Strategie vyuZiti biopaliv vychdzela z evropské legislativy, pfedstavované predevSim
smérnicemi 2003/30/EC o podpofe a vyuzivani biopaliv v dopravé a 2003/96/EC. Smérnice
2003/30/EC stanovovala indikativni cile pro pouzitda mnozstvi biopaliv pro rok 2005 (2 %)

apro rok 2010 (5,75 %). Mnozstvi jsou vyjadfena v procentech piepoétenych na energeticky
obsah (e.o.) biopaliv (MPO 2006).

RED
Smérnice ¢. 2009/28/ES (RED) ze dne 23.4.2009 nahradila ptivodni Smérnici 2003/30/ES.
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Tato smérnice stanovi spolecny rdmec pro podporu energie z obnovitelnych zdroji. Stanovi
z&vazné narodni cile, pokud jde o celkovy podil energie z obnovitelnych zdroji na hrubé konecné
spotfebé energie a podil energie z obnovitelnych zdrojii v dopravé. Smérnice stanovi pravidla
tykajici se statistickych pfevodii mezi Clenskymi staty, spolecnych projekti Clenskych statt
a ¢lenskych statd a tretich zemi, zaruk ptvodu, spravnich postupt, informovani a vzdélavani
a pristupu energie z obnovitelnych zdroji k distribu¢ni soustave. Stanovi kritéria udrzitelnosti

pro biopaliva a biokapaliny (Smérnice Evropského parlamentu a Rady (EU) 2018/2001 2018).

Kazdy Clensky stat zajisti, aby se v roce 2020 podil energie z obnovitelnych zdroji na hrubé
konecné spotiebé energie vypocitany v souladu s ¢lanky 5 az 11 rovnal alespon jeho celkovému
narodnimu cili pro podil energie z obnovitelnych zdroji v uvedeném roce, jak stanovi tieti
sloupec tabulky v pfiloze I ¢asti A. Tyto zdvazné narodni cile jsou v souladu s cilem nejméné
20% podilu energie z obnovitelnych zdrojl na hrubé kone¢né spotfebé energie ve Spolecenstvi
v roce 2020. Aby se usnadnilo splnéni cilti stanovenych v tomto ¢lanku, kazdy ¢lensky stat
prosazuje a podporuje energetickou uc¢innost a Gspory energie (Smérnice Evropského parlamentu
a Rady (EU) 2018/2001 2018).

V tab. D.1 je vidét srovnani CR s vybranymi staty v Evropé. Ze srovnani je vidét, Ze podil
CR je spise v dolni poloviné a vyhled do roku 2020 patii také k niz§im, srovnatelné ukazatele ma
Recko, Italie, Némecko, Mad’arsko, Polsko nebo Slovensko. V porovnani s redlnymi ukazateli

za rok 2020 je vidét, ze cile byly splnény.

11



Tab. D.1: Podily energie z obnovitelnych zdrojt v roce 2005 a 2020 u vybranych zemi

Cilova hodnota Skute¢ny podil
Podil energie .
podilu energie energie z
Z obnovitelnych
) Z obnovitelnych obnovitelnych zdrojt

Zem¢ (vybrané) zdrojti na hrubé )

zdrojti na hrubé na hrubé konecné

konecné spotiebé .
] konecné spotiebe spotiebé energie v
energie v roce 2005 ]
energie v roce 2020 roce 2020

Belgie 2,2% 13% 13,0%
Bulharsko 9,4% 16% 23,3%
Ceska republika 6,1% 13% 17,3%
Dansko 17,0% 30% 31,7%
Némecko 5,8% 18% 19,3%
Estonsko 18,0% 25% 30,2%
Irsko 3,1% 16% 16,2%
Recko 6,9% 18% 21,8%
Spanélsko 8,7% 20% 21,2%
Francie 10,3% 23% 19,1%
Italie 5,2% 17% 20,4%
Lotyssko 32,6% 40% 42,1%
Litva 15,0% 23% 26,8%
Mad’arsko 4,3% 13% 13,9%
Nizozemsko 2,4% 14% 14,0%
Rakousko 23,3% 34% 36,6%
Polsko 7,2% 15% 16,1%
Portugalsko 20,5% 31% 34,0%
Rumunsko 17,8% 24% 24,5%
Slovensko 6,7% 14% 17,3%
Finsko 28,5% 38% 43,8%
Svédsko 39,8% 49% 62,1%
Spojené kralovstvi 1,3% 15% (43,1%)

Zdroj: (Podil obnovitelnych zdroji energie na hrubé konecné spotiebé energie 2018; Energie z
obnovitelnych zdroji v EU — SHARES 2020)
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