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IEVADS

Viens no galvenajiem 21. gadsimta izaicindgjumiem ir tadu tehnologiju un
energijas avotu izstrade, kas sp&tu apmierinat pieaugo$o energoresursu
pieprasijumu. Pasreiz&jas transporta tehnologijas galvenokart balstas uz
fosilajiem energijas avotiem, kas ir ne tikai ierobezota daudzuma un arvien
gritak ieglistami, bet ir arT vieni no galvenajiem vides piesarnojuma avotiem. Ar
fosilajam degvielam darbinamu spekratu ietekme uz vidi ir kluvusi par vienu no
lielakajam vides un klimata parmainu problémam miisu laikmeta.

Ta ka transports rada 25% no ES SEG emisijam, viena no astonam “Eiropas
Zala kursa” politikas jomam ir ilgtsp&jiga un vieda mobilitate. Tas nozime, ka
visiem transporta veidiem bius jaklist ilgtsp&jigakiem, tadejadi veicinot SEG
emisiju samazinasanu. Ta ka mobilitate izraisa ne tikai SEG emisijas, bet ar1
gaisa, troks$na un Gdens piesarnojumu, transporta nozare ir saistita ar ar citam
zala kursa politikas jomam — tiru energétiku, piesarnojuma samazinasanu, ricibu
klimata joma, bet attieciba uz biodegvielam aktualas ir ari ilgtsp&jigas raZoSanas,
biologiskas daudzveidibas un ilgtsp&jigas partikas sist€émas faktori. Zalais kurss
aicina par 90% samazinat transporta raditas SEG emisijas un tadgjadi lidz
2050. gadam ES kliit par klimatneitralu ekonomiku, vienlaikus cenSoties sasniegt
nulles piesarnojuma mérki (European Commission, 2019).

Lai sasniegtu nospraustos mérkraditajus, EK 2021. gada 14. julija iesniedza
EP un Padomei priekslikumu Regulai par alternativo degvielu infrastruktiiras
ieviesanu (European Commission, 2021). S1 priekslikuma mérkis ir nodroginat
pietickamu infrastruktiiras tiklu autotransporta lidzeklu uzladei vai uzpildei ar
alternativam degvielam un nodroS$inat infrastruktiiras pilnigu sadarbsp&ju un
lietoSanas értumu ES. PriekSlikums nosaka paplasinat jaunakas paaudzes
biodegvielu un sintétisko degvielu razosanu no dazadam izejvielam, lai aizstatu
dizeldegvielu, benzinu un reaktivo motoru degvielu vai tas piejauktu fosilajam
degvielam loti augsta piemaisTjuma attieciba.

Ta ka vismazakais atjaunojamas energijas Tpatsvars 2015.gada bija
transporta sektora — tikai 6%, Iidz 2030. gadam tam dazados veidos, pieméram,
turpinot attistit un ieviest elektriskos un ar Gdenradi darbinamus sp&kratus,
modernas biodegvielas un citas atjaunojamas un mazoglekla degvielas, japieaug
l1dz aptuveni 24%.

Vairums no §im degvielam ir izstrades un izp&tes stadijas, tapec degvielas
uzpildes stacijas tas tira veida vai maistjumos ar fosilo degvielu pieejamas loti
ierobezota daudzuma ne tikai Latvija, bet arT ES un pasaulg.

Latvijai ka ES dalibvalstij ir ne tikai saisto$i visi min&tie likumi un regulas,
bet arT pasai janodrosSina savas valsts dokumentu baze, kas sekmé&tu merkraditaju
sasnieg8anu. Augstakais valsts attistibas planoSanas dokuments ir “Latvijas
ilgtsp&jigas attistibas stratégija lidz 2030. gadam” (LR Saeima, 2010), kur
izvirziti valsts ilgtermina attistibas mérki un prioritates. Transporta joma $aja
dokumenta ka prioritarie noteikti divi virzieni — atjaunojamo energijas resursu
(AER) izmantoSana un inovacijas, energoefektivitate un videi draudzigs
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transports. “Nacionalais energétikas un klimata plans 2021. — 2030. gadam” (LR
Ministru kabinets, 2020) ir ilgtermina planosanas dokuments, kas nosaka
Latvijas valsts energgtikas un klimata politikas pamatprincipus, mérkus un
ricibas virzienus turpmakajiem desmit gadiem. Ka viena no misu valsts
problémam dokumenta minéts vecs autoparks, kura doming ar dizeldegvielu un
benzinu darbinami spékrati. Ta ka EP un Padomes 2018. gada 11. decembra
direktiva 2018/2001 (European Parliament, 2018) noteikts, ka ES sava
atjaunojamas energijas transporta mérki neieskaitis no partikas un dzivnieku
baribas kultiraugiem iegiitas biodegvielas, tad musu valsts energétikas un
klimata plana akcentéts, ka jaunakas paaudzes biodegvielu Ipatsvars energijas
bruto galapatérina transporta 2030. gada japalielina 11dz 3.5%.

Ka rada pasaulé veiktie petfjumi, tad hidrogenéta augu ella (HVO) ir viena
no perspektivakajam modernajam degvielam izmantoSanai vairuma ar
dizelmotoriem darbinamos spekratos. HVO var razot no loti dazadam izejvielam,
pieméram, augu ellas, dzivnieku taukiem, atkritumellas un algém.

Paslaik SIA Neste Latvija degvielas uzpildes stacijas pieejama degviela
ProDiesel ar HVO piejaukumu 7% — 15% atkariba no gada un sezonas, ka ari
Neste MY, kas ir 100% HVO, t.i., degviela no atjaunojamajiem resursiem.
DiemzZél to var iegadaties tikai degvielas uzpildes stacijas (DUS) Riga. HVO
piejaukumu degvielai miles PLUS piedava arT SIA Circle K. Diemzgl ne visos
Vidzemes un Latgales novados ir pieejama degviela ar HVO biokomponenti. Ta
ka So degvielu uzglabasana un uzpilde tiek realizéta esosaja fosilo degvielu
infrastruktiira, nav nepiecieSama to papildus izbiive, un degvielas izplatitaji ir
gatavi to piegadat, ja biis pieprasijums, kuru savukart var veicinat veiktie
petijumi.

Tapec, neskatoties uz to, ka degviela jau ir pieejama paterétajiem, tas izpete
aktualitati nezaud€s. Ka rada petijumu pieredze citas valstis, tiek stradats arT pie
jaunam izejvielam So degvielu razoSanai, ka art HVO izmantoSanas maistjumos
ar citam degvielam un dazadu tipu motoros.

Pétijjumu objekti — dazada pielietojuma ar dizelmotoriem darbinami
spekrati.

Pétijumu hipotéze — izmantojot hidrogen&tu augu ellu vai tds maistjumus ar
fosilo dizeldegvielu, iespg&jams iegiit labakus vai Iidzveértigus tehniskos,
ekonomiskos un ekologiskos raditajus, salidzinot ar fosilo degvielu vai pirmas
paaudzes biodegvielu.

Pétijumu meérkis — teorétiski un eksperimentali novertet hidrogenétas augu
ellas izmantoSanas iesp&jas dizelmotoros, tadgjadi radot iesp&u veicinat
atjaunojamo energoresursu plasaku izmantosanu Latvija un pasaulg.

Pétijumu uzdevumi:

e izanaliz&t I1dz Sim veiktos pétljumus hidrogené&tas augu ellas razoSana,
izmantosana un ietekmé uz motoru un spekratu ekspluatacijas
parametriem;

e izstradat ar hidrogenétu augu ellu darbinamu spékratu izméginajumu
metodiku;



e cksperimentali izp&tit un novertet hidrogenétas augu ellas izmanto$anas
iesp&jas un motoru ekspluatacijas parametrus dazada tipa sp&kratos;

e veikt matematisko modelgéSanu ar dizelmotoriem darbinamu spekratu
ekspluatacijas parametru noteikSanai, izmantojot dazadas degvielas un to
maistjumus, ka arT novertét modela efektivitati;

e novertet hidrogenétas augu ellas izmantoSanas ekonomisko un ekologisko
lietderigumu.

Promocijas darba  izmantotas analizes, sint€zes, model&Sanas,
eksperimente$anas, statistiskds, ekonomiskas un ekologiskas novértésanas
pétijumu metodes.

AizstaveSanai izvirzitas tezes:

e hidrogenéta augu ella ir perspektiva jaunakas paaudzes degviela
izmanto$anai tira veida vai maisijumos, lai aizstatu fosilo dizeldegvielu
un tas maistjumus ar pirmas paaudzes biodegvielu, nodrosinot labakus vai
lidzvertigus tehniskos raditajus;

e hidrogenétas augu ellas plasaks pielietojums dos ieguldijumu SEG
emisiju samazinasana un atjaunojamo resursu izmanto$anas mérkraditaju
sasniegsana;

e matematiskais modelis ir izmantojams HVO ietekmes noteik§anai uz
galvenajiem spékratu ekspluatacijas parametriem ar precizitati, kas lauj
pienemt tehniski un ekonomiski pamatotus lémumus par degvielas
izmantoSanu spekratos.

Promocijas darba mérka sasniegSanai veikta savstarpgji saistitu teorétisko un
eksperimentalo pétijumu sérija, aptverot plasa pielietojuma sp&kratus — vieglo
automobili, traktoru un motoru, kas izmantojams bezcelu tehnika. Sada
kompleksa pétijuma veikSana, kad, ja to lauj test€jamo objektu specifika,
izmantotas vienas un tas pasas ierices, pieméram, degvielas patérina un atgazu
merisanai, lai pétjjumu rezultatus kopuma neiespaidotu dazadu iericu
izmantoSana, ir biitiskaka atSkiriba no citiem pétijjumiem. Ar1 p&tama degviela ir
inovativs produkts, kuras plasakos pétijumos ieintereséti tas razotaji, kas
nodrosindja eksperimentalos paraugus testéSanai. Nemot veéra, ka taja laika
Biodegvielu likuma defingjumi biodegvielai un biodizeldegvielai nedeva iesp&ju
fosilajai dizeldegvielai piejaukto HVO daudzumu ieskaitit ka biodegvielu,
sadarbibas ligumu ietvaros veiktie pétijumi palidz&ja So problému risinat. Ta ka
pétita degviela ietilpst jaunako paaudzu biodegvielu grupa, un Iidz 2026. gadam
pakapeniski tiks samazinata pirmas paaudzes biodegvielu ieskaitiSana
biodegvielu Tpatsvara energijas bruto galapatérina transporta, petijjumi veicinas
cilveku veselibai un apkartgjai videi droSu transporta energijas apriti,
atjaunojamas  energijas izmantoSanu transportd, sekmgjot ilgtsp&jigu
tautsaimniecibas attistibu un SEG emisiju un gaisa piesarnojoso vielu emisiju
samazinasanu.



1. HVO DEGVIELAS PETIJUMU APSKATA UN
ANALIZES KOPSAVILKUMS

Lai gan striktu noteikumu, kas noteiktu biodegvielu paaudzu skaitu vai
konkréta degvielas veida piederibu kadai no paaudzém, pagaidam nav, dazadu
autoru darbos dominé Kklasifikacijas, kas biodegvielas iedala paaudzes,
pamatojoties un to agregatstavokli, izejvielam, razo$anas veidu un tehnologiju
gatavibu masveida razoSanai. Tapat jaunakajas publikacijas ir vienpratiba par
paaudzu skaitu, t.i., ¢etram paaudzeém (Awogbemi et al., 2021; Datta et al., 2019;
Jeswani et al., 2020; Mat Aron et al., 2020).

Moderno biodegvielu razo$anas tehnologijas joprojam atrodas p&tniecibas un
izstrades, demonstréjumu vai agrinas tirdzniecibas stadijas (Ebadian et al., 2020).
So degvielu pieméri ir HVO, lignocelulozes bioetanols, biosintétiska BTL
(Biomass-to-Liquid) degviela, ko ieglist no salmiem, biologiskajiem
atkritumiem, koksnes atlickam un energétiskajam kultaram (pilnstiebru
graudaugiem, atraudzigam koku un kriimu sugam u.c.), biodizeldegviela no
algém un biotdenradis.

Katra biodegvielas veida razo$anas tehnologiju faktiski nosaka izejvielas,
tapec $is faktors ir noteicosais biodegvielu iedalijuma Cetras paaudzes.

Galvenas izejvielas pirmas paaudzes biodegvielu razoSanai ir &damas
(partikas) kultiiras, pieméram, kukuriiza, kvie$i un citi graudaugi, rapsu séklas,
sojas pupas, palmu ella, cukurniedres, cukurbietes u.tml. Lai gan $is degvielas
sniedz butiskus vides un socialos ieguvumus, galvenais trukums ir t.s. partikas
un degvielas kompromiss (Ajanovic, 2011; Sadeghinezhad et al., 2014;
Subramaniam et al., 2020; Thompson, Meyer, 2013). Ari augstas izejvielu
izmaksas ir butiskas, jo aprékinats, ka tas veido vairak neka 70% no raZo$anas
izmaksam (Callegari et al., 2020).

Otras paaudzes biodegvielas var razot no ne€damam izejvielam, piemeram,
koksnes, salmiem, organiskajiem atkritumiem, parstradatam cepamajam ellam,
lauksaimniecibas atliekam, meZa atlickam, sadzives atkritumiem u.tml. (Ndiaye
et al., 2020; Nikhom et al., 2020). Sis paaudzes degvielu razo$ana neietekmé
partikas k&di, un izejvielu izmaksas ir salidzinoSi zemas, tacu raZoSanas
tehnologijas joprojam ir sarezgitas un vél nav komercializgtas.

Tresas paaudzes biodegvielu galvena izejviela ir alges. Ari $aja gadijuma
netiek ietekm&ta partikas k&de, un to audzE€Sanai nav nepiecieSama
lauksaimnieciski izmantojama zeme vai saldidens (Chowdhury, Loganathan,
2019; Nwoba et al., 2020). Citas $Ts paaudzes degvielu izejvielas ir raugs, sénites,
juras zales un zilalges. Pedgjos gados pasaulé tiek piesaistitas investicijas, 1pasi
algu audz&Sanas un parveidosanas tehnologijas (Ebadian et al., 2020; Liu et al.,
2021; Oh et al., 2018; Veeramuthu, Ngamcharussrivichai, 2020).

Ceturtas paaudzes biodegvielas paredz&ts razot no genétiski vai metaboliski
modificétiem augiem, t.sk. algém (Chew et al., 2019). Razo$anas tehnologiju
attistiSana krasi samazinas razoSanas pasizmaksu, padarot degvielas ekonomiski
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konkurétspgjigas. Ka dazus §is degvielas piemérus var minét hidrogen&to
atjaunojamo dizeldegvielu, biobenzinu, zalo aviacijas degvielu, augu ellu un
biodizeldegvielu (Awogbemi et al., 2021).

Hidrogengta augu ella atkariba no izmantojamajam izejvielam var bit gan
otras, gan tres§as, gan pat ceturtas paaudzes biodegviela.

No pirmas paaudzes biodegvielam visplasak dizelmotoros izmanto
biodizeldegvielu, ko ieglist, paresterificgjot augu ellas ar spirtu (metanolu vai
etanolu) katalizatora KOH vai NaOH klatbiitné. Turpmak darba tira 100%
biodizeldegviela apziméta ar BioDD.

Fosilas dizeldegvielas (FDD), biodizeldegvielas (BioDD) un hidrogenétas
ellas (HVO) fizikalo ipasibu salidzinajums dots 1.1. tabula (Aatola et al., 2009;
Arvidsson et al., 2011; Bezergianni, Dimitriadis, 2013; Kim et al., 2014;
Lapuerta et al., 2011; No, 2014; Pinto et al., 2013; Simadek et al., 2009).

1.1. tabula. FDD, BioDD un HVO fizikalo ipasibu salidzinajums

Raditajs FDD BioDD HVO
Blivums pie 15 °C, kg m 820 ... 850 860 ... 900 775 ... 785
Viskozitate pie 40 °C, mm? s! 22...35 3.5...50 25...35
Sadulko$anas temperatiira, °C -5...-30 -5...-15 3...-30
CFPP temperatiira, °C lidz -44 lidz -15 lidz -32
Zemaka masas siltumsp&ja, MI kgt | 42.5...43.0 | 37.5...38.0 | 43.8...44.0
Zemaka tilpuma siltumsp&ja, MJ It | 34.9...36.6 | 322..342 | 339...345
Cetanskaitlis 51...60 50...65 80...99
Séra saturs, mg kgt <12 <1 ~0
Skabekla saturs, mg kg ~0 ~11 ~0

HVO razo no trigliceridu bazes biomasas, piemeram, augu ellas, dzivnieku
taukiem, atkritumellas, algém u.c. (No, 2014). Razo$anas pamata ir Katalitiska
reakcija, kura ogludenrazus ieglst, no organiskam izejvielam atdalot
heteroatomus (parasti O, N un S), izmantojot tidenradi ka reducétaju (Szeto,
Leung, 2022). Ta ka dazados pétijumos lidztekus ar minéto parametru mainu tiek
izmantotas ar1 dazadas izejvielas, pieméram, rapsa, saulespuku, sojas, jatrofas
(jatropha), karanjas (karanja) un cepSanas vai citu procesu atkritumellas
(Sonthalia, Kumar, 2019), iegiito degvielu fizikalas ipasibas 1.1. tabula dotajas
robezas atSkiras. Nemot véra, ka dizelmotoru attistita jauda, degvielas patérins
un izmesu sastavs ir jutigi pat uz vismazakajam degvielu fizikalo un kimisko
parametru izmainam, tas ir izskaidrojums krasi atskirigajiem un pat
pretrunigajiem spékratu ekspluatacijas parametru pétijjumu rezultatiem, kas
veikti dazadas pasaules valstis.

Ir praktiski neiespgjami veikt kompleksus p&tijumus, kas aptvertu visus
spekratu ekspluatacijas parametrus, darbinot tos ar dazadam degvielam, jo Saja
gadfjuma biitu nepiecieSams iesaistit milzigus materialos un cilvékresursus.
Janem vera ari tas, ka atseviskus faktorus, pieméram, degvielas sadegSanas
procesu var pétit tikai uz motorstendiem, bet ne spekratiem kopuma. Savukart
izmeSu analize motoru pétljumos un automobilu vai traktoru pétfjumos
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atskirsies, jo spekrati ir aprikoti ar dazadam atgazu neitralizacijas sist€mam. Ar1
jaudas, griezes momenta un degvielas patérina mérfjumi tiek veikti ar dazadam
metodem, jo spekratiem bez motora ir arT transmisija, tap&c lietderigi izmantota
sadedzinatas degvielas energija motoru/spkratu izméginajumos atskiras.
Atskiras ari laboratorijas un redlos cela/lauka izm&gindjumos izmantotas
iekartas, jo tas var blit gan stacionaras, gan mobilas.

Tomér vairuma gadijumu visi petijumi fokusgjas $ados virzienos:
degvielas sadegSanas process;
motoru/spekratu veiktspgja;
degvielas patérina izmainas;
izmesSu sastavs;
degvielu ietekme uz baroSanas u.c. sisteému elementiem;
iesp€jas izmantot degvielu dazadas apkartgjas vides temperatiiras U.C.

Nemot vera visu iepriekSmingto, ir gruti atdalit dazadas valstis veikto
pétijumi rezultatus strikti pa p&tamo parametru grupam. Tapéc turpmakaja
apraksta butiskakie pétijumi tiek pieminéti pie tas grupas, kur pétamo parametru
ir visvairak. Ja lidztekus ar galveno p&tamo parametru, pieméram, degvielas
sadegSanas procesu tiek noteikts ari kads cits, pieméram, izmeSu sastavs, tad ari
tas Seit pieminéts.

Degvielas sadegSanas process

Parasti ieksdedzes motoru raditos piesarnotajus klasificg Cetras lielas grupas:
kvepi, slapekla oksidi (NOx), oglekla monoksids (CO) un nesadegusie
ogludenrazi (HC). Kvépu dalinas rodas, sadedzinot degvielu zonas, kur skabekla
daudzums nav pietiekams pilnigai sadeganai. Sis kvépu dalinas var oksidéties
velak cikla laika, kad tas tiek paklautas skabekla iedarbibai un ja temperatiira
joprojam ir augsta. Vjetnamas, Japanas un Taizemes pétnieku grupa veica
petijumus, lai noskaidrotu, ka sadegSanas procesu un ta laika veidojosos kvépus
un NOy ietekmeé 20, 50 un 80% HVO maisijumi ar komerciali pieejamo
dizeldegvielu (taja bija piejaukti ar1 7% BioDD). legiitie rezultati liecinaja par
aizdeg8anas kav€juma, liesmas temperatiiras, NOx un kvépu koncentracijas
samazinajumu, pieaugot HVO koncentracijai. NOx un kvépu koncentracijas
samazinajums sasniedza attiecigi 33% un 15.9%, salidzinot ar dizeldegvielu
(Chau et al., 2017).

Daudzas pétnieku grupas (Bjergen et al., 2020; Bohl et al., 2017; Cadrazco
et al., 2020; Chau et al., 2017; Cheng et al., 2019; Li et al., 2019; Pastor et al.,
2020) ir izmantojusas misdienigas atrdarbigas fotografésanas metodes HVO un
fosilas dizeldegvielas izsmidzinasanas un sadegSanas raksturlielumu pétiSanai
dazada veida sadegSanas kameras. Vairuma $o publikaciju HVO tiek novértéta
ka labaks vai lidzvertigs degvielas veids salidzinajuma ar fosilo dizeldegvielu,
un ka §Ts labas ipasibas, t.sk. zemaks kvépu, NOy, CO, HC un troks$na limenis,
ka ar1 augstaka efektivitate izriet no degvielu kimiska sastava atSkiribam
(Hernandez et al., 2020). Cita p&tijuma konstatets, ka vieglaka pasaizdegSanas ir
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visnozimigaka HVO 1pasiba salidzinajuma ar citam degvielam, ka rezultata var
tikt uzlabota motora veiktsp&ja un samazinatas emisijas (Yehia et al., 2019).

P&tijumos tieck akcentets HVO Sauraks virSanas temperatiiru diapazons
(Sugiyama et al., 2012) un zemaki galigie virS§anas punkti. Ta ir art HVO
prieksrociba, jo degviela p&c iesmidzinasanas cilindra iztvaiko atrak neka fosila
dizeldegviela. Tadgjadi degmaisijums var veidoties agrak un aizdegSanas
kav&jums samazinas (Alkhayat et al., 2021; Chau et al., 2017).

Dazi pétnieki noradija, ka HVO degvielas izmantoSana pagarina kop€jo
sadegSanas ilgumu, jo aizdegSanas notick agrak neka fosilai dizeldegvielai
(Hernandez et al., 2020; Hunicz et al., 2020). Tadgjadi kvépu, HC un CO emisijas
var samazinat, jo ilgaks sadegsanas laiks nozime lielakas to oksidéSanas iesp&jas
(Sugiyama et al., 2012). HVO 1pasibas, pieméram, 1saks aizdeg$anas kavejums,
vieglaka aizdegSanas un atraka iztvaiko$ana, var samazinat paradibu, ko sauc par
parmérigu sajaukSanos, kas sekmé ipaSi liesu regionu izveido$anos un
nesadeguso HC, kvépu un CO veidosanos (Dimitriadis et al., 2018).

Mazaks HVO blivums izraisa arT plasaku izsmidzinato pilienu izplatibu.
Dazos pétijumos tiek noradits lielaks izsmidzinasanas striklas lenkis (Bohl et al.,
2018; Cheng et al., 2019) un lielaks izsmidzinasanas laukums (Bohl et al., 2017),
salidzinot ar FDD. Tas nozimé, ka iesmidzinata degviela ir labak sadalita un tiek
uzlabota degvielas un gaisa sajauk$ana. Tadgjadi ir lielaka iespgja, ka nepilnigi
sadegusie produkti tiks oksidéti, jo ir lielaka skabekla pieejamiba.

Tomeér vairakos péttjumos noradits, ka noteiktos apstaklos HVO izmantoSana
var izraisit vairak izmesu (Bortel et al., 2019; Dimitriadis et al., 2018; Gren et
al., 2021; Suarez-Bertoa et al., 2019). Turklat reizém p&tijumus ir grati salidzinat,
jo petamas degvielas ir ar atSkirigam fizikalajam 1pasibam. Pieméram, vairaku
pétnieku grupu veiktajos izméginajumos HVO paraugu viskozitate ir zemaka
(Bohl et al., 2018; Cadrazco et al., 2020; Cheng et al., 2019; Li et al., 2019;
Marasri et al., 2019; Pastor et al., 2020; Rimkus et al., 2019) neka fosilas
dizeldegvielas paraugiem, bet citos ta ir augstaka (Alkhayat et al., 2021; Bohl et
al., 2017; Kumar et al., 2021; Sonthalia, Kumar, 2021; Sugiyama et al., 2012).

Motoru/spekratu veiktspéja un degvielas paterins

Koreja (Kim et al., 2014) tika testéti degvielu paraugi ar 2, 10, 20, 30 un 50%
BioDD un HVO piejaukumu fosilajai dizeldegvielai. Testi tika veikti uz
motorstenda un uz $asijas dinamometra. Izmé&ginagjumu rezultati liecinaja par
jaudas samazina$anos, salidzinot ar fosilo dizeldegvielu — jo vairak BioDD vai
HVO tika piejaukts, jo vairak samazinajas jauda, pieméram, fosilajai
dizeldegvielai piejaucot 2% biodizeldegvielas, jaudas zudumi bija aptuveni
1.4%, piejaucot 20% — aptuveni 2.5%, bet, piejaucot 50% — vairak neka 5%.
Sajaucot tadu paSu daudzumu HVO ar fosilo dizeldegvielu, jaudas zudumi bija
attiecigi 0.7, 1.2 un 1.8%. BioDD maistjuma ar dizeldegvielu degvielas paterin$
palielinajas, palielinoties BioDD saturam (no aptuveni 0.5 Iidz 2%), bet HVO
maistjumi uzradija nelielu degvielas patérina pieaugumu (no aptuveni 0.1 Iidz
0.3%). 10% BioDD piejauksana fosilajai dizeldegvielai samazinaja HC saturu
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salidzinajuma ar fosilo dizeldegvielu, bet CO, NOx un CO. saturs palika
nemainigs. 10% HVO maistjums samazinaja CO, HC un CO; izmeSus, salidzinot
gan ar tiru fosilo dizeldegvielu, gan ar BioDD/FDD maisijumu (Kimet al., 2014).

Somija tika veikta 11 autobusu test€Sana, sakot no vecakiem spekratiem, kas
atbilst Euro Il izmeSu normam, lidz pat EVV (Enhanced Environmentally-
friendly Vehicles), t.i., transportlidzekliem, kuru emisiju Iimenis ir zemaks par
pasreizgjos normativajos aktos noteikto. Salidzinot ar vasaras un ziemas klases
dizeldegvielu, 100% HVO samazinaja energijas patérinu par aptuveni 0.5%, bet
degvielas tilpuma patérina picaugums bija attiecigi 5.2 un 3.5%. Veiktspgjas
zaud@umi bija aptuveni proporcionali tilpuma siltumspgjas atkiribai starp
degvielam (Makinen et al., 2011).

Portugalg tika testéts automobilis ar 103 KW motoru (motora darba tilpums
1986 m3, kompresijas pakape 16.5) un Common Rail iesmidzinaSanas sistemu
(Serrano et al., 2021). Veicot jaudas un griezes momenta mérijumus, tika
konstatéts, ka Biol00 izmantoSana rada maksimalo jaudas samazinajumu par
12.1% un griezes momenta samazinajumu par 12% pie maziem motora
apgriezieniem, turklat ar So degvielu neviena rezima nebija veiktsp&jas
pieaugums. Bio7 izmantoSana nodrosinaja maksimalo jaudas pieaugumu par 2%
un griezes momenta — 2.1% pie maziem apgriezieniem, bet liela atruma jau radas
neliels motora veiktspgjas deficits (aptuveni -0.6% gan jaudai, gan griezes
momentam). HVO15 degvielai bija Iidziga ietekme uz motora veiktsp&ju ka Bio7
degvielai. Kopuma pétnieki secinaja, ka pilniga fosilas degvielas aizstaSana ar
biodegvielu nav visrentablaka pieeja (Serrano et al., 2021).

Audi 1.9 TDI (Turbocharged Direct Injection) motora (darba tilpums
1896 cm?, jauda 66 kW, kompresijas pakape 19.5) testi veikti Lietuva (Rimkus
et al., 2019). Eksperimenti tika veikti, izmantojot tiru dizeldegvielu, tiru HVO
un dazada satura maisijumus. Novert€jot degvielas masas patérinu, 10 — 30%
HVO piejaukums samazinaja degvielas paterinu par 2 —3%. Tacu, vertgjot
degvielas tilpuma paterina raditajus, tika konstatéta preteja tendence — rezultati
uzradija degvielas patérina pieaugumu lidz aptuveni 6% abos atruma rezimos un
gandriz visos slodzes punktos. Galvenais iemesls ir HVO blivums, kas Sajos
testos bija par aptuveni 7.7% mazaks neka dizeldegvielai. Degvielas patérina
pieauguma tendence bija loti labi redzama, un tai bija tieSa atkariba no HVO
procentuala daudzuma maisTjumos. CO izmainas, palielinoties HVO
daudzumam degvielas maisijuma, bija nebitiskas. CO; samazinajums bija
0.3-0.35%, un maksimalais samazindgjums tika sasniegts, kad HVO
procentualais piemaistjums palielinajas lidz 85 — 100%. NOy saturs samazinajas
par 3 — 20% pie zemas motora slodzes. Pargjos slodzes rezimos rezultati uzradija
relativi mazaku NOy samazinajumu par 0.5 — 7.5% (Rimkus et al., 2019).

LBTU Alternativo degvielu zinatniskaja laboratorija veiktaja p&tijuma tika
izmantots 2015. gada razots pilnpiedzinas automobilis Mazda CX-5, kas aprikots
ar 2.2 litru Euro 6 normam atbilstoSu motoru (Birzietis et al., 2017). Uz $asijas
dinamometra Mustang MD-1750 tika noteikta jauda un griezes moments, bet
degvielas paterin$ tika merits tris konstantos atrumos (50 km h, 90 km h* un

14



110 km hl), ka ar1 divos brauk3anas ciklos — standartiz&étaja kombingtaja IM-240
cikla un pasu pétnieku izstradataja Jelgavas pilsétas cikla (Dukulis, Pirs, 2009).
P&tijuma tika izmantotas divas degvielas — Neste Pro Diesel (ProD), kas saturgja
HVO, un standarta fosila dizeldegviela Neste Futura bez biopiedevam (FDD).
Pie vidgjiem un lieliem motora klokvarpstas apgriezieniem jaudas un griezes
momenta vertibas ir loti lidzigas. Biitisks jaudas un griezes momenta picaugums
tika noverots pie zemiem motora apgriezieniem (Iidz ~ 2200 min™?). Ar
Pro Diesel degvielu tika sasniegta maksimala jaudas vertiba 106.8+0.6 kW, kas
ir par 1.2% lielaka neka fosilas dizeldegvielas izmantoSanas gadijuma. Ari
maksimala griezes momenta vertiba Pro Diesel degvielai bija par 2% lielaka.

Automobila darbinasana ar HVO saturoSu degvielu vienmériga atruma
rezima paradija kop&jo degvielas patérina samazinasanas tendenci. Degvielas
patérina samazinajums ar Pro Diesel degvielu pie vienmériga atruma 50, 90 un
110 km h! bija attiecigi 1.5, 0.7 un 3.7%. Jiitamakas degvielas patérina izmainas
tika noverotas mainigas slodzes brauksSanas apstaklos, t.i., braukSanas ciklos.
HVO saturoSas degvielas izmantoSana braukSanas cikla IM-240 uzradija
degvielas patérina samazinajumu par 0.17 | uz 100 km jeb 2.9%, salidzinot ar
FDD. Degvielas patérina samazinajums Jelgavas pils€tas braukSanas cikla, kas
atspogulo transportlidzekla kustibu intensiva pilsétas satiksmé, bija 0.37 | uz
100 km jeb 3.9% (Birzietis et al., 2017).

Cehija tika veikts pétijums par 100% rap$u metilestera (RME) un 100%
hidrogengtas ellas (HVO) ietekmi uz traktora Zetor Foretrra 8641 (4 cilindru
motors ar darba tilpumu 4.156 1, nominala jauda 60 kW, maksimalais griezes
moments 351 N m) iekSdedzes motora darbibas parametriem, izmantojot
jugvarpstas dinamometru AW NEB 400. Tika konstatets, ka ar HVO degvielu
motora maksimalais griezes moments samazinas par aptuveni 0.9%, bet
maksimala jauda par aptuveni 6%. HVO degvielas 1patngjais degvielas paterins,
salidzinot ar RME degvielu, samazinas gandriz visa atruma diapazona, t.sk., pie
nominalajiem apgriezieniem par 1.9% (Pexa et al., 2015).

Seérijveida automobilu efektivitate, aizstajot FDD ar HVO, tika noteikta
Italija un Spanija veiktajos testos. Energijas patérind (J km?) tika salidzinats
WLTP cikla, un tas palielindjas vai samazinajas atkariba no automobila modela
un apkartéjas vides temperatiiras. P&tot Euro 6 normam atbilstoSu automobili
Nissan Qashqgai (Hernandez et al., 2020), ta energijas patérins, izmantojot HVO,
samazinajas par 5.5% un 5.2% attiecigi pie +24 °C un -7 °C, savukart noveértgjot
divus Euro 6b prasibam atbilstoSus pasaZieru automobilus (markas netika
ming&tas) (Suarez-Bertoa et al., 2019) pie +23 °C un -7 °C, tikai viens automobilis
patér&ja par 4.3% mazak energijas pie -7 °C. Tas pats automobilis 23 °C
temperatiira pateéréja par 0.26% vairak energijas. Cits automobilis patér&ja vairak
energijas abas testétajas temperatiiras — attiecigi par 0.84% un 0.43% vairak.

|zmesu sastavs

Vacija tika testéti 11 vieglie automobili (Audi, VW, Skoda) ar dazadam
iesmidzinasanas sisttmam, transmisijam, izpludes gazu p&capstrades sistémam

15



un emisiju standartiem (no Euro Il Iidz Euro 6). Cetri no spekratiem tika
darbinati ar 2% BioDD piejaukumu HVO (HVO-Bio2), bet pargjie septini ar
HVO-Bio7, kur BioDD piejauksanas mérkis bija uzlabot degvielas elloSanas
pasibas. Rezultati paradija, ka, izmantojot HVO, nesadeguso komponentu (HC,
CO) emisijas ir samazinajusas par 35 — 90%, salidzinot ar dizeldegvielu. So faktu
pétnieki skaidro ar HVO degvielas kimisko sastavu un augsto cetanskaitli. HVO-
Bio7 izmanto$ana tika konstatéts ari CO; emisiju samazinajums par 5%, bet NOy
emisijas palielinajas par 5 — 14%, salidzinot ar dizeldegvielu, un pieaugums
nebija atkarigs no izpliides gazu pécapstrades (Singer et al., 2015).

Somija tika testéts viens automobilis ar tieSo iesmidzinasanu (A) un divi ar
Common Rail sistému (B un C). Automobilis A un C bija ar katalizatoru, bet B —
bez ta. Tika testeti NEXBTL maisfjumi (5, 15, 20 un 85%) ar divam dazadam
fosilajam dizeldegvielam. Palielinoties HVO koncentracijai, tika novérota HC,
CO un mehanisko dalinu emisiju samazina$anas. Tomér petijums neuzradija
skaidras NOx samazinajuma tendences (Rantanen et al., 2005).

Austrija tika pétita tira HVO un tas maisijumi ar FDD C¢etrcilindru CRDi
motora. Emisijas tika noteiktas, izmantojot motorstendu un $asijas dinamometru.
Pie zemam slodzém PM emisijas samazinajas lidz pat 50%, izmantojot HVO, jo
taja nav aromatisku ogliidenrazu. Autori novéroja dalinu izméra samazinasanos,
kas izraisija mazaku kv&pu emisiju. Tomeér vini atklaja, ka pasu dalinu skaits
nesamazinas. HC un CO emisijas arT tika samazinatas lidz 50%. NOx emisijas
nedaudz samazinajas testos uz motorstenda, tomér uz $asijas dinamometra
butiskas izmainas netika konstatetas (Pflaum et al., 2010).

Somija tika veikta 17 autobusu testéSana, sakot no vecakiem sp&kratiem, kas
atbilst Euro Il izmeSu normam, Iidz pat EVV (Enhanced Environmentally-
friendly Vehicles). Izmantojot 100% HVO degvielu, vidgjais emisiju NOx
samazinajums bija 10%, PM 30%, CO 29% un HC 39%, salidzinot ar FDD.
Konsekvents izmeSu samazinajums tika noverots Euroll un Euro Il
autobusiem, tacu uz jaunakiem autobusiem $adas tendences netika noverotas.
Cieto dalinu filtra DPF (diesel particulate filter) darbiba bija ar HVO efektivaka
neka ar FDD, kas tika skaidrots ar NOyx un PM attiecibu, kas HVO degvielai ir
labveligaka cieto dalinu oksidésanai (Erkkilam et al., 2011).

Somija tika konstatéts, ka, izmantojot HVO degvielu, var samazinat izmesu
daudzumu un uzlabot motora veiktsp&ju, optimiz&jot motora darbibas parametrus
vai izmantojot piedevas. Tika korigéts ieplades varsta aizveérSanas bridis,
iepliides laiks, iesmidzinaSanas spiediens un EGR darbiba, ka ari pievienota
DNPE (di-n-pentilétera) piedeva. Tas samazindja PM un NOy emisijas attiecigi
par 41 — 61% un 31 — 54%. Ka vienigais triikums tika konstat&ts aldehidu emisiju
palielindgjums dazos rezimos (Murtonen et al., 2012).

Indija veiktaja petijuma (Kumar et al., 2021) tika sagatavoti no cepsanas
atkritumellas razotas HVO maisijumi (10, 20, 30, 40 un 50% pé&c tilpuma) ar
dizeldegvielu. Tika konstatéts, ka HC, CO un PM emisijas samazinas
maistjumiem ar HVO saturu Iidz pat 30%. Kad HVO procentualais daudzums
tiek vel vairak palielinats, emisijas sak picaugt. NOx emisijas bija zemakas neka
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dizeldegvielai visiem testa paraugiem. Salidzinot ar dizeldegvielu, maksimalais
NOy, HC, CO un PM samazinajums bija attiecigi 23.2% (tirai HVO), 14.4%
(HV030), 13.8% (HVO30) un 13.3% (HVO30).

Petjuma Somija tika novertets ikgadgjais NOx izmeSu samazinaSanas
potencials, aizstajot BioDD7 degvielu ar HVO Euro 4, 5 un 6 normam atbilstoSu
autobusu parka Helsinkos. Tika pieradits, ka samazindjuma potencials ir 7%
(Lakanen et al., 2021).

Tomeér kopuma HVO ietekme uz NOy izmeSu samazinaSanu joprojam nav
skaidra. Pieméram, Belgija veiktaja pétjjuma, izmantojot Euro 6b normam
atbilstosu 1.5 1 &etrcilindru dizelmotoru (Demuynck et al., 2021), nekonstatgja
ipaSu degvielas ietekmi uz NOy izmeSiem, testgjot komerciali pieejamo
dizeldegvielu BioDD7, BioDD30 un 100% HVO. Somija veiktajos testos ar
lieljaudas motoriem (Kuronen et al., 2010), izmantojot HVO, novéroja NOx
samazinasanos par 7 — 14% salidzinajuma ar FDD. Taja pasa laika cita p&tijuma
(Happonen et al., 2012) atklaja, ka NOy var samazinat pie dazadam slodzém (50,
75 un 100%), pielagojot motora parametru parametrus, rezultata secinot, ka
nevar pilniba izmantot HVO prieksrocibas, ja vien motors nav optimizets
jaunajai degvielai. Lidz ar to NOy koncentracijas samazinaSanas iespgjas ir
atkarigas no daZzadiem faktoriem — degvielas ipasibam, izsmidzinaSanas
Tpasibam, gaisa un degvielas attiecibas, kompresijas pakapes utt. (Dimitriadis et
al., 2018). Tapec, aizstajot parasto dizeldegviela ar HVO, nav garantétas
samazinatas NOy emisijas (Szeto, Leung, 2022).

Analizgjot aptuveni 100 dazadu p&tijjumu rezultatus, Kinas pétnieki (Szeto,
Leung, 2022) konstat&ja, ka dazas publikacijas vérojams intere$u konflikts
saistiba ar apgalvojumiem par labaku efektivitati un emisiju samazinasanu, ja
fosilas dizeldegvielas vieta izmanto HVO, jo tajos dalibu némusi HVO degvielas
razotaji un izplatitaji (Dimitriadis et al., 2018; Lakanen et al., 2021; Suarez-
Bertoa et al., 2019). Tomér arT daudzas citas publikacijas, kuras $ads intereSu
konflikts nav ve€rojams, tapat tiek konstateti daudzsolosi HVO degvielas
izmanto$anas rezultati (Bjergen et al., 2020; Bortel et al., 2019; Gren et al., 2021;
Hernandez et al., 2020; Hunicz et al., 2020; Ovaska et al., 2019).

Degvielas izmantoSana daiadas apkartejas vides temperatiiras un ietekme
Uz daZadu spekratu sistemu elementiem

Vairums no iepriek$ mingtajiem pozitivajiem rezultatiem, kas iegiiti, darbinot
spekratus vai to motorus ar HVO, sasniegti, pateicoties §is degvielas fizikali
kimisko pasibu kombinacijai. HVO ir sintétiska Skidra biodegviela, kas nesatur
aromatiskas vielas un séra savienojumus (Singh et al., 2018). Tai ir salidzinosi
augsta siltumspéja un cetanskaitlis, zema viskozitate, blivums, elloSanas 1pasibas
un sadulko$anas punkts (Dimitriadis et al., 2018). Visas $is ipasibas ir savstarpgji
saistitas. Siltumspé&ja ir saistita ar fidenraza saturu, blivums — ar degvielas
parafinveida dabu, savukart sadulkoSanas punkts atkarigs no reakcijas
apstakliem, kas var radit noteiktu trigliceridu saturu (Simacek et al., 2010).
Spanija un ASV veiktais pétijums (Lapuerta et al., 2011) pieradija, ka galvenos
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ierobezojumus HVO un FDD sajaukSanai nosaka elloSanas 1pasibas un
cetanskaitlis, kur starp Siem raksturlielumiem ir jaatrod kompromiss. Kopuma
pasliktinatas ipasibas izmantoSanai zemas temperatiras varétu biit vienigais
HVO trikums salidzinajuma ar fosilo dizeldegvielu (Siméagek et al., 2010).

Saderiba ar parastajiem kompresijaizdedzes motoriem un Eiropas standartu
EN 15940, iespgja sajaukt ar FDD mazumtirdzniecibas vieta (Bjergen et al.,
2020) padara HVO pievilcigu mazumtirgotajiem, bet zemais degvielas sisteémas
nosédumu un motorellas bojasanas risks (Mikkonen et al., 2013), uzlabotas
izplides gazu emisijas un pagarinats dizeldegvielas dalinu filtra regeneracijas
intervals (Rodriguez-Fernandez et al., 2017) padara to pievilcigu arT klientiem.
HVO var izmantot, nemainot motora degvielas padeves sisteému, jo ta biitiski
neietekmé elastome@ru, piem&ram, blivju un gredzenu, noardisanos (Miiller et al.,
2022), kas parasti nav izturigi pret citam sp&kratos izmantotajam biodegvielam.

Taizemes pétnieki (Jaroonjitsathian et al., 2013) veica materialu saderibas
izpéti, izmantojot HVO ka degvielu. Tika parbaudita HVO ietekme uz degvielas
tvertnes materialu (ar cinka parklajumu), un no rentgena fluorescences analizes
tika konstatets, ka tvertnes parklajuma nav notikuSas izmainas. Somijas p&tnieki
(Makinen et al., 2011) sniedza lidzigus rezultatus — nekadas izmainas degvielas
uzglabasanas tvertné netika konstatStas péc astopiem méneSiem, un HVO
degviela joprojam bija dzidra. Ta ka gumijas blivéjumu uzbriesana ir atkariga no
degvielas aromatisko oglidenrazu satura, bet to HVO degviela nav, tad lauka
izméginajumos nekadas problémas blivgjumos netika konstatétas.

Austrija autori pétija arT ellas atSkaidisanos, kas rodas cieto dalinu filtra DPF
regeneracijas dél. DPF uzkrato kvépu sadedzina$anai nepiecieSama augsta
temperatira. Degvielas péciesmidzinasana rada nepiecieSamo izplides gazu
temperatiiru, jo tas sadeg darba gajiena beigas. Tomér §is iesmidzinaSanas
stratégijas rezultata degviela var nonakt uz cilindra sienam, tadgjadi palielinot
ellas atSkaidisanu. Pec 4 h testa pie 1250 min't un 2 bar spiediena autori novéroja
ellas viskozitates samazinasanos, palielinoties HVO saturam degviela. Autori to
skaidroja ar degvielas patérina palielinasanos (Pflaum et al., 2010). HVO ietekmi
uz DPF pétija arT Somijas zinatnieki (Kopperoinen et al., 2011), parbaudot vieglo
automobili uz $asijas dinamometra. Autori novéroja, ka, darbinot automobili ar
100% HVO, tika nobraukts vismaz 400 km pirms DPF regeneracijas sakuma. Ta
ka regeneracija parasti palielina degvielas patérinu, tad, jo garaks ir regeneracijas
intervals, jo augstaka ir degvielas ekonomija. Ta ka HVO degviela deg tiri un
rada mazak cieto dalinu emisiju neka dizeldegviela, tad izpludes pretspiediena
paaugstinasanas ir 1énaka, un tas nodro$ina garaku regeneracijas intervalu.

Situdcijas apskata kopsavilkums

Vairakos pétijumos pieradits, ka HVO ir degvielas veids, kas ir paraks par
fosilo dizeldegvielu gaisa piesarnotaju (PM, HC, CO un NOy), trok$pa un
termiskas efektivitates zina, kas izriet no trim galvenajam HVO kimiskajam
Tpasibam — aromatisko vielu un cikloparafinu neesamibas, mazak izkliedetas
molekulmasas un séra un citu kvépus veidojoso vielu nieciga satura. Testos ar
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dizelmotoriem, kas aprikoti ar vecaka tipa, pieméram, ar nedalito degvielas
padeves PLN jeb t.s. “siiknis — sprausla” sisttmu, HVO kopuma var parspét
fosilo dizeldegvielu visos iepriekSmingtajos aspektos bez jebkadam izmainam.
Tomér tas nav tapat ar modernajiem dizelmotoriem, kas biezi uzrada zemakas
PM, HC un CO emisijas, bet labaka termiska efektivitate un zemakas NOy
emisijas ne vienmér tiek garantétas dél sistému sarezgitibas un tapec, ka $is
sistémas, pieméram, degvielas iesmidzinaSanas, EGR un turbokompresoru
iestatfjumi parasti ir optimizeti fosilajai dizeldegvielai. Tapéc, lai pilniba
izmantotu HVO efektivitates prieksrocibas, butu jaizstrada alternativa motora
vadibas bloku kalibrésana, kas piemérota HVO izmantoSanai.

Izmantojot HVO ka degvielu, rodas ne tikai mazak PM, bet arT §is dalinas var
oksideties cieto dalinu filtra DPF zemaka temperatiira, salidzinot ar fosilo
dizeldegvielu. Tadgjadi HVO raditas dalinas no DPF tiek viegli izvaditas
normalas braukSanas un DPF regeneracijas laika, dodot iespgju samazinat
degvielas patérinu. Ar dizelmotoru izdalito dalinu toksiskums, darbinot ar HVO,
ir zemaks neka FDD gadfjuma. HVO trikums, salidzinot ar taukskabju
metilesteriem, kas iegtiti, izmantojot dztvnieku taukus vai to maisijumus ar augu
ellam, ir sliktas elloSanas ipasibas. Tap&c nepiecieSami berzes modifikatori,
kurus déve arT par ello$anas uzlabotajiem, un arT tos varétu iegiit no biomasas.

Analizgjot pétijumu apkopojumus, tajos akcentéts, ka jaturpina pétijumi,
izmantojot motorus, kas atbilst jaunakajiem emisiju standartiem vai aprikoti ar
vismaz Common Rail iesmidzina$anas sistému. leteikts arT izstradat
turbokompresorus ar zemakiem optimalajiem plismas atrumiem, kas atbilst
pétniecibas motoriem, lai p&tnieki, kuri izmanto $os motorus ka izm&ginajumu
objektus, vargtu veikt savus eksperimentus realakos apstaklos. Uzsverts, ka ne
mazak svarigi ir veikt pec iesp&jas vairak pétjumu bez HVO pardeveju
lidzdalibas, lai mazinatu aizdomas par intereSu konfliktu (Szeto, Leung, 2022).

Ta ka visas HVO prieksrocibas, izmantojot HVO un fosilas dizeldegvielas
maistjumus, netiek izmantotas, tad tiek ieteikti arT drastiski pasakumi fosilas
degvielas izmantosanas pakapeniskas partrauk$anas gaita, piemeram, ievieSot
sartikosas ikméneSa kvotas FDD patérinam katram automobilim, bet papildu
vajadzibas péc degvielas nodrosinot ar 100% HVO. Tomér, ja $adu politiku
nevar Tstenot infrastruktlras vai administrativu gratibu dél, maisTjjumu
izmanto$ana joprojam tiek vértéta pozitivi, jo ta vismaz samazina SEG emisijas.

Gan $aja nodala veikto p&tijumu analize, gan citu autoru parskati (No, 2014;
Sonthalia, Kumar, 2019; Sunde et al., 2011) lauj secinat, ka jaudas, degvielas
patérina un izmesu tendences ir Joti dazadas atkariba no izmantota motora veida,
testa apstakliem, izmantotajam iekartam, konkréto degvielu ipaSibam utt.
Rezultatu atskiribas vérojamas ari atkariba no ta, vai eksperimenti tiek veikti,
izmantojot motorstendus vai spekratus kopuma.

Tapéc Saja promocijas darba sagatavotas vairakas savstarpgji saistitas
petijumu programmas, kas aptver gan teor€tiskos, gan eksperimentalos
pétijumus, ka ar1, cenSoties vienu un to pasu p&€tamo objektu, degvielu un iekartu
iesaistit pec iesp&jas vairakas programmas.
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2. MATERIALI UN METODES

Teorégtisko un eksperimentalo p&tijumu meérkis ir noteikt ar hidrogengtu augu
ellu darbinamu spékratu galvenos ekspluatacijas parametrus. Lai to veiktu,
vispirms izstradata p&tijumu vispariga blokshéma (skat. 2.1. att.).

HVO degyvielas teorétiskie un eksperimentalie pétijumi

 ————f———

Pétijumu
programmas Nr. PP-1 PP-2 PP-3 PP-4 PP-5
Pétijumu veids Teorétiskie Eksperimentalie
. . Automobilis Traktors Motors
PetTjumu objekts Opel Insignia 2.0 CDTi Class Ares KOHLER
557ATX KDI 1903 M
i« DD, HVO, DD, Bio7, ; DD, HVO,
Degvielas maistjumi DD, HVO HVO7 DD, HVO HVO5
e . Jauda, " . — -
Pétamie parametri Jauda, griezes moments, degvielas paterins, atgazes
gr. mom.
Mustang MD- 1750 | [ MAHA | | SIERRA
Tekartas, riki Modelis ZW500 -Engineering
AVL KMA MOBILE, AVL SESAM FTIR

2.1. att. Teorétisko un eksperimentialo pétijjumu vispariga blokshéma

Petfjumi iedaliti piecas petfjumu programmas, kuram pieskirti nosacitie
apzimgjumi PP-1, PP-2 utt. Blokshema katras programmas vertikalé redzams
petijumu veids, objekts, degvielas, petamie parametri, ka arT iekartas vai riki:
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PP-1: teorgtiskie petijumi, izstradajot modeli ar ievaditiem automobila
Opel Insignia 2.0 CDTi parametriem, iesp&ju izvéléties degvielas veidu
(DD — dizeldegvielu, HVO — hidrogenéto augu ellu) vai veidot to
maistjumus, un model&Sanas rezultata ieglistot datus par automobila
jaudu, griezes momentu un degvielas patérinu;

PP-2: eksperimentalie pé&tijumi, darbinot automobili Opel Insignia
2.0 CDTi uz jaudas stenda Mustang MD — 1750 jaudas un griezes
momenta noteiksanai, lietojot tiras degvielas DD un HVO, un degvielas
patérinu un atgazu sastavu nosakot attiecigi ar AVL KML MOBILE un
AVL SESAM FTIR iekartam;

PP-3: identiski eksperimentali pétijumi programmai PP-2, bet, izmantojot
tris dazadas degvielas — DD, Bio7 (dizeldegviela ar 7% biodizeldegvielas
piejaukumu) un HVO?7 (dizeldegviela ar 7% HVO piejaukumu);



e PP-4: eksperimentalie pé&tijumi, darbinot traktoru Class Ares 557ATX,
lietojot tiras degvielas DD un HVO, jaudu un griezes momentu, degvielas
patérinu un atgazu sastavu nosakot attiecigi ar MAHA ZW-500, AVL KML
MOBILE un AVL SESAM FTIR iekartam;

e PP-5: eksperimentalie petijumi, darbinot motoru KOHLER KDI 1903 M,
lietojot degvielas DD, HVO un HVOS5, jaudu un griezes momentu,
degvielas patérinu un atgazu sastavu nosakot attiecigi ar SIERRA CP-
Engineering, AVL KML MOBILE un AVL SESAM FTIR iekartam.

2.1. Eksperimentalajos pétijumos izmantotas iekartas un materiali

Petijumos izmantotas degvielas

P&tfjumu programmas PP-2 un PP-4 izmantota tira HVO degviela (Neste Oil
razota NEXBTL) un tira fosila arktiska dizeldegviela FDD. NEXBTL tika atvesta
no Neste Qil razotnes, bet FDD tika iegadata SIA Neste Latvija degvielas
uzpildes stacija. Bitiskako abu degvielu fizikalo ipasSibu salidzinajums dots
2.1. tabula.

2.1. tabula. Pétijumu programmas PP-2 un PP-4 izmantoto degvielu
fizikalo ipasibu salidzinajums

Raditajs FDD NEXBTL
Blivums pie 15 °C, kg m™ 836.3 778.9
Viskozitate pie 40 °C, mm?s! 2.581 2.884
Sadulko$anas temperatiira, °C -10 -35
CFPP temperatiira, °C -24 -35
Zemaka masas siltumsp&ja, MJ kg 435 43.9
Zemaka tilpuma siltumsp&ja, MJ I 36.4 34.2
Cetanskaitlis 524 74.7
Séra saturs, mg kg 8.9 <1

Pétijumu programmas PP-3 uzdevums obligata biodegvielu piejaukuma
konteksta bija izvertét perspektivu pirmas paaudzes biodizeldegvielas
piejaukumu aizvietot ar péc tilpuma lidzvértigu HVO piejaukumu. Tapéc bez
tiras fosilas dizeldegvielas tika testéta FDD ar 7% (p&c tilpuma)
biodizeldegvielas piejaukumu (BioDD7) un FDD ar 7% (p&c tilpuma) HVO
(Neste Oil razotas NEXBTL) piejaukumu (NEXBTLY).

Degvielu parametru noteikSana tika veikta neatkarigas test€Sanas
laboratorijas, veicot mérjjumus ne tikai tris eksperimentos izmantotajiem
degvielu paraugiem, bet ar1 tiram BioDD un NExBTL. Bitiskako tris degvielu
fizikalo Tpasibu salidzinajums dots 2.2. tabula.

Ta ka pétjumu programma PP-5 uz motorstenda tika realizéta ziemas
apstaklos, tad testetas trs Saja laika komerciali pieejamas degvielas — 2. arktiskas
klases FDD, tira HVO (Neste My), un FDD ar 5.21% HVO piejaukumu péc
tilpuma (Pro Diesel). Visu tris degvielu fizikalo pasibu salidzindjums dots
2.3. tabula.
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2.2. tabula. Pétijjumu programma PP-3 izmantoto degvielu fizikalo 1pasibu

salidzinajums
Raditajs FDD BioDD7 NEXBTL7Y
Blivums pie 15 °C, kg m*® 833.9 837.2 830.0
Viskozitate pie 40 °C, mm? st 2.834 2.917 2.814
Sadulko$anas temperatiira, °C -5 -5 -6
CFPP temperatiira, °C -16 -17 -17
Zemaka masas siltumsp&ja, MJ kg 43.45 42.94 43.54
Zemaka tilpuma siltumsp&ja, MJ I 36.23 35.95 36.14
Cetanskaitlis 52.5 52.8 52.6
Séra saturs, mg kg 9.9 9.9 9.8
Udens saturs, mg kg 34 55 36
2.3. tabula. Pétijumu programma PP-5 izmantoto degvielu fizikalo ipasibu
salidzinajums
Raditajs FDD Neste My Pro Diesel
Blivums pie 15 °C, kg m™® 816.1 780.8 807.4
Viskozitate pie 40 °C, mm? st 1.853 3.025 1.797
Sadulko$anas temperatiira, °C -28 -34 -33
CFPP temperatiira, °C -40 -38 -42
Cetanskaitlis 53.8 74.5 55.0
Séra saturs, mg kg* 4.7 <1 1.1
Udens saturs, mg kgt 25 28 23

Petjumos izmantotais automobilis Opel Insignia

P&tfjumu programmas PP-1, PP-2 un PP-3 izmantots vieglais automobilis
Opel Insignia 2.0 CDTi ar &etrcilindru dizelmotoru un Common Rail degvielas
iesmidzinasanas sist€tmu. Automobila tehniskie parametri doti 2.4. tabula.

2.4. tabula. Eksperimentos izmantotais automobilis Opel Insignia 2.0 CDTi

N.p.Kk. Parametrs

1. Marka un modelis Opel Insignia 2.0 CDTi

2. Izlaiduma gads 2011

3. Motora darba tilpums 1956 cm®

4. Motora maksimala jauda péc tehniskas 128 Zs (96 kW)
specifikacijas pie 4000 min!

5. Motora maksimalais griezes moments p&c 300 N m
tehniskas specifikacijas pie 1750 min!

6. Motora kods A20DT

7. Kompresijas pakape 16.5:1

8. Atrumkarbas parnesumu skaits 6

9. Automobila pa§masa 1503 kg

Petijumos izmantotais traktors Class Ares 557ATX

Pétjjumu programma PP-4 izmantots traktors Class Ares 557ATX (skat.
2.2. att.). Traktors aprikots ar 4.5 litru 4 cilindru tie$as iesmidzinaSanas turbo
dizelmotoru (izlaiduma gads — 2007, maksimala motora jauda— 77.5 kW pie
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2100 min, maksimalais griezes moments — 421 N m pie 1400 min‘, ipatngjais

degvielas paterins — 218 g kwWh pie 1700 min‘t).

2.2. att. Eksperimentos izmantotais traktors Class Ares 557ATX un MAHA
ZW500 jaudas stends

Jaudas stends Mustang MD - 1750

Jaudas stendu jeb $asijas dinamometru Mustang MD-1750 (skat. 2.3. att.)
izmanto, lai noteiktu automobila jaudas un griezes momentu, ka arT imitetu realos
brauksanas apstaklus (pieméram, veiktu dazadus brauksanas ciklus) laboratorija,
nodro§inot to parametru fiksé$anu, kurus grti ieghit celizm&ginajumos. Jaudas
stends tiek izmantots p&étijumu programmas PP-2 un PP-3.

2.3. att. Uz jaudas stenda Mustang MD — 1750 nostiprinats testéjamais
automobilis

1 — test§jamais automobilis; 2 — Sasijas dinamometrs; 3 — datorizéta vadibas platforma;

4 — ventilators; 5 — stiprinajuma atsaites; 6 — degvielas méritaja pievada §latenes

Stenda galvenie parametri: maksimalais brauk3anas atrums — 362 km h?,
maksimala mérisanas jauda— 1287 kW (1750 Zs) (MD-1750 Chassis
Dynamometer, 2004).
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Jigvarpstas jaudas stends MAHA Z\W-500

Traktora jaudu parasti nosaka no jigvarpstas. Tapéc pétjjumu programma
PP-4 izmantots jaudas stends MAHA ZW-500 (skat. 2.2. att.).

Stenda galvenie parametri: maksimalie jigvarpstas apgriezieni — 2500 min,
maksimala mérama jauda — 500 kW, maksimalais griezes moments — 6600 N m,
mérisanas precizitate +2% (ZW 500 Power Take-off Dynamometer, 2013).

Merisanu var veikt divéjadi — pie konstantiem jligvarpstas apgriezieniem vai
visa apgriezienu diapazona, iepriek§ sagatavojot mériSanas programmu ar
noteiktu jiigvarpstas rotacijas frekvences soli.

Jaudas stends SIERRA CP-Engineering un motors KOHLER KDI 1903

P&tfjumu programma PP-5 testéts p&tnieciskais motors KOHLER KDI 1903,
izmantojot motoru jaudas stendu SIERRA CP-Engineering (skat. 2.4. att.).

il 1 I

2.4. att. Jaudas stends SIERRA CP-Engineering un motors
KOHLER KDI 1903

3-cilindru iek$dedzes atmosferiska dizelmotora darba tilpums ir 1861 cm® un
maksimali attistama jauda 31 kW pie 2600 min? (KDI 1903M - KDI 2504M,
2020). Motors aprikots ar mehanisko rotora augstspiediena stkni, un tas atbilst
EUR STAGE Il A izmeSu normam, kas attiecinamas uz bezcelu spékratu
motoriem, t.i., izmanto$anai Kompresoros, riipnieciskds urbSanas iekartas,
iekravgjos, buldozeros, ekskavatoros, bezcelu kravas automobilos, sniega
tiritajos, celtnos u.tml., ka arT lauksaimniecibas un mezsaimniecibas traktoros.

Pétnieciskais motors savienots ar motoru jaudas stendu, kura slogoSanas
iekarta sastav no mainstravas dinamometra, kas var darboties gan absorbcijas,
gan motora rezima. Darbojoties absorbcijas rezima, absorbéta energija tiek
parveidota elektroenergija un ievadita koplietoSanas elektrotikla. Maksimala
dinamometra absorbcijas jauda ir 50 kW, maksimalie apgriezieni — 7000 min’?,
maksimalais absorbcijas griezes moments — 140 N m. Par slogosSanas iekartas
korektu darbibu atbild ABB 4 piedzinas sisteéma, kas tiek kontroléta ar CADET
vadibas sistému (AC Dyno and CADET Compact, 2019).
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Degvielas paterina mériekarta AVL KMA Mobile

Degvielas patérina mériekarta AVL KMA Mobile (skat. 2.5. att.) ir universala
ierice, kas paredzEta mérisanai gan laboratorijas, gan cela apstaklos. Ta tiek
izmantota visas etras eksperimentalo pétijumu programmas, t.i., PP-2, PP-3, PP-
4 un PP-5. Meérisanas iekarta sastav no mérisanas un kondicion&$anas moduliem.

Iekartas AVL KMA Mobile galvenie parametri (AVL KMA Mobile Fuel
Consumption Measuring System, 2008): mérisanas diapazons — 0.35 — 150 | h%,
darbibas temperatiira— no -10 °C lidz +50 °C, méramas degvielas blivums —
0.5 ... 2.0 g cm®, merisanas kltida — 0.1%.

Atgazu analitiska sistema AVL SESAM FTIR

Atgazu analitiska sistema AVL SESAM FTIR (skat. 2.5. att.) tiek izmantota
visas Cetras eksperimentalo pétijumu programmas, t.i., PP-2, PP-3, PP-4 un PP-
5. Ta ir m&riekarta, kas paredzéta motoru izpludes gazu komponensu daudzuma
noteikSanai dazados darbibas rezimos. lekartu var izmantot tikai stacionaros
apstak]os.

2.5. att. Degvielas patérina mériekarta AVL KMA Mobile un atgazu
analitiska sistema AVL SESAM FTIR

Atgazu sastavs tiek noteikts ar infrasarkano staru spektrometra palidzibu.
Vienlaikus var noteikt 25 dazadas atgazu komponentes, pieméram, CoHy; CoHa;
Csz; C3H8; C4H6; C4H8; CH4; COZ; CO; Hzo; Nzo; NH3; NOz; NO; SOz u.c.
Vairakas komponentes iekarta aprékina papildus méritajam, pieméram, NOyx un
HC. Meérisanas intervals ir 1 sekunde, darbibas temperatiira — 10 °C lidz 30 °C,
iekartas dzes€Sana tiek veikta ar $kidro slapekli (AVL SESAM FTIR User’s
Manual, 2007).
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2.2. Eksperimentalo pétijjumu programmu metodikas

Ta ka eksperimentalo pétijumu programmas, balstoties uz p&tamo objektu
specifiku (tiek pétits automobilis, traktors un motors uz stenda), tiek veiktas,
izmantojot dazadus stendus — $asijas dinamometru, jagvarpstas jaudas stendu un
motorstendu, izstradatas tris atseviskas petijumu metodikas.

Petijumu programmu PP-2 un PP-3 eksperimentalo pétijumu metodika

ST metodika izstradata, balstoties uz LBTU ADZL lidzsingjo vairaku gadu
pieredzi darba ar dazadu degvielu, t.sk., arT biodegvielu testeSanu petijumos,
projektos un promocijas darbos (Dukulis, 2013; Pirs, 2011).

Izm&ginajumu programma izstradata ta, lai iegiitie rezultati péc iesp&jas
tuvak atbilstu automobila tipiskakajiem realas ekspluatacijas rezimiem.
Programmas shéma dota 2.6. attéla.

l Izméginajumu programma J
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Jaudas testi

Brivgaitas testi

Konstantu dtrumu testi

50 km h' |

_|
—| 90 km h" |
_|

110 km h' |

Cela simulacijas testi

—| Cikls IM-240 |
—| Jelgavas cikls |

2.6. att. PP-2 un PP-3 izméginajumu programmas shéma

Ta ka konstantu braukSanas atrumu un cela simulacijas testos vienlaikus tiek
noteikts degvielas paterins$ un izpliides gazu sastavs, visas iekartas un merierices
jasasledz kopgja sistema (skat. 2.7. att.). Katras iekartas vadibai un datu
uzkrasanai paredzets atsevisks dators.
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2.7. att. Iekartu un meérieri¢u izkartojums pétijjumu programmu
PP-2 un PP-3 veiksanai
1 — Sasijas dinamometra vadibas platforma; 2 — degvielas patérina mériekarta AVL KMA
Mobile; 3 — ventilators; 4 — jaudas absorbcijas bloks; 5 — Sasijas dinamometrs Mustang
MD-1750; 6 — degvielas tvertne; 7 — datu kabeli; 8 — testéjamais automobilis; 9 — datori
ar specialu programmatiiru; 10 — apsildams filtrs; 11 — daudzkomponentu izplades gazu
analitiska sistéma AVL SESAM FTIR

Veicamo testu apraksts

Jaudas testu ar dizelmotoru darbinamiem automobiliem Vveic pilnas slodzes
rezima pie pilniba nospiesta akseleratora pedala pie ieslégta viena nemainiga
parnesuma (parasti pie ta, kuram parnesuma attieciba ir vistuvaka attiecibai 1:1).
Merisana sakas no vidgji zemas klokvarpstas rotacijas frekvences
(dizelmotoriem aptuveni 1200 — 1500 min!) Iidz maksimali pielaujamai
klokvarpstas rotacijas frekvencei konkrétajam automobilim. Gaisa un cela
pretestibas zudumus nem vera atbilstosi konkréta automobila modelim un masai,
pirms testiem stenda programmatiira ievadot automobila parametrus.

Brivgaitas testu veic 60 s, automobilim darbojoties pie stabilas brivgaitas
klokvarpstas rotacijas frekvences. Konstanta atruma testu rezimi (50, 90 un
110 km ht) izveleti atbilstosi tipiskakajiem konstantas kustibas atrumiem
Latvijas apstaklos pilséta un arpus tas. Parnesuma izveli katra no $iem reZimiem
izvelas atkariba no test€jama automobila parnesumkarbas parametriem.

Automobiliem ar seSpakapju parnesumkarbu, t.sk. test€jamajam automobilim
Opel Insignia 2.0 CDTi ar ieslégtu ceturto parnesumu veic konstantas kustibas
atruma reZzimu 50 km h, ar ieslégtu piekto parnesumu — 90 km hl, ar ieslegtu
sesto parnesumu — 110 km h.

AT konstanta atruma viena testa ilgums ir 60 S. Ja testa laika atrums mainas
vairak neka par £2 km h, konkr&tais atkartojums tiek brak@ts.

Cela simulacijas testi imit€ automobila kustibu pa celu, veicot paatrinasanos,
paléninasanos, bremz&sanu, vienmérigas kustibas un brivgaitas posmus. Sajas
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pétijumu programmas tiek izmantoti divi cikli — standartiz&tais 1M-240 cikls un
pasu LBTU pétnieku izstradatais Jelgavas pilsétas cikls.

Cikla IM-240 ilgums ir 240s, garums 3.1 km, vidgjais un maksimalais
braukSanas atrums attiecigi 47.3 un 91.2 km h'%.

Jelgavas pilsétas cikls izstradats cita LBTU promocijas darba izstrades laika
(Dukulis, 2013; Dukulis, Pirs, 2009) un aprobéts vairakos pétjjumos un
promocijas darba (Pirs, 2011). Cikla ilgums ir 360 s, garums 2.32 km, vidgjais
un maksimalais brauk$anas atrums attiecigi 23.28 un 52 km h'%.

Jaudas stenda programmatira kontrolé braukSanas atrumu katra cikla
sekundg, un tikai tie atkartojumi tiek uzskatiti par derigiem, kuros netiek fikseta
neviena novirze arpus konkréta datu punkta atruma pielaujamam robezam.

Izmeégindjumos iegiito parametru vérfibu ietekméjosie faktori

Iegiitos rezultatus var ietekmét konkréta automobila dazadu sistému darbiba,
pieméram, automobila dzes€Sanas sist€mas ventilatora, izplides gazu
recirkulacijas sistémas u.tml. Teor&tiski ir iesp&jams §Ts sist€mas uz laiku atslegt,
tomér tad var tikt traucéta motora normala darbiba. Tapéc dazadu faktoru
ietekmes samazinasanai uz iegitajiem rezultatiem strikti jaievéro petfjumu
metodika un jaizvelas pietickams mérijumu atkartojumu skaits.

NepiecieSama mérijumu precizitates un atkartojumu skaits

Ta ka Sajas pétijumu programmas izmantotas iekartas tiek praktiski
darbinatas jau vairak neka 10 gadus, tad personalam ir iekrata praktiska pieredze,
veikti vairaki priekSizp&tes eksperimenti, nemta vera katras konkrétas iekartas
precizitaite un datu ierakstiSanas biezums. Sadi noteikts viena mérfjuma
atkartojuma ilgums brivgaitas un konstanto atrumu testiem — 60s. Katra
konkréta mérijumu atkartojuma rezultats tiek noteikts, ar aprakstosas statistikas
un rupjo kladu noveérsanas metodem apstradajot 60 S momentanas vertibas.

A1 nepiecieSsamo atkartojumu skaits noteikts priekSizpétes pétijumos.
Konstatéts, ka 3 atkartojumi ir pietickami, lai variacijas koeficients neparsniegtu
3%, kas liecina par mérfjumu augstu precizitati. Piebilstams, ka variacijas
koeficients un Iidz ar to arT standartkliidas degvielas patérina mérijumos ir daudz
mazakas, bet atgazu sastava mérijumos izkliede ir lielaka. Ta ka atgazu
komponentes ar konkréto iekartu tiek noteiktas miljonajas dalas no atgazu
tilpuma ppm (parts per million), un biezi konkrétas komponentes koncentracija
ir loti nieciga, tad d€l atgazu meérisanas specifikas atkartojumu skaits netiek
maksligi palielinats, bet rezultatu ticamiba tiek nodrosinata, veicot rupjo kladu
brakesanu datu apstrades laika.

Izmeginajumu rezultatu izklasta forma

P&c visu testu veiksanas katra no petjjumu programmam, darbinot automobili
ar katru no degvielam, paredz&ts prezentet sadus rezultatus:
maksimalas jaudas un griezes momenta veértibas;
jaudas un griezes momenta raksturliknes;
degvielas paterinu katra no testiem;
atgazu sastavu katra no testiem.
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Maksimala jauda Npmax, darbinot automobili ar katru no degvielam, tiek
aprékinata, izmantojot katra atkartojuma i maksimalas jaudas vértibas:

1 n
_,.2 N. (2.1)
n = I max

kur Njmax — i-ta atkartojuma maksimala jauda, kW;
n — atkartojumu skaits.

P&c analogiskas formulas tiek aprékinats maksimalais griezes moments Mma:
_E'ZMimax’ (2.2)
n o

kur Mjmax — i-ta atkartojuma maksimalais griezes moments, N m.

Jaudas un griezes momenta raksturliknes konstrug, aprékinot jaudas un
griezes momenta vidgjas vertibas pie katras no motora klokvarpstas rotacijas
frekvencém ar soli 20 min™.

Konstanta atruma testa vidéjo degvielas paterinu litros uz 100 km aprékina,
izmantojot momentano degvielas patérinu litros stunda, testa laiku un kustibas

atrumu (Pirs, 2011):

100
Q(qulOOkm) Z[ ZQ”] momj ! (23)

i=
kur Q. 100kmy — Vid&jais degvielas patérins, 1 uz 100 km;
v — kustibas atrums, km h?;
t — viena atkartojuma laiks, s;
Qi mom) — Momentanais degvielas patering, 1 h™.
Cela simulacijas testa vidgjo degvielas patérinu litros uz 100 km aprékina p&c
formulas (Pirs, 2011):

100-t ¢ (2.4)
Q(qulookm) Z 3600 S ZQIh mom .

i=1

kur s — atkartojuma laika nobrauktais attalums, km.

Katras konkrétas atgazu komponentes relativo daudzumu visos testos
aprekina péc formulas (Pirs, 2011):

1
Q(ppmvai %) < n Z( ZQ (ppm vai %mom) ] ' (2.5)
=1
Kur - Q(pomvai ) — vid&jais komponentes relativais daudzums, ppm vai %;
Q(ppmuai 6mom) — MoOmMentanais komponentes relativais daudzums, ppm vai
%.

Testu rezultatu uzskatamakai atspoguloSanai to vértibas var tikt att€lotas
grafiku veida. Noradot aprékinato lielumu iesp&amo izkliedi, izmantota 95%
ticamiba.
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Petijumu programmas PP-4 eksperimentalo petijumu metodika

Ta ka gan $aja petjjumu programma, gan nakamaja tiek izmantotas tas pat
degvielas patSrina un atgazu sastava noteikSanas ierices, kas pétjjumu
programmas PP-2 un PP-3, turklat testi tapat tiek veikti iekStelpas taja pasa
laboratorija, tad vairakas darbibas, kas aprakstitas ieprieks, pieméram,
izméginajumu apstaklu nodro§inasana, sagatavo$anas testu veik$anai u.c., ir
identiskas, tapec Seit netiek atkartotas. Akcentétas tikai konkréta petjumu
objekta un jaudas stenda lietoSanas Tpatnibas.

Traktora jauda tiek noteikta no juagvarpstas, izmantojot dinamometru MAHA
ZW-500. Vienlaikus méra degvielas patérinu un izpliides gazu sastava, attiecigi
izmantojot AVL KMA MOBILE degvielas patérina méritaju un AVL SESAM FTIR
daudzkomponentu izpliides gazu analitisko sistemu.

Nemot véra konkréta testa objekta nominalo motora klokvarpstas rotacijas
frekvenci (2200 min?) un jligvarpstas parnesumu attiecibu (3.67), jaudas
noteik$anu paredzéts veikt pie jligvarpstas apgriezienu diapazona no 300 lidz
625 mint ar 25 min? soli. Balstoties uz priekSizpétes rezultatiem, izturé$anas
laiks katra slogo$anas punkta iestatits uz 15 s. Ta ka slogosanas laika motors ne
vienmér darbojas stabili, ar katru degvielu veic 5 atkartojumus.

Neapstradatu datu pieméri — izdruka no jugvarpstas jaudas stenda MAHA
ZW-500 rokas terminala un degvielas patérina grafiks — ir paraditi 2.8. attela.

LPS ZW 500 23
(V 1.04 GB)
“elgava
J.CAKSTES BLV. 5
14:02 Clock 22.01.2014 < 3[)
Vehicle Data <=
Make -
CLAAS ARES 557ATX
Operating hours N
o 15
=
o
= — |:.-)
Result =
N Ma P Q‘ID
[U/min] [Nm] (k] 7
300 1426.2 44.8 [~}
325 462.8 498 g
349 1476.8  54.0 ';
375 1509.2  59.3 1)
401 1494.8  62.8 -]
425 1481.2  65.9 a
450 1464.8  69.0
474 1410.2  70.0
500 1371.0  71.8
524 1311.3  72.0 ]
550 1220.1  70.8
575 1144.3  68.9 i 50 1on 150 200 230 300
600 1046.0  65.7 b
a) 624 734.3 48.0 ) LaikSt S
'

2.8. att. Pétijumu programmas PP-4 neapstradatu datu pieméri
a — izdruka no jagvarpstas jaudas stenda rokas terminala; b — degvielas patérina grafiks

Traktora motora klokvarpstas rotacijas frekvenci aprékina péc formulas

(Dukulis, 2013):
n=n. -, (2.6)

I

kur n — traktora motora klokvarpstas rotacijas frekvence, min;
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i — traktora jugvarpstas parnesumu attieciba (CLAAS ARES 557ATX
traktoram 3.67);
nj — jligvarpstas rotacijas frekvence, min™.

Traktora motora efektivo jaudu aprékina péc formulas (Dukulis, 2013):

Ny 27)
n
kur N — traktora motora efektiva jauda, kW,

n — traktora jigvarpstas parvada lietderibas koeficients (CLAAS ARES
557ATX traktoram 0.95);
Njv — jauda, kas mérita no jugvarpstas, kW.

N, =

Traktora motora griezes momentu aprékina péc formulas (Dukulis, 2013):

Moo= M 2.8)

m | . 77
kur Mp — traktora motora griezes moments, N m;
My — griezes moments, kas merits no jigvarpstas, N m.

Ta ka katra nakama 15 s slodze pie noteiktiem jligvarpstas apgriezieniem
sakas tikai tad, kad apgriezieni klGst stabili (apméram pé&c 3 s), lai veiktu datu
analizi, tie ir jaizgrieZ no neapstradata degvielas paterina datiem (skat. 2.8.b att.).
Lidzigi ka neapstradata degvielas patrina dati izskatas arT atsevisku izpliides
gazu komponenSu meriSanas grafiki, tacu, nemot veéra izplides gazu un
mérierices specifiku, skaitlisko vertibu stabilizé$anas aiznem ilgaku laiku un ir
neiesp&jami izgriezt 15 sekunzu datu intervalus ka degvielas patérinpam. Tapéc
rezultatu prezentacijai tiek nemts katras izplides gazu komponentes vidgjais
daudzums visa jiigvarpstas apgriezienu diapazona no 300 Iidz 625 min™,

Degvielas patérinu aprékina p&c formulas (Dukulis, 2013):

1 &1
==.3=. , 2.9
Q(l-nfl) n Iz_l:(t ;Q(I-hlmom)ji (2.9)
kur Q(|Ah—1) — degvielas patérins, 1 h%;
n — atkartojumu skaits;
t— viena atkartojuma laiks, s;
Q(..h—1 mom) — Momentanais degvielas patérins, 1 h.

Ta ka gan traktora dizeldegvielas iesmidzinasanas sist€mas, gan degvielas
padeves sistemas piegada degvielu péc tilpuma, Tpatngjais degvielas paterins tiek
aprékinats nevis ka parasti g kW1 h, bet | kW h:

g — Q(I'hil)
¢ N

e

: (2.10)

kur ge - Tpatngjais degvielas patéring, | KW= hl,
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Petijumu programmas PP-5 eksperimentalo peétijumu metodika

Motorstenda izméginajumu, t.i., pétfjumu programmas PP-5 iekartu un
mériericu izkartojuma un sléguma shéma dota 2.9. attgla.

2.9. att. Iekartu un mérieri¢u izkartojums pétijumu programmas
PP-5 veik§anai

1 - regenerativa piedzina; 2 — mainstravas dinamometrs; 3 — motora vadibas karba;
4 — KOHLER motors; 5 — degvielas patérina mériekarta AVL KMA Mobile; 6 — degvielas
tvertne; 7 — degvielas filtrs; 8 — daudzkomponentu izplades gazu analitiska sistéma AVL
SESAM FTIR; 9 — apsildams filtrs; 10 — datori ar specialu programmattru; 11, 12 —
degvielas caurulvadi; 13 — izplades gazu apsildes sistéma; 14, 15, 16, 17 — AVL SESAM
FTIR, AVL KMA Mobile, dinamometra un motora datu kabeli.

P&étijumu programmas pamata ir iepriek$ izstradats slogoSanas cikls, kas
nodrosina test€jama motora darbibu klokvarpstas apgriezienu diapazona no 1000
Ilidz 2700 min?. SlogoSana tiek veikta ar soli 100 min, kas konkrétaja
apgriezienu diapazona veido 18 slogosanas solus. Degvielas padeves svira
iestatita maksimalas degvielas padeves stavokli. Katra slogoSanas sola
izturéSanas laiks 10s. Aktivizgjot testu, slodzes stends automatiski notur
iestatitos motora apgriezienus, vienlaikus registr&jot motora attistito jaudu un
griezes momentu, savukart papildus pieslégtas degvielas patrina un atgazu
sastava mériekartas registré attiecigi momentana degvielas patérina un izmesu
sastava datus.

Ar katru no eksperimentos izmantoto degvielu veidiem tiek veikti 5—7
atkartojumi. Sakotngji no katra eksperimentu atkartojuma tiek atlasiti katra
mérjjuma sola stabilie diapazoni, t.i., aptuveni 10 s, no ka tiek aprekinatas
mérjjumu sola vidgjas vertibas. Péc datu matematiskas apstrades rezultati tiek
att€loti ka katra degvielas veida visu atkartojumu vidgjas vertibas.
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Neapstradatu datu piemers ir paradits 2.10. attela.

3000
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2 L~ ©c 2
2 ,_P' \W 60 = E
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2— 40 k)
500 5}
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A H
0 0
0 50 100 150 200 250 300 350
Laiks, s
= Apgriezieni  =——Jauda, kW = Griezes moments, N m

2.10. att. Pétijumu programmas PP-5 neapstradatu jaudas un griezes
momenta datu piemers

2.3. Teoretiska modela apraksts

Lai varétu veikt teorétiskos pétjjumus, t.sk. dizelmotora darbibas
termodinamiskos aprékinus, konstru€tu motora efektivas jaudas un griezes
momenta liknes un aprékinatu degvielas paterinu, nepiecieSams matematiskais
modelis. Iesp&jami divi risindjumi — izveidot jaunu modeli vai izmantot kadu
esosu. Nemot véra, ka LBTU Tehniskaja fakultaté ieprieks izstradati tris ar
biodegvielu pielietojumu un modelésanu saistiti promocijas darbi, kuros veikta
modelu izstrade, $im nolikam iegadajoties modelésanas programmu ExtendSim,
ka arT to kodi un formulas ir pieejami un modific€jami, nolemts izmantot modeli,
kura veikta dizelmotora model&Sana (Dukulis, Birkavs, 2013), veicot
pielagosanu modela blokos, kur nepiecieSams noradit HVO degvielas 1pasibas
vai izmanto$anas specifiku.

Ta ka originalais modelis sastav no vairakiem simtiem bloku, kur katra no
tiem ir viena vai vairakas formulas to darbinasanai, tas visas $eit nav dotas, bet
pieejamas promocijas darba “Rapsa ellas degvielas izmantoSana dizelmotoros un
logistika” (Dukulis, 2013). Sajﬁ darba doti tikai attéli un formulas tiem blokiem,
kuros veiktas buitiskakas izmainas.

Ta ka iepriek§ minétais modelis ir paredzets, lai noverteétu rapsu ellas
izmantoSanu dizelmotoros, pirmais modulis, kas aprékina degvielas Ipasibas,
pieméram, oglekla (C), Gdenraza (H) un skabekla (O) saturu degvielas
maisTjuma, degvielas siltumsp&ju u.c. parametrus, ir batiski japarveido. Otrais
modulis veic motora darbibas termodinamisko aprékinu, bet treSais — konstrug
motora efektivas jaudas un griezes momenta liknes (skat. 2.11. att.). Pedgjiem
diviem moduliem nav nepiecieSamas butiskas izmainas.
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Degvielas tips (FDD, HVO, maisijums)

o Degyvielas Tpasibu aprékins

Degvielas C, H, O saturs, siltumspgja u.c.

o Dizelmotora termodinamiskais aprékins

Motora efektiva jauda N, griezes moments M,

— K+ (=

o Jaudas un griezes momenta raksturltknu konstu€sana

N.(n), M (n) u

2.11. att. Modela blokshéma
Vispariga gadijuma degvielas zemako siltumsp&ju Q; (kJ kgt) aprekina pec
formulas:

Q, =(33.91.C+103.01-H-10.89-0)-1000, (2.12)

kur C - oglekla saturs degviela, masas dalas;
H — Gdenraza saturs degviela, masas dalas;
O — skabekla saturs degviela, masas dalas.
Maistjumdegvielam $os lielumus aprékina ka vidgjos svértos (Dukulis,
2013):
H

-m; sat-i * M

e . (212

sat—i

n
z Csat—i -m;
=1

C=i ,H=i:1n

n
> m, m,
i=1

n
mi
i=1 i=1

kur m;— i-tas degvielas saturs maisijuma, masas %;

Csati — i-tas degvielas oglekla saturs, masas dalas;
Hsati — i-tas degvielas tidenraza saturs, masas dalas;
Oésat-i — I-tas degvielas skabekla saturs, masas dalas.

Oglekla, tdenraza un skabekla saturs fosilaja dizeldegviela un
biodizeldegviela ir zinams jau ilgu laiku (modelesanai tiek pienemtas vidgjas
vertibas attiecigi 0.870, 0.124 un 0.006 fosilajai dizeldegvielai un 0.754, 0.136
un 0.110 biodizeldegvielai). Ta ka HVO ir salidzinosi jauna degviela, daudzi
petnieki visa pasaule peta HVO fizikali kimiskas 1paSibas atkariba no
hidroapstrades temperatiiras un katalizatoriem. Vid€jas vértibas ir: 0.848
ogleklim, 0.150 tdenradim un 0.002 skabeklim (Bezergianni et al., 2014;
Lapuerta et al., 2011; Pinto et al., 2013).

Modela bloki degvielas maistjuma satura un zemakas siltumspg&jas vertibas
noteikSanai paraditi 2.12. attela.
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2.12. att. Modela bloki degvielas maisijuma satura un zemakas
siltumspgjas veértibas noteikSanai

Veicot So bloku testa simulacijas, aprekinata (teorétiska) zemaka
siltumspgjas vértiba tirai HVO ir 44185 kJkg?, fosilajai dizeldegvielai
42210 kJ kg*, biodizeldegvielai 38380 kJ kg*. Salidzinot §is vértibas ar datiem
no 1.1. tabulas, var secinat, ka modific€tais modulis darbojas korekti.

Modela otrais modulis “Dizelmotora termodinamiskais aprékins” nosaka
motora efekttvo jaudu un griezes momentu, pamatojoties uz visiem degvielas
satura jutigiem parametriem. Dize]lmotora termodinamiskais aprekins balstas uz
klasiskam sakaribam, kas dotas dazados informacijas avotos (Van Basshuysen,
Schaefer, 2016; Xin, 2011), bet ieprieks izstradatais modelis (Dukulis, 2013)
papildinats ar iesp&ju ievadit konkrétajam motoram raksturigus koeficientus
atkariba no ta, vai motoram ir vai nav turbopiite, ar tieSo iesmidzinasanu vai
priekssadegsanas kameru utt. ST modula izejas parametri ir: maksimala efektiva
jauda Nemax (KW) pie motora klokvarpstas rotacijas frekvences Nmax (Min?),
degvielas paterin$ stunda Gt (kg h™) un efektivais griezes moments Me (N m)
(skat. 2.13. att.).
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2.13. att. Motora jaudas, degvielas patérina un griezes momenta

aprekina bloki
2.14. attela paraditi bloki, kas konstrué jaudas un griezes momenta
raksturliknes. Ta ka modelis sastav no vairakiem simtiem bloku, kuros ievaditie
parametri iespaido daudzu citu bloku vertibas, vairakas modela vietas izveidoti
parbaudes jeb kontroles bloki. Sadu bloku piemérs dots 2.15. attéla.
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2.14. att. Modela bloku piemeérs jaudas un griezes momenta
raksturliknu konstruésanai
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2.15. att. Modela bloku piemérs aprékinu kontrolei
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Lai motora un barosanas sist€mas parametru ievade un simulacijas rezultatu
aplukoSana butu értaka, izveidota ievades — izvades saskarne jeb logs (skat.
2.16. att.).
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2.16. att. Modela mainigo parametru ievades un simulacijas rezultatu
apliikoSanas logs

Veicot testa simulacijas (tajas netika nemts vera transmisijas lietderibas
koeficients, lai ieglitos motora datus var€tu salidzinat ar raZotaja tehnisko
specifikaciju), maksimala motora jauda 94.49 kW automobilim Opel Insignia
2.0 CDTi, izmantojot dizeldegvielu, tiek sasniegta pie 4000 min?, bet
maksimalais attistitais griezes moments ir 299.87 N m. Salidzinot iegutas
model&sanas vértibas ar automobilu razotaja sniegtajiem datiem (attiecigi 128 Zs
vai 96 kW un 300 N m), atskiribas neparsniedz 2%. Model&$anas pétijumiem
sada robezvertiba ir pielaujama un netrauce identificet atSkiribas, ekspluatgjot
automobili ar dazadam degvielam.

Ta ka eksperimentali testetas degvielas ir ar atSkirigu blivumu, un ieprieks
izstradatais modelis degvielas paterinu aprékina kilogramos stunda, tad
objektivakam salidzinajumam modelgSanas procesa izveidoti jauni bloki, kas
atkariba no maisjjuma komponensu sastava un blivuma aprékina gan maisijuma
blivumu, gan veic degvielas patérina parrékinu litros stunda (skat. 2.17. att.).
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2.17. att. Degvielas maisijuma blivuma un degvielas patérina
apréekina bloki

Veicot So bloku testa simulacijas un salidzinot aprékinatos blivumus HVO7
un BioDD7 degvielam ar datiem no 2.2. tabulas, kur eksperimentos izmantoto
maisfjumdegvielu blivumi ir attiecigi 830.0 un 837.2 kg m™®, var secinat, ka
jaunizveidotais modulis darbojas korekti.

Model&sanas rezultati un to salidzinajums ar eksperimentalajiem p&tijjumiem
doti 3.5. nodala.

Nodalas kopsavilkums

Izstradata teorétisko un eksperimentalo pétijumu vispariga shéma ietver
piecas pétijumu programmas, aptverot dazadus p&tijumu objektus (automobilis,
traktors un pétnieciskais motors), vienlaikus cenSoties, ja to lauj testjamo
objektu specifika, dazadajas programmas izmantot vienas un tas pat ierices,
piem@ram, degvielas patérina un atgazu meriSanai, lai p&tfjumu rezultatus
kopuma neiespaidotu dazadu ieri¢u izmantoSana.

Lai velak vargtu skaidrot iegiitos rezultatus, praktiski visam testos
izmantotajam degvielam bez to razotaju sertifikatiem veikta pilna fizikalo
parametru analize neatkarigas sertific€tas test€Sanas laboratorijas.

Katrai atseviSkajai p&tijumu programmai bez pétijumu objekta un iekartu
raksturojuma dota ari pétijumu veikSanas seciba, izméginagjumu apstaklu
raksturojums, veicamo testu apraksts, izméginajumos iegiito parametru veértibu
ietekm@joso faktoru analize, nepiecieS$amas mé&rfjjumu precizitates un
atkartojumu skaita pamatojums, ka arT aprakstita izméginajumu rezultatu izklasta
forma.

Teoretiska modela apraksta dotas galvenas atskiribas no ieprieks
izstradatajiem modeliem, ka ar7 izskaidrotas veiktas modifikacijas modulos,
formulas un parametros.
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3. REZULTATI UN DISKUSIJA

3.1. Pétijjumu programma PP-2 — viegla automobila testéSanas rezultati,
darbinot to ar FDD un HVO

Jaudas un griezes momenta merijumu rezultati

Automobila Opel Insignia jaudas un griezes momenta raksturliknes iegitas,
to darbinot ceturtaja parnesuma pie pilniba piespiesta akseleratora pedala.
Iegtitas raksturliknes atspogulo automobila jaudu un griezes momentu uz
dzenosajiem riteniem.

Salidzinot jaudas un griezes momenta vid€jas vertibas ar katra atseviska
brauciena vertibam, griezes momenta raksturlikneém korelacija parsniedz
99.96%, bet jaudai — 99.97%. Sada datu sakritiba vértgjama ka loti augsta, lidz
ar to 3 atkartojumi jaudas un griezes momenta merijumos ir pietickami.

Izmantojot jaudas un griezes momenta vidgjas vertibas pie konkrétajiem
apgriezieniem, konstruétas jaudas un griezes momenta raksturliknes, darbinot
automobili Opel Insignia ar HVO un FDD (skat. 3.1. att.).
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3.1. att. Jaudas un griezes momenta raksturliknes, darbinot automobili
Opel Insignia ar HVO un fosilo dizeldegvielu
Eksperimentu rezultati parada, ka darba ar abam degvielam automobila
jaudas un griezes momenta raksturliknes visa motora klokvarpstas rotacijas
frekvences diapazona ir 1idzigas. Darbinot automobili ar HVO, vidgjais jaudas
un griezes momenta pieaugums, salidzinot ar FDD, ir 1%.
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Maksimala jauda ar HVO 82.13 kW tiek sasniegta pie 3760 min, bet ar
FDD — 81.85kW pie 3700 mint. Maksimalais griezes moments ar HVO
276.85 N'm tiek sasniegts pie 2400 min?, bet ar FDD — 27449 N m pie
2360 min?. Maksimalas jaudas atskiriba — 0.34%, bet maksimala griezes
momenta atSkirtba — 0.86%. levertgjot iekartas precizitati, atSkiribas uzskatamas
par nebitiskam.

Degvielas paterina merijumu rezultati

Visu atkartojumu vidgjais dizeldegvielas patérin§ brivgaita ir
0.499+0.003 | h't, bet HVO — 0.505+0.003 | h. Atskiriba ir 1.02%. Nemot véra
to, ka brivgaitas degvielas paterinu visvairak iespaido dazadi testéSanas apstakli
(pieméram, motora temperatiira), So atskiribu nevar uzskatit par bitisku.

Tapec objektivak degvielas paterina izmainas raksturo tieSi dazadie
brauksanas rezimi. Visu atkartojumu rezultatu vidgjo veértibu apkopojums dots
3.1. tabula.

3.1. tabula. Degvielas patérin$ litros uz 100 km daZados brauksanas
rezimos, lietojot FDD un HVO degvielu

ReZims FDD HVO Atskiriba
50 km ht 3.682 3.686 0.10%
90 km ht 5.001 5.376 7.50%
110 km h! 6.024 6.219 3.22%
Cikls IM-240 6.441 6.641 3.11%
Jelgavas cikls 9.397 9.954 5.93%
Videji: 3.97%

Ka redzams no 3.1. tabulas datiem, tad vid€jais HVO degvielas paterins par
aptuveni 4% parsniedz FDD pat@rinu. Lai to izskaidrotu, jaapliiko bitiskakas abu
izmantoto degvielu ipasibas (skat. 3.2. tabulu).

3.2. tabula. FDD un HVO degvielas batiskakas ipasibas

Raditaji FDD HVO AtSkiriba
Blivums pie 15 °C, kg m 836.3 778.9 7.37%
Siltumspaja, MJ kg™t 44.0 439 0.23%
Siltumsp&ja, MJ I 36.8 34.2 7.61%

Ka redzams no tabulas datiem, tad abu degvielu siltumspg&ja MJ uz kilogramu
praktiski neatskiras, tacu vairak neka par 7% atskiras degvielu blivums. Tas ar1
rada 7.6% atskiribu siltumspgja uz vienu litru degvielas. Nemot véra arl
promocijas darba veiktos aprékinus, kur noskaidrots, ka vienada saspiestas
degvielas tilpuma HVO ir par 5.37% mazak energijas neka FDD, aptuveni tikpat
procentus var prognozeét maksimalo degvielas paterina pieaugumu.

Lai novertétu vidgjo vertibu iespgjamo kliidu, izmantota visparpienemta
statistisko datu apstrades metodika. Statistisko raditaju aprékinu piemers,
darbinot automobili ar HVO degvielu un braucot ar atrumu 50 km h, paradits
3.3. tabula.
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3.3. tabula. Degvielas patérina rezultatu kliidas novérteSanas apréekinu

piemeérs

Parametrs Vertiba
Vidgja vertiba 3.6858
Standartkluda 0.0073
Standartnovirze 0.1136
Amplitada 0.5184
Minimala vértiba 3.4400
Maksimala vertiba 3.9584
Merfjumu punktu skaits 240
Variacijas koeficients 0.20%
Kliuida pie ticamibas Ilimena 95.0% 0.0144

Variacijas koeficienta vértiba (0.20%) liecina, ka merijumu precizitate ir loti
augsta. Aprékinata degvielas patérina kluida pie ticamibas [Tmena 95% konkrétaja
aprekinu pieméra ir aptuveni 0.014 litri uz 100 km. Tadgjadi, pieméram, HVO
degvielas patérins, braucot ar atrumu 50 km h, ir 3.686+0.014 litri uz 100 km.
Analogiski aprékini abam degvielam veikti visos rezimos un to rezultati paraditi

3.2. attéla.
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3.2. att. Degvielas patérin$ daZzados brauk§anas rezimos, darbinot
automobili Opel Insignia ar HVO un FDD

Ka redzams no 3.2. att€la datiem, tad HVO patérins, salidzinot ar FDD, ir
lielaks visos rezimos pat, ievertgjot iespgjamo merfjjumu kladu.
Identiska metodika vid&jo vértibu iesp&amo kltidu novertésanai izmantota
arT katrai izpliides gazu komponentei, ka arf citas pétjjumu programmas visiem

parametriem, kurus var uzskatit par viena parametra atkartotiem mérjjumiem.
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Ka jau tika minéts ieprieks, Sis lielakais HVO degvielas patering
izskaidrojams ar mazaku tilpumisko siltumspéju, ko rada mazaks §1s degvielas
blivums, salidzinot ar FDD. Tapéc lietderigi aplikot, ka izskatitos 3.1. tabula un
3.2. att€la atspogulotie rezultati, ja degvielas paterins tiktu parrekinats
kilogramos uz 100 km (sk. 3.4. tabulu).

HVO degvielas masas patérind ir par 3.2% mazaks salidzindjuma ar
dizeldegvielu, tacu atseviskos testa rezimos atskiriba ir statistiski nenozimiga. Ta
ka braukSanai vienmériga atruma un brauksanas ciklos ir nepiecieSams lidzigs
griezes moments, izmantojot abas degvielas, var pienemt, ka energijas
parveidosanas efektivitate test€jama automobila motoram raksturigos apstaklos
ir augstaka parafina sintetiskajai degvielai HVO, salidzinot ar FDD. Tas art
izskaidro, kapéc pie atskiriga degvielas patérina maksimala griezes momenta un
jaudas testa braucienos griezes momenta/jaudas Iiknes ir tik tuvu viena otrai.

3.4. tabula. Degvielas patérin$ kg uz 100 km dazados brauk$anas reZimos,
lietojot FDD un HVO degvielu

ReZims FDD HVO Atskiriba
50 km ht 3.079 2.871 -6.77%
90 km ht 4.182 4.188 0.13%
110 km h! 5.038 4.844 -3.86%
Cikls IM-240 5.387 5.173 -3.97%
Jelgavas cikls 7.858 7.754 -1.34%
Videji: -3.16%

Degvielas patérina at$kiribu salidzindgjums lauj secinat, ka no energétiska
viedokla HVO ir lidzveértiga degviela fosilajai dizeldegvielai. Tomer, ta ka
degvielas uzpildes mérvieniba tomér ir litrs, bet ne kilograms, tad ar nelielu
degvielas patérina palielinajumu jarékinas.

Atgazu sastava mérijumu rezultati

Ka jau minéts eksperimentu metodika, tad dazadu komponensu daudzums
atgazes ir loti mainigs lielums ne tikai, salidzinot dazadus atkartojumus, bet ar1
viena atkartojuma robezas. Jaatzimé, ka vienas komponentes samazinasanas ar
kadu no degvielas paraugiem var izraisit citas komponentes nelielu
palielinajumu, un dazados rezimos tendences var biit atskirigas.

Promocijas darba NOy, nesadeguso ogliidenrazu HC, SO», CO» un CO satura
izmainas atgazes, darbinot automobili ar abam degvielam, dotas diagrammas, bet
kopsavilkuma (skat. 3.5.tabulu) paradits tikai atgazu satura komponentu
samazinajums dazados brauksSanas rezimos, lietojot HVO degvielu, salidzinot
pret FDD. Saja pétfjuma visam atgazu komponentém, kas parasti tiek salidzinatas
dazadu degvielu pétijumos, izmantojot HVO degvielu, ir tendence samazinaties,
salidzinot pret FDD. Turklat samazinajums konstatéts visos testetajos kustibas
rezimos. NOy dazados rezimos samazinajas vidéji par 6.8%, nesadegusie
ogltdenrazi — par 37.5%, SO, — par 13.1%, CO; — par 5.0%. Tvana gazes (CO)
atgazes, izmantojot HVO degvielu, nebija vispar. Japiebilst, ka arT ar fosilo
dizeldegvielu CO daudzums atgazes bija niecigs.
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3.5. tabula. Atgazu satura komponentu samazinajums dazados braukSanas
rezimos, lietojot HVO degvielu, salidzinot pret FDD

ReZims

(5]

g o — — And

c = = = < = 8 -

=3 g £ £ £ N g2 o)

S & X X = s >3 =

N 2 B3 8 3 =S
NOx -6.4% -7.6% -0.4% -12.8% -5.1% -8.2% -6.8%
HC -34.9% | -43.4% | -37.1% | -48.9% | -31.7% | -28.8% | -37.5%
SO. -13.7% | -28.6% -4.6% -2.4% -121% | -17.2% | -13.1%
CO2 -11.0% -7.8% -1.9% -1.5% -3.0% -4.8% -5.0%
CcO -100% -100% -100% -100% -100% -100% -100%

CO; koncentracijas samazinajums skaidrojams ar to, ka fidenraza un oglekla
attieciba HVO degviela ir 2.14, t.i., ieveérojami augstaka, salidzinot ar tipisko
dizeldegvielu, t.i., 1.88 (Labeckas et al., 2017; Sugiyama et al., 2012). Pilnigas
HVO sadegSanas laika, salidzinot ar FDD, rodas salidzino$i vairak H>O un
mazak COa.

HVO izmantoSana FDD vieta izraisa ari SO, emisiju samazinajumu. Naftas
produkti, pieméram, FDD, satur s€ru, kas degvielas razoS$anas laika tiek atdalits
lidz attieciga standarta noteiktajam Itmenim. SintStiska degviela, piemé&ram,
HVO, kas izgatavota no biologiskiem resursiem, parasti satur loti maz s€ra
savienojumu. Saskana ar Japanas pétnieku analitiskajiem datiem, dizeldegviela
ir 6 ppm séra, bet HVO parasti mazak neka 3 ppm (Sugiyama et al., 2012). Tas
izskaidro §1 pétfjuma rezultatus. Mazaks s€ra saturs izmeSos var pagarinat
izplides gazu pécapstrades iericu lietderigas kalpoSanas laiku. Tas var arl
samazinat cieto dalinu (PM) emisijas (Wang et al., 2009).

HVO ietekme uz NOy emisijam $aja pétijjuma bija mazak izteikta.
Vislielakais samazinajums tika konstatets tikai lielakas slodzes apstaklos,
vienmeérigi braucot ar atrumu 110 km h™. Ta ka HVO ir augstaks cetanskaitlis
neka dizeldegvielai, sadegSana sakas agrak motora darba cikla laika. Parasti tas
var radit paaugstinatu spiedienu un temperatiiru, kas var izraisit palielinatu NO
veidosanos.

Mazos un vid&jos motora apgriezienos parasti tiek izmantota degvielas
pilotiesmidzinasana, un to var attiecinat arm uz motoru $aja pétijuma. Degvielas
cetanskaitla pieaugums izpauzas ka Tsaks aizdegSanas kav&jums degvielas
pilotiesmidzinaSanas laika un mazaks p&c galvenas iesmidzinaSanas. Aprakstito
pilotiesmidzinasanas efektu un $kietamo siltuma izdaliSanas atruma liknu
salidzinajumu starp HVO un FDD sniegusi Japanas pétnieki (Sugiyama et al.,
2012). Saskana ar iekSdedzes motoru darbibas pamatprincipiem (Heywood,
2018), galvenais NO rasanas avots dizelmotora ir difuzijas sadegSanas faze, kas
sakas péc pilotsadegSanas un tiek pabeigta nakamas galvenas iesmidzinasanas
iepriek$€jas sajaukSanas faz€. Detalizéti NOx satura rezultati nav apkopoti
grafikos, bet NO> bija aptuveni 55% un NO tikai 45% no kopgja slapekla oksidu
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tilpuma abam parbauditajam degvielam. Parasti NO; ir jabGt no 10 lidz 30% no
slapekla oksidu emisijam no dizelmotora (Heywood, 2018). Tas nozimg, ka $aja
petijuma slapekla oksidu sastavu izplides gazes ietekm& gazu pecapstrades
sistémas.

Lietojot HVO, noverots ievérojams HC emisiju samazinajums par aptuveni
38%. Ir divi galvenie faktori, ka oglidenrazi var “izvairities” no sadegSanas
dizelmotoros — degvielas maistjums kliist parak liess, lai aizdegtos ieprieksgjas
sajauksanas degSanas fazg, kas seko aizdegSanas kavEjuma fazei, un degvielas
un gaisa maisijums kliist parak bagats, lai aizdegtos sajaukSanas kontrolétaja
degsanas faze (Heywood, 2018). Ta ka HVO ir ievérojami augstaks cetanskaitlis,
tas izraisa 1saku aizdegSanas kav€jumu un mazak izteiktu ieprieksgjas
sajauksSanas degsanas fazi. Tas var izraisit HC emisiju samazinasanos.

Salidzinot iegiitos rezultatus ar citiem pétijumiem, apstiprinds, kas tika
minéts situacijas apskata, t.i., dazadu parametru izmainu tendences atSkiras
atkariba no izmantotas degvielas Tpasibam un testa objektiem. Lidzigi ka Vacija
veiktaja pétijuma (Singer et al., 2015), HC izpludes gazes samazinas, bet NOx
pieaugums netiek noverots.

Salidzinot ar Cehija veikto p&tfjumu (Bortel et al., 2019), iegati loti lidzigi
rezultati CO, un NOy samazinajumam, bet HC samazindjums ir aptuveni divas
reizes mazaks.

Degvielas patérina pieaugums ir loti Iidzigs Lietuvas p&tnieku konstat&tajam
(Rimkus et al., 2019). HC izmainu tendences ir tuvas, bet NOx un CO;
koncentracijas samazinajums ir mazaks.

CO; izmainas ir tuvas, salidzinot ar italu p&tnieku datiem (Suarez-Bertoa et
al., 2019), tacu tur netika konstatétas butiskas izmainas citas izplides gazu
komponentgs. Fakts, ka ar HVO netika novérota jaudas un griezes momenta
samazinasanas, atbilst Japana veiktajiem testiem (Sugiyama et al., 2012), kur
konstatéts, ka HVO iesmidzinasanas daudzumam ir jabit par 3 lidz 5% lielakam
neka FDD, taCu tas neizraisa jaudas zudumus, darbinot motoru, aprikotu ar
Common Rail sisteému, lai gan tilpuma energijas saturs HVO degvielai ir aptuveni
par 5% mazaks.

3.2. Pétijumu programma PP-3 — viegla automobila testésanas rezultati,
darbinot to ar FDD, HVO7 un BioDD7

Pétjjumu programmas PP-3 uzdevums obligata biodegvielu piejaukuma
konteksta bija izverteét perspektivu pirmas paaudzes biodizeldegvielas
piejaukumu aizvietot ar pec tilpuma lidzvertigu HVO piejaukumu. Tapec bez
tiras fosilas dizeldegvielas tika testeta FDD ar 7% (peéc tilpuma)
biodizeldegvielas piejaukumu (BioDD7) un FDD ar 7% (péc tilpuma) HVO
(Neste Oil razotas NEXBTL) piejaukumu (HVO7).

Jaudas un griezes momenta merijumu rezultati
Automobila Opel Insignia jaudas un griezes momenta raksturliknes iegitas,
to darbinot ceturtaja parnesuma pie pilniba piespiesta akseleratora pedala.
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Salidzinot jaudas un griezes momenta vidgjas vértibas ar katra atseviska
brauciena vertibam, ka arT savstarp&ji atsevisko atkartojumu vertibas, griezes
momenta raksturlikném korelacija parsniedza 99.8%, bet jaudai — 99.9%. Sada
datu sakritiba vért€jama ka loti augsta, Iidz ar to 3 atkartojumi jaudas un griezes
momenta merijumos ir pietiekami.

Izmantojot jaudas un griezes momenta vid€jas vertibas pie konkrétajiem
apgriezieniem, konstruétas jaudas un griezes momenta raksturliknes, darbinot
automobili Opel Insignia ar trTs dazadam degvielam (tas turpmak att€los un
tabulas apzimétas ar FDD, BioDD7 un HVO7) (skat. 3.3. att.).
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3.3. att. Jaudas un griezes momenta raksturliknes, darbinot automobili
Opel Insignia ar tris dazadam degvielam

Eksperimentu rezultati parada, ka darba ar FDD un dizeldegvielu, kurai
piejaukti 7% HVO degvielas, automobila jaudas un griezes momenta
raksturltknes visa motora klokvarpstas rotacijas frekvences diapazona ir
lidzigas — jaudas un griezes momenta vértibu izmainas neviena no méeritajiem
datu punktiem neparsniedz 0.8%.

Maksimala automobila jauda ar FDD 84.1 kW tiek sasniegta pie 3780 min™,
ar BioDD7 — 82.3 KW pie 3760 min, bet ar HVO7 — 84.2 kW pie 3740 min'
(skat. 3.4.att). Maksimalas jaudas atSkiriba fosilajai dizeldegvielai un
dizeldegvielai, kurai piejaukti 7% HVO degvielas, ir 0.16%, kas uzskatama par
nebitisku. Savukart, darbinot automobili ar dizeldegvielu, kurai piejaukti 7%
biodizeldegvielas, tiek attistita par 2.12% mazaka maksimala jauda, salidzinot ar
FDD, un par 2.28% mazaka jauda, salidzinot ar HVO7 degvielu.
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3.4. att. Maksimalas jaudas vértibas un tam atbilstosas klokvarpstas
rotacijas frekvences, darbinot automobili Opel Insignia
ar tris dazadam degvielam
Maksimalais griezes moments ar FDD 281.5Nm tiek sasniegts pie
2400 mint, ar BioDD7 — 277.9 N m pie 2380 min‘%, bet ar HYO7 — 282.1 N'm
pie 2380 min (skat. 3.5. att.).
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3.5. att. Maksimala griezes momenta vértibas un tam atbilstosas
klokvarpstas rotacijas frekvences, darbinot automobili Opel Insignia ar
tris dazadam degvielam

Maksimalas griezes momenta atskiriba fosilajai dizeldegvielai un
dizeldegvielai, kurai piejaukti 7% HVO degvielas, ir 0.20%, kas uzskatama par
nebitisku. Savukart, darbinot automobili ar dizeldegvielu, kurai piejaukti 7%
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biodizeldegvielas, tiek attistits par 1.3% mazaks griezes moments, salidzinot ar
FDD, un par 1.5% mazaks griezes moments, salidzinot ar HVO7 degvielu.

Degvielas patérina mérijjumu rezultati

Degvielas patérina aprékinu rezultati paraditi 3.6. attéla.
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3.6. att. Degvielas patérinS daZados braukSanas rezimos, darbinot
automobili Opel Insignia ar tris dazadam degvielam
Visu atkartojumu vid€jais  dizeldegvielas patérin§ brivgaita ir

0.536+0.003 | h't, HVO7 — 0.531+0.003 | h%, bet BioDD7 — 0.538+0.003 | h%,
Nemot véra to, ka brivgaitas degvielas patérinu visvairak iespaido dazadi
test€Sanas apstakli (piem&ram, motora temperatiira), §1s atSkiribas (1% robezas)
nevar uzskatit par buitiskam.

Tapéc objektivak dizeldegvielas pat€rina izmainas raksturo tiesi dazadie
brauk§anas rezimi. Visu atkartojumu rezultatu vid€jo vertibu apkopojums dots

3.6. tabula.

3.6. tabula. Degvielas patérin$ daZzados brauk$anas rezimos, lietojot tris
dazadas degvielas

Atskiriba | Atskiriba | AtSkiriba

ReJims FDD BioDD HVO7 (BioDD7 (HvO7 (HvO7
7 pret pret pret

FDD) FDD) BioDD7)
50 km h'? 3.458 3.603 3.477 4.22% 0.57% -3.63%
90 km h! 4.863 5.045 | 4.865 3.74% 0.04% -3.70%
110 km h'! 5.833 5.963 5.736 2.24% -1.68% -3.96%
Cikls IM-240 6.075 | 6.260 6.100 3.04% 0.40% -2.63%
Jelgavas cikls | 9.098 9.307 9.193 2.30% 1.04% -1.24%
Vidgji: 3.11% 0.07% -3.03%
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Ka redzams no 3.6. tabulas datiem, tad vidgjais FDD un HVO7 patérins
atSkiras tikai par 0.07%, kas uzskatams par nebiitisku atSkirtbu. Savukart,
darbinot automobili ar BioDD7, patérins vidgji ir par 3.11% lielaks, salidzinot ar
FDD, un vidgji par 3.03% lielaks, salidzinot ar HVO7 degvielu.

Atgazu sastiava mérijumu rezultati

3.7.— 3.11. tabula dotas attiecigi NOy, nesadeguso HC, SO,, CO, un CO
satura izmainas dazados braukSanas rezimos, lietojot BioDD7 un HVO7
degvielas, salidzinot tas gan pret fosilo dizeldegvielu, gan savstarpéji.

3.7. tabula. NOx satura izmainas dazados braukSanas rezimos, lietojot tris
dazadas degvielas

<

ReZims

<

= — — A

= £ = = < w2 3 =
= < = 235 > @ oy
jie-8 0 I IS x © ¥ =
z & = < < | os| o3| 2
< R o 8 = (8] >

=<} o > 3 =

BioDD7 pret FDD | -6.64% | -0.10% | -5.66% | 10.67% | -5.81% | 2.78% | -0.79%
HVOT7 pret FDD -8.05% | 0.30% | -7.17% | -3.82% | -5.58% | -3.08% | -4.57%
HVO?7 pret BioDD7 | -1.33% | 0.40% | -1.43% |-14.90%| 0.22% | -5.94% | -3.83%

Lietojot BioDD7 degvielu, NOy saturs atgazgs, salidzinot ar FDD, praktiski
nemainas (vidgjais samazinajums 0.79%). Ari, lietojot HVO7 degvielu,
salidzinot ar FDD, §is komponentes vidgjais samazinajums ir neliels — 4.57%,
bet, salidzinot ar BioDD7 degvielu — 3.83%. Ta ka pétijjumu programmas PP-2
un PP-3 tika testéts tas pats automobilis, ka arT tika izmantotas tas pat iekartas,
tad, salidzinot ar pirmo testu sériju, kur tiras HVO degvielas izmantoSana
samazinaja NOx emisijas vid&ji par 6.8%, salidzinot ar tiru FDD, var secinat, ka
§is atgazu komponentes samazinajumu nodrosina pat neliels (Saja gadijuma 7%)
HVO piejaukums. Tomér janem vera, ka starp testu serijam bija 6 m&nesu
partraukums, tapec rezultatus var ietekmét ari automobila tehniska stavokla
izmainas.

3.8. tabula. Nesadeguso ogladenraZu satura izmainas dazados brauksanas
reZimos, lietojot tris dazadas degvielas

ReZims
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BioDD7 pret FDD | 466.61% | 342.01% | 138.02% |1610.70%]| 96.97% | 266.63% | 486.82%
HVO7 pret FDD 5.26% | 27.85% | 10.49% | 71.55% | -29.07% | 5.23% | 15.22%
HVO7 pret BioDD7 |-438.28%|-245.71%|-115.41%|-897.18% |-154.23%|-248.40%-349.87%

Lietojot BioDD7 degvielu, bitiski pieaug nesadegu$o ogladenrazu saturs
atgazes, salidzinot ar FDD (vidgjais palielinajums — 4.9 reizes). Salidzinajumam,
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lietojot HVO7 degvielu, §is komponentes vid&jais palielindgjums ir neliels —
15.22%. Lietojot HVO7 degvielu, salidzinot ar BioDD7 degvielu, samazinajums
ir aptuveni 3.5 reizes.

Salidzinot ar pirmo testu seriju, kur tiras HVO degvielas izmantoSana
samazinaja HC emisijas vidgji par 13.1%, salidzinot ar tiru FDD, Saja gadijuma
tendence bija pretgja.

Apstiprinas Kinas p&tnieku konstat&tais (Szeto, Leung, 2022), ka maisijumos
ar mazu HVO procentualo dalu §is degvielas prieksrocibas (pieméram, augstais
cetanskaitlis) netiek izmantotas.

3.9. tabula. SO2 satura izmainas dazados brauk$anas rezimos, lietojot tris
dazadas degvielas

ReZims
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BioDD7 pret FDD | 37.31% | 55.28% |27.10% [13.78%| 36.56% | 68.20% | 39.71%
HVO7 pret FDD 9.89% [-32.88% | 9.45% [11.19%| -48.76% | -1.04% | -8.69%
HVO?7 pret BioDD7 |-24.95%-106.35%]-16.12%]-2.33% |-103.15%-69.94%-53.81%

Lietojot BioDD7 degvielu, pieaug ari SO, saturs atgazes, salidzinot ar FDD
(vidgjais palielinagjums aptuveni 40%). Lictojot HVO7 degvielu, $ai
komponentei konstatéts aptuveni 8.7% samazinajums. Salidzinot ar BioDD7
degvielu, samazinajums ir aptuveni 54%.

Salidzinot ar pirmo testu seriju, kur tiras HVO degvielas izmantoSana
samazinaja SO emisijas vid&ji par 13%, salidzinot ar tiru FDD, var secinat, ka
ari §1s atgazu komponentes samazinajumu nodroSina pat neliels HVO
piejaukums.

3.10. tabula. CO2 satura izmainas dazados brauksSanas reZimos, lietojot tris
dazadas degvielas

ReZims
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BioDD7 pret FDD | 6.06% | 2.37% | -0.46% | -1.98% | 1.95% | 1.41% | 1.56%
HVO7 pret FDD 3.25% [-12.97%| -1.75% | 0.53% | -0.10% | 0.45% | -1.76%
HVO7 pret BioDD7 | -2.72% |-15.65%| -1.29% | 2.52% | -2.05% | -0.96% | -3.36%

Lietojot BioDD7 degvielu, CO; saturs atgazgs, salidzinot ar FDD, mainas
maz (vidgjais palielinagjums 1.56%). ArT, lietojot HVO7 degvielu, salidzinot ar
FDD, §1s komponentes izmainas ir nelielas — vid€jais samazinajums 1.76%, bet,
salidzinot ar BioDD7 degvielu — 3.36%. Salidzinot ar pirmo testu s€riju, kur tiras
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HVO degvielas izmantoSana samazinaja CO> emisijas vidgji par 5%, salidzinot
ar tiru FDD, var secinat, ka arT §1s atgazu komponentes samazinajumu nodrosina
pat neliels HVO piejaukums. To nodrosina lielaka tidenraza un oglekla attieciba
HVO, salidzinot ar FDD.

3.11. tabula. CO satura izmainas daZados brauk§anas reZimos, lietojot tris
dazadas degvielas
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BioDD7 pret FDD | 17.40% [-45.41%)| 28.22% | 54.75% | 6.72% | -7.24% | 9.07%
HVO7 pret FDD 93.34% | 55.27% |128.18%|100.07%| 81.70% [144.83%|100.56%
HVO7 pret BioDD7 | 64.68% [125.78%]| 77.96% | 29.29% | 70.25% |162.54%] 88.42%

Lietojot BioDD7 degvielu, nedaudz palielinas CO saturs atgaz&s, salidzinot
ar FDD (vidgjais palielinajums aptuveni 9%). Jutamaks tas ir, lietojot HVO7
degvielu — aptuveni 2 reizes, bet, salidzinot ar BioDD7 degvielu — pieaugums ir
aptuveni 88%. Taka 1 ppm = 0.0001%, bet CO atgazes Sim automobilim m&rams
ppm desmitdalas, tad absoliitajas vienibas CO pieaugums, lietojot HVO7
degvielu, salidzinot ar FDD, ir no 0.00002 uz 0.00004%, kas ir loti nebutisks.
Japiebilst, ka pirmaja testu s€rija tvana gazes (CO) atgazes, izmantojot HVO
degvielu, nebija vispar, bet ar fosilo dizeldegvielu CO izmesi bija niecigi.
Skaitliskas vertibas $aja 6 ménesu laika ir picaugusas, ko var izskaidrot ar1 ar
minimalam automobila tehniska stavokla izmainam.

Salidzinot iegiitos rezultatus ar citiem pétjjumiem, kur veikta
maisijumdegvielu izpéte, var secinat, ka reizém rezultati sakrit viena vai vairaku
parametru izmainu tendencés, bet citiem parametriem nesakrit vai nu tendences
vai arf skaitliskas vértibas. Saturiski Iidzigs veiktsp&jas pétijums, salidzinot HVO
un BioDD maisijumus ar fosilo dizeldegvielu, vienlaikus nosakot arT degvielas
patérina un izplides gazu satura izmainas, tika veikts Koreja (Kim et al., 2014).

Jaudas samazinajums, izmantojot BioDD7 (Koreja veiktaja petjuma
BioDD10), bija identisks. Izmantojot HVO10, tika iegita aptuveni par 1%
mazaka jauda, tomer, nemot vera iesp&jamo kliidu, to varétu vertet ka nebutisku.
Loti lidzigas ir arT degvielas patérina izmainu tendences, tacu skaitliski tas HVO
maisijumdegvielas izmanto$anas gadijuma bija lielakas, bet BioDD — mazakas.
Atskiribas, salidzinot abus pétijumus, neparsniedza 1%. Atskiras tendences
izmeSu sastava— Koreja veiktaja petjuma HVO maisijumdegvielas
izmantoSanas gadijuma HC un CO satura tendences bija pretgjas, tapat ka BioDD
izmantoSanas gadijuma CO un HC koncentracija.

Ar Portugal@ veikto pétijumu (Serrano et al., 2021), kur testgja FDD, BioDD7
un HVOI15, sakritiba ir salidzinosi nelielaja degvielas paterina pieauguma,
lietojot HVO, bet tur tika konstatéts degvielas patérina samazinajums BioDD7
izmantoSana, kas ir diezgan apSaubams, jo visi pargjie maisfjumi, kur
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biodizeldegvielas saturs maisijuma bija virs 15%, deva biutisku paterina
palielinajumu. Lidzigas tendences BioDD7 izmantosana bija CO un NOy satura,
bet HVO15 — NOy un HC satura izmainu tendencgs, bet ne skaitliskajas vertibas.

Lietuva veiktajos Audi 1.9 TDI motora testos (Rimkus et al., 2019) viena no
test€tajam degvielam bija ar 10% HVO piejaukumu. Tur CO izmainas bija
nebitiskas, kas atSkiras no S§T petfjuma, bet l1dzigi rezultati konstat&ti NOy satura
izmainu tendenc@s un procentualajas vertibas.

Cita LBTU veiktaja pétijjuma (Birzietis et al., 2017) tika salidzinata FDD un
maisTjums, kas saturgja 9.15% HVO. P&tfjuma tika izmantots 2015. gada razots
pilnpiedzinas automobilis Mazda CX-5, bet testi un merjjumi tika veikti,
izmantojot tas pat iekartas, kas pétfjumu programma PP-3. Abos pétjjumos tika
konstatetas lidzigas tendences jaudas un griezes momenta izmainas, bet
degvielas paterina sakritiba bija tikai viena test€taja rezima, t.i., aptuveni 2%
samazinajums, izmantojot HVO saturo$u degvielu, pie konstanta brauksSanas
atruma 110 km hZ,

3.3.  Pétijumu programma PP-4 — traktora testéSanas rezultati, darbinot

toar FDD un HVO

P&tijumu programma veikti eksperimentalie p&tijumi, darbinot traktoru Class
Ares 557ATX, lietojot tiras degvielas DD un HVO. Jauda un griezes moments,
degvielas patérin§ un atgazu sastavs noteikts attiecigi ar MAHA ZW-500, AVL
KML MOBILE un AVL SESAM FTIR iekartam.

Jaudas un griezes momenta merijumu rezultati
Jagvarpstas jaudas stenda MAHA ZW-500 rokas terminala izdruku pieméri
paraditi 3.7. attela.
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3.7. att. Jagvarpstas jaudas stenda rokas terminala izdruku piemeéri
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Lai datus var€tu apstradat un att€lot grafiski, no Siem datiem aprékinata
traktora motora klokvarpstas rotacijas frekvence, traktora motora efektiva jauda
un griezes moments, attiecigi izmantojot formulas (2.6), (2.7) un (2.8) (skat.
30. Ipp.).

Motora efektivas jaudas un griezes momenta raksturliknes pec datu apstrades
(ticamibas ITmenis — 95%) dotas 3.8. attéla.

Motora efektiva jauda un griezes moments, izmantojot HVO degvielu,
salidzinot ar fosilo dizeldegvielu, samazinajas — vid¢ja jaudas un griezes
momenta samazinajums visa jlgvarpstas apgriezienu diapazona bija aptuveni
5.0%.

S vertiba ir tuvu procentualajai atskiribai, kas aprékinama no abu izmantoto
degvielu zemakas tilpuma siltumspéjas vértibam (36.4 MJ I fosilajai
dizeldegvielai un 34.4 MJ I HVO degvielai), t.i., 5.5%.
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3.8. att. Motora efektivas jaudas un griezes momenta raksturliknes,
darbinot traktoru Class Ares 557ATX ar HVO un fosilo dizeldegvielu

Degvielas patérina merijumu rezultati

Degvielas stundas patérina Q un Tpatngja degvielas paterina ge Iknes p&c datu
apstrades (ticamibas limenis — 95%) dotas 3.9. attela.

Neskatoties uz to, ka stundas degvielas patérins, izmantojot HVO, salidzinot
ar fosilo dizeldegvielu, ir samazinajies aptuveni par 1%, mazaka attistita motora
efektiva jauda ar So degvielu ir iemesls Tpatngja degvielas patérina pieaugumam
vidgji par 4.1%.
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3.9. att. Degvielas patérins visa motora klokvarpstas apgriezienu
diapazona, darbinot traktoru Class Ares 557ATX ar HVO
un fosilo dizeldegvielu

Atgazu sastava mérijumu rezultati

P&tljumu metodika jau tika minéts, ka, nemot véra izpludes gazu un
merierices specifiku, skaitlisko vertibu stabilizéSanas aiznem ilgaku laiku un ir
neiesp&jami izgriezt 15 sekunzu datu intervalus datu apstradei, ka tas tika darits
degvielas pat€rinam. Tap€c rezultatu prezentacijai tiek nemts katras izpliides
gazu komponentes vid&jai daudzums visa jligvarpstas un tiem atbilstoSo motora
klokvarpstas apgriezienu diapazona. NOx, CO,, HC un CO satura izmainas
atgazes, darbinot traktoru Class Ares 557ATX ar HVO un fosilo dizeldegvielu,
péc datu apstrades (ticamibas limenis — 95%) dotas 3.10. un 3.11. attéla.

Darbinot traktoru ar HVO, vidgjais NOx samazinajums ir 11.8%, salidzinot
ar fosilo dizeldegvielu. ArT citu svarigu vidi saudz&joso komponentu — kopgjo
nesadegu$o ogladenrazu (HC), CO un CO; daudzums, izmantojot HVO,
samazinas — attiecigi par 26.4, 14.5 un 5.2%.
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3.10. att. NOx un COz: satura izmainas atgazes, darbinot traktoru Class
Ares 557ATX ar HVO un fosilo dizeldegvielu

53



120
100
80
60

HC un CO, ppm

20

HC CoO

3.11. att. HC un CO satura izmainas atgazes, darbinot traktoru Class Ares
557ATX ar HVO un fosilo dizeldegvielu

Apkopojot $aja pétijumu programma iegtitos datus, var secinat, ka HVO ir
videi draudziga degviela ar nelielu degvielas patérina ekonomiju stunda, bet
lietotajam jabut gatavam jaudas un griezes momenta samazinajumam, kas
procentuali ir tuvs HVO un fosilas dizeldegvielas zemako tilpuma siltumspgju
vertibu atskiribai. Ta ka HVO izmantoSana traktortehnika pétita salidzino$i maz,
tad iegitie rezultati salidzinati ari ar citiem liela darba tilpuma (vismaz 4 litru)
motoru p&tijumiem, piemeram, autobusu un apvidus transportlidzeklu.

Cehija veiktaja pétijuma par 100% HVO ietekmi uz traktora Zetor
Foretrra 8641 ickSdedzes motora (darba tilpums 4.21) ekspluatacijas
parametriem, tika konstatéts, ka ar HVO degvielu motora maksimalais griezes
moments samazinas par aptuveni 0.9%, bet maksimala jauda par aptuveni 6%,
tacu to ir griti izskaidrot, jo abiem skaitliem butu jabut vienadiem, tapéc ka visu
jugvarpsta stendu specifika ir tikai viena parametra, t.i., griezes momenta
merisana, bet jauda tiek aprékinata, izmantojot griezes momenta un apgriezienu
vertibas. Pienemot par ticamu otro vértibu, t.i., 6%, tad abos petjjumus tendences
ir lidzigas. Tomer Ipatngja degvielas patérina izmainu tendences un skaitliskas
vertibas nesakrit (Pexa et al., 2015).

Tiras HVO degvielas patérina un skaitliskas vértibas sakrit ar Somija veikto
11 autobusu testésanu (Makinen et al., 2011), kur tika konstatéts degvielas
patérina pieaugums, salidzinot ar vasaras un ziemas klases fosilo dizeldegvielu,
attiecigi 5.2 un 3.5%.

Sescilindru dizelmotora ar turbopiti (darba tilpums 5.9 I) pétijumos Indija,
salidzinot ar FDD, tika konstat&ts NOy emisiju pieaugums par 26%, kas ir pretgji
gan péc tendences, gan skaitliskas vértibas. Samazindjums salidzinajuma ar FDD
tika konstatéts CO emisijam (par 16%) un HC emisijam (par 16%), kas ir tuvu
traktora Class Ares 557ATX eksperimentos konstatétajam (Singh et al., 2015).

Cita Somija veiktaja 17 autobusu test€$ana, izmantojot 100% HVO degvielu,
vidgjais NOx emisiju samazinajums bija 10%, CO 29% un HC 39%, salidzinot
ar FDD. Tas tika konstatets galvenokart Euro Il un Euro Il normam atbilstosiem
autobusiem (Erkkilam et al., 2011). Un $o gan p&c tendencém, gan skaitliskajam
vertibam var noverteét ka vistuvako promocijas darba ietvaros veiktajam
petijumam.
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NOy, HC un CO samazinajuma tendences sakrit arT ar Indija veikto p&tijumu
(Kumar et al., 2021), tomér tur tika konstatéts, ka HC un CO emisijas samazinas
maisTjumiem ar HVO saturu lidz pat 30%, bet, kad HVO procentualais daudzums
tiek vel vairak palielinats, emisijas sak pieaugt. Ar So petijumu pilniba sakrit NOx
emisiju izmainu tendences.

Tapat tendence, bet ar aptuveni tris reizes mazaku skaitlisko samazinajumu,
sakrit ar Somija pétito apvidus transportlidzekla dizelmotoru (darba tilpums
4.4 1), kur tika noverots 4.3% NOy emisiju samazinajums, izmantojot FDD vieta
HVO (Ovaska et al., 2019).

3.4. Peétljumu programma PP-5 — motora testéSanas rezultati, darbinot
to ar FDD, HVO un HVO5

Ta ka pétot automobili (p&tjjumu programmas PP-2 un PP-3) vai traktoru
kopuma (pétijumu programma PP-4), iegiitos jaudas un griezes momenta, ka ari
degvielas patérinu rezultatus iespaido zudumi, kas rodas automobila
parnesumkarba, galvenaja parvada, ritenu gultnos, traktora juigvarpstas parvada
un citos saistitos mezglos, bet atgazu sastavu ietekm& spekratu atgazu
neitralizacijas sistémas, pétijumu programma PP-5 uz stenda testéts motors. Saja
gadijuma tiek iegiiti salidzinosi “tiri” jaudas, griezes momenta un atgazu dati, jo
iepriekSminéto rezultatus ietekmgjoso sistemu motoram nav. P&tamais motors
attiecinamas uz bezcelu spekratu motoriem, t.i., izmantoSanai iekravgjos,
buldozeros, ekskavatoros, bezcelu kravas automobilos, sniega tiritgjos, celtnos
u.tml., ka ari lauksaimniecibas un meZsaimniecibas traktoros, 1idz ar to visas
eksperimentalo pétijumu programmas izmantotie spekrati vai to motori aptver
pec iespgjas plasas pielietojuma jomas. Savukart to pasu degvielas pat€rina un
atgazu sastava noteikSanas iekartu izmantoSana, kas bija P-2, P-3 un P-4
programmas, nodro$ina, ka rezultatus pec iespgjas maz ietekmé iesp&jami citu
meriekartu izmantosana. Ta ka p&tfjumu programma PP-5 tika realizéta ziemas
apstaklos, tad test€tas trTs Saja laika komerciali pieejamas degvielas — 2. arktiskas
klases FDD, tira HVO (Neste My), un FDD ar 5.21% HVO piejaukumu péc
tilpuma (Pro Diesel) jeb turpmak teksta HVOS.

Jaudas un griezes momenta merijjumu rezultati

Datu apstrade veikta Iidzigi ka traktora pétijumos, t.i., no katra eksperimentu
atkartojuma atlastti katra mérfjuma sola stabilie diapazoni, t.i., aptuveni 10 S, no
ka aprekinatas meérijjumu sola vidgjas vertibas. PEc datu matematiskas apstrades
rezultati att€loti ka katra degvielas veida visu atkartojumu vidgjas veértibas.
Motora jaudas un griezes momenta raksturliknes péc datu apstrades (ticamibas
limenis — 95%) dotas 3.12. attéla. Salidzinot jaudas un griezes momenta katra
atseviska atkartojuma vertibas pie noteiktiem apgriezieniem, korelacija FDD
vertibam parsniedz 98.1%, HVO — 99.6%, bet HVO5 — 98.0% (no ar katru
degvielu veiktajiem 5 — 7 atkartojumiem datu apstradei tika atstati vismaz Cetri
ar visaugstako savstarpgjo jaudas, apgriezienu un griezes momenta datu punktu
korelaciju).
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3.12. att. Eksperimentala motora jaudas un griezes momenta raksturliknes,
darbinot to ar tris dazadam degvielam

Augstaka jauda un griezes moments ieguts, motoru darbinot ar HVO5
degvielu, bet zemakie — ar tiru fosilo dizeldegvielu. Darbinot motoru ar HVO5,
iegita maksimala jauda 26.2 kW pie 2600 min? un maksimalais griezes
moments 120.9 N m pie 1600 min?. Maksimalas jaudas pieaugums ir 2% un
maksimala griezes momenta picaugums 2.4%, salidzinot FDD (25.7 kW pie
2600 min*t un 118.1 N m pie 1600 min‘t).

Darbinot motoru ar tiru HVO degvielu, iegiita maksimala jauda 26.0 kW pie
2600 min? un maksimalais griezes moments 119.5 N'm pie 1600 min.
Maksimalas jaudas pieaugums ir 1.4% un maksimala griezes momenta
pieaugums 1.2%, salidzinot ar FDD. Ta ka degvielam ir atSkirigas TpaSibas
(degvielas blivums, siltumspgja, cetanskaitlis u.c.) (skat. 2.3. tabulu), tad jaudas
un griezes momenta izmainas jaapliiko kopa ar degvielas patérina izmainam.

Salidzinot ar pétijumu programmu PP-2, kur automobilis Opel Insignia tika
darbinats ar HVO un fosilo dizeldegvielu, jaudas un griezes momenta izmainu
tendences ir I1dzigas. Skaitliski izmainu atskiribas neparsniedz 1%. Salidzinot ar
pétfjumu programmu PP-4, kur ar tam pat degvielam tika darbinats traktors Class
Ares 557ATX, tendences ir pretgjas, jo tur, izmantojot HVO degvielu, salidzinot
ar fosilo dizeldegvielu, jaudas un griezes momenta samazinajums bija aptuveni
5.0%.

Arf salidzinot ar pétijumu programmu PP-3, kur automobila Opel Insignia
darbinasanai tika izmantota HVO7 un fosila dizeldegviela, jaudas un griezes
momenta izmainu tendences ir [1dzigas, tomer tur atskiribas neparsniedza 0.2%.

Salidzinot ar citu p&tnieku iegiitajiem rezultatiem, kur p&tjjumi veikti uz
motorstenda, dazkart veérojamas atskiribas. Pieméram, Koreja (Kim et al., 2014)
veiktaja petljuma, piejaucot Iidzigu daudzumu HVO fosilajai dizeldegvielai, tika
iegiits aptuveni 1% jaudas samazinajums, salidzinot ar FDD, bet ar tiru HVO
degvielu vairak neka 2% jaudas samazinajums.
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Degvielas patérina mérijumu rezultati

Degvielas stundas patérina Q un ipatngja degvielas patérina ge liknes péc datu
apstrades (ticamibas limenis — 95%) dotas 3.13. attéla. Salidzinot degvielas
paterina katra atseviska atkartojuma vértibas pie noteiktiem apgriezieniem,
korelacija visam degvielam bija vismaz 99.8% (no ar katru degvielu veiktajiem
5—7 atkartojumiem tika atstati vismaz Cetri — tie pasi, kuri jaudas un griezes
momenta analizei).
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3.13. att. Degvielas patérins visa motora klokvarpstas apgriezienu
diapazona, darbinot to ar tris dazadam degvielam

Momentano degvielas patérinu tendence ir lidziga ka jaudas datiem.
Zemakais degvielas stundas patérin$ iegiits, motoru darbinot ar fosilo degvielu,
bet lielakais — ar HVO5 degvielu.

Darbinot motoru ar HVOS5, maksimalais vidgjais stundas degvielas paterins
visa klokvarpstas apgriezienu diapazona ir par 2.34% lielaks neka FDD, bet tirai
HVO tas ir par 1.00% lielaks neka FDD.

Tomér objektivak ir salidzinat Tpatn&ja degvielas patérina datus, kas iegiti
aprekinu cela momentano degvielas patérinu konkréta apgriezienu punkta izdalot
uz $aja punkta attistito jaudu. Neskatoties uz to, ka, darbinot motoru ar HVOS,
ieglits augstakais stundas degvielas patérins, Ipatngjais degvielas patérins,
motoru darbinot ar $o degvielu, ir vismazakais. Tas nozimg, ka vienas jaudas
vientbas attistiSanai nepiecieSams mazaks degvielas daudzums, neka tas ir FDD
vai tiras HVO izmantoSanas gadijjuma. Vidgji visa analiz€taja motora
apgriezienu diapazona Tpatngja degvielas patérina samazinagjums HVOS5
izmantoSanas gadijuma ir 1.88%, bet HVO izmantosanas gadijuma — 0.86%,
salidzinot ar tiru fosilo dizeldegvielu.

Ta ka arT petfjumu programma PP-4 ar tiru HVO un FDD tika darbinats
traktors Class Ares 557ATX, nosakot Tpatngjo degvielas paterinu, var konstatét,
ka tur, izmantojot HVO, salidzinot ar fosilo dizeldegvielu, Tpatn&jais degvielas
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patérins pieauga vidgji par 4.1%. Un tas kartgjo reizi apliecina situacijas apskata
konstatéto, ka rezultati ir atskirigi, ja atSkiras testtie sp€krati, to motori,
degvielas iesmidzinasanas sist€mas u.tml.

Koreja (Kim et al., 2014) veiktaja petijuma, piejaucot lidzigu daudzumu
HVO fosilajai dizeldegvielai, tika iegiits aptuveni 0.1 Iidz 0.3% degvielas
pieaugums, salidzinot ar FDD.

Lietuva, testgjot motoru uz stenda (Rimkus et al., 2019), 10 —30% HVO
piejaukums samazinaja degvielas masas pat€rinu par 2 —3%. Tacu, vertgjot
degvielas tilpuma patérina raditajus, tika konstatéta pretéja tendence — rezultati
uzradija degvielas pat€rina pieaugumu Iidz aptuveni 6% visos klokvarpstas
rotacijas atruma un slodzes punktos.

Atgazu sastava mérijumu rezultati

NOy, HC, CO; un CO satura izmainas atgazgs, darbinot motoru ar tris
dazadam degvielam, p&c datu apstrades (ticamibas limenis — 95%) dotas 3.14. —
3.17. attela. No ar katru degvielu veiktajiem 5 — 7 atkartojumiem datu apstradei
tika atstati vismaz Cetri — tie pasi, kuri jaudas, griezes momenta un degvielas
patrina analizei.
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3.14. att. NOx satura izmainas atgazes, darbinot eksperimentialo motoru ar
tris dazadam degvielam

Ja par atskaites punktu pienem NOy saturu, darbinot motoru ar FDD, tad tiras
HVO izmantosanas gadijuma NOjx saturs izmeSos visa motora klokvarpstas
apgriezienu diapazona palielindjies vid&ji par 3.0%, bet, izmantojot HVOS
degvielu, vidgji par 8.8%. NOx izmesu maksimumi, izmantojot visas degvielas,
veidojas pie apgriezieniem, kas sakrit ar griezes momenta maksimumu, un
300 min'! pirms apgriezieniem, kad tiek sasniegta maksimala jauda.
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3.15. att. NesadeguSo ogliidenraZu satura izmainas atgazes, darbinot
eksperimentalo motoru ar tris dazadam degvielam
Tiras HVO izmanto$anas gadijuma HC saturs izmeSos visa motora
klokvarpstas apgriezienu diapazona, salidzinot ar FDD, samazinajies vidg€ji par
60%, bet, izmantojot HVOS5 degvielu, palielingjies vid&ji 1.45 reizes.
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3.16. att. CO2 satura izmainas atgazes, darbinot eksperimentalo motoru ar
tris dazadam degvielam

Tiras HVO izmantoSanas gadijuma CO; saturs izmeSos visa motora
klokvarpstas apgriezienu diapazona, salidzinot ar FDD, palielinajies vidg&ji par
0.9% un $§1 atSkiriba veért€jama ka nebitiska bet, izmantojot HVOS degvielu,
vid&ji par 8.4%. Salidzinot CO- izme$u grafiku ar 3.12. attéla jaudas un griezes
momenta raksturlikném, redzams, ka §1s izmesSu komponentes saturs tiesi “seko”
motora attistitajam griezes momentam.
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3.17. att. CO satura izmainas atgazes, darbinot eksperimentalo motoru ar
tris dazadam degvielam

Tiras HVO izmanto$anas gadijuma CO saturs izmeSos visa motora
klokvarpstas apgriezienu diapazona, salidzinot ar FDD, palielinajies vidgji par
3.0%, bet, izmantojot HVOS5 degvielu, vidgji par 36%. Ar1 CO izmesu grafikam
ir tieSa sakariba ar griezes momenta raksturlikni — §Is izmeSu komponentes
maksimums, izmantojot visas degvielas, veidojas pie apgriezieniem, kas sakrit
ar griezes momenta maksimumu.

Aplikojot 3.14. — 3.17. attela dotos grafikus, sakotngji iegiitie rezultati skiet
pretéji logikai, t.i., tiek sajauktas divas degvielas, kuram visu izmeSu
komponensu saturs ir praktiski vienads (3% atskiriba izmeSu pétijumos prakse
netiek uzskatita par nozimigu), bet maisijjumdegviela tick ieglita ar bitiski
sliktakiem visu izmeS$u raditajiem. Tomér, atgriezoties pie situacijas apskata, arT
Portugalé veiktajos eksperimentos (Serrano et al., 2021), pétot degvielas ar
nelielu biokomponen$u piejaukumu, iegitiec izmeSu rezultati bija tikpat
pretrunigi. Turklat apjomigos pétijumu apkopojumos (No, 2014; Sonthalia,
Kumar, 2019; Sunde et al., 2011; Szeto, Leung, 2022) akcentéts, ka visas HVO
prieksrocibas, izmantojot HVO un fosilas dizeldegvielas maisijumus, netiek
izmantotas, ka arT izmesSu tendences ir loti dazadas atkariba no izmantota motora
veida, testa apstakliem, konkréto degvielu ipasibam, ka arT no ta, vai
eksperimenti tiek veikti, izmantojot motorstendus vai spekratus kopuma. Un ar1
Saja konkrétaja petijuma atskirigas tendences no pargjas petijumu programmas
ieglitajiem rezultatiem varétu rasties d€| ta, ka motors nav aprikots ar atgazu
neitralizacijas sistemu.

3.5. Pétijjumu programma PP-1 — teor&tiskie pétijumi un to rezultati

Automobila Opel Insignia 2.0 CDTi motora model&$anas p&tijumos vispirms
analizétas degvielas, kas atbilst eksperimentdlo pé&tjjumu programma PP-3
test€tajam degvielam, t.i., tira fosila dizeldegviela un tas 7% maisljumi ar
biodizeldegvielu un hidrogenéto augu ellu (FDD, BioDD7 un HVO7).
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P&c tam modeléti HVO 15, 25 un 50% maistjumi ar dizeldegvielu, ka arT tira
hidrogenéta augu ella. Sadas maisfjumu koncentracijas modelesanai izvélétas,
balstoties uz citas valstis veikto petfjumu ieteikumiem, piemeram, Spanijas,
Kolumbijas un ASV zinatnieki (Lapuerta et al., 2011) uzskata, ka kompromiss
starp HVO sliktakam e]loSanas TpasSibam un augstaku cetanskaitli ir ieteikums
lietot zemas vai vidéjas HVO koncentracijas (I1dz 50%) maisijumus lidz bridim,
kad automobilu razotaji biis veikus$i motoru vadibas bloku kalibrésanu, t.i.,
pielagosanu tiras HVO izmanto$anai (Hunicz et al., 2020). Aukstakos regionos,
t.sk. Latvija 1pasi ziemas laika janem veéra ar1 degvielas maisTjumu aukstas
plustamibas 1pasibas. Katri 10% HVO degvielas maisijuma pasliktina auksta
filtra aizsprosto$anas un sadulkoSanas temperatiiras attiecigi par aptuveni 4.0 un
1.5°C (Lapuerta et al., 2011). Talu prakse pierada, ka, pareizi izv€loties
degvielas piedevas, §1 probléma tiek atrisinata (skat. 2.3. tabulu). P&tijumu
programma PP-5 izmantotajai tirajai HVO degvielai CFPP temperatiira bija tikai
par 2 °C augstaka neka tirai dizeldegvielai (-38 °C pret -40 °C), bet sadulkosSanas
temperatiira pat par 6 °C zemaka (-34 °C pret -28 °C). Tomér tiras HVO
degvielas lietoSana tuvakaja nakotn€ ir mazak iesp&jams scenarijs, jo $T degviela
ir daudz dargaka, salidzinot ar fosilo dizeldegvielu (skat. 4. nodalu).

3.18. attela paradits modeléSanas ievades parametru piemérs tiras FDD
izmanto$anas gadijuma, nemot vera arl transmisijas lietderibas koeficientu un
ievadot motora klokvarpstas rotacijas frekvenci, pie kuras tiek attistita
maksimala motora efektiva jauda atbilstoSi eksperimentalajiem pétijumiem
(skat. 3.4. att.).
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3.18. att. Modela mainigo parametru ievades logs un jaudas un griezes
momenta raksturliknes un tas veidojoSo datu punktu vértibas tiras FDD
izmantoSanas gadijuma
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Salidzinot ar eksperimentalajos p&tjjumos iegiito jaudu 84.10 kW, modela
aprekinata (84.02 kW) atskiras par 0.1%. Savukart, salidzinot modeléSanas
rezultata un eksperimentos ieglitos griezes momentus (282.23 un 281.50 N m),
atskiriba neparsniedz 0.3%, tad&jadi var secinat, ka modelis darbojas korekti.

Jaudas un griezes momenta mode]p&tijumu rezultati, darbinot automobili
Opel Insignia ar FDD, BioDD7 un HVO?7, doti 3.12. tabula.

3.12. tabula. Jaudas un griezes momenta modelpétijumu rezultati, darbinot
automobili Opel Insignia ar tris dazadam degvielam

BioDD7 HVO7 HVO7
Parametrs FDD BioDD7 pret HVO7 pret pret
FDD FDD BioDD7

Nmax, KW 84.022 82.384 -1.99% 83.927 -0.11% 1.84%
Mmax, Nm | 282.234 | 276.731 -1.99% 281.913 -0.11% 1.84%

Eksperimentalajos pétijumos (skat. 3.4. un 3.5. att.) tika konstatéts, ka
maksimalas jaudas un griezes momenta atskiribas fosilajai dizeldegvielai un
dizeldegvielai, kurai piejaukti 7% HVO degvielas, uzskatamas par nebiitiskam,
bet, darbinot automobili ar dizeldegvielu, kurai piejaukti 7% biodizeldegvielas,
tiek attistita par 2.28% mazaka maksimala jauda un par 1.5% mazaks griezes
moments, salidzinot ar HVO7 degvielu. Ka redzams no 3.12.tabula
aprekinatajiem datiem, tad modelp&tijumu rezultati ir tuvi eksperimentalajiem,
t.i., HVO7 jaudas un griezes momenta atskiriba, salidzinot ar FDD (0.11%), ir
nebitiska, bet, salidzinot ar BioDD?7, tiek attistita gandriz par 2% augstaka jauda
un griezes moments.

Ta ka bitisks spekratu ekspluatacijas parametrs ir degvielas paterins, kas
savukart atkarigs no degvielu maisijumu siltumsp€jas un blivuma, veikti
modelpetijumi, izmantojot modelim pievienotos blokus, kas paraditi 2.12. un
2.17. attela. Model&Sanas rezultati doti 3.13. tabula.

3.13. tabula. Zemakas siltumspejas, blivuma un degvielas patérina
modelpétijumu rezultati, darbinot automobili Opel Insignia ar tris
dazadam degvielam

BioDD7 HVO7 HVO7
Parametrs FDD BioDD7 pret HVO7 pret pret
FDD FDD BioDD7

Qz ki kgt 42210 41942 -0.64% 42348 0.33% 0.96%
o kgm? 833.9 837.3 0.41% 830.1 -0.46% -0.87%
Gr, kg h't 7.243 7.292 0.67% 7.219 -0.33% -1.01%
g, lht 8.685 8.709 0.28% 8.697 0.14% -0.14%

Lai gan aprékinatas (teorétiskas) zemakas siltumspgjas vertibas tiram
degvielam ir krasi atSkirigas (FDD — 42210 kJ kg, HVO — 44185 kJ kg,
BioDD - 38380 kJ kg), tomér neliela satura piejaukumiem ($aja gadijuma 7%)
maistjumu  siltumsp&ju atSkiribas nav lielas. Salidzinot ar FDD, HVO7
maisTjumam ta ir par 0.33% augstaka, bet BioDD7 par 0.64% zemaka. Sis
starpibas transforméjas skaitliski 11dzigas degvielas stundas patérina izmainas —
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HVO7 0.33% samazinajums, bet BioDD7 0.67% palielinajums. Tomer sada uz
degvielas masu balstita interpretacija nav korekta, jo dizeldegvielas
iesmidzinasanas un padeves sistemas piegada degvielu pec tilpuma. Parrékinot
stundas degvielas pat€rinu uz litriem stunda (pie motora klokvarpstas grieSanas
frekvences nma, kad tiek attistita maksimala efektiva motora jauda Nemax),
Ipatngjais degvielas patérina samazinajums parverSas neliela pieauguma — 7%
HVO degvielas maisfjuma lietoSanas gadijuma aptuveni 0.14%, kas ir tuvu
eksperimentos vid€jai visos braukSanas rezimos konstatStajai atSkiribai.
Degvielas patérina modelpétijumi apliecina, ka HVO ir perspektiva biodegviela,
lai aizstatu tradicionalo biodizeldegvielu degvielas maisijumos. Piebilstams, ka
eksperimentalajos pétijumos HVO7 un BioDD7 degvielas patérina atskiribas
bija lielakas, salidzinot ar modelp&tijumiem.

Jaudas, griezes momenta, zemakas siltumspgjas, blivuma un degvielas
patérina modelpétijumu rezultati, darbinot automobili Opel Insignia ar FDD,
HVO15, HV025, HVO50 un HVO, doti 3.14. tabula.

3.14. tabula. Modelpétijumu rezultati, darbinot automobili Opel Insignia ar
piecam dazadam degvielam
Parametrs FDD | HVO15 pTe\'(/glljsD HVO25 | HVO50 | HVO pr:'t\I/:%D
Nmax, KW 84.022 | 83.820 | -0.24% | 83.692 | 83.396 | 82.916 | -1.33%
Mmax, N m | 282.234 | 281.557 | -0.24% | 281.127 | 280.132 | 278.519 | -1.33%
Qz, kJ kgt 42210 42506 | 0.70% | 42704 | 43198 44185 | 4.47%
o, kg m3 833.9 825.7 | -0.99% | 820.2 806.4 778.9 | -7.06%
Gr, kg h't 7.243 7.193 | -0.70% | 7.160 7.078 6.922 | -4.64%
g, 1 ht 8.685 8.711 0.30% 8.730 8.778 8.886 2.26%

Simulacijas rezultati liecina, ka katri 5% HVO degvielas maisijuma samazina
maksimalo jaudu un griezes momentu aptuveni par 0.07%, sasniedzot maksimalo
jaudas un griezes momenta starpibu 100% HVO izmantoSanas gadijuma —
1.33%. Nemot vera, ka 15% HVO un 85% fosilas dizeldegvielas maisijums ir
visrealakais scenarijs tuvakaja nakotng (to ar1 praktizé degvielas tirgotaji vasaras
meénesos), paredzamais jaudas un griezes momenta samazinajums (0.24%) ir
nenozimigs transportlidzeklu ekspluatacija. Modelpé&tijumu rezultati liecina, ka
tiras HVO izmantoSanas gadijuma var prognozét 2.26% degvielas patérina
pieaugumu, salidzinot ar fosilo dizeldegvielu. Aplikojot visrealako tuvakas
nakotnes scenariju, t.i., HVO15 maisfjumu, prognozgtais degvielas patérina
pieaugums ir 0.30%. Tas nozimé, ka no abiem galvenajiem darbibas aspektiem —
dinamikas un ekonomijas, ar1 teorétiskie petijumi HVO identific€ ka perspektivu
biodegvielu, lai aizstatu biodizeldegvielu degvielas maisijumos un veicinatu ES
direktivas un regulas noteikto mérku sasniegSanu.

Ari eksperimentalo pétijumu programma PP-2 (skat. 3.1. att. un 3.1. tabulu)
tika konstatéts, ka maksimalas jaudas un griezes momenta atskiribas fosilajai
dizeldegvielai un tirai HVO uzskatamas par nebiitiskam, bet degvielas pat€rina
eksperimentalie rezultati ir par 1.7% sliktaki neka modela prognozétie.
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4. HIDROGENETAS AUGU ELLAS IZMANTOSANAS
EKOLOGISKAIS UN EKONOMISKAIS
NOVERTEJUMS

Apkartgja gaisa piesarnojums ir butiskakais vides veselibas riska faktors
pasaulé. Aptuveni 3.5 miljoni priekslaicigas naves gadijumi 2017. gada no
insulta, plausu véza, diab&ta un apaksg€jo elpcelu infekcijam saistiti ar gaisa
piesarnojumu. Transporta nozares raditais piesarnojams attiecinams uz 361000
un 385000 priekslaicigiem naves gadijumiem 2010. un 2015. gada. 2015. gada
84% no priekslaicigiem naves gadijumiem, kas saistiti ar transporta nozares
radito piesarnojumu, bija G20 valstis (Anenberg et al., 2019).

Vertgjot jebkuras degvielas izmantoSanu sp&kratos, jaizdala divi aspekti —
kaitigie izmes$i, kas tie$a veida 1slaicigi vai ilglaicigi kait€ cilvéku veselibai un
videi, un izmesi, kas ietilpst SEG emisiju grupa un ietekmé visu plan&tu
kopuma — turklat ilgtermina.

SEG ir dabiskas un antropogénas izcelsmes atmosfeéras gazveida sastavdalas,
kas absorb& un reemité infrasarkano starojumu. Tiesas siltumnicefekta gazes ir
oglekla dioksids (CO), metans (CHa4), vienvértiga slapekla oksids (N:0),
fluoroglidenrazi (HFC), perfluorogludenrazi (PFC) un séra heksafluorids (SFé),
bet netiesas — oglekla monoksids (CO), slapekla oksidi (NOx) un nemetana
gaistoSie organiskie savienojumi (Grid National, 2023).

Analizgjot 4.1. att€la doto tieSo siltumnicefekta gazu apjomu procentos
(Center for Climate and Energy Solutions, n.d.), CO; veido aptuveni 76% no
kopgjam  siltumnicefekta gazu emisijam. Metans, galvenokart no
lauksaimniecibas, rada 16% procentus, bet slapekla oksids, galvenokart no
riipniecibas un lauksaimniecibas — 6% no globalajam emisijam. Visi skaitli Seit
ir izteikti CO2 ekvivalentos.

N,O
6%

HFC, PFC, SFs
2%

CH,
16%

4.1. att. TieSo siltumnicefekta gazu apjoms procentos pasaulé
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CO,, CH4 un N2O izdalas ne tikai no transporta, bet ari Citos procesos,
pieméram, CO; — vulkana izvirdumos, augu, dzivnieku un cilvéku elpoSana,
metans — dabiski sadaloties, bet cilvéka darbiba ir likvidgjusi dabisko Iidzsvaru,
jo lielu metana daudzumu izdala liellopu audz&Sana, poligonu atkritumu
izgaztuves, risu audzesana un tradicionala naftas un gazes razoSana. Savukart
slapekla oksidu rada organiska méslojuma izmantoSana, fosila kurinama
sadedzinasana, slapeklskabes raZo$ana u.C. procesi.

Lai varétu veikt turpmako analizi, jaizprot CO, ekvivalenta jédziens. To
parasti apzimé ar COe un izmanto, lai standartiz&tu dazadu siltumnicefekta gazu
ietekmi uz klimatu.

Lai dazadu siltumnicefekta gazu ietekmi padaritu salidzinamu, ANO Klimata
parmainu starpvaldibu padome (IPCC — Intergovernmental Panel on Climate
Change) ir defingjusi ta saukto globalas sasil$anas potencialu. Sis indekss izsaka
noteikta siltumnicefekta gazes daudzuma sasilSanas efektu noteikta laika perioda
(parasti 100 gados) salidzinajuma ar CO,. Pieméram, metana ietekme uz klimatu
ir 28 reizes spécigaka neka CO», bet atmosfera tas nepaliek tik ilgi. Slapekla
oksida ietekme uz vidi gandriz 300 reizes parsniedz CO; ietekmi. Tada veida
siltumnicefekta gazes var aprékinat ka CO- ekvivalentus (Foundation myclimate,
n.d.).

IPCC katras SEG gazes globalo sasil$anas potencialu ik péc kada laika maina.
Lidz 2022. gadam SEG aprékinos tiek rekomendg&ts izmantot IPCC AR4 (Fourth
Assessment Report), bet kops 2023.gada— IPCC AR5 (Fifth Assessment
Report). Saskana ar AR4 metana globalas sasilSanas indekss bija 25, bet slapekla
oksida — 298. ARS $ie indeksi tika precizéti attiecigi uz 28 un 265 (Greenhouse
Gas Protocol, n.d.).

Katra valstt atkariba no dazadu nozaru attistibas, klimatiskajiem apstakliem
u.c. faktoriem atSkiras gan siltumnicefekta gazu emisiju, gan slapekla oksidu
raditaju procentualais sadalijums pa jomam. Par Latviju Sie dati apkopoti 4.2. un
4.3. attela (Helmane, 2023).
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4.2. att. Siltumnicefekta gazu emisijas Latvija 2021. gada
65



Riipnieciskie
procesi
6.0%

Lauksaimnieciba
14.0%

Autotransports
86.8%

Dzelzcela
transports
10.5%

Transports
38.0%

Energgtika

42.0% Y T
0% Gaisa un tidens

transports
2.6%

4.3. att. Slapekla oksidu emisijas Latvija 2021. gada

Vislielakais SEG raditajs Latvijas transporta sektora ir autotransports —
2021. gada tas veidoja 97% no kopg&jam sektora emisijam. Turklat, salidzinot ar
2005. gadu, autotransporta emisijas palielinajusas par 11.2% (Helmane, 2023).
Autotransports ir “atbildigs” arT par nozimigu dalu (gandriz 87%) no visam
transporta raditajam slapekla oksidu emisijam.

Ta ka petjjumu programmu PP-2 un PP-3 pétfjumu objekts bija ar
dizeldegvielu darbinams vieglais automobilis, tad jaapliko, vai tas atbilst
“tipiskam” SEG emisiju raditajam miisu valstT.

Statistikas dati parada, ka aptuveni 86% no visa autotransporta veido vieglie
automobili. Savukart no visa autoparka ar dizeldegvielu tiek darbinati 67%
spekratu. Latvijas autoparka 72% automobili ir lietoti, bet automobilu vidgjais
vecums ir 14.9 gadi (Helmane, 2023).

Tadgjadi pétijumu objektu —automobili Opel Insignia var uzskatit par tipisku
Latvijas autoparka parstavi un izmantot aprékina pieméra, kur noteikts
iespgjamais HVO degvielas potencials SEG emisiju samazinasana.

Lai to veiktu, var izmantot vairakas metodes:

o tieSsaistes vai lejupladéjumus SEG emisiju kalkulatorus, kuri pieméroti

aprekiniem transporta sektora;

e siltumnicefekta gazu emisiju aprékina metodiku, kas noteikta LR MK

noteikumos Nr. 42 (LR Ministru kabinets, 2018);
o veikt aprékinus, balstoties uz eksperimentos iegiitajiem datiem.

4.1. SEG emisiju kalkulatoru izmantosana

Nemot veéra to, ka SEG emisiju samazinaSana ir aktuala probléma visa
pasaulg, dazadi SEG emisiju kalkulatori izstradati dazados formatos un valodas.
Tomer, izméginot gandriz 20 dazadus tieSsaistes un lejupladgjamus
izklajlapu lietotn€s darbinamus kalkulatorus, pieméram, Greenhouse Gas
Emissions Calculator (United Nations, 2021), Simplified GHG Emissions
Calculator (USA EPA, 2022), atklajas vairakas $o riku nepilnibas. Ja visas tas
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dod iespgju ka degvielu izveleties fosilo dizeldegvielu, vairums —ari 1. paaudzes
biodizeldegvielu, tad jaunakas paaudzes degvielas, t.sk. HVO, tur nav
pievienotas. Nemot ve&ra, ka visu izklajlapu S$iinas ir aizslégtas ne tikai
redigéSanai, bet arT apskatei, nav iespgjams parliecinaties, kadas sakaribas tiek
izmantotas aprékinu veiksana. Protams, nav iesp&jama arT jaunu degvielu un to
parametru pievienosana.

Tiesi tadas pat probleémas atklajas vienkarsos tiessaistes rikos. HVO degviela
nav pievienota neviena no tiem, bet par to aprékinu precizitati var spriest, ja tajos
ievada identiskus parametrus fosilas dizeldegvielas izmantos$ana.

Ka pieméri 4.4. un 4.5. attéla paraditi divi atskirigi rezultati scenarijam, ja
viegla automobila Opel Insignia vidgjais planotais gada nobraukums gada bitu
20 000 km, bet vidgjais degvielas patérins, darbinot to ar fosilo dizeldegvielu,
bitu 6.44 litri uz 100 km (patérin$ nemts no eksperimentalajiem pétijumiem,
veicot kombin&to IM-240 ciklu). Latvijas timekla vietné pieejama kalkulatora
Siltumnicefekta gazu (SEG) emisiju kalkulators (Klimata parmainu portals,
2021) rezultats ir 3.43 tonnas CO,e gada. Turklat §1 kalkulatora ievades datu
lauks “CO emisijas faktors energijai no atjaunojamiem energoresursiem” ir
nepieejams informacijas ievadiSanai. Sveices timekla vietngé pieejama
kalkulatora CO; emissions calculator for your car (MyClimate, 2022) rezultats
ir 6.00 tonnas CO,e gada. Ka redzams, tad rezultati atSkiras gandriz divas reizes,
tapec $adus kalkulatorus nav drosi izmantot SEG emisiju novértéjuma.

Siltumnicefekta gazu (SEG) emisiju kalkulators

Transports

Aprekins pasakumiem, kuros paredzeta fosilos energoresursus izmantojosa transportiidzek|a nomaina ar transportiidzekli, kas izmanto no atjaunojamiem
energoresursiem iegatu biodegvielu

Metodiku pieméro pasadkumiem, kuro:

izmantojo3a transportiidzekla nomaina ar transportiidzekli, kas izmanto no
atjaunojamien (

(tai skaita biogazi. biodizeldegvielu. bioetanolu)

levades dati pirms pasdkuma istenoganas: levades dati péc pasakuma istenosanas:
Degvielas veids, atbilstosi transportiidzekla tipam CO; emisijas faktors energijai no atjaunojamiem energoresursiem,
tCOz/MWh
Dizeldegviela (Autotransports, DzelzcelS, Jaras transports) v

0
Transportiidzekla vidsjais izlidzinatais degvielas patéring, /100km

Transportitdzekla videjais nobraukums gada kop3 ta pirmreizéjas
registracijas Latvija, km/gada

20000 <
Rezultats (pirms pasakuma Rezultats (péc pasakuma
isteno3anas) isteno3anas)
tCO, ekv./gada
tCO, ekv./gada tCO, ekv./gada
(100%)

Aprékinatais SEG emisiju apjoms pirms Aprékinatais SEG emisiju apjoms péc

pasakuma istenoSanas pasakuma istenoSanas SEG emisiju apjoma izmainas

3.431C0, ekv./gada vai 100%

4.4. att. SEG emisiju kalkulatora viena scenarija modeleSanas rezultati
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CO5 emissions calculator for your car

Calculate your car emissions and make a contribution to climate protection:

Distance traveled

20000 km
+1000 +500 +100 =0
Fuel type

Diesel A

Fuel consumption
Your Trip:

6.44 Liters/100km
Calculation of a distance of 20,000 km, Fuel: Diesel

CALCULATE | CO, amount: 6.0t |

4.5. att. SEG emisiju kalkulatora viena scenarija modeléSanas rezultati

4.2. LR MK noteikumos noteiktas SEG emisiju metodikas izmanto§ana

Lai aprekinatu SEG emisiju apjomu pirms un p&c pasakuma istenosanas ($aja

gadijuma pienemot, ka fosilo degvielu aizvieto ar ttru HVO), izmanto pasakumu
raksturojosos datus. Ja pirms vai péc pasakuma TstenoSanas tick izmantoti dazadi
energoresursu vai energijas avotu veidi, SEG emisiju apjoma aprékinu veic
katram izmantotajam energoresursu vai energijas avotu veidam atseviski (LR
Ministru kabinets, 2018). Saja aprékind izmantoti mainigo apzimgjumi un
mérvienibas, ka tie noraditi MK noteikumos.

SEG emisiju apjomu pirms pasakuma istenoSanas no transportlidzekla, kas

izmanto fosilas izcelsmes degvielu, aprékina, izmantojot formulu:
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L ‘ C d
Msec, :ﬁ'P'QZ Keo, » (4.1)
kur My — SEG emisiju apjoms pirms pasakuma istenosanas, t COze gada;

L — transportlidzekla vidgjais izlidzinatais degvielas patérins, 1km?
(nemts no eksperimentdlajiem pétfjumiem, veicot kombin&to ciklu —
0.0644);

C — transportlidzekla vidgjais nobraukums gada kop$ ta pirmreizgjas
registracijas Latvija, km gads™ (pienemts 20000);

1000 — koeficients degvielas patérina parejai no litriem uz
kubikmetriem;

p — fosilas izcelsmes degvielas blivums, t m? (no MK noteikumu
pielikuma 0.8370, eksperimentos izmantotajai degvielai 0.8363);



Q! fosilas izcelsmes degvielas zemakais sadegSanas siltums, TJ t1(no

MK noteikumu pielikuma 0.0430, eksperimentos izmantotajai degvielai
0.0435);
Ko — CO2 emisijas faktors fosilajai degvielai, t CO, T (no MK

noteikumu pielikuma 74).

Aprekinos izmantojot MK noteikumu vértibas, SEG emisiju apjoms pirms
pasakuma TistenoSanas ir 3.470t CO,e gada. lzmantojot eksperimentos
izmantotas degvielas vértibas, §is lielums ir faktiski identisks, t.i., 3.467 t CO,e
gada. Ka redzams, tad Sis skaitlis ir loti tuvs 4.4. att€la redzama kalkulatora
Siltumnicefekta gazu (SEG) emisiju kalkulators (Klimata parmainu portals,
2021) rezultatam. Ta ka §is kalkulators ir veidots Latvija, tad visticamak to
darbina formulas saskana ar MK noteikumiem, kur ari rodams skaidrojums,
kapéc kalkulatora ievades datu lauks “CO; emisijas faktors energijai no
atjaunojamiem energoresursiem” ir nepieejams informacijas ievadisanai — MK
noteikumu 40.4. punkta teikts, ka, ja fosilos energoresursus izmantojo$u
transportlidzekli nomaina ar transportlidzekli, kas izmanto no atjaunojamiem
energoresursiem iegiitu biodegvielu, SEG emisiju apjoms péc pasakuma
stenoSanas ir 0 t CO,e gada. Vadoties no MK noteikumu 9. punkta (LR Ministru
kabinets, 2018), SEG emisiju apjoma izmainas aprékina, izmantojot formulu:

, (4.2)

mSEG,Zm - msuzcsp,,ms - mSEGm

kur Meea, ~ SEG emisiju apjoma izmainas, t CO,e gada;

me, — SEG emisiju apjoms pirms pasakuma istenoSanas, t COze gada;

M. — SEG emisiju apjoms p&c pasakuma Istenosanas, t COze gada.

Sis formulas rezultats, protams, sakrit ar SEG emisiju apjomu pirms
pasakuma istenoS$anas, t.i., ar 3.470 t CO,e gada. Skaidrojums ir tads, ka HVO
raditas SEG emisijas klasifice ka atjaunojamo energoresursu raditas pretstata
fosilas dizeldegvielas ka naftas produktu raditas. Tacu eksperimenti visa pasaule
pierada, ka arTt HVO izmantoSanas gadijjuma izmesSos ir liels COz u.c. kaitigo
komponensu daudzums.

Tapec pirms novertét eksperimentalajos petijumos iegitas SEG emisiju
izmainas, saskana ar MK noteikumu metodiku iegtto skaitli var salidzinat ar
dazados informacijas avotos atrastajiem. Viena no tiem (Johnston Oils, 2023)
ming&ts fakts, ka uz katriem 1000 litriem sadedzinatas dizeldegvielas tiek raditas
3.6 t CO,e, salidzinot ar tikai 195 kg, ko rada katri sadedzinatie 1000 litri HVO.
Bet japiebilst, ka ta ir informacija no HVO razotaja, kas var arT nebiit objektiva.
Zviedrija veiktaja pétijuma (Andersson, Borjesson, 2021) dots HVO degvielas
CO; ekvivalents — 8.8 g MJ? (arT t TJ?). Lidz ar to var izmantot eksperimentos
izmantotas degvielas paterina, blivuma un sadegsanas siltuma vertibas, lai pec
formulas (4.1) aprékinatu realistiskaku SEG emisiju apjomu péc pasakuma
istenoSanas:
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m _0.0664-20000
3o 1000
Tad péc formulas (4.2) var aprékinat potencialas SEG emisiju apjoma

izmainas — samazinajumu par 3.07 t CO,e gada. Tatad samazinajums ir aptuveni
88%.

-0.7789-0.0439-8.8 % 0.40 t CO,e gada.

4.3. SEG emisiju aprékins, balstoties uz eksperimentos iegiitajiem
datiem

Testgjot spekratus ar mérki noteikt izmainas izmeSu sastava, izmantojot
biodegvielas, jau vairakus gadu desmitus pé&tnieki visa pasaulé salidzinasanai
izmanto vienus un tos pasus parametrus — parasti NOx, CO, CO;, SO, un
nesadegusos oglidenrazus HC. Tomér tie visi nav attiecinami ka tiesas
siltumnicefekta gazes. Ja vienmer no §is grupas tiek noteikts CO> saturs atgazes,
tad CO un NOy pieder pie netieSsajam SEG gazém, bet CH4 ir viena no
nesadegu$o ogliidenrazu komponentém, bet N,O (kas neietilpst NOx sastava)
pieminéts tikai atseviskas publikacijas.

Analizgjot izpludes gazes, visam $im komponentém, darbinot automobili
Opel Insignia ar HVO degvielu, ir tendence samazinaties, salidzinot pret FDD.
Turklat samazinajums konstatéts visos testétajos kustibas rezZimos. NOx dazados
reZimos samazinajas vidgji par 6.8%, HC — par 37.5%, SO, — par 13.1%, CO; —
par 5.0%. Tvana gazes (CO) atgazgs, izmantojot HVO degvielu, nebija vispar.

Savukart traktora Class Ares 557ATX eksperimentalajos pétijumos ar HVO
degvielu vidgjais NOyx samazinajums, salidzinot ar fosilo dizeldegvielu, bija
11.8%. Samazinajas arT kopgjo nesadeguSo oglidenrazu HC, CO un CO;
daudzums — attiecigi par 26.4, 14.5 un 5.2%. Tadgjadi tiras HVO degvielas
izmanto§anai ir pozitiva ietekme uz vidi.

Darbinot automobili Opel Insignia ar fosilas dizeldegvielas 7% maisijumiem
ar biodizeldegvielu (BioDD7) un HVO (HVO7) un salidzinot tas gan savstarpgji,
gan ar FDD, tika konstatéts, ka, lietojot HVO7 degvielu, CO; saturs atgazes,
salidzinot ar FDD, praktiski nemainas, aptuveni par 4.5% samazinas NOy un par
9% SO, saturs. Nesadegusie ogluidenrazi palielinas aptuveni par 15%, bet CO —
aptuveni 2 reizes. Lietojot HVO7 degvielu, salidzinot ar BioDD7 degvielu,
aptuveni par 4% samazinas NOy, par 3% CO, par 55% SO, un nesadeguso
ogludenrazu saturs (aptuveni 3.5 reizes), bet CO palielinas aptuveni par 90%.
Tadgjadi maisijumdegvielu izmantoSanas gadijuma ne visu atgazu komponensu
saturs mainas ar pozitivu tendenci.

Pétnieciska motora KOHLER KDI 1903 izméginajumi deva vispretrunigakos
rezultatus. Ja tiras HVO izmantoSanas gadijuma CO un NOy saturs izmeSos visa
motora klokvarpstas apgriezienu diapazona palielinajas vidgji par 3%, CO;
praktiski nemainijas, bet HC — samazinajas par 60%, tad maisTjjumdegvielas
HVOS izmantoSana palielin3ja visu minéto komponensu saturu no 8% Iidz pat
1.4 reizém, tad&jadi apstiprinot citos p&tijumos akcent&to, ka izmesu tendences
var but loti dazadas atkariba no izmantota motora veida, testa apstakliem,
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konkréto degvielu ipasibam, ka arT no ta, vai eksperimenti tiek veikti, izmantojot
motorstendus vai spekratus kopuma, t.sk. atgazu neitralizacijas sistemam.

Ta ka eksperimentos izmantota atgazu analitiska iekarta faktiski méra vairak
neka 20 dazadas izpludes gazes komponentes, bet vél vairakas aprékina, tad
iekartas uzkratajos testu failos atseviski iegtistami dati gan par N,O, gan CHa,
kas ir viena no septinam nesadeguso oglidenrazu komponentém.

Apstradajot datus tapat ka visas pargjas lidz $§im analizétas komponentes,
4.6. attela dotas N2O un CH, satura izmainas atgaz€s, darbinot automobili ar
abam degvielam. Dati doti par kombin&to IM-240 ciklu, jo tas visvairak atbilst
realajiem automobila ekspluatacijas apstakliem.

1.20
£ 1.00
g
> 0.80
T
G 0.60
S 040 | 0.34
30
Z 0.20
0.00 -

0.97

-~

[«
S

®FDD
= HVO

N,O CH,
IzmeSu komponente

4.6. att. N20O un CHjs satura izmainas atgazes, darbinot automobili Opel
Insignia ar HVO un FDD kombinéta cikla IM-240 veikSanas laika

N2O saturs atgazes, izmantojot HVO, samazinajas par aptuveni 37%
saltidzinajuma ar FDD, bet CHs — par 35%. Tomér janem véra, ka absoliitajas
vienibas (ppm) So komponensu saturs ir mazaks par 1, t.i., mazaks par 0.001%
pretstata komponentém, kuru saturs mérams desmitos (HC), simtos (NOy) un pat
desmitos tiikstoSu (CO2) ppm.

Lai noveértétu kopgjas SEG emisiju izmainas tris komponenteém — CO;
(rezultati doti 3.7. attéla), N2O un CHa, nemot véra to kaitigumu, izmantoti 1IPC
AR5 noteiktie globalas sasil$anas potenciala indeksi, kas nosaka, ka metana un
vienvertiga slapekla ietekme uz klimatu ir attiecigi 28 un 265 reizes spécigaka
neka CO; (Greenhouse Gas Protocol, n.d.). Turpmako aprékinu veik$anai $ie
koeficienti apziméti attiecigi ar Kcna un Knzo.

Ta ka So aprékinu merkis nav noteikt absoliitos skaitlus, bet izmainas,
salidzinot abas degvielas, tad §im noltikam veikta formulas (4.1) pielagosana.
Turklat nekur nav dots, ka faktiski ir noteikts CO. emisijas faktors katrai no
degvielam. Tapéc abu degvielu emisijas faktoru attieciba tiek aizstata ar attiecibu
pagaidu pienemtai mérvienibai, kas apziméta ar ppm CO,e. Tas aprekinu
rezultati apkopoti 4.1. tabula.
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4.1. tabula. Kop€jo SEG emisiju aprékins, darbinot automobili
ar HYO un FDD

Degviela CO2 N20 CH4 Kopa
ppm CO.e | ppm |Knzo |ppm CO,e| ppm |Kcha [ ppm CO,e|ppm CO,e

FDD 58640.56 | 0.47 | 265 | 12455 | 0.97 | 28 27.16 | 58792.27

HVO 56891.67 | 0.34 | 265 | 90.10 | 0.72 | 28 20.16 | 57001.93

Pielagojot (4.1) formulu, var atteikties no MK noteikumos izmantoto
mérvienibu lieto$anas, bet izmantot tas SI sistémas mervienibas, kas lictotas
eksperimentalajos pétijumos, jo, nosakot attiecibu, kur vienas degvielas
parametri daliti ar otras degvielas atbilstosajiem parametriem identiskas
mérvienibas, gala rezultata iegiist skaitli, kas nav atkarigs no lietotajam
mervientbam:

Leoo *C - Prop 'QzFDD Kooy

_ ppm COe 4.3
KsEGizm L C QMo K Mo ' (4.3)
Ho "% " Phvo "Nz " Rppmcoge
kur g — SEG emisiju izmainu koeficients;
SEGim ;

Lrop Un Luvo — transportlidzekla vidgjais izlidzinatais degvielas patérins
ar FDD un HVO, I uz 100 km (nemts no eksperimentalajiem p&tijumiem,
veicot kombinéto ciklu — attiecigi 6.44 un 6.64);

C — transportlidzekla vid&jais nobraukums gada kops ta pirmreizgjas
registracijas Latvija, km gads™ (pienemts 20000);

prop UN pivo— FDD un HVO blivums, kg m? (eksperimentos
izmantotajam degvielam attiecigi 836.3 un 778.9);

QPP un Qe —FDD un HVO zemakais sadegSanas siltums, MJ kg

! (eksperimentos izmantotajam degvielam attiecigi 43.5 un 43.9);
K Fop un ghHve — 4.1 tabula aprekinatais kopgjais SEG emisiju

ppm CO e ppm CO,e

daudzums, ppm CO.e (FDD — 58792.27, HVO — 57001.93).
_ 6.44-20000-836.3-435-58792.27 _
6 6.64-20000-778.9-43.9-57001.93

Ka redzams, tad izmainas ir salidzino$i nelielas — HVO izmanto$ana SEG
emisijas, kas izdalas tie$i no automobila, samazina par 6.4%.

Tadgjadi rodas jautdjums, kapéc defingjot katras degvielas CO2 emisiju
faktoru, FDD tas ir, ka noteikts MK noteikumos, t.i., 74 t CO, TJ (tas ir ari citos
informacijas avotos dotajas 72 — 78 t CO, TJ? robezas), bet biodegvielai, t.sk.
HVO tas noteikts ka 0 vai tuvu tai, neskatoties uz to, ka kaitigie izmesi tiek
emiteti no spekratiem neatkarigi no izmantotas degvielas. Galvenais arguments
Saja gadfjuma ir degvielas izcelsme— biodegvielas tiek razotas no
atjaunojamajiem resursiem pretstata fosilajai degvielai.

Seit izkristaliz&jas arT “degvielas pilna dzives cikla” probléma, kas varétu bt
atseviska promocijas darba petijumu objekts, jo biitu verts izvertet ne tikai tiesas
emisijas no sp&kratiem (skaitliski un procentuali nelielas atSkiribas

1.064.
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salidzinajuma ar fosilo dizeldegvielu iegiitas ne tikai $aja promocijas darba, bet
praktiski visos biodegvielu pétijumos, kas veikti dazadas pasaules valstis), bet
visa degvielas razoSanas un izmantoSanas cikla, t.i., degvielas izejvielu un
degvielas razoSana, transporteéSana, izdalé u.c. procesos. Tas ir lidzigi ka
elektrospekratu izmantoSanas gadijuma — no vienas puses tie absoliiti neizdala
tiesas emisijas, bet paSu spekratu un to sastavdalu (pieméram, akumulatoru)
izgatavoSanas procesa tiek raditas SEG emisijas, kuras, protams, atkal var izdalit,
vai tas raditas no atjaunojamiem energoresursiem vai fosiliem. Lidzigi ir ari
elektroautomobila ekspluatacija— ja elektroenergija ir no atjaunojamiem
energoresursiem, tad CO> emisiju faktors ir 0, bet pretgja gadijuma to aprékina,
balstoties uz skaitliem, kas noteikti katram kurinama veidam, no ka iegiita §1
elektroenergija (LR Ministru kabinets, 2018).

Faktiski var secinat, ka tikai fosilas degvielas nomaina ar biodegvielu klimata
problémas var risinat tikai dalgji. Lai realiz&tu ilgtermina emisiju samazinaSanas
stratégiju un klimata planus, ka arT sasniegtu mérkraditajus 2025., 2030. utt. lidz
pat 2050. gadam, pasakumi javeic kompleksi — turpinot attistit un ieviest
elektriskos, ar Gidenradi darbinamus un hibridsp&kratus, modernas biodegvielas
un citas atjaunojamas un mazoglekla degvielas, vienlaikus nodroSinot
infrastruktiiru attistibu spékratu uzladei un uzpildei.

4.4. HVO degvielas izmantoSanas ekonomiskais noveértéjums

Ta ka HVO degvielas razotnu pasaulé ir salidzinos§i maz, turklat to skaits
pedgjo 10 gadu laika nav bitiski palielindjies, ka arT nemot véra, ka razotaji
nekad nesniedz informaciju par realo degvielas pasizmaksu, degvielas cenas var
novertét tikai aptuveni, analiz&jot iesp&jas $§Ts degvielas iegadaties degvielas
uzpildes stacija. Tapat ir neiesp&jami noteikt, cik HVO degvielas ir piejaukts
fosilajai dizeldegvielai katra konkrétaja diena, jo degvielu Ipasibu sertifikati tick
sagatavoti noteiktam partijam ilgakam laika periodam. Tap&c noveértét cenu
veidoSanos var tikai tad, ja tiek veikta konkréta parauga analize, nosakot HVO
saturu degviela un zinot katra degvielas parauga pardoSanas cenu.

Sada situacija bija tikai divas reizes darba izstrades laika — viena fosilas
dizeldegvielas cena bija 1.50 EUR I, tiras HVO -~ 2.97 EUR I, FDD un
aptuveni 5% HVO maisfjuma — 1.60 EUR IY, bet otra attiecigi 1.32, 1.97,
1.44 EUR I, bet Soreiz piejaukuma bija aptuveni 10% HVO.

Veicot vienkarSus aprékinus, var secinat, ka maisijumdegvielas cenu var
aptuveni noteikt, zinot tiras HVO un FDD cenu un piejaukta HVO procentualo
daudzumu.

Diemzel tiras HVO cena, kas aptuveni 1.5 — 2 reizes parsniedz fosilas
dizeldegvielas cenu, nekadi nevar motivét spekratu lietotajus to izmantot ne tira
veida, ne maistjumos tikai dél vides saudzesanas, ja netiek doti kadi citi jutami
ieguvumi, pieméram, bitiska degvielas ekonomija, jaudas pieaugums vai
labveliga ietekme uz spekratu sistémam. Tiesi tapec paslaik no ekonomiska
viedokla dalgji pietiek argumentu tikai neliela satura maisjjumdegvielu
izmantoSanai, jo 6 — 9% cenas pieaugums kaut nedaudz tiek kompenseéts ar faktu,

73



ka HVO picjaukums jaudas un degvielas patérina izmainu zina ir daudz
“draudzigaks” neka 1. paaudzes biodizeldegvielas piejaukums, seviski laika
periodos, kad tas ir ka obligatais degvielas tirgotajiem. Salidzinot Sos abus
piejaukumus, HVO ir arT neagresivs pret tam degvielas sistémas komponentem,
kuras tika ietekméetas biodizeldegvielas izmantoSanas gadijuma. Turklat arT ar
mazaku NOx, HC, SO; un CO; saturu izmeSos, salidzinot ar FDD un
biodizeldegvielas maisjjumiem.

Lai situacija mainitos, risingjums, kas nav atkarigs ne no degvielas gala
lietotajiem, ne pétniekiem, ir HVO pasizmaksas un tai sekojosas tirdzniecibas
cenas samazinasana. Bet ta ir tikai degvielas razotaju kompetence — atrast Ietakas
izejvielas, samazinat izmaksas raZo$anas procesa un atvert jaunas raZotnes.
P&tnieki to var sekmét, veicot izm€ginajumus un popularizgjot degvielas labas
Tpasibas.

Ja to neizdosies izdarfit, iesp&jami tikai jau situacijas apskata dazos p&tijumos
pieminétie (Szeto, Leung, 2022) drastiskie pasakumi, kas, protams, biitu loti
nepatikami spekratu izmantotajiem, piemeram, ievieSot sarikoSas ikmé&neSa
kvotas fosilas degvielas patérinam katram automobilim, bet papildu vajadzibas
péc degvielas nodroSinot ar 100% HVO vai kadu citu jaunakas paaudzes
degvielu.

Sada gadijuma jarckinas ar sarezgitiem administrativiem pasakumiem,
likumu, noteikumu un ipasu informativo sist€ému izstradi, kur gada beigas vai pie
nakamas spékratu tehniskas apskates, salidzinot nobrauktos kilometrus un
degvielas c¢ekus, gadijuma, ja tiek parsniegts kvotétas fosilas degvielas
daudzums, pieméro palielinatu celu, vides vai tml. nodokli. Tomér $ads scenarijs
javerté ka nevelams, jo, pirmkart, ta ir tikai abstrakta ideja, bet, galvenais ir tas,
policejisku metozu izmantoSana nekad neveicina nevienas valsts pilsonu
lojalitati un atbalstu. Ieteicamaks variants biitu nevis sodit par neizmantoSanu,
bet apbalvot par atjaunojamo resursu izmanto$anu, pieméram, nodoklu atlaizu,
stavéSanas atlauju vai tml. veida. Vienlaikus vairak japopularizé atjaunojamo
degvielu ietekme uz vidi ilgtermina, apelgjot ne tikai pie savas, bet nakamo
paaudzu veselibas.

A1 automobilu razotajiem biitu aktivi jaiesaistas, pieméram, veicot motora
vadibas bloku alternativu kalibréSanu, kas paredz&ta HVO (Hunicz et al., 2020).
Nemot véra HVO vieglaku pasaizdegSanos un Iidz ar to ilgaku sadegSanas laiku,
kas samazina mehanisko dalinu un kvépu emisijas, p&tnieki dazadas valstis
(Kopperoinen et al., 2011; Pflaum et al., 2010) pieradija, ka HVO izmantoSana
pagarina DPF regeneracijas intervalu. Ta ka regeneracija parasti palielina
degvielas paterinu, degvielas ekonomija un vides saudzesana ilgtermina varétu
bt augstaka neka 1slaicigos petjjumos.

Tomer, ja tiras HVO izmantoSanu nevar istenot infrastruktiiras, tehnisku vai
administrativu griitibu dél, FDD un HVO maisijumu izmantoSana javeicina, jo
ta var vismaz dal€ji samazinat SEG emisijas un veicinat normativos noteikto
kontrolskaitlu izpildi atjaunojamas degvielas izmanto$ana (Szeto, Leung, 2022).
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SECINAJUMI UN PRIEKSLIKUMI

Lidzsingjo pétjjumu analize lauj secinat, ka HVO var razot no loti plasa
biomasas izejvielu klasta, pieméram, augu ellas, dzivnieku taukiem,
atkritumellas, algém u.c. Atkariba no izmantojamajam izejvielam ta var bt
gan otras, gan tresas, gan pat ceturtas paaudzes biodegviela. HVO gandriz
nepiemit pirmas paaudzes biodegvielu nevélamas pasibas, kas saistitas ar
to iedarbibu uz dazadam degvielas sist€tmas komponentém. P&tijjumos
konstatétas HVO degvielas izmantoSanas jaudas, degvielas pat€rina un
izmeSu tendences, salidzinot ar fosilo dizeldegvielu un biodizeldegvielu, ir
loti dazadas atkariba no izmantota motora veida, testa apstakliem,
izmantotajam iekartam, konkréto degvielu 1pasibam utt. Ta ka HVO ir
salidzinosi jauna degviela, p&tijumu apkopojumos akcentets, ka p&tfjumi
jaturpina, aptverot pec iesp&jas plasaku p&tamo objektu loku.

Izstradata teorétisko un eksperimentalo pétijumu metodika, kas ietver
piecas pétifjumu programmas PP-1-PP-5, aptverot dazadus pétijjumu
objektus (automobilis, traktors un pétnieciskais motors). Pétijumu
programmas, ja to lauj test§jamo objektu specifika, izmantotas vienas un
tas pat ierices, lai p&tjjumu rezultatus kopuma neiespaidotu dazadu iericu
izmanto$ana. Katrai p&tijumu programmai dots p&tijumu objektu un iekartu
raksturojums, pétijumu veikSanas seciba, izméginajumu apstaklu
raksturojums, veicamo testu apraksts, izm€ginajumos ieglito parametru
vertibu ietekm@joso faktoru analize, nepiecieSamas merfjjumu precizitates
un atkartojumu skaita pamatojums, ka ari aprakstita izmé&ginajumu
rezultatu izklasta forma.

Eksperimentu rezultati parada, ka darba ar ttru HVO un fosilo dizeldegvielu
automobila Opel Insignia 2.0 CDTi maksimalas jaudas atSkiriba ir 0.34%
(HVO - 82.13 kW, FDD — 81.85 kW), bet maksimala griezes momenta
atskiritba— 0.86% (HVO - 276.85 N m, FDD — 274.49 N m). Lidzigas
tendences, bet lielakas lielumu atSkiribas konstatetas motora
KOHLER KDI 1903 pétijjumos — maksimalas jaudas atSkiriba ir 1.4%
(HVO - 26.0 kW, FDD — 25.7 kW), bet maksimala griezes momenta
atskirtba— 1.2% (HVO- 1195Nm, FDD- 118.1 Nm). Pretgjas
tendences ir traktora Class Ares 557ATX pétijumos, kur konstatéts, ka
motora efektiva jauda un griezes moments, izmantojot HVO degvielu,
samazinas, salidzinot ar fosilo dizeldegvielu. Vidgjais jaudas un griezes
momenta samazinajums visa jiigvarpstas apgriezienu diapazona bija
aptuveni 5.0%. Apstiprinas situacijas apskata konstatgtais, ka tendences un
vertibas dazadiem sp€kratiem var atskirties, jo atSkiras baroSanas, izpluides
gazu recirkulacijas u.c. sist€mas.

Darbinot automobili Opel Insignia 2.0 CDTi ar fosilo dizeldegvielu un
maistjumdegvielam HVO7 un BioDD7, konstateéts, ka maksimala
automobila jauda ar FDD ir 84.1 kW, ar BioDD7 —82.3 kW, betar HVO7 —
84.2 kW. Maksimalas jaudas atSkirtha FDD un HVO7 degvielai ir 0.16%,
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kas uzskatama par nebiitisku. Darbinot automobili ar BioDD?7, tiek attistita
par 2.12% mazaka maksimala jauda, salidzinot ar FDD, un par 2.28%
mazaka jauda, salidzinot ar HVO7 degvielu. Maksimalais griezes moments
ar FDD ir 281.5 N m, ar BioDD7 — 277.9 N m, bet ar HYO7 — 282.1 N m.
Maksimala griezes momenta atSkirtba FDD un HVO degvielai ir 0.20%,
kas uzskatama par nebitisku. Darbinot automobili ar BioDD7, tiek attistits
par 1.3% mazaks griezes moments, salidzinot ar FDD, un par 1.5% mazaks
griezes moments, salidzinot ar HVO7 degvielu. Darbinot motoru
KOHLER KDI 1903 ar lidziga HVO piejaukumu satura degvielu HVOS,
maksimala jauda ir 26.2 kW un maksimalais griezes moments 120.9 N m.
Maksimalas jaudas pieaugums ir 2% un maksimala griezes momenta
picaugums 2.4%, salidzinot FDD (25.7 kW un 118.1 N m). Izmainu
tendences, salidzinot ar viegla automobila petfjumiem, ir 1idzigas, bet ar
atSkirigam pieauguma vertibam.

Testgjot automobili Opel Insignia 2.0 CDTi, visu braukSanas rezimu
vidgjais HVO degvielas patérin$ litros uz 100 km par aptuveni 4%
parsniedz FDD paterinu. Ta ka aprékinos noskaidrots, ka vienada saspiestas
degvielas tilpuma HVO ir par 5.37% mazak energijas neka FDD, aptuveni
tikpat procentus var prognozet maksimalo degvielas patérina pieaugumu.
Traktora Class Ares 557ATX vidgjais stundas degvielas paterins visa
jlgvarpstas apgriezienu diapazona, izmantojot HVO, bija par aptuveni 1%
mazaks, salidzinot ar dizeldegvielu, bet zemakas attistitas motora jaudas dél
fpatngja degvielas patérina pieaugums bija par 4.1% lielaks. Sis
palielindgjums korel€ ar automobila testéSanas rezultatiem. Darbinot motoru
KOHLER KDI 1903 ar tiru HVO, maksimalais vidgjais stundas degvielas
patérins visa klokvarpstas apgriezienu diapazona ir par 1% lielaks neka
FDD, bet, salidzinot 1patngja degvielas paterina datus, veérojams HVO
Ipatn&ja degvielas paterina samazinajums — 0.86%, salidzinot ar tiru fosilo
dizeldegvielu, jo ar HVO degvielu tika attistita lielaka jauda.

Darbinot automobili Opel Insignia 2.0 CDTi ar FDD un HVO7 un
BioDD7, vidgjais FDD un HVO7 degvielas patérin$ atSkiras tikai par
0.07%, kas uzskatams par nebiitisku atskiribu. Darbinot automobili ar
BioDD7, patérins vidgji ir par 3.11% lielaks, salidzinot ar FDD, un vidg&ji
par 3.03% lielaks, salidzinot ar HVO7 degvielu.

Darbinot automobili Opel Insignia un traktoru Class Ares 557ATX ar tiru
HVO, var secinat, ka visam atgazu komponent€ém, kas parasti tiek
salidzinatas dazadu degvielu p&tijumos, ir tendence samazinaties, salidzinot
pret fosilo dizeldegvielu. NOx samazinajums ir 6.8-11.8%, HC -
26.4 — 37.5%, CO,— 5.0 — 5.2%, bet CO Iidz 14.5%. Tadgjadi tiras HVO
degvielas izmantoSanai ir pozitiva ietekme uz vidi.

Darbinot motoru KOHLER KDI 1903 ar tiru HVO, NOx un CO saturs
izmeSos visa motora klokvarpstas apgriezienu diapazona, salidzinot ar
FDD, palielingjies vidgji par 3.0%, HC saturs samazinajies vidgji par 60%.
CO; saturs palielinajies vidgji par 0.9%, un §1 atskiriba veért€jama ka
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nebitiska. Bet at3kiriba no automobila un traktora p&tijumiem, motorstends
nav aprikots ar atgazu neitralizacijas sisteému.

Maistjumdegvielu izmantoSanas gadijuma ne visu atgazu komponensu
saturs mainas ar pozitivu tendenci, tomé&r HVO 7% piejaukums fosilajai
degvielai, salidzinot ar tadu pat biodizeldegvielas piejaukumu, vértgjams ka
videi draudzigaks, jo aptuveni par 4% samazinas NOx, par 3% COg, par
55% SO, un aptuveni 3.5 reizes nesadeguso ogludenrazu saturs.
Modelpétijumu rezultati ir tuvi eksperimentos iegiitajiem, t.i., HVO7 jaudas
un griezes momenta atSkiriba, salidzinot ar FDD, ir nebitiska, bet,
salidzinot ar BioDD7, tiek attistita gandriz par 2% augstaka jauda un
griezes moments. Modelgjot degvielas patérinu, HVO7 un FDD atskiribu
tendences ir lidzigas eksperimentos konstatétajam, bet eksperimentalajos
petijumos HVO7 un BioDD7 degvielas patérina atSkiribas bija lielakas,
salidzinot ar modelp&tijumiem.

Simulacijas rezultati liecina, ka tiras HVO izmantoSanas gadijuma,
salidzinot ar fosilo dizeldegvielu, maksimalas jaudas un griezes momenta
samazinajums var sasniegt 1.33%, bet degvielas patrina pieaugums —
2.26%. Aplukojot realako tuvakas nakotnes scenariju, t.i.,
maisijumdegvielas HVO15 izmanto$anu, prognozetais jaudas un griezes
momenta samazinajums 0.24% un degvielas patérina pieaugums 0.30% ir
nenozimigi transportlidzeklu ekspluatacija.

Analizgjot automobila p&tjjumos iegiito tieSo siltumnicefekta gazu N,O,
CHs un CO; saturu atgazes, izmantojot HVO, tas samazin3jas attiecigi par
aptuveni 37, 35 un 5% salidzinajuma ar FDD. Nemot véra katras
komponentes globalas sasilSanas potenciala indeksu, HVO izmantoSana
SEG emisijas, kas izdalas tie$i no automobila, samazina par 6.5%.
Aprekinos izmantojot MK noteikumu formulas un veértibas un pienemot
testos izmantota automobila nobraukumu 20000 km gada, SEG emisiju
apjoma samazinajums ir aptuveni 3.5 t CO,e gada, bet, aprékinos pienemot
citos pétijjumos uzraditas HVO degvielas CO, ekvivalenta vertibas,
aptuveni 3.1 t CO,e gada. Tatad samazinajums ir vismaz 88%.

Nemot véra, ka tiras HVO cena aptuveni 1.5 — 2 reizes parsniedz fosilas
dizeldegvielas cenu, griiti motivét spekratu lietotajus to izmantot, seviski
tira veida. Tapéc paslaik no ekonomiska viedokla dalgji pietiek argumentu
tikai neliela satura maisjjumdegvielu izmantoSanai, jo 6 — 9% cenas
pieaugums tiek kompensgts ar faktu, ka HVO piejaukums jaudas, degvielas
patérina un klimata izmainu zina ir daudz “draudzigaks” neka klasiskas
biodizeldegvielas piejaukums.

Ja vel kadus gadus tiras HVO izmantoSanu nevar stenot infrastruktiiras,
tehnisku, ekonomisku vai administrativu gritibu dél, FDD un HVO
maisTjumu izmantoSana japaplasina, jo ta var vismaz dal&ji samazinat SEG
emisijas un veicinat normativos noteikto kontrolskaitlu izpildi
atjaunojamas degvielas izmantoSana.

7



INTRODUCTION

One of the key challenges of the 21st century is to develop technologies and
energy sources that can meet the growing demand for energy. Current transport
technologies rely mainly on fossil energy sources, which are not only limited and
increasingly difficult to obtain, but are also one of the main sources of
environmental pollution. The environmental impact of fossil-fuelled vehicles has
become one of the greatest environmental and climate change challenges of our
time.

With transport accounting for 25% of EU GHG emissions, sustainable and
smart mobility is one of the eight policy areas of the “European Green Deal”.
This means that all modes of transport will have to become more sustainable,
thereby contributing to reducing GHG emissions. As mobility is not only a cause
of GHG emissions, but also of air, noise and water pollution, the transport sector
is also linked to other Green Deal policy areas — clean energy, pollution
reduction, climate action— while sustainable production, biodiversity and
sustainable food systems are also relevant factors for biofuels. The Green Deal
calls for a 90% reduction in GHG emissions from transport, making the EU a
climate-neutral economy by 2050, while aiming for a zero-pollution target
(European Commission, 2019).

In order to achieve the set targets, on July 14, 2021, the European
Commission (EC) submitted to the European Parliament (EP) and the Council a
proposal for a Regulation on the introduction of alternative fuel infrastructure
(European Commission, 2021). The aim of this proposal is to ensure a sufficient
infrastructure network for charging or refuelling vehicles with alternative fuels
and to ensure full interoperability and ease of use of the infrastructure in the EU.
The proposal aims at expanding the production of the latest generation of biofuels
and synthetic fuels from a variety of feedstocks to replace diesel, gasoline and
jet fuel or to blend them with fossil fuels at high blending ratios.

Since in 2015 the lowest share of renewable energy was in the transport
sector — only 6%, by 2030 it should increase to approximately 24% through
various means, such as the further development and deployment of electric and
hydrogen-powered vehicles, advanced biofuels and other renewable and low-
carbon fuels.

Most of these fuels are in the development and research stages, so they are
available at fuel stations in their pure form or in blends with fossil fuel in very
limited quantities not only in Latvia, but also in the EU and the world.

Latvia, as an EU member state, is not only bound by all the aforementioned
laws and regulations, but must also provide its own national document base,
which would contribute to the achievement of the target indicators. The highest
national development planning document is “Sustainable Development Strategy
of Latvia until 2030” (LR Saeima, 2010), which sets out the country’s long-term
development goals and priorities. In the field of transport, this document defines
two directions as priorities — the use of renewable energy resources and
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innovations, energy efficiency and environmentally friendly transport. The
“National Energy and Climate Plan for 2021 —2030” (LR Ministru kabinets,
2020) is a long-term planning document that defines the basic principles, goals
and directions of action of Latvia’s energy and climate policy for the next ten
years. As one of the problems of our country, the document mentions an old car
fleet dominated by diesel and gasoline vehicles. Since the Directive 2018/2001
of the EP and the Council of December 11, 2018 (European Parliament, 2018)
states that the EU will not count biofuels obtained from food and animal feed
crops in its renewable energy transport target, our country’s energy and climate
plan emphasizes that the share of the latest generation biofuels in the gross final
energy consumption in transport should be increased to 3.5% in 2030.

According to the research conducted in the world, hydrotreated vegetable oil
(HVO) is one of the most promising modern fuels for use in most diesel-powered
vehicles. HVO can be produced from a wide variety of raw materials, such as
vegetable oils, animal fats, waste oils and algae.

Currently, Neste Latvija Ltd. fuel stations offer ProDiesel fuel with an HVO
blend of 7% — 15%, depending on the year and season, as well as Neste MY,
which is 100% HVO, i.e. fuel from renewable resources. Unfortunately, it can
only be purchased at fuel stations in Riga. Circle K Ltd. also offers HVO blend
for miles PLUS fuel. Unfortunately, fuel with HVO bio-component is not
available in all regions of Vidzeme and Latgale. Since the storage and filling of
these fuels is realized in the existing fossil fuel infrastructure, there is no need
for their additional construction, and the fuel distributors are ready to supply it if
there is a demand, which in turn can be stimulated by the conducted research.

Therefore, despite the fact that the fuel is already available to consumers, its
research will not lose its relevance. As research experience in other countries
shows, work is also being done on new raw materials for the production of these
fuels, as well as the use of HVO in blends with other fuels and in different types
of engines.

Research objects — diesel-powered vehicles for various applications.

Working hypothesis of the thesis — using hydrotreated vegetable oil or its
blends with fossil diesel fuel it is possible to obtain better or equivalent technical,
economic and ecological results compared to fossil fuel or first generation
biofuels

The aim of the work is to evaluate theoretically and experimentally the
possibilities of using hydrotreated vegetable oil in diesel engines, thus creating
an opportunity to promote the wider use of renewable energy resources in Latvia
and the world.

The following tasks have been set to achieve the goal of the work:

e to analyse the studies carried out in the production, use and influence of
hydrotreated vegetable oil on the operating parameters of engines and
vehicles;

e to develop a testing methodology for vehicles powered by hydrotreated
vegetable oil;
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e to investigate experimentally and to evaluate the possibilities of using
hydrotreated vegetable oil and engine operating parameters in different
types of diesel vehicles;

e to perform mathematical modelling for determining the operating
parameters of diesel engine-powered vehicles using different fuels and
their blends, and to evaluate the effectiveness of the model;

o to evaluate the economic and ecological feasibility of using hydrotreated
vegetable oil.

The research methods of analysis, synthesis, modelling, experimentation,

statistical, economic and ecological evaluation are used in the thesis.

Theses for defense:

e hydrotreated vegetable oil is a promising next generation fuel for use in
pure form or in blends to replace fossil diesel fuel and its blends with first
generation biofuels, providing better or equivalent performance;

o the wider use of hydrotreated vegetable oil will contribute to the reduction
of GHG emissions and the achievement of targets for the use of renewable
resources;

o the mathematical model can be used to determine the impact of HVO on
the main operating parameters of motor vehicles with an accuracy that
allows making technically and economically sound decisions on the use
of fuel in motor vehicles.

In order to achieve the goal of the doctoral thesis, a series of interconnected
theoretical and experimental studies were carried out, covering a wide range of
vehicles — passenger car, tractor and engine used in off-road vehicles. Carrying
out such a complex study, when, if allowed by the specifics of the objects under
test, the same devices are used, for example, to measure fuel consumption and
emissions, so that the research results are not affected by the use of different
devices in general, is the most important difference from other studies. In
addition, the researched fuel is an innovative product, the manufacturers of which
are interested in wider research, providing experimental samples for testing.
Taking into account that at that time the Biofuels Law definitions for biofuel and
biodiesel did not allow the amount of HVO blended with fossil diesel to be
counted as biofuel, the researches carried out within the cooperation agreements
helped to solve this problem. Since the researched fuel belongs to the group of
the next generation biofuels, and by 2026 the inclusion of first generation
biofuels in the proportion of biofuels in the gross final energy consumption in
transport will be gradually reduced, the research will promote transport energy
circulation that is safe for human health and the surrounding environment, the
use of renewable energy in transport, promoting sustainable economic
development and reducing GHG emissions and air pollutant emissions.
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1. SUMMARY OF THE REVIEW AND ANALYSIS OF
HVO FUEL RESEARCH

Although there are no strict rules that determine the number of generations of
biofuels or whether a specific type of fuel belongs to one of the generations, the
works of various authors are dominated by classifications that divide biofuels
into generations based on their state of aggregation, raw materials, production
method and technological readiness for mass production. In addition, recent
publications have a consensus on the number of generations, i.e. four generations
(Awogbemi et al., 2021; Datta et al., 2019; Jeswani et al., 2020; Mat Aron et al.,
2020).

Advanced biofuel production technologies are still in research and
development, demonstration or early commercialization stages (Ebadian et al.,
2020). Examples of these fuels are HVO, lignocellulosic bioethanol, biosynthetic
BTL (Biomass-to-Liquid) fuel derived from straw, bio-waste, wood residues and
energy crops (whole grain cereals, fast-growing tree and shrub species, etc.),
biodiesel from algae and biohydrogen.

The production technology of each type of biofuel is actually determined by
the raw materials, so this factor is decisive in the division of biofuels into four
generations.

The main raw materials for the production of first generation biofuels are
edible (food) crops, such as corn, wheat and other cereals, rapeseed, soybeans,
palm oil, sugar cane, sugar beet, etc. While these fuels provide significant
environmental and social benefits, the main drawback is the so-called food-fuel
trade-off (Ajanovic, 2011; Sadeghinezhad et al., 2014; Subramaniam et al., 2020;
Thompson, Meyer, 2013). The high cost of raw materials is also significant, as it
is estimated to account for more than 70% of production costs (Callegari et al.,
2020).

Second generation biofuels can be produced from inedible raw materials,
such as wood, straw, organic waste, recycled cooking oils, agricultural residues,
forest residues, household waste, etc. (Ndiaye et al., 2020; Nikhom et al., 2020).
The production of this generation of fuels does not affect the food chain and the
cost of raw materials is relatively low, but the production technologies are still
complex and have not yet been commercialized.

The main raw material for third generation biofuels is algae. Also in this case,
the food chain is not affected, and their cultivation does not require agricultural
land or fresh water (Chowdhury, Loganathan, 2019; Nwoba et al., 2020). Other
feedstocks for this generation of fuels include yeast, fungi, seagrass and
cyanobacteria. In recent years, investments have been attracting worldwide,
especially in algae cultivation and conversion technologies (Ebadian et al., 2020;
Liu et al., 2021; Oh et al., 2018; Veeramuthu, Ngamcharussrivichai, 2020).

Fourth generation biofuels are intended to be produced from genetically or
metabolically modified plants, including algae (Chew et al., 2019). The
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development of production technologies will drastically reduce the cost of
production, making fuels economically competitive. Some examples of these
fuels include hydrotreated renewable diesel, biogasoline, green aviation fuel,
vegetable oil, and biodiesel (Awogbemi et al., 2021).

Depending on the raw materials used, hydrotreated vegetable oil can be a
second, third or even fourth generation biofuel.

Among the first generation biofuels, the most widely used in diesel engines
is biodiesel, which is obtained by transesterification of vegetable oils with
alcohol (methanol or ethanol) in the presence of the catalyst KOH or NaOH.
From now on, pure 100% biodiesel is labelled BioDD.

A comparison of the physical properties of fossil diesel fuel (FDD), biodiesel
fuel (BioDD) and hydrotreated oil (HVO) is given in Table 1.1. (Aatola et al.,
2009; Arvidsson et al., 2011; Bezergianni, Dimitriadis, 2013; Kim et al., 2014;
Lapuerta et al., 2011; No, 2014; Pinto et al., 2013; Simadek et al., 2009).

Table 1.1. Main physical properties of FDD, BioDD un HVO

Parameter FDD BioDD HVO
Density at 15 °C, kg m*® 820 ...850 | 860...900 | 775...785
Viscosity at 40 °C, mm? s! 22..35 3.5...50 2.5...35
Cloud point, °C -5...-30 -5...-15 3...-30
CFPP temperature, °C to -44 to -15 to -32

Lowest mass calorific value, MJ kg! 42.5...43.0| 37.5...38.0 | 43.8...44.0
Lowest volumetric calorific value, MJ It [34.9 ...36.6| 32.2..342 | 33.9...345

Cetane number 51...60 50...65 80...99
Sulphur content, mg kg™* <12 <1 ~0
Oxygen content, mg kg* ~0 ~11 ~0

HVO is produced from triglyceride-based biomass, such as vegetable oil,
animal fats, waste oil, algae, etc. (No, 2014). The production is based on a
catalytic reaction in which hydrocarbons are obtained by removing heteroatoms
(usually O, N and S) from organic raw materials using hydrogen as a reducing
agent (Szeto, Leung, 2022). As different raw materials such as rapeseed,
sunflower, soybean, jatropha, karanja and waste oils from frying or other
processes (Sonthalia, Kumar, 2019) are also used in different studies along with
changing the production parameters, the physical properties of the resulting fuels
vary within the limits given in Table 1.1. Taking into account that the developed
power, fuel consumption and emission composition of diesel engines are
sensitive to even the smallest changes in the physical and chemical parameters
of the fuel, this is the explanation for the drastically different and even
contradictory results of researches on vehicle operating parameters conducted in
different countries around the world.

It is practically impossible to carry out complex studies covering all the
performance parameters of vehicles running on different fuels, as this would
require huge material and human resources. It should also be noted that certain
factors, such as the fuel combustion process, can only be studied on engine test
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benches, but not on vehicles as a whole. On the other hand, the analysis of
emissions in engine studies and in car or tractor studies will differ because the
vehicles are equipped with different exhaust gas neutralization systems. Also,
power, torque and fuel consumption measurements are made by different
methods, since vehicles without an engine also have a transmission, so the useful
energy of the burned fuel varies between engine/whole vehicle tests. The
equipment used in laboratory and real road/field tests also differs, as it can be
stationary or mobile.

However, in most cases, all researches focus in such directions:

o fuel combustion process;

e engine/vehicle performance;

e changes in fuel consumption;

e composition of emissions;

o effect of fuels on power supply, etc. system elements;

o possibility of using fuels at different ambient temperatures, etc.

Taking into account all of the above, it is difficult to separate the results of
the studies conducted in different countries strictly according to the groups of the
studied parameters. Therefore, in the following description, the most important
studies are mentioned under the group with the highest number of study
parameters. If other parameters, such as the composition of emissions, are
determined in addition to the main parameter under study, such as the
combustion process, these are also mentioned here.

Fuel combustion process

Pollutants from internal combustion engines are generally classified into four
broad groups: soot, nitrogen oxides (NOx), carbon monoxide (CO) and unburned
hydrocarbons (HC). Soot particles are produced by burning fuel in areas where
the amount of oxygen is insufficient for complete combustion. These soot
particles can be oxidized later in the cycle when exposed to oxygen and if the
temperature is still high. A team of researchers from Vietnam, Japan and
Thailand carried out studies to investigate the effects of 20, 50 and 80% HVO
blends with commercially available diesel (with 7% BioDD blended in) on the
combustion process and the soot and NOx produced during combustion. The
obtained results indicated a decrease in ignition delay, flame temperature, NOy
and soot concentration with increasing HVO concentration. The reduction in
NOy and soot concentrations reached 33% and 15.9%, respectively, compared to
diesel fuel (Chau et al., 2017).

Many research groups (Bjergen et al., 2020; Bohl et al., 2017; Cadrazco et
al., 2020; Chau et al., 2017; Cheng et al., 2019; Li et al., 2019; Pastor et al., 2020)
have used modern high-speed photography techniques to study the spray and
combustion characteristics of HVO and fossil diesel in different types of
combustion chambers. Most of these publications evaluate HVO as a better or
equivalent fuel type compared to fossil diesel, and that these advantages,
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including lower levels of soot, NOy, CO, HC and noise, as well as higher
efficiency result from differences in the chemical composition of the fuels
(Hernandez et al., 2020). Another study found that easier auto-ignition is the
most important characteristic of HVO compared to other fuels, which can lead
to improved engine performance and reduced emissions (Yehia et al., 2019).

Studies highlight the narrower boiling range of HVO (Sugiyama et al., 2012)
and lower ultimate boiling points. This is also an advantage of HVO, as the fuel
evaporates faster after injection into the cylinder than fossil diesel. Thus, the
combustion mixture can form earlier and the ignition delay is reduced (Alkhayat
etal., 2021; Chau et al., 2017).

Some researchers have pointed out that the use of HVO fuel increases the
total duration of combustion because ignition occurs earlier than for fossil diesel
(Hernandez et al., 2020; Hunicz et al., 2020). Thus, soot, HC and CO emissions
can be reduced, as longer combustion times mean greater potential for their
oxidation (Sugiyama et al., 2012). The properties of HVO, such as shorter
ignition delay, easier ignition, and faster evaporation, can reduce a phenomenon
called overmixing, which contributes to the formation of ultra-lean regions and
the formation of unburned HC, soot, and CO (Dimitriadis et al., 2018).

The lower HVO density also results in a wider spread of the atomized
droplets. Some studies report a larger spray jet angle (Bohl et al., 2018; Cheng et
al., 2019) and larger spray area (Bohl et al., 2017) compared to FDD. This means
that the injected fuel is better distributed and fuel-air mixing is improved. Thus,
the incompletely burned products are more likely to be oxidized due to the higher
oxygen availability.

However, several studies indicate that under certain conditions the use of
HVOs can lead to more emissions (Bortel et al., 2019; Dimitriadis et al., 2018;
Grenetal., 2021; Suarez-Bertoa et al., 2019). It is sometimes difficult to compare
studies because the fuels under investigation have different physical properties.
For example, in tests conducted by several research groups, HVO samples have
lower viscosity (Bohl et al., 2018; Cadrazco et al., 2020; Cheng et al., 2019; Li
et al., 2019; Marasri et al., 2019; Pastor et al., 2020; Rimkus et al., 2019) than
fossil diesel samples, while it is higher in others (Alkhayat et al., 2021; Bohl et
al., 2017; Kumar et al., 2021; Sonthalia, Kumar, 2021; Sugiyama et al., 2012).

Engine/vehicle performance and fuel consumption

In Korea (Kim et al., 2014), fuel samples with 2, 10, 20, 30 and 50% blends
of BioDD and HVO to fossil diesel were tested. The tests were carried out on the
engine test bench and on the chassis dynamometer. The results of the tests
showed a decrease in power compared to fossil diesel — the more BioDD or HVO
was blended, the more power was reduced, for example, when fossil diesel mixed
with 2% biodiesel, the power loss was about 1.4%, when mixing 20% — about
2.5%, but, mixing 50% — more than 5%. When mixing the same amount of HVO
with fossil diesel, the power losses were 0.7, 1.2 and 1.8%, respectively. The fuel
consumption of the BioDD blend with diesel fuel increased with increasing
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BioDD content (from about 0.5 to 2%), while the HVO blends showed a slight
increase in fuel consumption (from about 0.1 to 0.3%). The addition of 10%
BioDD to fossil diesel fuel reduced the unburned hydrocarbon (HC) content
compared to fossil diesel fuel, but the CO, NOx and CO; content remained
unchanged. The 10% HVO blend reduced CO, HC, and CO; emissions compared
to both pure fossil diesel and a BioDD/FDD blend (Kim et al., 2014).

In Finland, 11 buses were tested, ranging from older vehicles that comply
with Euro Il emission standards, up to EVVs (Enhanced Environmentally-
friendly Vehicles), i.e. vehicles with lower emission levels than those required
by current legislation. Compared with summer and winter grade diesel fuel,
100% HVO reduced energy consumption by around 0.5%, while the increase in
fuel consumption by volume was 5.2% and 3.5% respectively. The performance
loss was roughly proportional to the difference in volumetric calorific value
between the fuels (Makinen et al., 2011).

A car with a 103 kW engine (engine displacement 1986 m®, compression
ratio 16.5) and a common rail injection system was tested in Portugal (Serrano
et al., 2021). When performing power and torque measurements, it was found
that the use of BioDD100 resulted in a maximum power reduction of 12.1% and
a torque reduction of 12% at low engine speeds, and there was no performance
increase with this fuel in any mode. The use of BioDD7 provided a maximum
increase of 2% in power and 2.1% in torque at low revolutions, but at high speeds
there was already a slight deficit in engine performance (about -0.6% for both
power and torque). HVO15 fuel had a similar effect on engine performance as
BioDD?7 fuel. The researchers concluded that the complete replacement of fossil
fuels with biofuels is not the most cost-effective approach (Serrano et al., 2021).

Audi 1.9 TDI (Turbocharged Direct Injection) engine (displacement
1896 cm?, power 66 kW, compression ratio 19.5) has been tested in Lithuania
(Rimkus et al., 2019). The experiments were performed using pure diesel fuel,
pure HVO and blends of different contents. Evaluating fuel mass consumption,
the addition of 10-30% HVO reduced the fuel consumption by 2 — 3%.
However, the opposite trend was found when evaluating the volumetric fuel
consumption — the results showed an increase in fuel consumption up to
approximately 6% in both speed modes and almost at all load points. The main
reason is the density of HVO, which in these tests was about 7.7% lower than
that of diesel fuel. The trend of increasing fuel consumption was very clear and
had a direct dependence on the percentage of HVO in the blends. The change in
CO with increasing HVO content in the fuel blend was insignificant. The CO,
reduction was 0.3 — 0.35%, and the maximum reduction was reached when the
HVO percentage increased to 85 — 100%. NOy content decreased by 3 — 20% at
low engine load. In the other load modes, the results showed a relatively lower
NOxy reduction of 0.5 — 7.5% (Rimkus et al., 2019).

In the research carried out at the Alternative Fuel Research Laboratory of the
LBTU, a Mazda CX-5 all-wheel drive car produced in 2015, equipped with a 2.2-
liter Euro 6 compliant engine, was used (Birzietis et al., 2017). Power and torque
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were measured on a Mustang MD-1750 chassis dynamometer, while fuel
consumption was measured at three constant speeds (50 km h%, 90 km h'* and
110 km ht), as well as in two driving cycles — the standardized combined IM-
240 cycle and the Jelgava city cycle developed by the researchers themselves
(Dukulis, Pirs, 2009). Two fuels were used in the study, Neste Pro Diesel (ProD),
which contained HVO, and Neste Futura, a standard fossil diesel without bio-
additives (FDD). At medium and high engine crankshaft speeds, power and
torque values were very similar. A significant increase in power and torque was
observed at low engine speeds (up to ~2200 min). The maximum power value
of 106.8+0.6 kW was achieved with Pro Diesel fuel, which is 1.2% higher than
in the case of using fossil diesel fuel. The maximum torque value for Pro Diesel
fuel was also 2% higher.

Running the car on HVO-containing fuel at a steady speed showed an overall
trend of decreasing fuel consumption. The reduction in fuel consumption with
Pro Diesel fuel at a steady speed of 50, 90 and 110 km h* was 1.5, 0.7 and 3.7%,
respectively. More significant changes in fuel consumption were observed under
variable load driving conditions, i.e. driving cycles. The use of HVO-containing
fuel in the IM-240 driving cycle showed a reduction in fuel consumption of 0.17 |
per 100 km or 2.9% compared to FDD. The reduction of fuel consumption in the
driving cycle of the city of Jelgava, which reflects the vehicle movement in
intensive urban traffic, was 0.37 | per 100 km or 3.9% (Birzietis et al., 2017).

A study on the effect of 100% rapeseed methyl ester (RME) and 100%
hydrotreated vegetable oil (HVO) on the performance of the internal combustion
engine of a Zetor Foretrra 8641 tractor (4-cylinder, displacement 4.156 I, rated
power 60 kW, maximum torque 351 N m) was carried out using an AW NEB 400
power take off dynamometer in the Czech Republic. It was found that with HVO
fuel, the maximum torque decreases by about 0.9% and the maximum power by
about 6%. The specific fuel consumption of HVO fuel, compared to RME fuel,
decreases in almost the entire speed range, including at nominal speed by 1.9%
(Pexa et al., 2015).

The efficiency of typical cars by replacing FDD with HVO was determined
in tests carried out in Italy and Spain. Energy consumption (J km?) was
compared in the WLTP cycle and increased or decreased depending on the car
model and ambient temperature. When studying a Euro 6 compliant Nissan
Qashgai (Hernandez et al., 2020), its energy consumption using HVO decreased
by 5.5% and 5.2% at +24 °C and -7 °C, respectively, while evaluating two
Euro 6b compliant cars passenger cars (brands not mentioned) (Suarez-Bertoa et
al., 2019) at +23 °C and -7 °C, only one car consumed 4.3% less energy at -7 °C.
The same car consumed 0.26% more energy at 23 °C. Another car consumed
more energy at both tested temperatures — 0.84% and 0.43% more, respectively.

Composition of emissions

11 passenger cars (Audi, VW, Skoda) with different injection systems,
transmissions, exhaust after-treatment systems and emission standards (Euro 111
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to Euro 6) were tested in Germany. Four of the vehicles were fuelled with 2%
biodiesel blended with HVYO (HVO-Bio2) and the other seven with HVO-Bio7,
where the biodiesel blending was aimed at improving the lubricity of the fuel.
The results showed that the use of HVO reduced emissions of unburned
components (HC, CO) by 35-90% compared to diesel. The researchers
explained this to the chemical composition and high cetane number of HVO. The
use of HVO-Bio7 also showed a 5% reduction in CO, emissions, while NOy
emissions increased by 5—14% compared to diesel and the increase was
independent of exhaust gas after-treatment (Singer et al., 2015).

One car with direct injection (A) and two with common rail system (B and
C) were tested in Finland. Cars A and C had a catalyst, while B did not. NExBTL
blends (5, 15, 20 and 85%) with two different fossil diesel fuels were tested. A
decrease in HC, CO and PM emissions was observed with increasing HVO
concentration. However, the study did not show a clear trend of NOy reduction
(Rantanen et al., 2005).

Pure HVO and its blends with FDD were studied in Austria in a four-cylinder
CRDi engine. Emissions were determined using an engine test bench and chassis
dynamometer. At low loads, PM emissions were reduced by up to 50% using
HVO due to the absence of aromatic hydrocarbons. The authors observed a
reduction in particle size, which resulted in lower soot emissions. However, they
found that the number of particles themselves did not decrease. HC and CO
emissions were also reduced by up to 50%. NOyx emissions decreased slightly in
bench tests, however, no significant changes were found on the chassis
dynamometer (Pflaum et al., 2010).

In Finland, 17 buses were tested, ranging from older vehicles that comply
with Euro Il emission standards to EVVs (Enhanced Environmentally-friendly
Vehicles). Using 100% HVO fuel, the average reduction in NOx emissions was
10%, PM 30%, CO 29% and HC 39% compared to FDD. A consistent reduction
in emissions was observed for Euro 11 and Euro 111 buses, but no such trends were
observed for newer buses. DPF (diesel particulate filter) performance was more
efficient with HVO than with FDD, which was explained by the NOy to PM ratio
being more favorable for HVO to oxidize particulates (Erkkilam et al., 2011).

In Finland, it was found that using HVO fuel can reduce emissions and
improve engine performance by optimizing engine performance or using
additives. The intake valve closing moment, intake timing, injection pressure and
EGR operation were adjusted and a DNPE (di-n-pentyl ether) additive was
added. It reduced PM and NOy emissions by 41-61% and 31-54%
respectively. The only drawback was an increase in aldehyde emissions in some
modes (Murtonen et al., 2012).

In a study conducted in India (Kumar et al., 2021), blends of HVO produced
from waste cooking oil (10, 20, 30, 40 and 50% by volume) with diesel fuel were
prepared. It was found that HC, CO and PM emissions decrease for blends with
HVO content up to 30%. When the percentage of HVO is further increased, the
emissions start to increase. NOy emissions were lower than diesel for all test
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samples. Compared to diesel, the maximum reductions in NOx, HC, CO and PM
were 23.2% (pure HVO), 14.4% (HVO030), 13.8% (HVO30) and 13.3%
(HVO30), respectively.

A study in Finland evaluated the annual NOx emission reduction potential of
replacing BioDD7 fuel with HVO in Euro 4, 5 and 6 compliant bus fleets in
Helsinki. The reduction potential was shown to be 7% (Lakanen et al., 2021).

However, the overall impact of HVO on reducing NOyx emissions remains
unclear. For example, a study conducted in Belgium using a Euro 6b compliant
1.5 | four-cylinder diesel engine (Demuynck et al., 2021) found no specific fuel
effect on NOy emissions when testing commercially available diesel fuel
BioDD7, BioDD30 and 100% HVO. In Finnish tests on heavy-duty engines
(Kuronen et al., 2010), NOy reductions of 7 — 14% were observed using HVO
compared to FDD. At the same time, another study (Happonen etal., 2012) found
that NOy can be reduced at different loads (50, 75 and 100%) by adjusting engine
parameters, leading to the conclusion that the full benefits of HVO cannot be
realized unless the engine is optimized for the new fuel. Consequently, the
possibilities of reducing NOyx concentration depend on various factors such as
fuel properties, spray characteristics, air/fuel ratio, compression ratio, etc.
(Dimitriadis et al., 2018). Therefore, replacing conventional diesel fuel with
HVO does not guarantee reduced NOy emissions (Szeto, Leung, 2022).

Analyzing the results of about 100 different studies, Chinese researchers
(Szeto, Leung, 2022) found that some publications showed a conflict of interest
in claims of better efficiency and emission reduction when HVO is used instead
of fossil diesel, because HVO fuel manufacturers and distributors participated in
them (Dimitriadis et al., 2018; Lakanen et al., 2021; Suarez-Bertoa et al., 2019).
However, many other publications in which such a conflict of interest is not
observed also show promising results of using HVO fuel (Bjergen et al., 2020;
Bortel et al., 2019; Gren et al., 2021; Hernandez et al., 2020; Hunicz et al., 2020;
Ovaska et al., 2019).

The use of fuel at different ambient temperatures and the effect on the
elements of various vehicle systems

Most of the positive results mentioned above, obtained when running
vehicles or their engines with HVO, were obtained due to the combination of
physicochemical properties of this fuel. HVO is a synthetic liquid biofuel that
does not contain aromatics and sulphur compounds (Singh et al., 2018). It has
relatively high calorific value and cetane number, low viscosity, density,
lubricity and cloud point (Dimitriadis et al., 2018). All these properties are
interrelated. The calorific value is related to the hydrogen content, the density —
to the paraffinic nature of the fuel, while the cloud point depends on the reaction
conditions, which can lead to a certain triglyceride content (Simagek et al., 2010).
A study carried out in Spain and the USA (Lapuerta et al., 2011) showed that the
main limitations for mixing HVO and FDD are determined by lubricity and
cetane number, where a compromise between these characteristics has to be
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found. In general, the reduced properties for use at low temperatures could be the
only disadvantage of HVO compared to fossil diesel (Simacek et al., 2010).

Compatibility with conventional compression ignition engines and the
European standard EN 15940, the possibility to blend with FDD at the retail point
of sale (Bjergen et al., 2020) make HVO attractive to retailers. In addition, the
low risk of fuel system deposits and engine oil deterioration (Mikkonen et al.,
2013), improved exhaust emissions and extended diesel particulate filter
regeneration interval (Rodriguez-Fernandez et al., 2017) make it attractive to
customers as well. HVO can be used without modifying the engine fuel system
because it does not significantly affect the degradation of elastomers such as
gaskets and rings (Miiller et al., 2022), which are typically not resistant to other
biofuels used in vehicles.

Thai researchers (Jaroonjitsathian et al., 2013) conducted a material
compatibility study using HVO as a fuel. The effect of HVO on the fuel tank
material (zinc coated) was examined and from X-ray fluorescence analysis it was
found that there was no change in the tank coating. Finnish researchers (Makinen
et al., 2011) reported similar results — no changes were detected in the fuel
storage tank after eight months, and the HVO fuel was still clear. Since the
swelling of the rubber seals depends on the content of aromatic hydrocarbons in
the fuel, which are absent in HVO fuel, no problems with the seals were found
in the field tests.

In Austria, the authors also investigated the dilution of oil due to DPF
regeneration. The soot accumulated in the DPF requires high temperatures to
burn. Post-injection of fuel creates the required exhaust gas temperature as it
burns at the end of the working stroke. However, this injection strategy can result
in fuel being deposited on the cylinder walls, thereby increasing oil dilution.
After a 4 h test at 1250 min and 2 bar pressure, the authors observed a decrease
in oil viscosity with increasing HVO content in the fuel. The authors attributed
this to an increase in fuel consumption, which is a result of the lower volumetric
calorific value of HVO (Pflaum et al., 2010). The effect of HYO on DPF was
also investigated by Finnish scientists (Kopperoinen et al., 2011) testing a
passenger car on a chassis dynamometer. The authors observed that when
running the car on 100% HVO, at least 400 km was driven before DPF
regeneration started. Since regeneration usually increases fuel consumption, the
longer the regeneration interval, the higher the fuel economy. As HVO fuel burns
cleaner and emits less particulate matter than conventional diesel, the increase in
exhaust backpressure is slower, resulting in a longer regeneration interval.

Summary of the situation review

Several studies have shown that HVO is a fuel superior to fossil diesel in
terms of air pollutants (PM, HC, CO and NOy), noise and thermal efficiency, due
to three main chemical characteristics of HVO — the absence of aromatics and
cycloparaffins, a less dispersed molecular weight and a negligible content of
sulphur and other soot-forming substances. In tests with diesel engines equipped
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with an older type, for example, with undivided fuel supply PLN, or so-called
pump-nozzle system, HVO can generally outperform fossil diesel in all the above
aspects without any modification. However, this is not the case with modern
diesel engines, which often show lower PM, HC and CO emissions, but better
thermal efficiency and lower NOx emissions are not always guaranteed due to
the complexity of the systems and the fact that these systems, such as fuel
injection, EGR and turbocharger settings, are usually optimized for fossil diesel.
In order to take full advantage of the efficiency benefits of HVO, an alternative
engine control unit calibration suitable for HVO use should be developed.

Using HVO as a fuel not only produces less PM, but these particles can be
oxidized in the DPF at lower temperatures compared to fossil diesel. Thus,
particles produced by HVO are easily removed from the DPF during normal
driving and DPF regeneration, giving the opportunity to reduce fuel
consumption. The toxicity of particulates emitted by diesel engines when running
on HVO is also lower than in the case of FDD. The disadvantage of HVO
compared to fatty acid methyl esters derived from animal fats or their mixtures
with vegetable oils is the poor lubricity. Therefore, friction modifiers, also known
as lubricity improvers, are needed and could also be obtained from biomass.

Analysing the research summaries, they emphasized the need to continue
research using engines that meet the latest emission standards or are equipped
with at least a common rail injection system. It is also recommended to design
turbochargers with lower optimum flow rates corresponding to the research
engines, so that researchers using these engines as test objects can conduct their
experiments under more realistic conditions. It is stressed that it is important to
conduct as much research as possible without the involvement of HVO vendors
in order to reduce the suspicion of conflict of interest (Szeto, Leung, 2022).

Since all the advantages of HVO are not fully retrieved when using blends of
HVO and fossil diesel fuel, drastic measures are also recommended in the course
of phasing out the use of fossil fuels, for example, introducing decreasing
monthly quotas for the consumption of FDD per car, while providing additional
fuel needs with 100% HVO . However, if such a policy cannot be implemented
due to infrastructural or administrative difficulties, the use of blends is still seen
as positive, as it at least reduces GHG emissions.

Both the analysis of the studies carried out in this chapter and the reviews by
other authors (No, 2014; Sonthalia, Kumar, 2019; Sunde et al., 2011) lead to the
conclusion that power, fuel consumption and emission trends are very different
depending on the type of engine used, the test conditions, the equipment used,
the characteristics of specific fuels, etc. Differences in results are also observed
depending on whether the experiments are conducted using motor test benches
or motor vehicles as a whole.

Therefore, several interrelated research programs have been prepared in this
doctoral thesis, covering both theoretical and experimental studies, as well as
trying to involve the same researched object, fuel and equipment in as many
programs as possible.

90



2. MATERIALS AND METHODS

The aim of the theoretical and experimental studies is to determine the main
operational parameters of vehicles powered by hydrotreated vegetable oil. In
order to do this, a general flow chart of the research was developed (see Fig. 2.1).

Theoretical and experimental studies on HVO fuels

programme No.

Research

Type of studies

Theoretical Experimental

Object of research

Tractor
Class Ares
557TATX

Engine
KOHLER
KDI 1903 M

Car
Opel Insignia 2.0 CDTi

DD, HVO

DD, HVO, |
Fuels blends DD, HVO

Studied parameters

Power,

Power, torque, fuel consumption, exhaust gases
torque 5 torque, ption, g

Mustang MD - 1750 | | MATLA |
Equipment, tools Model o~

SIERRA

CP-Engineering

AVL KMA MOBILE, AVL SESAM FTIR

Fig. 2.1. General flow chart of theoretical and experimental studies

The studies are divided into five research programmes, with the conditional
designations PP-1, PP-2, etc. The flow chart in the vertical column of each
programme shows the type of research, the object, the fuels, the parameters to be
investigated and the equipment or tools:

PP-1: theoretical studies, developing a model with input parameters for
the car Opel Insignia 2.0 CDTi, the possibility to choose the type of fuel
(DD - diesel fuel, HVO — hydrotreated vegetable oil) or create their
blends, and as a result of modeling, obtaining data on the car’s power,
torque and fuel consumption;

PP-2: experimental studies, operating the car Opel Insignia 2.0 CDTi on
the chassis dynamometer Mustang MD — 1750 to determine the power
and torque using clean fuels DD and HVO, and fuel consumption and
exhaust gas composition with AVL KML MOBILE and AVL SESAM FTIR
equipment respectively;

PP-3: identical experimental studies to the PP-2 program, but using three
different fuels — DD, Bio7 (diesel fuel with 7% biodiesel) and HVO7
(diesel fuel with 7% HVO);
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o PP-4: experimental studies, operating the Class Ares 557ATX tractor,
using clean fuels DD and HVO, determining power and torque, fuel
consumption and exhaust gas composition with MAHA ZW-500, AVL
KML MOBILE and AVL SESAM FTIR equipment, respectively;

e PP-5: experimental studies, operating the KOHLER KDI 1903 M engine
using DD, HVO and HVO5 fuels, determining power and torque, fuel
consumption and exhaust gas composition with SIERRA CP-Engineering,
AVL KML MOBILE and AVL SESAM FTIR equipment, respectively.

2.1. Equipment and materials used in the experimental studies

Fuels used in the studies

Pure HVO fuel (NExXBTL produced by Neste Oil) and pure fossil arctic diesel
fuel (arctic class 0) FDD are used in research programs PP-2 and PP-4. NExBTL
was brought from Neste Oil production plant, while FDD was purchased at a
Neste Latvija Ltd. fuel station. The comparison of the most important physical
properties of both fuels is given in Table 2.1.

Table 2.1. Comparison of physical properties of fuels used in research
programs PP-2 and PP-4

Parameter FDD NEXBTL
Density at 15 °C, kg m*® 836.3 778.9
Viscosity at 40 °C, mm? s! 2.581 2.884
Cloud point, °C -10 -35
CFPP temperature, °C -24 -35
Lowest mass calorific value, MJ kg 435 43.9
Lowest volumetric calorific value, MJ I 36.4 34.2
Cetane number 52.4 74.7
Sulphur content, mg kg™* 8.9 <1

The task of the research program PP-3 in the context of mandatory biofuel
blending was to evaluate the perspective of replacing the first generation
biodiesel with a volumetrically equivalent HVO blend. Therefore, in addition to
pure fossil diesel, FDD with 7% (by volume) biodiesel blend (BioDD7) and FDD
with 7% (by volume) HVO (NExBTL produced by Neste Oil) blend (NEXBTL7)
were tested.

The determination of the fuel parameters was carried out in independent
testing laboratories, measuring not only the three fuel samples used in the
experiments, but also pure BioDD and NExXBTL. The comparison of the most
important physical properties of the three fuels is given in Table 2.2.

Since the research program PP-5 was carried out on the engine test bench in
winter conditions, three commercially available fuels at that time were tested —
arctic class 2 FDD, pure HVO (Neste My), and FDD with 5.21% HVO blend by
volume (Pro Diesel). A comparison of the physical properties of all three fuels
is given in the Table 2.3.
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Table 2.2. Comparison of physical properties of fuels used in research
program PP-3

Parameter FDD BioDD7 NEXBTL7
Density at 15 °C, kg m3 833.9 837.2 830.0
Viscosity at 40 °C, mm? s! 2.834 2.917 2.814
Cloud point, °C -5 -5 -6
CFPP temperature, °C -16 -17 -17
Lowest mass calorific value, MJ kg 43.45 42,94 43.54
Lowest volumetric calorific value, MJ I 36.23 35.95 36.14
Cetane number 52.5 52.8 52.6
Sulphur content, mg kg 9.9 9.9 9.8
Water content, mg kg 34 55 36

Table 2.3. Comparison of physical properties of fuels used in research

program PP-5

Parameter FDD Neste My Pro Diesel
Density at 15 °C, kg m 816.1 780.8 807.4
Viscosity at 40 °C, mm? st 1.853 3.025 1.797
Cloud point, °C -28 -34 -33
CFPP temperature, °C -40 -38 -42
Cetane number 53.8 745 55.0
Sulphur content, mg kg 4.7 <1 1.1
Water saturs, mg kg 25 28 23

Opel Insignia car used in the research

The passenger car Opel Insignia 2.0 CDTi with a four-cylinder diesel engine
and common rail fuel injection system was used in the research programs PP-1,
PP-2 and PP-3. The technical parameters of the car are given in the Table 2.4.

Table 2.4. The main parameters of the test vehicle Opel Insignia

N.p.k. Parametrs

1. Model Opel Insignia 2.0 CDTi

2 Year of production, mileage 2011, 56580 km

3 Engine displacement 1956 cm®

4 Maximum engine power according to 128 Zs (96 kW)
technical specification at 4000 min!

5. Maximum engine torque according to 300N m
technical specification at 1750 min!

6. Engine code A20DT

7. Compression ratio 16.5:1

8. The number of gears in the gearbox 6

9. Vehicle kerb weight 1503 kg

Class Ares 557ATX tractor used in the research

The tractor Class Ares 557ATX was used in the research programme PP-4
(see Fig. 2.2). The tractor is equipped with a 4.5 litre 4-cylinder direct injection
turbo diesel engine (year of production — 2007, maximum engine power —
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77.5 kW at 2100 min, maximum torque — 421 N m at 1400 min‘l, specific fuel
consumption — 218 g kwht at 1700 min™).

Fig. 2.2. Claas Ares 557 ATX tractor and MAHA ZW500 power take-off
(PTO) dynamometer

Chassis dynamometer Mustang MD - 1750

The power test bench or chassis dynamometer Mustang MD-1750 (see Fig.
2.3) is used to determine the power and torque of the car, as well as to simulate
real driving conditions (for example, perform various driving cycles) in the
laboratory, ensuring the fixation of parameters that are difficult to obtain in road
tests. The chassis dynamometer is used in the research programs PP-2 and PP-3.

Fig. 2.3. The tested car on the chassis dynamometer
1 — experimental car; 2 — chassis dynamometer; 3 — computerised control platform;
4 —air blower; 5 — fixing ties; 6 — fuel gauge supply hoses

The main characteristics of the chassis dynamometer: maximum measuring
speed — 362 km h'l, maximum measuring capacity — 1287 kW (1750 Zs) (MD-
1750 Chassis Dynamometer, 2004).
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Power take-off dynamometer MAHA ZW-500

The power of a tractor is usually determined from the PTO shaft. Therefore,
the PTO dynamometer MAHA ZW-500 (see Fig. 2.2) was used in the research
programme PP-4. The maximum power to be measured from PTO using
MAHA ZW-500 is 500 kW, the maximum torque — 6600 N m, the maximum
PTO speed — 2500 min, and the measurement accuracy +2% (ZW 500 Power
Take-off Dynamometer, 2013).

The measurement can be carried out in two ways: at constant PTO shaft speed
or at the entire revolution range, setting the measurement program (PTO
revolutions range, step, and holding time) on the hand-held terminal.

SIERRA CP-Engineering test bench and KOHLER KDI 1903 M engine

In the research program PP-5, the KOHLER KDI 1903 M research engine was
tested using the SIERRA CP-Engineering engine test bench (see Fig. 2.4).

1 E i m; I

Fig. 2.4. SIERRA CP-Engineering engine test bench and
KOHLER KDI 1903 M engine

The KOHLER KDI 1903 M is 3-cylinder internal combustion atmospheric
diesel engine, mostly used as agricultural engine and an engine for generator sets.
The engine is equipped with a mechanical rotor high-pressure pump and
complies with EUR STAGE 3 A emission standards. Engine displacement —
1861 cm?, maximum engine power — 31 kW at 2600 min™*, maximum engine
torque — 133 N m at 1500 min‘t, Compression ratio — 17:1 (KDI 1903M - KDI
2504M, 2020).

The research engine was connected to the SIERRA CP-Engineering engine
test bench, which consists of an AC dynamometer capable of operating in both
absorption and motor modes. When operating in absorption mode, the absorbed
energy is converted into electricity and fed into the public grid. The maximum
absorption power of the dynamometer is 50 kW; maximum revolutions —
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7000 min!; maximum absorption torque — 140 N m. The ABB 4 drive system,
which is controlled by the CADET control system, is responsible for the correct
operation of the loading equipment (AC Dyno and CADET Compact, 2019).

Fuel consumption measuring device AVL KMA Mobile

The fuel consumption device AVL KMA Mobile (see Fig. 2.5) is a universal
device designed for measurement in both laboratory and road conditions. It is
used in all four experimental research programmes, i.e. PP-2, PP-3, PP-4 and PP-
5. The measuring device consists of measuring and conditioning modules.

AVL KMA Mobile main parameters (AVL KMA Mobile Fuel Consumption
Measuring System, 2008): measurement range — 0.35— 150 | h, operating
temperature — from -10 °C to +50 °C, density of fuel to be measured — 0.5 ...
2.0 g cm3, measurement error — 0.1%.

Multicomponent exhaust gas measurement system AVL SESAM FTIR

The emission measurement system AVL SESAM FTIR (see Fig. 2.5) is used
in all four experimental research programs, i.e. PP-2, PP-3, PP-4 and PP-5. It is
a measuring device designed to determine the amount of engine exhaust gas
components in different operating modes. The device can only be used in
stationary conditions.

Fig. 2.5. Fuel consumption measuring device AVL KMA Mobile and
multicomponent exhaust gas measurement system AVL SESAM FTIR

With this system it is possible to measure up to 25 different exhaust
components simultaneously, of which the main ones are: CHy; CoHa; CoHs;
C3Hg; C4Hs; CaHsg; CHa; CO,; CO; H20; N2O; NCio; NCs; NH3; NO2; NO; SOs.
The device calculates several components in addition to the measured ones, such
as NOy and total HC. The measurement interval is 1 second, the operating
temperature is from 10 °C to 30 °C, the equipment is cooled with liquid nitrogen
(AVL SESAM FTIR User’s Manual, 2007).
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2.2. Methodologies of the experimental study programmes

Since the experimental research programs, based on the specifics of the
researched objects (car, tractor and engine), are carried out using different
stands — chassis dynamometer, PTO power take-off dynamometer and engine
test bench, three separate research methodologies have been developed.

Methodology of the research programs PP-2 and PP-3

This methodology was developed based on several years of experience
working with various fuels at the LBTU Alternative Fuel Research Laboratory,
including biofuel testing in research, projects and doctoral theses (Dukulis, 2013;
Pirs, 2011). The test programme has been designed to ensure that the results are
as close as possible to the vehicle’s typical real-world operating conditions. The
scheme of the experimental methodology and the logical sequence of tests are
given in Fig. 2.6.

( Test programme J

Preparation works

Power tests

Idle tests

Constant speed tests

50 km h' I

_|
—| 90 km h' |
_|

110 km h' |

q Driving cycle tests
—| Cycle IM-240 |

-I Jelgava city cycle |
Fig. 2.6. Logical sequence of tests for research programs PP-2 and PP-3

Since fuel consumption and exhaust gas composition are simultaneously
determined in constant driving speed and road simulation tests, all equipment
and measuring devices must be connected in a common system (see Fig. 2.7). A
separate computer is provided for the control and data storage of each device.
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Fig. 2.7. Arrangement of equipment and measuring devices for conducting
the research programs PP-2 and PP-3
1 —dynamometer control box; 2 — fuel measuring device AVL KMA Mobile; 3 —air
blower; 4 — power absorber unit; 5 — chassis dynamometer Mustang MD-1750; 6 — fuel
tank; 7 — data communication cables; 8 — experimental car; 9 — PCs with special software;
10 — heated filter; 11 — exhaust gas measurement system AVL SESAM FTIR
Description of tests

The power test for diesel-powered cars is carried out under full load with the
accelerator pedal fully pressed in one constant gear (usually the one with the
closest gear ratio to 1:1). The measurement starts from a moderately low
crankshaft rotation frequency (for diesel engines 1200 — 1500 min) up to the
maximum allowable crankshaft rotation frequency for the particular car. Air and
road resistance losses are taken into account according to the model and mass of
the specific car, by entering the parameters of the car in the bench software before
the tests.

The idling test is performed for 60 s, with the car operating at a stable idling
crankshaft rotation frequency. The modes of constant speed tests (50, 90 and
110 km h') have been selected according to the most typical speeds of constant
movement in urban and non-urban conditions in Latvia. The choice of gear ratio
for each of these modes depends on the transmission characteristics of the test
vehicle. For cars with a six-speed gearbox, including the test car Opel
Insignia 2.0 CDTi, with the fourth gear engaged, the constant speed mode is
50 km ht, with the fifth gear — 90 km h'?, with the sixth gear — 110 km h', Also,
the duration of one constant speed test is 60 s. If the speed changes by more than
+2 km h during the test, the particular repetition is rejected.

Driving cycle tests simulate the movement of a car on the road, performing
acceleration, deceleration, braking, steady-state and idling sections. Two cycles
are used in these research programs — the standardized 1M-240 cycle and the
Jelgava city cycle developed by LBTU researchers themselves.
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The duration of the IM-240 cycle is 240 s, length 3.1 km, average and
maximum driving speed 47.3 and 91.2 km h'%, respectively. The Jelgava city
cycle was developed during the development of another LBTU doctoral thesis
(Dukulis, 2013; Dukulis, Pirs, 2009) and has been validated in several studies
and doctoral thesis (Pirs, 2011). Cycle duration is 360 s, length 2.32 km, average
and maximum driving speed 23.28 and 52 km h%, respectively.

The power bench software monitors the driving speed every second of the
cycle, and only those repetitions are considered valid that do not record any
deviation outside the speed tolerances for the given data point.

Factors affecting the values of the parameters in the tests

The obtained results can be affected by the operation of various systems of
the particular car, for example, the car’s cooling fan, the exhaust gas recirculation
system, etc. Theoretically, it is possible to disable these systems temporarily,
however, then the normal operation of the engine may be disturbed. Therefore,
to minimize the influence of various factors on the obtained results, the research
methodology must be strictly followed and a sufficient number of measurement
repetitions must be selected.

Required measurement accuracy and number of repetitions

Since the equipment used in these research programs has been practically
operated for more than 10 years, the staff has accumulated practical experience,
several feasibility study experiments have been carried out, the accuracy of each
specific equipment and the frequency of data recording have been taken into
account. The duration of one measurement repetition for idle and constant speed
tests is determined in this way — 60 s. The result of each specific measurement
repetition is determined by processing 60 s instantaneous values using
descriptive statistics and gross error correction methods.

It was found that 3 repetitions are sufficient to keep the coefficient of
variation within 3%, which indicates high accuracy of the measurements. It
should be added that the coefficient of variation and, therefore, the standard
errors in fuel consumption measurements are much smaller, but the dispersion in
exhaust gas composition measurements is greater. Since the exhaust gas
components are determined by the specific equipment in parts per million (ppm)
of the exhaust gas volume, and often the concentration of the specific component
is very small, the number of repetitions is not artificially increased due to the
specificity of the exhaust gas measurement, but the reliability of the results is

ensured by making a gross error fraud during data processing.

Form for the presentation of test results

After conducting all the tests in each of the research programs, the following
results are expected to be presented for each of the fuels:

e maximum power and torque values;

e power and torque characteristic curves;

o the fuel consumption in each test;

o the exhaust gas composition for each test.
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The maximum power Nmax When running the car on each of the fuels is
calculated using the maximum power values of each repetition i:

_l.iNiw, 2.1)
n =

where Nimax — maximum power of the i-th repetition, kW;
n — number of repetitions.

An analogous formula is used to calculate the maximum torque Mmax:
1 n
L (2.2)
n i

where M max — maximum torque of the i-th repetition, N m.

The power and torque characteristic curves are constructed by calculating the
average values of power and torque at each of the engine crankshaft rotation
frequencies with a step of 20 min-L.

The average fuel consumption of the constant speed test in litres per 100 km
is calculated using the instant fuel consumption in litres per hour, the test time

and the driving speed (Pirs, 2011)'
100 , 23
Z[ leQ I ht mst J ( )

Q
(I per 100 km) n —

where Qg per 100kmy — average fuel consumption, | per 100 km;
n — number of repetitions;
v — vehicle speed, km h'%;
t — continuation of one test repetition, s;

Q — instant fuel consumption, | h.
(1-hinst)

The average fuel consumption during the driving cycle (litres per 100 km) is
determined by relationship (Pirs, 2011):

t

1 100-t
Qi per100km) = 2(3600 s ZIQ(l-hlinst)\J_ ) (2.4)

where s — distance travelled during the repetition, km.

The relative quantity of each exhaust gas component in all test modes was
determined by the relationship (Pirs, 2011)'

1 25
Q(me or %) n Z[ ZQ (ppm or%mst)J ' ( )

i=1 i=1

where Qpomorss) — AVETAGE relative quantity of the exhaust gas component,
ppm or %;
Q(opmarssins) instant relative amount of the exhaust gas component,
ppm or %.

Test results can be plotted in graphs to make them more visible. A 95%
confidence level is used to indicate the possible spread of the calculated values.
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Methodology of the research program PP-4

Since both this research program and the next one use the same devices for
determining fuel consumption and exhaust gas composition as in research
programs PP-2 and PP-3, and the tests are also carried out indoors in the same
laboratory, several steps described above, for example, providing test conditions,
preparing for tests, etc., are identical, so they are not repeated here. Emphasized
only the particularities of the specific research object and the use of the power
take-off dynamometer.

Tractor’s power was determined from the power take-off (PTO) using
dynamometer MAHA ZW-500. Simultaneously the hourly fuel consumption and
exhaust emissions were measured, accordingly using AVL KMA MOBILE and
AVL SESAM FTIR measurement systems.

Taking into account test object’s nominal engine crankshaft frequency
(2200 mint), and the PTO’s transmission ratio (3.67), the power determination
was performed at PTO revolutions range from 300 to 625 min* with 25 min
step. The holding time at each measuring point was set to 15 seconds. Five
repetitions were performed for each fuel. Examples of raw data — a printout from
the MAHA ZW-500 hand-held terminal and a fuel consumption graph — are
shown in Fig. 2.8.

LPS ZW 500 23

14:02 Clock 22.01.2014

Vehicle Data

Result

w md P
[U/min] [1m] (kW]
300 1426.2  44.8
325 1462.8 49.8
349 1476.8  54.0
375 1509.2  59.3
401 1494.8 62.8
125 1481.2  65.9
450 1464.8  69.0
474 1410.2  70.0
500 1371.0  71.8
524 1311.3  72.0
550 1220.1  70.8
575 1144.3  68.2 i 50 1on 150 200 230 300
500 1046.0  65.7
a) 624 734.3 48.0 b) Tlmet S
'

Fig. 2.8. Examples of raw data from the research programme PP-4
a — printout from the MAHA ZW-500 hand-held terminal; b — fuel consumption graph

To calculate the corresponding engine crankshaft revolutions n (min?), the
following formula was used (Dukulis, 2013):

N=Npo - (2.6)

where npro — PTO revolutions, min;
i — PTO transmission ratio (for CLAAS ARES 557ATX 3.67).
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An effective power of the tractor engine was calculated by formula (Dukulis,
2013):

N = Nero @.7)

where N — effective engine power of the tractor, kW;
1 — PTO transmission efficiency (for CLAAS ARES 557ATX 0.95);
Npro — power measured from PTO, kW.

An effective torque of tractor engine was calculated using relationship
(Dukulis, 2013):

M = Mero | (28)
i-n
where M — effective engine torque of the tractor, N m;
Mpro — torque measured from PTO, N m.

As the 15 seconds loading on certain PTO revolutions starts only when the
revolutions become stable (after approximately 3 seconds) for further analysis
the raw fuel consumption data have to be cut out (see Fig. 2.8b). Similarly to raw
fuel consumption data looks also individual exhaust emission components
measuring graphs, but, due to the specifics of exhaust gases and the measuring
device, stabilization of certain component amount takes longer time and it’s very
difficult to cut out 15 seconds data intervals like for the fuel consumption. That’s
why it was decided to calculate an average amount of each emission component
in all PTO revolutions range from 300 to 625 min™,

Fuel consumption is calculated using the formula (Dukulis, 2013):

n

1 @14 , 2.9
Q(l-hl):n'Z[t';Q(l-hlinst)j (29)

i=1 i
where Q) — fuel consumption, I h?;
n — number of repetitions;
t — continuation of one test repetition, s;
Q(nsinst) — instant fuel consumption, | ht,
Since both diesel injection systems and fuel dispensing systems deliver fuel
by volume, specific fuel consumption ge was calculated not in g kW h? as
usually, but in | kWt h':

g:qWL (2.10)
€ N

where ge — specific fuel consumption, | kWt h2,

e

Methodology of the research program PP-5

Arrangement of equipment and measuring devices for conducting the
research program PP-5 is shown in Fig. 2.9.
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Fig. 2.9. Arrangement of equipment and measuring devices for conducting
the research program PP-5

1 - regenerative drive; 2 — AC dynamometer; 3 — test engine control box with throttle
actuator; 4 — KOHLER engine; 5 — fuel measuring device AVL KMA Mobile; 6 — fuel tank;
7 — fuel filter; 8 — multicomponent exhaust gas measurement system AVL SESAM FTIR;
9 — heated filter; 10 — operator interface with data recording and measuring device control
computers; 11, 12 — fuel lines; 13 —heated gas line for exhaust gas measurement from the
exhaust tailpipe; 14, 15, 16, 17 — AVL SESAM FTIR, AVL KMA Mobile, dynamometer and
test engine communication cables.

The test program was based on a pre-developed loading cycle that ensures
the operation of the test engine in the speed range from 1000 to 2700 min™.
Loading was carried out with a step of 100 min! that makes 18 loading steps in
the given engine speed range. The fuel supply lever was set to the maximum fuel
supply position. The duration of each loading step was 10 s. When the test was
activated, the dynamometer automatically maintained the set engine speed,
simultaneously recording the developed power and torque of the test engine,
while the additionally connected fuel consumption and exhaust gas emission
measuring devices recorded the instantaneous fuel consumption and exhaust gas
composition data

In total, 5 — 7 measurement repetitions were performed with each test fuel.
Initially, the stable ranges of each measurement step (i.e., ~10 s) were selected
from each experimental repetition, from which the average values of the
measurement step were calculated. After mathematical processing of the data,
the results were presented as average values of all repetitions for each fuel type.

An example of raw data is shown in Fig. 2.10.
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Fig. 2.10. Examples of raw power and torque data from the research
programme PP-4

2.3. Description of the theoretical model

In order to be able to conduct theoretical research, including thermodynamic
calculations of the diesel engine performance, to construct the effective power
and torque curves of the engine and to calculate the fuel consumption, a
mathematical model is required. There are two possible solutions: create a hew
model or use an existing one. Taking into account that three theses related to
biofuels application and modelling have been previously developed at LBTU
Faculty of Engineering, where model development was carried out by purchasing
ExtendSim modelling software for this purpose, as well as their codes and
formulae are available and modifiable, it was decided to use the model where
diesel engine modelling was carried out (Dukulis, Birkavs, 2013), making
adjustments in model blocks where it is necessary to specify HVO fuel properties
or application specifics.

Since the original model consists of several hundreds of blocks, each of which
has one or more formulas to operate them, they are not all given here, but are
available in the doctoral thesis “Rapeseed oil fuel application in diesel engines
and logistics” (Dukulis, 2013). In this work, only the figures and formulae for
the blocks where the most significant changes have been made are given.

This model was created in ExtendSim environment. Since the model is
provided to evaluate the rapeseed oil fuel usage in diesel engines, the first module
that calculates fuel’s properties, for example, content of carbon (C), hydrogen
(H) and oxygen (O) in fuel blend, heating value etc., have to be transformed
substantially. The second module performs engine operation thermodynamic
calculation, but the third one — constructs engine effective power and torque
curves (see Fig. 2.11). Last two modules do not need significant changes.
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Fuel type (fossil diesel, HVO, blend)

o Fuel properties calculation

Fuel C, H, O content, heating value etc.

ke

o Diesel engine operation thermodynamic calculation

Engine effective power N,, effective torque M,

—

o Construction of diesel engine power and torque curves

N(n), M(n) u

Fig. 2.11. Model’s block diagram
The lower heating value Qiower (J kg™?) for any fuel can be calculated using
classical relationship:
Q, =(33.91-C+103.01-H-10.89-0)-1000, (2.11)
where C — content of carbon in fuel, mass parts;

H — content of hydrogen in fuel, mass parts;
O — content of oxygen in fuel, mass parts.

For blended fuels, these values are calculated as weighted averages (Dukulis,
2013):

n n

chont—i -m; z Hcom—i -m; zocont—i -m;
_ =l

' H= i=1 0 = i=1 ,
> m, > m, > m,
i=1 i=1 i=1

where m; — in-fuels content in blend, mass %;;
Ceont-i — content of carbon in ix-fuel, mass parts;
Hcont-i — content of hydrogen in in-fuel, mass parts;
Ocont-i — cOntent of oxygen in in-fuel, mass parts.

The content of carbon, hydrogen, and oxygen in fossil diesel fuel is already
known for a long time (the average values for modelling are assumed 0.870,
0.124, and 0.006 respectively). Since HVO is a relatively new fuel, a lot of
researchers around the world investigate physicochemical properties of HVO
depending on hydrotreatment temperature and catalysts. The average values
are — 0.848 for carbon, 0.150 for hydrogen, and 0.002 for oxygen (Bezergianni
et al., 2014; Lapuerta et al., 2011; Pinto et al., 2013).

The model blocks for determination of the fuel blend content and lower
heating value are shown in Fig. 2.12.

c (2.12)
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Fig. 2.12. Fuel blend content and lower heating value determination blocks

Performing test simulations of these blocks, the calculated (theoretical) lower
heating value for pure HVO is 44185 J kg, for fossil diesel fuel — 42209 J kg™,
but for biodiesel fuel — 38380 kJ kg. Comparing these values with the data from
the Table 1.1, coincidence is close, and the modified module works correctly.

The second model’s module “Diesel engine operation thermodynamic
calculation” determines engine’s effective power and torque based on all fuel
content sensitive parameters. The thermodynamic calculation of diesel engine
operation is based on the classical relationships, given in the various sources of
information (Van Basshuysen, Schaefer, 2016; Xin, 2011), but the existing
model (Dukulis, 2013) was supplemented with a possibility to enter coefficients
specific to the certain engine, depending on whether the engine is turbo-charged
or not, with direct injection or precombustion chamber etc. The output
parameters from the second module are: a maximum effective power Nemax (KW)
at engine crankshaft rotational frequency nmax (min), fuel consumption per hour
Gr (kg h), and an effective torque Me (N m) at the same crankshaft rotational
frequency nmax (see Fig. 2.13).
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Fig. 2.13. Engine power, fuel consumption and torque calculation blocks

Figure 2.14 shows the blocks that construct the power and torque
characteristics. Since the model consists of several hundreds of blocks, in which
the entered parameters affect the values of many other blocks, test or control
blocks have been created in several places of the model. An example of such
blocks is given in Figure 2.15.

94.489552539356

D Step i Value Power and torque curves for a given simulation
# I" Pﬁ
—ay -
Max. effective power o el I
2y ® e
£

Ne_max
M
b EH

Power characteristic curves for the
last four simulations

=

n_max ———

Empirical coefficient values

o
Torque curves for the last four
ol simulations
Koef. X
72 al
u g 299.87300300786
ol £1 !
Koef. Y
18 Max. torque
jTH'F;
10l
Koef Z
Fig. 2.14. Example of model blocks for constructing power and torque
curves
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Fig. 2.15. Example of model blocks to control calculations
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In order to facilitate the input of variables and view the simulation results, a
separate panel or window is set up (see Fig. 2.16).

—l| Insignia.mox |ZI@E‘
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Fig. 2.16. Example of the window for variables input and viewing of the
simulation results

When performing test simulations (it did not take into account the efficiency
coefficient of the transmission, so that the obtained engine data could be
compared with the manufacturer’s technical specification), the maximum engine
power of 94.49 kW for the Opel Insignia 2.0 CDTi using diesel fuel is reached
at 4000 min, but the maximum developed torque is 299.87 N m. Comparing the
obtained modelling values with the data provided by car manufacturers
(respectively 128 hp or 96 kW and 300 N m), the differences do not exceed 2%.
For modelling studies, such a limit value is acceptable and to perceive differences
when operating a car with different fuels.

Since the experimentally tested fuels have different densities, and the
previously developed model calculates fuel consumption in kilograms per hour,
new blocks have been created in the modelling process to calculate both the
density of the mixture and the conversion of fuel consumption to litres per hour,
depending on the content and density of the blend components (see Fig. 2.17).
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Fig. 2.17. Fuel blend density and fuel consumption calculation blocks

By carrying out test simulations of these blocks and comparing the calculated
densities for HVO7 and BioDD7 fuels with the data from Table 2.2, where the
densities of the mixed fuels used in the experiments are 830.0 and 837.2 kg m'3,
respectively, it can be concluded that the newly created module works correctly.

The results of the simulations and their comparison with experimental studies
are presented in Section 3.5.

Chapter summary

The developed general flow chart of theoretical and experimental studies
includes five research programs, covering different research objects (car, tractor
and research engine), while attempting, where the specificities of the test objects
allow, to use the same devices in the different programs, for example, for
measuring fuel consumption and exhaust gas content, so that overall research
results are not influenced by the use of different devices.

In order to be able to explain the obtained results later, practically all the fuels
used in the tests, without the certificates of their manufacturers, were fully
analysed for physical parameters by independent certified testing laboratories.

For each individual research program, in addition to the description of the
research object and equipment, the sequence of conducting the research, the
description of the test conditions, the description of the tests to be performed, the
analysis of the factors influencing the value of the parameters obtained in the
tests, the justification of the required measurement accuracy and the number of
repetitions, and also the form of the presentation of the test results are also given.

The description of the theoretical model shows the main differences from the
previously developed models, as well as explains the modifications made to the
modules, formulae and parameters.
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3. RESULTS AND DISCUSSION

3.1. Research programme PP-2 — results of testing a passenger car
running on FDD and HVO

Power and torque measurement results

The power and torque characteristics of the Opel Insignia car are obtained by
operating it in fourth gear with the accelerator pedal fully pressed. The resulting
characteristic curves represent the power and torque at the driving wheels.

Comparing the average values of power and torque with the values of each
repetition, the correlation of data points exceeded 99.96% for torque and 99.97%
for power. Such a data match can be assessed as very high, therefore 3 repetitions
in power and torque measurements are sufficient.

Using the power and torque average values at particular crankshaft rotations,
the power and torque curves were created when operating the Opel Insignia car
with HVO and FDD (see Fig. 3.1).
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Fig. 3.1. Power and torque curves of the Opel Insignia running on HVO
and fossil diesel

The experimental results show that when working with both fuels, the car’s
power and torque characteristics in the entire range of the engine crankshaft
frequency are similar. When running a car with HVO, the average increase in
power and torque compared to fossil diesel is 1%. The maximum power of the
car with HVO 82.13 kW is reached at 3760 min, but with fossil diesel —

110



81.85 kW at 3700 mint. The maximum power difference is 0.34%. The
maximum torque with HVO 276.85 N-m is reached at 2400 min, but with fossil
diesel — 274.49 N-m at 2360 min™. The maximum torque difference — 0.86%.
Regarding the accuracy of the equipment, the differences are considered
insignificant.

Fuel consumption measurement results

The average diesel fuel consumption in idling mode is 0.499+0.003 | h'* and
for HVO is 0.505+0.003 | ht. The difference is 1.02%. Regarding that idling fuel
consumption is most affected by different test conditions, this difference cannot
be considered significant.

Therefore, the changes in fuel consumption are more objectively
characterized by the different driving modes. The summary of average values of
the results of all repetitions is given in the Table 3.1.

Table 3.1. Fuel consumption in litres per 100 km in different driving modes
using FDD and HVO fuels

Test mode FDD HVO Difference
50 km ht 3.682 3.686 0.10%
90 km ht 5.001 5.376 7.50%
110 km h! 6.024 6.219 3.22%
Cycle IM-240 6.441 6.641 3.11%
Jelgava city cycle 9.397 9.954 5.93%
Average: 3.97%

The difference in fuel consumption varies between driving modes, but on
average HVO fuel consumption is about 4% higher than diesel consumption. To
explain this, the main characteristics of both fuels have to be considered (see
Table 3.2).

Table 3.2. Main characteristics of FDD and HVO fuels

Parameter FDD HVO Difference
Density at 15 °C, kg m 836.3 778.9 7.37%
Lowest mass calorific value, MJ kg™ 44.0 43.9 0.23%
Lowest volumetric calorific value, MJ I 36.8 34.2 7.61%

The calorific value of the two fuels in MJ per kilogram differs by less than
1%, but the density — by more than 7%. It causes a 7.6% difference in calorific
value per litre of fuel. Taking into account also the calculations made in the
thesis, where it was found that HVO contains 5.37% less energy than FDD for
the same volume of compressed fuel, a maximum fuel consumption increase of
about the same percentage can be predicted.

In order to estimate the possible error of the average values, the generally
accepted statistical data processing methodology is used. An example of the
calculation of statistical indicators when running a car with HVO fuel and driving
at a speed of 50 km h is shown in Table 3.3.
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Table 3.3. Example of calculations for estimating the error in fuel
consumption results

Parameter Value
Mean 3.6858
Standard Error 0.0073
Standard Deviation 0.1136
Range 0.5184
Minimum 3.4400
Maximum 3.9584
Count 240
Variation coefficient 0.20%
Confidence Level (95.0%0) 0.0144

The value of the coefficient of variation (0.20%) indicates that the
measurement accuracy is very high. The calculated fuel consumption error at the
confidence level of 95% in the specific calculation example is approximately
0.014 litres per 100 km. Thus, for example, HVO fuel consumption when driving
at a speed of 50 km h! is 3.686+0.014 litres per 100 km. Analogous calculations
for both fuels have been performed in all modes and their results are shown in
Figure 3.2.
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Fig. 3.2. Fuel consumption in different driving modes running Opel
Insignia on HVO and FDD

As can be seen from the data in Figure 3.2, the consumption of HVO
compared to FDD is higher in all modes, even considering the possible
measurement error. An identical methodology for estimating the possible errors
in the mean values has also been used for each exhaust gas component, as well
as in other research programs for all parameters that can be considered as
repeated measurements of the same parameter.
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As mentioned above, this higher HVO fuel consumption is due to the lower
volumetric calorific value resulting from the lower density of this fuel compared
to FDD. Therefore, it is useful to consider how the results presented in Table 3.1
and Figure 3.2 would look if the fuel consumption was recalculated in kilograms
per 100 km (see Table 3.4).

HVO fuel mass consumption is 3.2% lower compared to diesel fuel, but in
some test modes the difference is statistically insignificant. Since driving at
constant speed and driving cycles requires similar torque using both fuels, it can
be assumed that the energy conversion efficiency under test car engine conditions
is higher for the paraffinic synthetic fuel HVO compared to FDD. This also
explains why the torque/power curves are so close to each other for the different
fuel consumption peak torque and power test runs.

Table 3.4. Fuel consumption in kg per 100 km in different driving modes
using FDD and HVO fuels

Test mode FDD HVO Difference
50 km ht 3.079 2.871 -6.77%
90 km ht 4.182 4.188 0.13%
110 km ht 5.038 4.844 -3.86%
Cycle IM-240 5.387 5.173 -3.97%
Jelgava city cycle 7.858 7.754 -1.34%
Average: -3.16%

A comparison of the differences in fuel consumption allows to conclude that,
from the energy point of view, HVO is an equivalent fuel to fossil diesel fuel.
However, since the unit of measure for refuelling is a litre, not a kilogram, a
slight increase in fuel consumption should be expected.

Results of measurements of the content of the exhaust gases

As already mentioned in the methodology of the experiments, the amount of
different components in the exhaust gases is a very variable quantity, not only
when comparing different repetitions, but also within the limits of one repetition.
It should be noted that the decrease of one component with one of the fuel
samples may cause a slight increase of another component, and the trends may
be different in different test modes.

In the doctoral thesis, the changes in the content of NOy, unburned
hydrocarbons HC, SO,, CO, and CO in exhaust gases, when operating the car
with both fuels, are given in diagrams, but in the summary (see Table 3.5) only
the reduction of the components of the exhaust gas content in different driving
modes when using HVO fuel is compared to FDD.

In this study, all of the exhaust gas components that are commonly compared
in multi-fuel studies tend to decrease with HVO fuel compared to FDD. In
addition, the reduction was found in all driving modes tested. NOy in different
modes decreased by 6.8% on average, unburned hydrocarbons — by 37.5%, SO, —
by 13.1%, CO; — by 5.0%. There was no carbon monoxide (CO) in the exhaust
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gases using HVO fuel. It should be noted that even with fossil diesel fuel, the
amount of CO in the exhaust gases was negligible.
Table 3.5. Reduction of emission components in different driving modes
using HVO fuel compared to FDD

Test mode
5 . . . >
c P o o 'S @
g | 2| % £ E | 83 | sg | €
s | = | 2| 2|5 |0z 85| &
o - 3 S = = > <
Law]
NOx -6.4% -7.6% -0.4% -12.8% -5.1% -8.2% -6.8%
HC -34.9% | -434% | -37.1% | -48.9% | -31.7% | -28.8% | -37.5%
SO -13.7% | -28.6% -4.6% -2.4% -121% | -17.2% | -13.1%
CO2 -11.0% -7.8% -1.9% -1.5% -3.0% -4.8% -5.0%
CO -100% -100% -100% -100% -100% -100% -100%

The reduction in CO2 concentration can be explained by the fact that the
hydrogen-to-carbon ratio in HVO fuel is 2.14, i.e. significantly higher compared
to typical diesel fuel, i.e. 1.88 (Labeckas et al., 2017; Sugiyama et al., 2012). The
complete combustion of HVO produces relatively more H,O and less CO;
compared to FDD.

The use of HVO instead of FDD also leads to a reduction in SO emissions.
Petroleum products, such as FDD, contain sulphur, which is removed during fuel
production to the level required by the relevant standard. Synthetic fuels, such as
HVO made from biological resources, usually contain very little sulphur
compounds. According to analytical data by Japanese researchers, diesel fuel
contains 6 ppm of sulphur, but HVO typically contains less than 3 ppm
(Sugiyama et al., 2012). This explains the results of this study. Lower sulphur
content in emissions can extend the useful life of exhaust gas after-treatment
devices. It can also reduce particulate matter (PM) emissions (Wang et al., 2009).

The effect of HVO on NOy emissions was less pronounced in this study. The
greatest reduction was found only observed under the highest load conditions,
driving steadily at a speed of 110 km h'. As HVO has a higher cetane number
than diesel fuel, combustion starts earlier in the engine’s duty cycle. Typically,
this can lead to increased pressure and temperature, which can lead to increased
NO formation.

At low and medium engine speeds, pilot fuel injection is commonly used and
this can also be applied to the engine in this study. The increase in cetane number
of the fuel manifests itself as a shorter ignition delay during the pilot injection of
the fuel and less after the main injection. A comparison of the described pilot
injection effects and apparent heat release rate curves between HVO and FDD
was been provided by Japanese researchers (Sugiyama et al., 2012). According
to the basic principles of operation of internal combustion engines (Heywood,
2018), the main source of NO generation in a diesel engine is the diffusion
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combustion phase, which starts after pilot combustion and is completed during
the premixing phase of the next main injection. Detailed NOy content results are
not summarized in the graphs, but NO, was about 55% and NO only 45% of the
total volume of nitrogen oxides for both fuels tested. Typically, NO, should
account for between 10 and 30% of the NOy emissions from a diesel engine
(Heywood, 2018). This means that in this study, the composition of nitrogen
oxides in exhaust gases is influenced by gas after-treatment systems.

A significant reduction in HC emissions of approximately 38% was observed
when using HVO. There are two main factors in how hydrocarbons can “escape”
combustion in diesel engines — the fuel mixture becomes too lean to ignite in the
premixed combustion phase following the ignition inhibition phase, and the fuel-
air mixture becomes too rich to ignite in the premixed controlled combustion
phase (Heywood, 2018). Since HVO has a significantly higher cetane number, it
results in a shorter ignition delay and a less pronounced premixed combustion
phase. This can lead to a reduction in HC emissions.

Comparing the obtained results with other studies confirms what was
mentioned in the situation review, i.e. the trends of changes in various parameters
differ depending on the characteristics of the fuel used and the test objects.
Similar to the study conducted in Germany (Singer et al., 2015), HC decreases
in the exhaust gases, while no increase in NOy is observed. Compared to a study
in the Czech Republic (Bortel et al., 2019), very similar results were obtained for
CO; and NOx reduction, but the HC reduction is approximately twice as small.
The increase in fuel consumption is very similar to that found by Lithuanian
researchers (Rimkus et al., 2019). The trends in HC changes are close, but the
reductions in NOy and CO; concentrations are smaller. The CO, changes are
close compared to the data of the Italian researchers (Suarez-Bertoa et al., 2019),
but no significant changes in other exhaust gas components were found there.
The fact that no reduction in power and torque was observed with HVO is
consistent with tests conducted in Japan (Sugiyama et al., 2012), which found
that HVO injection rates should be 3 to 5% higher than FDD, but that this does
not result in power losses, when running an engine equipped with a common rail
system, although the volumetric energy content of HVO fuel is about 5% lower.

3.2.  Research programme PP-3 — results of testing a passenger car
running on FDD, HVO7 and BioDD7

The objective of the research program PP-3 in the context of mandatory
biofuel blending was to evaluate the perspective of replacing the first generation
biodiesel admixture with HVO equivalent in volume. Therefore, FDD with 7%
(by volume) biodiesel blend (BioDD7) and FDD with 7% HVO (NExBTL from
Neste Qil) blend (HVO7) were tested in addition to pure fossil diesel.

Power and torque measurement results
The power and torque characteristics of the Opel Insignia car are obtained by
operating it in fourth gear with the accelerator pedal fully pressed.
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Comparing the average values of power and torque with the values of each
individual repetition, the correlation for the torque data points exceeded 99.8 %,
and for the power — 99.9 %. Such a data match can be assessed as very high,
therefore 3 repetitions in power and torque measurements are sufficient.

The power and torque curves were designed using the power and torque
average values at specific speeds and operating the Opel Insignia with three
different fuels (denoted FDD, BioDD7 and HVO?7 in the figures and tables
below) (see Fig. 3.3).

300 90
280 et pe——
/” = \J "’ \‘: 80
260 7 S
I” ”’
7 70
240 y
4
. / ,
Z 220 60 X
= / / -
200 +f
50
180 - M-FDD
..... . 40
160 M-HVO7
/ N-BioDD7
140 ‘ ‘ ‘ ‘ ‘ 30
1500 2000 2500 3000 3500 4000 4500
n, mint

Fig. 3.3. Power and torque curves of the Opel Insignia running on three
different fuels

The experimental results showed that with fossil diesel and diesel fuel
blended with 7 % of HVO fuel the car’s power and torque curves in all range of
the engine crankshaft rotation frequency were similar — the variation in power
and torque values in all measured data points did not exceed 0.8 %

The maximum power with fossil diesel 84.1 kW was reached at 3780 min,
with diesel fuel blended with 7 % biodiesel — 82.3 kW at 3760 min, but with
diesel fuel blended with 7 % HVO fuel — 84.2 kW at 3740 min* (see Fig. 3.4).

The maximum power difference for fossil diesel and diesel fuel blended with
7 % HVO fuel was 0.16 %, which was considered as insignificant. Using 7 %
biodiesel blend, the developed power was 2.12 % lower comparing with fossil
diesel and 2.28 % lower than for diesel fuel blended with 7 % HVO fuel.
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Fig. 3.4. Maximum power values and corresponding crankshaft rotation
frequencies running Opel Insignia on three different fuels
The maximum torque using FDD 281.5 N m was reached at 2400 min, with

diesel fuel mixed with 7 % biodiesel — 277.9 N m at 2380 min, but with diesel
fuel blended with 7 % HVO fuel — 282.1 N m at 2380 min™ (see Fig. 3.5).
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Fig. 3.5. Maximum torque values and corresponding crankshaft rotation
frequencies running Opel Insignia on three different fuels

The maximum torque difference for fossil diesel and diesel fuel blended with
7 % HVO fuel was 0.20 %, which was considered as insignificant. Using 7 %
biodiesel blend the torque was 1.3 % less comparing with fossil diesel and 1.5 %
less than for diesel fuel blended with 7 % HVO fuel.
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Fuel consumption measurement results

The fuel consumption measurement errors were calculated at 95 %
confidence level. The fuel consumption results are shown in Fig. 3.6.
16
14 | = FDD 288
= BioDD7 Ss 3
12 | HVO7 < it d
c S = S8 3 283
2 10 - K3y S 23 233 > % o
b= o @ o o S_)| o I X T
o o Q< = + o H n 9 o
— g Ny A 3+I5ﬁ @ 3 © ~ © &
- S 2o o) Lo X o N o
@ S 9o 8@ A S © o
o T H T ® 2 @ Rt
- 61 88 < 0 <
(@4 < © <
4 ™m M m
2 N
O N
50 kmh?t 90kmh?t  110kmh? IM-240 Jelgava

Driving mode

Fig. 3.6. Fuel consumption in different driving modes running Opel
Insignia on three different fuels

The average idle fuel consumption for diesel fuel was 0.536+0.003 1-h, for
diesel fuel blend with 7 % HVO — 0.531+0.003 1-h*, and diesel fuel blend with
7 % biodiesel — 0.538+0.003 1-ht. Considering that idle fuel consumption is
most affected by various test conditions (e.g. engine temperature), these
differences (within 1 % range) cannot be considered as significant. Therefore,
exactly the different driving modes more objectively characterize the changes in
fuel consumption. The summary of average values of the results of all repetitions
is given in the Table 3.6.

Table 3.6. Fuel consumption in different driving modes running Opel
Insignia on three different fuels

. BioDD7 to| HVO7 to | HVO7 to

Test mode FDD | BioDD7 | HVO7 FDD FDD BioDD7

50 km ht 3.458 3.603 3.477 4.22% 0.57% -3.63%
90 km ht 4.863 5.045 4.865 3.74% 0.04% -3.70%
110 km h*! 5.833 5.963 5.736 2.24% -1.68% -3.96%
Cycle IM-240 6.075 6.260 6.100 3.04% 0.40% -2.63%
Jelgava city cycle | 9.098 9.307 9.193 2.30% 1.04% -1.24%
Average: | 3.11% 0.07% -3.03%

As can be seen from Table 3.6, the average fuel consumption for fossil diesel
fuel and diesel fuel blend with 7 % HVO differs only by 0.07 %, which is
considered to be an insignificant difference. Operating the car with the diesel fuel
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blend with 7 % biodiesel, the fuel consumption was in average 3.11 % higher
than for fossil diesel fuel and in average 3.03 % higher than for diesel fuel blend
with 7 % HVO fuel.

Results of measurements of the content of the exhaust gases
Tables 3.7 to 3.11 show the changes in NOy, unburnt HC, SO, CO; and CO
for different driving modes using BioDD7 and HVO7 fuels compared to fossil
diesel and to each other.
Table 3.7. NOx changes in different driving modes using
three different fuels

Test mode

- - H; o o 2 ®

Difference =4 '; '; c s3 | 25 g

3 | 2| 2] s |02z S

3 S = = | 3 <
BioDD7 to FDD -6.64% | -0.10% | -5.66% | 10.67% | -5.81% | 2.78% | -0.79%
HVO7 to FDD -8.05% | 0.30% | -7.17% | -3.82% | -5.58% | -3.08% | -4.57%
HVO7 to BioDD7 -1.33% | 0.40% | -1.43% |-14.90%| 0.22% | -5.94% | -3.83%

When using BioDD7 fuel, the NOy content in exhaust gases practically does
not change compared to FDD (average reduction of 0.79%). The average
reduction of this component is also small with HVO7 fuel compared to FDD —
4.57%, but compared to BioDD7 fuel — 3.83%.

As the same vehicle and equipment were used in the PP-2 and PP-3 research
programs, compared to the first series of tests, where the use of pure HVO fuel
reduced NOy emissions by an average of 6.8% compared to pure FDD, it can be
concluded that even a small (in this case 7%) admixture of HVO ensures the
reduction of this exhaust gas component. However, it should be taken into
account that there was a 6-month gap between the test series, so the results may
also be affected by changes in the technical condition of the car.

Table 3.8. Changes in unburnt hydrocarbon content in different driving
modes using three different fuels

Test mode
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BioDD7 to FDD 466.61% | 342.01% | 138.02% [1610.70%]| 96.97% | 266.63% | 486.82%
HVO7 to FDD 5.26% | 27.85% | 10.49% | 71.55% |-29.07% | 5.23% | 15.22%
HVO7 to BioDD7  |-438.28%]|-245.71%|-115.41%|-897.18%|-154.23%|-248.40%|-349.87%

When using BioDD7 fuel, the content of unburned hydrocarbons in exhaust

gases increases significantly compared to FDD (average increase — 4.9 times).
For comparison, when using HVO7 fuel, the average increase of this component
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is small — 15.22%. The reduction with HVO7 fuel compared to BioDD7 fuel is
about 3.5 times.

Compared to the first series of tests, where the use of pure HVO fuel reduced
HC emissions by an average of 13.1% compared to pure FDD, in this case the
trend was reversed. This confirms the findings of Chinese researchers (Szeto,
Leung, 2022) that blends with a low percentage of HVO do not benefit from the
advantages of this fuel (e.g. high cetane number).

Table 3.9. SOz changes in different driving modes using
three different fuels

Test mode
. = = < =} S S >
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BioDD7 to FDD 37.31% | 55.28% |27.10%13.78%| 36.56% | 68.20% | 39.71%
HVO7 to FDD 9.89% |[-32.88% | 9.45% [11.19%| -48.76% | -1.04% | -8.69%
HVO7 to BioDD7  |-24.95%]-106.35%]|-16.12%]-2.33% |-103.15%-69.94%)-53.81%

Using BioDD?7 fuel increases the SO, content the exhaust gases compared to
FDD (an average increase of about 40%). When using HVO?7 fuel, a reduction
of approximately 8.7% was found for this component. Compared to BioDD7
fuel, the reduction is about 54%.

Compared to the first series of tests, where the use of pure HVO fuel reduced
SO, emissions by an average of 13% compared to pure FDD, it can be concluded
that even a small HVO blend provides a reduction in this exhaust gas component
as well.

Table 3.10. CO2 changes in different driving modes using
three different fuels

Test mode
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BioDD7 to FDD 6.06% | 2.37% | -0.46% | -1.98% | 1.95% | 1.41% | 1.56%
HVO7 to FDD 3.25% [-12.97%]| -1.75% | 0.53% | -0.10% | 0.45% | -1.76%
HVO7 to BioDD7 | -2.72% |-15.65%| -1.29% | 2.52% | -2.05% | -0.96% | -3.36%

When using BioDD?7 fuel, the CO; content in the exhaust gases changes little
(average increase 1.56%) compared to FDD. Also, when using HVO7 fuel,
compared to FDD, the changes in this component are small — an average decrease
of 1.76%, but compared to BioDD7 fuel — 3.36%.

Compared to the first series of tests, where the use of pure HVO fuel reduced
CO; emissions by an average of 5% compared to pure FDD, it can be concluded
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that even a small addition of HVO provides a reduction in this exhaust gas
component. This is due to the higher ratio of hydrogen to carbon in HVO
compared to FDD.

Table 3.11. CO changes in different driving modes using
three different fuels

Test mode
. ° o © — [<}]
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BioDD7 to FDD 17.40% |-45.41%) 28.22% | 54.75% | 6.72% | -7.24% | 9.07%
HVO7 to FDD 93.34% | 55.27% |128.18%|100.07%| 81.70% |144.83%|100.56%
HVO7 to BioDD7 | 64.68% |125.78%)| 77.96% | 29.29% | 70.25% |162.54%] 88.42%

Using BioDD?7 fuel slightly increases the CO content in the exhaust gases
compared to FDD (average increase of about 9%). It is more noticeable when
using HVO?7 fuel — about 2 times, but compared to BioDD7 fuel — the increase
is about 88%. Since 1 ppm = 0.0001%, but the CO emissions for this car are
measured in tenths of a ppm, then in absolute terms the increase in CO when
using HVO7 fuel compared to FDD is from 0.00002 to 0.00004%, which is very
insignificant. It should be noted that in the first series of tests, carbon monoxide
(CO) emissions were not present at all when using HVO fuel, but CO emissions
were negligible with fossil diesel fuel. Numerical values have increased during
these 6 months, which can also be explained by minimal changes in the technical
condition of the car.

Comparing the results with other studies on blended fuels, it can be concluded
that sometimes the results coincide in the change trends of one or more
parameters, but for other parameters either the trends or the numerical values do
not match. A substantively similar performance study comparing HVO and
BioDD blends with fossil diesel while also determining changes in fuel
consumption and exhaust gas content was conducted in Korea (Kim et al., 2014).
The reduction in power using BioDD7 (BioDD10 in the Korean study) was
identical. About 1% less power was obtained with HVO10, but considering the
possible error this could be considered negligible. The trends of changes in fuel
consumption are also very similar, but numerically they were higher in the case
of HVO blended fuel, and lower in BioDD. The differences when comparing the
two studies did not exceed 1%. There were different trends in the composition of
emissions — in the study conducted in Korea, the trends in HC and CO content
were opposite in the case of HVO blend fuel use, as in the case of BioDD use in
CO and HC concentration.

In coincidence with the Portuguese study (Serrano et al., 2021) where FDD,
BioDD7 and HVO15 were tested, there is a relatively small increase in fuel
consumption with HVO, but there was a decrease in fuel consumption with
BioDD7, which is rather questionable because all the others blends where the
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biodiesel content in the blend was above 15% gave a significant increase in
consumption. There were similar trends in the use of BioDD7 in CO and NOy
content, and for HVO15 in the trends of changes in NOx and HC content, but not
in numerical values.

In the Audi 1.9 TDI engine tests conducted in Lithuania (Rimkus et al., 2019),
one of the tested fuels was with 10% HVO admixture. There, the changes in CO
were insignificant, which is different from this study, but similar results were
found in the trends and percentage changes in NOy content.

Another study conducted by LBTU (Birzietis et al., 2017) compared FDD
with a blend containing 9.15% HVO. The study used a Mazda CX-5 four-wheel
drive car manufactured in 2015, but the tests and measurements were performed
using the same equipment as in the PP-3 research program. Both studies showed
similar trends in power and torque changes, but there was a coincidence in fuel
consumption in only one mode tested, i.e. about 2% reduction using HVO
containing fuel at a constant driving speed of 110 km h™,

3.3. Research programme PP-4 — results of testing a tractor running on
FDD and HVO

The research programme includes experimental studies on a Class Ares
557ATX tractor running on clean fuels FDD and HVO. Power and torque, fuel
consumption and exhaust gas composition were determined with MAHA ZW-
500, AVL KML MOBILE and AVL SESAM FTIR equipment, respectively.

Power and torque measurement results
Examples of the handheld terminal printouts of the MAHA ZW-500 PTO
dynamometer are shown in Figure 3.7.
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Fig. 3.7. Examples of handheld terminal printouts
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In order to process the data and display them graphically, the rotation
frequency of the tractor engine crankshaft, the effective power and torque of the
tractor engine were calculated from these data using formulae (2.6), (2.7) and
(2.8) respectively (see page 101).

The effective power and torque characteristic curves of the engine after data
processing (confidence level — 95%) are shown in Figure 3.8.

Engine effective power and torque using HVO were decreased relatively to
fossil diesel fuel — the average power and torque reduction in all PTO revolutions
range was about 5.0%. This value is close to the difference in volume-based
lowest heating values (accordingly 36.4 and 34.4 MJ I-*for FDD and HVO), i.e.,
to 5.5%.
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Fig. 3.8. Engine effective power and torque curves of the Class Ares
557ATX tractor running on HVO and fossil diesel

Fuel consumption measurement results

The curves for hourly fuel consumption Q and specific fuel consumption ge
after data processing (confidence level — 95%) are shown in Figure 3.9.

Despite the fact that the hourly fuel consumption using HVO was
approximately by 1% decreased comparing to diesel fuel, lower developed
engine effective power with this fuel is the reason for the increase of specific fuel
consumption in average by 4.1%.
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Fig. 3.9. Fuel consumption over the entire engine crankshaft speed range of
Class Ares 557ATX tractor running on HVO and fossil diesel

Results of measurements of the content of the exhaust gases

It was already been mentioned in the research methodology that due to the
specificities of the exhaust gases and the measuring device, it takes longer to
stabilize the numerical values and it is not possible to cut out 15 second data
intervals for data processing as was done for fuel consumption. Therefore, for
the presentation of the results, the average amount of each exhaust gas
component is taken over the entire range of PTO and corresponding engine
crankshaft revolutions. Changes in the content of NOy, CO,, HC and CO in the
exhaust gases when the Class Ares 557ATX tractor is operated with HVO and
fossil diesel fuel, after data processing (confidence level — 95%) are presented in
Figures 3.10 and 3.11. In comparison with fossil diesel, running engine on HVO
the average reduction of NOyx was 11.8%. The amount of other important
components influencing environment — total unburned hydrocarbons (HC), CO
and CO,, using HVO was also decreased — accordingly by 26.4, 14.5 and 5.2%
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Fig. 3.10. NOx and COz2 changes in exhaust gases running Class Ares
557ATX tractor on HVO and fossil diesel
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Fig. 3.11. HC un CO changes in exhaust gases running Class Ares 557ATX
tractor on HVO and fossil diesel

Summarizing the data obtained in this research program, it can be concluded
that HVO is an environmentally friendly fuel with low fuel economy per hour,
but the user should be prepared for a reduction in power and torque that is close
to the difference in percentage values of the lowest volumetric calorific values
of HVO and fossil diesel. Since the use of HVO in tractors has been relatively
rarely studied, the obtained results have also been compared with other studies
of engines with a large displacement (at least 4 litres), such as buses and off-road
vehicles.

In a study conducted in the Czech Republic on the effect of 100% HVO on
the operating parameters of the tractor Zetor Foretrra 8641 internal combustion
engine (displacement 4.2 1), it was found that HVO fuel reduces the maximum
engine torque by about 0.9% and the maximum power by about 6%, but this is
difficult to explain because both numbers should be the close because all PTO
dynos are specific to only one parameter i.e. torque measurement, but power is
calculated using torque and speed values. Assuming the second value, i.e. 6%, as
reliable, the trends are similar in both studies. However, the trends and numerical
values of changes in specific fuel consumption do not match (Pexa et al., 2015).

The pure HVO fuel consumption and numerical values are consistent with
the testing of 11 buses in Finland (Makinen et al., 2011), where an increase in
fuel consumption compared to summer and winter class fossil diesel fuel was
found by 5.2 and 3.5%, respectively.

Studies of a six-cylinder turbocharged diesel engine (displacement 5.9 1) in
India (Singh et al., 2015) showed a 26% increase in NOx emissions compared to
FDD, which is opposite in both trend and numerical value. A reduction compared
to FDD was found for CO emissions (by 16%) and HC emissions (by 16%),
which is close to that found in the Class Ares 557ATX tractor experiments.

In another Finnish test of 17 buses using 100% HVO fuel, the average
reduction in NOx emissions was 10%, CO 29% and HC 39% compared to FDD.
This was found mainly for Euro Il and Euro 111 compliant buses (Erkkilam et al.,
2011). This one can be evaluated as the closest to the research carried out within
the doctoral thesis, both in terms of trends and numerical values.
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The reduction trends of NOy, HC and CO are also consistent with the study
conducted in India (Kumar et al., 2021), however, there it was found that HC and
CO emissions decrease for blends with HVO content up to 30%, but when the
percentage of HVO is further more increased, emissions start to increase. The
change trends in NOyx emissions are entirely consistent with this study.

The same trend, but with a numerical reduction of around three times less, is
consistent with the diesel engine of an off-road vehicle studied in Finland
(displacement 4.4 1), where a 4.3% reduction in NOx emissions was observed
using HVO instead of FDD (Ovaska et al., 2019).

3.4.  Research programme PP-5 — engine test results with FDD, HVO
and HVO5

Since when studying a car (in research programs PP-2 and PP-3) or a tractor
as a whole (in research program PP-4), the results for power, torque and fuel
consumption are influenced by losses in the vehicle gearbox, main transmission,
wheel bearings, tractor PTO transmission and other related assemblies, and the
composition of exhaust gases is affected by the vehicle’s exhaust gas
neutralization systems, in the research program PP-5, the engine was tested on
the bench. In this case, relatively “clean” power, torque and exhaust data are
obtained, as the engine does not have systems that affect the above results. The
engine under study applies to off-road vehicle engines, i.e. for use in forklifts,
bulldozers, excavators, off-road trucks, snowploughs, cranes, etc., as well as
agricultural and forestry tractors, thus all vehicles or their engines used in
experimental research programs cover areas of application as wide as possible.
On the other hand, the use of the same equipment for determining fuel
consumption and exhaust gas composition, which was in the P-2, P-3 and P-4
programs, ensures that the results are as little affected as possible by the use of
other measuring equipment. Since the research program PP-5 carried out under
winter conditions, three commercially available fuels at that time were tested —
2nd Arctic Class FDD, pure HVO (Neste My), and FDD with 5.21% HVO
blended by volume (Pro Diesel) or hereinafter in the text HVO5.

Power and torque measurement results

Data processing was performed similarly to the tractor studies, i.e., the stable
ranges of each measurement step were selected from each repetition of the
experiments, i.e. approximately 10s, from which the mean values of the
measurement steps were calculated. After mathematical processing of the data,
the results are presented as mean values of all repetitions for each fuel type.

The characteristic curves of engine power and torque after data processing
(confidence level — 95%) are given in Fig. 3.12. Comparing the values of power
and torque of each individual repetition at certain revolutions, the correlation for
FDD values exceeds 98.1%, HVO — 99.6%, and HVO5 — 98.0% (from 5-7
repetitions performed with each fuel, at least four with the highest mutual power;
correlations of rpm and torque data points were left for data processing).
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Fig. 3.12. Power and torque characteristics of the experimental engine
running on three different fuels

Operating an engine with HVO5, the maximum power was obtained at
2600 min (26.2 kW) and the maximum torque —at 1600 min™ (120.9 N m). The
increase in maximum power was 2% and the increase in maximum torque was
2.4% compared to FDD (25.7 kW at 2600 min* and 118.1 N m at 1600 min2).

In the case of HVO, the maximum power was obtained at 2600 min-
(26.0 kW) and the maximum torque — at 1600 min* (119.5 N m). Therefore, the
increase in maximum power was 1.4% and the increase in maximum torque was
1.2% compared to the operation of the engine using FDD. Overall, the
differences are very small and practically would not be noticeable by an end-
user.

Compared to the research program PP-2, where the Opel Insignia was fuelled
with HVO and fossil diesel, the power and torque change trends are similar.
Numerically, the variation is less than 1%. Compared to the research program
PP-4, where the Class Ares 557ATX tractor was operated with the same fuels, the
trends are opposite, because there, when using HVO fuel, compared to fossil
diesel fuel, the reduction in power and torque was about 5.0%.

Also compared to the research program PP-3, where HVO7 and fossil diesel
fuel were used to power the Opel Insignia, the power and torque change trends
are similar, however, the differences there did not exceed 0.2%.

In comparison with the results obtained by other researchers, where the
studies were carried out on the engine test bench, differences can sometimes be
observed. For example, in a study conducted in Korea (Kim et al., 2014),
blending a similar amount of HVO to fossil diesel produced about 1% power
reduction compared to FDD, but more than 2% power reduction with pure HVO
fuel.
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Fuel consumption measurement results

The curves of hourly fuel consumption (Q) and specific fuel consumption (ge)
after data processing (confidence level — 95%) are given in Figure 3.13.
Comparing the fuel consumption values of each individual repetition at certain
revolutions, the correlation for all fuels was at least 99.8% (from 5 — 7 repetitions
performed with each fuel, at least four were left — the same as for the power and
torque analysis).
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Fig. 3.13. Fuel hourly consumption and specific fuel consumption data for
all three test fuels based on crankshaft revolutions of the engine

The trend of instantaneous fuel consumption for all three test fuels was
similar to that of the power data. The lowest hourly fuel consumption was
obtained by the engine running on diesel fuel, while the highest was obtained
when it was running on HVOS5. At the same time, HVO5 usage resulted in a
2.34% increase in the maximum average hourly fuel consumption over the entire
crankshaft speed range compared to FDD, while for HVO, the increase was only
1.00% more than for FDD.

However, it is more objective to compare the specific fuel consumption data,
which are obtained by calculation, dividing the instantaneous fuel consumption
at a specific turning point by the power developed at this point. Despite the fact
that the engine running with HVO5 obtained the highest hourly fuel
consumption, at the same time, it showed the lowest specific fuel consumption.
This means that less fuel is needed to develop one unit of power than is the case
with FDD or HVO. On average, in the entire range of engine revolutions, the
reductions of specific fuel consumption were 1.88% using HVO5 and 0.86%
using HVO in comparison to FDD.

Since the Class Ares 557ATX tractor was also operated with pure HVO and
FDD in the research program PP-4, when determining the specific fuel
consumption, it can be established that there, when using HVO, compared to
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fossil diesel fuel, the specific fuel consumption increased by an average of 4.1%.
And this once again confirms what was found in the review of the situation, that
the results are different if the tested vehicles, their engines, fuel injection
systems, etc. are different.

In a study conducted in Korea (Kim et al., 2014), blending a similar amount
of HVO to fossil diesel fuel resulted in approximately 0.1-0.3% fuel
consumption increase compared to FDD.

When testing the engine on a bench in Lithuania (Rimkus et al., 2019), the
addition of 10 — 30% HVO reduced fuel mass consumption by 2 — 3%. However,
the opposite trend was found when evaluating the volumetric fuel consumption,
with results showing an increase in fuel consumption of up to approximately 6%
at all crankshaft rotational speeds and load points.

Results of measurements of the content of the exhaust gases

Variations in the content of CO, CO,, HC, and NOy in exhaust gases operating
engine with three different fuels after data processing (confidence level — 95%)
are given in Figures 3.14 — 3.17. In total, from 5 — 7 repetitions performed with
each fuel, at least four were left for data processing, similarly as for the analysis
of power, torque, and fuel consumption data.
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Fig. 3.14. NOx emissions from the engine running on three different fuels
If the NOy content is taken as a reference point operating the engine with
FDD, then using pure HVO, the NOy content in the emissions increased by an
average of 3.0% over the entire range of engine crankshaft revolutions and by an
average of 8.8% using HVO5. Peak NOx emissions for all fuels occur at revs
coinciding with the peak torque and 300 min* before peak power revs.
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Fig. 3.15. Hydrocarbon emissions from the engine running on three
different fuels
In the case of using pure HVO, the content of HC in emissions in the entire
range of engine crankshaft revolutions decreased by 60% on average in
comparison to FDD, but using HVOS5, it increased by an average 1.45 times.
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Fig. 3.16. Carbon dioxide emissions from the engine running on three
different fuels

In the case of pure HVO, the content of CO, emissions in the entire range of
engine crankshaft revolutions in comparison to FDD increased by an average of
0.9%, and this difference is considered insignificant, but using HVO5, it
increased by an average of 8.4%. Comparing the graph of CO emissions with
the power and torque characteristics (Fig. 3.12), it can be seen that the content of
this emission component directly “follows” the torque developed by the engine.
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Fig. 3.17. Carbon monoxide emissions from the engine running on three
different fuels

Pure HVO usage resulted with an increase in CO emissions by an average of
3.0% in the entire engine crankshaft speed range compared to FDD, while HVO5
usage increased them by an average of 36%. Moreover, it was observed that CO
emission content has a direct relationship with the torque characteristic curve;
the maximum of this emission component using all fuels was formed at the
revolutions that coincide with the maximum torque.

Looking at the graphs in Figures 3.14 to 3.17, the initial results seem
counterintuitive, i.e. two fuels are blended with virtually the same content of all
emission components (a 3% difference is not considered significant in emissions
studies in practice), but the blended fuel is obtained with significantly worse all-
emission performance. However, returning to the review of the situation, also in
the experiments carried out in Portugal (Serrano et al., 2021), studying fuel with
a small admixture of biocomponents, the emission results obtained were equally
contradictory. Furthermore, voluminous research summaries (No, 2014;
Sonthalia, Kumar, 2019; Sunde et al., 2011; Szeto, Leung, 2022) have
highlighted that the full benefits of HVOs are not being reached when using
HVO-fossil diesel blends, and that emission trends are very different depending
on the type of engine used, the test conditions, the properties of the specific fuels,
as well as whether the experiments are carried out using engine test benches or
vehicles as a whole. And also in this particular study, the different trends from
the results obtained in other research programs could be due to the fact that the
engine is not equipped with an exhaust gas neutralization system.

3.5. Research programme PP-1 — theoretical studies and results

The modelling studies of the Opel Insignia 2.0 CDTi engine initially analysed
the fuels corresponding to the fuels tested in the experimental research program
PP-3, i.e. pure fossil diesel and its 7% blends with biodiesel and hydrotreated
vegetable oil (FDD, BioDD7 and HVQO?7).
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Afterwards, HVO 15, 25 and 50% blends with diesel fuel, as well as pure
hydrotreated vegetable oil, were modelled. These blend concentrations were
chosen for modelling based on recommendations from studies in other countries,
e.g. researchers in Spain, Colombia and the USA (Lapuerta et al., 2011) consider
that the trade-off between HVO’s poorer lubrication properties and higher cetane
number is the recommendation to use low to medium HVO blends (up to 50%)
until the engine control units are calibrated by car manufacturers, i.e. adapted to
use pure HVO (Hunicz et al., 2020). In colder regions, including Latvia,
especially during winter, the cold flow properties of fuel blends should also be
taken into account. Every 10% HVO in the fuel blend worsens cold filter
plugging and cloud temperatures by approximately 4.0 and 1.5 °C, respectively
(Lapuerta et al., 2011). However, practice has shown that if fuel additives are
chosen correctly, this problem is solved (see Table 2.3). For the pure HVO fuel
used in the PP-5 research program, the CFPP temperature was only 2 °C higher
than that of pure diesel fuel (-38 °C vs. -40 °C), but the cloud point was even
6 °C lower (-34 °C vs. -28 °C). However, the use of pure HVO fuel is a less likely
scenario in the near future, as this fuel is much more expensive compared to fossil
diesel (see Chapter 4).

Figure 3.18 shows an example of the modelling input parameters in the case
of using pure FDD, taking into account the transmission efficiency and entering
the rotation frequency of the engine crankshaft, at which the maximum effective
engine power is developed according to experimental studies (see Fig. 3.4).
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Fig. 3.18. Input window for model variable parameters and power and

torque characteristic curves and their constituent data point values in the
case of pure FDD
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Compared to the power obtained in the experimental studies (84.10 kW), the
model calculated power (84.02 kW) differs by 0.1%. Comparing the torques
obtained as a result of modelling and experiments (282.23 and 281.50 N m), the
difference does not exceed 0.3%, thus indicating that the model is working
correctly. The results of the power and torque modelling studies operating the
Opel Insignia car with FDD, BioDD7 and HVO7 are shown in Table 3.12.

Table 3.12. Results of power and torque modelling studies running the Opel
Insignia on three different fuels

BioDD7 HVO7 HVO7
Parameter FDD BioDD7 to HVO7 to to
FDD FDD BioDD7

Nmax, KW 84.022 82.384 -1.99% 83.927 -0.11% 1.84%
Mmax, Nm | 282.234 | 276.731 -1.99% 281.913 -0.11% 1.84%

In the experimental studies (see Fig. 3.4 and 3.5) it was found that the
differences in maximum power and torque between fossil diesel fuel and diesel
fuel blended with 7% HVO fuel are considered to be insignificant, while running
the car on diesel fuel blended with 7% biodiesel fuel, 2.28% less maximum
power and 1.5% less torque is developed compared to HVO7 fuel. As can be
seen from the calculated data in Table 3.12, the results of model studies are close
to the experimental ones, i.e. the difference in power and torque of HVO7
compared to FDD (0.11%) is negligible, while almost 2% more power and torque
is developed compared to BioDD7.

As fuel consumption is an important operating parameter of the vehicles,
which depends on the calorific value and density of the fuel blends, modelling
studies have been carried out using the blocks attached to the model, shown in
Figures 2.12 and 2.17. The results of the modelling are given in Table 3.13.

Table 3.13. Results of modelling studies of the lowest calorific value,

density and fuel consumption running the Opel Insignia
on three different fuels

BioDD7 HVO7 HVO7
Parameter FDD BioDD7 to HVO7 to to
FDD FDD BioDD7

Qz ki kgt 42210 41942 -0.64% 42348 0.33% 0.96%
o kgm? 833.9 837.3 0.41% 830.1 -0.46% -0.87%
Gr, kght 7.243 7.292 0.67% 7.219 -0.33% -1.01%
g, l1ht 8.685 8.709 0.28% 8.697 0.14% -0.14%

Although the calculated (theoretical) lower calorific values for pure fuels are
drastically different (FDD — 42210 kJ kg, HVO — 44185 kJ kg, BioDD —
38380 kJ kg1), however, for low blends (in this case 7%) the differences in
calorific values of the mixtures are not large. Compared to FDD, it is 0.33%
higher for the HVO7 blend and 0.64% lower for BioDD7. These differences are
transformed into numerically similar changes in hourly fuel consumption —
0.33% decrease for HVO7, and 0.67% increase for BioDD7. However, this
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interpretation based on fuel mass is not correct because diesel fuel injection and
delivery systems deliver fuel by volume. Converting the hourly fuel consumption
to litres per hour (at the engine crankshaft rotation frequency nmax, when the
maximum effective engine power Nemax is developed), the specific reduction in
fuel consumption turns into a small increase — about 0.14% when using the 7%
HVO fuel blend, which is close to the average difference found in the
experiments across all driving modes. Fuel consumption modelling studies
confirm that HVO is a promising biofuel to replace traditional biodiesel in fuel
blends. It should be noted that in the experimental studies the differences in fuel
consumption between HVO7 and BioDD7 were higher compared to the
modelling studies.

The results of the modelling studies on power, torque, lowest calorific value,
density and fuel consumption of the Opel Insignia with FDD, HVO15, HVO25,
HVO50 and HVO are shown in Table 3.14.

Table 3.14. Results of modelling studies, running the Opel Insignia
on five different fuels

HVO15 HVO to

Parameter FDD HVO15 to FDD HVO25 | HVO50 | HVO EDD

Nmax, KW 84.022 | 83.820 | -0.24% | 83.692 | 83.396 | 82.916 | -1.33%
Mmax, N m | 282.234 | 281.557 | -0.24% | 281.127 | 280.132 | 278.519 | -1.33%
Qz kIkg?! | 42210 | 42506 | 0.70% | 42704 | 43198 | 44185 | 4.47%
@ kg m3 833.9 825.7 | -0.99% | 820.2 806.4 778.9 | -7.06%
Gr, kg ht 7.243 7.193 | -0.70% | 7.160 7.078 6.922 | -4.64%
g, lht 8.685 8.711 | 0.30% | 8.730 8.778 8.886 | 2.26%

The simulation results show that every 5% HVO in the fuel blend reduces the
maximum power and torque by approximately 0.07%, reaching the maximum
power and torque difference in the case of using 100% HVO - 1.33%.
Considering that a blend of 15% HVO and 85% fossil diesel is the most realistic
scenario in the near future (also practiced by fuel traders during the summer
months), the expected reduction in power and torque (0.24%) is insignificant in
vehicle operation. The results of modelling studies show that a 2.26% increase
in fuel consumption compared to fossil diesel can be expected in the case of pure
HVO. Looking the most realistic scenario for the near future, i.e. the HVO15
blend, the predicted increase in fuel consumption is 0.30%. This means that from
both main performance aspects, dynamics and economy, theoretical studies also
identify HVO as a promising biofuel to replace biodiesel in fuel blends and
contribute to the targets set by EU directives and regulations

Also in the experimental research program PP-2 (see Fig. 3.1 and Table 3.1)
it was found that the differences in maximum power and torque for fossil diesel
fuel and pure HVO are considered insignificant, while the experimental results
of fuel consumption are 1.7% worse than predicted by the model.
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4. ECOLOGICAL AND ECONOMIC ASSESSMENT OF
THE USE OF HYDROTREATED VEGETABLE OIL

Ambient air pollution is the most important environmental health risk factor
in the world. An estimated 3.5 million premature deaths in 2017 from stroke,
lung cancer, diabetes and lower respiratory tract infections are linked to air
pollution. Pollution from the transport sector is attributed to 361000 and 385000
premature deaths in 2010 and 2015, respectively. In 2015, 84% of premature
deaths related to pollution from the transport sector occurred in G20 countries
(Anenberg et al., 2019).

When evaluating the use of any fuel in vehicles, two aspects have to be
distinguished — harmful emissions that directly harm human health and the
environment in the short or long term, and emissions that belong to the group of
GHG emissions and affect the entire planet as a whole — and in the long term.

GHGs are gaseous components of the atmosphere of natural and
anthropogenic origin that absorb and re-emit infrared radiation. Direct
greenhouse gases are carbon dioxide (CO2), methane (CHa), nitrous oxide (N20),
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulphur hexafluoride
(SFs), while indirect ones are carbon monoxide (CO), nitrogen oxides (NOy) and
non-methane volatile organic compounds (Grid National, 2023).

Analysing the percentage of direct GHG emissions in Figure 4.1 (Center for
Climate and Energy Solutions, n.d.), CO; accounts for approximately 76% of
total greenhouse gas emissions. Methane, mainly from agriculture, contributes
16%, and nitrous oxide, mainly from industry and agriculture, 6% of global
emissions. All figures here are expressed in CO; equivalents.

HFC, PFC, SFq
2%

CH,
16%

Fig. 4.1. Global percentage of direct greenhouse gases
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CO,, CH4 and N2O are emitted not only from transport, but also from other
processes, for example, CO, from volcanic eruptions, respiration of plants,
animals and humans, methane from natural decomposition, but human activity
has eliminated the natural balance, as a large amount of methane is released by
cattle breeding, landfills, rice cultivation and conventional oil and gas
production. Nitrous oxide, on the other hand, is produced by the use of organic
fertilizers, the burning of fossil fuels, the production of nitric acid and other
processes.

In order to be able to carry out the following analysis, the concept of CO;
equivalent needs to be understood. This is usually denoted by COe and is used
to standardise the climate impact of different greenhouse gases.

In order to make the effects of different greenhouse gases comparable, the
UN Intergovernmental Panel on Climate Change (IPCC) has defined the so-
called global warming potential (GWP). This index measures the warming effect
of a given amount of greenhouse gas over a given period of time (usually 100
years) compared to CO,. For example, methane has a 28 times stronger impact
on climate than COg, but it doesn’t stay in the atmosphere as long. The impact of
nitrous oxide on the environment is almost 300 times greater than that of CO..
Greenhouse gases can thus be calculated as CO, equivalents (Foundation
myclimate, n.d.). The IPCC changes the global warming potential of each
greenhouse gas periodically. Until 2022, it is recommended to use IPCC AR4
(Fourth Assessment Report) in GHG calculations, and from 2023 — IPCC AR5
(Fifth Assessment Report). Under AR4, the global warming index was 25 for
methane and 298 for nitrous oxide. In AR5, these indices were updated to 28 and
265, respectively (Greenhouse Gas Protocol, n.d.).

The percentage distribution of both greenhouse gas emissions and nitrogen
oxides varies from country to country, depending on the development of different
industry sectors, climatic conditions and other factors. For Latvia, these data are
summarised in Figures 4.2 and 4.3 (Helmane, 2023.

Industrial

processes
8.0% Road transport

97.0%

Agriculture
21.0%

Waste
5.0%

Transport
30.0%

Railway
transport
2.7%

Air and water
transport
0.3%

Energetics
36.0%

Fig. 4.2. Greenhouse gas emissions in Latvia in 2021
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Fig. 4.3. Emissions of nitrogen oxides in Latvia in 2021

Road transport is the largest GHG emitter in Latvia’s transport sector,
accounting for 97% of total sector emissions in 2021. Moreover, compared to
2005, road transport emissions have increased by 11.2% (Helmane, 2023). Road
transport is also “responsible” for a significant share (almost 87%) of all transport
emissions of nitrogen oxides.

Since the research object of the research programs PP-2 and PP-3 was a
diesel-fuelled passenger car, it has to be considered whether it corresponds to a
“typical” GHG emitter in our country.

Statistical data show that approximately 86% of all road transport is made up
of passenger cars. However, 67% of vehicles from the entire fleet are diesel-
powered. 72% of the Latvian fleet are used, and the average age of cars is 14.9
years (Helmane, 2023.

Thus, the research object — the Opel Insignia car can be considered as a
typical representative of the Latvian car fleet and used as an example for the
calculation of the potential of HVO fuels to reduce GHG emissions.

Several methods can be used to do this:

e online or downloadable GHG emission calculators suitable for

calculations in the transport sector;

e the GHG emission calculation methodology set out in Regulation No 42
of the Cabinet of Ministers of the Republic of Latvia (LR Ministru
kabinets, 2018);

e make calculations based on the data obtained in the experiments.

4.1. Use of GHG emission calculators

As reducing GHG emissions is a worldwide concern, different GHG
calculators have been developed in different formats and languages.

However, testing nearly 20 different online and downloadable spreadsheet-
based calculators, such as the Greenhouse Gas Emissions Calculator (United
Nations, 2021), Simplified GHG Emissions Calculator (USA EPA, 2022),
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revealed several weaknesses of these tools. While all of them allow the choice of
fossil diesel as a fuel, most of them including 1st generation biodiesel, they do
not add newer generation fuels, including HVO. Considering that cells in all
spreadsheets are locked not only for editing, but also for viewing, it is impossible
to be sure what relationships are used in calculations. Of course, adding new fuels
and their parameters is also not possible.

Exactly the same problems are found in simple online tools. HVO fuel is not
added in any of them, but the accuracy of their calculations can be judged if
identical parameters for fossil diesel use are entered into them.

As examples, Figures 4.4 and 4.5 show two different results for the scenario
where the Opel Insignia passenger car has an average planned annual mileage of
20 000 km and an average fuel consumption of 6.44 litres per 100 km when
running on fossil diesel (consumption taken from experimental studies
performing the combined IM-240 cycle).

The result of the Greenhouse Gas (GHG) emission calculator available on
the Latvian website (Klimata parmainu portals, 2021) is 3.4 tons of COze per
year. In addition, the input data field of this calculator “CO; emission factor for
energy from renewable energy sources” of this calculator is not available for
input. The result of the CO emissions calculator for your car (MyClimate, 2022)
available on the Swiss website is 6.00 tons of COze per year. As can be seen, the
results differ by almost two times, so it is not safe to use such calculators in the
assessment of GHG emissions.

Siltumnicefekta gazu (SEG) emisiju kalkulators
Transports

Aprékins pasakumiem, kuros paredzéta fosilos energoresursus izmantojo3a transportlidzekla nomaina ar transportiidzekli, kas izmanto no atjaunojamiem
energoresursiem iegatu biodegvielu

Metodiku piemeéro pasakumiem

atjauno,
levades dati pirms pasakuma isteno3anas: levades dati péc pasakuma Tstenosanas:

Degvielas veids, atbilstosi transportiidzekla tipam CO, emisijas faktors energijai no atjaunojamiem energoresursiem,
tCO2/MWh
Dizeldegviela (Autotransports, Dzelzcel3, Juras fransports) v
0

Transportiidzekla videjais izlidzinatais degvielas paterins, I/100km

. :

Transportlidzekla vidéjais nobraukums gada kop$ ta pirmreizéjas
registracijas Latvija, km/gada

20000 <

Rezultats (pirms pasakuma Rezultats (péc pasakuma
istenosanas) istenosanas)

tCO, ekv./gada tCO, ekv./gada

3.43

tCO, ekv./gada
(100%)

Aprékinatais SEG emisiju apjoms pirms Aprékinatais SEG emisiju apjoms p&c
pasakuma isteno3anas pasakuma istenosanas SEG emisiju apjoma izmainas
3.43 tC0; ekv./gada vai 100%

Fig. 4.4. GHG emissions calculator single scenario modelling results
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CO5 emissions calculator for your car

Calculate your car emissions and make a contribution to climate protection:
Distance traveled

20000 km
+1000 +500 +100 =0
Fuel type

Diesel v

Fuel consumption
Your Trip:

6.44 Liters/100km
Calculation of a distance of 20,000 km, Fuel: Diesel

CALCULATE | CO; amount: 6.0t |

Fig. 4.5. GHG emissions calculator single scenario modelling results

4.2.  Use of GHG emission methodologies as defined by the Cabinet of
Ministers

In order to calculate the volume of GHG emissions before and after the

implementation of the measure (in this case, assuming that fossil fuel is replaced
by pure HVO), data characterizing the measure is used. If different types of
energy resources or energy sources are used before or after the implementation
of the measure, the amount of GHG emissions is calculated separately for each
type of energy resources or energy sources used (LR Ministru kabinets, 2018).
In this calculation, the designations and units of measurement of the variables
are used, as specified in the Cabinet Regulations.

The amount of GHG emissions before the implementation of the measure

from a vehicle using fossil fuel is calculated using the formula:

L-C d (4.1)
m ==~ 5.0 K. .
SEGuon 1000 £-Q; co,

where m_ . —amount of GHG emissions before the implementation of the

measure, t CO,e per year,

L — average fuel consumption of the vehicle, | km? (taken from
experimental studies, performing a combined cycle — 0.0644);

C —average annual mileage of the vehicle since its first registration in
Latvia, km year? (assumed 20000);

1000 — coefficient for fuel consumption conversion from litres to
cubic metres;

p— fossil fuel density, t m (from the annex to the Cabinet Regulations
0.8370, for the fuel used in the experiments 0.8363);
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Q¢ lowest heat of combustion of fossil fuel, TJ t* (from the annex

to the Cabinet Regulations 0.0430, for the fuel used in the experiments
0.0435);
Ko, — CO2 emission factor for fossil fuel, t CO, TJ (from the annex

to the Cabinet Regulation 74).

Using the values of the Cabinet Regulations in the calculations, the amount
of GHG emissions before the implementation of the measure is 33.470 t CO,e
per year. Using the fuel values used in the experiments, this value is practically
identical, i.e. 3.467 t CO,e per year. As can be seen, this number is very close to
the result of the Greenhouse Gas (GHG) Emissions Calculator in Figure 4.4
(Klimata parmainu portals, 2021). Since this calculator is built in Latvia, it is
most likely powered by formulas in accordance with the rules of the Cabinet
Regulations, which also explains why the input data field “CO- emission factor
for energy from renewable energy sources” is not available for input. Paragraph
40.4 of the rules states that if a vehicle using fossil energy resources is replaced
by a vehicle using biofuel obtained from renewable energy resources, the amount
of GHG emissions after the implementation of the measure is 0 t CO,e per year.
According to the Paragraph 9 of the Cabinet Regulations (LR Ministru kabinets,
2018), the changes in GHG emissions are calculated using the formula:

(4.2)

Msec, = Msea,y,,, ~ Msec,, *
where m . —changes in GHG emissions, t CO,e per year;
—amount of GHG emissions before the implementation of the

L=

measure, t CO,e per year;

mg, — amount of GHG emissions after the implementation of the

measure, t CO,e per year.

The result of this formula is of course the same as the GHG emissions before
the implementation of the measure, i.e. 3.470 t CO,e per year. The explanation
is that GHG emissions from HVO classifies as renewables, while fossil diesel
fuels are classified as petroleum products. However, experiments around the
world prove that even in the case of HVO use, emissions also contain high levels
of CO- and other harmful components.

Therefore, before evaluating the changes in GHG emissions obtained in
experimental studies, the number obtained according to the methodology of the
Cabinet Regulations can be compared with those found in various information
sources. One of them (Johnston Oils, 2023) mentions the fact that for every 1000
litres of diesel fuel burned, 3.6 t CO.e is produced, compared to only 195 kg for
every 1000 litres of burned HVO. However, it should be noted that this is
information from the HVO manufacturer, which may not be objective. In a study
conducted in Sweden (Andersson, Borjesson, 2021), the CO; equivalent of HVO
fuel is given as 8.8 g MJ* (also t TJ%). Therefore, the values of fuel consumption,
density and heat of combustion used in the experiments can be used to calculate
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a more realistic amount of GHG emissions after the implementation of the
measure according to formula (4.1):
Mo = 0.0664-20000
afer 1000
Then, according to formula (4.2), the potential change in GHG emissions can
be calculated — a reduction of 3.07 t CO,e per year. So the reduction is about
88%.

-0.7789-0.0439-8.8 ~ 0.40 t CO,e per year.

4.3.  Calculation of GHG emissions based on experimental data

When testing vehicles to determine changes in emissions from biofuels,
researchers around the world have been using the same parameters for
comparison for several decades — typically NOy, CO, CO,, SO, and unburned
hydrocarbons HC. However, these are not all attributable as direct greenhouse
gases. If the CO- content in exhaust gases is always determined from this group,
then CO and NOy belong to indirect GHG gases, while CH4 is one of the
components of unburned hydrocarbons, but N2O (which is not part of NOy) is
mentioned only in some publications.

Analysing the exhaust gases, all these components tend to decrease when
running Opel Insignia on HVO fuel compared to FDD. Furthermore, the
reduction was found in all tested driving modes. NOy decreased on average by
6.8%, HC — by 37.5%, SO, — by 13.1%, CO. — by 5.0%. No CO was present in
the exhaust gases when using HVO fuel.

In the experimental studies of the Class Ares 557ATX tractor, the average
NOy reduction using HVO fuel compared to fossil diesel fuel was 11.8%. The
amount of total unburnt hydrocarbons HC, CO and CO; also decreased — by 26.4,
14.5 and 5.2%, respectively. Thus, the use of pure HVO fuel has a positive impact
on the environment.

Operating the Opel Insignia car with 7% blends of biodiesel (BioDD7) and
HVO (HVO7) with fossil diesel fuel and comparing them both with each other
and with FDD, it was found that when using HVO7 fuel, the CO, content in the
exhaust gases does not change essentially, compared to FDD, NOx content
decreases by approximately 4.5% and SO, by 9%. Unburned hydrocarbons
increase by about 15%, and CO — about 2 times. When using HVO7 fuel,
compared to BioDD7 fuel, NOx decreases by approximately 4%, CO; by 3%,
SO, by 55%, and the content of unburned hydrocarbons approximately 3.5 times,
while CO increases by approximately 90%. Thus, not all components of the
exhaust gases are positively affected by the use of blended fuels.

The tests of the research engine KOHLER KDI 1903 gave the most
controversial results. If, in the case of using pure HVO, the content of CO and
NOy in emissions increased by an average of 3% over the entire engine crankshaft
speed range, CO, remained practically unchanged, but HC decreased by 60%,
then the use of blended fuel HVO5 increased the content of all these components
from 8% up to 1.4 times. This confirms the point made in other studies that

141



emission trends can vary widely depending on the type of engine used, test
conditions, specific fuel properties, as well as whether the experiments are
carried out using engine benches or vehicles as a whole, including exhaust gas
neutralisation systems.

Since the exhaust gas analytical equipment used in the experiments actually
measures more than 20 different exhaust gas components, and calculates several
more, the accumulated test files of the equipment separately provide data for both
N20 and CH. — one of the seven components of unburned hydrocarbons.

Processing the data in the same way as all other components analysed so far,
Figure 4.6 shows the changes in the content of NoO and CHy in the exhaust gases
when the car is operated with both fuels. The data is given for the combined IM-
240 cycle, as it most closely matches the real operating conditions of the car.
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Fig. 4.6. Changes in the content of N2O and CHa4 in the exhaust gases
running Opel Insignia on HVO and FDD during the IM-240 cycle

The N20 content was reduced by about 37% using HVO compared to FDD,
while CH4 by 35%. However, it should be noted that in absolute units (ppm) the
content of these components is less than 1, i.e. less than 0.001%, in contrast to
components measured in tens (HC), hundreds (NOx) and even tens of thousands
(CO2) ppm.

To estimate the total changes in GHG emissions for the three components —
CO; (results in Figure 3.7), N2O and CHg, taking into account their harmfulness,
the global warming potential indices determined by IIPC AR5 were used, which
indicate that the impact of methane and monovalent nitrogen on the climate is 28
and 265 times more climate forcing than COg, respectively (Greenhouse Gas
Protocol, n.d.). For the following calculations, these coefficients are denoted by
Kcha and Knzo, respectively. Since the purpose of these calculations is not to
determine absolute numbers, but the changes when comparing the two fuels,
formula (4.1) has been adapted for this purpose. Moreover, nowhere is it stated
how the CO; emission factor for each of the fuels is actually determined.
Therefore, the ratio of the emission factors of the two fuels is replaced by the
ratio of a temporarily accepted unit of measurement, denoted ppm CO,e. The
results of its calculations are summarized in Table 4.1.
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Table 4.1. Calculation of total GHG emissions running Opel Insignia on

HVO and FDD
Fuel CO2 N20 CHa Total
ppm CO.e | ppm |Knzo |ppm CO.e| ppm |Kcha |ppm CO.e|ppm CO,e
FDD 58640.56 | 0.47 | 265 | 12455 | 0.97 | 28 27.16 58792.27
HVO 56891.67 | 0.34 | 265 | 90.10 | 0.72 | 28 20.16 57001.93

Pielagojot (4.1) formulu, var atteikties no MK noteikumos izmantoto
mérvienibu lietoSanas, bet izmantot tas SI sistémas meérvienibas, kas lietotas
eksperimentalajos pétijumos, jo, nosakot attiecibu, kur vienas degvielas
parametri daliti ar otras degvielas atbilstoSajiem parametriem identiskas
meérvienibas, gala rezultata iegihist skaitli, kas nav atkarigs no lietotajam
meérvienibam:

FDD FDD
_ Leoo *C - Prop *Q; - Kipm cose 1 (4.3)
SEG, — HVO HVO
Livo “C - Prvo - Q; 'Kppmcoze

— GHG emissions change factor;

where Keeo

Lrop and Luvo — average vehicle fuel consumption with FDD and
HVO, | per 100 km (taken from experimental studies when performing
a combined cycle — 6.44 and 6.64, respectively);

C —average annual mileage of the vehicle since its first registration in
Latvia, km year? (assumed 20000);

porop and pavo — density of FDD and HVO, kg m (for the fuels used
in the experiments 836.3 and 778.9, respectively);

QP and Q- lowest heat of combustion of FDD and HVO,

MJ kg (43.5 un 43.9, respectively);
KFee - and KO ™ total GHG emissions calculated in Table 4.1,

ppm CO ,e

ppm COze (FDD - 58792.27, HVO — 57001.93).
_ 6.44-20000-836.3-43.5-5879227
%6~ 6,64.20000-7789-43.9-5700193

As can be seen, the changes are relatively small — the use of HVO reduces
GHG emissions emitted directly from the car by 6.4%.

This raises the question why, when defining the CO, emission factor of each
fuel, for FDD it is as in the in the Cabinet Regulations, i.e. 74t CO, TJ? (it is
also within the limits of 72-78tCO,TJ' given in other sources of
information), but for biofuel, including HVO defines it as 0 or close to it, despite
the fact that harmful emissions are emitted from vehicles regardless of the fuel
used. The main argument in this case is the origin of the fuel — biofuels are
produced from renewable resources as opposed to fossil fuels.

The problem of the “full life cycle of fuel” also crystallizes here, which could
be the subject of a separate PhD thesis, as it would be worth evaluating not only
the direct emissions from vehicles (the numerically and percentage-wise small

1.064.
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differences compared to fossil diesel have been obtained not only in this thesis
but in practically all biofuel studies carried out in different countries around the
world), but in the entire cycle of fuel production and use, i.e. fuel feedstock and
fuel production, transportation, distribution, etc. processes. This is similar to the
case of the use of electric vehicles — on the one hand, they do not emit direct
emissions at all, but during the manufacturing process of the vehicles themselves
and their components (e.g. batteries), GHG emissions are generated, which, of
course, can be separated again, whether they are produced from renewable
energy resources or fossils. The same applies to the operation of an electric car —
if the electricity is from renewable energy sources, the CO2 emission factor is 0,
but otherwise it is calculated based on the figures set for each type of fuel from
which this electricity was obtained (LR Ministru kabinets, 2018).

In fact, it can be concluded that replacing fossil fuels with biofuels alone can
only partially solve climate problems. In order to implement the long-term
emission reduction strategy and climate plans, as well as to achieve the targets
for 2025, 2030, etc. up to 2050, action must be taken in a complex manner —
continuing to develop and introduce electric, hydrogen-powered and hybrid
vehicles, advanced biofuels and other renewable and low-carbon fuels, while
ensuring the development of infrastructures for charging and refuelling vehicles.

4.4. Economic assessment of the use of HVO fuel

Since there are relatively few HVO fuel plants in the world, and their number
has not significantly increased in the last 10 years, and also considering that
manufacturers never provide information on the real cost of fuel, fuel prices can
only be roughly estimated by analysing the possibilities of buying this fuel at fuel
stations. It is also impossible to determine how much HVO fuel is blended with
fossil diesel fuel on any given day, as fuel certificates are prepared for specific
batches over a longer period of time. Therefore, the formation of prices can only
be assessed if the analysis of the specific sample is carried out, determining the
HVO content in the fuel and knowing the selling price of each fuel sample.

Such a situation occurred only twice during the development of this work —
in one case, the price of fossil diesel fuel was 1.50 EUR I}, pure HVO —
2.97 EUR I}, FDD and a blend of about 5% HVO — 1.60 EUR I, in the other
case 1.32, 1.97, 1.44 EUR I}, respectively, but this time with about 10% HVO in
the blend.

By performing simple calculations, it can be concluded that the price of
blended fuel can be roughly determined by knowing the price of pure HVO and
FDD and the percentage of HVO blended.

Unfortunately, the price of pure HVO, which is approximately 1.5 — 2 times
higher than the price of fossil diesel fuel, cannot in any way motivate vehicle
users to use it either in its pure form or in blends for environmental reasons alone,
if there are no other tangible benefits are given, for example significant fuel
economy, power increase or beneficial effects on vehicle systems. That is why,
at present, from an economic point of view, there are partially sufficient
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arguments for the use of only low-content blended fuels, because the 6 — 9%
price increase is somewhat compensated by the fact that HVO blend is much
more “friendly” in terms of power and fuel consumption changes than the 1st
generation biodiesel blend, especially during periods when it is mandatory for
fuel dealers. Comparing these two blends, HVO is also non-aggressive to those
components of the fuel system that were affected when using biodiesel. In
addition, it also has lower NOy, HC, SO, and CO; emissions compared to FDD
and biodiesel blends.

In order to change the situation, the solution, which does not depend on either
the end users of the fuel or the researchers, is to reduce the cost of HVO and the
subsequent marketing price. But it is up to the fuel producers — to find cheaper
raw materials, reduce costs in the production process and open new production
plants. Researchers can contribute to this by conducting trials and promoting the
good properties of the fuel.

Failing this, the only possible drastic measures are those already mentioned
in some studies (Szeto, Leung, 2022), which of course would be very unpleasant
for motor vehicle users, for example, introducing decreasing monthly quotas for
fossil fuel consumption for each car, but additional fuel needs providing with
100% HVO or some other latest generation fuel.

In such a case, complex administrative measures, development of laws,
regulations and special information systems should be expected, where at the end
of the year or at the next technical inspection of vehicles, comparing the
kilometres travelled and fuel receipts, in case the quota fossil fuel quota is
exceeded, an increased road, environmental or etc. tax is applied. However, such
a scenario should be regarded as undesirable, because, first of all, it is only an
abstract idea, but most importantly, the use of police methods never promotes the
loyalty and support of the citizens of any country. A more recommended option
would be not to punish non-use, but to reward the use of renewable resources,
such as tax discounts, parking permits, etc. At the same time, the impact of
renewable fuels on the environment in the long term should be promoted more,
appealing not only to one’s health, but also to the health of future generations.

Car manufacturers should also play an active role, for example, by
performing alternative calibration of engine control units for HVO (Hunicz et al.,
2020). Considering HVO’s easier self-ignition and thus longer combustion time,
which reduces mechanical particulate and soot emissions, researchers in different
countries (Kopperoinen et al., 2011; Pflaum et al., 2010) proved that the use of
HVO extends the regeneration interval of DPF. Since regeneration generally
increases fuel consumption, long-term fuel economy and environmental benefits
could be higher than in short-term studies.

However, if the use of pure HVO cannot be implemented due to
infrastructural, technical or administrative difficulties, the use of FDD and HVO
blends should be encouraged, as it can at least partially reduce GHG emissions
and contribute to the fulfilment of regulatory control numbers in the use of
renewable fuels (Szeto, Leung, 2022).
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CONCLUSIONS AND PROPOSALS

The analysis of the researches carried out in different countries allows to
conclude that HVO can be produced from a very wide range of biomass
feedstocks, such as vegetable oil, animal fat, waste oil, algae, etc.
Depending on the raw materials used, it can be a second, third or even fourth
generation biofuel. HVO almost does not have the undesirable properties of
the first generation biofuels, which are related to their effect on various
components of the fuel system. The trends in HVO fuel efficiency, fuel
consumption and emissions compared to fossil diesel and biodiesel fuel,
found in studies, are very different depending on the type of engine used,
the test conditions, the equipment used, the characteristics of the specific
fuels, etc. Since HVO is a relatively new fuel, research summaries highlight
the need for further research to cover as wide a range of subjects as possible.
A theoretical and experimental research methodology has been developed,
which includes five research programs PP-1 - PP-5, covering various
research objects (car, tractor and research engine). The research
programmes use the same devices, where the specificities of the test objects
allow, in order to avoid that the overall results of the research are influenced
by the use of different devices. For each research program, a description of
the test objects and equipment, the sequence of conducting the research, the
description of the test conditions, the description of the tests to be
performed, the analysis of the factors influencing the values of the
parameters obtained in the tests, the justification of the required accuracy
of measurements and the number of repetitions, as well as the form of the
presentation of the test results are described.

The results of the experiments show that when working with pure HVO and
fossil diesel fuel, the maximum power difference of the Opel Insignia 2.0
CDTi car is 0.34% (HVO — 82.13 kW, FDD — 81.85 kW), the maximum
torque difference — 0.86% (HVO - 276.85 Nm, FDD — 274.49 N m).
Similar trends, but larger differences in numbers were found in the studies
of the KOHLER KDI 1903 engine — the maximum power difference is 1.4%
(HVO - 26.0 kW, FDD - 25.7 kW), but the maximum torque difference —
1.2% (HVO — 119.5 N m, FDD — 118.1 N m). The opposite trend is found
in the studies of the Class Ares 557ATX tractor, where the effective power
and torque of the engine using HVO fuel decreases compared to fossil
diesel fuel. The average reduction in power and torque over the entire PTO
speed range was approximately 5.0%. It is confirmed in the review of the
situation that trends and values may differ for different vehicles due to
differences in power supply, exhaust gas recirculation, etc. systems.
Running the car Opel Insignia 2.0 CDTi with fossil diesel fuel and HVO7
and BioDD?7 blends, it was found that the maximum power of the car with
FDD is 84.1 kW, with BioDD7 —82.3 kW, and with HYO7 — 84.2 kW. The
maximum power difference for FDD and HVO7 fuel is 0.16%, which is



considered to be insignificant. Running the car with BioDD7 produces
2.12% less maximum power compared to FDD and 2.28% less power
compared to HVO7 fuel. The maximum torque with FDD is 281.5 N m,
with BioDD7 —277.9 N m, and with HVO7 —282.1 N m. The difference in
maximum torque between FDD and HVO fuels is 0.20%, which is
considered to be insignificant. The vehicle develops 1.3% less torque with
BioDD7 compared to FDD and 1.5% less torque compared to HVO7 fuel.
Running the KOHLER KDI 1903 engine with HVOS5 fuel, the maximum
power is 26.2 kW and the maximum torque is 120.9 N m. There is a 2%
increase in maximum power and a 2.4% increase in maximum torque
compared to the FDD (25.7 kW and 118.1 Nm). The change trends
compared to the passenger car studies are similar, but with different growth
values.

Testing the Opel Insignia 2.0 CDTi car, the average HVO fuel consumption
in litters per 100 km of all driving modes exceeds FDD consumption by
about 4%. Since the calculations show that HVO has 5.37% less energy
than FDD in the same volume of compressed fuel, approximately the same
percentage can be predicted to increase the maximum fuel consumption.
The average hourly fuel consumption of the Class Ares 557ATX tractor over
the entire PTO speed range using HVO was about 1% lower compared to
diesel, but the increase in specific fuel consumption was 4.1% higher due
to the lower developed engine power. This increase correlates with the car’s
testing results. Operating the KOHLER KDI 1903 engine with pure HVO,
the maximum average hourly fuel consumption in the entire range of
crankshaft revolutions is 1% higher than FDD, but when comparing the
specific fuel consumption data, a decrease in the specific fuel consumption
of HVO is observed —0.86% compared to fossil diesel fuel due to the higher
power developed with HVO fuel.

Running the Opel Insignia 2.0 CDTi with FDD and HVO7 and BioDD?7,
the average fuel consumption of FDD and HVO7 differs by only 0.07%,
which is considered to be insignificant. When running a car with BioDD?7,
the consumption is on average 3.11% higher compared to FDD, and on
average 3.03% higher compared to HVO?7 fuel.

Running the Opel Insignia car and the Class Ares 557ATX tractor with pure
HVO, it can be concluded that all exhaust gas components, that are usually
compared in studies of different fuels, tend to decrease compared to fossil
diesel. NOx reduction is 6.8 —11.8%, HC —26.4 — 37.5%, CO, — 5.0 — 5.2%,
and CO up to 14.5%. Thus, the use of pure HVO fuel has a positive impact
on the environment.

Running the KOHLER KDI 1903 engine with pure HVO, the content of
NOy and CO in the exhaust gases in the entire range of engine crankshaft
revolutions increased by an average of 3.0%, compared to FDD, the content
of HC decreased by an average of 60%. The CO- content increased by 0.9%
on average, and this difference is considered to be insignificant. But unlike
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in the car and tractor studies, the engine is not equipped with an exhaust gas
neutralization system.

In the case of using blended fuels, not all exhaust gas components show a
positive trend, however, HVO 7% blend to fossil fuel, compared to the same
blend of biodiesel, can be considered more environmentally friendly, with
a reduction of about 4% in NOy, 3% in CO,, 55% in SO, and about 3.5
times in unburned hydrocarbons.

The results of the modelling studies are close to the experimental results,
i.e. the difference in power and torque of HVO7 compared to FDD is
insignificant, while almost 2% higher power and torque is developed
compared to BioDD7. When modelling fuel consumption, the trends of
differences between HVO7 and FDD are similar to those found in
experiments, but in experimental studies the differences in fuel
consumption between HVO7 and BioDD7 were greater compared to
modelling studies.

The simulation results show that in the case of using pure HVO, compared
to fossil diesel fuel, the maximum power and torque reduction can reach
1.33%, and the fuel consumption increase — 2.26%. Considering the most
realistic scenario for the near future, i.e. the use of HVO15 blended fuels,
the predicted power and torque reduction of 0.24% and fuel consumption
increase of 0.30% are negligible in vehicle operation.

Analysing the direct GHG content of N2O, CH4, and CO; in the exhaust
gases from the car studies, HVO resulted in reductions of around 37, 35 and
5%, respectively, compared to FDD. Taking into account the global
warming potential index of each component, the use of HVO reduces GHG
emissions emitted directly from the car by 6.5%.

Using the formulas and values of the Cabinet Regulations and assuming the
mileage of the car used in the tests to be 20000 km per year, the reduction
in the amount of GHG emissions is approximately 3.5 t CO.e per year, but,
assuming the CO; equivalent values of HVO fuel reportes in other studies,
approximately 3.1 t CO.e per year. The reduction is therefore at least 88%.
Considering that the price of pure HVO is approximately 1.5— 2 times
higher than the price of fossil diesel fuel, it is difficult to motivate vehicle
users to use it, especially in its pure form. Therefore, currently, from an
economic point of view, there are partially sufficient arguments for the use
of only low-content blended fuels, because the 6 — 9% price increase is
compensated by the fact that HVO blend is much more “friendly” in terms
of power, fuel consumption and climate change than classic biodiesel blend.
If the use of pure HVO cannot be implemented for a few more years due to
infrastructural, technical, economic or administrative difficulties, the use of
FDD and HVO blends should be expanded, as it can at least partially reduce
GHG emissions and contribute to the fulfilment of regulatory control
figures for the use of renewable fuels.
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