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Rezumat 

În lucrarea dată este descrisă posibilitatea de utilizare a peroxidului de hidrogen în calitate de 

combustbil pentru autovehicule, care sunt motivate de proprietățile fizice și chimice a elementului dat și 

de necesitatea de a găsi o sursă de energie mai ecologică decât combustibilii tradiționali. 

Astfel, în primul capitol este descrisă istoria, domeniile de utlizare, metodele de obținere, proprietățile 

fizice și chimice ale peroxidului de hidrogen. Deasemenea avem descrise tendințele cotidiene în 

domeniul auto și alternativele prezentate la moment ca alternativă a combustibilor convenționali, printre 

care avem: motorul pe hidrogen, pe pile de combustie, hybrid, electrice, biodiesel, și gaz natural sau 

petrolier lichefiat. Studierea peroxidului de hidrogen conduce spre ideia ca el nu poate fi folosit într-un 

motor clasic cu adrede internă fara a face careva schimbări sau modernizări constructive majore, din 

cauza proprietăților lui odixante și destul de agresive pentru anumite materiale, de exemplu utilizate la 

sistemul de alimentare și inejcție. La fel, elementul dat nu poate arde nemijlocit ca de exemplu motorina 

sau benzina. Acesta necesită tranportarea în cilindru în forma de abur, sau poate fi transportat și ca lichid 

în cazul în care avem un sistem cu doi combustibili. Astfel peroxidul de hidrogen îndeplinește rolul de 

oxidant, ceia ce mărește perfomanța și caracteristicile ecologice ale motorului. 

În al doilea capitol avem descris cercetările actuale legate de utilizarea peroxidului de hidrogen în 

diferite motoare și condiții. Acestea descriu ideile teoretice legate de untilizarea peroxidului de hidrogen 

în motor și respectiv partea practică cu rezultate și concluzii. Cercetările arată creșterea eficienței termice 

în mediu cu 10%, scăderea emisiilor de CO și HC, a opacității gazelor de eșapament și posibilitatea de 

al folosi în proporțile de până la 30% în motorul MAC și 10% în MAS. Aceasta se datorează în mare 

parte emisiei de oxidgen care se întâmplă la descompunerea peroxidului de hidrogen, ceia ce serveste ca 

o sursa de oxigen curată lipsită de azot și derivații sai care provin din aer. Aplicarea injecției directe de 

H2O2 are potențialul de a anula unele dintre dificultățile asociate cu controlul evenimentului de ardere 

și de a extinde gama de regimuri de ardere la care funcționează aprinderea prin compresie cu sarcină 

omogene. Manipularea concentrației de H2O2 și SOI oferă două instrumente care pot fi utilizate pentru 

a obține timpul de ardere dorit într-o gamă largă de condiții de admisie. Deși rezultatele acestui 

experiment sunt promițătoare, extinderea modelului de calcul la mai multe zone pentru a surprinde 

natura neomogenă a injecției de H2O2 va oferi o perspectivă suplimentară asupra comportamentului 

strategiei de control al arderii duble a combustibilului. În plus, trebuie abordat efectul presiunilor mai 

mari de admisie asupra viabilității adăugării de H2O2, deoarece multe motoare HCCI încorporează acum 

condiții de funcționare îmbunătățite pentru a crește densitatea de putere a motorului. 

În al treilea capitol, cel practic am efectuat calcule legate de efectele peroxidului de hidrogen asupra 

motorului cu ardere internă, și anume căldura specifică, energia specifică, densitatea amestecului, 

coeficientul de transfer de căldură, cuplul. În special, adăugarea de peroxid de hidrogen a dus la o 

presiune medie efectivă, putere și cuplu semnificativ mai mari, în principal datorită creșterii densității 

energetice a amestecului. Eficiența termică a prezentat o creștere mult mai mică, dar deloc neglijabilă. 

S-a constatat, de asemenea, că emisiile de NOx au scăzut enorm. În condiții de încărcare constantă, 

abordarea de adăugare a peroxidului de hidrogen a condus la o scădere de 9 ori a NOx. Cu toate acestea, 

valorile de emisie de NOx obținute erau încă ridicate, sugerând astfel necesitatea utilizării unei 

tehnologii suplimentare pentru tratarea acestora. introducerea peroxidului de hidrogen duce la un proces 

de aprindere în două etape. Prima etapă de aprindere este esențială în controlul întregului proces de 

aprindere, deoarece sa constatat că este întârziată odată cu creșterea adiției de peroxid de hidrogen, în 

timp ce a doua etapă de aprindere a fost avansată. Aceasta a condus la o scădere rapidă a unghiului de 

ardere rapidă și un răspuns nemonoton al unghiului manivelei de aprindere la adăugarea de peroxid de 

hidrogen. 

 

 



4 
 

Abstract 

In the given paper is described the possibility of using hydrogen peroxide as a fuel for motor vehicles, 

which are motivated by the physical and chemical properties of the given element and the need to find 

a more environmentally friendly energy source than traditional fuels. 

Thus, the first chapter describes the history, fields of utilization, methods of production, physical and 

chemical properties of hydrogen peroxide. We also describe the everyday trends in the automotive field 

and the alternatives currently presented as an alternative to conventional fuels, among which we have: 

hydrogen, fuel cell, hybrid, electric, biodiesel, and natural gas or liquefied petroleum gas. The study of 

hydrogen peroxide leads to the idea that it cannot be used in a conventional internal combustion engine 

without making any major constructive changes or modernizations, because of its oxidizing and rather 

aggressive properties for certain materials, for example used in the fuel system and fuel injection. 

Likewise, the given element cannot burn directly like diesel or gasoline. It requires transportation in the 

cylinder in the form of vapor, or it can also be transported as a liquid if we have a dual fuel system. In 

this way hydrogen peroxide acts as an oxidizer, which increases the performance and environmental 

characteristics of the engine 

In the second chapter we have described the current research related to the utilization of hydrogen 

peroxide in different engines and conditions. They describe the theoretical ideas related to the 

untilization of hydrogen peroxide in the engine and the practical part with results and conclusions. The 

research shows an increase in thermal efficiency in the environment by 10%, a decrease in CO and HC 

emissions, a decrease in exhaust gas opacity and the possibility of using it in up to 30% in MAC engines 

and 10% in MAS. This is largely due to the emission of oxidgen that occurs in the decomposition of 

hydrogen peroxide, which serves as a clean oxygen source free of nitrogen and its derivatives from the 

air. The application of direct injection of H2O2 has the potential to negate some of the difficulties 

associated with controlling the combustion event and to extend the range of combustion regimes at which 

homogeneous charge compression ignition works. Manipulation of H2O2 concentration and SOI 

provide two tools that can be used to achieve the desired combustion timing over a wide range of inlet 

conditions. While the results of this experiment are promising, extending the computational model to 

more areas to capture the inhomogeneous nature of H2O2 injection will provide additional insight into 

the behavior of the dual fuel combustion control strategy. In addition, the effect of higher intake 

pressures on the viability of H2O2 addition needs to be addressed, as many HCCI engines now 

incorporate enhanced operating conditions to increase engine power density. 

In the third chapter, the practical one, we performed calculations related to the effects of hydrogen 

peroxide on the internal combustion engine, namely specific heat, specific energy, mixture density, heat 

transfer coefficient, torque. In particular, the addition of hydrogen peroxide resulted in significantly 

higher mean effective pressure, power and torque, mainly due to the increase in the energy density of 

the mixture. The thermal efficiency showed a much smaller but not negligible increase. It was also found 

that NOx emissions decreased enormously. Under constant load conditions, the hydrogen peroxide 

addition approach led to a 9-fold decrease in NOx. However, the NOx emission values obtained were 

still high, thus suggesting the need for additional technology to treat the NOx. The introduction of 

hydrogen peroxide leads to a two-stage ignition process. The first ignition stage is crucial in controlling 

the whole ignition process, as it was found to be delayed with increasing hydrogen peroxide addition, 

while the second ignition stage was advanced. This led to a rapid decrease in the rapid firing angle and 

a nonmonotonic response of the ignition crank angle to hydrogen peroxide addition. 
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Introducere 

Căutarea unor surse de energie durabile și ecologice a devenit din ce în ce mai urgentă în fața 

schimbărilor climatice și a epuizării combustibililor fosili. Întrucât sectorul transporturilor rămâne unul 

dintre cei mai mari contributori la emisiile de gaze cu efect de seră, explorarea combustibililor alternativi 

este esențială pentru atingerea obiectivelor globale de sustenabilitate. Printre diferiții candidați pentru 

energie curată, peroxidul de hidrogen (H₂O₂) a apărut ca o opțiune promițătoare pentru aplicațiile auto. 

Recunoscut în mod tradițional pentru utilizarea sa ca agent dezinfectant și de albire, peroxidul de 

hidrogen posedă proprietăți unice care îl fac un candidat atractiv pentru combustibil, în special în 

contextul motoarelor cu ardere internă și al celulelor de combustibil. Această teză își propune să 

investigheze viabilitatea peroxidului de hidrogen ca combustibil pentru automobile, concentrându-se pe 

caracteristicile sale de producție, depozitare și ardere. Examinând proprietățile chimice ale peroxidului 

de hidrogen, avantajele sale potențiale față de combustibilii convenționali și provocările asociate cu 

implementarea sa în tehnologia auto, această cercetare încearcă să contribuie la corpul tot mai mare de 

cunoștințe despre combustibilii alternativi. 

Prima secțiune a acestei teze va oferi o imagine de ansamblu cuprinzătoare a utilizărilor istorice și 

contemporane ale peroxidului de hidrogen, evidențiind rolul său în producția de energie și potențialul 

său ca combustibil curat. Capitolele ulterioare vor aprofunda aspectele tehnice ale utilizării peroxidului 

de hidrogen în aplicațiile auto, inclusiv densitatea energetică, eficiența arderii și profilul de emisii. În 

plus, această cercetare va aborda provocările infrastructurale și de reglementare care trebuie abordate 

pentru a facilita adoptarea pe scară largă a peroxidului de hidrogen ca combustibil pentru automobile. În 

cele din urmă, aceast proiect presupune că peroxidul de hidrogen, cu conținutul său ridicat de energie și 

impactul redus asupra mediului, ar putea juca un rol crucial în tranziția către un viitor de transport mai 

durabil. Prin analiza riguroasă și explorarea aplicațiilor inovatoare, această cercetare își propune să 

lumineze calea de urmat pentru peroxidul de hidrogen ca opțiune de combustibil viabilă pentru 

următoarea generație de automobile.  

Industria auto globală se află într-un moment remarcabil, se confruntă cu o presiune crescândă pentru 

tranziția de la combustibilii fosili tradiționali la surse de energie mai curate și mai durabile. Având în 

vedere că transportul reprezintă aproximativ 14% din emisiile globale de gaze cu efect de seră, nevoia 

de soluții inovatoare pentru a reduce acest impact nu a fost niciodată mai critică. Pe măsură ce țările se 

străduiesc să atingă obiective ambițioase de neutralitate a emisiilor de carbon, explorarea combustibililor 

alternativi a câștigat avânt. Printre numeroasele opțiuni disponibile, peroxidul de hidrogen (H₂O₂) se 

remarcă ca un candidat convingător, oferind o combinație unică de densitate energetică, beneficii pentru 

mediu și versatilitate. Peroxidul de hidrogen, o moleculă simplă, dar puternică, a fost de mult 

recunoscută pentru aplicațiile sale în diverse domenii, inclusiv în medicină, agricultură și procese 

industriale. Cu toate acestea, potențialul său ca sursă de combustibil nu a fost pe deplin realizat. Spre 

deosebire de combustibilii fosili convenționali, peroxidul de hidrogen se descompune în apă și oxigen, 

eliberând energie în proces și producând poluanți minimi. Această caracteristică îl poziționează ca o 

alternativă prietenoasă cu mediul care ar putea atenua semnificativ amprenta ecologică a sectorului auto. 

Mai mult, această lucrare va aborda problemele practice asociate cu adoptarea peroxidului de hidrogen 

ca combustibil pentru automobile. Aceste provocări includ dezvoltarea unor metode de depozitare sigure 

și eficiente, stabilirea unui lanț de aprovizionare fiabil și cadrele de reglementare necesare pentru a 

sprijini integrarea acestuia în infrastructura auto existentă. Prin examinarea studiilor de caz și a 

proiectelor pilot, această cercetare va oferi informații despre starea actuală a tehnologiei combustibililor 

cu peroxid de hidrogen și potențialul său de scalabilitate. Astfel, putem afirma că peroxidul de hidrogen 

reprezintă o cale viabilă către un viitor auto mai sustenabil. Prin valorificarea proprietăților sale unice și 

abordând provocările implementării, peroxidul de hidrogen ar putea juca un rol transformator în 

reducerea amprentei de carbon a transportului. Pe măsură ce ne aflăm în pragul unei revoluții energetice, 

această cercetare urmărește să contribuie la dialogul privind combustibilii alternativi și să inspire 
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explorarea în continuare a potențialului neexploatat al peroxidului de hidrogen ca combustibil curat și 

eficient pentru următoarea generație de vehicule. 

Bibliografie 

[1] J.H. Yoon, J.K. Yeom, Analysis of precise behavior characteristics of emulsified fuel, J Mech. 

Sci. Technol. 32 (2018) 897–906. 

[2] K.S. Nagprasad, D. Madhu, Effect of Injecting Hydrogen P Eroxide Into Diesel Engine, Int J. 

Eng. Sci. Emerg. Technol. 2 (2012) 24–28. 

[3] V. Vandana, R.R. Kodanda, G. Somnath, L. Babia, Synthesis of Calophyllum inophyllum Esters 

as Biofuel Feed stock, Juniper Online J. Mater. Sci. 2 (2017) 555–583. 

[4] K.F. Mustafa, H.W. Gitano-Briggs. Effect of variation in liquefied petroleum gas (LPG) 

proportions in spark ignition engine Emissions. In International Conference on Environment. 2008. 

[5] J. Wall, Effect of Hydrogen Enriched Hydrocarbon Combustion on Emissions and Performance, 

Panacea University, 2008. 

[6] K.B. Nguyen, T. Dan, I. Asano, Combustion Performance and emission characteristics of direct 

injection diesel engine fueled by jatropha hydrogen peroxide emulsion, Energy 74 (2014) 301–308. 

[7] Z.A.M. Yusof, I. Ahmed, M.S. Khan, S.A. Hussain, A. Hussain, I. bin, A. Mutalib, K. S. 

Balkhair, M.H. Albeirutty, Thermal evaluation of diesel/hydrogen peroxide fuel blend, Chem. Eng. 

Technol. 38 (2015) 2170–2180. 

[8] B. Fanz, P. Roth, Injection of a H2O2/water solution into the combustion chamber of a direct 

injection diesel engine and Its effect on soot removal, Proc. Combust. Inst. 28 (1) (2000) 1219–1225. 

[9] M.P. Ashok, C.G. Saravanan, Performance and emission of the emulsified fuel in a DI diesel 

engine using oxygenated additive diethyl ether with surfactant of span-80, Energy Fuel. 21 (2007) 1878–

1882. 

[10] C. Born, N. Peters, Reduction of soot emission at a di diesel engine by additional injection of 

hydrogen peroxide during combustion, SAE Tech Pap (1998). 

[11] M.E.M. Soudagar, N.N. Nik-Ghazali, M. Abul Kalam, I.A. Badruddin, N.R. Banapurmath, N. 

Akram, The effect of nano-additives in diesel-biodiesel fuel blends: A comprehensive review on 

stability, engine performance and emission characteristics, Energy Convers Manag 178 (2018) 146–177. 

[12] D.S.K. Ting, G.T. Reader. Hydrogen peroxide for improving premixed methaneair combustion. 

Energy. 30. 2005. 313–322. 

[13] W. Zhang, Z. Chen, Y. Shen, G. Shu, G. Chen, B. Xu, W. Zhao. Influence of water emulsified 

diesel & oxygen-enriched air on diesel engine NO-smoke emissions and combustion characteristics. 

Energy. 55. 2013. 369–377. 

[14] G. Babji, K.G. Sankar, B. Nagaraju, Performance and emission characteristics of diesel engine 

operated with diesel- Hydrogen peroxide blends, Int J. Eng. Dev. Res. 6 (2018) 308–313. 

[15] M.S. Khan, I. Ahmed, M.I. Mutalib, S. Nadeem, S. Ali, Influence of H2O2 on LPG fuel 

performance evaluation, AIP Conf Proc. 1621 (2014) 763–768. 

[16] Andrea Bertola, Renxian Li and KonstantinosBoulouchos (2003). Influence of Water-Diesel Fuel 

Emulsions and EGR on combustion and exhaust of Heavy Duty DI-Diesel Engines equipped with 

Common-Rail Injection System. SAE Paper 2003-01-3146. 



8 
 

[17]  I.N. Niranjan Kumar, S.Chandra Prasad and B.V.A.R (2002). Heat Release Rate Analysis of a DI-

Diesel Engine Using Diesel and Seawater Semi-stable Emulsion. SAE 2002-01-271 

[18] Murali Krishna.B., and J. M. Mallikarjuna (2006), Renewable Bio-diesel from CSO-A Fuel Option 

for Diesel Engines, ASME International Solar Energy Conference, July 8-13, 2006, ASME, Denver 

USA, 2006. 

[19] John B.Heywood., 1998, “Internal combustion engines fundamentals”, Mc Graw Hill international 

editions, Singapore, pp 550-553. 

[20] Ganeshan.V., 1994, “Internal Combustion engines”, Tata Mc Graw HILL Publishing Company Ltd, 

New Delhi, pp 207. 

[21] Anand V. Domkundwar., 2001, “Internal combustion engines”, Dhanpat Rai & Co.(P) Ltd. 

Publications, Delhi, pp 7.8, 7.15, 22.30. 

[22] Sajit V., C.B. Sohan, “Experimental investigations on the effects of cerium Oxide”, Hindavi 

Publishing corporation Ad- vances in Mechanical Engineering, Nanoparticle fuel Addi- tives on 

Biodiesel , Volume 2010. 

[23] Dava A.W. Ibrahim and O.Zhang, “Control of diesel engine emissions by dilute oxidizer injection”, 

Energy conversion engineering conference 1996,IECEC96, Vol 3 

[24] F. Bedford and C. Rutland , P. Dittrich, A.Raab, “Effects of direct water injection on DI diesel 

engine combustion”, SAE 2000-01-2939 

[25] Nagaprasad K.S. , Prabhakara S.S., Dr. D. Madhu , “Water injection in an internal combustion 

engine – A review, Nation- al conference on Recent trends in Mechanical Engineering Sciences, 

RTIMES-08, SSIT, Tumkur, 21-22 Feb 2008, P.no.12. 

[26] L. Xingcai, H. Zhen, Z. Wugao, and L. Degang, “the Influence of Ethanol Additives on the 

Performance and Combustion Characteristics of Diesel Engines,” Combust. Sci. Technol., vol. 176, no. 

8, pp. 1309–1329, Aug. 2004.  

[27] M. R. Riazi, Characterization and Properties of Petroleum Fractions, First. West Conshohocken, 

USA: ASTM International, 2005.  

[28] G. Nagarajan, A. N. Rao, and S. Renganarayanan, “Emission and performance characteristics of 

neat ethanol fuelled Dl diesel engine,” Int. J. Ambient Energy, vol. 23, no. 3, pp. 149–158, 2002.  

[29] M. L. Sattler, “Technologies for Reducing NO x Emissions from Non-Road Diesel Vehicles : An 

Overview,” Environmental Protection, 2002.  

[30] M. S. Khan, I. Ahmed, A. Mutalib, and A. Bustum, “Characterization Of Diesel-Hydrogen 

Peroxide Fuel Blend,” J. Energy Technol. Policy, vol. 3, no. 12, pp. 273–279, 2013.  

[31] C. S. Cheung, R. Zhu, and Z. Huang, “Investigation on the gaseous and particulate emissions of 

a compression ignition engine fueled with diesel – dimethyl carbonate blends,” Sci. Total Environ., vol. 

409, no. 3, pp. 523–529, 2011.  

[32] B. B. Sahoo, N. Sahoo, and U. K. Saha, “Effect of engine parameters and type of gaseous fuel 

on the performance of dual-fuel gas diesel engines — A critical review,” Renew. Sustain. Energy Rev. 

13, vol. 13, pp. 1151–1184, 2009.  

[33] A. Henham and M.. Makkar, “Combustion of simulated biogas in a dual-fuel diesel engine,” 

Energy Convers. Manag., vol. 39, no. 16–18, pp. 2001–2009, Nov. 1998.  



9 
 

[34] Muhammad Saad Khan, Z. Bin Hassan, and A. Iqbal, “Influence Of Hydrogen Peroxide on 

Liquefied Petroleum Gas (LPG) Performance,” in National Conference on Postgraduate Research 

(NCON-PGR) 2009, 2009, no. October, pp. 107–113.  

[35] M. G. Shirk, T. P. Mcguire, G. L. Neal, and D. C. Haworth, “Investigation of a hydrogenassisted 

combustion system for a light-duty diesel vehicle,” Int. J. Hydrogen Energy, vol. 33, no. 23, pp. 7237–

7244, 2008.  

[36] R. G. Papagiannakis, P. N. Kotsiopoulos, T. C. Zannis, E. A. Yfantis, D. T. Hountalas, and C. D. 

Rakopoulos, “Theoretical study of the effects of engine parameters on performance and emissions of a 

pilot ignited natural gas diesel engine,” Energy, vol. 35, no. 2, pp. 1129–1138, 2010.  

[37] J. Wang, F. Wu, J. Xiao, and S. Shuai, “Oxygenated blend design and its effects on reducing 

diesel particulate emissions,” Fuel, vol. 88, no. 10, pp. 2037–2045, 2009.  

[38] H. Chen, J. Wang, S. Shuai, and W. Chen, “Study of oxygenated biomass fuel blends on a diesel 

engine,” Fuel, vol. 87, no. 15–16, pp. 3462–3468, 2008.  

[39] Y. Ren, Z. Huang, H. Miao, Y. Di, D. Jiang, K. Zeng, B. Liu, and X. Wang, “Combustion and 

emissions of a DI diesel engine fuelled with diesel-oxygenate blends,” Fuel, vol. 87, pp. 2691– 2697, 

2008.  

[40] M. S. Khan, A. Iqbal, I. bin A. Mutalib, and Azmi Bostum, “Role of Oxygenated Additives for 

Diesel Fuel Blend (A Short Review),” J. Appl. Sci., vol. 15, pp. 1–7, 2015.  

[41] M. P. Ashok and C. G. Saravanan, “Performance and Emission of the Emulsified Fuel in a DI  

Diesel Engine Using Oxygenated Additive Diethyl Ether with Surfactant of Span−80,” energy & fuels, 

vol. 21, no. 4, pp. 1878–1882, 2007.  

[42] Z. A. M. Yusof, I. Ahmed, M. S. Khan, S. A. Hussain, A. Hussain, I. bin A. Mutalib, K. S. 

Balkhair, and M. H. Albeirutty, “Thermal Evaluation of Diesel/Hydrogen Peroxide Fuel Blend,” Chem. 

Eng. Technol., vol. 38, no. 12, pp. 2170–2180, 2015.  

[43] D. Li, H. Zhen, L. Xingcai, Z. Wu-gao, and Y. Jian-guang, “Physico-chemical properties of 

ethanol–diesel blend fuel and its effect on performance and emissions of diesel engines,” Renew. 

Energy, vol. 30, no. 6, pp. 967–976, May 2005.  

[44] V. Í. Pirozfar, A. Z. Moghadam, M. R. Omidkhah, and A. Ameri, “Effect of additive-

ethanoldiesel blend fuel on Physico- chemical properties and emission,” pp. 1–6, 2001.  

[45] G. Labeckas and S. Slavinskas, “Comparative performance of direct injection diesel engine 

operating on ethanol, petrol and rapeseed oil blends,” Energy Convers. Manag., vol. 50, no. 3, pp. 792–

801, 2009.  

[46] C. D. Ã. Rakopoulos, K. A. Antonopoulos, and D. C. Rakopoulos, “Experimental heat release 

analysis and emissions of a HSDI diesel engine fueled with ethanol – diesel fuel blends,” Energy, vol. 

32, pp. 1791–1808, 2007.  

[47] M. A. Ak, A. Ulas, B. Sümer, B. Yazıcı, C. Yıldırım, L. O. Gönc, and F. E. Orhan, “An 

experimental study on the hypergolic ignition of hydrogen peroxide and ethanolamine,” Fuel, pp. 8–11, 

2010.  

[48] P. Kwanchareon, A. Luengnaruemitchai, and S. Jai-In, “Solubility of a diesel–biodiesel–ethanol 

blend, its fuel properties, and its emission characteristics from diesel engine,” Fuel, vol. 86, no. 7–8, pp. 

1053–1061, May 2007.  



10 
 

[49] M. Ribeiro, A. C. Pinto, C. M. Quintella, G. O. Rocha, L. S. G. Teixeira, L. N. Guarieiro, C. 

Rangel, C. C. Veloso, M. J. C. Rezende, R. Serpa, A. M. De Oliveira, E. A. Torres, and J. B. De Andrade, 

“The Role of Additives for Diesel and Diesel Blended ( Ethanol or Biodiesel ) Fuels : A Review Nu,” 

no. 1, pp. 2433–2445, 2007.  

[50] K. Anand, R. P. Sharma, and P. S. Mehta, “Experimental investigations on combustion, 

performance and emissions characteristics of neat karanji biodiesel and its methanol blend in a diesel 

engine,” Biomass and Bioenergy, vol. 35, no. 1, pp. 533–541, 2011.  

[51] H. Bayraktar, “An experimental study on the performance parameters of an experimental CI 

engine fueled with diesel – methanol – dodecanol blends,” Fuel, vol. 87, pp. 158–164, 2008.  

[52] S. Cenk, N. O. Ahmet, and C. Mustafa, “The influence of operating parameters on the 

performance and emissions of a DI diesel engine usubg methanol-blended-diesel fuel,” Fuel, vol. 89, pp. 

1407–1414, 2010.  

[53] C. Sayin, M. Ilhan, M. Canakci, and M. Gumus, “Effect of injection timing on the exhaust 

emissions of a diesel engine using diesel – methanol blends,” Renew. Energy, vol. 34, no. 5, pp. 1261–

1269, 2009.  

[54] L. H. Ajba, Z. E. Ller, E. N. Agy, and J. H. Ancsok, “Properties of Diesel-Alcohol Blends,” 

HUNGARIAN J. Ind. Chem. VESZPRÉM, vol. 39, no. 3, pp. 349–352, 2011.  

[55] M. P. Ashok, “Role of Emulsified Fuel in the Present IC Engines – Need of Alodine EC Ethanol 

Corrosion Resistant Coating for Fuel Injection System,” in Fuel Injection in Automotive Engineering, 

1st ed., K. Lejda and P. Woś, Eds. Croatia: InTech Janeza Trdine 9, 51000 Rijeka, Croatia, 2012, p. 154.  

[56] M. P. Ashok and C. G. Saravanan, “Role of Hydrogen Peroxide in a Selected Emulsified Fuel 

Ratio and Comparing It to Diesel Fuel,” Energy & Fuels, vol. 22, no. 3, pp. 2099–2103, 2008.  

[57] S. H. Yoon, S. H. Park, and C. S. Lee, “Experimental Investigation on the Fuel Properties of 

Biodiesel and Its Blends at Various Temperatures,” Energy & Fuels, vol. 22, no. 1, pp. 652– 656, Nov. 

2007.  

[58] I. Ahmed, A. Idris, A. Hussain, Z. A. M. Yusof, and M. Saad Khan, “Influence of Co-Solvent 

Concentration on the Properties of Dope Solution and Performance of Polyethersulfone Membranes,” 

Chem. Eng. Technol., vol. 36, no. 10, pp. 1683–1690, 2013.  

[59] I. Ahmed, A. Idris, M. S. Khan, S. Chowdhury, and J. Akhtar, “Effect of Acetone on Physical 

Properties of PES Membrane,” Appl. Mech. Mater., vol. 625, pp. 545–548, 2014.  

[60] M. S. Khan, I. Ahmed, M. I. bin A. Mutalib, S. Nadeem, and S. Ali, “Influence of H2O2 on   LPG 

fuel performance evaluation,” in 3rd International Conference on Fundamental and Applied Sciences 

(ICFAS 2014), 2014, no. JUNE, pp. 763–768. 

Referințe 

[61] Rakopoulos, D. C. et al. Investigation of the performance and emissions of bus engine operating 

on butanol / diesel fuel blends. 

Fuel 89, 2781–2790 (2010). 

[62] Jhalani, A., Sharma, D., Soni, S. L., Sharma, P. K. & Sharma, S. A comprehensive review on 

water-emulsified diesel fuel: Chemistry, engine performance and exhaust emissions. Environ. Sci. 

Pollut. Res. 26, 4570–4587 (2019). 



11 
 

[63] Mustayen, A. G. M. B., Rasul, M. G., Wang, X., Negnevitsky, M. & Hamilton, J. M. Remote 

areas and islands power generation: A review on diesel engine performance and emission improvement 

techniques. Energy Convers. Manag. 260, 115614 (2022). 

[64] Wu, G., Ge, J. C. & Choi, N. J. A comprehensive review of the application characteristics of 

biodiesel blends in diesel engines. Appl. Sci. 10, 1–31 (2020). 

[65] Das, S., Kashyap, D., Kalita, P., Kulkarni, V. & Itaya, Y. Clean gaseous fuel application in diesel 

engine: A sustainable option for rural electrification in India. Renew. Sustain. Energy Rev. 117, 109485 

(2020). 

[66] Jayanth, B. V. et al. A comprehensive study on the effects of multiple injection strategies and 

exhaust gas recirculation on diesel engine characteristics that utilize waste high density polyethylene oil. 

Energy Sour. A https://doi.org/10.1080/15567036.2021.19243 13 (2021). 

[67] Resitoglu, I. A. The effect of biodiesel on activity of diesel oxidation catalyst and selective 

catalytic reduction catalysts in diesel engine. Renew. Sustain. Energy Rev. 148, 111286 (2021). 

[68] Giechaskiel, B. et al. Evaluation of NOx emissions of a retrofitted Euro 5 passenger car for the 

Horizon prize “Engine retrofit”. 

Environmental Research 166, 298–309 (2018). 

[69] Lin, C. Y. & Chen, L. W. Comparison of fuel properties and emission characteristics of two- and 

three-phase emulsions prepared by ultrasonically vibrating and mechanically homogenizing 

emulsification methods. Fuel https://doi.org/10.1016/j.fuel.2007.12. 017 (2008). 

[70] Huang, Y. et al. Impact of potential engine malfunctions on fuel consumption and gaseous 

emissions of a Euro VI diesel truck. 

Energy Convers. Manag. 184, 521–529 (2019). 

[71] Gürbüz, H., Akçay, H., Aldemir, M., Akçay, İH. & Topalcı, Ü. The effect of euro diesel-

hydrogen dual fuel combustion on perfor- mance and environmental-economic indicators in a small 

UAV turbojet engine. Fuel 306, 121735 (2021). 

[72] Yihao Xie, Francisco Posada & Ray MinjareS. Diesel sulfur content impacts on Euro VI soot-

free vehicles: Considerations for emerging markets. Front. Environ. Sci. Eng. vol.10. 

https://www.ccacoalition.org/sites/default/files/resources/50-ppm-sulfur-impac ts-04.2020.pdf (2020). 

[73] Khan, M. S., Ahmed, I., Mutalib, M. I. bin A., Nadeem, S. & Ali, S. Influence of H2O2 on LPG 

fuel performance evaluation. AIP Conference Proceedings 1621, 763. https://doi.org/10.1063/1.4898553 

(2014). 

[74] Ahmed, S. T. Effect of fuel cetane number on multi-cylinders direct injection diesel engine 

performance and exhaust emissions. Al-Khwarizmi Eng. J. 8, 65–75 (2012). 

[75] Liu, J., Li, G. & Liu, S. Influence of ethanol and cetane number (CN) improver on the ignition 

delay of a direct-injection diesel engine. Energy Fuels 25, 103–107 (2011). 

[76] Yuan, H. et al. Effects of chemical compositions and cetane number of fischer-tropsch fuels on 

diesel engine performance. Energies 15, 4047 (2022). 

[77] Saikia, N. et al. Effects of high cetane diesel on combustion, performance, and emissions of 

heavy-duty diesel engine. Environ. Sci. Pollut. Res. 1–11 (2022). 



12 
 

[78] Calle-Asensio, A. et al. Effect of advanced biofuels on WLTC emissions of a Euro 6 diesel 

vehicle with SCR under different climatic conditions. Int. J. Engine Res. 22, 3433–3446 (2021). 

[79] Zhang, S., Wu, X., Zheng, X., Wen, Y. & Wu, Y. Mitigation potential of black carbon emissions 

from on-road vehicles in China. Environ. Pollut. 278, 116746 (2021). 

[80] Ahire, V., Shewale, M. & Razban, A. A review of the state-of-the-art emission control strategies 

in modern diesel engines. Arch. Comput. Methods Eng. 28, 4897–4915 (2021). 

[81] Razak, N. H., Hashim, H., Yunus, N. A. & Klemeš, J. J. Reducing diesel exhaust emissions by 

optimisation of alcohol oxygenates blend with diesel/biodiesel. J. Clean. Prod. 316, 128090 (2021). 

[82] Hussam, W. K. et al. Fuel property improvement and exhaust emission reduction, including noise 

emissions, using an oxygenated additive to waste plastic oil in a diesel engine. Biofuels Bioprod. Bioref. 

15, 1650–1674 (2021). 

[83] Napolitano, P. et al. Insights of selective catalytic reduction technology for nitrogen oxides 

control in marine engine applications. Catalysts 12, 1191 (2022). 

[84] Appavu, P., Ramanan, M. V., Jayaraman, J. & Venu, H. NOx emission reduction techniques in 

biodiesel-fuelled CI engine: A review. Aust. J. Mech. Eng. 19, 210–220 (2021). 

[85] Janakiraman, S., Lakshmanan, T. & Raghu, P. Experimental investigative analysis of ternary 

(diesel + biodiesel + bio-ethanol) fuel blended with metal-doped titanium oxide nanoadditives tested on 

a diesel engine. Energy 235, 121148 (2021). 

[86] Ge, J. C., Wu, G. & Choi, N. J. Comparative study of pilot–main injection timings and 

diesel/ethanol binary blends on combustion, emission and microstructure of particles emitted from diesel 

engines. Fuel 313, 122658 (2022). 

[87] Liu, W., Qi, Y., Zhang, R., Zhang, Q. & Wang, Z. Investigation on end-gas auto-ignition and 

knock characteristics of iso-octane over wide thermodynamic conditions under jet ignition using a rapid 

compression machine. Fuel 313, 122665 (2022). 

[88] Öztürk, E. & Can, Ö. Effects of EGR, injection retardation and ethanol addition on combustion, 

performance and emissions of a DI diesel engine fueled with canola biodiesel/diesel fuel blend. Energy 

244, 123129 (2022). 

[89] Fırat, M., Altun, Ş, Okcu, M. & Varol, Y. Comparison of ethanol/diesel fuel dual direct injection 

(DI2) strategy with reactivity controlled compression ignition (RCCI) in a diesel research engine. Energy 

255, 124556 (2022). 

[90] Goga, G. et al. Effects of ternary fuel blends (diesel-biodiesel-n-butanol) on emission and 

performance characteristics of diesel engine using varying mass flow rates of biogas. Energy Sour. A 

https://doi.org/10.1080/15567036.2021.1910754 (2021). 

[91] Seeniappan, K. et al. A comparative assessment of performance and emission characteristics of 

a DI diesel engine fuelled with ternary blends of two higher alcohols with lemongrass oil biodiesel and 

diesel fuel. Energy Environ. 33, 1134–1159 (2021). 

[92] Verma, T. N. et al. Experimental and empirical investigation of a CI engine fuelled with blends 

of diesel and roselle biodiesel. Sci. Rep. 11, 1–23 (2021). 

[93] Sayyed, S., Das, R. K. & Kulkarni, K. Performance assessment of multiple biodiesel blended 

diesel engine and NOx modeling using ANN. Case Stud. Therm. Eng. 28, 101509 (2021). 



13 
 

[94] Kumar, C. B., Lata, D. B. & Mahto, D. Effect of addition of di-tert butyl peroxide (DTBP) on 

performance and exhaust emissions of dual fuel diesel engine with hydrogen as a secondary fuel. Int. J. 

Hydrogen Energy 46, 9595–9612 (2021). 

[95] Seelam, N., Gugulothu, S. K., Reddy, R. V. & Burra, B. Influence of hexanol/hydrogen additives 

with diesel fuel from CRDI diesel engine with exhaust gas recirculation technique: A special focus on 

performance, combustion, gaseous and emission species. J. Clean. Prod. 340, 130854 (2022). 

[96] Noll, J. D. et al. The Effects of Water Emulsified Fuel on Diesel Particulate Matter 

Concentrations in Underground Mines 159–164 (Taylor & Francis, 2002). 

[97] Yahaya Khan, M., Abdul Karim, Z. A., Hagos, F. Y., Aziz, A. R. A. & Tan, I. M. Current trends 

in water-in-diesel emulsion as a fuel. 

Sci. World J. 2014, 527472 (2014). 

[98] Murayama, T., Fujhvara, Y. & Noto, T. Evaluating waste vegetable oils as a diesel fuel. Proc. 

Inst. Mech. Eng. D 214, 141–148 (2000). 

[99] Graboski, M. S. & McCormick, R. L. Combustion of fat and vegetable oil derived fuels in diesel 

engines. Prog. Energy Combust. Sci. 24, 125–164 (1998). 

[100] Di Blasio, G., Ianniello, R. & Beatrice, C. Hydrotreated vegetable oil as enabler for high-efficient 

and ultra-low emission vehicles in the view of 2030 targets. Fuel 310, 122206 (2022). 

[101] Tingas, EAl. The chemical dynamics of hydrogen/hydrogen peroxide blends diluted with steam 

at compression ignition relevant conditions. Fuel 296, 120594 (2021). 

[102] Saleh, H. E. Performance and emissions characteristics of direct injection diesel engine fueled 

by diesel-jojoba oil-butanol blends with hydrogen peroxide. Fuel 285, 119048 (2021). 

[103] Khan, M. S., AHmed, I., Mutalib, I. & Bostum, A. Role of oxygenated aditives for diesel fuel 

blend—A short review. J. Appl. Sci. 15, 619–625 (2015). 

[104] Yusof, Z. A. M. et al. Thermal evaluation of diesel/hydrogen peroxide fuel blend. Chem. Eng. 

Technol. 38, 2170–2180 (2015). 

[105] Gerdes, K. R. & Suppes, G. J. Miscibility of ethanol in diesel fuels. Ind. Eng. Chem. Res. 40, 

949–956 (2001). 

[106] Ribeiro, N. et al. The role of additives for diesel and diesel blended (ethanol or biodiesel) fuels: 

A review. Energy Fuels 21, 2433–2445 (2007). 

[107] Khan, M. S. et al. Physicochemical and FTIR study of diesel-hydrogen peroxide fuel blend. IOP 

Conf. Ser. Mater. Sci. Eng. 344, 012026 (2018). 

[108] Neeft, J. P. A., Makkee, M. & Moulijn, J. A. Catalysts for the oxidation of soot from diesel 

exhaust gases. I. An exploratory study. Appl. Catal. B Environ. 8, 57–78 (1996). 

[109] Kim, H. & Choi, B. Effect of ethanol—Diesel blend fuels on emission and particle size 

distribution in a common-rail direct injec- tion diesel engine with warm-up catalytic converter. Renew. 

Energy 33, 2222–2228 (2008). 

[110] Zhu, L., Zhang, W., Liu, W. & Huang, Z. Experimental study on particulate and NOx emissions 

of a diesel engine fueled with ultra low sulfur diesel, RME-diesel blends and PME-diesel blends. Sci. 

Total Environ. 408, 1050–1058 (2010). 



14 
 

[111] Ashok, M. P. & Saravanan, C. G. Role of hydrogen peroxide in a selected emulsified fuel ratio 

and comparing it to diesel fuel. Energy Fuels 22, 2099–2103 (2008). 

[112] Khalife, E., Tabatabaei, M., Demirbas, A. & Aghbashlo, M. Impacts of additives on performance 

and emission characteristics of diesel engines during steady state operation. Prog. Energy Combust. Sci. 

59, 32–78 (2017). 

[113] Aghbashlo, M. et al. A novel emulsion fuel containing aqueous nano cerium oxide additive in 

diesel–biodiesel blends to improve diesel engines performance and reduce exhaust emissions: Part II—

Exergetic analysis. Fuel 205, 262–271 (2017). 

[114] Atarod, P. et al. Soft computing-based modeling and emission control/reduction of a diesel 

engine fueled with carbon nanoparticle- dosed water/diesel emulsion fuel. J. Hazard. Mater. 407, 124369 

(2021). 

[115] Bavoh, C. B., Lal, B., Ben-Awuah, J., Khan, M. S. & Ofori-Sarpong, G. Kinetics of mixed amino 

acid and ionic liquid on CO2 hydrate formation. IOP Conf. Ser. Mater. Sci. Eng. 495, 012073 (2019). 

[116] David, S.-K.T. & Reader, G. T. Hydrogen peroxide for improving premixed methane—Air 

combustion. Energy 30, 313–322 (2005). 

[117] Golovitchev, V. I. & Piliaf, M. L. Autoignition of methane mixtures: The effect of hydrogen 

peroxide. J. Propuls. Power 12, 1996 (1996). 

[118] Chen, G., Li, Y., Cheng, T., Hsu, H. & Chao, Y. Effects of hydrogen peroxide on combustion 

enhancement of premixed methane/ air flames. Int. J. Hydrog. Energy 36, 15414–15426 (2011). 

[119] Martinez, A. & Cabezas, J. Emission control system for nitrogen oxides using enhanced 

oxidation, scrubbing, and biofiltration. Environ. Eng. Sci. 26, 883–890 (2009). 

[120] Muhammad Saad Khan, Hassan, Z. Bin & Iqbal, A. Influence of Hydrogen Peroxide on Liquefied 

Petroleum Gas (Lpg) Performance. in National Conference on Postgraduate Research (NCON-PGR) 

2009 (ed. M.M. Noor; M.M. Rahman and K. Kadirgama) 107–113 (2009). 

 [121] Saad Khan, M. et al. Experimental equipment validation for methane (CH4) and carbon dioxide 

(CO2) hydrates. IOP Conf. Ser. Mater. Sci. Eng. 344, 1–10 (2018). 

[122] Yanmar Co. Ltd. Service Manual: L48N L70N L100N. 7–11 (2018). 

[123] Cataluña, R. & Da Silva, R. Effect of cetane number on specific fuel consumption and particulate 

matter and unburned hydrocarbon emissions from diesel engines. J. Combust. 2012, (2012). 

[124] Kassim, Z., Khan, M. S. & Lal, B. Thermodynamic modelling on methane hydrate equilibrium 

condition in the presence of elec- trolyte inhibitor. Mater. Today Proc. 19, 1395–1402 (2019). 

[125] Hoang, A. T. Experimental study on spray and emission characteristics of a diesel engine fueled 

with preheated bio-oils and diesel fuel. Energy 171, 795–808 (2019). 

[126] ElSharkawy, M. F. & Ibrahim, O. A. Impact of the restaurant chimney emissions on the outdoor 

air quality. Atmosphere (Basel) 13(261), 1–24 (2022). 

[127] Gribi, B., Lin, Y., Hui, X., Zhang, C. & Sung, C. J. Effects of hydrogen peroxide addition on 

combustion characteristics of n-decane/ air mixtures. Fuel 223, 324–333 (2018). 

[128] Kasper, J. M., Iii, C. A. C. & Cooper, C. D. Control of nitrogen oxide emissions by hydrogen 

peroxide-enhanced gas-phase oxida- tion of nitric oxide. J. Air Waste Manag. Assoc. 46, 127–133 

(1996). 



15 
 

[129] Al-lwayzy, S. H., Yusaf, T. & Al-Juboori, R. A. Biofuels from the fresh water microalgae 

Chlorella vulgaris (FWM-CV) for diesel engines. Energies 7, 1829–1851 (2014). 

[130] Scragg, A. H., Morrison, J. & Shales, S. W. The use of a fuel containing Chlorella vulgaris in a 

diesel engine. Enzyme Microb. Technol. 33, 884–889 (2003). 

[131] Koc, A. B. & Abdullah, M. Performance and NOx emissions of a diesel engine fueled with 

biodiesel-diesel-water nanoemulsions. Fuel Process. Technol. 109, 70–77 (2013). 

[132] Saravanan, S., Nagarajan, G., Lakshmi Narayana Rao, G. & Sampath, S. Combustion 

characteristics of a stationary diesel engine fuelled with a blend of crude rice bran oil methyl ester and 

diesel. Energy 35, 94–100 (2010). 

[133] Khan, M. S., Ahmed, I., Mutalib, A. & Bustum, A. Characterization of diesel-hydrogen peroxide 

fuel blend. J. Energy Technol. Policy 3, 274–279 (2013). 

[134] Jhalani, A., Soni, S. L., Sharma, D. & Sharma, P. K. Comparative performance analysis of an SI 

enginewith treated and raw biogas. Int. J. Renew. Energy Technol. 9, 39–49 (2018). 

[135] Park, J. W., Huh, K. Y. & Lee, J. H. Reduction of NOx, smoke and brake specific fuel 

consumption with optimal injection timing and emulsion ratio of water-emulsified diesel. Proc. Inst. 

Mech. Eng. D 215, 83–93 (2001). 

[136] European Environment Agency. EEA greenhouse gases- data viewer. 

https://www.eea.europa.eu/data-and-maps/ data/data-viewers/greenhouse-gases-viewer (2021, acces-

sed 21 March 2021). 

  

[137] Conway G, Joshi A, Leach F, Garcı´a A and Senecal PK. A review of current and future 

powertrain technologies and trends in 2020. Transp Eng 2021; 5: 100080. 

[138] Grantham Research Institute on Climate Change and the Environment. Climate Change Laws of 

the World, https://climate-laws.org/ (accessed 5 June 2022). 

[139] Logan KG, Hastings A and Nelson JD. Introduction. Cham: Springer International Publishing, 

2022, pp.1–17. 

[140] HM Government. Net zero strategy: build back greener, 

https://assets.publishing.service.gov.uk/government/up loads/system/uploads/attachment 

data/file/1033990/net- zero-strategy-beis.pdf (October 2021). 

[141] Norwegian Government. Climate Action Plan, https:// www.regjeringen.no/contentassets/ 

202fec60ac844d4ca7d 53d65b6b9ac9c/ alle-regjeringa-vil-punkt-i-meldinga.pdf (January 2021). 

[142] Regeringskansliet. Klimatpolitiska handlingsplanen (Cli- mate Policy Action Plan), 

https://www.regeringen.se/4a f76e/contentassets/fe520eab3a954eb39084aced9490b14c/kl 

imatpolitiska-handlingsplanen-fakta-pm.pdf (December 2019). 

[143] Government of the Netherlands, Climate Act, Staatsblad van het Koninkrijk der Nederlanden, 

January 2019. 

[144] Zeng X, Li M, Abd El-Hady D, et al. Commercialization of lithium battery technologies for 

electric vehicles. Adv Energy Mater 2019; 9(27): 1900161. 

[145] Schmuch R, Wagner R, Ho¨rpel G, Placke T and Winter M. Performance and cost of materials 

for lithium-based rechargeable automotive batteries. Nat Energy 2018; 3(4): 267–278. 



16 
 

[146] Gunawan TA and Monaghan RFD. Techno-econo-envi- ronmental comparisons of zero- and 

low-emission heavy- duty trucks. Appl Energy 2022; 308: 118327. 

[147] Panoutsou C, Germer S, Karka P, et al. Advanced bio- fuels to decarbonise European transport 

by 2030: mar- kets, challenges, and policies that impact their successful market uptake. Energy Strategy 

Rev 2021; 34: 100633. 

[148] Chiong MC, Chong CT, Ng JH, et al. Advancements of combustion technologies in the 

ammonia-fuelled engines. Energy Convers Manag 2021; 244: 114460. 

[149] Valera-Medina A, Xiao H, Owen-Jones M, David WI and Bowen PJ. Ammonia for power. Prog 

Energy Com- bust Sci 2018; 69: 63–102. 

[150] MacFarlane DR, Cherepanov PV, Choi J, et al. A roadmap to the ammonia economy. Joule 2020; 

4(6): 1186–1205. 

[151] Cardoso JS, Silva V, Rocha RC, Hall MJ, Costa M and Euse´bio D. Ammonia as an energy 

vector: current and future prospects for low-carbon fuel applications in inter- nal combustion engines. J 

Clean Prod 2021; 296: 126562. 

[152] Dimitriou P and Javaid R. A review of ammonia as a compression ignition engine fuel. Int J 

Hydrogen Energy 2020; 45(11): 7098–7118. 

[153] Cornelius W, Huellmantel LW and Mitchell HR. Ammo- nia as an engine fuel. SAE Transactions 

1966; 74: 300–326. 

[154] Ashirbad A and Agarwal AK. Scope and limitations of ammonia as transport fuel. In: AK 

Agarwal, H Valera (eds) Greener and scalable E-fuels for decarbonization of transport. Springer, 2022, 

pp.391–418. https://link.sprin- ger.com/book/10.1007/978-981-16-8344-2 

[155] Mounaı¨m-Rousselle C and Brequigny P. Ammonia as fuel for low-carbon spark-ignition 

engines of tomorrow’s passenger cars. Front Mech Eng 2020; 6: 70. 

[156] Lhuillier C, Brequigny P, Contino F and Mounaı¨m- Rousselle C. Experimental investigation on 

ammonia combustion behavior in a spark-ignition engine by means of laminar and turbulent expanding 

flames. Proc Com- bust Inst 2021; 38(4): 5859–5868. 

[157] Lhuillier C, Brequigny P, Contino F and Mounaı¨m- Rousselle C. Experimental study on 

ammonia/hydrogen/ air combustion in spark ignition engine conditions. Fuel 2020; 269: 117448. 

[158] Comotti M and Frigo S. Hydrogen generation sys- tem for ammonia–hydrogen fuelled internal 

combus- tion engines. Int J Hydrogen Energy 2015; 40(33): 10673–10686. 

[159] Frigo S and Gentili R. Analysis of the behaviour of a 4- stroke SI engine fuelled with ammonia 

and hydrogen. Int J Hydrogen Energy 2013; 38(3): 1607–1615. 

[160] Kurien C and Mittal M. Review on the production and utilization of green ammonia as an 

alternate fuel in dual- fuel compression ignition engines. Energy Convers Manag 2022; 251: 114990. 

[161] Van Blarigan P. Advanced internal combustion engine research. DOE Hydrogen Program 

Review NREL-CP- 570- 28890, 2000, pp.1–19. 

[162] Gray JT Jr, Dimitroff E, Meckel NT, et al. Ammonia fuel—engine compatibility and combustion. 

SAE Trans- actions 1967; 75 785–807. 

[163] Pochet M, Truedsson I, Foucher F, et al. Ammonia- hydrogen blends in homogeneous-charge 

compression- ignition engine. SAE technical papers 2017-24-0087, 2017. 



17 
 

[164] Reiter AJ and Kong SC. Combustion and emissions characteristics of compression-ignition 

engine using dual ammonia-diesel fuel. Fuel 2011; 90(1): 87–97. 

[165] Reiter AJ and Kong SC. Diesel engine operation using ammonia as a carbon-free fuel. In Internal 

combustion engine division fall technical conference, volume 49446. ASME. pp.111– 117. 

[166] Gross CW and Kong SC. Performance characteristics of a compression-ignition engine using 

direct-injection ammonia–DME mixtures. Fuel 2013; 103: 1069–1079. 

[167] Ryu K, Zacharakis-Jutz GE and Kong SC. Performance characteristics of compression-ignition 

engine using high concentration of ammonia mixed with dimethyl ether. Appl Energy 2014; 113: 488–

499. 

[168] Tay KL, Yang W, Li J, et al. Numerical investigation on the combustion and emissions of a 

kerosene-diesel fueled compression ignition engine assisted by ammonia fumiga- tion. Appl Energy 

2017; 204: 1476–1488. 

[169] Tay KL, Yang W, Chou SK, et al. Effects of injection timing and pilot fuel on the combustion of 

a kerosene-die- sel/ammonia dual fuel engine: a numerical study. Energy Proc 2017; 105: 4621–4626. 

[170] Wang Y, Zhou X and Liu L. Theoretical investigation of the combustion performance of 

ammonia/hydrogen mix- tures on a marine diesel engine. Int J Hydrogen Energy 2021; 46(27): 14805–

14812. 

[171] Ezzat MF and Dincer I. Development and assessment of a new hybrid vehicle with ammonia and 

hydrogen. Appl Energy 2018; 219: 226–239. 

[172] Wernimont E, Ventura M, Garboden G, et al. Past and present uses of rocket grade hydrogen 

peroxide. General Kinetics 1999; 92656. 

 [173] Yeom JK, Jung SH and Yoon JH. An experimental study on the application of oxygenated fuel 

to diesel engines. Fuel 2019; 248: 262–277. 

[174] Fanz B and Roth P. Injection of a H2O2/water solution into the combustion chamber of a direct 

injection diesel engine and its effect on soot removal. Proc Combust Inst 2000; 28(1): 1219–1225. 

[175] Krishna BM. Experimental investigation on CI engine with hydrogen peroxide as an alternate. 

Glob J Res Eng 2020; 20(1): 37–41. 

[176] Trapel E, Ifeacho P and Roth P. Injection of hydrogen peroxide into the combustion chamber of 

diesel engine: effects on the exhaust gas behaviour. SAE technical paper 2004-01-2925, 2004. 

[177] Nguyen KB, Dan T and Asano I. Combustion, perfor- mance and emission characteristics of 

direct injection die- sel engine fueled by jatropha hydrogen peroxide emulsion. Energy 2014; 74: 301–

308. 

[178] Zhou A, Zhang C, Li Y, Li S and Yin P. Effect of hydro- gen peroxide additive on the combustion 

and emission characteristics of an n-butanol homogeneous charge com- pression ignition engine. Energy 

2019; 169: 572–579. 

[179] Dimitrova ID, Megaritis T, Ganippa LC and Tingas EA. Computational analysis of an hcci 

engine fuelled with hydrogen/hydrogen peroxide blends. Int J Hydrogen Energy 2022; 47(17): 10083–

10096. 

[180] Tingas EA. Computational analysis of the effect of hydrogen peroxide addition on premixed 

laminar hydro- gen/air flames. Fuel 2021; 302: 121081. 



18 
 

[181] Tingas EA. The chemical dynamics of hydrogen/hydro- gen peroxide blends diluted with steam 

at compression ignition relevant conditions. Fuel 2021; 296: 120594. 

[182] Fukuzumi S, Yamada Y and Karlin KD. Hydrogen per- oxide as a sustainable energy carrier: 

electrocatalytic pro- duction of hydrogen peroxide and the fuel cell. Electrochim Acta 2012; 82: 493–

511. 

[183] Khalil AT, Manias DM, Tingas EA, Kyritsis DC and Goussis DA. Algorithmic analysis of 

chemical dynamics of the autoignition of NH3–H2O2/air mixtures. Energies 2019; 12(23): 4422. 

[184] Wu FH and Chen GB. Numerical study of hydrogen per- oxide enhancement of ammonia 

premixed flames. Energy 2020; 209: 118118. 

[185] Khalil AT, Manias DM, Kyritsis DC and Goussis DA. No formation and autoignition dynamics 

during combus- tion of H2O-diluted NH3/H2O2 mixtures with air. Ener- gies 2020; 14(1): 84. 

[186] Yang W, Al Khateeb AN and Kyritsis DC. The effect of hydrogen peroxide on NH3/O2 

counterflow diffusion flames. Energies 2022; 15(6): 2216. 

[187] Chemkin-Pro A. 21.0. ANSYS reaction design: San Diego, 2021. 

[188] Zhang C and Wu H. The simulation based on CHEM- KIN for homogeneous charge compression 

ignition com- bustion with on-board fuel reformation in the chamber. Int J Hydrogen Energy 2012; 

37(5): 4467–4475. 

[189] Zhang Z, Xie Q, Liang J and Li G. Numerical study of combustion characteristics of a natural 

gas HCCI engine with closed loop exhaust-gas fuel reforming. Appl Therm Eng 2017; 119: 430–437.  

[190] Yao M, Zheng Z and Liu H. Progress and recent trends in homogeneous charge compression 

ignition (HCCI) engines. Prog Energy Combust Sci 2009; 35(5): 398–437. 

[191] Aroonsrisopon T, Werner P, Waldman JO, et al. Expand- ing the HCCI operation with the charge 

stratification. SAE transactions 2004; 1130–1145. 

[192] Dec JE, Yang Y and Dronniou N. Boosted HCCI - con- trolling pressure-rise rates for 

performance improvements using partial fuel stratification with conventional gaso- line. SAE Int J 

Engines 2011; 4(1): 1169–1189. 

[193] Yang Y, Dec JE, Dronniou N and Sjo¨berg M. Tailoring HCCI heat-release rates with partial fuel 

stratification: comparison of two-stage and single-stage-ignition fuels. Proc Combust Inst 2011; 33(2): 

3047–3055. 

[194] Zhang X, Moosakutty SP, Rajan RP, Younes M and Sarathy SM. Combustion chemistry of 

ammonia/hydro- gen mixtures: jet-stirred reactor measurements and com- prehensive kinetic modeling. 

Combust Flame 2021; 234: 111653. 

[195] Bendu H and Murugan S. Homogeneous charge com- pression ignition (HCCI) combustion: 

mixture prepara- tion and control strategies in diesel engines. Renew Sustain Energ Rev 2014; 38: 732–

746. 

[196] Singh AP and Agarwal AK. Combustion characteristics of diesel HCCI engine: an experimental 

investigation using external mixture formation technique. Appl Energy 2012; 99: 116–125. 

[197] Hairuddin AA, Yusaf T and Wandel AP. A review of hydrogen and natural gas addition in diesel 

HCCI engines. Renew Sustain Energ Rev 2014; 32: 739–761. 



19 
 

[198] Hui X, Zheng D, Zhang C, Xue X and Sung CJ. Effects of hydrogen peroxide addition on two-

stage ignition characteristics of n-heptane/air mixtures. Int J Hydrogen Energy 2019; 44(44): 24312–

24320. 

[199] Fukuzumi S and Yamada Y. Hydrogen peroxide used as a solar fuel in one-compartment fuel 

cells. ChemElectro- Chem 2016; 3(12): 1978–1989. 

[200] Kobayashi H, Hayakawa A, Somarathne KD and Oka- for E. Science and technology of ammonia 

combustion. Proc Combust Inst 2019; 37(1): 109–133.  

[201] Beşleagă Ig., Bîtcă Angela. Îndrumar metodic la îndeplinirea lucrărilor de laborator la disciplina: 

„Materiale de exploatare pentru automobile”  la specialitatea 527.1 - Ingineria şi tehnologia transportului 

Auto. UASM, Chişinău: Centrul editorial al UASM, 2013, 39p., 2,4 c.a 

[202] Materiale de exploatare, A Corpocean, V Ene, O Pădure, 2008 

[203] CRĂCIUN, A.; ENE, V.; PLĂMĂDEALĂ, V.; BEIU, I., Cercetări cu privire la utilizarea 

ozonului în motoarele cu ardere internă în scopul reducerii emisiilor nocive. Studia Universitatis. 2010, 

nr. 6, p. 145 – 148. ISSN 1857-1735 

[204] PLĂMĂDEALĂ, V.; POROSEATCOVSCHI, V., Problemele principale a ecologiei 

transportului auto şi căile de soluţionare a lor în Republica Moldova. Conferinţa Ştiinţifică Internaţională 

„Transport: economie, inginerie şi management”. Chişinău, 16-17 octombrie 2009, UTM, p. 235-237. 

ISBN 978-9975-45-123-9  

[205] PLĂMĂDEALĂ, V., Securitatea circulaţiei rutiere. Conferinţa II-a practico-ştiinţifică „Strategii 

de management, inginerie şi tehnologii în transporturi”. Chişinău, 27 octombrie 2006, UTM, p. 67-72. 

ISBN 978-9975-45-009-6.  

[206] PLĂMĂDEALĂ, V.; ROTARU, I.; POROSEATCOVSCHI, V., Metodica încercării la stand a 

motorului privind toxicitatea emisiilor gazelor de eşapament. Conferinţa naţională ştiinţifico-practică cu 

participare internaţională „Transport: economie, inginerie şi management”. Chişinău, 26-27 octombrie 

2012, UTM, p. 97-104. ISBN 978-9975-45-219-9. 

[207] PLĂMĂDEALĂ, V., BEIU, I. Motoare auto. Indicații metodice privind efectuarea lucrării de an 

şi lucrărilor practice. Chişinău, UTM, 2015. 92 p. ISBN 978-9975-125-36-9. 

[208] ПЛЭМЭДЯЛЭ, В., ПЭДУРЕ, О., РОТАРУ, И., ГОЯН, В. Устройство автомобилей. 

Методические указания по выполнению лабораторных работ. Chişinău, UTM, 2022. 53 p. ISBN 

978-9975-45-784-2. 

[209] PLĂMĂDEALĂ, V., GOIAN, V. Motoare cu ardere internă. Indicaţii metodice privind efectuarea 

lucrării de an şi lucrărilor practice. Partea 2: Calculul pieselor principale ale motorului. Chişinău, UTM, 

2023. 221 p. ISBN 978-9975-45-921-1. ISBN 978-9975-45-923-5 (PDF). 


