List of Figures

Figure 1-1: Global primary energy production in 2022...........ccccccevvveieeiesieeseese e e 1
Figure 1-2:Global primary energy consumption DY SECLOr ..........ccccvvevverieiieeneeriesie e 2
Figure 1-3: Leading Biodiesel producer country in 2021 ..........ccccooveiieneneneneneneseeeeeens 5
Figure 1-4:Share Of Emissions Cause By FOSSil FUEIS ............ccocoiiiiiiiiiiiiccc 9
Figure 1-5:Maximum Allowable NOx emission from Heavy Diesel............ccccccevvrvrenenn. 11
Figure 1-6:Nitrogen oxide emissions by source category (USA) ......cccovvevviievvereseennenn, 12
Figure 1-7:Classification of NOx mitigation TEChNIQUES..........ccceiverierieriiiiiricecceee, 12
Figure 1-8: Exhaust Gas Recirculation TEChNIQUE ..o 13
Figure 1-9:Transformation of fine droplet via micro-emulsion..........c.ccccoccevvevveiieinenenn, 14
Figure 1-10:Classification of additiVES..........cccccveiiiiiiiiie e 15
Figure 1-11:Schematic View Of SCR SYStEM.......ccooiiiiiiiiiiiiceiee e 16
Figure 2-1: NOX VS BP for various EGRY0..........ccooiiiiiiiiiiiieiciee e 22
Figure 2-2: NOx emission Vs Water EMUISION %0..........cccvevveiieiieiiiieiecce e, 25
Figure 2-3: CO emission Vs Water EMUISION %0.........ccocveviiiciiciecicseece e, 25
Figure 2-4: NOx emission, water emulsion Vs water injection.............ccccoeevvvrvrivnieeinennn. 28
Figure 2-5: Spray photograph from the PFI iNJector ..........ccoccovvviieiiiiiiic e 29
Figure 2-6: NOx Vs Dilution% for water emulsion & water injection.............c.cccccven.n. 29
Figure 2-7: NOx Emission Vs Load for Various catalysts ............ccccooevviieiieinciesienen, 32
Figure 2-8:NOx Emission Vs Load for coated & non-coated engine...........c.cocevvvvernennn. 33
Figure 2-9:NOx Vs bmep for B20 fuel blend at various CR ..........cc.ccocevviiiiciiiicc 35
Figure 2-10: NOx Vs Brake Power for various Fuel BIends............c.ccccoveveiieincciecneneen, 35
Figure 2-11: NOx Emission Vs Injection Pressure for various fuel blends....................... 37
Figure 3-1: (a) Mahua flowers and (b) Mahua fruits with seeds ...........cccccoceviviniiiennen, 44
Figure 3-2:TranSesterifiCation PrOCESS .........cccoviiiieriinierie st 46
Figure 3-3:Biodiesel Preparation SELUD .......ccveiieeiieiiieccie e 46
Figure 3-4:Biodiesel and glycerol Separation ...........cccccoveeiiieiieiiic e 47
Figure 3-5: B10, B20, and B30 Sample of ML biodiesel blends............ccccceovvverviinnnenn. 48
Figure 3-6:Schematic diagram of Experimental teSt SEtUP ........cccevvrereriiiiiniceccee, 50
T U= R A =TS o [OOSR PSSR 50
Figure 3-8: The compression ratio adjUSTOr ..........ccueiiviiie i 52
Figure 3-9:Eddy current dynNamOMELET ...........ccueirierieierie i 53
Figure 3-10: EXaust Gas ANAIYZEN .........ccccuiiiiiieieeie e 54



FIQUIE 3-11: SIMOKE IMELEN ... .eeieeeieciieie ettt e e saeennesneenneens 55

Figure 3-12: Water INJECIOK ....cviiieiiee ettt nne e 55
FIQure 3-13: WaLEr PUMP......couiiiiiiiiiiieieiie et 56
Figure 3-14: IC Engine Software INtErface .........ccooeriieiiiiiiiieeiee e 57
Figure 3-15: water injection at the downstream side of the engine ..........cccccccovveveiienen, 59
Figure 4-1:Variation in BTE with load at CR 15 for different fuel blends and IP ............ 71
Figure 4-2:Variation in BTE with load at CR 16 for different fuel blendsand IP ............ 72
Figure 4-3:Variation in BTE with load at CR 17 for different fuel blendsand IP ............ 73
Figure 4-4:Variation in BTE with load at CR 18 for different fuel blends and IP ............ 74
Figure 4-5: Variation in CO emission with load at CR 15 .........cccccceeveviiieiicvecce e, 76
Figure 4-6: Variation in CO emission with [0ad at CR 16 ..........ccccceveriieiinininiccee, 77
Figure 4-7:Variation in CO emission with l0ad at CR 17 ........ccccceveiiiiiinininieeceeee, 78
Figure 4-8:Variation in CO emission with load at CR 18 ..........cc.cccoovevviiiiic v, 79
Figure 4-9:Variation in HC emission with load at CR 15 ..........cccoceiiieieiie i, 80
Figure 4-10:Variation in HC emission with load at CR 16 ..........ccccooeiiiiiiiiiiniccn, 81
Figure 4-11:Variation in HC emission with load at CR 17 .........cccceiiiiiiiiiiiinecce, 82
Figure 4-12:Variation in HC emission with load at CR 18 ...........cccccoevviiiiicvecc e, 83
Figure 4-13:Variation in NOx emission with load at CR 15 ..........cccoeviiiiiicin e, 84
Figure 4-14:Variation in NOx emission with [oad at CR 16 ..........cc.covevvviinencinniiceens 85
Figure 4-15:Variation in NOx emission with load at CR 17 .........cccoooeiiiiiiiiniiiccen, 87
Figure 4-16:Variation in NOx emission with load at CR 18 ..........c.ccocevveieiicir e, 88
Figure 4-17:Variation in Smoke emission with load at CR 15.........ccccccovevvviiincceciene, 90
Figure 4-18:Variation in Smoke emission with load at CR 16..........cccccooovviiiniiiiicinenn, 91
Figure 4-19:Variation in Smoke emission with load at CR 17 .........cccooeiiiiiinininicenn, 92
Figure 4-20:Variation in Smoke emission with load at CR 18...........ccccceovvievvciiecienneen, 93
Figure 4-21:Effect of water injection on NOx emission for B10 Blend...............c............ 99
Figure 4-22:Effect of water injection on NOx emission for B20 Blend...............ccccoveee. 99
Figure 4-23:Effect of water injection on NOx emission for B30 Blend............cc.ccccvennnee. 99
Figure 4-24:Collection of Condensate from the exhaust pipe end for testing.................. 101
Figure 4-25:Effect of water injection on CO emission for B10 Blend.............c.ccccue..... 102
Figure 4-26:Effect of water injection on CO emission for B20 Blend...............cccccoeene. 102
Figure 4-27:Effect of water injection on CO emission for B30 Blend...............cccccoveenne. 102
Figure 4-28: Effect of water injection on Smoke emission for B10 Blend ..................... 104
Figure 4-29:Effect of water injection on Smoke emission for B20 Blend ...................... 104

XV



Figure 4-30:Effect of water injection on Smoke emission for B30 Blend ...................... 105

Figure 4-31:Effect of water injection on HC emission for B10 Blend..............cccccoeu..... 106
Figure 4-32:Effect of water injection on HC emission for B20 Blend...............cccccoeee. 106
Figure 4-33:Effect of water injection on HC emission for B30 Blend...............cccccoeene. 107

XVi



