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3b®owo 2. 15330930 60393900l BoD03ME — Jodo)Ho Fobslosmgdrgdo.

9539690900 096%obo 00md9bbobgdo bGobsMEgdo
£ E5 E10 E20
Lod336039 15 °C-%5g, 325/83 749,1 752.0 | 757,0 | 762.0 | ASTM D287 -12
GOST ISO 3675-2014
08336039 20°C by, 33 /o | 7450 | 747,7 | 753,0 | 758.0 | ASTM D287-12
108336039 , "API 57,41 56.6 | 5542 | 54,19 | GOSTP.51069-97
mgd@obol Hogbgo 93 95 96 98 ASTM D2699 19el
331930000 JgMEOO” GOST P 52947-2019
mg@obob Gogbzo 83 85 86 88 ASTM D2700 -19el
I GHMOHO FGOMPOM GOST P 52946-2008
30699503960 0,5052 | 0,5364 | 0,5564 | 0,6188 | ASTM D445
LodEb#g, 33%/(0
0503006005, 3y KOH/g, 0,016 0.015 0,008 0,004 | ASTM D664 - 18e2
Lof303%9
3943H0OO gobgdob 3 2.8 2,5 2,0 GOST 1567-97
999339 ™do, 9y 100 dew (MCO6246-95)
baff303%b9
Box g0 mmomdwol (6939, 50 55 60 70 GOST P EH 13016-1-
335 2008
2993 bL3owgbdol Aol GOST 6321-92 (MCO
306R0GBY (3 boo 50 °C) 2160-85)
096bmerol 999:339c0mds, 1,1 1,0 0,9 0,8 GOST P EH 12177-
% 2008
X 90MM0 56OMI>EH039, % 32,5 32.0 30,0 28,5 | GOST 29040-2018
3Ma0MobL dslweo oo, 0,05 | 0.047 0,045 0,04 | ASTM D 3227-92
%
096%0bols gMmsgzommo dgagbowmds
9000l EsLsFYoLo °C 35°C 38°C 40°C | 40°C | ASTM D - 86-93
10% 55°C | 50°C | 51°C | 52°C | ASTMD - 86-93
50% 850C | 80°C | 75° | 70°C | ASTMD -86-93
90% 150°C | 155°C | 150°C | 150°C | ASTM D - 86-93
90Ol LSOO 170°C | 172°C | 175°C | 180°C | ASTMD - 86-93
Bo@Bgbo, % 2 2 2 2 ASTM D - 86-93

OMamO3  3bOOWgdIb  BBUL,

LS3EIO  B0MdI6B0bYdOL  BodmTgdols

1033360030l Lodmom 360d3bgcrmdgdo (3p/0%) 15°C-Bg Tgoaqbl  749,13/8°

>9300 d9bBobo (E0) o batgzgdol (E5, E10, E20) 89s00p96L 752,03/3%

757,032/3% 762,032/3%, 899L50500bs@ Bo693900L Lod33M039 0BOIdS Y3939,

15




o3 093530060900y Bs6390d0 9m9bMEOl MHoMmIbMdOL  AHBOEILMD.
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dMmool gogeo, 39dusbo, gmoer  Aglsdgero dmowol  gmgMo, d96Bmero,
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BsbsBo 7. Lyggwro 60dxdgdols 0bg®msfoomgwo L3gdEMgdo

LS3EIO  B0MdYPBDBObIdOL  B0TMTGOOL  LoliEgbm  49dMEYd0  BOEHIMS
Logo®mzgeml 39460379600  1boggdlo@gBol  LoGHMBL3MOEGHM  LobEgdgdols ©s
39996030L 0650696000l $539WEIAHOL  93GHMLIGHMBL3MOEM dM63900L  EIsdMMS—
A™605d0.

LSEEIO  BOMIMIBMWOL,  OMAMOE  096Bobol  IBSTBHOL,  A93egbs
99Lfogeoe 0dbs 396%0bgdol “Ggymes®ol” s “bmdgmol” dsgswomby, 39MIM©
15533 MAMd0WM I35 BMW-316-0l Loddwsgzhgbyg (Ne), Lssor® botrx g (Gue) o
390mbsdMendy s06Mgddo CO, CH, CO2 NOx-ol 8993390mdsbg 10, 20 s 30%
00Mgmbmol  BsTo@ol 393w gbols  Lsbom.  9dudg®0dgbh@gdol  Fgwgagdo
65b3969005 3bM0gddo 3, 4 s 5. OMYMO 3 50b0dbMEo OGOl dmbs(399930H
BobL, LodsBM B96B0bxdbg Lsgwgwro domgmsbmerols dbsto (10, 20 s 30%)
50M9bMd0m 33539y 0f)393L  dMO35L  B9gdbozmeo  Bsb39b90gdol (Ne, Gun)
mdb0od3bgm@  FBoME  2ootgligdsl, bmm  g3mEmaom®mo  d5B3969dwqd0L
(350mbsdmend3zdo CO, CH, CO2 NOx-ob 9993339 mdol 999306090sL) d603369wm356
dBOM© omdxMOgLYOSL.

19



gbMowo 3. 396%0obols o630l (,Lw)3gMm0™ ,,H9MEM0” ) 253wgbs BMW-316 9s6:30L d65350
Loddeogmoom (Ne), Us{30393b6m30NH (Guw) ©o 9g3memaon®  (CO, CH, CO2, NOx )
35839690 90%Y, IMbarmbs @woerzol dMB30L Lobdo®mobs (1), IGHIOMZ0L MY70dobYsd
593000909000

d5B39b909wo »093960“ »69OO”
n, foo ! 1000 2500 3500 1000 2500 3500
3990 Lo
Guo, 0/l 0,860 1,181 1,730 0,882 1,200 1,757
Me, 69 0 0 0 0 0 0
Ne, 338 0 0 0 0 0 0
CO, % 0,61 0.57 0,55 1,03 0,85 0,66
CH, % 273 108 79 197 125 83
CO2, % 13,6 13,9 14,3 12,7 12,9 13,1
NOx, ppm 101 283 497 85 315 525
L0 IEZOOMZS

Guo, /U 5,27 7,81 11,21 5,30 7,84 11,25
Ne, 330 12,9 39,6 64,3 12,7 38,9 63,5
CO, % 0,52 0,49 0,38 0,61 0,54 0,44
CH, % 291 210 138 317 258 161
CO2, % 13,1 13,5 14,0 12,4 12,8 13,0
NOx, ppm 1780 4710 5300 1570 4600 4970

3b®owo 4. BoE3Io d0MYMIBMMOL BsTsEOL  2o3egbs BMW-316 35630l d6o3sl
Loddeogmoom (Ne), Lof39393mbmdoe  (Guw) S 93memaoné (CO, CH, CO2, NOx )
958396900 90bg, IMberbs owrgzol 3Mbzol LobdoMobs (n), dMFomdol Mgi0dols @
096060l 356 30L5996 (L3960, ,,HIYMEM0) TMI0JIYIOO.

d5h39b909o »0993960“+ 10% domgmsbmeo »0939Ws00“+10%
00Mmgmobmero
n, §oo - 1000 | 2500 | 3500 1000 2500 | 3500
1330 bgwo
Guo, 0/l 0,864 1,186 1,737 0,884 1,201 1,767
Me, 60 0 0 0 0 0 0
Ne, 330 0 0 0 0 0 0
CO, % 0,55 0,52 0,49 0,92 0,76 0,58
CH, % 224 89 65 156 99 66
CO2, % 12,9 13,2 13,6 12,6 12,7 13,0
NOx, ppm 95 267 467 79 293 489
OO0 IEGZOOMNZS
Guo, 0/l 5,30 7,86 11,28 5,34 7,89 11,32
Ne, 330 12,8 39,4 63,1 12,5 38,6 63,1
CO, % 0,48 0,44 0,36 0,55 0,49 0,37
CH, % 242 174 121 254 206 141
CO2, % 12,2 12,5 13,0 12,3 12,6 12,8
NOx, ppm 1691 4474 5035 1476 4324 4672
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3b®owo 5. Ls3ggeo d0Mmgmbmeol ©sbsds@ol  aogargbs BMW-316 ds630l d6mogol
Loddeogmoom (Ne), Lof39393mbmdoe  (Guw) @S 93mEmaon® (CO, CH, CO2, NOx )
958396900 90%g, IMberbs wowrgzol 3Mbzol LobdoMobs (n), dMFomdol Mgz0dols
096%B0bol 56 30L5996 (L3960, ,,HIYMEM0) TMI0JIYIOO.

0563969090 | M98 s00 + 20% domgmsbmero >9300 + 30%
00mgmobmero
n, oo ! 1000 2500 3500 1000 2500 3500
4o bgars
Guor, €0/l 0,888 1,208 1,763 0,895 1,217 1,773
Me, 63 0 0 0 0 0 0
Ne, 338 0 0 0 0 0 0
CO, % 0,90 0,74 0,57 0,87 0,72 0,56
CH, % 156 99 66 148 94 62
CO2, % 12,5 12,6 12,9 12,3 12,5 12,7
NOx, ppm 77 287 478 76 284 472
LEOHYO OHEGHZ0ON]
G, @0/l 5,34 7,90 11,34 5,39 7,94 11,44
Ne, 338 12,4 38,3 62,9 12,2 38,1 62,7
CO, % 0,53 0,48 0,38 0,54 0,47 0,37
CH, % 257 209 131 245 199 124
CO2, % 12,2 12,4 12,7 12,1 12,4 12,5
NOx, ppm 1460 4368 4623 1429 4186 4523
mbs  500bodbml, Gmd Ne-lU ¢db0d3zbgrm  FgB30609ds  3M0JGH0IMII®

399998693000 90Lobgds M358 Bbgoalbgs ©19:50890%Bg d9dsmdol LoodgEMmmMdsbY,
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Summary

The reduction of oil reserves, development of energy-saving technologies, tightening of
standards for exhausted gases, pollution of the environment is forcing the world to find
and develop new, renewable energy sources. One of the mechanisms for improving the
ecological situation is exactly the use of renewable energy sources. These trends are
strongly reflected in programs for development of the energetic of the United States, the
European Union and other developed countries, which show that by 2040 the share of
renewable energy sources in global primary energy consumption is supposed to grow up
to 30%, and the greenhouse gas emissions will be shorten by 50%. The use of renewable
energy sources leads to transition to low-carbon mixtures, which gives us a positive effect
from both an economic and environmental point of view. Today bioenergy is considered
to be the main tendency of development of the fuel market, which will retain its preference
in the development of energy supply of the world for the next 30-40 years.

Change of climate in the present-day world, being one of the most serious environmental
problems, is associated with the "greenhouse effect”, caused by a drastic increase in the
concentration of carbon dioxide (CO,) in the atmosphere. This is contrary to the
regulations of the Kyoto Protocol and the Rio de Janeiro Climate Convention, which

declare significant reductions in greenhouse gas emissions in the 21% century.

The main task of environmental requirements in the sphere of road transport is to reduce
radically the CO, content in the exhaust gases. Leading countries such as the US, China
and the EU are tightening up CO, emission standards for al types of vehicles every year,
stipulating for significant growth of their efficiency and the need to produce new,
ecologically clean fuels. For example, to obtain gasoline with high antiknock rating,
oxygenates (the oxygen-containing components) are used, the most common of which is
bioethanol, obtained from renewable biologica wastes. Its use is accompanied by a
decrease in the CO, content in the atmosphere, and its combustion in the engine

significantly reduces harmful compounds as compared with the petroleum gasoline.

The production of aternative, renewable, environmentally friendly fuelsis very important
for Georgia, which is amost entirely dependent on imported petroleum products.
Researches show that transport accounts for 74% of harmful emissions into atmosphere in
the whole country and 79% in Thilisi. The number of respiratory and oncological diseases
in Georgia has increased by 20% over the past 10 years. Therefore, it is important for our
country to produce environmentally friendly biofuels from renewable energy sources and

especially from the wastes. Biogasolines can successfully replace petroleum gasolines in
30



vehicles with internal combustion engines that are present in Georgia. The mechanism for
improving the ecological state of the country and the development of energy-saving

technologies for energy carriersis the use of renewable energy sources.

The purpose of this Ph.D. thesis is to obtain fuel ethanol from agricultural wastes and the
production of biogasolines, which is important for the revival of the bioethanol industry
and the development of agriculture. Over the past century the ethanol production in the
world has increased 8 times. Experts predict that by 2040 at least 20% of motor fuel will
be produced from biomass. A technology for production of biogasoline from renewable
energy sources and secondary raw materials has been developed. Bioethanol is an
environmentally friendly high-octane gasoline additive that is widely used in fossil

gasolines without modification of car engine.

We have obtained 10 liters of ethanol fuel from corn and other agricultural wastes in the
laboratory conditions. Physical and chemical properties of bioethanol have been studied in
accordance with the requirements of ASTM D-4806-20. Test samples of biogasolines — E5
(5% ethanol + 95% gasoline), E10 (10% ethanol + 90% gasoline) and E20 (20% ethanol +
80% gasoline) were prepared on the basis of Rompetrol’s Premium grade gasoline. The
physical and chemical characteristics of the test samples and base gasoline have been
studied. The parameters of the test sample were found to meet the requirements of EN228
and EN15376: 2014 standards. The group composition of motor gasoline (EO) and of
biofuels E5, E10 and E20 was aso determined using the infrared spectrometer
("PerkinElmer Spectrum, Version 10.4.2").

Studies to determine individual hydrocarbons in samples under investigation — EO, E5,
E10 and E20 were carried out using the gas chromatograph Crystallux-4000M with
NetChrom, v2 software. Certain hydrocarbons contained in the research objects have been
studied and identified. The obtained results meet the requirements of the ASTM D7096

standard. Comparative characterization of fuels was carried out.

The effect of bioethanol on the ecological compatibility of the automobile engine has been
studied. The objects of research were Regular, Premium and Super brands of Rompetrol
gasoline, as well as a bioethanol test additive, which was added to gasoline in the amount
of 10%, 20% and 30%.

The study of ecological properties of the test additive was carried out on the test stand
SAK - 670 (Germany), on which the engine and gearbox of BMW-316 motor vehicle was
installed. The stand included brake and torque gauges, as well as crankshaft rotation

frequency and fuel consumption measuring instruments. Studies have established that
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bioethanol is more effective than low-octane gasoline. It has been established that the
environmental properties of Super and Regular brands of petroleum gasoline improve
upon addition of experimental bioethanol. For example, in case of using of 10-30% tria
bioethanol as an additive to Rompetrol gasoline, the content of harmful componentsin the
exhaust gases of the BMW-316 engine at idle running and at full load is reduced: CO
10-15% and 10-14%; CH 21-25% and 20-23%; NOx 7-10% and 6-9%, respectively.
Especialy noteworthy is the reduction of CO,, the main cause of "global warming", by 8-
14% and 10-17%, respectively. This points to the prospects for increased use of
combustible ethanol. At the same time, the engine power decreases by 1-2% and the
hourly fuel consumption increases by 1-1.2%. Taking into account that in this case the
fuel contains 10-30% of bioethanol, there is actually a reduction in the cost of base

petroleum gasoline by about 8-18%.

In addition, testing of the “Regular” and E20 (20% of trial bioethanol + 80% petroleum
gasoline) biogasolines to determine the CO content in the exhaust gases of the BMW-510
brand M1 category motor vehicle while the engine is in regimen of idle running was
conducted at the vehicles technical inspection center - "Chapani" (Thilis). It was
established that during idling at rotation frequency of 1000 and 2250 sec’, the content of
CO in the exhaust gases amounted to 0.38 and 0.39%, respectively, which is significantly
less than the norm of 0,6% allowed by the standard and 5% less compared to the basic
gasoline.

Studies have been carried out to determine the shelf life of the test fuels. The test samples
were kept in the laboratory in closed chemica vessels at room temperature. During the
year, we periodically (monthly) carried out spectral analysis of the samples under study
using an infrared spectrometer and using a gas chromatograph.

It was found that the samples under study did not change during storage.

In Georgia the biofuel has been obtained for the first time and it can be used in vehicles
with internal combustion engines. For production of bioethanol the corn and other
agricultural wastes are used which ensures rational waste management, the development
of energy-saving technologies and an improvement in the ecological state of the

environment.
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