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ABSTRACT

Introduction: the growing interest in preserving the environment has driven the search for cleaner energy
sources, including biofuels such as anhydrous alcohol, which can reduce the environmental impact of fossil
fuel use without affecting engine performance. This project aimed to analyze the behavior of a gasoline
engine when using anhydrous alcohol as a fuel additive.

Objective: this study evaluates the effects of anhydrous alcohol-gasoline blends (E5, E10, E15, and E20) on
the mechanical performance and pollutant emissions of a Chevrolet Aveo 1,6 L spark-ignition engine under
different test conditions.

Method: the study was conducted on a Chevrolet Aveo vehicle equipped with an electronic injection system
and a 1600 cc engine, evaluating its mechanical performance and emissions. Static tests, dynamic road tests,
and laboratory analyses were carried out using conventional gasoline and blends containing 5 %, 10 %, 15 %,
and 20 % anhydrous alcohol. Parameters such as power, torque, and emission levels were measured following
the INEN 2204:2002 and 2203:99 standards.

Results: the results showed that the incorporation of anhydrous alcohol did not produce significant variations
in power or torque but did reduce CO, HC, and CO: emissions, although with a slight increase in NOx,
remaining within the established limits.

Conclusions: Anhydrous alcohol-gasoline blends up to 20 % (v/v) can be used in conventional engines without
performance penalties, while contributing to reductions in CO, HC, and CO:2 emissions. The trade-off is a
moderate increase in NOx, which must be considered in emission control strategies. These findings support
the potential of alcohol as a transitional fuel in urban transport under Latin American regulatory frameworks.

Keywords: Engine Performance; Pollutant Gas Concentrations; Pollutant Emission Factors; Anhydrous
Alcohol; Alternative Fuels.

RESUMEN

Introduccion: el creciente interés por preservar el medio ambiente ha impulsado la busqueda de fuentes de
energia mas limpias, entre ellas los biocombustibles como el alcohol anhidro, que pueden reducir el impacto
ambiental del uso de combustibles fosiles sin afectar el rendimiento de los motores. Este proyecto tuvo
como objetivo analizar el comportamiento de un motor a gasolina al emplear alcohol anhidro como aditivo
del combustible.
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Objetivo: este estudio evalla los efectos de las mezclas de etanol y gasolina (E5, E10, E15 y E20) sobre el
rendimiento mecanico y las emisiones contaminantes de un motor de encendido por chispa Chevrolet Aveo
1,6 L en diferentes condiciones de prueba.

Método: el estudio se realiz6 en un vehiculo Chevrolet Aveo con sistema de inyeccion electronica y motor de
1600 cc, evaluando su desempeiio mecanico y las emisiones generadas. Para ello, se desarrollaron ensayos
estaticos, pruebas dinamicas y analisis de laboratorio, utilizando gasolina convencional y mezclas con 5 %,
10 %, 15 %y 20 % de alcohol anhidro. Se midieron parametros como potencia, torque y niveles de emisiones,
siguiendo las normas INEN 2204:2002 y 2203:99.

Resultados: se mostraron que la incorporacion de alcohol anhidro no produjo variaciones significativas en la
potencia ni en el torque, pero si redujo las emisiones de CO, HC y CO2, aunque con un leve aumento en NOX,
manteniéndose dentro de los limites establecidos.

Conclusiones: las mezclas de etanol y gasolina de hasta un 20 % (v/v) pueden utilizarse en motores
convencionales sin penalizar el rendimiento, al tiempo que contribuyen a reducir las emisiones de CO, HC y
COz2. La contrapartida es un aumento moderado de los NOx, que debe tenerse en cuenta en las estrategias
de control de emisiones. Estos resultados respaldan el potencial del etanol como combustible de transicion
en el transporte urbano en el marco normativo latinoamericano.

Palabras clave: Rendimiento del Motor; Concentraciones de Gases Contaminantes; Factores de Emision de
Contaminantes; Alcohol Anhidro; Combustibles Alternativos.

INTRODUCTION

The transportation sector is one of the largest contributors to greenhouse gas (GHG) emissions and local air
pollutants worldwide. Internal combustion engines (ICEs), which account for more than 99 % of road vehicles,
are still the dominant propulsion system. Gasoline-powered spark-ignition (SI) engines emit carbon monoxide
(CO), hydrocarbons (HC), nitrogen oxides (NOx), carbon dioxide (CO:), and particulate matter (PM), all of
which negatively affect both climate and human health.@?

Ethanol has emerged as one of the most promising renewable fuels to partially substitute gasoline. Anhydrous
ethanol possesses a high-octane number and oxygen content, enabling more complete combustion and potential
reductions in toxic emissions.® Brazil and the United States have successfully implemented large-scale ethanol
programs, demonstrating its technical feasibility in conventional SI engines.®® Recent experimental studies
confirm that ethanol-gasoline blends generally decrease CO and HC emissions, although they may lead to higher
NOx formation due to higher in-cylinder temperatures and excess oxygen availability.”:8%1

In Latin America, the urban environment of Quito, Ecuador, represents a relevant case study. The city’s
high altitude (2 850 m above sea level) and complex topography reduce atmospheric dispersion of pollutants,
resulting in persistent exceedances of air quality standards for CO, NOx, and PM.("'2 Mobile sources are
responsible for the majority of these emissions, highlighting the need for transitional fuels that can reduce
their environmental impact while remaining compatible with the existing vehicle fleet.?

Although global literature on ethanol-gasoline blends is extensive, few studies have experimentally evaluated
their effects on vehicles operating under Ecuadorian driving conditions and regulatory frameworks. Previous
works in the region often focus on policy analysis or combustion modeling rather than real-world testing.(4)
This creates a research gap in the practical assessment of ethanol as a complementary fuel for SI engines in
South American cities.

Therefore, the objective of this study is to evaluate the impact of ethanol-gasoline blends (E5, E10, E15, and
E20) on the performance and emissions of a Chevrolet Aveo 1.6 L Sl engine. The study integrates on-road tests,
static idle evaluations, and chassis dynamometer analyses to determine whether ethanol blends can improve
emission profiles while maintaining acceptable performance levels under Ecuadorian emission standards.1¢17

METHOD
Experimental vehicle and engine

The experimental tests were conducted on a Chevrolet Aveo Family (General Motors, model year 2009),
equipped with a 1,6 L spark-ignition (Sl) engine, four cylinders in line, multi-point electronic fuel injection,
compression ratio 9,5:1, and maximum power output of 92 hp at 6 000 rpm. The vehicle had no engine
modifications and was representative of the most common passenger fleet in Quito, Ecuador.

Fuels and blending procedure

Commercial extra gasoline (87 octane, sulfur content 358 ppm, density 0,740 g/cm?3) was used as the
baseline fuel. The additional fuel was anhydrous alcohol (99,5 % purity, 100° Gay-Lussac, supplied by OVALCOHOL
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S.A.). anhydrous alcohol-gasoline blends were prepared by volumetric splash blending in closed containers at
ambient temperature, ensuring homogeneity by mechanical agitation. The tested blends were E5, E10, E15,
and E20 (v/v). Fuel properties were characterized following ASTM standards (D-4294 for sulfur content, D-287
for specific gravity).

Test conditions
Three categories of tests were conducted:

e Static idle test: exhaust emissions were measured at idle conditions to compare pollutant
concentrations with Ecuadorian INEN standards.

e On-road test: fuel consumption and exhaust emissions were measured during controlled driving
cycles under urban conditions at constant speeds (40-60 km/h).

e Chassis dynamometer test (ASM cycles): tests were performed on a MAHA LPS 3000 dynamometer,
applying ASM 2525 and ASM 5015 cycles to simulate real driving conditions under load.

All tests were performed at an altitude of 2,850 m (Quito), under average ambient conditions of 18-22 °C
and 65-75 % relative humidity.

Measurement equipment

Gas analyzers: MAHA MGT 5 and Nextech equipment were used to measure concentrations of CO (%), CO:
(%), HC (ppm), NOx (ppm), and Oz (%). Calibration was performed before each test following manufacturer
specifications.

Performance measurements: torque and power were obtained from the chassis dynamometer. Fuel
consumption was determined by mass flow measurement using a calibrated flowmeter.

Auxiliary equipment: diagnostic scanner, GPS, and digital sensors were used to monitor engine operating
parameters.

Data analysis

Performance indicators included torque (Nm), brake power (kW), brake-specific fuel consumption (BSFC,
g/kWh), and brake thermal efficiency (BTE, %). Pollutant emissions were reported as average concentrations
for each fuel blend and condition. Emission factors (g/km) were calculated using stoichiometric combustion
models adapted to anhydrous alcohol-gasoline mixtures. All results were statistically averaged over at least
three repeated measurements per condition.

Regulatory framework

Emission results were evaluated against the Ecuadorian regulations: INEN 2204:2002 (limits for gasoline-
powered motor vehicles under dynamic tests) and INEN 2203:99 (exhaust gas concentration limits under static
idle conditions). These standards define permissible thresholds for CO, HC, CO2, and NOx emissions, which were
used as reference benchmarks for compliance analysis.

RESULTS
Fuel properties

Table 1 summarizes the main physicochemical properties of the test fuels. Increasing anhydrous alcohol
content raised the octane number and slightly increased density, while sulfur concentration decreased.

Table 1. Properties of gasoline and anhydrous alcohol-gasoline blends

Fuel Octane rating Sulfur (ppm) Density (g/cm?3)
Standard applied INEN 2699 ASTM D-4294 ASTM D-287
Extra gasoline (EO) 87 358 0,740

E5 89 320 0,742

E10 92 293 0,744

E15 95 223 0,745

E20 97 195 0,748

On-road tests

Average pollutant concentrations measured during on-road tests are presented in table 2. Compared to
baseline gasoline, alcohol blends reduced CO and HC emissions by up to 10 % and 25 % respectively, and
decreased CO: slightly. However, NOx emissions increased progressively with higher alcohol content, reaching
+38 % in the E20 case.
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Table 2. Average on-road pollutant emissions

Fuel CO [%] HC [ppm] CO, [%] 0,[%] NO, [ppm]
Extra (EO) 0,372 26,301 13,392 0,923 269,507
E5 0,362 22,195 12,521 2,917 287,353
E10 0,349 22,1 12,643 2,626 323,985
E15 0,348 19,748 12,433 3,254 309,007
£20 0,364 20,796 12,504 3,172 373,621

Trend analysis
CO remained relatively stable, with small reductions across E5-E15.
HC decreased steadily up to E20, indicating more complete combustion.
CO2 concentrations fell slightly, consistent with alcohol’s lower carbon-to-hydrogen ratio.
02 levels in exhaust increased with alcohol content, confirming oxygen enrichment.
NOx increased, with the maximum observed at E20 (+38 % compared to baseline).

Static idle test
Under idle conditions, all blends complied with INEN 2203:99 emission limits. CO and HC concentrations
decreased with alcohol addition, while NOx showed a minor increase.

Chassis dynamometer tests (ASM cycles)

The ASM 2525 and ASM 5015 cycles confirmed the on-road trends. Figure 1 illustrates the variation in pollutant
emissions with increasing alcohol content.

CO and HC: consistent reductions up to 20 % alcohol.

CO2: moderate decrease compared to EO.

NOx: significant increase, especially in ASM 5015, where E20 exceeded 370 ppm.

Variation of Pollutant Emissions with Ethanol-Gasoline Blends
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Figure 1. Variation of Pollutant Emissions with Alcohol-Gasoline Blends

Performance results

Torque and power curves obtained from the chassis dynamometer (figure 2,3) revealed no statistically
significant differences between gasoline and alcohol blends up to 20 %. Maximum torque remained around 135
Nm at 4,000 rpm, while maximum power was stable at 92 + 1 hp at 6,000 rpm.
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Torque curves comparison
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Figure 2. Torque comparison

Power curves comparison
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Figure 3. Power curves comparison

Fuel consumption, however, increased progressively with alcohol concentration (figure 4). At E20,
consumption rose by approximately 7 % compared to gasoline, consistent with alcohol’s lower heating value.
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Figure 4. Relative Fuel Consumption with Alcohol-Gasoline Blends

DISCUSSION

The results obtained in this study confirm that alcohol-gasoline blends up to 20 % (v/v) can be used in
conventional spark-ignition engines without detrimental effects on torque or power output. This aligns with
previous investigations showing that alcohol’s high-octane rating compensates for its lower heating value,
preventing power losses at moderate blending levels.®'®

Emission behavior

The most consistent benefits observed were reductions in CO and HC emissions, in agreement with findings
from recent experimental studies in Europe, Brazil, and Asia.(®2%2) These reductions are attributed to
alcohol’s oxygen content, which promotes more complete combustion and reduces the presence of unburned
hydrocarbons.

CO2 emissions also decreased slightly, which can be explained by the lower carbon-to-hydrogen ratio of
alcohol compared to gasoline. However, the magnitude of this reduction was modest, reflecting the limited
substitution level (maximum 20 %).

By contrast, NOx emissions increased progressively with alcohol content, particularly at E20. This outcome
has been widely reported in the literature® 2% and is associated with higher in-cylinder temperatures and the
enhanced availability of oxygen, which favor thermal NOx formation. Mitigation of this trade-off requires either
improved ignition timing strategies or catalytic aftertreatment optimization.

Fuel consumption and efficiency

Fuel consumption increased by approximately 7 % at E20 compared to pure gasoline, consistent with alcohol’s
lower lower heating value. Similar trends have been documented by Dhande et al.?¥ and Rimkus et al.®; who
also reported higher brake-specific fuel consumption with alcohol blends above 10 %. Although efficiency losses
were moderate, they highlight the importance of balancing environmental gains with energy consumption.

Regulatory framework and local relevance

From a regulatory perspective, all blends tested complied with Ecuadorian emission standards INEN 2204:2002
and INEN 2203:99, both under static idle and dynamic ASM tests. This indicates that alcohol can be integrated
into the fuel matrix without requiring major modifications to the current vehicle fleet. Nevertheless, the
observed increase in NOx emissions suggests that further regulatory adjustments may be needed if higher
alcohol blends are introduced in the future.

The case of Quito is particularly relevant due to its high altitude and limited pollutant dispersion capacity.
(112 Introducing alcohol blends could contribute to reductions in CO and HC concentrations, which are pollutants
of major concern in the metropolitan area. However, given the increase in NOx, complementary policies such
as fleet modernization and catalytic converter inspections remain essential.
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Broader implications

These findings reinforce the role of alcohol as a transitional fuel in the Latin American context, bridging
the gap between fossil fuel dependence and full electrification of the vehicle fleet. While bioethanol adoption
in countries like Brazil has proven successful, smaller economies such as Ecuador must balance fuel costs,
agricultural supply chains, and regulatory adaptations. Integrating ethanol at low to moderate levels (<20
%) appears technically feasible and environmentally beneficial, but further studies should explore lifecycle
emissions, economic viability, and compatibility with advanced emission control systems.

CONCLUSIONS

This study assessed the impact of anhydrous alcohol-gasoline blends (E5, E10, E15, and E20) on the
performance and emissions of a Chevrolet Aveo 1.6 L spark-ignition engine under idle, on-road, and chassis
dynamometer conditions. The following conclusions can be drawn:

Engine performance (torque and power) was not significantly affected by alcohol blends up to 20 %, confirming
their technical feasibility in conventional SI engines without modifications.

Pollutant emissions showed consistent reductions in CO, HC, and CO2 concentrations, demonstrating the
environmental benefits of alcohol’s oxygenated nature.

NOx emissions increased with higher alcohol content, particularly at E20, highlighting the need for
complementary control strategies.

Fuel consumption rose moderately (=7 % at E20) due to alcohol’s lower heating value, although this trade-off
remains acceptable within the tested range.

All blends complied with Ecuadorian emission standards (INEN 2204:2002; INEN 2203:99), supporting their
potential introduction into the national fuel matrix.

Overall, alcohol-gasoline blends up to 20 % can serve as a transitional strategy to reduce pollutant emissions
from the urban vehicle fleet in Ecuador, with tangible air quality benefits and minimal performance penalties.
Future research should explore long-term durability effects, lifecycle GHG emissions, and optimization of NOx
mitigation technologies.
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