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Abstract

The widespread use of gasoline blended with 10% ethanol (E10) has raised questions
regarding engine performance and emissions under conditions where ethanol supply may
be disrupted, and pure gasoline (EQ) is temporarily used instead. This study experimentally
investigates the effects of EO and E10 fuels on fuel consumption and exhaust emissions in
spark-ignition engines equipped with two different fuel supply systems: multi-point fuel
injection (MPI) and carburetion (CARB). Chassis dynamometer tests were performed on two
passenger vehicles under steady-state part-load conditions at vehicle speeds of 60, 90, and
120 km/h, as well as during full-throttle operation. E0 and E10 were tested separately under
identical operating points. Fuel consumption, brake-specific fuel consumption, air-fuel
ratio, and exhaust gas components (CO, CO,, HC, O,) were measured and analysed. The
results show that the MPI-equipped vehicle exhibited consistently lower fuel consumption
when operating on E0 compared to E10, primarily due to the lower volumetric heating
value of ethanol. In contrast, the carbureted engine demonstrated a stronger sensitivity to
fuel composition, with E10 leading to leaner mixture formation and pronounced changes
in fuel consumption and emissions. CO and HC emissions were significantly lower in the
MPI engine, mainly due to closed-loop stoichiometric control combined with the presence
of a three-way catalytic converter, while E10 substantially reduced these emissions in the
carbureted engine. CO and HC emissions were significantly lower in the MPI configuration,
mainly due to closed-loop stoichiometric control combined with the presence of a three-way
catalytic converter. In the carbureted configuration, E10 substantially reduced CO and HC
emissions compared to EQ, primarily as a result of leaner mixture formation. Overall, the
findings indicate that modern MPI engines are less sensitive to whether the supplied fuel is
E10 and EO, whereas carbureted engines may show notable changes in performance and
emissions under the same operating conditions.

Keywords: ethanol; spark ignition engine; ethanol-gasoline mixture

1. Introduction

Global energy demand continues to increase, while fossil fuels and other non-
renewable energy resources are being progressively depleted [1,2]. Consequently, it is
essential to use the remaining reserves more rationally and efficiently, and to further ex-
plore alternative energy sources. In the transport sector, reducing the consumption of
petroleum-based fuels is a primary objective, particularly for oil-importing countries. De-
creasing the use of such fuels in internal combustion engines would also directly contribute
to improving environmental conditions, especially in densely populated urban areas [3,4].
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One of the most promising strategies to reduce petroleum-based fuel consumption
in transportation is the substitution of conventional fuels with alternative or renewable
energy sources [5]. Over recent decades, various measures have been implemented to
reduce greenhouse gas (GHG) emissions, with bioethanol-gasoline blending remaining
one of the most widely adopted solutions [6].

However, the application of bioethanol is constrained by its hygroscopic nature. Phase
separation may occur at water concentrations as low as 0.5% by volume when condensation
droplets enter the fuel tank [7]. As water content increases, the lower heating value of
the blend decreases and combustion slows, leading to reduced thermal efficiency, higher
specific fuel consumption, and elevated CO and HC emissions prior to catalytic conversion.
These effects are associated with poorer mixture oxidation and prolonged ignition delay [6].

Several studies have demonstrated that adding biofuels such as ethanol or butanol to
gasoline can improve engine performance, particularly in carbureted engines. For example,
a 10% bioethanol blend has been reported to increase efficiency by approximately 6%, while
a 20% butanol blend may achieve improvement of up to 8% [8]. Thus, biofuel blends can
be considered potentially beneficial for the combustion process.

Nevertheless, ethanol addition increases fuel vapour pressure and the risk of phase
separation. Ethanol derivatives such as ethyl tertiary-butyl ether (ETBE) offer improved
storage stability and help reduce ethanol losses in the presence of water [7]. Increased
water content also slows combustion, necessitating adjustments to ignition timing and the
air—fuel ratio under varying operating conditions [9].

In modern fuel injection engines, ethanol-gasoline blends typically reduce CO and HC
emissions due to the higher oxygen content, which promotes more complete combustion.
The most significant reductions are generally observed at ethanol concentrations around
20%. However, under low ambient temperatures or at high ethanol content, CO and HC
emissions may increase due to reduced fuel volatility and lower flame temperatures [10].

While E15 blends can reduce CO and certain other pollutants, they may also increase
acetaldehyde emissions [11]. E20 fuel exhibits properties similar to gasoline, and long-
term durability studies indicate minimal impact on fuel consumption or major emissions.
However, due to its lower heating value, E20 may increase CO, and HC emissions, although
NOy emissions tend to decrease [12]. E10 fuel has also been found to reduce CO and
HC emissions, while increasing the formation of oxygenated compounds, particularly
acetaldehyde [13].

Additional studies conducted under the Federal Test Procedure have confirmed that
E10-E20 fuels generally reduce CO, HC, and non-methane hydrocarbon (NMHC) emissions,
especially in carbureted vehicles. However, in both carbureted and fuel-injected engines,
NOy emissions show variable trends depending on combustion phasing and mixture
formation characteristics [14].

Due to its hygroscopic nature, ethanol readily absorbs moisture during storage, accel-
erating hydrolysis, oxidation, and the formation of acidic compounds such as acetic acid,
ethyl acetate, and sulfated derivatives. These degradation processes increase fuel acidity
and electrical conductivity, reduce chemical stability, and may cause injector or jet clogging.
Therefore, prolonged storage requires limiting exposure to moisture, oxygen, and CO;,
typically through the use of nitrogen blanketing or corrosion inhibitors [15].

Numerous studies have demonstrated that water-contaminated gasoline-bioethanol
blends significantly accelerate corrosion of metallic fuel-system components. It has been
shown that aluminium alloys are particularly vulnerable to accelerated corrosion when
phase separation occurs, whereby ethanol separates from gasoline due to water ingress [16].
However, the addition of ethyl acetate has been shown to improve blend stability and
mitigate the risk of material degradation [17]. Even minimal water contamination may
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intensify corrosion of metals such as copper and carbon steel, raising concerns about long-
term storage reliability [18-20]. Long-term electrochemical testing has further confirmed
that ethanol-rich environments promote more intense aluminium corrosion than gaso-
line alone [21]. As little as 0.5% water can trigger phase separation in E10 blends [22],
and detailed mapping of blend temperature and water content allows accurate identifi-
cation of stratification conditions [23]. Moreover, gasoline blends containing up to 20%
ethanol—even with slight water contamination—have been shown to accelerate corrosion
of various metallic materials [24].

Although E10 fuel has become the standard across the European Union and in many
other regions worldwide, the stability of its supply chain is not always guaranteed [25].
Ethanol production depends on agricultural output, processing infrastructure, and complex
logistics, all of which are potentially vulnerable to disruption [26].

In the context of increasing geopolitical instability and energy insecurity in Europe, sce-
narios may arise in which ethanol blending is delayed, limited, or temporarily suspended.
In such cases, refineries may supply base gasoline (EO) directly to consumers without
ethanol additives. Although this may be a temporary deviation, it could influence engine
performance, emissions, and combustion behaviour, particularly in vehicles designed or
calibrated for E10 [27,28].

Accordingly, this study investigates the comparative performance of EO and E10 fuels
in spark-ignition engines equipped with two different fuel supply systems: a carburetor and
a port fuel injection system. The objective is to evaluate how robust different fuel-supply
strategies are (closed-loop MPI vs fixed-jet carburetion) to a temporary fuel composition
change between E10 and EQ, in terms of A control and the resulting gradients in fuel
consumption and incomplete-combustion emissions across operating conditions. In this
work, EQ refers to a low vapour pressure base gasoline (oxygenate-free), while E10 refers to
EN 228 gasoline containing 10% ethanol by volume.

One of the selected engine configurations employs a carbureted fuel supply system.
This choice is motivated by two considerations. First, older vehicles—especially those
produced prior to the widespread adoption of electronic fuel injection—were originally
calibrated to operate on pure gasoline (E0). These systems therefore provide an appropriate
platform for assessing the response of legacy technologies to ethanol-blended fuels. Second,
in crisis scenarios such as natural disasters, energy shortages, or geopolitical disruptions,
internal combustion engines are often used for decentralised electricity generation. Portable
gasoline generators, most of which operate with simple carburetor-based systems, remain
widely used. Understanding their performance with both E0 and E10 fuels is essential for
ensuring reliable emergency power supply and for developing appropriate fuel stockpiling
strategies under constrained conditions.

2. Materials and Methods
2.1. Test Methodology

First, according to the test procedure described below, the vehicle is tested using a
gasoline blend with 10% ethanol (referred to as E10). Later, the same procedure is repeated
using pure gasoline (EO).

Test procedure:

1. The vehicle acceleration characteristic is determined.

The vehicle is tested on the chassis dynamometer according to the modes given in

Table 1. During the tests, fuel consumption, exhaust gas composition (CO, CO,, HC,

0,), and excess air ratio A are determined.

3. The vehicle acceleration characteristic is determined again.
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4. A segmented measurement is carried out, during which the specific fuel consump-

tion is determined at 100% open throttle, when engine speed changes from 1500 to
5500 rpm, with a step of 1000 rpm.

5. The vehicle acceleration characteristic is determined again.

6. The vehicle acceleration in fourth gear from 40 to 120 km/h is determined at 100%
open throttle.

Table 1. Vehicle test modes.

Test Number Vehicle Speed, km/h Wheel Power, kKW

1 60 5

2 60 10
3 60 15
4 60 max !
5 90 5

6 90 12
7 90 20
8 90 max !
9 120 5
10 120 15
11 120 25
12 120 max !

I The accelerator is fully depressed.

2.2. Test Cars

Two vehicles were used for the tests: (1) a Toyota (Toyota Motor Corporation, Toyota
City, Japan) and (2) an Audi (Audi AG, Ingolstadt, Germany). Their technical parameters
are given in Table 2.

Table 2. Main technical specifications of the test vehicles.

Parameter Toyota Corolla Audi 80
Type of engine 4E-FEDOHC 16 V NE SOHC
Engine displacement, cm® 1332 1781
Compression ratio 9.8:1 10.0:1
Engine power, kW 65 (6000 rpm) 66 (5400 rpm)
Torque, Nm 124 (5000 rpm) 134 (3400 rpm)
Fuel supply system MPI, (D-Jetronic) TCCS carburetor, Keihin I
Ignition system TCCS-II Toyo Denso TSZ
Catalytic converter yes no

2.3. Traction Stand

For the experiments, a computer-controlled chassis dynamometer for passenger ve-
hicles, the MAHA LPS 2000 (MAHA Maschinenbau Haldenwang GmbH and Co., KG,
Haldenwang, Germany), was used. It allows testing vehicles with traction power up to
260 kW, speed up to 260 km/h, and a maximum axle load of 2500 kg. The technical data of
the dynamometer are presented in Table 3.

The MAHA LPS 2000 can be used to test vehicles with gasoline or diesel engines,
as well as motorcycles. During testing, it is possible to test the vehicle in any gear with
any selected load or with a calculated road resistance. The load for the vehicle is created
by an eddy-current electromagnetic brake, which converts the mechanical engine power
transmitted to the wheels into thermal energy that is dissipated into the environment.
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Table 3. Technical data of the traction stand MAHA LPS 2000.

Parameter Value

Type R100/1
Axle load, kg 2500
Roll diameter, mm 318
Roll length, mm 750
Eddy current brake, kW 260
Maximum testing speed, km/h 260
Traction power, kW 260

Traction force, kN 6

Accuracy +2

A special digital program allows testing the vehicle in steady or variable modes. A
built-in thermometer and barometer measure ambient air conditions during each test and
normalise the measured parameter values according to the DIN 70200 standard [29].

When measuring the engine power at constant engine speed, an automatic engine
speed controller is used. For vehicles with an automatic transmission, torque converter slip
is recorded automatically.

To maintain the engine operating temperature and protect it from overheating, a 5-kW
electric fan cooler is used.

The parameters measured during the vehicle test can be stored in a database and later
reviewed, corrected, or compared with data from other tests at any time.

The dynamometer can also be connected to an exhaust gas analyser and a fuel con-
sumption meter.

2.4. Emission Analyser

The exhaust gas composition was measured using an AVL DiCom 4000 (AVL DiTEST
GmbH, Graz, Austria), which operates on the principle of infrared absorption. The mea-
sured exhaust components were carbon monoxide (CO), carbon dioxide (CO,), oxygen
(Oy), and the amount of unburned hydrocarbons (HC). The air—fuel ratio (A) was calculated
according to the calculation method developed by AVL:

coz+‘320+oz+<HgV~ K —‘75V>.(coz+c0)

CO
K*‘r@

A:
(1+ v — %v) - (CO, + CO+ Ky - HC)

Here, Hcy—hydrogen-to-carbon atomic ratio of the fuel, Hcy = 1.7261;

Ocy—oxygen-to-carbon atomic ratio of the fuel, Ocy = 0.0175;

K—water—gas equilibrium constant, K = 3.5;

Kj—conversion factor from NDIR HC values (ppm) to FID-equivalent values (%),
Ky =6-107%

The technical data of the instrument are presented in Table 4.

Table 4. Technical data of the emission analyser AVL DiCom 4000.

Parameter Measuring Range Resolution
Engine oil temperature 0-120 °C 1°C
CcoO 0-10% (vol) +0.01%
CO, 0-20% (vol) +0.10%
HC 0-20,000 ppm (vol) +1 ppm
Oz 0-25% (VOI) +0.01%
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2.5. Test Fuels

The experimental investigations were conducted using two gasoline fuels (E0 and
E10), whose main physicochemical properties are presented in Table 5.

Table 5. Fuel properties.

Parameter EO E10
Octane number:

RON 94.1 97.2
MON 83.8 85.6
Density, at 15 °C, kg/m? 743.2 749.6

Hydrocarbon content, % (vol.):
alkenes 13.0 11.5
arenes 33.8 32.8
Oxygen content, % (vol.) 0.01 3.64
Ethanol content, % (vol.) 0.0 9.85
Lower heating value, MJ/kg 43.3 42.11
Vapour pressure, kPa 78.0 80.7

2.6. Measurement Uncertainty and Statistical Data Processing

Ensuring the reliability and reproducibility of experimental results is a fundamental
requirement in engine performance and emission studies. Measurement accuracy and
uncertainty are influenced by the data acquisition methodology, the number of repeated
tests, and the statistical treatment of the collected data. Therefore, in this study, a structured
statistical evaluation procedure was applied to all experimental results obtained from the
Toyota (MPI) and Audi (CARB) vehicle tests.

For each operating point (vehicle speed and load condition), a minimum of three
independent experimental runs (n > 3) were conducted. After completing the measure-
ments, the arithmetic mean value was calculated for each evaluated parameter. These mean
values were subsequently used for the construction of all characteristic curves presented in
Figures 1-6.

To assess data dispersion and measurement repeatability, the spread of experimental
results around the arithmetic mean was analysed using standard statistical indicators. The
standard deviation (o) was calculated for each measurement point to quantify variability.
Confidence intervals were defined based on the o criterion relative to the calculated mean
value. In order to ensure a high level of experimental reliability, an acceptance threshold
was established such that the relative deviation (+0) could not exceed +5% of the mean
value for the evaluated parameter.

If the calculated dispersion exceeded this =5% limit at any specific operating point,
the corresponding experimental tests were repeated until the variability fell within the
predefined tolerance range. This procedure ensured sufficient repeatability and minimised
the influence of random measurement errors.

Although the graphical representation of standard deviation bands was omitted
from Figures 1-6 to maintain clarity and readability, the uncertainty assessment de-
scribed above was systematically applied to all recorded energy and emission-related
parameters throughout the entire study. Consequently, the presented results rep-
resent statistically validated mean values obtained under controlled and repeatable
experimental conditions.
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Figure 1. Comparison of fuel consumption for E10 and EO at vehicle speeds of 60 (a), 90 (b), and
120 km/h (c) under different wheel power loads.

2.7. Test Boundary Conditions

To ensure reproducibility and transparency of the experimental framework, the bound-
ary conditions, fuel characteristics, and data acquisition procedures applied in this study
are summarised below.

All experiments were conducted on a chassis dynamometer under controlled labora-
tory conditions. Ambient temperature and atmospheric pressure were monitored during
testing. Power-related parameters were corrected automatically by the dynamometer con-
trol system according to the applicable standard correction procedure implemented in the
MAHA test bench software (MAHA LPS 2000). Emission measurements were performed
using an AVL DiCom 4000 gas analyser. Since the study focuses on comparative analysis
under identical laboratory conditions, all fuel tests (E0 and E10) were performed within the
same day to minimize the influence of environmental variation.

Both vehicles were tested in the same transmission gear during steady-state operation
to ensure consistent drivetrain efficiency and comparable wheel power levels. Prior to data
acquisition, the engines were warmed up to stable operating temperatures. Coolant and
lubricating oil temperatures were within normal operating ranges defined by the vehicle
manufacturer. For the MPI vehicle, closed-loop A control was confirmed to be active during
part-load steady-state testing. The three-way catalytic converter was fully warmed up and
operating within its effective temperature window before measurements were recorded.
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Figure 2. Comparison of Carbon dioxide (CO,) emission for E10 and EO at vehicle speeds of 60 (a),
90 (b), and 120 km/h (c) under different wheel power loads.

In contrast, the carbureted vehicle was not equipped with exhaust aftertreatment.
Therefore, the measured emissions represent raw engine-out values after dilution in the
exhaust system.

For each vehicle speed and load condition, steady-state operation was established
before data acquisition. Engine speed, wheel power, and air—fuel ratio were allowed
to stabilize prior to recording. Sampling duration at each measurement point ranged
from approximately 3 to 5 min, depending on parameter stability. Data recording was
continued until fluctuations of the monitored variables remained within predefined
repeatability limits.

Full-load (kickdown) measurements were performed separately from steady-state
tests. These conditions represent enrichment-controlled operation (A < 1) and were analysed
independently from near-stoichiometric steady-state regimes.
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Figure 3. Comparison of Carbon monoxide (CO) emission for E10 and EO at vehicle speeds of 60 (a),
90 (b), and 120 km/h (c) under different wheel power loads.
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Figure 4. Comparison of Hydrocarbons (HC) emission for E10 and EQ at vehicle speeds of 60 (a),

90 (b), and 120 km/h (c) under different wheel power loads.
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Figure 5. Comparison of Air-fuel ratio for E10 and EO at vehicle speeds of 60 (a), 90 (b), and
120 km/h (c) under different wheel power loads.
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Figure 6. Brake-specific fuel consumption as a function of engine speed for E10 and EO fuels during
full-load engine acceleration tests.
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3. Results and Discussion
3.1. Steady-State Part-Load Results

Fuel consumption is presented as distance specific volumetric values (L/100 km) at
vehicle speeds of 60, 90, and 120 km /h (Figure 1). The connected data points from 5 kW up
to 15 or 25 kW, depending on vehicle speed, represent steady part load operation, during
which both engines were operated as close as possible to A =~ 1.0. The separate “Max.
power” (kickdown) points correspond to full-throttle operation, during which the mixture
was enriched (A < 1) for both the MPI system and the carbureted engine. The same speed
points and reference definition are used in subsequent figures. Operation of the Toyota
equipped with MPI on E10 was selected as the reference case, and the diagrams illustrate
the relative difference in fuel consumption (%) for the other configurations at the same
wheel power.

Operation of the MPI system on pure gasoline (E0) resulted in lower fuel consumption
compared to E10 by approximately 3-5% across most part-load points and by up to about
8% at the lowest wheel power. For example, the difference reaches —7.9% at 60 km/h and
5 kW and remained within approximately —3 to —5% at 90-120 km/h over the main part-
load region. This trend is consistent with the lower volumetric energy content of E10, which
has approximately 3.3% lower heating value per litre than E0. The Audi equipped with a
carburetor (CARB) did not exhibit the same systematic deviation to the MPI operating on
E10. Depending on vehicle speed and wheel power, CARB operation could be very close to
MPI E10 or differ by several percent in either direction. At 120 km/h CARB on E0 ranges
from approximately +0.3 to +7%, while CARB on E10 was closer to the MPI E10 reference,
between —1.7 and +1%. Thus, the difference between MPI and CARB configurations
depends strongly on the operating point, which is consistent with the distinct fuel metering
principles (MPI vs. CARB) and their different sensitivity to engine speed and load.

Under maximum-load (kickdown) conditions, the combustible mixture in both vehi-
cles is enriched to increase engine power and reduce the risk of knock (Figure 5). In the case
of the Toyota (MPI), the mixture is enriched more substantially, reaching A = 0.83-0.863,
whereas in the Audi (CARB) configuration enrichment is limited to A = 0.935-1.037. This
difference directly influences fuel consumption behaviour. At vehicle speeds of 60 and
90 km/h, the effect is less pronounced; however, when the speed is increased to 120 km/h
under full-throttle operation, a sharp increase in fuel consumption is observed (Figure 1).

The comparison of emissions between the MPI and CARB configurations must be
interpreted with caution because the MPI vehicle is equipped with a three-way catalytic
converter (TWC), whereas the CARB vehicle has no exhaust aftertreatment. Consequently,
the results represent complete vehicle systems, and direct comparison of absolute tailpipe
emission levels between MPI and CARB is limited. At part load near A ~ 1.0, MPI tailpipe
emissions are strongly influenced by TWC conversion efficiency. Therefore, the absolute
differences in CO and HC emissions between MPI and CARB mainly reflect the combined
effect of engine combustion characteristics and the presence or absence of aftertreatment.
In the CARB engine, a portion of the fuel carbon may leave the exhaust as CO or HC rather
than being fully oxidised to CO,, resulting in lower measured CO, concentrations. CO,
is reported as exhaust concentration (vol. %) (Figure 2) and is strongly affected by excess
air dilution. For the MPI configuration, CO, concentrations at part load are relatively
stable, and the difference between E0 and E10 is small (approximately 0 to —0.6% relative
to MPI E10). In contrast, the CARB configurations exhibit lower CO, concentrations,
with the deviation increasing as load rises. At 60 km/h, CARB E10 ranges from —7.4 to
-10.3% relative to MPI E10 over 10-15 kW, while CARB EQ ranges from —4.8 to —6.3%. At
90 km/h, CARB E10 ranges from —6.9 to —8.5% and CARB EO from —6.3 to —6.6%. At
120 km/h, CARB E10 ranges from —6.9 to —11.3% and CARB EO from —5.8 to —7.5%. Thus,
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the observed differences in CO, between MPI and CARB configurations primarily reflect
mixture-related dilution effects (A and O, concentration) rather than differences in carbon
conversion efficiency alone.

Under maximum-load (kickdown) operation, a decrease in the measured CO; con-
centration in the exhaust gas is observed. This trend is expected because, as the excess-air
ratio decreases (A < 1), the combustion process becomes oxygen-deficient due to mixture
enrichment. Under such conditions, a larger fraction of the fuel carbon is not fully oxi-
dised to CO; and instead appears as products of incomplete combustion, primarily carbon
monoxide (CO) and unburned hydrocarbons (HC).

CO is presented as exhaust concentration (vol. %) (Figure 3). In the MPI configuration,
CO levels at part load are close to zero; therefore, the relative differences are expressed as
multiples (x) of the MPI E10 reference values. MPI operation on EQ remains close to MPI
E10, ranging from approximately 0.1 to 4 x, depending on wheel power.

In contrast, the CARB configuration exhibits substantially higher CO concentrations at
part load, particularly when operating on EO. Relative to MPI E10, CO levels for CARB on
EO reach 9.9-50.7 x at 60 km/h, 15.3-257 x at 90 km/h, and 17.8-300 x at 120 km/h. When
operating onE10, CARB CO levels are lower, ranging from 2.4 to 12.3, 6.0 to 105%, and
7.0 to 98 x at 60, 90, and 120 km /h, respectively.

Under maximum-load (kickdown) conditions, both engines exhibit increased CO
concentrations, consistent with mixture enrichment. In the MPI configurations, CO rises
from approximately 0.01% at part load to 5.8 to 6.1% on E0 and 4.9 to 5.1% on E10. The
CARB configurations show lower CO concentrations under kickdown conditions than MP]I,
as it operate with a less rich at full throttle (MPI A ~ 0.83-0.86, CARB A ~ 0.94-0.99).

The influence of fuel composition remains evident: when operating on E10, CARB CO
concentrations decrease by approximately 56-60%, from 1.14 to 2.75% (EO) to 0.50 to 1.12%
(E10), depending on vehicle speed.

The enrichment effect is most clearly reflected in the measured CO concentrations.
This behaviour is particularly pronounced for the Toyota equipped with the MPI system,
where the air—fuel mixture is enriched to reach the maximum attainable engine power.
Under these oxygen-deficient conditions (A < 1), complete oxidation of carbon to CO; is
limited, and a larger fraction of carbon is converted to CO, resulting in a substantial increase
in CO emissions. At this point, the TWC is also less effective in reducing CO because high
CO conversion efficiency requires sufficient oxygen availability in the exhaust gas. During
strongly enriched operation, the lack of oxygen limits oxidation reactions in the catalyst,
and therefore the tailpipe CO level remains high despite the presence of aftertreatment.

HC emissions are presented as concentration (ppm) (Figure 4). The elative differences
in HC are expressed as multiples (x) of the MPI E10 reference values. In the MPI configu-
ration, HC emissions remain low, and MPI operation on EQ is close to MPI E10, typically
ranging from 0.9 to 1.9 x. In contrast, the CARB configuration exhibits substantially higher
HC concentrations at part load, particularly when operating on EO. Relative to MPI E10,
CARB on EO reaches 4.8-9.8 x at 60 km/h, 6.9-17x at 90 km/h, and 9.8-13.3x at 120 km/h.
When operating on E10, HC levels in the CARB configuration are lower, ranging from
2.71t06.1x at 60 km/h, 4.3 to 11.1x at 90 km/h, and 5.7 to 7.4x at 120 km/h. These re-
sults indicate that E10 reduces HC emissions in the CARB configuration by approximately
1.5-2.5x compared to CARB operation on EQ at the same operating points. This behaviour
is consistent with the leaner mixture formation observed with E10 in the carbureted system
and the absence of catalytic aftertreatment.

Under maximum-load (kickdown) conditions, HC emissions increases, particularly in
the MPI configuration (approximately 160-250 ppm), whereas CARB values remain lower
(50-90 ppm). This difference corresponds to the richer full-throttle operation of the MPI
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system (A < 1), while the CARB configuration remains closer to stoichiometric conditions
(A =1) at maximum load.

The air—fuel ratio (A) is presented in Figure 5. The MPI configuration operates close
to stoichiometric conditions at part load for both fuels. MPI operation on EQ is nearly
identical to MPI E10, with deviations ranging from —0.1 to 0.0% at 60-90 km/h, and from
—0.1 to —0.3% at 120 km/h. This behaviour is consistent with closed-loop A control, which
maintains A &~ 1.0 under part-load conditions.

In contrast, the CARB configuration operates under leaner conditions (A > 1) and
becomes even leaner when fueled with E10 compared to E0. Relative to MPI E10, at
60 km /h CARB EO varies from —0.2% at 5 kW to +3.6% at 15 kW, while CARB E10 reaches
+4.9% at 5-10 kW and +7.5% at 15 kW. At 90 km/h, CARB E0 shows deviations of +1.5%,
+2.2%, and +4.5% at 5, 12, 20 kW, respectively, whereas CARB E10 reaches +2.9%, +4.3%,
+6.0%. At 120 km/h, CARB E0 shows +0.1%, +3.1%, +5.0% for 5, 15, 25 kW and CARB E10
is +3.3%, +6.9%, +8.7%.

This behaviour is consistent with fixed carburetor jetting. Since E10 has a lower
stoichiometric air—fuel ratio than EO, the same jet configuration results in a higher excess-air
ratio (A), and this effect becomes more pronounced with increasing load.

3.2. Full-Throttle Results

Brake-specific fuel consumption (BSFC) is presented in g/(kWh) as a function of
engine speed (Figure 6). In this part of the study, the measurements were performed using
a full-throttle engine speed sweep. The test was conducted at discrete engine-speed points
with a step of 1000 rpm over the range from 1500 to 5500 rpm. This procedure was selected
because the chassis dynamometer provides an automated control mode that precisely
regulates the predefined operating points and maintains each point for a user-defined
duration, ensuring stable conditions for data acquisition. Importantly, the dynamometer
accounts for drivetrain losses across the entire operating range and automatically calcu-
lates brake-specific fuel consumption (BSFC) based on engine brake power, rather than
wheel (traction) power, thereby improving the comparability of results across different
operating points.

For both engine configurations, BSFC is higher at low and high engine speeds and
reaches its minimum in the mid-speed range. For the MPI system, BSFC is approx-
imately 330 g/(kWh) at ~1500 rpm, decreases to about 295-300 g/(kWh) in the mid-
range (~2500-4500 rpm), and increases again to approximately 320 g/(kWh) at ~5600 rpm.
For the CARB configuration, BSFC is lower across the entire speed range: approxi-
mately 300-315 g/(kWh) at ~1500 rpm, 265-270 g/(kWh) around ~3500-4500 rpm, and
290-300 g/(kWh) at ~5600 rpm. For both engine setups, operation on EO results in slightly
lower BSFC than E10 at most speed points. The difference is relatively small in the mid-
speed range but becomes more pronounced at the lowest and highest engines speeds.

Since E10 contains oxygen, its stoichiometric air/fuel ratio is lower than of EO. In the
MPI configuration, this additional oxygen does not significantly affect A under part-load
conditions, because the closed loop control system compensates by adjusting fuel delivery
to maintain A ~ 1.0. Consequently, the primary influence on BSFC remains the lower
heating value (LHV) of E10, which leads to a slight increase in specific fuel consumption.

In contrast, the CARB system employs fixed jetting; therefore, changing to E10 shifts A
toward a leaner mixture. This affects the thermodynamic efficiency of energy conversion at
different speed-load combinations, which explains why the BSFC difference between E10
and EOQ is not constant across the engine speed range.
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4. Conclusions

Experimental chassis dynamometer tests were performed using two spark-ignition en-
gine configurations—-multi-point fuel injection (MPI) and carbureted (CARB)—with E0 and
E10 fuels. Measurements were conducted at steady-state part load conditions (5-15/25 kW,
A = 1.0) at vehicle speeds of 60, 90, and 120 km/h, as well as under separate full-throttle
“maximum power” (kickdown) conditions with mixture enrichment (A < 1).

1. For the MPI-equipped vehicle, the use of EO resulted in consistently lower volumet-
ric fuel consumption and brake-specific fuel consumption compared to E10. The observed
reduction (approximately 3-5% at most part-load operating points and up to about 8% at
low loads) corresponds well to the lower volumetric heating value of E10, confirming that
closed-loop A control effectively compensates for the oxygen content of ethanol but cannot
offset its lower energy density. In the carbureted engine, the differences in fuel consumption
between EO and E10 were less systematic and strongly dependent on engine speed and
load. Due to fixed jetting, the use of E10 led to a leaner air—fuel mixture, which in some
operating regions reduced brake-specific fuel consumption, while in others it increased it.
This highlights the higher sensitivity of carbureted systems to changes in fuel composition.

2. Carbon dioxide (CO;) concentrations in the exhaust gas were relatively stable and
similar for both fuels in the MPI engine, reflecting near-stoichiometric combustion. In
contrast, the carbureted engine exhibited significantly lower CO, concentrations, primarily
due to leaner operation and increased dilution by excess air, rather than a direct reduction
in carbon conversion efficiency.

3. Carbon monoxide (CO) and unburned hydrocarbon (HC) emissions were strongly
influenced by both the fuel supply system and the presence of exhaust aftertreatment. The
MPI-equipped vehicle exhibited very low CO and HC emissions at part load for both EO
and E10 fuels, which can be primarily attributed to stoichiometric combustion control
combined with the use of a three-way catalytic (TWC) converter. In contrast, the carbureted
engine, which was not equipped with a catalytic converter, showed substantially higher CO
and HC emissions, particularly when operating on E0. The use of E10 significantly reduced
CO and HC emissions in the carbureted engine due to the oxygen content of ethanol and
the resulting leaner mixture formation.

4. Overall, the results indicate that engines equipped with electronic fuel injection
systems are more robust to sudden changes in fuel composition between E10 and E0, main-
taining stable air—fuel ratio control and predictable performance. In contrast, carbureted
engines are more sensitive to such transitions, exhibiting pronounced variations in mixture
formation, fuel consumption, and exhaust emissions. From a practical standpoint, a tempo-
rary shift from E10 to EO—such as one that may occur during fuel supply disruptions—is
therefore expected to have a limited impact on modern MPI-equipped vehicles, while
potentially causing significant changes in emissions and operating characteristics of older
carbureted engines and small generator units.
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Abbreviations
The following abbreviations are used in this manuscript:

BSFC  Brake-specific fuel consumption
CARB  Carburetor

CcO Carbon monoxide

CO, Carbon dioxide

EO Pure gasoline

E10 Gasoline blended with 10% ethanol
FID Flame ionisation

HC Hydrocarbons

LHV  Lower heating value
MPI Multi-point injection
NDIR  Non-Dispersive Infrared
O, Oxygen
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