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Abstract Inrecent years, hybrid automobiles have become increasingly popular for reasons including the increase in fuel
efficiency. The present study compared the costs of driving gasoline-fueled and hybrid automobiles to examine whether or
not the future introduction of hybrid automobiles will be effective. The results suggest that hybrid automobiles are the
first-choice next-generation cars. However, the results also suggest that the introduction of the hybrid system to automobiles
with an engine of 1.5 L or smaller is ineffective. Furthermore, a relationship was noted between the price of a hybrid
automobile, which is relatively expensive, and its fuel efficiency or driving distance, and the higher the fuel efficiency, or the
longer the driving distance, the greater the cost efficiency. The present study suggests that there is no point in adopting the
hybrid system for small automobiles. Therefore, gasoline-fueled automobiles will continue to be widely used, and sales of

hybrid automobiles are not expected to exceed those of gasoline-fueled ones.
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1. Introduction

People have become increasingly interested in CO,
emissions due to the issue of global warming. The amount of
CO, emissions related to the transport industry accounts for
approximately 18% of the total, 87% of which is related to
automobiles [1]. Since hybrid automobiles only require
electricity to drive at a low speed, their total gasoline
consumption can be reduced. This means that the hybrid
system increases the fuel efficiency and reduces fuel costs,
which may contribute to the reduction of CO, emissions [2].
However, the prices of hybrid automobiles are still higher
than those of gasoline-fueled ones, and they are not widely
used. In this context, the present study compared the costs of
driving gasoline-fueled and hybrid automobiles to examine
whether or not the adoption of hybrid automobiles provides
benefits for consumers.

The present study compared the fuel costs required to
drive different automobiles based on their prices and lifetime
running distances, while taking into consideration the
patterns of the use of automobiles by consumers and
performance of automobiles. The study also examined the
relationship between gasoline-fueled and hybrid automobiles
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from an economic viewpoint to identify the optimal selection
method in the future.

2. Comparison of the Costs of Driving
Similar Types of Automobile

2.1. Fit and Fit Hybrid

A comparison of two similar types of automobile
manufactured by Honda: Fit and Fit Hybrid, was conducted.
Since the total engine capacity of Fit is 1.3 L, it is classified
as a small automobile (the number on the car registration
plate starts with 5) [3]. The fuel efficiencies of the
lowest-class Fit and Fit Hybrid in JCO8 mode were 21.0 and
26.4 km/L, respectively. Table 1 shows their prices and other
details, and Figure 1 shows a graph that represents the
relationship between the fuel efficiency and price (the price
of gasoline was set at 140 and 160 yen/L).

The comparison results suggest that Fit Hybrid is required
to drive more than 200,000 km, when the price of gasoline is
160 yen/L, to compensate for the price difference between
Fit and Fit Hybrid, and, therefore, there is no advantage of
purchasing Fit Hybrid. Since small gasoline-fueled
automobiles have adopted idling-stop and other functions to
improve fuel efficiency in recent years, it is difficult for
hybrid automobiles of similar grades to compensate for the
price differences, as shown in the above-mentioned figure.
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Table 1. Outline of Fit series [3]
Fuel efficiency in JCO8 (km/L) Price (yen) Weight of automobile (kg)
Fit 21.0 1,230,000 990
Fit Hybrid 26.4 1,590,000 1,140
* Price of gasoline: 140 yen/L * Price of gasoline: 160 yen/L
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Figure 1. Comparison of the costs of driving Fit and Fit Hybrid of a class
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Figure 2. Comparison of the costs of driving Crown and Crown Hybrid of a class

Following this, two automobiles with a large engine automobiles.
capacity of 2.5 L, Toyota Crown and Crown Hybrid, were ) '

Table 2. Outline of Crown series [4]
compared.

The total engine capacity of Crown is 2.5 L, which is Fuel efficiency Price Weight of
almost twice as large as that of Fit, and it is classified as a in JCO8 (km/L) (yen) automobile (kg)
standard-sized automobile (the number on the car Crown 11.4 3,570,000 1,550
registration plate starts with 3) [4]. The lowest-class Crown Crown Hybrid 232 4,100,000 1,640

and Crown Hybrid were compared, as in the comparison of
Fit and Fit Hybrid. The fuel efficiencies of the lowest-class
Crown and Crown Hybrid in JC08 mode were 11.4 and 23.2
km/L, respectively. The fuel efficiency of the hybrid
automobile is almost twice as high as that of the
gasoline-fueled one. Table 2 presents outlines of the two

Crown Hybrid is 90-kg heavier than Crown, being
significantly smaller than the difference between the weights
of Fit and Fit Hybrid. However, the fuel efficiency of Crown
Hybrid is almost twice as high as that of Crown. On the other
hand, the fuel efficiency of Fit Hybrid is 1.25 times higher
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than that of Fit, although the weight difference is 150 kg.
Figure 2 shows graphs representing the relationships
between the fuel efficiencies of different automobiles and
their prices, created in the same manner as Figure 1.

The comparison results suggest that the price difference
can be compensated for if the running distance is more than
approximately 90,000 and 80,000 km when the price of
gasoline is 140 and 160 yen/L, respectively. The running
distance required for the compensation is close to the
lifetime running distance, which suggests that, the larger the
engine capacity or weight of the automobile, the more
effective the adoption of the hybrid system.

2.3. Camry and Camry Hybrid in the U.S.A.

A comparison of automobiles of the same class used in the
U.S.A., Toyota Camry, was also conducted. Camry is also
produced and sold in Japan. The present study selected the
series of automobiles for the following reasons:

1. Since only the Hybrid Camry lineup is sold in Japan,
the comparison of hybrid and non-hybrid automobiles of
the same model for detailed examinations cannot be
implemented.

2. The method for the measurement of the fuel
efficiency implemented in Japan is different from that
adopted in the U.S.A. In Japan, fuel efficiencies are
measured in the 10/15 and JCO8 modes. Fuel efficiencies
measured in the U.S.A. in two modes, on general roads
and highways, are accurate, and represent the fuel
efficiency during actual driving.

3. There is a difference in the price of gasoline between
Japan and the U.S.A.

The mean price of gasoline in the U.S.A. is 3.3

dollars/gallon (as of February 2013) [5, 6], or approximately
80 yen per liter (L) when one dollar is 90 yen, which is
significantly cheaper than in Japan.

There are both hybrid and non-hybrid Camry models. The
price of the standard model is 22,850 dollars (2,060,000 yen
when one dollar is 90 yen) and that of Camry Hybrid is
26,785 dollars (2,410,000 yen when one dollar is 90 yen).
The fuel efficiencies of Camry Hybrid and the standard
model are 43 (18.3 km/L) and 25 (10.6 km/L) miles/gallon,
respectively. In the U.S.A., fuel efficiencies are measured in
two modes, on general roads and highways, and more
accurately represent fuel efficiencies during actual driving,
compared to the measurement conducted in Japan. Table 3
presents an outline of the Camry series [7].

The higher the price of gasoline, the more effective the
adoption of the hybrid system, although the introduction of
hybrid automobiles to the American market is at an early
stage. Figure 3 shows a comparison of the costs of driving
hybrid and non-hybrid automobiles (one dollar = 90 yen).

The price difference can be compensated for if the hybrid
automobile runs more than 110,000 and 100,000 km when
the price of gasoline is 3.3 and 4.0 dollars/gallon,
respectively. The price difference can also be compensated
for if the hybrid automobile runs more than 90,000 km (on
roads excluding highways) when the price of gasoline is 4.5
dollars/gallon, although this is not shown in the figure. The
comparison results suggest that the introduction of Camry
Hybrid is at an early stage.

However, since highways are frequently used in the
U.S.A., the actual fuel efficiency of the gasoline-fueled
Camry may be higher than the fuel efficiency recorded
during the simulation experiment, and the actual running
distance may be longer.

Table 3. Outline of Camry series [7]

General roads Highways . Weight of automobile
(miles/gallon) (miles/gallon) Price (dollars) (kg)
Camry 25 35 22,850 1,450
Camry Hybrid 43 39 26,785 1,560
* Gasoline: 3.3 dollars/gallon (= 78.5 yen/L) Gasoline: 4.0 dollars/gallon (= 88.1 yen/L)
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Figure 3. Comparison of Camry and Camry Hybrid of a class

3. Comparison of the Costs of Driving
Prius, Aqua, and Gasoline-fueled
Automobiles

The sales of Aqua and Prius, hybrid automobiles from
Toyota, have been ranked in the top 3 in Japan. Although
they are popular to some extent, there has been no sharp
increase in the total number of hybrid automobiles [8]. The
significance of the adoption of Prius and other hybrid
automobiles was examined by comparing them with similar
types of gasoline-fueled automobile because non-hybrid
Prius and Aqua are unavailable.

The engine capacities (1.8 L for Prius), weights, and
dimensions of Toyota Prius and Allion, which is the most
analogous to Prius, were compared. Table 4 shows the
details [9, 10].

Prius is heavy because the numbers of components and
parts of a hybrid automobile are significantly larger than
those of a gasoline-fueled automobile.

The fuel efficiency of Prius in the 10/15 mode is
38.5 km/L, which is almost twice as high as that of Allion
(18.6 km/L). A significant difference was also noted in the
fuel efficiency in the JCO8 between the two automobiles:
16.4 km/L for Allion and 32.6 km/L for Prius.

The total engine capacity of Aqua is 1.5 L, which is
smaller than that of Prius. In addition to this, Aqua is
classified as a “small automobile” (the number on the car
registration plate starts with 5). Although it was difficult to
select an automobile that is analogous to Aqua for
comparison, Toyota Vitz, with the same engine capacity,
was chosen. Table 5 presents outlines of Aqua and Vitz
[11,12].

Although there is no difference in the length of the body
between Aqua and Vitz, the weight of Vitz is heavier and
there is a difference in the power output. Therefore, it is
difficult to consider a comparison of Aqua with Vitz as one

between hybrid and non-hybrid automobiles of a model.

First, the relationships between the fuel efficiencies and
prices of Prius and Allion in the JCO8 mode were examined.
Figure 4 shows functions of the prices and distances when
the price of gasoline was set at 140 and 160 yen.

The price difference can be compensated for if the running
distance is more than approximately 80,000 and 70,000 km
when the price of gasoline is 140 and 160 yen/L, respectively.
This suggests that the introduction of the hybrid automobile
is effective, considering the lifetime running distance.

The fuel efficiencies (in the JC08 mode) and prices of
Aqua and Vitz were compared. Figure 5 shows functions of
the prices of Aqua and Vitz and running distances when the
price of gasoline was set at 140 and 160 yen/L.

The price difference between Aqua and Vitz can be
compensated for if the running distance is more than 50,000
and 40,000 km when the price of gasoline is 140 and 160
yen/L, respectively. This suggests that the introduction of the
hybrid automobile is effective, considering the lifetime
running distance.

The actual fuel efficiencies of the two automobiles were
also compared. As explained in the previous paper [13], the
actual fuel efficiency represents the fuel efficiency during
actual driving instead of one calculated in the 10/15 or JCO8
mode - the measurement methods adopted in Japan. In the
present study, correction factors were used to calculate the
actual fuel efficiency [14, 15]. When the actual fuel
efficiency of a hybrid automobile is expressed as fagy and
fuel efficiency in the 10/15 is represented as fmyy, the
following formula is assumed: fayy = 0.622 fmyy. Using this
formula, the actual fuel efficiency of Prius is calculated as
22.1 km/L. When the actual fuel efficiency of a
gasoline-fueled automobile is expressed as fay and fuel
efficiency in the 10/15 is represented as fmy, another
formula is assumed: fay = 0.760 fmy.
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Table 4. Outlines of Prius and Allion

Fuel efficiency in the Total (yen) Maximum power | Total length of the Weight of
JC08 mode (km/L) Y output (kW) body (mm) automobile (kg)
Engine 73
Prius 32.6 2,170,000 Motor 60 4,480 1,310
Total 100
Allion 16.4 1,885,000 Engine 105 4,565 1,230
Table 5. Outlines of Aqua and Vitz
Fuel efficiency in the Total (yen) Maximum power Total length of the Weight of
JCO08 mode (km/L) Y output (kW) body (mm) automobile (kg)
Engine 54
Aqua 354 1,690,000 Motor 45 3,995 1,050
Total 80
Vitz 18.8 1,610,000 Engine 80 3,930 1,030

Using this formula, the actual fuel efficiencies of Prius and
Allion are calculated as follows: 38.5 x 0.622 = 23.9 km/L
and 18.6 x 0.76 = 14.1 knm/L, respectively. Functions of the
prices and distances were determined using these values,
with the price of gasoline set at 140 and 160 yen, as shown in
Figure 6.

In the calculation based on the actual fuel efficiency, the
price difference between Prius and Allion can be
compensated for if the running distance is more than
approximately 70,000 and 50,000 km when the price of
gasoline is 140 and 160 yen/L, respectively. This suggests
that the introduction of the hybrid automobile is effective,
considering the lifetime running distance.

As the fuel efficiency of Aqua in the 10/15 mode was 40.0
km/L, its actual fuel efficiency was calculated using the
following formula: 40.0 x 0.622 = 24.9 km/L. As the fuel
efficiency of Vitz in the 10/15 mode was 21.0 km/L, its
actual fuel efficiency was calculated using the following
formula: 21.0 x 0.76 = 16.0 km/L. Functions of the prices
and distances were determined using these values, with the
price of gasoline set at 140 and 160 yen, as shown in Figure
7.

There was little difference between the calculated and
actual fuel efficiency, as shown by the comparison between
Prius and Allion. The price difference between Aqua and
Vitz can be compensated for if the running distance is more
than approximately 20,000 km when the price of gasoline is
140 and 160 yen/L. This suggests that the introduction of the
hybrid automobile is effective, considering the lifetime
running distance.

To determine the future prevalence of Aqua, it is
necessary to examine whether or not this compensation for
the price difference applies to the relationship between
hybrid and non-hybrid automobiles with a smaller engine
capacity. The graph in Figure 8 shows a comparison of
automobiles with an engine capacity of 1.3 L - one rank
lower than that of Vitz.

The figure shows that the price difference between Vitz
with an engine capacity of 1.3 L and a hybrid automobile of
the same class cannot be compensated for even if the hybrid
automobile drives a distance longer than the lifetime running
distance.

Comparisons involving other hybrid and non-hybrid
automobiles, including Honda Fit with an engine capacity of
1.3 L and Nissan Note (1.2 L), were also conducted. Graphs
in Figure 9 indicate the costs of driving Fit and Fit Hybrid.

Graphs in Figure 10 indicate the costs of driving the
Nissan Note lineup. The engine of Note DIG-S has adopted
an improved technology.

The results for the three automobiles are smaller than the
lifetime running distance. The smaller the size of
automobiles, the higher the rate of fuel -efficiency
improvement. Therefore, the adoption of the hybrid system
in automobiles with an engine of 1.5 L or larger is effective.

4. Conclusions

The present study compared the performances of
gasoline-fueled and hybrid automobiles throughout their
lifetime. The results suggest that the adoption of the hybrid
system in automobiles with an engine of 1.5 L or smaller, or
compact cars, is ineffective.

At present, hybrid automobiles are the first-choice
next-generation cars. However, since there is no point in
adopting the hybrid system to small automobiles,
gasoline-fueled automobiles will continue to be widely used,
and sales of gasoline-fueled automobiles will remain larger
than those of hybrid ones. Nevertheless, if hybrid
automobiles continue to increase at this rate, the number of
hybrid automobiles in Japan will account for 22% of the total
in 2020 [16]. As new models enter the market, the sales of
hybrid automobiles are expected to increase.
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