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ABSTRACT

This study investigated the impact of comfort systems in sport utility vehicles (SUVs) on exhaust emissions and
fuel consumption under the worldwide harmonized light vehicles test cycle (WLTC) conditions. Two modern
SUVs equipped with gasoline engines of 3.6 and 2.0 liter displacement were tested, both featuring various comfort
systems, such as automatic climate control, heated seats, and active safety systems. Measurements were conducted
using a chassis dynamometer under three operating modes: with comfort systems off, with comfort systems on,
and with comfort systems on in sport mode. The results indicated that the activation of comfort systems leads to
significant increases in fuel consumption and emissions, including hydrocarbons (up to 29%), carbon monoxide
(up to 42%), and particulate matter (up to 58%). The study highlighted the necessity of conducting further research
on the influence of comfort systems on vehicle emissions, particularly as these systems become more prevalent in
modern vehicles. Additionally, the research underscored the potential for increased operational costs and environ-
mental impact due to enhanced vehicle comfort features.
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INTRODUCTION

Vehicle transport is gaining increased popu-
larity among the members of modern society and
vehicles are becoming more accessible to the av-
erage user. The time spent in transit is growing
too [7, 18, 29]. The choice of a car as the basic
means of transport is predominantly dictated by
its advantages: direct relocation (independent
from the destination), advanced road infrastruc-
ture, low traveling and maintenance costs and
increased comfort compared to other transport
modes [8, 10, 12]. It is noteworthy that increased
accessibility to vehicles is predominantly caused
by a well-developed market of preowned ve-
hicles of much reduced pricing. Used vehicles
tend to have higher basic fuel consumption, but
also fewer comfort systems [2, 7]. Particularly

for vehicles homologated with the NEDC cycle
in the EU, the difference between the assumed
level of emissions and their actual environmental
impact as studies have shown can be significant
[1, 3-6, 13, 60, 61]. An additional problem is the
continued increase in the number of passenger
vehicles operating on the roads. Exclusively in
Poland, the years 2015-2020 have seen a 21% in-
crease in the number of passenger vehicles. Even-
tually, the number of passenger vehicles in the
said period reached over 25,113.000. This growth
exceeding 20% placed Poland in the 4th position
among the EU members with the highest incre-
ment of passenger vehicles [8]. Similar trends
can be observed in the entire European Union.
According to the Eurostat data, the number of ve-
hicles grows annually. In 2020, a 13% increase in
the number of passenger vehicles was recorded
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compared to 2015 [2]. Even a tidal wave of new
vehicles may make relatively little difference to
the emissions from the vehicle fleet, especially
since a lot of them are in poor condition, but the
problem is important for improving air quality,
especially in cities [59].

Contemporary vehicles offer a wide variety of
driver’s preference adaptations. The list of stock
equipment in terms of safety grows increasingly
through introductions of subsequent standards
enlarging the list of mandatory equipment (safety
and comfort systems) [7, 10, 13, 14]. In terms of
comfort, one may observe not only the growing
number of features, but also a transfer of technol-
ogy from high-end vehicles to lower vehicle seg-
ments, though with limited functionalities (reduc-
tion of the maximum active cruise control speed
or no traffic jam assist). The systems that were
a novelty in luxury vehicles a few years ago are
now an option in compact vehicles and are seeing
their development and the addition of new sys-
tems [12]. All solutions aiming at the improve-
ment of the comfort and safety (both passive and
active) usually result in increased vehicle weight
caused by fitting of additional components. This
is one of the factors that directly affects the resis-
tance forces of a vehicle in motion [15, 16].

Additional systems significantly impact the
weight of the vehicle. The weight is already sub-
stantial in vehicles of the premium sector, owing to
the application of large displacement high-power
engines. The multitude of applied systems increas-
es the weight of a vehicle by up to 100 kg but, most
importantly, increases the electric energy demand
[7, 12, 17]. The highest instantaneous power de-
mand of energy receivers is attributed to the ve-
hicle climate control (heating or cooling) [13, 43,
58]. The advancement of active safety systems
such as blind spot monitoring, pedestrian auto-
matic emergency braking or collision alerts is also
becoming a trend [14, 45, 54]. The technologies
related to safety systems are continuously evolving
owing to technological advancement and installa-
tion of additional components such as cameras,
radar detectors, lidars and ultrasonic sensors [17].

The advancement of autonomous vehicles ad-
ditionally boosts the progress of the safety system
technology in such solutions as advanced warn-
ing systems and systems of collision avoidance.
In the future, greater automation of the comfort
functions such as seat, climate or light person-
alization features may be expected. In terms of
driver’s comfort and safety improvement, such
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systems as health condition monitoring are ex-
pected (pulse and stress level). Another opportu-
nity is the employment of artificial intelligence
and machine learning in boosting the already
advanced systems of collision prediction and
avoidance [17, 40]. The integration of comfort
and safety systems with the infotainment systems
is also becoming a trend. This allows the access
to real-time traffic information, satnav and audio
through a single interface. The increase in the
significance of the vehicle-to-vehicle (V2V) and
vehicle-to-infrastructure (V2I) communication
will enable exchange of information between ve-
hicles and road infrastructure to increase safety
and comfort. The performed analysis confirms
that these systems are already fitted in vehicles
on a reasonable scale and their presence will con-
tinue to grow. The fitting of the systems increases
the weight, but most importantly, exerts addition-
al load on the engine, which may substantially
impact the actual exhaust emission [21, 27, 44].
A significant number of operated vehicles facing
the mentioned issue can potentially lead to a sub-
stantial increase in emissions from the passenger
car (PC) sector compared to homologation data.
Moreover, as the number of systems grows, this
could further contribute to the ongoing trend of
pollution escalation.

The authors in their previous works con-
firmed an increase in fuel consumption during
real driving emissions (RDE) tests compared to
type approval tests [19, 44, 47, 63]. However, the
impact of comfort devices at most different driv-
ing modes was not studied. The literature analysis
did not reveal any sources that showed empirical
measurement of increased toxic emissions from
individual vehicles. Most sources have indicated
that air quality deterioration due to vehicle use
has occurred, mainly by running computer simu-
lations [44, 62]. In another publication [36], the
authors of this paper showed that traffic intensity
has minimal impact on local air quality, mainly
due to weather conditions and significant low-
level emissions in the vicinity.

There is not much research in the scientific
literature on ensuring thermal comfort in car cab-
ins. In one of the analyzed publications, the au-
thors conducted a survey on how air conditioning
modes were used by its users. The majority of re-
spondents (57%) use a recirculation mode, which
is beneficial from the point of view of energy de-
mand for the air preparation process. However,
users do not realize that recirculation causes an
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increase in CO, concentration, which can nega-
tively affect the perception of the driver [23, 26,
61]. In article [37] authors raised the important
topic of lack of awareness regarding the need to
ventilate enclosed spaces. The processes of pre-
paring and exchanging air from enclosed spaces
require the supply of energy and taking into ac-
count issues related to the quality of indoor and
outdoor air as well as location [48, 49, 58]. Impor-
tant parameters are PM2.5 and CO, concentration
[8, 9]. Therefore, appropriate control strategies
for ventilation in car cabin are needed [10]. In
the case of vehicles, this is mainly at the expense
of fuel [7, 59]. However, this topic is not widely
studied. The authors of one of the articles con-
ducted research on air quality in the cabins of two
different cars [11]. These measurements made it
possible to assess the variability of the concentra-
tions of various pollutants when vehicles were fu-
eled with different types of fuels. The influence of
the type of engine on the quality of air parameters
in the cabin was noticed. The authors did not take
into account fuel consumption in the tests.

Others explored new system solutions that
can ensure the regulation of air parameters in the
cabin in the range of 21-23 °C and relative hu-
midity in the range of 40-50%, which is a good
indicator of thermal comfort [53]. Incorrect rela-
tive humidity ranges can cause dry eyes and skin,
which is associated with the use of air condition-
ing [22]. Other authors have investigated the ef-
fect of cabin temperature and vehicle placement
in sun and shade on comfort sensations, suggest-
ing that car air conditioning is needed [32, 42].
These studies also did not take fuel consumption
into account. Authors of [22], came to a similar
conclusion that assessing cabin temperature has
the greatest impact on the feelings of comfort and
discomfort by drivers.

However, there are studies in which relative
humidity is modeled [25]. Owing to the model, it
would be possible to control the ventilation of the
car cabin as a function of increasing relative hu-
midity, the source of which is the breathing of pas-
sengers. However, in the first stage of the study,
the authors analyzed only two cars and did not
analyze fuel consumption. Extending the analy-
sis, however, it was estimated that fuel consump-
tion will be higher by 6% when using cooling
[24]. Other authors who studied fuel consumption
while assessing the impact of cabin temperature
consumption assessed that a properly configured
AC system is able to work in such a way that fuel

consumption is low. However, they adjusted the
air conditioning at 25.2-26.2 °C, which seems
a bit too high as for the thermal comfort. In ad-
dition, they did not work on the typical AC sys-
tem used in vehicles, and its use would require
structural changes [7]. Another type of comfort
improvement system can be heated/water-cooled
seats, providing the passengers with higher driv-
ing comfort [39]. Although some referenced re-
search regarding thermal comfort in car cabin
they did not take into account fuel consumption
or pollutant emissions while providing thermal
comfort. This is a research gap that was bridged
in with the described research.

For the aforementioned reasons, the authors
decided to conduct tests of toxic emissions from
the exhaust system under controlled and similar
operating conditions, with different powertrain
conditions and with the use of comfort systems.
The research conducted in this article was aimed
at determining whether comfort systems signifi-
cantly contribute to an increase in toxic exhaust
emissions and fuel consumption. SUVs were cho-
sen for the study, firstly because of their growing
popularity in offerings and sales, as well as the
multitude of comfort systems that can be imple-
mented in them. In addition, more modern designs
often use soft or mild hybrid systems, which can
affect the results of the article described in a study
of two SUVs specifically tested on a dedicated ap-
proval cycle to obtain repeatable measurements.
For this reason, the vehicles tested were equipped
with a conventional modern gasoline engine.

MATERIALS AND METHODS

Research objects

In the homologation procedure, passenger
vehicles (PC) undergo measurements on a chas-
sis dynamometer. The cycle aims at reproducing
the drive under actual traffic conditions. Multiple
research works confirmed that these types of
tests reproduce the local traffic conditions only
to a limited extent [32, 42]. Still, the authors ap-
plied this type of test in this work due to its high
measurement repeatability, which does not occur
in the tests performed in real-world conditions
[2, 3, 8, 15, 41]. Approval tests have a number
of restrictions on the conditions for measuring
the preparation of the car as well as the equip-
ment used by guaranteeing the repeatability and
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reliability of the results obtained. The measure-
ments of the exhaust emissions were carried
out on a chassis dynamometer under controlled,
homologation-specified conditions. Approval
assumptions primarily assume specific physical
conditions, including pressure and temperature.
In addition, all instruments used must be certi-
fied, and exhaust gas analyzers must be calibrated
as well as zeroed in ambient air before measure-
ments. The authors reproduced the WLTC test.
The tests were completed at a certified testing
center BOSMAL in Bielsko-Biata in accordance
with the requirements set forth in the Euro emis-
sion standards. The NEDC cycle was replaced by
the WLTC cycle in 2017, which has made it pos-
sible to better reflect the actual driving conditions
of passenger vehicles.

The investigated objects were two SUV ve-
hicles fitted with gasoline engines of different dis-
placement, i.e. 3.6 dm?and 2.0 dm?, and similar
equipment. Comfort features included heated and
ventilated front seats and heated rear seats, auto-
matic three-zone climate control, radar and active
cruise control, heated mirrors and steering wheel,

and a premium multi-speaker sound system. In
order to preserve clarity, in further parts of the pa-
per the vehicles are referred to as Vehicle 1 and
Vehicle 2 (Figure 1).

The engines of the tested vehicles are modern,
turbocharged units that, depending on the work
point, operate on 1, 2 or 3 fuel doses per cycle.
A greater number of fuel doses is used when the
engine operates under 2000 RPM and under high
loads. The aftertreatment system is composed of
two catalytic converters: a ceramic TWC con-
tained in a single metal casing. For Vehicle 1, due
to the V engine cylinder arrangement, this system
is doubled. The vehicles were not originally fitted
with particulate filters. The engine has a feature of
engine cooling governed by the vehicle ECU and a
function of energy recovery through the generator
during engine braking. The vehicles had mileage
readings under 1000 km. The mileage of the cars
meant that they were after the first service, which
allows concluding that the vehicles are in work-
ing order and free from possible factory defects.
Detailed specifications have been presented in
Table 1. The technical data of the vehicles enables

Figure 1. Vehicles during the tests (a) Vehicle 1 (b) Vehicle 2

Table 1. Technical specifications of Vehicle 1 and Vehicle 2

Parameter Vehicle 1 | Vehicle 2
Ignition/fuel type Positive ignition/gasoline
Displacement [dm?] 2.0

Number and arrangement of cylinders /

number of valves

V-type, 6/24

Straight, 4/16

Supercharging

2 biturbo turbochargers

Twin scroll turbocharger

Compression ratio

10.5:1

9.6:1

Maximum power output

294 kW at 6000 rpm

180 kW at 5000 rpm

Maximum torque

550 Nm at 1350-4500 rpm

400 Nm at 1800-4500 rpm

Aftertreatment two TWC, one per each bank one TWC
Emission standard Euro 6

Drivetrain Full-time 4WD

Transmission Dual clutch 7 speed automatic,

Curb weight 1945 kg 1887 kg
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direct comparison with each other in terms of fuel
consumption and toxic emissions with simultane-
ous verification of results for engines of different
displacement and horsepower.

Measurement equipment

The measurements were conducted on the
same day at the ambient temperature and pressure
of 24 °C and 980 hPa for Vehicle 1 and 20 °C and
984 hPa for Vehicle 2, respectively. This informa-
tion is crucial because ambient conditions, includ-
ing the air quality, may affect the measurements,
particularly if they are of comparative nature.
The specifications of the measurement equipment
have been presented in Table 2 and the specifi-
cations of the chassis dynamometer in Table 3.
Figures 2—4 present the measurement equipment
and the dynamometer. These are certified devices
that can be used for emissivity measurements in
homologation tests.

The measurement was carried out in three
cycles depending on the driving modes and use
of the comfort systems. Each time before the test,
the drivetrain was brought up to temperature i.e.,
a single run of the homologation cycle was per-
formed after a cold start (Figure 5). As a result,
the following drivetrain states were tested:

e drivetrain up to temperature — the test run
starts when the engine reaches its operating
temperature (coolant and engine lubricant),
after one entire NEDC cycle — named “with-
out systems”,

e drivetrain up to temperature, comfort sys-
tems active — as above plus all available ve-
hicle comfort systems activated, named “with
systems”,

e drivetrain up to temperature comfort systems
active, drivetrain in the sport mode — as above
plus sport mode activated, named “with sys-
tems sport mode”.

The activation of the comfort systems is to
be understood as: air conditioning on tempera-
ture setting 20 degrees Celsius, auto mode, mirror

LR S 5 S e ——
L -

NN -

Figure 2. The equipment used for the measurements
Horiba 7000 NT analyzer

Figure 3. The equipment used for the measurements — AVL Dyno 48 4 x 4 chassis dynamometer
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Figure 4. Vehicle during the t

defrost on, front seat ventilation on, rear seats and
steering wheel heating on, FM audio on (volume
at 50%). The sport mode maintains higher engine
speed, faster gearshifts and improved sensitivity
of the acceleration pedal to the driver’s command.

Table 2. Emissions analyzers data

est on the chassis dynamometer

According to the engine efficiency theory, in such
a case the said efficiency should drop [16]. Dur-
ing the tests, ambient air quality was tested as
well to consider this parameter when measuring
the concentration of the exhaust components.

Parameter Measurement method Measurement range
NO, (lower measurement range) CLD 0-5/5000 ppm (dual range)
NO, NDIR 0-200/5000 ppm (dual range)
S0, (lower measurement range) NDUV 0-10/1000 or 0-5/1000 ppm
SO, NDIR 0-200/5000 ppm (dual range)
CO (lower measurement range) NDIR 0-5/500 ppm (dual range)
CcO NDIR 0-100/5000 ppm (dual range)
CO (upper measurement range) NDIR 0-5% of the volume
Co, NDIR 0-5/50% of the volume
PM Photoacoustic 0.001-150 mg/m?
PN Spectrometer 5.6-560 nm
Table 3. AVL Dyno 48 4x 4 chassis dynamometer data
Specifications Value

Repeatability

1+0.5% full scale; £0.1% full scale (extended range)

Communication

RS-232C, RS-485

Communication ports

USB, Ethernet

Ambient temperature

Standard: 5-40°C, optional: -5-50°C

Response time

45 sec. (maximum value at the input (T,,)

Maximum measurement deviation

+2.0% of the entire range

Dimensions [mm]

651x813x1905

Weight

Approx. 318 kg.
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Figure 5. Exhaust gas uptake system during the test on the chassis dynamometer

RESULTS

Exhaust components under analysis were
hydrocarbons. This is a group that includes over
200 different compounds [35]. All THC (total
hydrocarbons) and NMHC (non-methane hy-
drocarbons) were investigated during the tests,
as prescribed in the standard. Methane is treated
as practically neutral for the natural environment
[27]. The authors also measured: carbon dioxide,
carbon monoxide, nitrogen oxides and particulate
matter (PN). The results were divided in terms of
the investigated objects and the analysis was per-
formed against the emission obtained for the ve-
hicles with the comfort systems off (systems off).

The results have been presented in Tables 4
and 5. They were averaged for the entire test, even
though the chassis dynamometer results were

divided into urban and rural cycles, as well as the
weighted average (rural cycle). Using the carbon
balance method, fuel consumption is determined
from these emissions, as presented by the manu-
facturers in their advertising folders [47].

In order to facilitate the interpretation of the
comparative tests results regarding individual ex-
haust components and fuel consumption, the test
run no. 1 was completed with the comfort sys-
tems off as a reference and marked 100% on the
graphs, which makes subsequent references to the
obtained results relative in the further part of the
paper. When analyzing the results of Vehicle 1
(Figure 6), it may be observed that activating the
comfort systems increased the exhaust emissions
of all exhaust components from 22% to 58%.

The greatest increase was observed for the
emission of PM (58%). Also, great increase of the

Table 4. Exhaust emissions from Vehicle 1 vs state of the drivetrain

Emissions vs vehicle state THC co NO, CO, PN PM
[mg/km] [mg/km] [mg/km] [g/km] [#/km] [mg/km]
37.0 196 14.7 214 9.10E+11 1.04
Up to temp
Up to temp, comfort systems on 47.7 241 20.7 233 1.30E+12 1.64
Up to temp, sport mode on, comfort systems on 485 309 347 347 1 11E+12 148
Table 5. Exhaust emissions from Vehicle 2 vs state of the drivetrain
Emissions vs vehicle state HC co NO, €O, PN PM
[mg/km] [mg/km] [mg/km] [g/km] [#/km] [mg/km]
Up to temp 98 72 110 266 1.17E+12 3.12
Up to temp, comfort systems on 121 89 103 330 1.23E+12 3.18
Up to temp, sport mode on, comfort
systems on 102 75 109 356 1.83E+12 4.40
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Figure 6. Vehicle 1 relative emissions in the WLTC cycle

exhaust emission occurred for Particle Number
(43%) and nitrogen oxides (41%), then came HC
and CO with a 29% and 23% increase, respective-
ly. It is noteworthy that the activation of the said
comfort systems additionally caused increased
fuel consumption (9%). PM has grown in a differ-
ent way, increasing emissions when the systems
are turned on and in sport mode %, after the graph
does not show the union emissions of PM and PN.
The activation of the sport mode had a far more
inconclusive impact on the exhaust emissions.
In the case of this vehicle state, a high increase
in the emission of nitrogen oxides (136%) was
observed. A higher emission was also observed
for hydrocarbons and carbon monoxide. When
comparing the results for the test runs with all
the systems off, the emission was greater by 31%
and 68%, respectively. The fuel consumption in-
creased significantly by 62%. PM and PN raises

less, by 42% and 22%, respectively. These results
are higher compared to the state when the sport
mode was off. Interestingly, the activation of the
sport mode in the WLTC cycle reduced the emis-
sion of PM by approx. 16% and PM by 21%. This
parameter is of exceptional significance, as it has
been confirmed that small particles are extremely
hazardous to human health. The reduction of the
PN emission may be the effect of intensification
of the exhaust oxidation processes following the
increased temperature in the aftertreatment sys-
tems (due to the higher fuel consumption).

A similar analysis was performed for Vehicle
2. In the case of this research object, the use of
the comfort systems increased the emission of
hydrocarbons (23%) and carbon monoxide (42%)
(Figure 7). The emission of nitrogen oxides was
reduced by 6%. PM and PN increased by only
2% and 7%, respectively. It is noteworthy that the
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Figure 7. Vehicle 2 relative emissions in the WLTC cycle
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activation of the comfort systems resulted in an
increase in the fuel consumption of as much as
24%. For Vehicle 1, this value is 5 percent points
higher, at which the engine of Vehicle 2 had a
reduced maximum power output. The results of
Vehicle 2 in the tests performed with the com-
fort systems and sport mode on vary significantly
from those obtained for Vehicle 1. In this case, a
4% increase of the emission of hydrocarbons and
a 1% reduction of the emission of nitrogen oxides
were observed. The emission of carbon monox-
ide increased (24%) along with the emission of
particle mass (41%) and number (56%). During
this test, the fuel consumption grew by 34%. This
value, however, was higher by 3 percent points
from the value obtained for Vehicle 1, fitted with
an engine of higher displacement. The obtained
changes are different for the two vehicles and it
is hard to find similarities in the detailed results.

DISCUSSION

The studies conducted so far by the authors
have presented a similar approach to the prob-
lem, but they focused on measurements of pas-
senger cars (PC) under real-world conditions,
not necessarily carried out according to the RDE
guidelines [39]. Due to this reason, a decision was
made to conduct measurements under repeatable
conditions, where the WLTC test showed a clear
influence of vehicle systems. However, this influ-
ence is ambiguous and requires detailed research
on a single vehicle in various drive states. This
will allow for a better determination of the usage
of comfort systems in vehicles.

Due to the fact that the time spent in vehicles
is usually long, drivers would like to spend it
comfortably. This comfort should be maintained
regardless of the season. Therefore, in summer,
air conditioning and cabin cooling should be used
[32, 42], while in winter air should be heated [53].
As the literature review showed, it is also nec-
essary to take into account the ventilation of the
cabin, i.e. air exchange [37], to ensure proper air
quality conditions, i.e. low CO, concentration to
improve the driver’s perception [23, 26]. How-
ever, the use of vehicle equipment in such a way
as to maintain appropriate conditions in the cabin
may be associated with an increase in pollutant
emissions to the atmosphere. Taking into account
the fact that the particulate matter from trans-
port worsens air quality [3, 35, 40, 46, 50, 55],

efforts should be made to one should strive not to
generate increased air pollution using all ameni-
ties [51]. The results of the conducted research
have inconclusively indicated whether the use of
comfort systems increases pollutant emissions. In
some modes and within certain pollutants, there
has been an increase in pollution and in others a
decrease. This requires further research.

From the drivers’ point of view, reducing fuel
consumption should also be an equally impor-
tant aspect. It is generally known that the use of
amenities aimed at improving thermal comfort is
associated with incurring additional energy ex-
penditures which is the case, for example, with
buildings [28, 30]. However, the scientific works
devoted to fuel consumption while ensuring com-
fort in the cabin are rare, present in [7]. Recently,
the trend is to use the solutions that are local and
personalized, owing to which the demand for
energy is reduced [20]. This also applies to cars
[39, 53]. Their introduction would require the re-
design of cars, which, despite favorable research
results, may not be feasible.

The research results presented in the article
showed that indeed the use of additional comfort
systems resulted in an increase in fuel consump-
tion by 24% to 29%. It can be clearly stated that
using comfort systems increases fuel consump-
tion by 6% to 20%, which is also the value ob-
tained by other researchers [24]. With Sport
mode, fuel consumption has increased even more
— by 31% and 34%. These results can be used to
increase user awareness that the way hardware
capabilities are used is associated with increased
operating costs.

The presented research aimed to show that
the use of comfort systems can generate pollution
and increase fuel consumption. On the basis of the
published papers, it was assumed that the research
would take place in one day, because the tempera-
ture of the outdoor air affects the systems that pro-
vide comfort [22]. The air conditioning was set to
a temperature of 20 °C, which is lower than the
previously tested temperature [7]. Other param-
eters, including relative humidity, were not taken
into account, although this parameter may affect
the sensation of comfort [22]. The CO, concen-
trations were also not taken into account, because
the studies were done without human intervention,
and it is humans who generate this pollution [6].
The measurements were carried out in two cars
with similar equipment. Studies on such a small
sample have previously been published [11, 25].
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Limitations and future works

The described studies included a small re-
search sample and included a short measurement
period. However, the results are valuable and
will be used to formulate directions for further
research. The tests should cover a larger sample
of test vehicles. It would be worth doing research
in real use (RDM). The measurements could be
supplemented by indoor air quality tests, includ-
ing the CO, concentration in the cabin.

Studies in buildings show that CO, concen-
tration is crucial for perception, and it is an im-
portant element of road safety. If thermal com-
fort improvement systems would also improve
perception, then increased costs by increasing the
amount of fuel consumed should be secondary,
just as improving the quality of indoor air in build-
ings affects, for example, the development and
growth of children [29, 31, 52] or better results at
work [38]. Increased emissions when using com-
fort systems are not conclusive and also require
further research. Further research should also
demarcate the systems for ensuring adequate air
temperature and air exchange. In the near future,
the authors planning to publish similar research
results conducted for fully electric vehicles.

CONCLUSIONS

The performed analysis allowed an assess-
ment of the changes in the exhaust emissions and
fuel consumption in two SUVs of the same model.
They were fitted with different engines, but their
equipment was similar. The tests were carried
out according to the NEDC homologation cycle
(guidelines specified in the standard). The appli-
cation of the comfort systems in both cases influ-
enced the exhaust emissions and fuel consump-
tion. In the case of Vehicle 1, the emission of all
exhaust components increased upon the activation
of the comfort systems and upon the activation of
the sport mode with the exception of PN, which
decreased. For Vehicle 2, the results were differ-
ent. The increase occurred only for the fuel con-
sumption and the emission of carbon oxides.

More precisely speaking, the emission of CO,
(fuel consumption) on the chassis dynamom-
eter increased upon the activation of the comfort
systems from 24 to 29%. With one exception,
the emission of gaseous exhaust components on
the dynamometer increased by 4-136% (carbon
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monoxide from 41 to 42%, nitrogen oxides for
one case increased by 9%, and for the other de-
creased to 6%). The emission of PM, depending
on the work points, increased by 3% to rise by
43% upon the activation of the comfort systems.
It needs to be stressed that the fuel consumption
increased by almost 34% with the comfort sys-
tems active and with the vehicle operating in the
sport mode, which is a significant value directly
influencing the operational costs of the vehicle.
The performed investigations confirmed that the
research of this type is needed and, in the future,
should be extended to other types of vehicles
including hybrid and electric ones, the share of
which in the market is continuously growing.
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