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Abstract. The availability of electric vehicle (EV) technology for users in
various regions of the planet has increased significantly in recent years due
to the reduction of their cost and the development of service infrastructure.
Electric vehicles have traditionally focused on operation in temperate and
warm climates, but gradually they are also beginning to be used in the
northern and Arctic regions of the planet with a cold climate. One of the
main keys to the success of electric vehicle technology in the northern and
Arctic regions is an understanding of the user experience (UE) that arises in
drivers when using EVs in the special climatic conditions of such regions.
This article presents the results of an experimental assessment of UE users
of battery electric vehicles in the northern and Arctic regions on the example
of one of the largest Arctic regions of the planet — the Republic of Sakha
(Yakutia).

1 Introduction

The growth in the number of electric vehicles (EVs) is an important factor in improving
environmental and economic sustainability for the Arctic regions of the planet where, due to
the existing complex logistics, the supply of petroleum products for cars with a traditional
power plant is often carried out only in the summer months by river or sea transport with
special Arctic delivery, which leads to an increase in the cost of petroleum products and the
risks of supply disruptions.

Modern transport uses the most modern and sophisticated technologies and systems [1-
25], in promoting such new EV technologies to new markets, including the Arctic regions of
the planet with their special climatic conditions, an important factor is the analysis of the user
experience (UE) arising from the user's contact with similar technologies [26-56], including
EV technology.

According to [38], most people are reluctant to invest in new battery EV technology until
it becomes more popular. "A sufficiently large number of innovators or early adopters should
serve as proof to the rest of the population that the technology is suitable for everyday use"
[38]. The study [39] focuses on the impact of the first user experience in a test drive on the
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overall acceptance of battery EV technology and the decision to purchase an electric vehicle.
Various aspects of UE of battery EV users have been discussed in [40]. Overall, approaches
to evaluating various aspects of UEs of a wider range of emerging technologies and
applications have received considerable attention in [43, 51].

This article presents the results of a study by UE of battery electric car users in the Arctic
regions. The results are shown on the example of one of the Arctic regions - the Republic of
Sakha (Yakutia) (Sakha, 2022).

The Republic of Sakha (Yakutia) is located in the northern hemisphere relative to the
equator, between 55° and 75° north latitude - the length from north to south is 2000 km. The
length from west to east is 2300 km. Over 40% of the territory is located beyond the Arctic
Circle, over 80% - north of 60° north latitude, here is the cold pole of the Northern
Hemisphere of the planet. The average temperature in winter is -30...-55 °C.

Current trends in the spread of EV technology in the Republic of Sakha (Yakutia) are
shown in Figure 1 (according to data from the main trading platform for the sale of cars for
the region (Car Sales Database, 2022).
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Fig. 1. Number of EVs sold in the region.

2 Materials and Methods

This section provides an overview of the electric cars involved in the experiment and the
methodology used to analyze the UE of EV users.

Five models of battery-electric cars were selected, from three manufacturers Toyota
Nissan and Honda (Table 1), since according to the analysis of the data presented at the main
trading platform for the sale of cars in the region (Car Sales Database, 2022), these five
models are dominates in the market of the region in question. Each of these models represents
the current state of UE in terms of the operation of electric vehicles in the Republic of Sakha

(Yakutia).
Table 1. Electric cars chosen for the experiment.
Percentage among all | Number of EVs selected

Stamp Model EVs in the region (%) for the experiment
Toyota C-HR 31.5 6
Nissan Leaf 40.8 7

X-NV 6
Honda MN-V 24.6 1

For the study of UE users of electric cars when they are operated in the Arctic regions, an
important condition is to clarify the indicators affecting the UEs.
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Indicators that affect user experience can be subjective and objective. Subjective
(implicit) UE scores are not construed factors (Brooks and Hestnes et al., 2010), including
patient emotions, expectations, and experiences. In contrast, objective (explicit) UE scores
are controllable and include technical and non-technical aspects of maintenance (Brooks and
Hestnes, 2010). For example, network connectivity, physical environment, and service area
are technical factors, while the ease of use of the technology, the cost of the service and the
context of the service are not technical factors (Zhang and Nirwan, 2011). Consequently, any
poor performance on clear indicators will lead to a significant deterioration in UE.

The questionnaire developed by the authors for the experiment (Table 2) displays such
aspects of the UE as:

o the cost of operating an electric vehicle;

o the charging speed of the electric vehicle in the region of operation, in conditions of
low street temperatures;

o the frequency of failures and malfunctions occurring in low temperatures (including
extremely low (-35...-50° C);

o availability of service, including the availability of qualified personnel and spare parts

for EV repairs.
Table 2. Contents.
UE Indicators Question Number Questions

1 I didn't feel any discomfort.
The cost of operating an 4 The level qf spepding was annoying
electric vehicle 3 I was restricted in my movement due to the level of]

expenses

9 The level of expenditure was not acceptable
Charging speed of an 2 I was completely satisfied with the charging speed
electric vehicle in the 12 Charging process was comfortable
region of operation, in|
conditions of low street] 14 Charging speed didn't live up to my expectations
temperatures
Failure and fault rates 3 There were no failures or malfunctions
occurring  under  low| 7 [Failures and malfunctions were more than my
temperatures  (including] expectations
extremely low 10 [Failures and malfunctions were less than my
temperatures (-35...-50 °C) expectations
Availability of service, 5 i;r\r,li Cc;)mpletely satisfied with the availability of the
md‘?dmg the availability of 6 The level of service can be called sufficient
qualified personnel and — - -
spare parts for EV repairs 11 [ didn't use an EV repair service

13 The level of service is not sufficient

The algorithm for evaluating the UE of EV users consisted of three stages (Figure 2). The
stages were specifically designed to create a system for collecting baselines reflecting the UE
of EV users in the Arctic regions.

Information Phase UE Phase Testing Phase

Providing mformatlon to sex perception of UE Completlng the Post-test
participants questionnaire

[-===mmm- 10 Minutes 11 31 Day 1 [ 5 Minutes----------- ]

Fig. 2. UE evaluation algorithm.
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For the experiment, the period from March 1, 2022 to March 31, 2022 with a range of
average daily temperature (-10...-30° C) was chosen. This period was chosen due to the fact
that March is the first month of the year when users begin to operate electric vehicles. In the
winter months (December-February), EVs are usually stored in a heated garage and are not
operated, because the average daily temperatures reach -55° C, in such conditions it is
necessary to use the on-board heater turned on in constant mode at full capacity, which leads
to accelerated discharge of the battery and the risk of its premature breakdown.

During the period chosen for the experiment, users had to evaluate the UE when operating
the EV. The completed questionnaire must be submitted by the participants and the
experiment before April 1. The place of the experiment was determined to be the city of
Yakutsk, which is the capital of the Republic of Sakha (Yakutia) (Yakutsk, 2022). The
coordinates of Yakutsk are 62°01'38" fromnorthern latitude and 129°43'55" eastlongitude.
Population - 318768 people. The area of the city is 122 km?.

A total of 15 participants were recruited. To avoid the impact of the preliminary impact
on user ratings, users with no more than 8 months of experience in owning an electric vehicle
were selected, i.e. users who had no previous experience of operating an EV in the winter in
the Arctic regions. At the same time, each participant had at least a 3-year period of driving
a car with a traditional power plant running on gasoline/diesel fuel.

Participants entered groups corresponding to the brand of their car (Toyota, Nissan and
Honda).

None of the participants had previously had experience in operating an EV in the winter
season, while seven of them had previously experienced the experience of operating cars with
a hybrid power plant in the winter season in the Arctic regions, the rest had experience in
operating only cars with a traditional power plant running on gasoline/diesel fuel. By the
beginning of the experiment, all participants within the three groups had a sufficient level of
familiarity with the features of the operation of the electric vehicle based on at least 30 days
of experience in EV control.

3 Results and Discussion

Measuring the level of cost of operating an electric vehicle, user ratings were favorable to
the Toyota group. Participants reported that their costs for operating an electric car were more
acceptable than when operating a car with a traditional power plant, which allows them to
become less limited in their movements.

Estimates of the charging speed of an electric vehicle in the region of operation in
conditions of low street temperatures show that a higher level was observed in the Toyota
and Honda groups.

The results of the evaluation of the failure rate and malfunctions that occur in EVs during
operation at low temperatures showed that the failure rate was acceptable for all groups
equally.

4 Conclusions

This article evaluated the UE of battery-electric vehicle users in the Arctic regions.

UE scores were collected using a questionnaire developed by the authors.

Overall, the user ratings obtained show that the Nissan and Toyota groups have a higher
UE score when operating EVs in arctic winter conditions. A slight decrease in the UE score
for indicators related to EV charging and repair may be due to limitations related to the lack
of service infrastructure in the Arctic regions, including charging infrastructure and repair
infrastructure. Thus, it is believed that the necessary future development of the service
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infrastructure can mitigate some of these shortcomings, thereby bringing the overall quality
of service of the Honda Group in line with the Nissan and Toyota groups and the overall
increase in the UE rating of EV technology users in the Arctic regions.

References

1.

10.

11.
12.

13.
14.
15.

16.

17.

18.

19.

20.
21.

22.
23.
24.

I. Alomar, J. Tolujevs, Transportation Research Procedia 24, 58—64 (2017)
https://doi.org/10.1016/j.trpro.2017.05.068

I. Alomar, M. Belitskaya, A. Belitskaya, Lecture Notes in Networks and Systems 410,
110-124 (2022)

S.H. Alsamhi et al., Wireless Communications and Mobile Computing, 1-12 (2021)
https://doi.org/doi:10.1155/2021/6710074

S.H. Alsamhi et al., IEEE Transactions on Green Communications and Networking 11
(2022) https://doi.org/10.1109/tgen.2022.3195479

S.H. Alsamhi et al., Drones 6.7, 177 (2022) https://doi.org/10.3390/drones6070177

S.H. Alsamhi et al., IEEE Transactions on Green Communications and Networking 6.1,
295-312 (2022) https://doi.org/10.1109/tgen.2021.3132561

S.H. Alsamhi et al., Drones 6.7, 154 (2022) https://doi.org/10.3390/drones6070154

S.H. Alsamhi, M.S. Ansari, N.S. Rajput, Disaster medicine and public health
preparedness 12.2, 222-231 (2018)

S.H. Alsamhi et al, Telecommunication Systems 75.2, 235-244 (2020)

S.H. Alsamhi, N.S. Rajput, 2014 international conference on advances in computing,
communications and informatics, 1434-1439 (2014)

S.H. Alsamhi, N.S. Rajput, Wireless Personal Communications 91.3, 1095-1108 (2016)

F. Calle-Alonso, C. Pérez, E. Ayra, Journal of Navigation 72.5, 1121-1139 (2019)
https://doi.org/10.1017/S0373463319000109

S.N. Chaudhri et al., Sensors 22.8, 3039 (2022) https://doi.org/10.3390/s22083039
S.P. Gopi et al., Drones 5, 128 (2021) https://doi.org/10.3390/drones5040128

V. Gromov, O. Karimova, IOP Conference Series: Materials Science and Engineering
753.4, 042045 (2020) https://doi.org/10.1088/1757-899x/753/4/042045

A. Gupta et al., International Journal of Vehicle Information and Communication
Systems 5.3, 309-333 (2020)

M. Huttunen, Journal of Transportation Security 12.3-4, 83—101 (2019)
https://doi.org/10.1007/s12198-019-00203-0

B.A. Lyovin et al., International Journal of Critical Infrastructures 15.4, 324 (2019)
https://doi.org/10.1504/1jcis.2019.10023736

J.A. Pérez-Castan et al., Aircraft Engineering and Aerospace Technology 91.2, 366372
(2019) https://doi.org/10.1108/acat-01-2018-0024

R. Sahal, S.H. Alsamhi, J.G. Breslin, M.I. Ali, Sensors 21.3, 694705 (2021)

A. Saifet al., 2021 Ist International Conference on Emerging Smart Technologies and
Applications, 1-5 (2021)

A. Saif et al., Internet Technology Letters, 310 (2021)

M. Sharma et al., Drones 6.1, 4 (2022) https://doi.org/10.3390/drones6010004

A.V. Shvetsov, World Electric Vehicle Journal 13.5, 79 (2022)
https://doi.org/10.3390/wevj13050079.



E3S Web of Conferences 371, 04030 (2023) https://doi.org/10.1051/e3sconf/202337104030
AFE-2022

25. A. Shvetsov, V. Gromov, Akustika 41, 186—188 (2021)

26. A. Shvetsov, V. Gromov, Akustika 41, 22-24 (2021)
https://doi.org/10.36336/AKUSTIKA20214122

27. S. Shvetsova, A. Shvetsov, Transportation Research Procedia 54, 397403 (2021)
https://doi.org/10.1016/j.trpro.2021.02.086

28. V.B. Vilkov et al., International Journal of Civil Engineering and Technology 9.1, 676—
687 (2019)

29. D. Weigert, A. Rettmann, 1. Alomar, J. Tolujew, Advances in Intelligent Systems and
Computing 879, 815-822 (2019)

30. M.A. Khan, N. Kumar, S.A.H. Mohsan et al, IEEE Transactions on Network and
Service Management (2022)

31. S.A.H. Mohsan, H. Amjad, Optical and Quantum Electronics 53(9), 1-56 (2021)
32. S.A.H. Mohsan, Journal of Optical Technology 88(12), 729-741 (2021)

33. S.A.H. Mohsan, A. Mazinani, N.Q.H. Othman, H. Amjad, Earth Science Informatics, 1-
30 (2022)

34. S.A.H. Mohsan, M.A. Khan, F. Noor, 1. Ullah, M.H. Alsharif, Drones 6(6), 147 (2022)

35. S.A.H. Mohsan, N.Q.H. Othman, M.A. Khan, H. Amjad, J. Zywiotek, Micromachines
13(6), 977 (2022)

36. S.A.H. Mohsan, M.A. Khan, M.H. Alsharif, P. Uthansakul, A.A. Solyman,
Sensors 22(14), 5278 (2022)

37. S.A.H. Mohsan, M.A. Khan, H. Amjad, Optical Switching and Networking, 100697
(2022)

38. S. Bobeth, E. Matthies, Ecol. Perspect. Sci. Soc. 25, 38-48 (2016)

39. F. Hinniiber, M. Szarucki, K. Szopik-Depczynska, Sustainability 11, 7034 (2019)
https://doi.org/10.3390/sul 1247034

40. .W. Damaj, D.K. Serhal, L.A. Hamandi, R.N. Zantout, H.T. Mouftah, Vehicular
Communications 28, 100312 (2021) https://doi.org/10.1016/j.vehcom.2020.100312

41. F. Carlucci, A. Cira, G. Lanza, Sustainability 10, 1302 (2018)
42. F. Liao, E. Molin, B. van Wee, Transp. Rev. 37, 252-275 (2017)

43. C. Keighrey, R. Flynn, S. Murray, N. Murray, IEEE Transactions on Multimedia 23,
333-341 https://doi.org/10.1109/tmm.2020.2982046

44. M. Burgess, N. King, M. Harris, E. Lewis, Transp. Res. Part F Traffic Psychol. Behav.
17,3344 (2013)

45. Q. Li, R. Long, H. Chen, J. Geng, Sustainability 9, 809 (2017)

46. D. Concannon, R. Flynn, N. Murray, Proceedings of the 11th ACM Workshop on
Immersive Mixed and Virtual Environment Systems, MMVE 2019, 10-12 (2019)
https://doi.org/10.1145/3304113.3326119

47. D. Egan, S. Brennan, J. Barrett, Y. Qiao, Ch. Timmerer, N. Murray, 8th International
Conference on Quality of Multimedia Experience, QQMEX, 3-8 (2016)
https://doi.org/10.1109/QoMEX.2016.7498964

48. E Hynes, R Flynn et al, IEEE 21st, and undefined 2019 (2019) URL:
https://scihub.do/https://ieeexplore.ieee.org/abstract/document/8901705/?casa_token=B
cUoEraMcC8AAAAA:k4uDLSCAGXII9HeSHqd6g8fioe4 rI2NdpXkv
EAC 5uALBAUIt4cSQTDw-9LxemWTOLii1KghR4-CA


https://doi.org/10.1109/QoMEX.2016.7498964

E3S Web of Conferences 371, 04030 (2023) https://doi.org/10.1051/e3sconf/202337104030

AFE-2022

49

50.

51.

52.
53.

54.
55.

56.

. M. Schmitt, J. Redi, D. Bulterman, P.S. Cesar, IEEE Transactions on Multimedia 20(7),
1781-1795 (2018) https://doi.org/10.1109/tmm.2017.2777466

A. Raake, S. Egger, Quality of Experience: Advanced Concepts, Applications and
Methods, 11-33 (2014)

N. Murray, G.-M. Muntean, Y. Qiao, S. Brennan, B. Lee, IEEE Trans. Broadcast 64(2),
539-551 (2018)

Sakha. URL: https://en.wikipedia.org/wiki/Sakha (accessed on 10 October 2022)

Car Sales Database. URL: https://yakutsk.drom.ru/auto/all/?hybrid=1&distance=1000
(accessed on 10 October 2022)

P. Brooks, B. Hestnes, IEEE network 24(2), 8—13 (2010)

Jingjing Zhang, Nirwan Ansari, IEEE Communications Magazine 49(7), 185-191
(2011)

Yakutsk. URL: https://en.wikipedia.org/wiki/Sakha (accessed on 10 October 2022)


https://en.wikipedia.org/wiki/Sakha

	1 Introduction
	2 Materials and Methods
	3 Results and Discussion
	4 Conclusions
	References

