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Abstract: Ditfurth and Arzt highlight the continuous, evolutionary process of general
vehicle development from the horse-drawn carriage to the steam vehicle and eventually up
to the internal combustion engine vehicle of today. Mutation and selection shaped this
development to best meet customer needs. Technical, infrastructural and sociocultural
requirements and needs are decisive. Thus, it was also a process of balancing different
desires for human transportation and mobility culture: the vehicle as an urban, touring,
racing, and luxury means of transport. Especially the transfer from the electric vehicle to
the gasoline vehicle transformed the latter from a purely adventurous and speedy option to
a more utilitarian mobility solution. Through the rising similarities in car features, price
and the affordability — socioeconomic advantages of the gasoline car — became decisive
prerequisites for the mass motorisation. In the 21st century the development of sustainable
mobility solutions takes place between different drive systems. The acceptance of the public
and the (potential) customers, as well as a sustainably value-creating business model for
the OEMSs and the customers, are prerequisites for the successful future of sustainable
automotive mobility worldwide.

Key words:
All-electric driving — Hydrogen engine vehicles — Social Media — Technology Management

1 Introduction
1.1 The 20™ century’s drive train contest as a blueprint for today's emission-free drive
train competition

Ditfurth and Arzt highlight the continuous, evolutionary process of general vehicle
development from the horse-drawn carriage to the steam vehicle and eventually up to the
internal combustion engine vehicle of today.! Mutation and selection’ shaped this
development to best meet customer needs. Technical, infrastructural and sociocultural
requirements and needs are decisive.® Thus, it was also a process of balancing different
desires for human transportation and mobility culture: the vehicle as an urban, touring,
racing, and luxury means of transport.*

Especially the transfer from the electric vehicle to the gasoline vehicle transformed the
latter from a purely adventurous and speedy option to a more utilitarian mobility solution,
including the entire city-car concept, the front-wheel drive favoured by inexperienced
drivers. It also brought “the ease of operation, the quieter engine, the controllability of the
combustion engine, the suppression of noise and smell” and last not least “the cord tire ...
in 1915-16.” Through the rising similarities in car features, price and the affordability —
socioeconomic advantages of the gasoline car — became decisive prerequisites for the mass
motorisation. In the 21st century the development of sustainable mobility solutions takes
place between different drive systems.® The acceptance of the public and the (potential)

! Ditfurth & Arzt 1982, 118. Nakicenovic 1986, 309. Eckermann 2001, 10-23. Mom & Kirsch 2001, 490.
2 Geissler et al. 1978, 13.

3 Mom 2004, 275.

4 Geels 2005, 459-460. Mom 2004, 283-284. Kortzfleisch 1976, 287.

5 Mom 2004, 298.

6 Heimes et al. 2024, 21-23.
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customers,’ as well as a sustainably value-creating business model® for the OEMs and the
customers, are prerequisites for the successful future of sustainable automotive mobility
worldwide.

1.2 Study outline

A follow-up study measuring public and customer acceptance of the three most relevant
(pollutant) emission-free driving technologies using social media data’ analyses the
following research questions again:

Ql: Are there discrepancies in the acceptance of different emission-free drive systems
between Germany, the USA, China, Japan and India, and what factors influence these
differences?

Q2: Has the acceptance of various emission-free drive systems changed over time in
Germany, the USA, China, Japan and India?

For this research approach, video-based data from YouTube!® provides insights into
different factors of technological acceptance, such as the type of drive system, the vehicle
market, and the user views/perceptions. The discussion of answers to the research questions
will be followed by appropriate conclusions.

The abstract of the theoretical foundations and the research approach is based on the
study about all-electric driving presented at the 42nd International Vienna Motor
Symposium in 2021 and the study about emission-free driving of 2023.!" The subsequent
description of YouTube data collection and evaluation, supported by descriptive statistics,
is followed by a summary and discussion of the results. The outlook concludes the study.

2 Theoretical Foundations and Research Approach
2.1 Technology acceptance and emission-free driving

Social and ethical aspects determine the construct “technology acceptance” and reflect
benefit and risk perceptions of technologies.'? The Technological Acceptance Measuring
Model with social media, TAMMSO®'3 uses views and clicks of audio-visual or video-
based Social Media applications. A benefit and risk rate, based on the YouTube data “like”
(R+) and “dislike” (R-),'* is essential for measuring of technology acceptance as follows:

Benefit rate = (ZR+/(ZR-+XR+)) =1 -Riskrate

Riskrate = (ZR-/(XR-+XR+)) =1 - Benefit rate

Emission-free driving encompasses several technologies. The battery electric drive, the
fuel cell electric drive and the hydrogen engine drive'® are the focus of this investigation.
“Emission-free” or “zero-emission” refers to the absence of greenhouse gas emissions, as
defined by state regulations.'®

2.2 Basics of YouTube-based analyses
The data query via YouTube concerning battery electric vehicle (BEV) uses the English
term “electric car,” the German term “Elektroauto,” the Chinese term “EE5/5Z (B>

(electric car (battery)) and the Japanese term “7& 5 F ) #.” (Elektroauto), for the fuel cell

7 Kohl et al. 2018, 620.

8 Chesbrough 2010, 354.

° The risk of manipulating social media data: Marcellino et al. 2023. Thiele et al. 2025. Ruhlig 2025. Google
(1) 2025. Google (4) 2025.

10YouTube®is a trademark of YouTube LLC, a subsidiary of Google LLC.

' Wittmann 2021, 3-5. Wittmann 2023, 393.

12 Wittmann 2021, 3.

13 TAMMSO® 2019. The collection of data for determining social indicators was carried out in a similar
manner in Japan prior to the introduction of social media. Kortzfleisch 1976, 287-288.

14 Google (2) 2025.

15 Erren 1939.

16 EU 2019, 124. EPA 2025. Wang et al. 2025, 1.

PAGE NO: 2



Geoscience Journal(1000-8527) || Volume 7 Issue 2 2026 || www.geoscience.ac

electric vehicle (FCV) the English term “hydrogen car,” the German term
“Wasserstoffauto,” the Chinese term “H[EHJEAE/S 4" (hydrogen car) and the Japanese
terms “7K3& H By H / PREFEEHL B2 (Wasserstoff-/Brennstoffzellenauto), for the hydrogen
engine vehicle (HY'V) the English terms (for the US and Indian samples) “hydrogen engine
car” and “hydrogen engine combustion car,” the Japanese term “/KERET > ¥ L B
(hydrogen engine combustion car), the German term “Wasserstoffverbrennerauto,” and the
Chinese term “ZE4 5 NPANIHYS ZE (Table 1).
Table 1. Term Assignment by Technology

Term Assignment by Technology
Abbrev. Search Terms Battery Fuel Cell
DE BEV |[Elektroauto X -

Hydrogen Engine

US BEV |electric car
CN BEV |Hzhi5% (diib)
JP BEV |ERBEE

e | [ e

IN BEV |electric car
DE FCV |Wasserstoffauto
US FCV [hydrogen car -

JP FCV |KEBEE / MBI EHE -

X
X
CN FCV |HEMNA RS - X
X
X

IN FCV |hydrogen car -
DE HYV |Wasserstoffverbrennerauto - -

US _HYV [hydrogen (combustion) engine car - -

CN_HYV [RE AL - -

[ [

JP HYV [KERET VY VE i i

IN HYV Jhydrogen (combustion) engine car - - X

In the first step, 7,246 videos were extracted using the fourteen search terms (Step 1).
YouTube orders the videos first that are most popular and up-to-date ensuring sample
relevance.!” Step 2 and 3 encompass the exclusion of videos with less than 50,000 views
and videos with deviating and redundant content, e.g. hybrid electric vehicles. The final
overall sample of the study contains 645 videos (Table 2).

Table 2. Three Steps of Selecting YouTube Videos

Number of Videos on YouTube

Abbrev. Search Terms Total Selection|Selection > 50,000 views|Adjusted Selection
DE BEV [Elektroauto 430 101 92
US BEV |[electric car 605 177 110
CN_BEV |54 (Hith) 391 37 31
JP BEV |EXEHE 494 101 80
IN BEV |electric car [605] [177] 33
DE FCV |Wasserstoffauto 610 46 39
US FCV [hydrogen car 691 129 75
CN_FCV [FEMEARAE 393 27 18
P FCV [KZBHE / BiKlEtE 904 61 43
IN FCV |hydrogen car [691] [129] 31
DE HYV |Wasserstoffverbrennerauto 687 18 7
US HYV |hydrogen (combustion) engine car 956 60 42
CN_HYV [A A AL E 754 1 1
P HYV [KEMEL VY V8B 331 53 41
IN HYV |hydrogen (combustion) engine car [956] [60] 2

Total 7,246 811 645

*General note on data included in all Tables: Sum Totals of categories will not
necessarily add up, as numbers have been rounded off to the nearest full digit.

17 NavigateVideo 2025.
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Table 3 lists 645 videos with 485 million views according to the initial sample of June
2024, of which 227 videos (35%) originating from the USA represent 279 million views
(58%). This includes 110 videos about BEVs, 75 videos about FCVs and 42 videos about
HYVs. A total of 138 videos (21%) are from Germany, accounting for 43 million views
(9%), divided into 92 videos about BEVs, 39 videos about FCVs, and 7 videos about HY Vs,
Fifty videos (8%) are from China'® with 12 million views (2%), divided into 31 videos
about BEVs, and 18 videos about FCVs, and 1 video about HY'V. A total of 164 videos
(25%) are from Japan with 58 million views (12%), divided into 80 videos about BEVs, 43
videos about FCVs and 41 videos about HYVs. Finally, 66 videos (10%) are from India
with 93 million views (19%), divided into 33 videos about BEVs, 31 videos about FCVs,
and 2 videos about HY Vs.

Further data retrievals of the video samples were conducted in December 2024 and June
2025. Notably, the growth rate of the category DE BEV (12%) is lower than the growth
rates of the category CN_BEV (14%), US_BEV (18%), IN_BEV (22%), and JP_ BEV
(25%). The growth rate of the category JP_ FCV (16%) is higher than that of the category
US _FCV (12%), IN_FCV (9%), CN_FCV (8%), and DE_FCV (4%). In the HY'V category,
the growth rate in the USA (34%) surpass es the growth rate in India (25%), China (19%),
Germany (5%), and Japan (4%). In the USA (2024, 2025), the number of views for the
category BEV (nearly) equals the views in India, Japan, Germany and China combined. By
contrast, the views in the FCV and HY'V categories are more than double the views in the
USA compared with India, Germany, Japan and China combined.

Table 3. Share and Growth of Number of Views

. Jun 2024 Dec 2024 Jun 2025 Total
Abbrev. Search Terms Videos [, S IMAIL | Views [Mil] | Views [Mil] |Change

DE_BEV |Elektroauto 92 23.1 24.8 25.9 12%
DE FCV |Wasserstoffauto 39 13.9 14.3 14.4 4%
Subtotal] 131 37.0 39.1 40.4 9%

US_BEYV [electric car 110 144.7 163.2 170.9 18%
US_FCV |hydrogen car 75 92.4 99.4 103.6 12%
Subtotal] 185 237.2 262.6 274.5 16%

CN_BEV|HaIR%E (Hijth) 31 9.2 10.0 10.5 14%
CN_FCV | EARIAE 18 2.9 3.1 3.1 8%
Subtotal 49 12.0 13.1 13.6 13%

JP_BEV [EXEH=E 80 38.5 45.1 48.1 25%
JP_FCV |’KREBE / BRI EHE 43 8.7 9.5 10.0 16%
Subtotal] 123 47.2 54.6 58.1 23%

IN_BEV [electric car 33 74.1 85.6 90.4 22%
IN_FCV [hydrogen car 31 16.1 17.1 17.5 9%
Subtotal 64 90.2 102.7 107.9 20%

Subtotal| 552 423.6 472.1 494.4 17%

DE_HY V|Wasserstoffverbrennerauto 7 6.3 6.5 6.6 5%
US_HYV [hydrogen (combustion) engine car 42 41.9 46.9 56.4 34%
CN_HYV|EF A AL E 1 0.1 0.1 0.1 19%
JP_HYV [KEMET Y v E 41 10.6 10.8 11.0 4%
IN_HYV [hydrogen (combustion) engine car 2 2.4 2.9 3.0 25%
Subtotal] 93 61.3 67.2 77.1 26%

Total | 645 484.9 539.3 571.6 | 18%

3 Test Results
3.1 Analyses of technology acceptance of emission-free driving

The analyses of the video footage and descriptions resulted in the identification of
positive, negative, and neutral statements on emission-free driving (Table 4).

The views of each video were assigned to the categories accordingly (positive, negative
and neutral). Positive statements represent advantages that highlight benefits, while
negative statements represent disadvantages that emphasis risks of emission-free driving.

18 People in (Mainland) China can bypass the video ban of YouTube through using premium VPNs. Dorn
2024. VPN:= Virtual Private Network.
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Neutral statements refer to videos about general descriptions or balanced discussions about
emission-free driving. Between June 2024 and June 2025, the total number of views for
BEVs and FCVs increased from 424 to 494 million views (+17%). This includes growth
rates of 18% and 12% in the USA, 12% and 4% in Germany, 14% and 8% in China, 25%
and 16% in Japan, and 22% and 9% in India. In the USA, 42% and 58% of views were
positive videos, with 55% and 47% of the same in Germany, with 63% and 40% of the
same in China, with 21% and 65% of the same in Japan, and with 86% and 74% of the same
in India. The videos containing negative statements about BEVs and FCVs comprise 32%
and 35% of the US views and 29% and 14% of the German views, 16% and 11% of the
Chinese views, 67% and 19% of the Japanese views, and 2% and 18% of the Indian views
(an average of all samples).

Table 4. Development of Video Views
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Between June 2024 and June 2025, HY Vs views increased from 61 to 77 million views
(+26%) in all countries. This covers a growth rate of 34% in the USA, a growth rate of 25%
in India, a growth rate of 19% in China, a growth rate of 5% in Germany, and a growth of
4% in Japan. In the USA, 52% of views were positive videos, with 77% of the same in
Japan, with 100% of the same in China and India (only 1 and 2 videos), and 6% of the same
in Germany. The videos containing neutral statements about HY Vs comprise 94% of the
German views, 40% of the US views and 10% of the Japanese views. The high number of
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views of the positively and neutrally rated videos is likely due to their authenticity and high
information content. '

3.2 Measurement of technology acceptance of different emission-free driving
technologies

a) Detailed analyses of BEVs, FCVs and HY Vs

FCVs, BEVs and HY Vs have different levels of innovation, with fuel cell vehicles
generally categorised as disruptive technologies, BEVs as new technologies and HY Vs as
partly new technologies (Table 5). BEVs are in the early stages of market penetration?® and
reached global sales of 10.4 million units in 2024.2! In contrast, FCVs sales were less than
13,000 units.?> HY Vs currently exist mainly as test vehicles, for example in motorsport
applications.?

In the BEV category (2024-2025), the USA accounts for a total of 49% of views, with
72 million positive views, 55 million negative views, and 43 million neutral views in 2025.
In the FCV category, the USA represents 70% of views in total, with 60 million positive,
36 million negative, and 7 million neutral views.

In Germany, the BEV category accounts for 7% of total views, with 14 million positive
and 8 million negative views, while the FCV category accounts for 10% of total views, with
7 million positive views and 8 million negative or neutral views in 2025.

In China, the BEV category accounts for 3% of total views, with 7 million positive, 2
million negative and 2 million neutral views in 2025, while the FCV category accounts for
2% of total views, with 1.2 million positive, 0.3 million negative and 1.5 million neutral
views.

In Japan, the BEV category accounts for 14% of total views, with 10 million positive,
32 million negative and 6 million neutral views in 2025, while the FCV category accounts
for 7% of total views, with 7 million positive, 2 million negative and 1.6 million neutral
views.

In India, the BEV category accounts for 26% of total views, with 78 million positive, 2
million negative and 11 million neutral views in 2025, while the FCV category accounts
for 12% of total views, with 13 million positive, 3 million negative and 1.4 million neutral
views.

In the HY'V category (2024-2025), the USA has a total share of 73% of views, with 29
million positive, 4 million negative and 23 million neutral views in 2025. Japan accounts
for 14% of HY'V views, with 9 million positive, 1.3 million negative and 1.2 million neutral
views. In this category, Germany accounts for 9% of total views, with 0.4 million positive,
and 6.2 million neutral views. India accounts for 4% of total views, with 3 million positive
views, and China accounts for less than 1% of total views, with 0.1 million positive views.

In comparison, the BEVs have around five times the number of positive views in the
USA and India compared with Germany, China and Japan combined (150 million vs. 31
million in 2025), and around eight times more negative views in the USA and Japan than
in Germany, China and India combined (87 million versus 11 million in 2025). In
comparison, the high number of neutral views in the USA (43 million) and in India (11
million) is also significant, highlighting strong demand of information about BEV
technology.

In the FCV category (2025), the USA ranks first with 60 million positive views, followed
by India with 13 million, Germany ranks third with 6.8 million, Japan fourth with 6.5
million, and finally China with 1.2 million positive views. The USA also accounts for 36
million negative views, indicating strong reservations regarding FCV technology. In
comparison, the high number of neutral views in the USA (7 million) and Germany (6

19 Faster Capital 2025.

20 Victor et al. 2019, 14. Dugoua & Dumas 2024, 1,4.
21 Marcus 2025.

22 Collins 2025.

23 Tafel & Martin 2024, 130. Kollner 2025.
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million) is significant, demonstrating high demand of information about FCV technology
in both countries.

In the HY'V category, the USA ranks first with 29 million positive views, followed by
Japan with 9 million, India ranks third with 3 million, Germany fourth with 0.4 million, and
finally China with 0.1 million positive views. The USA accounts for 4 million negative
views, followed by Japan with 1.3 million. The high number of neutral views (23 million)
in the USA, 6 million in Germany and 1.2 million in Japan underscores the rising interest
in and innovation of HY'V technology among potential customers and the public in these
countries.

Table 5. Classification of Videos regarding BEVs, FCVs and HY Vs
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b) Analyses of the video evaluation function

The video evaluation function of videos with positive statements (PoS) and negative
statements (NeS) uses “Likes” to enable further, in-depth data analyses.?* The benefit rate
(£ R+) is calculated as the likes of videos with PoS divided by the sum of likes of the videos
with PoS and NeS. The risk rate (X R-) is calculated as the likes of videos with NeS divided
by the sum of likes of the videos with PoS and NeS. The benefit and risk rates refer to the
five markets — based on the sample from June 2025 (Table 6).

The benefit rate for BEVs is highest in India and significantly higher in China and
Germany than in the USA and Japan. The benefit rate for FCVs is the highest in Japan,
followed by Germany and India. In China, the FCV benefit rate ranks fourth, while the
USA has the lowest rate at 60%. The benefit rate for HY Vs is markedly higher in Japan and

24 There are not any “Dislike” counts in the samples.
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the USA. This study essentially confirms the January 2021 study regarding the benefit rate

of FCVs in the USA.%
Table 6. Benefit Rate for BEV, FCV and HYV?¢

Sample 06/2025| BEV FCV HYV
o | __DEU 74% 2% | [100%]*
& USA 54% 60% 90%
i CHN 73% 61% [100%]*
5 JPN 31% 81% 92%
[ D 97% 71% | [100%]*

In a further step of the analysis, the benefit ratios are calculated according to different
release dates of the videos, distinguishing between videos that are less than one year old
and those that are older than one year (Table 7).

Table 7. Partial Benefit Rate for BEV, FCV and HYV

Sample 06/2025 BEV FCV HYV
Benefit Rate | DEU | USA | CHN | JPN | IND | DEU| USA | CHN | JPN | IND | USA | JPN
0-12 Months | 79% | 44% | 76% | 32% | 100%| 49% | 71% | 53% | 90% | 62% | 93% | 96%
> 12 Months | 71% | 63% | 63% | 27% | 96% | 82% | 58% | 77% | 60% | 97% | 76% | 83%

Average 74% | 54% | 73% | 31% | 97% | 72% | 60% | 61% | 81% | 71% | 90% | 92%
Total Average 70% 62% 91%

In Germany, the positive evaluation of BEVs increases from 71% (videos released more
than 12 months ago) to 79% (videos released within the last 12 months), while in the USA
it decreases from 63% to 44%. In China, the benefit rate rises from 63% to 76%, and in
India, the benefit rate increases from 96% to 100%, in contrast to Japan, which has the
lowest benefit rates, rising from 27% to 32%.

In Germany, the benefit rate of FCVs decreases from 82% (videos released more than
12 months ago) to 49% (videos released within the last 12 months), while in the USA it
increases from 58% to 71%. In China, the benefit rate drops from 77% to 53%, and in India
from 97% to 62%, whereas Japan’s rate rises significantly from 60% to 90%.

In the USA, the benefit rate of HY Vs increases from 76% (videos released more than 12
months ago) to 93% (videos released within the last 12 months), while in Japan, a benefit
rate of HY Vs increases from 83% to 96%. Germany, China and India are excluded from
the HY'V ranking due to a low number of videos. Regarding overall ranking: Germany ranks
BEV first and FCV second. The USA favours HYV first, followed by FCV and finally
BEV. China switches its preference to BEV ahead of FCV (for videos released within the
last 12 months). Japan ranks HY'V first, FCV second and BEV third. Finally, India favours
BEV first, followed by FCV.

c) Emission-free driving in comparison to ICV driving
The arguments?’ for and against the different options of emission-free driving have been
largely consistent across markets over three studies undertaken between 2021 and 2025

25 Wittmann 2021, 9.
26 (* less than 8 videos each)
27 ACEA 2024 & 2025.
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(Table 8).2® The core argument of higher energy efficiency?® for all-electric vehicles,
especially battery electric vehicles, is under scrutiny® due to its pure technical and supply-
oriented character.’! The potentially lower operating costs of BEVs compared with
hydrogen powered (HYVs, FCVs) and internal combustion engine vehicles (ICVs)
represent only one component of the total cost of ownership.

In general, the scarcity of green energy diminishes the environmental benefits of
emission-free vehicles. Additionally, there is a lack of charging and fuelling stations and
supporting infrastructure. Higher product prices for all-electric vehicles result from high
product costs, investments and technical and commercial risks of accumulators, fuel cells
and refuelling systems, combined with moderate and low sale volumes. The limitations of
BEVs have remained consistent over the years.*

BEVs suffer from limited range, long charging times, different plugs and charging
standards and a reduced usability during grid problems and blackouts. Table 8 summarizes
the criticism against emission-free driving.

Table 8. Main Points of Criticism about Emission-free Driving in comparison to ICV

driving®
Main Points of Criticism about Emission-free Driving BEV | FCV |HYV*|[ (ICV)

High Prices; Poor Price/Performance Ratio X X - -
Lack of Charging/Fuelling Stations X X X -
Limited Product Programme x) X -
Green Energy: Less Available than Claimed X X X

Limited Range (esp. for Driving with Heavy Loads, Trailers) X - - -
Long-Lasting Charging/Fuelling Time X - - -
Complicated Charging with Different Standards and Plugs X - - -
Limited Usability during Grid Problems and Blackouts X - - -
Technical Risks of Accumulators, Fuel Cells, and Refuelling Systems X X X -
* no market availability yet

Nevertheless, the ICV still seems to set the prevailing gold standard for most customer-
preferred vehicle characteristics,** reflected in fewer points of criticism. Toyota has been a
pioneer in the development of (test) HY Vs, favouring a simple, clean and low-cost solution
for emission-free driving on the one hand, while saving substantial resources across the
value chain compared with all-electric vehicles on the other hand.?®

Furthermore, HY Vs are competitive with all-electric vehicles due to their low carbon
footprint over the entire life cycle.*®

4 Discussion

In comparison with several international studies on buying intentions of all-electric
vehicles, the validity of the study is under scrutiny.

The acatech Study 2025 reports a renewed rising interest in purchasing a BEV in
Germany decreasing from 20% (2023) to 17% (2024) and increasing to 23% (2025).>’

28 Wittmann 2021 & 2023 & 2026.

2 The parameter “energy efficiency” exclusively focuses on a technical and supply-oriented perspective.
Diekmann et al. 1999, 25-26. In contrast, Bellmann recommends “economic efficiency” and “ecological
effectiveness” for market-oriented evaluation in the energy branch. Bellmann 1990, 1262.

30 Wittmann 2026.

31 Diekmann et al. 1999, 25-26.

32 Acatech 2024 & 2025.

33 Table following Wittmann 2023, 406.

3 Lyon 2021.

35 Watkins 2025. Lyon 2021.

36 Sens et al. 2021, 10, 13. Wittmann 2026.

37 Acatech 2025.
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Among the population segment with higher socioeconomic status, 30% prefer BEVs,
compared with only 8% among people with lower socioeconomic status.*®

In the Continental Mobility Study 2024, conducted in five countries with 1,000
respondents each (including Germany, USA, China and Japan), participants responded
positively to the question, “How likely is it that your next car will be electric?” as follows:
Germany 39%; USA 45%; China 87% and Japan 32%.* When asked whether they would
willingly buy an electric car even without government subsidies, respondents answered as
follows: Germany 26%; USA 37%; China 66% and Japan 12%.%

The Deloitte 2024 Global Automotive Consumer Study, covering six countries and a
market region including Germany (1,273 respondents), the USA (969), China (817), Japan
(667) and India (864), asked participants, “What type of engine would you prefer in your
next vehicle?”. The responses were as follows: Germany BEV 13%, other including FCV
5%; USA 6%, 1%; China 33%, 1%, Japan 6%, 2% and India 10%, other 3%.*!

The Deloitte 2025 Global Automotive Consumer Study, with feedback from over 31,000
respondents worldwide, reported preferences for the engine type in the next vehicle
purchase as follows: Germany BEV 14%, other including FCV 3%; USA 5%, ca. 1%; China
27%, ca. 1%.4

Higher values of the YouTube analyses than classical studies can be explained as
follows:

(D) Videos, in contrast to (online) interviews and questionnaires, provide higher
information content and greater authenticity, resulting in higher benefit rates.

2) A higher proportion of YouTube users come from higher socioeconomic
backgrounds.

3) Younger and more interested users may account for a larger share of YouTube
users.

@) Technology acceptance facilitates purchasing intentions; thus intention

rates represent only a fraction of the benefit rates.

In detail, the benefit rates of the YouTube study are distinguished by five markets and
different time periods. The high evaluation in the Indian market, exceeding 90%, highlights
India as a potential future lead market for BEVs. In contrast, in the USA as lead market, the
initial benefit rate of 63% decreases to 44%, while in Japan it remains consistently around
30%. Only China and Germany show an increase of benefit rates, from 63% to 76% and
from 71% to 79%, respectively. Scepticism and reservations regarding the long-term
success of BEVs remain widespread, not only in the automotive industry.*?

Customers’ perception of the technical and commercial development of FCVs are
reflected in extremely low global sales, with only Japan showing a very high evaluation
(90%). In contrast, the benefit rate in the USA is relatively moderate at around 71%, while
in China it falls significantly from 77% to 53%. Three of five markets show a marked
decrease in benefit rates, accompanied by very low sales volumes, highlighting the
disappointing market performance of FCVs despite their advantages over BEVs (Table 8).
HY Vs, in contrast, clearly reflect the established, particularly emotional characteristics that
(potential) customers continue to value.

The increasing benefit rate in the USA from 76% to 93% and the very high benefit rate
in Japan (96%) strongly suggest low benefit rates for BEVs in the USA and Japan and FCVs
in China, India and Germany.

In the future, many more new videos about HYV will likely become available, which
will significantly broaden the horizon for HY Vs (also in China, Germany and India) and
expand public experiences with this emission-free technology.

38 Acatech 2024.

39 Continental 2024, 19.

40 Continental 2024, 22.

41 Deloitte 2024, 6.

42 Deloitte 2025.

43 Acatech 2024. Buchal et al. 2019, 40.
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Several OEMs and first-tier suppliers are preparing or considering preparing hydrogen-
powered vehicles for motorsport events.** The Automobile Club de 1'Ouest has scheduled
the 24 hours car race in Le Mans for hydrogen-powered vehicles (FCV, HYV) in 2028.%
This event represents an important opportunity to showcase the potential of emission-free
driving with hydrogen, following the success of the Formula E* championship with BEVs.

The implementation of national hydrogen strategies*’ and the intensification of R&D
efforts in HY'V and FCV technologies pave the way for additional competitive options in
emission-free automotive mobility, thereby enhancing business perspectives for the global
automotive industry.

5 Conclusion

The YouTube analyses comprise 645 videos on emission-free driving, with between 485
and 572 million views (2024-2025). They highlight the importance of emission-free driving
from a global perspective. The metadata of the videos*® reflects product presentations,
reports, lectures and recommendations covering a wide range of opinions. The ideas and
creativity of the video creators seem limitless and surpass classical questionnaires and
interviews of empirical research. The management of the automotive industry faces various
challenges.

Firstly, the different concerns of (potential) customers and the public regarding emission-
free driving have remained stable over the years and should be taken seriously. The
comparable environmental impacts of emission-free driving variants over the product life
cycle are important buyer information and should be communicated in promotional videos.
This is a prerequisite for winning the hearts and minds of potential customers. Secondly,
the neglect of subjective customer requirements leads to the effective costs® through a
limited range, a lower top speed, or a mediocre car design®. This reduces the effectiveness
of emotional car characteristics like driving pleasure, sportiness, and prestige, and increases
the technological and commercial risks of emission-free vehicles, often leading to a decline
in market demand. Therefore, these topics should be addressed in competitive strategy as
well as in product and commercial planning at an early stage.’® Thirdly, the pitfalls of all-
electric driving have remained unchanged over a long period, raising the question of the
most sustainable emission-free drive variant for (potential) customers.’? The impression
arises that evolutionary classical vehicle development is more advantageous and more
readily accepted by customers than disruptive vehicle development exemplified by all-
electric drives. It is the merit of the plurality of videos to make this connection transparent.

The YouTube analyses have some restrictions. The use of machine reading technology,
such as Twitter analyses by Kohl et al.,>* could support the evaluation of user comments,
thereby improving the authenticity and validity of YouTube analyses.

Finally, the YouTube analyses enable the comparison of benefit rates across several
countries and of different opinions, perspectives and conditions of emission-free drives.
The contest of emission-free drives and vehicles reflects technical, infrastructural,
sociocultural and socioeconomic requirements of the public and (potential) customers,
posing opportunities and challenges for incumbent and emerging OEMs.

6 References
Acatech (2024). “Mobilitdtsmonitor 2024: Alle Ergebnisse.” (29 Apr 2024). Retrieved 21 Feb 2025 from
https://www.acatech.de/mobilitactsmonitor-2024-alle-ergebnisse/.

44 Kollner 2025.

45 Watkins 2025. Backhaus 2025.

46 Formula E 2025.

47 DECHEMA & acatech 2024, 6. Krebs 2021, 3. Robinius et al. 2018, 77.
“ Google (3) 2025.

49 Simeu & Kim 2018, 8.

50 Kessler 2025.

31 Kersten 1989, 3-5.

52 Continental 2024, 3-4, 23-25. Acatech 2024 & 2025.

53 Kohl et al. 2018, 624-634. NAS 2025.

11

PAGE NO: 11



Geoscience Journal(1000-8527) || Volume 7 Issue 2 2026 || www.geoscience.ac

Acatech (2025). “Mobilitédtsmonitor 2025: alle Ergebnisse.” Retrieved 05 Sep 2025 from
https://www.acatech.de/mobilitaetsmonitor-2025-alle-ergebnisse/.

Association des Constructeurs Européens d'Automobiles, ACEA (2024). “Economic and Market Report
Global and EU auto industry: Full year 2024.” (13 Mar 2025). Retrieved 30 Jul 2025 from
https://www.acea.auto/files/Economic_and Market Report-Full year 2024-rev.pdf.

Association des Constructeurs Européens d'Automobiles, ACEA (2025). “Vehicles on European Roads.” (29
Jan 2025). Retrieved 30 Jul 2025 from https://www.acea.auto/files/ACEA_Report -
_Vehicles_on_European_roads 2025.pdf.

Backhaus, R. (2025). “Wasserstoff erhdlt seine Chance im Motorsport.” (01 Jul 2025). Retrieved 23 Aug
2025 from https://www.springerprofessional.de/wasserstoff-erhaelt-seine-chance-im-motorsport/
51183630.

Bellmann, K. (1990). “Einzelwirtschaftliche Wirkungen umweltpolitischer Instrumente.” Zeitschrift fiir
Betriebswirtschaft, 60, no. 12, 1261-1274.

Buchal, C., Karl, H.-D. & Sinn, H.-W. (2019). “Kohlemotoren, Windmotoren und Dieselmotoren: Was zeigt
die CO2-Bilanz?” ifo Schnelldienst, 72, no. 08, 40-54. ISSN 0018-974X.

Chesbrough, H. (2010). “Business Model Innovation.” Long Range Planning, 43, 354-363.

Collins, L. (2025). “Global hydrogen vehicle sales fell by more than 20% for second year in a row in 2024.”
(11 Feb 2025). Retrieved on 10 Aug 2025 from file:///D:/ BUSINESS/BATTER~1/469C67~1.INT/
1763F0~1.WIS/LITERA~1/20EC65 ~1.PDF.

Continental AG (2024). “Continental Mobility Study 2024.” Retrieved 31 Jul 2025 from
https://www.continental.com/en/press/studies-publications/continental-mobility-studies/mobility-study-
2024/.

DECHEMA & acatech (eds.) (2024). Comparative analysis of international hydrogen strategies, Country
analysis 2023, Frankfurt/Main.

Deloitte (2024). “2024 Global Automotive Consumer Study.” (January). Retrieved 31 Jul 2025 from
https://www.deloitte.com/in/en/Industries/automotive/perspectives/global-automotive-consumer-study-
2024.html.

Deloitte (2025). “2025 Global Automotive Consumer Study.” (January). Retrieved 31 Jul 2025 from
https://www.deloitte.com/us/en/insights/industry/retail-distribution/global-automotive-consumer-
study.html#vehicle-electrification.

Diekmann, J., Eichhammer, W., Neubert, A., Rieke, H., Schlomann, B. & Ziesing, H.-J. (1999). Energie-
Effizienz-Indikatoren, Heidelberg: Physica.

Ditfurth, H. von & Arzt, V. (1982). Querschnitte: Reportagen aus der Naturwissenschaft. January, Miinchen:
dtv.

Dorn, J. (2024). “Why Is YouTube Banned In China?” (12 May 2024). Retrieved 30 Jul 2025 from
https://expertbeacon.com/why-is-youtube-banned-in-china/.

Dugoua, E. & Dumas, M. (2024). “Coordination dynamics between fuel cell and battery technologies in the
transition to clean cars.” PNAS, 121, no. 27 (24 Jun 2024), 1-9. doi.org/10.1073/pnas.2318605121.

Eckermann, E. (2001). World history of the automobile. Warrendale, PA: SAE Publications.

Environmental Protection Agency (US), EPA (2025). “Regulations for Greenhouse Gas Emissions from
Passenger Cars and Trucks.” (29 Jul 2025). Retrieved 04 Sep 2025 from https://www.epa.gov/regulations-
emissions-vehicles-and-engines/regulations-greenhouse-gas-emissions-passenger-cars-and.

Erren, R. A. (1939). “Internal Combustion Engine Using Hydrogen as Fuel.” (19 Dec 1939). Patent no.
2,183,674. US Patent Office. Alexandria, VA/USA.

European Union, EU (2019). “Directive (EU) 2019/1161 of the European Parliament and of the Council of 20
June 2019 amending Directive 2009/33/EC.” Official Journal of the European Union, L 188 (12 Jul
2019), 116-130.

Faster Capital (2025). “YouTube authenticity: Building Authentic Connections: YouTube Strategies for
Entrepreneurs.” (11 Apr 2025). Retrieved 30 Jul 2025 from https://fastercapital.com/content/Y ouTube-
authenticity--Building-Authentic-Connections--Y ouTube-Strategies-for-Entrepreneurs.html.

Formula E. (2025). Retrieved 13 Aug 2025 from https://www.motorsport.com/formula-e/.

Geels, Ir. F. W. (2005). “The dynamics of transitions in socio-technical systems: A multi-level analysis of the
transition pathway from horse-drawn carriages to automobiles (1860—1930).” Technology Analysis &
Strategic Management, 17, no. 4 (Dec), 445-476. doi: 10.1080/09537320500357319.

Geissler, E., Libbert, E., Nitschmann, J. & Thomas-Petersein, G. (eds.) (1978). Kleine Enzyklopddie Leben,
2" edition, Leipzig: VEB Bibliographisches Institut.

Google (1) (2025). “Fake Engagement Policy.” Retrieved 08 Sep 2025 from
https://support.google.com/youtube/answer/3399767?hl=en.

Google (2) (2025). “Like or Dislike a Video.” Retrieved 08 Sep 2025 from https://support.
google.com/youtube/answer/6083270?hl=en&co=GENIE.Platform%3DDesktop.

Google (3) (2025). “Metadata Management Overview.” Retrieved 08 Sep 2025 from
https://cloud.google.com/artifact-analysis/docs/metadata-management-overview.

Google (4) (2025). “Transparency Report.” Retrieved 08 Sep 2025 from
https://transparencyreport.google.com/?hl=en.

Heimes, H. H., Kampker, A., Offermanns, C., Sasse, K., Vetter, B. & Thomes, P. (2024). “Eine historisch
basierte Analyse.” In Heimes, H. H. & Kampker, A. (eds.), Elektromobilitét: Grundlagen einer
Fortschrittstechnologie, 3" edition, 3-27. Berlin: Springer Vieweg.

12

PAGE NO: 12


https://www.acea.auto/files/Economic_and_Market_Report-Full_year_2024-rev.pdf
https://www.acea.auto/files/ACEA_Report_-_Vehicles_on_European_roads_2025.pdf
https://www.acea.auto/files/ACEA_Report_-_Vehicles_on_European_roads_2025.pdf
https://www.springerprofessional.de/wasserstoff-erhaelt-seine-chance-im-motorsport/
file:///D:/%20BUSINESS/BATTER~1/469C67~1.INT/
https://www.deloitte.com/in/en/Industries/automotive/perspectives/global-automotive-consumer-study-2024.html
https://www.deloitte.com/in/en/Industries/automotive/perspectives/global-automotive-consumer-study-2024.html
https://www.motorsport.com/formula-e/
https://support/

Geoscience Journal(1000-8527) || Volume 7 Issue 2 2026 || www.geoscience.ac

Kersten, W. (1989). Budgetierung von Investitionen in Prozessinnovationen, Doctoral Thesis, University of
Passau.

Kessler, A. (2025). “Make Cars Beautiful Again.” The Wall Street Journal, 10 Aug 2025. Retrieved 10 Aug
2025 from https://www.wsj.com/opinion/make-cars-beautiful-again-design-auto-requirements-policy-
e08fcfac.

Koéllner, C. (2025). “Wasserstoff hilt Einzug im Motorsport.” (08 Aug 2025). Retrieved 17 Aug 2025 from
https://www.springerprofessional.de/wasserstoff/rennfahrzeuge/ wasserstoff-haelt-einzug-im-
motorsport/50621500.

Kohl, C., Knigge, M., Baader, G., Bohm, M. & Krcmar, H. (2018). “Anticipating Acceptance of Emerging
Technologies Using Twitter.” Journal of Business Economics, 88, no. 5 (8 Mar 2018), 617-642.

Kortzfleisch, G. von (1976). “Technologisch bedingter Wandel in der Gesellschaft, Technologietransfer und
Willensbildung im Unternechmen.* In Albach, H. & Sadowski, D. (eds.), Die Bedeutung
gesellschaftlicher Verdnderungen fiir die Willensbildung im Unternehmen, 283-302. Berlin: Duncker &
Humblot.

Krebs, T. (2021). Klimaschutz und der moderne Staat: Ein Wasserstoffpaket fiir Deutschland. Working Paper
no. 01 (01 Mar 2021), Berlin: Forum New Economy Working Papers. Retrieved 17 Aug 2025 from
https://newforum.org/studie/klimaschutz-und-der-moderne-staat-ein-wasserstoffpaket-fuer-deutschland/.

Lyon, P. (2021). “Toyota Races World’s First Hydrogen Race Car To Promote Alternative To Electric Cars.”
Forbes, 28 May 2021. Retrieved 30 Aug 2025 from https://www.forbes.com
/sites/peterlyon/2021/05/28/toyota-races-worlds-first-hydrogen-race-car-to-promote-alternative-to-
electric-cars/.

Marcellino, W., Beauchamp-Mustafaga, N., Kerrigan, A., Navarre Chao, L. & Smith, J. (2023). “The Rise of
Generative Al and the Coming Era of Social Media Manipulation 3.0.” Expert Insights, 7 Sep 2023.
Retrieved 30 Jul 2025 from https://www.rand.org/pubs/perspectives/PEA2679-1.html.

Marcus (2025). “Global EV Sales in 2024 Sets New Record at 10 mil, Led by Sales In China.” (28 Jan 2025).
Retrieved 11 Aug 2025 from https://www.automology.com/global-ev-sales-2024/.

Mom, G. P. A. & Kirsch, D. A. (2001). “Technologies in Tension: Horses, Electric Trucks, and the
Motorization of American Cities, 1900-1925.” Technology and Culture, 29, 3 (Jul), 489-518.

Mom, G. (2004). Electric Vehicle: Technology and Expectations in the Automobile Age. Baltimore/London:
The Johns Hopkins University Press.

Nakicenovic, N. (1986). “The Automobile Road to Technological Change.” Technological Forecast and
Social Change, 29, 309-340, (Reprint RR-87-1, February 1987, International Institute for Applied
Systems Analysis, Laxenburg/Austria).

National Academies of Sciences, Engineering, and Medicine, NAS (2025). Machine Learning for Safety-
Critical Applications: Opportunities, Challenges, and a Research Agenda. Washington, DC: The National
Academies Press. doi.org/10.17226/27970.

NavigateVideo (2025). “How Does the YouTube Algorithm Work? (2025 Guide to Beating the Algorithm).”
Retrieved 30 Jul 2025 from https://www.navigatevideo.com/news/how-does-the-youtube-algorithm-work-
2025-guide-to-beating-the-algorithm.

Robinius, M., LinB8en, J., Grube, T., Reu3, M., Stenzel, P., Syranidis, K., Kuckertz, P. & Stolten, D. (2018).
Comparative Analysis of Infrastructures. no. 408, Jiilich.

Ruhlig, K. (2025). “Automatisierte Erkennung von Kl-generierten Inhalten.” Europdische Sicherheit &
Technik, 74, no. 8, 40.

Sens, M., Danzer, C., Essen, C. von, Brauer, M., Waschek, R., Seebode, J. & Kratzsch, M. (2021).
“Hydrogen Powertrains in Competition to Fossil Fuel Based Internal Combustion Engines and Battery
Electric Powertrains.” In 42" International Vienna Motor Symposium 2021, Conference Paper 2021-26,
1-77. Vienna. ISBN 978-3-9504969-0-1.

Simeu, S. K. & Kim, N. (2018). “Standard Driving Cycles Comparison (IEA) & Impacts on the Ownership
Cost.” SAE Technical Paper, 03 Apr 2018, 2018-01-0423, 2018, doi: 10.4271/2018-01-0423.

Tafel, S. & Martin, L. (2024). “Development of a High-performance Hydrogen Engine.” In Kulzer, A.C.,
Reuss, H.-C. & Wagner, A. (eds.), 2024 Stuttgart International Symposium on Automotive and Engine
Technology, Proceedings, 130-145, Wiesbaden: Springer.

TAMMSO® (19 Jul 2019). Retrieved 30 Jul 2025 from https:/register.dpma.de/DPMAregister/marke/register.

Thiele, D., Milzner, M., Heft, A., Gong, B. & Pfetsch, B. (2025). “Attributing coordinated social media
manipulation: A theoretical model and typology.” New Media & Society, 29 Jul 2025, 1-22. Retrieved 30
Jul 2025 from https://journals.sagepub.com/doi/epub/10.1177/14614448251350100.

Victor, D.G., Geels, F.W. & Sharpe, S. (2019). “Accelerating the Low Carbon Transition.” (09 Dec 2019).
Retrieved 24 Aug 2025 from https://www.brookings.edu/articles/accelerating-the-low-carbon-transition/.

Wang, N., Li, X. & Yang, X. (2025). “The Efficacy of the New Energy Vehicle Mandate Policy on Passenger
Vehicle Market in China.” World Electric Vehicle Journal, 16, no. 151, 1-26.
doi.org/10.3390/wevj16030151.

Watkins, G. (2025). “Toyota unveils hydrogen-powered test car at Le Mans 24 Hours.” (11 Jun 2025).
Retrieved 04 Sep 2025 from https://www.motorsport.com/lemans/news/toyota-unveils-hydrogen-
powered-test-car-at-le-mans-24-hours/10731531/.

Wittmann, J. (2021). “Electric Car vs. Hydrogen Car — Acceptance of All-Electric Driving in Germany and
the U.S.A.” In 42" International Vienna Motor Symposium 2021, Conference Paper 2021-72, 1-20.
Vienna, 2021. ISBN 978-3-9504969-0-1.

13

PAGE NO: 13


https://www.springerprofessional.de/wasserstoff/rennfahrzeuge/
https://www.automology.com/global-ev-sales-2024/
https://www.navigatevideo.com/news/how-does-the-youtube-algorithm-work-2025-guide-to-beating-the-algorithm
https://www.navigatevideo.com/news/how-does-the-youtube-algorithm-work-2025-guide-to-beating-the-algorithm
https://www.motorsport.com/lemans/news/toyota-unveils-hydrogen-powered-test-car-at-le-mans-24-hours/10731531/
https://www.motorsport.com/lemans/news/toyota-unveils-hydrogen-powered-test-car-at-le-mans-24-hours/10731531/

Geoscience Journal(1000-8527) || Volume 7 Issue 2 2026 || www.geoscience.ac

Wittmann, J. (2023). Acceptance of Emission-Free Driving in Germany, the USA, China, and Japan—An
Explorative YouTube Study. In Hippe, A. & Wirsam, J. (eds.), Nachhaltigkeit und Innovation in internen
und externen Unternehmensbeziehungen: Festschrift fiir Prof. Dr. Klaus Bellmann zum 80. Geburtstag,
393-413, Wiesbaden: Springer Gabler. doi.org/10.1007/978-3-658-41618-8.

Wittmann, J. (2026). “The Combustion Engine: Ecologically Effective and Economically Efficient?” In Proff,
H. (ed.), Solving Conflicts on the Way to Sustainable Mobility: Technische und betriebswirtschaftliche
Aspekte. Berlin: Springer Nature. (in press).

14

PAGE NO: 14



