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Abstract 

The presented master thesis of the study subject International Marketing and Sales at 

the Fachhochschule Vorarlberg in Dornbirn deals with the influence of emotions on 

the attitude toward hydrogen cars and their purchase intention. For this purpose, an 

empirical analysis with a correlation analysis was conducted in order to be able to 

determine the correlations of the individual parameters.  

At the beginning of the thesis the hydrogen technology was presented in more detail 

and by means of suitable criteria it was shown that the hydrogen car represents a 

certain potential, however, in comparison to the combustion cars and electric cars, the 

hydrogen car is currently in third place. The relatively long range, the fast-refueling 

and the sustainability were identified as advantages, while the current high price and 

the poorly developed refueling station network are currently the biggest obstacles to a 

hydrogen car. It can be seen that research and development of hydrogen cars is being 

driven forward in many countries around the world, including by the government side 

through the provision of various subsidies. For this reason, the future development of 

the driving technology remains exciting and simultaneously uncertain.  

In the second step of the work, emotions were examined in more detail. The aim was 

to find out which emotions exist and which of them are predominant when buying a 

car, and then to find out what influence emotions have on the cognitive process, the 

attitude, and the purchase intention. It turned out that the majority of the population is 

highly involved in the purchase of a car and therefore tries to make rational decisions, 

which makes the influence of emotions more difficult, but not impossible.  

By presenting suitable marketing tools for measuring emotions, it was shown that 

measuring emotions is a difficult undertaking. Measurement is often difficult or expen-

sive and involves a great deal of effort. For this reason, beside the presentation of 

marketing tools, the strategic approach for a marketing campaign was also presented.   

Based on the conducted empirical analysis, the influence of emotions on attitude and 

purchase intention could not be significantly confirmed but it could be proven that the 

knowledge about hydrogen cars is currently low. One inside is that an increase in 

awareness increases the purchase intention of hydrogen cars. Furthermore, a signifi-

cant correlation between the sustainable attitude and the purchase intention could be 

proven. In addition, people who like to follow new trends are more likely to buy a hy-

drogen car than others. This paper concludes with a brief summary of the findings and 

an outlook on the potential for improvement of the hydrogen car market.  
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Kurzreferat 

Die vorliegende Masterarbeit des Studienfachs Internationales Marketing und Vertrieb 

an der Fachhochschule Vorarlberg in Dornbirn befasst sich mit dem Einfluss von Emo-

tionen auf die Einstellung zu Wasserstoffautos und deren Kaufabsicht. Hierzu wurde 

eine empirische Analyse mit einer Korrelationsanalyse durchgeführt, um die Zusam-

menhänge der einzelnen Parameter ermitteln zu können.  

Zu Beginn der Arbeit wird die Wasserstofftechnologie näher vorgestellt und anhand 

geeigneter Kriterien gezeigt, dass das Wasserstoffauto ein gewisses Potential auf-

weist, jedoch im Vergleich zu Autos mit Verbrenner- und Elektromotor derzeit an dritter 

Stelle steht. Insbesondere die große Reichweite, die schnelle Betankungszeit und die 

Nachhaltigkeit wurden als Vorteile identifiziert, während der derzeit hohe Preis und 

das schlecht ausgebaute Tankstellennetz die größten Hindernisse darstellen. Es hat 

sich gezeigt, dass die Forschung und Entwicklung von Wasserstoffautos und auch 

von Wasserstoff selbst, in vielen Ländern der Welt vorangetrieben wird, auch von 

staatlicher Seite durch die Bereitstellung verschiedener Subventionen. Aus diesem 

Grund bleibt die zukünftige Entwicklung der Antriebstechnologie spannend und gleich-

zeitig ungewiss.  

Im zweiten Schritt der Arbeit wurden die Emotionen genauer untersucht. Ziel war es, 

herauszufinden, welche Emotionen beim Autokauf auftreten und vorherrschend sind 

und welchen Einfluss Emotionen auf kognitive Prozesse, Einstellungen und Kaufab-

sichten haben. Es zeigte sich, dass die Mehrheit der Bevölkerung beim Autokauf ein 

starkes Interesse und eine ausgeprägte Beteiligung aufweisen und daher rationale 

Entscheidungen zu treffen versucht, was den Einfluss von Emotionen erschwert, aber 

nicht unmöglich macht.  

Durch die Vorstellung geeigneter Marketinginstrumente zur Messung von Emotionen 

wurde gezeigt, dass die Messung von Emotionen ein schwieriges Unterfangen ist. Die 

Messung ist oft schwierig und teuer und mit einem hohen Aufwand verbunden. Aus 

diesem Grund wurde neben der reinen Vorstellung von Marketinginstrumenten auch 

der strategische Ansatz zur Erstellung einer Marketingkampagne vorgestellt.   

Anhand der durchgeführten empirischen Analyse konnte der Einfluss von Emotionen 

auf die Einstellung und Kaufabsicht von Wasserstoffautos nicht signifikant nachgewie-

sen werden. Der Zusammenhang, dass ein höherer Bekanntheitsgrad zu einer Stei-

gerung der Kaufabsicht führt, konnte hingegen signifikant nachgewiesen werden. Dar-

über hinaus konnte ein signifikanter Zusammenhang zwischen der nachhaltigen Ein-

stellung und der Kaufabsicht von Wasserstoffautos nachgewiesen werden. Auch Per-

sonen, die gerne neuen Trends folgen, sind eher bereit, ein Wasserstoffauto zu kaufen 
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als andere. Der Beitrag schließt mit einer kurzen Zusammenfassung der Ergebnisse 

und einem Ausblick auf das Verbesserungspotenzial des Wasserstoffauto-Marktes. 

auf das Verbesserungspotenzial von Wasserstoffautos.  

Schlüsselwörter: Wasserstoffautos, Nachhaltigkeit, Emotionen im Marketing, Kauf-

absicht, Einstellung, Marketinginstrument  
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1 Chapter of Introduction 

1.1 Problem 

Climate change is becoming increasingly evident around the world.1 From melting 

glaciers to expanding weather extremes to deteriorating air quality. The impacts of 

climate change are increasing rapidly, and most of them are devastating.2 Efforts to 

mitigate climate change will therefore increase worldwide in the coming years, driven 

by the trend towards sustainability.3 According to this trend, oil, coal, or nuclear power 

plants will more and more become a thing of the past and be replaced by alternative 

and more sustainable methods.4 

Alternative drives such as the electric drive or the hybrid drive have already made the 

breakthrough in some parts of the world.5 But another topic has also dominated the 

news in recent years. For decades, research has been conducted on hydrogen pro-

pulsion via a fuel cell. The technology has been around since 1839, but only in recent 

years, the topic has come back into the media, mainly due to the enormous price gains 

of many hydrogen stocks.6  

However, it is questionable whether hydrogen propulsion will also make the break-

through and whether a large number of engines or propulsion systems with the viable 

alternative, the fuel cell engine and thus hydrogen, will soon be available on the mar-

ket. In this context, the main question is how the spread and penetration of hydrogen 

cars on the vehicle market can take place.  

Technical features play a major role in this area.7 However, due to the high level of 

skepticism among drivers about new types of driving, it is important to convince people 

of the technology and advantages of hydrogen cars. This is where marketing comes 

into play. Various emotions, such as anxiety or uncertainty, play a major role in con-

vincing the population.8 Buying a car is a big decision and therefore the decision pro-

cess is done as objectively as possible. Nevertheless, the question arises if the use of 

emotions in marketing positively influences a purchase decision and the attitude to-

wards a product as well. 

 

1 NASA’s Jet Propulsion Laboratrory 2021. 
2 Intergovernmental Panel on Climate Change 2021. 
3 Statista 2021. 
4 Global Change Data Lab 2021. 
5 U.S. Department of Energy 2021. 
6 Planet Schule 2008. 
7 VuMA Touchpoints 2022 2022. 
8 Chlupsa 2017. p. 1 ff.  
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1.2 Research Question 

Finally, the problem addressed leads to the Research Question of the paper. The core 

question of the thesis is:  

“How are emotions influencing the attitude and willingness to buy hydrogen-powered 

cars in the B2C market?” 

To answer the Research Question, some intermediate steps are necessary. Accord-

ingly, the following sub-questions were developed in order to obtain an answer to the 

Research Question:   

• What are the advantages of hydrogen cars over conventional driving systems? 

• What are the current usage figures for hydrogen cars? 

• Which countries currently have the most hydrogen cars? What problems are 

encountered in these countries and which conditions contributed positively to 

their introduction? 

• Which emotional aspects can generally have an influence on the attitude under 

investigation?  

• How can the emotional aspects be differentiated in the countries under consid-

eration?  

• How high is the actual influence of emotional aspects on the attitude and pur-

chase intention? 

• How important is the issue of sustainability in the countries studied and its im-

portance in relation to hydrogen cars?  

• Which recommendations for action can be derived for hydrogen marketing? 

1.3 Objective 

The aim of the master thesis is to be able to give applicable recommendations to mar-

keting managers of a company in the hydrogen car industry on how they can drive the 

introduction of hydrogen cars by including emotional aspects in their marketing cam-

paigns. The aim of this work is therefore to identify emotions that have an influence on 

attitudes and willingness to buy hydrogen cars. The findings should help to tailor cam-

paigns even better to the customer and thus increase the market penetration of hydro-

gen cars. However, this will only be possible if the technology of hydrogen cars is 

already mature and the use of hydrogen cars has already started, especially in the 
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private customer sector. For this reason, an insight into the current use of hydrogen 

cars will precede in this paper. 

In the following work, the focus will be on the German market. In Germany already 

some approaches exist in this area and yet significant differences in emotional atti-

tudes can be observed.9 In the surrounding countries, such as Austria or Switzerland, 

there are currently no or hardly any privately used hydrogen cars. 

Due to its ambitious sustainability goals, Germany has a great interest in a quick and 

successful introduction of hydrogen propulsion. But the study also takes a look beyond 

Europe and considers the largest manufacturers of hydrogen cars and the countries 

that have concrete plans in this area. It also aims to identify the challenges that are 

still preventing the current introduction of the propulsion system. Furthermore, appli-

cable recommendations for hydrogen companies can be derived if emotional influ-

ences are added to the campaigns. The correlation between the attitude towards hy-

drogen cars and the actual purchase intention will also be investigated. 

A further aim of this work is to use a quantitative analysis to test the working hypothe-

ses that we have created ourselves in order to find out whether the inclusion of emo-

tions in marketing can have a positive influence on attitudes towards hydrogen cars 

and thus also increase the purchase intention. 

1.4 Approach 

In order to examine the possibility of influencing the attitude and purchase intention of 

hydrogen cars through the use of emotions, the functionality of hydrogen cars is first 

presented as a theoretical basis. For this purpose, the competitive advantages are 

carved out in order to be able to compare the three drive types of hydrogen, electric 

and combustion engine with each other afterwards. A significant question in the work 

on the master's thesis will be whether hydrogen propulsion can represent a significant 

advantage over conventional types of propulsion. Only if a substantial advantage can 

be presented here, it will make sense to think further about the topic of emotions. 

Therefore, the master thesis will also include a few current figures that illustrate the 

current use of hydrogen cars to get an intermediate result in the master thesis. 

Using literature research, the sustainability aspects of hydrogen cars will also be ex-

amined in more detail. To this end, the sustainability of hydrogen cars will be examined 

on the one hand, and the possibility of meeting government sustainability goals by 

means of hydrogen technology on the other hand. In addition, the pioneers in the field 

 

9 Energiewirtschaftliches Institut an der Universität zu Köln 2021. 
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of hydrogen technology will be presented. Both the countries that are particularly fast 

in the introduction of hydrogen or have ambitious goals, as well as the car manufac-

turers that have already advanced the technology, will be presented here.  

Subsequently, the theoretical foundations of emotion research will be developed. 

Here, the general possibilities of emotion research are presented. In detail, the basic 

and secondary emotions will be developed, and a historical outline will be given. Fi-

nally, this leads to the term "involvement", which is examined in more detail in relation 

to hydrogen cars. Furthermore, the influence of emotions on cognitive processes, at-

titude and purchase intention will be presented, which is a central point of the thesis.  

The next step shows how the findings from the previous chapters can be applied in 

marketing. By creating various personas, the potential target group is determined. The 

target group can then be used to determine the strategic direction. Furthermore, the 

already proven measurement methods of emotions are presented before the Value 

Proposition Canvas is applied. Last but not least, this chapter presents those market-

ing channels that have emerged as particularly good in this area.  

Qualitative expert interviews and a quantitative survey will be conducted to support 

the literature review. The experts are Valeria Pekelis and Jens Flöter from Hyundai 

Motor Deutschland GmbH in Offenbach and Jerome Gregeois from Hyundai Kia Amer-

ica Technical Center, Inc (HATCI) in Michigan in the United States. A total of 145 

people took part in the quantitative survey. 

The quantitative and inductive survey is based on knowledge of the methods for meas-

uring emotions already identified at that time. Thus, certain emotions that are relevant 

to the marketing of hydrogen cars are to be included in the survey and thus the emo-

tional level of these named emotions on the subject of hydrogen cars is to be inquired. 

Prior to this, the awareness of the hydrogen car should also be asked, so that the 

survey can be used to determine a correlation between attitudes toward hydrogen cars 

and purchase intentions about the climate goals of the respective country as well as 

some international countries.  

The final result shall be inductive in nature. That is, on the basis of the research results, 

a theory of its own is to be established that shows which emotions should be integrated 

into future campaigns in order to meet the wishes and needs of customers and to be 

able to improve attitudes toward hydrogen cars and increase willingness to buy.10 

 

10 Scribbr n. y. 
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2 Conceptual Framework and Definition of Terms  

The subject area of emotion research in marketing is very broad. There is a great deal 

of specialist literature on the subject, and numerous studies have already been carried 

out. And yet there is hardly a topic that can still provide recommendations for action. 

Because of the vastness of the topic, it is therefore necessary to create a conceptual 

framework to address only the necessary points to answer the research question of 

the master thesis.  

Therefore, the conceptual framework is presented at the beginning of the paper. Here, 

specific definitions are presented that are necessary for the understanding of the work. 

With the help of the conceptual framework, a common understanding of the content is 

created. 

 

Electric Vehicle 

First of all, the terminology surrounding the electric car should be clarified. This is be-

cause it is often not known that a hydrogen car is also an electric car. Driven by an 

electric motor, but the hydrogen car has a highly complex fuel cell and a special hy-

drogen tank.11 Accordingly, three terms are distinguished. These are as follows and 

are defined as follows: 

• EV   Electric Vehicle  

• BEV  Battery Electric Vehicle 

• FCEV  Fuel Cell Electric Vehicle 

In this context, the EV is considered to be the umbrella term for a BEV and an FCEV.12 

However, when an EV is referred to in the following, a BEV is meant, as this is the 

term most commonly used in the literature. 

In the later comparison, combustion engines (diesel and gasoline) are compared with 

electric cars and hydrogen cars. Hybrid cars are not considered due to their special 

position as a mixed form of drive. In addition, the market share of hybrid cars is small, 

and the growth rates are the low compared to other drive types in the car industry.13 

 

 

11 Eckert 2021. 
12 DasWeltAuto 2022. 
13 Kraftfahrtbundesamt 2022b. 
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Hydrogen types 

At various points in the work, the respective hydrogen types are mentioned. For this 

reason, an overview of the hydrogen production processes will be provided.14 

Hydrogen 

type 

Green  

hydrogen 

Grey  

hydrogen 

Blue  

hydrogen 

Turquoise 

hydrogen 

Red  

hydrogen 

White  

hydrogen  

Produc-

tion from 

Renewa-

ble ener-

gies 

Heating 

oil, coal, 

natural 

gas 

Natural 

gas (CO2 

storage) 

Natural 

gas (+ 

solid car-

bon) 

Nuclear 

energy 

Geologi-

cal de-

posits 

 

Table 1: Hydrogen Types 

Source: Own representation, based on Dörr et al. 2020. p. 13. 

 

International Focus 

With regard to the international aspect in the work presented, the focus will be directed 

at various points to countries that have certain special features in certain subareas 

with regard to hydrogen cars. This can, for example, be due to a domestic producer 

or due to the good initial situation for the production of hydrogen. Otherwise, the focus 

will be mainly on the European market and especially on Germany. This is due to the 

fact that Germany has taken the pioneering role in the field of hydrogen cars in Europe. 

Most hydrogen filling stations of Europe are integrated in Germany and comparatively 

most hydrogen cars are on the roads of Germany. 

 

Scoring Model  

To close the conceptual framework, the criteria of the scoring model used in 3.1 will 

be described and the composition of the criterion will be explained. The scoring model 

was used to determine, on the basis of selected criteria, which type of drive performs 

best at the present time. The drive types of diesels, gasoline, electric car and hydrogen 

car were compared with each other, and the following criteria were taken into account: 

  

 

14 Dörr et al. 2020. p. 13.  
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Refueling Duration for 100 km range 

The tank speed indicates the time spent at the dispensing point to obtain a range of 

one hundred kilometers. The specification is in minutes and is better the shorter the 

refueling time is.15 In this case, "1" indicates the longest tank duration and "4" indicates 

the shortest tank duration. 

Refueling Du-

ration for 100 

km range 

1 2 3 4 

5.00 3.50 2.00 0.50 

 

Sound Volume (in dB) 

The figure shown indicates the average volume of the vehicles in decibels.16 The qui-

eter the car, the better. So here, "1" indicates the loudest vehicle and "4" the quietest 

vehicle. 

Sound Volume 

(in dB) 

1 2 3 4 

70.00 68.50 67.00 65.50 

 

CO2 Emissions 

The following key figure indicates the CO2 emissions during the vehicle's lifetime. This 

is measured in grams per kilometer and there is no consideration of CO2 emissions 

during production or disposal of the vehicles, only during use by the customer.17 The 

lower the CO2 emissions, the better. "1" indicates the highest CO2 emission and "4" 

the lowest emission. 

CO2  

Emissions 

 

1 2 3 4 

167.60 142.13 116.67 91.20 

 

  

 

15 Online Marketing.de 2022. 
16 König n. y. 
17 Spritrechner.biz 2022. 
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Fuel Cost per 100 km (average last 5 years) 

In the case of refueling costs, the cost per tank filling is given, which is sufficient for a 

range of 100 kilometers. To calculate the refueling costs, the average price per liter, 

or the average price per kWh or per kilogram of hydrogen, was multiplied by the aver-

age consumption per 100 kilometers. The lower the cost, the better for the vehicle 

owner. "1" indicates high costs and "4" indicates the lowest costs among the four drive 

types. 

Fuel Cost per 

100 km (aver-

age last 5 

years) 

1 2 3 4 

11.70 9.40 7.10 4.80 

 

Maintenance Costs 

Maintenance costs are a certain amount of money that must be paid per year to main-

tain the vehicle or pay for repairs. The lower the maintenance cost, the better for the 

vehicle owner.18 "1" indicates the highest cost of maintenance per year and "4" the 

lowest. 

Maintenance 

Costs 

1 2 3 4 

973.00 840.67 708.33 578.00 

 

Service Stations in Germany 

Total number of service stations in Germany in 2021. The more service stations there 

are, the better the infrastructure and the easier it is for vehicle owners to use. "1" indi-

cates the least number of refueling stations of a drive type and "4" indicates the largest 

number of refueling stations of a drive type. 

Service  

Stations  

in Germany 

1 2 3 4 

92 13,240 13,534 39,538 

 

 

 

18 Corporate Finance Institute 2021. 
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Main Raw Materials 

Raw materials include all materials that are built into a car or that are needed to make 

the car run. A mixture of the occurrence of the raw materials and the extraction method 

was chosen for the evaluation. "1" is thus considered the most environmentally dam-

aging, or worst, and "4" the best. 

Main Raw  

Materials 

1 2 3 4 

Lithium  

Cobalt  

Nickel 

Manganese 

Copper 

Platinum  

Lithium  

Cobalt  

Nickel 

Manganese 

Copper 

-  Crude oil  

Iron  

Aluminum  

Platinum 

 

 

HP (horse-power) 

HP stands for a unit of measurement that can be used to measure the performance of 

a vehicle. The higher the HP number, the more powerful the vehicle.19 "1" is therefore 

the least powerful and "4" the most powerful. 

HP  

(horse-power) 

1 2 3 4 

127.80 168.87 209.93 251.00 

 

Torque 

In physics, torque is described as the force acting on a body with a lever arm. In terms 

of the vehicle, this means the force applied to the drive shaft. Torque is expressed in 

Newton meters and is better the higher it is.20 "1" therefore indicates the worst value 

and "4" the best value. 

Torque 1 2 3 4 

300.00 323.33 346.67 370.00 

 

19 Vogel n. y. 
20 BMW AG 2021. 
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Range 

The range indicates the maximum distance within which a vehicle can be moved with-

out having to refueling.21 The range can thus be used to determine the success of a 

medium. The greater the range, the better, so "1" is the worst and "4" is the best.   

Range 1 2 3 4 

445.00 596.67 748.33 900.00 

 

Price 

The price refers to the gross value of a vehicle at initial registration and includes all 

costs for special equipment and sales tax. The price is stated in euros.22 The lower 

the cost, the better. Thus, "1" indicates the most expensive vehicle and "4" indicates 

the least expensive vehicle. 

Price 1 2 3 4 

64,000.00 53,666.67 43,333.33 33,000.00 

 

Efficiency  

The efficiency indicates the ratio of kinetic energy delivered and power supplied, in the 

form of fuel. The higher the efficiency, the more the fuel can be converted into me-

chanical energy.23 "1" thus indicates the lowest efficiency and "4" the highest. 

Efficiency 1 2 3 4 

22% 36% 50% 64% 

 

  

 

21 Klußmann; Malik 2018. p. 523. 
22 LeasingMarkt.de n. y. 
23 Wette 2015. 
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Average Service Life 

The average service life indicates the average useful life of cars in years and starts 

with the initial registration.24 A higher service life is positive and therefore "1" is con-

sidered the shortest service life and "4" the longest. 

Average  

Service Life 

1 2 3 4 

160,000.00 356,666.67 553,333.34 750,000.00 

 

 

 

24 Kraftfahrtbundesamt 2022a. 
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3 Hydrogen Cars as a Possible Solution for a Sustainable Means 
of Transport 

3.1 Functionality and Competitive Advantage of Hydrogen Cars 

"Fuel cell technology is an integral part of our drive strategy. For us, the advantages 

are clear: zero emissions, long ranges and short refueling times, as well as a wide 

range of uses from passenger cars to buses, other large commercial vehicles and, not 

least, stationary applications."  

(Christian Mohrdieck, Head of Powertrain Development Fuel Cell System in Group 

Research and Development Mercedes-Benz Cars at Daimler, translated from Ger-

man)25 

In the meantime, many statements on hydrogen technology can be found on the inter-

net or in various journals. However, some opposing voices can also be found. The aim 

of this chapter is to show how hydrogen cars work and to mention the competitive 

advantages they offer, but also to take a critical look at the technology. Therefore, in 

the following section, the theoretical foundations of hydrogen propulsion are laid. A 

brief chronology of the introduction and development of hydrogen as a propulsion op-

tion is presented. In addition, the mode of operation of hydrogen cars is briefly de-

scribed.  

Hydrogen is the simplest and most abundant element on earth. The element consists 

of only one proton and one electron. It does not occur in nature but must be produced 

from compounds that contain it.26 This includes natural gas, for example which is also 

referred to as brown hydrogen. If the hydrogen is produced from renewable energies 

such as biomass, geothermal energy, solar or wind energy, it is called green hydrogen. 

Hydrogen has a comparatively high energy content but causes hardly any environ-

mental pollution. To generate energy from hydrogen to power a car, a so-called fuel 

cell is required. In this, hydrogen and oxygen are combined to produce electricity, heat, 

and water. A fuel cell is often compared to the battery in an electric car. Both convert 

energy generated by a chemical reaction into usable electrical energy. The battery, 

however, loses its charge. The fuel cell generates electricity as long as it is supplied 

with hydrogen.27 

A fuel cell is therefore required to use hydrogen as a propulsion medium. In a fuel cell, 

hydrogen reacts with the oxidant, in this case oxygen. This generates the electricity 

 

25 Ecomento 2018. 
26 Chemie.de 2022. 
27 Zohuri 2018., p. VIII ff. 
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for the vehicle drive.28 As already explained in Chapter 2, a hydrogen vehicle is also 

an electric car, with one crucial difference. In hydrogen cars, the battery is relatively 

small compared to electric cars. It only has a buffer function and serves as an inter-

mediate store for energy. For example, the battery is designed to absorb and store 

kinetic energy during braking.29 

In the hydrogen cars produced so far, the hydrogen tank is usually in the trunk of a 

car. In the middle of the car is a battery and under the engine cover is the electric 

motor. The cars use a polymer electrolyte membrane (PEM), which converts the 

chemical bonding energy into electrical energy. This membrane separates hydrogen 

from atmospheric oxygen and is permeable only to hydrogen ions. If hydrogen were 

to come into contact with oxygen, an explosion would occur, which is why the PEM 

plays an important role in hydrogen cars. At the anode, the hydrogen molecules sep-

arate into ions and electrons. The hydrogen ions travel through the PEM to the cath-

ode, where they combine with atmospheric oxygen to form water. Since the PEM is 

an impenetrable barrier to the hydrogen electrons, the electrons must take a detour 

from the anode to the cathode and eventually generate an electric current flow that 

drives the traction battery and electric motor.30  

Up to now, in most cases the hydrogen in the car is stored in gaseous form. For this 

purpose, the hydrogen is injected into the tank at a pressure of up to 700 bar. Liquid 

gas storage is also possible but is not used in the automotive industry. In this case, 

the hydrogen is stored at minus 253 degrees Celsius. The so-called metal hybrid stor-

age systems are also not used in the automotive industry due to their size and weight. 

Here, special metal alloys are used that can store the hydrogen. When heat is added, 

the metal alloy releases the hydrogen again.31 

The last storage method is not currently in use, but the idea and the tests conducted 

so far are promising. This is a so-called hydrogen paste. This paste was developed by 

a team of researchers at the Fraunhofer Institute in Germany. The hydrogen paste is 

considered to be a chemical hydrogen storage with a comparable extremely high stor-

age density for PEM fuel cells. If the paste comes into contact with water, gaseous 

hydrogen is produced.32 The hydrogen paste is said to be able to store hydrogen with 

ten times the energy density of a lithium battery. According to the Fraunhofer Institute, 

the range of hydrogen cars could be significantly improved with this paste and possibly 

 

28 EnBW n. y. 
29 Klein, Theo 2021. 
30 Doppelbauer 2020. p. 174. 
31 TÜV Süd 2022. 
32 Fraunhofer-Projektzentrum für Energiespeicher und Systeme ZESS 2022. 



14 

even be higher than with gasoline. Another advantage is the safety of the paste, as it 

is said to withstand temperatures of up to 250 degrees Celsius.33 

The above information shows that a great deal of research is currently being carried 

out in the field of fuel cell technology, especially in the effective and safer use of hy-

drogen as an energy carrier. The next step will also be to determine what the ad-

vantages and disadvantages of hydrogen cars compared to existing cars, such as 

gasoline engines or electric cars are. For this purpose, a tabular comparison was 

drawn up to provide a clear comparison between the gasoline/diesel, electric car, and 

hydrogen car drive options. As already mentioned at the beginning, the hybrid car or 

other rare drive types of drive are not considered in this table. 

In the case of the hydrogen car, the data of the two most common vehicles in Germany 

were used. These are the Hyundai Nexo and the new model of the Toyota Mirai. The 

arithmetic mean of the vehicle data was calculated. 

 

 Gasoline Car Diesel Car Electric Car Hydrogen Car 

Refueling Du-

ration for 100 

km range 

~0.5 min34 ~0.5 min35 4-6 min36 
0.5 – 1 

min37,38,39 

Sound Vol-

ume (in dB) 

Max. 70 dB in 

202240 

Max. 70 dB in 

202241 
56 to 75 dB42 65.7 dB43 

CO2 Emis-

sions 
157.6 g/km44 167.6g/km45 91.2 g/km46 121 g/km 

 

33 Frankfurter Neue Presse 2021. 
34 Zukunft Gas e.V. 2022. 
35 Zukunft Gas e.V. 2022. 
36 AutoScout24 GmbH 2020a. 
37 Mobile.de 2019a. 
38 Süddeutsche Zeitung 2016. 
39 Alternativ Mobil 2021. 
40 Das Erste 2019. 
41 Das Erste 2019. 
42 Computer Bild 2021. 
43 ADAC 2021a. 
44 Umwelt Bundesamt 2020. 
45 Umwelt Bundesamt 2020. 
46 Focus Online 2021a. 
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Fuel Cost per 

100 km (aver-

age last 5 

years) 

1.52 EUR/l47 

Average con-

sumption: 7.7 l 

per 100 km48  

11.70 EUR per 

100 km 

1.31 EUR/l49 

Average con-

sumption: 7 l 

per 100 km50  

9.17 EUR per 

100 km  

0.32 EUR/ 

kWh51 

Average con-

sumption: 15 

kWh per 100 

km52 

4.80 EUR per 

100 km 

9.50 EUR/kg 

hydrogen 

0.8 kg per 100 

km53 

7.60 EUR per 

100 km  

Maintenance 

Costs 
936 EUR/year 973 EUR/year 

576 

EUR/year54 

No valid data – 

lower than 

electric cars.55 

Service Sta-

tions in Ger-

many 

14,45956 14,45957 39,53858 9259 

Main Raw  

Materials 

Crude oil60 

Iron  

Aluminum61 

Platinum62 

Crude oil63 

Iron  

Aluminum64 

Platinum65 

Lithium  

Cobalt  

Nickel 

Manganese 

Copper66 

Platinum67 

Lithium  

Cobalt  

Nickel 

Manganese 

 

47 en2x 2022. 
48 Bundesministerium für Verkehr und digitale Infrastruktur 2021. p. 309. 
49 ADAC 2022a. 
50 Bundesministerium für Verkehr und digitale Infrastruktur 2021. p. 309. 
51 Bundesnetzagentur 2021. p. 294. 
52 DKV Mobility 2022.  
53 ADAC n. y. 
54 Breitwieser; Dziwis; Förster 2020. 
55 Toyota n. y.-b. 
56 Statista 2022a. 
57 Statista 2022a. 
58 Statista 2022b. 
59 Statista 2022c. 
60 Institute for Applied Ecology 2021. 
61 Reckordt 2021. 
62 Stegmaier 2020. 
63 Institute for Applied Ecology 2021. 
64 Reckordt 2021. 
65 Stegmaier 2020. 
66 Humml 2022. 
67 Stegmaier 2020. 
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Copper68 

HP (horse-

power) 
127.8 HP69 127.8 HP70 156 HP71 ~251 HP 

Torque 240-500 Nm72 240-500 Nm73 300 Nm74 ~348 Nm 

Range 
600-1,200 

km75 

600-1,200 

km76 
120-770 km77 ~595 km  

Price 
high price vari-

ance78 

High price var-

iance79 Diesel 

engine more 

expensive on 

average than 

gasoline en-

gine80 

20,000 – 

270,000 

EUR81 Qualifi-

cation for Envi-

ronmental bo-

nus from the 

government 

(7,500 EUR) 

Many models 

are priced be-

tween 30,000 

to 40,000 eu-

ros.82 

From 64,000 

EUR83 

Toyota Mirai is 

qualified for 

Environmental 

bonus from the 

government 

(7,500 EUR) 

Efficiency  22% 55-60%84 64%85 29-32%86 

 

68 Humml 2022. 
69 Auto Motor Sport 2019. 
70 Auto Motor Sport 2019. 
71 Handelsblatt 2016. 
72 n-tv 2021. 
73 n-tv 2021. 
74 EFahrer.com 2019. 
75 Leasingtime n. y. 
76 AutoScout24 GmbH 2020b. 
77 MeinAuto GmbH 2021. 
78 ADAC 2021b. 
79 ADAC 2021b. 
80 ADAC 2022b. 
81 Helvetia 2021. 
82 Kloth 2022. 
83 Stocker 2021. 
84 Volvo Construction Equipment Global 2018. 
85 Bundesministerium für Umwelt, Naturschutz und nukleare Sicherheit 2021. 
86 Auto Motor Sport 2020a. 
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Average  

Service Life 
200,000 km87 500,000 km88 160,000 km89 

500,000 – 

1mio. km90 

Table 2: Comparison of Different Types of Drive 

Source: Own representation. 

 

As it can be seen in Table 2, all drive types have certain advantages and disad-

vantages. It is difficult to read from Table 2 which drive type is now best. Therefore, 

the weighted scoring model is used to find the most suitable option among several 

alternatives.91 The scoring model is used to find out which drive type is best at the 

current status based on the selected criteria. The basis for the scoring model is Table 

2 with the selected criteria, which should describe the four drive types as accurately 

and objectively as possible.  

In order to find the correct weighting of the criteria for our scoring model, the method 

of pairwise comparison is used. This method allows us to determine the importance of 

each criterion relative to the others. The result is a percentage weighting of the indi-

vidual criteria that add up to 100 percent. This selection is done by comparing two 

criteria and then deciding whether the criterion in the row is more (2), equally (1), or 

less important (0) than the one in the column. At the end, the value of the row is 

summed up. Divided by the total sum of the row values, a percentage weighting can 

be given for each criterion. The results of the pairwise comparison can be found in 

Appendix I. 

Finally, in an intermediate step, the scores from Table 2 were ordered to produce the 

ranking. For the result, the score of each criterion was multiplied by the weight of the 

criterion from the pairwise comparison model. The total scores of the criteria for each 

drive type were then used for comparison and ranking between drive types. The re-

sults of the scoring model are tabulated in Figure 1. The results of the definition of the 

criteria are presented in Appendix II. 

 

 

87 Farwer 2018. 
88 Faber 2018. 
89 Corby n. y. 
90 Ecomento 2019a. 
91 Welt der BWL n. y. 
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Figure 1: Weighted Scoring Model 

Source: Own representation, based on Table 2. 

 

As can be seen in Figure 1, considering the selected criteria and the respective 

weighting of these criteria, the diesel car performed best. In second place is the gas-

oline car. The electric car is in third place and the hydrogen car brings up the rear. 

This is mainly because many of the criteria with the most weight is currently not suffi-

cient to prevail in the highly competitive car market.  

Basically, the problem with hydrogen cars is that there are still few hydrogen filling 

stations. The construction of such a filling station is also very expensive. At present, a 

price of 1 million euros is estimated for construction. It is assumed that about 1,000 

filling stations will be needed to achieve nationwide coverage. As a result of the econ-

omies of scale that have arisen, it is assumed that a service station will then also 

become less expensive and can therefore be calculated at 400,000 euros per service 

station. However, the "chicken and egg principle" also applies here. If there are no 

cars on the road, demand at the filling stations is also low. And drivers will not buy a 

hydrogen-powered vehicle because there are still too few hydrogen filling stations.  

This problem needs to be solved, and the question is whether marketing, especially 

marketing with certain emotions, can positively influence this problem and thus push 

the introduction of hydrogen cars.92 

 

92 Auto Motor Sport 2020a. 

Score Total Score Total Score Total Score Total

Criteria Weight

Refueling Duration for 

100 km range 6% 4 0,2308 4 0,2308 1 0,0577 2 0,1154

Sound Volume (in dB) 1% 1 0,0064 1 0,0064 4 0,0256 3 0,0192

CO2 Emissions 10% 2 0,1923 1 0,0962 4 0,3846 3 0,2885

Fuel Cost per 100 km 

(average last 5 years) 12% 1 0,1154 2 0,2308 4 0,4615 3 0,3462

Maintenance Costs 9% 2 0,1795 1 0,0897 3 0,2692 4 0,3590

Service Stations in 

Germany 14% 3 0,4231 3 0,4231 4 0,5641 1 0,1410

Main Raw Materials 7% 4 0,2821 4 0,2821 1 0,0705 2 0,1410

HP (horse-power) 2% 1 0,0192 1 0,0192 3 0,0577 4 0,0769

Torque 1% 4 0,0513 4 0,0513 1 0,0128 2 0,0256

Range 12% 4 0,4615 4 0,4615 1 0,1154 2 0,2308

Price 12% 4 0,4615 3 0,3462 2 0,2308 1 0,1154

Efficiency 5% 1 0,0513 3 0,1538 4 0,2051 2 0,1026

Average 

Service Life 11% 2 0,2179 3 0,3269 1 0,1090 4 0,4359

100% 2,6923 2,7179 2,5641 2,3974

Ranking 2 1 3 4

Types od drive

Gasoline Car Diesel Car Electric Car Hydrogen Car
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The problem of the purchase price of hydrogen cars also ties in with this point. On 

average, hydrogen cars are currently the most expensive vehicles to buy. This still 

deters many consumers from making a purchase. Higher sales could significantly re-

duce the costs here as well. In recent years, the cost of hydrogen cars has already 

been reduced. In the meantime, hydrogen cars also fall under the state environmental 

bonus in Germany, which means a further reduction in the purchase price for the con-

sumer. In addition, research is being conducted on a model that is expected to cost 

just 15,000 euros.93 

Fuel costs are cheaper compared to internal combustion engines, but more expensive 

than electric cars, and the range is very similar to internal combustion cars. Another 

advantage of hydrogen cars compared to electric cars or cars with internal combustion 

engines is that maintenance costs are much lower and especially the longevity are a 

clear advantage. Brake wear is significantly lower, just as with electric cars, because 

a large part of the kinetic energy is dissipated by recuperation.94  

The production of hydrogen is very simple, but currently still very expensive. A lot of 

external energy has to be used to produce the hydrogen. Currently, a distinction is 

made between brown and green hydrogen. The efficiency of hydrogen cars is higher 

than that of gasoline or diesel engines. Electrolysis in the hydrogen car has an effi-

ciency of 60-70 percent, but the hydrogen is then converted back into electricity. This 

double conversion has the negative impact on efficiency described above. 

Another advantage of fuel cell cars is the reduction of the controversial lithium that 

must be used for the batteries of electric cars. Instead, a hydrogen car requires about 

8-10 g of platinum. This is also expensive, but 98 percent of the material used is recy-

cled. The fear that a hydrogen car could explode can also be somewhat debunked. 

Hydrogen burns in combination with oxygen, at an oxygen content of 18 percent. Hy-

drogen is 14 times lighter than air, however, and therefore evaporates very quickly. 

Hydrogen therefore rises quickly before it can react with the oxygen in the air. It only 

becomes problematic in an enclosed space, but even here experts say that hydrogen 

quickly finds a way out everywhere.95 

CO2 emissions are also significantly lower than for a gasoline-powered vehicle. At the 

moment, however, the electric motor is still the cleanest in terms of emissions. How-

ever, if the electricity to power the fuel cell also comes exclusively from sustainable 

energy sources, CO2 emissions will be significantly reduced. 

 

93 Jeß 2021. 
94 Mobile.de 2019a. 
95 Auto Motor Sport 2020a. 
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The diagram shows that there is currently no ideal drive type. The hydrogen car is also 

not yet competitive. However, the plans for the future and the developments of the last 

few years suggest a change. The advantages and limitations of the scoring model also 

become clear here. While the application and the description of the results are rela-

tively simple, the selected criteria and their weighting are not entirely objective. Good 

and bad criteria can neutralize each other, and outliers are also neutralized. The cri-

teria may also vary in importance from country to country. Regulatory requirements 

may also be important. For example, many countries have mandatory requirements 

for sustainable development, which could undermine one or the other criterion. 

As a result, the key figure of CO2 emissions is becoming increasingly important in 

Germany, but also in many other countries. In particular, the UN sustainability goals 

speak for this trend and are therefore an important factor in the decision-making pro-

cess. For this reason, the topic of sustainability in relation to hydrogen cars will be 

examined separately. 

3.2 Sustainability Aspect in the Automotive Industry 

3.2.1 The Hydrogen Car as a Solution for a More Sustainable Future 

The following section will take a closer look at the topic of sustainability. As already 

mentioned, the sustainability trend has become indispensable in society. For this rea-

son, the topic of sustainability is given its own section. An ever-increasing proportion 

of the population is orienting their lives toward sustainability, particularly as a result of 

the image change that has taken place. Whereas sustainability used to be equated 

with renunciation, the topic of sustainability is increasingly associated with enjoyment, 

aesthetics, and fun.96 Around 75 percent of the population in Germany sees climate 

neutrality as the greatest challenge in the coming years.97 

The voices in politics that speak out against vehicles on the roads in general and point 

to alternatives such as public transport or cycling are increasing.98 For this reason, the 

topic of sustainability in the automotive sector will be examined in more detail, high-

lighting the advantages of electric and hydrogen cars over conventional drive types. 

In doing so, it will be compared which type of drive can be considered sustainable 

under different aspects.  

 

96 Zukunftsinstitut GmbH 2022. 
97 Statista 2022d. 
98 Tagesschau 2022. 
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The question of whether hydrogen cars are better than electric or combustion cars is 

highly controversial. Many aspects speak for or against them. In the following, the most 

important advantages and disadvantages are presented with regard to the sustaina-

bility aspect of hydrogen cars. For this purpose, a life cycle analysis will be carried out. 

The aim of this section is therefore to find out whether hydrogen cars can actually 

make a positive contribution to climate protection and the climate targets of govern-

ments. 

At the beginning of the life cycle of a hydrogen car, certain raw materials are needed. 

The most important raw materials are Platinum99, Lithium, Cobalt, Nickel, Manganese 

and Copper100. The mining of lithium is particularly controversial. This is increasingly 

associated with child labor and poor working conditions.101 The lithium is needed to 

build the batteries in both electric cars and hydrogen cars. In hydrogen cars, however, 

lithium is increasingly dispensed with and there are already batteries that are built 

without lithium. The battery of a hydrogen car is significantly smaller, so the renuncia-

tion is possible, with electric cars the renunciation or reduction is still very difficult. 

Here, research is being carried out to produce lithium artificially in the laboratory. In-

stead, a hydrogen car requires about 8-10 g of platinum. This is also expensive, but 

98 percent of the material used is recycled. In terms of raw materials, the hydrogen 

car is currently better than the electric car, since fewer raw materials are needed, and 

these can be increasingly recycled.102 

In terms of hydrogen car production, the differences between electric cars and hydro-

gen cars are small. Currently, the production of diesel or gasoline cars is the most 

sustainable due to the high economies of scale. The production of batteries for electric 

cars causes high CO2 emissions.103 In addition, there is a high energy demand. In 

contrast, hydrogen cars are largely produced in Asia, which also indicates a poor cli-

mate balance due to the long transport routes and the resulting CO2 emissions.104 

Thus, the distribution of hydrogen cars is not particularly sustainable at the moment. 

However, even with internal combustion engines, some components are imported 

from Asia or America, or finished cars are imported abroad from Germany, for exam-

ple. Accordingly, domestically produced cars are the most sustainable and thus no 

direct statement can be made about the sustainable distribution of cars.105 

 

99 Stegmaier 2020. 
100 Humml 2022. 
101 Utopia GmbH 2021. 
102 Auto Motor Sport 2020a. 
103 Leiva 2020. 
104 Auto Bild 2022. 
105 Kommnick 2022. 
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When it comes to the use of cars, CO2 emissions are lowest for electric cars. Certainly, 

it has already been shown here that the electricity mix plays a decisive role, and that 

the hydrogen car could catch up here.106 The electric car has the advantage that the 

electrical energy can be used directly without conversion.107  Hydrogen production re-

quires a high energy input. However, plans are in place and initial trials have been 

carried out for the sustainable production of hydrogen.108 

The hydrogen car offers a major advantage when you look at the area of longevity. 

Here, the hydrogen car impresses with an average service life of 750,000 kilometer. 

Particularly due to the minimal maintenance costs, the hydrogen car pays off with 

longer use. Here, the electric car is currently still far away and even the combustion 

engine cars can be surpassed.109 

Last but not least, the life cycle of a car considers disposal or recycling. The hydrogen 

car impresses here with a comparatively high quota of recycled materials.110 The elec-

tric car in particular has the problem that the battery is difficult to dispose of or recy-

cle.111 Even if the battery starts to burn, it requires a lot of water.112 Since the hydrogen 

car also has a battery, the problems apply here as well, but with less importance due 

to the smaller size of the battery. 

3.2.2 Sustainability Goals of Germany 

Now that the advantages of the hydrogen car have been demonstrated, it will be ex-

amined the extent to which this new type of drive can contribute to achieving the sus-

tainability goals. Due to the very different measures taken worldwide to achieve the 

targets, the focus will be on Europe and especially on Germany. Here, the measures 

are comparatively large, which is why Germany is considered a good benchmark. Fur-

thermore, it will be determined how high the emotionality is in relation to the topic of 

sustainability and to what extent the government intervenes in the topic of sustainable 

regulation and whether certain climate goals already prevail. 

Sustainability is discussed to varying degrees in different countries and different goals 

are set. Accordingly, the level of development of countries in terms of sustainability 

capability also varies. Regarding the importance of identifying alternative drive options, 

former German Transport Minister Andreas Scheuer says that "electromobility as the 

 

106 Auto Bild 2022. 
107 Utopia GmbH 2021. 
108 Utopia GmbH 2021. 
109 Ecomento 2019a. 
110 Entsorgungs- und Ressourcenmanagement Steiermark 2019. 
111 Grimmer 2021. 
112 Focus Online 2021b. 
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only drive type is not sufficient and therefore other drive technologies must be focused 

on."113 The Süddeutsche Zeitung reports that the German government has already 

invested hundreds of millions of euros in promoting cars with fuel cells. German au-

tomakers, for example, have also received a total of 187 million euros in support to 

make progress in this area. But so far, Asian automakers have made the running.114   

The European Union is certainly showing interest in hydrogen technology. The hydro-

gen industry is expected to create a total of 5.4 million new jobs in Europe by 2050. In 

addition, the hydrogen sector in Europe is forecast to generate sales of 800 billion 

euros. In addition, 100 million euros in subsidies are awarded annually to laboratories 

working in this field. And already, 600 billion cubic meters of hydrogen are consumed 

worldwide, 99 percent of it in industry. But hydrogen is also to be increasingly offered 

as an alternative in transportation, complementing the already heavily subsidized elec-

tric drive to massively reduce air pollutants. In the passenger car sector, hydrogen 

cars have particularly good prospects for use on long journeys, whether in the car 

sector or also in the truck sector.115 

In 2015, the Paris climate agreement was adopted.116 Here, 189 of the 197 contracting 

parties ratified the Paris Climate Agreement. The member states have set themselves 

the goal of limiting global warming to less than 2 degrees Celsius.117  

In addition, the 193 member states of the United Nations adopted the 2030 Agenda, 

in which all member states commit to meeting the 17 global sustainability goals that 

were jointly created. The goals consider economic, environmental, and social aspects. 

In addition to the political responsibility, the economic, scientific, and civil responsibility 

is also underlined.118 

 

 

113 Henßler 2021. 
114 Süddeutsche Zeitung 2021. 
115 Bundesministerium für Wirtschaft und Klimaschutz 2021. 
116 Erzdiözese München und Freiburg 2022. 
117 Deutsche Gesellschaft für die Vereinten Nationen e.V. 2016. 
118 Die Bundesregierung 2022a. 
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Figure 2: The UN Sustainable Development Goals 

Source: Die Bundesregierung 2022a. 

 

After all, each member state has its own measures to be able to achieve the UN Sus-

tainability Development Goals (SDGs). Not all of the goals are relevant to the research 

question presented. In particular, the pursuit of goals seven, nine, 12 and 13, which 

can be seen in Figure 2, is targeted for this purpose. Some of the measures for achiev-

ing the SDGs mentioned are presented below. 

 

Sustainability Goal Number 7: Affordable and Clean Energy  

In many states, hydrogen is considered a key element for the energy transition. An 

alternative to fossil fuels is needed for long-term success in the energy transition. As 

a versatile energy carrier, hydrogen will play an important role in the German govern-

ment's hydrogen strategy. The greatest goal will be to develop climate-friendly hydro-

gen, like green hydrogen. Several billion euros are to be invested in the development 

and promotion of green hydrogen, as well as in the expansion of infrastructure and 

mobility, by 2030 in order to achieve the goal of developing affordable and clean en-

ergy.119 

 

 

119 Bundesministerium für Umwelt, Naturschutz und nukleare Sicherheit n. y. 
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Sustainability Goal Number 9: Industry, Innovation, and Infrastructure 

Innovation in the field of hydrogen currently plays a major role. There is room for im-

provement in both the production of green hydrogen and the development of hydrogen 

cars. Accordingly, it is of high importance to invest in research. The government of the 

Federal Republic of Germany is aware of this and is therefore providing a large budget 

of several billion euros. In addition, the aim is to drive forward social innovation in order 

to bring actors in society closer to the topic of hydrogen.120 

 

Sustainability Goal Number 12: Sustainable Consumption and Production 

This goal is primarily about educating consumers about the importance of sustainable 

consumption, but also urging companies to switch from fossil to finite resources in 

order to make production sustainable as well. It will also be increasingly important to 

make products sustainable as well. For example, there is already criticism of electric 

cars, which are considered unsustainable by critics due to the production of batteries 

with limited available resources. So far, only a few hydrogen cars have been built di-

rectly in Germany. But there is interest from several German automakers. Accordingly, 

production must be monitored from the outset in order to meet the sustainability tar-

get.121 

 

Sustainability goal number 13: Climate Protection Measures 

After the National Hydrogen Strategy (NWS) was adopted, a National Hydrogen Coun-

cil (NWR) was appointed in June 2020. The NWR consists of 26 experts from busi-

ness, academia, and civil society with mature expertise in hydrogen. The NWR devel-

ops recommendations for action and provides advice and support to the State Secre-

tariat Committee. Germany is a pioneer in the development of fuel cells and would like 

to make further investments in this area as well.122 Car manufacturers can also draw 

on a pot of funding if they develop hydrogen vehicles or filling stations.123 

In summary, sustainability goals apply equally to 193 of the 195 independent coun-

tries.124 Thus, the measures apply equally to industrialized, emerging, and developing 

countries. However, it is clear that an industrialized country such as Germany, for 

 

120 Die Bundesregierung 2022b. 
121 Die Bundesregierung 2022c. 
122 Nationaler Wasserstoffrat 2021. 
123 Die Bundesregierung 2022b. 
124 Futura-Sciences n. y. 
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example, has more financial resources to develop a national sustainability strategy 

than a developing country such as Egypt or Bangladesh. In addition, the Covid19 pan-

demic has pushed some goals into the background. Nevertheless, the efforts to 

achieve the goals are great. This is because pressure from the population is also grow-

ing. Movements like "Fridays For Future" are forcing politicians to act quickly.125  

In this context, the paths taken to achieve the Paris Climate Agreement have a major 

impact on the feasibility of implementing the SDGs. The Paris Climate Agreement and 

the SDGs are closely linked, and many measures can be found in parallel in one or 

the other plan. A mature hydrogen strategy can help meet the goals. It is also becom-

ing clear that hydrogen will play a major role in various areas. Nevertheless, it is also 

clear here that not all goals can be achieved with hydrogen alone, but that other, al-

ready existing systems must also be used, such as electric cars or heat pumps as 

heating systems. Only a mature mix of the various alternatives can lead to a conver-

gence or achievement of the ambitious sustainability targets. 

The increasing emotionality when it comes to the topic of sustainability is also clear. 

Emotions are present in many situations where a change process takes place. As 

there is an increasing call for a fundamental shift in habits towards sustainable prod-

ucts and lifestyles, a wide range of emotions are present. Some are angry at the policy 

changes, which come at an enormous cost to some residents, while others are happy 

and excited about the trend and are politically motivated to become more involved in 

the issue.126 In summary, it can thus be said that emotions are present around the 

topic of sustainability. This finding serves as the basis for the further steps in emotion 

research in point 4.  

3.3 Pioneer in the Field of Hydrogen Cars 

3.3.1 Countries 

The following section focuses on the production and sale of hydrogen cars. The aim 

here is to show which countries have already approved hydrogen-powered cars and 

in which countries specific projects are underway to introduce hydrogen cars. It is also 

questionable whether there are countries that have reversed the introduction or 

whether the introduction will continue. It is also exciting to learn whether the govern-

ment in each country supports the rollout or not. It also shows in which countries the 

hydrogen cars are produced. Last but not least, this section also looks at the 

 

125 Fridays For Future n. y. 
126 Leuser; Weiss 2020. 
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infrastructure related to hydrogen cars. For this purpose, the number of hydrogens 

refueling stations is determined in comparison to conventional refueling stations. 

 

Figure 3: Number of Hydrogen 

Cars 

Source: Own representation, ba-

sed on Statista 2020., Internatio-

nal Energy Agency 2021. Czapski 

2019. GTAI - Germany Trade & 

Invest 2020b., GTAI - Germany 

Trade & Invest 2021a., GTAI - 

Germany Trade & Invest n. y., 

RWE 2019., Berger 2021. 

 

 

 

Figure 4: Forecast Number of 

Hydrogen Cars 

Source: Own representation, ba-

sed on Statista 2020., Internatio-

nal Energy Agency 2021. Czapski 

2019. GTAI - Germany Trade & 

Invest 2020b., GTAI - Germany 

Trade & Invest 2021a., GTAI - 

Germany Trade & Invest n. y., 

RWE 2019., Berger 2021. 

 

 

As a result, it was determined which countries currently have the most hydrogen vehi-

cles on the road. The results of this were recorded in Figure 3. The graph shows that 

Korea has the most hydrogen cars on the market. The United States, Japan and Eu-

rope follow China. What is interesting here is the break in the line at Korea from 2018, 

as well as the kink in the line in 2025 at the other countries and continents. This shows 

that there are some projects to drive the future of hydrogen cars.127   

In the further course, a look at the individual continents will be taken to make their role 

in the field of hydrogen clear. For this purpose, selected countries will be considered 

which play a special role in this area. Special attention will be paid to South Korea and 

 

127 GTAI - Germany Trade & Invest 2021a. 
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Japan, which both have a large number of hydrogen vehicles, and the two largest 

producers of hydrogen cars have their headquarters in the two countries. Here, some 

hurdles and possible solutions could be made clear, which could possibly be trans-

ferred to Germany or other countries in Europe.128  

In addition to Japan and South Korea, the following countries are discussed in more 

detail: Australia, The United States of America, The Netherlands, France and Ger-

many. In addition, the role of Africa is briefly described. 

 

Asia 

Higher numbers of fuel cell cars are already being produced in Asia. The higher unit 

numbers are already leading to lower production costs and thus more favorable pur-

chase prices for end users. Different states are also supporting the development of 

the refueling infrastructure. In the meantime, 35 countries have drawn up a national 

hydrogen strategy, including China, South Korea, and Japan. In 2016, about 95 per-

cent of hydrogen in the Asian region was produced by coal gasification. However, the 

goal is to switch completely to blue hydrogen and produce hydrogen using solar, wind 

or hydro energy.129 

South Korea  

As mentioned earlier, South Korea has launched a national hydrogen strategy. South 

Korea sets a goal of producing over five million tons of hydrogen annually by 2040. 

Furthermore, six million hydrogen cars are to be on the road by 2040 and 1,200 hy-

drogen refueling stations are to be distributed throughout the country. To achieve this, 

South Korea is relying on cooperation with the American company Plug Power.130,131  

At the end of 2019, there were 33 hydrogen refueling stations in South Korea.132 

Japan 

Japan presented its hydrogen strategy two years before South Korea in 2017. Japan 

has set itself the goal of registering a total of 800,000 hydrogen cars by 2030. Fuel cell 

technology is also to be used in the residential sector. Due to Japan's lack of re-

sources, the expansion of the hydrogen strategy is of enormous strategic 

 

128 Spiegel Mobilität 2020. 
129 Kölling 2021. 
130 FinanzNachrichten.de 2021. 
131 Wallstreet Online 2021. 
132 Auto Motor Sport 2020b. 
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importance.133 At the end of 2019, there were 114 hydrogen refueling stations in Ja-

pan.134 

This is also how Japan is promoting its path. For example, Japan set an example at 

the Olympic Games when the torch that tennis player Naomi Osaka carried to the 

Olympic flame burned with hydrogen instead of natural gas. Toyota, too, is going on 

the offensive with its marketing measures during the Olympic Games by driving all the 

players around in 500 fuel cell cars. While in Europe the production of green hydrogen 

is being pushed, in Japan a combination of the production of hydrogen cars and the 

production of hydrogen is predominant.135 

 

Australia 

Australia aims to become a major global player in hydrogen production by 2030. As 

Australia has also committed to reducing its CO2 emissions in the Paris Climate 

Agreement, plans for this are advanced in the country. Due to the many hours of sun-

shine and the adjacent seas, Australia is predestined for the production of green hy-

drogen. But blue hydrogen is also to be supplied by Australia. The Australian govern-

ment is supporting this trend with a payment of around 217 million USD. The govern-

ment is investing an additional 207 million USD in green hydrogen research and de-

velopment. Various organizations are also supporting the expansion in the country.136 

Currently, there is only one hydrogen filling station in Australia. However, the expan-

sion of the network is planned. In particular, the major highways are to be equipped.137 

Australia's auto industry is being revitalized by Australian start-up H2X. The start-up 

is in the process of producing hydrogen cars in Australia.138 The first step will be to 

develop cabs and commercial vehicles, but an electric SUV with a fuel cell can already 

be reserved.139 

 

 

 

 

 

133 Deutscher Bundestag - Wissenschaftliche Dienste 2019. 
134 Auto Motor Sport 2020b. 
135 Handelsblatt 2021. 
136 GTAI - Germany Trade & Invest 2021b. 
137 Industr.com 2018. 
138 Energyload 2020. 
139 H2X Global Limited 2022. 
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The United States of America 

The United States of America does not have a national hydrogen strategy. There are 

individual power plant operators who are interested in hydrogen. In particular, the new 

administration with its new President Biden wants to upgrade energy policy. American 

experts are less euphoric about hydrogen than European or Asian experts. They see 

hydrogen technology as not yet mature enough and the costs involved are still too high 

at the moment. However, the potential of hydrogen as an energy source is very high, 

according to American researchers. Hydrogen is already being used as an admixture 

in two power plants.140 

And yet the approximately 8,000 hydrogen cars currently registered are just the be-

ginning. Forecasts predict that registrations could increase tenfold in the next six 

years. Many hydrogen companies are based in the United States. Shell for example 

is currently planning seven hydrogen filling stations in California. There are currently 

32 hydrogen filling stations in California, and the number is expected to reach 200 by 

2030.141 Outside of California, there another 36 hydrogen filling stations.142 These are 

located in Hawaii, in the northeastern U.S. and the Pacific Northwest. Up to 1,000 

stations are to be built across the country by 2030.143 

The huge trend in California is probably due to the huge support from California Gov-

ernor Dan Murray. He himself drives a hydrogen car and provides citizens with a refu-

eling network, which he intends to steadily expand.144,145 The conditions for buying or 

leasing hydrogen cars are quite good thanks to favorable leasing rates and subsidies 

from the government.146 But the subsidies are currently limited to the state of Califor-

nia. Governors of other states do not yet have any concrete plans for the development 

of hydrogen infrastructure, or they are not as well proceeded.147 

 

Africa 

Africa will also play a major role in the hydrogen strategy. The countries in Africa them-

selves do not have the financial resources to set up a hydrogen strategy, but the many 

sun- and wind-rich countries are important for the rest of the world and are therefore 

 

140 GTAI - Germany Trade & Invest 2021c. 
141 Brand eins 2018. 
142 Industr.com 2018. 
143 glpautogas.info 2022a. 
144 Brand eins 2018. 
145 EFahrer.com 2020. 
146 Mobile.de 2019b. 
147 GTAI - Germany Trade & Invest 2020a. 
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an integral part of the Paris climate agreement. Countries such as Germany cannot 

produce enough green hydrogen, so it is produced in countries such as Africa and 

then exported around the world. However, in order to produce hydrogen in Africa, an 

infrastructure must be made available. In many parts of Africa, there is also still no 

reliable power supply. Problems like these still need to be overcome.148 

 

Europe/ European Union (EU) 

In 2020, a total of 749 hydrogen cars were newly registered in the EU. This represents 

an increase of 55 percent compared to the previous year. In 2018, the number of new 

registrations was 230, which represents a doubling between 2018 and 2019.149 The 

EU wants to be seen as a pioneer in this area and is therefore investing in the devel-

opment of technologies and in ambitious projects.150 There will be a total of 124 hy-

drogen refueling stations in the EU by 2020. Of these, 67 percent of all hydrogen re-

fueling stations are in Germany (83 in 2020).151 An investment of 110 million euros is 

planned for the upgrade and expansion of the existing hydrogen refueling station net-

work. This will be used to build 210 new hydrogen refueling stations in EU.152 Most 

plans are currently in place in the Netherlands, France, and Germany, which is why 

these countries will be looked at in more detail.  

The Netherlands 

The Netherlands' goal is to become the hydrogen center of Europe. To this end, the 

Netherlands wants to invest nine billion euros in the expansion of hydrogen production. 

Because of its location near the water, the Netherlands can produce hydrogen primar-

ily with hydropower, but a lot of hydrogen can also be produced with wind power.153 

Currently, there are 15 hydrogen refueling stations in the Netherlands and a total of 

about 200 hydrogen cars are registered.154, 

The country's goals are remarkable. A total of 50 new hydrogen refueling stations are 

to be built by 2025, and at least 300,000 hydrogen vehicles are to be registered by 

2030. With 200 vehicles currently registered, this is certainly ambitious, but it shows 

that the country has ambitious plans to achieve the SDGs.155 

 

148 Bundesministerium für Bildung und Forschung 2021. 
149 Statista 2022e. 
150 Die Bundesregierung 2022d. 
151 ACEA Driving Mobility for Europe 2021. p. 14 ff. 
152 H2 Mobility n. y. a. 
153 Energie & Management n. y. 
154 glpautogas.info 2022b. 
155 Moditech Rescue Solutions 2022. 
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France 

France was the first country to adopt a hydrogen strategy. Around seven billion euros 

are to be made available by the state for this purpose. France is focusing on the ex-

pansion of hydrogen filling stations, but also on the production of green hydrogen. Fuel 

cell technology is also to be researched and improved.156 

France now has 30 hydrogen refueling stations.157 Current figures on registered hy-

drogen cars in France do not exist. In addition, a start-up called “Hopium” has been 

founded in France that has produced a hydrogen car withd 500 horsepower and a 

range of 1,000 kilometers. The Hopium company plans to sell 1,000 cars in the first 

series.158 In this way, Hopium does not want to aim for cost leadership like Toyota or 

Hyundai, but rather to differentiate itself and thus create a major technical lead.159 

Germany 

Last but not least, the current hydrogen strategy and the existing infrastructure in Ger-

many are considered and a look is taken at future plans. Due to the special focus on 

the German market in the paper, this area will be examined in more detail. In Novem-

ber 2020, there were a total of 87 hydrogen refueling stations in Germany. By mid-

2021, there should be 100 refueling stations, and by the end of 2021, 130 hydrogen 

refueling stations.160 But this target has been missed. At the end of 2021, there were 

a total of 92 hydrogen refueling stations in Germany.161 

The hydrogen refueling stations are being built in Germany by the company H2 Mobil-

ity. This represents a consortium of the companies Air Liquide, Daimler, Linde, OMV, 

Shell and TOTAL.162 The consortium has already built over 50 hydrogen refueling sta-

tions and is currently operating all of the 92 hydrogen refueling stations that currently 

exist.163 The number of hydrogen refueling stations is to be increased to over 100 

before the end of 2022. These should also enable not just 40 to 50 vehicles a day to 

refuel, but three times as many. However, in order to ensure nationwide coverage, the 

ADAC states that around 1,000 hydrogen refueling stations will have to be built. To 

achieve this, many more service stations will have to be built, and some of the existing 

ones will have to be renewed and expanded.164 

 

156 Wirtschaftsvereinigung Stahl 2021. 
157 glpautogas.info 2022c. 
158 Schwichtenberg 2021. 
159 Pfaff 2005. 
160 Shell 2021. 
161 H2 Mobility n. y. a. 
162 glpautogas.info 2022d. 
163 H2 Mobility n. y. b. 
164 Auto Motor Sport 2020b. 
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At the beginning of 2019, more than 300 hydrogen-powered cars were registered with 

the Federal Motor Transport Authority in Germany. Between 2019 and 2021, a total of 

775 more hydrogen-powered cars will be registered in Germany. 474 Hyundai Nexo 

model cars, 298 Toyota Mirai model cars, and 3 Honda Clarity Fuel Cell cars.165 

Two models are currently available for purchase in Germany. Another car could slowly 

establish itself on the market. The Hyundai Nexo and the Toyota Mirai are currently 

considered the most popular models in Germany. Until fall 2020, you could still buy 

the Mercedes GLC F-Cell, which is considered both an electric and hydrogen car. 

Daimler initially offered this model only to leasing customers but has discontinued the 

offering due to a lack of economies of scale. Later Daimler has formed a joint venture 

with Volvo, where it is developing the hydrogen drive for large commercial vehicles.166 

The goal of hydrogen car producers will be to get the selling price below 66,000 euros. 

Because then the cars will fall below the limits for the environmental bonus in Ger-

many, which the government awards for sustainable vehicles. The bonus is then up to 

9,000 euros. This has become interesting since Toyota launched the 2020 Mirai 

model, because they managed to push the price below 66,000 euros.167,168  

3.3.2 Car Producer 

In the following, the car brands that manufacture hydrogen cars are presented. In do-

ing so, a tabular overview is created in order to compare the characteristics of the car 

manufacturers for private vehicles. It also identifies what problems and obstacles exist 

and what plans there are for the future to overcome these obstacles. Since most man-

ufacturers have produced only one hydrogen vehicle, the comparison of each hydro-

gen model is presented. If a company has already produced several vehicles, the most 

recent model will be used subsequently. In addition, only hydrogen cars for private use 

are considered. Although a few characteristics of the respective cars are considered, 

the overview is rather intended to serve as a comparison of the respective companies. 

There exist even more hydrogen cars than those shown in Table 3. However, the 

manufacturers shown in Table 3 are the most common producers or the hydrogen car 

manufacturers already mentioned in 3.3.2.

 

165 Elektro-Kraftfahrzeuge 2019. 
166 Mobile.de 2019b. 
167 Carwow 2021. 
168 Elektroauto-News 2021. 
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 Toyota  

Mirai 

Hyundai Nexo Honda Clarity 

Fuel Cell 

H2X Global 

Warrego 

Hopium  

Machina 

BMW iX5 Mercedes-

Benz GLC F-

Cell 

Pininfarina H2 

Speed  

Headquarters Japan169 South Korea170 Japan171 Australia172 France173 Germany174 Germany175 Italy176 

Series pro-

duction 

Yes177 Yes178  No  Series produc-

tion starts in 

2022179,180 

limited produc-

tion, 1,000 cars 

of the first 

model181 

Small series 

production 

starts in 

2022182 

No Small series183 

 

169 Toyota 2022. 
170 Hyundai Motors 2021. 
171 Honda Motor Co., Ltd. 2022. 
172 H2X Global Limited 2021. 
173 Hopium Māchina 2022. 
174 BMW Group n. y. 
175 Mercedes-Benz Group AG 2022. 
176 Pininifarina 2022. 
177 Ecomento 2019b. 
178 Mrazek 2021. 
179 Donath, Andreas 2021. 
180 The Hydrogen Truck n. y. 
181 Hebermehl, Gregor; Baumann, Uli 2021. 
182 BMW Group 2022. 
183 Baumann, Uli 2016. 
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registered 

cars 

~19,000184 ~11,000185 1,900186 Production not 

started yet187 

0188 Production just 

started189 

3,000190 10 (planned)191 

registered 

cars in Ger-

many  

351 175192 3193 0194 0195 0196 unknown 0197 

Range 500 km198 756 km199 650 km200 500 km201 1,000 km202 600 km203 300 km204 400 km205 

 

184 Ecomento 2019b. 
185 Conrad 2020b. 
186 Stahl 2021. 
187 The Hydrogen Truck n. y. 
188 Hebermehl, Gregor; Baumann, Uli 2021. 
189 BMW Group 2022. 
190 Conrad 2020a. 
191 Baumann, Uli 2016. 
192 Elektro-Kraftfahrzeuge 2019. 
193 Elektro-Kraftfahrzeuge 2019 
194 The Hydrogen Truck n. y. 
195 Hebermehl, Gregor; Baumann, Uli 2021. 
196 BMW Group 2022. 
197 Baumann, Uli 2016. 
198 Ecomento 2019b. 
199 Hyundai Motors n. y. 
200 H2.LIVE n. y. 
201 The Hydrogen Truck n. y. 
202 Hebermehl, Gregor; Baumann, Uli 2021. 
203 Gomoll 2022. 
204 ADAC 2021c. 
205 MotorsportTotal.com 2016. 
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Price  

From 59.900 

EUR206 

78.000 EUR207 Currently not 

available 

(~60.000 

EUR)208 

unknown209 120,000 

EUR210 

unknown211 75,000 EUR212 2,3 mio. 

EUR213 

Cars pro-

duced per 

year  

3.000 (target 

30.000)214 

4.500 (target 

40.000)215 

At the end of 

2019, Honda 

ended produc-

tion of the Clar-

ity EV 

0216 1,000 in 

2025217 

Production 

starts at the 

end of 2022, 

number of 

units un-

known218 

At the begin-

ning of 2020, 

Mercedes-

Benz ended 

production of 

GLV F-Cell219 

10 (one time 

for now)220 

Growth rate of 

cars pro-

duced 

2020: 85% 

2021: 50% 

2022:      0% 

2019: 20% 

2020: 300% 

At the end of 

2019, Honda 

ended 

0221 unknown End 2022: 

Small series 

Concrete plans 

are in place, 

successor 

Second model 

planned for a 

small series224 

 

206 Toyota n. y.-a. 
207 Automobile.at 2022. 
208 Auto Bild 2018. 
209 Donath, Andreas 2021. 
210 Hebermehl, Gregor; Baumann, Uli 2021. 
211 Eling, Jonas 2021. 
212 Spiegel Mobilität 2019. 
213 Baumann, Uli 2016. 
214 Ecomento 2019b. 
215 Conrad 2020b. 
216 The Hydrogen Truck n. y. 
217 Hebermehl, Gregor; Baumann, Uli 2021. 
218 Gomoll 2022. 
219 Schmidt 2020. 
220 Baumann, Uli 2016. 
221 The Hydrogen Truck n. y. 
224 Baumann, Uli 2016. 
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2021: 0% production of 

the Clarity EV 

End of decade: 

mass produc-

tion leads to 

same cost as 

battery electric 

version 

(BEV).222 

model to the 

GLX F-Cell223 

Table 3: Comparison of Hydrogen Car Manufacturers 

Source: Own representation, sources can be found in the table.

 

222 Gomoll 2022. 
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The overview in Table 3 shows that there are already a number of manufacturers who 

are specifically dealing with the subject of hydrogen. Many also show ambitious goals 

for the future with strongly increasing production figures. However, it also shows that 

there are manufacturers who no longer offer a certain line due to a lack of economies 

of scale or immature technology. For example, the Mercedes-Benz GLC F-Cell, for 

which production was discontinued in 2020. However, research continues, and mer-

gers of companies can also be seen. For example, Mercedes-Benz has joined forces 

with Volvo225, and Hyundai with Kia.226 By pooling know-how and financial resources, 

the partnership has enabled the first economies of scale to be exploited and the man-

ufacturing costs of hydrogen cars to be reduced. Only in this way the cars can become 

competitive. 

3.4 Conclusion of the Theory 

The question posed at the outset as to whether hydrogen cars represent a sustainable 

alternative cannot be answered unequivocally. Some aspects speak for a hydrogen 

car from a sustainability point of view, but there are also counterarguments. Neverthe-

less, it became clear that combustion engines should be abolished. In addition, it be-

came clear that the number of vehicles cannot be replaced only by electric cars due 

to lack of resources or infrastructure to charge the cars in private households. Accord-

ingly, it became clear that the two types of drive are quite conceivable for the future 

and thus the political future path in the direction of electric and hydrogen cars can also 

be confirmed.  

Criteria can always be found that are in favor of one or the other drive. In the present 

work, it was tried to select as objective criteria as possible, to receive a neutral result. 

Due to the large number of different sources and criteria, the completeness of the data 

cannot be guaranteed. 

It also became clear that one country alone cannot pursue the hydrogen strategy. 

There will be countries that are predestined for the production of hydrogen and coun-

tries that will push the technology further. Based on this important insight, a table was 

summarized in which the most important key data are mentioned. 

  

 

225 Electrive.net - Branchendienst für Elektromobilität 2020. 
226 Electrive.net - Branchendienst für Elektromobilität 2021. 
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 Number of 

hydrogen 

cars 

Number 

of hydro-

gen filling 

station 

Number of hy-

drogen cars 

sold com-

pared to all 

cars 

(2020/2021) 

Number of 

hydrogen 

refueling 

stations 

compared 

to all refuel-

ing stations 

Main goal 

South  

Korea 

19,404227 180228 5,6%229 1,67%230 producing over five million 

tons of hydrogen annually 

by 2040, six million hydro-

gen cars are to be on the 

road by 2040 and 1,200 hy-

drogen refueling stations 

are to be distributed 

throughout the country231 

Japan 4,372232 114233 0,007%234 0,32%235 850,000 hydrogen cars by 

2030236,237,238,239 

Australia ~100240 3241 0,014%242 0,031%243 Expansion of hydrogen fill-

ing stations, become a ma-

jor global player in hydro-

gen production by 2030.244 

U.S.  8,000245 68246 0,007%247 0,03%248 80,000 hydrogen cars by 

2028 and 1,000 hydrogen 

filling stations by 2030249 

 

227 GTAI - Germany Trade & Invest 2022. 
228 GTAI - Germany Trade & Invest 2021d. 
229 GTAI - Germany Trade & Invest 2022. 
230 Statista 2022f. 
231 FinanzNachrichten.de 2021. 
232 Japan Automobile Manufacturer Association, Inc. 2021. p. 29. 
233 Oel 2020. 
234 Japan Automobile Manufacturer Association, Inc. 2021. p. 7.  
235 Suki Desu 2016. 
236 Deutscher Bundestag - Wissenschaftliche Dienste 2019. p. 12. 
237 Ministry of Economy, Trade, and Industry (METI) 2017. 
238 Ministerial Council on Renewable Energy, Hydrogen and Related Issues 2017. p. 8 ff. 
239 GTAI - Germany Trade & Invest 2022. 
240 Byohosting 2021. 
241 glpautogas.info 2022e. 
242 OICA 2022. 
243 Statista Research 2022. 
244 GTAI - Germany Trade & Invest 2021b. 
245 Brand eins 2018. 
246 Industr.com 2018. 
247 US Department of Transportation 2020. 
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Africa 0 0 0 0 many sun- and wind-rich 

countries are important for 

the rest of the world250 

Nether-

lands 

200251 15252 0,005%253 0,36%254 goal is to become the hy-

drogen center of Europe255 

50 new hydrogen filling sta-

tions by 2025 and 300,000 

hydrogen cars by 203256 

France unknown 30 unknown 0,27%257 focusing on the expansion 

of hydrogen filling stations, 

but also on the production 

of green hydrogen258 

Germany 1,075259 92260   0,0018%261 0,64%262 100 hydrogen refueling sta-

tions by end of 2022, 1,000 

hydrogen refueling stations 

needed for a nationwide 

coverage, infrastructure re-

newal 

 

Table 4: Comparison of the Current Hydrogen Infrastructure of Selected Countries 

Source: Own representation, sources can be found in the table. 

 

In summary, hydrogen car technology has some potential. There is also already a 

great deal of research in this area. Hydrogen cars are definitely competitive, particu-

larly due to their sustainability, comparatively greater range and short refueling time. 

A major obstacle are the currently still high prices and the underdeveloped infrastruc-

ture. However, there are sufficient plans to overcome these problems, and economies 

 

250 Bundesministerium für Bildung und Forschung 2021. 
251 glpautogas.info 2022b. 
252 Moditech Rescue Solutions 2022. 
253 OICA 2022. 
254 Cooper 2021. p. 60. 
255 Energie & Management n. y. 
256 Moditech Rescue Solutions 2022. 
257 Cooper 2021. p. 60. 
258 Wirtschaftsvereinigung Stahl 2021. 
259 Elektro-Kraftfahrzeuge 2019. 
260 H2.LIVE 2021. 
261 Kraftfahrtbundesamt 2021. 
262 Cooper 2021. p. 60. 
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of scale can also be exploited through higher sales figures or the alliance of several 

manufacturers.  

Further progress in the production of green hydrogen also remains exciting. With the 

use of green hydrogen for fuel cells, hydrogen cars are an important part of achieving 

the SDGs. The electricity mix will thus still play a decisive role in the future. The fields 

of development in refueling and in the storage of hydrogen in the tank are very large. 

The development of the hydrogen gel for storage could be a great step forward in this 

regard, in order to be able to guarantee even more safety. 

Nevertheless, it must also be said that electric cars will also continue to develop and 

are significantly ahead of the hydrogen car in terms of development. Here, too, the 

ranges are getting longer and the refueling time is getting shorter. It remains to be 

seen whether a solution will first be found to the scarcity of resources for the production 

of batteries for electric cars, or whether hydrogen cars will achieve rapid penetration 

in the next few years.  

In conclusion, hydrogen cars technically bring some advantages over internal com-

bustion cars and can keep up well with electric cars. As soon as an appropriately com-

prehensive filling station network can be made available, electric cars and hydrogen 

cars will be able to replace internal combustion engines together.  

The role of the state and companies in general will also be important here, and they 

will also have to play an educational role in order to increase awareness of hydrogen 

cars. It will also be questionable what role marketing can take on here and how the 

campaigns can be designed. Due to the high emotionality in the area of hydrogen and 

its awareness and attitude, the assumption is made that the use of emotions in the 

marketing campaigns influence the rationally made purchase decision from the outset. 

This hypothesis will be tested in the following. 
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4 The Use of Emotions in Marketing 

4.1 Theoretical Foundations of Emotion Research 

4.1.1 Definition and Delimitation of Emotions 

The topic of emotionality is also explicitly highlighted. This will represent the second 

part of the theory and lay the foundation for the empirical part. The emotional factor is 

given increasing importance in marketing. There are many different opinions here and 

the discussion in this area is strong. Here, too, the thesis will provide insight into the 

influence of emotional content on the introduction of hydrogen propulsion cars. In order 

to be able to explore this, the theoretical foundations will be laid. 

Often, certain campaigns or product launches fail because the corresponding target 

group does not feel addressed or picked up. The product details, the technical equip-

ment and functionality are of enormous importance for hydrogen cars, but emotional-

ization is also a significant aspect that should not be neglected.263  

In recent years, the homo economicus model has often been used in marketing. The 

economically thinking person from neoclassical economic theory is supposed to ex-

plain human actions. Homo economicus is considered a rational thinker who maxim-

izes his own benefit. Opponents of the theory say that the assumption is not realistic, 

because people do not have perfect knowledge of all information on the market. This 

is the reason for behavioral uncertainty in the purchase decision. People are therefore 

guided during the purchase decision by certain colors, scents, or music. Positive feel-

ings about a brand or product guide people to make more likely a purchase decision. 

The emotionalization is a subarea of neuromarketing, which analyzes the subcon-

scious processes in a human. In this area it will be determined which emotions occur 

in the purchase process of hydrogen cars and whether sales of hydrogen cars can be 

increased by means of suitable marketing measures.264 

The attention to feelings and emotions in marketing led a marginal existence for many 

years but has attracted more attention in recent years. In science, emotion research 

appears to be an extraordinarily productive and innovative field. Emotions shape our 

daily thoughts and actions and are closely linked to experiences or certain behaviors. 

 

263 Khuong; Ngoc Bich Tram 2015. p. 1 ff. 
264 Kost 2017. 
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Emotion is an inner sensation or an inner excitement that is experienced more or less 

consciously and whose experience can be perceived as pleasant or unpleasant.265   

In the literature, there are many definitions of the term emotion. However, there is no 

standardized definition. A human consciously perceives feelings such as fear, anger, 

sadness, or joy. In emotional processes many feelings remains hidden. Often, the 

subjective experience is accompanied by physical reactions, such as an increased 

heart rate or higher blood pressure. These physical reactions lead to an improved 

blood supply in the muscles and thus the concentration is directed to the potential 

threat and the thinking is suspended.266  It simply makes room for the two courses of 

action that are essential for survival: Fight or flight.267 

An emotion is finally reflected in facial expressions, gestures and, for example, in the 

sound of the voice. Here we speak of the expressive component, which also leads to 

the translation from Latin. The word emotion comes from Latin and consists of the two 

words "ex" and "movere" and means "outward movement". The conscious feeling and 

thus the subjective component usually only becomes clear to us afterwards.268   

4.1.2 Evolutionary Theoretical Consideration of Emotions 

In the course of emotion research, several theories on the origin of emotions have 

been established. The existing methods are very broad, but can be divided into two 

classes, namely appraisal and biological theories. In appraisal theories, the prevailing 

idea is that emotions arise from cognitive processes, whereas biological approaches 

assume that some stimulus leads to an unconscious affective response, which then 

gives rise to an emotion. The two theories are explained in more detail below.269 

Appraisal-Theory 

The appraisal theory states that a consumer does not feel an emotion until a particular 

stimulus has been consciously or unconsciously recognized, appraised, and inter-

preted. Accordingly, an emotion only occurs when the consumer is interested in the 

stimulus. This interest is then also decisive for the strength of the emotion. Positive 

emotions therefore arise when a person achieves a certain goal, such as getting a 

good grade on an exam. This stimulus then leads to the emotion pride or joy, for ex-

ample. In contrast, the failure to achieve a goal leads to the negative emotions, 

 

265 Hitzer 2022. 
266 Bauer n. y. 
267 Grundl Leadership Institut 2016. 
268 Große Bley 2018. 
269 Scherer; Schorr; Johnstone 2001. p. 3 ff. 
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disappointment, or fear. According to this approach, emotions arise from the conscious 

cognitive assessment of a goal or its approach or distance from the goal.270  

 

 

 

 

Figure 5: Cognitive Emotion Theories 

Source: Own representation based on Rainer; Wagner 2020. p. 9. 

 

Biological-Theory 

In contrast, biological emotion theories assume that a person's basic emotions are 

genetically determined. The basic emotions develop in the first years of life and are 

accompanied by certain facial expressions and physical reactions, such as trembling 

of the lips or increased blood pressure. If several emotions occur at once, the so-called 

secondary emotions develop.271 

Among the biological emotion theories is also the theory of Darwin, who determined 

in 1872 that emotions enable people to turn off thoughts and act quickly us reflexively. 

The most famous example is the one from the Stone Age, where people were faced 

with the decision of "fight" or "flight". According to biological emotion theories, emo-

tions are necessary for survival because they lead to non-verbal communication and 

can thus warn other people of possible dangers. This transfer of emotions to other 

people is possible due to mirror neurons in the human brain. Mirror neurons are nerve 

cells that help a person to perceive the emotions of another person as if he had just 

experienced the situation himself. The most important feature of biological emotion 

theories is thus the transferability of emotions to other people.272  

 

 

 

 

 

Figure 6: Biological Emotion Theories  

Source: Own representation based on Rainer; Wagner 2020. p. 10. 

 

270 Rainer; Wagner 2020. p. 8 ff. 
271 Rainer; Wagner 2020. p. 10  
272 Rainer; Wagner 2020. p. 10 f. 
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Constructivist Theory 

The result from the Appraisal-Theory and the Biological-Theory finally results in the 

Constructivist-Theory. Through a stimulus, the emotion is perceived unconsciously or 

consciously, resulting in a change in behavior. The internal arousal states are inter-

preted cognitively, which shows that both physiological (Appraisal-Theory) and cogni-

tive processes (Biological Theory) are addressed. The constructivist approach also 

shows how different and varied responses to the same emotion can be. For example, 

fear of flying elicits different reactions than fear of a dangerous animal.273 

 

 

 

 

Figure 7: Constructivist Theories of Emotion 

Source: Own representation based on Rainer; Wagner 2020. p 13. 

 

Neuropsychological Theory 

The last approach, which was considered here in more detail, is the neuropsycholog-

ical approach. This approach states that emotions arise through neurobiological pro-

cesses, for example through the limbic system and the permanent interaction of the 

two hemispheres of the brain, and that these are responsible for their effects.  The 

amygdale in the brain is responsible for the rough assessment of the stimulus and 

leads to physical changes, such as higher blood pressure or flushed cheeks. At the 

same time, cognitive processes take place, which again confirms that the Appraisal 

and the Biological Theory can be combined here as well.274 

Furthermore, it is shown which emotions have emerged in the course of evolution and 

which types have been identified and prevailed from the mentioned theories. Here, 

too, there are different approaches. The French philosopher Descartes, for example, 

identified six basic emotions. However, he does not give a justification for the selec-

tion of these six emotions. The six basic emotions according to Descartes are: Love, 

Hate, Desire, Joy, Sadness, and Admiration.275 

 

273 Rainer; Wagner 2020. p. 12 f. 
274 Rainer; Wagner 2020. p.13. 
275 Plutchik 1994. p. 54. 
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A few years later, Spinoza revised and detailed Descartes' definition. Spinoza stated 

that the basic emotions are limited to the three emotions joy, sorrow and longing and 

that all other emotions are reflected in these three basic emotions.  

In the 19th century, Charles Darwin abolished the division of basic and secondary 

emotions. Darwin divided the emotions into seven groups: Anger, Joy, Rage, Horror, 

Fear, Pain, Love. All other emotions can be assigned to these seven groups.276  

In the following century, William McDougall continued the analysis and divided emo-

tions into primary and secondary emotions. In doing so, McDougall established the 

connection between instincts and emotions. He defined those primary emotions are 

the emotional experience quality in the instinct process and include the whole mental 

and physical process in addition to the emotional experience quality.277 Thus, there 

are different instincts that are innate, which then cause certain emotions in the body 

when they occur. For example, McDougall assumes that the flight instinct is linked to 

the emotion fear, or the curiosity instinct to amazement.278 

Last but not least, the presentation of Carroll E. Izard is considered. According to 

Izard's findings, emotions consist of three components. In the first step the human 

being feels certain emotions. These then trigger processes in the nervous system, 

such as a faster heartbeat or higher blood pressure. As the third component, Izard 

names the observable expressions, such as flushed cheeks or trembling lips. It is also 

important to note that, according to Izard, emotional content can be perceived subjec-

tively in different ways and thus marketing should be aware of this. Thus, positive 

emotions such as interest, joy or surprise should be included in marketing campaigns 

in order to appeal to people accordingly.279 

Over time, knowledge of emotion research has continued to expand and evolve. To-

day, the knowledge in emotion research can be used to create targeted marketing 

measures. The difficulty of emotion research lies in the fact that every person reacts 

differently to certain emotions and the strength of the emotions depends on certain, 

mostly unknown, previous experiences. Which emotions now exist and how they can 

be structured will be explained below. 

 

 

 

276 m*w 2020. 
277 Egger n. y. 
278 Meyer; Schützwohl; Reisenzein 2003. 
279 Raab; Unger; Unger 2016. p. 226 f. 
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4.1.3 Basic Emotions 

Based on the above theories, it can be seen that the newer theories have divided 

emotions into basic emotions and secondary emotions. For this reason, a subdivision 

into basic and secondary emotions will also be made for further processing. The great-

est overlaps will be considered, and these will then be examined and defined in more 

detail. The most overlap was in the approach of Plutchik, who defined eight basic 

emotions. These eight basic emotions are:  

❖ Joy  

❖ Sadness  

❖ Fear  

❖ Anger 

❖ Expectation  

❖ Surprise  

❖ Trust  

❖ Disgust280 

These eight basic emotions are found in all humans of all cultures and genders but 

can vary in the strength of expression. Figure 8 shows Plutchik's model of emotions 

and the eight basic emotions. The stronger an emotion feels to a person, the higher 

the intensity of the emotion. In Figure 8, the intensity of the basic emotion increases 

inward. The lower the intensity of the emotion for that individual, the further outward 

one moves on the circle. The further one moves to the center of the figure, the more 

similar the emotions are.  

Primary emotions are thus created by genetic selection and lead to adaptive problems, 

the solution of which ensures survival. The emotion is thus defined by the following 

chain of reactions: An emergent stimulus leads to an evaluation. The stimulus is clas-

sified as good or bad, as useful, or as harmful. As a result, an emotion is triggered, 

which is determined by the cognitive evaluation and the physiological response. Fur-

thermore, an impulse to act is issued, which finally leads to an action that has an effect 

on a situation.281 

 

280 Plutchik 2003. 
281 Stangl n. y. 
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A combination of two or more basic emotions can lead to secondary emotions. For 

example, Plutchik notes that the emotion love arises from the two emotions enthusi-

asm and admiration. In addition, Plutchik made it clear that emotions can come in 

different strengths in hu-

mans. In the inner circle of 

Figure 8, the expression of 

emotions is strongest and 

becomes less towards the 

outside.282 The secondary 

emotions are described in 

more detail below. 

 

Figure 8: Emotions Model  

Source: Own representation based on 

Rainer; Wagner 2020. p. 12. 

 

 

4.1.4 Secondary Emotions  

In addition to the eight basic emotions, secondary emotions are also defined. A sec-

ondary emotion occurs when a stimulus triggers more than one primary emotion. It is 

thus a mixture of several primary emotions. The more dissimilar the primary emotions 

are, the greater the risk of a conflict. If two opposing primary emotions meet and are 

equally strong in their expression, this leads to mutual inhibition of the emotions.283 

While primary emotions are present from birth, secondary emotions develop over the 

years. Therefore, they also point to social relationships, because children learn about 

secondary emotions by exemplifying them, such as showing empathy or shame, also 

the feeling of pride or guilt. Secondary emotions also relate to a person's relationship 

with his or her social environment. In most cases, children learn this at the age of two 

to three.284 Secondary emotions also consider values and norms. Children, as well as 

adults, learn to evaluate social norms. Shame, for example, arises when one's own 

 

282 Rainer; Wagner 2020. 
283 Stangl n. y. 
284 Degé 2019. 
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behavior is compared with socially desirable norms and these deviate from one an-

other.285 

In summary, the research of emotions can already look back many years. Many dif-

ferent theories have been established in this field, many have merely been supple-

mented or revised. The selection of emotions is basically very similar, sometimes only 

a different name was used for it. For further processing the above-mentioned emotions 

were defined. It is important to distinguish between innate (primary emotions) and 

learned emotions (secondary emotions). The emotion theories should help to explain 

the origin and the perception of emotions. The human being is driven to perform an 

action by certain motives or motivations.286 Thus, it is necessary to find a motive that 

drives people to buy a hydrogen car. 

4.2 Involvement 

Many marketing campaigns or product launches fail because the relevant target group 

does not feel addressed or picked up. With knowledge of the involvement character-

istics, this problem can be tackled preventively. So in the next step and for the further 

treatment of the work, the following terminology is of importance. Trommsdorff (2004) 

defines involvement as the "degree of activation or motivational strength for the object-

oriented search for, reception, processing, and storage of information".287 

Previous research already shows that consumers can be influenced in their attitudes. 

It is assumed that every person already knows the basic emotions from birth and also 

has a basic attitude. However, the question still arises today as to how consumers' 

attitudes and already acquired knowledge can be changed or influenced.288 

Numerous studies have shown that there are products that have a higher involvement 

or a lower involvement. Table 5 illustrates the characteristics that describe a level of 

involvement. 

  

 

285 Degé 2019. 
286 AMBOSS 2020. 
287 Trommsdorff 2004. p. 56. 
288 Trommsdorff 2004. p. 55. 
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High-Involvement-Characteristic Low-Involvement-Characteristic 

High Price Low Price 

Brand Loyalty  Brand Hopping 

Technical Features No high advantage against competitors 

Major differences between alternatives A lot of comparable brands are available 

High identifiability with the product Effect on consumer’s self-image doesn’t matter 

alternatives hardly accepted many accepted alternatives 

Customer compares products before purchase Evaluation after purchase 

Product has a higher risk Low risk 

much social influence little social influence 

The goal of the optimization is pursued The goal of problem solving is pursued 

Customer is convinced of the product Customer buys product out of habit 

Table 5: Involvement Characteristics 

Source: Own representation, information based on Chand 2014. and Trommsdorff 2004. p. 56. 

 

Table 5 thus shows that high-involvement purchases are of higher importance to con-

sumers. Customers think longer and more thoughtfully before purchasing the product. 

The customer takes a higher risk when buying the product and therefore the purchase 

decision is more complex. In contrast, decision-making process for low-involvement 

products is much less and the consumer takes the risk of making a wrong purchase 

because the risk and financial impact is limited.  

In addition, involvement is multidimensional, which means that there are determinants 

that influence the degree of involvement. Trommsdorff's Involvement Model in Figure 

9 shows five stimulus-specific factors that can influence involvement and thus also 

information  

Thus, the degree of involvement may vary from person to person in the same situation. 

Depending on personality and depending on experiences, motives or attitudes, each 

person is involved to a different extent. Furthermore, there are different product clas-

ses, which leads to different product involvement. Different levels of involvement can 

be observed among the product classes Convenience Goods, Shopping Goods and 

Specialty Goods. While the involvement is very low for convenience goods, the in-

volvement is significantly higher for shopping goods and even more so for Specialty 
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Goods. In addition to the product classes, Trommsdorff and Kapferer also gives five 

different involvement determinants. These are as follows: 

• Interest in the product 

• Reinforcement/fun/reward in decision-making/consumption 

• Identification/personal expression in doing so 

• Degree of risk, probability of "falling in" with it 

• Cost of risk in case of risk.289,290 

Finally, based on these determinants, two dimensions can be identified, namely the 

"cost" and "benefit" dimensions. This results in the following concept: 

 

 Subjective Cost 

High (+) Low (0) 

Subjective Benefit High (+)  Cars (++) Cigarettes (+) 

Low (0) Insurance (+) Dishwashing liquid (0) 

Table 6: Involvement Model Based on Subjective Costs and Subjective Benefit 

Source: own represenation based on Trommsdorff 2004. p. 52. 

 

When buying cars, the subjective costs for the consumer are high. On the other hand, 

the subjective benefit is also very high. In contrast, both the subjective benefits and 

the costs are low when buying washing-up liquid. 

The influence of media on the respective consumer can also differ significantly. Thus, 

media that have proven better for low-involvement products and media that have 

proven better for high-involvement products have emerged. For example, radio or tel-

evision are media for low-involvement products and print media, for example, for high-

involvement products.291 

Message-specific involvement indicates that the message of an advertisement is sub-

jectively received by the consumer. Consumers see the messages of an advertise-

ment as having varying degrees of relevance and absorb them with more or less 

 

289 Kapferer; Laurent 1985. p. 48-56. 
290 Trommsdorff 2004. p. 58ff. 
291 Langa n. y. 
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interest. Since the percep-

tion here is very different, 

no universal solution ex-

ists in the field of message 

in marketing.292  

Last but not least, the 

question for marketing is 

when and where is the 

right time or the right situa-

tion to address the cus-

tomer. The customer 

should be able to receive 

the message directly, not be distracted but also not too absent. The level of situational 

involvement therefore varies depending on the environmental situation. In some situ-

ations, it is useful to put consumers under time pressure. This is usually the case with 

low-involvement products. However, if the customer is under time pressure for high-

involvement products, he will quickly turn away from the product. 

Involvement is thus an important parameter in marketing to increase the attitude to-

wards a certain product and also the willingness of consumers to buy. The goal of 

marketing must therefore be to keep involvement as high as possible and to increase 

involvement the closer the customer gets to the purchase decision.293 

With the help of knowledge about involvement, a targeted form of activation can be 

triggered in order to be able to trigger an emotion in the person. This would be the 

desirable state by means of marketing campaigns. The next step is to check whether 

this triggered emotion has an influence on the attitude towards a certain product or 

whether the purchase intention can be increased as a result. In the next step, the 

influence of emotions on cognitive processes is to be examined in more detail, so that 

the influence on attitude and purchase intention can then also be examined. 

  

 

292 Trommsdorff 2004. p. 50 ff. 
293 Homburg; Krohmer 2011. p.38. 

Figure 9: Involvement Model  

Source: own represenation based on Trommsdorff 2004. p. 58. 
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4.3 Effect of Emotions in Marketing 

4.3.1 Influence of Emotions on Cognitive Processes  

The necessity of presenting the influence of emotions on cognitive processes is justi-

fied by the fact that cognitive processes, such as attention or the evaluation of action 

alternatives, engage in a purchase decision.294,295 Cognitive functions are conscious 

and unconscious processes that occur during the processing of external and internal 

information.296 

Psychology has been studying the connection between emotions and thought pro-

cesses for quite some time. Humans calculate worse when they are sad and are more 

creative when they are relaxed. So far, there is no scientific explanation for these ob-

servations. Accordingly, there will be no definition in the following, but various ap-

proaches and findings will be summarized, which are relevant for the present case.297 

While emotions represent processes in humans and animals that we subjectively per-

ceive as feelings, cognitions are more concerned with mental operations in terms of 

information processing. Emotions and cognitions have so far mostly been considered 

as separate processes.298 Recently, there has been an increase in the number of 

voices advocating an integrative perspective.299 Thus, cognitive processes can be re-

constructed completely rationally. In contrast, the treatment of emotions reveals the 

gap between the first-person perspective of the subject and the object language of 

science, which is always present in brain research. 300 

Examples of cognitive processes are calculating and remembering. Learning, recog-

nizing, comparing, thinking, problem solving, deciding, or planning also require higher 

brain functions.301 However, it is much more difficult to assign higher brain functions 

such as attention and memory to specific brain areas and brain structures.302  

In order to be able to answer the question to what extent emotions can have an influ-

ence on attitude and purchase decision, it will be determined what effect emotions 

have on cognitive processes. Several studies show that emotions can influence 

 

294 Davidson; Scherer; Goldsmith 2009. p. 567. 
295 Backhaus 2003. p. 43. 
296 Volz 2000. 
297 Dshemuchadse 2008. 
298 Lazarus 1994. p. 53. 
299 Schemer; Kühne; Sommer 2019. 
300 Draguhn 2013. 
301 Max-Planck-Institut für biologische Kybernetik 2018. 
302 Max-Planck-Institut für biologische Kybernetik 2018. 
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cognitive processes such as attention, attitude, decision, and memory storage.303 In 

the following, the influence of emotions on the individual cognitions will be presented: 

 

Attention:  

The human body is exposed to a large number of stimuli on a daily basis. With the 

large number of stimuli, a natural selection takes place, which is also called selective 

attention. If certain stimuli are related to relevant needs of the customer, his attention 

is triggered and increased in the direction of the stimulus. This shows that emotions 

control attention and steer people in the direction of the stimulus. By setting different 

stimuli, which stand in the relationship to relevant needs of the customer, the attention 

of the customer can be attracted and the purchase intention be increased.304  

 

Evaluation:  

The second cognition is the evaluation. The cognition here is that emotions can influ-

ence valuations. In evaluation, there is a person who experiences certain emotions 

and thus experiences feelings that lead the person to cognitions about the value of an 

object. If a person perceives a positive feeling as a result of an emotion process, a 

positive evaluation of the emotion-producing object occurs. Accordingly, positive eval-

uations can be generated if it is possible to address the needs or attitudes of potential 

buyers and to generate emotions in this way.305  

 

Attitudes:  

Attitudes are distinct from evaluations because of their long-term, stable, and consol-

idated assessment of facts. Evaluations, on the other hand, are more direct and spon-

taneous. Spontaneous evaluations can become long-term fixed attitudes. Thus, they 

can only be influenced with difficulty and indirectly by emotions, in that several positive 

evaluations reach the individual.306   

 

 

 

303 Davidson; Scherer; Goldsmith 2009. 
304 Lane; Nadel; Ahern 2000. p. 298. 
305 Meinong 1923. p. 35. 
306 Davidson; Scherer; Goldsmith 2009. p. 596. 
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Decisions 

A decision is the selection of alternative actions. These alternative actions arise on the 

basis of various attitudes or evaluations. When deciding, emotions play a central role. 

In a study by Damasio from the year 2007 it was determined that persons, who have 

shown a damage in emotion-relevant brain regions due to an accident or a tumor, 

could cognitively correctly grasp a decision situation, but could not make a reasonable 

selection decision in comparison to persons without corresponding damage.307  

Memory storage 

In point 4.1.3 it was already mentioned that every human being has certain basic emo-

tions. These are stored in memory and can be recalled at any time. Emotions can also 

lead to a significant improvement in memory storage. If the human being experiences 

somite in event, which produces positive emotions for him, then this experience re-

mains longer and better in the memory stored. Likewise, information can be better 

retrieved from memory if this information was stored in a positive mood.308 

4.3.2 Influence of Emotions on the Attitude  

People beam with happiness or cry when they are sad. Emotions therefore largely 

determine our lives and influence our behavior. Humans are thus under the influence 

of emotions every day. A wide variety of information impacts on us and leads to reac-

tions that determine our thoughts and actions. All of this is guided and triggered by 

emotions. These can be perceived consciously or unconsciously and are often ex-

pressed through body language. Emotions are most clearly visible in the face. Exam-

ples are the frown or the tightening of the corners of the mouth. Opening the mouth or 

widening the eyes when a person is surprised is also considered a natural reaction to 

a perceived emotion.309  

Facial expressions are characteristic of basic emotions and are intuitively understood 

in all cultures worldwide. Another indicator is the pitch of the voice. You can often tell 

from the pitch of a person's voice whether they are angry or happy, or perhaps afraid. 

The voice pitch and the facial expression can only be influenced to a limited extent. 

Parts of the cerebral cortex, the limbic system with the amygdala, and the anterior 

cingulate cortex are responsible for this. The so-called spindle cells are responsible 

for emotion recognition. It is also important that people not only recognize the moods 

 

307 Davidson; Scherer; Goldsmith 2009. p. 279 ff. 
308 Davidson; Scherer; Goldsmith 2009. p. 644 ff. 
309 Will 2022. 
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of others, but also empathize with them. For example, people are infected by the 

smiles of others.310 

Partially still visible, but increasingly hidden reactions of the body when feeling emo-

tions are the heartbeat, blood pressure, blood volume or brain waves. These can be 

summarized under the biological components and are determined by psychobiological 

measurements. Psychobiological measurement methods enable the measurement of 

emotional and cognitive processes and are mainly used in marketing to measure dif-

ferent emotions and their strength in designed campaigns in order to be able to in-

crease the success of the campaigns.311 

Psychophysiological measurement methods can be divided into a total of four catego-

ries. The first represents the electrodermal activity. Electrodermal activity means elec-

trical phenomena measurable on the skin. Already since the 1940s, the measurements 

have been carried out to record autonomic arousal.312 Two different types of sweat 

glands are found on the skin: eccrine and apocrine. The eccrine sweat glands are 

sensitive to psychological stimuli. The sweat glands on the palms of the hands and 

feet have the greatest density and are therefore the most easily identified. This can 

therefore explain the easily sweaty hands or feet, for example, when one is excited or 

nervous.  

Two different methods exist for measuring electrodermal activity. While the endoso-

matic method measures the potential of the skin itself, the axosomatic method applies 

an external voltage. With higher sweat production, the electrical resistance changes. 

Thus, some cognitive and emotional subprocesses of the media effect are indexed. 

Due to the influence of emotions, the brain areas are stimulated to control the sweat 

glands. Thus, the electrodermal activity can be used to measure the influence of the 

campaign controlled with emotions on people. This measurement method is relatively 

simple and the costs for this are comparatively low. 

The second measurement method represents the cardiovascular activity. This refers 

to all physical response systems that are associated with the cardiovascular system. 

The most important parameters in cardiovascular activity are heartbeat, peripheral 

blood flow and blood pressure. Cardiovascular activity ensures that the body is sup-

plied with oxygen and nutrients through the arteries. The system also ensures that the 

organism is ready to react. Cardiac activity is modulated by the sympathetic and par-

asympathetic nervous systems. In this process, the sympathetic nervous system leads 

 

310 Fahr; Hofer 2013. p. 347 ff. 
311 Möhring 2013. 
312 Herlan et al. 2019. 
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to an acceleration of the heart rate and the parasympathetic nervous system leads to 

a decrease in the heart's beating frequency. If, for example, the sympathetic nervous 

system is activated by a stimulus such as an emotion, this automatically leads to a 

faster heart rate. The most commonly used measurement method takes place using 

an electrocardiogram (ECG) on the chest wall. This measurement method is also easy 

to measure for smaller target groups.313 

Muscle activity can be used as a third measurement method. This measurement 

method also shows how emotions change human behavior. In this measurement 

method, the facial muscles in particular are observed, but also the change in individual 

muscle groups in certain situations. People can move their arms and legs at will, follow 

something with their eyes or grasp it with their hands. There are also involuntary re-

actions of our muscles that are particularly related to emotions and psychological 

stress, such as clenching our hands into fists when we are angry or contracting our 

shoulders when we are afraid of something or feel disgusted. An electromyograph can 

be used to measure the activity of the muscles. Here, both the length and the intensity 

of the muscle contraction are measured. On the basis of this, conclusions can be 

drawn as to how strongly a person was affected by a marketing campaign and at what 

point an increased muscle contraction occurred. The measurement with an electromy-

ograph is comparatively complicated, but the interpretation is quite simple. It has been 

shown that changing the angle of the mouth is associated with positive emotions, 

whereas raising the eyebrows is associated with negative emotions. However, there 

are several interfering factors in this measurement method that could hinder the meas-

urement.314 

The last method of measuring the behavior of people under the influence of emotions 

represents the measurement of brain electrical activity and brain metabolism. This 

method tries to go directly to the origin, because the previous measurement furnaces 

were all steered by the central nervous system. So here we try to measure the electri-

cal activity of the central nervous system directly. The measurement method for meas-

uring the brain electrical activity is called electroencephalography and positron emis-

sion tomography or functional magnetic resonance imaging is used for measuring the 

metabolic processes. Voltage fluctuations are recorded, which represent the electrical 

activity in the brain. In this procedure, a distinction is finally made between four fre-

quency bands: Alpha waves, Beta waves, Theta waves and Delta waves. Especially 

the Alpha and Beta frequency bands are important with regard to media reception 

sensations. Activity in the Beta wave range is considered an indicator of attention and 

 

313 Fahr; Hofer 2013. p. 352 ff. 
314 Fahr; Hofer 2013. p. 355 ff. 
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emotional arousal. This measurement method is very complex and expensive and is 

therefore only used in rare cases or for larger projects.315 

The four different measurement methods have shown that recording physiological 

data is time and resource intensive. In addition, good knowledge of the stimulus ma-

terial is required, which means a considerable additional effort. Nevertheless, it has 

been shown that there are methods and measurement procedures to explain the be-

havior of people based on emotional influences.316 Among many other measurement 

methods and indicators, only one further method shall be presented. Namely, the in-

fluence of colors on emotions and on attitudes. 

Emotions can also be influenced by certain points, such as colors, sounds or scents 

and can attract attention or improve memory. These factors can also help to make 

decisions. But even this method cannot be applied universally, because people can 

perceive colors, sounds, or scents differently and women, for example, have a wider 

color spectrum than men. In addition, about five percent of the German population is 

color blind.317 Nevertheless, there are certain properties that can be attributed to the 

respective factors. Many studies show a positive effect of these factors on people and 

can therefore also influence the emotions of a person, which in turn can positively or 

negatively influence the purchase intention.  

4.3.3 Influence of Emotions on Purchase Intention 

There are a variety of factors that can trigger and also amplify emotions when buying 

a product. The fact that emotions influence people's actions has been proven by the 

points presented earlier. In the following, the view of the marketing process shall finally 

be forced. It is to be determined, which influence emotions have concretely on the 

purchase intention of the consumer, in order to determine in a later step, suitable mar-

keting instruments, which can affect the consumer behavior finally positively. In addi-

tion, a number of selected factors influencing attitude and purchase intention will be 

described, which are ultimately relevant for conducting the empirical analysis.  

In this context, it is important to consider not only the purchase decision itself, but 

rather the entire purchase process including problem identification, information re-

search and evaluation of alternatives. These are the three most important steps for 

marketing in the course of a purchasing process, in order to be able to positively 

 

315 Fahr; Hofer 2013. p. 358 ff. 
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influence the subsequent purchasing decision. Accordingly, marketing takes up the 

first three stages of the purchasing process shown in Figure 10.318  

 

 

 

 

 

Figure 10: 5-Phase Model of the Buying Process 

Source: Blackwell; Miniard; Engel 2007. 

 

In the case of high-involvement products, the individual phases of the buying process 

tend to be gone through several times, in the case of low-involvement products, steps 

two and three are often skipped and the problem identification is followed directly by 

the purchase decision. In the following, we will now show how emotions can influence 

the buying process in the individual steps.319  

At the beginning of the buying process, there is a discrepancy between the consumer's 

actual and target state. The consumer becomes aware of the problem. The problem 

also evokes internal and external stimuli that the consumer would like to solve. It has 

been found that positive emotions tend to lead to a purchase rather than negative 

emotions. With negative emotions people want to try to change the overall situation 

and are thus motivated to act. 

What matters here is the importance of the product to a consumer. The more important 

the product is, the easier it is to improve the mood by using emotions. Marketing can 

therefore start here and trigger the problem recognition phase by showing the problem 

that the consumer would like to solve on a poster or in a video clip, thus increasing the 

consumer's need. The appropriate solution is delivered directly by the provider.320 

The second step is the information search. Here, a distinction is made between two 

circumstances, which differ in particular in the search intensity. In the case of so-called 

"heightened alertness," the consumer is considered receptive to the information. On 

the other hand, there are the active information seekers. Here, the customer is actively 

interested in the product category and wants to search for more information. 

 

318 Blackwell; Miniard; Engel 2007. p. 322. 
319 Trommsdorff 2004. p. 56 ff. 
320 Sechtin 2012. p. 37 ff. 
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Consumers seek out this information through various channels, whether through per-

sonal information about friends, family or acquaintances, or through commercial chan-

nels, such as advertising or at retailers or exhibitions. It is also possible to obtain in-

formation on the Internet. Here, the manufacturer's website is important. Particularly 

in the case of high-involvement products, information about public sources, such as 

test institutes or consumer associations, becomes important in order to be able to as-

sess the product and influence the consumer's behavior.321 

The third step in the buying process is the evaluation of alternatives. During the 

information search, the consumer has identified the most suitable alternatives for him, 

which he finally evaluates. The consumer attributes certain characteristics to the prod-

uct, which he can then weigh and compare according to his personal preferences. 

With the goal of maximizing benefits, the consumer decides in favor of a specific prod-

uct. It is therefore necessary to process special stimuli in the marketing campaigns in 

order to convince consumers of the product consciously and subconsciously.322 

The customer has now weighed all possibilities and alternatives and makes now a 

purchase decision. About the purchase process itself a separate work could be writ-

ten. For example, by suitable music or certain smells, the consumer can be positively 

affected. Purchase decisions are in most cases emotionally shaped, the fewest deci-

sions are actually rational. In this context, the evaluation of alternatives is of enormous 

importance, as this is where most emotions have an influence or arise.323  

Many companies forget the last step of the buying process. This is because post-

purchase behavior can also be highly significant for a company. If the customer is 

satisfied, he will buy the product again or recommend it to friends and acquaintances. 

Satisfaction occurs when the customer rates his expectations as fulfilled, whereas the 

customer is dissatisfied when expectations are not met.324   

In addition to the purchase process and the individual phases, one should be aware 

of the respective purchase decision types. A distinction is made here between the 

limited, the habitual, the impulsive and the extensive purchase decision. 

In the case of the restricted purchase decision, the basis for deciding between different 

products is significantly reduced. The customer falls back on previous experience to 

complete the new purchase or, for example, only pays attention to the price. 

 

321 Raback 2011. p. 38 ff. 
322 Marktforschung mit Neuromarketing n. y. 
323 Raback 2011. p. 12 ff. 
324 Gelbrich 2007. p. 4 ff.  
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Habitual purchases, on the other hand, take place out of habit. The search, evaluation 

and selection phases have already been run through at an earlier point in time and are 

now only run through briefly or not at all. If the customer is satisfied, he will continue 

to buy the product.325  

Impulse buying, on the other hand, is characterized by spontaneous action. Here, the 

search and evaluation phases are often skipped or only run through very briefly. Im-

pulse buying mainly takes place with low-involvement products that have a low price 

or are on special offer.326  

The extensive purchase decision is characterized by a high cognitive control as well 

as a high degree of novelty of the product to be bought. In this process, the buyer goes 

through all five phases. In the stimulation phase a need arises to buy the product ad-

dressed, in the search phase the buyer determines potential alternatives, which he 

evaluates then in the third phase and finally selects. In the fourth phase, the purchase 

is finally made, and if things go well for the company, the customer even goes through 

a fifth phase and buys the product again. This process is comparable to the purchasing 

process. Again, for the present case, the first three phases are of importance for mar-

keting. 

In the case of the purchase of a hydrogen car, it is the last but one purchase decision 

mentioned, the extensive purchase decision. This knowledge is helpful in order to be 

able to design the marketing campaigns. Especially in the stimulation phase, the ad-

vantages of hydrogen cars and the education on this topic could be presented. The 

hydrogen car manufacturers can also position themselves accordingly so that they can 

also be found in the search phase. Furthermore, they must present themselves in an 

appropriately positive manner so that the customer decides in favor of both the hydro-

gen car product category and the company in the evaluation and selection phase.327 

4.4 Conclusion of the Theory  

In summary, it can be said that emotions are considered in various areas of marketing. 

Considering the above-mentioned possibilities of emotional differentiation, a company 

can generate a market advantage. It can be deduced from this that measures for emo-

tional differentiation have the potential to influence cognition in the context of purchase 

decisions. The interplay between emotions and cognitions also became clear. On the 

one hand, cognitions are necessary for emotions to arise, but on the other hand, 

 

325 Raback 2011. p. 12 ff. 
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emotions also influence cognitive processes. Based on the gained insights, an ap-

proach is presented that relates to the objective of this thesis. Due to the broadness 

of the subject area, this definition does not claim to encompass all facets and will 

therefore not be able to satisfy psychological-scientific demands. The following defini-

tion of emotions can therefore be well placed in the context of this work: 

• Emotion is an inner sensation or an inner excitement that is experienced more 

or less consciously and whose experience can be perceived as pleasant or 

unpleasant. 

• Evolutionary emotion theories came to the findings to divide emotions into basic 

and secondary emotions. 

• Eight basic or primary emotions are found in all people of all cultures and gen-

ders but can vary in the strength of expression.328 

• A combination of two or more basic emotions can lead to secondary emotions. 

• It's hard to say which emotions have the biggest impact on a person. However, 

it can be proven in principle that positive emotions have a greater influence on 

a person than negative ones. 

• Involvement is the degree of activation or motivational strength for the object-

oriented search for, reception, processing, and storage of information.329 

• High-involvement purchases, like cars, are of higher importance to consumers. 

Customers think longer and more thoughtfully before purchasing the product 

and therefore the purchase decision is more complex. 

• While emotions represent processes in humans that are subjectively perceived 

as feelings, cognitions are more concerned with mental operations in terms of 

information processing. 

• Emotions can influence cognitive processes such as attention, attitude, deci-

sion, and memory storage.330 

• Several methods exist for measuring changes in behavior when influenced by 

emotions. These include, for example, psychophysiological measurements, 

cardiovascular activity, measurement of muscle activity or measurement of 

brain electrical activity and brain metabolism. 

 

328 Plutchik 2003. 
329 Trommsdorff 2004. p. 56. 
330 Davidson; Scherer; Goldsmith 2009. 
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5 Marketing Tools for Measuring Emotions 

5.1 Definition and Delimitation of Potential Marketing Tools 

In order to be able to determine which marketing measures are used and how exactly 

they are used, it is of enormous importance to know the marketing measures in theory 

to be able to recognize and analyze them in practice. There is sufficient literature on 

this subject. It only becomes difficult when the marketing measures are to be identified 

in relation to the hydrogen sector. Also, there is already some literature in the B2B 

area, rarely in the B2C area, which makes the research of the question more interest-

ing. 

Several models already exist for measuring emotions, which need to be looked at 

more closely. These include psychophysiological methods such as facial muscle ac-

tivity, brain wave measurement or cardiovascular capacity.331 

Self-reports or questionnaires represent another model. Models such as the differen-

tial affect scale, Emotion-Profile-Index, Consumption Emotions Set, the semantic dif-

ferential, Pleasure-Arousal-Dominance Scale, Positive and Negative Affect Scale or 

the multidimensional state of mind questionnaire are methods for this. In addition, 

there are oculometry measurements, which also includes eye tracking.  

These methods must first be considered individually and then the number of methods 

to be considered must be limited by means of a preselection.332 

5.2 Target Group Analysis 

The following chapter will summarize the findings from the previous chapters and thus 

identify suitable marketing tools that could improve attitudes toward hydrogen cars and 

increase purchase intentions. The first step is to determine which target group should 

be addressed by the potential marketing campaigns. 

Personas are often used in market research to identify the target group of potential 

buyers of hydrogen cars. A persona is a fictitiously created character that represents 

a company's ideal customer. It is based on past experience and market research to 

form a company's individual customer segments.333  

 

331 Lee; Hooley 2005. p. 43 ff. 
332 Kamps; Schetter 2018. p. 37 ff. 
333 Bernecker 2019. 
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A company can have several customer segments that buy its products. A company 

may have multiple customer segments that buy its products. Therefore, it is helpful to 

create multiple personas. By means of the created personas, the understanding of the 

respective customer group should be increased and thus a successful strategy can be 

determined. Accordingly, personas can be used to create targeted marketing so that 

the respective target group gets to see the content that interests them.334 

People have different preferences and needs, which the company has to cater to. In 

order to be able to identify these, customer segmentation helps, because it enables 

the different needs to be distinguished.335 To be able to define the target group more 

precisely, personas are created below. In order for personas to appear as real as pos-

sible, personal data, goals, attitudes, and behaviors are assigned to them.336 The per-

sonas presented were created based on the information identified in Chapter 3. 

 

 

Figure 11: Persona 1 - Michael 

Source: Own representation based on Lewrick et al. 2018. 

 

334 Thonet 2020. 
335 Lewrick et al. 2018. 
336 Spies; Wenger 2018. 
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Figure 12: Persona 2 – Betty 

Source: Own representation based on Lewrick et al. 2018. 

 

 

Figure 13: Persona 3 – Mia 

Source: Own representation based on Lewrick et al. 2018. 

5.3 Strategic Alignment 

Now that the potential target groups or customer segments for hydrogen cars have 

been identified, the next step is to take a closer look at the strategic orientation of the 

companies. This will be done using the BCG matrix. The BCG matrix is used to ana-

lyze the individual business areas and evaluate them in terms of their further prospects 

for success. It evaluates the dimensions of market growth and relative market share. 

Therefore, market growth indicates external attractiveness. It is determined by the 
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sales growth rate or sales volume growth rate. Relative market share, on the other 

hand, shows the company's share within an overall business segment.337 

 

 

 

 

 

 

 

 

Figure 14: BCG-Matrix 

Source: Own representation, based on Boston Consulting Group n. y. 

 

By dividing the two cardinally scaled axes into two segments each, a four-field matrix 

is created. Each field is assigned its own designation, which describes the strategic 

situation in a business field. If both, the market growth rate and the relative market 

share are low, the BCG matrix refers to the so-called Poor Dogs. If the market growth 

rate is high and the relative market share is low, we speak of the Question Marks. If 

the relative market share is high and the market growth rate is low, we speak of Cash 

Cows. If both the relative market share and the market growth rate are high, they are 

referred to as Stars. Question Marks and Stars are considered to be the younger and 

riskier business segments, while Cash Cows are considered to be more mature and 

less risky.338  

An important benefit of the concept for the present work arises from the possibility of 

formulating strategic recommendations in the form of standard strategies for the hy-

drogen car business field. Best-case examples from other companies can thus be 

considered and thus the good experiences of other companies can be used, for ex-

ample, to turn a Question Mark into a Star, as shown in the BCG matrix.339 

In the business field of the automotive industry, a car producer could thus think about 

which types of drive it should produce in the future, in which it should invest money, 
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and in which business field it should possibly invest less. The BCG matrix can thus 

help to allocate the available resources of a company in a sensible way. Let's assume 

that a car manufacturer currently produces mainly cars with combustion engines but 

has also been producing electric cars for several years and is already active in the 

hydrogen car sector.  

Cars with combustion engines can be classified as cash cows. Combustion engine 

cars are in a mature market and market growth is low. The costs of production have 

already fallen significantly, and the surpluses compared to investments are high. 

These surpluses can be withdrawn and invested in an emerging and promising type 

of drive. This is what many car manufacturers have done with electric cars, for exam-

ple. 

The surpluses were thus invested in the development of hydrogen cars, which cur-

rently count as Question Marks for many car manufacturers.340 The market share was 

very small at the beginning of the introduction and has not yet reached the upper limit. 

But the growth rate of electric cars sales has increased significantly in recent years. 

For many cars manufacturer, electric cars are increasingly becoming Stars. The un-

certainty about failure is still there, but the probability of failure is steadily decreasing. 

In many companies, the business area can also finance itself, which also speaks in 

favor of the Stars and against the Question Marks. In the case of the Stars, high in-

vestments are still necessary to maintain or even further increase the market share.341 

Many car manufacturers now do not want to miss out on entering the hydrogen car 

market and are thus tinkering with suitable solutions for a fuel cell drive. The market 

share of hydrogen cars is very small worldwide, but market growth has increased in 

recent years. Thus, hydrogen cars are currently classified among the Question Marks. 

This phase will determine whether hydrogen cars will achieve a breakthrough and be-

come Stars, or whether the technology will not be able to establish itself and will there-

fore be downgraded to the so-called Poor Dogs. Poor Dogs require a high level of 

investment to maintain their market share. This is followed by negative cash flows and 

the disappearance of the technology from the market.342  

It will also be questionable whether the internal combustion cars will generate sufficient 

surpluses to develop both the electric cars and the hydrogen cars to the Stars, or 

whether the focus will remain on just one type of drive. This will probably also depend 
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on whether and how quickly the electric cars develop into Stars or have already de-

veloped into Stars.343 

Currently, a high investment strategy is being pursued for hydrogen cars. The question 

is therefore whether marketing will succeed in increasing the relative market share by 

using emotions in marketing campaigns for hydrogen cars, and thus in developing 

hydrogen cars from Question Marks into Stars or even Cash Cows.344 

5.4 Measurement Methods for the Determination of Emotions 

The next step is to ask whether there are certain marketing tools that can be used to 

measure people's emotions in order to design suitable campaigns that improve atti-

tudes toward hydrogen cars and thus increase purchase intentions. That emotions can 

have a positive impact on hydrogen car attitudes and purchase intentions was demon-

strated in the theory part in Section 4. The question now arises as to which instruments 

can be used to measure emotions so that marketing knows exactly which emotions 

need to be addressed and can thus create suitable campaigns. 

In this context, the measurement of emotions is considered to be very complex and 

no universally applicable method for measuring emotions has yet been found. In Sec-

tion 4.3.2, various measurement methods were presented to measure the influence of 

emotions. In practice, these are impractical for many companies, too expensive, too 

time-consuming or result in small samples, which is why these methods are not dis-

cussed further. 

It has been shown that valid measurements of emotions can be made using facial 

expressions. Thus, two measurement methods have emerged that are frequently used 

in practice. In the first measurement method, customers' expressive behavior is ob-

served by trained observers. But even here, one is very dependent on the observers 

and the effort is still relatively high compared to the second method.  

For this reason, increasing use is being made of surveys in which emotions are meas-

ured by verbalization. By asking suitable questions and by prescribing certain an-

swers, it should be possible to express the subjects' feelings and thus to measure 

emotions. Even with this method of measurement, certain problems can be noted, 

since the questions may induce a certain rationalization that makes the measurement 

of emotions impossible. In order to obtain a large number of subjects and thus obtain 

valid results, verbalization by survey is preferred in the following. Verbalization is also 
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preferred because it is considerably less expensive than the other mentioned meas-

urement methods. 

5.5 Value Proposition Canvas 

In order to be able to use emotions in marketing, it must first be clarified why customers 

want to buy the product. With this knowledge, marketing can use the points of contact 

that have been identified to create suitable campaigns. To find this out, the Business 

Model Canvas is used. The Value Proposition Canvas is an established method for 

determining a business model. It contrasts the company's value proposition with the 

customer segment and its wishes and problems. The Value Proposition Canvas can 

thus also be used to determine customer needs, which in turn should provide market-

ing with an indication of the necessary emotions.345  

In Figure 15, the value proposition of hydrogen car manufacturers in general is com-

pared with the customer segment. The findings from the model can be used to deter-

mine the communication channels and the insights can be used to communicate the 

benefits and differentiators directly in order to be as close to the customer as possible. 

Furthermore, by matching the value proposition of the manufacturer and the customer 

segment, it is possible to determine which emotions might occur in the customer in 

order to create the campaigns based on these emotions. Accordingly, this potential 

positive influence affects the awareness of the advertising campaign.346 

 

 

345 International 2022. 
346 Osterwalder et al. 2015. p. 1 ff. 
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Figure 15: Value Proposition Canvas 

Source: Own representation. 

 

In the present case, it is clear that the joy of driving in particular is important for many 

technology-savvy drivers. This emotion therefore needs to be addressed in the adver-

tising campaigns. In addition, attention must also be paid to the emotion of fear, espe-

cially due to the fear of explosions when hydrogen reacts with oxygen. As a third point, 

the emotion trust in particular should be considered. Due to the low market share of 

hydrogen cars, trust in the technology is currently still low. The task of marketing 

should therefore be to improve confidence in the technology, but also in the car brand. 

These three basic emotions in particular emerge from the Business Model Canvas. In 

a subordinate role, attention should also be paid to the basic emotions of surprise and 

expectation since these are found in particular in the case of a new product launch. It 

is important to increase the excitement and expectation with regard to a new product 

launch so that the potential buyers are excited and thus the purchase intention in-

creases. It should be noted that the influence of the above-mentioned emotions can 

improve the attitude, but the purchase intention is also only increased if other factors, 

such as the price or the technical equipment for the customer fit. An improvement in 

attitude and an increase in purchase intention is possible through the influence of 

emotions.  
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5.6 Marketing Channels 

The last step is to consider whether there are certain marketing channels that are 

particularly well suited to using emotions. What has already emerged from the theory 

is the fact that it is advantageous to place advertising in those places where people 

are particularly happy, balanced or in a positive mood. Even with the time of day, at-

tention can be paid to when people are particularly receptive and in a positive mood.  

Videos are particularly advantageous for the use of emotions in marketing campaigns. 

In particular, the so-called "storytelling" can be applied in the videos, which creates an 

emotional bridge to the customer. The customers can identify with the story and thus 

the attention of the customers can be attracted. Accordingly, the focus can be placed 

on the feelings triggered in the viewer and not on the performance features of the 

product.347 

No channel has yet emerged that has worked particularly well. It has turned out that 

the type of channel is less decisive than the timing and mood of the observer. Accord-

ingly, it has been found that crowded train stations, for example, have proven difficult, 

as most people have little time, making the videos harder to use. More positive results 

have been recorded for influencer marketing or television advertising, for example. 

Here, the attention of the observers is given in most cases and if the video directly hits 

the emotional level of the observer, the attention is also increased.348  

5.7 Conclusion of the Theory 

The aim of this thesis is to identify emotions that have an influence on the attitude and 

willingness to buy hydrogen cars and how these findings can then be used for hydro-

gen marketing. One finding was, that those positive emotions in particular can have 

an impact on attitude and purchase intention. Emotions that are rated as particularly 

effective were also identified. However, the field of marketing tools for the inclusion of 

emotions is still largely unexplored, or rather the approaches are very different. Due 

to the current outsider role of hydrogen cars, it is particularly important to inform people 

about the technology. Customers must be familiar with the technology and the oppor-

tunities for the potential buyer must be clearly defined. Accordingly, in the case of 

hydrogen cars, it is particularly important to clearly define the target group and to know 

and observe the strategic orientation of the company. According to the BCG matrix, 
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hydrogen cars still represent Question Marks, which reflects a certain risk for the con-

sumer, but also for the producer.  

Another finding was that especially through the use of videos the customer can be 

successfully addressed, the information absorption is best for the customer and the 

emotional level is strongest. Accordingly, it can be summarized that, according to the 

current state of knowledge, videos are mainly used in marketing, on the one hand to 

disseminate information about hydrogen cars, but also the emotional bridge is best 

present. The channel through which the video is distributed is secondary. It is more 

important to catch the customer at a good time or place, while being in a positive mood. 
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6 Empirical Investigation  

6.1 Aim and Concept of the Research Study  

In the following section, the theoretical foundations from the previous chapters are 

empirically examined. The focus of this analysis is thus on the influence of emotions 

on attitudes toward hydrogen cars and the intention of buying them. The influence is 

to be measured so that suitable recommendations for action can be made for the mar-

keting departments of hydrogen car manufacturers.  

Hypotheses are developed in the first step, to which an answer is to be found in the 

empirical investigation. Accordingly, an empirical test of the working hypotheses takes 

place, as well as the transformation into scientific hypotheses. After that the research 

design and the structure of the sample are presented. The individual sections of the 

questions are then examined in order to be able to test the hypotheses. Finally, the 

results are summarized.  

6.2 Development of Working Hypotheses 

Hypotheses can be derived from the theoretical chapters. These assumptions from 

the theoretical part will be empirically examined and tested afterwards. In developing 

the hypotheses, particular attention was paid to purchase type, the involvement model, 

and other parameters. The hypotheses can be stated as follows: 

Hypothesis 1: The level of awareness of hydrogen cars has an impact on purchase 

intention. 

Hypothesis 2: Positive emotions have a greater positive influence than negative emo-

tions on the purchase intention. 

Hypothesis 3: The level of involvement has an influence on the purchase intention. 

Hypothesis 4: Consumers with a high level of involvement feel stronger emotions in 

relation to the purchase of a hydrogen car. 

Hypothesis 5: Sustainability has a significant influence on the attitude toward hydro-

gen cars and its purchase intention of hydrogen cars. 

Hypothesis 5a: Sustainability has a significant influence on the purchase intention. 

Hypothesis 5b: Attitudes towards sustainability have an impact on the emotions felt 

when buying a hydrogen car. 
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Hypothesis 5c: Attitudes towards investing in sustainability have an impact on the 

emotions felt when buying a hydrogen car. 

Hypothesis 6: Trend-following consumers are more likely to buy a hydrogen car than 

others. 

Hypothesis 7: Government subsidies have an influence on the purchase intention of 

hydrogen cars. 

Hypothesis 8: Attitudes towards sustainability have an impact on the price sensitivity 

of hydrogen cars. 

6.3 Research Design 

In the empirical part, two methods were used for data collection. The main part of the 

data collection is a standardized questionnaire, which can be classified as quantitative 

research. In addition, two qualitative interviews were conducted.  

Prior to the main research, a pretest was conducted. For this purpose, four people 

were selected who checked both the survey and the questionnaire for the interviews 

for comprehensibility. In addition, the four test persons checked the neutrality of the 

questions, as well as the completeness and logical structure of the questionnaire. The 

ambiguities were then eliminated, and the final questionnaires were generated. 

Accordingly, the focus of empirical research is on quantitative analysis. Quantitative 

analysis is particularly beneficial when there are existing hypotheses to be confirmed. 

In addition, a high degree of standardization can be achieved and the medium of the 

Internet for dissemination is considered to be inexpensive and uncomplicated. 

Through primary market research, current data can be obtained, and the amount and 

detail of information can be determined independently. For this reason, the empirical 

part of the work is of particular importance. 

In terms of methodology, care is taken to ensure that the quantitative and qualitative 

methods are considered separately. This is because the two research methods are 

intended to achieve different goals. While the quantitative survey is intended to confirm 

the existing hypotheses and is represented by statistics and charts, the qualitative 

survey is summarized in words and deals more with current marketing campaigns and 

development steps of hydrogen producers. 

Due to the pre-existing working hypothesis, the selected methodology for the survey 

is deductive research. This means that the research tests an already existing thesis. 

The hypothesis is that emotions can have an influence on the attitude and purchase 

intention of hydrogen cars. For the two interviews, the inductive research is chosen.  



75 

6.4 Sample Structure 

The following section explains the underlying sample of the study. A total of 145 par-

ticipants completed the survey. The sample can be examined based on the following 

characteristics: Age, Gender, High School Graduation, and Country of Residence. Fur-

thermore, due to the focus of the topic, participants were also asked if they own a car, 

as well as what type of drive of the car. 

Around 48.5 million passenger cars are registered in Germany. Accordingly, this figure 

indicates the total population.349 This means that with a confidence level of 95 percent 

and a margin error of five percent, the sample size is 385. This means that 385 people 

must be interviewed in order for the study's validity to be optimal in relation to the 

resources used. However, only 145 people were interviewed in the survey. This leads 

to an increase in the margin of error to about 8 percent. In the present case, however, 

sufficiently meaningful results can be obtained even with the smaller study. 

Accordingly, the age distribution of the respondents is as follows: 

 

How old are you? 

 Frequency Percent 

0-20 years 4 3% 

21-40 years 106 73% 

41-60 years 28 19% 

61-80 years 7 5% 

> 80 years 0 0% 

Total 145 100% 

 

Table 7: Age Distribution of Sample 

Source: Own representation based on own created survey. 

 

 

349 Kraftfahrtbundesamt 2022c. 



76 

 

Figure 16: Age Groups in Percent  

Source: Own representation based on own created survey. 

The age distribution of the sample is shown graphically in Figure 16. It can be seen 

that the distribution of age groups varies. The largest group is the age group between 

21 and 40 years with a share of 73 percent of the respondents. three percent of the 

sample was between zero and 20 years of age, 19 percent between 41 and 60 years 

of age, and five percent between 61 and 80 years of age. No people over the age of 

80 participated. This distribution can be explained by the fact that the survey was dis-

tributed via the Internet and therefore the largest target group is in this age range. In 

addition, the survey was published via LinkedIn, which also appeals to the younger 

target group, as well as the target group between the ages of 41 and 60. 

 

The second step is to determine the gender of 

the respondents. A total of 89 men and 56 

women took part in the survey which results in a 

percentage of 61 percent men and 39 percent 

women. The percentage of diverse persons was 

zero percent. The higher weighting of men could 

be attributed to various causes. One cause could 

be that interest in cars is generally greater 

among men than among women. The gender 

distribution is shown graphically in Figure 17. 

 

Figure 17: Gender in Percent 

Source: Own representation based on own created survey. 
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Figure 18 also provides more detail on the education level of the participants in the 

survey. It is clear that all respondents in the sample have a high school diploma. Most 

of them have a bachelor's degree, and many have also already completed their edu-

cation or graduated from high school. Overall, 63 percent of the respondents have 

completed their studies. 

 

 

Figure 18: Highest School Degree 

Source: Own representation based on own created survey. 

 

Looking at the countries of residence of the people who participated in the survey, we 

see that 57 percent live in Germany, 39 percent in Austria, one percent in Switzerland 

and three percent in the United States. In the survey, only the countries Germany, 

Austria and Switzerland were indicated and under the heading "Others", participants 

from other countries could indicate their country of residence. The four participants 

who chose this category all indicated that they lived in the United States, so the par-

ticipants can be assigned to the four countries. 
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In which country do you live? 

 Frequency Percent 

Germany 83 57% 

Austria 56 39% 

Switzerland 2 1% 

United States 4 3% 

Total 145 100% 

Table 8: Country of Residence in Frequency and Percent 

Source: Own representation based on own created survey. 

 

Below, the distribution of the 

countries of residence of the in-

dividuals from the sample was 

presented graphically. Here it 

can be seen that more than half 

of the participants come from 

Germany. Germany and Austria 

together account for 96 percent 

of the total sample. This is par-

ticularly due to the fact that the 

linked persons on LinkedIn or on 

Instagram come from the circle 

of friends, acquaintances or 

work and thus mainly originate 

from Germany, as do the con-

tacts that were made through 

studying in Austria. 

Furthermore, two topic-specific questions are asked at the beginning to better under-

stand the sample structure. Thus, the participants were asked whether they own a car. 

Basically, it can be assumed that people who own a car are more affected by the topic 

of hydrogen cars and can better identify with it. It is not excluded that people without 

a car are also interested in the topic of hydrogen cars. Overall, 86 percent of the re-

spondents in the sample own a car, 14 percent do not currently own a car. 

 

Germany; 
57%

Austria; 
39%

Switzerlan
d; 1%

United 
States; 

3%

Country of residence in percent

Germany Austria Switzerland United States

Figure 19: Country of Residence in Percent 

Source: Own representation based on own created survey. 
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Do you own a car? 

 Frequency Percent 

Yes 124 86% 

No 21 14% 

Total 145 100% 

Table 9: Number of Car Owners 

Source: Own representation based on own created survey. 

 

Furthermore, for a brief status check, participants were asked what type of drive their 

cars has, if they own a car. Here it is clear that the respondents in the sample mainly 

drive with diesel or gasoline as the drive type. Overall, these two drive types occupy 

91 percent of the total population. No one in the sample currently owns a hydrogen 

car and only three percent own an electric car. The hybrid car also has a relatively low 

share of two percent. In total, only 124 participants responded here. This corresponds 

to the number of respondents who own a car. 

 

If yes, what type of drive does your car have? 

 Frequency Percent 

Diesel 48 38% 

Gasoline 67 53% 

Hydrogen 0 0% 

Hybrid 3 2% 

Electric 4 3% 

Natural Gas 0 0% 

Other 2 4% 

Total 124 100% 

Table 10: Drive Types 

Source: Own representation based on own created survey. 
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Figure 20: Graphical Representation of the Drive Types 

Source: Own representation based on own created survey. 

6.5 Detailed Evaluation of the Questionnaire  

The following section takes a closer look at the main part of the survey. In doing so, 

the empirical part is divided into a total of five blocks. The first part asks about aware-

ness of hydrogen cars. In the second part, the participants' attitudes towards hydrogen 

cars are surveyed. The intention to buy hydrogen cars will then be examined in more 

detail before the emotional influence on an exemplary marketing campaign is tested 

at the end of the quantitative part. The fifth block contains the two qualitative interviews 

with the marketing managers of hydrogen car producing companies. 

6.5.1 Survey block 1: Awareness of Hydrogen Cars  

In this section follows an evaluation of the individual parameters that are supposed to 

describe the awareness of hydrogen cars. The questions are explained individually 

below and the results are presented separately. 
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Question 1: “Have you ever heard of a hydrogen car?” 

In the first step, the participants were asked if they 

had already heard of a hydrogen car or not. 91 per-

cent, or 132 respondents, stated that they had al-

ready heard of a hydrogen car. Accordingly, 9 per-

cent, or 13 of the 145 respondents, have never heard 

of a hydrogen car. Table 11 and Figure 21 show the 

distributions graphically. The figure shown indicates 

that knowledge about the existence of hydrogen cars 

has not yet completely penetrated all areas. 

 

 

Have you ever heard of a hydrogen car?  

 Frequency Percent 

Yes 132 91% 

No 13 9% 

Total 145 100% 

 

Table 11: Awareness of Hydrogen Cars 

Source: Own representation based on own created survey. 

 

Question 2: „When you think of hydrogen cars, what’s the first thing that comes to 

mind?“ 

In the second step, the participants were asked an open question to obtain a collection 

of respondents' thoughts. For this purpose, the subjects were asked what comes to 

mind first when they think of hydrogen cars. This question was specifically asked as 

an open question to obtain as much information as possible about first impressions. 

This also reveals the extent to which the subjects are familiar with the subject of hy-

drogen cars and how familiar they are with the technical features of hydrogen cars. 

Accordingly, the most meaningful statements are presented below. 

Yes; 
91%

No; 
9%

Have you ever 
heard of a 

hydrogen car? 

Yes No

Figure 21: Graphical Representation of the Level of Awareness 

of Hydrogen Cars 

Source: Own representation based on own created survey. 
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It is interesting that the statements of the interviewees are very different and partly 

contradictory. For example, several respondents say that hydrogen cars or their fuel 

are very cheap, while others see hydrogen cars as very expensive and unprofitable. 

The topic of sustainability is reflected in many of the statements. Many see hydrogen 

as sustainable and climate-friendly, and the statement that hydrogen is free of fossil 

energy was also made.  

It is also interesting that many see hydrogen and hydrogen cars as a topic for the 

future. Many also see that the technology is not yet sufficiently mature and that there 

is still some uncertainty. Accordingly, some participants do not see hydrogen as a topic 

for the future, but rather see it as something of the past.  

There are also contradictory statements, such as that hydrogen cars are a very new 

technology, while others state that the topic of hydrogen cars, or hydrogen propulsion 

in general, has already been researched for many years. Another topic that was 

brought up frequently is the topic of safety, in particular this topic was associated with 

physics or chemistry classes. These participants know that when hydrogen reacts with 

oxygen, a dangerous oxyhydrogen gas is produced.  

Another aspect mentioned by a participant is seeking alternatives to electric cars. The 

respondent states that electric cars alone will not be the solution for an emission-free 

and sustainable future and thus hydrogen cars are necessary as a supplement. The 

interviewees also state that many steps are still necessary for this until hydrogen cars 

can become established; an important step is the expansion of the infrastructure so 

that the advantage of the fast-refueling process can be used sensibly. Currently, hy-

drogen refueling is only possible in large cities, and even there it is not easily acces-

sible everywhere. Another problem mentioned is the production of green or blue hy-

drogen. It is stated that currently too much energy is needed to produce the hydrogen, 

so the efficiency is very low.  

It can be seen that opinions on the hydrogen car are quite different. The majority of 

respondents see the hydrogen car as viable for the future and are accordingly positive 

about it. Not to be left out, however, is the small minority who currently have little 

knowledge about the hydrogen car or express certain reservations. This issue must 

also be monitored. 

Question 3: “Which of the three drive types do you think is better related to the topic 

of…” 

The third question asked for a general opinion on hydrogen cars. The aim here is to 

find out how much people currently know about hydrogen cars compared with the drive 

systems of an internal combustion engine and an electric car. For this purpose, eight 
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criteria were given that would describe a vehicle as neutrally as possible, and then the 

respondents were asked to indicate which type of drive is best for each criterion. The 

responses of the respondents and thus the best drive types according to the nine cri-

teria have been graphically presented in Figure 22 for this purpose. 

 

 

Figure 22: Personal Assessments of the Three Drive Types 

Source: Own representation based on own created survey. 

 

For better clarity, Table 12 was also created to show which drive type performed best 

and how often. Here, the number of wins was totaled once, and the mean value was 

calculated from the respective rankings of the eight criteria once. 

 

Which of the three drive types do you think is better related to the topic of… 

 Number of best rankings Mean value 

Combustion Car 4 1,875 

Electric Car 3 1,75 

Hydrogen Car 1 2,375 

 

Table 12: Ranking of the Three Drive Types 

Source: Own representation based on own created survey. 
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In terms of the number of best rankings, the highest value is the best. Thus, among 

the respondents, the internal combustion car ranked first most often, the electric car 

ranked second most often, and the hydrogen car ranked third. Calculating the mean 

value of the rankings, the electric car leads, ahead of the internal combustion car and 

well ahead of the hydrogen car. Accordingly, based on the selected criteria, the hydro-

gen car is currently far behind the other two drive types. If we now compare this with 

the findings from the theory section, it becomes clear that awareness of the technical 

data of hydrogen cars is still low.  

For both, purchase costs and costs during use, the rankings are exactly as presented 

in theory. The respondents did not know that hydrogen cars have the lowest mainte-

nance costs. Here, few respondents indicated that the hydrogen vehicle has the lowest 

maintenance costs. There is also a current lack of knowledge about hydrogen cars in 

terms of longevity. Due to the long service life of hydrogen cars, they reach the first 

place here according to the theory. In the criterion of range, too, very few participants 

indicated the hydrogen car, although it can certainly keep up with the internal combus-

tion engines. 
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Question 4: “How do you assess the everyday suitability of hydrogen cars?” 

The last question in this block deals 

with the suitability of hydrogen cars 

for everyday use. Here, too, the 

general mood of the participants 

was to be queried as to how they 

generally describe the suitability for 

everyday use at the current time. 

The results showed that 16 people 

already see the suitability for every-

day use as given, and ten partici-

pants would even classify it as very 

good. 35 percent or 51 participants, 

see the suitability for everyday use 

as capable of development, and 47 

percent, and the largest group of 

people, do not yet see hydrogen 

cars as suitable for everyday use. 

 

The first section of the survey, which is about the awareness of hydrogen cars, shows 

that the levels of knowledge about hydrogen cars are very different. The task here is 

to eliminate the ignorance and make people aware of the advantages of the hydrogen 

car. 

6.5.2 Survey block 2: Attitude Toward Hydrogen Cars  

In the second block of questions, attitudes toward hydrogen cars will be asked in a 

little more detail. For this purpose, twelve questions were written to inquire about the 

attitude towards hydrogen. Because the topic of hydrogen is strongly linked to the topic 

of sustainability in theory, a few questions were also asked on the topic of sustainabil-

ity.  

 

Question 1: “How important is the topic of sustainability to you?” 

Accordingly, the importance of sustainability in general was asked at the beginning of 

the survey. It was determined that sustainability is definitely an important topic in the 

sample. The individual distribution of the answers is shown in  

Table 13. 

Figure 23: Everyday Suitability of Hydrogen Cars 

Source: Own representation based on own created survey. 
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How important is the topic of sustainability to you? 

 Frequency Percent 

Very important 31 22% 

Important 80 57% 

Neutral 19 14% 

Unimportant 2 1% 

Very unimportant 8 6% 

Total 140 100% 

 

Table 13: Importance of Sustainability 

Source: Own representation based on own created survey. 

 

Question 2: „Do you find it easy to use a sustainable means of transportation?“ 

The next step was to ask the 

participants how easy it is for them 

to use a sustainable means of 

transportation. In this regard, 23 

percent of respondents said they 

found it very easy to use sustainable 

transportation, 24 percent rate it as 

easy, and 28 percent consider 

themselves neutral. 21 percent of 

the respondents find it difficult to use 

a sustainable means of transport 

and three percent even very difficult. 

The graphical representation in 

Figure 24 shows that the distribution 

of the answers is almost the same, 

except for the answer option "very 

difficult". Some participants in the 

sample find it easy, some find it 

difficult to use a sustainable means of transport. What was not taken into account here 

is the question of what constitutes a sustainable vehicle for the participant in question. 

However, since this is only about the personal impression of the participants, the 

definition of a sustainable vehicle is irrelevant. 

Figure 24: Difficulty Level for Finding a Sustainable Means 

of Transport 

Source: Own representation based on own created survey. 
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Question 3: „How do you feel about the investments in hydrogen?“ 

To get an impression of how the 

population sees the topic of hydrogen 

in the future, the question was asked 

how they perceive the investments in 

hydrogen. Here, the positive answers 

outweigh the neutral or negative 

answers. Accordingly, 39 percent see 

potential in hydrogen and are thus in 

favor of the investments, 30 percent 

even see these investments as very 

positive. The graphical representation 

of the distribution is shown in Figure 25.  

Figure 25: Feelings About Investments in Hydrogen 

Source: Own representation based on own created 

survey. 

 

Question 4: „How do you feel about the investment in hydrogen in terms of 

sustainability?“ 

Closely linked to this question is the follow-

ing one, in which the participants are 

asked how they perceive the investments 

in hydrogen in relation to the issue of sus-

tainability. This could be an indicator that 

people see the investment in hydrogen as 

an important component in achieving cli-

mate goals. Here, the sentiment is very 

similar to the previous question, but still 

slightly more positive. Accordingly, it can 

be concluded that people strongly associ-

ate the topic of hydrogen with the environ-

ment and sustainability. 

 

Figure 26: Feelings About Investments in Hydrogen in 

Terms of Sustainability 

Source: Own representation based on own created 

survey. 
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Question 5: „What personal benefits do you expect from a hydrogen car?“ 

The following question is again an open question to get as many opinions from the 

participants as possible. Respondents were asked to name the personal benefits they 

expect from hydrogen cars. Here, the opinions are very broadly based. One benefit 

that is mentioned more often is the issue of sustainability. 

Many participants want a sustainable means of transportation, or at least a more sus-

tainable means of transportation than the usual cars. In this respect, several partici-

pants also wish for zero-emission or climate-neutral car. The desire for more sustain-

ability in the entire production chain, including scrapping, is also mentioned. In addi-

tion, no fossil fuel should be required for driving. Occasionally, there are also custom-

ers who are not yet able to name the personal advantages for themselves because 

they are not familiar enough with the subject matter. The desire for longer ranges and 

faster refueling is also frequently mentioned. Less frequent statements were made 

regarding safety or the current high costs. The desire for government subsidies was 

expressed in a few statements too. In this regard, the problem of the current infrastruc-

ture was also addressed again. There are also still some concerns about reliability, 

because it was repeatedly stated that there is a desire for a reliable car that can get 

you from A to B safely. One participant also mentions that satisfaction already occurs 

as soon as the hydrogen car is as good as a combustion engine or electric car. Last 

but not least, there is also one participant who hopes that hydrogen cars will also be 

built with a high number of horsepower and thus a higher top speed, so that the fun of 

driving can still be guaranteed.  

 

Question 6: „Which of the following characteristics do you attribute to hydrogen cars?“ 

For this purpose, various characteristics were given that could describe the hydrogen 

car, and the participants were asked to select the characteristics that most closely 

applied to hydrogen cars in their opinion. Multiple selections were possible and the 

option to write additional characteristics was given. The results were presented in Fig-

ure 27.  
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Figure 27: Characteristics According to Hydrogen Cars 

Source: Own representation based on own created survey. 

 

Question 7: „Hydrogen is currently produced mainly from natural gas. However, it is 

possible to produce hydrogen from renewable energies. This is currently still very ex-

pensive. Would you be okay with hydrogen being produced and offered from natural 

gas until then, or would you prefer the more expensive but more environmentally 

friendly production of green hydrogen?“ 

The following question is to find out what the attitude towards the production of hydro-

gen is. Since knowledge is currently still low, the question was described more clearly 

by explaining current production and future production. It turned out that 13 percent of 

the respondents want cheap fuel and therefore find the production from natural gas 

acceptable. These 19 respondents thus either care more about price than sustainabil-

ity or see natural gas as not harmful or less harmful.  
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The majority of respondents, 

76 percent state that while hy-

drogen should be as cheap as 

possible, it should also be pro-

duced sustainably and thus 

these 110 respondents would 

prefer to wait to buy a hydro-

gen car until green hydrogen 

cars can be produced in larger 

and cheaper quantities. This 

could be an important insight 

for hydrogen car manufactur-

ers. 11 percent of the respond-

ents are currently already will-

ing to pay the more expensive 

price of hydrogen, provided 

they can then refuel with green 

hydrogen.   

Figure 28: Hydrogen Production 

Source: Own representation based on own created survey. 

 

Question 8: „Which modes of transportation do you think should most likely receive 

government support to advance the energy transition?“ 

The following section addressed government funding. Particularly in view of the global 

climate targets, government subsidies are a key means of encouraging the population 

to switch to sustainable means of transport. Voices are also being raised claiming that 

government subsidies are increasingly ending up in the wrong places. For this reason, 

the participants in the survey were asked which means of transport they would select 

in order to place government subsidies. The results showed that 77 percent of re-

spondents would subsidize public transportation. Hydrogen cars ranked second, fol-

lowed by e-bikes, bicycles, or cargo bikes. In fourth place is car sharing and in fifth 

place come electric cars. There could be various reasons for this. On the one hand, 

this could be because electric cars already receive government subsidies, or on the 

other hand, because the participants do not want government subsidies for electric 

cars due to the disadvantages of the drive type.  
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Figure 29: Government Support 

Source: Own representation based on own created survey. 

 

In addition to the choices, eight participants also provided additional response options. 

For example, three participants indicated that they wanted to promote an internal com-

bustion engine with an ecological fuel. Another participant would like to promote more 

trucks, ships and airplanes in relation to hydrogen, and one person would like to pro-

mote rail transport. Another participant would like to see research on entirely new 

means of transportation. One participant reiterates the use of rail transport and one 

participant stated that decisions should be made depending on economic and sustain-

able reasonable availability.  

 

Question 9: „What feelings come to mind about the following terms?“ 

In order to be able to reasonably define the emotions surrounding the topic of hydro-

gen cars, the participants were given five terms to which they had to indicate which of 

the eight basic emotions they felt with the term. The results of this were shown in 

Figure 30. 
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Figure 30: Basic Emotions in Relation to the Topic of Mobility 

Source: Own representation based on own created survey. 

 

Figure 30 shows that positive emotions clearly predominate in the area of mobility. 

Within the various emotions, a difference can also be seen between the respective 

terms, but a trend can also be seen across emotions. While joy and expectation were 

stated as the most frequent emotions, fear, sadness, and anger were stated relatively 

rarely. The emotion of surprise was felt particularly in the case of the hydrogen car, 

and confidence is correspondingly lowest in the case of hydrogen cars. 

 

Question 10: „When hydrogen reacts with oxygen, it produces an oxyhydrogen gas. 

Are you afraid that a hydrogen car could explode?“ 

There was also increased reporting on the concerns of hydrogen cars. For this reason, 

survey participants were asked whether they were afraid of a hydrogen car explosion. 

Only about 9 percent said they had major concerns. 28 percent have a little concern. 

17 percent abstain or don't know, 29 percent have little concern about the hydrogen 

car exploding, and 17 percent have no concern at all. This shows that there are defi-

nitely concerns and over one third of the respondents, express concerns. Neverthe-

less, just under half of the respondents in the sample also have little or no concerns. 
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Figure 31: Sensing the Emotion Fear of Hydrogen Car Explosion 

Source: Own representation based on own created survey. 
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• Too little information known  

• Implementation in poorer countries 

• Environmental friendliness in purchase and disposal 

• Misuse by terrorists  

• Too little support and promotion from the state 

• Danger in traffic accidents 

• Too long development time 

• Development costs 

This list of fears and concerns ultimately serve the manufacturers and especially the 

marketing department of hydrogen car companies to address them and solve them if 

possible. Some fears can be overcome by disseminating appropriate information, such 

as the fear of insufficient range or the fear of explosions in traffic accidents. Other fears 

are difficult to address because these problems are indeed prevalent, such as the 

current still very high price or the lack of a sufficient network of filling stations. The 

production of green hydrogen and the problem of low efficiency also need to be over-

come. 

 

6.5.3 Survey block 3: Purchase Intention of Hydrogen Cars 

The third block of questions in the survey deals with the purchase intention of hydro-

gen cars. The aim here is to gain an impression of whether people would be willing to 

buy a hydrogen car at all and also under what conditions. 
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Question 1: „What value do you place 

on buying a car?“ 

In the first step, the importance of buy-

ing a car in general should also be in-

quired about. This also shows the level 

of involvement. 22 percent of those sur-

veyed believe that buying a car is very 

important, and a further 29 percent be-

lieve that it is at least very important. 

Thus, for 51 percent of respondents, 

buying a car is very important. 41 per-

cent of respondents state that the im-

portance of buying a car is rather low for 

them and 12 percent even state that it is 

very low. Thus, there is quite a balance 

with a slight tendency for buying a car to be important. 

 

Question 2: „From what you've heard about hydrogen cars, are you in favor of intro-

ducing hydrogen cars?“ 

According to current 

knowledge, 69 percent of the 

respondents in the sample are 

in favor of introducing hydrogen 

cars, eight percent are against 

the introduction of hydrogen 

cars and 23 percent have no 

opinion about it. This could be 

due in particular to the fact that 

the dissemination of information 

is currently still low and thus 

many people cannot yet form 

their own opinion. 

 

Figure 33: Impression About the Desire of the Introduction of Hydrogen Cars 

Source: Own representation based on own created survey. 
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Question 3: „Can you imagine buying a hydrogen car?“ 

To get a little more specific, participants in the sample were asked if they could imagine 

buying a hydrogen car. Here, six percent of respondents said they could imagine buy-

ing a hydrogen car right away. 44 percent of the respondents would buy a hydrogen 

car in the distant future, 34 percent state that they currently have too little knowledge 

about hydrogen cars to buy this type of drive, and nine percent would not like to buy a 

hydrogen car as things stand. Six percent of respondents gave other reasons. These 

included reasons such as not buying a hydrogen car because of the use of public 

transport or buying in the future only under certain conditions, such as the maturity of 

the technology, the current lack of economic benefit or the lack of a refueling station 

network. 

 

 

Figure 34: Willingness to Buy a Hydrogen Car 

Source: Own representation based on own created survey. 
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Furthermore, a ranking was created to find out which type of drive will be leading in 

2030 according to the participants' statements. According to the participants in the 

survey, electric cars will lead the field in 2030, ahead of hydrogen cars and far ahead 

of natural gas cars. If the case arises and combustion cars are to be banned from 

production in 2030, or as recent findings show in 2035, then the preferences of the 

participants will look as shown.350 
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 Question 5: „What feature(s) are you most willing to spend more money on?“ 

In the following, the aspect of money will be increasingly scrutinized. The participants 

were asked which features they would be most willing to pay more money for in order 

to find out how the higher price could possibly be justified. The results are shown 

graphically in Figure 35.  

 

Figure 35: Willingness to Buy Various Features 

Source: Own representation based on own created survey. 
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Figure 36: Price Readiness 

Source: Own representation based on own created survey. 
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circumstances. In second place would be the electric car and in third place would be 

the combustion engine.  

Question 9: „What is your top reason for an combustion engine/ electric car/ hydrogen 

car?“ 

The following are the main reasons chosen for each type of drive. This shows that the 

most important reason for an internal combustion car is the existing infrastructure. 

There are sufficient refueling stations and the fuel is still available in sufficient quanti-

ties, at least for the moment. This advantage stands out in particular because the re-

fueling process for the other drive types is difficult due to the duration or availability.  

Sustainability has emerged as the most important reason for the electric car, as it has 

for the hydrogen car. However, the difference can be seen in the quotas. In the case 

of the electric car, 36 percent of respondents said that sustainability was the most 

important advantage of the drive type, while for hydrogen cars it was as high as 57 

percent. This shows that the issue of sustainability applies more to the respondents 

for hydrogen cars than for electric cars. 

The other results of the question were shown in Figure 37. 

 

Figure 37: Most Important Reason for Drive Type 

Source: Own representation based on own created survey. 

 

 

Infrastr
ucture

Price Routine
Securit

y
Costs

Techno
logy

Longevi
ty

Sustain
ability

Power

Combustion engine 31% 16% 15% 3% 5% 4% 9% 0% 16%

Electric car 2% 6% 0% 2% 23% 30% 2% 36% 9%

Hydrogen car 2% 7% 0% 4% 3% 24% 2% 57% 1%

0%

10%

20%

30%

40%

50%

60%

Most important reason for drive type

Combustion engine Electric car Hydrogen car



100 

Question 10: „Do you follow a new trend or do you let the others take precedence for 

now?“ 

Since a hydrogen car is a new technology and novelties are often associated with 

uncertainty, participants are asked whether they tend to follow a new trend or not. This 

could be an indicator of whether the population tends to dare to purchase a novelty or 

not, given sufficient knowledge and a corresponding level of technology.  

The survey results show that 15 percent of participants tend to follow a new trend. The 

majority of the population also follows the trend but tends to give way to others. 12 

percent of respondents are indifferent to a certain trend and make entirely independent 

decisions. The results show that the introduction of a new technology could prove to 

be a difficult decision. If only 15 percent of respondents follow the new trend, including 

some who are not enthusiastic about the type of drive, then the other 72 percent will 

initially wait a long time until the first testers are satisfied, and a trend slowly emerges 

for a larger proportion of the population to purchase the new type of drive. 

 

 

Figure 38: Tendency to Follow New Trends 

Source: Own representation based on own created survey. 
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Question 11: „Should hydrogen cars be subsidized by the government?“ 

Last but not least, the need for government subsidies was asked. The participants 

were consequently asked whether hydrogen cars should be subsidized by the govern-

ment at all. Four participants answered in the affirmative, one participant answered in 

the negative. 89 percent of the respondents answered yes, 11 percent of the respond-

ents said that hydrogen cars should not be subsidized by the government. The indi-

vidual breakdown of the answers and the corresponding reasons can be seen in Fig-

ure 39. 

 

 

Figure 39: Government Subsidies for Hydrogen Cars 

Source: Own representation based on own created survey. 
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Question 1 according to Videoclip 1: “What emotions are prevalent in you personally 

when you watch the video?” 

The first video mainly conveys technical data. This video is considered informative and 

creates a certain tension and anticipation among the observers. Accordingly, respond-

ents also indicated the emotion of interest and expectation as predominant emotions. 

 

Question 2 according to Videoclip 2: “What emotions are prevalent in you personally 

when you watch the video?” 

The second video shows a polar bear sitting on an abandoned ice floe. In addition, 

you can see a sad and an emaciated polar bear. According to this, the company is 

trying to reach the customer on an emotionally sad level. This can also be seen in the 

emotions that the participants indicated. The predominant emotions were sadness and 

guilt. Sadness was selected by 64 percent of the participants, guilt by 34 percent.   

 

Question 3 according to Videoclip 3: “What emotions are prevalent in you personally 

when you watch the video?” 

The third video is a mixture of the first two videos. Here, too, the sad emotional side 

of the observers should be addressed and incidentally, however, the interest of the 

observer was aroused. It should also serve as a problem solver. Accordingly, the emo-

tions to be observed are not as clear as in the other two videos. Many more emotions 

are selected by the participants. Thus, the emotions interest, expectation and anger 

are predominant with a percentage of 41, 34 and 22 percent. 

 

Question 4: “Which of the three videos spoke to you the most?” 

Now, to find out which use of emotion was most effective, participants were asked 

which of the three videos, showed in the survey, appealed to them the most. Two-

thirds, or 67 percent, of respondents said that video number one, with its technical 

data and suspense, was the most appealing. Twenty-one percent of respondents in-

dicated video number two and only 12 percent of respondents selected video number 

3.  

Consequently, this suggests that positive emotions have a greater impact on attitude 

and purchase intention compared to negative emotions. Furthermore, it can be seen 

that due to the current lack of knowledge of large parts of the population, the emotions 
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interest and expectation are of high importance. This finding can be used for future 

marketing campaigns.  

To be honest, it must also be noted that certain color designs may have an influence 

on the results. In video one mainly light colors were used, while in video two and partly 

dark images were used, which radiated the sadness. It was tried to achieve a certain 

neutrality by using the same voice, the same music and the same background. How-

ever, complete neutrality cannot be guaranteed. 

 

 

Figure 40: Predominant Emotions in the Videos Shown in the Survey 

Source: Own representation based on own created survey. 
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that allow the interviewees to formulate the answers in their own sentences and also 

discover hidden facets. 

For the analysis of the obtained data from the interviews, the analysis procedure ac-

cording to Mayring is used. The qualitative content analysis was invented, among 

other things, to summarize interviews and to summarize them on the most important 

contents and aspects. Furthermore, the aim is to establish new theoretical considera-

tions in the field of research questions on the basis of the interviews. As already men-

tioned, the qualitative analysis takes a comparatively small part in comparison to the 

quantitative survey, because in the mentioned topic the deductive method is preferred 

to the inductive method, due to the already existing hypotheses. 

Seven steps are followed to conduct Mayring's content analysis. The seven steps are 

as follows:  

Step 1: Determination of unit of analysis 

Step 2: Paraphrasing 

Step 3: Generalization of paraphrases 

Step 4: First reduction 

Step 5: Second reduction 

Step 6: Compilation of new statements in category system 

Step 7: Retesting of new statements in category systems352 

The interview partners, the execution, and the results from the content analysis ac-

cording to Mayring are presented below. The questions and the answers of the inter-

viewees, as well as the exact elaboration of the content analysis of the interview ac-

cording to Mayring can be found in the Appendix III and Appendix IV. The core state-

ments from the interview are examined in more detail below. 

6.5.5.1 Interview with Valeria Pekelis and Jens Flöter 

The first interview was arranged with Valeria Pekelis from Hyundai Germany. She 

called in Mr. Jens Flöter as a technical specialist in the interview. Valeria Pekelis is a 

brand and communication strategy specialist at Hyundai in Offenbach. Jens Flöter is 

responsible for the technical area. In Germany, Mr. Flöter is exclusively responsible 

for the hydrogen sector. The interview was conducted on May 18, 2022 via Microsoft 

 

352 Mayring 2014. p. 65 ff. 
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Teams and lasted about 30 minutes. Since the interview was conducted in German, 

the answers were translated in as much detail as possible.  

The first key statement from the interview relates to the history and development of 

hydrogen cars. Hyundai has been developing hydrogen cars since 1998. Hydrogen 

cars have been produced in South Korea since 2005 and the company has even had 

its own fuel cell research since 2006. The first hydrogen car was finally launched on 

the market in 2013. In the interview, it was made clear several times that a hydrogen 

car is also an electric car since it is also powered by an electric engine. Only the way 

in which the electricity is supplied is different. While in electric cars the electricity is 

provided by the previously charged battery, the hydrogen car produces its own elec-

tricity via the fuel cell.  

The larger the car, the more electricity is needed and the larger the battery in an elec-

tric car. For this reason, electric cars currently reach their limits in larger models, where 

hydrogen cars can score. For this reason, hydrogen technology is increasingly being 

used in SUVs or commercial vehicles such as trucks. Commercial vehicles are cur-

rently seen as having more potential in the field of hydrogen technology than conven-

tional passenger cars. In this context, Jens Flöter also mentions the short refueling 

time of hydrogen cars, which at three to five minutes is short compared to electric cars. 

Another advantage is the long range of hydrogen cars, which is comparable to that of 

an internal combustion engine. 

Another key statement from the interview was the price issue. Hydrogen cars are sig-

nificantly more expensive than electric cars, but Jens Flöter of Hyundai states that no 

economies of scale can currently be exploited. There is also talk of the so-called 

chicken-and-egg principle, that people will only buy a hydrogen car if the infrastructure 

and general conditions fit. If the infrastructure is not sufficient because the filling station 

network is too small, the population will not buy a hydrogen car. Companies and the 

state, in turn, are reluctant to build new filling stations as long as it is unknown. Electric 

cars faced the same problem a few years ago but are currently able to significantly 

reduce production costs due to the high volumes.  

According to Jens Flöter, the first series of the Hyundai Nexo was quickly sold out, 

which indicates the high demand. It must be mentioned that the first series consisted 

of a small number of units, yet a certain demand can be felt. 

The production of the hydrogen cars currently takes place in South Korea and will 

remain there, according to Jens Flöter, because the production numbers are too low 

to be economical and to open a production at another location. It would be conceivable 

to use parts of the production line for electric cars, but this was not examined further 
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because demand is currently too low. No information on this can be found in other 

sources either. The future production of hydrogen will also be questionable. Green 

hydrogen has been discussed for some time. This is considered a cleaner form of 

production and would be more sustainable than the brown hydrogen that is currently 

used. For the production of green hydrogen, a vehicle manufacturer has to rely on the 

state, since the financial resources and capacities for the production of hydrogen do 

not exist. 

In terms of future viability, Valeria Pekelis and Jens Flöter are certain that the hydrogen 

car will take a significant share of the market. Since there are plans to ban internal 

combustion engines by 2030/35, an emission-free alternative is imperative. Electric 

cars and hydrogen cars should not be mutually exclusive. Jens Flöter is certain that 

hydrogen technology is fit for the future, despite some hurdles. And yet there is still 

some potential to be discovered for the time being, both with electric cars and hydro-

gen cars. For example, research is being conducted on a hydrogen paste, which is 

considered a special means of refueling hydrogen and thus reducing the risk of explo-

sion.  

Another key message from the interview states that the public needs to be informed 

about hydrogen car technology and its benefits. It turned out that the support of the 

state is difficult and therefore the vehicle manufacturers should deal with the topic on 

their own.  

With regard to the advertising effect, there is currently no separate advertising cam-

paign for hydrogen cars. These are presented together with other drive types to show 

the breadth of Hyundai's portfolio. If sales figures increase, a separate advertising 

campaign is conceivable, but Valeria Pekelis and Jens Flöter agreed that the educa-

tion and information phase is of greater importance. The main advertising channels 

used were TV, digital media and print media. For education-oriented topics, digital 

channels or the customer magazine were used, as well es word-of-mouth marketing. 

It also turns out that Hyundai does not pay special attention to emotion research. Here, 

too, reference was made to the headquarters in South Korea. 

The most important findings and recommendations for actions from the interview with 

Valeria Pekelis and Jens Flöter are listed below. 

• Hydrogen technology is particularly effective for commercial vehicles, ships and 

possibly aircraft.  

• Higher sales volume lead to lower costs 

• Small refueling station network due to chicken-and-egg problem 
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• Fast refueling as a major advantage of hydrogen cars 

• Educational work more important than classic marketing campaign 

• Hydrogen cars and electric cars will complement each other in the future, not 

exclude each other. 

6.5.5.2 Interview with Jerome Gregeois 

The second interviews was conducted with Jerome Gregeois on April 15, 2022 via E-

Mail. Jerome Gregeois is Director of Commercial Vehicle Development at Hyundai Kia 

America Technical Center, Inc (HATCI) in Michigan in the United States. He has been 

working with electrified powertrains, such as HEV, BEV and FCEV, since 2009. Since 

2012, he has been working with hydrogen fuel cells and the Tucson Fuel Cell was 

finally launched in California in 2014. Jerome Gregeois has been involved in non-profit 

projects with Tucson and in the development of the Hyundai Nexo. He is currently 

involved in the Xcient Class 8 tractor, which is in the truck category. 

As in the first interview, the core statements of the interview according to Mayring's 

content analysis are presented below. In the first step of the interview, the advantages 

of the drive type were also asked about, and the first steps towards market entry were 

also discussed. 

Jerome Gregeois of HATCI states that zero emissions, short refueling time and easy 

storage in the tank are the three main advantages of hydrogen cars compared to elec-

tric cars and internal combustion cars. Furthermore, in customer surveys conducted 

by HATCI, it was stated that the range, the quiet driving, as well as the design and 

equipment are perceived positively by the user. Since hydrogen cars generate their 

own electricity via fuel cells, they only need a small battery compared to electric cars. 

He cites the current network of filling stations as a major disadvantage.  

California, however, has the comparatively largest and densest network of filling sta-

tions, which has made the state a pioneer in this area. Jerome Gregeois states that 

hydrogen technology is not new and accordingly the successes in California can al-

ready be seen. State support is of high importance here in order to develop sufficient 

infrastructure. Users also receive subsidies when they buy them, in order to reduce 

the expensive price. It is important for Hyundai to carry out a detailed market analysis 

for each state or country to successfully enter and to find out more about customers' 

needs by means of customer surveys. According to Jerome Gregeois, the sustainabil-

ity goals of the country must also be considered, as some states or other countries 

have zero emission vehicles mandates. 
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Hyundai currently produces in Korea, but Jerome Gregeois is sure that with higher 

production numbers, production can also take place in other countries. The new "Hy-

drogen wave" vision is intended to increase awareness of hydrogen cars. He recog-

nizes that the problem is not necessarily the technology, but rather the lack of aware-

ness and appeal of hydrogen cars. Accordingly, he states that the type of drive is not 

as important as the cost and performance for users. Accordingly, in California, for ex-

ample, rising oil prices are already leading to increasing sales of hydrogen cars. An-

other insight from the interview with Jereome Gregeois was the need to overcome 

negative emotions and transition to conveying positive emotions in order to increase 

the purchase intention. This should also be able to be done by conveying knowledge. 

He also states that a car is a high-involvement purchase for large segments of the 

population, especially in America, and thus need satisfaction is important.  

Jerome Gregeois also recognizes the problem that without growth there is no invest-

ment and without investment there is no money for infrastructure development. Thus, 

if there is no complete help from the government, the expansion proves to be long 

lasting and difficult. Current research and development is not stopping at Hyundai ei-

ther, in order to make the advantages of the hydrogen car even better and gradually 

reduce the problems. A clear communication strategy also needs to be developed. At 

present, social media channels and conventional ads are being used in particular. 

Press events and car shows are also used to demonstrate the vehicles. Over the 

years, a certain community has been established, which recommends the vehicles by 

means of word-of-mouth marketing. 

The most important findings and recommendations for actions from the interview with 

Jerome Gregeois are listed below. 

• California is leading the way in the hydrogen car market 

• Country with stringent sustainability goals show high potential as government 

support is likely 

• Government subsidies are necessary to expand the infrastructure 

• Worldwide production expansion conceivable with rising sales figures 

• Raising awareness and reducing negative emotions are the first big steps 

• Without growth, there is no investment, and without investment, there is no 

money for infrastructure expansion 

• Creating a community, word-of-mouth, social media 

• Rising gasoline prices lead to growing interest 
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6.6 Testing of the Hypotheses 

Following the presentation of the results from the survey, the hypotheses created at 

the beginning of the empirical part are finally tested and verified. Correlation analysis 

is used to test the hypotheses. This represents a statistical procedure for measuring 

the strength of the linear relationship between two variables. Therefore, the extent of 

change of one variable on the other variable is calculated.353 

Correlation analysis thus calculates a correlation coefficient for each pair of variables. 

The values of the correlation coefficient take values between -1 and 1. Negative values 

in the range between -1 and 0 are referred to a negative correlation. Values between 

0 and 1 are referred to a positive correlation. If the value is 0, there is no linear corre-

lation between the two variables. Only the quantitative survey was used to test the 

hypotheses. For this survey, the hypotheses have been made to test these existing 

hypotheses. The hypotheses are listed and tested below: 

  

Hypothesis 1: The level of awareness of hydrogen cars has an impact on purchase 

intention. 

Hypothesis four examines the relationship between hydrogen car awareness and pur-

chase intention. The awareness of hydrogen cars is currently low. To test the first 

hypothesis, several questions were included that ask about the awareness of hydro-

gen cars.  

The key statements of this block of questions are presented below. The first finding 

was that nine percent of the respondents had never heard about a hydrogen car. This 

represents a relatively large number, as normally with a new technology at least the 

name is known. The question as to which type of drive is best in terms of various 

criteria also shows that the advantages of hydrogen cars are not even known to many 

people in the sample. This is further confirmed by the statements from the two quali-

tative interviews. All three interview partners stated that the awareness of hydrogen 

cars is still relatively low, especially the awareness about the advantages of the tech-

nology is unknown and should be brought to the attention of the population. 

The correlation analysis is also used here.  

  

 

353 DATAtab Austria 2022. 
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Have you ever heard of a hydro-

gen car? 

Can you imagine buying a hy-

drogen car?  

Correlation coefficient accord-

ing to Spearman-Rho 
0,170 

Significance (2-sided) 0,041 

 

Table 14: Correlation Between Awareness and Purchase Intention of Hydrogen Cars 

Source: Own representation based on own created survey. 

 

Comparing the correlation coefficients of the two variables, it can be seen that there 

is a positive relationship. Since the significance is less than five percent, the correlation 

can even be proven to be significant. This means that the better people know about 

the hydrogen car and become aware of it, the higher the probability of purchase. This 

also proves that communicating knowledge about hydrogen cars is of particular im-

portance in increasing purchase intention.  

The only question now is whether the knowledge transfer should take place with pos-

itive or negative emotions, which is why a correlation analysis is used below to deter-

mine whether there is a connection between emotions and the purchase intention and 

in detail, if positive and negative emotions stay in relation to the purchase intention. 

 

Hypothesis 2: Positive emotions have a greater positive influence than negative emo-

tions on the purchase intention. 

 Joy Fear Sadness Anger 
Expec-

tation 
Surprise Trust 

Can you 

imagine 

buying a 

hydro-

gen car? 

Correla-

tion coef-

ficient ac-

cording to 

Spear-

man-Rho 

-0,454 0,154 0,160 0,170 -0,083 0,155 -0,164 

Signifi-

cance (2-

sided) 

0,000 0,065 0,055 0,041 0,319 0,062 0,048 

Table 15: Correlation Between Perceived Emotions and Intention to Purchase Hydrogen Cars 

Source: Own representation based on own created survey. 
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Looking at the correlation coefficients fromTable 15, it can be seen that the emotions 

fear, sadness, anger and surprise show positive correlations with the purchase inten-

tion of hydrogen cars. However, only the positive correlation between anger and pur-

chase intention is significant, which confirms the correlation. In addition, the negative 

correlation between the emotions joy and trust can be significantly confirmed. 

 

Hypothesis 3: The level of involvement has an influence on the purchase intention. 

Hypothesis three deals with the relationship between the degree of involvement of a 

car purchase and the actual intention to purchase a car. For this purpose, correlation 

analysis was performed using SPSS. The correlation coefficient shows that there is a 

positive relationship between the two variables. This means that people who place a 

high value on buying a car, and thus have a high level of involvement with regard to a 

car purchase, tend to be more likely to buy a hydrogen car than people with a low level 

of involvement. However, the relationship cannot be confirmed as significant. 

 
What value do you place on 

buying a car? 

Can you imagine buying a hy-

drogen car? 

Correlation coefficient accord-

ing to Spearman-Rho 
0,100 

Significance (2-sided) 0,232 

Table 16: Correlation Between Involvement and Intention to Purchase Hydrogen Cars 

Source: Own representation based on own created survey.  

 

Hypothesis 4: Consumers with a high level of involvement feel stronger emotions in 

relation to the purchase of a hydrogen car. 

The fourth hypothesis deals with the correlation between involvement in a car pur-

chase and the emotions felt in the process. A correlation analysis was also conducted 

using SPSS to determine the relationship between the two variables. 

 Joy Fear Sadness Anger 
Expec-

tation 
Surprise Trust 

What 

value do 

you 

place on 

buying a 

Correla-

tion co-

efficient 

accord-

ing to 

-0,126 -0,130 0,010 -0,114 -0,009 0,106 -0,136 
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hydro-

gen car? 

Spear-

man-

Rho 

Signifi-

cance 

(2-

sided) 

0,130 0,118 0,905 0,172 0,912 0,206 0,104 

Table 17: Correlation Between Perceived Emotions and Involvement in the Purchase of Hydrogen Cars 

Source: Own representation based on own created survey.  

 

However, it turns out that only the emotions sadness and surprise show a weak cor-

relation with involvement. However, none of the correlations can be proven to be sig-

nificant. Accordingly, no correlation between the strength of involvement and the 

strength of emotions can be demonstrated. 

 

Hypothesis 5: Sustainability has a significant influence on the attitude toward hydrogen 

cars and its purchase intention of hydrogen cars. 

Hypothesis 5a: Sustainability has a significant influence on the purchase intention. 

Correlation analysis was used to test the second hypothesis. Correlation analysis can 

be used to find out whether there is a correlation between two variables and how 

strong this correlation is. Due to the fact that the variables are not normally distributed, 

the correlation of the two variables is measured by means of the rank correlation ac-

cording to Spearman. The values of the variables are ranked and then analyzed. Be-

low, a review of the influence of sustainability on hydrogen car attitudes and purchase 

intentions is given. The results are illustrated in Table 18. 

 

 
How important is the topic of 

sustainability to you? 

Can you imagine buying a hy-

drogen car? 

Correlation coefficient accord-

ing to Spearman-Rho 
0,069 

Significance (2-sided) 0,413 

Table 18: Correlation Between the Importance of Sustainability and the Intention to Buy Hydrogen Cars 

Source: Own representation based on own created survey.  
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Table 18 shows that there is a correlation between the importance of sustainability 

and purchase intention. However, this cannot be significantly confirmed. 

 

Hypothesis 5b: Attitudes towards sustainability have an impact on the emotions felt 

when buying a hydrogen car. 

The second step is to analyze the relationship between perceived emotions and the 

importance of sustainability. It was found that there is a negative correlation between 

the importance of sustainability and the emotions joy, expectation, and surprise. Only 

between the importance of sustainability and the emotion trust is a positive correlation 

and, but the correlation cannot be significantly confirmed. Only the negative correlation 

with the emotion surprise can be confirmed significantly. This also means that people 

who care more about sustainability are also more likely to feel the emotion of trust. 

 

 Joy Expectation Surprise Trust 

How im-

portant is 

the topic of 

sustainabil-

ity to you? 

Correlation 

coefficient ac-

cording to 

Spearman-

Rho 

-0,14 -0,27 -0,178 0,053 

Significance 

(2-sided) 
0,864 0,748 0,033 0,528 

Table 19: Correlation Between Perceived Emotions and the Importance of Hydrogen Cars 

Source: Own representation based on own created survey. 

 

Hypothesis 5c: Attitudes towards investing in sustainability have an impact on the 

emotions felt when buying a hydrogen car. 

When looking at the correlation coefficient between the attitude towards the invest-

ment in hydrogen and the intention to purchase, a positive correlation is found, which 

is also significant. This means that people who think positively about investing in hy-

drogen would also be more likely to buy a hydrogen car. 

 



114 

 

How do you feel about the in-

vestment in hydrogen in terms 

of sustainability? 

Can you imagine buying a 

hydrogen car? 

 

Correlation coefficient accord-

ing to Spearman-Rho 
0,372 

Significance (2-sided) 0,000 

Table 20: Correlation Between Approval of Investment in Hydrogen and Intention to Purchase Hydrogen Cars 

Source: Own representation based on own created survey. 

 

Hypothesis 6: Trend-following consumers are more likely to buy a hydrogen car than 

others. 

Looking at the correlation coefficients from Table 21, it can be seen that people who 

like to follow new trends are more likely to buy a hydrogen car than others. The corre-

lation between the two variables is therefore positive. However, the correlation cannot 

be significantly demonstrated and confirmed. 

 

Do you follow a new trend or do 

you let others take precedence 

for now? 

Can you imagine buying a hy-

drogen car?  

Correlation coefficient accord-

ing to Spearman-Rho 
0,141 

Significance (2-sided) 0,091 

Table 21: Correlation Between Following a New Trend and the Intention to Buy Hydrogen Cars 

Source: Own representation based on own created survey. 

 

Hypothesis 7: Government subsidies have an influence on the purchase intention of 

hydrogen cars. 

The seventh hypothesis deals with government support. It emerged from the inter-

views and the survey that government subsidies are necessary to increase the sales 

figures for hydrogen cars. Accordingly, it is necessary to investigate the relationship 

between government subsidies and purchase intention. The results of the correlation 

analysis can be seen in Table 22. 
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Should hydrogen cars be subsi-

dized by the government? 

Can you imagine buying a hy-

drogen car?  

Correlation coefficient accord-

ing to Spearman-Rho 
0,321 

Significance (2-sided) 0,000 

Table 22: Correlation Between Government Investment in Hydrogen and Intention to Purchase Hydrogen Cars 

Source: Own representation based on own created survey. 

 

Looking at the correlation coefficient, it is clear that government support and hydrogen 

car purchase intention are significantly correlated. Accordingly, government subsidies 

are necessary to increase the purchase intention of hydrogen cars among the popu-

lation. On the one hand, the government subsidies provide some assurance that the 

technology is supported and thus sustainable, and on the other hand, the purchase 

price becomes more affordable, which in turn increases the attractiveness. In addition 

to reducing the purchase price, the government support could also be used for adver-

tising films or educational work. 

 

Hypothesis 8: Attitudes towards sustainability have an impact on the price sensitivity 

of hydrogen cars. 

The eighth and last hypothesis deals with the price problem of hydrogen cars. One 

disadvantage of hydrogen cars is their comparatively high price, which raises the 

question of who is willing to spend more money on a hydrogen car than on alternative 

drive systems. This raises the question of whether people for whom sustainability is 

particularly important are willing to spend more on hydrogen cars. For this reason, 

these two variables were examined in a correlation analysis. The correlation coeffi-

cients showed that there is a positive correlation between the two variables and that 

the correlation is also significant. Accordingly, it can be concluded that people to whom 

sustainability is particularly important are more willing to spend more money on a hy-

drogen car. 
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Assume your current com-

buston car costs 50,000 euros. 

What amount would you be will-

ing to spend on an identical car 

powered by hydrogen? 

Can you imagine buying a 

hydrogen car?  

Correlation coefficient accord-

ing to Spearman-Rho 
0,168 

Significance (2-sided) 0,043 

Table 23: Correlation Between price Sensitivity and Intention to Purchase Hydrogen Cars 

Source: Own representation based on own created survey. 

6.7 Conclusion of the Empirical Research  

The results of the empirical analysis show that the population feels certain emotions 

when buying a car. The survey showed that especially the emotions joy, expectation 

and surprise occur frequently and thus the positive emotions are more likely to be felt 

than the negative emotions such as fear, sadness, or anger. However, trust is the 

emotion that is rarely found. This emotion in particular would be of importance due to 

the new technology, but the emotion of trust is relatively low in the entire automotive 

industry, as can be seen in Figure 30.  

It has been shown that there are some influencing factors that are related to emotions. 

Influencing factors such as awareness of hydrogen cars or the issue of sustainability 

play a certain role. Involvement is also an influencing factor that can affect the attitude 

and purchase intention of hydrogen cars. Government support and customer type also 

play a significant role. 

The first hypothesis shows that there is a correlation between knowledge about hydro-

gen cars and purchase intention. The correlation of the two variables can also be con-

firmed significantly. Accordingly, based on the evaluation of the quantitative analysis 

using the correlation analysis, it could be confirmed that the degree of awareness 

about hydrogen cars has an influence on the purchase intention.  

The second hypothesis cannot be confirmed. In general, there is no clear correlation 

between emotions and purchase intention. There is a positive correlation between the 

emotions fear, sadness, anger and surprise and the purchase intention, but only the 

correlation between the emotion anger and the purchase intention can be significantly 

confirmed, as well as the negative correlation between the emotions joy and trust and 

the purchase intention. This would mean, however, that negative emotions have a 
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greater influence on the purchase decision than positive emotions, which thus refutes 

the hypothesis. 

The third hypothesis dealt with the relationship between involvement in car buying and 

actual purchase intention. It was confirmed that people who show a higher level of 

involvement in buying a car are more likely to imagine buying a hydrogen car. How-

ever, this relationship could not be proven to be significant.  

The fourth hypothesis deals with the statement that consumers with a higher level of 

involvement also feel stronger emotions but no significant correlation could be estab-

lished. There is only a positive correlation between the emotions sadness and sur-

prise, but this correlation is not significant, which shows that the hypothesis cannot be 

confirmed. 

The fifth hypothesis was divided into three sub-hypotheses. Hypothesis 5a deals with 

the influence of the sustainable attitude of the sample on purchase intention. It was 

found that the sustainable attitude has a weak positive effect on purchase intention. 

Since the hypothesis cannot be proven to be significant, it is rejected.  

Hypothesis 5b deals with the influence of the sustainable attitude on the emotions felt 

when buying a car. It was found that there is only a positive correlation for the emotion 

trust. The correlation cannot be significantly confirmed but it can be significantly con-

firmed that the emotion surprise has a negative correlation with the attitude toward 

sustainability. Accordingly, the hypothesis can only be partially confirmed.  

Hypothesis 5c deals with the influence of the attitude towards investments in hydrogen 

on the purchase intention of hydrogen cars. Here, a significant positive correlation 

between the two variables can be found, which means that people who have a positive 

attitude towards investing in hydrogen are more likely to imagine buying a hydrogen 

car. 

The sixth hypothesis deals with the influence of purchase type on hydrogen car pur-

chase intention. A positive significant correlation is found between these two variables. 

This means that people who are more inclined to follow a new trend are more likely to 

imagine buying a hydrogen car.  

The seventh hypothesis deals with the influence of government subsidies on the pur-

chase intention of hydrogen cars. It was found that government subsidies have a pos-

itive influence on the purchase intention of hydrogen cars. Moreover, this relationship 

can be significantly confirmed.  

The eighth and last hypothesis deals with the influence of the sustainable attitude of 

the population on price sensitivity. The correlation analysis showed that there is a 
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positive relationship between these two variables. This correlation can also be con-

firmed as significant. Thus, people to whom sustainability is important are more willing 

to spend more money on a hydrogen car than on conventional drive types. The results 

of the hypothesis test are tabulated in Table 24. 

 

Hypotheses 
Confirmed/  

not confirmed 

Hypothesis 1: The level of awareness of hydrogen cars has an impact on pur-

chase intention. 
Confirmed 

Hypothesis 2: Positive emotions have a greater positive influence than negative 

emotions on the purchase intention. 
Not confirmed 

Hypothesis 3: The level of involvement has an influence on the purchase inten-

tion. 
Not confirmed 

Hypothesis 4: Consumers with a high level of involvement feel stronger emo-

tions in relation to the purchase of a hydrogen car. 
Not confirmed 

Hypothesis 5: Sustainability has a significant influence on the attitude toward 

hydrogen cars and its purchase intention of hydrogen cars. 

Partially 

confirmed 

Hypothesis 5a: Sustainability has a significant influence on the purchase inten-

tion. 
Not confirmed 

Hypothesis 5b: Attitudes towards sustainability have an impact on the emotions 

felt when buying a hydrogen car. 
Not confirmed 

Hypothesis 5c: Attitudes towards investing in sustainability have an impact on 

the emotions felt when buying a hydrogen car. 
Confirmed 

Hypothesis 6: Trend-following consumers are more likely to buy a hydrogen car 

than others. 
Confirmed 

Hypothesis 7: Government subsidies have an influence on the purchase inten-

tion of hydrogen cars. 
Confirmed 

Hypothesis 8: Attitudes towards sustainability have an impact on the price sen-

sitivity of hydrogen cars. 
Confirmed 

Table 24: Summary of the Hypotheses 

Source: Own representation based on own created survey. 
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7 Practical Implications 

Finally, the findings from the individual chapters are elaborated in order to provide 

suitable recommendations for action. The aim of this thesis was to determine the in-

fluence of emotions on the attitude and purchase intention of hydrogen cars by means 

of an empirical analysis. An attempt was made to work out the advantages and disad-

vantages of hydrogen cars in order to examine on the basis of the problems identified, 

whether these can be overcome by suitable marketing measures that take certain 

emotions into account. It was also determined whether attitudes could thus be im-

proved and willingness to buy hydrogen cars increased. In addition, an attempt was 

made to find influencing factors on the frequency of emotions as well as a correlation 

with attitude and purchase intention. 

Deriving clear recommendations for action is difficult due to the novelty of hydrogen 

cars. Hydrogen cars are not yet so far advanced in development that a large influence 

can already be created through emotion research. Nevertheless, emotions play a sig-

nificant role, which is reflected in the following recommendations for action. An attempt 

is made to prioritize the recommendations for action and to present a chronological 

sequence of which recommendations for action should be considered first. For the 

sake of clarity, the recommendations for action are presented with bullet points.  

• The first step is to increase awareness of hydrogen cars.  

• To increase the awareness of hydrogen cars, it is recommended to consider 

emotional differentiation to gain a market advantage in the competitive car mar-

ket. It can be inferred that emotional differentiation measures have the potential 

to influence cognitions in the context of purchase decisions. 

• Government support will be of enormous importance. Accordingly, it is im-

portant to find out about government subsidies or programs and to bring forward 

hydrogen car technology.  

• Those countries in which hardly any government subsidies prevail with regard 

to hydrogen technology can be neglected for the time being. The focus will be 

on those countries that receive government subsidies or that have concrete 

plans regarding the expansion of the hydrogen strategy.  

• As a hydrogen car manufacturer, the focus should be on a sustainable strategy, 

as this aspect is the most important advantage for potential customers.  

• When creating the marketing campaign, attention should be paid not only to the 

emotions but also to the design, including the color scheme or music, as these 
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factors can also trigger emotions in people that positively influence the pur-

chase intention. 

• Due to the high level of involvement and the high financial burden of buying a 

car, the customer takes a greater risk, and the decision is correspondingly com-

plex. Despite the attempt to make a rational decision, marketing can continu-

ously support the consumer in the purchase process by means of suitable mar-

keting campaigns with the addition of emotions and the targeted transfer of 

knowledge, in order to increase the willingness to buy. 

The results of the work show that hydrogen technology is still a new and unknown type 

of propulsion, which at this stage, is not able to exert a great influence on people by 

means of emotion research. However, the future perspectives of hydrogen cars are 

positive. A number of recommended actions have been identified to promote the adop-

tion of hydrogen cars, showing how the use of emotion can improve attitudes and 

purchase intentions. 
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8 Conclusion and Further Research  

The hydrogen car market is currently in the starting blocks to make a breakthrough. 

However, the automotive market is characterized by strong competition and difficult 

framework conditions, which makes a breakthrough of the drive technology demand-

ing. In addition to the improvement of individual technical components, the reduction 

of the purchase price and the expansion of the infrastructure, it could be particularly 

emphasized that the awareness of hydrogen cars must also be improved. The chal-

lenge lies not only in conveying knowledge about the technology, but rather in getting 

the population excited about hydrogen cars. This can be achieved by specifically trig-

gering and amplifying emotions in marketing campaigns or advertising films. 

Even though in theory the relationship between emotions and the influence on attitude 

and purchase intention can be confirmed in many literatures, but in many cases the 

relationship is difficult to prove. Measuring emotions is also still very difficult at present. 

There are some methods for measuring emotions, but due to the many influencing 

factors, such as certain preferences or previous experiences, a clear measurement of 

emotions is difficult. 

Emotions have been found to be a complex psychophysiological process in the con-

scious and also in the unconscious mind of humans. By taking emotional differentiation 

into account, a company can gain a market advantage. It can be inferred that emo-

tional differentiation measures have the potential to influence cognitions in the context 

of purchase decisions. 

This was also confirmed by the empirical study. Some correlations that were worked 

out in theory could not be significantly demonstrated in the study. Particularly difficult 

was the attempt to confirm those hypotheses that had claimed a connection between 

emotions and purchase intention. Only those hypotheses could be confirmed which 

were an influencing factor on emotions or which could be evoked by means of emo-

tions.  

The results of the study show that hydrogen technology is still too new and too un-

known to be able to exert a major influence on people by means of emotion research. 

To this end, the paper has identified a number of ways to help, such as the use of a 

sustainable strategy. The connection between sustainability and the intention to buy 

or the improvement of the attitude could be significantly proven in several places. With 

regard to emotions, it can thus be summarized that a certain correlation could be de-

termined in theory, but this could not be significantly demonstrated in the empirical 

study.  
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In summary, it can be said that hydrogen technology offers attractive opportunities, 

and it still faces many challenges that need to be overcome. If government support in 

this area were to be increased, there could be a significant upswing, which could au-

tomatically mitigate certain problems, such as a poorly developed filling station net-

works or the high purchase price due to economies of scale occurring. However, 

awareness of the existence and emergence of emotions does not harm when creating 

an advertising campaign. This creates a more precise awareness of the customer's 

needs, and one increasingly puts oneself in the customer's position. Last but not least, 

the importance of sustainability in the introduction of hydrogen cars should be men-

tioned once again. This insight could be used to identify the appropriate target group 

with the greatest intention to buy hydrogen cars. 
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Appendix 

Appendix I: Paired Comparison Model for the Scoring Model 

 

 

Source: Own representation, based on Table 2. 

  

2 = more important

1 = same importance

0 = less important

Refueling 

Duration 

for 100 

km range 

Sound 

Volume 

(in dB)

CO2 

Emissions

Fuel Cost 

per 100 

km 

(average 

last 5 

years)

Maintenance 

Cost

Service 

Stations in 

Germany

Main Raw 

Materials

HP 

(horsepower) Torque Range Price Efficiency

Average 

Service 

Life Score Rating

Refueling Duration 

for 100 km range 2 0 0 0 0 2 2 2 0 0 1 0 9 6%

Sound Volume 

(in dB) 0 0 0 0 0 0 0 1 0 0 0 0 1 1%

CO2 Emissions 2 2 1 1 0 1 2 2 1 0 1 2 15 10%

Fuel Cost per 100 km 

(average last 5 

years) 2 2 1 2 0 2 2 2 1 1 2 1 18 12%

Maintenance Cost 2 2 1 0 0 1 2 2 1 1 2 0 14 9%

Service Stations in 

Germany 2 2 2 2 2 2 2 2 1 2 2 1 22 14%

Main Raw Materials 0 2 1 0 1 0 2 2 0 0 2 1 11 7%

HP (horsepower) 0 2 0 0 0 0 0 1 0 0 0 0 3 2%

Torque 0 1 0 0 0 0 0 1 0 0 0 0 2 1%

Range 2 2 1 1 1 1 2 2 2 1 2 1 18 12%

Price 2 2 2 1 1 0 2 2 2 1 2 1 18 12%

Efficiency 1 2 1 0 0 0 0 2 2 0 0 0 8 5%

Average Service Life 2 2 0 1 2 1 1 2 2 1 1 2 17 11%

156 1
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Appendix II: Criteria Definition for the Scoring Model  

 

 

Source: Own representation, based on Table 2. 

 

 

Criteria 

Measurement (Data range, 

Avg., mean, outliers)

n.a = 1

Definition / reason why? low / n.a = 1
2

(Bereich 1-2(-0.01))

3

(Bereich 2-3(-0.01))

4

(Bereich 3-4(-0.01))
Gasoline Car Diesel Car Electric Car Hydrogen Car

Refueling Duration for 100 km 

range in minutes The lower, the better 0,50 2,00 3,50 5,00 0,50 0,50 5,00 0,75

Sound Volume in dezibel The lower, the better 65,50 67,00 68,50 70,00 70,00 70,00 65,50 65,70

CO2 Emissions in grams per kilometer The lower, the better 91,20 116,67 142,13 167,60 157,60 167,60 91,20 121,00

Fuel Cost per 100 km (average 

last 5 years) in Euro per 100 kilometer The lower, the better 4,80 7,10 9,40 11,70 11,70 9,17 4,80 7,60

Maintenance Costs in Euro per year The lower, the better 576,00 708,33 840,67 973,00 936,00 973,00 576,00 < 576 

Service Stations in Germany Amount The more, the better 92,00 13240,67 13534,33 39538,00 14459,00 14459,00 39538,00 92,00

Main Raw Materials Expert opinion

Mixture of occurrence in 

nature and extraction 

method 1,00 2,00 3,00 4,00

Crude oil 

Iron 

Aluminum 

Platinum

Crude oil 

Iron 

Aluminum 

Platinum

Lithium 

Cobalt 

Nickel

Manganese

Copper

Platinum 

Lithium 

Cobalt 

Nickel

Manganese

Copper

HP (horse-power) in horse-power The higher, the better 127,80 168,87 209,93 251,00 127,80 127,80 156,00 251,00

Torque in newton-meter The higher, the better 300,00 323,33 346,67 370,00 370,00 370,00 300,00 348,00

Range in kilometer The higher, the better 445,00 596,67 748,33 900,00 900,00 900,00 445,00 595,00

Price in Euro The lower, the better 33000,00 43333,33 53666,67 64000,00 33000,00 34000,00 35000,00 64000,00

Efficiency in percent The higher, the better 22,00% 36,00% 50,00% 64,00% 22,00% 57,50% 64,00% 30,50%

Average 

Service Life in kilometer The higher, the better 160000,00 356666,67 553333,33 750000,00 200000,00 500000,00 160000,00 750000,00

Scoring
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Appendix III: Qualitative Content Analysis according to Mayring for Interview 1 

The content analysis presented is in very small font for clarity, which is why the digital version can be made available upon request. 

  

 

 

Number Question Content Paraphrasing Generalization of paraphrasing First reduction Second reduction Compiliation of new statments

1

What significance do you attribute to the 

hydrogen car in the automotive market?

Hydrogen provides a zero emission solution with minimum 

disruption for the users. Hydrogen refueling time (3~5mn) , 

energy density while stored on board vehicles (range), and 

distribution process is similar to liquid fossil fuels (stations 

with equivalent footprint).

Hydrogen cars are considered an 

emission-free vehicle alternative and 

are without major restrictions for users. 

The refueling time is three to five 

minutes and the energy density when 

stored in the tank and the distribution 

process are similar to internal 

combustion engines. 

Hydrogen cars are an emission-free 

vehicle alternative without major 

restrictions for customers. The 

advantages are the short refueling 

time (3-5 min) and the energy 

density during storage. 

Hydrogen cars are considered 

emission-free and can be used 

without major restrictions. The 

advantage is the refueling time and 

the energy density during storage.

The advantages of hydrogen cars are 

that they are emission-free, can be 

refueled quickly and have a high 

energy density for storage.

Emission-free, short refueling time, 

easy to store in the tank.

2

How did Hyundai succeed in placing hydrogen 

cars on the market? 

2a

Were there any government subsidies for this? 

i.	There are rebates for fuel cell vehicles in California.

ii.	HOV (high occupancy vehicle) lane access is allowed for 

FCEV (carpool lane)

iii.	Additionally, there are subsidies/grants for infrastructure 

development (capex and operations).

In California, the state provides rebates 

for fuel cell vehicles. In addition, the so-

called HOV (carpool) lane may be used 

by hydrogen cars. The state also 

subsidizes the development and 

operation of hydrogen car 

infrastructures.

The state subsidizes fuel cell vehicles, 

financially, through the use of the 

HOV lane and the development and 

operation of hydrogen car 

infrastructure. 

Financial incentives and on-road 

benefits for hydrogen car owners. 

Support for the development and 

operation of the infrastructure. 

Government support (financial, road 

benefits, infrastructure).

The state supports and subsidizes 

the development and operation of 

hydrogen cars to make them more 

attractive. 

2b

Was a detailed market analysis carried out? 

Always as for any other vehicle.

A detailed market analysis was carried 

out, as with previous vehicle types.

Detailed market analysis in relation 

to hydrogen cars was carried out by 

Hyundai.

A detailed market analysis is carried 

out for each new product. 

A detailed market analysis has been 

conducted. 

A detailed market analysis has been 

conducted. 

2c

Were customer surveys conducted for this 

purpose? 
Yes. This is a continuous process.

Customer surveys were also conducted, 

which is part of a continuous process.  

Customer surveys are part of the 

continuous process when 

introducing a new product.

A customer survey was conducted 

prior to the launch of the hydrogen 

cars. A customer survey was conducted. A customer survey was conducted.

2d

Do the country's sustainability goals play a 

decisive role for Hyundai in entering the market?
Some states in the US have a zero emission vehicles mandate. 

Yes, these goals are important in the decision making 

process.

Since some states in the United States 

have a zero emission vehicles mandate, 

it is imperative to look at the state's 

goals before entering a new market. 

It is essential to address the 

sustainability goals of the respective 

state, as some states in the United 

States have a zero-emission vehicle 

mandate. 

It is imperative to look at each state's 

sustainability goals due to potential 

zero emission vehicle mandates. 

It is imperative to look at each state's 

sustainability goals due to potential 

restrictions. 

It is imperative to look at the 

sustainability goals of the respective 

state. 

3

What were the decisive reasons for Hyundai to 

enter the market with hydrogen cars? 

Hyundai has been developing FCEV for over 20 years. 

California is a pioneer state for alternative technologies and a 

good test bed for market feedback.

Hydrogen car research has been taking 

place for over 20 years. California is at 

the forefront of alternative energy 

research, acting as a test bed for market 

feedback. 

Hydrogen technology has been 

researched and developed for over 

20 years. California is at the forefront 

of this research and serves as a test 

bed for market feedback. 

Hydrogen technology has been 

researched and developed for over 

20 years. California is leading the 

way.

Hydrogen cars have been researched 

for a long time and California serves 

as a pioneer. 

Hydrogen technology is not new, 

California is serving as a pioneer. 

4

How successful was the entry with hydrogen 

cars? Have the targets been met or rather 

below/above? 

Customers have a very positive experience with the vehicle 

performance (range, quietness, styling, features…).

The infrastructure resilience is not perfect. Easy and 

consistent access to hydrogen refueling pumps has been an 

area of complaints from customers.

The experience of customers so far has 

been very positive, especially in terms of 

range, low noise, design, equipment,...). 

Customers are less satisfied with the 

current refueling station network. 

Customer experiences are positive, 

especially in terms of range, low 

noise, design and equipment. The 

disadvantage is the current network 

of refueling stations. 

Positive customer experiences in 

terms of range, low noise, design and 

equipment. Negative customer 

experiences with regard to the 

refueling station network. 

Advantages are range, low noise, 

design and equipment. The network 

of service stations is currently 

inadequate. 

Advantages are range, low noise, 

design and equipment. The network 

of service stations is currently 

inadequate. 

5

Where are the hydrogen cars produced? What 

does the future look like here? 

Nexo is produced in Korea and distributed worldwide. 

Typically, production can expand to multiple locations as the 

volume of manufacturing increases.

The Hyundai Nexo is currently 

manufactured in Korea, but could be 

expanded to multiple locations as 

production volumes increase. 

The Hyundai Nexo is manufactured 

in Korea, but may be expanded to 

additional locations as production 

volumes increase. 

A hydrogen car from Hyndai is 

produced in Korea, but it is 

conceivable to produce in other 

countries as well. 

Hyundai only produces in Korea due 

to the currently still too low 

production numbers. 

Hyundai produces only in Korea, but 

it is conceivable to produce in other 

countries as production volumes 

increase. 

6

Do you think hydrogen cars can replace electric 

cars? 

Hydrogen fuel cell cars are electric cars. Fuel cells produce 

electricity on demand on board rather than storing the 

electricity in batteries.

Hydrogen cars are electric cars. Fuel 

cells generate the electricity themselves 

instead of storing the electricity in 

batteries. 

Hydrogen cars belong to the category 

of electric cars and generate the 

electricity themselves instead of 

storing it in batteries.

Hydrogen cars differentiate 

themselves from electric cars by 

generating the electricity themselves 

instead of storing it in the battery. 

Hydrogen cars generate the 

electricity themselves instead of 

storing it in the battery. 

Hydrogen cars generate their own 

electricity and do not require a 

battery for storage.
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7

Do you think hydrogen cars can replace 

combustion cars with gasoline or diesel? 

The performance of FCEVs is equivalent if not superior to ICE 

(internal combustion engine). The challenge is in the cost of 

technology and fuel which can be addressed with more 

volume. Strong policy support is necessary for energy 

transitions.

Hydrogen cars and internal combustion 

cars are equivalent in terms of 

performance, hydrogen cars are 

possibly even better. However, the 

technology and fuel are very expensive. 

Therefore, strong political support is 

essential.

Hydrogen cars are comparable to 

internal combustion cars in terms of 

performance, and tend to be even 

better. On the negative side, the 

technology and fuel are expensive, 

so government subsidies are 

necessary. 

Hydrogen cars are a bit better than 

combustion engines with the 

problem of expensive technology 

and fuel. Government subsidies 

needed.

Hydrogen cars are a bit better than 

combustion engines, but are more 

expensive. Government subsidies 

necessary.

Government subsidies are necessary 

to expand the advantage of 

hydrogen cars. 

8

What do you think is the most important aspect 

for hydrogen cars compared to electric cars? 
FCEVs are electric cars. The main difference is the refueling 

experience which is similar to gasoline (3 to 5mn to refuel). 

Refueling is done a regular gas stations. It is not possible to 

refuel at home.

Hydrogen cars are among the electric 

cars. Their biggest advantage over 

electric cars is that they can be refueled 

quickly in three to five minutes. 

Refueling takes place at a filling station 

and not at home as is possible with 

electric cars. 

A hydrogen car is an electric car, but 

it can be refueled much faster, in 

three to five minutes, but it can only 

be refueled at a filling station and 

not at home. 

Hydrogen cars are electric cars, but 

they can be refueled in three to five 

minutes at the filling station and not 

at home. 

Hydrogen cars are electric cars, but 

they can be refueled at a filling 

station in three to five minutes. 

Hydrogen cars are electric cars and 

can be refueled at a filling station in 

three to five minutes. 

9

What are the plans for the future? Percentage 

increase? New models? New technologies? 
Hyundai has announced its vision in youtube videos called 

“Hydrogen wave” with more vehicles, especially in the 

commercial vehicle, light aviation fields.

Hyundai has announced a new vision in 

YouTube. This is called "Hydrogen 

wave". This is to be applied to the 

commercial vehicle and light aircraft 

sectors in particular. 

Hyundai has announced the 

following new vision: "Hydrogen 

wave". This will be applied to the 

areas of commercial vehicles and 

light aircraft. 

Hyundai's new vision "Hydrogen 

wave" will be applied to the 

commercial vehicle and light aircraft 

sectors. 

Hyundai's new vision "Hydrogen 

wave" is to increase the awareness 

of hydrogen cars. 

Hyundai's new vision "Hydrogen 

wave" is to increase the awareness 

of hydrogen cars. 

10
Do you also work with hydrogen paste?

I’m not familiar with the term. I’m not familiar with the term.

Hyundai does not work with the 

hydrogen paste. 

Hyundai does not work with the 

hydrogen paste. 

Hyundai does not work with the 

hydrogen paste. 

Hyundai does not work with the 

hydrogen paste. 

11

The subject of hydrogen as a means of 

propulsion has existed for many years. Why do 

you think it is still a niche product? What are 

currently the biggest problems? 

The market for hydrogen vehicles can only grow as fast as the 

refueling network. Infrastructure (number of stations and 

cost of hydrogen) is the key enabler for growth. With growth 

of the market, there will be more and more investments in 

the technology which will secure its maturity.

The market for hydrogen vehicles can 

only grow as fast as the refueling 

network. The two most important 

factors for growth are the number of 

refueling stations and the cost of 

hydrogen. The greater the growth, the 

greater the investment in the technology 

that will ensure its maturity. 

Market growth for hydrogen cars 

occurs nut if there are enough 

refueling stations and costs can be 

reduced. The greater the growth, the 

more will be invested. 

Investment only possible if growth 

and growth only possible if refueling 

stations are expanded, costs are 

reduced.

Without growth, no investment, and 

without investment, no money for 

infrastructure expansion and no 

economies of scale. 

Without growth, there is no 

investment, and without investment, 

there is no money for infrastructure 

expansion. 

12

Which marketing campaigns have been used by 

Hyundai to promote the introduction of 

hydrogen cars? Social media, conventional ads, press events, autoshows…

Social media, conventional ads, press 

events, autoshows…

Social media, conventional ads, press 

events, autoshows…

Social media, conventional ads, press 

events, autoshows…

Social media, conventional ads, press 

events, autoshows…

Social media, conventional ads, press 

events, autoshows…

13

Which marketing channels have been particularly 

successful? 
Difficult to answer but FCEV owners are a community. Social 

media and grass root, word of mouth are probably key.

Hydrogen car owners have formed a 

community. Social media and word-of-

mouth are very important and 

successful here. 

Hydrogen car owners have joined 

together to form a society, which has 

made word-of-mouth propaganda, 

but also social media, important. 

Creating a community, word-of-

mouth, social media

Creating a community, word-of-

mouth, social media

Creating a community, word-of-

mouth, social media
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14

Does Hyundai also work with emotion research 

in this area? 

I’m not sure exactly about what research you have in mind. A 

vehicle purchase is an emotional purchase. Hyundai is 

researching motivations and rationale of customers to better 

address their needs.

A vehicle purchase is an emotional 

purchase, which is why Hyundai 

researches customers' motivations and 

motivations to better address their 

needs. 

High involvement in the purchase of 

a car, so it is important to know the 

customer's motives and motivations 

to achieve satisfaction of needs.

Need satisfaction by exploring the 

motives and motivations due to high 

involvement.

High Involvement. Satisfying needs 

by exploring motives and 

motivations High Involvement. Need satisfaction 

15

What do you think of emotion research? 

Again, not sure about the scope you have in mind, but 

emotions are part of customers’ identities and any company 

should understand what their customers are expecting 

and/or would be delighted with.

Every company should be aware of 

what their customers expect or/ and 

what they would be happy about. 

Accordingly, emotions are part of 

customer identity. 

Inquire about customers' motives 

and expectations. Use emotions to 

maintain customer identity.

Emotions are part of customer 

identity and must be asked about in 

order to know what customers are 

happy about.

Use emotions to make customers 

happy and to convince them. 

Emotions influence customers' well-

being and purchase intention. 

16

What emotions must be addressed in people in 

order to change their attitude toward hydrogen 

cars? 

There is often an opposition of customers supporting battery 

electric versus hydrogen fuel cell and it turns into a binary 

vision of how to solve air quality, global warming and energy 

security issues. Removing negative debates emotions is likely 

a must so the public/customers can better understand the 

suite of technologies available to resolve these matters.

Hydrogen is sometimes a safety concern. Education of 

customers is also important for everyone to understand the 

technology and have a more rational approach to safety as 

any energy has its own specificities (gasoline, high voltage 

batteries…).

Often, customers face each other 

supporting electric cars and hydrogen 

cars, which leads to a binary view on 

solving problems such as air quality, 

global warming and energy security. The 

negative emotions need to be removed 

so that the public and customers can 

better understand the different 

technologies available to solve these 

problems. Thus, education is also 

important so that everyone understands 

the technology and develops a more 

rational approach to safety, since all 

energy carries some risk. 

Negative emotions need to be 

reduced so that the population can 

be aware of and better understand 

the different technologies available 

to solve air pollution, global warming 

or energy insecurity ,. Therefore, 

awareness and education is 

important to have a rational 

approach to security, because any 

energy has some risk. 

Negative emotions must be reduced 

so that the population can learn 

about and better understand the 

technologies to solve climate change. 

Rationally, all energy carries some 

risk.

Knowledge about hydrogen cars 

must be communicated so that 

negative emotions about climate 

change can be reduced. 

Knowledge transfer about hydrogen 

cars necessary to overcome negative 

emotions. 

17

What emotions must be addressed in people in 

order to change their intention to buy hydrogen 

cars?

Key triggers for vehicles purchase are cost of ownership and 

performance (features, range, acceleration, convenience…). 

People buy a vehicle, not a powertrain or an energy storage 

solution. If the product is attractive enough and competitive 

or cheaper on cost, the sales and demand will increase 

naturally. As cost of gasoline has increased lately, we can see 

an increase in interest on fuel cell cars in California.

The main reasons for buying a car are 

cost of ownership and performance 

(features, range, acceleration, comfort, 

etc.). People are not buying a propulsion 

type or an energy storage solution. If 

the product is attractive enough and 

competitive or lower cost, sales and 

demand will naturally increase. 

Increasing interest in hydrogen cars can 

be seen in California due to rising leg 

prices. 

The main reasons for buying a car 

are cost and performance (features, 

range, acceleration, comfort, etc.). 

The propulsion type is not important, 

unless the attractiveness and 

competitiveness are good, in which 

case sales and demand will increase. 

Due to rising gasoline prices, there is 

growing interest in hydrogen cars in 

California. 

The most important reasons when 

buying a car are cost and 

performance. The type of powertrain 

is secondary. If the attractiveness 

and competitiveness is high, sales 

and demand will increase. Rising 

gasoline prices are leading to 

growing interest in hydrogen cars in 

California. 

Type of drive not as important as 

cost and performance. High 

attractiveness leads to increasing 

sales. Rising gasoline prices lead to 

growing interest. 

Type of drive not as important as 

cost and performance. High 

attractiveness leads to increasing 

sales. Rising gasoline prices lead to 

growing interest. 
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1

How did Hyundai succeed in placing 

hydrogen cars in Germany? 

Developing hydrogen drive since 1998 

Fuel cell development center in Mabuk (since 2005) 

Own fuel cell development since 2006 

First production vehicle since 2013 

Since 2018 Nexo - vehicle covers everything

Why do they do it? 

Press officer Werner Voss: "Fuel cell covers all alternative energy requirements, and the South 

Koreans always say that anyone who can do fuel cell can basically do anything - battery, plug in,... - 

Fuel cell is the supreme discipline. So if you have the know-how, you're in a good position. And I 

see it the same way. In vehicles like the Nexo, for example, there is a battery as an intermediate 

storage unit, which indicates that it is a battery vehicle, and we also say that hydrogen and battery 

vehicles are not mutually exclusive. In principle, we always say that large vehicles, such as trucks, 

are well on the way in the hydrogen sector. 

There above all the topic hydrogen is very good but also with large vehicles like SUVs the topic 

hydrogen is not bad. We also like to see the battery topic very much in urban traffic with smaller 

and with medium-sized vehicles, and yet we now have a very good electric vehicle with the IONIQ 

5. And we also don't say that the topics are mutually exclusive, but rather complementary. 

Approach of many technologies for alternative drives. 

2015: 50 Nexo predecessor ix35 fuel cell offered via leasing, which also worked out well. We had 

the car on sale from 2015. Of course, in the meantime you can say that batteries always have 

certain advantages, of course, they are always a little cheaper in development, but we have been 

involved in this in Germany since 2015. 

Development of hydrogen propulsion since 1998 

Fuel cell development center in Mabuk (since 2005) 

In-house fuel cell development since 2006 

First production vehicle since 2013 

Hyundai Nexo since 2018 

Press spokesman Werner Voss: "The fuel cell covers all 

alternative energy needs, and the South Koreans always say 

that anyone who can do the fuel cell can basically do 

anything. The fuel cell is the supreme discipline." Know-How 

about the fuel cell leads to a competitive advantage. 

The battery in the Hyundai Nexo is considered intermediate 

storage, indicating that it is an electric car. The house opinion 

says that electric cars and hydrogen cars do not compete 

against each other, but rather complement each other. In 

addition, hydrogen technology is to be used more in trucks or 

in SUVs. In urban traffic, electric cars are preferred. Hyundai 

has developed the IONIQ 5 for this purpose. 

In 2015, 50 Nexo predecessors ix35 Fuel Cell were offered on 

lease. The feedback was positive. Critics always find points 

that are better in electric cars. These are cheaper, for 

example, but the development is also several years ahead. 

Development of hydrogen propulsion 

since 1998 

Fuel cell development center in Mabuk 

(since 2005) 

In-house fuel cell development since 2006 

First production vehicle since 2013 

Hyundai Nexo since 2018 

Know-How about the fuel cell leads to a 

competitive advantage. 

The hydrogen car from Hyundai also 

belongs to the category of electric cars, 

since a battery is also installed in the car. 

Hydrogen cars and electric cars 

complement each other. Electric car in 

local and city traffic, hydrogen cars in 

trucks and SUVs. 

Feedback from a previous model was 

positive. Electric cars are cheaper, but 

sales figures are also much higher, so 

economies of scale have already made 

them cheaper than they were at the start. 

Development of hydrogen 

propulsion since 1998 

Fuel cell development center in 

Mabuk, South Korea (since 2005) 

In-house fuel cell development since 

2006 

First production vehicle since 2013 

Hyundai Nexo since 2018 

Know-How about the fuel cell leads 

to a competitive advantage. 

Hydrogen car is an electric car. 

Electric car in local and city traffic, 

hydrogen cars in trucks and SUVs. 

Electric cars are cheaper, but as sales 

increase, hydrogen cars will also 

become cheaper.

Development since 1998, 

production in South Korea since 

2005, fuel cell development 

since 2006, first production 

vehicle since 2013. Know-How 

about the fuel cell leads to a 

competitive advantage. 

Hydrogen car is an electric car. 

Electric car in local and city 

traffic, hydrogen cars in trucks 

and SUVs. 

Electric cars are cheaper, but as 

sales increase, hydrogen cars 

will also become cheaper.

Development since 1998, 

production in South Korea since 

2005, fuel cell development since 

2006, first production vehicle 

since 2013. Know-How about the 

fuel cell leads to a competitive 

advantage. Hydrogen car is an 

electric car. Electric car in local 

and city traffic, hydrogen cars in 

trucks and SUVs. 

Electric cars are cheaper, but as 

sales increase, hydrogen cars will 

also become cheaper.

1a

Were there any government 

subsidies for this? No or not known No or not known No or not known No or not known No or not known No or not known 

1b

Has a detailed market analysis been 

carried out No or not known No or not known No or not known No or not known No or not known No or not known 

1c

Were customer surveys conducted 

for this purpose? No or not known No or not known No or not known No or not known No or not known No or not known 

1d

Do the country's sustainability goals 

play a decisive role for Hyundai in 

entering the market?

No

Hyundai has been researching hydrogen propulsion for over 20 years. With the ix35 Fuel Cell, 

Hyundai was able to launch the first series-produced hydrogen-powered car on the market as 

early as 2013.

The sustainability targets of the individual country do not 

play a role for Hyundai when entering the market. Hyundai 

has been researching hydrogen drives for more than 20 years 

and was already able to launch a series-production vehicle on 

the market in 2013. 

The sustainability targets of the individual 

country do not play a role for Hyundai 

when entering the market. Research for 

over 20 years, production vehicle since 

2013. 

The sustainability targets are not 

being observed when entering the 

market. Research for over 20 years, 

production vehicle since 2013. 

No attention to sustainability 

goals when entering the 

market. Research for over 20 

years, production vehicle since 

2013. 

No attention to sustainability 

goals when entering the market. 

Research for over 20 years, 

production vehicle since 2013. 

2

What were the decisive reasons for 

Hyundai to enter the German 

market with hydrogen cars? 

For customers, it has tangible advantages: I don't always have to carry my battery around with me, 

I have a small battery in the hydrogen vehicle. For the customer, it also has a tangible advantage 

that you can always say that a car like this can be refueled in five minutes. That has to be said. 

Sure, batteries catch up, sure, we have a charging speed of 10 to 80% in 15 minutes with the IONIQ 

5. With the fuel cell vehicle, it's even a bit faster, the car is fully refueled in five minutes and then I 

can continue driving quickly and quickly. And that has advantages.  

For the customer, hydrogen cars have tangible advantages, 

the battery is much smaller and the refueling process is much 

faster with a refueling time of only five minutes. Research 

into smaller batteries is also progressing and catching up. 

After all, even a battery in Hyundai's electric car is charged 

from 10 percent to 80 percent in 15 minutes. The hydrogen 

car, on the other hand, takes just five minutes and then you 

can drive on.

The battery in a hydrogen car is much 

smaller than in an electric car and the 

refueling process is much faster with only 

five minutes, instead of 15 minutes 

(charging from 10 percent to 80 percent). 

Battery in hydrogen car is smaller 

than in electric car, refueling process 

takes five minutes instead of 15 

minutes (charging 10 percent to 80 

percent). 

Battery in hydrogen car is 

smaller than in electric car, 

refueling process is faster.  

Battery in hydrogen car is smaller 

than in electric car, refueling 

process is faster.  
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3

How successful was the entry with 

hydrogen cars? Were target figures 

met or rather below/above? 

Hydrogen and batteries must not be swept over the same table. Of course, we have seen much 

more with batteries than with hydrogen cars. Hydrogen has clear advantages over conventional 

cars, but hydrogen technology is more complex than conventional drive systems, so it will 

probably take a little longer for the technology to become established. We expect that hydrogen 

technology will probably establish itself more quickly in the larger vehicles, such as trucks or LCVs, 

i.e. small vans. We don't think the race is over yet. 

In this respect, the introduction of our hydrogen vehicles has certainly been a success, but in terms 

of volume, electric vehicles still have a clear advantage, there's no question about that. 

That's a matter of opinion. Back in 2013, there wasn't much focus on the vehicle. It was more of a 

prestige product. It was only with the NEXO, the 2nd generation of the hydrogen drive, that 

companies were specifically addressed. The vehicles were largely sold out. - Since the target 

figures were set low, they were also met.

Hydrogen cars and electric cars should not necessarily be 

lumped together. Electric cars have already been integrated 

on the market for some time, but hydrogen holds a lot of 

potential, but due to the more complex technology, 

development will take longer to become established. It is 

likely that the technology will catch on more quickly in trucks 

and vans. Introduction has therefore already been a success, 

but volume is still too low. In 2013, the hydrogen car was 

considered a prestige product; it was not until the Nexo that 

companies were targeted and the vehicles were eventually 

sold out. However, the number of units was relatively small. 

Electric cars have been around for several 

years and are ahead of hydrogen cars in 

terms of development. The technology 

has a lot of potential, probably faster in 

trucks and vans than in private cars. In 

2013, the hydrogen car was still 

considered a prestige product, and it 

wasn't until the Nexo that the first 

production run quickly sold out. 

Electric cars are ahead of hydrogen 

cars in terms of development. The 

potential will probably only be 

exploited in trucks and vans. The 

first production series of the Nexo 

was quickly sold out. 

Electric cars currently better 

developed than hydrogen cars. 

Trucks and vans have more 

potential in the first step. First 

production series of the Nexo 

sold out quickly. 

Electric cars currently better 

developed than hydrogen cars. 

Trucks and vans have more 

potential in the first step. First 

production series of the Nexo 

sold out quickly. 

4

Where are Hyundai's hydrogen cars 

produced? How does it look here in 

the future? 

The fuel cell vehicles are currently produced in Ulsan in South Korea. This will probably remain the 

case. Parts of the actual production line of an electric car could be used for a hydrogen car. 

The hydrogen cars are produced in Ulsan in South Korea, and 

this is likely to remain the case for the time being. Parts of the 

actual production line of an electric car could be used for a 

hydrogen car. 

Hydrogen cars are produced in South 

Korea. No change planned. Parts of the 

actual production line of an electric car 

could be used for a hydrogen car. 

Production in South Korea. No 

change planned. Parts of the actual 

production line of an electric car 

could be used for a hydrogen car. 

Production in South Korea. No 

change planned. Parts of the 

actual production line of an 

electric car could be used for a 

hydrogen car. 

Production in South Korea. No 

change planned. Part of 

production line of electric cars 

could be used. 

5

Do you think hydrogen cars can 

replace e-cars? 

The question is, who replaces what? At the moment, I personally see the momentum in classic 

cars. Electric cars are in the process of establishing themselves. But if you look at who is currently 

involved in the hydrogen car, it's us, then it's Toyota, and then BMW will certainly develop a new i5 

model with a hydrogen drive. The race is not over yet, so we at Hyundai say that hydrogen and 

batteries do not replace each other, but complement each other, and accordingly I believe that we 

know that from 2030/35 no more vehicles with classic emissions will be allowed on the market, 

but only zero-emission cars, and accordingly I assume that in the short term, but not in the 

medium or long term, electric cars and hydrogen vehicles will displace these classic emissions or 

classic combustion cars, such as diesel or gasoline engines. 

And we at Hyundai have really good cards to play here, because we rely on different systems, such 

as electric and hydrogen vehicles. 

Our technologies for hydrogen also fall under electric cars. The difference is that no battery stores 

the electricity and drives the electric motor, but the fuel cell produces the electricity directly and 

drives the electric motor. 

Both methods will have their justification in the future. Both have their advantages and 

disadvantages. Hydrogen will be especially interesting for long-distance applications, such as 

trucks, ships or airplanes, because to produce the same range with a battery, you need a 

particularly large battery, which is many times heavier. Thus, the efficiency with a battery 

decreases due to the weight.

At Hyundai, we say that hydrogen cars and electric cars do 

not replace each other, but rather complement each other. 

Electric cars are becoming established, and hydrogen cars are 

also gaining momentum. However, there are not many 

manufacturers at the moment. It's Hyundai, Toyota and 

BMW will certainly still develop a new i5 model with 

hydrogen drive. At Hyundai, we think that from 2030/35, no 

cars with internal combustion engines will be allowed, only 

zero-emission cars. That's why I assume that in the medium 

and long term, electric cars and hydrogen cars will replace 

internal combustion cars. Since Hyundai is focusing on 

different systems, they will have good cards to play. In 

hydrogen cars, compared to electric cars, no battery stores 

the electricity to drive the electric motor, but the fuel cell 

directly generates the electricity to drive the electric motor. 

Both types of drive will have their place in the future. 

Hydrogen for long distances (trucks, ships, airplanes). 

Hydrogen cars and electric cars do not 

replace each other, but complement each 

other. Electric cars are becoming 

established, but so far there are only 

three known manufacturers of hydrogen 

cars in Germany. From 2030/35 there will 

be no more combustion engines, only 

electric cars and hydrogen cars. Hyundai 

well positioned due to diversification. Fuel 

cell directly generates the electricity to 

drive the electric motor. 

Hydrogen cars and electric cars do 

not replace each other. Electric cars 

are establishing themselves, 

hydrogen cars at the beginning. 

From 2030/35, there will only be 

electric cars and hydrogen cars. To 

produce several types of drive is 

advantageous. Fuel cell generates 

electricity directly to drive electric 

motor. 

Hydrogen cars and electric cars 

do not replace each other. 

Electric cars are establishing 

themselves, hydrogen cars at 

the beginning. From 2030/35, 

there will only be electric cars 

and hydrogen cars. To produce 

several types of drive is 

advantageous. Fuel cell 

generates electricity directly to 

drive electric motor. 

Hydrogen cars and electric cars do 

not replace each other. Electric 

cars are establishing themselves, 

hydrogen cars at the beginning. 

From 2030/35, there will only be 

electric cars and hydrogen cars. 

To produce several types of drive 

is advantageous. Fuel cell 

generates electricity directly to 

drive electric motor. 
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6

Do you think hydrogen cars can 

replace combustion cars? 

Yes, we are currently in a transition phase. Hydrogen could be a possibility to replace the 

combustion engine, provided that the hydrogen network becomes larger, the efficiency improves 

and green or blue hydrogen is produced. Everything is being researched at full speed.

Hydrogen cars will replace combustion cars, along with 

electric cars. The prerequisite is that the hydrogen network 

becomes larger, efficiency improves and green or blue 

hydrogen is produced. 

Hydrogen cars will replace combustion 

cars, provided the hydrogen network 

becomes larger, efficiency improves, and 

green or blue hydrogen is produced. 

Provided the technology improves 

and the known problems are solved, 

hydrogen cars will replace 

combustion cars.

Hydrogen cars will eventually 

replace internal combustion 

cars in parts.

Hydrogen cars will eventually 

replace internal combustion cars 

in parts.

7

What do you think is the most 

important aspect for hydrogen cars 

compared to e-cars? 

"The hydrogen car produces its own electricity, there basically comes the issue that oxygen reacts 

with hydrogen and this produces electricity. That's the basic principle of the fuel cell and 

accordingly I produce my own energy and that's the nice thing about a hydrogen car. With a large 

electric car, or with an electric car in general, I have my battery and it basically has to be charged 

with electricity from outside. Inside, that is then of course also something, the cat always bites the 

tail, the bigger the vehicle, the bigger the battery has to be, the more current it has to have charged 

and those are two fundamentally different principles, how there energy is carried out, but that is 

certainly the advantage of a hydrogen car, as I said, the faster refueling time of hydrogen cars. 

Valeria Pekelis: Hydrogen cars also have a longer range, don't they? 

Jens Flöter: Currently yes, we just say that we can drive 666 km with the Nexo, which is higher than 

750 km like 756 km currently. But I don't think there's much left out with the battery vehicle. With 

the IONIQ 5 we have ranges of 450 km approx. So there you can certainly expand a little. The 

refueling time is a little higher, the range a little worse. But a pure battery vehicle, so I think there 

is still a little bit more in it. 

Valeria Pekelis: I think you also have to differentiate a little bit. Advantage for whom? Advantage 

for the user, for the driver, or advantage for production, i.e. for manufacturing for the company. 

For the issue of range, it's very relevant for the user and that's so next to the charging time the 

main barriers, if you ask people like that. 

The refueling time is much shorter compared to the battery. Comparable to a normal gasoline 

engine. And the range much higher.

"

The advantage is that the hydrogen car produces its own 

electricity by reacting oxygen with hydrogen. An electric car 

has a large battery that needs to be charged with electricity. 

The larger the vehicle, the larger the battery must be, 

because the more electricity is consumed. That's the big 

advantage of hydrogen cars, that the refueling time is so 

short. The range is also longer with hydrogen cars. In the case 

of the Hyundai Nexo, it is 666 km. The IONIQ5 electric car has 

a range of 450 km. However, both of these are certainly 

capable of further development. It is also important to 

consider for whom the advantage is. For the user, for the 

driver, or for production. The low range, for example, is the 

most frequently said argument against an electric car.

The hydrogen car produces its own 

electricity by reacting oxygen with 

hydrogen. An electric car has a large 

battery that must be charged with 

electricity. The larger the vehicle, the 

larger the battery needs to be. Refueling 

time and range of hydrogen cars very 

advantageous. The range of the Hyundai 

Nexo is 666 km. The IONIQ5 electric car 

has a range of 450 km. However, both of 

these are certainly capable of further 

development. The low range, for example, 

is the most frequently said argument 

against an electric car. 

The hydrogen car produces its own 

electricity by reacting oxygen with 

hydrogen. An electric car has a large 

battery that must be charged with 

electricity. The larger the vehicle, the 

larger the battery needs to be. 

Refueling time and range of 

hydrogen cars very advantageous. 

The low range, for example, is the 

most frequently said argument 

against an electric car. Both types of 

drive are still capable of 

development. 

The hydrogen car produces its 

own electricity. An electric car 

has a large battery that must be 

charged with electricity. The 

larger the vehicle, the larger the 

battery needs to be. Refueling 

time and range of hydrogen 

cars very advantageous. Both 

types of drive are still capable 

of development. 

The hydrogen car produces its 

own electricity. An electric car 

must be charged with electricity. 

The larger the vehicle, the larger 

the battery needs to be. Refueling 

time and range of hydrogen cars 

very advantageous. Both types of 

drive are still capable of 

development. 

8

What are the plans for the future? 

Percentage increase

I think that hydrogen will continue to play a major role at Hyundai. As we have just heard, we 

consider the topic of hydrogen to be quite relevant in the truck sector, and I am quite sure that 

there will be more to come in the future.

Hydrogen technology is to be further expanded. Very sensible 

in the truck sector as well. The future will bring a lot. 

Hydrogen technology is viable for the 

future. It also makes a lot of sense in the 

truck sector. The future will bring a lot. 

Hydrogen technology is viable for 

the future. It also makes a lot of 

sense in the truck sector. The future 

will bring a lot. 

Hydrogen technology fit for the 

future. Sensible for commercial 

vehicles, too. 

Hydrogen technology fit for the 

future. Sensible for commercial 

vehicles, too. 

9

What is the progress in creating 

green hydrogen? 

Well, here I always say what our press spokesman always says. As far as hydrogen is concerned, 

we at Hyundai are always dependent on government assistance. We are a pure vehicle 

manufacturer and we offer the portfolio of battery vehicles and hydrogen vehicles, so to speak. So 

there, the chicken-and-egg principle is certainly an issue. You also know the problem with 

hydrogen filling stations. The network is not particularly large yet, but there are more and more. In 

2016, when we launched the vehicles on the market, there were 50 refueling stations; now there 

are just under 100. We'll have to wait a bit longer before anything happens with regard to 

refueling stations. 

As Hyundai, we rely on the government to produce green 

hydrogen. We are just a vehicle manufacturer and offer the 

portfolio of battery vehicles and hydrogen vehicles. So the 

chicken-and-egg principle is definitely an issue there. You also 

know the problem with hydrogen filling stations. The network 

is not particularly large yet, but there are more and more.In 

2016, there were 50 refueling stations, and by 2022 there will 

be just under 100. Here, we still have to be a little patient. 

As Hyundai, we rely on the government to 

produce green hydrogen. We are merely a 

vehicle manufacturer. That's where the 

chicken-and-egg principle is relevant. In 

addition, there is the hydrogen filling 

station problem. The network is not 

particularly large yet, but there are more 

and more.In 2016, there were 50 refueling 

stations, and by 2022 there will be just 

under 100. Here, we still have to be a little 

patient. 

Production of green hydrogen only 

with government support. We are 

merely a vehicle manufacturer. 

That's where the chicken-and-egg 

principle is relevant. In addition, 

there is the hydrogen filling station 

problem. 

Production of green hydrogen 

only with government support. 

The chicken-and-egg principle is 

relevant. In addition, there is 

the hydrogen filling station 

problem. 

Production of green hydrogen 

only with government support. 

The chicken-and-egg principle is 

relevant. In addition, there is the 

hydrogen filling station problem. 

10

Are you also working with the 

hydrogen paste?

I don't know yet whether there is any research going on in Korea, but that may well be the case. 

We're a vehicle manufacturer, mind you, so that's not one of our areas of expertise, and 

development here is therefore not so much our concern. 

It is possible that research is being done on the hydrogen 

paste in Korea, but we in Germany don't know anything 

about this because research and development is not our area 

of expertise. 

Research and development takes place in 

South Korea. It is not known whether 

research is being conducted with 

hydrogen paste. 

Research and development only in 

South Korea. Not known whether 

hydrogen paste is used. 

Use of hydrogen paste 

unknown - research and 

development in South Korea. 

Use of hydrogen paste unknown - 

research and development in 

South Korea. 

11

Why do we still hear so little about 

hydrogen cars? Is the technology 

not yet so far? Or is it due to the 

"chicken and egg principle"?   This is due to the chicken-and-egg principle and thus also to production costs.

Due to the chicken-and-egg principle, the production costs 

and thus the acquisition costs are still too high. Hen-and-egg principle relevant. Hen-and-egg principle relevant. Hen-and-egg principle relevant. Hen-and-egg principle relevant.
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12

which marketing campaigns have 

been used by Hyundai to promote 

the introduction of hydrogen cars? 

No explicit independent brand campaign, because the target figures and sales figures are still very 

low and the structure is not yet very well developed, so it's not worth running a separate line for 

the few hundred vehicles. I think it's more a different kind of education that needs to be done. It's 

not about building a hydrogen vehicle, but rather about making people aware of the advantages of 

hydrogen and hydrogen technology. In a similar way to what was done with electric technology 

ten to 15 years ago. So I think we have to tackle the subject in principle first. Our Nexo vehicle, 

which now appears again and again in various marketing measures, but it is not a stand-alone 

communication as a value component of electromobility. 

And it also offers a great advantage in that we have hydrogen technology and a Nexo, and can 

claim that we really have, as we say in the current campaign, the broadest SUV family with 

alternative drives that no other manufacturer has. 

In other words, hydrogen is an extremely important component for really being able to claim this 

advantage. 

We shouldn't hope so much for the state here, but rather have the opportunity to really do it 

ourselves and take matters into our own hands. You can become a hydrogen expert yourself. Of 

course, you need the means and the budget to do this, and it is usually difficult to allocate really 

significant amounts to this. But behind that is a very big opportunity to position yourself as the 

brand that knows best and to do this educational thing here. Maybe only digitally and only in 

selected channels, but it's still a very good opportunity for us. It also helps us to be prepared for 

the future, to be innovative, to think about the mobility of tomorrow, and it also helps us to 

position Hyundai as a brand that is moving away from being a cheap carmaker and toward 

modern technology leadership. 

Hydrogen cars do not have an explicit independent brand 

campaign because the target and sales figures are still very 

low and the structure is not yet very well developed, so it is 

not economically viable at present. Education is and must be 

done. People must be made aware of the advantages of 

hydrogen technology. The Nexo vehicle, keeps popping up in 

various marketing efforts, but it's not a stand-alone 

communication as a value component of electromobility. 

Hyundai has the broadest SUV family with alternative 

powertrains that no other manufacturer has. Hydrogen is 

therefore a very important building block for actually being 

able to claim this lead. In this context, we should not hope 

too much for the state, but rather do the educating 

ourselves. This requires the necessary resources. However, it 

also conceals the opportunity to position oneself as a brand 

that has a knowledge edge. It also helps us to be prepared 

for the future, to be innovative, to think about the mobility of 

tomorrow, and it also helps us to position Hyundai as a brand 

that is moving away from being a cheap car manufacturer to 

being a modern technology leader.

Hydrogen cars do not have an explicit 

independent brand campaign because the 

target and sales figures are still very low. 

Education will and must be carried out. 

People must be made aware of the 

advantages of hydrogen technology. 

Hyundai has the broadest SUV family with 

alternative powertrains that no other 

manufacturer has. Hydrogen is therefore 

a very important building block for 

actually being able to claim this lead. In 

this context, we should not hope too 

much for the state, but rather do the 

educating ourselves. This requires the 

necessary resources. However, it also 

conceals the opportunity to position 

oneself as a brand that has a knowledge 

edge. It also helps us to be prepared for 

the future, to be innovative, and it also 

helps us to position Hyundai as a brand 

that is moving away from being a cheap 

car manufacturer to being a modern 

technology leader.

Hydrogen cars do not have an 

explicit independent brand 

campaign because the target and 

sales figures are still very low. 

Education will and must be carried 

out in order to communicate the 

advantages. In doing so, we should 

not hope too much for the state, but 

rather do the education ourselves. 

This requires the necessary 

resources. However, it also conceals 

the opportunity to position oneself 

as a brand that has a knowledge 

edge - Technology leader 

No independent marketing 

campaign yet due to low sales. 

Education more important to 

communicate benefits. Stand-

alone without government 

support makes sense. 

Resources are needed for 

educational work. 

Educational work more important 

than marketing. Can also be 

carried out by vehicle 

manufacturers, provided financial 

resources are available. 

13

Which channels were particularly 

successful? 

The last campaign, the one Nexo mentioned. But that was just running along. That was on TV and 

digital and on the radio and in print media, in other words the classic marketing channels. 

Otherwise, when it comes to these more educational topics, we tend to use the digital channels 

and also our customer magazine. The customer magazine is published twice a year and sent to all 

customers, and the hope is simply that our fans, our customers, will already be aware of the issue 

in the hope that they will pass it on, so it's also a bit of word of mouth. And also to give them a 

little bit of a pride factor, like "Look, the brand you're driving is super progressive, you can tell your 

neighbor that. 

The last campaign with Nexo ran on TV, digital, radio and 

print media. For education-oriented topics, digital ways are 

recommended or the customer magazine. The customer 

magazine is published twice a year and is sent to all 

customers in the hope that the customers, already know the 

topic, in the hope that they pass it on, so also a bit of word of 

mouth. And also to give them a bit of pride, like, "Look, the 

brand you drive is super advanced, you can tell your 

neighbor."

The last campaign with Nexo ran on TV, 

digital, radio and print media. For 

education-oriented topics, digital ways are 

recommended or the customer magazine. 

The customer magazine is published twice 

a year and sent to all customers. Then 

word-of-mouth is important. 

The last campaign with Nexo ran on 

TV, digital, radio and print media. 

For education-oriented topics, digital 

ways are recommended or the 

customer magazine. The customer 

magazine is sent to all customers. 

Then word-of-mouth is important. 

TV, digital, radio and print 

media. For education-oriented 

topics, digital channels or the 

customer magazine. Word-of-

mouth very important. 

TV, digital, radio and print media. 

For education-oriented topics, 

digital channels or the customer 

magazine. Word-of-mouth very 

important. 

14

Does Hyundai also work with 

emotion research in this area? 

Is not yet known and not familiar. We do not. Maybe I don't know it by that term. But we can't 

survey whether it is used in South Korea. But we have not seen it in Germany. 

We don't know anything about it once. Maybe it is used again 

in South Korea, but not in Germany. 

Maybe it is used in South Korea, but not in 

Germany. 

No emotion research in Germany, 

maybe in South Korea

No emotion research in 

Germany, maybe in South 

Korea

No emotion research in Germany, 

maybe in South Korea

15

What do you think of emotion 

research? Not known Not known Not known Not known Not known Not known

16

What emotions need to be 

addressed in people to change their 

attitude towards hydrogen cars? Not known Not known Not known Not known Not known Not known

17

What emotions must be addressed 

in people in order to change their 

intention to buy hydrogen cars? Not known Not known Not known Not known Not known Not known
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Appendix V: Conducted Survey 

The videos that were presented in the survey can be made available upon request. 

The questionnaire of the survey conducted is presented below. 
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