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A b s t r a c t 

The increasing need for environmentally friendly solutions is compelling Norwegian e n e r g y 
firms to embrace green technologies and fuels, aligning them with their sustainability o b j e c - 
tives. However, these companies face a dilemma due to the strong presence of the oil a n d 
gas industry and electric vehicles in Norway. A continual debate among politicians and c o r - 
porate actors revolves around the feasibility of implementing green hydrogen in the n a t i o n . 
This master thesis highlights the significance of considering multiple factors, including m ar - 
ket opportunities, national development strategies, policies and regulations, political s u p p o r t , 
infrastructure, and social acceptance, within the hydrogen sector. Political support and i n fr a s - 
tructure development are identified as key drivers for the adoption of hydrogen technology i n 
Norway, with the potential to replace the natural gas trade and contribute to a sustainable e c o n - 
omy. While hydrogen stands as a high-cost fuel demanding judicious utilization in the g re e n 
transition, its suitability is most pronounced in sectors that are hard to abate. Notably, h y - 
drogen demonstrates feasibility in sectors such as maritime, aviation, industry, and l o n g - h a u l 
transportation, whereas technologies like electric cars and heat pumps are more p ra g m a t i c 
alternatives for short-haul transportation and home heating, respectively. Hence, it b e c o m e s 
crucial to demonstrate resolute political determination and conduct a thorough evaluation o f 
energy efficiency to fully capitalize on the potential of h y d ro g e n . 

1 

������ 



A c k n o w l e d g e m e n t s 

I would like to express my heartfelt gratitude to several individuals who have played a s i g n i fi - 
cant role in the completion of this t h e s i s . 

First and foremost, I would like to extend my deepest appreciation to Dr Gunnar A n d e r - 
sson for his exceptional guidance, unwavering support, and valuable insights throughout t h e 
entire thesis process. His expertise and encouragement have been invaluable in shaping t h e 
direction of this research. I am grateful for his acknowledgement of the iterative nature of d e - 
sign thinking and his efforts in arranging meetings with other professors and industrial p l a y e r s 
to provide a practical perspective to the thesis. I would also like to thank Dr Nand for h i s 
valuable contributions and vision on the use of hydrogen in the power sector. His insights a n d 
expertise have added depth and clarity to the t h e s i s . 

I would like to acknowledge the assistance and cooperation of the Østfold University a n d 
the individuals who generously shared their insights and expertise during interviews and d a t a 
collection. Their valuable contributions have greatly enriched the quality and depth of t h i s 
study. A special thanks go to my former colleague, Mr Hemal Sanghvi, whose industry k n o w l - 
edge and expert guidance have been invaluable throughout my master's journey. His s u p p o rt 
and mentorship have helped me extract the utmost value from this p ro g ra m . 

Finally, I would like to express my sincere gratitude to my mother and brother for t h e ir 
unwavering support, encouragement, and belief in my abilities. Their presence and e n c o ur - 
agement have been the driving force behind my success in reaching this important m i l e s t o n e 
m my c ar e e r . 

Although it is not possible to mention everyone individually, I extend my deepest t h a n k s 
to all those who have contributed to the completion of this thesis in various ways. Thank y o u 
all for your invaluable support and c o n t r i b u t i o n s . 

11 

������ 



C o n t e n t s 

Abstract . 

A c k n o w l e d g e m e n t s 

1 Introduction . . 
1.1 Background and Motivation . 
1.2 Problem S t a t e m e n t 
1.3 Research Question . 
1.4 Report Outline . 

2 Literature R e v i e w 
2.1 Review M e t h o d o l o g y 
2.2 Analysis of the l i t e ra tu re 
2.3 Results of Literature R e v i e w 

3 Methodology . . . . . . . . . . . 
3.1 PESTELE analysis . . . . . 
3.2 Feasibility Analysis (Market S c a n ) 
3.3 Customer I d e n t i fi c a t i o n 

4 Results . 
4.1 PESTELE analysis . . 

4.1.1 Political Factors . 
4.1.2 Economic Factors . 
4.1.3 Social Factors . . . 
4.1.4 Technological Factors . 
4.1.5 Environmental F a c t o r s 
4.1.6 Legal F a c t o r s 
4.1. 7 Ethical Factors . . . . 

4.2 Market Scan . . . . . . . . . . 
4.2.1 Hydrogen in Home Heating . 
4.2.2 Hydrogen in Road T ra n s p o r t a t i o n 
4.2.3 Hydrogen in Maritime . . . . . 
4.2.4 Hydrogen in Aviation . . . . . . 
4.2.5 Hydrogen in Chemical I n d u s t r y 
4.2.6 Hydrogen in Power I n d u s t r y 

4.3 Customer I d e n t i fi c a t i o n 

5 Discussion . . . . . . . . . . 

i 

ii 

1 
1 
2 
3 
3 

5 
5 
6 

13 

1 5 
1 5 
1 7 
1 8 

2 0 
2 0 
2 0 
2 3 
2 5 
2 6 
2 8 
2 9 
3 1 
3 1 
3 1 
3 3 
3 7 
3 9 
4 1 
4 3 
4 4 

4 6 



C O N T E N T S 

6 Conclusion and Future W o r k 

Appendices . 

B i b li o g r a p h y 

1 V 

4 8 

5 0 

5 8 



List of F i g u r e s 

1.1 Green transition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
1.2 Different hydrogen sources and potential hydrogen applications (Store, 2020) 2 
1.3 Thesis outline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

2.1 Capital cost components for 6-hr hydrogen energy storage s y s t e m s ( S c h o e n u n g , 
2011) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

2.2 Present value of hydrogen system costs - 6 hours of storage(Schoenung, 2011) 7 
2.3 Overview of simulation input and output data(Larscheid et al., 2018) . . . . 8 
2.4 Comparison of water electrolysis technologies(Norouzi, 2021) . . . . . . . . 9 
2.5 Business Model Development Methodology adopted(Reigstad et al., 2022) . . 10 
2.6 Example of H2 system business model with component segment(van der S p e k 

et al., 2022) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 
2.7 The concept of stabilizing the operation of power grids in the phase system o f 

the supply(Frankowska et al., 2023) . . . . . . . . . . . . . . . . . . . . . . 1 2 
2.8 Summary of one potential business model for the grid company(Xu et al., 2023) 13 

3.1 PESTELE analysis . . . . 1 6 
3 .2 Use of PES TELE analysis . 1 6 
3.3 Feasibility analysis process 1 7 
3.4 Most Important factors to include in a B2B customer profile, to assist in q u a l i - 

fying leads(Memon, 2022) . . . . . . . . . . . . . . . . . . . . . 1 9 

4.1 Norway hydrogen demand as energy carrier by sector(DNV, 2022) 2 2 
4.2 Renewable energy in electricity generation in Norway, 2000-2020(IEA, 2022b) 2 3 
4.3 Electricity generation capacity growth projections in Norway (MW), 2 0 2 1 - 

2030(IEA, 2022b) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 4 
4.4 Pipeline gas trade to Europe(DNV, 2022) . . . . . . . . . . . . . . . . . . . 2 4 
4.5 Top 10 countries for selected technologies in RD&D budget per thousand u n i t s 

of GDP,2020(IEA, 2022b) . . . . . . . . . . . . . . . . . . . . . . . . 2 5 
4. 6 Years 2011-2012 in the percentage of market per car type(Klesty, 2023) . . . 2 6 
4.7 Hydrogen value chain's distinct technologies(Shin, 2022) . . . . . . . . . . . 2 7 
4.8 Technology readiness levels of low emission hydrogen production and i n fr a s - 

tructure(IEA, 2021) . . . . . . . . . . . . . . . . . . . . . . . . 2 7 
4.9 Norway's hydrogen production by production route(DNV, 2022) . . . . . . . 2 8 
4.10 Regulation of hydrogen(CMS-Law.Tax.Future, 2023) . . . . . . . . . . . . . 3 0 
4.11 Energy use by Green Hydrogen and Heat Pumps for domestic h e a t i n g ( C e b o n , 

2022) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2 
4.12 Carbon emissions by Green Hydrogen and Heat Pumps for domestic h e a t - 

ing(Cebon, 2022) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2 
4.13 Global historic heat pump sales and IEA Net Zero 2050 pathway(Rosenow e t 

al., 2022) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 3 

V 



LIST OF FIGURES v i 

4.14 Heat Pump penetration and number of heating degree days in 2021 in s e l e c t e d 
countries(Rosenow et al., 2022) . . . . . . . . . . . . . . . . . . . . . . . . . 3 3 

4.15 Hydrogen and Electric Drive (Efficiency rate in comparison using E c o - f ri e n d l y 
Energy(Volkswagen, 2020) . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 

4.16 Heavy-Duty Trucks(Experts, 2022) . . . . . . . . . . . . . . . . . . . . . . . 3 6 
4.17 Total Cost of Ownership/USD per 100 km comparison of Diesel, Battery, a n d 

Fuel Cell Trucks(Experts, 2022) . . . . . . . . . . . . . . . . . . . . . . . . 3 6 
4.18 Schematic representation on the role of hydrogen and relevant E-fuels ( s o ur c e 

TNO)(Europe, 2021) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 7 
4.19 l.5°C Scenario Energy Pathway, 2018-2050(IRENA, 2021) . . . . . . . . . . 3 8 
4.20 Comparison of Sustainable Aviation Fuels and new technologies(Union, 2020) 4 0 
4.21 Comparison of H2 technology and Synfuel(Union, 2020) . · • • · · • · · • · 4 1 
4.22 Pure hydrogen demand in industry, Global 2020(Intemational Renewable E n - 

ergy Agency, 2022) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 1 
4.23 Working temperatures for selected renewable heat technologies and t e m p e ra - 

ture requirement of selected industries(lntemational Renewable Energy A g e n c y , 
2022) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 2 

4.24 (a) Expected development of annual energy demand in steelmaking from 2 0 2 0 - 
2050 (b) Development of the European annual hydrogen demand (TWh) i n 
ammonia production from 2020-2050 (c) Expected annual green and blue h y - 
drogen demand ( TWh/Year) for industrial process heat based on current p ro - 
duction (d) Expected development of annual green and blue hydrogen d e m a n d 
(TWh) for fuel production between 2020-2050(Anthony Wang, 2021) . . . . 4 2 

����������������� 



List of T a b l e s 

2.1 Summary of literature re v i e w 

3.1 Ideal Customers Profile . . . 

1 4 

1 9 

4.1 Norway's commitment to climate change regardless of ruling political party 2 1 
4.2 Hydrogen in Home Heating . . . . . . . 3 2 
4.3 Hydrogen in Short-Haul Transportation 3 4 
4.4 Hydrogen in Long-haul Trucking 3 5 
4.5 Hydrogen in Rail Transportation 3 7 
4.6 Hydrogen in Shipping . 3 8 
4.7 Hydrogen in Ferries . . . . . . . 3 9 
4.8 Hydrogen in Aviation . . . . . . 4 0 
4.9 Hydrogen in Chemical Industry . 4 3 
4.10 Hydrogen in Power Industry . . 4 4 
4.11 Potential Customers for Green Hydrogen Solutions 4 5 

1 



Chapter 1 

I n t r o d u c t i o n 

1.1 Background and M o t i v a t i o n 

Climate change speaks of the dire and potentially irreversible threat to humankind and t h e 
planet. Based on various studies, it has been observed that climate change will not only i m - 
balance industrial and economic processes but also jeopardize the physical and mental h e a lt h 
of human beings (Ebi et al., 2021; Liu et al., 2015). In acceptance of this, countries ar o u n d 
the world adopted the Paris Agreement in December 2015 with the motive of devising a p l a n 
to limit global temperature rise to l.5°C (IPCC, 2019). To keep the global warming limit t o 
l.5°C, emissions must be reduced by 45% by 2030 and reach net zero by 2050 with the h e l p 
of zero-emission fu e l s . 

   - • -    

2050 net z e ro 
target - Global T 

rise needs t o 
limit by l . 5 ° C 

 

This rise in T c a n 
be limited b y 

reducing G H G 
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CO2 e m i s s i o n s - 
energy i n d u s try 

Reduce it w i t h 
integration o f 
green e n e r gy 

s o l u t i o n s 

Figure 1.1: Green t ra n s i t i o n 

Green hydrogen is among the different green alternatives to reduce CO2 emissions. P ro - 
duced through the electrolysis of water using electricity generated from renewable e n e r g y 
sources, green Ho is a vital component of the energy transition. It serves as a clean and s u s - 
tainable fuel, offering zero CO2 emissions compared to grey hydrogen derived from fo s s i l 
fuels which is used in industries like refineries, fertilizer plants, and the chemical i n d u s t r y . 
Green hydrogen stands out for several reasons. Firstly, it produces only water as a b y - p ro d u c t 
and utilizes renewable resources that are not depleted. Stored hydrogen can be converted b a c k 
to electricity, and used as a feedstock for industry, heating and fuel for vehicles as r e p r e s e n t e d 
in Figure 1.2 (Schrotenboer et al., 2 0 2 2 ) . 

However, the integration of hydrogen into the system raises several concerns in terms o f 
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Figure 1.2: Different hydrogen sources and potential hydrogen applications (Store, 20 20 ) 

2 

technology and business. Some technical challenges are of concern, including c o s t - i n e f fi c i e n t 
hydrogen production, low energy density storage, safety, and limited hydrogen storage a n d 
transportation infrastructure (Massaro et al., 2023). Whereas, economic or business c h a l - 
lenges such as regulations, market demand, risk, policies, and integration among d i ff e r e n t 
stakeholders, need detailed attention to pursue profit maximization while addressing e n v i ro n - 
mental concerns simultaneously (Soderholm, 2 0 2 0 ) . 

Even though green hydrogen is currently perceived as an expensive solution, the market fo r 
it is not yet fully matured. There is significant discussion and interest surrounding h y d ro g e n ' s 
potential to replace fossil fuels in various sectors that are difficult to decarbonize. Energy c o m - 
panies in Norway are interested in green hydrogen due to its potential as a sustainable s o l u t i o n 
that contributes to achieving net-zero targets and their commitment to sustainability. H o w e v e r , 
these companies are uncertain about whether to promote green hydrogen over direct e l e c t ri c - 
ity, despite its lower energy efficiency. Moreover, these energy companies are determined t o 
generate profits from green hydrogen while also recognizing its societal value. They aim t o 
achieve this by establishing a robust customer base, leveraging government funding, and c a p - 
italizing on synergistic opportunities. Norway presents a favourable environment to p ro d u c e 
green hydrogen by utilizing excess renewable energy instead of curtailing it. F ur t h e rm o r e , 
the surplus green hydrogen can be exported to countries with limited access to RE s o ur c e s , 
thereby facilitating their transition to a greener energy l a n d s c a p e . 

1.2 Problem S t a t e m e n t 

According to discussions with the energy company, it has been revealed that companies ar e 
facing a dilemma when it comes to investing in the hydrogen business in Norway, this i s 
particularly due to factors such as the country's abundant gas reserves, and the i n c r e a s i n g 
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CHAPTER 1. I N T R O D U C T I O N 3 

adoption of electric vehicles and ferries. One of the significant challenges they face in t h e ir 
hydrogen business is the lack of comprehensive market research. The immature market a n d 
the unavailability of potential customers led to a lack of confidence in initiating h y d ro g e n 
business operations. The uncertainty lies in determining which sectors will have the g r e a t e s t 
need for hydrogen and prove to be profitable for businesses. Companies are unsure about t h e 
potential customer base and who would be willing to purchase hydrogen despite its r e l a t i v e l y 
high cost. This uncertainty poses challenges for decision-making and investment strategies i n 
the hydrogen s e c t o r . 

It is essential to consider that hydrogen is not a one-size-fits-all solution and how g r e e n 
hydrogen can compete economically against other green solutions. Its application must b e 
carefully assessed to identify suitable areas of u s e . 

1.3 Research Q u e s t i o n 

This research aims to contribute to understanding the potential of green hydrogen within t h e 
Norwegian context. It offers valuable insights to an energy company in Norway that seeks t o 
align with Sustainable Development Goals (SDGs) by promoting green solutions within t h e 
green hydrogen s e c t o r . 

This thesis will focus on addressing the following research q u e s t i o n s : 

• How do external factors influence the green hydrogen business within the N o r w e g i a n 
fr a m e w o r k ? 

• In which specific sectors should green hydrogen be prioritized over other green s o l u t i o n s 
in N o r w a y ? 

• Identification of potential customer segments that could be targeted by an energy c o m - 
pany in N o r w a y 

1.4 Report O u t li n e 

In section 2, an extensive literature review is performed to identify crucial factors that s i g n i fi - 
cantly impact the commercialization of green hydrogen energy. Section 3 provides a d e t a i l e d 
explanation of the various methodologies employed in this thesis to analyze the fe a s i b i l i t y 
of the hydrogen business in Norway. Following this, Section 4 presents the findings on t h e 
hydrogen business, which are then followed by the conclusion and d i s c u s s i o n . 
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I d e a l 
C u s t o m e r s 

• To identify crucial factors for t h e 
commercialization of the hydrogen i n d u s t r y 

• To analyze the external environment for H - 
business in N o r w a y 

• To evaluate sectors where use of H, i s 
sensible and e ff i ci e n t 

• To find potential c u s t o m e r s 

Figure 1.3: Thesis o u t l i n e 
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Chapter 2 

Literature R e v i e w 

In recent years, several studies have been conducted to explore the feasibility of h y d ro g e n 
production by utilizing renewables (known as Green Hydrogen) and to assess the p o t e n t i a l 
of new business models for the advancement of the hydrogen energy industry. The p r i m a ry 
objective of this literature review is to identify key factors relevant to the hydrogen b u s i n e s s 
that have been researched. Furthermore, in the next chapters, this thesis aims to i n v e s t i g a t e 
these factors in a structured manner using optimal methodologies to evaluate the scope o f 
hydrogen business in N o rw a y . 

2.1 Review M e t h o d o l o g y 

In this section, I describe how I conducted the review to determine the feasibility of a h y - 
drogen economy. For identifying relevant scientific literature, I searched academic d a t a b a s e s 
including Google Scholar, IEEE Xplore, Web of Science, and Science D i r e c t. 

As part of the search strategy, I used the following search terms in the databases m e n t i o n e d 
above: "Hydrogen", "Storage system", "Utility applications", "Business model", " H y d ro g e n 
economy", "Renewable", and "Water electrolysis". After performing searches using the k e y - 
words mentioned above, I further excluded some irrelevant literature by using the fo ll o w i n g 
c r i t e r i a : 

• Papers that were considered irrelevant based on the initial screening of the title a n d 
abstract were e x cl u d e d 

• Research papers without a business perspective were e l i m i n a t e d 

• Papers written in languages other than English weren't a c c e p t e d 

5 
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CHAPTER 2. LITERATURE R E V I E W 6 

2.2 Analysis of the l i t e r a t u r e 

The 2011 paper "Economic Analysis of large-scale hydrogen storage for renewable utility a p - 
plications" uses a system where wind energy is used to produce hydrogen. The cost a n a l y s i s 
(economic analysis) on different hydrogen storage systems is performed based on capital c o s t , 
number of hours of stored energy for full power discharge, annual life cycle cost i n cl u d i n g 
O&M cost, charging electricity and replacement costs. It has been mentioned that u n d e r - 
ground hydrogen storage offers opportunities at a large scale and competitive cost as shown i n 
Figure 2.1. The report performs a sensitivity analysis by varying the hydrogen system c o s t s , 
economic and operational parameters such as days of operation per year, capital charge ra t e , 
and replacing target geologic storage costs with cryo tank gas storage costs and evaluates t h e 
economic feasibility of hydrogen storage for business decision-making. The business c a s e 
of utilizing excess wind energy for 6 hours is established for benefit/cost analysis. It is h i g h - 
lighted that H2 storage cost is competitive with other energy storage systems when excess w i n d 
power is utilized for charging storage at no cost shown in Figure 2.2. This paper concludes t h a t 
H2 energy storage is a good fit for renewable energy at large scale, especially wind energy. T h e 
major disadvantage of the H2 storage system is its relative inefficiency of energy c o n v e r s i o n 
and the advantage is lower storage cost and higher mass-energy density. The stored H2 is u s e d 
during peak periods of demand to fuel utility-scale fuel cells while its use in other sectors is n o t 
explored. The recommendations for future work are to consider scaling in the business m o d e l , 
create opportunities for non-utility (third party) into the business model and consider d i ff e re n t 
value propositions a business model can offer to its customer at a large scale and smaller s c a l e 
of storage. It is recommended to consider the location to benefit/cost analysis. The i m p o r t a n c e 
of developing market opportunities is emphasized. It suggests exploring those o p p o r t u n i t i e s 
where the relative inefficiency of energy conversion becomes less significant in comparison t o 
relatively cheap storage, and where storage is indispensable to counter inconsistent e l e c t ri c i t y 
production (Schoenung, 2 0 1 1 ) . 

1 4 00 

1 2 00 
S t o ra g e 

  El e ctro l yze r 

1 0 00   Fuel  c e ll 

8 00 

E 
6 00 

4 00 

2 00 

Current/low technology - tank Current/ow.technology- T a rg e t .t e ch no l og y - ta n k 
storage underground.storage st ora ge 

Target t e ch no l ogy - 
underground s t or a g e 

Figure 2.1: Capital cost components for 6-hr hydrogen energy storage systems(Schoenung, 20 1 1 ) 

The 2018 paper "Potential of new business models for grid-integrated water e l e c t ro l y s i s " 
coupling electric power systems with a high share of renewable energy in the H2 demand m ar - 
ket. It investigated the business potential of grid-integrated water electrolysis systems ( G r e e n 
Hydrogen) in cross-commodity arbitrage trading by using complex power market s i m u l a t i o n 
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Figure 2.2: Present value of hydrogen system costs - 6 hours of storage(Schoenung, 2 0 1 1 ) 

methods for future scenarios shown in Figure 2.3. The maximum revenue can be achieved b y 
optimizing electrolyser operation based on electricity price and hydrogen price. The d i ff e r e n t 
sectors of H> demand and uncertain H2 prices are analyzed through sensitivities of different H o 
sales prices. It has been observed that cross-commodity trading is profitable for the t ra n s p o r t a - 
tion sector compared to industry and natural gas systems. Therefore, additional provision o f 
services towards grid operators can increase the utilization ratio of electrolyser thus i n c r e a s i n g 
its profitability during low hydrogen prices. Full load hours of electrolyser in terms of g ri d 
service highly depend on the point of grid connection. It is analyzed that the efficiency of a 
business model and electrolyser utilization ratio depends on H2 price. While existing b u s i n e s s 
models focus on hydrogen demand, new business models need to consider the fluctuating n a - 
ture of RES feed-in. The integration of renewables into the power system is decreasing t h e 
prices at the spot market, thus promoting cross-commodity trading. The increasing share o f 
RES and decreasing investment cost for electrolysers will result in more profitable b u s i n e s s 
models in future. The importance of new business models, potential markets, e l e c t ro l y s e r s 
with dynamic operation capability and exemption from charges is crucial for e c o n o mi c a ll y 
sustainable operation. Moreover, the dependency of new business models on trading b e t w e e n 
the electricity market and hydrogen market demand during low prices of electricity is i m p o r - 
tant for the economic feasibility of a business model (Larscheid et al., 2 0 1 8 ) . 

The 2021 paper "Assessment of technological path of hydrogen energy industry d e v e l o p - 
ment: A Review" considers hydrogen as one of the most promising energy sources due to i t s 
high energy density, no carbon emissions, and cleanliness. The present research status a n d 
development prospects of various technologies such as electrolysers, storage tanks, h y d ro g e n 
refuelling machines, and surface treatment of the bipolar plate in the fuel cell, in the h y d ro g e n 
value chain, are analyzed shown in Figure 2.4. Integrated energy service parks with h e a t i n g 
networks, gas networks (power to gas conversion), power grids (power to power c o n v e r s i o n ) , 
transportation networks (power to fuel conversion) and industry networks (power to feed c o n - 
version) are proposed. The demand for H2 in the transportation sector results in h y d ro g e n 
energy development. The specific technical path to develop renewable energy such as t h e 
combination of wind/ H2 production by electrolysis of water, off-grid H2 production with fu e l 
cell power generation, hydrogen refuelling station supply, natural gas hydrogen mixing t e c h - 
nology and methanol production would tackle the uneconomical production and t ra n s p o r t a t i o n 
difficulties of hydrogen. The demand for national development strategies, relevant power m ar - 
ket regulations and policies, large-scale scientific research programs, synergies, new e x p o r t 
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Input d a t a 

European spot market s i m u l a ti o n 
• Generation units in all coupled market a r e as 
• Dispatch constraints for generation units (gradients. minimum operation and down ti m e s ) 
•Technical parameters and limited availabilities per unit due to power plant o u t a g e s 
•Time series per market area (demand, RES, combined heat and p o w e r ) 
• Exchange capacities between market a r e a s 
• Primary energy and emission certificate p ri c e s 
• Reserve d e m a n d 
Simulation of transmission grid o p e ra ti o n 
• Dispatch and location for each generation u n i t 
• Time series and location of demand and RE S 
• Transmission grid to p o l o gy 
• Operating limits of transmission g ri d 
• Network related remedial measures including relevant c o n s tr a i nt s 
Simulation of electrolyser o p e ra ti o n 
• Hourly spot market price time s e ri e s 
• Time series and location of cu rt a i l m e n t 
• Electrolyser key performance indicators ( KP I ) 

Relevant output d a t a 

, Hourly spot market price time s e ri e s 

• Dispatch and location for each generation u n i t 

, Time series and location of c u r t a i l m e n t 

, Dispatch of e l e ct r o l y s e r 
• Costs of electricity d e m a n d 
, Hydrogen p ro d u c ti o n 
• Revenues from hydrogen s a l e s 

8 

Figure 2.3: Overview of simulation input and output data( Larscheid et al., 20 1 8 ) 

opportunities and commitment of the countries towards a sustainable future are vital factors t o 
boost the hydrogen economy. Research areas include the exploration of the business m o d e l s 
to integrate renewable energy and hydrogen energy and their applications in integrated e n e r g y 
service parks involving multiple types of energy networks, including power grids, heating n e t - 
works, gas networks, and transportation networks (Norouzi, 2 0 2 1 ) . 

The 2022 paper "Moving toward the low-carbon hydrogen economy: Experiences and k e y 
learnings from national case studies" considers the H2 zero carbon energy vector to c o m p l e - 
ment electrification which can be used in transport, commercial and residential, power s e c t o r 
and industry in a cost-efficient manner. The factors such as technological development, p o l i - 
cies, safety, legal, environmental, and societal aspect, business models with risk m i t i g a t i o n 
measures, sectors where hydrogen demand is marginal, stakeholders, public-private c o ll a b - 
oration, and national opportunities need to be addressed to stimulate the c o mm e r c i a l i z a t i o n 
of green hydrogen. The use of hydrogen fuel cells in the transport sector can scale up t h e 
hydrogen demand significantly. The social acceptance of infrastructure and technologies i s 
necessary for their large-scale deployment. The mathematical models are used to assess t h e 
potential of hydrogen in integrated hydrogen systems, gas and power market dynamics, d i ff e r - 
ent end-user sectors and environmental impact. However, the importance of financial and l e g a l 
barriers and risks must be understood to develop a business model for H2. In this paper for t h e 
development of a business model, first defined the scope of the project, followed by r e v i e w - 
ing market and policy structures, analysing gaps, then identifying and mitigating business a n d 
investment risks, and finally developing the business model itself shown in Figure 2.5. T h e 
challenges are the development of cost-efficient infrastructure, technical assessment of H2 p o - 
tential, financial risks, lack of practical overview to define scope, analyze gaps, identify r i s k s 
and mitigation for successful business models. The incentivization of a large-scale h y d ro g e n 
value chain, significant public support to ensure coordinated planning, governance, and t h e 
establishment of supportive regulatory frameworks are required to foster the growth of h y d ro - 
gen markets and infrastructure. It is necessary to conduct further research for a c o m p r e h e n s i v e 
techno-economic assessment of the hydrogen economy that can facilitate its development. A d - 
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Compare i t e ms Alkaline water e l e c t r o l y s is SPEpure water e l e c t r o l y s i s Solid oxide e l e ct ro l y s i s 

E l e ct ro l yt e 20% 30% K O H SPE fil m Y±0, / Z r 0 ± 

Working t em pe ra t ur e /° C 7 0 9 0 7 0 8 0 700~ I 0 0 0 

Current de n s i t y / ( A · c m *) 0 . 2 0 . 4 1 2 l ~ J 0 

Electrolysis e ffi c i en cy / % 6 0 - 7 5 7 0 - 9 0 8 5 - 1 0 0 

Energy conswnption/[(kW· h) • 
4 . 5 5 . 5 3 . 8 5 . 0 2 . 6 3 . 6 m ' j 

Operating c h a r ac t e ri s t ics Start and stop f ast e r Start and stop fa st Inconvenient start and s t o p 

Dynamic response c a p ab i l i t y St ro n ge r St ro n g 

Power quality r e q u i r e m en ts Stable power sup p l y Stable or fl uc t ua t i n g Stable power s up p l y 

System operation a n d Corrosive liquid, c o m p li c a t e d Simple operation a n d Currently focusing on technical r e s e a r c h , 

m a in t e na nc e operation and maintenance in l a t er maintenance, low c o st no operation, and m a in t e n an c e 
stage, high c o s t requirements y e t 

Stack l i f e/h 120 0 0 0 100 0 0 0 

Technology m a t ur ity C o m m e r c i a l iz e Commercialization a b ro a d Development p h a se 

Whether there is p o ll uti o n Lye pollution, asbestos c ar ci n o g e n i c No p o ll u t i o n No p o ll u t i o n 

Figure 2.4: Comparison of water electrolysis technologies(Norouzi, 20 2 1) 

ditionally, there is a need for successful collaboration across international borders and e f fi c i e n t 
integration of hydrogen into the overall energy system (Reigstad et al., 2 0 2 2 ) . 

The 2022 paper "Perspective on the hydrogen economy as a pathway to reach n e t - z e ro 
CO2 emissions in Europe" considers hydrogen as a versatile energy carrier that can be u s e d 
as a replacement in sectors like industry and transportation where fossil fuels are in use. It 
emphasizes the need for strong political support and robust infrastructure to materialize t h e 
hydrogen economy. The technology development for hydrogen production and c o n v e r s i o n , 
market design with vast demand, infrastructure co-creation, international trading, social a c - 
ceptance, and business model development is required for hydrogen deployment at a l ar g e 
scale. The readiness of the entire H2 value chain is lower than standalone technologies. T h e 
end-use technologies need to be improved from a cost and technical perspective. H y d ro g e n 
storage enables more stable H2 production and full exploitation of the potential of RES d u ri n g 
low demand. Power-to-H2 can be cost-efficient compared to batteries for large-scale h y d ro - 
gen production and conversion. Scaling production volume of hydrogen, and the d e v e l o p m e n t 
of transportation and distribution infrastructure is required to reach the cost parity of fo s s i l - 
fueled counterparts in the transportation sector. Moreover, the rising oil prices and c ar b o n 
taxes would also play a significant role. The large-scale storage and transport infrastructure i s 
important to balance the variable hydrogen supply with variable power demand and heat d e - 
mand which complicate the design of the corresponding hydrogen supply chains. To s u p p o r t 
market deployment, hydrogen infrastructure can be integrated with available gas n e t w o r k s 
with adjustments to the pipe materials. Renewable energy in the North Sea can support 4 0 
GW of low-carbon hydrogen production by 2030. For short distances, trucks are suitable o v e r 
pipelines and for long-distance ships may be cheaper than pipelines for hydrogen tr a n s p o r t. 
To meet peak demands of electricity instead of oversizing the hydrogen storage i n fr a s t ru c t ur e , 
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P ro c e s s I n p u t 
r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , 
I I 

: Definition of Case Study S co p e : 
1 • Geographlcal extent 1 

: • Market sectors : 

 • H, CCS Chain : 
L----------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A 

M a r k e t 

• Background assessment t o o l 
• Market failure analysis t oo l 
 Macroeconomic G fiscal i n d i c a t o r s 

• Key policies r e q u i r e d 
• Gap analysis t o o l 

Policy and I n c e n t i v e s 

Review and Gap Analysis Guidance and T o o l s 

Legal and R e g u l a t o r y 
• I n t e rn a t i o n a l 
• E U 
• N a ti on a l 

Focused Background Review and G a p 
A n a l y s i s 
• Early identification of key business i s s u e s 
• Guided reveiw based on e x p e r i e n c e 

· - - - _ - _ - _ - - _ - _ - _ - _ - _ - _ - - _ - _ - _ - ....;:or.:  - - - _ - _ - _ - _ - - _ - _ - _ - _ - _ - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , 
I 
I 

L---------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - A 
r---------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , 

1 Business Risks Identification & M i t i g a t i o n 
 • Identify and address major investment b a r r i e r s 

• Identify and prioritise business r i s k s 
• Investigate risk mitigation m e a s u r e s 

L---------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
.--------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , 

Business Models D e v e l o p m e n t 
• Business structures and i n t e g r a t i o n 
• Risk allocation between public and private s e ct o r s 
• Risk impact on east of capita! and de-ris k i n g 
i n s t r u m e n t s 

   •   
 

•  m. 
 

 
 

•• .. •       
 

• • 
 

• •  L  • •   •  .. - • L • • - • •  • •        • • • •   • • • •  • • .-  •  
  

Figure 2.5: Business Mode! Development Methodology adopted(Reigstad et al., 20 2 2 ) 

steam reformers can be combined with it. The cost of hydrogen storage plays a crucial role i n 
the economic viability of hydrogen networks. The need for a streamlined permitting p ro c e s s 
at the national and EU level to execute hydrogen projects without delay and in a c o s t - e ff e c t i v e 
manner. This will result in increased acceptance of hydrogen activities and public support i n 
the hydrogen supply chain. Government intervention can be helpful to overcome i n v e s tm e n t 
barriers. A business model is important to organize, and structure all the investments, m ar - 
ket development, and asset operation and to deploy large-scale infrastructure serving m u lt i p l e 
sectors of the economy to deliver the value and combined objectives of the public and p r i v a t e 
stakeholders as shown in Figure 2.6. This paper suggests that (1) system thinking is i m p o r - 
tant to remove investment barriers to deliver optimal outcomes for multiple sectors (2) p ro j e c t 
decisions and investments need to be broadened away from standard cost-benefit analysis t o 
consider the greater value for society with sustainable growth and circular economy with l e s s 
dependency on fossil-fuels (3) The first investment should meet three outcomes- initial r e v - 
enue from medium to long term anchor users, both government and private stakeholders ar e 
ready to invest with low or no regret, flexibility to adapt future evolution of technology a n d 
market (4) initial market development for end-use must be led by government or public b o d i e s 
(5) collaboration between stakeholders, regions, projects or industries for cost e ff e c t i v e n e s s 
and government support and to avoid barriers for expansion (6) risk assessment and a ll o c a t i o n 
to structure collaborative business model for a successful business model based on r e s e ar c h 
in two pan-European projects. It states that a combination of commercial, legal, financial a n d 
policy constraints need to be overcome by developing business models with economic s u s - 
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tainability. The main difficulty is the efficient integration of production, infrastructure, a n d 
markets into a functioning system across regions and market sectors for an effective b u s i n e s s 
model (van der Spek et al., 2 0 2 2 ) . 

' ' I 
A & M a r k e t  D e v e l o p m e n t  P h y s i c a l  D e l i v e ry 

s s e t :  C a p i t a l 
R i g h t s 

O w n e r s h i g  S o u r c i n  R e s p o n s i b i l i t y  R e m u n e r a t i o n  R e s p o n s i b i l i t y  B u s i n e s s 
S t r u c t u r e 

. . 
F r e e  M a r k e t 

c o P R I V A T E P R I V A TE P U B LI C P R I V A T E 
e v e n u e  S u p p o rt E n t e r p r i s e 

p t u r e 

rice R e g u l a t ed 

P R I V A TE P R I V A T E P U B LI C P R I V A T E 
R e g u l a t e d  A s s e t 

o n s t r u ct i o n B a s e  ( N e w ) 

P R I V A T E P R I V A T E P U B LI C 
rice R e g u l a t ed 

P R I V A T E 
R e g u l a t e d  A s s e t 
B a s e  ( Ex i s t i n g ) 

P u b l i c 

e rf o r m a n c e 
o n c e s s i o n 

P U B LI C P R I V A T E P U B LI C 
a s e d  R e v e n u e 

P R I V A T E D e s i g n - B u i l d - 
F i n a n ce - 

p e r a t e ) 

P R I V A T E P R I V A T E P U B LI C P R I V A T E 
F r e e  M a r k e t 

e v e n u e  S u p p o rt E n t e r p r i s e 

P R I V A T E P R I V A T E J O I N T P R I V A T E 
F r e e  M a r k e t 

e v e n u e  S u p p o rt E n t e r p r i s e 

Exa m p l e 
System 
Business M odel 

Figure 2.6: Example of H2 system business model with component segment(van der Spek et al., 20 2 2 ) 

The 2022 paper "Structural Model of Power Grid Stabilization in the Green Hydrogen S u p - 
ply Chain System-Conceptual Assumptions" and the 2023 paper "Functional Model of P o w e r 
Grid Stabilization in the Green Hydrogen Supply Chain System-Conceptual A s s u m p t i o n s " 
developed a conceptual framework for the structural model that includes the c o n c e p t u a l i z a t i o n 
of 49 variables assigned to a two-dimensional system (first dimension-supply chain, p ro c ur e - 
ment, production, distribution, & second dimension-interdisciplinary approach) ar c h i t e c t ur e 
covering the three phases of the hydrogen supply chain (feedstock, production with s t o ra g e , 
and distribution) in four groups of factors (technical, economic-logistical, locational, and fo r - 
mal- legal factors) taking into account the four hydrogen utilities (conversion of electricity t o 
hydrogen, fuel cells converting hydrogen to electricity, hydrogen storage, and hydrogen u t i l - 
ity application). The developed model is recommended for use due to its m u lt i d i m e n s i o n a l 
approach as shown in Figure 2.7. The factors such as legal regime, spatial development p l a n , 
perrnits and environmental safety are based on an analysis of national and EU r e g u l a t i o n s 
(Frankowska et al., 2022) (Frankowska et al., 2 0 2 3 ) . 

The 2023 paper "How a Grid Company Could Enter the Hydrogen Industry through a N e w 
Business Model: A Case Study in China" emphasizes that even though renewables and d i s - 
tributed resources are increasing rapidly, traditional grid utilities are not fully benefiting fr o m 
this transition and have not yet achieved financial success due to unavailability of a b u s i n e s s 
model with financial feasibility. This paper proposed an econornically sustainable b u s i n e s s 
model for the grid company as shown in Figure 2.8. The challenges such as high grid m a n - 
agement costs, lower electricity prices, fewer customers due to decentralization of e l e c t ri c i t y , 
and upgradation of local substation capacities for better access to distributed resources c r e a t e 
economic pressure on grid utilities. SWOT analysis based on the value chain model and P E S T 
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: ENERGY AND HYDROGEN T RA N S F O R M A TI O N i 
S U P P L Y D I ST R I B U T I O N 

( P R O D U CT I O N ) 

Control S ys t e m 

excessiof e n e r gy 
(Transformer station ( G P Z) ) I 

I 

I 

HIGH V O L T A G E I 
I 

I HV / M V 

I 
 

NETWORKS ( H V ) ! T R A N S F O R M E R 
conventonal e n e r gy + 

energv l RES H V l surplus o f 
E energy from R E S 
  

I 

RES INSTALLATIONS ] reneable e n e r gy I S W ITC H I N G I en e r gy 
: RECIPIENTS (MV/ LV) I 

(MV) I : I S T A T I O N I ; 
: '  i 

Lntable surplus of e n e rs v e n e r g y I trom R e s 

I 

WATER S U P P L Y I « s t e l I 
I I 

a i r 

N E TW O R K I ! I 
C EL L FUEL C E L L 

' ! w a t e r   

i i 
I : 
: 

h y d r o g e n h yd r o g e n 

 L H Y D R O G E N I hydrogen i I H Y D R O G E N I ST O R A G E I D I S T R I B U T I O N 

o xyg e n I OXYGEN J 
D I S T R I B U T I O N 

1 2 

Fig ure 2. 7: The concept of stabilizing the operation of power grids in the phase system of the s u p - 
ply( Frankowska et al., 20 2 3 ) 

framework is used to identify factors which further subjected to receiving insightful fe e d b a c k 
from experts from the grid sector, hydrogen-related industries, and academia. The s tr e n g t h s 
of a grid company that wants to engage in the hydrogen market can be their u lt ra h i g h - v o lt a g e 
transrnission technology that can be utilized to construct hydrogen pipelines, technical p ro fi - 
ciency in smart grids which will be useful in hydrogen integration, robust R&D, solid m o n e t a ry 
foundation to consider new business development options, strong position in the financial m ar - 
ket, determination to reduce carbon emissions, good reputation and connection with n a t i o n a l 
administrations to influence hydrogen policies and strategies in the country. The w e ak n e s s e s 
are a conservative way of handling a fast-evolving industry, a lack of technical solutions in t h e 
H2 value chain and the impact of policy factors on financial performance. The o p p o r t u n i t i e s 
like support from the government, demand due to the decarbonization goal of the c o u n t r y , 
profitability in the market due to the advantage in hydrogen production costs and c o m p a n i e s 
which are first movers will gain more market shares by leveraging their technical and le a d e r - 
ship strengths gained over time. The threats are (1) geopolitical uncertainty such as i n c re a s e d 
tariffs, and trade bans which can be challenging for supply chain stability (2) emerging t e c h - 
nologies can treat existing market share, revenue, and survival of the projects (3) L u m p - s u m 
capital investment. The strategies such as new pilot projects to get hands-on project c re d e n - 
tials, a reliable network of both vendors and partners, quick integration of hydrogen into a 
full-service menu by using an energy-as-a-service model, policies, and regulations at the d o - 
mestic and global level in the hydrogen supply chain to commercialize hydrogen e c o n o m y . 
The strategic analysis is used to recommend business strategies for transmission and d i s t r i - 
bution companies to enter the hydrogen economy in a more timely and less risky manner b y 
considering hydrogen as a raw material than as energy. The quantitative aspects of the b u s i - 
ness model are not assessed to check its economic feasibility. The greater involvement fr o m 
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different stakeholders or market participants like small grid companies, pipeline c o m p a n i e s , 
governments, generation companies, transmission grid operators and distribution operators i n 
the grid utility ecosystem to present a comprehensive strategy for joint ventures is crucial ( X u 
et al., 2 0 2 3 ) . 

Key Pa rtn e rs + Key A ctivi ti e s + Value P ropo s i ti on s + 8 8 R 3 3 6 » i 
Customer Se gm en ts + 

Many hy d ro g e n Manage the l oca l Ensure c u st o m e rs 
Maint:ain th e 

I ndustrial cu s t o m e r s 
t e c h n o l o g y  v e n d o r s 8 9 X 32 37 2 e A could enjoy rel i a b l e especially the on e s 

ana c h e a p c u st om e r in steel. c h e m i ca l 
electricity, heat, a n d relationship m a i n l y and c e m e n t 

Relaible vendors t o h y d r o g e n through s m a rt - gr i d industries w i t h 
provide r e n ewa b l e Seil and procu re enabled a u t o m å t e strong need o f 
energy t e c h n o l o g i e s energy f ro m serv ices  w i t h h yd ro g e n 

electricity a n d Faciliate cu st o m e rs d e d i c a t ed - hydrogen wh o l e -s a l e to red uce  c a rbo n p r o f e s s i o n a l 
Potentially req u i re m a r k e t e m i s s i o n personal a s s i s t.a n c e 
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energy system f o r 
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p r o v i d e r s c u s t o m e rs 
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with h y d r o g e n 
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Figure 2. 8: Summary of ane potential business mo del for the grid company(Xu et al., 20 2 3 ) 

2 . 3 Results of Literature R e v i e w 

In conclusion, this literature review highlights the importance of considering different fa c - 
tors as outlined in Table 2.1, that impact the feasibility of hydrogen and address the o b s t a cl e s 
hindering the realization of a sustainable hydrogen business or economy. The assessment o f 
various factors and potential markets is vital for the formulation of successful business o p p o r - 
tunities in this domain. It is important to foster improved business opportunities for h y d ro g e n 
that are economically viable and efficient, minirnizing energy conversion losses. T h e re fo re , 
different methodologies discussed in next chapter 3 are used to analyze these crucial fa c t o r s 
for hydrogen business in Norway and results based on these methodologies are presented i n 
chapter 4 . 
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Table 2.1: Summary of literature r e v i e w 

1 4 

Year T i t l e 
2011 Economic analysis of l a r g e - s c a l e 

hydrogen storage for r e n e w a b l e 
utility a p p li c a t i o n s 

2018 Potential of new business m o d e l s 
for grid integrated water e l e c t ro l y - 
S 1 S 

2021 Assessment of Technological P a t h 
of Hydrogen Energy Industry D e - 
velopment: A R e v i e w 

2022 Moving toward the low-carbon h y - 
drogen economy: Experiences a n d 
key learnings from national c a s e 
s t u d i e s 

2022 Perspective on the hydrogen e c o n - 
omy as a pathway to reach n e t - z e ro 
CO2 emissions in E ur o p e 

2023 How a Grid Company Could E n - 
ter the Hydrogen Industry t h ro u g h 
a New Business Model: A C a s e 
Study in C h i n a 

2022 Structural Model of P o w e r 
Grid Stabilization in the G r e e n 
Hydrogen Supply Chain S y s - 
tem-Conceptual A s s u m p t i o n s 

2023 Functional Model of P o w e r 
Grid Stabilization in the G r e e n 
Hydrogen Supply Chain S y s - 
tem-Conceptual A s s u m p t i o n s 

Key F a c t o r s 
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Chapter 3 

M e t h o d o l o g y 

Based on the literature review, it is evident that the evaluation of various factors i m p a c t i n g 
business is crucial for the success of a business idea. To assess these factors, several m e t h o d - 
ologies and frameworks are available. In this thesis, the roles of these factors in the h y d ro g e n 
business are summarized and presented with PESTELE analysis and Market feasibility a n a l - 
ysis. This information is utilized in the later stages of the project work to identify p o t e n t i a l 
customers. Within the scope of this thesis, the objective is to propose appropriate customers fo r 
conducting business in green hydrogen. The identification of suitable sectors and c u s t o m e r s 
is of utmast importance for businesses aiming to capitalize on opportunities in the h y d ro g e n 
sector and ensure profitability. The following methodologies are employed in this thesis t o 
evaluate the factors relevant to the hydrogen business in N o r w a y . 

3.1 PESTELE a n a l y s i s 

The top management in companies needs to scan extemal environmental factors very c ar e fu ll y 
to create a competitive advantage. Organizations use various tools to evaluate the b u s i n e s s 
environment and to create effective business strategies for new ventures. There are d i ff e r - 
ent analysis tools such as McKinsey 7S Framework, Porter's Five Forces Framework, S W O T 
(Strength, Weakness, Opportunities, Threats), PESTELE (Political, Economic, Social, T e c h - 
nological, Environmental, Legal, Ethical), POCC (Potential, Opportunities, Challenges, C o n - 
straints) and SOAR (Strength, Opportunities, Aspirations, R e s u l t s ) . 

In this thesis, PESTELE has been used based on a comprehensive understanding g a i n e d 
about it within the master's curriculum. PESTELE i sa  tool used to assess what is happening i n 
the broader economic and business environment and to investigate all macroeconomic fa c t o r s 
which can affect the future development of the business. These factors are part of the l ar g e r 
society which impacts business performance and are not directly under the control of the o r g a - 
nization. It depends on the corporation, country, and industrial sector within which it o p e ra t e s 
and plays a crucial role in strategic decisions to ensure the development and sustainability o f 
the business. PESTELE analysis is a method that allows companies to predict the situation t o 
adapt to new situations and develop competitiveness by providing data and information. It is a 
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Figure 3.1: PESTELE a n a l y s i s 

key element in designing future businesses (Sugatri et al., 2 0 1 8 ) . 

Before we proceed with evaluating and mapping customers, it is essential to u n d e r s t a n d 
the position of the hydrogen business in the country. Considering the dominant forces of o i l , 
EV vehicles (Cars and ferries), and hydropower in Norway, it is essential to assess how t h e 
external environment will support the adoption and growth of hydrogen in N o r w a y . 

75343 7 3s 3 3 :3 u 3.33:.: 3,3 

Figure 3.2: Use of PESTELE a n a l y s i s 

While conducting a PESTELE analysis, valuable insights are drawn from reports c o n c e rn - 
ing energy transition and the hydrogen economy. These reports, authored by research i n s t i t u t e s 
and analytical companies, are specifically indicated and conveniently located in Appendix A 
for easy r e fe re n c e . 

In the process of perf orming a PES TELE analysis, specific assumptions are established a s 
outlined in the following s e c t i o n . 

• Hydrogen is a part of the energy transition scenario, therefore many factors of net z e ro 
target are correlated or used in terms of h y d ro g e n 

• The hydrogen value chain will be cost-effective, and efficient with technology d e v e l o p - 
m e n t 
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• It is assumed that hydrogen is a part of the green transition and consumer behavior i s 
assessed based on the green tr a n s i t i o n 

• The hydrogen means green hydrogen in this report, the colour is mentioned explicitly i f 
it is blue and grey h y d ro g e n 

Based on these reports and assumptions, a PES TELE analysis is conducted to assess the i m p a c t 
of external factors on the hydrogen business in Norway, and the results are discussed in C h a p t e r 
4 . 

3.2 Feasibility Analysis (Market S c a n ) 

PESTELE provides an extensive overview of the external environmental factors that i m p a c t 
the business, but a feasibility study is important to assess the practicality and viability of a 
new business venture. The purpose of the feasibility study is to evaluate the likelihood o f 
success and identify potential risks and challenges before committing resources. A fe a s i b i l i t y 
study involves assessing economic, technical, legal, operational, and time-related factors t o 
determine the practicality of a plan or method. As the name implies, you simply aska q u e s t i o n 
during evaluation "Is this feasible?" The feasibility analysis is a process of determining t h e 
viability of an idea to create a successful business. The purpose is to determine whether t h e 
business idea is worth pursuing. If the idea passes the feasibility analysis, the next step i s 
to build a comprehensive business plan to capitalize on the idea. The valuable time, e n e r g y , 
money, and other resources should not be wasted to create a full-blown business plan or l a u n c h 
a business plan that is destined to fail as it is based on a flawed concept. Although a fe a s i b i l i t y 
study does not guarantee an idea's success, it reduces the likelihood of spending e x c e s s i v e 
time on futile business ventures. It provides an assessment of the positive and negative s i d e s 
of business ventures (McLeod, 2 0 2 1 ) . 

Business i d e a 

P ro d u c t/ s e rv i c e 
fe a s i b ili t y 

ln d u s try /M ar k e t 
f ea s i b ili ty 

O r g a n iz a t i o n a l 
f e a s i b ili t y 

F in an c i al 
fe a s i b ili t y 

Proceed w i th 
business p l an 

Figure 3.3: Feasibility analysis p ro c e s s 

A feasibility analysis has four components: industry and market feasibility analysis, p ro d - 
uct or service feasibility analysis, organizational feasibility analysis, and financial fe a s i b i l i t y 
analysis as shown in Figure 3.3. As feasibility studies are complex and in the scope of t h i s 
thesis, only market feasibility analysis is performed to identify how attractive an industry i s 
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overall as a home for a new business opportunity in hydrogen. During the feasibility study o f 
the market, the focus is on the threat of new entrants or substitutes in the industry c o n s i d e ri n g 
green transition the focus of the century. Market analysis provides the aggregated demand fo r 
the product or service in future and captures the expected market s h a re . 

Hydrogen is an energy carrier with potential applications in multiple sectors such as tr a n s - 
port, industry, power, and buildings. The evaluation of a market where the use of hydrogen i s 
sensible before mapping customers is important for a successful business plan (Mukherjee & 
Roy, 2 0 1 7 ) . 

In Chapter 4, the sectors are evaluated based on market feasibility to narrow down t h e 
sectors where customers will be m a p p e d . 

3.3 Customer I d e n t i fi c a t i o n 

Conducting a feasibility analysis helps identify the target sectors for hydrogen as the use o f 
green hydrogen is not feasible everywhere due to the challenges associated with the a v a i l a b i l - 
ity of renewable energy and infrastructure. It is essential to strategically promote the use o f 
hydrogen where it makes the most sense and is economically viable. Once the market fe a s i b i l - 
ity has been assessed, the next step is to identify potential customers within those sectors w h o 
are likely to purchase the company's products or services. This process enables the company t o 
set realistic goals, determine their desired direction and establish financial prerequisites. T ar - 
geting potential customers is crucial for building a profitable business. The identification o f 
potential customers is crucial for the success of the business and to drive any business fo r w ar d . 

There are several methods available for identifying target customers for a company, s u c h 
as the Ideal customer profile (ICP), customer segmentation, buyer persona, customer p ro fi l i n g , 
and customer surveys and feedback. In this thesis, to identify and target specific c u s t o m e r s , 
Ideal Customer Profile (ICP) framework is used. ICP defines the type of company that w o u l d 
benefit the most from a product or service, have a budget to pay for the product or s e r v i c e , 
is part of the market, and have pain points that will be solved with the product. The task i s 
to determine the main challenge the customer is facing and how the product or service w ill 
solve the issue. The hydrogen company will use the market opportunity where customers ar e 
in urgent need to reduce their emissions to comply with EU regulations and are ready to p a y 
to solve the global warming problem (Gartner, 2 0 1 9 ) . 

Companies that fit ICP are most likely to buy and continue to use the product and c o n t ri b u t e 
to business growth. For B2B businesses, it considers the factors such as industry, c o m p a n y 
size, location, and revenue. To create an ICP, templates can be used but a simple table c a n 
be created to organize the gathered data. The experts have recommended the inclusion of t h e 
most important factors in a B2B customer profile, as depicted in Figure 3 .4 . 

In this thesis, the focus will be on identifying and summarizing customers rather t h a n 
developing comprehensive Ideal Customer Profiles. The purpose is to determine how g re e n 
hydrogen can align with the market and differentiate itself to benefit customers. A s i m p l e 
template, as shown below, is utilized for collecting and presenting customer data, which w ill 
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Si I E Ea mu E : 
Needs, and P r o b l e m s , 

how pain p o i n t s , 
product or c h a ll e n g e s 
service c a n 
meet t h e m 

B u d g e t I n d u s t ry Location o f 
c o m p a n y 

Size o f 
c o m p a n y 

Maturity o f 
c o m p a n y 

V a l u e s 

Figure 3.4: Most Important factors to include in a B2B customer pro.file, to assist in q u a l ify i n g 
leads(Memon, 20 2 2 ) 

be discussed in Chapter 4 . 

Table 3.1: Ideal Customers P ro .fi l e 

Ideal C u s t o m e r L o c a t i o n C h a ll e n g e /I s s u e When is customer r e a d y 
for p u r c h a s e 



Chapter 4 

R e s u l t s 

By utilizing the methodologies discussed in Chapter 3, we have obtained a c o m p re h e n s i v e 
understanding of the role of hydrogen in Norway. Hydrogen has been validated as a c ru c i a l 
energy vector by the country and the future of hydrogen in Norway appears promising. O ur 
analysis acknowledges the urgent need for efficient energy utilization. To present an i m p art i a l 
viewpoint on hydrogen, we have consolidated findings from multiple reports. We advocate fo r 
the implementation of hydrogen in situations where it provides a practical solution and t h e re 
are no better alternatives available. Conversely, we discourage the promotion of hydrogen i n 
areas where its utilization proves to be highly inefficient. It's interesting to observe h y d ro - 
gen's growing presence in the market despite the significant economical investment re q u i re d . 
The results, which indicate Norway's stance on hydrogen, sectors where hydrogen usage i s 
sensible, and potential customers, are presented b e l o w . 

4.1 PESTELE a n a l y s i s 

The role of various external factors specific to Norway in the hydrogen business is s u m m ar i z e d 
and presented through a PESTELE analysis, providing insights into the impact of these fa c t o r s 
on the i n d u s t r y . 

4.1.1 Political F a c t o r s 

Norway participates in European Union's internal energy market and cooperates with the E U 
on energy and climate matters due to Norway's agreement with the European Economic A re a 
(EEA). Norway has committed to reducing GHG emissions to 50 % or 55% by 2030 c o m - 
pared to 1990 levels through its nationally determined contribution (NDC) under the P ar i s 
Agreement. Norwegian Parliament adopted the Climate Change Act in June 2017, to re d u c e 
emissions to 90% or 95% from 1990 levels by 2050. Norway shares the European C o mm i s - 
sion's European Green Deal vision of transformation to a sustainable, low-carbon e c o n o m y . 
The Norwegian 2021 climate plan targets a green transition aligned with economic d e v e l o p - 
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ment with renewable energy playing a key ro l e . 

Table 4.1: Norway's commitment to climate change regardless of ruling political p a r ty 

2 1 

Agreement on the European E c o - 
nomic A r e a 
Nationally Determined C o n t r i b u - 
tion (NDC) under the Paris A g r e e - 
m e n t 

Cooperates with the European Union (EU) o n 
energy and climate m a tt e r s . 
Norway aims to reduce its greenhouse g a s 
(GHG) emissions to 50% or 55% by 2030 a n d 
90% or 95% by 2050 compared to 1990 l e v e l s . 

A new government was formed in Norway in 2021 and hydrogen is mentioned s e v e ra l 
times in their political platform (Hurdalsplattformen) as compared to any platform p r e v i o u s l y . 
Generally, all political parties are supporters of green transition in the country and s u p p o rt 
the development of hydrogen technologies. However, the pathways to support the h y d ro g e n 
economy can be different. In the history of Norwegian politics, there is no such o c c u rr e n c e 
where a change in political party refused the technology supported by a former government o n 
climate change. The focus of the 2023 budget is to reduce emissions for sustainable and i n - 
clusive growth in the country. As per the national budget for 2022, the Norwegian g o v e rn m e n t 
increases funding for R&D in H2 and NH3 by founding its own research centre ( R e s e a r c h 
Council of Norway). For up to eight years, the Ministry of Petroleum and Energy will a ll o - 
cate the centre NOK 30 million per year, totalling NOK 240 million. A research centre w a s 
established in early 2022 to develop innovative solutions for hydrogen and ammonia. T h e 
establishment is carried out under the FME scheme (Research Centers for E n v i ro n m e n t a ll y 
Friendly Energy) of the Research Council of Norway (FINANCE, 2 0 2 1 ) . 

Currently, the hydrogen (grey hydrogen) used in industrial processes is 225000 t o n n e s 
which is produced from natural gas, and it costs only one-third of the green hydrogen in N o r - 
way. The cost of green hydrogen is more expensive than the production of hydrogen fr o m 
natural gas without carbon capture and storage. It is estimated that the cost of green h y d ro g e n 
will decrease if demand increases and is produced on a large scale. The goal of the g o v e rn m e n t 
is to strengthen the R&D development of green hydrogen. There are sectors like transport a n d 
industry where solutions are developed for hydrogen as an energy carrier and several p ro j e c t s 
are under testing. The projected hydrogen demand as an energy carrier by sector in Norway i s 
shown in Figure 4 . 1. 

The Norwegian government released the H> strategy in June 2020 followed by a w h i t e 
paper in 2021 to assess the entire energy sector and road map for hydrogen. In June 2021, N o r - 
way presented a white paper on energy policies and long-term value creation from N o r w e g i a n 
energy sources such as hydrogen and offshore wind energy. This includes signposts for t h e 
production and use of hydrogen in 2025,2030 and 2050. It is focusing to develop the w h o l e 
value chain of hydrogen including production, distribution, and use. The national a s s e m b l y 
has asked the government to introduce a plan for the introduction of Contracts of Difference i n 
2023 which will reduce risk and accelerate investments in Hz production and use in N o r w a y 
(IEA, 2 0 2 2 a ) . 

Norwegian Hydrogen Forum (NHF) established in 1996 is a non-profit member o r g a - 
nization to promote the advantage of hydrogen and ammonia as energy carriers. It wants t o 
develop competency and experience within hydrogen technologies in Norway. NHF is the s e c - 
retariat of the county network which is a cooperation between counties and municipalities i n 
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Norway hydrogen demand as energy carrier by s e ct o r 

Units: M t H a / y r 

0.8 - - - -  - - - - - -  - - - - - - -  - - - - 

2 0 5 0 2 0 4 5 2 0 4 0 2 0 3 5 2 0 3 0 2 0 2 5 
() ' ·mm 
2 0 2 0 

0.6 - : - - - - - - - - - - - - - - - - - - - - - + -  .......... 

Aviation - H, d e r i v a t i v e s - Iron and s t e e l - Maritime - H, d e r i v a t i v e s C o n s t r u c t i o n - R o a d & m i n i n g - A v i a t i o n - Base m a t e r i a l s - Other m a n u fa ct u r i n g 

Figure 4.1: Norway hydrogen demand as energy carrier by sector(DNV, 20 2 2 ) 

Norway to create value chains for hydrogen throughout the country. The nationwide d e p l o y - 
ment of H2 solutions, infrastructure, public awareness and scaling up are the areas in the H > 
value chain which are targeted by the Norwegian government. Norway wants that N o r w e g i a n 
stakeholders can take their pioneering role and adequate share in the global market for H2 a n d 
NH3 solutions. Ministry of Petroleum & Energy and Transport & Communications re l e a s e d 
its first National H2 strategy in 2 0 0 5 . 

Nordic Hydrogen Partnership (NHP,2006) is a collaboration between the Nordic h y - 
drogen associations such as Norsk Hydrogen Forum in Norway, Våtgass Sverige in S w e d e n , 
Brintbranchen in Denmark, VTT Technical Research Center of Finland and Icelandic N e w 
Energy in Iceland. The target is to boost the cross-sector implementation of H2, fuel cell t e c h - 
nologies in the Nordics, and promote H2 companies to establish the world's first expansion o f 
H2 infrastructure for large vehicles. Enova is an entity supported by the Ministry of C l i m a t e 
and Environment which drives innovation in terms of new technologies in Norway. E n o v a 
(2021) granted public funding to three hydrogen and ammonia projects for more than one b i l - 
lion NOK. In 2021, a total of 1,6 billion NOK was granted to different hydrogen and a mm o n i a 
projects by Enova, Innovation Norway, the Research Council of Norway and Gassnova ( N o r s k 
Hydrogen F o ru m ) . 

Green Platform Program is an initiative of five ministries - The Ministry of P e t ro l e u m 
and Energy, The Ministry of Trade, Industry and Fisheries, The Ministry of Climate and E n - 
vironment, The Ministry of Transport and Communication, and The Ministry of A g r i c u lt ur e 
and Food. The motive is to provide funding for organizations and research institutes e n g a g e d 
in green growth and restructuring driven by research and innovation. This program p ro v i d e s 
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funding of 1 billion NOK over three years for a green transition of the industrial sector. I n n o - 
vation Norway is supported by the Norwegian Government which provides funding to o r g a - 
nizations developing new technologies. It provides monetary help for hydrogen-related R & D 
projects. European Union Funding also provides grants and loans to Norwegian c o m p a n i e s 
for R&D as Norway is a member of the European Economic A re a . 

4.1.2 Economic F a c t o r s 

Norway is one of the countries with the highest GDP per capita. The main components of G D P 
are O&G, hydropower, seafood, and products from energy-intensive industries. To m i t i g a t e 
climate risk, demand and initiatives based on O&G are anticipated to reduce. Green h y d ro g e n 
tends to bring a sustainable economy to the country. Several factors, including r e n e w a b l e 
energy availability, the EU's energy dependency on Norway, and high investment in R & D 
bolster the transition towards green hydrogen in N o rw a y . 

Renewable Energy - Norway's significant share of electricity is produced by h y d ro e l e c - 
tric power whereas other energy sources are also emerging in the mix mainly wind and s o l ar 
as shown in Figure 4.2 & Figure 4.3. Thus, the projected share of renewable energy p ro - 
vides good support for the development of a green hydrogen economy. It will remove t h e 
country's dependency on fossil fuels and drive sustainable economic growth in the c o u n t r y . 
The availability of a significant proportion of renewable electricity in the country fa c i l i t a t e s 
the adoption of green H2 without the need for substantial investments in renewable e n e r g y 
infrastructure specifically for hydrogen production (IEA, 2 0 2 2 b ) . 
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Figure 4.2: Renewable energy in electricity generation in Norway, 2000-2020(/EA, 20 2 2 b ) 

Trade opportunities-The Confederation of Norwegian Enterprise (NHO) and partners i n 
the 'Green electrical value chains' project (NHO, 2020) outlined export-oriented industry d e - 
velopment in 6 priority areas - renewable energy, off shore wind, batteries, hydrogen, m ar i t i m e 
transport, power system optimization incl. smart charging infrastructure, with an e s t i m a t e d 
revenue potential of €32bn/year in 2030 and at least €76bn/year by 2050. Green h y d ro g e n 
can be exported to other countries due to the abundance of hydropower in Norway. It is e s t i - 
mated that the hydrogen export will reach 1 Mt/yr in 2040 and 3.4 Mt/yr in 2050, while t h e 
export of ammonia will be 1.2 Mt/yr in 2050 as shown in Figure 4.4 (DNV, 2 0 2 2 ) . 

Norway produces hydrogen mainly from natural gas or coal for its domestic fe e d s t o c k 
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Source: Norwegian Water Resources and Energy Direrctorate, based on the Norwegian government's response to the I EA 
q u e s t i o n n a i r e . 

Figure 4.3: Electricity generation capacity growth projections in Norway (MW), 20 2 1 - 20 3 0 ( / E A , 
20 2 2 b ) 
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Figure 4.4: Pipeline gas trade to Europe(DNV, 20 2 2 ) 

market. By 2050, 213rd of hydrogen produced will be green and 113rd will be produced fr o m 
natural gas with carbon capture. It is estimated that by 2050, hydrogen demand in N o r w a y 
will triple but production will increase by a factor of 10. This creates possibilities for N o r w a y 
to export hydrogen to the market. There are installed and future pipelines to Europe and U K 
to transport the hydrogen from Norway to Europe. Moreover, Norway plays a crucial ro l e 
in the overall energy situation of Europe, due to Europe's dependency on gas imports fr o m 
Norway. The Russia-Ukraine war has increased the export of Norwegian gas for the s h o r t 
term, but it will be declined in the long term as shown in Fig. 22. Europe tends to l e a d 
the global hydrogen market with 11 % hydrogen and its derivate in 2050 energy mix with i t s 
strong hydrogen policies. It will consume two-thirds of the global hydrogen demand for e n e r g y 
purposes mainly for maritime and aviation energy. While hydrogen export to Europe will b e 
through pipelines, ammonia will be exported on keels from Norway. In the 2040s, 1. 2 M t/ y e ar 
of low-carbon ammonia will be exported from Norway to European (80%), British (15%) p o r t s 
and to other ports (5%) (DNV, 2 0 2 2 ) . 

Foreign Investment-Research and infrastructure development in the green hydrogen v a l u e 
chain will attract foreign investors which will drive economic growth in the country. As p e r 
the IEA report, Norway spends the largest share of GDP on energy-related public RD&D a s 
compared to other IEA countries as shown in Figure 4.5. The investment in the hydrogen v a l u e 
chain will create new jobs that will stimulate GDP gr o w t h . 
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Figure 4.5: Top 10 countries for selected technologies in RD&D budget per thousand units o f 
GDP,2020(/EA, 20 2 2 b ) 

4.1.3 Social F a c t o r s 

Social acceptance: These days the acceptance of technology by end users decides its s u c c e s s . 
To promote a green hydrogen economy, it is important to make the public aware of the d i ff e re n t 
uses of hydrogen. The fear or uncertainty about the hydrogen future in the country raises t h e 
importance of communication to reduce risks for end users. Moreover, to check the a w a re n e s s 
and perspective of the public, researchers and corporate people on green hydrogen, r e s p o n s e s 
from them are collected in the form of a questionnaire as shown in Appendix B . 

In Norway, political support in terms of policies and incentives tends to bring change i n 
customer behaviour and push the technology for adoption in the country. The b r e ak t hr o u g h s 
have been made in Norway through advanced research, public awareness campaigns and fi n a n - 
cial incentives, especially in terms of EV s. The number of incentives for users such as l o w e r 
taxes, exemptions from road tolls, free charging ports, incentives for buildings and b u s i n e s s e s 
with charging points, and free fast infrastructure development for charging points boosted t h e 
EV model in the country as shown in Figure 4 . 6 . 

Job creation: The use of green hydrogen will create many jobs in different areas such a s 
engineering, construction, and maintenance. Green hydrogen is in its early stages and fu r th e r 
deployment of the technology will create a job market. The labour transition and c o m p e t e n c e 
transfer from the O&G sector into green industry ventures can be a challenge. The digital a n d 
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• Electric • Plug-in hybrid • Non-plug hybrid • Petrol only • Diesel o n l y 

18.4 12.9 2 3. 1 

  

I 

20 g 9 

13.6 1 2 .3 

17 9 11 I 

75 7 

13.4 1 1 1 

4.5 6 4 .3 

EI s.z Is 2 .8 

2 0 11 

2 0 1 2 

2 0 13 

2014 1 2 . 5 

2015 17 .1 
 

2016 1 5 . 7 

2017 2 0 . 9 

2018 3 1.2 ---------- 2019 4 2 .4 
= = = = = = = = = = = = = 

2020 54 
7 

2021 6 5 
 

2022 ._[7,;,,;;9.3;;..... _i _ 

Source: Norwe ian Road Federation O FV 

Figure 4.6: Years 2011-2012 in the percentage of market per car type(Klesty, 20 2 3 ) 

green transitions are likely to threaten the existence of some businesses. The young g e n e ra t i o n 
is declining work if it entails O&G projects. Improvements to education and training help i n d i - 
viduals to transition to new occupations such as digital as well as green transition. T h e re fo re , 
insolvency prevention arrangements using enhanced tools such as restructuring, light p e n a lt i e s 
for failed entrepreneurs and smooth reallocation of resources need to be a d o p t e d . 

Energy security: The use of hydrogen will provide energy security in the country by d i - 
versifying its energy mix, reducing reliance on oil and gas which is under geopolitical ri s k . 
The Norwegian government has set a target to become a leading supplier of hydrogen to E u - 
rope by 2030. It will help the country to reduce its reliance on fossil fuels for energy and c a n 
enhance the country's energy security. While the Middle East, the world's largest oil e x p o r t e r , 
is determined to become the largest exporter of hydrogen, Norway can also devise a plan t o 
show the world that it is not just an exporter of crude oil but can also export clean energy. It 
is a good opportunity for Norway to diversify its economy, and resources, and distance i t s e l f 
from oil by opting green energy e c o n o m y . 

4.1.4 Technological F a c t o r s 

The viability of green hydrogen depends upon the feasibility, efficiency, and economics t h ro u g h - 
out its supply technologies as shown in Figure 4.7. The technologies are at a different l e v e l 
in the hydrogen value chain as depicted in Figure 4.8. The efforts are required to push c ri t i c a l 
technologies at a commercial level which are not fully developed and not available c o mm e r - 
cially. However, hydrogen infrastructure technologies are more developed as compared t o 
production t e c h n o l o g i e s . 

In the future, the production of green hydrogen from wind energy will be more c o s t - 
efficient than exporting electricity. Green hydrogen production requires expensive e l e c t ro l y s i s 
equipment and undergoes energy losses during conversion. When production from v ari a b l e 
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Figure 4.7: Hydrogen value chain's distinct technologies(Shin, 20 2 2 ) 
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Figure 4.8: Technology readiness levels of low emission hydrogen production and i n f ra s t r u c t u r e ( I E A , 
20 2 1) 

renewable energy sources is in excess and demand is less, low-price electricity can be u s e d 
to produce hydrogen. However, there are many options like demand response, b a tt e r y - e l e c t ri c 
vehicles, pumped hydro, and utility-scale batteries available in the market to use this c h e a p 
electricity. Therefore, till 2030 major hydrogen will be produced with steam methane r e fo r m - 
ing with or without carbon capture. With more penetration of renewable energy or wind e n e r g y 
in Norway's power system, electrolysis will gain momentum in 2040 and will supply 80% o f 
hydrogen by 2050 as shown in Figure 4.9 (DNV, 2 0 2 2 ) . 

Additionally, Norway is home to several renowned companies that excel in various a s p e c t s 
of the green hydrogen value chain. Nel, a Norwegian company, holds the distinction of b e - 
ing the world's largest manufacturer of electrolyzers, crucial devices for hydrogen p ro d u c t i o n . 
Hexagon Purus and Umoe Advanced Composites are prominent suppliers of composite t a n k s , 
storage containers, and transport solutions designed specifically for hydrogen. Statkraft, t h e 
largest producer of renewable energy in Europe, has made significant investments in the fi e l d 
of hydrogen. There are other examples of Norwegian companies positioning themselves i n 
hydrogen-related early markets: Raufoss Fuel Systems and Hystorsys are active within h y d ro - 
gen storage, Nordic Power Systems is developing fuel cells, ZEG 'Power, GasPlas, R o t o B o o s t 
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Figure 4.9: Norway's hydrogen production by production route(DNV, 20 2 2 ) 

and others are active within technologies to improve hydrogen production. Other notable N o r - 
wegian companies involved in green hydrogen are Greenstat, Gen2 Energy, Viken Ha, G a s n o r , 
and Hyon AS, among o t h e r s . 

4.1.5 Environmental F a c t o r s 

Zero GHG emissions: Green hydrogen is a sustainable fuel which emits zero GHG d u ri n g 
production and combustion. Green Hydrogen is produced using renewable energy sources l i k e 
wind and solar. The combustion of hydrogen produces tremendous heat and water as c o m p ar e d 
to other fuels. The use of hydrogen fuel cell vehicles helps to reduce air pollution in ur b a n 
areas. When hydrogen burns in an atmosphere containing nitrogen and oxygen, it d o e s n ' t 
produce CO2 but produces N O x . 

Health and Environment risk: Hydrogen is a flammable and volatile gas. The h a n d l i n g 
of hydrogen needs proper safety measures to avoid fire and explosions in the e n v i ro n m e n t. 
However, there is a debate regarding the volatility of hydrogen it's lighter than air so t e n d s 
to disperse quickly in the air and reduces the risk of explosion. But in the case of e n cl o s e d 
spaces tends to displace oxygen that can make people suffocate and be deprived of oxygen i n 
that confined area (Asphyxiation). However, the release of large quantities of hydrogen i n t o 
the atmosphere can increase other greenhouse gases like methane, ozone and water v a p o ur 
causing indirect warming. Hydrogen is a tiny molecule easy to leak into the atmosphere fr o m 
production to end-use and causes a threat to its surroundings. In 2019, an explosion o c c u rr e d 
in Oslo, Norway due to a gas leakage in one of the hydrogen fuel filling stations. The l e ak e d 
gas caught fire and created a pressure wave which harmed three p e o p l e . 

High demand for electricity, water, and rare materials: The use of electricity to p ro d u c e 
hydrogen put pressure on the electricity grid and is an inefficient use of renewable energy fo r 
the areas where direct electricity can be used. However, the use of hydrogen storage w i t h 
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renewables is helpful to reduce peak load and to store excess energy instead of c ur t a i l m e n t 
of renewable energy sources. The use of water in green hydrogen has raised concerns a b o u t 
water scarcity, but Norway can excel in the green hydrogen industry due to its plenty of w a t e r 
resources. The major share of electricity is corning from hydropower in Norway which i s 
raising concerns among environmentalists for the water ecosystem. The construction of d a m s 
disrupts the natural flow of rivers resulting in a change in temperature and disrupting fi s h 
populations. The IEA raised concerns about a shortage of raw materials such as iridium a n d 
platinum required to produce electrolysers. The demand for green hydrogen will increase t h e 
demand for these rare m a t e r i a l s . 

Even though there are negative impacts of green hydrogen on the environment, l o n g - t e rm 
use of hydrogen with safety measures and in areas where direct electrification is not fe a s i b l e 
will help to reduce GHG e m i s s i o n s . 

4.1.6 Legal F a c t o r s 

The legal and regulatory framework for hydrogen projects in various sectors is not well d e fi n e d 
in Norway, as in many other countries. It can be challenging to navigate the hydrogen v a l u e 
chain since there is no complete framework covering i t. 

Regulations: There is a specific statute governing the Norwegian energy market (the " E n - 
ergy Act") that governs the generation, conversion, transmission, trading, distribution, and u s e 
of energy. Hydrogen production, storage, and transportation are not covered by the Energy A c t , 
according to its legislative history. Nevertheless, hydrogen production facilities must c o m p l y 
with the Energy Act and its regulations just like other industrial plants, as outlet c u s t o m e r s 
in the grid. All types of activities related to real estate are covered under the Planning a n d 
Building Act. The construction can only be done if it is not in conflict with the municipal ar e a 
and zoning plan and act and associated regulations. A permit is required to produce h y d ro g e n 
by electrolysis under the Pollution Control Regulations even though it does not cause any p o l - 
lution. Further, the production of electricity from fuel cells or gas turbines with hydrogen a s 
an input factor requires a plant license as per Energy Act if the plant is over the threshold for a 
licensing obligation. A facility doesn't need a separate permit under the Building and p l a n n i n g 
act if the plant receives a such l i c e n s e . 

The trade-in electrical energy requires a license from the regulatory authority as per t h e 
Energy Act. Hydrogen is considered a type of flammable gas that belongs to the category 1 
classification. As a result, it falls under the scope of the Act concerning the prevention of fi r e , 
explosions, and accidents caused by hazardous substances and the fire service. Hydrogen i s 
handled under the Regulations on the Handling of Dangerous Substances. As per r e g u l a t i o n s , 
risk assessment is a must for hydrogen plants, and they must be built and assessed based on t h e 
recognized norm. The handling of hydrogen should be at a safe distance from the s ur ro u n d i n g s 
for the safety of third parties. As per regulations, companies need to document the r e q u i r e m e n t 
of spatial measures and restrictions on hydrogen handling fa c i l i t i e s . 

The equipment used in hydrogen handling should comply with the requirement of t h e 
Regulations on Pressure Equipment. The storage of 5 tons or more hydrogen is covered b y 
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the Regulation on major accidents. Moreover, compliance with the Regulation on Health a n d 
Safety in Explosive Atmosphere is required for the protection of workers and other p e r s o n s . 
The transport must be following the Regulation on Carriage of Dangerous Goods by R o a d . 
It sets general requirements for transport persons, to clear safety marking, packaging, e q u i p - 
ment, and materials required to transport dangerous goods. There are regulatory bodies i n 
Norway which issue permits in the hydrogen value chain as shown in Figure 4.10 ( C M S - 
Law.Tax.Future, 2 0 2 3 ) . 

Regulatory Body R o l e 

The Directorate for Civil Protection ( D S B ) 

Local Authority/ Town and County A u t h o r i t y 

Ministry of Climate and Environment and t h e 
Norwegian Environment D i r e c t o r a t e 

Ministry of Petroleum and E n e r gy 

• The authority for regulation of dealings w i t h 

flammable, reactive, pressurised, and e x p l o s i v e 
substances, including h y d ro g e n . 

• The authority for regulation of transport o f 
dangerous g o o d s . 

• The administrative authority with regards t o 
regulation of electrical safety, i.e., r e q u i r e m e n ts 
for safe execution and use of supply n e t w o r k s 
and electrical installations, including i n s t a l l a - 

tions for production of h y d ro g e n. 

• Regulates the use of l a n d . 

• The authority enforcing pollution regulations i n 
their respective t o w n / co u n ty . 

Superior authority on pollution r e g u l a t i o n s . 

Regulates generation, conversion, transmission, t r a d - 

ing, distribution, and use of e n e r gy . 

Fig ure 4.10: Regulation of hydrogen( CMS-Law.Tax.Future, 20 2 3 ) 

Policies: In Norway, the tax on the non-emission trading system will increase by 21 % . 
Norway was the first country to impose a carbon tax in 1991 to cover the combustion of fo s - 
sil fuels and the petroleum sector. The national CO2 tax is 766 NOK/ton of CO2 e q u i v a l e n t 
for emissions outside the EU ETS. The white paper submitted by the former government a n - 
nounced an increased carbon tax rate to 2000 NOK/ton of CO2 equivalent in 2030. A lt h o u g h 
increased carbon prices will help to achieve ernission reductions in Norway, the main i n t e n t i o n 
is to motivate technological shifts and to consider incentives and support for the sectors t h a t 
may need them. Moreover, the manufacturing and petroleum industries are part of the E u ro - 
pean Emission Trading System (EU ETS) which also decides the profitability of the b u s i n e s s . 
The reduction of the EU ETS allowance will drive the use of green hydrogen in the i n d u s t ri a l 
energy m i x . 

To promote the production of green hydrogen, electricity used for electrolysis is e x e m p t e d 
from consumer tax (consumer tax NOK 0.1541/kWh in 2022). It will help to reduce g r e e n 
hydrogen production costs and to make it cost-competitive compared to other energy c ar ri e r s . 
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4.1. 7 Ethical F a c t o r s 

3 1 

There i s a  quote by Nobel Prize-winning Dutch economist, Jan Tinbergen, "Equal d i s t ri b u t i o n , 
and fairness, creates profits, not the other way around". Organizations should align ESG a n d 
sustainability in their company agenda. It has been proved in many studies that companies w i t h 
sustainable business models, sustainable financial models and sustainable business p ra c t i c e s 
can generate good returns for investors or shareholders. It will help to create a more s u s t a i n a b l e 
and resilient s o c i e t y . 

Companies should prioritize corporate social responsibility (CSR) as a core aspect of t h e ir 
business for the betterment of the environment and society. The business should be c re a t i n g 
some value for society and the environment rather than degrading it. This vision of the c o m - 
pany motivates the employees and raises their morale. Companies need to conduct business i n 
a transparent, ethical, and responsible manner. The business actors should respect the c u l t ur e , 
dignity and rights of individuals and entities in the regions where they o p e ra t e . 

4.2 Market S c a n 

Fossil fuels are deeply rooted in the global economy and society, from the cars we drive t o 
the energy that heats our homes. So, the challenge is how to phase out fossil fuels with n e w 
technologies efficiently and economically. The idea of this market mapping is to promote t h e 
use of green hydrogen in sectors where it makes sense over other green solutions a v a i l a b l e 
in the market. Due to the high cost of green hydrogen, there is ongoing debate about w h i c h 
sectors should prioritize using hydrogen, and which should consider alternative solutions. T h e 
sectors like steel, cement and refineries are hard to electrify due to technological reasons a n d 
other sectors like marine, aviation, rail, or mining consume energy that exceeds the c a p a c i t y 
of batteries. Some people argue that the use of green hydrogen for cars, heating, e l e c t ri c i t y , 
and storage will only be a distraction over other green alternatives and hydrogen is nota s i l v e r 
bullet to all our problems. The sectors where hydrogen can be used will be discussed and c u s - 
tomers will be mapped accordingly later in the mapping section. Befare mapping c u s t o m e r s , 
all the feasible sectors will be accessed for hydrogen use in terms of energy efficiency a n d 
economic benefits and compared with other better alternatives in the m ar k e t. 

4.2.1 Hydrogen in Home H e a t i n g 

The efficiency and carbon emissions of the heat pump were compared with green h y d ro g e n 
for domestic heating during one study in the UK and the results are shown in Figure 4.11 a n d 
Figure 4.12. The analysis in Table 4.2 show heat pump is a clear winner over H z . 

Due to their high efficiency and adaptability in various weather conditions, the heat p u m p 
market is growing in cold European countries like Norway, Sweden, and Finland as shown i n 
Figure 4.13 and Figure 4.14. Customers for this sector are not mapped as the use of h y d ro g e n 
is not efficient and economical for household heating based on research and a n a l y s i s . 
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Table 4.2: Hydrogen in Home H e a t i n g 

Supporting factors for Green H 2 Arguments against Green H 2 

Avoid replacement of existing gas b o i l e r Less efficient (five times more e l e c t ri c i t y ) 
infras true t ur e and more expensive (two or three t i m e s ) 

than alternatives such as district h e a t i n g , 
heat pumps, and solar t h e rm a l 

The heat pump will not be suitable i n Heating homes with green hydrogen r e - 
some places due to lack of space, fi n a n - quires five or six times more re n e w a b l e 
cial constraints, and electricity s u p p l y energy than required for heat p um p s 
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Figure 4.11: Energy use by Green Hydrogen and Heat Pumps for domestic heating( Cebon, 20 2 2 ) 
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Fig ure 4.12: Car bon emissions by Green Hydrogen and Heat Pumps for domestic heating( Cebon, 20 2 2 ) 

���������������������������������������������� 



CHAPTER4. R E S U L T S 

7 00 - H e a t  pumps  lnstalled to 2 0 2 0 

Trend b a s e d  on 2 0 1 0- 2 0 2 0 
6 00 

 
IEA n e t  zero pa t h w a y 

2 500 
_g_ 

 *  :s. 
E 300 
:, 
a. 
ni 
2 2 00 

5  
1 00 

3 3 

20 1 0 2 0 1 5 2 0 2 0 20 2 5 2 030 

Figure 4.13: Global historie heat pump sales and IEA Net Zero 2050 pathway(Rosenow et al., 20 2 2 ) 
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Figure 4.14: Heat Pump penetration and number of heating degree days in 2021 in selected c o u n - 
tries(Rosenow et al., 20 2 2 ) 

4.2.2 Hydrogen in Road Tr a n s p o r t a t i o n 

In the next few decades, transportation will undergo major changes by abandoning fossil fu e l s - 
based technologies and fuels. The whole sector will be dorninated by zero-emission v e h i cl e s 
and fuels. Govemments, ruling bodies like the EU and customers want to reduce their c ar b o n 
footprint and look for eco-friendly solutions. The scope of hydrogen in different t ra n s p o r t a t i o n 
segments is shown b e l o w . 

Hydrogen in Cars: In the near future, customers will replace their fossil fuel vehicles w i t h 
zero emissions vehicles. There is a big rivalry between EV s and hydrogen cars that will t a k e 
over the market in future. The well-to-wheel analysis by Volkswagen shows that a c o n s i d e ra b l e 
amount of energy is lost in running a hydrogen car than in operating a BEV as shown in F i g ur e 
4 . 1 5 . 
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Fig ure 4.15: Hydrogen and Electric Drive (Efficiency rate in comparison using Eco-friendly E n - 
ergy(Volkswagen, 20 20 ) 

As mentioned in Table 4.3, there are significant obstacles to the mass adoption of H2 c ar s 
in the near fu ture. The EV s are more prevalent in the market and make sense to use for s h o r t 
or medium-haul (300-500 miles). But H2 vehicles could have a bright future in l o n g - h a u l 
trucking, maritime, rail and freight industries that will provide a good platform for the g ro w t h 
of H2 t e c h n o l o g y . 

Table 4.3: Hydrogen in Short-Haul T ra n s p o r t a t i o n 

Supporting factors for Green H > Arguments against Green H > 
H2 cars are better in terms of weight ( H > Inefficiency of FCEV compared to B E V 
is stored in gaseous form), refuelling t i m e due to the high energy l o s s e s 
(5 mins to refill the full tank), and d r i v i n g 
range compared to B E V 
In cold conditions, the range fo r E V s H2 refuelling infrastructure is not w i d e l y 
d ro p s s i g n i fi c a n tl y c o m p ar e d t o H 2 - available (and complex process) and i s 
powered c ar s highly expensive compared to B E V 
Big automakers like H y u n d a i , T o y o t a , H2 cars are more expensive and costly t o 
BMW, Stellantis, and Honda invest h e a v - refuel than BEV s . There are only t w o 
ily into hydrogen car t e c h n o l o g y models available in the market ( H y u n d a i 

Nexo SUV and Toyota M i ra i ) 
R e c y cl i n g of b a tt e r y c o m p o n e n t s a n d Automobile giants such as Tesla, V o l k - 
mining of raw materials (nickel, l i t h i u m , swagen, and Mercedes oppose the idea o f 
and cobalt) raises both environmental a n d hydrogen c ar s 
ethical issues, while fuel cells can l a s t 
through the lifetime of the v e h i cl e 
B a tt e r i e s c a n c a u s e 1 n J u r 1 e S i f o v e r - H2 is flammable and can be dangerous i f 
charged and o v e r h e a t e d not handled p ro p e rl y 
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Hydrogen in Heavy-Duty Vehicles (HDV): Though EV s are prevalent and seem p ro m i s - 
ing solutions for short-distance transportation, hydrogen will win over EVs in long-haul t ru c k - 
ing. "Time is Money" is applicable in the long-haul freight business, where labour is t h e 
second costliest part after fuel. Therefore, it is crucial not to select one energy source for t h e 
whole transportation sector. For long-haul trucking, the high energy density of hydrogen t h a n 
batteries makes it a more practically viable option to travel long distances without recurring r e - 
fuelling and recharging. Table 4.4 presents a comparison between hydrogen trucks and b a tt e ry 
t ru c k s . 

Table 4.4: Hydrogen in Long-haul T r u c k i n g 

Supporting factors for Green H > 
Battery-powered trucks will take a p p ro x - 
imately six hours for charging while H 2 - 

powered trucks will take only 15 m i n s 
to refuel completely which improves t h e 
cross-country drive t i m e s 
The biggest downside of EV trucks is t h e 
increased weight of batteries which w ill 
eventually reduce the size of cargo b y 
20% compared to diesel trucks where H o 
trucks barely lose any capacity as s h o w n 
in figure 4.16. The cargo capacity of a 4 0 t 
truck for 800 km is c o m p a r e d 
Fuel cell trucks have a longer range ( r e - 
quire fewer stops on long hauls) and c a n 
fuel much faster which provides o p e ra - 
tional fl e x i b i li t y 
Companies like Hyundai Motor, D a i m l e r 
Truck and Volvo Trucks are s u p p o r t i n g 
H2 trucks due to longer range and u p t i m e 
via faster refuelling and heavier p a y l o a d s 
The total cost of ownership (TCO) of H 2 

trucks is lower due to lower m a i n t e n a n c e 
costs and high ranges as shown in fi g ur e 
4 . 1 7 

Arguments against Green H > 
The vehicles are double the cost of E V 

Three times more electricity is required t o 
drive Hz trucks for 1 km than EV due t o 
their low e f fi c i e n c y 

Currently, infrastructure (limited r e fu e l - 
ing stations) is the hindrance for long d i s - 
t a n c e s 

Companies like Volkswagen and T e s l a 
promoting EV trucks due to their l o w e r 
cost and more developed i n fr a s t ru c t ur e 

Charging multiple EV trucks at the s a m e 
time and location would be c h a ll e n g i n g 
for the g ri d 

As per the study, drivers of long-haul freight are legally bounded to take a break after a 
maximum of four and a half hour's joumey and the distance covered during this time at a 
speed of 70km/h will be approximately 300km. While the EV trucks available in the m a r k e t 
can go up to 800 km (Tesla Semi) on a single charge, an EV truck can go a p p ro x i m a t e l y 
700-800 km without charge during one shift. But under the 'Two-Driver Rule' a truck c a n 
drive for l 8hrs on a single charge which requires an EV truck with a l 200- l 300km ra n g e , 
which is not available in the market. The hydrogen stored in liquid form will have m o r e 
energy density which significantly improves the range and gives a comparable p e r fo r m a n c e 
of a H2 truck with that of a conventional diesel truck. However, if the same platform s u c h 
as developed infrastructure is provided for hydrogen, it will be a more viable and e c o n o m i c a l 
option for long-haul trucking than electric trucks. Therefore, this thesis supports the i d e a 
of using hydrogen for long-haul trucking and promotes the development of infrastructure t o 
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P a y l o a d  b e n c h m a r k  of a l t e r n a t i v e  p o w e rt ra i n s 

A v a i l a b l e  p a y l o a d  f o r  d i f f e r e n t  t r u c k  c a t e g o r i e s  and p o w e r t r a i n s  [k g ] 

 Diesel 
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3 4 , 5 5 1  - 1 % 
3 4 , 3 2 1   

_ - 1 9 % 2 7 , 9 3 8  < 

1 3 , 7 2 0  0 % 
13 684 .......,.._ 
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Figure 4.16: Heavy-Duty Trucks(Experts, 20 2 2 ) 
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Figure 4.17: Total Cost of Ownership/USD per 100 km comparison of Diesel, Battery, and Fuel C e ll 
Trucks(Experts, 20 2 2 ) 

support hydrogen t e c h n o l o g y . 

Hydrogen in Rail (Hydrail): The trains are the lowest emitting transport mode and d i e s e l 
trains need to be phased out to reach net zero by 2050. The selection of zero-emission fuel fo r 
trains depends upon the distance between interstation, demand on the route and how fast t h e 
trains need to be refilled. The electric train, hydrogen fuel cells and hybrid trains will play a 
key role to decarbonize the rail industry. Table 4.5 presents a comparison between h y d ro g e n 
and electric t ra i n s . 

In Europe, 60% main lines are already electrified and 80% traffic is running on these l i n e s . 
The electrification of low-density routes is not economical; thus, hydrogen can be an a lt e rn a - 
tive in freight and passenger trains in isolated islands which are difficult to e l e c t r i f y . 
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Table 4.5: Hydrogen in Rail T ra n s p o r t a t i o n 

Supporting factors for Green H > Arguments against Green H > 
The existing non-electrified railway l i n e s Battery powered trains are 35% c h e a p e r 
can be turned into zero-emission l i n e s than h y d ro g e n 
with hydrogen without investing in l o n g - 
range electrification i n fr a s t ru c t ur e 
Ho is more economical for routes w h i c h Electric trains are more efficient (3 t i m e s ) 
are less utilized and in regions with l i m - than hydrogen t ra i n s 
ited grid c a p a c i t y 
H2 trains offer greater flexibility due t o Due to the low volumetric energy d e n s i t y 
their longer ra n g e of Ha (4.6 Mj/Litre) compared to d i e s e l 

(35.8 Mj/Litre), it requires 8 times t h e 
size of a fuel tank of a diesel tr a i n 

H2 trains can go up to 1000 km w i t h o u t 
refuelling, which is 10 times further t h a n 
electric t ra i n s 

4.2.3 Hydrogen in M a r it i m e 

Hydrogen will play a crucial role to decarbonize the maritime industry from well to w ak e . 
Shipping consists of different segments which operate under different conditions where h y - 
drogen can be part of hybrid solutions in combination with battery solutions or other z e ro - 
emission fuels. A Global Maritime Forum examined 106 projects looking at zero e rni s s i o n s 
in maritime shipping in March 2021 study and found that half of the projects are focused o n 
hydrogen. Hydrogen is an important component of electro fuels among three categories o f 
non-fossil fuels (produced from renewable or zero-carbon energy sources) for the m ar i t i m e 
industry as shown in Figure 4 . 1 8 . 

• Blue fuels - Reformed natural gas with C C S 

• Biofuels - Sustainable bioenergy sources (Biogas, b i o d i e s e l ) 

• Electrofuels (Synthetic fuels) - Renewable electricity (e-ammonia, e-methanol, e - L N G ) 

- - . - 

 r 2 
 

 g 

I 

Figure 4.18: Schematic representation on the rote of hydrogen and relevant E-fuels ( s o u r c e 
TNO)(Europe, 20 2 1) 
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Hydrogen in Shipping:As per the DNV report, ammonia is one of the promising c ar b o n - 
neutral fuels for the shipping industry and pure hydrogen will not be suitable due to its l o w e r 
energy density by volume. It is easier to store ammonia than hydrogen or LNG and it's c h e a p e r 
than batteries. As per IEA, shipping hydrogen derivate ammonia instead of hydrogen m ak e s 
economic sense. But ammonia is toxic, corrosive and releases nitrous oxide (N2O) on c o m - 
bustion. As per DNV's 'Maritime Forecast to 2050 report', pure hydrogen will be losing out t o 
biofuels and hydrogen derivates in the 2050 fuel mix. The projected use of zero-emission fu e l s 
in the shipping industry by IRENA to meet the decarbonization goals of the industry is s h o w n 
in Figure 4.19. Table 4.6 presents the pros and cons of using green hydrogen in s h i p p i n g . 
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LU 
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• HFO/VLSFO • MGO Avanced biofuels  L N G 

• e-Ammonia • Hydrogen • e-Methanol • Electricity A Energy i n t en s i t y 

Figure 4.19: 1.5°C Scenario Energy Pathway, 2018-2050(/RENA, 20 2 1) 

Table 4.6: Hydrogen in S h i p p i n g 

Supporting factors for Green H > Arguments against Green H > 
H2 is a range extender and a s u p p l e m e n t Huge storage tanks are required in a s e t - 
for coastal and short-sea shipping w h e r e ting where space is a premium as c o m - 
EV is not a solution due to lack of g ri d pressed (1.2 kWh/l) and liquid H2 ( 2 .4 
c a p a c i t y kWh/l) have poor volumetric energy d e n - 

s i t y . H2 storage requires 6 to 10 t im e s 
more space compared to c o n v e n t i o n a l 
fuel o i l s 

Hydrogen can be stored for long p e r i o d s Liquid hydrogen storage at -253°C ( c ry o - 
of time in large a m o u n t s genie temperatures) makes it difficult t o 

handle and store at s e a 
Fuel cells are quiet, without moving p ar t s 
and scalable for larger ships ( i n d i v i d u a l 
cells can be s t a c k e d ) 
Most of the ships can be retrofitted w i t h 
hydrogen fuel c e ll s 
Green hydrogen can be used directly i n 
internal combustion engines, in fuel c e ll s , 
and as a building block for a range of fu e l s 
such as e-ammonia and e - m e th a n o l 
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Hydrogen in Ferries:The shipping segment with the highest potential for pure h y d ro g e n 
are ferries, passenger boats, fishing vessels and offshore vessels. Ferries are modes of t ra n s - 
port in coastal or island communities and transit multiple times in a day between one route a n d 
several routes. Besides battery-electric ferries, a promising option for the ferry segment is t h e 
adoption of green hydrogen and green hydrogen-based fuels such as ammonia, methanol, a n d 
liquid organic hydrogen carriers (LOHC). Electric ferries are emission-free, but the a v a i l a b i l - 
ity of charging stations and available charging time is crucial for their operation. T h e r e fo r e , 
engines burning green fuel mix such as hydrogen or fuel cells combined with batteries c a n 
be considered. The ferry operator DFDS conducted a poll to evaluate the movement of z e ro 
emissions fuels among ferry operators and 80% confirmed that they are working on p ro j e c t s 
to evaluate alternate green fuels. Table 4.7 presents the pros and cons of using green h y d ro g e n 
in fe rr i e s . 

Table 4. 7: Hydrogen in F e r r i e s 

Supporting factors for Green H 2 
Electric ferries with sailing time over 6 0 
minutes and without a charging s t a t i o n 
need a green fuel mix (batteries, fu e l 
cells, and h y d ro g e n ) 
Current battery technology doesn't h a v e 
enough capacity to support long d i s t a n c e s 
due to its weight and volume. Hz fe r - 
ries can sail long distances and at h i g h e r 
s p e e d s 

Arguments against Green H o 
Electric and hybrid ferries will h a v e 
higher capital expenditures than a n o r m a l 
ferry but operational expenditures d e p e n d 
on fuels and electricity p r i c e s 

Thus, green hydrogen will support the production of zero-emission fuels like e - a m m o n i a 
and e-methanol for the shipping industry. As per DNV, pure green hydrogen will be s u i t a b l e 
to use for short-sea shipping as a part of the green fuel mix due to storage difficulties, w h e n 
vessels don't travel long distances and stay close to s h o r e . 

4.2.4 Hydrogen in A v i a t i o n 

The IATA (International Air Transport Association) sees H2 as a key clement in achieving n e t - 
zero carbon emissions for the airline industry by 2050. There is an estimation that h y d ro g e n 
planes can enter the market by 2035 and Ha has the potential to reduce the aviation i n d u s t r y * s 
CO2 emissions by up to 50%. Another fuel type which is in the race for the aviation i n d u s t ry 
is Sustainable Aviation Fuels. These SAF fuels such as biofuels and synfuels have h y d ro c a r - 
bons from sustainable sources and possess similar properties as conventional jet fuel with a 
smaller carbon footprint. The comparison of hydrogen with different zero-emission fuels i n 
the aviation industry is shown in Figure 4.20. Table 4.8 presents the pros and cons of u s i n g 
green hydrogen in a v i a t i o n . 
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Comparison v s . 
k e ro s e n e 

C o m m u t e r 
<19 P AX 

R e g i o n a l 
20-80 P A X 

S h o rt - r a n g e 
81-165 P A X 

M e d i u m - r a n g e 
166-250 P A X 

L o n g - r a n g e 
2 5 0  P A X 

7- 
LJ B l o f u e f s 

No limitation of r a n g e 

Y- 
LJ S y n f u e l s 

No Imitation of r a n g e 

 B a tt e ry - e l e c l rf c 

Maximum r a n g e s 
up to 500-1,000 k m 
due to lower b a tt e ry 

d e n s i ty 

Not a p p li c a b l e 

 H y d ro g e n 

No limitation of r a n g e 

Revolutionary a l r c r a lt 
designs as e f fi c i e n t 
option for r a n g e s 
above 10,000 k m 

Drop-In fuel - no change lo Drop-In fuel - no change to No climate Impact In fight High reduction potential o f 
Main advantage   alrcralt or Infrastructure aircraft or Infrastructure climate I m p a c t 

Limited reduction of non- Limited r e d u c t i o n 
Main disadvantage X CO, effects of non-CO, e ff e c t s 

Change to infrastructure Change to i n f r a s t r u c t u r e 
due to last charging o r 
battery exchange s y s t e m s 

Figure 4.20: Comparison of Sustainable Aviation Fuels and new technologies( Union, 20 20 ) 

Table 4.8: Hydrogen in A v i a t i o n 

Supporting factors for Green H > Arguments against Green H > 
Hydrogen's mass-energy density is t h r e e A c c o mm o d a t i n g H 2 s t o ra g e w ill b e 
times more than traditional jet fu e l bulkier ( 4 times) than existing jet fu e l 

storage t a n k s 
Biofuels rely on feedstock, changes i n Hydrogen costs four times compared t o 
land use, high water use, and p ro d u c t i o n jet fuel on a flight-mile b a s i s 
of a single crop, resulting in conflicts o f 
interest between aviation and other i n d u s - 
t r i e s 
Hydrogen propulsion is projected to b e Sustainable aviation fuels (Biofuels a n d 
two to three times more effective t h a n Synfuels) don't require changes in a i r c ra f t 
synthetic fuels in reducing aviation's cl i - and fuel infrastructure and are a p p l i c a b l e 
mate impact as shown in Figure 4 . 2 1 for all aircraft s e g m e n t s 
The FlyZero research program by the U K B i o fu e l s are c o mm e r c i a ll y a v a i l a b l e 
government to check the feasibility o f e.g., HEFA fu e l s 
hydrogen-powered aircraft confirmed t h a t 
an aircraft carrying 280 passengers c a n 
travel anywhere in the world with one r e - 
fuelling s t o p 

The ambitious scenario is that 40% of the (European aviation) fleet would be p o w e r e d 
by H by 2050. In the current scenario, the use of hydrogen in regional, short-range, a n d 
medium-range routes should be targeted first to make use of H2 as aviation fuel. The use of H > 
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 Climate i m p a c t 

1 Aircraft d e s i g n = 
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' 
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Existing i n f r a s t r u c t u r e 
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Figure 4.21: Comparison of Hz technology and Synfuel(Union, 20 20 ) 

in larger passenger planes requires considerable change in aircraft design and a huge v o l u m e 
of hydrogen which could be envisaged in the longer t e rm . 

4.2.5 Hydrogen in Chemical I n d u s t r y 

Hydrogen will play a vital role to decarbonize energy-intensive industries such as iron a n d 
steel, chemicals & petrochemicals, cement & lime, and aluminium which are the hardest t o 
decarbonize and electrify. Hydrogen is used in industrial processes in three ways-as a c h e m i c a l 
feedstock, as an energy carrier and in the process itself. Currently, hydrogen has been u s e d 
mainly as a feedstock in oil refining, ammonia production & methanol production as shown i n 
Figure 4.22. There is considerable focus to explore the potential use of H2 as a r e p l a c e m e n t 
for coal and NG for heating in the industry with the new need to reduce GHG emissions. T h e 
high-grade heat from H2 combustion can meet the heat requirement of all heavy industries a s 
shown in Figure 4 . 2 3 . 

 4.3  
Iron and s t ee l ma k i n g 

(3) » 
M e t h a n o l 

39.9 Mt 

fill 3 0 . 9 M t 
Am mon i a 

Figure 4.22: Pure hydrogen demand in industry, Global 2020(International Renewable Energy A g e n c y , 
20 2 2 ) 
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Sources: Adapted from Friedmann, Fan and Tang (2019); IRENA, IEA and R£N2l (2 0 2 0 ). 

Figure 4.23: Working temperatures for selected renewable heat technologies and temperature r e q u i r e - 
ment of selected industries( International Renewable Energy Agency, 2 0 2 2 ) 

Source: Guidehouse own analysis with installation specific pathways based on company a nnou nc e m en t s 
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Figure 4.24: (a)  Expected development of annual energy demand in steelmaking from 2020-2050 ( b ) 
Development of the European annual hydrogen demand (TWh) in ammonia production from 20 20 - 20 5 0 
(c) Expected annual green and blue hydrogen demand ( TWh/Year) for industrial process heat b a s e d 
on current production ( d) Expected development of annual green and blue hydrogen demand (TWh) f o r 
fuel production between 2020-2050(Anthony Wang, 20 2 1) 
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The forecasted demand for hydrogen in steelmaking, ammonia production, industrial h e a t - 
ing and fuel production is shown in Figure 4.24, which provides a positive outlook for g r e e n 
hydrogen in industrial use. However, except hydrogen, alternative solutions such as b i o m a s s 
& synthetic feedstocks, recycling of products, carbon capture and digital transformation w ill 
also play an important role to reduce chemical-industry emissions. Table 4.9 presents the p ro s 
and cons of using green hydrogen in the chemical i n d u s t r y . 

Table 4.9: Hydrogen in Chemical I n d u s t ry 

Supporting factors for Green H > 
Industries have the infrastructure ( N G 
pipelines) that can be reused for the u s e 
of h y d ro g e n 
H2 is useful in processes with h i g h 
temperature (more than 1000 d e g r e e s 
Celsius) requirements which can't b e 
achieved with e l e c t ri c i t y 
Major steel makers such as S S A B , 
Voestalpine, ThyssenKrupp steel, S a l z g i t - 
ter, and library steel are considering d i - 
rect reduction of iron (DRI) with H2 as a 
primary solution to decarbonize p r i m a ry 
s t e e l - m ak i n g 
The use of green hydrogen as a fuel w ill 
make processes emission-free and s u s - 
t a i n a b l e 

Arguments against Green H > 
The materials produced using green p ro - 
cesses cost more than the default fo s s i l 
fuel-based p ro c e s s e s 
Currently, green goods are driven only b y 
climate ambition or speculation on t h e i r 
demand rather than immediate e c o n o m i c 
g a m 
Industrial processes have limited e x p e ri - 
ence with continuous load adjustment fo r 
supply variation. So, hydrogen storage i s 
required for a steady supply which w ill 
further increase the cost of green h y d ro - 
g e n 

4.2.6 Hydrogen in Power I n d u s t r y 

H2 is one of the leading options for storing RE and as an energy carrier to generate e l e c t ri c a l 
power with Hz (or NH3) combustion engines and Hz fuel cells to balance loads in e l e c t r i c i t y 
networks. The variable output from VREs sometimes requires curtailment due to low d e m a n d 
which is expensive. Long-term storage is required to harness this excess energy which w ill 
also reduce system costs. This excess energy can be utilized to produce green Hz ( k n o w n 
as brilliantly green H2) that can be blended with NG turbines (or NH3 blending in c o a l - fi r e d 
plants), burnt directly in power plants, and used in fuel cells. Table 4.10 presents the pros a n d 
cons of using green hydrogen in the power i n d u s t r y . 

The electricity is produced mainly from hydro in Norway, which is stable, l o w - e m i s s i o n 
and stores energy in water reservoirs. As per the Norwegian Government's hydrogen s t ra t e g y 
report due to the flexibility of hydropower and significantly more efficiency than e l e c t ro l y - 
sis, the value of Ha (Power-to-Power) is less in the Norwegian power system than in E ur o p e . 
Thema has studied the potential of using Hz compared to upgrading a transformer to b a c k - 
up Norwegian Grid. It has been found that upgrading transformers is an economical s o l u t i o n 
than batteries or hydrogen to tackle overloads of several hours each year. However, h y d ro g e n 
has the potential to power construction sites as a reliable energy source compared to w e a t h e r - 
dependent green energy sources such as wind and solar. It can be used for heavy m a c h i n e ry 
such as bulldozers, cranes, and excavators instead of diesel engines or as a backup power g e n - 
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Table 4.10: Hydrogen in Power I n d u s t ry 

4 4 

Supporting factors for Green H > 
H2 fuel cells can be used as b a c k u p 
power, peak-shaving, and grid s t a b i l i z a - 
t i o n 
The existing infrastructure of g a s - fi r e d 
power plants can transition from n a t ur a l 
gas to H 2 
In the short term, Hz can be blended w i t h 
natural gas in gas-fired t ur b i n e s 
Companies like Equinor, SSE, S i e m e n s , 
and GE are investing in h y d ro g e n - fi r e d 
power p l a n t s 
H2 storage is efficient and c o s t - e ff e c t i v e 
compared to batteries and demand r e - 
s p o n s e 

Arguments against Green H > 
High conversion losses. Using Hz is 2 0 - 
40% less efficient than using r e n e w a b l e 
energy d i r e c t l y 
Storage and delivery of H2 is a c h a ll e n g e 

erator. Some companies like Siemens Energy & GeoPura, Implenia, Generac Power S y s t e m s , 
and EODev are already testing Hp-powered equipment at construction s i t e s . 

Thus, green hydrogen is a suitable solution only for hard-to-abate sectors which c a n n o t 
directly rely on clean electricity. This thesis evaluation is that it will make sense to use g r e e n 
hydrogen in long haul trucking, maritime shipping, aviation, high heat industrial processes, a s 
a feedstock in some industrial processes and to store excess renewable energy. Based on t h e s e 
evaluations, the market (Customers) is mapped in the next section for a b u s i n e s s . 

4.3 Customer I d e n t i fi c a t i o n 

The sectors that should be targeted for the green hydrogen business have been identified i n 
section 4.2. Within these sectors, the following customers with the potential to utilize g r e e n 
hydrogen have been i d e n t i fi e d . 

1. Ferry connection between Lofoten and Bodo: Torghatten Nord will operate h y d ro g e n 
ferries and is one of the world's largest marine hydrogen fuel cell projects. The target i s 
to replace LNG ferries with hydrogen. PowerCell will deliver the fuel cell solution w i t h 
6MW for each ferry and Norwegian Ship Design is entitled for the design. N o r w e g i a n 
company SEAM specialising in Zero-emission alternatives for the maritime i n d u s t ry 
will deliver propulsion, control, and safety s y s t e m s . 

2. Ha Truck project: It's a joint venture of transport users, the developers of stations a n d 
production facilities and public authorities to roll out 100 hydrogen trucks. The project i s 
funded by the partners, Oslo Municipality and Viken County Municipality at the C l i m a t e 
and Energy Fund. The objective is to promote sustainable mobility including p e o p l e , 
goods, or services. DB Schenker, Rema, DnB, Posten and Bring are among the t ra n s p o rt 
users who want to reduce CO2 emissions from their o p e ra t i o n s . 

3. SeaShuttle: The collaboration between transportation and logistics group Samskip a n d 
marine robotics company Ocean Infinity to serve a route between Rotterdam and O s l o 
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Fjord. The objective is to decarbonize and transform maritime operations using t w o 
hydrogen-powered containerships. The combination of fuel, technology and o p e ra t i o n a l 
best practice will lead to emissions-free shortsea shipping costs competitive with e x i s t - 
ing s o l u t i o n s . 

Moreover, the energy-demanding and longer connections such as Hordaland and N o r d l a n d 
which are part of Norwegian highways ('Riksveg') have a high interest in hydrogen fe rr i e s 
(Torvanger, 2021). Collaboration with fertilizer, aviation, and logistics companies to p ro v i d e 
on-demand green fuel. Establish green hydrogen and green ammonia facilities and invest i n 
bunker barges. The potential customers that have been identified are listed in Table 4 . 1 1 . 

Table 4.11: Potential Customers for Green Hydrogen S o l u t i o n s 

P o t e n t i a l 
C u s t o m e r 

T o r g h a tt e n 
N o r d 

L o c a ti o n 

Norway - F e rr y 
connection b e - 
tween L o fo t e n 
and B o d 

Challenge/Issue When is C u s - 
tomer R e a d y 
for P u r c h a s e 

The Norwegian government 2 0 2 5 
stipulated that new fe rr i e s 
across the Vestfjord to L o - 
foten must be e m i s s i o n - fr e e 
and run predominantly on h y - 
drogen. From 2024, the m a r - 
itime sector will be i n cl u d e d 
in the EU E T S . 
To reduce emissions from 2 0 2 5 
heavy v e h i cl e s 
To make container shipping 2 0 2 5 
e m i s s i o n s - fr e e 

Evig G r n n  Oslo R e g i o n 
A S 
Samskip & Oslo Fjord - R o t - 
Ocean Infinity t e r d a m 
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D i s c u s s i o n 

Initially, the focus of the thesis was on developing a business model for utilizing h y d ro g e n 
in grid stability. However, it was discovered that hydrogen storage for grid stability is n o t 
a feasible option for Norway. According to the Norwegian Government's hydrogen s t ra t e g y 
report, due to the flexibility of hydropower and its significantly higher efficiency compared t o 
electrolysis, the value of Ho (Power-to-Power) in the Norwegian power system is lower t h a n 
in Europe. As the thesis progressed, the research scope was adjusted to evaluate the fa c t o r s 
noticed in the PESTELE literature review, rather than incorporating these factors into a b u s i - 
ness model. The literature review emphasized the importance of considering multiple fa c t o r s 
when venturing into the hydrogen business, including market opportunities, national d e v e l o p - 
ment strategies, policies and regulations, the commitment of the country, legal barriers a n d 
risks, political support, infrastructure, and social acceptance. It was noted that the h y d ro g e n 
business is complex, and influenced by multiple actors and fa c t o r s . 

A systematic PESTELE framework is employed to address the research question of h o w 
external factors impact the green hydrogen business within the Norwegian c o n t e x t. 

The analysis indicated that political support, including incentives and infrastructure d e v e l - 
opment, will play a crucial role in driving hydrogen technology adoption in Norway. Like t h e 
success of electric vehicles in the country, this political support is expected to enhance p u b l i c 
acceptance of hydrogen as a viable alternative. Though social acceptance could present a h ur - 
dle for hydrogen adoption in Norway due to a previous incident involving an explosion at a 
hydrogen station. Consequently, the hydrogen economy has the potential to replace the t ra d e 
of natural gas in Norway, contributing to a more sustainable economy and providing e n e r g y 
security to the nation. Additionally, Norway's abundance of renewable electricity p o s i t i o n s 
it as an ideal location for green hydrogen production without significant limitations on e l e c - 
tricity supply. Undoubtedly, Norway's esteemed reputation as a global sustainability l e a d e r 
draws foreign investments and organizations seeking to assess solution feasibility. This a g i l e 
and adaptable approach distinctly underscores the nation's unwavering commitment to i n n o - 
vation. Notably, the country hosts prominent companies within the hydrogen value chain, s u c h 
as Nel, Hexagon Purus, Umoe Advanced Composites, Raufoss Fuel Systems, Hystorsys, Z E G 
Power, GasPlas, Greenstat, and Gen2Energy, further promoting the growth of the h y d ro g e n 
economy. The Norwegian industry possesses the resources and expertise to drive h y d ro g e n 
initiatives, and attractive projects. However, despite these favourable conditions, it's w o rt h 
noting that the regulatory framework for hydrogen in Norway is not well-defined, p o t e n t i a ll y 
posing challenges to the industry's development. The high water demand for green h y d ro g e n 
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raises environmental concerns within the water e c o s y s t e m . 

4 7 

A market feasibility study aimed to address the research question of identifying which s p e - 
cific sectors should prioritize hydrogen, even when other green alternatives are a v a i l a b l e . 

The market scan highlighted that in certain sectors, such as short-haul transportation a n d 
home heating, alternative technologies like electric cars and heat pumps are more e n e r g y - 
efficient and practical than hydrogen. However, hydrogen derivatives like e-ammonia a n d 
e-methanol are anticipated to play a dominant role in the maritime industry by 2050, s u rp a s s - 
ing hydrogen. Additionally, hydrogen fuel cells are expected to have significant a p p l i c a t i o n s 
in long-haul trucking. Projections indicate that hydrogen-powered aircraft will be i n t ro d u c e d 
to the market by 2035. The simultaneous availability of commercial biofuels and S u s t a i n a b l e 
Aviation Fuels, without necessitating aircraft or fuel infrastructure modifications, presents a 
challenge to the growth of hydrogen in aviation. Nonetheless, the predominant advantage o f 
utilizing hydrogen remains its substantial potential for reducing climate impact s i g n i fi c a n tl y . 
In contrast, other fuels have limited capacity to mitigate non-CO2 effects due to their c ar b o n 
content. The use of green hydrogen in industrial processes presents an opportunity to r e p l a c e 
the utilization of grey hydrogen, effectively reducing emissions and promoting s u s t a i n a b i l i t y . 
Hydrogen stands as a unique solution that adeptly meets the high-temperature r e q u i r e m e n t s 
of industries like steel, glass, and refineries, outperforming the capabilities of most other c o n - 
sidered alternative fuels, including electricity. Green hydrogen has the potential to render i n - 
dustrial processes emission-free and sustainable. Collaboration among companies within t h e 
hydrogen value chain is encouraged to leverage synergies and provide comprehensive g r e e n 
s o l u t i o n s . 

Moreover, the uncertainty surrounding potential customers can often perplex c o m p a n i e s . 
Therefore, customer identification has been undertaken to assess the actual market s i t u a t i o n 
in Norway. It has been observed that hydrogen is widely adopted in maritime and l o n g - h a u l 
trucking projects in Norway. For instance, under the world's largest marine hydrogen fuel c e ll 
project, ferries will operate between Lofoten and B o d .  A joint venture involving t ra n s p o rt 
users, station and production facility developers, and public authorities aims to introduce 1 0 0 
hydrogen trucks. The collaboration between transportation and logistics group Samskip a n d 
marine robotics company Ocean Infinity aims to serve a route between Rotterdam and O s l o 
Fjord using hydrogen-powered S e a S h u tt l e . 

However, it is important to acknowledge that hydrogen is a rapidly evolving technology. A t 
the beginning of this thesis, no direct hydrogen combustion cars were available in the m ar k e t. 
Within a span of six months, Toyota launched a hydrogen combustion engine, highlighting t h e 
dynamic nature of the industry. This development is considered groundbreaking for the a u t o - 
mobile industry, showcasing the potential for significant advancements in the field. T h ro u g h - 
out the evaluation process, the thesis has considered the latest updates from companies a n d 
reports. However, it should be noted that any updates released after the evaluation t i m e l i n e 
are not included in the analysis, as the focus is on information available at the time of the th e - 
sis. Nevertheless, it is crucial to recognize that technology is advancing rapidly, and d e c i s i o n s 
should be based on the most up-to-date information to ensure accuracy and r e l e v a n c e . 
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Conclusion and Future W o r k 

In conclusion, this master thesis has highlighted the significant potential of hydrogen as a k e y 
element in Norway's transition towards a sustainable and zero-emission future. The use of h y - 
drogen and its derivates will be diversified by pushing sectors that are hard to electrify such a s 
the maritime sector and industries (with the use of ammonia and e-fuels). The most of d e m a n d 
will come from industrial heat, e-fuel, ammonia and methanol for shipping and aviation. H y - 
drogen is an energy-storage medium that is competing with battery storage in z e ro - e mi s s i o n s 
usage and replacing O&G in the transport sector. Batteries are not suitable for main s t o ra g e 
in long-haul and heavy road transport like passenger vehicles due to their low energy d e n s i t y , 
infrastructure to recharge batteries and longer charging time. Therefore, fuel-cell solutions ar e 
suitable despite being only half as energy efficient as batteries and more complex and c o s tl y . 
The use of hydrogen in transport will pick up from 2035 onwards and in the maritime i n d u s t r y , 
zero-emission fuels like hydrogen and ammonia will be used in a hybrid configuration w i t h 
gas-fueled propulsion and diesel. In the aviation sector, battery electric flights are s u i t a b l e 
for short-haul distances, while synthetic fuels and hydrogen will be used for the long-haul t o 
decarbonize the s e c t o r . 

However, political support plays a crucial role in driving the hydrogen economy in t h e 
country. The development of infrastructure and the establishment of supportive r e g u l a t i o n s 
will further accelerate market demand for hydrogen. Norway's alleged "climate h y p o c r i s y " 
and the resistance to the green transition within the country have been topics of d i s c u s s i o n . 
While the industry seems supportive of the shift towards sustainability, there appears to be a 
lack of political determination to steer away from oil and gas in N o rw a y . 

The thesis emphasizes the importance of adopting a neutral stance when promoting t e c h - 
nologies and prioritizing energy-efficient and feasible solutions. Efficient energy usage is e s - 
sential in combating climate change and facilitating the global green transition. A l t h o u g h 
hydrogen is generating significant interest among large companies, political agendas, and e n - 
vironmental advocates due to its diverse applications and potential as a sustainable s o l u t i o n , 
it also faces opposition on political, environmental, and corporate fronts. Questions are ra i s e d 
regarding the use of renewable energy for hydrogen production and the ability to p ro d u c e 
enough to meet global demand. Furthermore, it is crucial to evaluate Norway's renewable e n - 
ergy resources to determine if they are sufficient to support large-scale hydrogen p ro d u c t i o n . 
If an excess of hydrogen is produced, Norway can explore the opportunity to export it to o th e r 
countries striving to achieve their own net-zero targets, thus contributing to the global effort i n 
combating climate c h a n g e . 
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While hydrogen holds the potential to replace fossil fuels, it is essential to use it s e n s i b l y 
due to its costliness as an energy source. Direct electricity should be prioritized over h y d ro g e n 
in cases where it is feasible, such as in heating and short-haul transportation. The gas c o m p a - 
nies are overselling the idea of running gas infrastructure on hydrogen. The distraction fr o m 
better and cheaper options delays actual progress on climate change. The efficiency of g r e e n 
hydrogen must be carefully considered when assessing its viability as an energy s o ur c e . 

In conclusion, while hydrogen offers promising prospects, a comprehensive and s t ra t e g i c 
approach is necessary to fully harness its potential while considering its limitations and e n e r g y 
efficiency during the process. By doing so, Norway can position itself as a leader in the g l o b a l 
green transition and contribute to a more sustainable and environmentally conscious fu t ur e . 
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H y d r o g e n 
37 r e s p o n s e s 

H y d ro g e n 

Which of the following describes your background the b e s t ? 

37 out of 37 a n s w e r e d 

A c a d e m i a 

S t u d e n t 

O t h e r 

B u s i n e s s 

- 

14 resp. 3 7 . 8 % 

12 resp. 3 2 . 4 % 

7 resp. 18 . 9 % 

4 resp. 10 . 8 % 

Which of the following types of carbon offset projects are you most interested in s u p p o r ti n g ? 

37 out of 37 a n s w e r e d 

Green H y d ro g e n 

E l e c t r ifi c a ti o n 

Carbon capture and  s t or a g e 

h t tp s : / / d ur tl l y 4 9 s u . ty p e fo r m . c o m/ r e p o r t/R 5 D x X hE 6 / Y G n 3 3 B o r O D N k G m WT ? v i e w _ m o d e = p r i n t 

24 resp. 6 4 . 9 % 

17 resp. 4 5 . 9 % 

15 resp. 4 0 . 5 % 
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How enthusiastic do you become when you hear the words "Green Hydrogen" and " F u e l " ? 

37 out of 37 a n s w e r e d 

6.6 Average r a ti n g 

8 . 1 % 0 % 5 . 4 % 0 % 0 % 8 . 1 % 8 . 1 % 2 9 . 7 % 2 1. 6 % 10 . 8 % 8 . 1 % 
3 0 2 0 0 3 3 11 8 4 3 

r e s p . r e s p . r e s p . r e s p . r e s p . r e s p . r e s p . r e s p . r e s p . r e s p . r e s p . 

0 1 2 3 4 5 6 7 8 - 9 10 

Do you believe that green hydrogen has the potential to replace traditional fossil fuels in t h e 
f u t u r e ? 

37 out of 37 a n s w e r e d 

A g r e e 

N e u t r a l 

Strongly d i s a g r e e 

h t tp s : / / d ur tl l y 4 9 s u . ty p e fo r m . c o m/ r e p o r t/R 5 D x X hE 6 / Y G n 3 3 B o r O D N k G m WT ? v i e w _ m o d e = p r i n t 

14 resp. 3 7 . 8 % 

11 resp. 2 9 . 7 % 

6 resp. 1 6 . 2 % 
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Strongly a g r e e 

- 
D i s a g r e e 

- 

H y d ro g e n 

4 resp. 10 . 8 % 

2 resp. 5 . 4 % 

Which sector do you think will benefit the most from the use of green h y d ro g e n ? 

35 out of 37 a n s w e r e d 

Transportation (cars, trucks, buses, e t c .) 

Industry (manufacturing, agriculture, e t c . ) 

Energy (power generation, heating, e t c .) 

Other (Please s p e c if y ) 

  

What is your opinion on the current state of the Green Hydrogen M a r k e t ? 

37 out of 37 a n s w e r e d 

Slow P ro g r e s s 

22 resp. 6 2 . 9 % 

18 resp. 5 1. 4 % 

13 resp. 37.1 % 

1 resp. 2 . 9 % 

17 resp. 4 5 . 9 % 

Uncertain f u t u r e 

h t tp s : / / d ur tl l y 4 9 s u . ty p e fo r m . c o m/ r e p o r t/R 5 D x X hE 6 / Y G n 3 3 B o r O D N k G m WT ? v i e w _ m o d e = p r i n t 

10 r e s p . 2 7 % 
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Rapid g ro w t h 

Limited P o t e n ti a l 

- 

H y d ro g e n 

8 resp. 2 1. 6 % 

2 resp. 5 . 4 % 

Do you think that  green hydrogen will be a viable fuel source for transportation ( i n c l u d i n g 
shipping a n d  aviation) a n d  industry in N or w a y ? 

36 out  of 37 a n s w e r e d 

Y e s 

Too e a r l y 

N o 

20 resp. 5 5 . 6 % 

11 resp. 3 0 . 6 % 

5 resp. 1 3 . 9 % 

Are regulatory initiatives in place to promote the utilization of green hydrogen in Norway, i n 
your o p i n i o n ? 

37 out  of 37 a n s w e r e d 

I'm not s u r e 

N o 

h t tp s : / / d ur tl l y 4 9 s u . ty p e fo r m . c o m/ r e p o r t/R 5 D x X hE 6 / Y G n 3 3 B o r O D N k G m WT ? v i e w _ m o d e = p r i n t 

19 resp. 5 1. 4 % 

12 resp. 3 2 . 4 % 
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Y e s 

H y d ro g e n 

6 resp. 1 6 . 2 % 

In the long run, is it possible for green hydrogen to surpass blue hydrogen ( h y d ro g e n 
produced from fossil fuels with carbon capture) in terms of v i a b il it y ? 

37 out of 37 a n s w e r e d 

Y e s 

Too early to s a y 

N o 

- 

17 resp. 4 5 . 9 % 

16 resp. 4 3 . 2 % 

4 resp. 10 . 8 % 

What do you think is the biggest challenge to widespread adoption of green h y d ro g e n 
t e c h n o l o g y ? 

37 out of 37 a n s w e r e d 

Lack of infrastructure for storage and  t r a n s p or t 

High production c o s t s 

Technical difficulties in producing green hydrogen at s c a l e 

Competition from other clean energy s o u r c e s 

h t tp s : / / d ur tl l y 4 9 s u . ty p e fo r m . c o m/ r e p o r t/R 5 D x X hE 6 / Y G n 3 3 B o r O D N k G m WT ? v i e w _ m o d e = p r i n t 

20 resp. 54.1 % 

18 resp. 4 8 . 6 % 

14 resp. 3 7 . 8 % 

9 resp. 2 4 . 3 % 
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O t h e r 
H y d ro g e n 

5 resp. 13 . 5 % 

In your opinion, what are the major advantages of using green hydrogen as a fuel s o u r c e ? 

37 out of 37 a n s w e r e d 

Reduced carbon e m i s s i o n s 

Reduced reliance on fossil f u e l s 

Increased energy s e c u r i t y 

Increased energy e ffi c i e n c y 

- 
O t h e r 

  

29 resp. 7 8 . 4 % 

22 resp. 5 9 . 5 % 

7 resp. 18 . 9 % 

4 resp. 10 . 8 % 

1 resp. 2 . 7 % 

What actions do you think individuals and businesses can take to promote the adoption o f 
green hydrogen as a fuel s o u r c e ? 

37 out of 37 a n s w e r e d 

Invest in green hydrogen t e c h n o l o g i e s 

Educate themselves and others about the benefits of green h y d ro g e n 

h t tp s : / / d ur tl l y 4 9 s u . ty p e fo r m . c o m/ r e p o r t/R 5 D x X hE 6 / Y G n 3 3 B o r O D N k G m WT ? v i e w _ m o d e = p r i n t 

13 resp. 3 5 . 1 % 

12 resp. 3 2 . 4 % 
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Pressure governments and companies to adopt green h y d ro g e n 

O t h e r 

- 
Powered by T y p e f o r m 

h t tp s : / / d ur tl l y 4 9 s u . ty p e fo r m . c o m/ r e p o r t/R 5 D x X hE 6 / Y G n 3 3 B o r O D N k G m WT ? v i e w _ m o d e = p r i n t 

10 r e s p . 

2 r e s p . 

2 7 % 

5 . 4 % 
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