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EXECUTIVE SUMMARY 

Smøla is an island community located in the Møre & Romsdal county, north-west in Norway. Through 

foresight, ambition and close collaboration between public and private entities, Smøla has established itself 

as a pioneer in onshore wind power, with 68 turbines and 150 MW generation capacity. The wind farm 

came into operation in the early 2000s, bringing value to the local community as well as paving the way for 

other large-scale onshore wind power projects in Norway at Fosen, Hitra and Snillfjord.  

 

Figure 1 - Project location, wind park and power lines on Smøla 

Smøla municipality is now evaluating how their leading position in wind power can give them an upper hand 

in other renewable energy sectors. The power cable between Smøla and the mainland has effectively 

reached its capacity, preventing additional capacity expansions of the turbines. A new export power cable 

from the island to shore is considered too expensive. Meanwhile, Smøla also aims to reduce their 

greenhouse gas emissions from transport, of which the high speed ferry and buses constitute a significant 

share.  

Previous studies from amongst others Greensight and the Norwegian National Wind Energy Centre show 

that locally produced hydrogen present significant advantages both for local value creation and for reducing 

greenhouse gas emissions from transport.  

Endrava, in collaboration with Hyon and JC Gjerløw Consult, have been asked to perform a techno-

economic study of possible hydrogen value chain concepts, all based around the production of hydrogen 

from Smßlaôs wind farm. This report aims to answer the following question:  

Should hydrogen be produced at Smøla? 
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Our analysis shows that, with some reservations, the answer is yes. We base this analysis on three main 

reasons:  

1. From a demand perspective, significant and predictable consumers technically eligible for 

conversion to hydrogen exist at Smøla. High speed ferries and local busses can together account 

for more than 1,000 kg of hydrogen demand, daily. It is also expected that in a regional context, the 

demand side for hydrogen will increase in the years to come of which Smøla may provide part of the 

supply.   

2. From a supply perspective, the hydrogen value chain at Smøla can be made competitive with 

production costs ranging from 27 to 47.3 NOK/kg. Hydrogen in Norway for transport is currently 

retailed at around 72 kr/kg (ex. VAT), leaving a potentially significant profit margin.  

3. From an environmental and safety perspective, hydrogen from renewable energy is well positioned 

to replace diesel with corresponding strong emission reduction potential. Hydrogen production, 

filling stations and bus applications are already mature technologies, in accordance with industry 

norms for safety standards. For maritime applications, a strong development race is on-going, 

giving confidence that compliance with safety standards are around the corner.  

This structure of this report mirrors the main reasons above. Appendixes A to D detail the method, 

background data and sources.  

The project team makes several recommendations for further work: 

¶ First, efforts should be made to coordinate timing of supply and demand. High speed ferries is 

key for a significant, stable and predictable base load. To drive development, the county 

administration should consider specifically demanding hydrogen for the next high speed ferry 

contract. Buses could provide an additional stable load. However, bus procurement would 

only make sense if part of a bigger regional initiative since there are only two buses at Smøla. 

The county administration could have a coordinating role for such an initiative on buses. 

¶ Second, electricity costs is by large the main driver in achieving competitive hydrogen costs 

and favorable project economics (see section C3.2 Sensitivity analysis). Dialogue with the 

local power producer Statkraft and grid operator NEAS to achieve predictable, low energy 

costs will be essential for the project.   

¶ Finally, investment grants do help reduce the break-even price for hydrogen production (see 

section C3.4 Investment support). The project should therefore seize the opportunity to apply 

for support along the different project phases, starting with Pilot-E funding immediately, since 

the deadline for the call for proposals in 2019 is September 25th.   

Note that the scope of this project is limited to assessing possible hydrogen value chain concepts for 

Smøla, and does not compare the applicability of hydrogen with other low or no-emissions technologies. 
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1 DEMAND SIDE 

From a demand perspective, significant and predictable consumers technically eligible for conversion to 

hydrogen exist at Smøla. High speed ferries and local busses can together account for more than 1,000 kg 

of hydrogen demand, daily. It is also expected that in a regional context, the demand side for hydrogen will 

increase in the years to come of which Smøla may provide part of the supply.   

1.1 USERS ARE BECOMING MORE MATURE TECHNOLOGICALLY 

Most users are becoming increasingly mature as technologies are developed and projects gets carried-out. 

However, the technological maturity of hydrogen users varies across sectors and vehicle segments. The 

descriptions below focus on the most relevant users for Smøla. 

1.1.1 HIGH SPEED FERRIES 

The interest for use of hydrogen in the maritime sector has 

increased significantly the last years. Fossil-free maritime 

operations and the possibility of new business opportunities 

for a traditional Norwegian industry is a good combination. 

Clusters like NCE Maritime CleanTech and Ocean Hyway 

Cluster have helped increase the attention at shipyards. We 

now see several projects for the use of hydrogen as fuel for 

maritime applications maturing, including passenger and car 

ferries, service vessels for fish farming and others. 

Hydrogen passenger ferries* 
ǒ 400 kg H2 per way, 2.5 tonnes per 

day 
ǒ H2 storage on board: 450 kg 
ǒ Bunkering: ca. 1 200 kg/h may be 

possible 
ǒ Bunkering required once every trip 
ǒ Hydrogen cost: 30-50 NOK/kg  

 
* Source: MoZEES. Figures from the 
Trondheim-Kristiansund route 

Pilot-E is a joint governmental funding scheme for the Norwegian Research Council, Innovation Norway 

and Enova (Pilot-E). In 2018, four projects where granted funds for zero emission solutions for different 

vessels ï two for high-speed passenger ferries, one for a hybrid battery-hydrogen solution for emission-free 

operation of the ordinary coastal routes for transport of goods, and one for transport of containers, helping 

moving goods from road to sea (Pilot-E, 2018).  

Ferries represents a large amount of GHG emissions for most Norwegian counties. The Norwegian Public 

Roads Administration is responsible for some of the regional car ferry services and is a driving force for 

zero emission solutions as well. Siemens and Bellona have compiled a feasibility study for the electric drive 

of the Norwegian car ferry service (Bellona, 2015). The study estimates that with current technology it is 

profitable to replace a total of 127 of Norway's 180 ferries with either battery or hybrid operation. For the 

remaining 43 ferries, the study concludes that hybrid solutions should be used. For these, hydrogen is a 

possible solution. 

  

Figure 2 - High-speed passenger ferry, planned for the Florø ï Måløy route. Illustration: Brødrene Aa 
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1.1.2 BUSES 

Urban hydrogen buses are one of the most mature fuel cell and 

hydrogen applications. Several large-scale demonstration projects have 

tested the technology in Europe and led to high maturity levels. Costs 

have also been reduced significantly since the first prototypes were 

launched. There are different types of hydrogen buses, from buses with 

small batteries and a large fuel cell, to those with large batteries and a 

fuel cell as a range extender. 

Hydrogen buses  
ǒ Range: Ca. 300 km 
ǒ Consumption: 8.6 

kg/100km (class 1), 10 
kg/100km (class 2) 

ǒ Cost: TCO estimated 
40% higher than diesel 
buses.  

European projects like CHIC, JIVE 1 and JIVE 2 have deployed several hundred hydrogen buses in cities 

and regions in Europe. Late 2018, a hydrogen bus initiative from Nel Hydrogen, H2Bus Europe, achieved 

funding from CEF (Connecting Europe Facility) (NEL, 2018). H2Bus Europe will deploy 600 FC Buses in 

Denmark, Latvia and the UK. Ruter, the public transport company in Oslo and Akershus, has been 

operating 5 hydrogen buses since 2012 as part of the CHIC project (CHIC, 2016). Ruter is now 

participating in JIVE 2 aiming to have 10 more hydrogen buses on the road (JIVE 2, 2019). The hydrogen 

bus tender will be integrated into a larger bus services tender. Ruter has achieved funding from JIVE (14 

MNOK) and Enova (38 MNOK) for the project 

While urban buses (class 1) can be delivered by several manufacturers, regional buses (class 2) are still 

difficult to acquire. Ruter was aiming for using hydrogen class 2 buses for their services in Akershus west. 

Two OEMs offered class 2 buses, but the infrastructure was more expensive than estimated. At the time of 

writing it is uncertain whether the project will be implemented. Ruter seems to rely on Battery Electric buses 

for the urban routes, while hydrogen buses are considered necessary for the regional routes to be emission 

free. For public transport in Norway to become zero emission, the availability of class 2 hydrogen buses is 

thus important, and it is expected that Ruterôs project can help making the buses available. 

 

Figure 3 - Ruter has since 2012 had 5 hydrogen buses in operation in Oslo and Akershus. Photo: Ruter AS 
/ Redink: Krister Sørbø 
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1.1.3 OTHER TRANSPORTS 

Applications for hydrogen as a fuel are being developed across other transport segments. These segments 

are not expected to represent a significant role for the hydrogen demand at Smøla in the short term, and 

only a summary is provided in this section. Refer to Appendix A - Users description for a more detailed 

description. 

The market for fuel cell light duty vehicles is limited at the moment, with only two models available in 

Norway: only Toyota and Hyundai offer FCEVs in the country. One of the biggest obstacles for an 

accelerated European market uptake is the current lack of availability of commercial products from OEMs 

(Roland Berger, 2018). In terms of adoption, there were 28 new registrations of FCEVs in Norway from 

January - May 2019, making a total of 176 registrations per May 2019 (NHF / OFV, 2019). 

With regards to heavy duty vehicles, only initial prototypes have been developed so far and larger-scale 

roll-out is yet to begin. That said, many interesting things are going on within this segment. Scania will 

deliver the first 4 hydrogen trucks to the Norwegian food wholesaler ASKO in 2019 (ASKO, 2019). 

However, there are no indications from Scania that they will continue development and manufacturing of 

FC trucks. Hyundai Trucks is to deliver 1,000 FC trucks in Switzerland within 2023, and a total of 1,600 

within 2025. In April 2019 Nikola presented several models, including the Nikola Tre dedicated to the 

European market. Testing is scheduled to start in Norway together with Nel in 2020, with mass production 

from 2022-2023. 

Hydrogen trains seem to be the only viable zero-emission alternative for regional train services operating 

on non-electrified lines. The world's two first hydrogen passenger trains have since September 2018 been 

part of the commercial service in Lower Saxony, Germany. The Coradia iLint is developed by Alstom, one 

of Europeôs largest railway manufacturers. LVNG, the organization responsible for public transportation in 

Lower Saxony, has already ordered a further 14 hydrogen trains from Alstom, which are scheduled to start 

driving this route within the next two years, and is considering replacing its entire 126-train fleet with 

hydrogen-powered locomotives (Expat, 2019). According to Alstom, several other countries are also 

looking into hydrogen trains, including Britain, the Netherlands, Denmark, Norway, Italy and Canada.  

Within the maritime sector, other segments than passenger vessels are also starting to implement fuel 

cells. Projects with fishing vessels are underway, for example in Norway, France and Japan (TU, 2017, Mer 

et Marine 2018, Safety4Sea 2019), and a design exists for a fish farm service vessel (NVE, 2017). 

Hydrogen could also be used as a fuel to produce electricity and oxygen for coastal fish farms (iLaks.no, 

2018). Samskip is leading a project to develop two hydrogen-fueled container ships, and received Pilot-E 

funding for the project (Samskip, 2018). A techno-economic study from DNV GL (2018) shows however 

that hydrogen is best suited for passenger ships below 9,999 gross tonnage within a 2030 horizon. The 

future roll-out of hydrogen in other ship segments is therefore uncertain at the moment. 
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1.2 USERS REPRESENT SIGNIFICANT HYDROGEN VOLUMES 

1.2.1 HIGH SPEED FERRIES 

If converted to hydrogen, the high speed ferries on the line Trondheim - Brekstad - Kristiansund could need 

up to 1.15 tonnesH2/day at Edøy (see also demand analysis in appendix C). This demand is expected to be 

stable and foreseeable through the year, which is a big advantage for the business case of hydrogen 

production. 

The Trondheim - Brekstad - Kristiansund line is illustrated on the map below. 

 

Figure 4 - High speed ferry line Trondheim - Brekstad - Kristiansund. Source: Endrava 

Endrava carried-out a simulation of the hydrogen consumption along the Trondheim - Brekstad - 

Kristiansund line, and of the filling time and hydrogen tank levels (appendix C). The results show that 

hydrogen bunkering at Edøy and at Trondheim is enough to allow sufficient tank levels throughout the 

service, with a safety margin. This would require only minor adjustments to the existing time table, and 

bunkering time at Edøy could be optimized to minimize disruptions during rush-hours. 

Based on the current fuel consumption on the line, it was estimated that a total of 1,155 kgH2 would be 

bunkered at Edøy each day, and 1,294 kgH2 at Trondheim. Due to design constraints, it is assumed that the 

existing high speed ferries will not be converted to hydrogen, and that newbuilds would be needed instead. 

This would also be an opportunity to optimize the boat design, and it could allow for energy savings 

compared to the existing ones. With a new boat design, the project team assumed that the energy use 

could be reduced by 30%. This opens for the possibility to reduce the bunkering volume and time in Edøy, 

in order to minimize the disruptions to the existing time table. In that case, only 512 kgH2 would be bunkered 

at Edøy, and 1,202 kgH2 at Trondheim, each day.  

Service is reduced on weekends, and the yearly consumption was estimated to 781 tonnesH2 with the 

current fuel consumption, of which 368 tonnesH2 would be bunkered at Edøy. In case of higher energy 

efficiency, the demand could be 547 tonnesH2 per year, including 163 tonnesH2 bunkered at Edøy. 
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The existing contract for the ferries will last until 2024 (Kollektivtrafikkforeningen, 2018), and the hydrogen 

demand from high speed ferries at Smøla/Edøy could therefore start that year, as illustrated below. 

 

Figure 5 - Potential hydrogen demand from high speed ferries at Smøla / Edøy 

 

1.2.2 BUSES 

The two buses operating on Smøla would consume ca. 19 tonnesH2/year (appendix C), which would be a 

stable complement to the demand from the high speed ferries. 

The buses are operated by Tide Buss AS, and the current contract expires January 2024, with an option for 

one more year (Kollektivtrafikkforeningen, 2019). The figure below illustrates the potential hydrogen 

demand from buses at Smøla. The low case corresponds to the extension of the current contract for one 

year. 

 

Figure 6 - Potential hydrogen demand from buses at Smøla 
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1.2.3 OTHER USERS 

The adoption of hydrogen personal vehicles is merely starting in Norway and it is challenging to assess the 

future demand from these vehicles. Endrava estimated the potential demand to reach 3.1 to 6.3 

tonnesH2/year at Smøla by 2030, with large uncertainties. 

Very few heavy-duty vehicles drive at Smøla, and trucks are therefore expected to make a very small 

contribution to the potential local hydrogen consumption. The ambulance boat MS Øyvakt has special 

requirements in terms of fuel capacity and speed, and it is therefore unlikely that it could be converted to 

hydrogen with its current design. 

Smøla could also provide hydrogen to consumers in the rest of the county, depending on their location and 

the price-point for the hydrogen. The assessment in appendix B shows a potential total hydrogen demand 

between 1,546 tonnesH2/year for the low case, and 3,473 tonnesH2/year for the high case, as illustrated 

below. 

 

 

Figure 7 - Evolution of the estimated hydrogen demand in Møre and Romsdal until 2030. Top: low case. 
Bottom: high case 

When focusing on Smøla, no demand is expected before 2024. It is clear that the high speed ferries make 

most of the hydrogen demand already in 2025 (high case), and still in 2030. For the rest of the county, 

there is very little demand by 2022, and the maritime sector make most of the demand in 2030, as 

illustrated in the figure below (note the difference in scale with the figure above). The future implementation 

of hydrogen as a fuel to the maritime sector is however uncertain. 
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Demand located in a radius up to Molde and Åndalsnes is considered relevant for this project. This includes 

Kristiansund, but does not include potential demand in the neighboring county, Trøndelag. This is partly 

due to scope limitations with a focus on the Møre og Romsdal county and partly since it is likely that 

Trøndelag will develop its own hydrogen infrastructure. 

 

Figure 8 - Location of the main consumer hubs in the county, and radius for the relevant demand for this 
project (green circle) 

1.3 USERS ARE BECOMING MORE COMPETITIVE ECONOMICALLY 

1.3.1 HIGH SPEED FERRY 

The county of Trøndelag has a tender for a hydrogen passenger ferry, where five consortia are working on 

different high speed ferry concepts, some with hydrogen. In MoZEES, the research center for zero 

emission transport systems, the institutes and the industry is also studying the high speed ferry case; 

working together on several topics that need clarification and evaluation. Examples are load profiles, 

hydrogen specific solutions and systems, authority approval, risk analysis and techno-economic studies. 

The Trondheim ï Kristiansund route has been studied by MoZEES, taking a concept of Brødrene Aa as a 

basis. There are still several issues to be solved, related to: bunkering, storage capacity on board, fuel cell 

systems, etc. An article regarding risk assessment of a hydrogen fueled high speed passenger ferry was 

recently published as part of a maritime case study conducted within FME MoZEES (MoZEES, 2019). The 

conclusion of the study is that risks associated with the hydrogen systems on the ferry are well within 

expected tolerance criteria. 
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Since hydrogen high speed ferries are still at the design stage, there is currently very little information 

available on the competitiveness of these vessels compared to what is available for land transport (buses 

and cars). From an investment perspective, the additional CAPEX for high speed ferries is expected to be 

ca. 20 MNOK per vessel (estimate by HYON). DNV GL (2018) indicates an additional CAPEX of ca. 30 

MNOK in 2021, with a reduction to 16 MNOK in 2030 for passenger vessels below 1,000 GT (the current 

high speed ferries have 492 GT). This increase in CAPEX compared to conventional vessels is mainly due 

to the cost of fuel cells, hydrogen tanks and batteries (HYON, DNV GL 2018). HR Prosjekt (2017) studied 

hydrogen concepts for two routes in the fjord of Oslo, and evaluated the CAPEX to be ca. 60% higher for 

hydrogen ferries than for diesel equivalents. The CAPEX of high speed hydrogen ferries may be reduced 

through public support, e.g. the Norwegian NOX fund. 

As to additional OPEX for hydrogen fueled high speed vessels, some general issues are discussed in the 

following. The price of hydrogen is expected to have the single most influence on operational expenditures, 

depending on the price point and the energy consumption of the vessel. Other technical operating costs 

involving fuel cells will be dominated by the life time of maritime fuel cells. It must be noted that the life time 

will be radically longer than automotive applications, owing to much less load dynamics. Typically, maritime 

applications will see life times of 30,000 hours before the cell stack will need replacement. The replacement 

of the stacks could typically amount to ӎ of the initial capex. The main cost driver for the fuel cell 

maintenance costs is therefore linked to the cell stack replacement, the need for special competence and 

for safety precautions when doing maintenance on the equipment. Very little routine maintenance is 

however expected, since there are few moving parts. For the early movers, it is likely that special 

precautions, including extra follow-up and supplier monitoring, will have a cost penalty. HR Prosjekt (2017) 

evaluated the OPEX to be ca. 40% to 75% higher with hydrogen ferries compared to conventional diesel 

ones. Part of the increase is linked to increased hydrogen costs in the Oslo fjord pre-project. 

1.3.2 BUS 

Roland Berger (2017) estimates that the TCO of hydrogen buses is currently 30 to 40% higher than for 

diesel buses, as shown in Figure 9 below. The potential in the long term is a TCO that is 5 to 10% higher. 

This is based on a large-scale production of FC buses. The TCO is partly dependent on the fuel costs, 

which would be dependent on the hydrogen production costs in the case of Smøla. 

 

 

 

 

Figure 9 - TCO annualized at 2017 prices for fuel cell (FCE), battery-electric (BE) and conventional diesel 
buses, in ú/km. The "potential" scenario requires a number of FC-related and other factors to fall into place 
in the medium/long run (Roland Berger, 2017) 
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Economies of scale are important for hydrogen fuel cell buses. A minimum amount of buses is required to 

get attention from bus manufacturers. Especially if adjustment to standard specifications of the bus are 

needed. The cost per bus will depend on the size of the order. Similarly, maintenance and infrastructure 

costs are dependent on the size of the bus fleet. 

Only 2 buses are operating at Smøla. For this reason, a hydrogen bus project at Smøla would have more 

chances of success if it is coordinated with other projects in the region. A coordinated demand could allow 

attracting attention from bus manufacturers, and allow for economies of scale. 

2 SUPPLY SIDE 

Endrava studied two cases for hydrogen production at Smøla. Both cases are deemed technically and 

economically feasible, and produce enough hydrogen to supply the high speed ferries and the buses on 

Smøla. Case A groups the production and distribution at Edøy (site 1 on the map below), while case B has 

production at Vikan (site 2), and distribution at Edøy and Vikan, including capability to deliver hydrogen to 

other locations in the region, by truck. 

 

Figure 10 - Location of the two sites for production and distribution of hydrogen, and of the wind park at 
Smøla  
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2.1 OUR CONCEPTS PROVIDE COMPETITIVE PRODUCTION COSTS 

Both case A and case B provide competitive hydrogen production costs when compared to average retail 

prices to the transport sector in the country, and to other similar projects in Norway.  

The figure below shows a comparison of the production cost at Smøla with the current retail price for 

hydrogen in Norway (ex. VAT) and for an equivalent in diesel, taking into account energy content and 

typical efficiencies for hydrogen fuel cells and diesel engines. 

  

Figure 11 - Hydrogen production cost at Smøla, retail hydrogen price in Norway and diesel equivalent price 
(pump price for private vehicles, ex. VAT) 

In practice, the retail price for hydrogen from Smøla would be higher than the production costs. This is 

reflected on the figure above with a placeholder for a margin. This margin would most likely vary depending 

on the type of customers, their willingness to pay, and the volumes procured.  

Nevertheless, the figure shows that the hydrogen production costs at Smøla allow for a significant margin 

while still being competitive with current hydrogen retail prices, and with diesel equivalents (in particular for 

Case B).  

The company in charge of hydrogen sales would be the one setting the hydrogen price for the different 

markets. The ownership structure for production and sale of hydrogen from Smøla is not defined at this 

stage and is not within the scope of this assessment. NVES (2018) recommends establishing a 

development company, co-owned by public and private actors. 

Production costs with both case A and case B are close to other Norwegian projects, when taking into 

account the production capacity. This is illustrated in Figure 12, with a benchmark based on five other 

projects. 

The following projects are the basis for the benchmark: 

ǒ Hellesylt Hydrogen Hub (Stranda kommune, 2017), 

ǒ Rotnes Bruk (NVE / SINTEF, 2017), 

ǒ Kvinnherad (Greensight, 2018a), 

ǒ Rullestad (SINTEF, 2018), 

ǒ Gloppen (Greensight, 2018b). 
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Figure 12 - Correlation between hydrogen production and hydrogen cost for six different projects, including 
Smøla Case A and Case B 

 

It should be noted that the projects in the figure above have differing assumptions in terms of electricity 

costs, public support, sale of heat and oxygen, etc., which can explain the variations around the trend line. 

The Smøla cases provide competitive production costs even in case of reduced demand: the capacity 

factor has a moderate impact on the production costs (down to ca. 60% capacity). Refer to appendix C for 

more details on the sensitivities. 

 

2.2 CASE A - SIMPLE PRODUCTION AT EDØY 

Case A is a relatively simple production setup, with production located at an available lot north west of the 

high speed ferry quay at Edøy. Low pressure hydrogen is sent to compressors located closer to the quay, 

through a 600 m long pipeline. There, the hydrogen is compressed to 350 bars, and stored in tanks. High 

pressure hydrogen is then sent to the dispensers at the quay, to fuel the high speed ferries and buses. 
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Figure 13 - Map with the location of the main equipment for case A at Edøy (dimensions are approximate) 

Case A has a total production capacity of 1,049 kgH2/day, and 

equivalent of two daysô demand in the storage tanks. This 

allows for ensuring enough supply to the high speed ferries in 

case of production issues. 

Heat and oxygen by-products are not used with case A, due 

to the lack of users in the immediate vicinity. Similarly, the 

hydrogen production is only for the high speed ferries and 

busses, and case A does not have export facilities. 

On the longer term, much of the equipment could be used to 

fill hydrogen cars. This would however require a different type 

of dispenser, and higher-pressure compressors (700 bar). 

This is not included in case A at the moment. 

 

Figure 14 - Hydrogen users with Case A 

 

Case A 

47.3 
NOK/kgH2 

 

The break-even price for hydrogen produced with case A is 47.3 NOK/kg. Energy costs 

make 59 % of the production costs (discounted over the project period), and equipment is 

the second largest cost contributor (27 %). 

The production costs could be reduced to 41.2 NOK/kgH2 in case of Pilot-E support to 

case A. 
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2.3 CASE B - ADVANCED PRODUCTION AT VIKAN 

Case B is relatively more complex than case A, with production located at a future industry area at Vikan 

(site 2). Hydrogen is compressed to 350 bar on site, and stored in containers on wheels (trailer). These are 

then transported by truck to Edøy, where they provide hydrogen to the boat and bus dispensers at the 

quay. One quarter of the total production is to be exported to the region, e.g. to Åndalsnes for use in a 

hydrogen train. Another quarter of the hydrogen is also to be used locally, either at a dispenser to be 

installed for local users, or for an industrial site. Heat and oxygen by-products are assumed to be used by a 

local industry at Vikan, e.g. a fish hatchery. 

 

Figure 15 - Map with the location of the main equipment for case B at Vikan (dimensions are approximate) 

 

 

Figure 16 - Map with the location of the distribution equipment for case B at Edøy (dimensions are 
approximate) 
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Case B has a total production capacity of 2,098 kgH2/day, and 

equivalent of roughly two daysô demand in fixed storage tanks 

as well as mobile storage units. This allows for ensuring 

enough supply to the high speed ferries in case of production 

issues. 

The dispenser at the quay at Vikan is not included in the 

assessment, and is a potential future extension if there is 

sufficient local demand. On the short term, it is expected that 

hydrogen consumers would sail to Edøy for bunkering there. 

Similarly to case A, on the longer term, much of the 

equipment could be used to also fill hydrogen cars. This 

would also require a different type of dispenser, and higher-

pressure compressors (700 bar), which are not included in 

case B at the moment. 

 

Figure 17 - Hydrogen users with Case B  

 

Case B 

27.0  
NOK/kgH2 

 

The break-even price for hydrogen produced with case B is 27.0 NOK/kg. This is much 

lower than in Case A, due to economies of scale, and due to the sale of heat and oxygen 

by-products. Energy costs make 61 % of the production costs (discounted over the project 

period), and equipment is the second largest cost contributor (25 %). 

The production costs could be reduced to 21.6 NOK/kgH2 in case of Pilot-E support to case 

B. 
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3 ENVIRONMENTAL AND SAFETY PERSPECTIVE 

Safe operations, and environmental benefits compared to fossil fuels are two prerequisites for the feasibility 

of hydrogen projects in the transport sector. From the environmental perspective, hydrogen from Smøla 

provides clear benefits in terms of GHG savings compared to diesel. Additional benefits (NOx, particulates, 

etc.) are more uncertain on a life cycle perspective, but are also clear from an operational perspective (tank 

to wheel). From a safety perspective, the main concerns are related to the potential impact of special 

design requirements and new approval processes on the project schedule and cost. 

3.1 ENVIRONMENT 

Hydrogen has zero direct emissions when used in a fuel cell (tank to wheel). The production of the fuel 

however leads to GHG emissions, when taking into account the energy needed and the production and 

maintenance of the equipment (well to tank). A review of research studies relevant for Smøla shows that 

the indirect GHG footprint of hydrogen production at Smøla would be ca. 1.03 kgCO2e/kgH2, with some 

uncertainties linked to differences across studies (see appendix D). 

The footprint is considered similar for cases A and B, with the exception that case B would include an 

additional footprint linked to transport of the hydrogen by truck. These emissions are however limited, in 

particular for shorter transport distances. 

Endrava calculated that each kilogram of hydrogen used in replacement of diesel would allow reducing 

GHG emissions by 13.6 kgCO2e. Conversely, this means that replacing one litre of diesel with hydrogen 

allows saving 3.05 kgCO2e, as illustrated below. Note that this is a generic value, and there may be 

variations depending on the type of vehicle. 

 

Figure 18 - GHG emission savings with the use of hydrogen instead of diesel in vehicles 

Based on the hydrogen production in Case A and Case B (appendix C), with a production capacity of 1.05 

tonnesH2/day and 2.1 tonnesH2/day, respectively, the emission reductions from production of hydrogen at 

Smøla would be 5,171 tonnesCO2e/year for Case A, and 10,342 tonnesCO2e/year for Case B. This is based 

on the assumption that all the hydrogen produced at Smøla would replace the use of diesel. 

The use of hydrogen has other environmental benefits, although GHG emissions is usually the main focus. 

An LCA carried out in 2011 (Simon and Bauer) showed that hydrogen from wind energy has lower NMVOC 

and NOx emissions than diesel over the entire life cycle (well to wheel). The benefits are less clear for SOX 

emissions, and hydrogen from wind could lead to more emissions of particulate matter than diesel. This 

assessment was however based on a EURO 3 engine, and the results would be different with the newer 

EURO 6 standards. 












































































































