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Deliverable summary 

The present deliverable is committed to show the results of the dissemination and exploitation actions 
that have taken place during the Cell3ditor project as well as the activities carried out in regard to the 
exploitation strategy. On one side, the document consists of a section containing the impact and 
evolution of the dissemination and communication channels and on the other side, the documents 
and activities pointing to the commercialization of the foreground generated within the project. This 
last section contains the recommendations of the consultancy services offered by SSERR, the business 
plan for a 3D printed SOFC stack and the 3D printer inks, and the latest news regarding the patents. 
Finally, the results of the final Life Cycle Analysis (LCA) are shown. In this section a comparison among 
different SOFC manufacturing methodologies is carried out. 
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1. DISSEMINATION AND COMMUNICATION  

Next, the follow up of the dissemination and communication strategy developed within 
the consortium is showed. In this sense, an intense effort has been made in order to make 
extensive dissemination of the project through the different channels available for this 
purpose.   

In turn, this section describes the dissemination, communication and exploitation 
activities during this last year of the project. The results revealed by the meta-analysis of the 
webpage and the social networks are commented as well.  
  

1.1. DISSEMINATION AND COMMUNICATION 

1.1.1. Project website  

As it has been done previously, the Cell3Ditor project website metadata has been 
checked in order to understand better how to reach a broader audience. As it can be seen in 
the Figure 1, the traffic has increased during 2019. It is noteworthy to highlight the increase in 
the visits observed in spring and summer of the considered period, mainly coinciding with the 
attendance to conferences where the last results were shown. Moreover, another rising was 
experimented at the beginning of 2020 with the Solar Impulse label obtaining. However, in 
March 2020 there was a decrease in visits due to the COVID-19 crisis and the consequent 
slowdown in scientific activity. 

  
Figure 1. Metadata from Google Analytics of Cell3Ditor webpage.  

  
Google Analytics also shows the countries where the Cell3editor webpage was more visited, 
Figure 2.  In Europe, most of the visitor came from Spain and France, while globally USA is the 
country with most visitors.  
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Figure 2. Distribution of Cell3ditor website visitors by country.  
 

1.1.2. Professional/Social Networks  

Professional/Social networks have been used by the project as well in order to reach 
diverse kind of audiences. Due to the specificity of each social network a segmentation of the 
audience can be achieved. In turn, profiles of Cell3Ditor project were created in 
Twitter, Youtube, ResearchGate and LinkedIn. This latter has been discovered as the lesser 
relevant at this stage of the project but it can be anticipated that once the project outcomes 
approach stages closer to the commercialization it will become important.   

1. Twitter  
The dissemination by using Twitter account has been successful achieving more than 

501 followers which means an increment of 12.2 followers from last deliverable. Cell3ditor’s 
Twitter account provides continuous interaction with these followers every time a new is 
posted. The las increasement of followers have been observed after of the publication of the 
Solar Impulse Label.      
  

2. Youtube  
Since December 2017 the number of visitors of Cell3Ditor Youtube channels have been 

983. The most popular videos have been the presentation of the project Multiceramic 3D printer 
at IREC for the Cell3Ditor project with 438 views and the presentation of the hybric 3D printer 
New CERAMAKER hybrid 3D printer (from 3DCERAM) employed for the Cell3Ditor project. 

  
3. ResearchGate  

ResearchGate is a platform for a more specialized audience and this fact has been 
evidenced in the impact of Cell3Ditor follow-up, even though Cell3Ditor project is still at a 
development phase. In this sense, the number of followers reaches more than 80 and 1000 
reads have been achieved. In any case the evolution with time follows the same trend that the 
rest of network profiles created.  
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Cell3Ditor brochure  

A brochure of Cell3Ditor was generated where information about the project, 
the business opportunity, the technology and the consortium can be found (see ANNEX I). This 
brochure has been used in conferences and fairs by all the partners.  

  
Figure 3. Cover of Cell3Ditor brochure.  
  

4. Digital communication media  
 TCT magazine: “3DCeram's ceramic 3D printing technology utilised in 
European SOFC stacks project”, January 2018.  

  

5. Publications and participation in dissemination events  
1. Scientific publications  

 Reaction Chemistry & Engineering 4.12 (2019): 2060-2073 

 J. Eur. Ceram. Soc., 39 (1) (2019) 2 – 8 (submitted on 2018) 

 J. Eur. Ceram. Soc., 39 (4) (2019) 1279 – 1286 (submitted on 2018) 

 Material Letters, 215 (2018) 214 – 217.  

  Int. J. Appl. Ceram. Technol., 15 (2018) 315 – 327 
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2. Conferences  

 Invited talk at the Ceramitec conference 2019, Munich (Germany), 19-
20 September 2019.  

 Invited talk at the 11th International Conference of High-Performance 
Ceramics, Kunming (China), May 2019. 

 Invited talk at the 43rd International Conference and Exposition on Advanced 
Ceramics and Composites (ICACC19), Daytona Beach (USA), January 2019.  

 Oral presentation at the 2nd Nordic Conference on Ceramic Glass Technology 
(NCCGT), Roskilde (Denmark), January 2019.  

 Presentation at the Programme Review Days 2018 of the FCH-JU, Brussels 
(Belgium), November 2018.  

 Two oral communications and one poster presentation at the 13th European 
SOFC & SOE Forum (EFCF), Lucerne (Switzerland), July 2018.  

 Poster presentation at the 18th Reunión del Grupo Especializado de Química 
Inorgánica and 12th reunión Bienal de Grupo Especializado de Química del 
Estado Sólido de la RSEQ (QIES 2018), Tenerife (Spain), June 2018.  

 Two invited talks at the 7th International Congress on Ceramics (ICC7), Foz de 
Iguaçu (Brasil), June 2018.  

 Keynote talk at “Ceramics Expo”, May 2018.   

 Poster presentation at 2nd International Conference on 3D printing Technology 
and Innovations, London (UK), March 2018.  

 Oral presentation at the 2nd forum Ceramic for Energy in Faenza, Italy, in June 
2017  

  

2. EXPLOITATION POTENTIAL AND USE PLAN  

This section is devoted to explain the activities concerning the commercial exploitation 
of results of all technological WPs. These activities have run asymmetrically prioritizing the 
business case of the 3D printed SOFC stack where the logic of the IPR within the consortium is 
clearer. To clarify this point the consulting service provided by Alessia Melasecche (Meta-group) 
thanks to the Support Service for Exploitation of Research Results (SSERR) have been very 
useful. Moreover, the recommendations that the expert gave us in terms of improvement of the 
lean canvases for both business cases has helped to approach a step further in the process. In 
turn, for the 3D printed SOFC stack a primary market analysis have been conducted by 
contacting by different means diverse stakeholders of fuel cell industry as well as sources 
involved in the policy making. Gathering all the information coming from the primary and 
secondary market analysis and the IP management collected in the PUDF (see KERs in D8.2), a 
business plan for a 3D printed SOFC stack has been developed. On the other hand, for the inks 
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and slurries of advanced ceramics for 3D printing a lean canvas has been developed and initial 
contact with the partners has been achieved in order to manage the IP of each one.  

Finally, data regarding the extension of the protection for the patents applied by 
3DCeram and IREC during the project are presented.  

  

2.1. SSERR Assessment  

Aiming for the realization of the business plans of the two selected outcomes of 
Cell3Ditor project, a consulting process was required to the Support Service for Exploitation of 
Research Results (SSERR). The person responsible of this task was Alessia Melasecche from 
Meta-Group. After assessing Cell3Ditor project and the consortium and, taking into 
consideration the Plan of Use and Dissemination of Foreground provided to her, several 
recommendations for the exploitation of Cell3Ditor results were given. These recommendations 
are summarized in the following table.   
  
Table 1. Recommendations made for approaching the commercialization of Cell3Ditor outcomes.  

Issues  Recommendations  

Go to market  It would be useful to develop a detailed cost and revenues breakdown, in 
order to understand which business scenario could be more profitable and 
what could be the main differences (also in terms of efforts). When it comes 
to plan the next steps, the main point to be raised is about the sustainability 
of the proposed actions. Staff needed, as well as budget foreseen, and 
milestones to achieve have to be always clearly indicated.  

UVP  It is important to clearly state from a quantitative point of view the 
advantages of the proposed solutions (with a clear reference to already 
existing solutions available on the market) and to avoid too many technical 
details, in order the craft strong message easy to get also for commercials.  

Validation of   
assumptions  

Introduce a Testing phase to:  
 Validate the Unique Value Proposition with industrial partners 
identifying how the proposed solution solves the problem of the specific 
targeted customers (specific) and not focusing only on the added value of 
composite materials (generic);  
 Analyse the margins over the costs and to investigate the possibility 
to structure pricing in a different way or to use different technologies 
revising the portfolio of the services;  
 Streamline communication channels and better plan first marketing 
activities.  

IP ownership 
and  
collaboration 
for  
exploitation  

It is clear that some Partners have brought contributions to and have an 
interest in specific KERs and not in others. The issue of joint co-ownership is 
well addressed in the Consortium Agreement, but needs to be remembered 
and now, as the time for considering exploitation of the project results 
arises, it should be clarified as soon as possible. As necessary, this could be 
then reflected in an updated Consortium Agreement. Potential issues can 
usually be resolved by a careful and early planning of licensing agreements 
between partners, to avoid unnecessary misunderstandings on the path of 
exploitation and particularly market commercialization.  
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Moreover, considering different typology of organisations involved working 
under different legal structures, with different budget sources and in 
different countries.  

Partnerships 
and  
organisational  
structures for  
exploitation  

Specific partnership formats and partner organisations should be now 
considered and put together in line with the next steps towards exploitation. 
The nature of partnerships for an RDI project versus a Joint Venture or the 
establishment of a spinoff company to take the KER towards exploitation are 
all different. They could be also structured in line with the sequence of the 
steps towards commercialization (e.g. an RDI project in a first step, to 
provide for further technical and product development, to be then followed 
by actual market commercialisation in a second step). The partnership 
and organisational structure to drive such exploitation steps should be also 
established with due consideration being given to the ease with which they 
could access necessary additional funds and finance.  

Sideground and  
Postground  

Due to the way of working and interacting among Partners, rules on how to 
manage potential Sideground (generated during the collaboration phase but 
in not-project related activities) and Postground (generated in a certain time 
span after the collaboration) should be agreed and properly considered.  

Exploitation 
routes/forms  

Further to the explanations and the overview provided during the seminar, it 
is recommended that additional review, consideration and outlining of the 
various exploitation routes, including of the specific 
IP commercialisation agreement type and parties to be involved in each, is 
undertaken. In this sense, the project partners may refer to the guidance 
being made available by the EU’s IPR Help Desk on general exploitation 
and commercialisation aspects 
at https://www.iprhelpdesk.eu/sites/default/files/documents/EU_IPR_Guid
e_Com  
mercialisation.pdf,   
and via Fact Sheets on the commercialisation of IP through:  

 Licensing Agreements, 
https://www.iprhelpdesk.eu/sites/default/files/newsdocuments/Fac  

t-Sheet-Commercialising-IP-Licence-Agreements.pdf,  
 Join Ventures 
https://www.iprhelpdesk.eu/sites/default/files/newsdocuments/Fact-  

Sheet-Commercialising-IP-Joint-Ventures.pdf; and  
 Spinoffs  

https://www.iprhelpdesk.eu/sites/default/files/newsdocuments/Fact-
Sheet-  
Commercialising-IP-Spin-offs.pdf.  
Nevertheless, it is also strongly recommended to seek professional advice 
for dealing with the complex legal issues surrounding choosing and 
implementing the most suitable exploitation and commercialisation option 
for each KER.  

Risk 
management  

Risks monitoring is essential to identify them on time and take actions to 
reduce them. The identified risks should be taken into account by the 
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partners and appropriate strategies should be developed to minimize any 
impact on eventual exploitation of the results. It is also important to keep in 
mind that a risk assessment should be a regular and ongoing exercise 
towards and along the implementation of an exploitation strategy. 
Therefore, further detailed and regularly updated risks assessment 
and prioritisation exercises should be undertaken for each of the KERs on 
their route to penetrating and establishing on the market. In order 
to prevent/mitigate the Market Risk Factor, the partners should 
continuously discuss and develop solutions with customers to prevent 
potential problems at the time of the first sales.  

Standardisation  Standardisation is a tool to bridge the gap between research and 
market. Uses recognized methodologies, processes and terminology:  
1. Enables a faster and easier market exploitation of the research results  
2. Ensures your results adapt to market conditions  
3. Facilitates dissemination of project results to European stakeholders in 
your  
field  
4. Allows Long-term exploitation of the project results  

Dissemination 
vs  
Exploitation  

Please consider carefully what to publish; only ideas/innovations which are 
protected become tradable assets.  

Plan for 
the Exploitation 
and Disseminati
on of Results 
(PEDR)  

With the use/exploitation and dissemination of the project results being one 
of the key objectives of the EU funding programmes for RDI, you will need to 
provide Plan for the Exploitation and Dissemination of Results as part of the 
project final report. However, preparing such a plan is not just an obligation, 
but a key tool in ensuring an effective and efficient translation of research 
results for the lab on the market and in the society. To this end, partners 
should keep developing and updating, as appropriate, the characterization 
of the KERs. This is a good way to better and further focus partner 
objectives, but also a very useful approach to the monitoring of the progress 
of the project. A PEDR template has already been provided to 
the Coordinator.  

Final remarks  CELL3ditor clearly addresses societal challenges that could lead to growing 
market interest in the future. For this reason, it’s suggested to go on with 
the exploitation analysis and to focus on the application of the developed 
solutions.  

  

 

2.2. 3D printed SOFC stack Business Plan  

Before starting with the proper business plan, two additional analyses have been carried 
out in order to complement the picture obtained by means of the market assessment done 
previously. One of them falls into the environmental analysis where the external factors 
influencing our business are considered: the scenario planning. The other fits into the industry 
analysis, which is the competitor analysis which was only evaluated briefly in the previous 
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report. In this latter interaction with the industry stakeholders has been achieved by cold calls 
and sending questionnaires, achieving to get a primary market analysis by this process.  

 

2.2.1. Scenario planning  

As a direct consequence of the PEST analysis (see D8.1) comes the scenario planning, a 
well-known practice of definition and prediction for dynamic and turbulent markets. Scenario 
planning represents a solution to this problem, providing a structured, future oriented approach 
to thinking about uncertainty. The initial step is the identification of the main factors that affect 
or could affect the mechanism of this industry, based on them distinct scenarios will be 
hypothesized. Scenarios describe different environments in which the business may have to 
operate and highlight trends and interactions that may characterize their 
development. However, are not predictive and do not serve to describe a definite future or 
development. In this case the possible pathways are three, which serve as a backdrop for the 
further analysis of the SOFC market potential and risk assessment.   

For the selection of the industry driving factors it has been necessary a preliminary 
research, which PEST is part of, on the dynamics that characterize the actors within it and the 
environment surrounding them. Additionally, to the standard research, interesting insights have 
been collected through cold calls and cold mails with the aim to get different perspectives from 
potential competitors, partners and influencing organizations (see ANNEX II), allowing us to 
developed a primary market analysis.   

Since the consortium location and the funding source are placed in Europe this analysis 
has been restricted to this area. In this case the hypothesized scenarios are three: idle, 
intermittent and efficient. A short description of the selected factors is necessary to have a good 
understanding of their potential impact on the respective scenario.   

 Policy Landscape an energy policy is a political tool which allows the promotion of a 
market on a domestic or continental level through a better and more collaborative resource 
administration. It may include legislation, international treaties, incentives to investment, 
guidelines for energy conservation, taxation and other public policy techniques. Effective 
policy approaches to implement the declared goal of a greener energy future for Europe 
remain fragmented. Whilst some countries, for example Germany, are "ahead of schedule" 
regarding the level of penetration of renewables others are struggling to successfully pursue 
renewable distributed generation1.  
 Energy efficiency is one of the most important point highlighted in the H2020 
programme and apparently the most difficult to realize. This aspect involves both, renewable 
and non-renewable energy sources, in this specific case as fuel cell powered distributed 
generation exhibits comparatively higher energy efficiency than conventional technologies 
at present, its consideration will be proportioned on the necessity of this attribute.  
 RES share this point is probably the basement for any calculation above hydrogen 
spreading process in the continent. The meaning of this entry is focused on the energy 
transition process from non-renewable to renewable energy sources on a share base. 
Hence, a higher share of renewables concurrently means a higher share of distributed 
generation. Fuel cell solutions are part of distributed generation, but not necessarily part of 
the renewables segment.  
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 Smart Grid in the energy sector the increasing of renewable energy is directly linked to 
the need for smarter grids. Nowadays the realization of these infrastructures has been 
slowed down by the high cost of realization, affecting the commercialization of fuel cell 
distributed system.  
 Power to Gas this is an item price based, the fuel cell industry relies on electricity and 
natural gas prices and the resulting spark spread as a rough margin indicator (is the 
theoretical gross margin of a gas-fired electric generator from selling a unit of electricity, 
having bought the fuel required to produce this unit of electricity, shown in the equation (1). 
The scenario planning has considered possible ranges of energy prices which concurrently 
result in different potential spark spreads for the three different scenarios, enabling a better 
understanding of the market for fuel cell. Related to the efficiency value is important to know 
how this data varies based on the scope of the final product, indeed a full equipped system 
with heat regeneration is able to reach important efficiencies over 90% compare to lower 
values of standard fuel cell electric generator.  

Spark Spread = Electricity price− NG priceefficiency                         (1)  

 CO2 price its value on the market affect the success or failure of an incentivized switching 
process to cleaner energy solution. Indeed, a bigger price should help accelerating the shift 
away from carbon intensive coal-fired power generation to renewable power. The 
CO2 market is handled by the ETS (Emissions Trading System) which aim is to restore carbon 
price levels that succeed in deterring emissions, actually the price trend is going towards this 
goal as shown in Figure 4.  

  
Figure 4. Carbon price trend in Europe.  

  
In Table 2 is possible to get an overview of the different factors selected and their respective 
situation for each scenario. The assumptions about the market inherent within the scenario 
description provide the context for the remaining stages of the business planning process. 
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Table 2. Scenario planning factors overview 

  Idle  Intermittent  Efficient  

Policy 
landscape  

No commitment  
Moderate 

commitment  
High 

commitment  

Energy 
efficiency  

Low - High 
energy demand  

Moderate and 
increasing  

Well developed  

RES share  
Low - High share 

of fossil fuels  

Increasing - 
Challenge on 

balancing  

High share of 
renewables  

Smart 
grid  

Development is 
lacking  

Regionally 
fragmented  

Advanced and 
beginning of 

interconnections  

Power to 
Gas  

Low  Moderate  High  

Price CO2  Low  Moderate  High  

  Small FC market  Growing FC market  FC mass market  

  
Since this analysis is not predictive, but is highlighting the uncertainty surrounding this 

market, is important to take this tool into consideration for a monitoring practice, in few words 
it means keep the record of the different factors and consequentially adjust the business 
development for likely future changes.  

  

2.2.2. Price and spark spread analysis   

In this specific case a more restrictive study could be performed based on more tangible 
data, represented by the price values selected previously: Electricity price, Natural gas price and 
Carbon price. As seen previously the spark spread of electricity to gas serves as an indicator for 
fuel cell attractiveness, at the same time it indicates the level of attractiveness of producing 
power from natural gas that is the most suitable configuration for distributed generation with 
SOFC technology. Moreover, this sub-study does not aim to predict any future price, instead 
through the definition of ranges is possible to frame the three different scenarios and enable a 
better understanding of the fuel cell market. The scenario year selected is 2050 and reference 
values are based on actual quotes and professional forecasting2,3, bear in mind the present 
undeveloped status of the fuel cell market. Nowadays the average values are (subdivided by the 
type of user):  

 Natural gas price: 3.45 € cents per kWh for non-household, 7.19 € cents per kWh for 
household  
 Electricity price: 13.89 € cents per kWh for non-household, 20.48 € cents per kWh for 
household  
 Carbon price: 10.5 €/ton   
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At this point is necessary to analyze the price projection for each specific variable: for 
natural gas the path is based on the 450ppm (2°C) scenario4, bear in mind that this model also 
implies a sharp increase in CO2 prices. Observing the Figure 5, this point clearly leads to lower 
demand for fossil fuels in the power sector and at the same time a rather stable price for gas5. 
The growth rate of the period 2018-2050 for a standard projection is equal to +53% bringing the 
natural gas price to a potential range between 5.3 - 11 € cents per kWh.  

The case of electricity is dependent by commodities prices, if for the initial period until 
2030 the slight increase of gas price (due to higher demand) brings the electricity price on higher 
values, for the remaining period there is a stagnation on its price thanks to the contribution of 
renewable energy sources. The standard growth rate along this period for electricity is equal 
to +161% bringing the electricity price to a potential range between 36.5 – 53.5 € cents per kWh.  
  

           

  
Figure 5. Commodity prices forecasting (left graph) and Electricity price forecasting (right graph).  

  
With carbon price the forecasting also has to take into consideration the balance 

between the number of allowance on the market and the management of the surplus of it. This 
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unbalance justifies the initial slow increase, shown in Figure 66. After 2025 the increasing 
CO2 prices has induced a switch in power generation towards the use of low and zero carbon 
fuels or technologies. Moreover, the increase in the cost of energy, reflecting the increasing 
carbon prices, supports energy efficiency and fuel switching in this sector. Finally, this trend 
indirectly influences energy efficiency in demand side sectors as well, since expenditures for 
carbon allowances are passed through to consumer prices, notably in electricity 
prices. Anyway the standard growth rate along this period for carbon dioxide is equal 
to +900% bringing the carbon price to a potential value of 105 €/ton.  

  

  
Figure 6. Carbon price forecasting.  

  
This study does not exclude the application for different reference years; the choice of 

2050 has been made aligned with European scenario goal7, data availability and stage of the 
project. Selecting a different period, the only difference will be the growth rate value to be 
applied on the actual ones, since the trends are not linear.   

Now, a short description of the three scenarios to highlight the reasons behind a 
coherent or detached price trend from the standard projection:  
Idle scenario describes a future situation in 2050 where policies allow the abuse of fossil fuels 
instead of promoting gas options, bringing the price of the latter element to higher values. The 
new hypothetical prices are following a different trend, for electricity the scenario follows the 
forecast used as a reference, in case of gas the situation is aggravate by the fossil fuel domination 
and this brings to higher value. At the same time, the price of carbon in the EU is still low, largely 
due to lacking success of the ETS reform. One reason for this is the failed enlargement of ETS-
coverage, meaning that it is still only select industries which the ETS applies to.  
Intermittent shows a bigger spark spread since led by the growing interest in energy efficiency 
and gas to power solutions. The scenario is characterized by an inversion of the two trends, 
where the gas price is rising at a lower rate than electricity. If the prices for electricity are the 
same as in the previous scenario, also for gas the prices are aligned with the standard projection. 
Intermittent scenario shows a predicted change in the carbon price, being able to reach values 
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around 105 €/ton, this is due to a better global situation for clean technology but at the same 
time slowed down by lack of a global agreement and price coordination.  
Efficient with a significant higher spark spread this scenario indicates a favorable situation for 
the development of alternative solution and distributed energy systems. Indeed, on one side a 
strong increase in the electricity price in light of the massive cost of smart grid development, 
while gas price stabilizes on lower level respect the prediction; this is a direct consequence of a 
higher RES share and a linked demand drop. This ends with a skyrocketing trend for carbon price 
overtaking the reference value; this has been supported by energy efficiency and carbon 
emission reduction goals.   

With the price range definition and the comparison of real data the identification of the 
scenario arises easily, it is basically the result of an environmental analysis and a deeper 
selection process of the most influencing values, in this specific case for the stationary fuel cell 
market. It is interesting the creation of tables and matrix that summarize all this method for a 
future quicker analysis, as it shown in Figure 7.  

  
Figure 7. Prices and spark spread analysis.  

  

2.2.3. Competitors analysis  

Previous analysis shows that rivalry among firms is the central force in the definition of 
a business competitive position. It is therefore fundamental to perform a direct analysis of the 
main competitors existing in this industry taking into consideration the preliminary 
assumptions. Of course the data collection is the main obstacle for this type of investigation, in 
particularly this industry is characterized by a very technical market with a high level of privacy 
between sellers and buyers resulting in an even more complex system for these estimations. 
The direct consequence is that the analysis of competitors is far less detailed than the internal 
one of Cell3Ditor project. A big difference has been noticed between residential sector 
oriented firms and commercial-industrial ones, in the first case the customer segment selected 
is the mass market, this leads the firms to use a more open communication through typical tools, 
especially internet, including brochures, price lists, advertisement. For commercial-industrial 
sector firms, the communication is less direct, pushing the potential customer to a private 
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negotiation, based on advanced discussion regarding details since the no standard nature of the 
product.   

From a first overview of fuel cell manufacturers and their geographical distribution, 
see Figure 8, is possible to get interesting clues about the competitiveness of different areas, 
especially in comparison to the previous market research. Indeed recalling the segmentation of 
fuel cell systems by region of manufacture shown in the previous market research (see D8.1), 
the production of fuel cells is not aligned with the distribution of companies shown below9. In 
Europe a high number of manufacturers accompanied by a low production rate mean only a lack 
of market maturity and predominance of small size companies.  

  

  
Figure 8. Global Distribution of fuel cell manufacturers by continent8.  
  

Going deeper into technology, unsurprisingly over half of the industry works on PEM 
being SOFC a third of it, with the rest being filled by the smaller alternative electrolyte systems 
(see Figure 9). With this chart the calculation is not just considering FC manufacturers but also 
distributor, this justifies the discrepancy of the data from the previous graph. From the 
technological perspective the SOFC industry seems well balanced, but not in numbers of 
production and system deployed, the European potential is clear but has to be pull up by a 
favorable environment involving continental and national policies and open communication 
among internal companies (see D8.1). Regarding SOFCs of the bigger developer nations Asia has 
the least number of SOFC developers. North America, primarily the US, has the largest number 
of developers of SOFC systems, but the lowest number of commercial companies. In short, by 
2020, the SOFC sector should be significantly more vibrant with products in multiple power 
ranges.  
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Figure 9. Global distribution of fuel cell companies by continent and technology9.  

  
At this point the competitor analysis started from listing all the companies that 

represent a threat for Cell3Ditor business, in other terms identifying potential enemies based 
on the presence of SOFC stack production in their activities. From this extended list, has been 
necessary a selection of the most important competitors, this is based on their strategy and 
portfolio, this second list is composed by actors which stack production and their respective sale 
is the main revenue stream not just part of the production chain (see ANNEX II).   

Further on, the evaluation of the rival companies has been performed according to 
David Aaker model, a way to rank competitors business based on key success factors (KSF)10. 
Starting from collecting the most important parameters through expert perspectives and 
subjective analysis, for this reason it is required a preliminary good understanding of the 
industry, the next step is to assign to each KSF an importance weight where the sum of 
weights adds up to 1. Thereafter, evaluation of strength rating for each item, from 1 (weak) to 
5 (strong) with the same methodology; also this process is not completely empirical, but some 
data could be used if adequate numerical information is available. Lastly, to get the KSF score 
for each item the importance weight has to be multiplied by the strength rating11. Is important 
to highlight that for the application of this model it has been massively useful the contribution 
of experts within this industry, through the possibility to perform interviews by cold calls and/or 
cold mails (see ANNEX II). A very rough description of the logic behind each evaluating 
parameter is listed below:  

 Size: employees based and facilities location (i.e. (1(1:100), 2(100:500), 3(500:1000), 
4(1000:5000), 5 (>5000))  
 Distribution: based on customer location   
 Financial: based on revenues and stock market value   
 Brand: history of the company, sector reputation and report/documentation database  
 Portfolio: products, services, patents and stage of development  
 Overlapping: conflict with Cell3Ditor evaluated on geographical area of influence and 
product offer.  
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The results of this process are shown in Figure 10.  

  
Figure 10. KSF competitor ranking chart.  

  
Considering the patent landscape, there is a high density of competitors in the European 

territory respect to the other two big areas. Besides the overview on the competitors, the study 
should be focused on the comparison of business investigated (in this case 3D printed SOFC 
stack) and the strongest competitors. For example, examining Saint-Gobain (EU) which has the 
highest overall score is possible to detect weak points from the single categories, in this case a 
lack in portfolio. Delphi (USA) is showing a lack in overlapping since its recent strategy is focusing 
in transport application, continuing with Chaozhou Three-Circle Co. (Asia) its weak point 
is situated in the brand item. The outcome of this process has to be reflected in the management 
of effort within the spin-off strategy. In particular, recalling Saint-Gobain the technological stage 
of development will represent a bottom line for Cell3Ditor, for the success or failure of the whole 
project due to the high overlapping value and area of influence. For the specific value assigned 
and for a more detailed analysis of the scores check ANNEX II.  

The delineation of few more dangerous companies in the global panorama of direct 
competitors is the source for an additional insight. Observing the actions of these actors in this 
specific field is possible to detect a common factor, all companies entrust most of their stack 
sales to partner company in order to ensure a more stable demand. In Europe Elcogen works 
with Convion, Elringklinger is partner of New Enerday, in United States Delphi is the main 
supplier of BMW, in Asia Chaozhou T.Co. closes an important agreement with the 
Italian SolidPower and NGK SPARK PLUG is official supplier of Mitsubishi. This practice denotes 
not only the early stage of this sector but also the limit that a standard industrial production 
chain imposes to the market, indeed seems that a close relationship with a system integrator is 
the only viable way to build a business in this industry. Cell3Ditor with the creation of a spin-off 
and its unique features could create an uncontested market space.  
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2.2.4. Commercialization strategy and business plan  

In the following document a commercialization strategy for the 3D printed SOFC stacks 
is devised in the form of a business plan. This plan makes use of the information of the project 
concept and approach as well as the secondary market analysis, which contains the 
environmental and industry analysis, carried out previously for the same product. Through 
different tools the project will be lead to the most suitable market and guided during the initial 
steps, more specifically in this case the business opportunity is based on the creation of a 
Cell3Ditor spin-off that will act as a fuel cell stack supplier for a secondary system integrator 
company. From this concept the strategy elaboration has worked on two different layers:  
 B2B commerce: Cell3Ditor spin-off business strategy definition based on target market  
 B2C commerce: Cell3Ditor+System integrator business strategy definition based on final 
user  

A double analysis until the identification of potential final users is the key for a successful 
business plan, bear in mind that in this industry components production is strictly related to the 
system deployment rate.   
  

B2B commerce  
For the success of Cell3Ditor project is fundamental the definition of a strategy starting 

with the selection of an initial market sector. The most reliable tool for the establishment of the 
best commercial route is the re-elaboration of outcomes. In particular, through the market 
research and its different stages, is possible to frame roughly this target market, see Figure 11.  

  
Figure 11. Initial target market definition process.  

 

Besides the initial assumptions that have been taken as guidelines and successively 
recognized by the market analysis as coherent and viable, now is necessary the definition of 
a strategy to break into the selected sector. Although one of the features of Cell3Ditor project 
is the almost complete adaptability to any size and power range, for a spin-off establishment in 
this industry is important to focus on a more restricted dimensions in order to ensure a 
consistent production base, economic self-sufficiency, and brand reputation; this is a 
preliminary step for a future scaling up process towards new segments. The aim of this specific 
chapter is first to get inside this market sector and size the opportunities based on the 
actual benchmarks; second examine the dynamics that characterized this business and position 
Cell3Ditor within the value chain, ending with the delineation of a business modelling for B2B 
commerce.   
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B2B - Market targeting   
The European landscape of stationary fuel cells has been characterized by a growing 

process under different forms, in terms of solutions for different markets, segments and use 
cases. In this case the sector selected is the commercial one since its huge potential and its 
strong match with Cell3Ditor features; the first step consists in the estimation of the market size 
in order to evaluate the real opportunity.   

The first subdivision to be made is, in fact, the commercial sector (see D8.1) which is 
composed by both apartment buildings and non-residential building categories (i.e. storage 
buildings, offices, commercial/retail buildings etc.); this creates a first disparity in size and 
quality of the target market. The common factor is the configuration of the system, except 
obviously for the power range, in which the CHP is the dominant application. Before data 
processing another distinction has to be done, within these two sub-segments a ranking in terms 
of accessibility for the stationary fuel cell addressable market is shown below:  

 Primary market: is representing the total amount of currently heating working system 
gas-fuel propelled (gas boiler, internal combustion engine etc.), since their lower switching 
costs  
 Conversion market: composed by building equipped with non-gas fired heating systems 
(i.e. heat pumps), in this category the switching cost represents an obstacle  
 Tertiary market: least attractive due to several barriers since it is represented by district 
heating, power heating and biogas/other biomass.  

The study wills to deliver a snapshot of the European commercial sector at a country 
level, to fulfil this claim and to do not get lost in the complexity of this area a selection of four 
characteristic nations had to be done. The criteria have been based first on attractiveness for 
fuel cell technologies (size market, spark spread and pollution level), successively a 
differentiation among the focus market based (climate, GDP, natural gas distribution etc.). This 
process came out with an analysis of Germany, UK, Italy and Poland12.   
Apartment building segment is accounting for 55% of total commercial building of the four 
markets analyzed; its composition is very heterogeneous under the structural aspect and size 
but quite standard in the power/heat demand since they are all residential. High investment 
cost and multi ownership are representing the biggest barriers for this market, indeed these 
acquisition have to be supported unanimously creating discords and delays13. 
Observing Figure 12 where the four addressable markets are evaluated (units and MW) the 
different environments could be explained. At first sight Germany is showing a lack in number 
of units compared to UK and Italy but switching to the installed capacity the value is aligned with 
UK standard and even exceeding it in the forecasting. This is due to the structural difference of 
the German apartment sector. Italy looks like a well-balanced market even though is expected 
to decrease its construction by 20% until 2015 (compared to 2012), with the lowest CAGR 
around 0.6% until 2030. While Poland is massively relying on district heating coal propelled due 
to climate reasons. The charts highlight UK and Germany as the most countries for commercial 
fuel cells reaching values of 810 MW and 670 MW respectively followed by Italy 660 MW and 
Poland with 130 MW for a total amount of 2.3GW14.   
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Figure 12. Apartment building: addressable market for fuel cells12.  

  
Non-residential building is characterized by a lower CAGR respect the previous segment for 
each country, even though the specific type of building should be taken into consideration; in 
this case we can see the chart of Figure 13 where the building distinction identifies seven 
categories: commercial (COMM), office (OFF), small industry (INDU), storage (STOR), agriculture 
(AGRI), education (EDUC) and health (HEAL). This is fundamental since each typology has its own 
characteristic as heat/power ratio, size, demand time etc. All these factors affect the next 
analysis since a technology could fit better in given conditions. The overview on number of units 
and installed capacity are demonstrating the huge opportunity inside this segment, in support 
its numbers are leading in units replaced and respective capacities required. Starting 
from a capacity of approximately 8.5 GW in 2012, with the 2030 forecasting may reach 10.1 
GW14. The main concern in this segment is the high heterogeneous nature of customers, affected 
by more complex settings and long lasting purchasing decision-making processes. This justifies 
the actual situation of larger system stack at a very early stage of development.  
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Figure 13. Non-residential building: addressable market for fuel cell12.  

  
In order to get an additional confirmation on the commercial sector opportunity, 

in Table 3, the size of the three different segments has been estimated based on primary and 
conversion market. The results demonstrate how the sector size potentiality can overtake the 
respective set of problems previously listed with the collaboration of Cell3Ditor unique features.  

  
Table 3. Fuel Cell market size estimation based on sectors [MW]. 

    2017  2030  

Residential  
[MW]  

Primary  1678  1891  

Conversion  904  1044  

Total  2582  2935  

Commercial  
[MW]  

Primary  7995  9661  

Conversion  2893  3418  

Total  10888  13079  

Industrial  
[MW]  

Primary  1512  1745  

Conversion  2493  2950  

Total  4005  4695  

  
B2B - Benchmarking analysis   

Benchmarking analysis is a study which aims to evaluate technical, economic and 
ecological merits of one technology (in this case SOFC) compared to the competing solutions in 
different use cases. In order to perform all this, it is necessary a solid base of data for each 
element of the comparison and for the markets. Following the approach and data collection 
performed by Roland Berger Consulting for FCH-JU and adapting it to Cell3Ditor business case, 
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the expected outcome should help the project team in the definition of a business strategy 
identifying the most appealing adopter and respective partners in the sector12,15.   

Before going deeper with the use cases and technologies, is necessary the delineation 
of some preliminary references:  

 Energy market landscapes are aligned with the trends previously described in the 
scenario planning (see section 1.2.2.1)  
 Uniform time horizon settled on 15 years  
 Economic parameter of comparison is the Total Annual Heating Cost, it includes capital 
cost, maintenance cost and net energy cost  
 No energy policy or supporting scheme involved  

It is known how commercial segment is less easily accessible for innovative and initially 
expensive new heating system than for example the residential segment. This is the result from 
a prioritization of economic performance than other aspects like environmental and reliability 
benefits. But this is not the only factor involved, for this reason the detailed analysis of single 
use cases will to highlight the different dynamics, characteristics and potential impacts on 
diverse commercial buildings. The criteria of selection of these samples are shown below, as the 
respective data in Table 4.  
Apartment buildings have volatile consumptions values based on subjective behaviors, status 
of the construction, degree of renovation and geographical location. The idea behind this 
selection is to proceed in the analysis of the four markets selected, picking up one typical 
example for each country (check share in stock), at the same time each building has been be 
considered in two versions, actual condition and in case of renovation.  
Non-residential buildings present more configurations as already seen in the previous chapter, 
in this selection has been taken into account the presence of power and heat load since some 
of them are just requiring power supply. Among the three cases selected the main differences 
are the working hours and size. Specifically, the selected buildings are hospital (Italy), shopping 
center (Germany), office (Italy) while the double version used for apartment has not been 
considered.   

Important preliminary assumptions from the study are: fuel input evaluation calculated 
and multiplied on country level energy prices and electricity produced by the system that is 
deducted from the fuel costs through revenues from feed in and avoided purchase16 , 
check Table 5.  
  
Table 4. Apartment and Non-residential buildings use cases  

  
Type/I

D  
Year

  
Renovati

on  

Share 
in 

stock (
%)  

Heated space [
m2]  

Annual heat d
em. [kWh]  

Power to Heat ratio
 (%)  

Apartme
nt  

DE1  
196
5  

Yes  41  867  74.395  42  

DE2  
196
5  

No  26  867  155.122  20  

UK1  
197
0  

Yes  16  1.100  127.434  20  
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UK2  
197
0  

No  43  1.100  227.526  11  

IT1  
197
3  

Yes  38  800  76.058  37  

IT2  
197
3  

No  34  800  145.658  19  

PL1  
196
2  

Yes  3  867  97.262  31  

PL2  
196
2  

No  42  867  192.555  15  

Comm.  

HOSP  
198
0  

Yes  2  14.050  5.300.954  26  

SHOP  
199
2  

Yes  20  4.000  388.212  33  

OFF  
197
0  

Yes  20  6.000  477.000  33  

  
The study proceeds with the definition of the technology pool, it means the overview of 

all the competitive technologies including the standard SOFC system and one with Cell3Ditor 
specifications for fuel cells system the analysis used two different sizes to match the power 
demand. The general choice guarantees the presence of standard heating solution, like gas 
condensing boiler, but also more recent alternatives such as heat pumps and other CHP 
configurations. Last, a district heating option has been included in the technology benchmark, 
assuming the structure already in place. The technical specifics necessary for the calculations 
are gathered in Table 6, more specifically apart from respective thermal/electrical efficiencies 
and capacities has been also taken into consideration, if necessary, an auxiliary system with its 
specific data in order to meet peak heat demands that cannot be covered by the main system. 
As well as the value of heat coverage by the main system, this has been evaluated only based 
on the technology and capital cost values. Furthermore, Table 6 includes economic values of the 
different technologies, fundamental for the calculation of Total Annual Heating Cost, where VAT 
has been excluded17,18.   
  

Table 5. Energy prices assumed for benchmarking analysis. 

  Germany  
United 

Kingdom  
Italy  Poland  

Gas price  
[€/kWh]  

0.03  0.022  0.025  0.028  

Power price  
[€/kWh]  

0.15  0.09  0.13  0.14  

Power exchange price   
[€/kWh]  

0.06  0.18  0.12  0.09  

District heating price   
[€/kWh]  

0.08  0.08  0.08  0.04  

PV feed-in price  
[€/kWh]  

0.09  0.13  0.13  0.09  
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Table 6. Competing technologies in commercial sector.  

    Unit  Gas boiler  
Gas boiler 

+ solar 
thermal  

Heat 
pump  

Heat 
pump + 

PV  

Heat 
pump 

(ground 
source)  

Internal 
comb. 
engine  

District 
heating  

SOFC CHP  SOFC CHP  
SOFC CHP 
Cell3Ditor  

SOFC CHP  
Cell3Ditor  

Te
ch

n
ic

al
 p

e
rf

o
rm

an
ce

  

Thermal  
capacity  

kWth  <50  <50  -  -  -  12.5  -  4  40  4  40  

Electrical  
capacity  

kWel   -  -  -  -  -  4.7  -  5  50  5  50  

Th. capacity aux system  kWth  -  3.3  -  -  -  45  -  >10  >50  >10  >50  
El. capacity aux system  kWel  -  -  -  1.5  -  -  -  -  -  -  -  

Thermal  
efficiency  

%  95  95  360  360  480  63.8  -  37  32  39  34  

Electrical efficiency  %  -  -  -  -  -  27.6  -  50  53  52  65  
Th. eff.  

aux system  
%  -  40  -  -  -  95  -  95  95  95  95  

El. eff.  
aux system  

%  -  -  -  16  -  -  -  -  -  -  -  

Ec
o

n
. p

e
rf

o
rm

an
ce

  Tot. system +  
installation  

€  
5.000-
6.000  

8.000-
11.000  

30.000-
31.000  

33.000-
35.000  

35.000-
38.000  

22.000-
25.000  

2.600  109.000  895.000  85.00019  550.000  

Cost of the  
system  

€  5.000  
7.000-
8.000  

30.000  32.000  35.000  20.000  2.300  85.000  710.000  52.000  480.000  

Annual   
OPEX  

€  50-200  70-260  50-180  130-470  40-130  900-1.100  80  850  6.000  850  6.000  

Major   
re-invest  

€  -  -  -  -  -  -  -  24.000  135.500  10.000  54.200  

H
e

a t 

co
v

e
ra ge

  Apartment  %  45  45  60  60  60  45  100  40  40  40  40  

Commercial  %  30  30  -  -  -  30  100  30  30  30  30  
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In this study different scenario related with fuel cell system has been also hypothesized, 

knowing the impact that could have a higher deployment of systems on the capital cost of 

production it has been interesting perform a comparison analysis between an only one system 

versus a 5000 units line production. In fact, system costs are expected to drop significantly 

starting from stack production advances, with reduce set-up time ratios, direct labor costs and 

energy use; improving process capability in cleaning and sintering; adopting basic automation 

of manually-intensive processes (for standard SOFC); achieving higher equipment and material 

utilization; implementing simple lean organization of process steps and work flow optimization, 

all processes in which Cell3Ditor is directly involved; in Figure  the cost drop is shown more 

accurately. 

 

 
Figure 14. Cell3Ditor commercial fuel cell system cost evolution based on production capacity. 

 

Gathered all the data, this analysis starts with an economic benchmarking based on the 

calculation of the Total Annual Heating Cost, shown in the equations 𝐹𝑢𝑒𝑙 𝑛𝑒𝑡 𝑐𝑜𝑠𝑡 =

𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝐴      𝑤ℎ𝑒𝑟𝑒      𝐴=1−1(1+𝑟)𝑡𝑟        𝑟=6%    𝑡=15𝑦𝑟   () and 𝐴𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 

𝑐𝑜𝑠𝑡 +  𝐴𝑛𝑛𝑢𝑎𝑙 𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 + 𝐹𝑢𝑒𝑙 𝑛𝑒𝑡 𝑐𝑜𝑠𝑡 =  𝑇𝑜𝑡𝑎𝑙 𝐴𝑛𝑛𝑢𝑎𝑙 𝐻𝑒𝑎𝑡𝑖𝑛𝑔 𝐶𝑜𝑠𝑡 (), the results from all 

the technologies have been shown as a ratio of the value obtained with fuel cell system divided 

by the value of the respective competing technology. In order to give a better overview of the 

industry and potential impact of a mature production, have been also performed two parallel 

comparisons. The first one based on single and cumulative production of 5000 units of SOFC 

CHP per manufacturer based on conventional methodology, whereas the second one is the 

same ratio analysis but based on Cell3Ditor procedure. 

𝐹𝑢𝑒𝑙 𝑛𝑒𝑡 𝑐𝑜𝑠𝑡 =  𝐺𝑎𝑠 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒 − 𝐴𝑣𝑜𝑖𝑑𝑒𝑑 𝑝𝑜𝑤𝑒𝑟 𝑝𝑢𝑟𝑐ℎ𝑎𝑠𝑒 − 𝑃𝑜𝑤𝑒𝑟 𝑓𝑒𝑒𝑑 𝑖𝑛 𝑟𝑒𝑣𝑒𝑛𝑢𝑒 (2) 

𝐴𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 =
𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝑐𝑜𝑠𝑡

𝐴
      𝑤ℎ𝑒𝑟𝑒      𝐴 =

1−
1

(1+𝑟)𝑡

𝑟
        𝑟 = 6%    𝑡 = 15𝑦𝑟   (3) 
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𝐴𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 +  𝐴𝑛𝑛𝑢𝑎𝑙 𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 + 𝐹𝑢𝑒𝑙 𝑛𝑒𝑡 𝑐𝑜𝑠𝑡 =  𝑇𝑜𝑡𝑎𝑙 𝐴𝑛𝑛𝑢𝑎𝑙 𝐻𝑒𝑎𝑡𝑖𝑛𝑔 𝐶𝑜𝑠𝑡 (4) 

The results shown in Table 1 displays the ratio of the total annual heating costs of the 

generic fuel cells divided by the total annual heating costs of the respective competing 

technology. The cases where SOFC solution results in a more convenient option are highlighted 

by a light green shade; this expresses the general not economic competitiveness of SOFC respect 

conventional solutions. Switching to higher production rate (5000 units per company) the 

situation is different confirming the importance of the capital cost for the success of this 

technology and its consequent spread. The cost digression driven by the technology learning 

curve due to the economy of scale will be even higher than residential segment and it has been 

estimated around -85%1. Another interesting clue is given by the different cost gap between the 

two versions of the same building, in the case of a non-renovated construction (higher heat 

demand) the cost gap results lower. This has to be analyzed bearing in mind the different heat 

coverage of the types of system adopted compare to the heat demand and the power-to-heat 

ratio since is the indicator of the power flow. In some way the geographical position plays an 

important role for the estimation of attractiveness for the use of fuel cell, obviously high 

electricity prices benefit the fuel cell in general. An additional factor is the relation between 

feed-in revenue and power saving through auto-consumption (it means grid-price), if the 

difference is large auto-consumption becomes more attractive than feed-in. 

Table 1. Economic benchmarking of commercial segment in use cases based on standard SOFC CHP. 

 Gas boiler 
Gas boiler + 

solar thermal 
Heat pump 

Heat pump 
+ PV 

Heat pump 
(ground 
source) 

Internal 
comb. 
engine 

District 
heating 

Unit As is 5000 As is 5000 As is 5000 As is 5000 As is 5000 As is 5000 As is 5000 

DE1 3.0x 0.6x 2.5x 0.6x 1.2x 0.3x 1.1x 0.3x 1.2x 0.3x 1.7x 0.4x 3.2x 0.8x 

DE2 2.2x 0.7x 2.1x 0.7x 1.4x 0.5x 1.4x 0.5x 1.6x 0.6x 1.9x 0.8x 1.9x 0.7x 

UK1 2.6x 0.8x 2.5x 0.8x 2.7x 0.6x 2.5x 0.5x 2.9x 0.5x 2.8x 0.6x 3.8x 1.4x 

UK2 1.8x 0.9x 1.7x 0.9x 1.5x 1.0x 1.4x 0.9x 1.4x 1.0x 1.6x 0.9x 2.8x 1.2x 

IT1 2.7x 1.0x 2.3x 1.0x 1.5x 0.7x 1.4x 0.6x 1.4x 0.6x 1.6x 0.7x 3.7x 1.4x 

IT2 2.1x 0.9x 2.0x 0.9x 2.1x 0.6x 1.9x 0.5x 2.2x 0.6x 1.8x 0.7x 2.4x 1.3x 

PL1 4.1x 0.6x 3.8x 0.6x 2.3x 0.6x 2.2x 0.5x 2.2x 0.6x 2.4x 0.7x 4.9x 0.9x 

PL2 2.5x 0.7x 2.2x 0.7x 1.3x 0.6x 1.3x 0.6x 1.3x 0.6x 1.6x 0.7x 3.2x 1.2x 

HOS 1.6x 1.0x 1.4x 0.9x - - - - - - 1.6x 1.1x 1.7x 1.2x 

SHO 5.5x 2.2x 4.6x 1.8x - - - - - - 4.9x 2.1x 4.8x 2.1x 

OFF 3.7x 1.6x 3.4x 1.5x - - - - - - 3.1x 1.4x 4.3x 2.1x 

 

Performing the same analysis but using Cell3Ditor SOFC CHP system version the 

situation assumes a slight different form, in general the values are more favorable for a fuel cell 

                                                            
1 Scataglini, R., Wei, M., Mayaas, A., Chan, S.H., Lipman, T., Santarelli, M., “A Direct Manufacturing Cost 
Model for Solid-Oxide Fuel Cell Stacks” Wiley Library, 2017. 
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deployment in all the different countries. More specifically with a high rate production the 

comparison seems worthwhile for SOFC except for sporadic cases and district heating that 

represent the toughest rival technology. For single unit has been observed an approaching trend 

of Cell3Ditor values to competitors resulting in some profitable cases, especially where the heat 

demand is really high or comparable to heat pump solutions. In particular, in the case of the 

hospital the huge energy demand is directly related to a consistent number of systems installed 

and thanks to the modularity and cost advantage offered by Cell3Ditor the solution should 

results even more profitable, check Table 2.  

 

Table 2. Economic benchmarking of commercial segment in use cases based on Cell3ditor SOFC CHP. 

 

Gas boiler 
Gas boiler 

+ solar 
thermal 

Heat 
pump 

Heat 
pump 
+ PV 

Heat pump 
(ground 
source) 

Internal 
comb. 
engine 

District 
heating 

Unit As is 500
0 

As is 5000 As is 500
0 

As 
is 

500
0 

As is 5000 As 
is 

500
0 

As is 5000 

DE1 2.5x 0.3x 2.0x 0.2x 1.1x 0.3x 1.0x 0.2x 1.0x 0.2x 1.3x 0.3x 2.5x 0.6x 

DE2 1.7x 0.5x 1.6x 0.3x 0.9x 0.2x 0.9x 0.2x 0.9x 0.2x 1.4x 0.4x 1.1x 0.4x 

UK1 2.0x 0.5x 2.0x 0.4x 2.2x 0.4x 2.1x 0.3x 2.3x 0.3x 2.2x 0.2x 2.9x 0.8x 

UK2 1.3x 0.7x 1.2x 0.7x 1.0x 0.6x 1.0x 0.7x 1.0x 0.8x 1.0x 0.7x 2.0x 1.1x 

IT1 2.1x 0.9x 1.8x 0.8x 1.0x 0.6x 1.0x 0.5x 1.0x 0.4x 1.1x 0.5x 3.1x 1.3x 

IT2 1.7x 0.8x 1.5x 0.6x 1.5x 0.6x 1.5x 0.5x 1.8x 0.4x 1.6x 0.5x 1.8x 1.1x 

PL1 3.5x 0.4x 3.2x 0.5x 1.8x 0.4x 1.7x 0.4x 1.6x 0.5x 1.6x 0.5x 4.0x 0.7x 

PL2 1.8x 0.5x 1.7x 0.6x 0.9x 0.4x 0.9x 0.5x 0.9x 0.5 1.0x 0.4x 2.6x 1.0x 

HOS 1.0x 0.6x 0.8x 0.6x - - - - - - 1.0x 0.8x 1.1x 0.8x 

SHO 3.3x 1.2x 2.5x 1.2x - - - - - - 3.5x 1.4x 3.4x 1.4x 

OFF 2.0x 1.0x 2.0x 0.9x - - - - - - 2.1x 1.0x 3.1x 1.3x 

 

As seen before a general strong cost reduction seems necessary for fuel cell to get into 

a competitive position, considering that competitors, such as boiler, seems difficult to overtake 

economically and it requires less fuel. In order to get an idea of the extent cost gap between 

SOFC CHP and its direct competitors, in Figure  is possible to observe the cost reduction in terms 

of levelized cost of heating based on the FC systems production rate applied to the UK2 case. 

With an initial decrease of cost around 40% is possible to get competitive with heat pump 

technologies even though where district heating results feasible is still the unbeaten option. In 

the case of boiler its advantage is set around 50% cheaper on a per kWh basis, this gap 

improbably could be fulfilled only by technological development for this reason a favorable 

environment is an important external factor, in this specific case the spark spread development 

is the first parameter to be monitored and has been be analyzed later.  
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Figure 15. LCOH forecasting based on production rate¡Error! Marcador no definido.. 

 

The second and last part of this analysis is the environmental benchmarking, in other 

terms is a comparison based on respective emissions, in this specific case has been assessed 

greenhouse gases carbon dioxide (CO2). Under this aspect the benefits of Cell3Ditor are limited 

to the possibility of higher efficiency and a very accurate sizing of the system reducing the 

possibility to waste energy and release extra toxic gases, but beyond this feature the emissions 

of the system are on the same level of the one analyzed by Roland Berger Consulting for this 

reason is not necessary a specific rearrangement. The calculation methodology relies on three 

components, fuel consumption, emissions from grid electricity usage and emissions savings 

through electricity self-production, the fuel input is multiplied with the corresponding value for 

emissions (see Table 3) the same for electric grid when power is purchased or fed-in (negative 

value). 

 

Table 3. Emission factors express in g/kWhfuel 

Power mix emiss.* Technologies emissions 

DE UK IT PL Gas 
Gas 
ST 

HP 
HP 
PV 

HP G ICE DH SOFC 

610 532 441 1.050 202 202 grid* grid* grid* 202 200 202 

 

With the result obtained by this calculation and express in Table 4 in a ratio form is it 

possible to observe, through the color code, an overall better position for SOFC. Two interesting 

clues can be extrapolated, the first one is the superior impact on renovated building instead of 

the standard one, this is directly connected to a lower thermal demand and hence, a smaller 

thermal peak load which needs to be covered by an additional boiler. In second place, the 

commercial buildings behaviors are strictly connected to the national power mix since a 
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significant amount of power production is delivered back to the grid. The best example is 

represented by the German shopping center that shows an evident higher performance 

compared to the other two buildings remaining and located in Italy. This outcome is due to the 

cleaner status of the Italian power mix lowering the environmental benefits of adopting solid 

oxide fuel cell system. So given high emissions from the power mix, even the heat pump 

currently doesn't match the fuel cell's potential and shows several limitations in application 

field. Consequently, fuel cells could reduce greenhouse gases, pollutants and particulates 

resulting from commercial sector energy demand significantly. 

 

Table 4. CO2 emissions ratio for commercial segment. 

 
Gas 

boiler 

Gas boiler 
+ solar 

thermal 

Heat 
pump 

Heat 
pump + 

PV 

Heat 
pump 

(ground 
source) 

Internal 
comb. 
engine 

District 
heating 

A
p

a
rt

m
e
n

t 

DE1 81% 81% 89% 90% 99% 86% 84% 

DE2 86% 87% 98% 99% 115% 93% 89% 

UK1 87% 89% 109% 110% 128% 92% 91% 

UK2 91% 94% 120% 121% 146% 98% 96% 

IT1 94% 94% 122% 124% 139% 96% 97% 

IT2 96% 98% 137% 139% 161% 98% 100% 

PL1 67% 68% 58% 59% 66% 72% 69% 

PL2 72% 73% 59% 59% 70% 97% 74% 

C
o

m
m

 HOSP 86% 81% - - - 91% 89% 

SHOP 25% 23% - - - 30% 26% 

OFF 61% 60% - - - 69% 63% 

 

In the consideration of external factors that could drive the benchmarking analysis in 

favor of one or another technology, the energy prices represent probably the most important 

parameters to take into consideration. As already seen previously in the scenario planning, the 

spark spread value affects the fuel costs massively. For this reason, the scenario planning is a 

tool that can indicate in which direction the energy market is pushing the competitiveness level 

of a technology. In Figure it has been performed a sensitivity analysis on fuel cost gap for the 

three scenarios described, keeping in mind that a high electricity price coupled with a low gas 

price can reduce SOFC OPEX substantially.  
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Figure 16. Sensitivity analysis of fuel costs applied to scenario planning. 

 

Key insights:  

 Necessary reduction of capital cost by technological development and higher 

production rate 

 Higher potential in high heat demand building and long runtime hours 

 Overall superior performance in terms of emissions but threaten by the power mix 

decarbonisation trend 

 Favourable spark spread leads to lower fuel cost (OPEX) for a more competitive position 

 

B2B - Value chain  

The segment selected, in particular commercial buildings, is characterized by a tailor-

made design and variable specifics of the system since the wide heterogeneity of the market; 

and this is reflected on the value chain configuration, see Figure 17. The main concern for this 

industry is represented by the capital cost, for this reason the financing is the trigger for a 

successful commercialization of SOFC CHP. Outside from the standard financer, utilities could 

also serve as potential financers in the future since often are endowed with good access to 

financing. Direct sales, planning and consulting are all activities that could be covered by 

planners, engineers, consultants or system developers since they are already active players in 

the sector with an established customer base and knowledge. Material/components and stack 

suppliers are drawn with the solid line since are well-settled activities, but if under the technical 

aspect are recognized specialists and irreplaceable, is highly likely that these figures expand their 

activities to other spheres of the value chain to mitigate the risk of supplier exits and enhance 

market stability. Therefore, the role of Cell3Ditor shouldn't be restricted to stack development 
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and production but given its innovative nature is necessary for the spin-off to be involved in 

material supply (activity included in the project) and system design thanks to its customization 

feature. The last step of installation and service is the set of all actions which relate to the final 

users, in the scheme the figures that could cover this part are planner, engineer, consultant, 

system developer and utility, all bodies equipped with solid base customers. The specific 

installers’ category is still at very early stage, system developers in this case are advantaged by 

their more extended knowledge.  

 

 
Figure 1. Potential value chain structure for commercial segment. 

 

B2B - SWOT and TOWS analysis  

The strategy delineation process has to pass by a reanalysis of all the previous study 

performed, starting with the potential firm configuration, the environmental analysis and the 

industry analysis; the duty now is to gather all this information for a further step forward in the 

spin off creation. The aim of the SWOT analysis is to define the best match between the firm's 

resources and the environment surrounding it in order to obtain strategical advantages. The 

scheme, see Figure , is composed by four boxes that represent respectively: Strengths, 

Weaknesses, Opportunities and Threats. The main subdivision of these four items is based on 

the perspective dimension; in fact, opportunities and threats are filled by the most meaningful 

outcomes obtained in the environmental and industry analysis (external) while strengths and 

weaknesses are the result of the Cell3Ditor project description (internal). 
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Figure 19. SWOT analysis for Cell3Ditor project. 

 

Concluded the SWOT analysis which main objective was to gather all the information 

and classify them into the four categories previously exposed, now is possible to pass to a more 

strategical study. TOWS analysis is a method that tries to make these four categories interact 

among them in order to produce strategical structures. More specifically is possible to obtain 

four respective strategies depending on the prevalence of the analyzed group of factors (positive 

or negative) in the environment or within the company. TOWS analysis is not pointing to which 

specific strategy to adopt, but it does focus attention the areas where action is required, and 

given some indication of the nature of that action. The individual strategy meanings are shown 

below, while the analysis's outcomes regarding Cell3Ditor are shown in Figure 20: 

 SO strategy: Also called maxi-maxi strategy, represents those with the greatest 

potential for success since is the result of internal strengths with external opportunities. 

 WO strategy: In this case the definition is mini-maxi strategy due to the presence of 

vulnerabilities from internal weaknesses but with the intention to minimize them 

through external opportunities. 

 ST strategy: Or also defined maxi-mini, is the symmetrical case of the previous one, 

where the aim is to avoid threats from the environment thanks to the internal strengths. 

 WT strategy: This case described with mini-mini strategy, it highlights the organization’s 

vulnerability to threats based on its weaknesses and facilitates the development of 

strategies that minimize these and avoid threats. 
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Figure 20. TOWS analysis for Cell3Ditor project. 

 

B2B - Business model canvas 

Reached this point where the characteristics of the project and the respective spin-off 

with its route to commercialization have been delineated, it is important to frame all these 

outcomes in an adequate structure. For this type of activity, the business model canvas (BMC) 

is the most competent tool, through the definition of its nine blocks is possible to express the 

whole business idea and strategy of Cell3Ditor project.  

The first block to analyze is the Value Propositions, it describes the bundle of products 

and services that create value for a specific Customer Segment (the next block). More specifically 

is the set of goods or features that make the product more appealing to the market. In this case 

Cell3Ditor offers a series of features that differentiate the stack under almost all the possible 

categories.  

The second block is the Customer Segments, it represents the group of people or 

organization that the business aims to reach. This selection has been based on an extended 
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market research which the value propositions of Cell3Ditor multi-material printer led to a 

specific segment.  

Third block is Channels, this term gathers all the paths in order to reach the selected 

customer and deliver its value propositions. In this case the communication could be active 

(direct call or exhibitions) or passive (website, marketing etc.) depending on the spin-off 

position.  

Strictly connected to the previous block, the fourth block is Customer Relationships; 

within this box the types of relationships a company establishes with its specific customer 

segments are defined. This box is very important for Cell3Ditor since a customer base represents 

a necessary cash flow for a start-up. 

Fifth is Revenue Streams, simply is the summarize of all the different strategies to 

generate cash, in this case have been taken into consideration diverse forms of contract since 

more established competitors are adopting this structure adding secondary unique services 

thanks to Cell3Ditor features. 

The sixth box is Key Partners, in this section are highlighted all the other business or 

governmental entities that could support Cell3Ditor business model. For the creation of a spin-

off this links are necessary to ensure a working environment, a tricky example is the buyer-

supplier partnership because the actor is also included in the customer segment. In other terms 

is the set of actors that help the company to succeed in area where would be inefficient or 

providing service compulsory outsourced. 

In the seventh box, addressed to Key Resources, all the most important assets for the 

business are listed; these have the main function to generate the value propositions and create 

market opportunity. These assets can be physical, intellectual, human or financial. 

Eighth block is focused on Key Activities, is simply the set of action performed by the 

company to execute its value propositions.  

Last section is addressed to Cost Structure, it defines all the costs and expenses that 

Cell3Ditor company will incur while operating your business model. In a financial evaluation this 

point is important to be the last step since aims to help in the decision of pivoting or proceeding. 

For the business model canvas check Table 5. 
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Table 5. Stack manufacturer business model canvas 
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B2C commerce 

Hereinafter the focus has been set on the potential of SOFC solution for the final users. 

In this case, the activity has the aim to assess and develop potential business models that could 

help the fuel cell deployment in the commercial sector and, consequently, push the stack 

production. This formulation process has been supported by the different experts contacted and 

by the previous studies expressed in this document and from the analysis of the dynamics 

currently underway in the industry. In Figure 2 a first selection of the recommended BMs for 

fuel cell deployment has been performed (colored boxes). 

 

 
Figure 2. Most appealing business models for fuel cell B2C commerce. 

 

The results, except for the most standard BM of product sale only, point two 

fundamental types of business model: 

 Product Sale and Service (offered with or without loan finance for the customer) where 

the end user pays for the system up front. This is the predominant business model in 

use today for the sale of boilers in European residential heating markets. Financed is 

when customer owns the system outright but pays for the system using finance, making 

repayments over the course of a fixed period until the loan is paid off. 

 Energy Services business model, which enables the end user to avoid the upfront 

payment by paying for it over time through his energy bills. The owner of the system 

will normally be an energy services company (ESCo) which offers the power and/or heat 

from the fuel cell unit as a service, or using the unit as part of a contract to sell energy 

and heat to a consumer, see Figure 3. This type of model is already used widely in the 

non-residential market. 
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Figure 3. Representation of how an ESCo works. 

 

B2C - Customer acquisition pathway and BMs 

The study proceeds creating a potential pathway of customer development based on 

the different nature of the final users and obviously on the stage of the fuel cell industry, as it 

can be seen in Figure 23. Differently from residential sector the level of risk tolerance and 

economic requirements are higher; anyway these two aspects have been analyzed for each 

different target segment in order to define the most adequate business model.  

 

 
Figure 4. Customer acquisition pathway based on industry development. 

 

Starting with the beachhead 1 identified in the public sector, its respective BM selected is 'sale 

and service without finance' since the industry is still in a very early stage. The relation between 

the seller and the customer is based on a long term service and maintenance provisions, 

warranties and installation contract (ESCo model). The main reasons for this choice are: 



 

 

 
 

Cost-effective and flexible 3D printed SOFC stacks for 
commercial applications - Cell3Ditor (FCH2 JU-RIA-

Grant Agreement #700266) 

 

 40 

 Affordability: this business model is the simplest and likely the cheapest of the business 

models selected previously because no finance costs are required for the customer and 

in ESCo type models, the ESCo must take a margin, extracting some revenues from the 

value chain.  

 De-risked technology: the service contracts underpinning this model are crucial at this 

early stage when customers have little experience of the technology.  

Another important detail is related to the identity of the chosen customer segment 

(summarized in Table 6), talking about public bodies the environmental benefits offered by fuel 

cell solutions have to be highlighted since are exposed to the mass and should represent a 

leading force in the adoption of determined technologies.  

Under the economical aspect due to the immature status of the industry these solutions 

are characterized by high capital and operational cost, to tackle these barriers subsidies assume 

a very important role in the success of this step. In particular, these supporting schemes are 

classified in:  

 Capital subsidies: here, the CAPEX/installation is subsidized in a one-off payment (e.g. 

KfW 433 Germany case);  

 Lifetime subsidies: where the output of a unit is subsidized (e.g. on a per kWh basis via 

a Feed in Tariff, or an annual tax credit);  

Table 6. Customer profile summary for Beachhead 1. 

Business model Beachhead 
CUSTOMER SEGMENT 

 

 Public sector 

 High profile, flagship projects 

 Technology focused – looking to 
showcase and help develop 
environmental technology 

VALUE PROPOSITION 
 

New technology to be developed that has the 
potential to be rolled out across large portfolios of 

buildings within the next decade on a 
commercially viable basis. 

CUSTOMER NEEDS 
 

 An innovative, high-efficiency product 

 Demonstrability – the ability to showcase 
the ‘flagship’ technology 

 Availability of funds and or grants to 
support the product in the early higher 
cost phase 

 Low cost constraints 

CUSTOMER KEY ACTIVITIES 
 

 Actively seeking new environmentally 
friendly technologies 

 Working with / operating the final 
installation 

 Willing to work with technology which 
even when subsidized will offer payback 
in a period longer than five years 

 

In the middle stage of deployment two different customer segments have been 

hypothesized, the first one beachhead 2.1 focused on multiple building estates. This category 

has two distinctive characteristics that should help the deployment practice: a greater economic 

resources and wider volume of users. Recalling the previous economic benchmarking analysis 
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and in particular Figure , it has been estimated that fuel cell systems, reaching plausible volumes 

of production, would have been subjected to a consistent cost reduction making this solution 

very appealing compare to competitors. Anyway, before big sales volumes, estimated between 

500-600 units per manufacturer, seems difficult to make this technology commercially viable on 

an unsubsidized basis. This justifies the 'sale and service (financed/unfinanced)' choice for the 

most suitable BM. The customer segment selected is representing a big opportunity for this 

technology since one potential buyer is representing a big number of buildings (100 to 1000 of 

dwellings), this means that few customers could lead a consistent cost reduction thanks to the 

high volume of units required, see Table 7. The key to reaching this users category could be 

represented by three milestones: 

1. Product validation: initial demonstrations through representative projects in order to 

prove the concept of the technology and lower its perceived technical risks. 

2. Demand aggregation: First approach to potential customers of a significant size (scale 

of 100 units) in order to investigate and introduce first important cost reduction. 

3. Aggregated demand project: In the case of a confirmed demand the cost reduction has 

to be confirmed through a competitive tendering process handle by public bodies (like 

FCH-JU) for the final deployment of the systems.  

 

Table 7. Customer profile summary for Beachhead 2.1. 

Business model Beachhead 
CUSTOMER SEGMENT 

 

 Private and public sector entities with 
large portfolios of buildings (health, 
hotel, supermarket) 

 High profile, flagship projects 

 Large corporations with a CSR agenda  

 Technology focused – looking to 
showcase and help develop 
environmental technology 

VALUE PROPOSITION 
 

Supporting new, environmental technology rollout 
on a large scale, bringing technology rapidly down 

the cost curve 

CUSTOMER NEEDS 
 

 Easily replicated, financeable solutions 

 Reduction of levelized energy costs by 
increasing volume deployments 

 Low technology risks – here de-risked via 
service and warranty contracts 

CUSTOMER KEY ACTIVITIES 
 

 Facilitating roll-out of the technology 
across multiple sites 

 Working with / operating the final 
installation 

 Willing to work with technology which 
when subsidized will likely offer payback 
periods of over five years 

 

The second segment beachhead 2.2 (see Table 8) in the middle stage of the industry is 

represented by ‘local authorities/public buildings’ and has been assigned an ESCo business 

model on an estimated volume of sales around 5000-6000 units. If, on the one hand, the ESCo 
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model is a tool that allows to redistributes the high capital cost over long term payments for 

heat and power supply as a service, on the other hand the selected customers have to be in 

confidence with this procedure so the priority is oriented to the ones with prior experience. 

Apart from the two different aspects, the ESCo model intrinsically increase the overall cost 

compared to sale and service model, the cost of ownership and revenues of different BMs are 

compared in Figure 5. Hence, this model still has to rely on financial support and public schemes 

to ensure profitability. Additionally, it is fundamental that pre-commercial ESCo models are 

implemented and tested prior to mass market roll-out. In particular, it is important to establish 

clear contractual terms and risk allocation in order to generate trust among customers and settle 

networks of installers for the wider deployment of systems. This entire characteristic can be 

fulfilled targeting customers with experience and confidence with outsourcing and not mainly 

driven by economic motivations, for this reason public authorities represent the most appealing 

segment since their experience in energy efficiency and their environmental interests.  

 

 
Figure 5. Costs of ownership and revenues based on units produced by manufacturer and respective BM. 

 

Table 8. Customer profile summary for Beachhead 2.2. 

Business model Beachhead 
CUSTOMER SEGMENT 

 

 Public sector buildings and local 
authorities Willing to work with new 
technology 

 Access to public funds 

 Experienced and comfortable with 
outsourcing 

VALUE PROPOSITION 
 

Developing business models for emerging 
environmental technologies 
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CUSTOMER NEEDS 
 

 Low exposure to operational and 
technical risks 

 Little intervention in the technology 
required – here, the ESCo will be largely 
responsible for the fuel cell’s operation 

CUSTOMER KEY ACTIVITIES 
 

 Facilitating early testing and preparation 
of the ESCo model 

 Recurring payments to the ESCo 

 Allowing and arranging installation by 
the ESCo 

 

The pathway ends with beachhead 3.1 and 3.2 and the hypothetical achievement of 

mass market in two versions, debt based with sale and service BM and ESCo model for the 

remaining customers. In this case ESCo and financed sale and service represent an opportunity 

for the final user to overcome initial economic barrier, whereas the unfinanced is in any case 

supported by the bigger demand and costs drop. In fact, fixing the target over 10.000 units and 

observing Figure 5 the profitability of the BMs seems confirmed and economically competitive 

with standard technology (see B2B - Benchmarking analysis), opening the portfolio to complete 

unsubsidized options. The presence of three different options is justified by the objective to 

reach the full range of commercial sector customers (check Table 9), in particular for ESCo would 

be necessary a strong collaboration among countries and policymakers in order to facilitate the 

implementation on a large scale without bureaucratic restrictions. 

 

Table 9. Customer profile summary for Beachhead 3.1 and 3.2. 

Business model Beachhead 
CUSTOMER SEGMENT 

 

 Full range of private and public sector 
buildings  

 Those with access to capital to invest, 
and those who can either facilitate 
finance for the product, or are 
comfortable with an ESCo model 

VALUE PROPOSITION 
 

Reduced overall energy costs and improved 
reliability compared to conventional heating 

technologies 

CUSTOMER NEEDS 
 

 Reliable technology 

 Affordability of energy compared to 
other means 

CUSTOMER KEY ACTIVITIES 
 

 Procurement / funding of the fuel cell 
through the various channels 

 

2.2.5. Conclusions  

The study has been developed considering the general status of fuel cell industry and 

the growing role of solid oxide technology with a particular attention on stationary applications. 

The analysis has been structured on a top-down approach, starting from the widest perspective 

identifying external factors from the energy environment that could affect the industry, passing 

to a market research under different aspects with the scope to identify the most suitable option 

for Cell3Ditor project to break into the market. This first level of investigation delineated 
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commercial sector as the most appealing route since the affinity with Cell3Ditor unique features 

and its enormous potential currently untapped. With this outcome, the study proceeded in an 

economic and environmental evaluation of a hypothetical system based on the technology 

promoted by the project compared to a standard version and other more conservative solutions. 

This last activity has demonstrated in general terms the viability and benefits of SOFC systems, 

highlighting an outstanding future outlook in case of extended number of customers and 

consequent solid cost reductions. Through the confirmation of SOFC offer, the following step 

has been to define the position of Cell3Ditor spin-off within the actual value chain and its 

possible development based on customer needs and features of multi-material printing 

technique. In conclusion the study came up with a general strategy for the spin-off based on a 

stack manufacture through established tools as SWOT analysis and Business Model Canvas. All 

the outcomes make believe in the success of a disruptive technology such as SOFC if some 

conditions will be respected. The most important step would be the creation of a collaborative 

environment between private companies and public bodies in order to facilitate the global 

development of fuel cell industry, in particular the fragmented case of Europe. Attention to the 

final users has in any case been taken into account since are the leading force for an industry. 

Through the creation of specific BMs customer acquisition pathway, Cell3Ditor claims to reach 

a wide customer base to be a solution among conventional commercial technologies. 

 

2.3. Business model development of inks and slurries for 3D printing of 

Advanced Ceramics 

2.3.1. ANALYSING THE ENVIRONMENT 

The commercialization pathway has to be supported by a preliminary environmental analysis; 
for a SOFC industry overview is important to frame all the external factors that characterize the 
surroundings and are determinant for future trends concluding with an estimation different 
potential scenarios of operation for the business. 

 

PEST ANALYSIS 

A PEST analysis of the 3D printing market has been performed in this section and several inputs 
regarding 3D printing of ceramics are pointed out. This tool has the scope to reveal all the actual 
environmental influences on a business performance under the four main categories Political, 
Economic, Social and Technological. The diagram shown in Figure  13 summarizes all the 
concepts expressed in the respective categories. 

Political 

Regarding the policy aspects, there are several critical factors specifically related to intellectual 
property rights. 3D printing technologies allow easy replication of almost every single product 
based on digital representations which could be in the cloud, following the (challenging) 
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distribution model of digital goods like music, films, and books. In this situation, defending 
conventional intellectual property as we know it may become very difficult. Instead, novel forms 
of intellectual property such as Creative Commons licenses, sharing licenses, or the concept of 
open source applied to hardware could become promising alternatives. Also, questions of 
liability and ethical measures are frequently discussed, as illustrated by the drastic case of 3D-
printed firearms and public repositories which allow a public download of the corresponding 
print files. In this sense, Government may also issue regulations on the access of regulated 
substances that may lead to production of contraband, illegal weapons, counterfeit products, 
etc. Regulations on the production and distribution of 3D printers are also being considered 
which could include the development of a database of 3D printer owners in order to avoid 
misuse of 3D printers that may threaten the safety of the public. 

Economic 

COVID-19 outbreak has introduced great uncertainty in every sector. There is no clue on how 
and when the different economies are going to recover. Surely, more industrialized countries 
will suffer less while countries which economy strongly depending on tertiary sector will have a 
more complicate pace to the normality but everything is unknown yet. In any case, in this 
globalized world this crisis will affect many factors of the supply chain of most of the businesses. 
Bearing in mind this, the analysis below takes into consideration the situation previous to this 
crisis. 

Before COVID19 crisis, the economy in developed countries slowly was recovering from the 
economic crisis by introducing strict regulations and taxation in both, private and public sectors. 
In contrast, in developing countries the overall trend was mainly upward. The main research for 
initial inventions usually is done in developed countries, but in respect to the current economic 
situation, we cannot expect huge investments for researching purposes. However, until now 
several materials are researched and the first 3D printers for ceramic materials are being 
commercialized. 

The economic trend in developing countries is extremely positive for purchasing the product. In 
these areas the number of new SME’s is increasing, and people do not need to invest for buying 
separate machines for every task, hiring staff or building factories for their small manufacturers 
because 3D printer will replace everything. With the mass production the price will become 
affordable for individuals for personal use as additional equipment with the personal computers, 
similar to the role of 2D printers nowadays. 

• 3D printing being in every home means that traditional manufacturing will cease. 

• Manufacturing automation as a result of 3d printing will lead to loss of jobs 

• Goods will be produced more locally 

• Costs of manufacturing will decrease, companies will not outsource manufacturing to 
countries with cheaper labour. 

• Reverse the effects of globalization 

Social  
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3D printing changes the social markets propagation in terms of employment focus where 
individuals are able to run manufacturing and production in any part of the world as compared 
to the industrial manufacturing norm from centralized development, production and 
distribution which resulted into concentration of employment only in certain locations.  

The influence of the Internet or even the social networking site allows people to contact each 
other or even to share information such as the designs for a 3D printing model. The 3D printing 
model can be easily downloaded into any PC to be printed out in a 3D printer. The main issue to 
be considered is on the legal issue, whether the design is copyrighted or not which will be 
covered in the Legal factors. 

Another matter on the social influence is on the IT literacy in the society as not everyone is IT 
literate and can understand how to use the software for example the CAD software to draw the 
models. The designing software will evolve along with the 3D printing into a stage where 
everyone in the community is able to easily create their own customizable models for 3D 
printing in the future without any hassle. 

For 3D printing of ceramics socialization of the technology is not so simple due to the required 
sintering treatment for consolidating the printed objects. Due to nature of the materials 
employed heat treatments will be unfeasible to work with them at home. However, others will 
not present any problem. 

Technological 

The scope of this 3D technology is vast, having the potential of revolutionising the complete 
manufacturing industry through to high automatization and delocalization of fabrication 
processes. Up to know it does exist technological limitations: certain design and material 
considerations have to be taken into account. As well as machine size limitations, some supports 
are necessary on certain features, and post processing may be required to ensure the parts are 
viable. However, more design freedom is associated with 3D printing so that product engineers 
can design for purpose rather than design to manufacturing limitations. Currently low volume 
production is often economical via Additive Manufacture since hard tooling is not required. 

The long term ambition for this technology will be to remove the manufacturing stage 
altogether, and enable the customer to purchase designed goods from the Internet and print 
the final product and electrical components from a household 3D system. 3D scanning 
technologies could become available within the home resulting in a merging of the two 
technologies.  

Technological barriers that have to be overcome are related with the printing rate and the 
reduced number of available materials.  
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Figure  1 - PEST analysis diagram 

 

2.3.2. INDUSTRY ANALYSIS   

Few materials in the world of manufacturing offer as wide a range of applications opportunities 
as ceramics. When it comes to additive manufacturing, the wide range of ceramic applications 
and material types is further expanded by the even wider range of different additive 
manufacturing processes that have been - and are continuously - researched, validated and 
implemented in ceramic manufacturing. 

Additive manufacturing of ceramic materials has been studied for close to two decades and 
while it has shown great promise from the very beginning only very recently have the first real, 
practical and commercial applications of ceramics AM begun to emerge. However, in the case 
of high-tech ceramics, the industry of slurries or inks suitable for 3D printing is still scarce and 
truly challenging due to the special requirements that their products need, e.g. unique 
morphology, long dispersion stability, etc. Therefore, significant opportunity exists for the 
fabrication of 3D printing of functional ceramic inks/slurries to address different market needs. 
This market has enormous potential because it offers a valid manufacturing alternative to 
industrial segments – such as the dental, biomedical, aerospace and energy segments - that are 
already registering yearly business volumes in the order of several – and even serval hundreds 
– billions of dollars. 

 

 

 

Political

• Intellectual property rights

• Liability and ethical issues

• Safety concerns

Economic

• High uncertainity due to COVID-19 
outbreak

• Low investment expectations for 
developed countries

• High investment expected for 
developing countries

Social

• Shift in consumer behaviour and 
demand

• From consumers to prosumers (DIY or 
DIWO)

• Copyright issues

Technological

• Shift from globally spread to local 
production

• Limitations in size, design and 
materials 

• Low printing rate and low productions 

PEST
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MARKET RESEARCH 

The current Hype Cycle of the Research Institute Gartner in Figure 1 illustrates that 3D printing 
is already state of the art in some industries while 3D prototypes have already arrived at the last 
stage of the hype cycle and is on the edge of the plateau of productivity. Regarding the industrial 
application of 3D printing technique, there are still concerns that ballast its general adoption. 
However, in comparison with the 2015’s cycle there are much more market niches 

 

 

 

Figure 2. Gartner’s Hype Cycle for 3D printing on 2015 [1]. 

 

Market size and forecasted growth in the next 5 years 

Estimates of the growth and impact of 3D printing vary widely. Industry observers forecast that 
the 3D printing market will generate revenues of $20 billion by 2020 (Wohlers Associates 2014). 
The financial impact of the technology is estimated at between $230 and 550 billion per year by 
2025, with the largest impacts being on consumer ($100 to 300 billion), direct manufacturing 
($100 to 200 billion) and the creation of tools and molds ($30 to 50 billion) (McKinsey Global 
Institute, 2013). But some projections of market growth are considerably more cautious than 
others (see Table 1). 

Table 1. Market estimations for 3D printing industry. 
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Market 
Estimated potential 

size/growth rate 
Source 

Global 3D printing industry 

(assoc. technologies, 

products and services) 

$10.8 billion by 2021 Wohlers Associates, 2013 

Global 3D printing industry 

(assoc. technologies, 

products and services) 

$4 billion by 2025 
Research and Markets, 

2013 

3D printing materials market 

(including plastics, metals, 

ceramics and others) 

CAGR 19.9% until 2018 
RnR Market Research, 

2014 

3D printing materials market 

(including plastics, metals, 

ceramics and others) 

$1.52 billion by 2022, CAGR 

17.6% 
Market and Markets, 2016 

3D printing ceramics market 
$131.5 million by 2021, CAGR 

29.6% 
Market and Markets, 2016 

3D printing for medical 

application 

$965 million by2019, CAGR 

15,4% 

Transparency Market 

Research 

 

Whether forecasts of the future impact of 3D printing prove correct will depend on whether it 
can overcome some technical challenges. For one thing, the cost of industrial 3D printers is still 
high, ranging from USD 75,000 to 90,370; some industrial systems can cost over USD 1 million 
(McKinsey Global Institute, 2013; and Wohlers Associates, 2014). And while the price of personal 
3D printers has dropped significantly from over USD 30,000 a few years ago to USD 1,000 today, 
they are still unaffordable to many (McKinsey Global Institute, 2013). In addition, suitable raw 
material is considerably more expensive than many raw materials used in traditional 
manufacturing processes. One specialized consulting firm estimates that USD 528.8 million was 
spent on raw materials for 3D printers in 2013 (Wohlers Associates 2014). Furthermore, 3D 
printing remains a slow process, often requiring many hours or days of printing to finish an 
object. Lastly, the extent to which this market grows will depend on future ease of use, the 
adoption of the innovation beyond enthusiasts and hacker circles, and many other business 
factors. 

Market dynamics 

Many factors and players have contributed to the advance of 3D printing. Actors from the 
private and public sectors, advances in complementary products that feed into 3D printing 
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systems and growing demand from both industry and private consumers are some of the factors 
that have helped push this innovation forward. 

The 3D printing of materials and services market is driven by the growth of the 3D printing 
market and a vast array of upcoming applications. With the introduction of materials like 
graphene, new application sectors of 3D printed electronics and automotive have opened up. 
Judicial implementation of the technology offers opportunities to re-structure the entire supply 
chain for many industries. Recent technological advancements have brought down the cost of 
getting objects 3D printed while increasing the speed of the process. Considerable support is 
also being seen from some governments to promote R&D of the technology. The market is 
restrained by very high initial inventory investment and expensive materials to sustain growth.  

In general, the barriers and challenges for 3D printing to be adopted as a standard production 
technology can be divided into three main groups [2]: 

- High prices and investment: The operational costs of 3D printing are high, with the outlay for 
printing materials much higher than for traditional markets. The prices of materials are currently 
high because many systems providers sell machines that can operate only with the materials 
they provide. 

- Technological limitations: limitations of product size are a relevant issue mainly for companies 
that make large products, such as machinery and plant engineering or automotive and 
aerospace. In this sense, development of novel 3D printing methodologies like: big area additive 
manufacturing (BAAM) or mammoth stereolithography are keenly anticipated by industry. 
Multi-material printing is another big concern for users or adopters. Up to now, it is limited to 
materials within a single material “family”. Finally, product quality needs to meet both specific 
standards and customer expectations. Due to the layering process, natural anisotropies or 
directional dependencies could arise, meaning that the properties of the material are not evenly 
distributed. 

- Business challenges: In this moment, availability of 3D printing experts is limited since, as a 
new technology, it is not sufficiently covered in universities. In order to overcome this barrier in 
the short term, companies have started cooperating with specialized service providers. 
Additionally, the integration of 3D Printing systems into serial production is vital for getting an 
effective production. Lastly, issues related to IP rights and patent infringement must be clarify 
before widely adopting 3D printing, especially for after-sales and spare parts industries. 
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Figure 3. Most commonly cited barriers to adopting or extending 3D printing technology [2]. 

 

In particular, the analysis of the 3D printing of ceramic materials market dynamics provides the 
major drivers and restraints affecting it [3]: 

Drivers: 

- High demand for product modification and development 

- Growing demand for 3D printing in dental industry 

Restraints  

- Low product development in comparison to metals, and plastics with low application base 

- Higher material cost due to low consumption volumes 

- Low acceptance rate in developing economies 

There are other barriers which are important for some usages of the technology such as low 
speed, high cost of materials and machines, need of post processing, and or lack of quality. 

These drivers and barrier have been implemented together with others to configure the SWOT 
diagram (see Figure 3.) 
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Figure 4. SWOT analysis of 3D printing industry of ceramics. 

Regarding the last movements in the 3D printing markets, it is noteworthy to mention that 
global market leaders Stratasys and 3D Systems, both of which are in the midst of top 
management overhauls, again witnessed declines, shipping 32% and 66% fewer units than a year 
ago. 3D Systems has largely exited the Personal/Desktop segment with Stratasys now refocusing 
its efforts on the MakerBot side of its business to B2B and Education sales. The period witnessed 
the high-profile announcement of details regarding HP’s first 3D Printer shipments of its Jet 
Fusion 3D Printers later this year as well as the announcement from Ricoh of the early availability 
of its Industrial/Professional printer. 

 

SEGMENTATION – TARGETING 

The segmentation of the 3D printing market can be done by type, form, end-user, region, 
technology and application. In the figure below, the 3D printing materials market segmentation 
can be seen. 

 

Strengths Weaknesses 

• Accuracy 

• Complete automated process to reduce 

time 

• Personalized products 

• On demand tooling 

 

• Quality of end-use products 

• Post-processing to make finished 

products 

• Quality of software solutions 

• Less research on advanced materials 

• Less patents in advances manufacturing 

techniques 

Opportunities Threads 

• Free to use inventions  

• Asian and African market penetration 

• Commercial usage of technology at 

mass manufacturing level 

• Development of bio compatible 

materials 

• Increased competition due to increase 

in number of patent filing companies 

• Major giants in 3D printing has already 

started industry penetration 

• Time taken for printing 

• Majority of the patents are owned by 

major players 
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Figure 5. 3D printing materials market segmentation. 

 

Segmentation by material 

The market segment by type is led by plastic, but metal is expected to grow owing to its increase 
in the number of applications. Amongst plastics, the most widely used polymer is Acrylonitrile 
Butadiene Styrene (ABS), with estimated market revenue of USD 805.5 million in 2012 [11]. 
Producers are transitioning towards using metals; however, the associated printers are more 
expensive in comparison to those that work with thermoplastics and other polymers. Metals 
accounted for 26.6% of total 3D printing market revenues in 2012. Growing demand from the 
aerospace sector is also expected to substantially drive the use of metal for this market. As an 
example, General Electric is looking at this technology in order to produce 85,000 fuel nozzles 
for its leap jet engines. The traditional manufacturing channel results in considerable lead time, 
which negatively impacts profits. With the help of 3D printing, parts can be made in a highly 
efficient and cost-effective manner. In addition, the finished products are expected to be much 
stronger and lighter as compared to their conventional counterparts and this process also 
eliminates the need for special tools. In Figure 7, the market share value by material in 2015 and 
2025 is shown where it can be seen that plastic and metals are mostly used. 
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Figure 6. 3D printing materials market share in 2015 and forecast for 2025 [12]. 

Regarding ceramics, it is still consider as an emerging segment into the 3D printing market, and 
thus, is currently small. The total value of ceramic materials consumed in 3D printing was 
approximately USD 2.8 million in 2015 [13]. This market is expected to grow at a CAGR of 16.9%, 
reaching 7.2 million in 2021 [13]. Within this segment, alumina was the most widely used 
ceramic 3D printing material in 2015, accounting for nearly 54% of total consumption. Zirconia 
accounted for almost 36% of consumption. Other ceramics, including hydroxyapatite (7.1%) are 
used in a lower extent. Alumina and zirconia-based ceramic materials are expected to continue 
to dominate the market through 2021. 

 

Segmentation by form 

By form, the market is segmented into liquid, filament and powder. Application in the 
automotive sector is growing due to the introduction of 3D printed technology in manufacturing 
hybrid vehicles. Consumer goods like electronics and home appliances are high-potential 
sectors, as the cost of producing finished products decreases. 

 

Segmentation by geography 

Worldwide shipments of 3D printers reached more than 217,000 in 2015 [1], according to 
Gartner Inc’s. They forecast that 3D printer shipments will more than double every year between 
2015 and 2018, by which time worldwide shipments are forecast to reach more than 2.3 million. 
According to Wohlers’ 2014 report, this market, in terms of revenue, will likely reach $12.8 
billion by 2018 and cross the $21-billion mark by 2020. 

Currently, North America 3D printing market holds the largest share in the 3D printing ceramics 
industry, followed closely by Europe. Matured markets in these regions have facilitated the 
deployment of 3D printing systems effectively. This can be seen in the Fig. 7 where the size of 
the bubble means the current market share [14]. The improving economic conditions and 
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growing industrial trends are driving the Asia-Pacific 3D printing market, which is expected to 
be fastest-growing market over the forecast period of 2017-2022 [15]. 

 

 

Figure 7. 3D printing ceramics market by region [14]. 

Regarding the emerging economies, the 3D printing market would reach $4.5 billion by 2020 at 
a CAGR of 37.4% (2014-2020) [16].  

 

Segmentation by application 

In Figure 9, industries that apply 3D printing today and will intend to apply it in the future are 
shown. It is clearly visible that in all the segments, where it is currently being applied, a more 
extended implementation would be desired. Addressing the demand for product customization, 
continued improvement and lightweight products are some of the challenges that companies 
expect to solve with 3D printing adoption.  
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Figure 9. Current 3D printing market segmentation by application [2]. 

 

Regarding technical ceramics, these materials are extensively used in automotive, aviation, 
aerospace, electronics, sensor technology, energy management, environmental and medical 
engineering, fluid technology, the metalworking industry, plant construction and many other 
sectors. The figure below shows the trends in ceramic market for 2021 [14]. It is clearly seen the 
incipient state of 3D printing ceramics market and the great expectations in terms of growth in 
the upcoming years. Despite such big increment, the market size for 3D printing ceramic 
materials will continue to be small in the near future unless 3D printing starts to be implemented 
in technical ceramics and/or bioceramics market.  
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Figure 10. Top 10 high growth ceramics market snapshot [14]. 

 

In this regard, 3D printing of technical ceramics is already taking place. In turn, in this segment 
it is mainly used for: 

- medical devices: analyzing equipment, endoscopy equipment, instrumentation; 

- dental: crowns, copings and bridges; 

- jewelry: brooches, rings, necklaces, earrings, bracelets, watches; 

- industrial applications: fit and functional end-use mechanical products, tools, fixtures and 
jigs, molds, microreactors, technically demanding mechanical parts/pieces, etc… 

- biomedical: prosthesis, implants 

The most common technology for the fabrication of the products cited above is computer 
numerical control (CNC) which is a subtractive manufacturing technology in opposition to 3D 
printing that is an additive manufacturing technology. In turn, CNC machining typically begins 
with a solid block and uses sharp rotating tools or cutters to remove material to achieve a final 
shape. CNC is one of the most popular methods of traditional machining for both small one off 
jobbing and high volume production offering excellent repeatability, high accuracy and a range 
of tooling options for a number of machining applications, geometries and materials. 
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Another technology used for manufacturing pieces is injection molding. The advantage to 
injection molding is that you can manufacture a prototype (or final product) in the final material. 
It is also much more efficient in terms of time when you are creating more than several dozen 
copies.  

The following table compares the main manufacturing properties to be considered when making 
a part by CNC machining or 3d printing. 

 

Segmentation by market sector  

In Figure 11, a diagram showing the main end-users sectors benefitting from 3D printing 
development is revealed. It can be seen the great penetration of this technology in sectors, such 
as: automotive, medical and dental or consumer products. 

   

Figure 11. Global 3D printing market by end-use sector through 2021 [13]. 

 

This last sector, consumer products, was the largest end-use sector of 3D printing ceramic 
materials in 2015, accounting for more than 64% of the market (See Table 1). The medical and 
dental sector consumed approximately 18% and aerospace consumed around 4%. Consumer 
products such as tableware are expected to continue to dominate the market through 2021. 
However, taking into account the forecasted growth for world 3D printing healthcare market 
(expected to reach $2.3 Billion by 2020) [16], developing products for it will be one of the better 
employment opportunities from now on. In this sense, medical and surgical centers are major 
end users of the 3D printing technology, constituting around three-fourths share of the total 3d 
printing healthcare market [16]. Among the key factors behind this growth are: the ability for 
printing in multiple materials (even simultaneously) and the growing demand for biocompatible 
materials. The materials segment is expected to grow rapidly in North America and Europe, due 
to the established systems market. Polymers are the most preferred materials for 3D printing, 
as they account for about half of the market revenue in the materials market; whereas, the 
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ceramics segment is projected as the fastest growing segment with a CAGR of 32.1% during the 
forecast period. 

Table 2. Global 3D printing ceramic material market share by end use sector through 2021 [13]. 

Sector 2015 2016 2021 
CAGR (%) 
2016-2021 

Consumer 
products 

64.3 63.6 55.6 13.8 

Medical and dental 17.9 18.2 22.2 21.7 

Aerospace 3.6 6.1 4.2 8.4 

Other 14.2 12.1 18.0 26.6 

 

Segmentation by technology  

Technologically, there are at least 7 different techniques that have been used for printing 3D 
structures and more are being developed. However, up to now, only 3 of them can be used for 
printing ceramic materials. These are: Vat photopolymerization (or Stereolithography), binder 
jetting and direct energy deposition, as it is shown in Fig. 12. 

 

 

Figure 12. 3D printing sub-technologies [2]. 

 

2.3.3. COMPETITORS ANALYSIS 

In this diagram, five industry forces are examined in order to determine the intensity of 
competition in 3D printing industry and its profitability level. 
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Figure 13. Porter’s five forces diagram of technical ceramic inks/slurries for 3D printing industry. 

 

Buyers: The buyers of technical ceramics are high. One of the major product types is monolithic 
ceramics which dominated the sector of technical ceramics with a share of ca. 64% (2015). Main 
characteristics of such pieces are: reliability, durability and protection against high 
temperatures, increasing the lifespan of the finished components. Industries such as: 
automotive, aerospace, power generation, defense, transportation, electronics, machinery and 
medical are the major end users of monolithic ceramics. Among them, demand from the 
healthcare industry is driving the market of monolithic ceramics, as they are widely used in 
manufacturing medical devices and implants. In this sense, the inks and slurries manufacturers 
will have considerable power over buyers who are always looking for companies that have such 
product. 

Suppliers: There are a huge number of suppliers of technical ceramics, although high quality 
requirements for the finished products reduce the number.  

Substitutes: The total market opportunity for power generation is high. The technologies that 
compete with SOFC in this market are: micro-turbines, batteries, conventional engines, solar 
power and wind power. Nevertheless, SOFC market depend on the cost, durability and reliability 
of SOFCs compared with other technologies. In the graph below a comparison of the main 
substitutes and SOFC system is shown. 

 

Threat of new 
entrants 

Competitiv
e Rivalry 

Threat of 
substitution 

Buyer power Supplier 
power 

Threat of new entrants 

• There is low customer loyalty 
• Products can be nearly identical 
• Economies of scale can be easily 

achieved 

Threat of substitution 
• New technology 
• Not too many substitute 

products 

Competitive Rivalry 
• Industrial market concentrated 
• Customer market not 

concentrated 
• Presence of smaller start-ups 
 

Supplier power 
• High number of suppliers 
• Cost of switching raw 

materials is high  
 

Buyer power 
• Number of buyers is high 
• Diverse nature of buyers 
• Buying in large quantities  
• Buyers are price and quality 

sensitive 
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Table 3. Comparison of main manufacturing features of CNC machining, injection molding and 
3d printing. 

Property CNC Injection molding 3d printing 

Material 

Metals, soft- and 
hardwoods, 
thermoplastics, acrylic, 
modelling foams and 
machining wax. 

Requires cutting tools 
for each material. 

Moldable plastics, 
rubber and flexible 
materials. 

Polymeric plastics, metals, 
ceramics, wax, sand and 
composites. 

Speed 

Faster than 3D printing. 

Significant process 
planning and setup. 

Parts often require 
repositioning or 
relocation. 

For big volumes: the 
fastest. 

Time required for 
making mold and 
ensuring tolerance 
of the parts. 

Single step manufacture. 

Offers batch manufacturing 
for several process (most 
notably SLS and metal 
printing). 

Complexity 

Limitations: Undercuts, 
tool access, internal 
features and 
clearances. 

Requires 
understanding of the 
machining process. 

Limitations: 
overhangs, large 
walls with no drafts 
and variable wall 
thicknesses. 

Molds are difficult 
and many times 
impossible to 
modify  

Very little process planning.  

Correct orientation, size 
restrictions and physical 
build size are main 
limitations. 

Accuracy 

Defined by tool 
geometry.  

Features smaller than 
the tool size can be 
produced resulting in 
walls with a thickness 
smaller than the tool 
diameter. 

Superior surface quality 
than AM. 

Better repeatability. 

Micro-molding 
allows high 
precision and 
resolution (ca. 3 
microns) 

Worse surface 
finishing than CNC, 
better than 3D 
printing. 

Size governed by diameter 
delivery mechanism/energy 
transferring component. 

FDM printers: resol. 100-
200 microns  

Jetting printers: resol. ca. 
16 microns. 

Geometry 

Point to point 
machining process. 

Restrictions on the 
surfaces a CNC machine 

Allows deep 
features, square 
holes and living 
hinges. 

Requires 
extra support material 
when not connected 
features wants to be 
printed, increasing the cost 

https://www.3dhubs.com/knowledge-base/supports-3d-printing-technology-overview
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can reach without 
needing to manipulate 
a part.  

Basically, not size 
limitations. 

and time to complete a 
print. 

Programming 

Requires an expert 
operator to consider 
tool selection, spindle 
speed, approach 
position and angle and 
cutting path. 

Similar to 3D 
printing. 

Once a model has been 
uploaded most AM 
machines can produce a 
complete part without any 
human intervention. 

 

Barriers to entry: Currently, barriers are starting to be high because of the capital requirements 
and established brand names. There is still neither distribution infrastructure nor economies of 
scale in manufacturing due to the small volumes of fabrication. Additionally, current companies 
in the market already have: 

- patented IP and demonstrated progresses in SOFC technology 

- strategic alliances with corporations that have distribution and services infrastructure for 
power generation 

- strategic alliances with corporations that have distribution infrastructure for equipment 
supply which present potential barriers for new entrants. 

 

Competitors: Currently, there are several players in the SOFC industry (see SOFC manufacturers 
below) which are targeting different markets for their products. Basically, within SOFC market 
for stationary applications the companies are competing on four issues:  

- Technology: generating new IP  

- Alliances: with suppliers and distribution channels enablers 

- Costs: which includes: advances in materials technology: cell-stack assembly, and 
economies of scale 

- Manufacturing: concurrent product and process development would have a high impact 
in attaining economies of scale and cost reduction. 

 

The above assessment presents significant implications for business and manufacturing 
strategy. Porter’s five forces analysis indicates that SOFC industry is embryonic in nature, with 
several companies around the world implicated in the market/product development. Therefore, 
companies attempting to be leaders should keep the focus on technology development, 
strategic alliances and cost reduction. It can be concluded that gain strategic advantage through 
manufacturing infrastructure development could be a good approach as long as flexibility is 
maintained whilst SOFC market continues to emerge. 
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3D printing ecosystem 

In Figure 3, a general sector map is shown, including all the stakeholders involved in the 3D 
printing market and some companies involved in each activity. C. Barnatt has compiled a great 
directory in his webpage with most of the 3D printing players [4]. 

 

Figure 14. 3D Printing Sector Map (Source: Venture Scanner). 

 

3D printer manufacturers: This group can be split in two: industrial and personal 3D printer 
manufacturers. The former manufacture 3D printers for commercial applications that range 
from rapid prototyping to direct digital manufacturing (DDM) while the latter sell 3D printers 
(and 3D printer kits) with a smaller price tag, and which are intended for personal/desktop use. 

3D printing services: there are an important number of companies that offer 3D printing and 
related services. Some of the most successful sites are:  

- Shapeways: is definitely one of the leading services in the 3D printing world. 
Shapeways is basically a marketplace where users can design and upload their own files. 
They take care of the actual printing and shipping. Moreover, enables 3D designers to 
easily sell their work online while they take of payments, manufacturing, distribution 
and customer service. 

- Makexyz: offers a full menu of 3D printing services in all major formats: FDM, SLA, SLS 
and Polyjet. At Makexyz, you can print your 3D object with the best range of materials 
in the industry.  
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- Ponoko: Just like Shapeways, Ponoko can be seen as a 3D printing marketplace but 
instead of doing the manufacturing part itself, this company uses a network of 
manufacturers from all over the world. Customers can submit their designs and when 
they are ready to print, Ponoko will look for the closest manufacturer available. 
Manufacturers linked to Ponoko are using 3D printers, but also laser cutting techniques 
and CNC milling machines. 

- Sculpteo: Sculpteo is an internationally oriented 3D printing service from France. In 
Sculpteo service after a designer uploads a design, a customer can purchase a 3D print. 
Sculpteo will print it and ship it to your home. You can print a wide variety of products, 
such as interior decorations, jewelry, miniatures and art pieces. The company uses 3D 
printers that can work with several different materials, such as ceramic, brass and plastic 

- i.Materialise: 3D printing services of Belgian 3D printing company Materialise. On 
i.Materialise designers can upload 3D models, and customers can order them to be 
printed and shipped by i.Materialise. There are different categories for: inter alia, 
gadgets, games and jewelry. The company also offers a 3D print lab, where you can 
upload your own 3D model. In 3D print lab you can scale the model and choose a 
material and a color. 

- 3D Hubs: 3D Hubs is basically a network of thousands of 3D printers in hundreds of 
countries. The company offers the service and connects people from all around the 
world. The average order time is currently 2 days. 

In the webpage all3dprinter [5], the 33 best online 3D printing services for consumer and small 
business are listed according to their popularity as documented in their Alexa rank. 

3D scanners: in general, 3D scanning it is the process of capturing real world data and converting 
that data into a 3D model. It has been used for years in industrial and commercial applications 
ranging from surveying construction sites and taking accurate measurements of a room to 
preserving a digital snapshot of a crime scene and cataloging artwork and fossils. However, as 
3D printing became more common, especially for makers and enthusiasts, the desire to capture 
real objects and transform them into 3D printable objects has grown. 

3D printing networks and marketplaces: is an online platform where you can buy, sell or share 
digital 3D printable files. The most widely used 3D printable file formats are stl, wrl and vrml. 
There are 3D printing marketplaces that offer file sharing free of charge, there are also 3D 
printing marketplaces that have a built in e-commerce capability. Often, a 3D printing 
marketplace website offers the possibility for a 3D designer to have his or her own shop-in-shop 
where the designer can upload suitable files and sell them via the 3D marketplace website (or 
give them away for free). The 3D printing marketplace provides server resources, infrastructure 
and a guarantee of safe settlement for payments. Among all the marketplaces, Turbosquid 
strikes out as the biggest marketplace. GrabCAD is the preferred place when looking for free 
models. Other marketplaces are offered by: Shapeways, Sculpteo, 3DExport, Sketchfab, Cults3D, 
CGTrader, MyMiniFactory, Thingiverse, Pinshape or Yeggi. 
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3D printing communities, forum and discussion groups: Within these communities, online 
repositories of 3D objects can be found as well as further sources of information. Even Facebook, 
Google, LinkedIn and Quora have created 3D printing discussion groups, becoming very popular. 

3D printing CAD software: these companies produce digital objects for 3D printout, and/or to 
manipulate 3D object files. Some of the most commonly used softwares are: AutoCAD, Autodesk 
123D, SketchUp and Solidworks. 

3D printing materials: Within the 3D printing materials market there are raw material suppliers, 
manufacturers, suppliers and distributors. The key players in the world 3D printing materials 
market have adopted various business strategies, such as research and development, product 
launch, agreement, acquisition, collaboration, expansion, and partnership, to sustain the 
intense market competition. The global 3D printing materials market share is consolidated due 
to the presence of a few number of large scale manufacturing companies. It is worth mentioning 
that the key product manufacturers accounted for more than 50% of global share in 2015 [6]. 
Major activities carried out by the raw material suppliers and manufacturers include R&D 
activities in the industries such as development of new grades or applications, approval of 
products and certification. In the case of ceramics, raw materials required for 3D printing usually 
include base material of zirconium silicate, alumina and others. Some of the raw materials 
suppliers include Tethon 3D (U.S.A.), Lithoz GmbH (Austria) and others. Some of the prominent 
manufactures are 3D Systems, Inc., 3D Ceram, Arcam AB, ExOne, Royal DSM N.V, Stratasys, Ltd., 
Nano Dimension and HRL laboratories. The next step in the value chain is the distribution, 
marketing and sales. Most of the manufacturers have their own distribution or have third-party 
distributors for some regions. The stakeholders of the 3D printing materials market include 3D 
printing material providers who distribute their products to several end-user industries across 
the globe.  

 

Main players 

In the next section the main players of the 3D printing industry will be given. Moreover, the main 
actors within the ceramic materials 3D printing industry will be introduced as well. Most of them 
are vertically integrated, generating their own inks and slurries and keeping the knowledge 
secret. 

3D Systems Corporation: Market cap: $1.53 billion; current share price: $19.93 

The company provides 3D products and services, including 3D printers, print materials, part 
services and digital design tools. The company covers several industries with its products: 
manufacturing, design and engineering, and healthcare. On 2012, the company announced it 
had expanded leadership in End-to-End Healthcare Solutions with the addition of its line of 
medical simulators. With total sales of $653.7 million for the financial year 2014, the Zacks Rank 
#3 (Hold) stock’s portfolio boasts industry-leading 3D printing technologies like 
Stereolithography, Selective Laser Sintering and ColorJet Printing, among others. Currently, the 
company is exploring areas like manufacturing, metals, medical and mainstreet to boost its 
competitive position.  
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Stratasys Ltd: Market cap: $1.24 billion; current share price: $26.26 

Stratasys operates primarily in the healthcare, aerospace, automotive and education markets. 
The company holds over 600 granted or pending additive manufacturing patents globally. Some 
of its key patents are the FDM®, PolyJet™ and WDM™ 3D printing technologies, which create 
prototypes and manufactured goods directly from 3D CAD files and other 3D content. The 
company’s subsidiaries include MakerBot and Solidscape. With total sales of $750.1 million in 
fiscal year 2014, the company is currently the top player in the 3D printing market. The 
company’s proprietary technology platforms, huge installed base and direct manufacturing 
business add to its competitive strength. Further, the acquisitions of MakerBot Industries and 
SolidScape will boost this Zacks Rank #2 (Buy) stock’s market share in 2015 and beyond. 

Materialise NV: Market cap: $546.33 million; current share price: $12.43 

For over 25, years, Materialise has been providing software solutions and 3D printing services 
to the industry. Materialise is a Belgium-based company that prides itself in focusing on software 
and services in the 3D printing industry with a portfolio of over 95 patents and 165 more 
pending. With total sales of $81.4 million in 2014, Europe’s leading 3D printing company has 
established itself as a major player in medical software and sophisticated 3D printing services 
markets. With software development, 3D printing and engineering as its core competencies, this 
Zacks Rank #3 stock’s prospects shine bright. In March 2017, the company announced FDA 
clearance for its 3D-printed patient-specific radius and ulna osteotomy guides for children which 
means Materialise will be able to create patient-specific guides at a reasonable cost. In May 
2017, the company announced it would begin production with HP Jet Fusion 3D 4200. 

Exone GmbH: Market cap: $200.98 million; current share price: $13.25 

Founded in 2005, ExOne’s business mainly entails of making and selling 3D printing machines 
and products that are unique to its customers by using installed-base of 3D printing machines. 
ExOne uses proprietary Binder Jetting technology developed at MIT to print complex parts 
utilizing industrial-grade materials. This unique heatless technology uses a liquid binding agent 
to join powder particule, bonding layers of material to form an object. Some materials that have 
been used include metals, sands, and ceramics. 

With total sales of $43.9 million in 2014, the company has a solid reputation for catering to 
various prototypes and production needs of industrial clients, ranging from automobile industry 
to energy. Aiming to grab a greater market share, the company has a number of goals for 2015, 
which include expansion of current facilities, development of new machines and certain 
strategic collaborations. 

Hewlett-Packard (HP): Market cap: $27.73 billion; current share price: $16.85 

Although not strictly a 3D printing company, the company is making inroads into the 3D printing 
market with its Multi Jet Fusion technology. HP’s focus is on leveraging 3D printing technology 
for mainstream manufacturing. In March 2017, the company unveiled the world’s first state-of-
the-art laboratory in Oregon, as well as a Material Development Kit in collaboration with 
SIGMADESIGN. The HP 3D Open Materials and Applications Lab is set to “help companies 
develop, test and deliver the next generation of materials and applications for 3D printing.” 
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Tethon 3D: founded in Omaha (Nebraska) is a leading manufacturer of ceramic powders, 
binders, and other 3D printing services and supplies, has just filed a US utility patent application 
for a 3D printer design that incorporates compression into a powder/binder-jet 3D printer, 
significantly improving the strength of 3D printed ceramics and potentially other powder 
materials. The company is a corporate member of the American Ceramic Society and the 
National Council on Education for the Ceramic Arts. Tethon 3D manufactures ceramic powders 
and photo-curable ceramic polymers for 3D printing.  Tethonite® and Porcelite® are registered 
trademarks of Tethon 3D.  Materials and 3D printing processes are covered by US Patents and 
other intellectual property. 

3D Ceram: Created in 2001, 3DCERAM is a company based in Limoges. The company has been 
producing ceramic parts by additive manufacturing since 2005 thanks to a 3D printer that it has 
developed for its own needs: the CERAMAKER printer. In 2015, 3DCERAM has decided to market 
3D printing lines based on the CERAMAKER printer and associated services. Based on this unique 
technology, 3DCERAM, together with its team of experienced technical ceramic experts, has 
developed a complete range of products to support its customers on technologically challenging 
projects: help to choose the type of ceramics, support to draw up specifications, R&D, 
development of a 3D part up to its industrialization, on-demand production or series-
production, sale of CERAMAKER printers and associated consumables. 

3DCERAM specializes in three areas: 

- Industry (Aerospace, Defense, Aeronautics, Automotive), 

- The biomedical (eye implants, cranial …), 

- Luxury (jewelry, watchmaking). 

Lithoz GmbH: Lithoz specializes in the development and production of materials and additive 
manufacturing systems for 3D printing high-performance ceramics. The interdisciplinary 
collaboration of specialists in the fields of mechanical engineering, process engineering and 
chemistry has led to the development of a manufacturing system, which allows the production 
of ceramics suited for industrial and medical use. This Austrian-based system is specifically 
intended for the production of highly precise and complex applications. The produced 
components meet the high demands of density, stability and precision that the ceramics 
industry and ceramic research requires. The company offers its customers professional 
consultations as well as customer-specific solutions along the entire value chain. 

Other names to have in mind are included as Members of the Ceramics Industry Association 
(VKI) who are demonstrating applications for industrial high-performance ceramics that would 
have been unthinkable just a few years ago. Now products range from wear resistant cutting 
ceramics to substrate plates for the electronics industry, porous structures for membrane and 
filter technology, and high-strength valves for plant engineering. Companies like Bach Resistor 
Ceramics, CERA SYSTEM, CeramTec, Döbrich & Heckel, LAPP Insulators Alumina, Morgan 
Advanced Materials, Porzellanfabrik Hermsdorf, Rauschert, Schunk Ingenieurkeramik, Sembach 
and Starck Ceramics, could be truly interested in 3D printing their products if not trying already 
to do it.  
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2.3.4. PATENT LANDSCAPE AND FREEDOM TO OPERATE 

A study, carried out by PUR patents, of the patent literature shows that a very wide range of 
materials are being developed to be used in 3D printing, ranging from thermoplastics and metals 
to concrete, chocolate and even living cells.  

Currently patent applications related to additive manufacturing are classified in the B33 class 
(as shown in the table below). The ‘group’ B33Y70/00 is about materials which are especially 
adapted for AM.  

International Patent Classification (IPC) and Cooperative Patent Classification (CPC) for additive 
manufacturing 

IPC and CPC calssifaction for 3D printing materials 

Section B Performing operations; transporting 

Class B33 Additive manufacturing technology 

Subclass B33Y 
Additive manufacturing, i.e. manufacturing of three-
dimensional [3D] objects by additive deposition, 
additive agglomeration or additive layering 

Group B33Y70 Materials specially adapted for additive manufacturing 

 

 

Within the first hundred patents filed on 2016, there is a 10% of them that are related to 3d 
printing of ceramic materials. These patents are listed in the table below. 
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Patents filed on 2016 associated with 3D printing of ceramics. 

 

Ref  Number  Document Title  

1 CN105565820 3D printing ceramic material clay base adhesive and application thereof  

2 CN105965665 A soft ceramic 3D printing material  

3 CN105562677 
High-strength ceramic material combination for printer and preparing 
method for high- strength ceramic 

4 CN105112711 Manufacturing method for spherical alloy material for 3D printing 

5 CN105562676 
Reinforced metal composite material used for 3D printing and 
preparation method for reinforced metal composite material 

6 WO/2015/200280 
Systems and methods for additive manufacturing using ceramic 
materials 

7 WO/2015/012911 
Additive manufacturing of ceramic turbine components by transient 
liquid phase bonding using metal or ceramic binders  

8 US20150037385 
Ceramic-containing bioactive inks and printing methods for tissue 
engineering applications 

9 CN105130482 A Metal toughened ceramic-based composite material for 3D printing 

 

2.3.5. MODEL THE BUSINESS 

The draft up of a business plan has the main objective to drive a project or a preliminary product 
idea to the definition of an efficient commercialization strategy. Bearing in mind the state of the 
industry and the nature of the materials delivered the business model proposed is based on the 
creation of a spin-off that will act as ink/slurry supplier. From this concept the strategy 
elaboration has worked on only one layers: 

• B2B commerce: spin-off business strategy selling to 3D printers manufacturers and/or users 

 

Lean model canvas 

Reached this point where the characteristics of the project and the respective spin-off with its 
route to commercialization have been delineated, it is important to frame all these outcomes in 
an adequate structure. At this stage of the development, a Lean Model Canvas is the most 
competent tool, through the definition of its nine blocks is possible to express the whole 
business idea and strategy. 

 

For the business model canvas check Table 15. 
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Table 10 – Inks&Slurries supplier lean model canvas.
Lean Canvas Inks and slurries of advanced ceramics for 3D 

printing 

25-Jul-2018

Iteration #1

Cost Structure

• Customer Acquisition costs: Powder, solvents, mixers, 

facilities

• Distribution

• Facilities
• Personnel

• R&D

Revenue Streams

• Revenue Model: B2B (selling to 3D printer manufacturers), 

B2C (selling customized pastes/inks), services: customized 

inks, licensing patents 

• Life Time Value
• Revenue

• Gross Margin

Problems

• Low availability of 
materials for 3D 

printing

• Low product 

development in 
comparison to 

metals and plastics

• Slurries 

manufacturing is 
made by 3D printer 

manufacturers

Solution

• Mass manufacturing
• Customization: New 

materials and 
adaptation to 

different 3D printing 

technologies

Key Metrics
Key activities you 

measure

• IP protection

• Chemist and 
engineering 

expertise

• Exclusive supply

contracts signed

Unique Value 
Proposition

We fabricate 
customized (material 

and adequate to your 

technology) ceramic 
3D printing inks/slurries 

at lower price

Unfair Advantage

• Patents 
• Know-how

• Interdisciplinary 
team

Channels
Path to customers:

• Fairs

• Conferences
• Ceramic societies

• Phone calls/cold 

door

• Demonstrations

Customer 
Segments

• 3D printers 
manufacturers

• Advanced ceramics 
consumers: 

1) Biomedical 
industries

2) Dental

3) Medical devices
4) Aeronautics 

PRODUCT MARKET
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2.3.6. CONCLUSIONS  

The study has shown the general status of 3D printing industry and the growing expectations of 
ceramic materials, although they are still occupying a secondary role. The analysis has been 
structured on a top-down approach, starting from the widest perspective identifying external 
factors from the energy environment that could affect the industry, passing to a market research 
under different aspects. An important factor to take into account has been the COVID-19 outbreak 
which will have a strong impact in every industry in terms of economic incentives. However, this 
crisis has uncovered the benefits that 3D printing technologies could bring due to delocalization of 
the supplies. Moreover, the most relevant market trends have been identified as well as the markets 
dynamics, showing the remarkable importance of introducing more material possibilities to enlarge 
the markets. Furthermore, the industry analysis has shown a huge competitiveness with very 
important players framing every aspect of the market. In terms of business model, the most 
appealing option due to the state of the technology has been identified as B2B supplying customized 
inks and slurries to 3D printers manufacturers, which could be seen as an externalization of their 
current production, or to 3D printer holders, providing more options in terms of materials and price.  
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2.4. Patent applications 

The IP protection for 3DCeram has been extended to different countries all around the 

world. Also, IREC patented specific device designs enabled by the 3D printing technology developed 

in the project. Information regarding these patents is given in the following table. 

Patent applications related with the development of a multimaterial 3D printer 

Title 
Code 

Country 
Application 

number 

Priority 

date 
Inventors Status 

METHOD AND DEVICE FOR 

MANUFACTURING OF 

CERAMIC OR METALLIC 

PIECES BY ADDITIVE 

MANUFACTURING 

Sacrificial 

FR 

CN 

EP 

JP 

KR 

RU 

UA 

US 

1770870 

2018109354777 

18178869.6 

2018-152985 

10-2018-

0095598 

2018129992 

A201808706 

15/999,028 

18/08/2017 

16/08/2018 

20/06/2018 

15/08/2018 

16/08/2018 

17/08/2018 

14/08/2018 

20/08/2018 

C. CHAPUT 

R.GAIGNON 

Active 

Pending 

for grant 

METHOD AND DEVICE FOR 

MANUFACTURING AT LEAST 

ONE PIECE OF AT LEAST 

CERAMIC AND/OR METALLIC 

MATERIAL BY ADDITIVE 

MANUFACTURING  

Multi-

materials 

FR 

CN 

EP 

JP 

KR 

RU 

UA 

US 

1770869 

2018109423048 

18178892.8 

2018-152986 

10-2018-

0095849 

2018129995 

A201808707 

15/999,032 

18/08/2017 

17/08/2018 

20/06/2018 

15/08/2018 

17/08/2018 

17/08/2018 

14/08/2018 

20/08/2018 

C. CHAPUT 

R.GAIGNON 

Active 

Pending 

for grant 

METHOD FOR 

MANUFACTURING PIECES BY 

THE TECHNIQUE OF 

ADDITIVE MANUFACTURING 

BY PASTY PROCESS WITH AN 

IMPROVED SUPPLY OF PASTE 

AND MANUFACTURING 

MACHINE FOR 

IMPLEMENTING THE 

METHOD 

Continuous 

slurry 

dispenser 

 

CN 

EP 

JP 

KR 

RU 

UA 

US 

2018101727153 

18152848.0 

2018-035488 

10-2018-

0024440 

2018107434 

A201801864 

15/897,880 

01/03/2018 

22/01/2018 

28/02/2018 

28/02/2018 

28/02/2018 

23/02/2018 

15/02/2018 

C. CHAPUT 

R.GAIGNON 

Active 

Pending 

for grant 

ELECTROCHEMICAL 

CELL DEVICE FOR USE IN A 

SOFC AND/OR A SOEC AND 

METHODS FOR OPERATING A 

SOFC OR A 

SOEC BY USING THEREOF 

Device 

concept 
EP 19382509 18/06/2019 

A.TARANCÓN 

M. TORRELL 
Active 
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In terms of future expectations, there are KERs which are closer to generate a marketable 

result and others which are not mature enough yet. In this sense, a patent application for protecting 

the fabrication process as well as the SOFC devices manufactured by the novel 3D printing 

technology developed within the project is being carried out at IREC. On the other hand, inkjet 

printing of SOFC components are still in development phase. 

2. Comparative Life Cycle Assessment 

Next, a comparative Life Cycle Assessment of the manufacturing method for a 5kW Solid Oxide Fuel 

Cell stack, 3D printing versus conventional, is presented.  

2.1. Introduction 

The conventional method for the manufacture of a Solid Oxide Fuel Cell (SOFC) stack 

involves a 100-step process with an additional manual assembly step.  The 100-step process 

is thermal energy intensive and the manual assembly is very time consuming involving 

additional materials for sealing and additional sintering.  

The Cell3Ditor project combines 3D printing and robocasting, using a Ceramaker® 3D printer 

with a robotic arm equipped to dispense up to four materials.  3D printing, within the 

Cell3Ditor project, aims to reduce the 100-step conventional method to a two-step process 

(printing and sintering) and does not require the additional manual assembly step. In turn, 

the Cell3Ditor project aims to reduce the cost, waste production, energy consumption, and 

greenhouse gases emitted throughout the manufacturing process of the SOFC stack.    

A Life Cycle Assessment (LCA) has been conducted with the goal to compare the 

environmental impact of the two manufacturing above methods. The analysis was 

conducted using the LCA methodology, which is based on the International Organization for 

Standardization guidelines for LCA as documented in ISO 14040/14044:2006. These 

standards recommend to assess the impact through cradle-to-grave considering the 

production, manufacturing, associated transports, use phase and End-of-Life (EoL) stages. 

This study reports results for cradle-to-gate LCA comparison and gives an overview section 

on the EoL scenarios for SOFC stacks. The environmental impacts are reported in terms of 

energy consumption, greenhouse gas emissions, natural resource consumption, 

acidification, eutrophication and toxicity were assessed to get a picture of the overall 
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environmental impact of both methods. The LCA method chosen for the assessment was 

process attributional.  

The LCA model of the conventional method was carried out using  literature data for two 

different SOFC stacks: an electrolyte-supported type [1] and an anode-supported type[2].  

To date, the majority of environmental LCA studies done on SOFC stacks have used data 

published by Karakoussis et al [2][1] , which comes from a variety of primary data sources 

(Karakoussis et al, 2001).  Baratto et al [3] and Lee et al [2]) have also used this data.  Lee et 

al adapted the data to the most updated technology, which is the anode-supported type. 

The Cell3editor SOFC stack LCA was performed to be compared to the anode-supported and 

electrolyte-supported SOFC stacks. The comparison study includes the adjustment of 

energy consumption during sintering in the conventional method. This is because a 

variation of energy consumption energy has been found. It has been reported that the 

energy for sintering in the Karakoussis study has been largely underestimated [4].  

Therefore, the additional energy data for sintering as quantified by Staffell et al[4] was 

added to the two conventional SOFC stacks and also compared to the Cell3Ditor SOFC stack.   

The data for the 3D printing method was obtained from questionnaires completed by 

material suppliers and project partners (3DCeram) and from energy measurements taken 

from the 3D Printer.  

2.2. Methodology 

LCA is the methodology used in this study to calculate the environmental impact of the    

manufacturing either conventional and SOFC stack 3D printer and robocasting. LCA is a 

holistic tool that considers the life cycle of a product or system from raw material extraction 

through to final EoL disposal.  This methodology follows guidelines presented in the 

international standards, ISO 14040:2006[5] and ISO 14044:2006 [6]. All of these guidelines 

use the four iterative steps of an LCA as shown in Figure 6.  
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Figure 6 Phases of a LCA study (ISO 14044:2006)[6] 

This LCA above phases are applied to this study in the following sections in order to describe 

the holistic steps to calculate the environmental impact of both SOFC manufacturing 

methods for their comparisons with 3D printing Cell3ditor SOFC stack.  

2.3. Goal and Functional unit Definition 

2.3.1. Goal 

The goal of the study is to compare the life cycle environmental impact of a conventional 

method for the manufacture of a SOFC and 3D printing, within the Cell3Ditor project.  

According the work document of the project, the conventional method for the manufacture 

of a SOFC stack involves a 100-step process with an additional manual assembly step.  The 

100-step process is thermal energy intensive and the manual assembly is very time 

consuming involving additional materials for sealing and additional sintering. 3D printing, 

within the Cell3Ditor project, aims to reduce the 100-step conventional method to a two-

step process (printing and sintering) and does not require the additional manual assembly 

step.  The overall goal is to investigate the energy efficiency both methods from an 

environmental perspective. 

2.3.2. Functional unit  
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Unit functional: the functional unit is established in a SOFC stack of 5kW for both 

conventional and 3D printing and robocasting methods. The unit functional is used to report 

the Life Cycle Inventory (LCI) and results with the same reference. 

2.4. Conclusions of the study and Recommendations 

While the final results and discussions are not presented in this deliverable (included in D8.3 

and in an ongoing publication), we make here some concluding remarks relevant to the 

Cell3Ditor project. First, the comparison between the SOFC stack developed with 3D 

printing technology and with conventional methods are analized from LCA cradle-to-gate 

perspective. Then, SOFC stack End-of-Life is discussed based on recently literature to rise 

hypothetical scenarios to help conduct the entire LCA Cradle-to-Grave for the Cell3Ditor 

SOFC stack. Main conclusions and recommendations are listed as follow.  

LCA Cradle-to-Gate comparison  

Results of the conducted LCA have revealed that the 3D printing process reduces its global 

environmental impact in all impact categories respect to the conventional method, form 

90- 95% in the categories GWP, ADP element and fossi, EP and HTP. Otherwise, AP and ATP 

is reduced around 60%. This is attributed mainly to the environmental performance of the 

material production for the Cell3Ditor SOFC stack that is better compared to the 

conventional method. It is mostly due to the use of a ceramic material for the interconnect 

as opposed to Chromium alloy.  

On the other hand, the printing process itself is seen to be more environmentally damaging. 

However, updating the sintering energy for the conventional methods to that 

recommended by Staffell et al (2012) results in the Cell3Ditor production becoming much 

less harmful to the environment than the conventional method. This reflects the 

importance of using a correct energy consumption for sintering is stressed, as well as 

looking for further ways to decrease the environmental impact of 3D printing.  In particular, 

the design of the SOFC stack should consider the time for printing, as this consumes the 

most energy and contributes significantly to the overall environmental impact. 

LCA Cradle-to-Grave for Cell3Ditor SOFC stack 
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Material production is the life cycle stage with higher environmental burden in almost 

impact categories studied ranging 50% to 98% for the categories ADP element, AP, EP and 

ATP. This is attributed mainly to the anode and cathode components due to the presence 

of Nickel (anode) and lanthanum (cathode). In contrast, the EoL stage has the lowest 

environmental impact compared to the other stages (less than 1%). This value should not 

make this stage less important respect to the other stages of the life cycle, since the waste 

management is one of the strategic sectors for the European Community and for local 

governments, and the results could be interesting for policy decision-making and a value 

added for this project.  

The EoL model included in the LCA Cradle-to-Grave of Cell3ditor SOFC stack correspond to 

one of the four hypothetical EoL scenarios (scenario 4) analysed in this study, considering 

the potential recyclability of Nickel and YSZ and the role of actors in the value chain of SOFC 

production, such as end users and the waste managers. This scenario 4 showed best 

performance compared the others ones, which are based on landfill 100% (scenario 1), 

incineration 100% and a proportion 50%-50% landfill and incineration. However, the 

recyclability of the interconnect needs to be determined, as well as improving of existent 

treatments or creation of new ones to help the recyclability of Nickel and lanthanum. 

As a general conclusion, 3D printing is seen as a promising technology for the production of 

the SOFC stack when aiming at saving materials. It is further expected that both time and 

energy consumption for 3D printing will decrease once this production technology becomes 

a reality at industrial scale.  

Nomenclature 

ADP element  Abiotic Depletion Elements  

ADP fossil Abiotic Depletion Fossil  

AP Acidification Potential  

ATP Aquatic Toxicity Potential  

EoL End-of-Life  

EP Eutrophication Potential  

 GWP Global Warming Potential 

HTP Human Toxicity Potential  

LSM La-based perovskite oxide 

LCA Life Cycle Assessment  
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LCI Life Cycle Inventory  

LCIA Life Cycle Impact Assessment  

LTMO Manganese-doped lanthanum calcium titanate  

PED Primary Energy Demand  

SOFC Solid Oxide Fuel Cell  

YSZ Yttria Stabilized Zirconia, ZrO2Y2O3  
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3. ANNEX I  

Cell3Ditor brochure  
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4. ANNEX II 

Interviews and competitors analysis  
The list and evaluation of the competitors has been performed thanks to a personal study 

(subjective estimation supported by available data) and by experts contacted through cold calls/mail 

(long/short conversations or web surveys). Below is possible to find in sequence: distribution of 

contacted experts based on their company sector, list of general competitors (stack production 

involved) and evaluation of direct competitors. 

 

Figure 7. Sector distribution of people interviewed/contacted. 
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Table 11. Global overview of companies with SOFC stack production involved in their business. 

 Company Location Products portfolio Notes 

EU
R

O
P

E 

Adelan UK Stack R&D 

AVL Austria CHP Wide power range 

Ceres Power UK m-CHP 
Steel support 

Special ceramic material 
(CGO) 

Elcogen Estonia Stack 
Modular cells 
Convion Ptr. 

Elringklinger Germany Stack 
0.2-5 kW 

New Enerday Ptr. 

Fraunhofer IKTS Germany Stack 
up to 20 kW 

AVL and h2e Ptr. 

Haldor Topsoe Denmark R&D Electrolyzer 

Hexis/Viessmann Germany m-CHP 1.5-3 kW 

Kerafol Germany Raw materials Stack R&D 

mPower Germany Stack 
1,2,5,10 kW 

modular 
Fraunhofer Ptr. 

Plansee Austria 
Raw materials and 

interconnects 
Stack R&D 

Saint-Gobain France Stack Full ceramic R&D 

SOLIDpower Italy m-CHP 
1.5-2.5 kW 

modular 

Sunfire-Staxera Germany m-CHP 
up to 4.5 kW 

modular 

ZEG Power Norway CHP Industrial sector 

N
O

R
TH

 A
M

ER
IC

A
 

Atrex Energy Massachusetts Power generator 0.1-4.5 kW 

Bloom Energy California Power system > 200 kW 

Ceramatec Utah Fuel Cell components Stack R&D 

Delphi Michigan 
Stack and System 

integrators 
up to 9 kW modular 

BMW Ptr. 

FuelCell Energy Connecticut Power system Multi MW 

LG Fuel Cell system Ohio Power system R&D 

Materials and system Research Utah Stack 
1-3 kW 

Military sector 

Protonex Massachusetts Power system 0.1-1 kW 
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Ultra USSI Michigan Power system 
~ 0.3 kW 

Portable and UAV 

Nexceris Ohio Stack Military sector 

A
SI

A
 

Aisin Seiki Japan m-CHP 0.7 kW 

Chaozhou Three-Circle Co. China Stack 
1 kW 

SolidPower Ptr. 

FCO Power Japan Stack 
Printed cells 

Residential sector 

G-cell Technology Co. China Power system 1 Kw 

Gas Authority of India India Power system >200 kW 

Huatsing Jingkun New Energy 
Technology 

China Stack and Power system 0.3-5 kW 

Kyocera Japan Stack and m-CHP 3 kW 

MiCo Korea Stack 0.2 kW 

Miura Co. Japan Power system 4 kW 

Murata Manuf. Co. Japan Stack R&D 

NGK SPARK PLUG Co. LTD. Japan Stack Mitsubishi Ptr. 

POSCO Energy Korea Power system 
0.1-2.5 MW 

FuelCell energy 

SOFCMAN Energy Technology China Stack 0.7-2 kW 

Toto Ltd. Japan Stack R&D 
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Table 12. Direct competitors evaluation based on KSFs. 

Company Size Distribution Financial Brand Portfolio Overlapping Overall 

Importance 
weight 

0.15 0.15 0.18 0.1 0.2 0.22 1 

Elcogen 1 2 3 3 5 5 3.39 

Elringklinger 4 5 4 4 3 2 3.51 

mPower 1 3 2 2 4 4 2.84 

Saint-Gobain 4 4 4 5 2 5 3.92 

Delphi 5 5 5 4 2 2 3.64 

MSRI 1 1 3 1 1 1 1.36 

Nexceris 2 2 3 2 2 1 1.96 

Chaozhou Three-
Circle Co. 

5 4 4 3 2 3 3.43 

FCO Power 1 1 2 1 4 4 2.44 

Huatsing Jingkun 
New Energy 
Technology 

3 2 3 1 3 2 2.43 

MiCo 2 2 2 1 2 2 1.90 

NGK SPARK PLUG 5 3 4 3 2 3 3.28 

SOFCMAN 1 1 2 1 3 2 1.80 
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Table 13. Specific scores per category of KSFs of the potential competitors. 

Company Size Distribution Financial Brand Portfolio Overlapping Overall 

Elcogen 0.15 0.30 0.54 0.30 1.00 1.10 3.39 

Elringklinger 0.60 0.75 0.72 0.40 0.60 0.44 3.51 

mPower 0.15 0.45 0.36 0.20 0.80 0.88 2.84 

Saint-
Gobain 

0.60 0.60 0.72 0.50 0.40 1.10 3.92 

Delphi 0.75 0.75 0.90 0.40 0.40 0.44 3.64 

MSRI 0.15 0.15 0.54 0.10 0.20 0.22 1.36 

Nexceris 0.30 0.30 0.54 0.20 0.40 0.22 1.96 

Chaozhou T. 
Co. 

0.75 0.60 0.72 0.30 0.40 0.66 3.43 

FCO Power 0.15 0.15 0.36 0.10 0.80 0.88 2.44 

Huatsing 
Jingkun 

0.45 0.30 0.54 0.10 0.60 0.44 2.43 

MiCo 0.30 0.30 0.36 0.10 0.40 0.44 1.90 

NGK SPARK 
PLUG 

0.75 0.45 0.72 0.30 0.40 0.66 3.28 

SOFCMAN 0.15 0.15 0.36 0.10 0.60 0.44 1.80 

 

 


