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1.1 Project details

	Project title
	Demonstration Project for Power Supply to Telecom Stations through FC technology

	Project identification (program abbrev. and file)
	FCpoweredRBS
J.nr. 64011-0366

	Name of the programme which has funded the project 
	EUDP 11-II
Add. partly funded by EU 7. Framework Program Grant agreement no. 278921

	Project managing company/institution (name and address) 
	Ballard Power Systems Europe A/S
(former Dantherm Power A/S) (DANTHERM)
Majsmarken 1

9500 Hobro

	Project partners
	GreenHydrogen.dk ApS (GH)
Add. EU partners not funded by EUDP*

	CVR (central business register)
	Ballard Power Systems Europe A/S | 30804996

GreenHydrogen.dk ApS | 30548701

	Date for submission
	Maj 2019


*  EU Partners:

· ERICSSON TELECOMUNICAZIONI, Italy (ERICSSON)
· JOINT RESEARCH CENTRE- EUROPEAN COMMISSION, Belgium (JRC)
· UNIVERSITA DEGLI STUDI DI ROMA TOR VERGATA, Italy (UniRoma2)


· MES SA, Switzerland (participated only in the first part of the project) (MES)
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Dantherm Battery eXtender 

Nominal Total Power: around 1.7 kW 
Voltage Range: 45V – 57V 
Electrical Efficiency (LHV): 45% @full load.
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GreenHydrogen Pressurized Water Electrolyzer

H₂ Production: 0.2 Nm³/h @ 20%load 

H₂ Pressure: 30 bar H₂ 
Purity: 99.95% 
Power Consumption: 0.906 kW @ 20%
load (Full load: 1.0 Nm³/h of H₂ with 5.3 kW)
1.2 Short description of project objective and results

English:

The project FCpoweredRBS objective is to conduct a set of field trials to demonstrate the industrial readiness and market appeal of power generation systems for off-grid Radio Base Station powered by Fuel Cell technology. The aim is to substitute diesel generators and battery installations with renewable energy technology. The project has successfully realized a total of 13 Fuel Cell hybrid installations in remote and accessible areas in combination with hydrogen from Electrolysis Systems and renewable energy from Solar Panels. The installations were distributed across several locations in Italy at Telecom Italia and HI3G sites. The demonstration period was between 5 - 12 months per Location. 
Danish:
Projektet FCpoweredRBS mål er at gennemføre feltforsøg for at demonstrere industriel modenhed og markedsinteresse for elproduktionssystemer til Radio Basis Stationer (RBS) uden adgang til elnettet forsynet med el fra brændselsceller. Målet er at erstatte dieselgeneratorer og batterianlæg med vedvarende energiteknologi. Projektet har med succes realiseret i alt 13 brændselscellehybridinstallationer på fjerntliggende, men tilgængelige områder i kombination med hydrogen produceret af elektrolysesystemer og vedvarende energi fra solpaneler. Anlæggene blev fordelt på flere steder i Italien på RBS fra henholdsvis Telecom Italia og HI3G. Demonstrationstiden var mellem 5-12 måneder pr. sted.

1.3 Executive summary

EUDP FCpowerRBS project is topping up for the two Danish parts of an EU funded project of the same name with partners from Italy, Belgium and Switzerland. EU project reports can be found in Annex A1 and A2
The main project FCpoweredRBS objective is to conduct a set of field trials to demonstrate the industrial readiness and market appeal of power generation systems for off-grid Radio Base Station (RBS) powered by hydrogen Fuel Cell technology. The aim is to substitute diesel generators and battery installations with renewable energy technology and bring the participating companies to the forefront of the fuel cell technology development.

The project has successfully realized a total of 13 Fuel Cell hybrid installations in remote and accessible areas in combination with hydrogen from Electrolysis Systems and renewable energy from Solar Panels. The installations were distributed across several locations in Italy, in different region at RBS operated by Telecom Italia and HI3G. The demonstration period was between 5 - 12 months per Location. 
Results obtained, both in the labs through benchmark testing and in the field, trails allowed for stating that this technology is mature from the technical standpoint although system integration still plays a major role, especially in particular application, that is the TelCo market.

Results obtained in terms of TCO demonstrated also shows the financial advantages can be obtained, due to the higher efficiency of the fuel cells if compared to diesel-gensets, to savings in logistics, and to the better characteristics of load scalability which are typical of fuel cell systems. The corporation with Ericsson Italy and there TelCo customers have secured the TelCo industries awareness of the H2 fuel cell technology. 
1.4 Project objectives

Demonstration Project for Power Supply to Telecom Stations through FC technology (FCpoweredRBS) goes beyond the state of art for fuel cell power supply systems for off-grid Radio Base Stations. Field testing and demonstration of a large number of systems, secured that this project is the largest of its kind in Europe – and thereby bringing the participating companies at the forefront of the current fuel cell development for these applications. The need for a large scale demonstration of near market ready solutions are underlined by the interest from e.g. the GSM (Global System for Mobile Communications) association that recently has developed an interest for developing renewable based generation systems which are to be “the best way for mobile operators to extend their networks off-grid while minimizing energy costs and their impact on the environment” according to the Senior Programme Manager of their Green Power for Mobile (GPM) initiative. Starting point for the project was the configuration of a renewable based off-grid RBS, substituting the diesel gen-sets used in current systems, with units that are powered by renewable energy and hydrogen. The project addressed both the environmentally and operational / logistic problems connected with traditional diesel gen-sets, by demonstrating an effective match and combination with locally produced renewable energy, thereby securing that the energy production are with zero local emissions. Another aspect in the early phase of the fuel cell market is reliability. The objective of the present project was to demonstrate reliability higher than 95%, and a durability of more than 2 years. Fulfilling these objectives underlines the industrial application readiness and strengthen the market appeal for fuel cell powering of off-grid stations. At the same time, not least because of the ambitious size of the project and the integration of more fusil free technologies, it was an important step towards market acceptance from end customers. This is one of the prime issues addressed in the project, as it includes Ericsson Italy as prime contractor and project manager of the EU project. The role in the project as contractor and customer, sourcing the technology from the project partners, facilitated the market introduction of the technology, both by Ericsson and other end user / technology integrators. 
The project has successfully realized a total of 13 Fuel Cell hybrid installations in remote and accessible areas in combination with hydrogen from Electrolysis Systems and renewable energy from Solar Panels. The installations were distributed across several locations in Italy at Telecom Italia and HI3G sites. The demonstration period was between 5 - 12 months per Location. 
The figure shows installation of two Fuel Cell Systems with Electrolyzer in Vado, Italy.
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The data acquisition system is collecting data from the system main measured parameters as shown in the figure below. All the power section subsystems (Fuel Cell, PV, battery) and the load are given in terms of current status, as of July 22nd, 2015.
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The data acquisition system is also capable of providing the plot over time of all the main parameters (current, voltage, power, energy) for all the different subsystems (PV, Fuel Cell, batteries) over time.

An additional system was delivered to UNIROMA2, Italy for benchmarking test. The same system was later moved to JRC in Petten, NL and installed there for a reference test. Below pictures are from the installation at JRC in Petten, NL.
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Unexpected problems:

On the basis of the results obtained and issues met during the Project, the main non-technical obstacles may be summarized based on the following main areas. It is worth highlighting that such issues mainly refer to the Italian country, and thus cannot be easily applicable to other European countries exactly as they are listed:

1. Legal and permitting constraints related to H2 usage/storage may not provide a safe predictability of the success of the project 

2. Natural barriers for the installation of the whole system (e.g. lack of space for the solar panels necessary)  

3. High risk perception about the usage of H2 as fuel, due to the poor knowledge of the H2 properties and behaviors 

4. Limited or absence of Government incentives and promotional support

Regarding legal and permitting constraints related to H2 usage/storage we shall highlight that it usually takes long time and low predictability to obtain permit/building authorizations from local administrations for fuel cell and H2 storage implementation.

5. The Fire Prevention Certificate certifies compliance with the existing legal requirements, as well as the presence of the necessary fire safety requirements within the structure certified. There are three stages in the procedure to obtain the Fire Prevention Certificate that take usually several months (over 4 months): approval by the Provincial Fire Department of a fire prevention project for the company prepared by qualified experts; inspection by the Fire Department to verify the correct implementation of the approved project at the company premises; if the result is positive then the Provincial Fire Department will issue the Fire Prevention Certificate.

In order to speed up the operative process and avoid requesting the authorization to the Provincial Fire Department, for the deployment of the FCpoweredRBS Project a decision has been made to stay within the legal limits related to the values of maximum geometric capacity for gas and liquid methanol tanks. In fact, according to the local law (Italian Legislative Decree n° 151/2001), it is not necessary the Fire Prevention Certificate in case of:

· geometric capacity hydrogen tanks < 0.75 m³    

· geometric capacity methanol tanks < 0.3 m³    

Moreover, according to the Italian regulation about risk evaluation (art. 293 of Italian Legislative Decree n° 81/2008), which derives from European occupational health and safety normative, an evaluation of explosion risk, named ATEX, must be taken into consideration. Risk evaluation must be conducted by portioning the potential ATEX area into zones, based on the frequency and duration of the presence of flammable gases. The areas where explosive atmosphere may form are identified and protective measures are applied, besides providing an adequate warning for the danger zones. It is evident that tanks positioning and hydrogen system allocation should be subject to careful design activities in order to avoid formation of explosive atmosphere, avoiding the occurrence of potential sources of ignition.

Regarding natural barriers for the installation of the whole hybrid system (fuel cell, H2 Storage and PV panel), it is important to take into consideration that often the off-grid radio sites may be located in rural areas such as deep valleys, impervious slopes, top of mountains, deserts, etc. To provide sufficient energy the installation of 5kW photovoltaic panels requires a quite large free area (at least 35/40 square meters), without obstacles that may produce shadowing effects. Moreover, an easy access to the site is necessary in order to guarantee the recurrent H2 refueling operations, especially using H2 cylinders that may require the transportation with heavy vehicles. Regarding high risk perception about the usage of H2 as fuel, we can highlight that the presence of hydrogen sometimes may meet the opposition of the landowner to host storage of hydrogen and of the population living nearby the site, although hydrogen is substantially safer than conventional hydrocarbon fuels (such as gasoline) in the event of any accident.
As a consequence of the above mentioned the time for Ericsson to secure the agreements with the Italian telecom companies and approval form authorities was longer the expected from the start. 

6. We experienced that our Danish technicians was not allowed to install even the test units in Italy do to labour union rules. We had to contract an Italian company to handle the installations. 

7. The Swiss partner in the EU project MES left the project consortium due to difficulties with living up to the demand from the Ericsson. 
Due to these issues the project was extended from a 3 year project to a 4 year project.
1.5 Project results and dissemination of results

One of the main goals is to increase the visibility of fuel cells as a real alternative to standard power sources (batteries and diesel generators) for Telecom applications and also prove to potential customers in different industrial sectors their advantages. Furthermore, with respect to this specific but already promising early market the project allows the EU manufacturer to fill a competitive gap with respect to their USA competitors which are extremely active in this sector.

Three different Fuel Cell system configurations have been chosen for the FCPoweredRBS project as part of the large-scale demonstration - benchmark the three configurations with the Diesel Generator which is the most commonly used technology today.

A1

3 x 1.7kW Fuel Cell System Dantherm

H2 Stored in 200 bar cylinders

5kW PV Panels

Energy Storage (Batteries)

A2

2 x 2,5kW Fuel Cell System IdaTech ElectraGen operating on hydrogen, produced from Methanol and water mix by an internal steam reformer system. Stored in a 225-liter integrated fuel tank

Energy Storage (Batteries)

5kW PV Panels

C1

3 x 1.7kW Fuel Cell Systems Dantherm

H2 Stored in 200 bar cylinders

Hydrogen Electrolyzer System Green Hydrogen to produce H2 locally, stored in a 30-bar buffer tank  

Energy Storage (Batteries)

5kW PV Panels

Value proposition:

To demonstrate that Fuel Cell Technology could be a real alternative to incumbent power sources (batteries and diesel generators) for telecom applications and to highlight the advantages in using Fuel Cell Technology to potential customers in different industrial sectors demonstrating possible advantages in terms of Total Cost of Ownership to power off-grid Radio Base Stations to the TelCo operator’s, the objectives of the project for the RBS power units using fuel cells have to match with the TelCo demanding requirements as: Reliability greater than 95% and durability of more than 2 years (under real-time conditions).

The field trials have covered a total of 13 live Radio stations in Italy, configured to simulate off-grid conditions alongside with two fully operating Lab test environments in the research centers of the UniRoma2 and JRC. The systems and solutions used in this project have track records, documenting high maturity levels.
The project scope has been to assess the market readiness of Fuel Cell based systems adaptability for integration of renewable sources (PhotoVoltaic in this case), and related hydrogen infrastructure for the telecommunication market.

A further challenge has been to demonstrate that Fuel Cell Technology could be a real alternative to incumbent power sources (batteries and diesel generators) for telecom applications and to highlight the advantages in using Fuel Cell Technology to potential customers in different industrial sectors.

The proposed Fuel Cell hybrid solution aimed at demonstrating possible advantages in terms of Total Cost of Ownership to power off-grid Radio Base Stations to the TelCo operator’s in order to replacing the Diesel generator with a new system combining renewable and PEM Fuel Cell energy fueled with pure hydrogen (either locally produced and stored or transported) or with Methanol.

An in-depth analysis of the results obtained led to the following main conclusions:

· operation of the systems was demonstrated for six sites during a full year period (Jan-Dec 2015), proving that this solution is technologically mature to be compared with the current standard solution for off-grid RBS based on Diesel-genset
· the design IndexSize = Energy request from the Load / Energy produced by Renewable Energy Sources (ISIZE=ELoad/ERES) is on average roughly equal to 0.15 for all the sites; however, the performances of different systems (for example system efficiency ƞSYS) should be compared only at equal ISIZE. Thus, among sites characterized by greater ISIZE (#1 and #2), system #1 performs better as it has the same requirement of fossil sources EFES/ERES with a greater ISIZE than site #2 (EFES – Energy produced by Fossil Energy Sources). Among the sites with lowest values of ISIZE (#3–6), #4 performs better as it has the lowest overall consumption of fossil sources EFES/ERES.
· By comparing the fossil source requirements of all the sites with the same parameter calculated theoretically for Diesel genset based systems, it can be stated that the fuel cell based systems allow for obtaining noteworthy fuel savings during the year. Sites #1–2, for the more frequent use of programmable sources during the year, evidently show the higher difference between (EFES/ERES) Fuel Cell-based and (EFES/ERES) Diesel-based and thus the greatest fuel saving potential
· the behavior of current output and requirement of all the sub- systems over time during three representative days (worst average and good weather days respectively during the month) has been shown for the six sites during the month of September 2015. It is worth noting that the use of the fuel cell during the day may be useful especially during bad weather or in the case of systems characterized by high ISIZE. The satisfactory behavior of the control systems has been demonstrated, as the fuel cell is capable of fast providing current to the load or to the batteries (depending on the batteries state of charge) during sudden cloud shading events with no major issues.
To summarize, the results of on field tests show that the hybrid renewable energy solution may be competitive with the current standard solution based on Diesel generator in terms of energy efficiency and minimum consumption of fossil fuel. Proper sizing and control strategy optimization are key factors to this aim. Moreover, despite the integration of Fuel Cell with many different components, tests have shown an acceptable level of stability and reliability of the hybrid solution.

A full lifecycle analysis (LCA) of the fuel cell systems being operated as UPS or backup power sources has been carried out.

Life Cycle Analysis allows to assess the environmental impact of Hybrid Power System assemblies and their usage. The main results of the analysis can be summarized as follows:

· Fuel Cell based HRESs are an environmentally friendly solution, especially in terms of use as the consumption of fuel primary sources that is much lesser, especially by taking advantage of the production of hydrogen on-site with the electrolyzer.

· According to a Total Cost of Ownership criteria, the hybrid system is very competitive: in fact, TCO are same of a Diesel genset after 2.5 years for the system without electrolyzer, while by adding the electrolyzer that period is increased by additional 2 years.

· Efforts should be done to reduce purchase cost: increasing manufacturing

efficiency by reducing the quantity of precious metals in Fuel Cell stack, optimizing stack design and improving production process performance.

In detail, regarding TCO analysis, a specific tool has been developed in order to compare the different hybrid systems with the typical solution based on the use of diesel genset.

To define a proper commercial proposition for the hybrid FC-PV solutions for off-grid radio sites or sites of fixed networks in telecommunication sector, it is pivotal to take into account that the objective of fixed/mobile operators is usually to have a Return of Investment (RoI) of three years or less. It means that a proposal of hybrid energy system can be attractive for the operators only in case the hybrid FC-PV system has a breakeven time Vs diesel generator solution of maximum three years.

The lifetime of the main components of each solution (for instance the degradation of the stacks or of the batteries) and the related replacement have been considered to calculate the TCO as well as other input data necessarily related to the specific site of the trial and to the operational costs; some of these data (such as type of hybrid system installed, average load, number of H2 cylinders, energy produced by fuel cell, runtime of fuel cell, fuel consumption, etc.) may vary from site to site.

The Total Cost of Ownership analysis over 10 years upfront investments and operational costs is aimed to benchmark economically the Fuel Cell hybrid systems vs off-grid radio sites today solution (i.e. turn-key service including diesel genset rental and refueling service). In the calculation, an annual inflation has been assumed at 2%.

All the costs related to battery replacement, operation & maintenance (parts and labor), stack replacement, annual H2 Cylinder rental fee, H2 or methanol delivery &connection fees, have been taken into account on yearly basis.

A diesel genset is usually the preferred solution to power telecommunication equipment and cooling system. For a typical BTS site with a load requirement in the range of 2 kW, a standard size 10 kW is typically chosen for reliability reasons. The turnkey service includes the rental of the diesel generator, fuel costs and logistics. Refueling is typically required every 250 hours.

The turnkey service, including the genset, the refueling and maintenance, is the most convenient solution from the economic point of view, especially if compared to the expensive purchase of the diesel genset and the additional operating costs for diesel consumption, refueling activities along with the expensive maintenance of rotating elements.

Systems analyzed in the TCO are the following:

Type A1

· 3 Fuel Cells @ 1.7 kW “Dantherm”

· H2 stored in 200 bar pressure tanks

· Energy Box

· 5 kW PV Panels

Type A2

· 2 Fuel Cells @ 2.5 or 5 kW “IdaTechElectraGen™”, operating with H2

produced by a steam reforming system of c (named “HydroPlus”), stored in a specific tank allocated under the fuel cell box for a capacity of 225 lt.

· Energy Box

· 5 kW PV Panels

Type C1

· 3 Fuel Cells @ 1.7 kW “Dantherm”,

· H2 stored in 200 bar pressure tanks,

· “Green Hydrogen Electrolyzer” to produce H2 locally stored in a 30 bar pressure buffer tank,

· Energy Box,

· 5 kW PV Panels.

The economic analysis, carried out using the Total Cost of Ownership criteria, have been done for three system types: H2 fuel cell based (A1), methanol fuel cell based (A2) and H2 fuel cell with electrolyzer based (C1).

All the different costs have been detailed, with a description of the main assumptions. A comparison of the cumulative TCO over 10 years operation, tells that the despite the greater investment at the beginning, the baseline (A1) system has equal costs of the Diesel genset after 2.5 years. This period meets the current expectations of the mobile operator’s market. When comparing the Methanol fed system (A2) with the baseline and the Diesel genset, it presents slightly greater costs than the H2 one); however, it still gives similar advantages if compared to the Diesel genset (breakeven time of hybrid system based on Fuel Cell ME Vs Diesel genset after 3.5 years).

A sensitivity analysis has also been done decreasing by 30% H2 costs (system A1) and doubling the methanol tank volume at 450 lt (system A2).

Similar effects have been observed on costs, with a reduction of the equal costs time down to around 2 years for system A1 (FC H2) and 3 years for system A2 (FC ME). Finally, the system with the electrolyzer has been studied, under the assumption of additional tanks for low pressure storage of H2, as the electrolyzer is theoretically capable of producing up to 21 kg H2 at 30 bar per year.

Since the costs of the system are higher due to the electrolyzer, the time of equal costs Vs Diesel genset is higher or equal to 4.5 years.

Life Cycle Analysis (LCA) of Fuel Cell powered Radio Base systems has been done to assess their environmental impact and usage.

Systems are characterized mainly by a fuel cell subsystem, a PV subsystem, a battery subsystem and an electrolyzer subsystem. The results obtained for the fuel cell system, show that the manufacturing of both Balance of Plant and Stack are very important with that regard. Within the Stack assembly, attention must be given to improve the efficiency of the production processes and raw material utilization for Bipolar Plates. The MEA (Membrane Electrode Assembly) has a great impact, mostly for the electrodes and gasket contribution, with a heavier role of the cathode that contains a greater amount of PGM (Platinum Group Metals). 

For the PV subsystem, the most important contribution is given by the Si cells, inverter and conduits. The electrolyzer subsystem presents a completely different scenario from the Fuel Cell, mostly due to the use of Nickel as catalyst in place of PGM; thus, the BOP (Balance of Plant) has the greater impact. For the battery subsystem, steel and electronic material exhibit the greater environmental impact for the system, while leads by far the component most affecting the impact considering the analysis of the battery pack only.

Four system designs (scenarios) have been compared, characterized by different power ratios of the subsystems, as they were used in different telecom stations. The baseline (Baschi2) has been thus compared with a smaller system for the limited load requested (Campoleone), with a methanol fueled system characterized by the presence of a reformer (Sonnino), and with a system with an electrolyzer (Rome). It is noteworthy in the comparison that the methanol fuel cell system has slightly lesser impact due to the use of methanol tank in place of hydrogen bottles.

The system with electrolyzer has the greatest impact, also due to a greater power size PV subsystem. The comparison from the energy standpoint, tells that the system with the electrolyzer is the best one, while the worst performances are presented by the methanol fed system as energy consumption is affected by the energy required to sustain the operating temperature of the methanol reformer.

Uncertainty analysis has been carried out on the Pt content, with no major impact on lifecycle, and similar results have been obtained for Nafion usage. The impact of MEA manufacturing process has been also studied for the different scenarios, and it has been observed especially important toward the ozone layer depletion, photochemical oxidation and acidification.

The comparison with the Diesel genset, that is the mainstream technology to power off-grid RBS, showed a greater impact of the fuel cell based systems as far as the assemblies are concerned, and especially for systems with the electrolyzer. The difference is somehow mitigated by taking also into account, along with the assemblies, the use phases. The evaluation of use-phase alone, tells that the system with the electrolyzer has the lowest life cycle impact, as it has the lowest consumption of fuel resources and consumable materials; with this regard, the Diesel genset is quite remarkably penalized.
In the figure below, a 10 years TCO comparison is shown assuming an average load of 1.4 kW for all the systems considered. Regarding fuel cell ME a 225-liter tank has been assumed, while regarding fuel cell H2 hydrogen cost reduction have been considered negligible.
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The Fuel Cell based systems have demonstrated good results regarding adaptability for integration of renewable sources (Photo Voltaic in this case), and related hydrogen infrastructure for the telecommunication market.

The technological start point for the project has been represented by a renewable based power generation configuration for off-grid RBS which today uses locally generated electricity as an integration to Diesel Gensets. Besides environmental concerns this configuration in the case of off-grid remote sites has important Operational Expenditures which are due to both energy consumption and to Genset maintenance and fuel logistic. The FCpoweredRBS Project solution demonstrated the advantage of innovative power generation solution substituting the diesel generator with a PEM Fuel Cell generator fueled with pure hydrogen (either locally produced and stored or transported) or with Methanol.

From an energy point of view this solution allows for:

· an effective match with local Renewable Energy generation (mainly PV);

· a different match with batteries which could either increase their life or reduce their dimension;

· a more efficient energy production with zero local emissions.

Furthermore, with respect to the market readiness of the proposed solutions, the objectives of the project for the RBS power units using fuel cell are the following:

· Reliability greater than 95%

· Durability of more than 2 years (under real-time conditions)

The aim and decisive objective of the project was to demonstrate the industrial application readiness and market appeal of hydrogen and fuel cells for powering standalone off-grid stations. Results obtained, both in the labs through benchmark testing, and in the field trials, allowed for stating that this technology is mature from the technical standpoint, although system integration still plays a major role, especially in a peculiar application that is the TelCO market. 

Results obtained in terms of TCO demonstrated also shows the financial advantages obtainable, due to the higher efficiency of the fuel cells if compared to Diesel gensets, to savings in logistics, and to the better characteristics of load scalability which are typical of fuel cell systems.
Demonstrate a significant number of sites:

The 20 sites minimum target foreseen for the FCpoweredRBS Project test phase represents a very significant large-scale demonstration which will allow a complete assessment of the technology to this specific application and to this very interesting early market.

The operating phase of the Project has been very valuable for identifying some non-technical barriers to a massive deployment of the new technology, based on power generation systems using fuel cell technology and H2.

The FCpowerRBS project has made it possible to verify practical comparing of different backup-power solutions for off-grid applications. The results are important findings that is used for convincing customers of the value proposition of fuel cell based backup power for off-grid solutions in telecom RBS. 

The findings have indirectly resulted in an increased export turnover of 5 mill. DKK in 2018 and increased employment of 4 persons at Ballard Europe. The growth will continue in the coming years.    

The dissemination plan followed by the project has the objectives to publicize project contents, raise awareness of potential final customers and create a network of interested stakeholders. In order to share the findings was presented at scientific conferences, papers were published, and presentations given at different events. In addition, information on the project is shared at www.fcpoweredrbs.eu. 
A list of dissemination activities is shown below:
1. Presentation of results at the 2013 European Fuel Cell Conference, held in Rome in December 2013. 

2. Results have been presented in a paper published at the International Journal of Hydrogen Energy and entitled “Fuel cell based power systems to supply power to Telecom Stations”, vol. 39, Issue 36, 2014.

3. Results of the project have been presented at the workshops held on Apr 24th, 2014 in Istanbul (FITUP EU project) and in Barcelona (HYPER, SUAV and H2TRUST EU projects).

4. A paper has been published in the ERICSSON SUSTAINABILITY & CR Annual Report 2014 (see http://www.ericsson.com/res/thecompany/docs/corporate-responsibility/2014-corporate-responsibility-and-sustainability-report.pdf)

5. The cooperation with the site end-users (Telecom, H3G) has had exposure on national newspapers (ictbusiness.it, sole24ore, corriere.it, etc.
6. Results have been presented at the Program Review days of the FCH-JU in Brussels, on November 17th, 2015.

7. Results have been presented at the 2015 European Fuel Cell Conference, held in Napoli on December 18th, 2015. 

8. Results have been presented in a paper published at the International Journal of Hydrogen Energy and entitled “Fuel cell based Hybrid Renewable Energy Systems for off-grid telecom stations: Data analysis from on field demonstration tests”, published on Applied Energy in Volume 192, 2017.

1.6 Utilization of project results

The experience achieved in the project are used both commercially and technically.
Commercially; the clarification of TCO for different possible solution gives a direction to which part of the market the fuel cell solutions will bring the highest value. That’s where the we direct our sales and marketing efforts. The TCO clarification is an important tool in discussions with potential customers. We have already seen the value of this experience.
Technically; the FCpowerRBS project have shown more elements where technical improvements are realize in our product. The difficulties in getting approvals for installation in Italy and the need to involve local technicians to install the units has been a learning experience. This will save the company time and money in the years to come. 

Working in the international consortium have secured relevant contacts into organisations that will bring future business to the companies involved. 
1.7 Project conclusion and perspective

The integration of renewable energy sources as Photovoltaic (PV) with electric batteries and hydrogen in a Hybrid Renewable Energy System (HRES) represents an effective energy generations solution for remote off-grid Radio Base Stations (RBS).

In fact, the experimental activities, performed in the labs and in the field as part of the FCpowerRBS project, have shown that the HRES based on usage of hydrogen storage and fuel cells together with PV system and electrochemical batteries, are very attractive thanks to the following key-factors:

1. They may operate unattended for longer periods due to a high conversion efficiency (i.e. low fuel consumption)

2. They are characterized by cheap maintenance cost unlike conventional technologies, especially compared to diesel-genset based technologies

3. they are low noise and environmentally friendly since they may satisfy the RBS energy requirement with very low CO2 emissions, in line with existing and future greenhouse emission limits unlike diesel-gensets

4. they are characterized by better scalability than diesel-gensets; in fact, fuel cells can easily be designed to match the given power requirement and thereby ensure high efficiency even at low power requirements. In the off-grid power type applications the power requirements are often low (P<3 kW) and the diesel-genset suffers from low efficiency with consequent high fuel costs, whereas the fuel cell can be operated at its best performance.

5. The analysis of the Total Cost of Ownership (TCO) over 10 years has shown the HRES based on fuel cells and H2 are more convenient compared to diesel-genset based solutions. In the project TCO analyses based on data collected from the field experimental activities considers all the mentioned cost over time, both through direct and indirect cost over the entire lifecycle of the given system (cost of fuel included) are shown. The TCO takes into account all the costs related to purchase and installation, operation and maintenance of the system.

The TCO analysis has shown that the hybrid system based on H2 fuel cells compared to the diesel-genset has a breakeven time of approximately 2.5 years in case the genset is provided in a turn-key service (including rental of diesel genset and services of refuelling and maintenance) and approximately less than 2 years in case of purchase of diesel genset with additional costs for diesel refuelling and maintenance activities.  

Moreover, the TCO analyses over 10 years has highlighted a significant increase of savings in comparison to diesel-gensets solutions after the breakeven time.

In fact, after 10 years, the TCO of the hybrid system based on H2 fuel cells is 60% lower than a comparable diesel-genset solution.

The research activities have shown slightly worse results in case of hybrid system bade on fuel cells with methanol where the break-even I slightly greater than 3 years and in case of hybrid system based on fuel cells with H2 produced locally through an electrolyser where break-even against a diesel-genset based solution is about 5 years. Due to the high cost of the electrolyser.  

Annex
A1. EU Final Report on FCpowerRBS, Project no: 278921 

A2. EU Midterm Report on FCpowerRBS, Project no. 278921

Relevant links
www.fcpoweredrbs.eu
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