Topic SP1-JTI-FCH.2011.2.3: Biomass-to-hydrogen (BTH) thermal conversion process

Rationale 

The various thermal conversion technologies for hydrogen production from CO2-neutral precursors need to be addressed in terms of cost, efficiency and scalability, especially for the application to decentralised production schemes. In order to achieve maturity, as already achieved for steam natural gas reforming, the main thermal production method nowadays, hydrogen production equipment based on the use of biomass has to be further developed. Under this topic development of BTH thermal H2 production methods in order to allow hydrogen production from biomass, increase well-to-wheel efficiency and contribute to a sustainable energy portfolio, is foreseen. 

Overall project objectives / Scope of Work 

Scope of work comprises development and scale up activities on materials and reactors design in order to obtain a continuous process for hydrogen production from biomass. The final target should be to demonstrate the technical and economical viability of the global process. 

The project shall focus on: 

1.Conception of low cost and energy efficient systems to produce hydrogen from solid and liquid biomass. Assessment of performance in terms of efficiency.

2.Improvement of pre-treatment for different types of feedstock

3.Design and build a reactor for the continuous production of hydrogen at a pre-commercial scale, improving with respect on the current state of the art and pilot plants.

4.Feasibility assessment of the process taking into account the purity of the hydrogen produced (PEMFC grade), by-products and effluents.

5.Economical assessment of the pre-treatment of the potential feedstock.

Hydrogen production by means of different pathways is left open (catalytic thermal decomposition, steam gasification, solar-driven biomass gasification, autothermal reforming, waste steam gasification, others) as well as feedstock, including sewage sludge, municipal organic wastes and other ordinary wastes.

Expected Outcome 

Reactors in the range of up to MWth-size, with high integration to minimize use of external heating and increasing overall efficiency, are foreseen.


Key performance indicators:

1.high efficiency, durability and resistance of the catalyst, >70% at 700ºC

2.low system cost, 5€/GJ of H2

3.system thermal efficiency , including purification > 40%

4.scalability, between 1 to 500 m3/h

5.LCA/LCI analysis (ILCD compliant) would be desirable.

Other Information 

The consortium should include broad industry, as well as SMEs, in the field of reactor technologies, catalyst materials and design and integration systems in general, and research institutions. Activity should be coordinated with other projects in the purification field (H03) and with bio fuel ETP

Expected duration: 3 years

Funding Scheme: Collaborative project
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1. Scientific and/or technical quality, relevant to the topics 

1.1. Concept and objectives
The proposal aims to develop a biomass steam gasification process coupled to syngas purification to produce pure hydrogen from biomass, increase well-to-tank efficiency and contribute to a sustainable energy portfolio, using the experience of past EU projects on gas purification. 

The project is based on the utilization of components which are of proven performance and reliability and well established processes (gasification and hot gas cleaning and conditioning system, water-gas shift (WGS) system and pressure swing adsorption (PSA) system). The overall scope of X is the integration of these components to obtain a continuous process for pure hydrogen production from biomass. 
As a result of numerous European projects (started from the JOR3-CT97-0196 EC-project), the project, 7FP-ENERGY-2007-211517, has demonstrated the feasibility of the fluidized bed gasifier to produce a clean syngas similar to that obtained by steam methane reforming for FC applications. The project aimed at a compact version of a gasifier by integrating the fluidized bed steam gasification of biomass and the hot gas cleaning and conditioning system into one reactor vessel. This was obtained by placing a bundle of catalytic ceramic candles that operate at a temperature as high as the gasification temperature (800-850°C) in the gasifier freeboard; using a catalytically active mineral substance for primary tar reforming and by optimising the addition of sorbents into the bed for removal of detrimental trace elements. demonstrated the feasibility of an innovative technology for the production of clean syngas rich in hydrogen and with the specifications required for use in HT-FC in a cost-effective way. The activity of catalysts and sorbents was increased, while keeping the thermal efficiency of the whole conversion process high since no cooling step was included. It also avoided particle entrainment in the producer gas at the reactor outlet. As a result, some major advantages of traditional primary and secondary hot gas treatment have been combined, without their respective well known drawbacks (catalyst clogging by solid particles, and loss of gas chemical and thermal energy). 

The unique integrated system has been tested at laboratory scale and at industrial scale. Particularly in Italy the system was integrated in a 1 MWth fluidized bed steam/oxygen gasifier, and a compact small scale (100 kWth) fluidized bed gasifier (Hydrogen Centre Laboratory) was also developed to test, at pilot scale, the unique technology in the alternative case of an indirectly heated configuration. This arrangement demonstrates high conversion of tar, elimination of trace elements and efficient abatement of particulates, delivering high purity syngas.

Further purification steps (as those envisaged in this proposal) allow utilizing such a syngas to obtain a Hydrogen feedstock that could even meet the LT-FC requirements (CO < 100 ppm, rich hydrogen syngas, heavy hydrocarbon and sulphur compounds < 1 ppm and no particulates). In order to completely meet the LT-FC requirements (especially for PEM applications) further purification of Hydrogen would be required. 

Nowadays, the technologies for hydrogen purification from steam methane reforming (WGS, PSA) have reached a high level of maturity. As previously stated, the gas obtained from unique is qualitatively similar to that obtained from steam methane reforming, thus the coupling of the purification technologies with the unique prototype would be a natural and obvious evolution of the system. 

The scope of work will comprise development and scale up activities on materials and reactors design. In general the project will benefit from the already existing laboratories and unique gasifiers that will be coupled with advanced purification technologies for the continuous production of hydrogen in order to have maximum results (technology development at process-, system- and industrial-scale) with minimum risk and budget (laboratories, pilot and industrial gasifier already available). In fact the process feasibility will be demonstrated using the Y and Y laboratories; the system feasibility will be demonstrated using the compact small scale (100 kWth) fluidized bed indirectly heated gasifier; finally the industrial feasibility will be demonstrated using the 1000 kWth fluidized bed steam/oxygen gasifier. 
The results will be the two mentioned 100 and 1000 kWth steam biomass gasifiers with catalytic candles inserted (unique) in the reactor freeboard that will be operated in X for the continuous production of hydrogen at a pre-commercial scale following the subsequent general schematic flowsheet:
New materials for atmospheric pressure Water Gas Shift (based on ceramic foam) will be realized and will be utilized to develop HT and LT WGS reactors. These reactors will be coupled downstream unique gasifier in order to purify hydrogen. PSA will be finally utilized to separate pure Hydrogen from the residual CO, CH4, CO2 in the syngas. Finally the purge gas will be burned in the gasifier to supply thermal energy for the gasification process. Thanks to the high level of thermal integration and to the recovering of purge gas in the process, conversion efficiency in hydrogen higher than 70% is expected. 

X is the obvious evolution of unique project and thus X will be an improvement with respect on the current state of the art and pilot plants. The X system is characterised by many technical and economical advantages that prove the viability of the global process:
1. First of all, as explained above, X uses hot gas conditioning system with catalyst, sorbents and ceramic filters and foams in order to remove tar, contaminants, particulates and increase the hydrogen production, allowing the technical feasibility of the process. This is obtained without cooling steps, catalyst clogging, and loss of gas chemical and thermal energy, guaranteeing the system reliability. Moreover the integration of catalytic filter candles in the freeboard reduces dramatically the investment and operation costs related to the equipment (the conditioning system cost becomes 30% as that of a standard external conditioning system) as well as the complexity of the plant, guaranteeing the economic viability. In fact regarding particulates abatement, cyclones and filter candle housing would be not necessary for the plant; this would result in saving of materials for equipment and pipes and increasing conversion efficiency. Furthermore the plant would result simpler to operate and manage.

2. Secondly, reforming of both tar and methane is carried out directly in the freeboard of gasifier, reducing all costs due to downstream secondary reformer, in terms of material of constructions (high temperature steel alloy housing, refractory material, catalyst) as well as those related to the necessary insulated pipeline.
3. Finally, the use of ceramic foam with a wide catalytic surface area impregnated with Cu and Fe for Water Gas Shift will eliminate the need to operate at high pressure in order to have high conversion efficiency. No high pressurization would be thus necessary. This would result in further costs and energy saving, e.g. owing to the removal of the energy consumption and acquisition cost of the high pressure gas compression unit. 
Thus X will provide, with respect to the traditional thermochemical systems for hydrogen production (e.g. cold gas conditioning or poorly integrated hot gas conditioning), investment cost savings estimated to be greater than 50%, a simplified plant layout with reduction of space and components up to 50% of those normally required (a relevant logistic, managerial and operative benefit), and finally an overall efficiency greater than 50% in comparison to standard systems (70% versus 45%). The system is expected to produce hydrogen at a cost of 2-4 €/kg (about 17 €/GJ, depending on the cost of the biomass).
1.2. Progress beyond the state-of-the-art 
Europe’s energy system needs to be adapted into a more sustainable one, based on a diverse mix of energy sources, in particular renewables, and among them biomass; enhancing power generation efficiency, proposing new energy vectors to improve effectiveness of renewables; addressing the pressing challenges of security of supply and climate change, whilst increasing the competitiveness of Europe's industries. Biomass gasification is a thermo-chemical conversion process utilizing air, oxygen and/or steam as gasification agents, which produces a fuel gas rich in hydrogen and carbon monoxide, with a significant content of methane; carbon dioxide, steam and nitrogen are also present in the producer gas, in addition to organic (tar) and inorganic (H2S, HCl, NH3, alkali metals) impurities, and particulate. High molecular weight hydrocarbons are an undesirable and noxious by-product (Bridgewater, 2003
), the yield of which can be reduced by careful control of the operating conditions (temperature, biomass heating rate, etc.), appropriate reactor design, and a suitable gas conditioning system (Simell et al., 1996
; Caballero et al., 2000
; van Paasen and Kiel, 2004
). Biomass gasification plants have been realised and are operating in different European countries, demonstrating the development of the integration among gasification, gas cleaning, power and biofuel generation, and the potential of these technologies to contribute significantly to sustainable energy vectors production, first of all hydrogen. 
Gas cleaning is normally done by filtration and scrubbing of the producer gas, to drastically reduce particulate and tar content: in this way the clean gas is made available at temperatures close to ambient, this make the gas not suitable for further hydrogen purification because the process efficiency would result dramatically low. This penalizes notably the possibility to exploit a renewable and abundant source like biomass to produce hydrogen. In addition, tar separation is sometimes not as effective as it should be, reduces the gas yield, originates waste streams difficult to dispose or recycle properly. It is worth mentioning here that complications in the plant scheme originated by gas treatments required to obtain a tar-free product often contribute significantly to the overall investment and operating cost. This is even more negative when it is considered that small- to medium-scale gasification plants would fit optimally with the economic context of most regions, for a number of reasons ranging from the biomass transportation cost (biomass is a dilute energy source in comparison with fossil sources), to the need to establish a distributed power generation system, to scarce social acceptability of large thermal conversion plants. As a result, process simplification and intensification could play a very important role towards a real breakthrough in the utilization of biomass in general, and specifically of gasification plants. Furthermore the conventional small-to-medium scale gasification technologies utilize fixed bed reactors and air as gasification medium. This often results in low conversion efficiency and in a syngas with a low fraction of hydrogen, because the nitrogen contained in the gasification medium dilutes the wood gas produced. Hydrogen purification of such a kind of gas would require enormous energy consumption and thus low conversion efficiency. 

Steam blown indirect heated biomass gasification can solve this problem in an excellent way. The well known CHP plant in Güssing is a very successful industrial application of such gasification technology. The capacity of the Güssing plant is about 8 MW (electrical output of 2 MWel and district heating output of approximately 4.5 MWth). Gasification is carried out in a steam blown dual fluidized bed reactor and known internationally under the name FICFB-gasification system (Hofbauer et al., 2002
; Hofbauer and Knoef, 2005
). The basic idea behind this gasification system is to physically separate the gasification and the combustion reactions, in order to obtain a largely nitrogen-free product gas. The endothermic gasification of the fuel takes place in a stationary bed fluidized with steam. This is connected via a chute to the combustion section that is operated as a circulating bed fluidized with air. Here, any non-gasified fuel particles transported along with the bed material are fully burnt, together with additional fuel properly injected, to provide the heat required by the gasification reactions. The heated bed material is then separated by a cyclone and brought back into the gasification section. The calorific value of the producer gas is 12 – 14 MJ/Nm3; it can either be used in a gas engine or upgraded to synthesis gas. The construction of the Güssing plant was started in September 2000 and the present utilization index is above 7000 hr/year. This gasification method combines the advantages of the utilization of steam as the gasification agent (lower tar) and a nitrogen-free product gas (higher calorific value and high hydrogen content). These are made possible by the separation of gasification and combustion zones (two different gas output streams), and a strict integration between them. The result of the application of this technology is a syngas with a composition and a hydrogen content similar to that obtainable by steam methane reforming, that is actually the most straightforward way to produce hydrogen. The main differences among syngas produced by biomass gasification and methane steam reforming still remain however the tar content in the gas and the particulates derived from the utilization of a solid fuel, in addition to the different composition of biomass wastes that obviously affects the final gas composition.

An alternative process scheme that allows to obtain a producer gas of comparable quality to that of FICFB is offered by biomass gasification with oxygen and steam, performed in a reactor with a single gaseous output stream (Gil et al., 1997
): a well known application is the revamping of the pressurised Värnamo plant at VVBGC (Albertazzi et al., 2005
). In this case, the advantages of a gasification system less complex to design, to construct and to operate are counterbalanced by the need to utilize oxygen instead of air. The cost of oxygen has been incrementally reduced over the years - today the vast majority of coal gasification processes use oxygen blown gasifiers (Shelley, 2006
) – so that this option will certainly become increasingly attractive in the medium term. An atmospheric steam/oxygen gasifier (1 MW load) available in the Trisaia research centre of Y was modified to become a prototype, at pilot scale, of the integrated gasification technology, developed through the FP7 UNIQUE project, that will be used in this new project. This is a stationary, bubbling fluidized bed, where internal circulation of the solid inventory around a vertical draft wall is generated by different fluidizing velocities kept on both sides of it, in order to improve light fuel particle mixing inside the much denser granular bed of mineral matter (Foscolo et al., 2007a
): sawdust and rice husks air gasification tests, carried out in China (Liaoning Institute for Energy Resources) with a pilot reactor of this kind, exhibited good temperature homogeneity throughout the system (Xiao-hua et al, 2005
).

As mentioned above, it is universally recognised that, to increase the conversion efficiency of the utilization of thermal and chemical energy of the producer gas, hot gas cleaning and conditioning systems (abatement of particulate content and tar conversion at a temperature close to the gasification temperature) should be developed and implemented through a compact design and reliable and simple-to-operate equipment. This is even truer in the specific case of steam gasification and its coupling with purification system for Hydrogen production, to avoid loss by condensation of the significant amount of water vapour contained in the gas stream, useful to reform residual CH4, shift CO towards H2 and prevent carbon deposition on the catalytic surfaces. 

The fact that hot gas cleaning is a focal point of the applied research in the gasification field is testified, beyond a large number of literature papers, by the European projects funded in FP6 (CHRISGAS, BIGPOWER, AER-GAS II, GREEN FUEL CELLS, BIOCELLUS), all dealing with this issue in one way or the other, and by the presence of research topics specifically addressed to it in the FP7 Call (e.g. Energy.2007.2.2.1). Among alternative hot gas conditioning methods, catalytic cracking and steam reforming of high molecular weight hydrocarbons offer several advantages, such as thermal integration with gasification reactor, high tar conversion and rich hydrogen syngas production. A large number of investigations deals with biomass gasification in fluidized bed reactors utilizing dolomite ((Ca, Mg)CO3) or olivine ((Mg, Fe)2SiO4), calcined dolomite, limestone and magnetite have been found able to increase the gas hydrogen content (Delgado et al., 1997
). Olivine shows a slightly lower activity in biomass gasification and tar reforming, but higher attrition resistance than dolomite (Rapagnà et al., 2000
); the impregnation of olivine with additional iron leads to a substantial improvement in the reforming activity of this primary catalyst without any harmful effect for the environment and cost increase
. Ni-based reforming catalysts have shown high activity and selectivity for tar, methane and CO conversion to hydrogen-rich gas, but suffer from (i) mechanical fragility, (ii) rapid deactivation mostly due to sulphur, chlorine, alkali metals, coke, (iii) metal sintering, altogether resulting in limited lifetime (Bain et al., 2005
). 

Catalytic filters have been proposed as an alternative, very promising technology to be coupled to biomass gasification processes. The development of a suitable tar reforming catalyst for integration in a ceramic hot gas filter element has been pursued according to different and alternative procedures. The methodology developed by C requires a modification of the design of the ceramic hot gas filter candle to allow the integration of a sufficiently high amount of reforming catalyst by using impregnation techniques. Several tar reforming catalyst systems with different NiO loadings and different catalyst support materials have been tested with synthetic gases, obtaining complete conversion of naphthalene at 800°C and in presence of 100 ppmv of H2S (Nacken et al, 2007
). Tests at real process conditions indicate that a nickel-based catalytic filter material can be used successfully in integrated high temperature reforming of tars and removal of particles from biomass gasification product, by means of a prototype candle inserted in the freeboard of a fluidized bed steam gasifier (Rapagnà et al, 2009 and 2010a/b
). In the past 7FP UNIQUE project the technical and economic optimisation of such nickel catalytic filters was performed, by studying the addition of a second, low cost metal as a dopant to improve catalytic activity. In fact, association of nickel and iron improved tar reforming on the filter elements to level of tar lower than 0.1 g/Nm3. UNIQUE project, 7FP-ENERGY-2007-211517, as already mentioned in the point 1.1, has demonstrated the feasibility of an innovative technology for the production of clean syngas rich in hydrogen and with the specifications required for use in HT-FC in a cost-effective way. 

Up to date the most effective way to produce pure hydrogen for PEM application is the steam reforming of methane with successive purification by means of HT/LT WGS and PSA. Since 50 years these technologies are commonly used for large scale application, while since a few years they are also available for small scale application. An example is that offered by Y. Y offers a product line of on-site hydrogen generators called HGS systems. The products are based on Y proprietary Reforming Technology combined with highly efficient Pressure Swing Adsorption Technology. Y already commercializes system that can produce Hydrogen up to 100 Nm3/h with a purity of 99.999% exploiting proprietary high selective Pressure Swing Adsorption that can work at relative low pressure (10 bar) with a small pressure gap between the upstream and downstream side of PSA. 
As has been already mentioned, the UNIQUE technology can produce a syngas similar to that obtainable by steam methane reforming with no sulphur and alkali compound thanks to optimized sorbents and with low amount of tar and methane and no particulates thanks to the catalytic filter candle: the coupling of UNIQUE technology with HGS is thus feasible.
In order to reach a Hydrogen conversion efficiency higher than 66%, a WGS intermediate step (between UNIQUE and PSA) is required anyway. Today the industrial implementation of WGS takes place usually in a series of adiabatic converters where the effluent from the reformer system is converted in two steps with the second at a signiﬁcant lower temperature in order to shift the equilibrium towards the favoured hydrogen product. The conventional WGS reactors are used for large scale application and operate at high pressure and thus they are not suitable to be coupled with atmospheric pressure gasification. On the other hand, the enormous equipment costs make pressurized gasification a remote option for small-to-medium scale plants. A practical solution would be to pressurize the gas after gas cleaning, this however would require gas cooling (and thus the condensation of water contained in the gas). Additional energy for the vaporization of steam would be thus necessary. 
In order to realize a WGS reactor working at atmospheric pressure and to increase the efficiency of the gas-solid contact (catalytic surface area) all catalysts could be impregnated and supported on ceramic foams. Y is a global leader in the manufacturing of different porous ceramic media e.g. based on SiC, Al2O3, SiO2 and SiO2-Al2O3 of different shape and porosity, which, besides hot gas filtration applications, are also used as support materials for catalytic applications. In order to increase conversion efficiency at atmospheric pressure, a WGSR based on catalytic foam will be placed downstream of the UNIQUE gasifier. The hydrogen rich gas at the outlet of WGSR will be compressed at relatively low pressure to feed the Y PSA before the final compression of Hydrogen for storage in the filling station. The purge gas of PSA, containing residual CO, CH4 and H2, will be recirculated to the gasifier to provide heat for endothermic reactions in the plant. The great integration of the various subsystems will guarantee conversion efficiency higher than 66%. The above mentioned gasification technologies based on steam/air and steam/oxygen, respectively, will be investigated in this project thus to obtain a wide experimental evidence on the whole process at different scales and gasification conditions. 
1.3. S/T methodology and associated work plan 
Following the description of the project objectives and major innovations, in this section a detailed work plan is presented, broken down into work packages (WPs); the work plan identifies the logical phases of the implementation of the project and includes consortium management, assessment of progress and results, dissemination and exploitation of results. The overall strategy of the work plan is designed to: 

· carry out systematic investigations into each topic identified in sections 1.1 and 1.2 as necessary to reach the project final goal, including the development of materials and the experimental verification of their effectiveness to improve gas quality, at real gasification conditions at bench-to pilot-scale (up to 100kWth); 

· evaluate the purity of syngas against existing gas cleaning and conditioning systems, by means of fluidized bed reactor at a significant scale (1 MWth) to provide sufficient and reliable information for industrial applications; 
· assess technical feasibility of process simplification and intensification actions envisaged in this project, by operation of an integrated gasification and hot gas cleaning and conditioning fluidized bed prototype reactor (1 MWth). 
According to this strategic approach, the work is planned to be divided into 6 work packages that relate to research/innovation activities, and 2 work packages (the 7th and 1st) that include, respectively, the outward (dissemination and exploitation of results, IP protection) and inward (consortium and project management) measures, instruments and initiatives, which altogether will characterise the organisation and the policy of the X consortium. All work packages are linked to each other by the overall aim to integrate the proved UNIQUE and Hydrogen purification technologies, in order to increase process conversion efficiency in a cost effective way. Preliminary calculations using experimental results obtained in UNIQUE and technical data for WGS and PSA showed that a Hydrogen conversion efficiency of 73 % could be achieved. This result was obtained using a biomass with 20 % of moisture and recirculating the purge combustible gas from PSA to the gasifier.
The duration of the individual tasks is based on experience accumulated as a result of previous activities in similar research efforts, and due account has been given to potential troubles, such as delays in the assembly of experimental facilities, repetition of test campaigns, etc. The whole work is structured according to a coherent, simultaneous and/or sequential development of different RTD actions, and the timing of the different work packages, tasks and milestones is shown in the Gantt chart under 1.3.2 while the list of milestones in 1.3.3 summarizes the content of each milestone fixed on the chart.
1.3.1. Overall strategy of the work plan 

The first table in 1.3.3 shows the list of work packages, while the following tables describe the content of each work package meanwhile some general, explicative comments follow. 

WP 1 deals with management that will be carried out according to standard procedures and a straightforward management structure. WP 2 and WP 3 are addressed to the investigations needed to develop the innovations which are at the core of this project: 

· WP2. Characterisation of feedstock; Catalytic foams and sorbents realization and characterization; Bench scale (<1 kWth) gasification tests to optimize the catalytic candles operation; Bench scale tests to assess Fe/Foam and Cu/Foam for Water Gas Shift operation; Bench scale tests to assess the reforming and CO2 capture capacity of sorbents; Bench scale tests to verify PSA coupling.

· WP3.Use of the different feedstock and further optimized catalytic filter candles evaluated in WP2 in the UNIQUE 100 kWth gasifier for tests at pilot scale.

It is worth stressing that, in this first block of work packages, experimental gasification rigs of different capacity, ranging from 0.5 to 20 kg/h of biomass feedstock, will be utilized to test catalysts, sorbents and filtration candles, so that standard characterisation data, such as sorption capacity, catalyst reactivity, will be always confronted with the behaviour exhibited at real process conditions. The implementation of such innovations in industrial gasification processes and their integration into a readily applicable hot gas conditioning and purification technology is performed by means of different steps dealt with in WP 4, WP 5. 

· WP4 A portable purification station of 100 Nm3/h (235 kg/day), based upon the commercial reformer and Pressure Swing Adsorption (PSA)-technology of GVH, will be integrated with the WGS reactors that use the Fe/foam and Cu/foam tested in earlier WPs and with the 100 kWth gasifier to demonstrate the feasibility of the process at pilot scale (50 kg/day of hydrogen). These tests will demonstrate the feasibility of X using the double fluidized bed gasification technology with steam and air.

· WP5 Finally the portable purification station will be integrated into a side stream of the 1000 kWth gasifier to demonstrate operation of the system at larger, industrial, scale (235 kg/day of hydrogen). These tests unlike the previous ones will demonstrate the feasibility of X using the different fluidized bed gasification technology with oxygen and steam.
The activities here have been designed to test the proposed technology at different scale levels and grades of integration, to offer strong and significant evidence of its effectiveness, while keeping as low as possible the efforts and the costs of this project. A satisfactory balance between these sometimes conflicting objectives has been achieved by including in the consortium partners running gasification facilities that can accommodate the hot gas conditioning and purification system by means of relatively small hardware modifications.

As far as modelling and numerical simulation are concerned (WP 6), these activities are planned in strict connection with the experimental investigations, and are conceived as a means to better understand the potential and limits of the developed systems when applied to a wide range of conditions. A further output of WP 6 will be the implementation of calculation tools addressed to the design, for different input conditions, of the gas cleaning and conditioning system here proposed with the relative LCA, to help it to impact the relevant industrial sectors with greater momentum. As a matter of fact, this task will have a fundamental role to approach potential users of the innovative technology developed in X, specifically SMEs. To reach such goals, a unified coordination of modelling activities is required, although they will be developed at different scales (micro and macro systems) and related to different areas of expertise (thermodynamics, chemical reaction kinetics, fluid dynamics, plant design, energy systems), and this is why they are grouped in one, self-contained WP. 
WP 7 is devoted to dissemination, exploitation of results and IPR protection. The applicants are well aware of the importance of these activities to render X highly pervasive in the renewable energy RTD arena, particularly for the important role played by SMEs in the field of small to medium power generation systems. Indeed three participants in this Consortium are SMEs that will be able to offer the implementation of the project results to potential end users in the EU and worldwide. Y and Y, being industrial companies, will take care of the industrial development of the results (production of many units of the X system); meanwhile Y, being an engineering company, will take care of the potential applications. Finally another partner is a large company, Y, a world leader in the hydrogen filling station sector, thus one of the great potential user of the X technology is a member of the consortium. This furthermore guarantees a large potential application of the results at the hydrogen filling stations. This WP will have tight connections with all other WPs. It requires the input from experimental laboratory tests to determine the optimal system layout and process parameters. Data from 100kWth and 1000kWth tests will be used to evaluate and improve the used models.

The different links and dependencies among work packages are summarised in the PERT type chart reported in paragraph 1.3.4.
1.3.2. Gantt chart 
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1.3.3. Detailed work description

Work package list

	Work package
No

	Work package title
	Type of activity

	Lead 
participant
No

	Lead participant short name
	Person months

	Start
month

	End
month5

	1
	PROJECT MANAGEMENT
	MGT
	1
	
	21
	1
	36

	2
	FEEDSTOCK, CATALYSTS, SORBENTS AND TESTS AT BENCH SCALE
	RTD
	5
	
	71
	1
	24

	3
	PORTABLE PURIFICATION UNIT
	RTD
	4
	
	21
	7
	24

	4
	X 100 
	RTD
	1
	
	102
	1
	30

	5
	X 1000
	RTD
	3
	
	57
	7
	36

	6
	MODELLING AT DIFFERENT SCALES
	RTD
	1
	
	64
	1
	32

	7
	DISSEMINATION AND EXPLOITATION OF RESULTS
	OTHER
	1
	
	13
	1
	36

	
	
	TOTAL
	349
	
	


Deliverables List

	DEL. NO. 

	DELIVERABLE NAME
	WP NO.
	NATURE

	DISSEMINATION 
LEVEL

	DELIVERY DATE


	1.1
	Periodic Project Management Reports
	1
	R
	CO
	13, 25, 37

	1.2
	Report of the management  meeting
	1
	R
	CO
	2, 18, 37

	2.1
	Chemical characterisation of feedstock
	2
	R
	CO
	9

	2.2
	Catalytic candles operation
	2
	R
	CO
	12

	2.3
	PSA coupling verification
	2
	R
	CO
	12

	2.2
	Synthesis of Fe/Foam catalyst and characterization
	2
	R
	CO
	12

	2.3
	Synthesis of Cu/Foam catalyst and characterization
	2
	R
	CO
	18

	2.5
	Fe/Foam and Cu/Foam effectiveness
	2
	R
	CO
	24

	2.6
	Reforming and CO2 capture sorbents capacity
	2
	R
	CO
	24

	3.1
	PSA unit design and construction
	
	
	
	15

	3.2
	WGS unit design and construction
	4
	P&R
	CO
	21

	3.3
	PPS design and construction
	4
	P&R
	CO
	24

	4.1
	Filter candles design and construction
	
	
	
	9

	4.2
	Test campaign with the prototype reactor
	4
	R
	CO
	19

	4.3
	PPS unit integration
	
	
	
	28

	4.4
	X 100 long term tests
	5
	P&R
	CO
	30

	5.1
	Test campaign with the prototype reactor
	3
	R
	CO
	30

	5.2
	X 100 long term tests
	
	
	
	36

	5.3
	Technical and economical analysis on the integration in hydrogen filling stations
	5
	R
	CO
	36

	6.1
	Kinetic model of reactions in HT-LT water gas shift reactors
	6
	R
	CO
	24

	6.2
	Kinetic model of reactions of hydrocarbon reforming with CO2 capture
	6
	R
	CO
	24

	6.3
	CFD model of the gasifier with catalytic filter candles in the freeboard
	6
	R
	CO
	33

	6.4
	Optimisation of the overall process and work sheet of the X system
	6
	R
	CO
	36

	6.5
	LCA report
	6
	R
	CO
	18, 36

	6.6
	LCI data set in ILCD format
	6
	R
	CO
	36

	7.1
	Project Dissemination Plan
	7
	R
	CO
	6, 24, 36

	7.2
	Set up of web page
	7
	O
	PU
	6, updated continuously

	7.3
	Project brochure/flyer
	7
	O
	PU
	24, updated month 36

	7.4
	Project videotape
	7
	O
	PU
	24, updated month 36

	7.5
	Exploitation Plan
	7
	R
	CO
	24, updated month 36


List of milestones 

Following the project plan and the WPs list, the project have 6 milestones: the first two related to the preliminary bench scale activities (Sorbents realization and Process tests); other three related to the components and pilot scale activities (WGS, PSA, 100 kWth prototype); the final related to the industrial scale activities (1000 kWth prototype).

	Milestone number
	Milestone name
	Work package(s) involved
	Expected date 

	Means of verification


	1
	PSA coupling verified
	2 (and 3, 4, 5, 6)
	24
	Bench tests scale made (D2.7)

	2
	Catalysts and sorbents realization
	2 (and 3, 4, 5, 6)
	12
	Catalytic systems and Sorbents realized (D2.3)

	3
	Effectiveness of catalysts and sorbents
	2 (and 3, 4, 5, 6)
	24
	Bench tests scale made (D2.5&2.6)

	4
	Purification unit (PSA)
	4 and 6
	19
	PSA realized

	5
	X 100 kWth
	4, 3 and 6
	24
	Prototype completed and running flawlessly

	6
	X 1000 kWth
	5 and 6
	36
	Prototype completed and running flawlessly


Work package 1: Management

	Work package number 
	1
	Start date: month 1
	End date: month 36

	Work package title
	Management

	Activity Type

	MNG

	Participant number
	1
	2
	3
	4
	5
	6
	7

	Participant short name
	
	
	
	
	
	
	

	Person-months per participant:
	15
	1
	1
	1
	1
	1
	1


	Objectives 
· Finalize the consortium agreement, which will regulate procedures and working methods with respect to the coordination, the results, reporting, and dissemination and exploitation activities

· Assure that the governing and operative bodies as described in the management structure are set up and made fully operative and receive full administrative support

· Clarify all management, administrative and financial procedures to all participants

· Manage all financial transactions and closely monitor individual participant situations

· Plan, monitor and control project progress and outputs, and take corrective actions

· Carry out progress reporting and financial reporting of the whole project to the FCH-JU


	Description of work 

Task 1.1 Project Planning, Monitoring, Reporting

The expected result of this Task is to perform an effective and efficient management of the consortium. 

To reach this objective, different kind of activities will be implemented by the project Coordinator through the Management team, composed by a Project Manager and the administrative service: 

· Implementation and maintenance of the project infrastructure, e.g., the internal platform for information exchange and email lists, 

· Handling of the project correspondence and the day-to-day requests both from partners and external bodies, 

· Designing and maintaining partner specific templates for collecting input to the required FCH- JU documents, 

· Implementing and maintaining of a project-specific database for reporting and controlling, including the adaptation of the structure after changes in the work plan and the Consortium, 

· Preparing and post-processing of FCH- JU reviews from the consortium-side including support in the implementation of recommendations from the FCH- JU and reviewers, 

· Preparing, executing and post-processing of major project meetings such as MNG and technical meetings, Steering Committee meetings, and eventual General Assemblies (tasks: agendas, invitations, location of meeting places, organization of rooms and equipment, preparation and distribution of materials, minutes and action lists). 

The project coordinator will be the reference point for all participants for the transparency of all management issues. It will be his responsibility to assure that the required awareness and knowledge of all management, administrative and contractual issues are suitably communicated to all participants. 
The Project Coordinator will establish communication flows among partners (a list of at least two contacts from each partner will be always kept up to date and made available to the partners) and with the FCH- JU Services. An online tool will be set up, to help exchanging information among partners, coordinating the technical advancement and ensuring the development and production of deliverables. 

The Project Coordinator will be responsible for the day-to-day co-ordination of the FCH- JU contract and the corresponding work plan. He will be supported by a Scientific project manager for coordinating the scientific aspects.  

It will be the duty of the coordinator to perform a synthesis of working papers and monographs and prepare the reports for submission to the FCH-JU. 

Every year the Project coordinator will consolidate and distribute the annual reports, in order to assess achievements and proper strategies for completion of the project. The work package Leader will prepare a report at the achievement of each milestone and at the completion of each work package. 

At the same time, the Project Coordinator will prepare a consolidated overview of the budgetary situation of the project, on the basis of the cost statements from the partners and of the payments that have been made, for submission to the FCH- JU. When required, an audit certificate will accompany the relative cost statement, created according to the internal accounting system of each beneficiary (e.g. as subcontracted activity). 

A Project Steering Committee, composed by the project Coordinator and the WP Leaders will supervise the implementation of the whole programme and will decide about the project strategy and scientific management issues. The Committee will be chaired by the project Coordinator.

The last month of the project is entirely allocated to allow for the preparation of the Final Report.

The time schedule is planned in such a way that there will be time to properly incorporate changes once the analytical work is open for discussion.
T1.2 Project meetings

Three management meetings, involving one or two responsible for each partner, are planned: kick off, midterm and final. The targets of these meetings are to monitoring the state of the project and the achievement of the milestones and assure that the time and objective schedule will be respected.
The following meetings among partners are planned: 

Kick-off meeting, to define in detail boundary and interface specifications that are needed to harmonize activities included in different work packages, and those performed by different partners under each WP. Presentation, discussion and approval of the detailed work plan expected for the first six months. Description by each partner of the respective work approach and methodology. The kick-off meeting will be held within 6 weeks of the start date of the contract. 

During the kick off meeting, a project management workshop will be held for administrative-management personnel. 

Due to our previous experience as a coordinator, Y understands that involving only the technical personnel in the explanation of the financial and management EC rules of the project, does not produce the expected results (probably because they are not the persons who directly deal with such activities). Moreover, one of the main causes of the delay in delivering the project reports is that administrative personnel are often not used to working with FCH-Ju forms and tables and are not well aware of the financial regulation. 

Therefore, Y management experts, together with another expert from the accounting company utilized by ”Sapienza”-University of Rome, will directly explain to the partner’s administrative personnel all the financial rules and formats necessary to implement the administrative and financial aspects of the project.
General Progress (MGT) and technical (RTD) meetings will be organized to discuss and assemble the Progress Report and verify the accomplishment of project tasks, as indicated in the proposal and transferred to the Technical Annex of the Contract. In case of displacements between activities carried out, results accomplished (reported in deliverables) and milestones achieved, on one hand, and activities programmed and respective objectives, on the other hand, the meeting should clarify scientific, technical or practical obstacles (or focus on un-expected, more positive findings) and their impact on the project, and propose modifications or contingency plans for WP tasks affected and their respective time-table, activities and funding re-distribution among partners. 

Technical progress meetings are scheduled every six months also using teleconferences systems; when necessary, additional meetings will be organized by the coordinator, involving a limited number of partners and dealing with specific topics. 

The detailed work plan expected for the next six months will be presented, discussed and approved. The final version of the Progress Report will be issued by the Coordinator within three weeks from the date of the meeting. The meeting place will be made to rotate among all Partner sites, excluding Kick Off and Final Meeting, which will be held at the Coordinator premises. 

Final meeting, to discuss and assemble the Final Report, to critically review all activities performed and results obtained in the course of the whole project, in the light of what is defined in the work plan. By the completion of the 35th month, all documentation should be forwarded to the Coordinator in order to allow him to prepare the draft of the Final Report. At least a week prior to the final meeting, the report will be circulated among all partners. Based on the discussions at the final meeting, and with the agreement of all partners, the Final Report will be completed and submitted to the Commission Services. All concerns between results obtained and those envisaged at the start of the activities will be carefully analyzed in terms of scientific and technical aspects, and in relation to their consequences on the project final objective. 

The Scientific Officer chosen by the FCH-JU to supervise the project activities will be invited to all project meetings. The minutes of all meetings will be prepared by the Coordinator, sent to the FCH-JU and distributed among partners, together with electronic files of scheduled presentations from each meeting. 

If necessary, assessment meetings will be organized, with FCH-JU officers and external reviewers in order to check the research and innovation progress and the confidence of reaching the goals and objectives, and for re-focusing the project objectives.


	Deliverables 

D.1.1 Periodic Project Management Reports 
D.1.2 Report of the Management meetings 


Work package 2: Feedstock, Catalysts, Sorbents and tests at bench scale

	Work package number 
	2
	Start date: month 1
	End date: month 24

	Work package title
	Feedstock, Catalysts, Sorbents and tests at bench scale

	Activity Type
	RTD

	Participant number
	5
	2
	1
	3
	4
	
	

	Participant short name
	
	
	
	
	
	
	

	Person-months per participant:
	41
	9
	10
	4
	6
	
	


	Objectives 

· Characterisation of feedstock
· Optimization of the catalytic filter candle operation
· Verification of the PSA coupling
· Development of Fe and Cu catalytic ceramic foams and sorbents
· Assessment of Fe/Foam and Cu/Foam for WGS operation
· Assessment of the reforming and CO2 capture sorbents capacity


	Description of work 

T2.1 Feedstock characterisation 

The chemical characterization of any feedstock to be used in a gasification process is an important step in order to qualify the process itself in terms of conversion efficiency (mass and energy), presence of potential poisoning elements, LCA assessment etc. In this task all raw materials selected as interesting feedings, to be used in gasification tests at any scale, lab or pilot, will be fully characterised in terms of proximate and ultimate analysis. Y has large experience on that, but for this project it is necessary also a deep attention to the quantification of all inorganic elements (e.g. K, Na, Cl, S) with potential hazardous effect on the plant components based on the action of a catalytic element (e.g. filter candles, WGS foam). Thus the database will be revised and new experimental analysis performed.
T2.2 Bench scale tests to optimize the catalytic candles operation 
Y will utilize one of its bench-scale gasification facilities (UNIQUE 1 kWth), already modified to house a filter candle of commercial size (diameter) in the freeboard, to perform continuous gasification tests integrated by tar catalytic reforming and particulate abatement. Instantaneous gas yield and composition, tar content, carbon conversion, pressure drop across the filter candle, etc. will be monitored to characterise each test. Mass balances will be utilized to verify the compatibility and reliability of measured data. The influence of operating parameters will be explored. Comparison with blank tests (the same gasifier without the filter candle in it) will allow the assessment of catalytic filtration effectiveness. Different biomass feedstock, characterized in the T1.1, will be used during gasification in order to verify the interaction of different biomass ashes with the ceramic material of the candle during operation at real conditions.

Y will study catalyst evolution during Y biomass gasification tests on segments of catalytic filter candles.

T2.3 Bench scale tests to verify PSA coupling (month 1-12)
A 5 Nm3/h PSA (of Y) will be tested with a standard gas compositions downstream of the WGS to verify the coupling of the PSA to the different (simulated) streams of the outlet of the WGS due to different feedstock, different gasification conditions (stem/oxygen and indirectly heated), different catalysts and sorbents. The work of this task will be used to better design and construct the PSA of the portable purification unit (Task 3.1 of the WP3).
T2.4 Catalysts (Fe/Foam and Cu/Foam) and sorbents (Ni-Fe/CO2) realization and characterization (month 1-18)

Y together with Y will develop a specific innovative catalytic system for Water Gas Shift Reaction (WGSR) adapted to hydrogen purification of a hydrogen-rich gas obtained by biomass gasification. Thanks to this system coupled downstream to the UNIQUE gasifier it will be possible to increase hydrogen content in the gas and thus also the conversion efficiency to >66%. It has clearly been indicated in the proposal but it is also an important result of UNIQUE that Fe/olivine presence will protect of too much tar the Ni/ceramic foam. WGSR catalysts could be divided into two categories depending on the temperatures of the reaction: a high temperature catalyst (performing between 300-500°C) and a low temperature catalyst (150-300°C). Iron is generally present in the first case while copper is present in the second one.

To prevent pressure drop along the process (gasification is operated at atmospheric pressure) and to increase the efficiency of the gas-solid contact (catalytic surface area) all the catalysts will be impregnated and supported on ceramic foams. Y is a global leader in the manufacturing of different porous ceramic media e.g. based on SiC, Al2O3, SiO2 and SiO2-Al2O3 of different shape and porosity or ppi type, respectively, which, besides hot gas filtration applications, are also used as support materials for catalytic applications. So, to cover a larger range of temperature we propose to study WGSR at low and high temperature, iron and copper being dispersed on different types of foam (SiC, Al2O3).The proposed solution would allow testing a combined HT-LT WGS reaction.

In the detail,

1) Y will manufacture ceramic foams (SiC, Al2O3) of different ppi type in the desired laboratory scale sample dimensions

2) Y will develop a series of Fe/alumina/foam catalysts. The iron content (up to 20 %wt), iron dispersion, calcinations temperature will be optimized. The iron catalysts were then characterized before and after reactivity tests. After tests catalyst characterization will permit to explain catalyst evolution under test conditions. Characterization on Fe/foam will assess metal-support interactions, iron reducibility, iron distribution in the different phases as a function of reducing treatment, and will be obtained by X-ray diffraction (XRD), temperature programmed reduction (TPR), transmission electron microscopy coupled to Energy Dispersive X-ray Spectroscopy (TEM/EDXS), Mössbauer spectroscopy. 
3) Y will develop a series of ceramic foam supported Cu containing catalysts by using different catalyst support materials (Al2O3, TiO2, CeO2) that are doped with  different Cu loadings. Additional doping with a second metal will also be tested. Characterization of the developed catalysts with respect to the reducibility of CuO and to the CuO / Cu crystallite size will be performed by UDS by means of TPR and XRD as well as TEM /EDXS before and after activity testing.

4) Reactivity tests will be realized on Fe and Cu/foam at laboratory scale in fixed bed reactor and in conditions similar (gas composition, P, T) to those of steam gasification tests. An optimum operating temperature will be determined for the Fe based catalyst in the range of 500 – 300 and for the Cu based catalyst in the range of 300 – 150°C by adjusting the lowest possible residence time for an efficient WGSR. A maximum residence time between 0.4 – 0.5 s should not be exceeded.

5) As results of WGSR at Y at least two different Fe/foam catalysts preparations will be then transferred to Y for a scale up to deliver samples to be tested at bench scale operation (T2.3). The identified most active catalyst will be then scaled up to deliver a prototype for testing in the purification system (WP4).

6) As results of WGSR at Y, two different Cu/foam catalysts preparations will be scaled up to deliver samples to be tested at bench scale operation (T2.3). The most identified catalyst will be then scaled-up to deliver a prototype for testing in the purification system (WP4).


7) In parallel Y will realize and characterize different Ni-Fe/CaO-MgO catalysts/sorbent for the contemporary residual Hydrocarbon Reforming and WGS and CO2 capture. The same experimental procedure adopted for the Fe/Foam will be used. 
T2.5 Bench scale tests to assess catalysts effectiveness (month 12-24).
The effectiveness at real process conditions of Fe/Foam and Cu/Foam for WGS operation will be assessed by Y by means of bench-scale fluidized bed continuous steam gasification tests (UNIQUE 1kWth used in T 2.2) coupled with a fixed bed bench scale reactor filled with the Cu/Fe/Foam catalysts realized in T2.1 by Y. The effect of operating conditions such as temperature, steam/carbon ratio, on the CO conversion to additional H2 production and residual CO will be studied. As fuel, different biomass feedstock will be used. H2S will be directly measured (Y). 

T2.6 Bench scale tests to assess sorbents effectiveness (month 12-24).
In this WP bench scale tests of Ni-Fe/CO2 sorbents developed in T2.4 will be tested at bench scale. The activities are divided in the following steps. The capacity of CO2 capture and release, with simultaneous heavy hydrocarbon reforming, will be investigated for natural and synthetic sorbents impregnated with Ni and Fe. These tests will be carried out in the fluidized bed bench-scale reactors at the Y Laboratories. At least three sorbents of those studied in the T2.4 with different amount of CaO/Ni/Fe will be realized by Y for the tests at bench scale reactors (1-2 kg). 

Synthetic syngas will be used (with variable concentration of H2, CO, CO2, CH4 and steam) with known amount of heavy hydrocarbons added as tar representative (toluene and methyl-naphtalene). The tests will be performed at the operating condition of the gasifier: 1 atm with variable temperature among 600-700 °C. Tests will be conducted until total carbonation of CaO. After the complete calcination of the sorbents the tests will be started again. The tests will be repeated at least for 10 cycles, in order to evaluate the decrease in the capture and reforming efficiency of the sorbents/catalyst. The tar concentration in the product stream will be analysed. The instrumentations already at the Y Laboratories will be used for the tests.  

1.  FTIR analysis of the syngas will be performed on-line to evaluate the products yields and process efficiency during multi-cycles tests

2. Tar conversion will be evaluated by TOC and GC-MS analysis

3. The bed material will be characterized before and after tests using XRD and SEM analysis to evaluate structural changes during tests.

Results of the experimental activities will be used for comparison with those obtained in T2.5 to assess if this new method for hydrogen purification could improve conversion efficiency of the process. 


	Deliverables 

D.2.1 Chemical characterisation of feedstock (month 9)
D.2.2 Catalytic candles operation (month 12)
D.2.3 PSA coupling verification (month 12)
D.2.4 Synthesis of Fe/Foam catalyst and characterization (month 12)

D.2.5 Synthesis of Cu/Foam catalyst and characterization (month 18)

D.2.6 Fe/Foam and Cu/Foam effectiveness (month 24)
D.2.7 Reforming and CO2 capture sorbents capacity (month 24)


Work package 3: Portable purification unit
	Work package number 
	3
	Start date: 8 month

	End date: month 24

	Work package title
	Portable purification unit

	Activity Type
	RTD

	Participant number
	4
	2
	1
	6
	
	
	

	Participant short name
	
	
	
	
	
	
	

	Person-months per participant:
	60
	5
	1
	1
	
	
	


	Objectives
· Design and construction of the PSA unit
· Design and construction of the WGS unit
· Design and construction of the PPS unit (PSA, WGS, complementary systems) for X testing.
· Deliver the PPS to Y-Hydrogen Centre of Civitavecchia (location of the UNIQUE 100 kWth).


	Description of work 

T3.1 Design and construction of the pressure swing absorber (PSA) unit (month 8-15). 

Starting from the preliminary results of Task 2.3, Y will design and fabricate a stand-alone pressure swing absorber (PSA) that will be part of the complete purification system (including WGS and complementary purification systems), to be integrated with the UNIQUE 100 kWth in WP 4. The PSA system will be based on the proven integrated PSA of Y natural gas Hydrogen Generation Systems (HGS).

T3.2 Design and construction of the WGS unit (month 14-21). 

Starting from the preliminary results of Task 2.4 and 2.5, where the Fe/Foam and Cu/Foam are constructed, characterized and tested at bench scale, the WGS reactors will be constructed by Y using the Fe/Foam and/or Cu/Foam catalysts produced in T2.1. Thus choosing the typology with the best effectiveness and following the system requirements of the 100 kWth gasifier, the reactors will be constructed in a size adapted to pilot scale tests (X 100 kW) and industrial scale tests (X 1000 kW).
T3.3 Design, engineering and construction of the Portable Purification Unit (PPS), including PSA, WGS and complementary components (month 15-24). 

The PPS will be composed of the WGS (LT and HT), PSA, compressor, desulfurizer (if required), scrubbber (for tar removal), heat exchanger (applying heat for drying biomass in the gasifier), after burner (for purge gas), and balance of plant (BoP) components (e.g. system controls/PLC) (see underneath figure). Work is carried out by Y, supported by Y (WGS) and Y (providing system requirements 100kWth gasifier, the after burner of the purge gas in the gasifier, etc) and Y (providing system requirements 1000 kWth gasifier).
In particular the following activities will be carried out:

· Chemical Engineering, development of Process Flow Diagrams (PFDs) and Process and Instrumentation Drawings (P&IDs). Design includes program of requirements of both the 100 kWth plant as well as the 1000kWth gasifier. Outcome includes specification of abovementioned components, electrical single lines, cable and conduit routing, termination drawings, piping isometrics, foundation or skid designs and an overall Control Narrative with instrument lists, will all be produced to guide fabrication of the demonstration project and to be useful for any future commercial installations of similar equipment at any scale. 

· Design, construction/procurement of heat exchanger, desulfurizer, scrubber (tar removal), compressor and other necessary components. 

· Development of mechanical drawings of all components; added by 3D simple drawings, including skid design, piping, valves, interconnections. 
· Comparison of supplier data and partner data with component specifications, leading to adaptations in the chemical model for final production. 
· Balance of Plant. Development of complete balance of plant regarding heat, water management, ventilation, use of purge gas, off gas management, including development of control strategy (PLC development). Necessary utilities such as water and power tie ins., ventilation and lighting, and structural design of the skids themselves are all needed to integrate all the necessary components in the PPS. Necessary interconnections between the systems as well as the variable feedstock supply system must be designed and sized for the full scale demonstration system.  The design of the full sized demonstration will follow the normal iterative process of preliminary sizing of all equipment and components followed by refining the design when all components are actually purchased and the vendor data is received to allow final design calculations and layout to be completed.

· Applicable codes and standards for industrial construction will be defined and followed in the design and construction processes. 

· Commercially available pipe or tubing, rotating equipment such as fans, blowers and compressors, heat exchangers, motors, cable and conduits will be sized, located within an overall equipment arrangement and construction details prepared to allow the installation and operation of all the project equipment.  The design will be prototypical to allow replication at industrial sites in the future.  

· In order to minimize efficiency losses from connecting the major components and balance of plant systems, a detailed analysis of all flow rates including those of utility and support systems that could impact overall performance of the unit operations will be documented in this WP. Optimization of the overall system will be achieved by judicious use of commercially available components sized based on engineering calculations wherever possible in the final design.

· A Hazardous Operations (HazOps) review will be performed following the 90% design development to insure the safe operation of the completed system. Single and double failure modes will be identified and documented to show that the design is inherently safe to this level of component failure or operator error.

A is currently completing the construction of a 100 kWth steam double bubbling fluidized bed biomass gasifier (DBHbF-Double Bubble HybioFlex). This reactor will be equipped with ceramic filter candles to make pilot scale tests following WP 4.


	Deliverables 

D.4.1 PSA unit design and construction (15)

D.4.2 WGS unit design and construction (21)

D.4.3 PPS design and construction (24)


Work package 4: X 100

	Work package number 
	4
	Start date: 1 month
	End date: 30 month

	Work package title
	X 100 

	Activity Type

	RTD

	Participant number
	1
	6
	2
	5
	7
	
	

	Participant short name
	
	
	
	
	
	
	

	Person-months per participant:
	33
	10
	7
	4
	4
	
	


	Objectives:
· Design and construction of filter candles
· Measurement and evaluation of gasifier operability and parameters 

· Integration of the PPS

· Measurement and evaluation of X 100 operability and parameters


	Description of work 

T 4.1 Filter candles design and construction (month 1-9) 

In X the DBHbF freeboard will be equipped with 6 to 8 Y filter candles with at least 2 candles catalytic activated in order to make valuable tests using the UNIQUE technologies. In this task test filters will be designed and constructed for integration into the freeboard of the gasifier section. The cleaning system will be capable of rates up to 150 m3 (wet, T=850 °C, p=1 bar) at a typical filtration velocity. Requirements for fixing and sealing the catalytic filter candles and the conditions for the proper operation of the catalytic filter test module including back-pulsing of the candles will be defined and will be used in WP5 to better positioning the filter candles in the X 1000.

T 4.2 Test campaign with the prototype reactor (month 10-19)

Different investigations in the modified 100 kWth pilot plant will be carried out by Y varying the following important parameters: 

· Gasification temperature (750 - 850 °C) 

· Steam to fuel ratio (0.3 - 0.6 kg/kg) 

· Biomass fuel (shells, wood chips, wood pellets, organic wastes of municipal) exploiting the results obtained by WP 2. 

The results from the above mentioned tests will be compared with results already carried out with olivine as the bed material. Besides temperatures, pressures, volume and mass flows the producer gas composition (H2, CO, CO2, CH4) and the tar content (gravimetric tar measurement similar to the tar protocol and by GC-MS, already available at Y laboratory) will be measured and evaluated. Furthermore, the attrition of the bed material will be monitored by pressure drop measurements during runtime. Particle size distribution of the bed materials will be determined by sieving and laser diffraction particle size analyzers (Malvern Mastersizer, already available at Y laboratory) before and after the test runs. In addition to the measured components mentioned above, the measurements of H2S in the producer gas will be measured during these runs. The interaction of different biomass ashes with the ceramic material of the candle during operation at real conditions will be verified in collaboration with Y.

Finally at least 3 different tests of 120 h each will be performed to verify the correct operation of the system during long term tests.
T4.3 PPS unit integration (month 20-28). 

The necessary design and construction to integrate the gasifier with the Y purification system and with the Fe/Foam and Cu/Foam WGS reactors will be carried out by Y in collaboration with Y and Y including the following activities:
· Process Flow Diagrams (PFDs) and Process and Instrumentation Drawings (P&IDs). Outcome includes specification of abovementioned components, electrical single lines, cable and conduit routing, termination drawings, piping isometrics, foundation or skid designs and an overall Control Narrative with instrument lists, will all be produced to guide fabrication of the demonstration project and to be useful for any future commercial installations of similar equipment at any scale. 

· Applicable codes and standards for industrial construction will be defined and followed in the design and construction processes. 

· Depending on the results obtained in the previous biomass tests (WP2-3), if necessary, an HT-DeS reactor downstream the gasifier will be added using sorbents for high temperature application (600-700°C) like ZnO, CaO, Bauxite etc. 

· Requirements for permitting the installation of the full sized system will be identified through the process of obtaining a permit for construction by Y. Although the requirements at the University are unique, they are typical of the concerns that will need to be addressed for any future commercial installation of the system.

T4.4 X 100 long term test (month 25-30). 

Y in collaboration with YYYY and Y will carry out different long term tests on the complete system, at least 3 tests (using different biomass feedstock) of 200 h each. 

The feasibility of the hydrogen production method by X will be investigated in this task, in term of hydrogen purity. Y will characterize the Fe/olivine catalyst and the Fe/Foam and Cu/Foam WGS catalysts after long time tests. Y and Y will study the possible integration of the system in the current and future hydrogen filling stations.


	Deliverables 

D.4.1 Filter candles design and construction 

D.4.2 Test campaign with the prototype reactor 
D.4.3 PPS unit integration 
D.4.4 X 100 long term tests 


Work package 5: X 1000

	Work package number 
	5
	Start date: 8 month

	End date: 36 month

	Work package title
	X 1000 

	Activity Type
	RTD

	Participant number
	3
	4
	2
	6
	7
	
	

	Participant short name
	
	
	
	
	
	
	

	Person-months per participant:
	29
	6
	3
	12
	6
	
	


	Objectives 
· Measurement and evaluation of gasifier operability and parameters 

· Integration of the PPS

· Measurement and evaluation of X 1000 operability and parameters

· Assessment and evaluation of the performance of the complete system to produce 100 kg/day of Hydrogen suitable for fuelling station


	Description of work 

T5.1: Operability and parameter tests 
To evaluate the performance of the gasification system including tar reforming catalyst and sorbents in the fluidized bed inventory and catalytic filter candles in the reactor freeboard, an extensive test campaign is scheduled to test the effectiveness towards the production of high purity syngas (Y). An initial operability check in collaboration with Y will allow verification of the potential and reliability of the whole system in relation to design specifications and its practical utilization in the test campaign. Parameter tests, lasting a few hours each, will be carried out to assess the system behaviour and flexibility in relation to changes of single parameter values. A biomass feedstock chosen in WP2 will be used; the biomass load will be adjusted to the gasifier nominal capacity; tests at reduced load will be also performed to check the flexibility of the hot gas cleaning and conditioning system in relation to biomass load (and overall gas flow rate). 

In order to evaluate the performance of the whole chain of innovations, data of reference will be also acquired. To this aim the gasification campaign at the 1000 kWth pilot plant will be started by using natural olivine as bed material and carrying out some gasification tests by screening the process parameters in a restricted range around the design values. 

The output gaseous stream from the gasifier will be characterised with respect to: 

· particulate content and composition (organic vs inorganic content); 

· main gas components (H2, CO, CO2, N2, H2O, CH4, light hydrocarbons) 

· contaminants (tars, including their composition, H2S, NH3 etc). 

The solid materials discharged during each run, will be also characterised at the end of each run, in relation to mineral substances and biomass residues. 
All gasification tests, in conventional and advanced configuration, will be carried out by using the same feeding material. 

T5.2: Long term tests and comprehensive evaluation of results 

Long running tests will be carried out by Y to evaluate the effect of the main operating conditions: Equivalence Ratio (O2 feed stream in relation to that necessary for complete biomass combustion) and Gasification Ratio (overall O2 and H2O feed stream in relation to biomass throughput) will be properly adjusted and varied in order to allow gasifier operation at different temperature levels, oxygen/steam ratios and fluidization conditions, over definite ranges, and to monitor the corresponding producer gas quality as a function of operation time, to check the efficiency of solid particle filtration and the effectiveness of the gas chemical and catalytic conditioning system over time; its ability to allow steady state and stable operation; the insurgence of poisoning phenomena affecting catalytic activity. 

As in task T 5.1, the output gaseous stream from the gasifier will be characterised with respect to: 

· particulate content and composition; 

· main gas components (H2, CO, CO2, N2, H2O, CH4, light hydrocarbons) 

· contaminants (tars, including their composition, H2S, NH3 etc). 

The solid materials discharged during each run, either heavy and big particles separated at the bottom of the fluidized bed (where they accumulate because of de-fluidization and are collected below the gas distributor), and fine particles collected from the bed surface (by overflow over the weir keeping constant the bed height) will be also characterised, physically and chemically, as well as the bed inventory, at the end of each run, in relation to mineral substances and biomass residues. 

T5.3 X 1000 long term tests 

The complete purification system tested at pilot scale in WP 4 will be delivered to Y for the integration with 1000 kWth prototype. The necessary engineering activities to integrate all system components will be carried out by B in collaboration with Y for the gasifier and Y for the PPS. In particular Y will carried out:

· Balance of Plant. Necessary utilities such as water and power tie ins, ventilation and lighting, and structural design of the skids themselves are all needed to integrate the atmospheric pressure gasifier with the pressurized purification system. The design of the full sized demonstration will follow the normal iterative process of preliminary sizing of all equipment and components followed by refining the design when all components are actually purchased and the vendor data is received to allow final design calculations and layout to be completed.

· Construction drawings including Process Flow Diagrams (PFDs), Process and Instrumentation Drawings (P&IDs), electrical single lines, cable and conduit routing, termination drawings, piping isometrics, foundation or skid designs and an overall Control Narrative with instrument lists, will all be produced to guide fabrication of the demonstration project and to be useful for any future commercial installations of similar equipment at any scale.

· Applicable codes and standards for industrial construction will be defined and followed in the design and construction processes. 

· Commercially available pipe or tubing, rotating equipment such as fans, blowers and compressors, heat exchangers, motors, cable and conduits will be sized, located within an overall equipment arrangement and construction details prepared to allow the installation and operation of all the project equipment.  The design will be prototypical to allow replication at industrial sites in the future.  

· In order to minimize efficiency losses from connecting the major components and balance of plant systems, a detailed analysis of all flow rates including those of utility and support systems that could impact overall performance of the unit operations will be documented in this WP. Optimization of the overall system will be achieved by judicious use of commercially available components sized based on engineering calculations wherever possible in the final design.

· A Hazardous Operations (HazOps) review will be performed following the 90% design development to insure the safe operation of the completed system. Single and double failure modes will be identified and documented to show that the design is inherently safe to this level of component failure or operator error.

· Requirements for permitting the installation of the full sized system will be identified. Although the requirements at the University are unique, they are typical of the concerns that will need to be addressed for any future commercial installation of the system.

· The existent gasifier skid structure will be modified to connect the PPS.

Y in collaboration with Y and Y will carry out different long term tests on the complete system. In the course of the experimental campaign, data of relevance for the LCA assessment will be collected

Y will study the possible integration of the system in the current and future hydrogen filling stations realizing a full assessment and evaluation of the performances of the complete system to produce 100 kg/day of Hydrogen suitable for fuelling station. 


	Deliverables 

D.5.1 Test campaign with the prototype reactor 
D.5.2 X 100 long term tests 
D.5.3 Technical and economical analysis on the integration of X in the current and future hydrogen filling stations 


Work package 6 Modelling at different scales

	Work package number 
	6
	Start date: month 1
	End date: month 36

	Work package title
	Modelling at different scales & Total System Design

	Activity Type
	RTD

	Participant number
	1
	3
	4
	2
	5
	6
	

	Participant short name
	
	
	
	
	
	
	

	Person-months per participant:
	20
	32
	1
	1
	8
	1
	


	Objectives 
· To provide modelling solutions for design and optimization of the process 
· To find a window of operating conditions for the developed systems when applied to a wide range of conditions. 

· To carry out the simulation and optimization of the integrated energy conversion chain.


	Description of work 

To reach the proposed objectives different modelling activities at different scales are required to consider different aspects of the process (thermodynamics, chemical reaction kinetics, fluid dynamics, plant design, energy systems). The modelling activities will be in close connection with the experimental investigations. The scaling up capability will be addressed through validation with experimental work at different reactor scales. 
T6.1 Process simulation of the global system 
The overall process simulation and process optimisation will be performed by Y and Y using the Aspen plus simulation tool starting from the beginning of the project and using the results obtained during all the project. Unit models (e.g. Tasks 6.3, 6.4, 6.5) with respect to the novel gas purification system will be developed and implemented by Y and Y in the Aspen plus. The unit models will be validated with data gathered in the experimental tasks using different process worksheets. The modelling tool will allow the simulation of the integrated energy conversion chain, process design and optimisation at different plant capacity, including calculations of the X overall hydrogen, thermal and electrical efficiency. This will determine the optimal system design and process conditions. E.g. prediction of type and amount of trace element species in gas and condensed phase in parts of the plant downstream of hot gas cleaning system and thus estimation of risk of fouling and corrosion. 

T6.2: Environmental analysis by LCA 
An environmental assessment (LCA) will be conducted on a full scale system, using primary data collected during the component tests (WP 2,3,4,5) and extrapolated to a full scale using design data, considering the whole life cycle and the user interface. Y will develop a template for LCA data collection. It will be used by the partners involved in system testing. The LCA study will be ILCD-compliant, applying, if available, the guidance document on Fuel Cells and Hydrogen systems developed in the FC-HyGuide project. ILCD compliant Life Cycle Inventory (LCI) datasets will be developed by Y and made available to the ILCD data network for free.
T6.3 Kinetic modelling of water gas shift reactions 

The kinetic parameters of the complex heterogeneous reactions taking place during the WGS Reaction inside the catalytic Fe/Foam and/or Cu/Foam will be determined by Y who is the responsible of the task 2.4 on the catalysts realization. Y will use the results of the Task 2.5 to verify the kinetic model. The effect of the main operating variables as temperature, spatial gas velocity, concentration of reacting gases (H2O,H2,CO,CO2), will be studied. Physical and catalytic properties of the foam will be considered to determine the optimum relation between mass transfer resistance and active catalytic surface. The results will be used in Task 3.2 (realization of the WGS unit) and 6.1 (Overall process simulation).
T6.4 Kinetic modelling of hydrocarbon reforming with CO2 capture 

The results obtained through the experimental campaigns with fluidized bed reactor using Ni-Fe/CO2 sorbent (WP 2, T2.4) will permit the obtainment of detailed descriptions of the CO2 capture coupled with WGS and tar reforming, solid chemical looping for carbon capture. Modelling activities ranging from micro-scale (simultaneous reaction and diffusion, SRD process through sorbent particle) to macro-scale (fluidized bed reactor) will be performed. Model of a reactor containing fluidized solids will be formulated to analyse hydrogen production by means of CO2 uptake and simultaneous heavy hydrocarbon reforming. The main objective of this WP will be revising existing models and proposing new ones to analyse and control the hydrogen production. The simulations are designed to perform system analysis showing the dynamic response of fluidized bed reactor.

The models are intended to be implemented and integrated in an existing software package for process simulation. The proposed models will be deployed also as a stand-alone application for users not familiar with commercial software package. Further, to facilitate the parameters input, launching simulations and showing results, a graphical user interface will be implemented. Finally, by properly handling the model, sensitivity analyses will be performed permitting numerical investigation on the behaviour of the decarbonisation process (for instance, by changing the operating temperature from 600 up to 700 °C). The main output of this activity will be a technical reporting showing models employed, key parameter assumptions, and information flow charts for the simulated results. Breakthrough curves for hydrogen production will be collected as a dynamic output of the reactor in order to study the decrease in reforming efficiency through multi-cycling experiments performed in WP 2. 

T6.5 CFD modelling 

Exploiting the model already realized and validated at bench scale in the previous project UNIQUE CFD simulation of the freeboard of the 100 kWth fluidized bed reactor with filter candles inserted in it (6-8 candles) will be carried out. The model is addressed to simulate the fluid dynamics of the freeboard coupled with the chemistry and the kinetics of the catalytic processes taking place inside the candles (tar reforming, water-gas shift, Boudouard reaction, etc., by considering thermodynamic and kinetic parameters).

By using UNIQUE results and further experimental data, the relevant mass, momentum and energy transfer mechanisms will be modelled, either in the two-phase (gas and entrained solid particles system-cake surrounding the candles, and inside the candle porous medium. The CFD model will allow to simulate the operation of the catalytic filter candles when integrated with the turbulence flows in the reactor free-board. 

The model so developed will allow to evaluate the best location and configuration of the candles inside the freeboard, and, at the same time, the reforming efficiency of the catalytic candles. It will also allow to study the flow field around the candles and to provide information about the presence of “dead zones” that would reduce the effective filtration surface. In addition, the interaction between the particle clusters and the external surface of the candle will be investigated. Thus a correct time sequence and intensity of the gas back pulses to clean the filtration surface will be suggested. The outputs of the model will be compared according to the results of the experimental tests in T 2.2 and the experience of standard Y filter units. Some results will be extrapolated to be used in task 6.1 (e.g. pressure drop versus time).


	Deliverables 
D.6.1 Kinetic model of reactions in HT-LT water gas shift reactors 

D.6.2 Kinetic model of reactions of hydrocarbon reforming with CO2 capture 
D.6.3 CFD model of the gasifier with catalytic filter candles in the freeboard 

D.6.4 Optimisation of the overall process and work sheet of the X system 
D.6.5 LCA preliminary and final report 

D.6.6 LCI data set in ILCD format 


Work package 7 Dissemination
	Work package number 
	7
	Start date: month 1
	Start date: month 36

	Work package title
	Dissemination

	Activity Type
	OTHER

	Participant number
	1
	2
	3
	4
	5
	6
	7

	Participant short name
	
	
	
	
	
	
	

	Person-months per participant:
	7
	1
	1
	1
	1
	1
	1


	Description of work 

A proper dissemination strategy is essential to informe the European scientific community, public authorities and industrial sector on the progress and results of X findings. 

The Project Dissemination Plan will provide a basis for the correct planning and distribution of dissemination activities among partners. Through regular updates, it will highlight project achievements in the communication plan and target future informative events coming up throughout the project. Given the 36 months duration of the project, the dissemination plan will be regularly updated to include participation in workshops and events related to FCH research areas which might not be presently scheduled but which are likely to be organised during the project timeframe and which may benefit all those interested in the project outcomes.

The dissemination activity will particularly consist of regular flows of information based on a multimode communication approach, which is threefold and includes:

1) Event Strategy (workshop, seminars, conferences and other relevant events)

The partners will participate in events relevant to the project, each of them in their respective country of nationality, and all of them, alternatively, in EU- and European Organizations- sponsored conferences, workshops and more. In Italy, for instance, Y will have the chance to present the results of the project at the events organized by Polo Idrogeno (Lazio Region), Italian excellence research centre for renewable energies with the aim to present the project activities, provide its results, comment on the overall implementation and single developments, make conclusions and get feedback on further improvements.

2) Internet Strategy (Project Web site and on line newsletters)

The project web site is a major channel for visibility of the X project: it describes the project and its goals and highlights the partners’ roles and their progressive records. The project web site also serves as an interactive tool for internal and external communication. It provides virtual space to share documents and information, updates on the current research phases and results, presents further developments and advice about upcoming events open to the public. A private area will be used by partners to share documents, view current and planned project activities through an integrated project management tool, attend web conferences, share experiences and receive comments through a web-forum. The latter will offer people with appropriate background and expertise a chance to interact with the X consortium and provide useful comments, criticism and proposals that are useful in the transfer of knowledge. All of the partners will play a role in the dissemination activities, to the best of their competences and addressing their own national and European business networks. 

3) Articles, publications, brochures/flyer, videotape

Research partners identify significant reviews and online papers in order to publish articles and press releases concerning the project. These shall include scientific papers, offering commentary on the main processes and innovative technologies tested by the project.

Online versions of the above-mentioned scientific papers will be available on the X website where registered users will be able to post their comments on. 

Within the paper and video dissemination strategy, all partners contribute to release of the project brochures and flyers. A video-release will occur at the end of the project life cycle and will provide an audiovisual support to the whole project achievements, objectives and critical phases of progress. The video-record will be uploaded on the X website and accessible to all. It will be a handy tool to promote the results of the project and the X architecture. The video record, presented in conferences, workshops and trade fairs, will serve the dissemination strategy by conveying the project’s objectives and most relevant activities, while opening up the potential for exploiting unforeseen future development.

This initial Dissemination Plan will be revised and detailed at the start of the project.

7.2 Exploitation strategy

The X exploitation strategy is meant to encourage the transfer of knowledge and technology among research institutes and industries operating in the field of Hydrogen sector and interested in investing in sustainable development and modern energy engineering processes. The exploitation and technology transfer stems partially from a successful dissemination policy. Nevertheless, the X consortium acknowledges the importance of - and has made commitment to - achieving an efficient and effective transfer process by mean of an ad-hoc exploitation strategy. In particular methods, models component verification can be used for future research projects, extending research network and improving basics knowledge. 

The presence in the consortium of recognized and well known companies will facilitate the exploitation of the project results. Exploitation will follow the laboratory, plant-scale and modeling activities of this project. In this phase the possibility to apply the technologies developed in European sites will be showed. It is already intended in the consortium willing that the prototype manufacturing and experimental proofs of the X technology will be proposed by partners to their consolidated portfolio of relationship. 

As an accompanying measure to better allow the exploitation of project results, the maximum use of researcher mobility actions will be encouraged, within and out of the consortium (joint PhD courses are already run by some of the project partners), finalized to strengthen the knowledge exchange at European level.

Once laboratory analyses, prototype tests, simulation and modelling are completed, the architecture will have proved its functionality and its cost/benefit ratio, making it possible to promote the transfer of innovation to most sensible industry in Europe. The X partners are keen on proposing to various actors the main features of the X architecture and technology and the impacts expected from its transfer. This means that, in addition to proper PR activities, the exploitation can count on every partner’s willingness to move with its X expert personnel throughout Europe to properly assist the process of technology transfer. 

In order to maximise the impact and project outcome such as the economic benefits, partners will realise an exploitation business plan which will point out a set of business goals, explaining the reasons why they are believed attainable and listing the actions undertaken to reaching such goals. The business plan will consider the aspect of commercialisation of the gasifier and identify and target internal goals and provide a general guidance on how they will be met. 

At the end of the project a feasibility study for the creation of spin-offs or "follow on" activities regarding the assessment, trial and validation defined in the project will be carried out.

Preparation for actual commercial exploitation as well as related activities (e.g. marketing) will be discussed amongst the partners, but will not be included in the funded project activities – the Consortium, while interested in this sort of exploitation, is aware that these activities cannot receive funding.

Commercial strategy

Commercial promotion will be made participating to international fairs and making commercial presentations to key customers and institutions. Media campaigns will be developed for a general purpose target but also within each business sector of competence. 

It is important to highlight that all business partners involved on X project have already a large international experience essential to manage in a profitable and effective way this exploitation activity.

Intellectual Property

In order to favour the commercialisation of the project outcomes, an Intellectual Property Plan will be prepared by the partners. It will define, under intellectual property law, property rights for creative work, commercial symbols, or inventions. Partners will identify a list of potential stakeholders and organize meetings for the promotion and the dissemination of the project products. The main objective is to determine the of interest for investment and the exploitation of the innovative methodology. The core aim is to obtain clauses for trade agreements signed by the subjects involved. 

In the framework of this work package, clauses for trade agreement are established between partners for the exploitation of the project results and products. The agreement fixes the rules for the commercial exploitation of project products. It also defines which products could be used within the partner organisations and how to share any revenue derived from the selling of the products following the funding period. It establishes the rules and the tasks among the partners in order to maintain the products updated in case of commercialisation once the Community funding closes. 

The Consortium will carry out the activities necessary for the filing and prosecution of patent (and other IPR) applications, will use patent search services and the legal advice of a third party to protect the intellectual property rights that might arise from the project.

The final “Dissemination and Exploitation Report” will be realised naming the list of stakeholders, meetings reports, and comprehensive transfer evaluation, and details all the activities carried out and the results achieved in this sector.

Role of Participants:

All the partners, both Research and Industrial, will carry out dissemination and exploitation activities, by participating in national and international conferences and work shop, where they will have the opportunity to disseminate and exploit the results of the X project. Moreover they will promote the project among the Companies, which they are use to collaborate. 

Particular attention will be spent by Academic Institution on papers and publications about X topics, while Industrial partners will focus on the application on the market.


	Deliverables 
D.7.1 Project Dissemination Plan 

D.7.2 Set up of web page 

D.7.3 Project brochure/flyer 

D.7.4 Project videotape 

D.7.5 Exploitation Plan 


 Summary of staff effort

A summary of the staff effort is useful for the evaluators. Please indicate in the table the number of person months over the whole duration of the planned work, for each work package, for each participant. Identify the work-package leader for each WP by showing the relevant person-month figure in bold.

	Participant no./short name
	WP1
	WP2
	WP3
	WP4
	WP5
	WP6
	WP7
	Total person months

	1 
	15
	10
	14
	19
	0
	20
	7
	85

	2 
	1
	9
	7
	5
	3
	1
	1
	27

	3 
	1
	4
	0
	0
	29
	32
	1
	67

	4 
	1
	6
	0
	60
	6
	1
	1
	75

	5 
	1
	41
	0
	4
	0
	8
	1
	55

	6 
	1
	0
	0
	10
	13
	2
	1
	27

	7 
	1
	0
	0
	4
	6
	0
	1
	12

	Total
	20
	71
	21
	98
	51
	64
	12
	348


1.3.4. Risks and associated contingency plans

The project planning does allow for some flexibility to cope with potential difficulties. The coordinator will ensure that the project timetable is adhered to by all partners. However, if any unforeseen delays arise, alternative plans will be discussed and approved at the semi annual consortium progress meetings with immediate communication to the Commission Services. In fact research projects are always affected by the risk of failure to get the foreseen results at exactly the same time as originally planned, and this has been considered in the detailed work schedule, mainly by means of three different measures, each of them able to mitigate the risk and to allow for contingency plans to be properly identified:

· Partners are directly involved in activity fields at the core of the expertise matured by each research group, so that very strong links with the state of the art are established not only at the level of the project objectives, but also in terms of methodologies applied to tackle single problems;

· the project objectives are carefully balanced between “advances” along well established innovation lines and real “breakthroughs” in the relevant technologies; 

· complementary tasks have been defined and dealt with simultaneously, so that a reasonable range of potential overlap exists among results from different lines of the combined general approach.

For instance, the potential of catalytic tar reforming, tackled both by catalytic active species in the bed inventory of the gasifier and by catalytic filter candles, was demonstrated in UNIQUE project. In the case of the Hydrogen Lazio Centre plant (100 kWth), a couple of catalytic filtration candles will be inserted in the freeboard, exploiting the experience already acquired in the past UNIQUE project. The pilot plant at the Y Trisaia Research Centre (1 MWth) oxygen/steam fluidized bed gasifier and thus it is ready to operate with no relevant modifications. Y and Y have already a great experience on realizing catalyst, sorbents and ceramic candles and foams. Y, has already commercialized the required technology for hydrogen purification for steam methane reforming process. The gas obtained from UNIQUE is similar to that obtained from steam methane reforming thus the coupling of the purification technologies with UNIQUE prototype would be an obvious evolution of the existing state of art. Finally Y can provide the necessary expertise to industrialise the X system to the existing and planned hydrogen filling station.

Nevertheless a plan for risk management will be set related to the characteristics of risk of some key activities of this project that can be arise during the project life-time. The normal task but especially the milestones will be monitored to point out the critical events that can generate difficulties and require modifications in the research plan, leading to re-scheduling and re-planning of certain actions and activities. The possible risks, and the related actions to resolve them are summarized in following table:

	Risk Identified
	Severity
	Contingency Plan (comments)
	Affected WP

	Catalyst and Sorbents no realization or low activity or deactivation
	Very Low
	Similar catalyst and sorbent already realized and tested during the UNIQUE project thus the project will benefit from the expertise of the consortium
	2, 3, 4, 5 & 6

	Gas composition and contaminants level incompatible with the purification system
	Medium
	Different biomass feedstock, gasification type (stem/oxygen and indirectly heated) and catalyst and sorbent tested, thus a significant overlap exists 
	2, 3, 4, 5 & 6

	WGS catalysts/foam not enough efficient or stable at pilot scale
	Low
	After tests characterization will permit to understand the loss of activity.

Otherwise catalysts/foam will be replaced more often than expected. 
	2, 3, 4 & 5

	Difficulty of the connection of the WGS & PSA to the UNIQUE system
	Medium
	The connection is made before at bench scale to optimize the process, after at pilot and industrial scale to optimize the system and the industrial plant. Moreover all the activities are linked to a specific work package devoted to the modelling
	2, 4, 5 & 6

	Tar levels too high for hydrogen purification systems
	Medium
	Tar will be collected in the desulfurization guard bed. This bed will be needed to be replaced more often than expected.
	5 &6


2.
Implementation

2.1
Management structure and procedures  

The structure of the management consists of:

· Management team (MT)

· Scientific coordination (SC)

· Steering Committee (SCT)
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THE MANAGEMENT TEAM 
It aim at ensuring that all the project  activities, are carried out properly and successfully, and reducing any risk of failure, within the constraints of the project time schedule and budget. 

The management activities have the following objectives: 

· to manage and monitor the project resources, schedules and activities; 

· to ensure the collaboration and communication to FCH-JU and among partners; 

· to check the consistency between the development and the strategic objectives of the partners; 

· to ensure the overall quality of the results. 

Towards the FCH-JU, the MT will have the following tasks:

· To ensure the signature, by all the contractors, of the EC Grant Agreement;

· To receive the entire financial contribution from the FCH-JU and manage this contribution by allocating it to the participants according to the EC Grant Agreement and the Consortium Agreement;

· To prepare annual accounts in order to make possible, at any time, if requested by the FCH-JU or by the participants, to inform them of the distribution of funds among the participants, specifically the amounts allocated and the dates of payment to each contractor;

· To collect and transmit the project deliverables to the Steering Committee, to the Scientific Coordination Team and the participants;

· To review the reports (both scientific and financial ones) to verify consistency with the project tasks before transmitting them to the FCH-JU.

Project Coordination

The project coordinator will ensure that all partners’ contributions meet the Work Plan expectations. Towards the FCH-JU, PC will:

· be the information interface point between the consortium and the Commission;

· send the project deliverables to the Commission, after prior validation by the Steering Committee;

· build the project deliverables for the Commission from participants ensuring common style and quality;

· represent the project participants as defined in the EC contract.

The project Coordinator will ensure that proper communication flows among the partners are achieved, in order to optimize the progress of the project. At the beginning of the project activities, each partner will submit a list of at least two individuals who can be contacted. This will ensure that temporary absences of specific individuals will not impede the progress of the project. In general, relevant information will be sent to the project Coordinator, who will then forward it to the partners involved in the specific action. Direct partner-partner communications flows will be set up in those cases where an increase in efficiency can be achieved. At each meeting, and based upon the six monthly work plan, the efficiency of the communication system will be reviewed. Furthermore, planning for publication to be made and conferences to be attended on behalf of the consortium will be a topic at each project meeting. 

Management capability of the Coordinator 

Y is an association among several Italian universities. Y has been managing several projects co-funded by the European Commission(5-6-7FP, Tempus, Marie Curie, EuropAid, Tacis, Cip), in particular in the area of innovative solutions for new energy scenarios and sustainable mobility,  and has also been involved in the management of International University Networks and in Co-operation activities. Y has run moreover scientific and co-operation activities, like international conferences, workshop, masters, etc. These experiences enable Y administrative and managerial staff to effectively manage all the procedures relating to an FCH-JU project. For more precise details, please refer to the description of Y profile.

Financial Management
The Management team is responsible for the overall administrative and financial execution. It will ensure the immediate execution of budget or financial related decisions. It gives support by preparing the financial data in the negotiation phase. During the project phase the overall accounting management including the allocation of budget and the transfer of funds will be provided. The financial reporting will be done in respect to the FCH-JU deadlines, and the MT will ensure that certificating institutions will be contacted in reasonable time to carry out the required certificates on financial statements.

The MT, in collaboration with SCT, will also monitor tasks progress, negotiate minor rescheduling to keep the overall work on schedule or, where this is not possible, it will involve the Steering Committee.

Project Monitoring (Organization, Minutes, Reporting, Admin Support)
The MT essentially has the task of organising and scheduling the activities, meetings, inputs and outputs of the overall project. It also provides direct support to the SCT as well as liaising with the EU on all organizational issues. 
Concerning project monitoring, the MT will have specifically the following tasks:

· Organization/timetabling of SCT meetings

· requesting regular reporting from all partners to:

· verify task, WP, monitor delays, and obtain precise corrective actions;

· monitor resources usage to assure that this fits both the activity plan and the results provided by the partner;

· verify that the actual costs relate correctly to the expected costs.

· in case of default by a contractor on these issues, provide precise information to the SC to enable corrective decisions to be made;

· preparation and distribution of agenda and minutes for consortium meetings;

· collection and distribution of internal reports, results and deliverables. Exploitation and Dissemination management.
Each Work Package Leader will be responsible for the detailed co-ordination, planning, monitoring and reporting of specific work packages. If needed, meetings of the partners involved in the work package will be organized and chaired by the Leader. 

For each deliverable, within the work package, the Leader will assign direct responsibility either to himself or to an associate individual. A list of individuals responsible for each deliverable will be forwarded to the project Coordinator. The work package Leader is, in the first instance, the person who will be contacted by the project Coordinator as part of the monitoring of progress towards completion of the deliverables and of the assigned work package. 

Each partner will formally report every six months to the work package Leader of each work package he is involved in and for which he has performed tasks during the reporting period on progress of the activities within the agreed work packages. The work package Leader will forward every six months a consolidated progress report to the Coordinator, if tasks have been performed during the reporting period. He will also prepare a report at the achievement of each milestone, describing the actual results obtained, and discussing it in relation to the project specific objective and a WP report at the completion of the work package. The project Coordinator will consolidate and distribute the six monthly progress reports, the annual reports, the detailed mid-term report, and the final project report. 

PROJECT STEERING COMMITTEE: 
It is composed by the WP leaders and the Project Coordinator (who will be chair it).                                            The Steering Committee is the project operational decision-making and arbitration body, which will implement the provisions of the Consortium Agreement (including its approval) and shall decide on the following matters:

· political and strategic orientation of the project;

· approval of any modifications/deviations to the project Work Plan;

· approval of the Dissemination and Exploitation Plans;

· follow-up and validation of the budget (including financial allocation of the FCH-JU contribution between the various activities on the one hand, and between the various participants on the other) ;

· inclusion or exclusion of participant in relation to different reasons (new insights, no functioning, withdrawals, etc.) and concerning intellectual property;
· maintenance of the Background list;

· identification of the Foreground that could be the subject matter of protection and consequential decisions on dissemination and exploitation activities;

· allocation of the co-ownership shares over Foreground obtained by several participants;

· acquisition of rights from third parties, if applicable;

· take all decisions required for the successful conduct of the project;

· in case of a deadlock situation within a work-package, arbitration on basis of the  information provided by the Scientific Coordination Team and the Management Team;

The details of the approval procedures to be used by the SC will be included in the Consortium Agreement; however, as an indication, the rule, which will be applied, is the qualified majority.

SCIENTIFIC COORDINATION 

It is responsible, together with the Management Team, for ensuring that project deliverables comply with the planned activities, that they are correctly and timely communicated to Steering Committee, and to participants requiring them as input.

The SCT will be also involved in the negotiation phase.

The SCT will have different tasks:

· To implement the scientific decisions and orientations, taken by SC, by re-defining the work plan and schedule and/or re-defining partner roles, contributions and budgets;

· To interface with WP participants;

· To elaborate progress reports on the state of advancement of each work package to the Steering Committee;

· To monitor any significant difference between planned and actual advancement of participants’ work, particularly with respect of project results and deliverables; 
· In case of default by a contractor, to propose to the Steering Committee to review participants roles and budget as well as any new entity to replace the defaulting contractor.

2.2
Individual participants 
2.3
Consortium as a whole 

All the partners of the consortium are directly involved in activity fields at the core of the expertise matured by each research group. Thus the consortium is able to achieve the project objectives thanks to the experience acquired, the studies, laboratories and industrial plants realized which are not only a “conditio sine qua non” to do the project but especially a critical mass to guarantee the realization of the project objectives.
In fact Y and Y (Aquila and Sapienza universities) have all the necessary expertise, laboratories and facilities (gasifiers at bench, pilot and industrial scale) meanwhile Y have the necessary expertise on catalyst and process. Moreover not only the university partners are able to realize the necessary research work but also have already work together in many previously successful projects, like the last UNIQUE project, so the results of previous projects are here exploited and the capability of work improved. Finally Y, Y and Y have different and complementary skills: Y is specialized on fluidised bed reactor, Y on the global process modelling, Y on the detailed process and materials analysis, Y on the applied research. Thus Y has the responsibility of his pilot scale 100 kW gasifier (in the WP3 and ion the WP4) and the global modelling (WP6); Y has the responsibility of the gasifier bench test (in the WP2), Y has the responsibility of WP2 owing to the importance on process and materials analysis in this WP (Catalyst and sorbent), Y has the responsibility of his industrial scale 1000 kW gasifier (WP5). It has to be stressed here that the activities and relative objectives are not only specific for each partner but also each partner has already realised similar activities so the objectives can be surely achieved (e.g, Synthesis of catalyst for Y, Bench scale tests of gasification for Y, Test at pilot scale Kinetic and CFD model for Y, feedstock characterisation, LCA report and test campaign for Y). 
At these well balanced and experienced research entities are connected well balanced and experienced companies. In particular Y is global leader in the manufacturing of different porous ceramic media so his ability to realize ceramic candles, ceramic foams and WGS reactor is unquestionable. In similar way Y is specialized in realizing Portable Purification Unit meanwhile Y is specialized on the large Engineering and Procurement of power plants and components for hydrogen filing stations. Thus in the consortium are present the complementary and experienced skills necessary to develop the Ceramic candles and WGS reactor (so Y is responsible for the UNIQUE 100 kW, WP3, and for the WGS reactor in WP 4), Purification units (so Y is responsible for the Portable Purification Unit and the overall control system of the X 100, so the WP4), power plants (so Y is responsible for the necessary engineering activities to integrate all system components in the 1000 kW industrial plant and for the hydrogen filling stations integration analysis).
Finally all the main activities have an industrial involvement to ensure exploitation of the results. Catalyst, Sorbent and reactors activities have the involvement of C to ensure the commercial exploitation on the use of the ceramic candles and the WGS reactors. The Portable Purification Unit and the test on pilot scale have the involvement of Y to ensure the commercial exploitation on the use of this portable unit and the pilot scale system. The industrial scale activities have the involvement of C to ensure the commercial exploitation on the system at industrial scale and the integration of the system in the hydrogen filling stations. Y and Y are dynamic SME able to offer on the market the new products developed in the project. Thus not only the project will benefit from their participation but also the activities undertaken could ensure a great development of these SME.
Sub-contracting
Y will sub-contract the realization of the website and the integrated support web-platform to a Company, which will be identified according to its internal administrative rules. The detailed power plant project of the X 100 regarding the requirements for permitting the installation of the full sized system will be sub-contracted to VECTORS an Italian engineering ESCO specialized in this work. 
Y, in order to prepare  Fe/olivine catalyst used in the gasification reactor 200-300 kg, needs the help of a society: Y
ALL: For the periodic certification of the project costs, sub-contracting has been considered under OTHER costs by the beneficiaries; 

2.4
Resources to be committed

All applicants are involved in research activities at the core of their respective interests and business, so that well equipped laboratories and facilities are utilized, and the need to acquire new equipments has been reduced to a minimum level. 

The staff effort in man-months is shown in Table 1.3d above, relative to each work package and partner. Personnel costs have been calculated according to current regulations and internal accounting procedures in force at the corresponding institutions.

The distribution of the budget and financing have been calculated taking into account the allocation of the work and the number of WP/task, which each partner is involved in, and the major costs for the purchase of equipments, consumables, etc

The costs of equipments are computed according to the duration of their use in project activities and depreciation rates consistent to FCH-JU directives. Please refer to Annex II for the costs of major equipments and consumables, below a description of the major cost categories:
	CATEGORY
	DESCRIPTION
	WP

	PERSONNEL
	Project managers, engineers, software specialists, CAD designers, mechanical technicians, chemical technicians, electronic technicians, senior professors, senior researchers, junior researchers, laboratory staff
	WP 1-7

	EQUIPMENT AND CONSUMABLES
	Vacuum pump, devices for system monitoring steel, pipes, valve, flange, biodiesel, biomass feedstock, tube sheet, blower, valves & piping (syngas), valves & piping (N2-gas), instrumentations and controls, electrical components, syngas cooling equipment, back pulsing system, Electrical heating (N2-gas), gas service & supply, chemicals & labware, valves and control unit, catalytic filter candle prototypes for 100 kW gasifier, material costs for catalyst preparation and housing, non-catalytic and catalytic filter candles for 1 MW demonstration plant, 

PSA 5m3/h adaptation, P/h hardware, PLC total system LC controls hardware, Test gases, PSA 100m3+ PPS, Container/skid,

HEX between WGS, water injection, off-gas burner
, Piping/BoP,

Installation hardware, Buffer vessels, Compressor, Desulfurization guard bed, Cooler + water knockout.
	WP 2, 3, 4 & 5

	TRAVEL COSTS AND

MNG COSTS
	Costs for travels and accommodations related to the participation of management meetings (two person for each organization), organization of meetings (catering, conference rooms).
	WP1

	OTHER
	Participation in events, presentation of the project in conferences, events, papers, publications, exploitation material, patents, product presentation, brochures, videotape.
	WP7

	SUB-CONTRACTING
	Audit certificate, Website, Online meeting platform, realization of calcination of the catalyst and iron impregnation, power plant project of the X 100 for permitting the installation
	WP 1, 2, 4


With reference to the kind of project, the major costs are related to RTD activities (91% of the whole budget), while MNG and OTHER represent respectively 5% and 4% of the costs. Subcontractors weigh in the measure of 2%. The Table below summarize the distribution of the budget for each costs category and WP.
[image: image5.emf]BUDGET ALLOCATION FOR EACH WP:

RTD MNG OTHER

91% 5% 4%

WP1 MANAGEMENT 169.451,67                

5%

Personnel 100.543                     

Subcontractors 23.000                        

Direct Costs 21.500                        

Indirect Costs 24.409                        

WP2 TESTS AT BENCH SCALE 418.910                   

13%

Personnel 273.591                   

Subcontractors 12.000                     

Direct Costs 65.500                     

Indirect Costs 67.818                     

WP3 TEST WITH UNIQUE 100  379.997                   

12%

Personnel 258.997                   

Subcontractors 8.000                       

Direct Costs 51.000                     

Indirect Costs 61.999                     

WP4 UNIfHY 100 AND TEST WITH HYDROGEN BUS 1.197.929               

37%

Personnel 598.807                   

Subcontractors 8.000                       

Direct Costs 392.000                   

Indirect Costs 199.121                   

WP5 UNIfHY 1000  585.830                   

18%

Personnel 227.992                   

Subcontractors -                           

Direct Costs 261.000                   

Indirect Costs 96.838                     

WP6  MODELLING AT DIFFERENT SCALES 367.262                   

11%

Personnel 255.051                   

Subcontractors -                           

Direct Costs 51.000                     

Indirect Costs 61.210                     

WP7 DISSEMINATION AND EXPLOITATION OF RESULTS 128.473              

4%

Personnel 72.394                

Subcontractors 5.000                  

Direct Costs 30.500                

Indirect Costs 20.579                

Tot 2.949.927,24           169.451,67                 128.473,13        

Total Budget 3.247.852,05     

FCH-JU Contribution 2.426.346,03     


The Tables below summarize the distribution of the FCH-JU contribution among Countries and between Research and Industry.
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3.
Impact

3.1
Expected impacts listed in the Annual Implementation Plan 

The world is facing a massive energy and environmental challenge, a challenge that is particularly acute for Europe. According to the International Energy Agency world energy demand is set to increase by more than 50% by 2030; demand for oil alone is expected to grow by 41% during the same period. Oil and gas reserves are increasingly concentrated in a few countries that control them through monopoly companies. The dependence of Europe on imported oil and gas is growing: we import 50% of our energy, and it will be 65% by 2030 if we don’t act. If oil price increases to 100$ per barrel by 2030, the EU annual energy import bill will increase by more than 350€ for every EU citizen, and none of this would bring additional jobs and wealth to Europe. 

This scenario is not just a threat to the economy:  the world emissions of CO2 (which accounts for 75% of all greenhouse gases) will increase by 55% by 2030, while EU emissions are set to increase by 5% during this period. If we let this happen, the results on our environment (climate change) and our way of life will be tremendous. 
The European Strategic Energy Technology (SET) Plan has identified fuel cells and hydrogen among the technologies needed for Europe to achieve the targets for 2020 - 20% reduction in greenhouse gas emissions; 20% share of renewable energy sources in the energy mix; and 20% reduction in primary energy use – as well as to achieve the long-term vision for 2050 towards decarbonisation. This is in line with the Commission’s Communication, "Energy for a Changing World – An Energy Policy for Europe”2, the goals of the Lisbon Strategy and the European Council’s Conclusion on a European Energy Strategy for Transport, 29 May 2007.

A very big opportunity for research and technological development is facing us: the EU is in the position to take global leadership in catalysing a new industrial revolution accelerating the change to low-carbon growth and increasing the amount of local low-emission energy that is produced and used. 
Today the cost of renewable energy is generally speaking more expensive than “traditional” energy sources; this is truer speaking of fuel derived from renewable. However the global market for renewable energy is expanding exponentially and the European Union is already leader in many of these areas (the EU renewable industry accounts for a turnover of 10 billion€ and employs 200.000 people). The present energy policy of the Commission allows flexibility to Member States: each country should have a legally binding national renewable energy target but within this they are free to develop the type of renewable energy best suited to their own particular circumstances (renewable electricity, biomass for heating and cooling, biofuels, etc.). This directive implies increased competition in the development of efficient and cost-effective renewable energy systems especially in the broad and open field of power generation where the share of renewables is and is projected to be higher than for the overall energy consumption and modern biomass thermo chemical conversion technologies are confronted mainly with wind and hydraulic systems. The share of biomass in the renewable primary energy production has been 66% in 2005 (Renewable Energy Barometer. 2006). In the renewable electricity generation the share of biomass is 16% in 2005 about the same as that of wind. Europe’s will to substitute solid biomass energy consumption (principally wood and wood waste, but also straw, crop harvest residues, vegetal and animal waste) for a part of that of fossil fuel origin is beginning to pay off. Primary solid biomass production (not including renewable solid urban waste) is once again in marked increase with 5.7% growth in 2005 with respect to the year before (+3.196 Mtoe). 
European electricity production of solid biomass origin is also in marked growth, with a 16.2% increase between 2004 and 2005 (+6.1 TWh. i.e. a total of 44.1 TWh). 
The EU owes this principally to the development of electricity resulting from CHP (combined heat and power) production. 
X is well harmonised with the main issues of the European energy policy here summarised in brief. The objectives and the content of this project are seen to be exactly in line with the overall objective FCH JU annual implementation plan: “The various thermal conversion technologies for hydrogen production from CO2-neutral precursors need to be addressed in terms of cost, efficiency and scalability, especially for the application to decentralised production schemes. In order to achieve maturity, hydrogen production equipment based on the use of biomass has to be further developed. Under this topic development of BTH thermal H2 production methods in order to allow hydrogen production from biomass, increase well-to-tank efficiency and contribute to a sustainable energy portfolio, is foreseen..”. 
More specifically. the following issues. among those set in the Work Programme. are addressed directly: 
· Conception of low cost and energy efficient systems to produce hydrogen from solid biomass. 

· Improve of pre-treatment for different types of feedstock

· Design and build a reactor for the continuous production of hydrogen at a precommercial scale, improving with respect on the current state of the art and pilot plants

· Feasibility assessment of the process taking into account the purity of the hydrogen produced (PEMFC grade), by-products and effluents
With reference to the “Hydrogen Production & Distribution”. it is worth stressing that the proposed research activities are aimed at the development of an integrated technology for sustainable hydrogen production from biomass able to provide the means to meet an increasing share of the hydrogen demand for energy applications from carbon-free sources. 

With reference to the topic SP1-JTI-FCH.2011.2.3 “Biomass-to-hydrogen (BTH) thermal conversion process”, the overall project objective is the development and scale up activities on materials and reactors design in order to obtain a continuous process for hydrogen production from biomass. 
In particular regarding material:
· new catalytic filter candle already tested and optimized in previous EU project UNIQUE will permit to obtain a high purity syngas for the downstream hydrogen purification system, syngas free of tar, paticulates and detrimental trace elements.

· new materials like Fe-Cu/Foam catalyst will be tested and will permit to obtain high efficient H2 purification by means of WGS also at atmospheric pressure, this is a constrain for small size, but sustainable, application like that required by the call;

while regarding reactors design:
· A new concept of biomass gasifier (UNIQUE technology) will be utilized in the project, This new concept integrates in one reactor vessel the fluidized bed steam gasification of biomass, the hot gas cleaning and conditioning system and the reforming of residual methane, reducing thermal losses, thus keeping high the thermal efficiency, in a very compact system thus in a cost-effective way. This technology was validated at bench scale during past UNIQUE project, while its feasibility was demonstrated also at industrial scale. What is foreseen in X is to demonstrate that this new concept can be truly scaled-up and that it can operates in a continuous process for hydrogen production.

· New PSA for small scale application will be interfaced for the complete purification of Hydrogen for PEM application.

The technical and economical viability of the global process is thus feasible.

It is expected that this technology will have a noticeable impact to allow the production of a gas with the specifications required for use in PEM fuel cells in a cost-effective way. 
The final output of this technology will be the realization of a system in order to produce hydrogen in the forecourt size range for a hydrogen filling station (100 kg/day) with high integration thus to void th use of external heating and to increase the overall efficiency.

Thanks to the high level of integration the Heating value of the gas, including purification, related to heating value of the feedstock is expected to be > 66%. Thanks to the modulability of the various devices a scalability to at least 500 kg/day is feasible.
As far as industrial competitiveness is concerned. the X consortium includes partners directly involved in designing and operating biomass gasification plants that are at the forefront of the technology in Europe and a primary world leader in gas cleaning and conditioning systems and hydrogen purification system together with universities and research centres either well recognised for their distinguished record of scientific contributions to the field and having the potential to develop first class research and innovation: an important and well balanced competence network. fully qualified to perform the ambitious research programme and provide technological enhancement worthy of commercial exploitation in the medium term. Furthermore the technologies utilized in X were all tested and validated during previous EU projects, X now propose their integration to demonstrate the feasibility of the overall system and that the system is ready for commercialization by 2013. Because the high level of experience of the partners involved in project in themes of biomass gasification and hydrogen purification, and because most of the device are already commercialized (Filter candle, PSA) a durability of 10 years (80,000 h) with availability of 95% is expected for the complete system. Evidences of this will be anyway supplied during the project, thanks to the experimental activities as well to dedicated studies. The high integration of the subsystems as well the high level of commercialization of these X will demonstrate that Low system cost, 5 €/kg of H2, including CAPEX is possible.  
Finally a major general goal of X is to contribute to the creation of a critical mass of resources and the integration and coherence of research efforts on the European scale. These are in fact the primary objectives of this consortium which is made of applicants established in four EU different countries. In addition, some of the partners are co-operating in this field of research since many years, and others are new-comers contributing to better address the original expertise to the specific topics of this project: a well assorted and established partnership, with the purpose to bring together academic, industrial and research organizations at the EU level to integrate them in a specific project well fitted into the FCH priorities. In more general terms, development of efficient biomass energy conversion to fuels can also provide a contribution to the agriculture sector, especially at this stage of the European policy that is considering and applying radical changes in the criteria to sustain food crops with financial incentives. A substantial increase in biomass energy production would require the development of energy crops which could contribute towards a solution of the agricultural over-production crisis. With many research programs presently in progress in U.S.A. with funding from the DOE and private companies and other countries such as Japan it is therefore extremely important and urgent to combine the efforts and capabilities available in Europe in order to maintain competitiveness on the global market. Due to the variety and complexity of the problems, capabilities and know-how, either scientific or technological, which are necessary for implementation of the technology the project aims can only be fulfilled by the active collaboration of all the members of this consortium. The level of excellence in the consortium cannot be found at a single national level and is an example of the importance of an integrated European research area.

3.2
Dissemination and exploitation of project results, and IP management
The X consortium is committed to carrying out a dissemination strategy representing the full range of solutions obtained over the testing and investigation phases.

While specific expertise and sound records of each partner in the consortium are guarantee of their capacity to address competent audience and stakeholders, dissemination, exploitation and technology transfer activities must be defined accordingly.

By means of a dissemination and exploitation plan the partners will jointly develop and make use of most effective tools for information and communication purposes (X -Website; e-newsletters; links to relevant external websites; workshops; advert policy and dedicated press and journals). 

Dissemination and exploitation outside the partnership will be addressed by WP7 to ensure that the knowledge gained in the project is protected, disseminated and exploited to its full potential. Different activities will be used to give both specialists and the public access to the project work and results. These will be detailed in the Project Dissemination Plan defined by the consortium within the first months. This plan will be updated every six months and the undertaken dissemination activities will be reported in the progress report. Among other issues to be considered in the definition of the Project Dissemination Plan the following activities are already planned or proposed:

Dissemination to the wider scientific and technological community of the project results will be by means of publication in international scientific journals and through presentations at international conferences. Conferences and EU seminars organized by the FCH-JU will be given priority.

A project web-site will be set up describing to the general public the scientific and technical content of the project and its impact in relation to present technologies and to the increase of efficiency in power generation from biomass in a cost effective way; this section of the web-site will be periodically updated to include outlines of major results obtained. The web-site will also include a section with access restricted to partners and to the Scientific Officer of the FCH-JU. to help communication flows within the consortium. in addition to the regular six monthly progress meetings in one or other of the various partner locations.

A brochure/flyer will be produced presenting objectives, activities and partnership etc of X. It will be updated with results when available. 

A videotape will be produced at the end of the project showing synthetically the project objectives, realization phase and plants etc. This video will be presented at the web page and utilized in conferences, seminars, trade fairs and exhibitions.

Additional measures on dissemination and use of knowledge resulting from the project (foreground). 

IP and Knowledge handling

The Consortium Agreement will define the intellectual property rights (IPR) strategy. It is important to underline this fact, because some partners have interests and operate in similar business. The IPR strategy will be applied and respected by all project participants in accordance with the guidelines provided by the IPR-Helpdesk (www.cordis.lu/ipr). IPR issues related to the exploitation of shared project results will be approved by the Steering Committee.

At the beginning of the project, all partners will be asked a statement of their background and foreground knowledge and technology. Background knowledge may be subject to Non Disclosure Agreements, especially if it refers to commercial products. The Steering Committee will address issues of intellectual and industrial property based on statements from the partners, and will decide on the protection, exploitation and patent of RTD results. What will be considered by the partners exploitable knowledge at a broader level will be disseminated and transferred to both academic and industrial sectors through the planned dissemination and exploitation activities, and through the project web site.

The Committee will collect information on the knowledge generated by the project, and will agree with all knowledge owner partners the access conditions within the project.

It will also propose a policy regarding co-ownership of knowledge and solutions in case of co-ownership between different partners, and support knowledge protection when required (patent, copyright, etc.)

Furthermore, a general policy concerning the publication and deliver authorization will be set up by the Project Committee.
4.
Ethical Issues

ETHICAL ISSUES TABLE

X consortium will operate under well proved practices. We will operate respectfully to colleagues and all those directly and indirectly linked to the project work. The project team does not expect to meet any complex ethical issues during the implementation of the project.
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5.  Consideration of gender aspects 

X project will consider gender issues as well as gender participation in management and decision-making levels.

The diverse background of X will provide women researchers a unique platform for exchanging experiences and good practice as well as facilitating cooperation and consultation between female researchers across sciences. Moreover, the participation of women will be enhanced through the partners involved in the project, giving also opportunities to the dissemination of the gained experiences and knowledge for future women scientists. The gender equity will be met by giving equal opportunities for both men and women in the recruitment process in the phase of consortium building. 

ANNEX I Major Consumables and Equipment list
	ITEM
	COST

	PSA 5m3/h adaptation 
	16,000

	PLC controls hardware
	10,000

	Test gases 
	15,000

	PSA 100m3/h hardware
	80,000

	PLC total system + PPS
	15,000

	Container/skid
	7,500

	valves
	12,000

	HEX between WGS, water injection etc
	50,000

	off-gas burner
	25,000

	Piping/BoP
	3,000

	Installation hardware
	5,000

	Buffer vessels
	12,000

	Compressor
	120,000

	Desulfurization guard bed
	7,500

	Cooler + water knockout
	30,000

	Test gases
	20,000

	Material costs for catalyst development
	3,000

	Valves and control unit
	25,000

	Catalytic  filter candle prototypes for 100 kW gasifier
	4,000

	Material costs for catalyst preparation and housing
	4,000

	Non-catalytic and catalytic filter candles for 1 MW demonstration plant
	45,000

	Biodiesel
	4,000

	Biomass Feedstock
	5,000

	Tube sheet
	35,000

	Blower
	8,000

	Valves & piping (syngas)
	15,000

	Valves & piping (N2-gas)
	15,000

	Instrumentations and controls
	10,000

	Electrical components
	8,000

	Syngas cooling equipment
	15,000

	Back pulsing system
	25,000

	Electrical heating (N2-gas)
	15,000

	Gas service & supply
	25,000

	Chemicals & Labware
	10,000

	Gas chromatograph + Software +  Hardware, Bench-scale equipments
	20,000

	Gas, chemicals, small bench-scale equipments, quartz reactors, catalysts characterizations
	40,500

	TOT
	759,500
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