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Abstract
The project Zero Regio, co-financed by the European Commission, aims at demonstrating hydrogen infrastructure and fuel-cell passenger vehicles in European cities. Demonstration activities are undergoing in Germany and Italy. Hydrogen from two different sources – chemical by-product in Germany and natural gas reforming in Italy will be used in demonstration. The present paper focuses on the filling station in Frankfurt, Germany. The design and construction of the refuelling infrastructure and the first experience with operation are presented. Significant parts of this infrastructure are:

· an ionic fluid compressor

· a 1000 bar transport line of about 1.7 km from hydrogen source to the filling station

· a conventional multi-fuel service station

· refuelling dispensers for CGH2 at 350 bar and 700 bar and for LH2
The above infrastructure has been in place from Nov. 2006.

Fleet demonstration is planned for three years.
1. Introduction
Zero Regio is a project co-sponsored by the European Commission within the 6th Framework Programme. The project has the overall objective of developing and testing low-emission urban transport systems based on hydrogen as an alternative motor fuel. The project addresses the complete well-to-wheel chain of hydrogen at two European urban centres – Frankfurt area in Germany and the city of Mantova in Italy. In Frankfurt hydrogen produced as a by-product in a chemical plant is used where as in Italy hydrogen is produced from natural gas in an on-site reformer. Infrastructure systems for transport, compression, storage and distribution of hydrogen are developed at both sites. Pioneering fuel-cell vehicle fleets will be operated over a period of three years under real life conditions. An associated research programme will evaluate the data and experience gathered from the demonstration of the infrastructure and the vehicle fleets. Table 1 shows the project consortium of 16 partners from 4 European countries. Zero Regio is coordinated by Infraserv Hoechst, Frankfurt, Germany.
	no.
	Participant name
	Country
	no.
	Participant name
	Country

	1 
	Infraserv GmbH & Co. Hoechst KG
	Germany
	9
	Saviko Consultants Ltd.
	Denmark

	2
	Linde Gas & Engineering AG
	Germany
	10
	European Commission at Ispra
	Italy

	3
	DaimlerChrysler AG
	Germany
	11
	Eni S.p.A.
	Italy

	4
	Fraport AG
	Germany
	12
	Regione Lombardia
	Italy

	5
	TUEV Hesse
	Germany
	13
	SAPIO Prod. Idro.Ossigen. S.r.l.
	Italy

	6
	Agip Deutschland GmbH
	Germany
	14
	Comune di Mantova
	Italy

	7
	Lunds Universitet
	Sweden
	15
	Universita comm.Luigi Bocconi
	Italy

	8
	Roskilde University
	Denmark
	16
	C.R.F Soc. Consort. per. Azioni
	Italy


Table 1: Zero Regio Project Consortium
The present paper focuses on the work performed and the project status in Germany. Hydrogen source and quality is described first. Section 3 describes the transport system bringing hydrogen from the source to the refuelling station. This system consists of an ionic fluid compressor and a high pressure transport line. Refuelling dispensers for hydrogen integrated in a multi-fuel service station are presented in section 4. Fuel-cell fleet and its demonstration which has begun recently complete the project status. Paper ends with concluding remarks and a brief statement on the work ahead.      
2. Hydrogen Source and Quality 
At the industrial park, Hoechst-Frankfurt about 30 Mm3/year of hydrogen is available, produced as by-product in a chlorine-soda electrolysis plant. Lacking a high value application, today this by-product stream is used to a large extent for thermal conversion in power plants. A hydrogen service centre (see Fig.1) operated by Infraserv-Hoechst at the industrial park is feeding this hydrogen to different networks, a 225 bar storage and a trailer transport station. 
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Fig.1:
Hydrogen Service Centre at Infraserv Hoechst, Frankfurt, Germany
	No.
	Component
	Trailer measurement
	Fuel-cell car spec. by DC

	1
	CO
	< 1 ppm
	< 1 ppm

	2
	CO2
	< 1 ppm
	< 1 ppm

	3
	S-compound
	0
	< .01 ppm

	4
	THC (CnHm)
	< 1 ppm
	< 1 ppm

	5
	O2
	< 2 ppm
	< 5 ppm

	6
	NH3
	0
	< 6 ppm

	7
	N2, Ar, He
	< 200 ppm
	< 200 ppm

	8
	H2O (G+L)
	< 1 ppm
	< 5 ppm

	9
	Na+
	< .01 ppm
	< .05 ppm

	10
	K+
	< .01 ppm
	< .08 ppm

	11
	Hg
	< .012 ppb
	not specified

	12
	Particle
	not measured
	< 10 ppmw

	13
	Particle size
	5 micro m filter
	< 10 micro m.


    ppm = ppm(vol), ppb = ppb(vol); all values under normal conditions

Table 2: Hydrogen quality available compared with FCV specification
Hydrogen at the trailer station has a high gas quality [1] and meets the quality requirements for safe operation of fuel-cell passenger cars as specified by the car manufacturer, Daimler Chrysler. Table 2 shows the quality available at the trailer station which is monitored continuously by Infraserv and the quality specified by Daimler Chrysler [2, 3] for operating F-Cell class-A cars. These vehicles are employed in the project for fleet demonstration. This indicates the suitability of the by-product hydrogen available to be employed as an alternative motor fuel. The Zero Regio project serves the purpose of demonstrating this in real life practice.  

3. Hydrogen Compression and Transport
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Fig. 2:
Layout of the pipeline from H2 centre to service station in Industrial park, Hoechst.

The service station built by Agip within Zero Regio is located at the south gate of the industrial park. Hydrogen centre is connected to the service station with a 1.7 km long high-pressure transport line as shown in Figure 2. A 900 bar compressor is installed at the hydrogen centre for hydrogen transport from centre to station. Compression, transport and the refueling system is shown schematically in Fig. 3. 


[image: image3]
Fig. 3:
Hydrogen compression, transport and refuelling scheme
As regards compression (from 225 bar up to 900 bar) the ionic fluid compression system of Linde [4] has been chosen. This employs ionic fluids with zero vapor pressure as liquid pistons. Nearly isothermal compression and low maintenance requirements are some of the attractive features of this new technology. These liquids also have a high affinity for heavy metals and this provides an additional cleaning of the process gas. The compression system as installed in the hydrogen centre building G 265 is shown in Fig. 4.
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Fig. 4:
Ionic Fluid Compressor of Linde [4]
This new technology is being employed successfully in refueling systems for natural gas. The present project is the first application for compressing hydrogen up to 900 bar with an ionic fluid compressor. As shown in Fig. 3 the compressor functions in two modes. In suction mode it fills the buffer storage at 300 bar taking hydrogen from the 225 bar storage. In the booster mode it compresses hydrogen from the buffer up to 900 bar and feeds the transport line designed for a pressure of 1000 bar. This dual mode scheme optimizes the compressor size. The installed compressor has a delivery capacity of 900 Nm3/hr (1.335 kg/min).
Design of the high pressure transport line has been a challenging task in the present work. Different materials were considered for designing the high pressure pipeline. These materials are listed in Table 3. Based on mechanical strength, resistance to H2-embrittlement as well as external corrosion, workability, availability and price the SS-material no. 1.4462 has been chosen for constructing the pipeline. It is laid partly under ground and partly over ground (see Fig. 2). The under ground part has a PE sleeve and the over ground part is a hanging construction design as shown in Fig. 3.  
	Material Type
	 Material DIN  No.
	Yield -Strength
	H2-Embr-ittlement
	External

Corrosion
	Work-ability
	Availa-

bility
	 Price

	Low alloyed, CGH2 resistant steels
	1.7218 

1.7766 
	350-450 N/mm2
	      +
	       -
	     +
	      -
	     -

	Austenit standard

steels
	1.4435

1.4404
	185 N/mm2
	     ++
	     ++
	    ++
	     ++
	     +

	Low alloyed special austenit steels
	HP 160 
	1100 N/mm2
	     ++
	     ++
	     -
	      -
	     +

	Austenit-Ferrit standard steels

	1.4462 
	450 N/mm2
	     ++
	     ++
	     +
	     ++
	    ++

	
	1.4410 
	550 N/mm2
	     ++
	     ++
	     +
	      -
	     +


Table 3: Materials investigated for the high pressure transport pipeline
Pipe dimensions used are: Inside diameter = 18 mm; Outside diameter = 33.7 mm; Wall thickness = 7.85 mm and maximum unroundedness = 1.5%

Pipeline is designed to operate under pressure interval of 300 – 1000 bar and with pressure alterations up to 1000/day. It is built as a fully welded construction employing WIG (Wolfram Inertgas) welding. The welding process and the welds have been appropriately monitored and quality controlled. 
4. Service Station and Hydrogen Dispensers
At the south entrance of the Industrial Park Hoechst Agip has built a multi-fuel public service station. Three hydrogen dispensers have been integrated in this service station. One dispenser for sub-cooled liquid hydrogen, one for 350 bar compressed hydrogen and one for hydrogen at 700 bar. Liquid hydrogen dispensing system is a standard system by Linde and is not described in this paper. Hydrogen refuelling is performed in booster mode as shown in Fig. 3. Pipeline itself with a geometric volume of about 0.5 m3 functions as a buffer for refuelling. Then the compressor uses the 300 bar buffer storage on the suction side and feeds the dispenser via the pipeline. The dispensing units function based on so called ‘single bank’ system. While refuelling a test impulse determines the initial pressure in the vehicle tank which provides the filling pressure taking consideration of the outside temperature. A mass flow controller measures the refuelled quantity. A fill rate of up to 66g/s is possible in accordance with the FCV specifications. 700 bar dispenser is in test phase and will be equipped with an infrared communication system. Fig. 5 shows the hydrogen filling area at the station.
The above mentioned service station was officially opened on Nov. 17, 2006. The opening ceremony was attended by over 300 guests from the general public, industry, science and technology and politics. It was covered extensively by the local media and presents the first public service station providing hydrogen in the state of Hesse in Germany. More information on the opening ceremony and the station can be seen on the Zero Regio website [5].
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Fig. 5:
Hydrogen fillers and a F-Cell car of Daimler Chrysler at the Agip service 
station 

Considerable time was spent obtaining building and operational approvals for the infrastructure described above. For the hydrogen compression and transport system described in section 3 an approval was obtained in accordance with the federal law on immission control (BImSchG). For the service station the approval formalities required a building permit for the station including all the facilities and an operational permit for each filling unit in accordance with the federal law for industrial safety (BetrSichV).
5. Fuel Cell Vehicles & their Assessment
The above refuelling station is feeding a fleet of F-Cell cars of Daimler Chrysler during the demonstration phase of the project lasting up to Nov. 2009. At present 2 F-Cell vehicles are being employed by Fraport at the Frankfurt airport and in Frankfurt city in different routine applications. Fig. 6 shows a typical F-Cell car of the German fleet. Three more A-class vehicles will join the demonstration in December 2007. One vehicle will have a 700 bar storage. Testing of the 700 bar technology both on the vehicle and the service station is an important objective of the project.

First experience with the car drives and the usage of the hydrogen fillers has been positive. The demonstration activity is accompanied by a rigorous data collection and evaluation programme. Performance data both on vehicles and infrastructure will be recorded regularly and evaluated. Evaluation results will be compared with the respective state of the art technologies, such as ICE propulsion for vehicles and NG refuelling for infrastructure. The evaluation programme is supported by a user friendly data acquisition system. In addition to real life testing, the vehicles will also be tested via chassis dynamo tests using new European driving cycle.
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Fig. 6: F-Cell A-Class of Daimler Chrysler
Socio-economic aspects such as acceptance, economic competitiveness and policy issues such as taxation are also under study within the demonstration activities. These form an important part of the data evaluation programme.   
6. Concluding Remarks

1. The European project Zero Regio on demonstration of hydrogen as a motor fuel in urban transport has been presented. Particular attention is given to the work performed in Frankfurt, Germany. 
2. Viability of using by-product hydrogen from chemical production plants in road transport is shown. This presents a strong potential for zero emission urban transport in the short and medium term. 
3. High pressure (1000 bar) transport system for hydrogen based on an ionic fluid compressor and a stainless steel pipeline presents an innovative part of the project and offers advantages over conventional compression systems.
4. Hydrogen (liquid and compressed gas) dispensers are integrated in a conventional multi-energy service station and are in operation.
5. A fleet of fuel-cell vehicles will be operated in different applications for a period of three years.
6. Demonstration of hydrogen infrastructure and fuel-cell vehicles is accompanied by a evaluation programme in order to assess the new technology in terms of performance and socio-economic impact.

7. With the developments presented in this paper the project team is well placed for performing larger demonstrations. 
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Vehicle type: Mercedes-Benz A-Class �Fuel-Cell system: PEM, 72 kW (97 PS)�Electro-Asynchron-Motor�Motor rating: 65 kW (87 PS)�Max. Torque: 210 Nm�Fuel: Hydrogen (350 bar)�Range: 160 km�Max. Velocity: 140 km/h �Battery: NiMh, aircooled�Power (av./peak): 15 kW  / 20 kW �Rating: 6,5 Ah; 1,4 kWh
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