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1.
Introduction

Creating technologies and products that protect natural resources have always been a major consideration of The Linde Group’s activities worldwide. Our long experience with industrial production and handling of hydrogen has led to high levels of hydrogen know-how within our company. This technological head start has enabled The Linde Group to play a leading role in the development of cutting-edge solutions that focus on the safe, efficient, easy and eco-friendly application of hydrogen as an energy carrier.

From hydrogen production to hydrogen refueling, The Linde Group is the only company in the world covering all crucial areas of the hydrogen value chain.
The reference list includes projects in Europe, Scandinavia, Japan, Asia, Australia and America. A wide range of products was specifically designed for automotive use. This guarantees the final state of the art.

2. 
What is “Release A”?
“Release A” is the short term for the “Fueling Specification for 70 MPa Compressed Hydrogen, Release Version A“. For the past years, 8 OEM Vehicle Manufacturers and 2 Hydrogen Suppliers have joined forces to form a steering group with the goal of preparing a Fueling Specification for 70 MPa Compressed Hydrogen Vehicles. This group has solicited opinions from industry stakeholders that have been incorporated in the release Version “A.” It is the intent of the 8 OEM’s to begin to utilize this document effective immediately and release it for use in quotations of 70MPa (10,000 psi) stations. The steering group believes that this specification is ready for release for use as guidance for building these stations during the demonstration phase of hydrogen fuel cell vehicles. 

3. 
Why is “Release A” essential?
The number of hydrogen fueling stations is steadily growing worldwide as the number of hydrogen fueled vehicles increases. Most of these vehicles have a compressed hydrogen gas (CHG) storage system. The “Fueling Specification for 70 MPa Compressed Hydrogen, Release Version A” defines common requirements between multiple Automakers (OEMs) for fueling of 70MPa vehicle storage systems as guidance during the Demonstration Phase. 
The purpose of this document is to share the safety requirements and performance expectations of vehicle manufacturers to aid station providers in designing stations in the period before a complete set of standards are adopted to:

1. 
ensure that vehicles can be designed to be fueled at common fueling stations 
2.
indicate performance targets for fueling seen by drivers as competitive with conventional fueling
3. 
guide future station performance. 
Most of the features identified herein are achievable today. Capacity and reliability targets are set forth to support expected growth in numbers of vehicles in cluster regions over the 2008-2010 period. 
The Release A also describes generic elements of a 70 MPa Fueling Protocol. The specific elements of the protocol are targeted to be completed in 2007. Station designers will develop hardware, control and operating systems and procedures to effect fueling within the parameters of the Fueling Protocol under which vehicles will have been designed to accept fuel. 
A communication interface between vehicle and fueling station will be introduced with the intent of improving the fueling process. Both communication and non-communication fueling methods are described in this document. Requirements for common vehicle communication features are in the draft SAE Technical Information Report (TIR) J2799. Some OEMs and energy providers have developed J2799-compliant interface hardware. Fueling stations that are designed to provide 70MPa fueling during the Development Phase should at a minimum have J2799 communications capability (additional communications per OEM request are optional). 
The evaluation of fueling protocols (fuel temperature, flow rate, and criteria for termination of fueling) is underway in several projects: a multi-client 70 MPa fast fill study by Powertech under the sponsorship of multiple vehicle manufacturers and station providers, and studies by individual OEMs, and by individual station providers. The results of these evaluations are expected to be coalesced into a common set of requirements and captured in SAE J2601 and corresponding fueling station standards (e.g., CSA 4.3) to optimize and communize fueling over a range of ambient conditions and hydrogen storage systems. 
The contents of Release A will be available to Standards Development Organizations such as SAE and CSA for consideration, as appropriate, in the development of vehicle and dispenser standards, respectively.
Release A applies to the design, safety, operation and verification of compressed hydrogen fueling stations that fuel vehicles with compressed hydrogen storage with a nominal working pressure of 70 MPa. This document is focused on fueling stations for passenger cars with fuel storage up to 5 kg H2, but these requirements can also be applied to fueling of commercial vehicles – such as buses – with higher fuel capacities. J2601 will cover passenger and commercial vehicle H2 fueling. The purpose of this document is to achieve common fueling conditions for 70 MPa CHG vehicles and fueling stations (not intended to be fully applicable to home-based or other small scale fueling devices) that optimize performance across assorted vehicle storage systems and fueling station designs. 
Therefore, interested parties have been invited to share in the development of these requirements. The document is intended to provide minimal elements of expected commonality, not to restrict implementation of additional features in individual fueling stations. This document is intended to be submitted to the SAE 2601 taskforce when the participants deem it is ready for release. The SAE FC Committee has expressed interest in the summary data report from Powertech as guidance prior to standardization. This document assumes the fueling interface hardware is specified in SAE J2799 (fueling receptacle and IrDA-based data interface) and that the fuel quality is being addressed through SAE TIR J2719.

4. 
What are the main Requirements defined in Release A? 

70 MPa H2 Fueling Limits

Maximum fueling pressure in vehicle H2 storage system………….……..
87.5 MPa @ 85°C
The lower H2 gas temperature limit is………………………………………….……..
-40 °C
Maximum gas temperature in vehicle tank………………………………..…………... 
85 °C

Maximum fueling rate (equivalent to 10kg /180 s)………………..…………………...
60 g/s

Fueling time (passenger car*) with capacity up to 5 kg hydrogen ………………..
 < 180 sec

Average Pressure Ramp Rate dispenser capability (for a 5kg tank) ………
87.5MPa/180 sec

100% Full is defined as …………………..........
40.2 g/L (70MPa @ 15C; 87.5MPa @ 85C)

Fueling target with communication………...…………………….………………...
98-100%

The station should at a minimum have the capability to fuel at least three 5kg vehicle storage systems within a time span of 45 minutes and 10 vehicles per day. Daily capacity may be larger based on regional fleet size projections.

The station should be capable of fueling vehicles with and without active communication between the vehicle and dispenser. 
For further details see “Fueling Specification for 70 MPa Compressed Hydrogen, Release Version A” [1].

5. 
Solution for “Release A” made by The Linde Group 

The Linde high-performance hydrogen refueling station type H2 875-10-10 HB ULCF IR is designed to realize the requirements for CGH2-refueling defined in the “Fuelling Specification for 70 MPa Compressed Hydrogen Vehicles, Release Version A. [1]. The required refueling pressure of up to 87.5 MPa is generated by two hydraulic driven linear compressors. Due to the special concept of refueling in Booster and High-Booster-Mode only small Low- and Medium-Pressure storage buffers are required. This allows high-performance refueling with a small footprint. In order not to exceed the maximum allowable working temperature of the vehicle tank the hydrogen is cooled down to -40°C at the coupling. The coupling nozzle is equipped with an Infrared Communication which allows for the exchange of data with the vehicle.
The basic dry runner compressor hardware was approved in numerous applications for 35 and 70 MPa e. g. in the CUTE project (Amsterdam, Barcelona, Porto and Perth). In case of very low hydrogen supply pressure the system is supplemented with an upstream screw compressor.
The hydrogen is stored in two buffer sections, a low-pressure bank and a medium-pressure bank. When ready for operation, the low-pressure bank and the medium-pressure bank are each filled with hydrogen up to 30 MPa.. Standard station configuration includes two 900-litre storage buffers that work as high pressure source to the booster compressor after an initial cascade fuelling of the vehicle from the storage buffers. A high-pressure storage (10 liter water volume) is filled to 40 MPa. This pressure will be increased to 87.5 MPa during refueling.

The initial vehicle pressure is determined by a test pulse of maximum 30 MPa from a small high-pressure storage. Based on this test measurement and taking the ambient temperature into account, the final vehicle target pressure is calculated. The fuelling process starts with the equalization of the low-pressure bank, followed by equalization with the medium-pressure bank (approx. 25 to 30 MPa). The vehicle fuelling is completed with the compressor in high booster mode directly fuelling the vehicle until the target pressure is reached. During this “high booster compressor” process, the compressor intakes gas from the medium pressure bank at a minimum fuelling rate of 1 to 3 kg/min to achieve the reference standard fuelling of 5 kg in three minutes. The specific energy required for hydrogen compression to 87.5 MPa is 2.56 kWh/kg based on a system inlet pressure of 2.6 MPa. The maximum flow rate is approx. 60 g/s. The quantity fuelled is recorded using a mass flow meter.

The entire compression station is built in a gas-tight steel container. The electrical system and the compressor/storage compartments are separated from each other by a gas-tight wall. The hydraulic unit and all electric installations are located in the electronics compartment. The three-stage compressor is driven using hydraulic oil. A pressure discharge vent is located in the roof of the gas compartment.

Save and fast refueling is achieved by a PLC based automation system:

- optimized software reflecting the experience of numerous refuelings
- A touch panel based operator system is used to monitor the whole processes.
- Online access to the entire control system and data acquisition is supported

- Remote diagnostic and maintenance is part of the operating strategy

For the North American market, the Linde hydrogen refueling station H2 875-10-10 HB ULCF IR will be adopted to US codes and standards.

The Linde hydrogen safety concept includes:

- Continuous monitoring for leakage in stand-by mode

- No electric power conductors installed within the compressor area

- Hydrogen-containing facilities are accommodated in a gas-tight compartment

- Hydrogen Gas detection in confined areas

- Automatic emergency shutdown

- Ultra Low Cold Fill technology prevents overheating of vehicle storage systems

6. 
Technical data 

Compressor station

Dimensions (L x W x H) ……………………………………………
9.0 x 2.6. x 2.9 m

Weight ………………………………………………………………………
20,000 kg

Electrical requirements ………………………………………….
480 V, 60 Hz, 75 kW

Inlet pressure …………………………………………………………..
0.15 to 30 MPa

Delivery rate suction mode ……………………………...
250 Nm3/hour, 22.5 kg/hour

Delivery rate booster mode ………………………….
36.6 Nm3/minute, 3.3 kg/minute

Noise level …………………………………………………………………..
72 dB (A)

Ambient temperature …………………………………………………..
+50 °C/-40 °C

Automation system ………………………………………………………
Siemens PLC

Buffer storage

Low-pressure bank ……………………………………………….
900 liters at 30 MPa

Medium-pressure bank ……………………………………………
900 liters at 30 MPa

High-pressure bank ………………….
10 liters at 40 MPa (87.5 MPa during refueling)

Dispenser

Flow-rate measuring ………………………………………………….
Mass flow meter

Maximum flow rate ……………………………………………………...
3.6 kg/minute

35-MPa maximum delivery pressure ……………………………………….
43.75 MPa

70-MPa maximum delivery pressure ………………………………………...
87.5 MPa

Minimum nozzle temperature at 70 MPa ……………………………………….
-40 °C

Nozzle

Manufacturer …………………………………………………………………….
WEH

35-MPa nozzle ………………………………………………………………….
TK-15

70-MPa nozzle ……………………………………………………..
TK-17 with IRDA

70-MPa communication interface …………………………………………
SAE - 2799

7. Experience 
To date, there have been more than 4,000 refueling procedures performed with this 70-MPa technology. The first Linde 70-MPa unit was installed in 2002 and reference stations include: 
· GM OPEL – Dudenhofen (Germany)

· Daimler – Sindelfingen (Germany)

· Statoil Stavanger – (Norway)

The following features of the Linde H2 875-10-10 HB ULCF IR hydrogen vehicle fueling station compare favorably to competitive systems:

· Small footprint

· Higher efficiency

· Less maintenance

· Full compliance with 70 MPa fueling specification Rev-A

8. 
References
[1] 
Fuelling Specification for 70 MPa Compressed Hydrogen Vehicles, 

Release Version (A), see 

http://nextenergy.org/industryservices/70MPa_Specification_Docs.asp)
THE LINDE GROUP
http://www.linde.com/hydrogen
6

