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1. Introduction

In 2005, the NFPA’s Standards Council, the group that oversees the process for developing codes and standards, approved the creation of a Hydrogen Technology Technical Committee (HYD) that would be assigned the task of writing NFPA 2 Hydrogen Technologies Code.  The committee was formed and had their first meeting in 2006. The document is scheduled to be issued in 2010.  The committee scope reads as follows:

Committee Scope: This committee shall have primary responsibility for documents on the storage, use, transfer, and generation of hydrogen. The use of hydrogen shall include, stationary, portable, and vehicular applications

This paper will cover what will likely be the requirements covered in NFPA 2 Hydrogen Technologies Code and the time frame in which the document will be produced.  The document will likely cover at least the following topics:

· General safety requirements for gaseous and liquid hydrogen storage, use, generation, and handling

· Vehicular fueling

· Installation of stationary fuel cells 

· Hydrogen generation equipment

· Hydrogen combustion equipment

The document will be created primarily from extracting material from existing NFPA documents including the following:

· NFPA 55 Compressed Gas and Cryogenic Fluids Code (2009 edition)

· NFPA 52 Vehicular Fuel Systems Code (2009 edition)

· NFPA 853 Standard for the Installation of Stationary Fuel Cell Systems (2010 edition)

· NFPA 30A Code for Motor Fuel Dispensing Facilities and Repair Garages (2008 edition)

The HYD committee has the authority to write code requirements for topics that are not covered in existing NFPA documents.  Therefore, if the HYD committee identifies gaps that the source documents will not fill, they can develop requirements needed to create a comprehensive hydrogen technologies code. 
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2. Background

In the early 1960s NFPA produced two standards that addressed storage of gaseous and liquefied hydrogen, NFPA 50A and NFPA 50B.  These documents set requirements primarily for siting gaseous and liquefied hydrogen storage systems.  The scope of the documents ended at the point that the hydrogen entered the consumer or user’s piping at system pressure.

These standards set separation distances for siting both gaseous and liquefied hydrogen storage systems.  The basis for these distances was not documented in the documents.  The 1973 editions of these documents were incorporated in OSHA regulations, 29 CFR§1910 Subpart H, and have been widely used although it was not documented what these distances achieved in increased level of safety or risk reduction. Tables H-2 (gaseous hydrogen) and H-4 (liquefied hydrogen) are reproduced from the OSHA regulations.1

The distances in Table H-2 Items 1 and 3 to 10 inclusive do not apply where protective structures such as adequate firewalls are located between the system and the exposure.

TABLE H-2

	Type of outdoor exposure
	Size of hydrogen system

	
	Less than 3,000 CF
	3,000 CF to 15,000 CF
	In excess of 15,000 CF

	1. Building or structure
	Wood frame construction (1)

Heavy timber,

noncombustible or ordinary construction (1)

Fire-resistive construction (1)
	10

0

0
	25

10

0
	50

25(2)

0

	2. Wall openings
	Not above any part of a system

Above any part of a system
	10

25
	10

25
	10

25

	3. Flammable liquids above ground
	0 to 1,000 gallons

In excess of 1,000 gallons
	10

25
	25

50
	25

50

	4. Flammable liquids below ground - 0 to 1,000 gallons
	Tank

Vent or fill opening of tank
	10

25
	10

25
	10

25

	5. Flammable liquids below ground-in excess of 1,000 gallons
	Tank

Vent or fill opening of tank
	20

25
	20

25
	20

25

	6. Flammable gas storage, either high pressure or low pressure
	0 to 15,000 CF capacity

In excess of 15,000 CF capacity
	10

25
	25

50
	25

50

	7. Oxygen storage
	12,000 CF or less (4)

More than 12,000 CF (5)
	 
	 
	 

	8. Fast burning solids such as ordinary lumber, excelsior or paper
	 
	50
	50
	50

	9. Slow burning solids such as heavy timber or coal
	25
	25
	25

	10. Open flames and other sources of ignition
	25
	25
	25

	11. Air compressor intakes or inlets to ventilating or air-conditioning equipment
	50
	50
	50

	12. Concentration of people (3)
	25
	50
	50


Footnote (1) Refer to NFPA No. 220 Standard Types of Building Construction for definitions of various types of construction. (1969 Ed.) 

Footnote (2) but not less than one-half the height of adjacent side wall of the structure. 

Footnote (3) In congested areas such as offices, lunchrooms, locker rooms, time-clock areas. 

Footnote (4) Refer to NFPA No 51, gas systems for welding and cutting (1969). 

Footnote (5) Refer to NFPA No 566, bulk oxygen systems at consumer sites (1969).

1910.103(b)(2)(ii)(d)

TABLE H-4 - MINIMUM DISTANCE (FEET) FROM LIQUEFIED HYDROGEN SYSTEMS TO EXPOSURE (1)(2)

	Type of Exposure
	Liquefied hydrogen storage (capacity in gallons)

	
	39.63

(150 liters) to 3,500
	3,501 to 15,000
	15,001 to 30,000

	1. Fire-resistive building and fire walls (3)
	5
	5
	5

	2. Noncombustible building (3)
	25
	50
	75

	3. Other buildings (3)
	50
	75
	100

	4. Wall openings, air-compressor intakes, inlets for air-conditioning or ventilating equipment
	75
	75
	75

	5. Flammable liquids (above ground and vent or fill openings if below ground) (see 513 and 514)
	50
	75
	100

	6. Between stationary liquefied hydrogen containers
	5
	5
	5

	7. Flammable gas storage
	50
	75
	100

	8. Liquid oxygen storage and other oxidizers (see 513 and 514)
	100
	100
	100

	9. Combustible solids
	50
	75
	100

	10. Open flames, smoking and welding
	50
	50
	50

	11. Concentrations of people
	75
	75
	75


Footnote (1) The distance in Nos. 2, 3, 5, 7, 9, and 12 in Table H-4 may be reduced where protective structures, such as firewalls equal to height of top of the container, to safeguard the liquefied hydrogen storage system, are located between the liquefied hydrogen storage installation and the exposure. 

Footnote (2) Where protective structures are provided, ventilation and confinement of product should be considered. The 5-foot distance in Nos. 1 and 6 facilitates maintenance and enhances ventilation. 

Footnote (3) Refer to Standard Types of Building Construction, NFPA No. 220-1969 for definitions of various types of construction.
The material in these two documents, NFPA 50A standard for Gaseous Hydrogen Systems at Consumer Sites and NFPA 50B Standard for Liquefied Hydrogen Systems at Consumer Sites, was moved into 2005 edition of NFPA 55 Standard for the Storage, Use, and Handling of Compressed Gases and Cryogenic Fluids in Portable and Stationary Containers, Cylinders, and Tanks. However, many of the requirements for hydrogen were still found in other NFPA documents such as NFPA 52 Vehicular Fuel Systems Code 2006 edition, NFPA 853 Standard for Installation of Stationary Fuel Cell Power Plants 2007 edition, and NFPA 30A Code for Motor Fuel Dispensing Facilities and Repair Garages 2008 edition. These four documents are the responsibility of four technical committees. There are several other NFPA documents that contain requirements that apply to hydrogen storage, transfer, generation, and use.  To make these requirements more consistent and easier to use, the NFPA Standards Council approved the creation of a Hydrogen Technical committee responsible for developing a comprehensive hydrogen code to be titled NFPA 2 Hydrogen Technologies Code. 

3. The Process for creating NFPA 2 Hydrogen Technologies Code

The NFPA documents are developed and modified by technical committees through a process that provides for public input.  The process mirrors the process used to develop Federal and State regulations.  The NFPA Standards Council approves a project scope, the Council appoints a technical committee and chairman, and then the technical committee develops the document according to defined revision cycle.  NFPA 2 is currently on the Annual 2010 revision cycle shown in Table 1. 

The technical committee is composed of up to thirty voting members.  Each voting member is classified as belonging to a specific interest group and the committee can have more than a third of its voting members be a part of a specific interest group.  This distribution of committee membership prevents the committee from being dominated by a specific interest group. 

Several task groups were created to write the different pieces of NFPA 2.  Task group membership is unrestricted and task groups do not have to meet any distribution requirement for membership. Typically task groups perform the detailed work that is required to write a code and they bring their work back to the full committee for review and revision.  Eventually, a draft is created and the document begins the formal revision cycle shown in Table 1.  This is a consensus process where the document is voted on in letter ballot and consensus is defined as a two-thirds affirmative vote with at least half of the committee members voting.

The annual 2010 revision cycle would effectively begin when committee publishes a draft seeking public proposals.  These draft documents are typically published 8 weeks prior to the public proposal closing date, 12/1/08.  Therefore, the draft would be published approximately 10/1/08. The cycle would end with the issuance of the code 7/30/2010.

Table 1. NFPA Annual 2010 Revision Cycle.
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The Content and Purpose of NFPA 2 Hydrogen Technologies Code

A draft of NFPA 2 is currently not available but the basic structure and content of the document has been defined. The simplified chapter structure and content is as follows:

Chapter 1 Administration

Chapter 2 References

Chapter 3 Definitions

Chapter 4 Fundamentals (extracted from NFPA 55)

Chapter 5 Vehicular applications (extracted from NFPA 52)

Chapter 6 Stationary Fuel Cell Power Plants and hydrogen Generation Devices (extracted from NFPA 853 and NFPA 55)

Chapter 7 Mixed Fuel Facilities (liquid fuels and hydrogen) and Repair Garages  (extracted primarily from NFPA 30A)

Annex A explanatory material

Other annexes as needed.

The fundamentals material will consist of extracted material from Chapter 4-7, 10 and 11 from NFPA 55.  Chapters 4-7 of NFPA 55 use the basic concept of threshold amounts allowed in a fire control area beneath which mitigation measures are not required. This threshold concept is used in most building and fire codes.  

The vehicular applications material is extracted from the chapters in NFPA 52 that specifically address gaseous and liquefied hydrogen.  NFPA 52 covers vehicle fueling, as well as the design, construction, installation, operation, and maintenance of vehicle fueling facilities.

The material on stationary fuel cell power plants is extracted from NFPA 853 and sets requirements for the installation of fuel cell power systems.  The storage requirements for the hydrogen that would be used to power these systems are found in NFPA 55. 

Requirements for hydrogen generation equipment have been proposed to the 2008 edition of NFPA 55.  Assuming this material is added to the 2008 edition of NFPA 55, it would also be extracted into NFPA 2.

The creation of NFPA 2 will create a document that should make code compliance easier for NFPA users dealing with hydrogen technologies.  This document has to fit into the national codes and standards structure so that it increases ease of use not just within the NFPA codes and standards but also within the national codes and standards framework. Most jurisdictions adopt general building and fire codes and these codes reference codes and standards that deal with specific subject matter such as hydrogen technologies. The International Code Council’s set of codes, which include a building and fire code are the predominantly adopted building and fire codes in the United States.  The Hydrogen Technology Technical Committee is developing NFPA with the goal that it can work with International Fire and Building Code and provide a level of detail that these documents do not provide for hydrogen technologies.

4. System Siting Issues in NFPA 2 Hydrogen Technologies Code

A review of the separation distances in Tables H-2 and H-4 from the OSHA regulations shows that the liquid hydrogen separation distances contained in Table H-4 are more restrictive then the distances in H-2.  For example, the separation distances between the system and air intakes for any size gaseous system is 50 feet and the separation distances between the system and air intakes is 75 feet for any liquefied hydrogen storage system.   

Table 2 shows how the mass of the gaseous hydrogen storage volumes compares to the liquefied hydrogen storage volumes. 

	Table 2. Comparison of Gaseous and Liquefied Hydrogen Storage Cut Off Limits

	Gaseous storage volume  (scf)
	Equivalent Pounds 2 (lb) 
	Liquefied storage volume (gallons)
	Equivalent Pounds 3 (lb)


	400
	2.084
	39.63
	23.47

	3000
	15.63
	3500
	2072.70

	15,000
	78.15
	15,000
	8883.00

	3409980
	17766.00
	30,000 (upper bound)
	17766.00


Table 2 shows that although the separation distances are more restrictive for some exposures for liquefied hydrogen systems, the mass of material being regulated in the storage ranges is much larger for liquefied hydrogen storage.  For example the mid range for gaseous storage from Table H-2 is 3000 scf  (15.63 lb) to 15, 000 scf (78.15 lb) and the mid range for liquefied hydrogen storage from Table H-4 is 3500 gallons (2072.70 lb) to 15,000 gallons (8883.00 lb).

Returning to the separation distances between systems and air intakes for a mid range system, the separation distances would be 50 feet for up to 78.15 lb of gaseous hydrogen and 75 feet for up to 8883.00 lb of liquefied hydrogen or over 100 times more hydrogen.  The lack of documentation for the original tables makes it difficult to determine the basis for the differences in the gaseous versus liquefied hydrogen storage separation distances.

When the NFPA 2 project began, a task group was formed to review the current gaseous and liquefied hydrogen storage separation distances tables and determine whether their continued use could be justified or whether tables needed to be developed based on documented analytical procedures.  The NFPA 2 project is moving forward with developing a new set of separation distance tables for gaseous hydrogen storage and would likely address liquefied hydrogen storage as NFPA 2 is revised after its initial publication. 

The new set of separation distances for gaseous hydrogen storage systems would be based on using Computational Fluid Dynamic Modeling (CFD) to predict the impacts of releases and risk analysis procedures to determine critical hydrogen storage system parameters.  The analysis that would be the basis for the new separation distances would be a part of the annex to the code.  This documentation would contain sufficient information that the separation distances in the tables could be replicated.

5. Summary

NFPA 2 Hydrogen Technologies Code will take NFPA existing requirements for stationary and vehicular hydrogen technologies and place them into a single document.  Additionally, any gaps in hydrogen technologies code coverage will be identified and these gaps will be filled in NFPA 2.  The material that comprises NFPA 2 will be primarily extracted from existing NFPA documents but the Hydrogen Technology Technical Committee has primary authority for writing requirements for hydrogen safety and can write code text as needed.

The first edition of NFPA 2 is to be issued in 2010.  This edition will likely contain new requirements for siting gaseous hydrogen storage systems.  These requirements will be based on analytical procedures that will be documented in the annex to the code.
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