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Introduction

1.
Increased reliance on alternative energy sources has prompted the rapid development of ultracapacitors. A new proper shipping name and specific provisions for ultracapacitor transport are needed.

Background information on ultracapacitors

2.
Like capacitors commonly found in electronic equipment, ultracapacitors store electricity by holding positive and negative charges separated by a nonconducting dielectric layer.  Ultracapacitors (or ultracapacitor cells) are able to hold significantly more energy than more traditional capacitors by taking advantage of higher surface area materials.  They offer an advantage over batteries by being able to be charged and discharged rapidly.  For this reason they are commonly used in fuel efficient hybrid vehicles to store energy produced during braking and to release that stored energy quickly for acceleration.  In so doing they save energy that is otherwise wasted and thereby dramatically reduce greenhouse gas emissions. Ultracapacitors have no moving parts and because there are no chemical reactions involved, they have a long lifespan. In addition to their use in advanced automobiles, they are also commonly used in renewable energy storage technologies such as wind, solar, and hydro energy systems. In the next few years, millions more units will be transported for heavy equipment applications, including buses, trucks, trains and freight container cranes in ports. In addition to their energy saving benefits, ultracapacitors are considerably more environmentally friendly than more traditional energy storage devices such as lead acid batteries.

Ultracapacitor construction
3.
Unlike traditional capacitors which store electrical energy on opposing metal plates, ultracapacitors store electricity within plates consisting of a mixture of solid activated carbon and a liquid electrolyte.  The plates are separated by a dielectric material which prevents a charge from passing between plates. When a charge is applied to the ultracapacitor, it is stored at the interface between the activated carbon and the liquid electrolyte.  No chemical reactions are involved in ultracapacitor energy storage.  Ultracapacitors are transported uncharged but may hold a minimal residual charge not considered to pose a hazard in transport.

4.
Ultracapacitors are commonly assembled into modules containing multiple ultracapacitor cells in order to obtain the voltage or energy level needed for a particular application.  Often the modules will consist of a fully enclosed aluminum outer casing. Annex 1 illustrates ultracapacitor functioning, ultracapacitor components and typical ultracapacitor cells and ultracapacitor modules.   

5.
Both flammable and nonflammable liquids are used in ultracapacitors, depending on their design.  In more efficient ultracapacitors, a Packing Group II flammable liquid solution containing acetonitrile (UN1648) is used.  

6.
Ultracapacitors come in a range of sizes to meet different energy storage (i.e., energy capacitance, measured in farads) needs. Smaller units are in the form of coin cells while the largest commercially available units with up to 10,000 farads are cylindrical or prismatic in shape.  The amount of flammable liquid varies with the size of the ultracapacitor.  Generally, less than 3% of the flammable liquid inside an ultracapacitor is present as free liquid.  A large 3000 F ultracapacitor cell holds on the order of 195 ml of flammable liquid with less than 5 ml being free liquid.  A typical ultracapacitor, of a size comparable to a D cell battery and a capacitance of 350 F, holds approximately 20 ml of flammable liquid with less than 1 ml free liquid.  Given the “jelly roll” construction of the ultracapacitor electrode, even free liquid is tightly held within the ultracapacitor.  

Non-transport test requirements for ultracapacitors

7.
Ultracapacitors are required to withstand a wide range of performance tests to ensure they will withstand rigorous use conditions to which they may be exposed, as, for example, in  automotive applications.  The tests deal with the electrical functioning of these devices as well as their ability to withstand mechanical abuse.  The details for carrying out these tests are provided in industry standards such as those produced by the Society of Automotive Engineers International (SAE) or the Advanced Battery Consortium Electrochemical Storage System Abuse Test Procedure Manual.  From a transport perspective, the most relevant tests include:

(a)
A drop test where an unpackaged ultracapacitor is dropped from a height of 10 meters onto a steel rod of 300 mm diameter without release of contents; and
(b)
An altitude simulation test where the ultracapacitor is subject to a 95 kPa pressure differential test to simulate air transport.

8.
For use purposes, ultracapacitors are also subjected to rigorous vibration and temperature cycling tests that exceed what would normally be expected to satisfy the Part 4 general requirements to withstand vibration and temperature variation.  While intended to ensure performance and safety under use conditions, the above tests also provide for a high degree of safety in transport. 
Transport safety assessment

9.
The hazard of ultracapacitors is somewhat analogous to that of nonspillable batteries (UN 2800) which under the Model Regulations are treated as nondangerous provided there is no free liquid.  While ultracapacitors contain small amounts of free liquid, the high integrity provided by the ultracapacitor casing, as demonstrated by rigorous testing, ensures that even a small release of free liquid in transport is highly unlikely.
10.
Charging and discharging an ultracapacitor over its life produces a very small quantity of flammable gas. The amount of gas formed is small and the pressure produced does not generally exceed 15 kPa. To manage the pressure, ultracapacitors are fitted with a vent and designed to withstand the maximum pressure.

11.
Ultracapacitors are articles with a risk not entirely reflected by the class of the electrolyte. In addition, while current ultracapacitor designs use either a non dangerous electrolyte or a flammable liquid, there is the possibility of future designs utilizing dangerous goods of other classes (e.g., corrosive liquids). To account for future designs and recognizing the risk of ultracapacitors is not fully reflected by the class of the electrolyte, it is proposed that ultracapacitors be assigned to class 9. 
Objective for seeking ultracapacitor specific transport requirements
12.
As items likely to be common to many types of consumer and industrial equipment, ultracapacitors will be transported under a broad range of circumstances ranging from large bulk quantity shipments to equipment manufacturers such as automobile manufacturers and increasingly as individual cell shipments and individual module shipments to automobile dealerships and to retail outlets as spare parts and even to and from individual consumers. Equipment containing ultracapacitors (e.g., hybrid automobiles) are widely distributed. A system of transport regulations suited for all aspects of ultracapacitor transport is needed. For this reason, KFI has the following objectives in submitting this document:
(a)
To provide a unique proper shipping name so that ultracapacitors are transported under a single proper shipping name in place of the currently available alternatives which include UN1648, UN1993 and UN 3363.

(b)
To identify an ultracapacitor size limit whereby ultracapacitors below the specified limit may be transported as not subject to the dangerous goods regulations.  

(c)
To specify transport requirements appropriate to the risk of larger ultracapacitors, taking into account the tests that ultracapacitors are already subjected to; and
(d)
To exempt ultracapacitors in completed vehicle components such as the modules (see Annex) or when contained in equipment from transport regulations (see, for example, SP 289 applicable to airbag modules).  

Proposal
13. 
Based on the above discussion KFI proposes to add the following new entry to the Dangerous Goods List:
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7a)
	(7b)
	(8)
	(9)
	(10)
	(11)

	XXXX
	ULTRACAPACITORS †
	9
	
	
	AAA


	1L


	E0
	P003
	
	
	


14.
Add the following new special provision AAA:
 “AAA  This entry applies to uncharged ultracapacitors where the design type has been qualified as meeting a 10m drop test  and a 95 kPa pressure differential test and where pressure buildup is controlled by a vent and the casing is designed to withstand two times the maximum pressure buildup.

In the case of ultracapacitors meeting these requirements, the following are not subject to these Regulations:
(a)
Ultracapacitors containing less than 30 ml electrolyte as free liquid;
(b)
Ultracapacitors installed in vehicles, completed vehicle components, in equipment, or in modules; and  
 
(c) 
Ultracapacitors not containing any substances classified as dangerous goods.”
15.
Add a new entry to the glossary in Appendix B to the Dangerous Goods List as follows:

“Ultracapacitor means an electrical energy storage device that stores electricity without chemical reaction in a mixture of a solid (e.g., activated carbon) and an absorbed liquid electrolyte.  These devices may contain small amounts of free liquid electrolyte solution made from dangerous goods (e.g., a flammable liquid) or other liquids not subject to these Regulations.”
Annex
Item 1 – Typical Ultracapacitor Construction and Function 
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Schematic Showing Charge Distribution in the electrodes inside the ultracapacitor
Item 2 – Typical section view of ultracapacitor construction
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Item 3 – Examples of ultracapacitor cells operating at 2.5VDC or 2.7VDC
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Item 4 – Examples of ultracapacitor modules operating at higher voltages
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Typical Ultracapacitor Construction Cutaway Illustration
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Typical components inside/comprising an ultracapacitor (electrode not shown)





350F and 150 F Ultracapacitors





650F up to 3000 F Ultracapacitors





5F and 10F Ultracapacitors with a 5V series pair (middle)





Typical Ultracapacitor Cells





Typical Ultracapacitor Modules at various voltages (Clockwise from upper left) 48V, 390V, 16V and 125V
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� 	In accordance with the programme of work of the Sub-Committee for 2009-2010 approved by the Committee at its fourth session (refer to ST/SG/AC.10/C.3/68, para. 118(c) and ST/SG/AC.10/36, para. 14).
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