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Summary (English)

1. Surveys regarding the state of decommissioning of CNG vehicles

1-1. State of distribution of CNG vehicles

CNG vehicles are distributed as an option for the environmental conservation as pushed by the
national government and for escaping from extreme dependency on oil. Because the hazardous
materia in exhaust gases is much less than that of diesel vehicles, they are often used to replace
diesel vehicles.

According to the Japan Gas Association, 42,590 CNG motor vehicles had been disseminated as of
the end of March 2013. Trucks accounted for more than 40 percent of the total.

No. of CNG vehicles disseminated Unit: Vehicles
Passenger Small Lightcars | Trucks Garbage Buses Forklifts, Total
cars cargo collection etc.
vehicles vehicles
FY 2012 1,548 5,483 9,533 18,683 3,833 1,560 1,950 42,590

Source: Japan Gas Association

Currently, about 40,000 CNG vehicles have been disseminated. In FY 2012, the number reaching
the end of life was estimated at 1,972, using the number of vehicles sold and the vehicle survival rate
(the percentage of newly registered vehicles surviving at the end of their first registration year).

A questionnaire survey regarding the withdraw of those end-of-life CNG vehicles found that the
leading reasons for judging a vehicle as end-of-life (multiple answers permitted) were long age of
use (53 percent), breakdowns (accidents), and high repair costs (35 percent). The average age of use
was 10 years.

As for the destinations of transferred end-of-life CNG vehicles (multiple answers permitted), they
were usualy transferred to sellers and repairers of such vehicles. The forms of transfer from
businesses owning CNG vehicles are, basicaly, transfer for monetary consideration or transfer
without charge.

The subsequent process, as with ordinary end-of-life vehicles, apparently involves transfer from
collection operators to dismantlers, but because the number of end-of-life CNG vehicles generated is
so small, the pattern is that they are stored by specific dismantlers. In particular, because so many

CNG vehicles are trucks, dismantlers specializing in trucks dispose of them.



However, the number of end-of-life CNG vehicles generated shrank from a peak of 4,028 in 2001
to 668, only about one-sixth as many, in 2011. There is thus little likelihood that the number of
end-of-life CNG vehicles will increase. Dismantlers that already accept them will likely go on to
become collection operators, so it would be difficult to imagine the development of a situation in

which there is nowhere to transfer the vehicles and improper disposal takes place.

CNG owner
Dealer Repairers/used vehicle dealers Dismantler Other/unknown
24 companies 21 companies 6 companies 9 companies

Inverse

Inver
payment, O

[Payment 1
Free 1
Unknown 7

*Multiple answers permitted (enterprise base)

1-2. Survey of disposal of CNG vehicles

When CNG vehicles are decommissioned, special processes include defueling of gas left in CNG
tanks and destruction of tanks. In accordance with Safety Regulations for Containers, the CNG tanks
are containers specifically designed for CNG vehicles, so they cannot be shifted to other uses.
Furthermore, when tanks are replaced, the safety regulations require that the installed tanks be new
ones. Therefore, replacement of tanks or disposal of scrap CNG vehicles necessitates the disposal of
tanks. Upon decommissioning, the safety regulations mandate the defueling of any gas remaining in
the tanks and the destruction of the tanks themselves. Tanks must be disposed of safely and in such a
way that they cannot be reused.

Scrap CNG vehicles are generally accepted from owners by dealers or leasing companies and then
transferred to dismantlers. At dismantlers, there are two cases for defueling of gas remaining in tanks
and the destroying the tanks of the special decommissioning processes for CNG vehicles, which are
“in-house” or “transferred to a business capable of performing them (a gas supplier).” As for
methods of defueling gas remaining in CNG tanks and destroying the tanks, although gas-related
organizations have published guidelines, because of the low volume of CNG vehicles handled, they

are not well-known among dismantlers. One cannot say that decommissioning methods are



recognized. However, the reality of processing by dismantlers is that they realize that high-pressure
gas is dangerous, so each company undertakes its own safety measures. In general, proper disposa

was taken place.



Methods of defueling gas remaining in CNG tanks and destroying the tanks

Main methods of defueling Main methods of
remaining gas destroying the tanks
Metal Melting with an oxygen burner
Dismantlers Idling, venting into the air
CFRP Breaking with a nibbler
Metal Melting with an oxygen burner
Gas suppliers Decompression and combustion
CFRP Vertical cutting with aband saw

After destruction, metal tanks are transferred for monetary consideration through recycling routes.
As for CFRP, which in recent years is increasingly used in tanks, when dismantlers defuel CFRP
tanks, they are disposed of as ASR during the process of the End-of-Life Vehicle recycling. When
gas suppliers defuel CFRP tanks, on the other hand, they are collected as industrial waste and almost

aways undergo a process of landfilling as the final disposal solution.

1-3. Survey regarding types of CNG tanks

Tanks installed on CNG vehicles are considered containers for natural gas motor vehicle fuel

systems under the Safety Regulations for Containers. There are four classifications, V1-V4, as

follows.

Types of tanks

Safety Regulations for Containers

Japan Gas Association
standards

Regulation

Interior
material

Exterior
material

Type V1

Metal containers
Metal liner

X
A,

Seamless containers for
compressed gas motor vehicles
fudl systems

Metal

Metal compound containers for
compressed natural gas motor
vehicle fuel systems, with liners
whose minimum bursting
pressureis at least 125 percent of
maximum filling pressure

Aluminum

FRP

Metal compound containers for
compressed natural gas motor
vehicle fuel systems, with liners
whose minimum bursting
pressureis less than 125 percent
of maximum filling pressure

Aluminum

FRP

FRP layer (fiber + epoxy resin)
Plastic liner

Compound containers for
compressed natural gas motor
vehicle fuel systems, with plastic
liners

Plastic

FRP




The questionnaire used in this survey of owners of CNG vehicles found that the types of CNG
tanks installed on the types of vehicles owned are as shown in the graph (number of vehicles basis)
below. Currently, most of the CNG vehicles they possess have type V1 metal tanks installed. They
account for over 90 percent of the total.

However, instalation of types V3 and V4 on new vehicles has progressed in recent years. The
main reason is that they are lighter than V1 tanks, so they help lighten vehicles. This increases
vehicle range per filling. With low-floor buses and so on requiring installation of tanks on roofs,
heavy V 1 tanks can affect vehicle stability.

Meanwhile, V2 tanks are inferior to V1and V3 tanks in terms of manufacturing cost and weight
reduction. There have also been reports from overseas of accidents due to bursting. Very few

businesses in Japan currently handle V2 tanks. Indeed, they are hardly distributed at all.

Types of tanks installed on CNG vehicles

V4
V2 1%

1-4. Disposal methods for CFRP and GFRP

CFRP and GFRP are different from widely-commercialized CFRTP and GFRTP, which use
thermoplastic resins as their base materials. Instead, their base materials are thermosetting resins.
This means that they cannot be repeatedly recycled by melting them at high temperature. Moreover,
in addition to the thermosetting properties of their base materials, CFRP and GFRP include the
fire-resistant inorganic fibers, carbon fibers and glass fibers, which make their incineration
problematic.

Furthermore, the individual characteristics of their reinforcing fibers pose different problems at

the time of disposal. First, the electrical conductivity of CFRP raises concern that drifting carbon



fiber could short circuit disposal equipment. There is a report of a past case in which CFRP was
collected as general waste, failed to burn completely in an incinerator, stuck to an electrostatic
precipitator, and short circuited it. With GFRP, not only can melted glass fiber lead to furnace
damage, burning it generates large amounts of black smoke, potentially impacting the environment.
Additionally, both materials are very strong, so when they are crushed, they can quickly wear out
crushers designed for waste plastic, while generating excessive noise.

Because the disposal of CFRP and GFRP raises so many issues with incineration and crushing,
amost al of it ends up going into landfills. However, with waste nowhere near zero, pressure on
landfills continues, and disposal costs are soaring. Reduction through recycling of disposal volume
at landfills is necessary. At this point, though, recycling infrastructure for CFRP and GFRP is
insufficient, so resource recycling is not very advanced. Although GFRP, which has a long history,
aready have recycling infrastructure, there are issues with collection. Only a few percent of al
discarded GFRP isrecycled.

2. Technology surveys regarding recycling, etc., of fuel cell motor vehicles

2-1. Literature review of recycling technology for hydrogen tanks

Because hydrogen is used as the anode active material of fuel cells, fuel cell motor vehicles must
have some means of storing hydrogen. The fuel cell motor vehicles expected to come onto the
market in 2015 will use high-pressure storage to store hydrogen. The vehicles are expected to be
equipped with high-pressure hydrogen tanks with a maximum filling pressure of 70 MPa
High-pressure hydrogen tanks are considered containers for compressed hydrogen motor vehicles
fuel systems under the Safety Regulations for Containers. There are three classifications, VH2, VH3,
and VH4. The fuel cell motor vehicles entering the market in 2015 are to be equipped with VH3 and

VH4 tanks, for which technica standards are outlined.

Types of tanks for fuel cell motor vehicles

Type of tank Safety Regulations for Containers technical standards
Regulations Interior material | Exterior material

Metal compound containers for compressed
hydrogen motor vehicle fuel systems, with liners .

VH2 w>;1oseg minimum bursting pregjre is at least 125 No technical standards
percent of maximum filling pressure
Metal compound containers for compressed Stainless stedl CFRP

VH3 hydrogen motor vehicle fuel systems, with liners or GF isused only
whose minimum bursting pressure is less than 125 aumi as aprotective

- - uminum

percent of maximum filling pressure layer




ol CFRP
Plastic liner type GFis used onl
VH4 Compound containers for compressed natural gas Plastic ny
; as aprotective
motor vehicle fuel systems layer

Source: Created by Yano Research Institute from Safety Regulations for Containers

When CFRP hydrogen tanks installed on fuel cell motor vehicles are decommissioned, as with
CNG vehicles, defueling of gas remaining in the tanks and destruction of the tanks are mandatory.
Consideration of methods to defuel compressed hydrogen gas remaining in tanks and to destroy
high-pressure tanks with a maximum filling pressure of 70 MPais necessary. At this time, however,
there are no examples, even from other applications, of the defueling of high-pressure hydrogen gas
remaining in tanks and the destruction of 70-M Pa high-pressure hydrogen tanks.

In order to consider methods of defueling gas remaining in hydrogen tanks, a method to safely
burn compressed flammable hydrogen after reducing the pressure is necessary. In light of the
situation with the decommissioning of CNG tanks, idling would be the safest method and is thus
desirable. In cases when scrap vehicles cannot idle because they have been in accidents, etc., it will
be necessary to remove tanks in order to defuel any gas remaining in them, so it will probably be
better if businesses with experience handling gases, such as gas suppliers, do the work.

In addition, because this research found no cases of the destruction of 70-MPa high-pressure
hydrogen tanks, a crushing test of a hydrogen tank that is mounted on the fuel cell motor vehicles
was conducted in order to examine disposal methods. Mobile heavy equipment (a nibbler) was used
to examine the feasibility of crushing the tanks at dismantlers, as is done with CNG vehicles. The

details were as follows.

Overview of crushing test of CFRP hydrogen tank

Date conducted February 27, 2014

Location Kyoei Stedl Ltd., Yamaguchi Office
conducted
Equipment used Mobile heavy equipment (sorting, dismantling, crushing, cutting)

Heavy equipment manufactured by Kobelco Construction Machinery Co. (KVE720PR
multi-dismantling nibbler)

CFRP Maximum filling pressure for hydrogen: 70 MPa (VH3)
hydrogen tank CFRPtank weight: 41 kg Liner: AL (A6061 T6)
used Exterior: CFRP  Specific heat: 6.28 x 102 [Jkg]

Thermal diffusivity: 4.37 x 10-7 [m%/9]

Crushing test (February 27, 2014, 14:04-14:09)

14:04 14:08 14:09
Crushing begins Cracking and deformation Rupture (destruction complete)




Discussion

« When destroying the 70-MPa maximum filling pressure tank for hydrogen, the heavy equipment operator
performing the work had never decommissioned a CFRP tank, yet the job took only about five minutes.

« In the future, the creation of a standard operating procedure to raise experience and greatly reduce work time
should be possible.

* The heavy equipment (nibbler) used to destroy this tank is similar to that owned by many motor vehicle
dismantlers, so distribution of a standard operating procedure should enable the work to be performed in Japan.

« However, if finely broken aluminum tanks as shown in the photographs below are to be separated, a nibbler
alone may not be enough, and further specialized equipment may be necessary. The work of dismantling may
be time-consuming.

2-2. Verification test of recycling technology through electric furnace input

In light of the fact that amost al discarded CFRP is landfilled, development of recycling
infrastructure for CFRP is a crucia issue. Technical development of CFRP recycling methods is
advanced in the fields of materials, chemical, and thermal recycling, but the necessary technology
and the collection costs differ depending on the recycling technology, as does the material salvaged.
Along with technical development, development of applications for recycled products will likely
result in the building of CFRP recycling infrastructure. With CFRP from motor vehiclesin particular
collected under the End-of-Life Vehicle Recycling Law, the amount is expected to be enormous, so
swift development of applicationsis necessary.

In this research, a demonstration test was conducted to verify the feasibility of the introduction of

electric furnaces as a recycling method for CFRP hydrogen tanks.




« Demonstration test methodology

1. Insertion of uncrushed CFRP tanks as-sis into electric furnace

2. Insertion of two CFRP blocks (120 mm x 98 mm x 2,030 mm) thicker than the thickest CFRP (70 mm) of a
CFRP hydrogen tank into an electric furnace

3. Insertion of the products of crushed CFRP tanks into an electric furnace

4. Insertion of 500 kg of carbon fiber only into an electric furnace

5. Insertion of two CFRP blocks (120 mm x 98 mm x 2,030 mm) thicker than the thickest CFRP (70 mm) of a

CFRP hydrogen tank onto the inside surface layer of an electric furnace

Summary of demonstration test findings

Demonstration test findings

1 |  Because no residue was fund in the slag, Demonstration Test 1 confirmed that melting treatment is feasible

even when the inserted CFRP hydrogen tank has not undergone crushing.

2 | * Because the blocks were 28 mm thicker than the thickest carbon fiber in a CFRP hydrogen tank (70 mm), a
minute amount of residue was verified.

* However, because the residue was in a sheet 2 mm thick, less than the 28-mm difference, and because tank
liners use aluminum, which generates a thermite reaction and increases the melting effect, it may be
appropriate to judge residue-free melting feasible with the tank form.

3 | e Insertion of 130 kg of the products of crushed CFRP tanks into an electric furnace resulted in quantitative
verification of a reductant effect from the carbon portion. Compared with the situation when no carbon
fiber at all wasinserted, the carbon value at meltdown was confirmed to be about 30 percent higher.

» The auminum effect has been verified as proportional to the amount of aluminum inserted, so when 1 kg
of *100-percent aluminum isinserted, 8.4 kw of electricity can be saved.

4 » Because 500 kg of carbon fiber was inserted, compared to the situation with no carbon fiber at all, the
carbon value at meltdown was confirmed to be around 50 percent higher.

» The amount of the carbon powder ordinarily used that was inserted was about 40 percent of normal.
However, because the carbon value stayed high, it took time for the carbon to drop, so it appears that
approximately half as much, the 250 kg inserted in Demonstration Test 4, is suitable.

5 * Aswith Demonstration Test 2, a small sheet of residue was confirmed. The residue was amost identical to
the situation with Demonstration Test 2, so it appears that the location in the electric furnace into which it

isinserted makes little difference.

3. Discussion of the disposal of next-generation motor vehicles

With their long range and zero carbon dioxide emission during operation, expectations are high
for fuel cell motor vehicles as akey to achieving a"low-carbon society.” Three companies, Toyota
Motor Corp., Nissan Motor Co., and Honda Motor Co., have announced they will introduce fuel cell

motor vehiclesin the Japanese market in 2015.



Accompanying the dissemination of these fuel cell motor vehicles will naturally be the future
generation of end-of-life fuel cell motor vehicles. In light of the average age of motor vehicles, if the
market for fuel cell motor vehicles opensin 2015, although there will also be scrap cars due to
accidents and so on, the full-fledged generation of end-of-life fuel cell motor vehiclesis expected to
begin around 2030.

In addition to motors and batteries like those of hybrid or electric motor vehicles, fuel cell motor
vehicles are equipped with fuel cell stacks that generate power through a chemical reaction between
hydrogen and oxygen, and with high-pressure tanks for storing hydrogen. Their structureis quite
different from existing gasoline- or diesel-powered cars. Their dismantling process will therefore
likely require the generation of new knowledge and techniques.

By gaining an understanding of the state of the decommissioning of CNG vehicles that use similar
high-pressure tanks (albeit with different filling pressures), this research has identified problem areas
for the high-pressure tanks that are the fuel cell motor vehicle part requiring especially careful
handling.

However, it was found that because the number of end-of-life CNG vehicles generated annually is
estimated at about 2,000, there are few businesses with actual experience dismantling them. Because
most are trucks or vehicles leased from gas companies, their storing is skewed towards specific
businesses that mainly handle trucks or that often deal with gas companies. That is the situation, but
it was also found that businesses with confirmed dismantling experience are aware of the need for
caution when handling high-pressure tanks and generally handle them appropriately. One may judge
that existing dismantlers will be fully capable of appropriately handling the dismantling of fuel cell
motor vehicles.

Y et, it has become clear that because methods for the defueling of gas remaining in tanks and the
destruction of the tanks themselves as required when decommissioning high-pressure are not widely
known, each company has arrived at processing methods through trial and error. In the future,
therefore, as fuel cell motor vehicles spread through the active efforts of private-sector companies
and government, the first need for the dismantling process appears to be the provision of information

by automakers on how to dismantle fuel cell motor vehicles.

The reason there are no accidents related to the dismantling of hybrid motor vehicles, which are
driving the dissemination of next-generation motor vehicles bay accounting for alarge share of all
new vehicles sold is that automakers provide technical information. Dismantlers have acquired the
knowledge and techniques needed to handle hybrid motor vehicles.

In addition to motors and batteries, fuel cell motor vehicles have new equipment such as
high-pressure tanks and fuel cell stacks. Thislikely increases the necessity of technical courses on

their handling and the provision of dismantling manuals by automakers.



This research tested the crushing of 70- MPa high-pressure tanks expected to be installed in fuel
cell motor vehicles through a demonstration test at Kyoei Steel and tested their incineration as well.
The crushing test verified that nibblers such as those used at dismantlers could be used to crush
the high-pressure tanks that will be installed on fuel cell motor vehicles, so crushing by dismantlers

isfeasible.

Furthermore, although recycling infrastructure for the carbon fiber used in compound containers
has not been established, and most of it finishesin landfills, demonstration tests confirmed the
feasibility of incineration in electric furnaces and its effect as thermal recycling.

These findings make it likely that the dismantling and recycling of fuel cell motor vehicles

through existing dismantler and recycling routes is feasible.
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2012 1216 | 12,56 | 1191 | 12.81| 15.00 | 12.03 | 16.82 | 18.70 | 15.40
2013 1258 | 1299 | 1232 | 13.24| 1565 | 1239 | 1791 | 19.77 | 16.42
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7
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CFRP

2014 2 27
720
1850 720
539kN  55tonf
31.5t 9
101.7t 9
CFRP 70MPa
CFRP 41kg
CFRP 6.28><102[J/Kg]
4.37>=10-7[ /9]
AL A6061T6
2 27 14 00 14 10
14 00 14 04 14 06
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2-2

CFRP

CFRP

CFRP

2-2-1

2014 2 27 28

CFRP

35MPa
CFRP 17kg
CFRP 6.28><102[J/kg]
4.37=<10_7[ /9]
AL  A6061 T6
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AL A6061T6

(%) Si Fe Cu Mn Mg
A6061 04 0.8 0.7 0.15 0.4 | 0.15 0.8 1.2
Cr Zn Ti Al
0.04 0.35|0.25 0.15 0.15 95.85
AL 95.85

CFRP 2030mm>=<120mm><98mm
36kg/
CFEP 25 98mm
CFRP
35MPax<1
70MPax<1
CFRP CFRP
CNG CFRP  CNG
25MPa>2
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CFRP

10 30kg
500kg

850V

60KA 60,000A
64MW 64,000KW
460
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