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Work on Resource Recycling in Hitachi

Appliance Recycling for
a Resource-efficient Society

Creating a Hitachi Groupwide Plastic Recycling Scheme

Plastics have been used for many years in household appliances and many other Hitachi
Group products for benefits such as their low weight and lack of rust and corrosion. But
these benefits turn into drawbacks when it comes to disposal, and waste plasticis linked
to worldwide environmental problems such as soil and ocean pollution, and global
warming caused by CO, emitted when burned. To help solve environmental problems
while drawing on the benefits of plastic, Hitachi is working on creating a scheme for
recycling the plastics used throughout the group, centered on home appliances. This
article provides a detailed look at the scheme, presenting the issues to be tackled in

the years ahead.
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1. Introduction

Japan’s Act on Recycling of Specified Kinds of Home
Appliances (Home Appliance Recycling Law’) went
into effect on April 1,2001. It is designed to promote
efficient use of resources and reduce waste through the
recycling of plastics and other useful parts and mate-
rials from four types of home appliances disposed of
by households and offices. The four product types are
air conditioners, televisions [cathode-ray tube (CRT),
liquid crystal display (LCD), and plasma types],
refrigerators and freezers, and washers and driers.
The use of plastics in home appliances is wide-
spread and extensive. A typical refrigerator or washer
construction is about 40% plastics for example,
underscoring the importance of these materials (see

Figure 1). Plastics are made from crude oil, so their

market prices are affected by macro factors (politics,
economics, and speculation) in addition to supply
and demand. As shown in Figure 2, world economic
growth and rising demand for crude oil have given
crude oil prices a long-term upward trend, making
stable procurement of plastic materials more difficult

every year.

Figure 1 —Amount of Plastics Used in Typical Home Appliances
Plastic materials make up about 40% of a typical home appliance overall.
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Figure 2—World Supply and Demand for Crude Oil, and Crude Oil Prices
Shown here are the world supply and demand for crude oil from 2000 to 2020 (left), and WTI crude oil prices from 2000 to 2021 (right).
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Hitachi is responding to this issue by promoting
plastic recycling in Japan and abroad. Meanwhile,
due to the difficulty of maintaining recycling qual-
ity overseas and the lack of recycling schemes, the
company has begun with Japan-led efforts to promote
the use of recycled materials. Hitachi has created a set
of long-term environmental targets entitled Hitachi
Environmental Innovation 2050 that presents a vision
for a ‘resource efficient society.” The targets include
a 50% improvement in resource usage efficiency by
2050 (relative to FY2010). To help achieve that target,
the company is using home appliance recycling proj-
ects to recycle its own plastic resources. This article

describes these activities.

2. Used Home Appliance
Recycling Processes

'The Home Appliance Recycling Law requires home
appliance manufacturers to recycle collected used
appliances. Consumers are also asked to do their part
by paying an appliance retailer or mass merchandiser
a collection fee and recycling fee when disposing of
home appliances subject to the act. These fees are
used mainly to cover the cost paid by home appliance
manufacturers when outsourcing recycling work to
recyclers. Collected appliances are brought together
at centers run by recyclers in each area of the coun-
try. They are recycled by manual disassembly along
with processes such as crushing and sorting. At the
same time, refrigerant and insulator fluorocarbons

contained in appliances such as air conditioners and

refrigerators/freezers are also collected and destroyed.
Home appliance manufacturers are divided into
Groups A and B as shown in Table 1?. They collect
and recycle four types of used appliances throughout
Japan. Hitachi belongs to Group B, and owns stakes

in three appliance recyclers—Kantou Eco Recycle

Table 1 — List of Group A and Group B Manufacturers
Shown here are the Group A and Group B manufacturers as of July 1,

2018.
Group A Group B
LG Electronics Japan Inc. Aqua, Co., Ltd.
Electrolux Professional Japan Sharp Corporation

Limited

Osaka Gas Co., Ltd.

Sony Corporation

Orion Electric Co.,Ltd.

Sony Corporation (Aiwa Co., Ltd.)

Cleanup Corporation

Chofu Seisakusho Co., Ltd.

Corona Corporation

Toyotomi Co., Ltd.

Samsung Electronics Japan Co., Ltd.

Noritz Corporation

JVCKenwood Corporation

Haier Japan Sales Co., Ltd.

Daikin Industries, Ltd

Hitachi Appliances, Inc!

deviceSTYLE Marketing Corporation

Hitachi Consumer Marketing, Inc.

Tokyo Gas Co., Ltd.

Hitachi-Johnson Controls Air
Conditioning, Inc.

Toshiba Visual Solutions
Corporation

Fujitsu General Limited

Toshiba Lifestyle Products &
Services Corporation

Funai Electric Co., Ltd.

Dometic Group AB

Mitsubishi Heavy Industries
Air-Conditioning & Refrigeration
Corporation

Purpose Co., Ltd.

Mitsubishi Electric Corporation

Panasonic Corporation

Mitsubishi Electric Engineering
Company Limited

Panasonic Corporation (SANYO
Electric Co., Ltd.)

Ryohin Keikaku Co.,Ltd.

Mr Max Holdings Ltd.

Rinnai Corporation

Yanmar Energy System Co., Ltd.

Source: Excerpted from ‘Measures for Supporting Appliance Recycling’, Association for

Electric Home Appliances in Japanese.
* Now Hitachi Global Life Solutions, Inc.



Figure 3—Flow of Home Appliance Recycling in Hitachi
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The Hitachi Group includes three appliance recyclers, a recyclables producer, and an appliance manufacturer that work together on resource recycling.
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Kantou Eco Recycle, Hokkaido Eco Recycle Systems, Tokyo Eco Recycle
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Figure 4— Major Collectable Plastic Materials

for Recycling

The major plastic materials that can be collected

for recycling are listed here along with their collec-
tion rates.

Parts for recycling Collectable materials (color) | Collection rate
Refrigerator crisper drawers, washer drums | PP (white) About 8%
Interior refrigerator shelves GPPS (clear) About 12%
Other (mixed plastics) Mixed plastics (various) About 80%

Mixed plastics

Co. Ltd., Hokkaido Eco Recycle Systems Co. Ltd.,

and Tokyo Eco Recycle Co. Ltd. The first of these
three operates within the Tochigi Works of Hitachi
Global Life Solutions, Inc., where it was established
(see Figure 3).

2.1
Crushed Plastic Collection Process
'Three substances account for 70 to 80% of the plastic

materials used in home appliances—polypropylene
(PP), polystyrene (PS), and acrylonitrile butadiene
styrene (ABS). Figure 4 shows the plastic items that
nearly every recycler in Japan collects from used home
appliances. Collected items and collection methods
vary from recycler to recycler, depending on factors

such as the available workforce, crushers, and space.

Since PP and general-purpose polystyrene (GPPS)
enable easy identification of parts to recycle, their col-
lectable materials and coloring make them easy to
recycle and give them high added value. These materi-
als are therefore collected individually after being
crushed in small dedicated crushers. Other mixed plas-
tics first undergo a mixed crushing process along with
disassembled parts that can’t be collected individually.
Materials are then collected after being sorted accord-
ing to individual material properties such as magnetism
(ferrous metal sorting), specific gravity, eddy current
(nonferrous metal sorting), and color. However, today’s
home appliances contain a growing amount of PP and
GPPS parts that are difficult to recycle, such as plastic
parts with insulating urethane or glass wool bonded to

them, or parts containing a fixed quantity of glass fibers
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for reinforcement. Another problem is that some
crushers have difficulty generating plastic pellets” from
crushed parts if the grain size of the collected parts is

not within 10 to 50 mm?.

2.2
Handling Crushed Mixed Plastics

Mixed plastics are mixtures of various types of plastic
parts collected from mixed crushing processes. They
also contain contaminants such as copper wires and
urethane grains that could not be removed during
sorting. Some mixed plastics were previously exported
to China where the sorting cost was low. However,
stricter Chinese environmental regulations have pro-
hibited imports of used plastic parts since January
2018. Since then, Thailand, Malaysia, Vietnam, and
Taiwan have accounted for about 80% of all waste plas-
tic exports from Japan. Since environmental awareness
is now on the rise there also, import standards are
becoming stricter and will make it difficult to con-
tinue exporting on the same scale in the future (see
Figure 5). A growing number of manufacturers have
responded by working on speeding up mixed plastic
sorting processes in Japan by installing sorting equip-
ment that can separate mixed plastics into materials
such as PP, PS, and ABS. Separation is done mainly by
water-based wet methods (specific gravity separation)
or non-water-based dry methods (electrostatic sepa-
ration). Both approaches require high capital invest-
ment and maintenance costs, which create barriers to
widespread adoption. Japan’s Ministry of Economy,
Trade and Industry (METI) has responded by lead-
ing a growing nationwide movement toward volun-
tary waste material export regulations, with support
being provided through measures such as subsidies
for Japanese companies that install new equipment.

3. Pelletizing Recycled Plastics

3.1

Current State of Recycled Plastics and Pelletization
Thermoplastic materials such as PP, PS, and ABS
can be reused indefinitely by heating and melting

them. On the other hand, to maintain the physical

* Granular plastic raw materials used to mold or form plastic products.

Figure 5— Waste Plastic Exports from Japan

This graph shows Japan’s waste plastic export quantities from 2016
to 2018. Stricter importing regulations overseas significantly reduced
exportsin 2018.
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properties demanded, recycled plastic materials (‘recy-
clables’) require additives such as antistatic agents
and antioxidants for preventing thermal degradation.
White colorants such as titanium dioxide are also
crucial components in recyclables used in the white-
colored parts seen extensively in home appliances.

Just counting the members of the Japan Plastic
Recycle Association, there are about 150 recyclables
producers in Japan. But recyclables are mainly used in
products where their use does not greatly affect color
or performance, such as pallets, hangers, and plastic
products for civil engineering. For general-purpose
PP enabling use in home appliances, there are few
companies in Japan that can produce and provide
quality control for recyclables with controlled physical
properties. Hitachi Appliances Techno Service, Ltd.
(HAPTS) is a Hitachi Group member that produces
recycled pellets (see Figure 6).

3.2
Issues and Solutions when Pelletizing Recycled
Plastics

The issues facing HAP'TS when pelletizing recycled

plastics are described below.



Figure 6 — Flow for Manufacturing Products Using Recyclables
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Hitachi Appliances Techno Service repelletizes and processes recyclables while maintaining their quality to enable use in home appliances.
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(1) The extruders used to pelletize crushed parts have
narrow intake ports, preventing intake of crushed
parts larger than 10 mm? The company also lacks its
own crushers, so it is forced to outsource recrushing
work for crushed parts larger than 10 mm?.

(2) HAPTS cannot process crushed parts contain-
ing additives used for reinforcement or maintaining
thermal insulation, such as glass fibers, elastomers,
and urethane. If recyclables containing glass fibers are

mechanically blended into the mix by the extruder, the

glass fibers are broken down into minute fragments

that become hard and brittle, lowering dimensional
accuracy when the product is shaped. This lower
dimensional accuracy results because the die shrink-
age factor decreases when the plastic contains glass

fibers or other inorganic fillers.

(3) When crushed parts become contaminated, adding
colorant causes the contaminants to appear as black
spots and lines. Since white and other bright col-
ors tend to be favored in home appliances, this issue

is a fatal flaw for visible parts. To address the issue,
HAPTS has suppressed the infiltration of contami-
nants into recyclables by adding metal screen meshes

to the ends of its extruders when pelletizing crushed

parts. However, crushed parts containing high con-
centrations of glass fibers and other components or
contaminants can clog screen meshes, increasing their
replacement frequency and lowering production efh-
ciency (see Figure 7).

(4) Crushed parts collected from used home appli-
ances after decades of service can sometimes have

significant levels of dirt, preventing recyclables that

need to be light-colored from satisfying the product
demands. To avoid this problem, parts must always
be color-sorted into either white or black recyclables
before pulverization.

To address these problems, HAPTS handles issues
with crushed part size and raw material contamina-
tion by taking corrective measures when the processes
done at its home appliance recycling plant take place.
These corrective measures bring together the com-
pound and recycling technologies the company has
accumulated over many years. Its low-cost and envi-
ronmentally conscious recyclables can be used in a
wide range of product areas. The quantity of HAPTS
recyclables made from used home appliances and used
in new products has grown by a factor of about 2.7
over the past 10 years.

Many of the mixed plastics collected from sources
such as home appliances can also be recycled through
use of polymer alloys (bonding different resins

together by adding a resin compatibilizer). Meanwhile,

Figure 7— Screw Mesh Before and After Use
Pictured here is a screw mesh before (left) and after (right) use.

Before After
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there are concerns over quality, raw material costs, and
the costs of manufacturing and pelletizing. To reduce
the environmental pollution of plastics, producers will
need to tolerate the higher cost of polymer alloys and

search for new ways of using recyclables.

4. Use of Recyclablesin
Home Appliances

Procurement activities for plastic materials have been
challenging for some time. In addition to price varia-
tions caused by crude oil market conditions, procure-
ment is also affected by supply restrictions imposed by
Japanese producers of PP and other plastic materials.
'These restrictions stem from high demand, aging pro-
duction equipment and plant problems. These condi-
tions are helping promote greater use of recyclables in
the home appliance segment, where sales volumes are
high, and discounts are extreme. Meanwhile, in terms
of colors, production yield and other areas, new mate-
rials are still superior to recyclables. The next section
discusses future issues and solutions for recyclables,
looking at the example of their use in refrigerators

(which grew significantly in FY2018).

4.1
Issues and Solutions for Use of Recyclables in
Refrigerators

The issues encountered by Hitachi when using PP
recyclables in refrigerators are described below.
(1) Procurement that ensures sources of high-quality
recyclable raw materials

Since home appliance buyers value product appear-
ance, contamination that spoils the look of a product
is a fatal flaw. Recyclable producers use visual inspec-
tions and other methods to check for the presence
of contamination during production when creating
test samples and shaping (molding/forming) products,
but contamination is often discovered during mass
production in the case of large, molded products like
refrigerators. All large home appliances sold in Japan
must also comply with Japan’s J-MOSS standard (JIS
C 0950, Marking for the presence of the specific chemical
substances for electrical and electronic equipment), and
refrigerators to be used for food items must comply
with the Food Sanitation Act.

The key characteristic for gauging a recyclable
producer’s ability to meet these demanding require-
ments and ensure product quality is the producer’s
competency in ensuring sources of high-quality raw
materials, and in reducing raw material contamination
and dust infiltration during production processes. But
procuring easily recyclable high-quality raw materials
is not easy due to the high demand and limited output
these materials have.

Hitachi has responded by finding a better way of
procuring raw materials. Instead of relying on recy-
clables producers for raw materials procurement, it
deals with home appliance recyclers directly and uses
them as links to recyclables producers. These activi-
ties have created a recycling scheme that has reduced
price increases and helped protect the environment.
Namely, appliances manufactured by Hitachi Global
Life Solutions are recycled by home appliance recy-
clers from inside and outside the Hitachi, and are
then returned back to producers who are suppliers of
Hitachi Global Life Solutions.

(2) Relaxing parts design/manufacturing appearance
specifications, revising site operations

Problems in areas such as physical properties and
color previously made it difficult to substitute recy-
clables in conventional design processes that pre-
supposed the use of new materials. So these design
processes had to be changed to accommodate the use
of recyclables for physical properties that do not affect
refrigerator performance, and for parts unrelated to
product appearance.

Site operations also needed to be changed since
new materials and recyclables each have different
molding/forming equipment takt times and produc-
tion processes during manufacture. Unlike those of
new materials, the material properties of recyclables
are influenced by the raw material used. These proper-
ties are therefore not stable, making recyclables prone
to burr and gas generation during shaping. Together
with defects caused by contamination, these draw-
backs at one point resulted in a yield of over 8% lower
than the yield for new materials.

This issue was addressed by classifying shaped
parts into visible and nonvisible parts, and removing
any color or contamination considerations from the

specifications of nonvisible parts. For visible parts,



evaluation specifications for recyclables were relaxed
as much as possible. To combat contamination, clearly
defined color pass/fail assessment criteria were created
for visual inspections, and corrective measures were
taken when defects occurred.

Molding/forming equipment was also special-
ized for the use of recyclables, reducing the workload

needed for new setups when switching materials.

5. Future Issues for Increased
Use of Recyclables

Concern for plastic recycling has been on the rise as
developments such as the Basel Ban Amendment
to the Basel Convention (regulating the interna-
tional movement of hazardous waste) have brought
the problem of waste plastic to the attention of the
public. Meanwhile, despite this growing demand for
recyclables, increasing their use will require responses

to the following issues.

5.1
Recycling-ready Design Approaches

Unlike products from the bygone era of large home

appliances, today’s appliances have functionality and

designs that are tailored to diverse lifestyles, which

make’s them harder to recycle. Hitachi has responded

by proposing the following environmentally conscious

design approaches:

(1) Revise specifications into areas of genuine need

such as heat resistance and strength by creating group-
ings organized by material type and standard.

(2) Reduce the disassembly workload by reducing the

number of parts used.

(3) Use disassembly trials to create designs enabling
easy disassembly procedures, such as disassembly of
marked components using standard tools only.

5.2
More Individual Parts Collection during
Disassembly

Degradation of recyclable physical properties is caused
by infiltration of glass or rubber contaminants, or differ-
ent types of plastic materials. To prevent this degrada-
tion, recyclers need to ensure high-accuracy collection

of recyclables and adequate contaminant removal.

FEATURED ARTICLES

However, in practice, differences in crushing equip-
ment and workloads result in discrepancies arising
between appliance recyclers even for materials col-
lected individually, so that everything except the bare
minimum of individually collected parts gets crushed
together and ends up as mixed plastics. So finding
ways to increase individual collection would yield

greater quantities of recyclables.

5.3
Procurement and Operation Issues

Procurement and operation issues need to be
addressed as described below.
(1) Promote long-term use of recyclables by setting
their prices low enough to ensure they can be pro-
cured at consistently lower prices than new materials
even if the crude oil/naphtha market crashes.
(2) Ensure a supply of crushed parts made of the
recyclables used extensively in refrigerators (white
PP materials).
(3) Use inventory operations designed for shipping
efficiency and resisting distribution cost spikes.
Manufacturers previously only procured recyclables
when they were cheaper than new materials that had
varied in price due to crude oil price movements. The
recycling suitability of recyclables like white PP mate-
rials collected from used home appliances also creates
high demand, making it difficult to find new suppli-
ers for them. As previously mentioned, the Hitachi’s
procurement activities go beyond just dealing with
recyclables producers. The Value Chain Integration
Division of Hitachi, Litd. and Hitachi Global Life
Solutions work together to visit home appliance
recyclers and deal with them directly. Since future
business growth will require more sources for raw
materials procurement, Hitachi will be looking into
procuring materials from other home appliance recy-
clers throughout Japan, and using recyclables from
sources other than home appliances.

5.4
Increasing Materials Recycling Rate through
Closer Coordination among Business Units

Among companies with high rates of recyclables reuse,
home appliance recyclers, recyclables producers and

home appliance manufacturers are coming together

Hitachi Review Vol. 68, No. 5 690-691
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Figure 8 — Scheme Used for Recycling Plastic
Material Resources within Hitachi

Hitachi’s home appliance recyclers, recyclables pro-
ducer, and home appliance manufacturer are the
key requirements for promoting resource recycling
and improving the rate of recyclables use within
Hitachi.
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to work on recycling their own resources through
comprehensive technology development and quality
control. Figure 8 illustrates the scheme used for recy-
cling resources within the Hitachi. In the years ahead,
Hitachi is going to work on recycling its resources by
using the Internet of Things (IoT) for better informa-

tion-sharing and coordination among business units.

6. Conclusions

Hitachi has consistently recycled the resources it uses
by collecting plastic from used home appliances. These
efforts have continued to this day, enabling the com-
pany to use more recycled PP materials in its refrig-
erators. The recycled PP content of its refrigerators
was at one time about 20%, and had risen to about
50% in FY2018.The group plans to continue working
on raising this figure, eventually getting it near 100%.
It also plans to use more recyclables in other home
appliances, to recycle other plastics such as PS and
ABS, and to use more recyclables in other Hitachi
products such as automotive parts. Hitachi will also
help promote sustainability by looking into areas such
as greater use of environmentally conscious and read-
ily recyclable plastics, and use of the biodegradable
plastics that are attracting interest today.
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