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in Eastern Asian countries
Summary
- General demographic and economical situation in Eastern Asian
countries has been characterized. For several of those countries (Japan, South
Korea, Taiwan, Singapore, China) the present state of plastic wastes utilization
and environmentally degradable plastics (EDP) production has been described.
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GENERAL SOCIAL AND ECONOMICAL ASPECTS OF
EASTERN ASIAN COUNTRIES

ferences between the countries in: population and its
density, economical development and income, petrochemical production and consumption as well as the infrastructure of waste treatment. Table 1 summarizes the
demographic and some economical data of the Eastern
Asian countries. Majority of countries are pretty dense

In the Eastern Asian counkies the economical development and industrialization are going very fast so the
total consumption including plastics is rapidly increasing. However, the social infrastructure of transportation
and waste treatment is weak, so it causes various probiems. Furthermore, there are many giant cities with over
several millions of people. In addition, there are big difTab
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dustries. The plastics consumption in Japan, Taiwan,
Singapore, and Korea is over or near to 100 kg/capita
year, i.e. a value similar to the most consuming plastics

.

POLIMERY 200Ż,47, nr

7-B

countries in the worid. FIowever, the municipal solid
wastes (MSW) are mainly landfilled in the majority of
countries. Only in Japan and Singapore the MSW are
properly treated mainly by incineration.
The content of plastics waste in MWS rapidly increases as in the other countries in the world. The application of Environmentally Degradable Plastics (EDP) is
one of the solutions in certain areas in addition to recycling. Although the mechanical properties and the processing abilities of EDPs have been improved recently
the high prices of most of EDPs impede their wide extension worldwide.
The EDP demand in each Eastern Asian country can
be divided into 3 groups based on the criteria of plastic
consumption, GNĘ population densiĘ regulations, and
composting infrastructure:
Group I: |apan, Singapore, Taiwan, and maybe Korea
with its large industry;
Group II: China, Malaysia, Thailand, and maybe Indonesia with its big population;
Group III: Philippines, Vietnam, North Korea.
In the foregoing text the recent developments of EDP

in severai Eastern Asian countries are summarized.

Those are taken from the national reports presented in
the "ICS-UNIDO International Workshop on Environmentally Degradable Plastics: Industrial Development
and Application" held on 79-Ż2 September 2000 in
Seoul, Korea. The authors are listed at the end of this
work (see Acknowledgment).
The countries located in the western part of Asia,

such as India, Iran and Middle-East Asian countries,
were not included into the present article.
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Japan as one of the leading countries in the world is
also very active in the application of EDPs and R&D on
EDP. Such activity bases on Japanese strong academic
and industrial R&D and is supported by large enough

domestic market. The activiĘ on EDP is lead by Japanese Biodegradable Plastics Society (IBPS). ]BPS was
founded on 1989 and has near 60 industry members.
They have accomplished various projects such as: biodegradability field test of commercial EDPs, composting
test of MSW with EDP trash bags and mulching film,
development of the method for biodegradability determination and EDPs certification system. In addition,
JBPS members have tried to publicize and educate people in the EDPs field (nickname "GreenPla").
TabI

e 2. Commercial EDPs in lapan
Characteristics and capacity

A. Aliphatic polyesters and polylactidc
Daicel Chemicals
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Japan is one of the most industrialized countries in the
world having 130 millions of people and GNP per capita
above 30 000 US$. Iapan has got the 2nd largest petrochemical industry in the world and produces 14 million
tons of plastics, consumes 115 kg/capita/year. The infrastructure in Japan is very advanced so more than 70% of

MSW is properly treated by incineration. According to
the 1998 data, the total plastics consumption is 10.2 million ton, among them about 9 million ton is utilized.
Among them, over 4 million ton (44%) is recycled: mechanically 7.0 (72%) or with energy recovery either as a
solid fuel (15%) or in power plants (17%). The rest, ca.
5 million ton (56%) is: incinerated (23%) or land-filled
3.2 million ton (33%). In another word, more than a half
(55%) of the plastics waste is incinerated.

In addition, in Japan the regulatiorls concerning the
reducing of plastics packaging and extending the recycling become stronger. Japan developed various recycling technologies for MSW and plastics waste. The utilization of the tires used as a fuel for cement kiln or utilization of the plastics \ /aste as a solid fuel are good examples.
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In Table 2 EDP manufacturers in Japan are shown.
The biggest one is Showa High Polymers Co. producing

aliphatic polyester (3000 t/y) followed by Daicel Chemicals Co. producing polycaprolactone (1000 t/y) for
years. In Mitsui Chemicals Co. a pilot plant of polylactide is operating by a unique condensation process in a

solution/dispersion medium. Shimadzu Corp. is also
developing polylactide but by conventional ring opening polymerization process. In addition, Mitsubishi Gas
Co. and Nihon Shokubai Chemicals Co. are recently
joining with different polyesters. Mitsubishi Gas Co. is
also working on microbial polyester, polyhydroxybutyrate (PHB).

There are also several companies producing starchor cellulose-based EDPs. Nihon Corn Starch Co. has a
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longer history dealing with starch and Daicel Chemicals
added cellulose acetate to the list.

The EDP market in japan on 7999 was about 2500 t,
among them poly(butylenes succinate) 50%, polylactide
307o, starch-based material 70o/,, and others 10%. These
materials are applied as trash bags (30%), in agriculture
(30" ), packaging (20"/.), and others (207"). |BPS expects
the EDP market to grow to 20 000 t on 2003 and 100 000 t
on 2010. Anyway the size of 100 000 t/y means only 1%
of the total plastics demand in Japan.
KOREA

Korean petrochemical industry is the 4th largest in
the world and produces 8 million tons of plastics while 4
million tons (-96 kg/capitalyear) are consumed. Korea
is very dense inhabited especially in the metropolitan
area around Seoul. Korea has shown very fast economical development in a short time, but the infrastructure of
the wastes treatment has not been invested the same
time. Most (over 80% till 1994) of the MSW was land-filled. In order to solve the problem, the volume based
collection fee (VCF) system was introduced on 1995. In
this system, ali the MSW should be discharged only in
the designated trash bags, which prices include the treatment costs. Therefore, the more MSW is discharged the
more is to pay, which is the first and unique system in
the world. The VCF system brought a great effect in the
various aspects; the amount of the total MSW decreased
to 2/3 and twice more of materials are recycled. Korea
continuously extends the regulations against plastic disposable and packaging materials. There is operating the
Deposit Refund System for drink containers, bottles efc.
and the Product Charge System for plastics efc.
There are substantial academic and industrial R&D
activities on EDP in Korea too. Companies have been
encouraged by an environmental issue related to VCF
system and piastic waste and the R&D direction of Japan. There was a national project on EDP for the period
of 7992-7996. Several EDP products based on aliphatic
poiyesters or starch/polycaprolactone blend were introduced to the market. But generaliy their prices are high
which limits their application. As most of MSW is still
landfilled, the government introduced the biodisintegrable trash bags, containing 30% of EDŁ used for the
VCF system
to reduce the amount of plastic buried
and to create- the EDP market. In 7999 Korean Biodegradable Plastics Association (KBPA) was founded by
the EDP manufacturers. KBPA has carried out several
project such as: standardization of EDĘ burial test of the
VCF trash bags containing 30% EDĘ and composting
test of food waste in EDP bags. Table 3 presents the EDP
manufacturers in Korea. SK Chemicals Co. is a pioneer
in developing the aliphatic polyester and is followed by
Saehan Industry. Ire Chemical Co. has joined later but is
very active and invests at a new plant producing 3000
t/y of aliphatic and aliphatic/aromatic polyesters. Seve-

ral companies have worked on PHB but their activities
seem to be rather declined recently. In addition, biodegradable medical suture made of polyglycolide or its copolymer has been commercializedby Samyang Co. and
Korean Institute of Science and Technology. Samyang
Genex was the first one introducing a starch foam for the
application to loose-fill, but withdrew off this area. Daesang Corp., SK Corp. and Hanwha Pekochemical Co.
are also producing the modified starch.
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The present Korean EDP market is around 250 t/y.
This is 7/1.0 of the Japanese one, but it is usual ratio in
other cases when comparing Korea with Japan. Most of
EDP is applied at the moment to the biodisintegrable
trash bags as explained above. If the biodisintegrable
trash bag extends in all countries, the EDP market will
reach about 6000 ton. In addition, there are other potential new markets for EDP such as the packaging material
for lunch-boxes (for keeping rice warm or instant noodle)
to replace expanded polystyrene. The lunch-box made of

expanded polystyrene has been already banned officially.
Food waste content is the highest in MSW and is going to
be banned for landfilling since 2003. The separate coilection and composting of food waste is already preparing.
Therefore, large quantities of the trash bags made of EDP
for food waste composting will be needed.
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TAIWAN

Taiwan is the one of the most dense inhabited countries in the world. The GNP is high above 12000 US$ and
the plastics consumption, maybe including export, exceeds 135 kg/capita/year. The country is also trying to
reduce MSW amounts, especially plastic and packaging
wastes and to extend their recycling. Plastics and PET
bottles are charged with recycling fee. The government
has set up a master plan for the whole recycling system
calied as Four-in-one (7997) in which the producers, distributors, consumers and recycling companies are operating together to recycle the materials. The regulation
against plastic and packaging wastes is continuously
strengthened but EDP is encouraged.
The R&D on EDP in Taiwan also began with a starch-

-filled or photodegradable plastics. Such biodisinte-

grable plastics are produced while R&D on actually biodegradable EDP is not so extended, especially in the industrial sector. Flowever, EDP product based on modified starch is on the market. Weimon Industry Co. is

most active to process mulching films and packaging
materials made of modified starch from Novamant Co.,
Italy. They expect the EDP market to grow to 1000 t/year
on 2003.

SINGAPORE
Singapore is the most dense inhabited city country in
have a population density above 4600 capithe wo^rld
talkm'. There is very high GNP there, more than 30 000

US$ and the plastic consumption is over 100 kglcapita/year. Singapore produces 7800 t/day wastes totally,
among them 3700 t/day of MSW, which means 1.3
kg/capita/ day. MSW is very properly treated almost by
incineration. The regulation against plastic wastes and
packaging is initiated recently. There are very few R&D
organization in Singapore and therefore the activity on
EDP is low. However, it can be assumed Singapore has a
big potential EDP market in the near future, based on the
following reasons: high plastic consumption, high GNP
(people can afford expensive EDP products), highly educated and organized society, ease to control the regulations in a smaii area.
CHINA
China is a huge country with ca.1.3 billion of people
and has tens of very big over-crowded cities. GNP is still
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not high and the petrochemical capacity is not enough
for the domestic demand. Lots of plastics are imported
from Korea and other countries. The average consumption/capita of plastics is low but actually pretty large in
those big cities. Furthermore, China is rapidly deveioping nowadays and therefore the consumption is increasing very fast. HoweveĘ the infrastructure of transportation or waste treatment is still primitive. For a couple of
years some plastic disposables such as lunch-boxes and
cups made of polystyrene foam have been banned in the
certain big cities.
TabI

e 4. Commercial EDPs in China
Co

Trade mark

Characteristics

Tianjin Dawnhalo Appl
Jilin Goldeagle Ind.
Nanjing Suchi

China has a great number of universities and iustitutes and belonging scientists active in all the fields.
China presents in the academic sectors the substantial
R&D activiĘ on EDĘ especially aliphatic polyesters, microbial polyesters and modified starch. However, the industrial activiĘ is in the initial stage. Table 4 shows the

EDP products in China. Tianjin Dawnhaio Appliance
Co. produces a substantial amount of EDP based on
modified starch. Several other companies are ioined with
starch-filled or photodegradable plastics.
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