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Preface

This project was conducted within the programme of Collaborative Rescarch in the
Economic of Environment and Develepment (CREED). CREELD was established in
1993 as a joint initiative of the Internaticnal Institute for Environment and Development
{lIED), London and the Institute for Environmental Studies {TVM). The secretarial for
CREED is based at [IED in London. A Steering Commitiee s responsible for overall
management and co-ordination of the CREED Programme.

The ultimate geal of CREED is (o enrich the knowledge base and widen the debate on
sustainable devclopment by strenpthening research capacity in envircnmental economics
and policy analysis in developing countries, This is achieved primarily through coliabe-
ration in research projects, information and dissemination invoiving initially HED, 1VM
and counterparts in developing countries.

This document presents the final report of the CREED project Recycling and Trade of
Waste Plastics in China, This project is 2 collaborative study involving the Insuitute for
Environmental Studies (IVM), the Chinese Academy of International Trade and Eco-
nomie Co-operation (CAITEC), in Beijing, and the Policy Research Centre for Envi-
ronment and Economy {PRCEE), in Beijing. The project was initiated in carly 1997,
Several publications among which 2 CREED Working Papers appeared under the
project. An interim and a final workshop was organised in Beijing to generate feedback
on the preliminary findings and to disseminate the final results, The minutes of the last
workshop are presented in Appendix XII1L



x

NN NG N NP B

(o

L N

N L

Ry

CoUl T

Plastics Recycling in China v

Acknowledgements

First the authors would like to thank their respective institutions, IVM, CAITEC and
PRCEE for the intellectual and administrative support throughout the project. Without
the support from the CREED programime as financed by the Government of the Nether-
lands, the project would not have been possible. The authors are very grateful for the
critical and valuable comments provided by Prof.dr. Randy Curlec of the Oak Ridpe
Mational Laboratory in Tennessec, Prof.dr. Kit L. Yam, Department of Food Studies,
Rutgers University, New Jersey, and Dr. Herman Cesar of the World Bank in Washing-
ten DC. The paper improved significantly as a result to their advice. We would also like
to thank our colleagues Proldr. Shi Yonghat, Zhang Xiacyu and Bai Ming of the Chi-
nese Academy of international Trade and Ceonomic Cooperation of the Ministry of For-
eign Trade and Economic Development (MOFTEC), Prof. Cao Fengzhong and Wang
Yu Zhen of the Information Rescarch Institute of the Mational Protection Apency
(MEPA) and Mark N. Orie a cherists student af the Vrije Universiteit, Amsterdam, for
their support. Also we would like to thank the followings persons for their valuable con-
tributions: the staff of the Division of Solid Waste, Department of Pollution Control of
NEPA, Ms. Wu Chengxi of the China National Chemical Information Centre, Prof. Han
Baoren of the Chemical Research Institute of China Ministry of Chemical Industry,
Prof. Yu Xidi, of the Betjing Environmental Sanitation Design Research Institute, Hu
Chenxi and Li Lijun of the China Chemical Information Centre, Zhang Xizhong of the
China Resources Recovery Corporation of the Ministry of Interna! Business, £ang Wen-
chao of the Pollution Contral Department of NEPA and Liu Qinjin of the Plastic Recov-
ery and Recycling Committee. Finally, we would like to thank Jacqueline Saunders for
the editorial comments she provided.



R N ad

[

et

L

Tt o et - [

P -

e

Ly S '-.._./ et '\_/ p—

S

O U

Flastics Recycling in Chino i

Executive summary {(English)

In the coming years and into the 2 st century, plastics gain further importance in Chi-
nese national life. Both consumers and indusirial users expand their demand for plastics,
hoth in terms of quantity and quality, with an estimated annnal growih of 20 percent.
The coming decade is a crucial period for the Chinese plastics industry in meeting this
demnand. At the same time, the rapidly increasing waste burden of plastics has to be
minimised. At present. around 50 to 60 percent of waste plastics is lefl uncollected or is
dumped in an uncentrolled manner on land, it rivers or in the sea. This requires intense
efforts on the part of the format and informal waste management sectors as well as the
plastics recycling industry. The Chinese recycling sector can reduce the burden of solid
waste by creating 8 market for recovered materials while simultancously namowing (he
gan between the demand and supply of plastic resources.

This research project analyses the role of the plastic recycling industry in creating a

more sustzinable plastic cycle in China, This role is addressed here both from a qualita-
tive and a model-based angle. The qualitative study, through a field survey and a litera-
ture inventory, highlights the following trends and issues on the plastics cycle in China.

» Final demand for plastics is growing rapidly. The domestic primary plastics industry
is unable to meet this demand, as a result of which China is highly dependent on im-
ports of plastics. At the same time, waste management in Chinese cities is incapable
of dealing effectively with plastics waste. This effect is cxacerbated by the fact that
less waste plastics are ‘formally” recovered because government involvement is less.

= In China, two types of recyclers are distinguished; the ones using domestic waste
plastics and the ones using Imported waste plastics. The two types have different
characteristics. Labour productivity of the importing recycler is higher due to better
quality inputs, scale of operation as well as the higher capital intensity of production.

« The recycling rate of plastics (the actual ulilisation of waste plastics in plastics pro-
“duction} is declining mainly because recyclers suffer from lack of supply of waste
plastics. Import of waste plastics can partialty reverse this trend. Yet, critics of trade
in waste plastics argue that this type of imports arc in reality a disguise for waste
dumping by the exporting country. Moreover, cheap imports of waste allegedly
crowd out the local recovery system leading to a doemestic waste disposal problem.

To further analyse these issues, various scenarios are operated, based on 2 sectoral cra-
de-to-grave planning medel using the mass balance approach. This model has a dual
purpose. The first is to investigate how the Chinese plastics sector can face the acute
shortage of plastics in an economically and environmentaily sound manner, Options at
hand are, on the one hand, to increase domestic production of primary and/or secondary
resin, or on the other hand, to expand imports of primary and/or secondary plastics
commodities. The second purpose of the model is to shed more light on the trade of
wasle and to Lest the ¢laims put forward by the critics. The model integrates financial,
environmental transport and trade issues.
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The main conclusions of the modeling exercises are:

» The financial and economic cests of the plastic cycle in China can be reduced by in-
creasing the capacity of the domestic recyciing industry, Most of the simulated sce-
narios highlight the limited existing capacity of the recyeling industry. This shortage
forces the final goods manufacturing sector to use & higher proportion of primary
resin in their final goods than what s economically and technically desirable. This
has been one of the reasons for the large import of primary resin.

= The additional required recycling capacity should preferably be met by domestic
waste plastics. Not only are fransport activities avoided but it also reduces the waste
burden created by post-consumer plastics. This requires additicnal attention for the
recovery sector of plastics. The recovery rate of waste plastics, which in the last dec-
ade plummeted from 20 to 3 perecent of the total amount of generated waste plastics,
should be reversed as soon as possible. This may require special policics by the Chi-
nese government.

« Despite this advisabilily, we do not expect the recovery system to be enhanced on the
short term. Too many institutional barriers exist 10 improve the recavery of the in-
creasing waste burden. Therefore, imports of waste plastics should be allowed to
meet the gap between demand and supply of waste plastics in China. This will not
have a adverse effect on the balance of payment, as the increase in imports of waste
plastics will mainly replace relatively expensive imported final goods.

The qualitative and model-based analysis combined enable us to address the question of
hew to bring about these changes in a society gradually switching from a cenirally
planned economy to 8 market economy. Our recommendations are as follows:

How fo expand the capacity of the plastics recycling industry?

The role of the government should have an indirect nature by removing obstacles for the
industry. It is doubtful whether economic measures are effective because at present most
recyclers avoid tax. Also substdies generally prove 1o be an ineffective and expensive
tool, Aliernatively, the government should promote research and development (R&D)
focusing on present recycling technologies (i.e. pre-treatment stage), new forms of recy-
cling technologies such as chemical recycling, and the recyclability of end-products.

How fo revitalise the waste plastics recovery secior?

It is doubtful whether efforts should be intensified towards rebuilding the formal sector.
The pperating costs both for collecting and recycling of the informal scetor are much
lower. However, a serious threat to individual operators is the implementation of large
scale waste collection systems which do not altow for separate recovery of the recycla-
ble waste. The government should therefore develop a management system which inte-
grates the operations by the informal sector. Yet, the responsibility for waste not Hes
solely with the government. Increasingly industries are held responsible for their im-
pacts. A convincing example of extended responsibility in the plastics cycle in China is
~ presented in Beijing where the food packaging producers finance a recovery system,

Obviously, it is economically nor environmentally feasible to recover all waste plastics
for purposes of mechanical recycling. [t is therefore better to designate a specific type of
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Plastics Recycling in China 3

recycling for a specific types ol waste. For example, it can be assumed that the principal
form of processing of industrial waste plastics, such as cut-offs, is mechanical recycling.
Similarly, fesdstock recycling mainly focuses on agricubtural film, and cncrgy recovery
is applied mainly to household waste such as contaminated food packaging. Such & re-
cycling hierarchy becomes ever more appropriate with the expected diversification of
technologies and recovery systems.

How to design a desirable trade policy jor waste plasties?

As mentioned earlier, plastic production in China is unable to meet the needs of the do-
mestic markel. Besides boosting imperts of plastic products, the domestic shortage
raises imports of raw materials, such as monomer, polymers and waste plastics. It is ex-
pected that this trend continues over the next few years. However, with the establish-
ment of several ethylene projects in the next century, imports of plastic raw materials are
expected o slow down. In the process of substituting domestic for imported materials it
will be important for Chinese production to meet international levels of efficiency to
avold prolective trade measures.

China is among the larpest importers of waste plastics in the world. An obvious expla-
nation for this phenomenon is that due to the low wages in combination with the rela-
tively low import costs, plastics recycling is an attractive economic activity to conduct in
China. This trend is supported by the booming demand for plastics in China. Still, due to
the accurrence of various incidents, the Chinese government mainly recognises the
threat of imports of waste plasties. Policies have been implemented accordingly. Espe-
ciatly with the eye on long term investments, it is important for the recyclers in China to
know whether the international market will remain a reliable source of raw materials.
The best approach is to further improve the monitoring system of imports of waste plas-
tics Lo guarantec sufficient supply for the domestic recyclers, while stmultaneously pro-
tecting China from unwanted imports. Obviously, as recognised in the Basel Conven-
tion, 2 major responsibility also lies with the exporting country. The costs of monitoring
and enforcement, ignored in this study, have to be analysed further to show the real
trade-off between more imports of secondary plastics versus alternative scenarios.

In addition to the availability of waste plastics on the international market, the effeets of
imports of waste plastic on the plastic cycle in China are addressed. We assess the risk
that impaorted secondary materials are substituted for domestic secondary matertals. In
this case, the domestic recovery sector sufters from increased imports. As a result, in-
creascd amounts of solid waste are generated, The modelling exercise, however, demon-
strates that under current circumstances, this crowding-out effect does not take place. In
fact, it was found that imports actually upgrade the qualify of the inputs of the recycling
industry and thereby improve the marketability of secondary products. In other words,
the recovery secter is not damaged by increased imports of waste plastics. Also the ar-
gument that promoting the recyeling industry would go at the cost of the primary seg-
ment of the industry is found to be invalid. The study shows that, given the large in-
crease in demand for plastics in China, and the reiative segregation of the primary and
the secondary plastics market, it is unlikely that the primary indusiry will cxperience any
significant elfects from increased recycling.
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1. Introduction

Fieter van Beukering

Due to relative low ¢ost, high durability, and low weight, plastics enjoy great popularity
in society. As a resulf, consumption and production levels of plastics have increased
rapidly in recent decades. Global consumption of plastics has risen from just ever half a
million tons in [943 to 110 million tons in 1995 (Grimaud er @, 1970; ECOTEC, 1995,
p.4), mainly due to increased use in industrialised countries, $ince plastics consumption
is strongly related to income levels, the demand in developing countnies is rather small,
This can be seen in Table 1.1. It is therefore expected that demand for plastics in devel-
oping countries will increase in conjunction with rising income. In China, for instance,
per capita cansumption increased from 1.2 kilograns in 1980 to 6.7 kilograms in 1994
(National Federation of Light Industry (NFL), 1996). In Appendix 1 of this report, the
development of plastics consumplion are elaborated. :

Table 1.1 Per capita consumption of commodity plastics in 1987

Region Plasties consumption (kg per capita}
US and Canada 63.1
Western Europe 42.4
Japan 48.2
Latin America 3.6
Asia 2.7
Africa , 2.4

note: commodity plastics include LDPE, HDIPE, PP, P, and PVC
source Vergara and Brown, 1988 pn29.

The properties which make plastics so useful also cavse a range of environmental prob-
lems: litter as a consequence of its durability, contamination {rom chemical additives
leaching in landfills, and pollution from emissions of hydrogen chlorides and dioxins
fromt incinerated PVC. Plastics waste also presents a direct hazard to wildlife. Environ-
mentalists estimate that maore than one miliion tons of waste plastics are dumped into the
world’s oceans cach year, affecting numerous sea birds and marine lite. Plastic debris
can also clog water intakes, pumps and damage propeliers. The production of plastics
may also result in major ecological impacts.

Recycling can alleviate many of the envitonmental impacts of the plastics cycle, both
pre- and post-consumption: the re-use of plastic materials should reduce the demand for
primary resources as well as the scarce space required for landfill, However, censtraints,
such as the absence of appropriate sorting techniques and the {ow value of recycled
plastic products, mean that current tevels of recyeling are low. Yet, plastics recycling is

aradually becoming mere popular, both in the industrialised world and in developing
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countries. In Western Europe, for example, plastics consumption which grew by 4 per-
cent between 1995 and 19946, was outstripped by the recycling increase of 19 percent
{APME, 1998).

Not all recovered plastics materials are recycled in the country of origin. As with most
commedities, waste plastics are increasingly traded on the world markel. In contrast to
the international trade of primary plastics, such as synthetic resin or final plastic prod-
ucts, the majority of traded waste plastics is imperted by developing countries, mostly in
Asia. In 1992, developing countries imported only 36 percent of globally traded primary
plastics, while they accounted [or 79 percent of the waste plastics trade {UNCTAD,
1996Y. Clearty the bulk of traded waste plastics - 78 percent - came from industrialised
countries. Mote detail on international trade can be found in Appendix 11

China is the second largest destination of internationally traded waste plastics in the
world. China imports 11 percent of the global trade. The public image of this type of
imports has been damaged severely in recent years. Numerous incidents are reported in
the newspapers. Soon after stringent legislation on the import of toxic waste had become
effective on April 1 1993, Chinese authorities found 640 tons of paper and plastics
waste, originating in the Unites States, in a field near Beijing after locals complained
about the stench. Not much later, a 540-ton garbage mound, also from the United States,
was uncovered in Qingdao port in the province of Shangdong {Sharma, 1995). Most of
these shipments had been imported under the false labe! of recyclable waste.'

This raises the question whether the benefits of allowing recyclable waste to be traded
are larger than the potential negative effects of receiving hazardous unrecyclable materi-
als. The potential negative effects depend partly on the quality of the monitoring system
installed by the customs, both by the importing and the exporting country.” Though cru-
cially important, this issve is beyond the scope of this project. This project focuses
mainly on the potential benefits and costs of International trade of recyciable materials
to an importing country. Little is known about this topie, This lacuna was illustrated by
ihe attitude of the Chinese government in response to the increasing problem of imports
of unrecyclable waste materials. As mentioned, a full ban was installed on the imports of
waste plastics in April 1995, ignoring the great number of local plastics recyclers which
were dependent on these inputs, Upon the pressure of the Chinese recycling industry, the
ban on all waste plastics was soon modified into a ban on household waste plastics
{grade C) only. Whether this policy is optimal is one of the questions studied here.

' Hong Kong takes account of inote than 60 percent of the global trade. Although Hong Kong

is traditionatly a trading nation with highly open borders, importing such an overwhelming
quantity of waste plastics is strange. Hong Kong has a relatively smal] recyeling industry,
limited incineration capacity and certainly not the landfill space to manage unrecyclable resi-
dnes, Exports in the form of transhipments to jts neighbouring countries such as China is one
of the plausible explanations.

It should be kept in mind that if the shipments appear to be tflegal, it is often the govenment
of the exporting country who is obliged to take back the hazardous materials and process
these in {15 own country. As the costs invelved are exerbitant, the exporting country certainly
has a stake in preventing these incidents from cccurring.
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" 1.1 Key characteristics of the plastic cycle in China

The plastic cyele in China faces significant changes. First, along with the rapid devel-
opment of the economy and a general improvement in pepple’s living standards, the de-
mand and consumption of plastics have increased dramatically. This trend bas become
evident particularly since the beginning of the 1990s, with average growth rate of 21
percent per annun. One of the main reasons for this increase, has been the growth of the
gtoss national product (GNP) per capita of approximately 20 percent. Another reason is
the high rate of substitution of plastics for other materials. Net only does substitution
generally improve the characteristics of the final products, it can also lead to significant
savings in energy consumption. Although the demand concentrates mainly on primary
plastics products, secondary products are becoming more peputar in China. In 1994,
16% of the 8.1 million tons of plastics consumed in China, were secondary products.
The main constraint of secondary products is still its relatively tower quality.

Second, despite the rapid expansion of the Chinese petrochemical and plastics industries
of 11 percent per annum, production is unable to meet the growth in domestic demand
for plastic. As a result, large quantitics of plastic commodities need to be imported. For
cxample, imported resins have taken a 50 percent share of the domestic market, rising to
as much as 80 percent for some varieties such as PET. One of the reasens for the lack of
production is the inadequate supply of raw materials. China has a short supply of ethyi-
ene and aromatic hydrocarbon raw materials: most of China’s oil is heavy and therefore
its naphtha content is low. Another reason for the gap between supply and demand is
that, compared to the size of intemational petrochemical enterprises, the Iocal primary
industry is still operating a relatively small production scale. This hinders the accom-
plishment of economies of scale in the Chinese industry, A main question remaining is
how the Chinese plastics sector can face the acute shortage of plastics in an economi-
cally and environmentally sound manner. Options at hand are, on the cne hand, to in-
crease domestic producticn of primary andfor secondary resin, or on the other hand, tw
expand imports of primary andfor secondary plastics commeodities.

Third, China has many large metropolises where solid waste disposal problems.are
emerging rapidly. Large quantities of disposed waste plastics are left uncoilected causing
surface and ground water pellution. Further, sewage and drainage pipes become blocked
with drifting plastic polyethylene bags which in turn cause blockage and flocding within
the urban areas. A proportion of waste plasties is collected by a comprehensive informal
recycling network. However, changing external conditions hinder their operations, with
the result that the burden for municipalities to manage the growing volumes of waste
plastics is increasing.

Finally, as aiready indicated above, the Chinese plastic cycele is highly dependent on the
mternational market. While the domestic production of plastics products in 1994
reached 4 million tons, the net imports of plastics in the same year were aimost 5 million
tons. To ease the effects of shortages, large quantities of waste plastics materials, in ad-
dition to massive imports of virgin plasiics, were purchased from overseas markets. As
indicated by the statistical data from the Chinese customs, China imported almost half a
million tons of waste plastics. After the reunification with Ilong Kong, China became
the largest importer of waste plastics in the world.
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1.2 Boundaries of the project

As depicted in Figure 1.1, a large number of economic sectors are directly or indirectly
related to the issue of waste plastics recyeling in China. The connecting mechanism is

based on substitution alternatives for the Chinese plastic manufacturers. This substitu-

tion can have various dimensions:

» Both imported ond local primary resin can serve as a substitute for waste plastics.
Therefore, the domestic and forcien petrochemical and primary resin industries are
related to the waste plastic cvele. For example, the lack of production capacity of the
Chinese petrochemical industry in combination with trade constraints for primary
plastics resin will indirectly stimulate the Chinese recyeling industry.

« Altematively, waste management in industrialised countries is strongly related, For
example, the supply of waste plastics in the international market may increase as a
result of government policies in the industrialised countries to increase the recovery
of waste plastics by prohibiting landfilling. This can drive down the waste plastic
price on the world market and thereby crowd-out the local waste plastic price in
China. Thus, waste management strategies in industrialised countries are relevant to
this study. ' '

= Obviously, waste management in the Chinese oftfes can also be of great impact on
domestic recycling. If for example large incineration plants are constructed, this
might have a negative effect on the domestic supply of waste plastics. But, in case of
illegal dumping of imported unrecyclable waste plastics, demestic waste management
can also be the victim of development in the plastic eycle.

s Finally, the relative demand for secondary and new {(primary) plastic products plays
an important role. For example, changes in consumer preferences may drive up the
demand for recycled products. At the same time, an increase in per capita income
may enhance the demand for high guality products and thereby reduce the market for
secondary plastic products.

fareign demand for
recycled and new
plastic products
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- Figure 1.1 Links to and flows in the plastics cycle in China
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It is beyond the scope of this study to concentrate on all the sectors which are linked to
the plastics cycle of China. Although in the coming sections, a ful] cradle-to-grave study
will be presented, only the most relevant sectors are selected for a detailed analysis. This
distinction between core-sectors and peripheral sectors in the plastics cycle is depicted
in Figure 1.1. The sectors which are studied in detail, consisting of i) the importing recy-
clers of waste plastics, i} the recyclers using domestic waste plastics, and iii} the Chi-
nese manufacturing industry using sccondary resin as an input, are indicated by the prey
arca. Sectors outside this area will only be discussed in passing.

1.3 Objectives and structure of the study

The aim of this project is to address the economic, environmental and social challenges
and threats posed by increased international trade of waste plastics to China. The fol-
lewing specific objectives can be identified:

L. assess the patterns of international trade of waste plastics for recyclable purpmsas to
the *South’ with specific attention to the P.R. of China;

2, determine the economic, social anrd environmental impact of international trade of
waste plastics trade to the P R, of China;

3. develop recommendations for international and nationa! decision makers with regard
“to international trade and recycling of waste plastics.

The cucome of this project will be particularly relevant for the Chinese government, but
also for ipstitutions and governments in other developing countries to ensure that their
imternational waste trade pelicies generate the desired impact on the local economy and
cn its domestic recyeling sector in particular, Similarty, the results can support industri-
alised countries in their decision to prohibit or encourage international waste trade.

The repert is structured as follows:

» To become acquainted with the main {echnical, environmental and economic char-
acteristics of plastics, an overview of the plastics cycle is provided in Chapter 2. For
this purpose, national and international literature sources have been used.

« In Chapter 3 the main jssues 10 be researched are identified. The context of each
probiem is clearly drawn.

= A constraint of rescarch on secondary materials in developing countries is unreliabil-
ity and limited availability of data. Therefore, a field survey was conducted to sup-
plement the missing data required for the analysis. These are presented in Chapter 4.

» In Chapter 3, a sectoral model is developed in which the complete plastic cycle is
captured. This model optimisation model determined the desired configuration ot the
plastic cycle in China by minimising economic and environmental costs across all
stages. Different scenartos are applied, such as a sifuation with and without the im-
ports of waste plastics. The primary goal of the examination of these scenarios was
not meant to identify the best possible scenario, but to learn about the effects of
measures in view of the waste and frade policies applied in China.

« Finally, the medel results and the qualitative analysts are combined in Chapter 6 in
which conclusions and recommendations are formulated.



o

P

: et .

.- ,, .o
o’ o e

Flastics Recyciing in China i3

2. Stages in the plastics cycle

Fieter van Beukering and Zhou Xin

In this chapter, the current stale of the art of the Chinese plastics cycle is explained. Be-
fore identifying the main trends and issue, a betier understénding of the plastics cycle is
required. Therefore, first a short description of the subsequent stages in the plastic cycle
and environmental burdens caused by each process, will be provided. A more elaborate
deseription is presented in Appendix [IL Roughly, the sequence depicted in Figure 2.1
will be followed. The sequence starts in the oil drilling and cracking stage which gener-
ates the naphtha {moenomer). Next, in the polymerisation stage the monomer is converted
inlo polymernic structures {synthetic resin). The resin is subsequently processed into
plastic products, which after consumption can either be disposed of or recyelad.

Because an important focus in this report is on the comparison between recyeled or sec-
ondary plastics resin with primary resin the term “primary resin industry” is used instead
of the common terminology the “petrochemical industry”. The primary resin industry s
assumed to encompass several steps performed in one location. These steps can be
roughly divided into thermal cracking and polymerisation,

HIGROHEr synthetic resin plastic products plastlic waste
ail drifling & polymerisation plastic plastic waste
cracking & compounding processing consumptian disposal
| recovery & —
recycling ‘—Y—
sacohdary rasty recveliable waste
plastics

Figure 2.1 Simplified flow diagrem of the plastic cycle

2.1 From oil to monomer

The input tor thermal eracking chosen depends on altermalive input values, the technical
fiexibility of the thermal cracker and the market values of the products. The producer
has {within certain limits) the ability to change operating variables in order to vary the
production of the diferent monomers. The average distribution of olefins is estimated as
follows: ethylene (40%), propyiene {15%), butadicne (25%) and aromatics (20%). In this
study, butadiene can be considered a by-product which is marketable as a raw material
{or the production of synthetic rubber. In China the majority of the petrochemical plants
are fuelled with domestically produced naphtha. There is an aggregation of the plants
producing the different resing due to the inevitable simuitaneous production of certain
base chemicals during thermal cracking. This way, expensive transport of the often toxic
intermediates is reduced to a minimum.
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The total production capacity of ethylene and propylenc in 1996 in China was respec-
tively 4 and 2 million lonnes per year (MTY)}. Comprising more than 30% of the total
costs, fixed costs of naphtha cracking are sigmficant. Due to local factors such as high
transportation costs, thermal cracking plants are refatively small and decentralised in
China. The average size of ethylene crackers in China is 300 MTY while the same plant
implemented in the US, Western Europe and the Middle East average operates in the
range of 450-600 MTY Vergara and Badelon (1990).

Thermal cracking is an energy intensive sector. To process 1 tonne of naphtha, 6330 M
of electricity is used. Generating air pollutant, water pollutanl and solid wastes, thermal
cracking is characterised by heavy environmental pollution in its processes. Sources of
air pollution are 1} effluents including CO, HC, NOx and 502 from the production
process of thermal cracking; 2} CG, CO2, HC, NGx, SO2 and dust from fuel combustion
to heat the pyrolyzer; and 3) pyrotysis tail gases such as hydrocarbon and S02. Water
pollution include sulphide, Na and COD), which are generated in conling water and
washing water in the production process. Waste alkali liquor and oil-containing sindge
arc remained as solid wastes during thermal cracking,

2.2 From monomer to polymer

Mext, the monomers are polymerised to produce potymers. Polyethylene (PE) and poly- -

propylene (PP) can be produced siraightforward by the polymerisation of ethylene and
propylene which are coming out of the thermal cracking process. To get the monomers
of polysivrene (PS), polyvinyi chloride (PVC) and polyethylencterephtalate (PET), other
processes using aromaties and rock salt as raw materials are needed. The general char-
acteristics of these polymers are summarised in Box 2.1.

The Chinese primary resin industry is unable to meet domestic demand. The current ca-
pacity for the various polymers is depicted in Table 2.1. Although capacities are ex-
panding gradually, it will take several years to be self-sufficient. Moreover, fierce inter-
national competition may slow down investments in this sector. As a result, China will
for the time being be dependent on {mports.

Table 2.1 Primary resin production capacity in China {1996

Plastic type Production Capacity (in tonnes)
LOPE 1000000
HDPE 603.000
PP 1.5380.000
Ps 563.000
PvC 1.438.000
PET 1.820.000

seurce: Natlonal Federation af Light Industry, Ministry af agricufiure, Minisivy of Construction,
MNational Environmenial Protection Agency
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Box 2.1 What are plastics?

Plastics are based on long molecubes called polymers. Their raw materials are ofl and natu-
ral gas. Additives and reinforcements are added in the primary production process to maod-
ify the properties of the plastic products. These substances have the following properties:

» additives - tend to be crganic and can be described as influencing a variety of non-
strength properties of a PDI}:'THEI', such as wear resistance, flame resistance, colour, deg-
radation resistance, and processability. Examples are plasticizers and colorants;

= reinforecments - are generally inorganic and are used specificaily to increase 2 poly-
mer's load or stress handling capacity, Examples are carbon and glass fibres.

There are two main types of plastics - thermoplastics and thermosets.

fhermoplastics - soften when heated and harden again when cooled. These charucleristics
make it suitable for recycling. More than 80 percent of plastics are of this type. Examples
of thermoplastics include:

= high density polyethylene (HDHE) - bottles for food, piping, fuel tanks and toys;

« low density polvethylene (LDPE) - cling film, bin liners and flexible containers;

« polyethylene terephthalate (PET) - boitles, carpets and food packaging;

+ polypropylene (PP) - yoghurt and margarine pots, vehicle battery cases, coreal packst
litiing, milk and beer crates, automotive parts and fibres;

« polyvinyl chlotide (PYC) - window frames, flooring, wallpaper, bottles, packaging film,
cable insulation, credit cards and modical products. '

Thermoseis - are hardened by curing and cannot be rernelted or re-moulded. Fer this reason
thermosets, which account for around 20 percent of plastics, are more difticult to recycle,
although they may be ground and used as 2 filler material elsewhers. Examples of thermo-
sets include:

+ polyurethane (PU) - coatings, fintshes, gears, diaphragms, cushions, vehicle seats,
+ epoxy - adhesives, sport equipment, boats, clectrical and automotive components;
» phenelics - ovens, toasters, handles for cutlery, antomaotive parts and circuit boards.

sonrce: APME 1906

Generally speaking, the primary resin industry is an environmentally intensive sector.
Baoth thermal cracking, polymerisation and the preduction of basic chemicals consume a
large amount of energy. Increasing the energy efficiency has great potential to decrease
the crtission level from petrochemical industry, [ts waste water may contain sulphide,
heavy metals such as Hg, benzene and organie compounds. Large scale resin manufac-
turers constructed waste water treatment plants. To ensure the treatment cffectiveness,
many factories constructed primary treatment facilities near the sources of water pollu-
tion. Soltd wastes from the pomary plastic industry mainly contain the sludge from
wagte water treatment, which are incinerated or landiilled.

There are still some small-sized or township petrochemical enterprises with out-of-date
technologies. Because of old production processes, unsound management which result in
low criergy and production efficiency and high level of material consumption, these
small-sized enterprises often generate serious envirenmental pollution. Few of them fa-
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cilitate pollution control equipment. Initiatives have already been taken to solve this
problem. In 1996, heavy polluted small-scale enterprises, including petrochemical sec-
tor, pulp-making sector, dyeing and printing industry, cement industry, ete. were closed
by NEPA. However, there still lack of mechanism for legislation implementation to stop
the existence of heavy-polluted small-sized enterprises.

2.3 From polymer to product

The next step in the production is the conversion of the polymer resins into plastic prod-
ucts. The main inputs are resin and electricity, Sometimes, additives are used such as
colorant or softener. The oulpuls, i.e. plastic products, differed in quality depending on
the type of resin used, i.c. primary or secondary (recycled) resin, Generally, secondary
resin 15 of a Iower quality due to the contamninants present in the polymer structure.

Plastic processing is mostly done by three different techniques: 1) extrusion, 2) injection
moulding, and 3) blow moulding. A product can only be made by one of the processes.
For & continuous product extruding is used. Solid separate objects are produced through
injection moulding and for hollow obiects blow moulding is applied.

The total pmdu'ctinn capacity of plastics produet manbfacturing is about 2 MTY. Given
the relatively high labour intensity and the Jow wages, China is able to compete suc-

cessfully on the international market for plastic products. In 1996, the net-export of

plastic products was 600.000 tonnes.

Compared to cil refining and primary resin production, plastic product manufacturing is
a sector which is less energy intensive and has much lower emission levels. Yet, proc-
essing manufacturers are often small and medium sized factories which lack pollution
control facilities and environmental management. This may result in uncontrolied emis-
sions and surface water pollution. Becaose of using various additives in the production
pracess, waste water containing such hazardous substances as cadmium, lead, phenol
and eyanide is discharged from plastic processing.

2.4 From product o waste

Current]y, consumption mainly comprises four types of plastic: polyethylene (PE), paly-
vinylchloride {PVC). polypropylene (PP), and polystyrene (PS). Apart from these four
major varieties, there is 2 small amount of ABS, PA, PET, AS, PU, etc. In 1994, plastics
consumption in China stood at 8.1 millien tonnes. The plastics market can be broadly
divided Into three segments: agriculture, industry and household. Tabie 2.2 depicts the
distribution of plastics market by types and uses.

Each catepory has its typical characteristics and developments. Agricultural plastics are
mainly utilised in producing agricuitural film, package for grain and fertiliser and water
pipe for irrigation. Thus, the main type is PE {73 percent} which is the raw material for
film. PVC (15 percent) is used for film as well as water pipes. As agricultural film has a
very short life span, normally 1-2 years, it is a major source of harmful waste. Yet, be-
cavse of its homogeneity it is also an important input for the recycling industry.
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Table 2.2 Distribution of Plastics application in Ching 1594-2000 (in 1,000 tennes)
1924 2000
Conzumption  share (%%) Consumption share (%)

Plustics for agricuitural use 1964} 24.2 jizg 245
-PE 1430 73 2200 7.5
-PVC 3o 153 520 16.7
-FP 100 5.1 150 4.8
-PS 30 1.5 50 1.6
- others 100 5.1 200 6.4
Plastics for household wye 2706 333 4930 329
-PE 300 11.1 500 i0.]
- PVC 700 259 1300 26.4
- PP 1270 47 2230 452
-P8 3lf 11.5 a00 12.2
- others 120 4.5 300 .1
Plastics for nchntricl wye 2940 36.2 Josg 387
-PE E00 272 1500 252
- PV 1300 5.0 3150 529
- PP 40 13.6 300 134
-Ps 150 5.5 300 5.0
-PET 30 2.7 200 34
- others 500 6.2 1000 63
Total 100 13000

source: National Federation of Light Industry, Ministry of agricudfure, Ministry of Construciion,
National Environmental Protection Agency

Plastics are becoming increasingly important in various industrial sectors and, among
the industrial commadities, is predicted to increase the most in the coming years. There
are seven sectors which currently, comprise the of the following main consumers:
chemical building materials, automobiles, communications, machinery, instruments and
apparatws, electrical and electronic products. With 1.5 miliion tonnes in 1994, PVC was
the most popular {51 percent). Its share is expected to increase further in the near future.

Household plastics are mainly used in packaging and vtensils. Currently plastics for
household utensil comprise PYC, HDPE, PP, LDPE and PS with finished products
ranging from slippers, sandals, soles for synthetic leather, toys, washing basins, ete. In
addition, PET is generally used for making soft drink bottles, which are easy to recover.
A plastic that deserves special attention, despite its small contribution by weight, is EPS
which is widely used in making disposable food packaging and dinner sets. Because of
the difficulty in recovering EPS, the latter is the main source of white pollution®,

* The term “white pollution’ is widely used in China to describe the occurrence of EPS food

packaging left alongside roads and railway tracks.
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2.5 From waste to nothing

Collected by municipalities, waste plastics together with other wastes in the municipal
solid waste (MSW) stream are either landfilled, incinerated or dumped due to a Jack of
waste management facilities. The major official waste disposal method used in China is
landfilt. Compared to other waste management options, Jandfilling is a relatively simple
technique. Alse, construction and operation costs are generally lower. For example, the
average disposal cost for landfill and incineration are respectively 30 Yuan RMB (US$
3.5} per tonne and 50 Yuan RMB {US$ 6) per tonne (BESDRI 1997).* Though there are
technical specifications for landfill construction and specific environmental standards,

. the environmental management and enforcement of Jandfilts tn China is not strong. This
resulis in leachate entering into the ground water and ignition of organic gases.

Plastics™ behaviour in the landfill is not fully understood due to its short history. Some
reports claim that plastic deteriorates afier | year while other cite 40 years, In order o
cause leachate, plastics would have to degrade in the landfill, but no streng evidence of
degradation exits. Thus, it may sesm that plastics itself do not significantly contribute to
leachate. However, chemical additives such as heavy metal compounds may leach,
cavsing rround water polution. The characteristics of high durability and non-
degradability also implies that waste plastics permanently ocoupy significant space in

_the landf{ills. An advantage of the limited degradation is its minor contribution 1o green-
house gas emissions (Hunt 19950,

Since plastics have a similar energy value to oll, incineration of waste plasiics is 2 po-
tential option. However, harmful emissions such as hydrogen chlorides and dioxins
coming from PVC may occur i the incincrators are not equipped with proper scrubbing
equipment. Moreover, incineration has so far been proved to be a unfeasible option in
developing countries because of the high moisiure content of MSW in general. This
means that wasie plastics would have to be collected separately from wet waste in order
to generate energy. Incineration in China is still in the pilot stage. Only one imported in-
cineration furnace, constructed in Shen Zhen City, utilises the energy value for electric-
ity generation, while others with low treatment capacity are just used to ham wastes.
Although standards have been formulated for controlling atr emission [rom incineration
in China, enforcement of these standards is still very weak.

The existing capacity of waste collcction, and landfill and incincration facilities is in-
sufficient to properly manage the generated waste plastics in China. It is estimated that
roughly 60 percent of the past-consumption plastics are still dumped or left uncollected
in China. Besides the lack of waste management facilities, incomplete lepislation for
solid waste management and weak implementation of legislation are the main causes of
this alarming situation, Certainly, this deficiency is one of the most sericus environ-
mental prablems in the plastie ¢ycle. The burning of plastics is formally prohibited by
the Chinese government. In reality, the baming of waste plastics is a common way of
treating the garbage.

* In Qctober 1997, 1 US Dollar = 8.2843 Chinese Yuan Reaminbi {1 Chinese Yuan Renminbi
WYY = 31207 1S Dollar (LISDY).
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Mumerous cxamples can be found of the consequences of this situation. For example,
China's consumption of agricubtural films in 1954 of 1.9 million tonnes ranks first in the
wotld, However, about 0.3 million tonmes of waste films remain in the farm land annu-
ally which do harm to the soil and cause intestines disease when animals accidentally eat
them. A more generally known problem is caused by the rapidly increasing volume of
plastic dinncr-boxes and packages which are litered along roads and railway lines.
Lacking landfilling and Incineration facilities, collected municipal waste plastics to-
gether with other solid wastes are piled up outside the cities which impede further de-
velopment of cities and polutes the surface and ground waler.

2.6 From waste to secondary polymer

The recycling of plastics can be done in several ways. Box 2.2 gives an overview of the
available options. The best known and simplest is mechanicai (secondary) recycling. In-
cineration with reuse of the process energy is commen in Furape and the US but not
practised much in China, Since recycling by cracking the polymer to feedstock or by di-
reet depolymerisation is still in a rather experimental stage, it is hardly found in China.

Box 2.2 Types of plastic recycling

Waste plastics can be used in different ways:

» primary recycling the reprocessing of ¢lean factory waste into products with
equivalent chemical properties as the reprocessed waste. This type of recy-
cling, which is in fact also a mechanical form of recycling, often takes place
within the factory itself;

s secondary or mechanical recycling the reprocessing of recovered waste mate-
rtals inlo products of inferior quality to the original preduct. This type of recy-
cling generaily uses agricultural and packaging waste;

s tertiary or chemical or feedsiock recycling the reprocessing of mixed recov-
ered waste plastics by changing the chemical structore and tramsforming it into
basic chemical blocks, for use as secondary feedstock in refineries, petro-
chemical plants and chemical reactors (e.p. Hydrolysis, glycolysis and metha-
nolysis};

* guaternary recycling direct utilisation of the encrgy value of the materials by
incineration of municipal waste.

Source: Curfee and Das 1998

Mechanical recycling is characterised as a labour intensive and simple technology. It
consists of several processes: 1) separation, 2) washing and 3) processing. Tn order to be
recyclable, the plastics have to be separated into fractions containing only one type of
plastic. This sorting process can be done either mechanically or by hand. In the case of
automated mechanical separation, fleatation devices, rotation drums, and even photo-
spectrometric ¢qutipment can be used. In general, however, manual sorting by type and
quality is a more commoen practise in China. A large separation effort is avoided if dur-
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ing the earlier stages, specific anticles, such as water bottles, are collected separately.
This way, the sorting is done by the collectors and waste traders. The callection of waste
plastics is discussed in the coming Sections.

To clear the plastic fraction of contamination, they are washed thoreughly. This can be
done by hand using detergent or in special plasiic washing machines. The quality of the
washing process very much detcrmines the quality of the secondary plastic, Mechanical
washing can be done in a continuous process, while manual washing is a batch process.
Manual washing is very tabour intensive and very time consuming. In China, normnal
washing detergent is used to wash the plastic.

After sorting and, if necessary washing, mechanical recycling is performed. This type of
recycling of plastics does not change the structure of the plastic, only to its form. Gener-
ally a crusher or granulator is used 1o reduce the size of the waste plastics after which the
waste plastics are fed into an extruder. The extruder converts the wasie plastics Into sec-
otdary resin.

Using recovered waste plastics as input, has advantages in terms of resource savings and
lower energy intensity. The emission level of sccondary production is also lower than
the primary production. Becausc most enterprises in this sector are small and medium-
sized factories, which means low technologies and financial difficulties, environmental
problems, such as water pollution and health threats to the workers, can not be ne-
glected. Box 2.3 reports an incident in India which reports of the potential negative envi-
ronmental impacts of the plastic recycling sector. Similatdy, it should be kept in mind
that secondary {recycled) products arc generally of a lower quality than its primary ver-
sion. This reduces the lifetime of the product and possibly alse the quality of the usage.
Thus, 2 cne-to-one comparison between primary production and recycling ts not sound.

Box 2.3 The dark side of plastic recycling

Despite its environmental image, the plastic recycling industry also generates en-

vironmental burdens. The Centre for Science and Environment (1999) reporied

ot a recent incident in Delhi {India). “4 village in outer Delhi is focing a major
crisis. Polluiing plastic waste recycling industries ore poisoning the areqa. ..

Faciories have bored holes into the ground. Pipes then carvy all the chemical
resichees through these into the water table. ... The residenis observe a code of
silence becauge factory emwners are influential persons.”

Source. The Centre for Science and Environment (1999)

2.7 The overall plastic cycle quantified

Based on the former evaluation of the subsequent stages in the Chinese plastics cycle, a
cencral overview of the overall cycle can be drawn (see Figure 2.2). This overview is
based on various sources and gualities of information. These figures should be inter-
preted carefully due to uncertainties in the data and the significant changes over time. Jt
forms a snapshat in time which is subject to various bottienecks and developments.
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Figure 2.2 A snapshot af the Plastic Cycle in China in 1994 (in 1,000 tonnes)

Source; compiled and calewlated by the awthors from various scurces

Alihough the main issues in the plastic cycle in China are discussed and evaluated in the
following Chapter, several preliminary impressions can already be identified based on

- the material flows presented Figure 2.2,

= The material flows in the resin segment indicate that the recycling industry plays a
smatl, but certainty not a negligible rele in the plastic cycle. On plastic production
side it contributes 21 percent of the domestic resin. On wasie management side it ab-
sorbs 15 percent of the disposcd waste plastics.

= The snapshot confirms the high import dependency of the Chinese plastic cycle. Both
in the primary and the secondary segments, approximately half of the inputs come
from abroad.

» Figure 2.2 indicates the alarming conditions in the waste management stage of plas-
tics. Almost two third of the non-reeyeled waste plastics are left unmanaged. This
may prove to be ‘the’ environmental hot spot in the Chinese plastic cycle,
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3. Trends and Issues

Pieter van Beukering, Li Yongjiang, Zhao Yiimin

The plastic eyele in China is under constant influence of internal and external factors.
Particularly the fact that plastics are a relative new malerial enhance the dynamic char-
acter of this seclor. In addition, China is currently transforming rapidiy. This Chapter
airns 1o describe the changing plastic cycle and identify the main trends and issues. In
subsequent chapters, this description will be the basis ol model development and analy-
sig. Note that the main focus will be on the management of waste plastics. Therefore,
developments in the primary sector are of secondary importance. In identifying the main
issues we will follow the similar sequence as in Chapter 2.

3.1 Production is lacking in the primary plastics industry

Since the 1980s, the plastcs industry i China has expanded steadily. Production capae-
ity and output have increased approximately 3.5 times within the past 15 years. This im-
plies an annual average growth rate of more than 11 percent. This growth is shown in
Figure 3.1.

Several factors have contributed to this development.
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Figure 3.1 Primary plastic resin production and capacity in China {in million tons)

Source: National Federation of Light industry, Minisiry of agricultire, Minisiry of Consiruciion,
Nationcd Exnvironmental Protection Agency
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First, a structural change has taken place in the supply side of raw materials. China is a
large producer of oil, but due to its weak petrochemical foundation and backward tech-
nology, most of China’s plastic chemical raw materials were based on coal, caleium car-
bide and agricultural products up until the mid-1970s. With the establishment of the eth-
ylene industry at the end of 1970s and the continuous expansion in the following dec-
ades, plastics gradually substitated other raw materials.

Second, the development of the plastic industry has been characterised by significant
technological improvements. Across all plastic types, the major incentives for these tm-
provernents have come from the introduction of technologies and equipment from
abroad. Assisted by these imported technology, the plastics industry was able to take off.

Third, the government played an essential role in the development of the plastic industry
by providing direct and indirect support to the primary plastic industry at various levels.
On the macro-ceonomic level, China’s economic policies have experienced noticeable
changes since 1978, implying enhanced utilisation of foreign capital and bringing in
technology to speed up China's drive for modemnisation. Under the guidance of this pol-
icy, China has accelerated the process of introducing new technologies and equipment.
The government also had a significant influence through a direct reorganisation of the
industry, In 1983, the petrochemical industry undertaok major readiustnients, breaking
down the original inefficient system. Currently, only 20 percent of petrochemical enter-
prises are state-owned (in plastic production this is only 8 percent). The remaining are
collectively owned, share-holding companies or foreign-funded enterprises.

Despite the significant progress of the primary plastics industry in China, there are still
scyeral main challenge remaining to be sobved:

= A large pap exists between demand and supply of the prirmary plastic industry, par-
ticularly fromn a quality point of view. The plastics industry has been unable 10 keep
up with diversified needs of customers in terms Gf quality. quantlty and variety, espe-
cially for the products with a “high-tech’ content.”

« The industry suffers from an inadequate supply of raw material {oil and natural gas).
The recent inercase in demand has led to an increasing reliance on imported oil.
Morcover, the proportion of crude oil that s domestically refined for petrochemical
production is rather ow, In terms of quality, China has short supplies of ethylene and
aromatic hydrocarbon raw material as most of China's oil is heavy, implying that its
content for naphtha is low. The use of heavy raw materials has resulted in high in-
vestment costs, and high consumption of encrgy and raw material for plastics pro-

- duction.

» Third, the industry is characterised by the relatively smal scale ol equipment and
poor economic efficiency. The scale of production is an impertant indicator for

For example, most of the domesticalty produced PP products are wire-drawing materials

" while there Is a massive shortage of polymer structures and membranes. As a result, the gap
between demand and supply has been filled through imported goods. Currently, imported
resing have taken at least 2 30 percent share of the domestic market, ristng to 80 pereent for
sOme varieties.
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measuring the level of development in the petrochemical industry.” Owing to the
small scale, per-capita labour productivity is low and production costs are high

In view of the current situation, but even more for the near future, the primary plastics
industry will not satisfy the domestic market. Three alternatives are available to address
the problem. First, China can choose to rely on the importation of synthetic resins. Given
the foreseen growth in population and consumption, this option seems inevitable. Sec-
and, China can choose to increase imports of monomers to produce resin. Although this
course would promole the development of 2 less dependent plastic industry than im-
porting resin directly, this approach is vuinerable to extreme fluctuations in import
prices of raw materials, and transport costs can be rather high. Therefore, it should enly
be considered as a supplementary soluiton. Third, China can speed up the development
of its ethylene and aromatic hydrocarbon industrics to enhance its total productive ca-
pacity and self-reliance rate. This option has been adopted by the Chincse government as
the main route 1o narrow the gap between supply and demand. By the end of 2000, plas-
tics output is expected to increase to almost 9 million tonnes (Mational Federation of
Light Industry (NFL}, 1996)

3.2 Final demand is growing rapidly

Plastic goods have found widc application in vanous sectors such as industry, agricul-
ture, construction, health-care, packaging and household necessities. Domestic con-

“sumption of plastic goods jumped [rom around .22 million tennes in 1980 to 8.1 mil-

lion tonnes in 1994 (NFL, 1996}, Consumption per capita increased from 1.24 kg Lo 6.76
kg during the same period, with rates growing almost 15 percent annually between 1980
and 1990, The 1990s is sgen as a high growth period for plastics consumpticn with an
average growth rate of 21 percent. What is the reason behind this remarkable growth for
plastics consumption in China?

Several factors play a role. First, income has increased substantially in China. Generally,
increases in GNP have a direct bearing on the level of plastic consumption. The 1990s
have witnhessed extremely high growth rates in annual GNP per capita, roughly equiva-
lent to plastics consumption, Second, both in the industry and in the consumer segment,
plastics are rapidly substituting other materials. The advantages of plastics such as re-
duced energy consumption and its low costs, increase its popuiarity. Coupled with de-
velopments of the domestic plastic processing industry, the emergence of new plastic va-
rieties means that plastics are now being widely used in a range of different sectors. Pre-
dictions indicate that trend will continue,

The use of secondary plastics will expand with the advancement of processing technal-
ogy. By weight, secondary resins aceount for 10 to 15 percent of the total plastic de-
mand. The secondary products made from recyelable plastics can roughly be divided

® In China plastic resin production can be regarded as a capital and technology intensive indus-

try. The scale of equipment is penerally larse but is nevertheless guite small in ralation to in-
ternational standards. Estimates show that the average scale of a foreign PE device is about
167,000 t/a and that of a PP production devies about 127,000 tfa. That of China is respec-
tively 99,000 t/a and ¥3 000 tia.
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into two categories. One is made by the mixture of virgin and secondary material, with
the latter constituting less than 20 percent to ensure the appropriate quality of the end-
product. Finished products of this kind are largely those used in households such as
washing basins, furniture and waterproof materials in construction. The other kind of
secondary products are made totally from recyclable material with no virgin material
added. The finished products range from refuse bags, soles for shoes, containers for
feeding animals and waterproof materials which do not have strict property require-
ments.

The preferences for plastic consumption may differ with income. Generally, people with
higher income levels prefer the generally more expensive virgin plastic products imply-
ing higher prices, while consumers with lower income levels may choose lower-cost
secondary plastic products. Recycled products are on average 50 percent of the price of
primary products. The quality of the recycled plastic products is generally also less. On
the one hand, this may be a limitation for the further development of the recycling sec-
tor. On the other hand, it is found that in a rapidly expanding market for a material ~ in
this case plastics — the positive income effects generally dominates the negative substi-
tution effect on the demand for recycled products (Nice, 1995 p41).

As shown in Table 3.1, the consumption of secondary plastic products and virgin plastic
products accounted respectively for 16 and 84 percent of the total consumption in 1994,
The household category holds the biggest share of secondary plastic consurmnption. 1t is
surprising to note that agricuitucal plastics consist mainly of primary plastic products.
Apparently, the quality requirements for these applications, such as Irrigation pipes and
plastic sheets, are considered more important than the price advantage of secondary
plastics.

Table 3.1 Virgin and secondary plastic consumprtion in Ching in 1994

Category Virgin plastic  Secondary plastic Share of
consumption consumptian sccondary plaste
{1000 tonnes) {E00C tonnes) consumption
Industrial plastics 2,540 401} 14 %4
Household plastics 2,100 s00 22 %
Agricultural plastics [.385 75 4 %o
Others 475 25 3%
Toal 6,816 1,300 6%

Source: Information Centre OF The Ministvy Of Chemical Engineering (1995)

3.3 Waste management is unable to deal with plastics waste

Mo accurate estimates were established for the total amount of waste plastic in China;
however, given the existing European consumption/waste ratio of 67 percent (IPST
1997, p.26), and the fact that the life expectancy of plastics in China is longer, it is as-
sutned that 4 million tonnes of waste were generated in China in 1994, Due to inade-
quate legisiatinn and environmental standards for waste management and weak infra-
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structore, only a small fraction of post-consumption plastic was recycled. In 1994 ap-
proximately 15 percent of waste plastic was recovered and roughly 30 percent was land-
filled or ipcinerated. This implies that 50 to 60 percent was left uncollected or dumped
on land or in fvers and seas. These facts imply that the present waste management sys-
tem and s recovery countetpart reguire significant improvement.

Minimisation of waste plastics and re-use of plastics is onty briefly considered. The
rminimisation of waste plastics has two scopes. On the one hand, reducing the amouni of
excessive plastic packaging is a distinet option to abate environmental damage in the
plastic eycle, On the other hand, the plastic packaging industry can also rightly claim
that plastic packaging substitution for traditional materials in itself reduces environ-
mental impact. For cxample, a German study reports the following increases in case
plastic packaging would not be applied: 414 percent in weight of packaging, 256 percent
in waste volume, 201 percent in energy consumption and 212 percent in econoimic costs
{Ogilvie 1995).

The plastic waste stream emerges from three main sources: agricultural, industrial and
municipal solid waste, which account for respectively 63, 16 and 21 percent (INFLI &t af.
1994). One &f the main reasons for the relatively large share of agricultural waste in the
plastic waste stream in China 15 its short life-span. Agricultural plastics have an average
life of only 1 to 2 years while industriat and household plastics may be in use for at {east
3 to 5 years and 6 to 9 years respectively (u Tongkan 1992).

As a proportion of the total municipal waste stream, the share of plastics has tradition=
ally been small in China compared to other countries, However, due to the rapid growth
of the packaging industry this situation has changed sigmficantty in the last few years: In
Beijing, for example, the share of plastics in the municipal waste stream increased from
0.6 percent in 1993 1o 12,6 percent in 1996 (Suo Zhiwen 1997; BESDRI 1997,

The Chinese government is aware of the current sitwation and is therelore taking several
initiatives to improving solid waste legislation and management. lis envirenmental plan,
incorporating Agenda 21 (1994}, ciles wasle management as an important factor in an
integrated strategy for natural resource and enerpy conservation and poflution contral.
All cities are expected to construct landfill and incineration facilities for the safe dis-
posal of solid waste by 2010, The short term objeclive for the recovery of recyclable re-
sources is to formulate fegisiation and establish a development plan. Municipal solid
waste management will increasingly emphasise source separation in order to increase
the recovery rate of recyclable resources. With regard to plastics, this tendency lead to a
ban on the use of styrene foam food packaging in several cities in China. An elaborate
description on waste management in China is provided in Appendix IV.

3.4 Less waste plastics are ‘formally’ recovered

The China’s plastics recovery sector has undergone structural changes. Originally, dur-
ing the period from 1950 to 1978, recovery was dominated by (he state-owned formal
sector. During this period stable recovery rates of over 20 percent were attained. Since
1978, China has experienced a weakening of this sector. Gradually, individual owner-
ship dominated recovery activities. Although the volume of recovered waste plastics in-
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creased from 24 million tonnes in 1980 to 73 million tonnes in 1994, the recovery rate
decreased from 20 percent to 9 percent. A likely explanation for this that it is not eco--
nomically feasible 1o recover waste plastics without gevernment support. ’

At present, the state- and collectively owned formal sector accounts for approximately
20} percent of total recovered waste. The sector employs a total of 880,000 labourers. As
these two networks are involved with a range of recyclable wastes, it is dificult to de-
termine how many employees are actually involved in plastic recovery. Most waste
plastic recovered by the formal sector comes from industiial waste which is less con-
taminated than the post-consumer strearn. The average cost for one tonne of collected
waste plastic is up to EMB 2,500 Yuan which is higher than in the informal sector.
There are problems of collection, higher transport costs as well as a lack of systematic
and effective networks. The majority of the formal enterprises are suffering economic
losscs, and therefore are losing their share of the market for secondary plastics.

The informal sector consists of seil-employed individual collectors who are farmers
seeking alternative employment in urban arcas. By the end of 1993, nearly 3 million pri-
vate individuals were engaged in this sector (NFSMC 1996; MOA 1996). The sector is
able to operate profitably because it uses an efficient house-to-house collection method
within local districts, thus limiting transport costs. The average cost of the informal re-
covery of one tonne of waste plastic is RMR 1,700 Yuan - 800 Yuan per tonne less than
the formal sector. The collection of waste plastic by the informal sector increased to
580,000 tonngs in 1594, accounting for 80 percent of the nation’s total. The develop-
ment of the sector has not only provided a livelihood for many surplus labourers from
the countryside, but has also promoted the recycling of waste plastics.

3.5 The recycling rate is declining

Until the early 1980s the utilisation rate® of waste plastics in China was at a level of over
20 percent {see Figure 3.1). This is much higher than most industrialised countries, e.g.
~Burope and the United States, where, on averape, the rate is 5 or 6 percent {APME 1996,

Curlee and Das 1996}, At present, 1.1 million tonnes of waste plastics are used in the
production of plastic products. The plastic recyeling industry is characterised by a high
degree of individual, collective and small sized township factories, with little evidence
of state-run factories. It is estimated that China’s secondary industry employs between
200,000 and 270,000 labourers. PE, which is the main input for agricultural film, is the
most recycled product, followed by PS and PVC. PET is becormng sorce popular in the
industry. :

T The recovery rate of waste plastics is the total volume of recovered waste plastics as a share

af the wtal consumption of plastic anticles in China. If for example in year x, 5 million tornes
are recovered for the pumese of recycling of the totally disposed gquantity of waste plastics of
30 million tonnes, the recovery rate is 10 percent.

The wtitisation rate of waste plastics {s the share of secondary resin used in the production of
plastic products in China For example, if the manufacturing of plastic products in China
would be 10 mitlion tonnes in year ¥, and (he use of secondary resin would be 2 mitlion ton-
nes that year, the utilisation rate would be 20 percent.
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Box 3.7 Experiment on New Recovery System

Dispasable food packaging made by P'S enjoys high popularity amoeng consumers in China es-
pecially in big cities. However, with ever increasing consemption, there has developed an ap-
prehension about the solid waste coming along with it. In June 1997, Beyjing Environmental
Protection Bureaw and Industrial and Commergial Bureatt jointly promulgated “Circular No-
tice on Recovery of Dispesable Food Packape™ which prescribes the recovery for reuse by the
producer, distributor and their trusiees of disposable food package. The recovery rate must
come up to 30% in 1998, 50% in 1999, 60% in 2000, Those whe fail to accamplish this arc
nat eligible to stay i the business. Under this degree, a new recovery system was put into trial
operation since September 1997, The struetire of the system {s depicted in the flow chart be-
low.

| waste food package 1
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The Flow Chert of the New Recovery System on Trigl

The main idea of this system {s to finunce the collection of waste (ood package by charging
the producer and distribufor. The key player of this system is Betjing Kaifn Environmental
Protection Centre, a state-run institute, under which 8 collection centres have been estab-
lished. Kaifa is mandated (0 impaose charges on the producers and distributors to cover the
collection and cperation costs. The charges are mainly determined by the amount of the waste
packages collected. Kaifa pays the recovery centres for the waste package at 3 Yuan per kilo-
gram, who then pay 2 Yuan to the individual collectors.

The systent has operated very well with regard to the cotlection of waste package. The prob-
lemn now is to find suitable spplications for these waste materials. The echmology for con-
verfing them into pascline and diese] seems not well developed vet. Although the technology
[or producing adhesive for construction out of the recovered material is avajlable and the
product quality can also be assured, fund shortages impose constraints for largze scale produc-
thon. Since the technology for secondary tesin i3 simple and velatively cheap, Kaifa's main fo-
cus is on mechanical teeyeling.
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Figure 3.2 Development of the utilisation and recovery of waste plastics in China

Various factors contribute to the high level of reeycling. First, domestic factors such as
demand and cheap labour have traditionally been favourable for plastic recycling in
China. Moreover, production methods of mechanical recycling require little and simple
investrments. Recyeling factories with 10,000 tonnes of production capacity are consid-
ered large. :

Second, external factors boosted the development of the recycling industry. Since the
1980s, for exarnple, a change has taken place in plastics recyeling industry in China as
encouraged by foreign investment, mainly from Hong Kong and Taiwan, several proc-
cssing factories specifically engaged in secondary production of plastics have been es-
tablished along the coastal areas. As a result, production technology and industrial scale
have been cnhanced.

Third, especialiy in.recent years, the govemment plays a positive role. Legisiation for
recycling was not introduced until 1995%, In addition to an income tax reduction meas-
ure designed to encourage enterprises to use recycled plastics as the principal raw mate-
rial, preferential treatment and effective measures are being considered to promote the
development of waste plastic recycling in China. With government support, scientific in-
stitutions and umiversitics are now intensifying rescarch ¢fforts into this issuve, while en-
terprises in plastics recyeling are granted tax reductions or preferential rates for rent,

*  The Law on the Prevention and Control of Solid Waste Follition to the Environment was

passed by the |6th Session of the Eighth National Pecpie’s Cangress on 30 (cetober 1995 and
came into force on T April 1, 1996, The law encourages the reclamation and utilisation of
packaging naterials and agricultural films,
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Despite the observation that the recycling industry has done eather well in absolute
terms, in relative terms, secondary manufacturing has pradually viclded ground. This can
be recognised by the declining utilisation rate. Several factors attributed to this trend.
First, the decline is caused by the fact that production of primary plastics has increased
faster than the production of secondary resin. This does not necessarily hightight & defi-
clency of the recycling sector. Secend, limited funds have been allocated in China for
ihe development of plastic recycling techneologies. Therefore, many factories have been
forced to rely on owdated facilities or to curtail their production. Third, due to the col-
lapse of the formal recovery system, the local supply of waste plastics reduced. In first
instance, the decline of the utilisation rate could be somewhat mitigated in the beginning
of the 1990s by the fast growth of imports of waste plastics along with the increasing in-
volvement of foreign investors. However, as soon as a ban on waste plastics was imple-
mented, the utilisation rate continued to drop as can be seen in the period 1996 (see
Seclion 3.7

At present, the following problems hamper the functioning of the plastics recycling in-
dustry:

= The supply of recovered plastic is mther volatile due to the decrease in the recovery
rate year by year and the dependency on the fluctuating international market.

+ Most plastic recycling enterprises are small and medium sized factorics with obsolete
equipment and technologics. Financial limitations are a constraint to the technical
improvements needed to satisfy market demand.

» China’s plastic recycling industry operates under difficult economic conditions. Re-
cent years have seen the relative poces of waste plastic, energy and raw materials in-
crease, with the result that a number of enterprises have suffered cconomic losses.

» Plastic cannot be recyeled indefinitely, A “cascade principle™ can be envisaged
whereby after continuous recycling, plastic becomes too contaminated and degraded
for use as a secondary material. A case study in India identified this phenomenon as a
constraint in the plastic recyceling industry (Beukering 1994}, In that case alternative
management options such as tertiary reeyeling should be available.

» Pollution occurs during the recycling process. Some factoties cannot afford to instali
poltution control facilities and must therefore discontinue production {see Box 2.3).

3.6 The plastic cycle is highly dependent on import

Since the cnset of economic reforrn, China has increased trade of various plastic materi-
als. Overall, the import dependency has grown. The main categories of trade are raw
matetials (e.g., cthylene, chloride), synthetic resin {e.g., PE, PVC}, plastic products {(e.g.,
film), and waste plastics. The main developments in trade of different plastic commodi-
ties is shown in Figure 3.3, Various obscrvations can be made. First, because of outdated
facilities and technologies, the domestic industry cannot mect the growing demand for
plastic materials. Over the last [5 years China has had to import increasing volumes of
resins: the average growth rate till 19935 was 22 percent. The only recorded decreases
occurred between 1989 and 1990 when foreign trade and the economy experienced a
downward trend as a resuit of the *Tianpamen Incidenc” in June, 1989,
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Figure 3.3 Net imports of main plastic commodities in China

Source: Imternational Trade Research Instiiuie, 1996

Both the synthetic resin and waste plastics are increasingly imported. Compared to syn-
thetie resin, imports of waste plastics, which accounted for slightly more than half a
million tonnes in 1995, seem rather insignificant. Still, the average annual growth rate of
imported waste over this period was as high as 80 percent. One of the reasons for the
rapid growth is the fact that imported waste plastics of a similar quality is often cheaper
than domestic waste plastics. Typical for trade in waste plastics is the volatility of the
international market. The volatility of the international market for secondary materials is
often attributed to its relatively small volume which makes it more vulnerable to fluc-
tuations in supply {Grace ef al. 1978),

The trade in plastic articles in China differs from other plastic commodities. Since the
early 1990s exports have outweighed imports. In 1981 exports accounted only for 1 per-
cent of domestic production of plastic articles; in 1994 this share had increased to 16
percent. At present, the export of ptastic articies, mainly consisting of household prod-
ucts, is almost twice as high as imports, which mainly contain semi-products for indus-
trial purposes.

Absolute numbers do not necessarily provide a clear insight into the relative iImportance
of a particutar trade flow in the plastic cycle in China. One has to compare the trade flow
with the total volume consumed or produced of a particular commodity in the Chinese
economy. Figure 3.4 illustrales how China’s average dependency increased. In 1980, for
example, less than I percent of the recycled plastics in China came from abroad. By
1994, this share had increased to more than 35 percent. For synthetic resin a similar
trend may be identified. The content of imported resin used in the plastic processing in-
dustry increased from 16 percent in 1980 to 43 percent in 1994, The increase in depend-
ency on imported plastic articles was less notable. Another interesting observation is the
sudden decrease in dependency on plastic inpults in the years 1989 and 1990. As men-
tioned above, an obvious reason for this distortion could be the “Tiannamen Incident”.
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Figure 3.4 Import dependency of main plastic commodities

Sovrce: Imtermotional Trade Research fnstifute, 1996

There are many rgasons for China's large-scale imports of pliastic raw materials. First, in
recetit years, China's expanding export market for processed plastic products relies
heavily on imported raw materials. Second, inadequate research on processing and ap-
plication of resins has affected the market share, with the result that demand and supply
are often mismatched. For example, most domestically produced polypropylene is inthe
form of wire drawing materiails, although there are shortages of polymer structures, fibre
and membrane. Thus large quantities of polypropylene have been imported, even though
local resin production has expanded and in some cases supply has cutstripped demand.
Thirdly, at present the world’s large petrochemical producers are engaged in intense
competition for China’s markets. Their large scale production, advanced technology and
high labour production give them a competitive edge relative Lo local prices.

In recent years, China has adopted a serfes of measures to open its market. For example,
in 1996 China dramatically cut tariffs thom 66 percent to 23 percent. At the same time
the basic tax rate of most of the duty on plastic commedities dropped from 30-35 percent
to 18-20 percent. Reducing tariffs has helped reduce import costs, and no doubt will be
help to satisfying the demand of the domestic market. 1t will alsg bring greater pressuve
on China's plastic industry.

More elaborate observation on trade are described in Appendix V.

3.7 Are waste plastics imported for dumping or for recycling?

Based on the above description, a range of highly relevant issues emerge regarding trade
and the plastic cyele. In the context of this report, which ultimately focuses at recycling,
the controversy over importing recyclable waste plastics and waste dumping is a very
important one. In this context, the government of China has taken various rigorous
measures in recent yvears, [n November 1994, the Mational Environmenital Protection
Agency (NEPA) established “The Provisional Rules on Tightened Control of Wastc
Materials Imports from the European Community™. This legislation lists waste plastics
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among waste materials that are not permitied until being examination and sanction by
the authorities. The regulation also applies Lo waste imports from non-EC countries.

However, in the past two years, some local and overseas businessmen have broken the
law and wete found to be importing unrecoverable waste under the pretext of raw mate-
rial wtilisation. This problem reached a climax in 1995 when a series of “overseas con-
tainer trash incidents” oceurred consecutively in a number-of Chinese cities. These inci-
dents have provoked a response in the form of a rule, introduced in 1 April 1996, which
completely banned imports of waste plastics in China.

{(Fiven the present characteristics of the plastic eycle in China, such as the underdevel-
opment of the plastics industry, serious shortages of supplies, limited recycling capabili-
ties and relatively high recovery costs, the local plastic recycling industry was severely
damaged. Faced with a lack of alternative inputs for production, the industry requested
the Chinese govemment to relax the trade ban. The government modified the ban on
waste plastic imports in Cctober 1996 to allow industrial waste plastic 1o be imported
but maintained the ban on household waste plastics.”

in the meantime, the State Commodity Inspection Bureau issued “The Administrative
Measures for Preshipment Inspection of Import Waste™ in September 1996, which pre-
scribes a preshipment inspection on imports of permissible waste to be used as raw ma-
terials. This inspection is to be conducted by SCIB aceredited agencies with a legal per-
son status in the experting countries (or regions), while the Bureau will supervise the
related business performance of the agencies. Given the recent implementation of this
measure, it is difficult to assess its success. However, whatever the outcome in the lbng—
term, it Is clear from these sudden and inconsistent policy interventions, that the precise
role of waste plastic imports is still not well-understood.

3.8 Can the environmental impacts de dealt with effectively?

As shown in Table 3.2, each stage in the plastic eyele has some kind of impact on the
environment. This impact is expected to increase in conjunction with the growth in pro-
duction and demand. Substitution effects and technological improvements may mitigate
this trend. In Appendix VI, a more elaborate overview of the subsequent environmental
impacts in the plastic eycle is provided as well as the main technologies available to
mitipate these impacts. The question remains whether the Chinese governments and the
involved stakeholders can manage the environmental problems etfectively.

" In international trade wasic plastics are subdivided accarding to quatity. Industrial waste is

generatty of grade A or B. Houschold waste, which is much more heterageneous and con-
taminated is generalty classified as grade C. The modification of the trade ban on waste plas-
tics consisted of the allowance of import of grade A and B, Tmportation of Grade C remaing
prohibited.
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Table 3.2 Envirommental problems in the plastic cyele

Htage

Main Environmental impact

il drilling and re-
fining

= waste water containing oil discharge which finds its way
into surface water

synthetic resin pro-
ductton

= waste water containing chemical and organic compounds,
such as heavy metals, benzene, chloride, acid and alkali

« waste water containing nutrients as fat, protein and ammo-
nia, may cause eutrephication

+ production of PYC emits vinyl chloride

plastic processing

= waste waler containing hazardous substances such as cad-
miun, lead, phenol and cyanide

« resin disposal in watet body cause problems with aqustic
wildlile which mistake it for food

reeyeling process

+ loss of quality of the output which inevitably shortens the
life span of the product

« odour during recycling process

» waste water from the packaging cleaning process containing
residues of eriginal product {i.e. food, oil, chermicals)

dumnping and litter-
ing

+ blocking water ways, sewage and drainage systems
« breeding ground for mosgquitoes

» fire hazard

» threat for wild life or cattle consuming plastic film

tandfilling

» leaching of chemical additives such as heavy metal com-
pounds causing ground water pollution
*  OCCUPYINg SCATCE Space '

Incineration

= air emissions pollution such as hydrogen chlorides and di-
oxins coming from PYC causing damage to human health

+ air emissions causing damage to materials such as corrosion
to buildings

- generation of hazardous fly ash

In general, China®s cnvironmental legal system is inadequate and the enforcement of en-
vironmental laws and regulation is weak. Legislation on solid wastes management was
non-existent until quite recently!!. However, it is clearly stipulated by law that packag-
ing materials and agricultural film should be easily recyclable or ‘envirenmentally
friendly” disposable and jt encourages the reclamation and wrilisation of recyclable
packaging and farm films. Reducing selid waste, promoting recycling and the safe dis-
posal of selid wastes are sirategic policies for the prevention and control of solid waste

pollution.

On 30 Oetober 1993, The Law on Prevention and Control of Solid Waste Pallution was

passed by the 16th Session of the Eighth Mationat People’s Congress and came into force on |

April 1996,
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Several measures need to be introduced to ensure their success. These include:

Shift from end-of pipe measures towards a life-cycle approach by using cleaner pro-
duction process to reduce crnissions and wastes. '

Technological and economic policies based on the polluter pays principle need to be
formulaied to encourage the recycling of secondary materials. For example, recycling
may be promoted through a Waste Exchange System, where wastes generated by one
organisation would supply feedstock to another organisation,

in 1991, Ching’s National Environmental Protection Agency and Customs Admini-
stration jointly issued an Announcement on Strict Control of Transboundary Hazard-
ous Wastes to Move into China. Corresponding enforcement measures have also besn
published. :

Separation at source of household refuse by the public should ke gradually promoted.
At the same time, municipal refuse needs te be disposed of safely.

Promotion of an eco-tabelling scheme in China. *Environmentally friendly’ recycled
products would be marked with eco-labels and promaoted through the scheme.
Strengthening international co-operation in the area of waste management. Through
multilateral and bilateral co-operation, more technical and financial support would
ensue.
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4. A field survey of the recycling sector

Pieter van Beukering, Li Yongjiang, Zhao Yumin, Zhang Xiaovu, Bai Ming '

Lack ol qualitative and quantitative information on the reeveling industry in developing
coruntries 15 a common phenomenon. This handicap seriously restraints research in this
area. To compensate for the lack of information, a survey was conducted for the plastics
recycling industry in China. Besides galning qualitative information, the survey provided
the quantitative data necessary to design and operate the model presented in the next
Chapter. The survey focuses on four segments following the sequential stages of the op-
erations of the recycling scetor, as shown in Figure 4,1. Various pants of the country are
covered. For each segment, 30 interviews were held, bringing the total number at 120,

An claborate version of the survey results is presented in Appendix VII. A summary of
the mest imporiant results from the field survey is provided in Table 4.1, In the follow-
ing sections, a description and interprctation of the elght most important findings of the
survey are provided.

o recycling of domestic e

waske plastics
collection, rmanufacturing of
separation & trade plastic preducts from|
of waste plastics secondary resin

. recycling of importEdI
waste plastics ——

Figure 4.1 Four targets in the Survey

4.1 Recyclers suffer from lack of supply

There is a noticeable difference in size in operation between the interviewed entrepre-
neurs. The local trader of waste plastics processes on average 53 tons of waste piastics
per month, The manuvfacturer of plastic products has an average capacity of 42 tons per
month. The most interesting distinetion exists between the domestic and the imperting
recycler. The former has a monthly capacity of 23 tons while the importer can process
up to 186 tons per month, The configuration of these average figures is depicted in Table
4.2, The capacity difference stems from both the size of the machine units as well as the
number of machines. One reason for the large difference in size is the possibility of the
importers to purchase rather large quantities of input. The supply to local recyelers usu-
aliy takes place in much smaller badges.
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Table 4.1  Selection of the basic data of the recyeling sector in China
Averages waste plastics domestic waste imporied waste plastic prodoct
trader recycler recycher manulacturer

cstablishment year 1945 1594 1442 1060
area 2035 m’ 350 m? 1680 m° 947 m°
CRpacity ™. 23 tanne / month 126 wnne f meolh 42 tonne [ month
production 53 tonne £ month 12 tonne { month 52 tonne / month 26 tonne / month
utilization rate .. 50% 0% 61%
input compositon househald 67% focal 10004 local 20% primary résin 18%

industrial 3084 emport 0% irnpott §0%;: secondary resin £19%

agriculieral 3% additives 194
moathly Wenovear 36,400 Yuan 49§00 Yuan 501,400 Yo 247 800 Yuan
menihly proft 3,400 Yuan & 1 Yoan 61,300 Youn 36,500 Yiean
profit rate 9% {1 2% 153%
growth last 3 vears 8% 127% -i3% A%
totn] dakour 3.5 workers 5 workers 22 wirkers 37 workers
male / female 2m LI 33m f15f m /121 20m. /171
labeur productivily 11 ke ! hour & ke /! hour 9 kg / hour 4 kg / howr
wage level 525 Yuan fmomh | 445 Yuan / month | #64 Yoan [ month 486 Yuan [ mmonth
price level input 2350 Yuan f ion 3200 Yuan ! ton 4100 Yuan / ton 000 Yuan / ion
price level output 2R00 Yuan / ton 4150 Yuan / ton 5450 Yuan ! ton 0300 Yuan / ton
output compesition h.2, Towr quadity 1% low quadity ¥ o,

el quality TR med quality 43%
high guality 11% high quality 43%

clectricity .4, 210K Wh { on 368 KWh f ton 571 EWh M on
tax payment 50 Yuan / month 250 Yuan / month | 1050 Yuan fmanth 4,850 Yuan / month
capital ascets 36,7700 Yuan 46,000 Yuan G 10,000 Yuan 440,000 Yuan

The actual production levels stay significantly behind the capacity of the waste plastics
recycling industry. The operating rate now stands enly at 50% for secondary resin pro-
duction with both local and imported waste plastics, and at 61% lor recycled plastics
goods production, Most industries ciaim that shortages in supply of inputs is the main
reason {or the poor performance. For the domestic segments this is caused by the low re-
covery level of plastics in China. For the importing industry the shortages in supply re-
sult from restrictions on waste plastics imports for the past few years as well as fierce

competition among an increasing number of recyeled plastics factories.

Table 4.2 Capacity Distribution of Surveyed Recyclers

Preduction Capacity

Cromeste recyeler

Importing recycler

= 10 tonnes / month

11 - 25 tonnes / month
26 - 30 tonnes / month
51 - 100 tonees f month
= 100 tonnes f maonth

47 %
43 %
(3
T%
3%

0%

13%

20 %
34 %
33%
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4.2 Domestic and importing recyclers develop differently

During the past five vears, the different fronts of the waste plastics recycling and plastics
manufacturing industry have shown ups and downs. The output by traders and domestic
recyclers rose by an annual 38 and 127 percent respectively. However, the output of
resin from imported raw materials decreased by 35 percent and that of recycled plastics
products by 10 percent. These opposite trends are depicted in Figure 4.2. Only the firms
which have operaled for more than three years are included in the average.

2008 120
L ele— /
2500 = f 10
E 1000 y g0 E —A&—impotting
3. ~ % recycler
% S fleft axls)
5 1500 50 &
a g —-—domestic
z " g recycler
E . w it E (right EKI-IEJ
- ) =
= =
[:E]
£ 500 20 £
o f + + 4]
1891 19492 18994 1495 19396

Figure 4.2 Development of cverage production

Different explanations are possible for this divergence in development. First, as China
was shifting to the market economy, the formal collection and recycling system began to
lose considerable market share to the informal system. The state-owned recycling sector
was unable to compete under conditions of opening competition. Their system of
planned production did not match well with the existing demand, their labour costs were
much higher as a result of the contribution to the social security system, and the man-
agement sysiems responded too slow to changing conditions. This gave room for the
doinestic informal recycler to expand their market share as shown by the rapid growth in
average production. Second, the steep fall in average secondary resin production from
imported waste plastics resulted from constrainls on imports over recent years, which
evolved into a temporary ban in 1996, Today, only imports of industrial waste plastics

- are allowed to be imported. Lack of supply hampered the operation of the importing re-

cycler. Finally, it is claimed that, particularly in South China where most importing re-
cyclers operate, the demand for household articles made by recycled products is declin-
ing. This is due to rising income in this region which leads to a shift in living standards
ol househald, causing a higher preference for articles made of primary resin.

Diomestic and importing recyclers differ in their opinion about the most important fac-
tors to improve the quality of their products. Local recyelers indicate that improvements
in the sorting technigques would be most efficient. Two other important facters, sccornd-
ing to the local recyelers, are the higher quality waste plastics and mere abundant avail-
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ability of raw materials, This implies that his supply is characterised by scarcity, hetero-
geneity and fow quality. The importing recyclers’ are of the opinion that the increased
availability of a higher guality, is the most important factor to improve quality. Moreo-
ver they suggest thal a more constant supply and better skilled personnel would improve
the quality of output. These outcomes are plausible given the high volatility of interna-
tional trade of waste plastics and the relatively high capital intensity of the production.

4.3 Labour productivity of the importing recycler is higher

Labour input varies according to the scale of operations. Obviously, the scale of opera-
tion largely determines the absolute size of the labour force. The labour force of waste
plastic traders averages only 3.5 persons per operative unit. The local recyeler is slightly
larger with approximately 5 employees. The importing recycler and the producer of re-
eycled plastics goods are, on the other hand, demanding more labour, owing partly to the
mere complex processing and more labour-intensive production for the manufacturers.

As shown in Table 4.3, the imperting recveler has a higher labour productivity than the
domestic recycler. This can be attributed to the use of more sophisticated equipment as
well the higher quality of inputs used in the production process needing less hand-
sorting and hand-washing. However, this difference in productivity is compensated by
higher wage levels, due to the requirement of more skilled {abour and the generally
higher wages in the South of China. It is clear that the manufacturing of plastic products
is the most labour intensive process in the plastic cycle in China.

Table 4.3 Labowr inpuis and costs of different groups

labour hours per tonne of cutput | average wage | labour costs per ton
male Jemale tofal
waste {rader 64 25 §9 525 156
lacal recyeler 121 35 136 445 ' 231
import recyeler 52 a2 114 G654 252
manufacturer 139 110 249 486 403

4.4 Seasonal fluctuations have a distinct impact

Different seasonal fluctuations appear to be present in the recycling and production
process. A business indicator is depicted in Figure 4.3 that highlights this difference. The
indicator lies between 0 and 100. In general, waste plastics collection and recycling with
domestic inputs and the production of finished goods show stmilar seasonal variations,
with collection and local recycling having an almost identical fluctuating curve. This
may be attributed to the linkup and inseparability of these operations. Since a greater
part of the country is very cold in winter, conditions are adverse for collection and pro-
duction, and preceding November through coming February are consequently the dull
periods for the businesses. The production of secondary resin with imported waste plas-
tics, however, shows an opposite pattern. It usually booms in summer and winter, when
most deliveries are due at port, and becomes slack in spring and autumn.
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Figure 4.3 Seasonal fluctuations

A plausible conciusion of the opposite seasonal patterns is that local and imported waste
plastics substitute each other in times of scarcity. However, as manuafacturers cannot
dilferentiate between these, this hypothesis could not be confirmed by available data. 1t
might quiet well be the case that the market in which the local recycler operates is comn-
pletely segrepated from the imported waste plastic recycling market. Nevertheless,
Figure 4.3 hints strongly towards substititability.

4.5 Capital imensity and environmental management go hkand in hand

Electric power is the main source of energy consumed in the production of secondary
resin and recycled plastics gonds. Consumption is 210 kWh per tonne for re cycling with
local raw materials and 368 kK'Wh for recycling with imported waste. This confirms the
higher capital intensity of the latter, For the same reason, power consumption now runs
to 571 k'Wh per tonne for recycled goods manufacturing.

It is difficult to judge the overall environmental performance of the individual surveyed
categories. Within one category of enterprises, often very clean and very dirty enter-
prises are found. In general the trader only generates environmental pressure through the
disposal of rejected matertals and in some cases through the discharge of waste water.
The manufacturing of recycled plastic products is clean for the most part, and thus
cauges limited environmental concerns.,

The process of converting waste plastics into secondary resin seems to be the most pol-
luting activity, especially the washing of the waste. The majority of the domestic recy-
clers discharges the waste water without treatment ot reuse. Reusing the water and fil-
tering it before discharging is a much more common practice of the importing recyclers.
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As a result, the importing recycler who uses 2 m® water per tonne of output is more effi-
cient in its water consumption than the local recycler who uses approximately 2.6 m” per
tonne of resin.

Also in termns of air quality control, the domestic recycler takes less precaution than the
importing recycler. I it is considered necessary, his measures are mainly limited to
opening the window (23 percent}. In contrast, the importing recycler uses electric venti-
lation (95 percent} and some even operate with a air sucker (13 percent). Air pollution
was found padicularly dominant in vnits which vsed low quality waste plastics and 2
high portion of additives. This i= particuiarly harmfu! for the employees.

4.6 Importing recyclers use higher quality inputs

Given the differences in activities, the source of wastc plastics supply varies over the
various categeries of cntrepreneurs. Table 4.4 shows this variation. Mobile vendors are
rather important for both the local trader and the domestic recycler, supplying respec-
tively 75 and 62 percent of the total supply. Not surprisingly, the majority of supply of
the importing recyclers is purchased through importing agents. As imporiing recyclers
specialise in precessing indvstrial residues, factories also have a share of § percent.

In the survey, approximately 67 percent of the overall amount processed by the domestic
recycler stems from households, whereas industrial and agricultural waste plastics stand
respectively at 30 and 3 percent only. This finding reflects typically the consumption and
collection of plastics in big and medium-sized cities across the country. Had the study
been conducted in 1owns and villages, the proportion of waste plastics from farms would
be much higher. But that would not typify the essence and main trend of focal waste
plastics collection.

While recyclers with local waste plastics rely on solely domestic raw materials, 80 per-
cent of the raw matetials used by their counterparts are imiported waste plastics, with the
remainder supplemented by local materials. The mtios between domesiic and foreign
raw materials vary with the types of plastics. For example, in the case of PVC and PET
the ration is approximately 70:30. This unusual large share of domestic plastics is caused
by material specific trade measures. For PET, it is the official ban since 1996 on import
of used soft drink bottles made of PET which reduced the share of imports. For PVC,
NEPA strictly constrained the import and processing of abandoned electric cable, which
is an impaortant source of PVC from abroad.

Table 4.4  Composition of suppliers to the plastic recyeling sector

supplier waste plastics trader  domestie reeycler importing recyclar
mobile weste vendor 75 % 62 % 0 %
waste materizl trader o % 34 % 12 %
waste plastic imperter 0 % 0% B0 %0
plastic generating factories 4 % 2% 3%
other (1.e. kouscholds) 15 %% 2% 0%
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In the analysis of the manufacturing sector, it is important to realise that the focus is on
manufacturers using secondary resin. On average, primary resin accounts for 18 percent
ol the input and secondary resins for 81 percent. Additives account for the remaining 1
percent. As the vutput of Tocal primary resin is set to jurnp in the next few years, possi-
bly accompanied by a lower price, the utilisation of primary resin is expected to go up.

As can be seen in Table 4.1, differences are also observed in the ratios of quality be-
tween the two kinds of recycled secondary resins. While the low, medium and high
arades represent 11, 78 and 11 percent respectively for secondary resins recyeled from
local raw materials, the ratio stands at respectively 9, 43 and 48 percent for the low, me-
dium and high grade resins from imported waste plastics. Again this confirms the bias
towards processing industrial waste plastics by the importing recyclers.

Table 4.5 summarises the recorded input prices mentioned as indicated by the entrepre-
neurs. Three categories of materials are considered: local waste purchased by the do-
mestic recycler, local waste purchased by the importing recycler, imported waste plastics
purchased by the importing recycler. Similar to the conditions on the primary market,
PVC and PS belong 1o the cheapest category materials. HDPE, LDPE and PET have
medium values while ABS is much more expensive.

In the last row of Table 4.5, the unweighted average of various categories of purchasing
prices is calculated. Clearly, the price of the waste materials purchased by the domestic
recycler are 20% lower than materials bought by the importing recycler. Not much dif-
[crence is recorded between the imported and local matenals used by the importing re-
cycler. This situation illustrates that the importing recycler in China concentrates mosily
on high qualities, possibly forced by trade constraints for low gualities. The average
price for wastc plastics on the international market Is generally jower than US$486. This
proves that the ban on household waste plastics is successfully enforced, although sall
some unreported trade was identified.

Table 4.5 Various categories of prices for waste plastics (in USS per tonne)

local waste purchased local waste purchased imported waste purchased
by domestic recycler by importing recycler by importing réeyeler

HIDPE 494 499 537

LDPE 400 306 44

PVC 300 412 393

Er 303 407 _ 468

P: L&, 08 293

PET 346 474 432

ABS ILA. T8 741

averdge 189 484 484
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The output prices of the recyclers are also shown in Table 4.6. In the third column, the
valugs for secondary reported in the Hterature are listed. For further use an overall aver-
age is derived in the last column. A distinction was made between high quality and low
quality secondary resin. In peneral, the domestic recycler was slightly cheaper than the
importing recycler. This apparent advantage of domestic resin is not necessarily a sign of
better competitiveness strength of the resin, it is most probably the result of a different
definition of quality. For example, for each material the low quality of the importing re-
cycler is significantly more expensive simply because he rarely or never uses grade C
{the lowest quality) inputs. Taking into account the input prices reported during the in-
terviews it was calculated that the gross margin lies between 1250 and 2000 Yuan per
ton. The markets for HDPE, PVS and PS seem to be relatively profitable. LDPE is the
only material which has a consistent!y tow profit margin.

Table 4.6 Various categories of prices for secondary vesin (in USY per tonne)

domestic importing fliterature average

. Tecycler recycler values value
1. HDPE {high quality) B8 746 785 783
3. HIXPE {low quality) 545 573 664 594
4. LI3PE {high quality? 654 686 736 702
6. LDPE (low quality) 463 483 604 517
7. PVC (bigh quality} 584 644 519 582
9. PVC (low quality} 322 582 471 458
10. PP {high quality) 546 629 591 589
12. PP (low quality) 422 483 507 471
13. PS (high quality) .. 558 616 587
15. P8 {low guality) 8N 522 543 533
16. PET (high quality) n.a. 682 T3 TAT
1&. PET {low quality) A9 531 616 519

4.7 Scale of production and profitability go hand in hand

Profit margins seem to differ for the collection, recyciing and production processes. As
can be seen from Table 4.7, the profitability is strongly related to the price difference
between the input and the output. This confirms the principle of lower profit rates for
simple treatment and higher returns for more complex processing, and also shows that
the scale of production goes hand in hand with profitability. The rate of returns for recy-
cling with imported waste plastics is higher than that of recycling with lacal eaw roateri-
als. The difference can be attributed to the scale of production.

The information on the level of taxation as presented above it Table 4.1 and used in
Table 4.7 is rather unreliable, as they were obtained directly from the individuals in-
volved. On the basis of the obtained dats, tax payments increase with the value added of
the activity. Yet, these payments are not proportional to the amount of profit, The trader
and importing recycler pays as little as 1.5 percent of their profit as tax, while the do-
mestic recycler and the manufacturer pay respectively 5 and 13 percent of their profits.
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Thus it may be concluded that of tax reduction measures can only be effcetive with the
manufacturing industry, Yet, it should be noted again that thesc estimates arc not very
reliable. it is our general impression that the recycling sector is probably paying very lit-
tle tax.

Table 4.7 Prafitability of Segments in the Recycling Sector (in USS per tonne)

Averages wuste plastics  domestic waste  itnported waste plastic product
trader recycler recycher manufacturer
price level input - 284 386 495 724
price level output 338 501 a3% 1147
value added fs6 115 163 422
profit rate g4 10% 12% 15%

4.8 Performance of recyclers is strongly dependent on their location

As shown in the first row of Table 4.1, the domestically based entrepreneurs — the waste
plastic trader and the domestic recycler — entered this industry most recently in 1995,
This finding illustrates the switch which has taken piace in the last few years from state-
owned to private enterprises. The importing recycler and the manufacturer of plastic
products have traditionally been operating on a commercial based. At present, public-
owned enterprises in the plastic recycling industry are practically non-existent.

The location of the subsequent activities in the plastic cycle reveals a typical pattern.
Net surprisingly, mosi of the collection and serting lakes place in and near the metrapo-
lises. The majority of the materials is collected by individuals using tricycles. Actual
processing near the metropolises was hardly found as cheap labour is scarce and the mu-
nicipalities discourage and sometimes even prohibit recycling under the presumption
that it damapes the environment and deteriorates health conditions.

Therefore the waste plastics are transporied to local recyeling enterprises which are con-
centrated in rural areas and towns away from big cities. China has basically three of
these domestically hased concentration areas in which, according to our study and data
al hand, 80% of the domestic waste is recyeled. The areas are centred in the Baoding and
Langfang prefectures of Hebei Province, the Suqian prefecture of Fangsu Province, and
the suburbs of Wanijng. The concentration areas were lormed approximately one decade
ago with the transition in the recycling sector from state-owned to private indusiries. For
instance, the Wen’an County in Baoding prefecture is the biggest trading centre of waste
plastics in the Nerth, linking more than [0 provinees across the north and also part of the
southermn region. As the trade on waste plastics bloomed over the years, Wen®an and its
neighbouring counties gradually turned into the hub of secondary resin and plastics
goods industry. The main reasons for this strategic location are the avaiiability of waste
plastic within reasonable distance from the collection centres and the presence of abun-
dant and cheap labour.

Not surprisingly, the importing recyciers are strategically situated near the main ports of
the couniry. Two main centres were identified: the Ningbo prefecture of Zhejiang Prov-
ince, and the Pear] River Deita of Guangdong Province. The latier concentration area
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also has the advantage of being located near Hong Kong through which most waste
plastics enter China. Hong Kong has traditionally been the gate keeper of trade relation
with foreipn nations. The disadvantage of the relatively high wageg 15 compensated by
the large demand of this economically prosperous region.

According to our study, the emergeney and growth of secondary resin producers is on
the whole quite similar to that of the recycled plastics poods enterprises. Nowadays, lo-
cal waste plastics trading centres are to some extent also the bases for both secondary
resin makers and recycled plastics goods producers, However, the plastic manufacturers
are much less concentrated than the recycler. Onee the product has been produced,
transportation costs increase drastically given the large volume of the goods. Therefore,
it is ofien more beneficial to transport the resin to the demand centres instead of the final
products,
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5. Life cycle model for plastics in China

Anantha Durdiappah, Zhou Xin, Pieter van Beukering

In a separated form, ample information is available on the various steps in the plastic cy-
cle. This information base covers economic, social as well as environmental factors. Yet,
to design a stratcey which leads to an optimal situation for the plastic cycle as a whole, a
more integrated approach is required. The advantage of an integrated life cycle approach
for plastics lies particularly in the interaction between the segments in the life cycle, and
in the integrated appraisal of environimental and economic issues.

In this Chapter, a sectoral model presented which covers the life cycle of plastics in
China in an integrated manner. Sectoral models were first developed to help in the de-
signing of industrial sectors in developing countries (Kendrick and Stoutjedijk 1978).
These early models paid with little attention to environmental impacts. As the impor-
tance of environmental issues grew over the last two decades, it became imperative not
only to lock at the economics of production but also at the environmental impacts in the
life cycle of the produced material and the econemics of disposal and recycling. The
madel presented here is a static cost minimisation planning model. This medel is meant
to incorporate & cradle-to-grave analysis in combination with the associated environ-
mental impacts caused by the complete product cycle. The mathematical model is pre-
sented is presented in Appendix J1X,

5.1 Main features of the model

As mentioned, the mode! captures the complete life cycle of the plastics indusiry, begin-
ning from the thermal eracking of naphtha to the final disposal of waste plastic. By in-
corporating a life cycle within raditional sectoral modelling, it is possible to: (1) keep
track of the use and production of the various materials (life cycle analysis); and (2) to
evaluate the trade-offs that occur within and belween economic and environmental vani-
ables at each stage of the cycle {sectoral analysis). Moreover, the model decision plat-
form provides a sound basis to facilitate comparisons between the diffcrent objectives
which can be formulated by a decision maker. Beflore presenting the results of the
model, the main features of the model are described.

The spatial dimension

The spatial dimension of the model is based on the identification of the activity centres
fer the plastic sector (see Figure 5.1). These are: (1) primary resin production centres;
{2} demand and waste collection centres; and (3) recycling and final product production
centres, Obviously, the contres are not mutually exclusive. Often, waste recovery centres
are located ¢lose to demand centres due to the large availability of post-consumer pias-
tics. By explicitly formulating the spatial dimension of the Chinese plastics cycle, trans-
portation logistics, both from an economic cost and environmental impact perspective
can be taken into consideration.



3t fVM A CAITEC / PRCEE

A tivity €

1. Beijing
manufactaring & 2. Shanghal
recyellng centars 3. Daging

4. Manjing
demand & 5. Guangzhou
collection centers :

&, Tlanjar

i 7. Zibo

primary resin \
supply centers 8. Chongging

S, HNingha

¥4, Bacding

Figure 5.1 Geographica distribution of activity centres in China’

The technological dimension

The technelogical dimension of the model is based on Best Available Technologies
{BAT) for all processes in the cycle, modified for Chinese conditions. Associated with
each process is a unique input-gutput vector, also known as a technoiogy maltrix, which
describes the various inputs used and the outputs produced. Table 3.1 gives an example
of a technelogy mairix for feedstock recycling. The individual processes are linked
througi 2 series of mass balance equations which in essence stipulate that total mass of
material used must be equal 1o total mass of material produced,

Table 5.1 Example of a technology mairix for feedstock recveling

Cuantity  Unit
input  mixed waste plastics ' 1000 kg
H2 4 kg
labour 4  man-hour
electricity : 82 Gl
output  syngas 676 Gl
CH, 0.14 kg
CO 0.066 kg
COy 499 kg
HCL 0016 kg
N0 0003 kg
NO, 0094 kg
B0 0054 kg
Salid Waste 19 kg

source: CF 1997,

'* See Appendix XI for an elaborate illustration of the spatial dimension of the model,
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Associated with processes are capacities. Al processes have capacity limits based on
carrently existing plant structures and sizes in China. 1t is this feature of the production
process which highlights existing bottlenecks in the sector and policy options to mitigate
or eradicate these inefficiencies, The important point here is thal a limit 15 imposed such
that infinite production levels are not allowed and which can lead to misleading or unre-
alistic results.

By linking the various stages in the cycle through a serics of material balance flow
equations, the level of raw, intermiediate, final and poliutant goods used and preduced
can be computed. These equations state that the total mass of preducts produced at a
point must be equal to the total mass of inputs used in the process. The level of inputs
can be a combination of products produced within the eentre, shipped from another cen-
tre ot imported. The transportation legistics are also taken into account in addition to the
economics of production.

The envirgnmenta! dimension

From the emission and material levels resulting from the technology matrices, the envi-
ronmental dimension can de composed. There are two eptions of modelling the envi-
ronment in: the model. Environmental services are introduced as a scarce but variable pa-
rameter or an upper bound on cnvironmental use is fixed. The latter is the more com-
monly used route as it is the simplest. However, it mvolves a degree of arbitrariness as
the constraints arc determined in many cases in an ad hoe manner.”” The former method,
albeit more difficult, theoretically provides a design strategy which is the mosl cost ef-
fective, both from an econemic and environmental perspective.

Figure 5.2 illusirates the overall procedure of the environmental appraisat followed in
this project. In the first step, the technology matrices are applied to calculate the overall
emission levels. In order to determine the environmental impact, the concentration levels
of each pollutant need to be determined taking into account the physical propertics of
the site. For example, an air pollutant emitted during sea freipht will do less harm than
the combustion of plastics in a denscly populated aresa. Also climatic conditions can be
of great influence. It is beyond the purpose of this model to take into account this level
of detail. Therefore, standard values are applied. In other words, transfer coefficients are
used to translate emissions to concentrations, assuming factors such as population den-
sity, and age distribution.

" There are various ways in which environmental effects can be ageregated. In the “distance-to-
target™ approach weights are derived from the extent to which actual environmental perform-
ance deviates from some goat or standard (Powell et al. 19953, Alternatively, multi-critetia
technigues can be used to determine the weights. In this method, seores are derived from pan-
els of experts and interested parties (Beinaut 1995). These two approaches have several dis-
advantages. As experts generally over-represent their own interests, the weights applied are
rately representative for the society as a whole. Another handicap is the fact that the ultimate
environmental score is not reported in monetary values. Consequently, integration with the fi-
nancia) analysis is impossible. For 2 more choborate expose on valuation, we refer 1o van
Drunen and van Beukering [ 19999,
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Figure 3.2 Economic valuation using standard values

Mext, these environmental impacts are translated into monetary values, again making
strict assumptions about income levels and property values. The concept of economic
valuation of environmental externalities is mainly applied in policies in industrialised
countries, Especially in the United States econamic valuation methods are commonly
applied due to its juridical system where environmental ¢laims are often expressed in
monetary terms (i.e. the ails spill of the Exxon Valdez in Alaska in [989). Eurepean and
developing countries generally prefer to base its environmental systems on environ-
mental standards. The ground principles of this approach are very different from eco-
nomic valuvation. Economic valuation was selected as the main cnvironmental approach
in this project for varicus reasons which will be explained below. In Appendix IX vari-
ous valuation methods are discussed.

The monetisation of environmental impacts is called economic valuation. In this ap-
proach, the economist’s monetary rmeasure of economic value is the Willingness-to-Pay
(WTP). The WTP is defined as the maximum amount of money a person is willing te
pay to obtain a good or service. An individual’s WTP for a good is a reflection of his
preferences for this good relative to other goods. Environmental economist work with
the assumption that a person also has a certain WTP for environmental goods.

There are various techniques to measure the WTP. First, the values can be based directly
on market values of productivity. For example, if extensive emissions of air poliutants
frem a coal fired electricity plant adversely affect agricultural yields in the region, these
foregone crop tosses can be used as a measure of the environmental démnge of the elec-
tricity plant. Second, values can be based on market prices for surrogate products or
services, For example, deforestation may lead to a shortage of fuel wood. The alternative
fuels which may need to be imported may again represent the external environmental
costs of deforestation. In both examples, market prices are directly or indirectly indica-
tive for the environmental impact. Oficn, the value of cnvironmental goods such as bio-
diversity or buman health can not be derived from market prices (see Box 5.1). In that
case, individual preferences (WP} may be revealed through interviewing techniques.

This approach has several advantages. Jirst, economic valuation enables one to compare
the benelits of some environmental improvement with the assoclated costs. If the bene-
fits, as measured by the WTP for these benefits, are less than the costs then the conclu-
sion would be that the individual prefers to have this improvement to not having this im-
provement. For example, suppose a program designed to reduce air poliution would re-
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sult in less cases of an adverse health effect associated with air peliution, say asthma at-
tacks. If some person is willing to pay IS5 75 for preventing these adverse health im-
pacts while the costs of the program to him would be only USS 53, then one can con-
clude that he would prefer the situation wath the reduced air pollution even though this
would mean he has less (UUS$ 50) to spend on other goods. Thas, the fact that economic
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o

valuation allows us to combine the derived external values with internal “financial®
costs cnables a full cost-benefit analysis. '

Second, cconomic valuation is applicable from secondary lierature since large pool of

litcrature is available on this method. From (ns literature, standard values can be derived

for each pollutant or impact (Bewkering et of. 1998). These standard values allow us to

translate emissions dircctly into costs bypassing the concentration computation stage. It
should be mentioned that this simplification may lead Lo a certain level of inaccuracy.
Yet, In the sehsitivity analysis the impact of this potential error will be tested. Eventu-

ally, we fee! that cconomic valuation albeit conducted under strong assumptions reduces

the degree of arbitrariness as compared to emission regulatory standards.

Box 5.1 The Economic Toll of Pollution’s Effects on Health.

Methads for the valuation of heatth impacts can be grouped in bwo broader catepories. The
first ome includes methads that measure only the loss of direct income (lost wages and/or
“additional expenditures). These measures, however, do not include inconvenience, suffer-
ing, losses in leisure and other less tangible impacts to individual and family well-being, and
inay seriously underestimate or completely ignore the health cost of people who are not
members of the labour force. Therefore, these methods indicate only the lower bound of the
social costs and understale the tolal costs to individuals. The second category includes ap-
proaches that attempl to capture the Willingness-To-Pay (WTTF} of individuals for avaiding
or reducing the risk of death or ili-heafth. The principal techniques are summarised in the
Table below.

Methods to costs related to humen healih

Vatuatian Methods Example

Human Capital Earnings foregone due to prematire death as a result of
exposure to air or water pallution

Cost of [llness Lost workdéys plus cut-of-pocket costs (medical and
other) due to heatth effects of pollution

Preventive/Mitigative Expenditure | Purchase of bottled water to avert health effects of poliuted
watet, Installation of air conditioners to avert air pollution
in the residence.

Wage Differential Vaiue of reduction of risk to health fmplieit in the wage
difference in otherwise similar ocoupations.

Contingent Valuation Direct questioning to provide a vafue for a potential
change in air quality or health,

seuroe: World Bank, 1998, p. 76,
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- Obvicusly, the approach also has sefous disadvantages. The fact that the actual estima-
tion of the weights of the varicus envirenmental impacts — and thus the WTP - is a
rather time-intensive procedure, implies a major disadvantage of economic valuation
methodology, Generally, extensive surveys have to be organised to pather data, Part of
this effort can be avoided by applying benefit transter'* to existing values from other
studies, in which data from other similar situations are used.

Another disadvantage resulting from the comprehensiveness of econormic valuation is
the fact that the final result is accompanied with a significant degree of uncertainty,
Also, the fact that economic valuation expresses values in monetary terms, for example
for human health, makes it a rather politically sensitive approach. Although a monetary
value has exactly the same impact on a policy decision as a value expressed in a differ-
ent nominalor, sconomic vatuation of human health does trigper ethical perceptions
which are not necessarily based on economically rational principles.

In constructing the economie valuation, we found that pellutant emissions from the
plastic cycle had significant contribution to five environmental impacts: {1) global
warmning potential; (2} eutrophication; {3} human toxicity; (4) solid waste; and (5)
acidification. The values applied for these five environmenta! effects were compiled
from a series of existing studies (Beukering ¢7 e, 1998). Through benefit transfer, these
values which mainly refer to Europe and the United States, have been corrected for Chi-
nese conditions. This can be done by, for instance, applying a factor representing rele-
vanl aspects such s inceme differences between the countries, population density and
the property value of houses and land.

The financiat dimensian

Like most sectoral modets, this model also tncorporates financial costs. These consist of
costs for materials, energy, labour, and in case of small investmenits such as bicycles and
cars, also of capital costs. By-product revenues from outputs in the life cycle not used in
the production of plastics, such as butadiene, are deduced from the financial costs. Since
the present model is static, the financial costs are based on variable costs. Therefore, the
capital costs of large investments such as petrochemical plants are taken into account in
the form of capital constraints. The philosophy behind this is that the decision maker is
in the position o increase his variable activity level by processing more materials, but he
is unable to install additional petrochemical plant capacity in the short term. Such in-
vestments have to be made in substantial batches and take several years to be completed.
Imported goods are valued at their port price plus the necessary transportation costs.

In Appendix X, the financial and environmental data used in the model are presented.
Appendix X1 summarises the sources of information.

""" The definition of benefit transfer is *an application of monetary vaiues from a particutar

valuation siudy to an alternative or secondary policy decision setting, aften in another geo-
graphical area than the ane where the original study was performed” (Navrud 1994),
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The optimisation procedure

To close the model, an objective function is specificd based on minimisation of cests. In
cither case, based on the policy makers objective, the mode] solution provides an opti-
mal design strategy. The question at hand is which strategy provides the most cost ef-
fective solution. For example, this structure provides a useful basis for an analysis of
trade-offs between the use of primary versus secondary resin. The objective function ap-
plied in this mode! has determines the optimal configuration of the plastic cycle, based
on the minimisation of financial costs. This form represents dectsion makers who are
primarily interested in econamic growth.

Based on these two forms. five scenarios are tested. The scenarios are inspired by the
Jatest economic and political developments in the plastic cycle in China.

« Technological chunge scenario in which some of the lechnical parameters governing
the input mix of virgin and secondary resin in the manufacture of final products are
modified.

»  Environmentol infepration scenario: in which the optimal configuration of the plastic
cycle is based on the minimisation of the sum of financial and environmental
{(external) costs. This scenario represents the more sustzinabic decision maker,

« Trade regime scenario in which & comparison is made between a situation in which
waste plastics are freely traded and a situation in which a total ban on the imports of
waste plastics is enforced. '

e Import price scerario in which import prices for waste plastics are modified in ocder
to test the sensitivity of the resulis to changes in the intemational market. '

« Recycling capacity scenario in which the production capacity of the plastic recycling
in China is modified.

To salve the model under these various forms and scenarios, the optimisation program
GAMS Release 2.25 was used (Brooke, Kendrick and Meerzus, 1998). The results are
presented below,

5.2 Results

Figure 5.3 depicts the present actual levels (bold) as well ag the levels determined by the
base medel fitalic). Overall, the stmulated and the actual mass tflows differ very little.
The main differences are observed in the production of final goods, import of primary
vesin, and the production of primary and secendary resin.

There are fwo reasons for the lower production in final goods. First, since we omit ex-
ports, a lower overall demand for final goods results, reducing productien. Second, as
the technology matrix for production of final goods in this model allows only fixed in-
puts proportions of primary and secondary resin, no substitution is allowed between the
two types of resin it a shortage is witnessed in either category. Thus, since the recycling
industry is already supplying the maximum amount of secondary resin — note that secon-
dary resin cannot be imported — additional demand can not be met by increasing the
supply of primary imported and domestic resin but by increasing imports of final goods.
Subsequently, domestic production as well as import of primary resin are reduced.
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Figure 5.3 Current levels compared to the model outcome (1000 tonnes)

Technological change scenario

Thus, given the assumption of fixed input proportions between primary and secondary
resin, the limited recycling capacity forms the main bottleneck in the model, To test the

immpact of this assumption, the technology matrix on the input mixture lor the production
of final poods is modified. High quality plastic products are no longer allowed to contain

secondary resin, while the content for medium quality plastic products is reduced from
80 to 50 percent. The proportion in low guality products is kept constant at 70 percent.
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Table 5.2 shows the resulting change in imports at three fcvels in the plastic cycle. The
results confirmn the earlier suspicion. Now that primary and secondary resin are less
mutualty dependent, the cycle is also less dependent on imports of final goods. Instead
the domestic industry supplies products which are produced by imported and locally
produced resin. As shown in Table 5.3 the financial costs also reducc as the cost of im-
porting primary resin is much less than the cost of importing final goods.

Table 5.2 Imports with standard and modified technology mairix (million tonnes)

Imports base scenario technology scenario change in imports
primary resin 0.6 Lo +67 %
waste plastic 0.8 0.5 -38 %
final products _ 21 1.3 -38 %
folal import 33 28 - 20 %5

Tabie 5.3 Cost with standard and modified fechnology matrix (billion Yuan)

costs base scenario technelogy scenario change in costs
production cost 18.2 19.2 + 5%
transport cost i.9 1.9 -1%
import cosl 389 332 - -10%
by produsl revenue -3.8 -3.8 %%
roral financial cost 55.2 525 -3%

note: Differences in totals in these and following tables are due to rounding out ervors.

Note also the decrease in imports of waste plastics. The imports of waste plastics reduce
in almost the same proportion as final products. The reason for this decrease lics in the
fact that domestic waste plastics are cheaper. It shows that in case the overall demand
for secondary resin decreases, the domestic waste plastics are utilised first, leading to
relatively less imports of waste plastics. This scenario also shows that in these condi-
tions, in principle, sufficient recycling capacity exists. The bottleneck rather lies with a
lack of local recovery of waste plastics. Importing is a feasible option bul does lead to
slightly higher costs. Most importantly it can be conciuded from the technology scenario
that enhancing the substitutability between primary and secondary resin can lead to sig-
nificant cost savings. This shonld primarily be achieved through the improvement of the
quality of secondary resin. '

Environmental integration scenario

The government of China and the industry, are increasingly paying attention to environ-
mental issues. Therefore it is important to evaluate the effect on the plastic cycle if the
perspective of the deciston maker is changed from a purely financial planner to a per-
spective where environmental impacts are incorporated. The optimal configuration is
tikely to change.
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In this scenario we distinguish two types of total costs. Financial costs which consists of
the traditional components, and the economic costs which are the sum of financial and
environmental costs, In the base scenario we optimise on the basis of the financial costs
and écparate]y caleulate the environmental costs. In the environmental integration sce-
nario we optimise the economic costs, thus explicitly incorporating environmental costs
in the decision process.

It should be realised that the values of environmental costs should be considered as very
rough estimates. As mentioned, standard values were used from other studies. Moreover,
certain categeries such as ecotoxicity and groundwater leakage are not included because
of lack of reliable data, Therefore, the estimate given in this paper should be considered

a lower boundary for the real environmental damage.

Table 3.4 depicts the cost difference between the base and the envirenmental scenario.
Various observations can be made, First, the environmental costs do not weigh heavily
on the economic costs in the base scenario, accounting for less than 7 percent. Thus al-
though not being completely neutral, it is not recognised as a very dominant faetor. Sec-
ond, as soon as environmental costs are taken into account, the environmenta)l costs to
society reduce by 74 percent, leading to an economic cost decline of 6 percent. This
welfare improvement requires & limited financial sacrifice: financial costs increase by 1
percent. These enhanced costs mainly results from larger imports of mainiy primary
resin, Producing abroad is more expensive, but also cleancr. Typically also domestic
transport which creates substantial pollution is less in the environmental scenario.

Another relevant observation frem the environmental integration scenario is the fact that
the recycling industry retums to a situation of maximised utilisation of its capacity. In-
stead of increasing the import of foreign waste plastics, most of the increased recycling
activity is supplied by the domestic market. From this shift is can be concluded that the
production of secondary resin particularly based on domestic waste plastics is environ-
meiitally less intensive than primary resin production processes. Recycling has become
more economically profitable — note that this does not count in the financial sense — now
that environmental avoided burdens are taken inte account in the planning process, En-
vironimental burdens are mainly avoided in the waste and the primary production stages.

Table 5.4  Costs for base and environmental intesvation scenario (biflion Yuan}

base scenario environmental scenario change
production cost 13.2 14.7 -10%
transport cost 1.6 ) . ~13%
import cosl 332 41.8 + 7%
environmental cost 3% 1.0 - T by
by product revenue -33 -3.5 - 7%
rotal finanelal sost 352 356 + 2%
total econantic cost 594 : 356 - %
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Trade regime scenario

As mentioned in Chapter 3, the imports of waste plastics are a major in China. In the last
few years various trade policies were installed wilth regard to the import of this com-
modity. To simulate the impacts of these policics, a trade regime scenario is presented
in which a comparison i5 made between & situation in which waste plastics are freely
traded and a situation in which a total ban on the imperts of waste plastics is enforced.
Table 5.3 swnmarises the main results of this scenario.

Clearty, refraining from import constraints gives the most cost effective regime. The fi-
nancial cost increase by approximately 26 percent if'a ban on waste plastics is installed.
The cause of this increase is obvious. The domestic recycling industry is now suffering
from a severe lack of inputs. Since the domestic plastics recovers are unable to fill this
gap, due to low financial margins and limited capacity, the demand for finaf plastic
products have to be imported. Because importing final products is more expensive than
waste plastics, costs of imports increase by 37 percent.

The Chinese government introduced the ban on waste plastics primarily for environ-
mental reasons. 1t is therefore important to evaluate the environmental costs of the trade
regime scenario. As opposed to the intention of the Chinese government, Table 5.5
shows how environmental costs increase due to the ban (16 percent}. This is the result of
the slight increase in domestic production in the primary sector as well as the decreased
activity in the recycling sector.

We also made a comparison between the plastic cycle with and without free trade of”
waste plastics, optimised for economic costs thus taking into account envitonmental
costs. Similar to the former environmental scenario, domestic activities are reduced and
imports of primary commodities are increased. Under these environmental conditions
the negative effect of the import ban on the environment are magnificd. Environimental
costs increase by 34 percent.

Despite this quantitative indication that free trade has its environmental and econemic
metits, reality sometimes proves diffecent. The mode) did not take into account the inci-
dents were imports of waste plastics occurred which were so contaminated that recycling
was practically impossible. Formally, these related envirenmental costs of landfilling or
incinerating should be aceounted for. Also, it should be noted that free trade of secon-
dary materials can only be beneficial to the environment if monitering systems are suffi-
ciently in place. The costs of customns control were also ignored in this model.

Tuble 5.5  Costs under free and restricted trade regimes (in billion Yuan)

base scenario waste plastic import ban Change
production cost 18.2 i8.3 +1%
transport cost 1.9 1.6 -14 %
import cost 182 332 +37 %
envirommental cost 3.9 4.5 + 16 %
by-product revenue -33 -3.3 0%
fotal fincneial cost 552 G593 + 25 %
total economic cost Je.0 718 + 27 %
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import price scenario

In the import price scenario, the sensitivity of the plastic cycle is tested for citanges in
the import price of waste plastics. Simulations are conducted of respectiveiy a price in-
crease and decrease of 30 percent. Although this modification is unusually high for sen-
sitivity tests on primary materials, fluctvations of this magnitude are rather common in
the international secondary market.

The results arz presented in Table 5.6. A price increasc of foreign waste piastics hardly
has any effect on the plastic cycle. For example, only an increase of 2 percent is ob-
served in financial costs. This increase i3 primarily caused by an increase in the import
of finel goods, sugpesting that at this price level it is cheaper to import products rather
than to import waste plastics to generate products through the domestic recycling sector.
This conclusion is supported by the lower domestic sccondary resin production.

A reduction in the import price of waste plastic gencrates much explicit changes in the
material flows of the plastic cycle. The import of waste plastics increases by 23 percent
while the use of domestic waste drops by 30 percent. This suggests that the local recov-
ary sector is sensitive to intermational market prices for waste plastic. If these prices fall,
the domestic recyeling Industry is likely to substitute domestic waste for imported waste.
This crowding-out effect, advocated by critics of trade in waste plastic, thus poses a real
threat which policy makers must address when policy prescriptions are formulated, On
the other hand, less domestic and imporied resin is used for the production of final
goods, decreasing both the financial and environmental costs. Therefore overall, the in-
creased import of waste plastics is beneficial to society.'”

Table 5.6 The sensifivity 1o import price changes _for waste plastics

base nits price increase of  price decrease of
scenario foreign waste plas-  foreign waste plas-
tics of 50 % tics of 30 %

“domestic primary resin 3.2 million onnes + 0.0 % -0.3 %
imported primary resin 1.6 millign tonnes -0.1% -1.0%
domestic secondary resin L4 million tonnes 0.2 % + 0.0 Y
imported waste plastics .8 million wanes -03% + 231 %
domestic waste plastics 0.6 million tonnes +0.0 % -29.8 %
domestic firal goods 6.1 million tonnes 01 % : - 04 %
imnported fined goods 2.1 milhon tonnes +i1 % 11 %
financial costs 581 biflion Yuan +22% ' -24%
envirommental costs 0.9  bitlion Yuon + 0.0 % -0.1 %

1% A word of caution must be mentioned here. Our analysis does not take into account of the so-
cial costs which acerpe to the economy when unemployment 203 up in the recovery sector,
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Recycling capacity scenario

An important feature of the previcus scenario Is that the recycling industry is always op-
erating at full capacity. To investigate the refative tmportance of this factor, we run a
scenario in which the production capacity of the recyeling industry is increased by 20%
while the imported waste plastic price remains constant. In the fourth column of Table
5.7 the main results are presented. The import of primary resin and even more of final
goods reduce significantly. As the supply of secondary resin is no longer a limiting fac-
tor, the plastic sector is able to produce a larger quantily of final goods domestically.
The drop tn total financial costs stems directly from the lower import cost of final goods
vix a vis the import cost of waste plastics. The environmental cost goes up slightly as
there is a relatively higher domestic activity level.

These savings in costs are even higher if the import price of waste plastics s half of the
current level as clearly shown in the last column. What also prevails from this scenario
is the rejection of the crowding-out effect hypothesis. The results clearly illustrate that a
drop in price of imported waste plastics does not necessarily have an effect en the use of
demestic waste - the quantity of imported waste goes up but not at the expense of do-
mestic waste, Thus domestic capacity is more important to focus on than on the price.

Table 5.7 Results of the Sensitivity Analysis

base units capacity increase of  capacity increase of
scenatio 2{ %, no import price 20 %, impor price
change decrease of 50 %
domestic primary resin 3.2 millicn tonnes + 0.7 % +0.4 %
imported primary resin 1.6  millicn tonnes -3.6% -4.7 %
domestic secondary resin 1.4 million tonnes +185% + 18.5%

. imported waste plastics 0.8 million tonnes +34:6 % +52.9%
domestic waste plastics 4.6 million onnes +0.6% 4+ 0.0 %
domnestic final goods 6.1 million tonees +37% 4 3.5 %
imported final gooads 21 million tornes -11.0 % -10.2 %
financial costs 3& 1 bidlion Yuan i3 -84 %
envirommemol cosis 1.9  hillion Yuan + .4 ¥ + 0.6 %

5.3 Main lessons

The pritnary objective of the model presented is to shed light on the present status of the
plastic cycle, The model focuses on both [inancial and environmental aspects. Despite
this broad focus, certain Limitations should also be highlighted. First, the model presents
a static situation. Although specific effects such as technological change, Increasing
ntices and varying capacities can be simulated, this model is not well equipped for such
dynamic analysis. Second, environment is included in a rather standardised manner. Av-
erage environmental values have been adapted from other studies. In reality, external
conditions may be very different in specific locations in China refevant for the plastic
cycle, Moreover, certain values have been €xcluded due to tack of information. Third,
institutional aspects such as an enforcement system for the monitering of imports of
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waste plastics have not been considered. [l may well be that the true costs to society of
reeyeling toreign waste plastics, including possible dumping of hazardous waste, is
higher than currently represented in the moedel. The model may thus be overestimating
the advantages of importing this commodity.

Despite these caveats of the model, we are still able to draw some general lessons from
the modeling exercise. The throe main ways in which the plastics cycle in China can
move to better performance are:

First, increase the capacity of the waste plastics recycling industry: the total financial
and economic costs of the plastic cyele in China can be reduced by increasing the ca-
pacity of the domestic recyeling industry. Most of the simulated scenarios highlight the
limited existing capacity of the recycling industry. This shortage forces the final goods
manufacturing seclor to use a higher proportion of primary resin it their final goods than
what is economically and technically desirable. Since the second best option — the pro-
duction with domestic primary resin — is also consirained by a lack of industrizl capac-
ily, the plastic cyele has to resort to the third best option of foreign dependency. This has
been one of the reasons for the large import of primary resin.

Second, repain the performance of the waste plastics recovery sector. The additional re-
cycling capacity should preferably be met by domestic waste plastics. Not only are
transport activilies avoided but the waste burden created by post-consumer plaslics is re-
duced as well. This requires additional attention for the recovery sector of plastics. The
presently plummeting recovery rate should be reversed as soon as possible. This may re-
quire special policies by the Chinese government. '

Finally, we do not expect the recovery system to be cnhanced on the short term. There-
fore, imports of waste plastics should be allowsed to meet the gap between demand and
supply of waste plastics in China. This will not have a negative effect on the balance of
payment, as the increase in imports of waste plasties will mainly replace relatively ex-
pensive imported final goods.

How these recommendations fit in the qualitative assessment made in the earlier sec-
tions of this repott, is presented in the following Chapter.
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6. Summary and recommendations
Li Yongfiang and Pleter van Beukering

In the coming years and into the 21st century, plastics will gain importance in Chinese
national life. Developments in the pillar industries, such clectronics, automaobile manu-
facturing and construction, will mean growing demands of the synthetic resin and plas-
tics industry. Moreover, houscholds will expand their demand for plastics, both in terms
of quantity and quality. The coming decade will be a crucial period for the plastic in-
dustry in meeting this chalienge. Al the same (me, the rapidly increasing waste burden
of plastics will have io be minimised. This will require intense efforts on the part of both
the formal waste management and informal recovery sectors. The actual utilisation of
the plastics recycling tndustry will be of crucial importance in this process. It may re-
duce the burden of solid waste by creating 8 market for recovered materials while si-
mullancousty narrowing the gap between the demand and supply of plastic resources.

Int this research project, the role of the plastic recycling industry in creating a more sus-
tainable plastic cyele in China, is analysed. This question is addressed in both a qualita-
tive and a quantitative manner. The qualitative study combines an efaborate field survey
combined with an extensive litcrature inventory. The quantitative is addressed through'a
static sectoral model dimension of the plastic cycle. MNeither of thesc approaches provide
all encompassing answers. The guantifative approach tends to ignore possibly important
details in the plastics sector while in the qualitative approach it is difficull to maintain.
the overall picture, Therefore, this Chapter aims to combine the findings of these two
approaches.

To recapitulate the current situation, we first summarise the main trends and i1s3ues in
the plastics cycle in China:

« Final demand for plastics is growing rapidly;

« The domestic prsmary plasties industry is unable to meet this demand, as a resull of
which China is highly dependent on imports of plastics:

= Waste management is incapable of dealing effectively with plastics waste;

« Less waste plastics are *formally’ recovered because government involvement is less;

= The recycling rate of plastics is declining mainly because recyclers suffer from lack
of supply of wasie plasiics;

« In China, two types of recyclers can be distinguished: the ones using domestic waste
plastics and the ones using imported waste plastics;

« These domestic and importing recyclers develop differently. Labour productivity of
the importing reeycler is higher due to better quality inputs, scale of operation as well
as the higher capital intensity of production;

Taking this inventory as a starting point, three main recommendations will form the
centre of further debate.
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6.1 Expand the capacity of the ﬁ!astics recycling industry

The secondary plastics industry has yet to make a significant contribution towards
meeting the needs of China’s economic development. In principle, the potential exists to
do so. Both financial and environmental costs of 3 wel! balanced primary and secondary
production system in China are favourable compared to a scenario in which the focus is
solely on primary production. Obviously, relying on imports of primary resin and final
products is environmentally preferable for the Chinese society but the associated finan-
clal costs amply cutweigh a more domestic scenario. Therefore, the currently declining
recycling rates of waste plastics {s undesirable. The swdy clearly indicated that expan-
sion of the capacity of the plastics recycling industry in China is required.

The question remains how this expansion can be achieved. In previous years, direct gov-
emment mvelvement was necessary to maintain a high level of recycling. It is clear that
a similar approach is not realistic in a society which is gradually moving away from di-
rect government intervention, The role of the government should have a much more in-
direct nature by removing obstacles for the industry, An obvicus indirect intervention
would be to apply economic measures to improve the operation of the sector. Yet, it is
rather doubtful whether such measures would be cffective because at present most recy-
clers avoid paying taxes so that tax and other incentives are an ineffective and/or expen-
sive tool.

Alternatively, the government could operate as a facilitator. For example, the survey re-
vealed that technological improvements are rather slow in this industry. Additional re-
search and development {R&D) could alleviate these constraints. In this context, the
following issues should be considered. '

First, R&D should focus on recycling technologies. Experts predict that the most im-
portant technological progress in plastics recycling will not oceur in mechanical recy-
cling but in the pre-treatment stage, tmore specifically the sorting of waste plastics. The
major determinant of the quality of recycled plastic products is the quality of the input.
Pre-treatment of waste plastics includes several processes such as volume reduction,
separation, crashing, washing, and drying. All of these processes have a direct bearing
on the quality and cost of secondary products. For example, the market price of clear
PET regranulate is five times higher than baled, coloured PET. Moreover, the cost will
drop stgnificantly if the volume of waste plastics collected for recovery can be reduced
on the spot, through serting, cleaning and separation.

Atthe same time, R&D should concentrate on other forms of recycling technologies
which are refatively new and thus stil] have a large improvemems to be realised. The ex-
pertence in industrialised countries indicates a maximum rate of mechanical recyeling of
20 percent of total waste plastics (IPTS 1997).'° Beyond this level, other types of recy-
cling become feasible, for example, chemical regeneration with single and mixed waste
plastics as raw material. Products [rom this process include chermical raw matertal and

““ Estimates show that even if al] economic lmitations were 1o be removed, it s untikely that

mechanical reeyeling would provide a sensible economic and environmental selution for more
than about 20 percent of plastic waste {TPTS 1997), 115 claimed that feedstock recycling will
provide a route for increased recovery of plastic waste in the fiture (Curlee and Das 1996).
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fuel. The advantage of fue] outputs is that it effcctively diverts the low quality material
flows from the economy. This technology is especially useful for household residues
where waste plastics are supplied in a mixed form. Successful developments have oc-
curred in the technology of gasfication of mixed waste plastics and depolymerisation of
PET and PP in recent years. Although the economic (easibility of chemical recycling is
still very limited, this technoiogy may become s useful management option in future.

Second, R&D could also focus on the charactenistics of the end-products of the recyeling
industry in various ways. On the one hand, the currently Timited market of secondary
plastic applications could be expanded. For example, existing products could be de-
signed such that they would be more suitable to contain a higher content of secondary
resin. Also, new products could be designed which are specificaliy fit as a secondary in-
puts. The adoption of these products in the markets can be supported by the government
through government procurement policies of recycled piastic products. On the other
hand, R&D could also focus on the pre-production stage. A more thought-out product
design may increasc the recyclability of the good after its consumption. This can for ex-
ample be achieved by avoiding the application of different types of plastics in one prod-
vet, as well as by improvement products.

Often, the argument is heard that promoting the recycling indusiry would be at the ex-
pense of the primary scgment of the industry. The study showed, however, thal given the
large increase in demand for plastics in China and the relative segregation of the pri-
mary and the secondary plastics market, it is unlikely that the primary industry wil e}i-_
perience any significant effects trom increased recyeling. '

6.2 Revitalise the waste plastics recovery sector

With the growth of plastics consumption, the burden of waste plastic is rapidly increas-
ing. Since embarking on policy reform and a movement lowards a market economy, the
volume of waste plastics collected by the formal recovery sector in China has decreased.
This has been due to high operating costs and the low potential for generating profit. Tt is
doubtiul whether efforts should be intensified towards rebuilding the formal sector. Per-
haps from an envirenmental perspective, it would be defensible. However, the cost-
effectiveness of other environmental invesiment in the plastic cycle could be higher.
Thus frem an economic perspective, policies to promote the formal sector seem tenucus.

During the same period the volume of waste plastics collected by the informal sector has
increased rapidly, accounting for 90 percent of the total collected in 1994, Their operat-
ing costs, both for collecting and recycling, are much lower than those of the formal
sector. Thus, for most individuals it is stil] a profitable business. However, a serious
threat to individual operators is the impiementation of large scale waste collection sys-
teris which do not allow for separate recovery of the recyclable waste components.
Sinee these entrepreneurs reduce the waste volume frec of cost to society, policies
should also recognise and promote the performance of this sector. Unquestionably, they
should be included in the preparation and execution of integrated waste manapement
plans.
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Yet, the responsibihity for waste will not lic solely with the waste management sector,
Inereasingly industries will be held responsible for their impacts. A convincing example
of extended responsibility in the plastics cyele in China is demonstrated in Beijing
where the producers of the foam food packaging are financing a recovery system. This
example proves that primary industries also benefit from a well organised recovery sec-
tor. This interdependency of primary and secondary production illustrates the impot-
tance of considering the plastic eycle as an integral system, consisting of various actors
and processes which compete and complement each other.

Despite the existence ol these potential solutions, certain problems with recovery of
waste plastics remain. Obviously, it is nor economically nor environmental]y feasible to
recover all waste plastics for purposes of mecharnical recyeling. Morcover, plastics can
only be mechanically recycled a limited number of times. As recycling takes many dif-
ferent formes with varying environmental irmpacts and since the variety of waste plastics
in China i3 large, it would be optimal to design a specific form of recycling for specific
types of waste. For example, it could be assumed that the principal form of processing of
industrial waste plastics, such as cut-offs, is mechanical recycling. Similarly, feedstock
recyeling mainly focuses on agricultural film, and energy recovery could be appiied
mainly to household waste such as contaminated food packaging. Such o recycling hier-
archy becomes ever more appropriate with the diversification of technologies and recov-
ery systems.

Anather problem in the recovery system is the difficolty in supplying a constant and
large flow of high-quality waste plastics, required by the domestic recyeling industry.
Seasonal fluctnation, caused by for example festivities, yield schedules and climatic
conditions, form a major problem for the domestie recyciers. Therefore, solutions should
not necessarily be only sought for in the borders of China. Supplementary purchases of
waste plastics from abroad should remain a possibility for the recycling sector.,

6.3 Allow monitared imports of waste plastics

As mentioned earlier, plastic production in China has been unable to meet the needs of
the domestic market. Besides boosting imports of plastic products, it has also raised im-
ports of raw materials, such as monomer, polymers and waste plastics. Based on this
trend, severa) conclusions on trade can be drawn. it is expected that this trend will con-
tinue over the next few years. From the vear 2000 onwards, with the establishment of
several ethylene projeets, imports of plastie raw materials are expected to sfow down. In
the process of substituting domestic for imperted materials it will be important for Chi-
nese praduction to meet international levels of efficiency to avoid protective rade meas-
ures.

More and more, the factor endowments are dictating the trade patterns of China. As
manufacturing of plastic products is generally labour intensive, which can certainly be
considered an comparative advantage for China, plastic products have become a major
export item for China. This export volume is expected to increase further. Tn a similar
tashion, the imports of waste plastics could be explainad.
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China is among the largest importers of waste plasties in the world. An obvious expla-
nation for this phenomenon is that due to the low wages in combination with the rela-
tively low import costs, it is a attractive economic activity to conduct. This trend is sup-
ported by the general booming demand for plastics in China. Siill, due to various inct-
dents, the Chinese governiment mainly sees the threat of imports of waste plastics. Poli-
cies were taken accordingly. Especially with the cyc on Jong term investments, it is im-
portant for the recyclers in China wo know whether the international market will remain a
reliable source of raw materials. Although the intemational market ol wasie plastics is
expected to grow further, the Chinese government rernains quite critical in this re:spect”'.
The best appreach would be to further improve the monitoring system of imports of
waste plastics to guarantee sufficient supply for the domestic recyclers, while simultane-
ously protecting China from unwanted imports. Obviously, as recogmsed in the Basel
Convention, a major responsibility also lies with the cxporting country. The costs ol
monitoring and enforcement has to be analysed further to show the real trade-off be-
tween more imports of secondary plastics versus allemnalive scenarios.

11t addition to the availability on the intemational market, the effects of imports of waste
plastic on the plastic cyele in China were addressed in more detail in the project. We
looked at the risks that imported secondary materials may be substituted for domestic
secondary materials, in which case, (he domestic reeovery sector will suffer frem in-
creased imports and increased amounts of MSW will be generated. The modeiling exet-
cise demonstrated that under current circumsiances, this crowding-out effect does not
take place. In fact it was found that imports actually upgrade the quality of the inputs of
the recycling industry and therehy improve the marketability of secondary products.
Thus, the recovery sector was not damapged by increased imports of waste plastics.

6.4 General recommendations

Several more general conclusions can be drawn. First, the interdependency of various
stages in the cycle do require a more integrated perspective op the plastic cycle. Future
measures for a cost-effective management and optimal use of the resource "plastics”
should consider the total armassment of plastics (flows, stocks and final sinks). A mere
sectoral approach, e. g. to singular fractions of plastics, may lead to solutions that are
costly and scarcely efficient regarding the total Nows and stocks of plastics. In line with
this conclusion, we {eel that the integrative approach is also valid for the disciplinary
perspective of researchers and policy makers. Considering enly financial aspects, sepa-
rate from environmental, social and institutional dimensions, decreases its comprehen-
siveness and applicability.

7 “with businesses in the packaging chain to be faced with a statutory obligations to achieve
quantified recovery and recyeling of packaping wastes, forward-thinking companies will be
considering moving forward incorporating recycled plastics in their products particuiarly
where cost savings can be achieved. The level of plastic recyeling looks set to increase over
the next few yeurs - indeed, an appraximate 2 to 3-fold increase in materials recycling of
plastics packaging wastes wilt be necessary to mect the targets of the Producer Responsibility
Regulations which refleel the requirements of the EC Packaging and Packaging Waste Direc-
tive. This leve! of increase will pose a major challenge (o the industry.” (Ogilvie 1996).
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Appendix . Plastic as a consumed commodity
Figure L1 demonstrates how the demand for plastics have exponentially increased after
the Second World War.
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Figure 11 Global demand for plastics from 1945 till 1995
source: Urimaud et af., 1970 Vergara 1988, ECOTEC f99%

Figure 1.2 illustrates how the relationship between plastics demand and income has
changed over the ycars in Europe and the United States. To measure this relationship, a
linear repression analysis was performed for two periods. In 1967 an increase in income
of US% 1,000 was accompanicd by an increase in consumption of 7 kilograms. In 1994 g
similar income growth results in an increase of 2.1 kilograms. Apparently, especially in
the early stages of development of a country, the demand for plastic products increases
rapidly.

Not only the level of the consumption for plastics is imporiant to understand possible
future developments in developing countries. Also the composition of the demand is
relevant. In evaluating the composition of the plastics demand presented in Table L1 for
respectively the United States, Western Europe and China, it is found that differences
exist between industrialised and developing countrics. For example, thermosets plastics
(the last category row ‘others™), with & share of respectively 17 %, 18 % and 8% make
out onby a limited fraction of the plastics demand. Especially in the context of recycling
thig is an important finding since thermosets are not mechanically recyclable.
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Plastie Consumptan {In kg per cagite)
Plastlc Consumplon (n kg par capita)

o

q 100G 2000 0o 4000 1 19600 2000 0000 4000
GNP per Caplta [In 1987 5E5) GHMP per Capita {in 1964 LSt)
Cp = 0007 GNP + 7 478T Cp = 00021 GNP + 23,011
B2 = 07030 FT=atag

Courtry codas: 1, Greece; 2, Flugad, 3. Spain; 4. reland; 5. United Kingdom &, Finland; 7, ¥ely; &, Netheriands; 9, Baiglumie.;
t0, France; 11, Sweden; 12 Ausiri; 13 Germany; id. Lnged States; 15, Morw ay; 16, Denmarks 17, Japan; 16. Switrerland.

Figure L2 Relationship befween per capita income and plastics consumption over time
Sonrce: Compiled from Grimaud ef al. 1970; APME 1996

A clear difference exists between the configuration of the recyclable plastics in the in-
dustrialised countries and China. The polyethylene categories LDPE, LLDPE and HDPE
dominate the market in the US and Europe. Typically, PVC and PP are very prominent
in China. In all countries the share of PET is still relatively small. In terms of growth
rate however, PET maintains a top position with an expected annual growth in Westemn
Europe of 12.6 % while the average growth rate is only 3.5 % (CSI 1989).

Table 1] Composition of plastics demand in different regions

Types of plastics United States Western Eurgpe China
(1995 AR EY {1996
LDPE/LILDPE 21 21 13
HDPE 17 - 13 16
PP ' 5] 13 23
PVC té 21 32
rs 1 10 4]
PET 3 4 2
other 17 18 5

source: Curlee and Das 1996; APME 1895 National Federation of Light Industry 1997,
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Appendix Il. Plastic as a fraded commodity

This assessment on international trade of primary and secondary plastics is based on the
UNCTAD database TRAINS (1996). This database is compiled of statisties over the pe-
riod 1991-25 and does not yet provide sufficient data to analyse long term developments.
Also, the data base de not yet include trade figures from all countries. Morepver it
should be realised that the data are rather uneeliable. Often data from the importing
country do not match data from the exporting nation. Still, as the most important coun-
trics do report trade statistics, the majority of the trade flows can be considerad to be
capturad. In the two most important internationsal rade classifications, the Harmonised
Commaodity Description and Coding System (HS) and the Standard International Trade
Classification (S1TC), waste of plastics is normally ctassified as depicted in Table 11.1.

Table IL! Waste plastics classification

Code classification

HE 3951EITC Rev.3 STX10 | Waste of polymoers of ethylene (LDPE, LLDPE, HDPE), &
propylene (PP and their copolymers (L&, olefin polymers).
HS 391520¢51TC Rev.3 57920 | Waste of polymers of styrene (P3)

HS 321530/31TC Rev.3 57930 | Waste of polymers of vinyl chloride (PV)

HS 39159/SITC Rev.3 57990 | Waste of other plastics

- gorce: UNCTAD J098

The total plastics trade in 1993 amounted to US$.58 billion. Approximately, 99% of the
Lotal was trade in non scrap plastics (including plastics resin and products), and half a
billion US} consisted of waste plastics. In quantity this is equal to almost 1.5 million
tons. In 15994 the ameunt of traded scrap plastics increased to 2.7 million tons with a
value of USE 775 million.

5,000,000

1,003,000

2,500,000
o
& 2,000,050
3 O VE & PP
£ WP
q_.. 1,500,000 +
£ | m
= |
}ﬂ o other plastics
§
.o

300,000

1990 1851 1092 Hag3 1934

Figure IL1 Developments of international trade of waste plastics
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Aninteresting observation from Figure 1L 1 is the category “other waste plastics™ (HS
391590). This category dominates the trade throughout the nincties. Most probably this
catcpory consist of materials such as PET and ABS, as well as waste plastics which can
not be clearly identified by the customs. The size of the category proves how difficult
the classification of waste plastics is. A strong need exists for clear standards to distin-
guish waste plastics by type and quality.

It is also important to look at the variation in price on the global market of waste plas-
tics. Based on the markets of China and Hong Kongm, it was found that PE, P§, PVC
and other plastics respectively cost LiSH 248, USSE 301, US$ 349 and USS$ 294 in 1994,

As can be seen in Table 11.2, the import of waste plastics is concentrated in only a few
countries. The first 10 countries take a accaunt for 98% of the total volume. Heng Kong
has a very dominant position in the trade by importing more than 50% of the traded
waste plasties. [t is not unlikely that a significant share of the waste plastics imported in
Hong Kong are actually recycled in mainland China. From the survey among recyclers
in Hong Kong's neighbouring province Guangdong (see Chapter 5), it appeared that
quite often unregistered quantities from Hong Kong were pmcessad In reality, China
will probably ranks second.

Table 112 Mafn importers of waste plastics in 1994

H5 391510 HS 391520 HS 391530 HS 391580 total
(PE&PP)  {P5) (PVC)  (other plastics)
Total Walue 136,692 132,106 59,423 447 283 775,514
{in 1,000 LISE)
Total Quantity 351,177 438,300 170,268 [,521,405 2,681,739
{in tonnes)
Rank irnpant tnarket share measured in value terms weighed share
{in%) {in %)
i Hong Kong 69,9 74,8 45.9 455 54 G
2 115, America T 2.0 3z 275 17.4
3 China §l.4 205 26.9 28 13.2
4 Eurapean Union 3T 1.0 4.2 6.3 4.8
5 Catada 4.3 0.9 2.0 4.5 4.3
6 India 1.6 0l 0.2 1.8 1.4
7 Korea Republic 0.0 0.1 0.2 1.0 0.6
B Malaysia 0.2 {1 2.7 L] 0.6
9 Stngapore 1.4 XL 0.0 07 0.6
10 Mexico 0.9 0.0 1.3 0.3 .5

source: UNCTAD: Trains Data Base 5%

" The United States report their imports in value (erms only without mentioning quantities.
Therefore no prices can be derived from this major importer.
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If the above table is divided between developing and industriatised countries, a very
typical pattem appears. Approximaiely three quarter of the total volume is frade to de-
veloping counteies. For inteenational trade in non-waste related plastics such as primary
restns and plastic articles, the import share of developing countries n 1994 was only
3a%.

The Trains data base does not provide a full picture of the exporters of waste plastics.
Only 67.7% of the total trade could be derived. Despite this handicap it was possible to
conclude that the export of waste plastics is dominated by industrialised countries which
take account of 80% of the supply. The United States and Japan are by far the largest
suppliers of waste plastics {see Table 11.3).

Table /13 The main exporiers of waste plastics (1994}

Total trade Recorded Export Share in Recorded Exports
(in US$ 1,000} ' (3n %)
1 LLS. America 233,983 443
2 Japan 121,072 23.2
3 Cermany - 30753 1.2
4 Baudi Arabia 26,870 5.1
5 Canada 23,617 4.5
6 Mexico 19,770 38
T China . 19,770 38
B Metherlands 12,332 2.4
9 China Tajwan 8773 1.7
10 Korea Republic 5,248 - 1.0
Covered in this list 325,328 67.7

source: UWCTAD, Trains Dafe Base 1996

if the exporters are studied in detail (see Table 11.4) it can be seen that especially the
emerging economies increase the export of waste plastics, The slower growers, such as
the United States, already have a rather strong pesition in the market.

Table [1.4  Growth vate of Exporters on the World Market' for Waste Plastics (1994)

Top 3 “growers” growth rate {in %) |Bottom 3 “growers” growth rate (in %)
i Saudi Arabia 225 Sweden 20
2 |Singapore 133 Denmark 20
3 |Mexico 136 Philippines e
4  |Korea Republic o7 China b
5 |Gerrmnany 87 LS, America 8

' the Hong Kong market is used as a proxy of the world market
Source: UNCTAD, Trains Darg Base 1997



80

VM / CAITEC / PRCEE

By locking at the average price level of cerfain exporters it is possible to get a better idea
of the qualities traded. The second part of Table 1.5 shows which countries supply the
most expenstve wasts plastics and thereby may be considered te trade high quality plas-
tics, and vice versa. Typically, the cheap plastics mainly come from countries which
tend to promote the recovery of waste plastics, such as Germany, the Netherlands and

Demmark.

Table L5 Quality of Exported Waste Plastics on the World Market' (1994)

Top 5 “quality™ average price {in USEH)

Bottom 5 “quality”

average price (in LJS3)

L b b bpo—

Brazil
Thailand
Mexico
Ttaly
Austria

E20
570
530
520
490

Switzerfand
Germany
Frunce
Metherlands
Denmark

285
275
245
243
203

' the Hong Kong market is used 25 a proxy of the world market

Spurce: LTNCTAD, Trains 1996
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Appendix Ill. The plastics cycle in China

In this Appendix, a background will be provided of the general technical aspects of
plastics. In most countries, the plastic cycle involve several sectors (see Figure TIL1). To
get a better understanding of the standard plastic cycle, processes in the plastic cycle and
envirenmental burdens caused by each process will be described in this Appendix. To
avoid a too elaburate overview, the stage of oil drilling is skipped. In some cases explicit
mention will be made of the situation in China. For a more claborate overview of the
conditions in China, one should study Chapter 3.

ANGMEr synthetic resin plastic products Pplastic wastz

| — T

: : . .
. l plastic . plastic . ‘E"'-l'aste
-l processing |——fm| consumption - -_~>< disposal

L

T | P —

recovery & J
: recycling  pf—-o

secondary resin recyclabls waste
' plastios

—
oil drilling & - | polymerisation
cracking ._'}.& compounding

Figure 111 Simplified flow dicgram of the plastic cycle

From oil to monomer

Because the main purpese of the report is to compare recycled or secondary plastics
resin with primary resin the term “primary resin industry” is used instead of the common
terminology the “petrochemical industry”. The primary resin industry is assumed to en-
compass various steps, which are generally performed in one lecation. Figure [11.2 de-
picts these various steps in the production process which is roughly divided into thermal
cracking and polymerisation.

Almost all organic petrochemicals are made by joining small molecules with just a few

carbon atoms in their skeleton, into much larger and more complex structures. The most
cammaoi process to do this is thenmal cracking. The main output, the fower olefins con-

sist of ethylene, propylene and C4 clefins. These monomers arc important organic based
chemicals.
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The feedstock chosen for their production will depend on local availabitity and price,
with producers optimising on the basis of allemative feedstock values, the technical
flexibility of the thermal cracker and the market values of the products. The producer
has (within certain limits) the ability to change operating variables in order to vary the
production of co-products compared to ethylene. Based on various sources, the average
distribution of olefins is estimated as follows: ethylenc (4095}, propylene (15%), butadi-
ene (25%) and aromatics {20%). In this study, butadiene can be considered a by-product
which is marketable as a raw material for the production of synthetic rubber.

The monomers have the lollowing characteristies:

Ethplene - (or ethene) is 2 monomer which is a gas {although usually pressure ligui-
dated), a base bulk chemical with a wide variety of applications. Ethylene 1s used as a
base chemical in the production of a variety of plastics, such as PE, PVC and PS. Be-
cause it is a specification chemical, it is readily interchangeable with ethylene (rom
other manufacturers who also meet the specifications. Ethylene can be traded on the
world market, however transport is expensive and usually the ethylene is processed near
its production point.

Propylene - can be oblained as a by-product of gasoline manufacture (catalytic erack-
ing), while butylenes are similarly produced in large quantities by normai refinery op-
erations. Steam cracking alse produces significant quantities of propylene and crude
BBB (butylenes/butadiene/butanes) as by-products. Butylenes are mainly used as feed-
stock for atkylation units, but their chernical uses are growing steadily.

Aromatics - are second only in importance to the lower olefins as a source of organic
chemicals. The principal aromatics - benzene, toluene and xylenes (BTX) are liquid hy-
drocarbons, They have a closed-ring molecular strueture, and yield a different series of
derivatives, as wel! as combining with the olefins to produce derivaiives such as styrene
{ethylene and benzene). Production capacity of benzene and p-xylene are 8(13.3kt/a and
1060kt/a, respectively.

In China the majority of the petrochemical plants are fuelled with domestically produced
naphtha. There is an aggregation of the plants producing the ditferent resins due to the
inevitable simultaneous production of certain base chemicals during thermal cracking.
Also there is an aggregation for the plants that perform the different steps in the produc-
tion process. This way, expensive transport of the often extremely toxic intermediates is
reduced to a minimum. The total production capacity of ethylene and propylene in 1996
in China were 4,000,000 tonnes per annum and 2,000,000 tonnes per annum, respec-
tively. Comprising more than 50% of the total costs, fixed costs of naphtha cracking are
significant.

The selection criteria of for adoption of a particular plant size are elaborately discussed
by Vergara and Badelon {1990%. They state that: “economies of scale are unportant in
the petrochemical industry. In the case of India and China, despite efforts being taken to
revamp and rationalize the existing units, wide sectars of the industry continue to oper-
ate small-scale plants that are generally associated with higher manufacturing costs. In
both countries the long distances involved and the dispersed nature of the markets have
led to the decentralization of production capacity and adoption of smaller-scale plants,
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other factors that affect selection of scale include marketing constraints, infrastructure
available, implermentation risks and envirpnmental limitations (p.46).” The production
casty of elhylene crackers of different sizes reflecting current or expected practices are
depicted in the table below. These compare with crackers in the range of 450-600 MTY
being implemented in the US, Western Europe and the Middle Egst.

Table L1 Selected Ethyfene Confisurations

Feedstock Size Remarks
(‘000 MTY?}

Korea Naphtha 450 Established industry, large donestic markets,
strong financial position of companies fnvolved

India Ethanefpropane 300 Regional distribution is imporiant. Market dis-
persed

China Maphtha 300 Domestic feedstock supply is a coneern, market
dispetsed. Regional distribution is important.

Thailand Ethenefpropane 300 Relatively small market, new industry

Malaysia Ethane/propanc 450 Very small domestic market. Must compete in the
export market, Large feedstock supplies.

Indonesia Ethane/propans 300 New industry, Strong competition for feedstock.

Thermal cracking s an energy intensive sector. To process one tonne of naphtha, 6330
M7 of electricity is used. Generating air pollutant, water pollutant and solid wastes,
thermal cracking is also characterised by heavy environmental pollution i its processes.
Sources of air pollution are 1) effluents including CO, HC, NOx and 502 from the pro-
duetion process of thermnal cracking; 2) CO, CO2, HC, NOx, 802 and dust from fug!
combusticn to heat the pyralyzer; and 3) pyrolysis tall gases such as hydrocarbon and
S02Z . Water pollution include sulphide, Na and COD is 0.00004kg, which are generated
in cooling water and washing water in the production process.. Waste atkali liquor and
oil-containing sludge are remained as solid wastes during therma) cracking.

From monomer to palymer

Next, the monomers are polymerised to prodice polymers using addition-polymerisation
or condensation-polymerisation, depending on the products.. Polyethylens (PE) and
polypropylens (PP) can be produced straightforward by the polymerisation of cthylene
and propylene which are coming out of the thermal cracking process. To get the mone-
mers of polystyrene (PS), polyvinyl chloride (PVC) and poiyethyleneterephtalate (PETY,
other processes using aromatics and rock salt as raw materials are needed.

PE - is made by the polymerisation of ethylene and is produced as HDPE and LDPE,
The difference between these forms is the number of monomer molecules per polymer
molecule. These forms of PE are used to very different purposes and therefore not inter-
changeable. Feedstock to produce LDPE and HDPE and emissions are also different,
which are shown in the input-output table. The national production capacities of LDPE
primary resin and HDPE primary resin are 1000kt'a and 603kt/a, respectively.
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PP - is polymerised from propylenc. The capacity of PP primary resin production in
China is 1580kt/a.

PS - is produced by the polymerisation of styrene. P$ production capacity is 330kt/a.
First, benzene, an purified aromatics fraction from a by-product of themmal cracking, to-
gether with ethylene to produce ethylbenzene. The production site is most often close to
the styrene-plant. The capacity of ethylbenzene production s 200kt/a. Then styrene is
made by dehydrogenation ol ethylbenzenc. Styrene production capacity is 565kt/a,

PVC - is made by the polymerisation of vinyl chloride, a monomer which is produced by
scveral processes. The capacity of PVC production is 1438ki/a. In order to make the
precursors to PVC, chlorine is produced from rock salt using different processes, i.e.
diaphragm process, membrane process and mercury process, which are shown in the in-
put-output tables. The average emissions depend on the mix of production processes ina
country. In China, tor one kg of chloride, diaphragm process 0.9052kg, membrane proc-
ess 0.0916 and mercury process 0.0031. The capacity of diaphragm process, membrane
proces and mercury are 1561.7Kt/s, 235kt/a and 17.8kt/a, respeetively. Then vinyl chlo-
ride can be made by the addition of chlorine to ethylenc by oxychlorination process. The
data of the production of vinyl chloride aggrepates the processes'of the production of
1.2-dichloroethane, its decomposition to vinyl chioride and HCL and the oxychlorina-
tion process. The dafa do include emissions due 10 energy consumption, since gas is
used as an input, and not lectricity or "gas energy.” The production capacity of vinly
chloride is 1438kt/a. '

PET - is polymerised from two monomers, Le. ¢thyleneglycol and lerephialic acid. The
capacity of PET production is 1240kt/a. Ethyleneglycol is produced from ethylene by
axidation. The available data on ethyleneglycol is very poor. Even if the losses are not
taken into account, the specificd amopunt of ethylene would net be enough to produce the
kg of ethyleneglycol. Ethyleneglycol production capacity is 700kt/a. Terephtalic acid is
oxidised from p-xylene, a purified aromatics which is won from the aromatics faction of
thermal cracking. Data for the production of terephtalic acid is very weak, however,
there is no other source for this data. Capacity of terephtalic production is 1820kt/a.

It is difficult to analyse the environmental impact of primary resin production as it con-
tains a variety of individual process (monomer preparation, catalyst compounding,
monomer polymerisation, separation, refining, and post treatment) and each process 1s
connected with at least one other process. Moreover, both the type of synthetic resin
which is produced and the type of plant are important. However, some generalisations
can be made.

Generally speaking, the petrochemical industry is an energy intensive seclor. Both ther-
mal cracking, polymerisation and the production of basic chemicals consume high level
of energy. The fundamental structure of China's energy depends on coal (73%]), with oil
(17.5%), natural gases (2%) and hydro power (5.5%). Together with low energy effi-
ciency of the intensive energy-consumption sectors, such as petrochemical industry,
metaliurgical industry, building materials industry, it is reported that 85% of 302, 70%
of dust, 85% of CO2 and 60% of NOx emitted into the air are coming out of coal com-
bustion. This situation has caused acid rain in some cities with farge population or heavy -
industries and extensive and/or serious respiraiory diseases, as well as aggregated to the
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impact on global warming. Increasing the energy efficiency has great potential to de-
crease the emission level from petrochemical industry.

The enmssion level of polymerisation processes is high, including various pollutants,
some of which are very harmful to human health and eco-environment. Polymerisation
13 also energy intensive industry. The main environmental impacis during resin produc-
tion are air emissions and water pollution. Air pollutants include 13 CQ, CO2, NOx,
802, and dust, which are generated form heating furnace and boiler, and 2) CFC, meth-
ane, Hg, vinyl chloride, HCL and aromatics, which are coming out during production
processes or from tail gas. Treatment for these pollutants is available and designed to
different kind of pollutants. 302, NOx, HCI and aromatics can be controlled by absorp-
tion treatment. Vinyl chloride, which emits from the production of PVC, is particularly
harmful in terms of emissions as it may cause dizziness, liver and spleen damage in hu-
mans. To control this hazardous gas, several options, such as active carbon and trichlene
gbsorption, are used to reclaim vinyl chloride. Such flamable gases as organic gas and
CO can be bumed out. Precipitation techniques can be used for dust removal. By im-
proving the technologies of flare, aromatics can be reclaimed and reused in the produe-
tion process,

Waste water may contain sulphide, heavy metals such as He, benzene and organic conm-
pounds. Large scale resin manufaclurers constructed waste water treatment plants. To
ensure the treatment effectiveness, many factorics constructed primary treatment facili-
ties which near the sources of water pollution. Solid wastes from the primary plastic in-
dustry mainly contain the sludge from waste water treatment, which are incinerated or
landfilled.

As mentioned, there are still some small-sized or township petrochemical enterprises
with cut-of-date technologics. Because of old production processes, unsound manage-
ment which result in low energy and production efliciency and high level of material
consumption, these small-sized enterprises often penerate serfous environmental pollu-
tion. Few of them facilitate pollution contrel equipment. Initiatives have already been
taken to solve this problem, In 1996, heavy polluted smal-scale enterprises, including
petrochemical sector, pulp-making sector, dyeing and printing industry, cement indus-
try, ete. were closed by NEPA. However, there still lack of mechanism for legislation
implementation to stop the existence of heavy-poliuted small-sized enterprises.

From polymer to product

The next step in the production is the conversion of the polymer resins into plastic prod-
ucts. The inputs used are resin and electricity. Sometimes, addilives are used such as
colorant or softener. The outpuis, i.e. plastic products, differed in quality which depend
on the combination proportions of feedstock, t.e. primary resin, high quality secondary
and low quality secondary resin, In this project, based on genera) experiences, 1) high
quality plastic products are those produced from feedstock consisting of over 90% of
primary resin and less than [0% of high quality secondary resin, 2) medium quality
plastic products are those produced from feedstock consisting of greater than 8§0% of
primary resin and less than 20% of high quality secondary resin, and 3) low quality
plastic products are those produced from feedstock consisting of less than 30% of pri-
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mary resin and greater than 70% of low quality secondary resin. This is shown in the in-
put-output tablc for proccssing high quality, medium quality and low quality products.
Plastics can be used in practically every field. The total production capacity of plastic
product manufacturing is about $000kt/a. Because the amount of possible products is so
large, simplification of the process is unavoidable.

Plastic processing is mostly done by three different techniques:

= Extrusion
+ Injection moulding
v Bloew moulding

A product can only be made by one of the processes; for a continuous product extruding
15 used, for solid separate objects injection moulding and for holiow objects blow
moulding. It would not be feasible to blow mould a pipe, which Is normally cxtruded,
and neither would it be possible 1o extrude a complex shape like a bottle, which is blow
moulded.

For processing in China, the data used is derived from the emissions in 1994, This data
is not divided into separate processing techniques. This does not pose a problem, since
the processes arc not interchangeable, as was stated earlier. The Chinese data only states
prixduction volume, not input. This was derived from the European efficiencies For resin
and energy. This data should be considered to have an error margin which is larger than
the margin on the cutput data, but still acceptable.

Compared to oil refining and primary resin production, plastic product manufacturing is
a less energy intensive and much lower emission level sector. Yet, processing manufac-
turers are often small and medium sized factories which lack pollution control facilities
and environmental management. This may result in uncontrolled emissions and surface
water poliution. Because of using various additives in the production process, waste
water containing such hazardous substances as Cd, Crb+, Pb, phenol and cyanide is dis-
charped from plastic processing.

From product to waste

Collected by municipalities, waste plastics together with other wastes in the municipal
solid waste (MSW) stream are either landfilled, incinerated or dumped because lack
waste management facilities. :

Landitil - The major waste disposal method used in China is Tandfill. Landfill is charac-
terised by large disposal capacity and relatively easy operation. Also the construction
and operation costs are generally lewer than olther management options. For example,
the average disposal cost for landfill and incineration arc respectively 30 Yuan RMB per
tonne and 34 Yuan RMB per tonne (BESDRI 1997}, Though there are technical specifi-
cations for landfill construction and environmental standard and monitoring require-
ments for leachate, the management of landfill in China is not strong, which resuits in
lzachate entering into the ground water and ignition of organic gases.

The fate of plastics in landfills is still not fully understood. Experience of landfilling
plastic is very limited, so its behaviour in landfill is not fully understood. Some reports
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claim that plastic deteriorates after | year while other cile 40 years. In order to cause
ieachate, plastics would have to degrade in the landfill, but no strong evidence of degra-
dation exits. Thus it may be concluded that plastics itself do not significantly contribute
to leachate. However, chemical additives such as heavy metal compounds, and contami-
nants such as food residue from plastic packaging may leach, causing ground water
pollution. The characteristics of high durability and non-degradability also implies that
waste plastics permanently oceupy significant space in the landfills. Its contribution to
grecnhouse gas emissions is very Hmited (Hunt 1995).

Incineration - Since plastics have a similar energy value to oil, incineralion of waste
plastice may be considered an option. However, harmful emissions such as hydrogen
chlorides and dioxins coming from PVC may occur if the incinerators are not equipped
with scrubbing equipment. Mareover, incineration has so far been proved to be a unfea-
sible option in developing countrics because of the high moisture content of MSW in
general. This means that waste plastics would have to be collected separately from wet
waste in order to generate energy. Incineration in china is still in the pilot stage. Only
one imported incineration furnace, constructed in Shen Zhen City, utilises the energy
value for clectricity generation, while others with low treatment capacity are just used to
burn wastes. Although standards have been formulated for controlling air emission from
incineration in China, enforcement of these standards is still very weak.

Daumping - In reality, however, about 60 percent of the post-consumption plastics are
dumped or left uncollected in China due to lack of waste management facilities, incom-
plete legislation for solid waste management and weak implementation of legislation.
This is one of the most serious enviconmental problems in the plastic cycle. For exam-
ple, China's consumption of agricuitural films in 1994 of 1.9 million tonnes ranks first in
the world. However, about 0.3 million tonnes of waste films remain in the farm land an-
nually which do harm to the soil and cause intestines disease when animals accidentally
eat them. & more generally know problemnt is caused by the rapidly increasing volume of
plastic dinner-boxes and packages which are littered along roads and ratlway lines.
Lacking landfilling and incineration facilities, collected municipal waste plastics to-
gether with other solid wastes are piled up outside the cities which impede further de-
velopment of ¢ities and poliutes the surface and ground water. Though dumping of waste
plastics is not a process, it is still considered in this project because it accounts for a
larger amount of waste plastics in China and has ncgative impacts on the environment.

From waste to secondary polymer

The recycling of plastics can be done in several ways. Box 2 gives an overview of the
available options. The best known and simplest is mechanical (secondary) recycling. In-
cineration with reuse of the process energy is commeon in Europe and the US but not
practised much in China. Other options are recycling by eracking the polymer to feed-
stock or by direct depolymerisation.

In China, only two ways of recyveling are in use at the moment and be considered in this
project: Mechanical recycling takes up the biggest part of plastic recycling, a very small
part is recycled to feedstock. The other options for recyeling are not practised for differ-
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ent reasons: Depolymerisation, which is applicable to esters only, is a state-of-(he-art
process which demands very sophisticated equipment and has not been developed very
much in Europe either. The burning of plastics is formally prohibited by the Chinese
government. In rezality, the burning of waste plastics is a common way of treating the
carbage.

Mechanical recyeling is characterised as a labour intensive and simple technology. It
consists of several processes: collection, separation, washing and recyeling. In this See-
tion, a very hrief description of these processes is given.

In order to be processable, the plastics have to be separated into fractions containing
only onc sort of plastic. This sorting process can be done either mechanically or by hand.
In the case of automated mechanical separation, a plant can be fitted with a large num-
ber of detection mechanisms. These separate on the basis of physical determination in
floatation devices and rotation drums, which can also be used to distinguish films from
other plastics. Also photo-spectrometric equipment can be used, such as laser induced
spectroscopy, IR speclroscopy etc.

Separation by hand can be very effective but is a labour intensive way o sort plastics
into differcnt categories, ¢.g. PE, PP, PS, PVC and PET, and different grades of quality,
i.e. high quality and low quality. The selectivity depends upon the experience of the
sorting cmployees. [n China, an other sorting method is also in use: Recyclers in the
informal sector only accept certain articles, such as water bottles, which are collected
sepatatecly. This way, ihe soring is done by the cotlectors, who search the sirests for
only one or two Lypes of articles. This js a very effective way of sorting, but it can only-
take care of very abundant articles. The specific collection i1s also carried our at waster -
dump or disposal sites, thus reducing the volume of dumped plastics and the plastic
fraction of the municipal waste (aithough only marginally). Separate collection of in-
dustrial plastic waste s common practice around the world, But ¢ventualiy, the waste
trader performns the main part of the manual sorting process.

The capacity of collection is represented in different collecling sectors, i.e. formal, in-

formai and waste picker, and in different categories of wastes, i.c. agriculture, industry
and household. It is shown that informal sector and waste pickers are much more flexi-
ble and therefore have a have much larger capacity than formal sector.

Mechanical recycling can be subdivided into various steps:

Mechanical Sorting - In this mechanical sorting method, an amount of mixéd wasie
plastics is separaled into sorted fractions of specific types of plastics. First, a conveyer-
belt will transport the waste to a sicve which vibrates and sorts out sand and dust. pMag-
nets will separate out the metallic residucs. To make the inputs suitable for separation
manual sorting wiil from the conveyer belt ts performed. finally, the sorted plastics are
pressed into bales. The production capacity is 1,000 tons per annum, in a ong shift
waorking scheme which adds up to 2,000 hours of aperation per year, This compares to a
capacity of 0.5 tons per hour. This form of mechanical separation would be applicable
only for the latge waste tradees in China, The space required is {08 m2. Only $0% of the
incoming waste is suitable for recycling. The suitable part consists of 95% recyciable
waste ptastiﬁs and 5% waste plastics for feedstock recycling. Electricity consumption
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accounts for 46 XWh per tonne of output, Depreciation and maintenance costs are sef at
30% of the investment costs which excluding accommeodation is approximately USS
50,000 per vear (see below). Besides electricity, no other environmentally related factors
show. This process is not included in this project.

Manual Washing - To clear the plastic fraction of contamination, they are washed thor-
oughty. This can be done by hand using detergent or in special plastic washing ma-
chines. The guality of the washing process very much determines the quality of the see-
ondary plastic. Mechanical washing can be done in a continvcous process, while manual
washing is a batch process. Manual washing is very labour iniensive and very time con-
suming. In China, normal washing detergent is used to wash the plastic.

Mechanical washing - No literature was found on mechanical washing of waste plastics.
This is an integrated part of mechanical recycling and can therefore not be separated
from the other processcs. It therefore proposed to exclude mechanical washing as a po-
tential process. This process is not considered for this project.

Mechanical recveling - After sorting and, if necessary washing, mechanical recyeling is
performed. This type of recycling of plastics does not change the structure of the plastic,
only to its form. Generally a crusher or granulator is used to reduce the size of the waste
plastics after which the waste plastics are fed into an extruder. The extruder converts the
waste plastics into secondary resin,

As mentioned, the other practise in China in plastic recovery is feedstock recycling,
Feedstock recyveling is a form of recycling in which plastic molecules are chemically re-
duced {cracked) into smaller molecules, resembling rude cil. This so called "syncrude”
can substitute real crude otl. In China, this process is operated, but en 4 very limited
scale and in a very inefficient and polluting form. The Europcan form of feedstock recy-
cling (1.e Veba-8l process) is very high-tech, capital intensive and still in an initial stage
of development. The process is not yet ready to be used in China, either because high
cost or low quality of output oil. Also because not equipped with environmental facili-
ties, the construction of Feedstock equipment is usually not allowed by local EPR, The
capacily for teedstock in China is 100k1/a.

Using recovered waste plastics as feedstock, has obvious advantages in terms of re-
source savings and lower energy intensity. The emission level of secondary production is
also lower than the primary production. Because most enterprises in this sector are small
and medium-sized factorics, which means low technologies and {inancial difliculties,
environmental problems, such as water pollution and health threats to the workers, can
not be neglected. Similarly, it should be kept in mind that secondary feedstock products
are generally of & lower quality than its primary version. This reduces the lifetime of the
product and pessibly also the quality of the usage. Therefore, a one-to-one eomparison
between primary plastic production and feedstock recycling is not sound.

Transport

A process in the plastic cycle which is particularly relevant for international trade is
transport. Throughout the plastic cyvcle, materials are moved from one process to the
other causing environmental damage, IIED {1993) states that “transport is the fastest
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growing source of air pollution in both industrialised and developing countries.” In ad-
dition, is mentioned that “within the OECD region, the transport sector as a whole ac-
counts for 70% of carbon monoxide {CO), 50% of nitrogen oxide (NO,} and 25% of al!
carbon dioxide (CO2).” Other problems are noise pollution, changes in landscapes and
exploitation of exhaustible resources. Particularly for international transportation, such
damage is not reflected in the price for fucls. Governments continue to subsidise trans-
port through public provision of infiastructure and not taxing fuels. 1f internalisation oc-
curs, production and consumption patterns would be quite different.

For the plastic ¢ycle in China, various modes of transport are considered:

Bicyeles - In China, bicyeles are in use by individuals collecting waste plastic on the
street and from municipal waste, They should be seen as playing a rele in the inforinal
sector, cguivelent to the role of waste collection trucks in the format sector. This mode
of transport does not generate any environmental impact.

Trucks - Trucks which can be divided into two categories: rucks with a maximum load
of up 1o 20 tons and trucks with a maximum load of over 20 tons, are used for transport
within China, especially by small businesses such as collectors of recyclable materials.
Analysis of European data concerning trucks <20 tons and waste collection trucks shows
that waste collection trucks use 32.7 as much fuel per tonne kilometre as a normal truck,

Trains - Trains in China are used for domestic transportation. Since the train system,
containing diesel and coal powered engines is very different form the European system,
which is almost exclusively electrically powered, the Eurcpean data is useless in this
situation and domestic data will have to be used.

Ships - Seagoing vessels are the only means of transportation for import or export of
materials and products. Ships are not used for dornestic transportation, Since the Euro-
pean data gathered on ships have a global range, no alterations seem necessary for the
Chinese situation. '

Pipelines - Pipelines are used for transport by the chemical industries. These pipelines
arc identical to the type used in Evrope. Therefore, the aperation requires the same in-
put/output. However, it should be noted that the risk involved in operating a pipeline de-
pends largely on the state of maintenance.
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Appendix 1IV. Waste Management in China

In 1993, China generated 166 million onnes of municipal solid waste (MSW) {Suo
Zhiwen 1997). On average only 28 percent of waste is properly landfiiled or incinerated
{(MOC 1996}, with the result that large quantities of refuse accumulate in the suburbs or
remain uncollected. Two thirds of the cities in China have been surrounded by refise
heaps. About 60 percent of total post-consurnption plastic is stacked with municipal
solid waste or left uncollected, which may cause sirface and ground water pollution and
human health problems.

Landfill is the major method of disposal in China. The capacity to deal with large vol-
wmes as well as its relatively easy management means that landfili has significant ad-
vantages over alternative waste disposal options. 1i aiso has lower construction and op-
erating cosis; for example, the average disposal costs lor landfill and incineration are re-
spectively RMB 30 Yuan per tonme and RMB 50 Yuan per tonne (BESDRI 1997). Uniil
recently landfilling has been uncontrelled and no attempts have been made to recover
gas or prevent leakage, However, in the tast few years China has built more appropriate
landfiil facilities based on foreign knowledge, with the result that costs have also in-
creased. A total of 477,000 people are employed in the management of municipal solid
waste, including add-job personnel. Clearing and collection of M$W is more [abour in-
tensive than that of waste disposal. The transportation cost for onc tonne of MSW Is
about 33 Yuan RMB.

Incineration can reduce the waste volume by up to 90% {(BESIDRI 1957). However, for
various reasons, the adoption of incineration is still in its Infancy in China. Firstly, due to
the composition of the waste stream, the low heat value of incinerated waste is inade-
quate for generating electricity (However, in the ]ast two years, with increasing propor-
tions of paper and plastics in the waste stream, the heat value of M5W has risen signifi-
cantly. For example, the heat value of MSW in Beijing in 1996 was 5484K1J per kilo-
gram which is suflicient for incineration with energy recovery). Second, due to financial
and technological constraints, the capacily of most incineration furnaces ts under 200
tonnes per day. At these volumnes, the generation of electricity is not economically feasi-
ble and incinctators are only used as furnaces.

China is currently improving MSW legislation and management. 1ts enviranmental plan,
incorporating Agenda 21 (1994}, cites waste management as an imporiant factor in an
integrated strtegy for natural resource and energy conservalion and petlution control.
All citics are expected to construct landfit! and incincration facilities for the safe dis-
posal of MSW by 2010. The short tcrm objective for the recovery of recyclable re-
sources is to formulate legislation and establish a development plan. M3W managemcent
will increasingly ermphasise source separation in order to increase the recovery rate of
recyclable resources, although this approach has already been adopted in some cities.
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Appendix V. More observations on trade

An essential commeodity in the plastic cycle which has not been discussed much so far is
pil. Petroleum used to be one of China® s main export commuodities: it accounted for 17
percent (13 percent for crude oil} and 23 percent (16 percent for crude eil} respectively
of the nation's gross value of forelgn exchange earned through exports during the peri-
ods of the fifth and sixth “Five-year Plan™ (starting from 1976-1985). However, manu-
factured goods have rapidly increased their share of total export in the last decade or so,
and exports of primary products, including crude oil, has declined at the same time. In
1994, the country’s oil exports feil to 18 million tonnes from the peak export volume of
30 million tonnes in 1985, dropping by an average 4 percent annually. Meanwhile, de-
mand for otl at home has been growing in the wake of economic development and re-
shaping of the industrial sector, which has led to an increased reliance on imporied oil.
Between 1990 and 1994, China’s imports of crude oil soared by 147 percent, and the
country became a net importer of oil based products in 1993,

Aggrepated trade data hide much relevant information and particular issues further at-
tention. First, an impaortant aspect of interational commodity markets is their volatility.
Obviously, the more volatile a market, the more difficult it will be for entreprencurs to
deal with its unceriainties. Volatility can be measured in terms of price fluctuations and
the growth rate of the imporned quantities.

Waste plastic is the most volatile of the plastic commodities. Over the period 1981 1o
1995, the price of waste plastics decreased 4.4 percent annually, reducing its price to ap-
proximately US3200 per tonne in 1995, The impart prices ol synthetic resin and plastic
articles were more constant during this peried, and increased at respectively 0.3 and 2.1
percent, resulting in resin and article prices of respectively US$800 and US$1,800 per
1onne.

It terms of import volumes, wasle plastic is ajso the most volatile commodity. 1n the
vears 1987 and 1992, waste plastic imports grew by more than 200 percent, and in 19%()
the imports rapidty declined by 70 percent. Resin and articles generally remained within
a range of plus and minus 50 percent. The volatility of the international market for sec-
ondary materials s often attributed to its relatively small volume which makes it more
vulnerable (o Nuctuations in supply (Grace ef gl 1978).

The most prominent change in trade has taken place in the synthetic resin sector. Suppli-
crs from Western Furope and the United States have seen their market share shrink asa
result of increasing competition from Asian producers, mainly based in Korea, Japan
and Taiwan. Changes in waste plastic imports have been less significant. The European
share has increased slightly but is still dominated by supplies from the United States,
Taiwan, Japan and Hong Kong, which presently account for more than 80 percent of
overall waste plastic imports,
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Table Vi Changes in the supply of the main inputs to the plastic cvele in China

synthetic resin {in percentage) waste plastics {in percentage)
averape average average AVeTAZE
1981-198% 196()-1505 1981-1989 1990-1995
Europe 34 34 3 6
United States 21 T Y 36
Asia 30 657 56 53
other 15 7 3 5

Sonree: Internafional Trade Research Mstitute, 1906

The remaining input {or plastic is oil, which also comes mainty from the Asian conti-
nent, Refining facilities along China’s coastal area are inadequate for processing sul-
phur-bearing crude from the Middle East. Sweel crude from Asia is still the preferred
variety for all refineries. This is tlustrated by the fact that in 1994, 38.3 percent of
{China’s imported oil came from Indonesia and 27.3 percent from Oman. In recent years
there has also been a notable increase in imports from emerging eil producers such as
Victnam and Papua New Guinea.

A more detailed investigation into the components of each imported input category will
provide a better understanding of trade in plastic. For synthetic resin, in absolute temms,
polvethvlene (PE) has always been the largest import. Next come polystyrene (PS) and
pobypropylene (PPY. Imports of Polyvinylchloride (PVC) are small singe China has a
strong local capacity for PVYC production. The most import-dependent resin in China is
PP of which 81 percent came from foreign sources in 1994, For waste plastics, the pic-
ture is less clear,’® Almost every other year, the hierarchy of imported types differs, al-
though over the longer term, the share of PE, PP and PVC in imports of waste is more ot
less equal. Similarty to synthetic resin, secondary PVC and PP have a higher value, at
around US$300 per tonne, to PE and PP which presently cost USS200 per tonnc.

'* For the years 1992 to 1995, trade statistics suddenly indicate a category of “other types™

which takes account of altmost half the jmports of waste plasties. The overall velume of waste
plastics for the pericd before 1992 is cotrected for the absepee of this eategory, “Other types™
might include PP and PET.
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Appendix VI, Environment impacts in the piastic cycie

Each of the sectors contributing to the plastic cycle impacts to some degree on the chvi-
ronment. This is expected to increase in conjunction with the growth in demand, thus
affecting the overall impact of the cyele. However, substitution effects and technological
improvements may reduce this trend. 1n the following, the environmental effects of re-
spectively the post consumption and the pre consumption stages are explained.

[f we start with the oil drilling and refining processes which supply the monomer to the
resin indusiry, the major environmental problem is the waste water contatning oil dis-
charge which finds its way into surface water. The vil {ilm on the water surface may
prevent oxygen from being absorbed by the water. Treatment technologies are available
and applied in China.

It is difficult to analyse the environmental impact of synthetic resin production as it con-
sists of several individual processes {(monomer preparation, catalyst compeunding,
monomer polyimerisation, separation, refining, and post treatment) and processes ate
very much interconnected. Moreover, both the type of synthetic resin which is produced
and the type of plant arc important. For example, small and medium-sized factories may
cause relatively more environmental problems due to the lack of funds for installing
poliution control facilities. These Eactories are often scattered and contribute to surface
source pollution which is difficult to control. However, some ger:eraiisatians may b
made.

The main environmental impacts during resin production are emissions and water poitu-
lion. Waste water may contain chemical and organic compounds, such as heavy meials,
benzene, and organic chloride, which can be very harmful to human and animal life.
When waste water contain such nutrients as fat, protein and ammonia, it may cause eu-
trophication in the water body and threaten the ecosystern dependent on these resources.
Waste waler may also contain acid and alkali, which can be very irritating to eyes and
skin, as well as change the pH balance in soil when farm land is irrigated with contami-
nated water. Some large scale factories have constructed waste water treatment plants
for water poilution control, and some have even installed primary treatment facilities to
ensure treatment effectiveness. Production of PVC, which emits vinyl chloride, is par-
ticularly harmtul in terms of crnissions as it may cause dizziness, liver and spleen dam-
age in humans. To control this hazardous gas, several options, such as active carbon and
trichlene absorption, are used to reclaim vinyl chloride. Box V1.1 depicts some of the
most harmful cmissions from the plastic cycle,

Compared to oil refining and primary resin production, the emission levels from proc-
essing plastics is rather fow. Yet, processing manufacturers are often small and medium
sized factories which lack pollution contrel facilities. This may result in uncontrolted
emissions and surface water pollution. Processing methods predeminantly include ex-
truding, injection moulding and blow moulding, when various additives are used which
may result in environmental impacts. Waste water from plastic processing may contain
hazardous substances such as cadmium, lead, phenol and cyanide.
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Box VLT Harmful substances related to the plastic cycle

A npumber of substances exis! which are emitted in the plastic eyele either during
production, usage, incineration, recycling or landfilling. The most important harmiul
substances are:

v benzens - @ colowless and highly-fiammabie liguid used as a solvent in the pro-
duction of PYC and LDPE and as a raw malerial for styreng. A recopnised hu-
man carcinogen that causes leukaemia and, in case of direct exposure af the
workplace, depresses the central nervous system, causing headaches and other ir-
ritations;

» cadmim - Uset as pigments in PET, LDPE, HDPE, PP, PP and other plastics
and is & suspected human carcinogen, In the past it was used as a stahiliser of
PVC, but this function has been replaced by zing;

» dioxins - highly toxic by-product of the production and incineration of some
mMastics such as PV, which may cause abnarmalities in the male and female re-
productive systems, learning disabilities, different cancers, lsukaemia and other
diseases;

» vinyl ehloride - 4 colourless, odourless gas about twice as dense as air, used as
menomer for PYC and is known as a human carcinogen. Mortality data of work-
ers in VO and PV planus indicate shorter life-spans and inereased liver and other
diseases,

Saurce: Wirka 1988, Fehringer and Brunner 957

Recycling plastics has advantages as well as disadvantages. Generally, less energy is
consumed in remelting waste plastics and, because it already contains additives, less ad-
ditional inputs are necessary. The disadvantage of plastic recycling is the loss of quality
of the output which inevitably shortens the life span of the product. The presence of
contamination in waste plastic increases the odour during the remelting process. Besides
affecting the factory workers, ndours also annoy surrounding neighbourhoods: in Nepal,
such impacts have led to the closure of plastic recycling factories (Beukering and Badri-
nath 1 995).

In the post-consumption stage, waste plastics may be landfilled, incinerated or recov-
ered. In reality, however, in China about 60 percent of post-consumption plastic is
dumped or left uncoilected due to inadequate legislation and environmental standards on
sclid waste management. This is one of the most serious environmental problems in the
plastic cycle. For example, China’s consumption of agricultural film in 1994 of 1.9 mil-
lion tonnes ranks highest in the world. Yet, about (.3 million tonnes of waste film are
left on farmland annually, alfecting the soil and causing intestinal disease to animals
(Zhang Xiacchuan 1993), The growing problem of litter from plastic dinner boxes and
packaging deposited along roads and railway lines is wider known. Muanicipal plastic
and other solid waste is frequently piled up outside cities: this not only polluies surface
and pround water but also affects the prospects for urban development.

Experience of landfilling plastic is very limited, so its behaviour in fandfitl is not fully
understead Some reports claim that plastic deteriorates after 1 year while others cite 40
years. ln order to cause leachate, plastics would have to degrade in landfill, but no strong
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evidence of degradation exits. Thus it may be concluded that plastic itself does not sig-
nilicantly contribute to leachate, However, chemical additives such as heavy metal com-
pounds, and contaminants such as food residue may leach, causing ground water pollu-
tion. The characteristics of high durability and non-degradability also implies that waste
plastic permanently eccupics sighificant space in landfills. Tts contribution 1o greenhouse
gas emisstons is very limited {(Hunt 1995).

Since plastic has a similar energy value to oil, incineration of waste plastic may be con-
sidered an option. However, harmiul emissions such as hydrogen chlorides and dioxins
comning from PYC may occur if the incinerators are not equipped with scrubbing equip-
ment. Moreover, incineration has so far proved to be an unfeasible option in developing
countries because of the high moisture content of MSW in gencral. This means that
waste plastics would have to be collected separately trom wet waste in order to be used
to generate energy. Incineration in China is still in a pilot stage: only one imperted in-
cineration furnace, constructed in Shen Zhen City, utiliscs the energy value for generat-
ing electricity, while others with low treatrnent capacity are used only to bum wastes,
Although standards have been formulated for contrelling air emission from incineration
in China, enforcement of these standards s stll very weak.

Studies from Europe demonstrate that, from an environmental perspective, recovery of
waste plastics is often the best cholee (Brisson 1997, Fraumhofer-Institut ef al. 1996,
Powell et af. 1996). Recovery seves on resources, redueces the volumes of uncoliected
waste materials and conserves landfill space. Obvicusly, it is premature to use these -
studies Lo draw similar conclusions for China. Social, demographic and economic differ-
enices may have a significant timpact on the outcome of such evaluations. For example,
the environmental impact of refated transportation appear to be significant in the Euro-
pean studies. In China, however, the bulk of recovered materials are transported by tri-
cycles in Chinese cities, thereby myitigating the problem urban air pollution. On the othet
hand, health effects should be taken into account: waste pickers and collectors may suf-
fer from health problems resulting form their direct contact with contaminated plastic
wasles.

Secondary production, using recovered wasle plastics as feedstock, has obvious advan-
tages in terms of savings in resources and energy. The emission levels from secondary -
production is alse lower than that of primary production. However, sinee most enter-
priscs in this sector are small and medium-sized factories, using low technologies and
suffering financial difficulties, environmental problems, such as water pollution and
heafth threats to the workers, cannot be overlocked. Similarly, it should remembered
that secondary products are generally ol a lower quality than their primary equivalents.
Both their life-span and the quality of their use will be much reduced. This means that a
direct comparison between primary and secondary production is not appropriate.
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Appendix VII. A Field Survey on Plastic Recycling

From the Hicrature study presented, it was conchuded that to get a better understanding
cof the performance of the plastic recycling industry in China, a survey had to be con-
ducted to collect additional information. Such a survey enables us to furmish the modet
with the requisite data, further acquaint ourselves with local waste plastics recycling and
utilisation, and deepen our perceptual knowledge of the industry’s development.

A seminar was organised to seek advice for the survey. It was attended by officials and
experts from several related government agencies and institutions, such as the China
National Resources Reclamation Corporation, the China Chemical Industry Information
Centre, the Solid Waste Management Division of NEPA, and the Chinese Association of
Plastics Processing Indusiry {APP). The main conclusions of this seminar are summa-
rised in the Appendix of this report. Based on the collective wisdom, different types of
questionnaires were developed covering all the operations. These were then issued in
sclected arsas upen the briefing and recommendation of WEPA and APPL

As shown in Figure 4.1, the survey falls into four segments following the sequential
stages of the operations of the recycling scctor. These segments are waste plastics col-
lection, separation and trading, next the recycling of domestic and imported waste plas-
tics into secondary resin, and finally the manufacturing of recycled plasiic products from
sgcondary resin. Clearly, the moest comparable segments in the study are the recyeling of
domestic versus imported waste plasiics.

| recycling of domestic]
waste plastics

collection, manufacturing of
separation & trade plastic products frami
of waste plastics secondary resin

— recycling of impurtedl
waste plastics —>

Figure VLI Fouwr targels in the Survey

The surveys were conducied in various parts of the country, In the course of the survey,
we interviewed the individuals concerned and took notes of their responses Lo the points
itsted in the ready- made questionnaire. For each segment, 30 interviews were held.
Checks were build in the questionnaires to verify the authenticity and refiability of the
acquired data. Next, the information was entered into a data base and a statistical analy-

. se5 was performed, determining general fratures of the four segments taking into ac-

count the variability of the outcomes. The questionnaires arc presented in the appendix
of this report. In the following Sections a description is given of the most relevant find-
ings of the survey, Comparisons between the segments and the interpretation of the re-
corded information is discussed in the final Scetion.
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Waste plastics trader

In the past, the state-run enterprises dominated the trade of waste plastics, Since the re-
form of the economic system, the private traders have almost compiletely replaced the
state-run enterprises, At present, the share of state-run enterprises is below 5% and is
expecled to be minimised further in waste plastic trade. The main factor supporting this
change is the better economic performance of the private enterprises. Because of this
novel change, the average year of establishment of the interviewed firms is 1995, while
the oldest waste traders started as recent as 1993,

In consideration of the fact that Beijing is one of the largest plastic consuming centres of
China and thus also generates a large amount of waste plastics, we have selected 30 cn-
terprises in its vicinity which trade in waste plastics. All interviewed traders were estab-
lished in market centres for secondary commeodities located in Longwangtang of Wail,
group 14 of Wail, Nanjiac, Panjiayuzan and Xibajia in the outskirs of Beijing. The recy-
cling concentration areas where most interviewed traders operate handle a range of ma-
tertals such as waste paper, glass, steel and non-ferrous metal.

The main reasons to operate in the suburbs of Beijing are (1) the business is mainky run
by non-natives which rmigrated to Beijing and thevefore settle close to the rural commu-
nities; (2) the operational costs are much higher in the centre; (3) public security restricts
vehicles® entering the city due to heavy traffic downtown, Therefore, it is difficult for the
transport operators of waste plastics to obtain the ficense (o enter the downtown area; {4)
to promote their local income, some suburban municipalities offer patches of lands in
rarkets of second- hand commodities against special rates to encourage migrants from
other provinces to handle the recycling business; (5) the urban populations, and specifi-
cally the institutional organisations such as offices and departments steres, look down up
on the informal waste pickers and traders, They therefore do not allow these entrepre-
neurs to enter their property.

As a result of higher specialisation, these recycling enterprises seldom take up business
_oher than waste plastics. There is a tendency for specialising in limiting trade to one or
two types of waste plastics. They never handle the import of waste plastics. The area of
these vecyeling enterprises ranges from 40 to 500 square meters with an average of 200
square meters, The average quantity traded per maonth is about 13 tons which generates a
turnover of approximately 36,000 Yuan. The profit rate is 9% which leads to a monthly
return of 3300 Yuan,

The main type of work of the recycling enterprises is mostly manual sorting and package
of the waste plastics. No mechanical separation techniques are applied. Most recyciing
cnterprises sort the waste plastics according to their colour, varieties, quality, for cus-
tomers to make different grades and kinds of resin out of the plasties, in order to im-
prove the quality of recycling of waste plastics. Only 10% of traders otfer cleaning and
breaking service on the customers’ requests. Besides promaoting the additional value of
the products, it also facililales storage and transportation since the volume is reduced
significantly. The average buying price of the materials is 2330 Yuan. The average sell-
ing price is 45{ Yuoan higher at 2800 Yuan.
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The enterprises are privately run and not restricted by the government’s prescription of
festivals-related vacation and working time. Therefore, ali firms exceed the legal 8§ hours
by operating between 10 to 12 hours. The enterprises are usually operated by families,
with only few employees. Beeause of the physteally strengthening working conditions,
the enterprises only employ female workers for the separation of the waste plastics. At
present, the vsual salary of workers is between 500-600 Yuan. The leve] of the wage is
determined by various factors such as the worker's ability, the size of enterprise, and the
workers” personal relations between owners and workers,

The final products of most enterprises are sorted waste plastics, except that some enter-
prises break the wasic plastics into chips. The main type of materials are waste plastics
from household use (67%%), industrial waste plastics (30%) and agricultural waste (3%,
Household waste plastics generated the highest selling price {Yuan 3100 per ton), while
industrizl waste plastics was slightly cheaper (Yuan2300/ton}. Agricuitural waste plas-
tics bad only limited market value {Yuan&(0/ton).

Because the sorting of waste plastics is done manually without water usage, the povern-
ment's control of the supply and price of electricity and water have scarcely direct influ-
ence on the enterprises’ operation. The collected waste plastics contain a certain propor-
tion of unrecoverablie materials such as labels and soil. For most waste plastics this share
accounts for 1-3% tmpurity bul some even contatn 10%. The impurity never considered
poisonous. Half of the enterprises dump their residues with the other solid wasie to be
collected by {he municipality. The other half burns the residues. '

Through negotiation, the rader and the recycler determine who bears transportation cost
in selling. These costs can vary significantly as a result of the volume of the traded
goods and the distance of transportation. The enterprises sell most varieties to Wenan,
Xiongxian and other areas in Hebei province, with distance from 100 to 200 kilometres.
Some varieties are sold in Jizngsu, Zhejiang province, 1000 kilometres away. As enter-
prises receive waste plastics mainly indirectly from suburbs through peddlers, the dis-
tance hetween the trade shop and their suppliers never exceeds 25 kilometres.

Table VILI Monthly Coxt Structure of the Troder (in Yian)

total share in costs
INpE COSE 30550 9%.66%
labour costs 1967 5.97%
electricity costs 30 0,15%
capital costs 306 {,93%
other costs a0 a,15%
tax payment 47 0, 14%
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The enterprises have only limited total assets and can therefore not fulfil large-scale
storage. A majority of the enterprises can only store a volume of one truck of recycled
waste plastics and then sell it. A majority of enterprises only have such simple equip-
ment as handcarts and washing tanks and only a few of them have grinders and frucks.
Therefore, the operation of these enterprises is determined by the costs of raw materials
{(93%) and labour {0%).

The traders operations are sensitive to season variations. On the whole, in summer, as a
result of its intense heat, the quantity of city residents’ consumption of drnks, shampoe,
cleanser, etc. increases considerably. Therelore, recycling enterprises have heavy busi-
ness from June to August. Before Spring Festival, from December to next February is
the slack season for the dealers of waste plastics. Maost traders go back to their home-
town. From March to May and September to November their enterprises run relatively
normally

As for the government’s involvement, some enterprises indicate to be supported in lertns
of exemption of full taxation and through favourable arrangement in obtaining the re-
quired land for operation. Only 10% think their business’ influenced by the interference
of the government through taxation. Mast these enterprises do nol pay taxes, mainly be-
cause taxes are included in their rent to the administrative departments of the second-
hand markets. Some tax departments charge these enterprises directly, Because it's dif-
ficult to determine the enterprises’ taxable value, thus inabilily (o be taxed proportion-
ally, they’re required to pay fixed tax every month. The majority of the enterprises
{67%%) do not experience any other external constraints in their operations. Regarding the
future development of their business, most of the surveyed expect to expansion of their
business, mainly due to the increasing trend of the guantity of recvelable waste plastics.

The domestic recycler

Upon the briefing and recommendation of the Waste Plastics Recycling and Utilisation
Committee under the Chinese Association of Plastics Processing Industry, we focused
this questionnaire survey on Wen'an County in Hebei Province, which is one of the main
centres of waste plastics recycling across China. Tt claims not only the biggest trading
centre for domestic waste plastics for some 20 provinees and cities, but is alse the most
important producing area of secondary resin based on domestic waste plastics.

The survey covers a total of 30 productive establishments engaged in making secondary
resin from waste plastics. It was largely done by direct interviews mainly centred en
Zhaogezhuang and Yincun townships, both in Wen®an. These two have developed into
specialised bases of secondary resin preduction, in which almost every hovsehold takes
part. Of the 30 production units surveyed, 17 are from Zhaogezhuang, 7 from Yincun, 1
from Pangerwan, also in Wenan County, and the other 5 are located in the suburb of
Betjing.

All of the interviewed enterprises are privately-run. Most of them are located in indus-
trial areas where besides plastic, also other matertals are recycled. Because waste plas-
tics are usvaily collected and traded by rural transients in cities and towns, secondary
resin is tkewise produced by village labours. The interdependency between the recy-
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clers and the collectors of waste plastics is therefore very strong. Moreover, similar to
the collection of waste plastics, the recycling sector experienced a transformation from
state-run operations to privateby-run enterprises since the early *90s. Therclore, the aver-
age year of establishment was estimated at 1994,

In China, secondary resin production is very smalt in scale, which is predominantly car-
ried out by family enterprises. The operation area measures no more than approximately
3530 square meters. The average capacity and production is 23 tens and 12 tons monthly
respectively. This Implies a capacity utilisation rate of 50%. The premises for production
are rather simple, with some production even taking place in the open air. This makes
the winter months of each year, November through next February, slack season.

Normally each unit concentrates on the production of one variety only. Altogether 6 va-
rieties of resin are produced, namely, LDPE, HDPE, PVC, PP, PS and PET. HDPE and
LDPE are the most popular materials, With the exception of PET, all the varieties are
made into granules after being crushed {producers without extruding machines can enly
crush these materials and then have them granulated by those equipped with the appa-
ratus). The buyers of these resins are either trading firms or manufacturers of secondary
plastics products. PET is erushed into flakes and then senl to Jiansu, Zhejiang and other
provinees as raw materials for textile fibbers. '

The secondary resing can be classified into high, medium and low grades. While the me-
dium and low grades of resins represent roughly 80% and 10% ot the total quantities
produced, the high grades stands at a small proportion of about 10% only. The average
buying price of the waste materials is estimated at RMB¥ 3200 per ton. The average
selling price is RWMBY 4150 per ton, resulting in an added value of approximately RMB¥
1003 per tonne of output. The average tumover and profit of each recycler is respec-
tively around RMB¥ 50,000 and RMB¥ 5150 manthly which is equal to a profit ratio of
10%,

Apart from only one producer in Beijing suburh that employs some 50 staff, all the other
producers covered in our study are household businesses boasting none or very few em-
ployees. On average, the domestic recycler employs 5 workers, censisting of 70% males
and 30% femates. The working conditions are poor, with average wages of RMBY 440,
and a working schedule of 7 days a week, 11 hours per day. The labour intensity of pro-
duction is relatively high with 156 man-hours per tonne output. This can partly be attrib-
uted to the low quality of the inputs, which therefore requires more manual effort.

In China, producers of seccondary resin from local waste plastics are basically businesses
with a much smaller capital than that of recycled plastics goods makers. Basically, most
recyclers possess a crusher and an exiruding machine, worth totally about EMBY
14,000-28,000. Taking into aceount the value of the premise and the average stock, 80%
of the recyclers have assets under RMBY 50,000, The overall average of capital assets
was estimated at approximately RMBY 46,000, Except for one or two of them that can
obtain bank loans, aver 90% of the producers rely on their own savings and borrowings
from relatives and friends. Still, as the scale of production is too small to absorb heavy
capital input, fund shortage poses no major issue for them.
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Table VIL2 Monthly Cost Structure of the Domestic Recycler (in Yuan)

1otal share in costs
inpul costs 3R400 56,0%
additives 120 0,3%
labour costs 2308 5,6%
electricity costs 2520 5,6%
canital costs 383 0,9%
other costs 500 1.1%
tax payment 234 0,5%

The producers rarely pay taxes. This is partly due Lo the suburban tocation, where the
state levies little laxation. Sometimes the payment of rent for land is considerad as a tax
payment instead. It is doubtful whether these enterprises could pay more rent. Their
profits rematin low due to the limited added vajue, the high labour costs which make out
6% of the total costs, and the high electricity costs (also 620) which amount to about
FMB¥ 210 per ton.

The preduction of secondary resin from local waste plastics has irigpered serious envi-
ronmental problems. Stnee waste plastics is consumed as raw material in such a produc-
tion, the collection, preservation and cleaning of waste plastics may all cause contami-
natien. It has been learned through our study that local secondary resin producers often
let fou] water drain away without any reatment. Approximate]y 30% of the interviewed
recyelers do not experience unrecyclable residues in the supplied waste plastics. Those
who do, sort these materials out and either dispose the unrecyclable waste with garbage
{50%) or burn these {30%). One case was reporled in which the recycler disposed the
residues in the walerway. The air conditions are poor as more than 70% of the recyclers
do not have any form of indoor ventilation. The remaining firms either cpen windows or
use an electric venttiation, Odour is claimed to be one of the reasons why production on
secandary resin is not allowed in urban residential areas and is usually shified to towns
and villages far off the city.

The producers surveyed generally bear little transportation costs, because they can get
raw material and seli products both at local trading markets nearby. Even if they buy
waste plastics from other sources, or if they need to sell their products directly to the
manufacturers, the carriage fares are usually very low and are quite often covered by the
manufacturers. This may also be the explanation why waste plastics trading centres are
the important secondary resin production bascs at the same time.

The average growth rate of production of the enterprises older than 3 years in the past
five years is as high as 31% annually. The reason for such a rapid growth is sufficient
supply of domestic waste plastics due to the increasing volume of recovery. 1t is there-

fore not surprising that more than half of the recyclers are very optimist about the future.

They expect a substantial increase of their business in the coming years.
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The importing recycler

Of the 30 cnterprises under our investigation 27 are privately owned, one s state-owned,
and two are collectively owned. These two latter so-called township enterprises are
Sino-foreign joint ventures. Compared to the other surveys in this project, the average
year of establishment lying 1991 and 1992, is relatively early. The recycling activities of
imported waste are heavily concentrated along the coastal arcas such as Guangdeng and
Zhejiang , in which most of our investigated enterprises are located. Besides being recy-
cling activity centres, these two regions also form important concentrations for plastics
manufacturing in China,

The main input are the Imported waste of HDPE, LDPE, PP, PVC, PS, and PET. Less
trequent forms of tmported inputs are PA, ABS, and PU. In these two areas with high
propoftion of imported waste, domestic waste is also being used. It is interesting to see
that impaorted waste are dominated in the reeyoling activities of HDPE, LDPE, PP and

PS but domeslic waste become more important in the recycling activities of PVC and
PET.

The average prices of domestic waste of HDPE, LDPE, PVC and PET are higher than
those of the imported ones. As for PP and PS the prices of imported waste are higher.
Yet, in both cases, the price difference is not big, The colouring agent comes as the most
popular additive for plastics recycling. Usually, 0.5 kg of eolouring agent is needed to
colour one tonne of the resin. The price of colouring agent varies as much from RMB
12,000 Yuan fton to 2 miilion Yuan / tonne depending on the quality of agent as well-as -
the colour. Recycelers are usually producing for the domestic marketl. Ofthe 30 investi-
gated enterprises only 2 enterpriscs have exported their secondary resin to Hong Kong
and Taiwan. Their export ratios are 60% and 20% rcspectively.

Most of reeyelers are poorty equipped with on average two crushers and two extruders.
One third of the recyciers have their own trucks. Yet, more sophisticated equipment
such as packing and drying machines, are only available [or 10% of the enterprises.

Their productien process is similar to the domestic recyclers. It consists of sorting,
washing, grinding and granulating. Yet, as opposed to the domestic recyclers, several
importing firms do not wash the waste plasties belore recycling, for two reasons., First,
generally imported waste is rather uncontaminated. Formally, only indusirial waste
(grade A and B} is allowed to be imperted in China. Second, some recyclers subecentract
the soriing and washing to other entrepreneurs.

The importing plastic recycling industry operate almost seven days a week with daily
schedules of 12 working hours. For most of the enterprises the final product is secondary
resin but there are 4% of the enterprises whose cutput 1s flake which is intermediate
product for secondary resin,

A hall of investigated recyclers have a capacity between 100-500 tons per month, an-
other 13 % have a capacity more than 500 tons, the rest less than 100 tons. Though the
average capacity is registered at 185 tons the average production stays behind at 81 tons.
This results in a uttlisation rate of 30% and a monthly turmover of approximately RMBY.
300,000, The profit rate of the importing recyelers of 12% is higher than that of the do-
mestic recycler, however, in absolute value they dominate evidentty (RMBY 61,0004
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Table VI3 Monthly Cost Structure of the Importing Reeycler (in Yuan)

tofal share in costs
input costs . 377,200 85,7%
additives Ll 0,2%
labour costs 20,974 4 8%
electricity costs | 33,856 T.7%
capital costs 5,083 1,2%
ather costs 1,000 0.2%
tax payment : 1,041 0,2%

Transportation cost of the inputs are included in the buying price, both for domestic and
international transportation. The suppliers ave responsible for the transportation when he
buys and the customers take carc of the transportation when he selis. Therefore, most re-
cycler are unable to report these costs. The distance between recyclers and suppliers of
waste plastics is quite far and internaticnal and inter- regional transportation are usually
involved. But recyclers are usually close to the manufacturers of plastic product.

Ninety percent of the recyclers anly use their personnel savings as initial investment
without any financial support from the bank or local rovernment. As for the two joint
ventures, small part of investment comes from the township government, while the large
portion from their overseas partrers. The size of the total asset vary with the ownership
of enterprises. The two Sino-foregign joint ventures top the list, with total assets both
close to 10 millions Yuan followed by the state-owned enterprise whose asset is regis-

~ tered more than 3 millicn Yuan. But most of the private operators possess no more than
100 thousands Yuan.

With 90 % of recycling enterprises being family based, the scale of them can not be very
large, averaging at 10 male and 12 femate labours. There is no gender discrimination
against woman who is able to get the same wage if she cngages in the same work with
man. But the difference in wages is very obvious between Guangdong and Zhejiang, in
the former area the wages run fom 600 Yuan to 900 Yuan while in the latter area the
difference of the wages is reduced to 400 Yuan to 600 Yuan. The labour cost on average
basis is 216 Yuan to produce one tonne of secondary resin,

Imported waste plastics usually contalns a certain amount of unrecoverable substances,
which may be treated generally in two ways. If they are plastics of other vacieties, they
may be transferred to other recyclers or retumed Lo the supplier; if they are not plastics
they be treated with other garbage. The main environmental problems created in the
course of recycling activity of imported waste plastics is mainly in the form of waste
water discharged from washing of waste plastics and the foul odour emitted during
granulation. For the waste plastics from agriculture and houschold, washing is usnally
necessary before granulation. To wash one tonne of waste plastics 2-3 tons of water and
1.5 kg of detergent are needed.

Based-on the last five vears production record, 80% of recyclers have reduced their pro-
duction and only 10 % have expanded their production. The main reason for the drop in
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production is reported as following: In the last few years most of the recyclers have
made a relatively big profit, attributed mainly to the abundant and cheap supply of im-
ported plastic waste and relatively fewer operators in this field, The successful story of
these recyclers, has attracted a lot of people to enter inte the plastic recycling sector.
However, the import ban and tighter control on credit scale have reduced the supply of
imported plastic waste as well as demand for the secondary resin. The recyclers have
different views about future development. 30% of recyclers hold that the business will
stay at the same level; 33% of them think the business will increase; and another 36% of
recyclers believe there is a small chance of increasing their production in the near future.
The main constraints lies in the tighter control on the impoert of the waste plastic, which
not only make i1 more difficult and atso more expensive to get sufficient supply.

The Manufacturer

Our survey Is primarily based on studies in 3 locations, Baoding and Langfang prefec-
tures of Hebei Province, Ningbe prefecture of Zhejiang Provinee and the Pearl River
Delta in the southern Guangdong Province, What makes these areas the focus of our sur-
vey is that they form the national centres for recycling waste plastics. It is estimated that
these regions accounts for 80% of China®s production of recycled plastics arlicles. While
Baoding and Langlang are the main bases for the northern region, Ningbo fargely ab-
sorbs waste plastics in the south, and the Pearl River Delta secs the processing of waste
plastics imports in mass quantities.

In total, 30 waste plastics recycling enterprises were interviewed, including 2 factories in
the Chaoyang District of Beijing, 10 in the Xiongxian County of Langfang prefecture, 10
in the Wen’an Ceunty of Baoding prefecture, 7 in Ningbo prefecture of Zhejlang Proy-
ince and } in the Guangdong™s Pearl River Deha.

Among the 30 enterprises surveyed, 23 are privately-operated businesses, 6 are township
businesses of collective ownership, and onby 1 is state-owned, This shows the predomi-
nant rele of privaiely-owned companies in recovering the country’s waste plastics and
the insignificant market share of state-owned firms. The average year of establishment is
1990, making the plastic manufaciurers the most experienced firms in this survey. Also
the size of the area of about 950 square meters, can be considered rather relatively large.

These 30 enterprises are mostly located in towns and counties with a relatively dense
concentration of plastics recyclers and manufacturers. They are varied in capacities and
productive technologies: 15 of them use blow-moulding methed, & employ extrusion, 4
take on injection meutding, 2 use melt spinning {whick is a special type of processing
method for polyester [ibber made of PET) and 1 adopts chemical melting, Whilc blow-
meotlding mainly produces films and tubes for packing, agriculture, construction and
civil uses, injection moulding makes containers, articles for daily vse and electronics
components [or households and the electronics industry. Extrusion manutactures pro-
duce special-shaped plates and fire-resistant tubes for the industrial sector. Melt spinning
generates polyester fibber for textile. The scale of operation varies significantly from 3
to 300 tons per month, with an average capacity of 42 tons.
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Table VII.4 The average selling price and the buying price of the products

Type Selling price (RMWB¥/ton} Buying price (RMBY/on}
PE 8800 FO04
PV 3900 1820
P8 &600 2500
PET . BROD 4500
ABS 25000 2035
average 9500 5704

The average 1otal input of raw materials per month is 26 tons, which is composed of
81% secondary resin, 18% primary resin and less than 1% additives. The average scale
of plastics recvcling enterprises is rather small.

Since plastics manufacturing industry is very labour inlensive, the average manufacturer
employs 37 workers, which consisis of respectively 20 males and 17 females. As many
of these factories arc privately owned, the conditions for the workers there are generally
poor. Only 50% of the interviewed enterprises took some kind of measure to ventilate
the working floor. Working hours are long and the wages are low. The work schedule is
on average 6.7 days per week, 2 shifts a day and & hours per shift. The average monthly
wages are RMB¥ 530-600 for male workers and RMBY 400-500 for females in the
North, RMBY 700-800 for males and RMB¥ 500-600 tor females in Zhejiang and about
RMB¥ 1000 in Guangdong Province. The labour productivity is averaged 316 hours per
tonme output.

Export is not the driving force for the recycling manufaciurers. Only 17% of the many-
facturers sell a limited part of their products overseas. According to the survey, the aver-
age turnover of the manufacturer is about RMB¥ 248,000 per month, and the profit is
gstimated at RMBY 36,892, wiih the profit ratic at about 15%.

The transportation costs have been covered in the purchase or selling prices of raw mate-
rials or fimished products and are thus borne by the customers. It needs to be noted thay,
since the absolute majority of the recycled plastics producers surveyed are located in ar-
cas where many such factories are grouped, little transportation fare is invelved for these
factories in getting the raw materials they need. Sharing truck capacity helps the firms in
cutting down their production costs and ratsing the products® competitivensss.

The interviewed plastic manufacturers are comparatively small businesses with a limited
production capacity, a tow technological level and a small capital input. Therefore, the
average fixed assets just over RMBY 600,000, The main saurce of finance consists for
80% of the enterprises of their own personal savings or a loan from relatives and friends.
Funding is difficult for them as only those with a registered capital of more than RMB¥
1 million may obtain bank foans.

With most of the enterprises surveyed, no significant pollution has been recorded. Par-
ticularly those that adept blow-moulding method produce in a clean manner. The secon-
dary resin used by them does not contain unrecyclable substances and therefore does not
create inefliciencies. The average electricity per tonne censumed is 520 kWh.
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Although the capacity is about 40 tons per month, the average real production is only 20
tons. The past five years have seen the progressive decreasc of the average production of
the manufacturer of 7.7% annually. The main explanation given by the entrepreneurs
was the increasing competition, which led to hikes of raw material costs and decreasing
selling prices of finished products. Nevertheless, almost 85% of (he manufacturers ex-
peet their business to increase in the coming years.

Table VILS shows the cost structure of the manufacturer. Except for raw material pur-
chase and wage payment, the biggest spending that affects their operation comes from
taxation and energy costs. Companies olten complain about heavy fax dues and various
tax categories. They also report of a progressive downturn in profits over recent years
owing to the increasing emergence of their colleagues, rising costs of raw materials as
well as shrinking market demand. We have learned from our study that local govern-
ments atl adopt a laisscz-faire attitude towards these waste plastics reeyeling enterprises,
which then generally complain of fund shortage, bank refusal to extend loans and credits
and over-taxation. These issues are bound to hinder the growth of these enterprises.

Tuble VIL3 Monthly Cost Structire of the Plastic Momufacturer (in Yuan)

totat share in costs
input costs 156,942 74,4%
additives 18,200 B.,6%
fabwe costs 10,400 4,5%
electricily costs 14,846 T.0%%
capital costs 2,183 1,0%%
other costs 3,500 1,7%%
1ax paymett 4,849 ' 2,3%
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Appendix VIll. Mathematical description of the model

SETS

1 Activity Centres

{ Beijing, Shanghai,Daqing, Nanjing,

Guangzhou, Tianjin, Zibo, Chongging, Ningbo,Baoding /
PIID Primary Resin Production Centres

{Reijing, Shanghai,Daqing, Manjing

Guangzhou, Tianjin, Zibof

DI(R) Demand, Collection and Separation Centres
/Beijing, Shanghai, Guangzhou, Chongqing, Nanjing /

FI(I Washing, Recyclng and Final Production Centres
fMNingho, Guangzhowo, Nanjing, Baoding /

P FProcesses

PPR(P) Primary Resin Production

PERIP) Secondary Resin Production

PFP (P} Final Goods Production

PCL{P)Y Waste Colection Processes

PSP (P Waste Separation Processes

POSE(P) Waste Disposal Processes

M Machine Units

MER{M) Primary Resin Production
MER(M) Secondary Resin Production
WIEP( M) Final Goods production

C Commodities .

CRPIC ) Raw Material Commaodities used in primary resin production centres
CIPK{C ) Intermediate Commodities used in primary resin production centres
CFPIC) Final Goods produced in primary production centres

CRDI{C Y Raw Material Cammodities used in Collection, Separation centres
CIDI{C ) Intermediate Commeodities used in Collection&Separationddisposal

CFDKC} Final Goods produced in Collection, Separation and disposal centres
CWDHCRDI ) Waste Goods produced by sectors

CRFI(C ) Raw Materials used In final production centres
CIFTC ) Intermediate goods used in final production centres
CFFIC ) Final Goods produced in final production centres
5 Demand sectors for plastic goods

VARIABLES

z Activity Levels

X domestic shipments

u domestic purchases

v imports

W waste level

& emissions



114 VM /CAITEC/ PRCEE
md middle distillate used

1c raw material costs

ve inport costs

de disposal costs

br byproduct revenue

DATA :

a input-output technology matrix

d fixed demand

% recovery ratio

k capacity available

mud distiilate used for fransportation
mut transport cost per unit ransperted
P prices

i capacity utilisation rate

SET OF EQUATIONS

Primary Resin Production Centres

1. Material Balance Conséraint for Raw Materials

N api, 7, b Y, 20 ¢ ECRPI, pi €1
< :

The total amount of raw material used in sach primary resin production centre must be

matched by demestic purchases plus imports. The api coeflicient tells us the amount of a

particular raw material which is needed by & particular process to produce one unit of

output. The units are in physical units. U is domestic purchases white v is the import

level.

2. Material Balznee Constraint for Intermediate Materials
E api, 2, .+ Exw.-dw. +y o= E X, i cECIPl pieS
¥ "

£ . L
P.IIIIFJ FJ III-IJI'

Total amount of intermediate products produced domestically by all processes plus in-
terplant shipments from other plants plus imports must be greater than the total amount
of intermediate products supplicd to all other plants.

3, DMaterial Balance Constraint for Final Goods

N api, oz, 2 ; Xopyq  CECFPILrER
Il =

The tmal amount of each type of primary resin produced at each centre must be greater
than the sum of shipments to all final production centres.
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Collection, Separation and Disposal Centres

3. Totzl domestic waste generated by each sector

o ]
W=y cErfT

Vo = O O gl i Edi,c ECWDI

The total amount of a particular waste geaerated in each demand centre is equal to the
sum across sectors of sectoral recovery rate of the particular waste type { &, . ) multt-

plied by the total demand or use of all plastic types by the three sectors in the demand
centres. In essence, we have each sector producing a homogenous waste which comes
from an aggregation of all plastic types which are consumed.

4. Raw Material Balance

E adi, .z, 5 +t.; =0 ¢ Ecrdi,i &di
?

Total amount of raw materials used must be met by purchases. The main activities here
are collection, separation and washing of recyclable waste plus of course the disposal of
final waste.

5. Constraint on domestic purchase of waste

“mm,m = zadfmdf.rzp.fﬁ' & Eﬂwrﬂ,df =nHf
e

Domestic purchase of waste (defined by scctor of origin) must be less than the total
amount collected by the various collection systems.

6. Constraint on collection of waste

E adiyy 2,4 W, ¢ ECWDI di EDI
Pl

The total amount of all waste types collected by all the collection systems must be less
than the total waste generated by the respective sectors.

7. Intermediate Balance

Soadi, 2, =0 . cEcidi,i Sdi
P

Net intermediate production level plus shipments from other plants must be greater than
or equal to shipments to all other plants,

8. Final Good Balance
Eaa’ftrpzw = Ex“”*ﬁ c Ecfdi,i Edi

n Er

Total amount of separated but dirty waste must be greater than the total amount shipped
to afl the recyeling centres plus exports.
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Final Reeycling and Production Centres
4. Raw Material Balance

Yafi, 7, v 4., =0 cEerfii € fi
P

Total amount of raw material used in the final production centres must be matched by
domestic purchases and as well as imports. Note that one of the raw materials at this
stage is the separated but still dirty waste plastics which are bought from the collection
and separation centres.

16. Intermediate Balance

Eaﬁfﬂ,,:»:ﬂ”Iq + /Exe.ﬁ'.ﬁ z ;x‘-ﬁ-ﬁ' ¢ Ecifi, fi =i
.l T i
frufi Fin i

Intermcdiate goods at this stage will be clean sorted waste plastic goods. Note no import
of this is allowed. Import of waste is captured in the raw material balance in equation 3
above. That waste also undergoes the cleaning process together with the domestic sorted
waste.

11. Raw material constraint

i, ;= ,2 Xeauma  CEcfdi Ucfpi, i€l
"y

'The purchase of waste plastic products must be less than the total shipment from all the
collection and separation centre. Note that the final products of the collection centres
and the final product from the primary resin production centres are the raw materials for
the final production and recycling centres,

12. Final Good Balance
Ea i, 0Zpp 2 ;:xaﬂ‘d, te, ¢ Ecifi, fi Ei

* i

Total shipment of final poods 10 final demand centres must be less than the total amount
produced at the production centres.

13, Market Demand

2 *, i + vc‘,{ﬂ‘ = dbcﬂ.- o ECfﬁ,dI =

Shipments from all final production centres together with imports must meet final mar-
ket demand.
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14. Capacity Constraint at all production centres

Ebm,n.fzﬂ.r =k, mo MPRIe]
7

Total amount of capacity used by all the processes which use a particular machine unit
rmust be less than the total capacity available of that partieular machine unit.

15. Middle distillate vsed in transporéation

md=§ chﬂf"]'zzf;xcf i
i= ; ’ ’ 4 FE==¥ " 7

Total amount of middle distillate used is equal to middle distillate used in fransporting:
{1) al} imported goods; (2) ali intermediate shipments; and {3) final goods, The last two
are capture by the second term in the equation above while the first term relates to im-
DOIS.

16, Total Emissions

2 E api, z  +apl . mid =e, ¢ECE
For

Total cmissions for each poliutant is equal to emissions by all processes at all activity
centres plus emissions from middle distillate used in transportation,

17. Transport Costs

Ire = E ; ve,!“':r,i + ; ; zxc,f,j”:,j
T =i . )

Transport cost 18 equal to transport of all imported goods to activity centres plus inter-
plant shipments between activity centres plus transport of all [inal goods to activity cen-
tres. | is the transport cost per tonne per activity centre link. The distance between the
centres 15 already computed within the coctiicient.

18. Raw Material Costs

o
re = Zf Z: w, p
1S e2C RS UCRET

Raw material costs is equal to the various raw materials purchased domestically multi-
plied by the domestic price of the raw materials, p?_ is the price for raw commedity ¢ in

aclivily centre 1. We capture price differences in the varicus centres if any.

19, Import Costs

L
vc B Z % vr-.; Fﬂ".
o cETRPTUCTEFUCRETOCFES

The import cost is equal to the import levels of the various commodities which can be
imported multiplied by the import prices faced at the various production centres.
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20. Disposal Cost

de = mE E discost .z, .,
S pEpsp

The disposal cost is equal to the amount of waste dispascd multiplied by the urit cost of
disposal. Discost tells us the cost of disposing one unit of waste by a particular process
in each disposal centre, The summation gives us total costs for all processes and all cen-
tres.

21. By product Revenue

By = Z Z'apiL oo pd
== ]

By product revenue is equal to the amount of by product cominedity ¢ produced by all
the processes in all the respective plants multiplied by the price for that commodity.

22, Total Costs
Total Cast{TC) = RC+VC+TRC+DC+EC-BR
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Appendix IX. Different forms of valuation

Using ambient standards

The application of emission and ambient standards has sireng advanlages. The proce-
dure is relatively simple and practical. If the necessary emiszion data from the cconomic
activity are available, it requires limited experiise to compare these with the reported
maximum allowable levels of air emissions and effluent discharge requirements con-
tained in the national or international guidelines. For illustrative purposes we will discus
the World Bank standards and guidelines reported in the Pollution Prevention and
Abatement Handbook {1993).

These standards also have several drawhacks. First, the guidelings have been formulated
for standard conditions and locations. For example, the same emission standards hold for
different locations and countries. Although this generalisation has been taken into ac-
count in the determination of the overall standards, certain extreme cases require spe-
cific guidance which go beyond the World Bank standards.

Second, meeting the standards gives hardly any information on the actual environmental
eftects. For example, whether or ecosystems or humans are actually exposed by pollut-
ants is not taken into consideration. Yet, it {s the actual imj:-act which is of much more
importance for the environmental performance rather than the achieved emission level.
An example of this could be waste water discharges into extremely vulnerable or special
wetland ecosystems. On the other hand, could certain poliution levels be accepted in in-
dustrial arcas, whilst in natural areas they would not.

Third, emission standards alone do not piarantee an actual good environmental per-
formance. Proper envirenmental management and monitoring of the achieved levels is
crucial. In this context it is important to realise that the World Baok standards do not
provide incentives for performing better than the standards require. Once the standards
are mel, the company does noi have to do anything to decrease its environmental im-
pacts. The standards are usually based on Best Available Technologies (BATY. Hence,
they do not stimulate the development of newer and better abatement techniques. In ad-
dition, following the cmission standards, one is tempted to focus on end-of-pipe meas-
ures, while new process integrated measures often result in a far better environmental
performance. For example, using natural gas as fuel in combustion units instead of coal
reduces the SOy emissions significantly. This can also be brought about by using a wet
scrubber, but this end of pipe technology results in solid gypsum waste which is con-
taminated by heavy metals.

Fourth, focusing on the emission standards one tends to forget the emissions in the other
phases of the product life cycle. It is often useful to investigate in which part of the cycie
‘environmental money” is spent most efficiently. For example in clothing manufacture
mast envirenimental benefits can be obtained by decreasing the use of pesticides in cot-
ton production.
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Finally, if the World Bank guidelines are applied, the projeet can be approved or re-
Jected. A ranking or a more gradoal evaluation cannot be achieved, though there are sev-
eral situations which may require such comparisons. For instance, in the case of the es-
tablishment of the portfolio of a *green’ fund. I a limited amount of capital is available
in the overall fund, preferably the best investment projects should be selected. In that
case, the projects have to be ranked or velued according to their environmental perform-
ance, Alternative approaches need to be considered. Box IX.]1 below iliustrates this se-
lection process by means of drawing a “spider-web’. Not on a project scale, but for indi-
vidual countries, the Asian Development Bank (ADB) often applies a variant of this ap-
proach, called the ‘environmental diamond’ (Rogers et al., 1997},

I recent years, various methods have been developed to weigh different emissions and
other environmental parameters against cach other, in order to make altematives with
multiple impacts comparable. Some of these methods have specifically been designed
for application in project appraisal. Broadly speaking, these methods can be classified as
{a) distance-to-target approaches, (b) scoring technigues, (¢) abatement and control cost
methods, and (d) welfare theoretical approaches. In the following sections, these meih-

ods will be explamed.

Box IX.t Which project is preferved?

Two projects (A and B}, which both meet the
World Bank standards, are candidate for funding.
Only ene project, the most environmentally
sound project can be selected. The spider web
indicates the environmental scores in terms of
damaye intensity. Froject A scores good on hu-
man toxicity and ozone depletion but has signifi-
cant adverse consequences for the climate. Proj-
ect B shows an opposite pattern. Based on this
representation, no definite outcome can be con-
cluded. If the decision maker has a strong prefer-
ence to prevent climate change, Project B will be
selected. If the other environmental problems get
priority, Project A will be funded. A consistent
set of weights need to be developed to arrive at a
well-considerad selection.

climate change ]

[ human toxicity | | ozona depletion |

B project A D project &

Figure IX.1 Environmental impact score.

Distance-to-target approach

In the “distance-to-target’ approach, the importance of a potlutant is determined by the

difference between the actual environmental situation and some objective (e.g. a politi-
cally or scientifically defined target ‘sustainability level® or ‘no effect level™). Put i an-
other way, it focuscs on the extent to which society has failed to achieve environmental

standards (Poweli, 19957,
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This method fits best with the World Bank guidelines because it is generally based on a
system of standards. The weights from the distance-to-target approach can be derived for
all environmental impacts which have quantitative tarpeis. Usually these tarpets are de-
fined on a national level. The most common impact categories are energy consumption,
air pollution, water pollution and waste generation. Equation IX.1 demonstrates how the
weights are detived.

E;ggr _E.:r (IXE)
E!

L)

W' o=

H' = weight for emission of pollutant i
E o = aggregate emission level of pollutant ¢
E,' = maximum allowable ageregate emission level of polhstant i

After the weights for all the poliutants have been derived, the envirenmental indicator
can be calculated by multiplying the weiphts with the respective pollutant levels. This
step is presented in equation 122, 1t can'be assumed that the iower the indicator, the less
damaging the project will be for the environment.

EI=ZW* -El

ET = environmental indicator
E,'= emission level of the project of pollutant i

IX.2

The procedure s best illustrated with an example. Suppose two projects have certain
levels of emissions which exceed the maximum allowable standards defined by the

World Bank (see Table IX.1).

Table IX.1 Information of the example of the disiance-to-largel approach

national target national level . Project A Project 3
Adr pollutants :
- NOx 10,000 kgfvear 15,000 kglyear 5 pg/im’ 20 ug/m’
-PMIO 10,000 kgfyear 15,000 kgiyear 15 ug/m’ 20 pg/m’
Water discharge
- BOD 20,000 kg/jvear 25,000 kgfyear 50 mg/m’ 30 mp/m®
- AOX 20,000 kgfvear 25,000 kgfyear 50 mg/m’ 30 mg/m’

By applying equation 3.1 the following weights are derived: NO, and PM,; = 0.5, and
BOD and AGX = 0.25. In the next step equation IX.2 is applied in which the project
ernission levels are combined with these weights and subsequently aggregated by proj-
ect, the following enviromumental indicators are caleulated for respectively Project A and
Project B: EI(A) = 40 and EI{B) = 35. Thus project B shouid be preferred to project A,
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The above example indicates the relative ease with which environmental indicators can
be calculated. As long as the necessary data are available — the environmental details of
the project and the relating legal standards — the calculation is velatively simple. Yet,
several disadvantages of the distance-to-tarpet approach can be highlighted. The emis-
sion standards are unilikely to be solely scientifically based. They are generally governed
by technical limitations, the feasibility of supervision and control and other institutional
and political factors (Powell ,1995), Other disadvantages are that various relevant envi-
ronmental impacts, such as exhaustion of natural resources and climate change, are alten
excluded from the analysis, and that it is often complicated to choose the spatial scale of
the target {local, national or global).

Abatement and control cost methods

In the *control costs’ method the (monctary) value of a pollutant is based upon the costs
associated with the prevention of its emission. These ¢osts are based upon engineering
data and are therefore relatively concrete. The level of the control costs necessary to
meet the related environmental standard is usually taken as the value of a certain emis-
sion. In that respect, this method is comparable with the distance-to-target approach.
This similarity also results in the same critique. The argument can be raised that abate-
ment costs do oot necessarily represent the collective willingness-lo-pay {(WTP) of the
society to avoid damage. In other words, damage costs are conceptually different to
control costs: the former are a measure of society’s 1oss of well-being while the latter
represent what it costs society to prevent a certain damage to occur.

The control costs method basically internalises the external costs. Loosely speaking,
external costs are those costs which an [ndividual or firm undertaking some activity im-
poses on another party through this activity without having to pay for them. For exam-
ple, an electricity plant emitting $CG; causes damape to agricuitural crops thersby im-
posing @ cost on the farmers in the form of lost revenue, fufernal costs are simply the
costs related to an activity borne by the individual or firm undertaking the activity them-
selves. Thus if, for example, 2 firm decides to abate a certain amount of air emissions by
instalting a scrubber, the level of this investment — the control costs — will become part
of internal costs. The disadvantage of this approach is that it is not clear whether the
control costs are representative of the actual damage it would have done without the
abatement investment. After all, we atterapt to find appropriate weights for pollutants of
economic activities, and not for avoided pollutants. Therefore, we need 1o know the ac-
tual or potential damage costs. This concept will be explained in the next section.

Multi-criteria analysis

In this approach relative weights are attributed to pellutants by a panel of experts, inter-
csted parties and/or the general public. To be as much representative as possible, a cross
section of interested parties, should be involved in determining the weights, These can
include environmental, consumer, and business groups, who refiect the relevant social
and scientific opinions {Powell, 1995). Ultimately the revealed values ot weights are
combined with the factual information resulting from the environmental assessment,
leading to the indication of the best available options (see Figure 1X.1),
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FACTS VALUES
> "< -

factual data i values / weights .
i ranking
resulting fram the | 1 resulting from the - af
envircnmental multi-criteria lternatives
impact assessment : analysis a

Figure IX.]  Scheme of conventional decision support system with MCA (based on
Beinat 1797).

MCA has several advantages over other approaches, The fact that standards are not al-
ways up to date, is a handicap for, for example the distance-to-target appreach, There-
fore an altemative method which represents the latest views and know-how is desirable.
Scoring approaches are often based on more recent knowledge and ideas. Another ad-
vantage of scoring approaches is that they are less costly and time-consuming than sev-
cral other approaches, such as economic valuation. Finally, multi-criteria analyses al-
lows for the aggregation of varying issues into a single decision. For a better under-
standing of the standard procadure of the muiti-criteria analysis, an example for soil
remediation is presented in Box 132,

Box IX.2 Steps in multi-criteria analysis (MCA).

The rotal score of the aligrnatives in an MCA is often computed with the vafue flctions
method, This method comprises six steps:

1. Selection and quantification of all refevant aspects. The results are orpanised in the so-called
performance table,

Selection of two reference or anchar points for each aspect.

Assessment of a value function for each aspect.

Conversion of the performancs table inte standardised scores by means of value functions.
Assessment of the weight of each aspect.

Calculation of the weighted sum of the standardised scores, This results in total score for the
alternative considered.

th LA Fa b b

Source; Beinat el al, [798

The approach also has several disadvantages. First, the information for the assessment
comes from experience, perception, and extrapolation from similar cases, but may also
include expert values. The Integration of these aspects inlo numerical judgements is
hardly possibie, and often goes beyond the capabilitics of the assessor (Beinar, 1997).
Morcover, cxperiments have shown that sets of weights derived from multi-criteria
analysis, such as depicted in Table [X.2, are rarely repeatable (NOVEM, 1993). This in-
dicates the importance of the composition of the panel and the phrasing of the questions.
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Table IX.7 Evoluation factors for environmeniol problems

Effect score valuation factor
greenhouse effecl 21.0
vzone depleticn 19.7
human toxicity 1.0
ecoioxicity 14.6
acidification 187

source. Witet al. (195935

No uniform code exist on the required composition of the group, In Germany the grant-
ing of eco-labels is aided by judgements of a proup of experts, while in Canada the deci-
stons are made jointly by a government body and the Standards Association (Powell,
1995). Because the selection of the panel is rarely based on the principle of societal rep-
resentativity it can be concluded that multi-criteria 1s not a ‘democratic’ instrument. [n
addition to the composition of the panel, also complications exist with regard to the
tirning of the expert judgement. If actual representations are required, the expert panel
should gather for each new application. Therefore, there is not a reliable list of weighing
factors which can be applied for varicus projects in time.

Conclusion on weighing methods

The evaluation of weighing methods does not automarically lead to a single preferred
approach. It depends on the objective of the decision maker, which approach should be
selected. In Table IX.3 a summary of the evaluation is provided, It shows that in terms
of applicability, the distance-to-target approach is the preferred method. In terms of
completeness, comprehensiveness {scientific basis) and in terms of representativity of
societal preferences, economic valuation should be chosen,

Table IX.3 Summary of weighing methods

Method Advantapes Disadvantages
Distance-to- - good data availability - fitnited scientific basis
larget approach | - easy applicability - not representative for society
- not costly to apply - not applicable for all environmental issucs
Control cost ap- | - easy applicability - fbeus on avoided instead of actual damage
proach - affordable - possibly fimited data availabitity
Multi-criteria - reasonably easy applicable - not representative for overall society
analysiz - not cheap but affordable - difficult for experis 1o quantify vales
- allows the aggregation of - rarely repeatable
monetary and non-monetary
varizhles
Economic - solid scienttfic basis . - politically sensitive
valuation - representative for society - time-consuming
- allows integration of tinan- - linited data availability
cial / environmental analysis
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Appendix X. Financial and environmental modei data

Table X 4 Units aobbreviations

b

abbreviation

L

i fonne

m.h. man hour

ton km tonne per kilometre transported
i mega joule

m’ cuble metre

et "

-._-' !

Tuble X5 Input-output technology matrix for collection

FCA  FOI NECA - TNFCH WOCA  WFCI | WPCH | MPC
DWASTEA (0 1 1 -1

DWASTEL{1} R -1 -1

DWASTEH (1) |

LABFC {m.k) 8 40

LABIMEC {m,h) 1060 30

LABWPL {m.h) 150 110 160

LABMPE (m.b) : 5.1
RECY (th 5 0.6 0.4 0.5 Q.35 045 (+35

NRECY {1) -1
DNRECY (1) ' -1
TRUCK {tonkm} |8 5 5 4 4
TRICYCLE (ton.km} 20 15 14

Table X.6 Input-output technology matrix for sepavation (in lonnes)

FHS INFHS
RECY (i) 1 ]
DHLDPEW (1) 0.05 002
[DLLDPEW (f) 0.1 0.]2
DHHDPEW {f) 0.06 0.03
BLHDPEW (1) 0.1 0.13
DHPPW (1) 0.08 0.05
DLPPW (1) 0.16 0.19
DHPSW (1) 0.02 0.01
DLPSW (1) (.05 0.06
DHPVCW (t) 0.15 0.1
DLPVCW (1) 0.2 0.25
DHPETW (1) 0.02 0.02
DLPETW (1) 0.01 0.01
LABHS (m.h} 60 40
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Table X.7  Raw materie! prices in different districts
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[BELING SHANGHA] DAQING NANNNG GUANGEHOU TLaMIN - ZIBO
LABPR(uanm b} 5 8 6.4 42 5 6.2 5.5 4.8
WPH yuanA} 1411 1411 1411 1411 1411 1411 1411
H20Gwan) 1045 .57 039 04 04 052 0.4
EMViuan™I} (009 .11 008 008 0 0.1 0.09
ELECTryuan!MD) 0] .12 aos Gl 013 011 0.1
RE{yuanit) 10 93 290 G910 Ll 920 200
O2lyuznit) 4373 4330 4375 436% 4380 4375 4375
RRG{yuanim3y  |2880  3]180 2640 2820 2880 2040 2820
MG yUanth 2775 2R 2780 2775 2785 2773 2770
Table X.8 Frices in other districty

FFINMMGEO PRIGUANGZHOL  PERNANIING  PFIBAQDING
LABSR{yuan/imh)  [2.| 2.2 1.8 2.1
LABFPIyuamE) |2 23 1.9 21
LDPEPRLyuanit] 6230 6240 6210 H200
HEPEPR[yuant) G625 s640 6610 6610
FPFR(yuana) 6340 6408 G380 60340
PSPR(yrant) 7200 7200 7160 7160
BYLPRLyuami) A0 oo 050 (LY
PETPR{yuans) 11380 11400 11200 11200
DHLDPEWtmant}  [4800 3000 4700 4500
DLLDPEWman)  |3800 3700 3500 500
DHHOPEW(and) (4300 4500 4200 4100
DLHOPEW (yusnity  [3300 3500 3100 3000
DHPEWi(yuani) 3100 3200 3000 2900
DALEPW (yuanit) 2500 2600 2400 2200
DHPE Wiyuund) 3I00 3400 3200 3100
DLPSWipmani} 2700 2800 2600 2500
DHPYCW(ymn} 2400 2500 2300 2300
DLPVCWiyuanf)  |2000 2100 1900 1900
DIHPETW(yunity 4600 4300 4500 4400
DLPETW(vuant) 3400 2500 3200 2100
DETER T{vuan/l) 50H) 500 500 500
ADDT yuondt) SO0 S000 5000 A000
Table X.9  Labour prices in relevant disivicts
BELING SHANGHA] GUANGZHOU  CHONGOQING MANJTNG

LABFC{yuan/m. h] 1.8 4 42 28 3.3
LABNFC yuan/min 1.4 16 1.8 11 1.2
EABWPC (yuan/m.h) 1 1.1 1.4 0.8 0.9
LABMC PC{yuan/m By 38 3.9 4.1 .2 3.1
LABFS yuandm_h} 38 4 42 2.8 3.3
L ABMFS{yuanm. h) 1.4 1.6 ' 1.8 1.1 1.2
LAE W vuanim.h) 1.4 1.6 1.8 1.1 1.2
MW ASTE Afyuani) 3525 3663 3720 3308 3417
[P A% TR vian/t) 3524 1663 370 33408 EE )
[ AS TEH (vuani) 1525 3663 3720 3308 3417
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Plastics Recycling in China 127
Tuble X.10 Economic values for environmemtal externalities (Yuan/tonne)
Indicator Ow HT AT S ELl Eutrophi-

Global Warming Human Health  Acidification  Disamenity cation
PP corr, 102! . 1a2! 10004 1021 F.00ag
CO 14 ) 0 L !
MNox 33 5788 53 L 26
dust 0 16808 0 0 0
502 0 T80 2378 0 0
C0o? 3 )] o ] 0
CFCH 16192 {} 0 ] 0
12dichlor ] 200167 G 4] U
chd 52 1] 0 4] 0
nZo 1284 0 ] 4] 0
COD i 0 0 a 2
Br 0 114855 { 0 {
Hg a1 114853 £ 0 Q
Phospahte 4, 0 ] ] 530
Mitrate "0 0 0 { B
Aorgwas 0 2 2 b 0
orgwas 0 2 ¢ 8 0
toxwas 4 20 0 3 0
inertfwas 0 2 ] z o
Table X 11 Waste management lechnology matrix (in tonnes)

DUIMP INC LDF

LABMCPC -5 -10 =20
DNRECY -1 -1 -1
MERCURY 5.30E-08 0 2. 70E-08
coD 5.20E-05 ] 2R0E-05
HC 260E-07 0 1. 30E-G7
CL 4 90E-09 0 Z50E-G9
cu L10E-05 G 1. 535E-05
Co B.30E-08 0001 4 30E-06
DHUST 3 20E-08 6 00E-0% 2.00E-0&
NOX I 00BN 0.003 1. 50E-0&
HCL 6 80E-09 130604 3 40E-09
CH4 0. {134 o 0.002
CoR 0.00% 0.4 0.004
502 6. 10E-06 4.00E-05 0
Solid waste 0.4 0.z 0
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Appendix XI. Sources of Information

In the model a wide range of technical, environmental and economic data have been
used. In the following Section the crigin of these data are presented. Where relevant, an
explanation of the underlying assumption have been added.

Tabie X1.T Technical Data wsed in the Mode!

Process Source / Assummion / Symbol

thermal C.C.M. Steinhage et al.: Milieuinventarisalie verpakkingsmaterialen, CPM TNO,

cracking 1950
MLE. Reinders: Handbook of emission factors part 2. industrial sources, VREOM
1983
Duta of labor used in thermal cracking are from 1ife interview or telephone inter-
view with factories and expert consulting,
assumption 1: The original daia on thermal eracking for ethylene, thermal cracking
for propylene and thermal cracking for aromates has been agpregated into one
process in the moedel as thermal cracking, because cthylens, propylene, aromates
and butadiene are all main outputs from thermal cracking simullaneously and can
nat be separated inlo three processes. The distribution ratio is: ethylene 42%, pro-
pylene 15%, aromales 19% and butadiens 24%6 based on various spurces,
Symbol: TC

LDPE pro- | Van den Bergh en Jurgens, Rotlerdam, Holland, 1990

duction Data of labor used are from Life inlerview or telephone interview with factories
and expert consulting.
Symboi: LOPEF

HBPE pro- | C.C. M. Steinhage et al.: Milieuinventarisatic verpakkingsmaterialen, CPM TNO,

duction 3544
Drata of labor used are from iife interview or telephone interview with factores
and expert consulting, '
Symbol: HGPEPP

PP produc- | R.Glim, E.W. Lindeijer: Milieubecordeling van beglazingssystemen: eindrapport-

tion ape, IVAM, 1994
C.C.M. Stemnhage et al.: Milicuinventarisatie verpakkingsmaterialen, CPM TNG,
1960 .
Data of [abor used are from life interview or telephone interview with factories
and expert consulting.
Symbol: PPPP

chlorine SPIN: Bocy, M Prodektie van chloor; RIVM/LAE; March 1993

production | Data of labor used are from life interview or telephone interview with factories

diaphragm | and expent consulting.

© method Symbol: CD

Chiorine SPIN: Bood), H.; Produktie van chloor, RIVM/LAE; March 1993

production | Data of labor used are from life interview or t2lephone interview with factories

membrane | and expert consulting.

method Symbol: O
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chlorine SPIN: Boatj, H.; Produkiie van chloor; RIVM/LAE; March 1993
production | Data of labor used are from life interview or elephone interview with factories
Imercury and expert consulting,.
method Symbol: CR
vinylchlorid | C.C.M. Steinhage e al.; Milievinventarisatie verpakkingsmatenialen, CPM THO,
e produc- 1907 ' .
tion Drata of Jabor used are from fife interview or telephone interview with factories
and expert consulting,
Symbel: VCL
polyvinyleh | C.C.. Steinhage ct al.: Milieuniveriarisatie verpakkingsmaterialen, CPFM TNG,
loride pro- 19480
duetion Data of labor used are from fife interview or elephone interview with faciories
and expert consulting
Symbol: PYCPP
benzene CPM-TNO 1990 & Novemn, 1992
production | Data of labor used are from lite interview or tetephone interview with factories
and expert consulting.
_ Symbol: BEZ
ethylbenzen | Van den Bergh en Jurgens, Rotterdam, Molland, August 1290
e produc- Data of labar used are from life interview or telephone interview with factories
tion and expert consulling.
Symbol: ETLBEZ
styrche Yan den Bergh en Jurgens, Ronerdam, Holland, Ausust 1990
production | Data of labor used are [rom life interview or telephone interview with factories
and expert consulting,
Symbot: 5TY
polysiyrene | Vanden Bergh en Jurgens, Rofterdam, Holland. Ausust 1990
production | Data of labor used are from |ife interview or telephane interview with factories
and expert consuiting,
Symbaotl: PSPP
ethylenegly | Van den Bergh en Jurgens, Rotterdam, Holland, Auvsust 1994
col produc- | Data of labor used are from life interview or telephone imterview with factories
tion and expert consulting,
Symboi; ETLGLY
p—Aylens Yan den Bergh en Jurgens, Rotterdam, Hofland, Ausus) 199
production | Data of labor used are from life interview or lelephone interview with factories
and expert consulting,
Svinbol: PX
tereptualic | CPM-TNG 1990 & Novem, 1992
acid TT Data of labor used are from Life interview or telephone interview with factories
and expert consulting, '
Symbol:
PET pro- Van den Bergh en Jurgens, Rotterdam, Holland, Ausust [930
duction [ata of labor used are from life interview or telephone interview with factories

and cxpert consulting,
Symbol: PETPF
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Plastics Recycling in China 137
production | Kunststofvenwerkende industric, RIVM Bithoven 1993
of low Data of labor used are from life interview or telephone interview with factories
quality, and expert consulting.
medium assumption: Based on genera experiences, the quality of final products are de-
quality and | fined as: 1 high quality plastic products are those produced from feedstock con-
high quality | sisting of over 90% of primary resin and less than 10% of high quality secomdary
final prod- | resin: 2 medium quality plastic products are those produced from feedstock con-
ucts sisting of greater than 80% of primary resin and less than 20% of high quality sec-
ondary resin, and 3 fow quality plastic products are those produced from feedstock
consisting of less than 30% of primary resin and greater than 70% of low quality
secondary resin. The original data can be applied as. for example, 1 to producs
one (onne of hiph quality LDPE prodects wsing 1.03370% = .72 tonne of low
quality LDPE secondary resin and 1.033-0.72 = 0.315 wonne of primary LDPE
tesin as input, 2 to produce one tonne of medium quality LDPE products using
1.03580%=0.87 tonne of LDPE primary rezin and 1.035-0.83=0205 tonne of
LDPE high quality LDPE secondary resin; and 3 to praduce one tonne of high
quality L.DPE produet using [.03590%=0.932 tonne of LDPE primary resin and
135-0.932=0.103 tonne of high quality secondary resin, etc.
Symbol: LL.DPEP, MLDPEP, HLDPEP, LHDPEFR, MHDPEP, HHIHEP, LPPP,
MPFFP, HPEP, LPSP, MPSP, HFSP, LEVCE, MPVCP, HPVCPE, LPETP,
MPETE, HPETP
hand guestionnaires from 20-factery Geld survey in Beijing suburbs, Baoding, Wenan,
washing of | Xiongxian and Bazhou in Hebel Province, Nan Hai County, Fushan, Shunde, Pa-
waste plas- ) nmyw in Guangdong Provinee, Ningbo, Yuyao and Hangzhou in Zhejiang Province
tics and Nanjing ir Jiangsu Provinee.
assumption: average data of 120 factories
Symbal; HWHLDPE, HWLLDPE, HWHHDPE, HWLHDPE, HWHPPE, HWLPP,
HWHPS, HWLPS, HWHPVC, HWLPVC, HWHPET, HWLPET
mechanical | guestionares from | 20-factory field survey in Beijing suburbs, Baoding, Wenan,
recyeling of | Xiongxian and Bazhou in Hebel Provinge, Man Hai County, Fushan, Shunde, Pa-
waste plas- | nyu in Guangdong Province, Ningbe, Yuyao and Hangzhou in Zhejiang Provinee
lics and Manjing in Jiangsu Pravinee,
assumption: average data of 120 factories
Symbel: MEHLDPE. MRLLDPE, MRHHDPE, MRLHDPE, MRHPP, MRLPP,
MEHPS, MRLPS, MRHPYC, MRLPVC, MRHPET, MRLPET
feedstock spurce: CE 1997 Evalvation of the Texaco-pasification process for treatment of
recyeling mixed plastic household waste: final report of phase 1&2
assumption: 1 75-200kton capacity
maximum of 3 1% of wasie stream can be recovered for feedstock methed
Symbol: FS
waste plas- [ questionares from 120-factory fietd survey in Beijing suburbs, Baoding, Wenan,
tic coliec- Xiongxtan and Baxhoo in Hebel Province, Wan Hai County, Fushar, Shunde, Pa-
tion nyu in Guangdong Provines, Mingbeo, Yuyao and Hangzhou in Zhejiang Province

and Manjing in Jiangsu Province,
assumption: average data of |20 factories
Svmbed: FCA, FCLINFCAL INFCL WPCA. WECL WPCH, MUPC
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hand sepa- | questicnares from 120-factory field survey in Beijing suburbs, Baoding, Wenan,
ration Xiongxian and Bazhou in Hebel Province, Nan Hai County, Fushan, Shunde, Pa-
iy in Guangdong Province, Mingbe, Yuvae and Fanezhou in Zhejiang Province
and Nanjing in Jlangsu Province.
assurmnplion: average data of 120 factories
Symbal; FHS, INFHS
dumping to be added
plastics assumption:
Symbol: DUMP
ncineration { to be added
of waste Syiibal: INC
plastics
landfill ey be added
plasties Symbol: LAND
Transpart to be added
by {ruck assumption:
and ship Symbol;

Tubie X1.2 Economic Data used in the Mode!

Process

Source / Assumplion

raw commaodity prices | China Price Year Book 1994, 1995 & (906

Import prices

EXPON prices

dump, incineration
and landtill cost

ECO-C0st

fixed demand

wisle Talic

assumption: average price of the year 1994, 1995 and 1996 when avail-
able to aveid the impact of price [uctuation on resuft

China Customs Statistics 1994, 1995 & 1995

assumption: import prige 15 CLF. price and average price of the vear
1894, 1995 and 1996 when available (o avoid the impact of price {lue-
tuation on result '

China Customs Statisties 1994, 19935 & 1994

assumption: export price is FOB price and average price of the year
£994, 1995 and 1906

Beijing Envirenmental Sanitation Cesign Research Fostilute & expert
consulting

Beukering, van Pieter. Frans Qosterhuis, and Frank Spaninks (1998)
Economic valuation in Life Cyele Assessment: Applied to reeyeling and
solid wasle management. Enstitlie for Envirpnmental Stodies (V).
Amsterdam W82,

China Light Industry Annual Repon 1994, 1995 &1996; China Statist-
cal Yearbook 1994, 1995 & 1996

assumption: based on reu] average data in (994, 1993 & 1996 in each
demand center then be blown up to national level of 1994, since mast
data in the model are in 1994,

China Agriculture Sravistical Information 1994, 1995 & (996
assumption: averape data in 1994, [995 & 1996
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Tabie X1.3 Capacity of the pracesses in the plastic cyele

i34

Capacity

Source

Assuraplion

TCM, CDM, CMM, CRM,
vCLM, BEZM, ETLBEZM,
STYM, ETLGLY M, PXM, TTM,
LDFPEFEM, HDPEPRM,
PPFPRM, PSPRM, PVCPRM,
PETPRM, LDFEM, HDPEW,
PPM, PSEM, PVCM, PETM,
FCAM, FCIM, INFCAM,
INFCEM, WPCAM, WPAIM,
WPCHM, MCPCM, FHSM,
TNTHEM, HWLDPEM,
FHWHDPEM, HWPPM,
HWPSM, HWEPWVCM,
HWPETM, MRLDPEM,
MEHDPEM, MREPPM, MRPSB,
MREPVCM, MRPETM, F5M,
LDFM, TNCM

China Chemical Informartion
Centre;

China Chemical Products and
danufacturers Database; Slate
and Prediction of China One
Hundred Main Chemical Products
1995.

Ethylene Industry 1926, China
Light [ndustry Annual Report
1994, 1995 & 1996;

China Statistical Yearbook (994,
1995 & 1995,

Beijing Environmental Sanitation
Design Research Institute & ex-
pert consulting,

real data in production
centres then blown up
to national level of
1993 and 1996
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Appendix XlI. Spatial impact of environmental
integration

In this Section, the spatial dimension of the environmental integration scenarios is dis-
cussed in detail. The transportation logistics are depicted in three figures. The shipments
patterns which are indicated by dotied lines indicate shipment within the centres. There
are a number of centres which are a combination of primary resin production, secondary
resin and tinal product manufacturing centres and finaily demand centres. An overview
of the various activity centres is given below and their respective locations in China are
shown in figure three.

The figures given below are far the sustainable strategy under the original technology
matrix. Three sets of results are shown, The first set shown in Figure XIL1, describes the

transportation of primary resin from the production centres to the final product manu-
facturing centres. :

Shanghai

Dagirag

i Manjing

Guangzhou

Figure XII]  Maoverial flows of primery resin within Ching

Two interesting obscrvations are noted. The first is the supply link between Beijing and _
Guangzhou and the second is the link between Daging and Nanjing. The distance be-
tween the centres in these two links are significant and one would have expected pro-
duction centres located strategically closer to supply the primary resin (o the two final
goods preduction cenires. The reason was traced to a combination of transport logistics
and capacity constraints, Taking inte consideration distances between centres. it would
seemn logical for Guangzhou to get supplies from Shanghai or Nanjin, which are both
nearer. However, capacity constraints in these two eentres pius the lower transport cost
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to the demand centres of Ninbo and Nanjin make it cost effective to let Betjing supply
CGuangzhou. A policy option to reduce this dependence {s to increase the capacity in
Guangzhou itseff or as the next alternative Shanghai or Nanjin.. The same dynamics
prevail for the Daging-Nanjing link.

Figure XI1.2 below describes the shipments patterns of final products from the manu-
facturing centres to the final demand centres. No real surprises were observed in the
shipment patterns although at first observation it would seem odd to see Chongging be-
ing supplied by Baoding. However, on closer scrutiny of the results, the clesest supply
cenire, Guangzhou is already operating at capacity and no other altermative is possible
except Baading, the next closest centre. A policy option would be Lo increase the capac-
ity in Guangzhcu but a word of caution should be mentioned here. As the demand by
Chengging is relatively large, the increase in capacity in Guangzhou must be substantial.
Therefore, the decision to invest in Guangzhou must be made in the context of the trans-
portation costs plus the possibility of future expansion in demand. This in tum would re-
quire the model to be extended from the present static model to a inter-temporal model.

Beijing
Nanijing
Shanghai
Guangzhou
Nanjing
Nibo

' Guangzhou
! Baoding
' Chongging

Figure XIL2  Materiaf flows of fina! products within China

The kast transportation link shown in Figure X111 is the supply of the separated waste
plastic to the recyeling centres. The shipment patterns were determined solely by trans-
port costs, with the nearest being supplied first followed by the next and so on. But what
is interesting 1s the guantity of waste which is supplied (o the recycling centres.

We implicitly assumned that all recyclable waste 15 recycled. Mapping the quantity of
waste shipped to Guanpzhou plus its own waste to the capacity available for mechanical
recycling, we computed an excess of approximately 80.000 wons of different types of re-
cyclable waste plastics. Therafore, it seems that there is an acute shortage of recyeling
capacity which goes to support our earlier findings. This 15 in essence the reason for sub-
stituting sceondary resin with primary resin for a number of plastic products.
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Figure XIL1  Material flows of recyclable waste plastics within Ching
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Appendix XlIl. Final Workshop at CAITEC

Un the 20th of January 1998 a seminar was organiscd at the Chinese Academy of Inter-
national Trade and Economic Co-operation {CAITEC) in Beijing. The tentative results
of the study in the 1ast year on economic and environmental issues related to the plastic
recyeling industry in China were presented. The matn purpose of the workshop was to
receive feedback from the most important stakeholders in the piastic cycle in China.

Based on these comments, additional analysis can be perfonmed before the final report is
campleted.

The issue of the rapidly increasing demand for plastic products in China was addressed.
It was concluded that China has neither the productive capacity W keep pace with de-
mand, nor the management systems to adequalely deal with the increasing burden of
plastic waste, These problems highlight the potential role {or plastics recovery in wasie

management and regycling in the industry. The agenda of the workshop is presented be-
low.

Agenda

S:00 Opening of the Workshop Shi Yonghai {CAITEC)
o1 CREED programme Anantha Duraiappah {1 V)
920 Overview of project & purpose of the workshop Pieter van Beukering (1¥ M)
O30 Cnestions & Comments Participants

045 hernationzl Trade of Waste Plastics Li Yongfiang (CAITEC)
115 Questions & Comments Paniicipants

k45 Recycling Industry (the survey) Zhao Yumin (CATEC)
11:15  Questions & Comments Participants

1130 Lunch

1300  Envirenmental problems in the Plastic Cycle Zhou Xin (IRN

13:30  Guestions & Comments Partivipants

13:45  The model & resubts Anantha Duraiappah {1 VM)
4:13 Questions & Comments Participants

14:3¢  Tea break

14:4%  More elaborate discussion on prime issues Participanis

143 Summary of main conclusions Li Yongjiang [CAITEC)

The ultimate goal of the discussion is to retrieve a list of recommmendations 1o be in-
cluded in the final repost. The general discussion of the workshep which was the final
part during the day, was factlitated by a list of statements. The statements were struc-
tured into different categories, in synchrony with the earlier presentations (international
wade, the recyeling industry, waste management). Challenging and provocative siate-
ments were Tormulated. These statements do net represent the outcome of the project,
but were simply meant to provoke the participants.
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Statements on international trade

|. Imported waste plastics create extensive competition to the domestic market of waste
plastics and should therefore be banned.

Reply of Participants: We must be very carefut Lo make conclusions on international
trade because it will have significant impact on domestic recyeling industry on the long
term. Most of the participants suggested government let it develop naturatly, neither en-
courage nor discourage. Il there exists market demand for imperied waste plastics, i.e.,
domestic waste cannol meet with the demand in terms of quantity or quality, import
should be permitted.

2. The menitering of the current trade measures on impert of waste plastics (only al-
lowing grade A and B} is too difficult. thereby creating high risks of allowing unrecycla-
ble waste plastics in the country. It is therefore safer to ban this type of trade completely.

Reply of Par.ricfp&mx: According to an official from NEPA, there are a series of laws
and regulations on the import of waste plastics, from import permission, inspection to
customs procedure. Furthermore, the criterion ts very strict and easy to put to use. The
imported waste can be judged whether it is in accordance with the relevant regulations
and criteria without chemical inspection method. Therefore, it is not so difficult as be-
fore 1o monitor the trade measures on import of waste plastics. From this point, it is un-
necessary to ban international trade of waste plastics.

3. Given the shoriage on the local market of high quality waste plastics, the possibility
to import grade A and B waste plastics is the only way to expand the recycling industry
of waste plastics. Therefore import of high quality waste plastics sheuld be encouraged.

Repiy of Participants: There are arguments among participants. Some participants
thought imported waste plastics is beneficial to the recycling tndustry, For instance, ac-
cording to Mr. Liaoc Zhengpin, deputy director of Plastics Industry Office of China Na-
tional Couneil of Light Industry, the gap between supply and demand of plastics is more
than 1 million tonnes in 1997, while recovered domestic waste piastics is less than |
million tonnes. Therefore, import of recyclable waste plastics is one way 1o meet the
gap, besides efforts in increasing recovery rate of domestic waste. But some aothers ar-
gued that the resource of domestic waste is rather abundant, thanks to rapid growth of
plastics consumption, and there is no shortage of high quality waste plastics. The import
of waste plasiics was a profitable business in the early 90s when the supply of plastics
was insufficient. But it is different in recent vears. The key problem now is lack of
adaptable recycling technology, instead of lack of raw material (waste plastics}. How-
ever, as mentioned in [commentl], either encouragement or discouragement is nol nec-
essary, no matter whether the imported waste is of high quality o not.

4. Imports of waste plastics supports the recyeling industry but on the longer term has a
negative impact on the technological progress since it discourages the ereation of do-
mestic solutions to take care of the material scarcity and the waste problems in China.

Reply of Participants, The participants do agree with this opinion.
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Statements on the plastic recycling industry

I. The plastic recycling industry is completely driven by commereial incentives.
Therefore direct government involvement is not desirable and fusther privatisation
should be aimed for.

Reply of Participanis: The government should involve in the plastic recycling industry
through formulating relevant environmental and econemic policies. In order to expand
plastic reeycling industry, the government assistance is required to establish more col-
lection channels and make the industry well-organized. It is not important if the enter-
prise is state-owned or private. But no specific measure is put forward at the workshop.

2. The plastic recycling contributes to environmenial pollution and should therefore not
receive any preferential trcatment such as tax reduction.

Reply of Participants: No comments.

3. The main problem at present (o tncrease recycling of plastics in China is not the recy-
ching industry ttsell but the lack of demand for recycled plastic products. Special policies
should be designed to encourage this demand such as improvement of the image of the
recycled piastic product,

Reply of Participanis: No comments.

4. Novel technologies such as back-to-feedstock recycling should first find comrmercial
appliance in the OECD countries before being installed in China,

Reply of Participanis: Quite apree with it! We must be very careful to introduce any
kind of new technology. For instance, degradable material is not as environmental sound
as it is said. Actually, degradable material can create more severe pollution without
adaptable degradation technology.

Statements on waste management

1. China's overall conditions are so differemt from OECD countries {in terms of climate,
environmeintal preferences and economics) so that there exists very little potential for
lechnology exchange between China and the GECD countries in the recyeling industry
to reduce negative impacts?

Reply of Participunis: The adaptable technology is desirable. 1t is suggested that OECD
countries transform relevant recycling technology simultaneously if they want to export
waste plastics Lo China,

2. The recovery of waste plastics is presently not organised sufficiently. More govern-
ment involvement is required to increase the quantity and quality of recovered waste
plastics in China. Informal recovery should be discouraged.

Reply of Participants: Al the participants agreed that more government invelvement is
required Lo increase the quantity and quality of recovered waste plastics in China. Bei-
Jing Kaifa Environmental Protection Technique Centre is a good example to introduce
governmental assistance and the initiative is quite successiul in terms ol establishing a
formal collection system to force producers pay for the cost of recovery, Nevertheless, it
doesn’t indicate that informal recovery should be discouraged. As mentioned above in
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[comments], diversified collection channels {formal or informal, state-owned or private)
will be helpful to increase recovery rate.

3. Although landfilling is at present the cheapest way to manage waste plastics, it 15 ul-
timately not the preferabie approach as it does not utilise the material or energy value of
plastics.

Reply of Participants: Although the cost of landfilling is approximately RMB30 Yuan
per ton, the total cost (including operating cost, transportation cost) is up to more than
RMR 70 Yuan per ton, according to an expert attending the workshop. It is not the pref-
erable approach in terms of economic and environmental proteciion. Landfilling, as well
as incineration, is to be used only when there 15 no other means to deal with the waste.

4. The solution to the waste problemn of plastic lies not in the increase of recycling but in
the prevention of waste plastics. Therefore more attention should be paid to the reduc-
tion of the demand for packaging materials, design for recyeling and the extension of the
lifetime of plastic products.

Reply of Participants: It is very tmportant to raise public awareness of environmental
protection. Again, governrment invelvement is desirable. For example, government
should expand investment in establishing sorting collection system and publicising the
recycling market.
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ﬁ; p}ngramrﬁa of Collaborative Research in t.hu.a Economics of

IEmrimnmgnLand DEUElDFIIT;Enl {CREED) was eétahlished in
1993 as  Joint indiative of the Intemationzy Instiute for

* Environment and Develo hmerﬂ {IIED); Llﬂndnh. and the InsliEI:tte v

. for Envirenmental Studies (VM) Vrile Uniuersileit,. Amsterdam.

The wlimate goalof CREED i fo enich the knowedige base
and 'w.iden lhe debate on Sustainable develapmenl by
strengthening research Gapéﬂity in eﬁuirunm_enlal BCONDIMICS
and policy analysis in developing caunliss. This is anh'ieuéd
primarily through ﬁnl!ahnraﬂun on research projecks, in!onhaﬁan
'.exchange angd ﬂissemiﬁatfﬂn invalving inftiatly [IED, IVM afld".

counterparts in develsping countries:
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