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ABSTRACT

The increasing volume of solid waste (SW), not aaliging from household (Municipal SW,
MSW) but also from industrial process (Industris/,ISW), has become a serious issue in Chinese
metropolises with the economic growth, urbanizatiordustrialization, and increasing affluence.
Growth of industry leads to the expansion of pofpaita while the augment of demand by increasing
population stimulates the industrial growth in tutimereby increasing not only ISW generation, but
also MSW generation. Therefore, in order to sdivawaste problem for the construction of sustamabl
waste management system in a city, it is necedsacgnsider these two types of waste together, in
which, the emphasis should be focused on wastectiedufrom the source. The starting point in
adopting this should be a good understanding oliistream flow of waste and accurate knowledge
of the volume and composition of waste that willgemerated in the future. However, due to deficient
historical records and complex production proctaseffective attempts at forecasting SW generation
are far from enough, especially for ISW by wasteegary. A common approach which is based on the
limited waste statistics and can be easily popzgarinto Chinese countries is thus urgent. Thigpap
therefore, attempts the construction of a systensproach to make projections of SW generation by
waste category from the following issues: (1) teedep household consumer behaviour model taking
into account lifestyle of residents and project deenand of private consumption in the future; (2) t
quantitatively investigate and project MSW generatfully considering the change in consumer
behaviour and waste management policies; (3) ectfkely evaluate the present and future industrial
structure and their contributions to ISW generat@onong industries; (4) to carry out a scenario
analysis of calculating CQemissions in different waste treatment optionselagn the projected
waste quantity and composition in 2015. The apgroic applied on a city level as the basic
administrative unit of SW management in China.

The entire framework comprises four modwaggional macro-economic module, MSW
generation module, ISW generation module, and wéastatment module. Further, the study of
consumption pattern conducted from the consumeawetr model in MSW module is a prerequisite
for industrial restructuring caused by change instconption demand in ISW module. Moreover, the
regional macro-economic module is to provide a radaneconomic structural analysis and economic
forecasting, considering the influence of natioB&IP and socioeconomic indicators including world
trade. It is found out that the regional model fite historical records reasonably well and provide

acceptable reproduction.



In the MSW generation module for estimating andjguting MSW generation, firstly the per
capita total household consumption expendituresisnated by using total consumption expenditure
model; then, household consumption pattern is eséichusing an extension of the linear expenditure
system (LES); thereafter, MSW generation by conmsis quantitatively expressed in terms of the
expenditure for consumption category and waste gemant policies by using ordinary least squares
(OLS). Then, five Chinese cities with distinct eoonic levels are presented by applying the module to
determine the waste generation features in difteregions. The research findings clearly indichs t
1) the number of variables affecting consumer bighavin Chinese cities is not one but the
integrations of a series of indicators. Aside fr8manghaisaving rate towards consumptig¢8AV)
and natural growth rate(NAGR) are currently the two common factors. However,Sihanghai,
consumer behaviour is strongly influenced3#y/ andthe average number of persons per household
(ANPH). 2) The MSW generation model quantitatively desitates the linear conversion process
from consumption to corresponding waste generatiorall cities. For example, education and
consumption of food-as the form of consumption expenditure in this aede—is the source of
generation of food, plastic and paper waste. Fyrthlass and metal waste is estimated by food
expenditure in all cities. 3) Total MSW generatmar unit consumption is 0.198~0.225 kg/RMB with
an average value of 0.213 kg/RMB. 4) All the wasi@nagement policies analyzed in the research
will provide feasible experiences or valuable lessto other Chinese cities. 5) Volume of per capita
MSW generated in 2020 will be 1-24.18 folds compared to that in 2008 in each citthére were
no effective policies implemented advancing to distiing waste generation.

Then, for the forecasting of ISW generation of eaelste category by industry, the ISW module
is developed, linking three principal modeisegional macro-economic model, regional input-ottpu
(I0) analysis, and ISW generation model. The apgromvestigates the influence of industrial
restructuring on ISW generation, based on the stfdgonsumption patterns, export composition
figures and change in ISW generation coefficiertte Tprincipal priorities in the case study on
Shanghai are as follows: 1) the approach providaedea for a way to quantitatively analyze indastri
restructuring by adjusting the converter that, umt helps assess the impact of these changes on
sectoral output. 2) A sensitivity analysis desaitieat per yuan of increase in consumption on FOOD,
CLSH, FUNI, EDUC, TRAN, HLTH and RESI induces to average increase of 76.41, 76.16, 82.28,
106.54, 93.89, 148.30 and 292.58 g total ISW, retspdy. 3) It is verified that ISW generation not
only arises from economic growth but also from dmset of industrial restructuring. The unit ISW
generation per gross output reduces from 0.16 14 tns/10 000 RMB as we move from 2002 to
2020. 4) It is investigated that the total volunfiéS3W generated in 2010, 2015 and 2020 will be 2.07



2.83 and 4.12 times that of the 2002 levels. Tked ®W generation of Shanghai in 2020 will be 4.06
times of that in 2002. 5) However, if consideringeisario analysis of adjusting ISW generation
coefficient, the total SW generation is 1.93 tinesnpared to 2002 and ISW is 2.18 times of MSW
generation. 6) Based on our results, the indussesifors making the biggest contribution to the
production of each type of ISW can each be seggratentified. Therefore, constraining specific
industries or penetrating them with selective tetbgical changes will be useful attempts on the way
to meeting the objectives of overall waste redunctio

Finally, in the waste treatment module, the greeshogas (GHG) emissions emitting from the
treatment and disposal of waste, including landgfié, waste-to-energy incineration and composting
are calculated, respectively. Further, based orptbgection of waste quantity and composition of
Shanghai in 2015, a scenario analysis is carriedasuwell concerning the GHG emissions from
alternative treatment options. The results confinat composting and recycling of waste before the
treatment are effective attempts at reducing GH@G&ons in Shanghai. Further, scenario designed as
the integrated waste treatment system makes trgedtigeduction of GHG emissions, as 34% as
compared to current treatment options with eneeggpvery.

In a word, this research develops the entire sysierapproach investigating the upstream flow
of waste generation from the viewpoint of econogriawth, change in socioeconomic indicators and
constitution of waste management policies, and makereasonable attempt at projecting SW
generation of each type of waste category. Basetherresults, it is suggested that for the waste
reduction to promote sustainable society, govermmeterventions including promoting green
consumption, reducing extra consumption, et al. wadte policies such as increasing recycling and
penetrating technological innovation in specifidustries will be effective. Further, based on the
forecasts of SW generation, the recycling and gpmate treatment of waste generating from
municipal and industrial process can be examinewh fihe long view. From the relationship between
ISW and MSW generation, the development of indusiity promote the growth of service industry
and induce greater generation of recyclable itaMisile the recycling of these items before the waste
treatment is essential for effectively reducing GEiGissions which contribute to global warming. In
addition, the systematic model can be easily pojald into other Chinese cities even other Asian
developing cities, thereby possibly promoting tbstainable waste management of China and Asian
countries.

Key Words: Municipal solid waste, industrial solid waste, jpation, consumption, regional economic

model, input-output analysis, G@&mission
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A TABLE OF TERMINOLOGY ABBREVIATION

A table for the abbreviations of the all termingtagppeared in the text, in alphabetical order

Terminology Abbreviation
Adjusted B AdR?
Average number of persons per household ANPH
Autoregressive integrated moving-average model ARIM
Consumption category CA
Chinese Academy for Environmental Planning CAEP
Coal-burning powder CB
Clothing & shoes CLSH
Consumer price index CPI

Coal stone CSs
Disposal site DS
Education, cultural & recreation services EDUC
Environmental Protection Agency EPA
Environmental Sanitation Bureau ESB
Explanatory variable EV

Food FOOD
Household facilities, articles & services FUNI
Gangue GA

Gas coverage rate GAS
Government consumption GC
Greenhouse gas GHG
Green coverage rate of built districts GREEN
Medicine & medical services HLTH
Hazardous waste HW

Fixed capital formulation I

Input coefficient IC
International Financial Statistics IFS
Intergovernmental Panel on Climate Change IPCC




Industrial solid waste

Integrated waste management philosophy
Linear expenditure system

Landfill gas

Liguefied petroleum gas

Mean absolute percentage error
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1 INTRODUCTION

1.1 Research background

Industrialization, urbanization, population grow#md increasing affluence are driving the
magnitude of China’ increase in solid waste (SW)eagation, which has become the stumbling block
of improvement of environmental quality and citypepranc€”. Further, with the universal
recognition and prevalence of sustainable developnemvironmental sustainabilitydefined as ‘the
ability of the environment to continue to functiproperly—has been widely endorsed as an ideal
goal for minimizing environmental degradaffolf. In the conduct of solid waste management,
sustainable development acts as an integrated wastagement philosophy (IWMP) with regard to
the waste hierarchy of ‘reduce, reuse and recydlbis implies that waste reduction should be
emphasized on top of the hierarchy along with tiherdasing ratio of reusing and recycling, thus
aiming at minimizing waste*. The starting point in adopting such an approacthé future should
be a good understanding of the upstream flow otelas". Further, to solve the problem of SW for
the development of a sustainable society, accymatection of waste generation by composition is
crucial from the following perspectives: (1) detarimg long term consequences of the chosen waste
legislation requires assessment of the current 8Wémation and accurate projections in the flittre
(2) the accurate knowledge of the volume and coitipnof waste that will be generated in the future
is also vital for the successful long-term plannamgl designing of solid waste management systems
and optimisation of management strateégie$ ! (3) the information is the important background f
the implementation of recycling activitifas well.

Shift in waste hierarchy leads to the increase ath aomplexity, thus requiring more detailed
information on waste generation and compositionwelger, in Chinese cities, due to the deficient
financial support, the lack of reliable and coresistwaste records makes it extremely difficult thoe
strategic projection of waste quantity as well asste compositidh *”. It is thus meaningful to
develop a common approach which is based on thigetinwaste statistics of cities and is easily
popularized into other Chinese cities.

Fig. 1-1 illustrates the internal relationship beéw production and consumption in the
development of a city. The city acquires resourfc@s nature and produces a wide range of goods
and merchandises, thereby promoting the indusaitdin as well as the development of service
industry. The growth of industrial sectors resuttthe appearance of a large number of labours and

expansion of population, causing the shift of distiion of population and urbanization. Furtheg th



augment of demand caused by increasing consumptipopulation drives the production of more
goods and industrial growth in tlfh The urbanization and consumption thus becomesgrak
elements of rapid economic growth and industriiiz®®. Meanwhile, the economic growth will
improve the living standard of residents and chahgé propensity towards consumption on g&dtls
On the other hand, from the viewpoint of materlaiv all materials that enter into the production
process, either as raw materials or intermediate$up as produced goods or residfalsn addition,
when goods are consumed and discarded as the agséet of them will be recycled and enter into
the production process again. Therefore, indusgralvth induces not only the increase of waste
arising from industrial process, but also from hehdd, institutional and business. A large body of
literatures have demonstrated that unsustainaliterpaof consumption and production is the key
driving forces of SW generatiBii*®. Further, it has been investigated that rapid exoa growth
caused by industrialization has induced serioublpros of SW in Asian developing countf&s In
addition, a lot of research has proposed that imadie development of city not only denotes the
sustainable consumption, but also sustainable ptiwif®" Therefore, in order to improve the waste

management system in a city, it is important tositer these two types of wastes togelifer

Economic growth

Labour > Population
T Economy
Service aspect
industry l
T Source
Resources > Production e =l Consumption
(Supply) Driving force (Demand)
Waste
aspect

recycling

Solid waste generation

Fig. 1-1 Relationship between wastes generated é@mumption and production

Two kinds of waste involved in the research ardedaimunicipal solid waste (MSW) and
industrial solid waste (ISW) respectively, basedtm source of SW generation in a community. The
definition of waste type is different with counsi@nd each type has its own characterficén

China, MSW is called ‘the solids discarded by thd eonsumers’, i.e. from residential, commercial,



institutional and municipal services including streleaning, landscaping and ottfers * and
typically collected by or on the behalf of the nuipalities of local Environmental Sanitation Bureau
(ESB). For example, of the MSW generation in Guaingz waste from household accounts for 67.5%,
institutional and commercial wastes account 21.89é, others are cleaning and sweeping waste
including muddy and wood (11%)**. The generation of each type of MSW is manifesterh the
consumption of a corresponding commodity® thereby indicating that the consumption pattern
accounts for the most waste generation in the t@k&W. In this research, consumption pattern
indicates the relative allocations of different samption and services to specific categories within
consumption categories.

On the other hand, ISW is general SW which is wguabm the process of production and
processing of each industrial sector and includdsstrial process wastes, scrap materials®efé.*®
Industrial structure is thus considered as theudnftial factor of generation of each type of ISW
categor{??. Further, hazardous waste (HW) generated from umtimh process is also taken into
account as a part of ISW. However, constructiont&vand excrement are not involved in this research.

Moreover, small amounts of ISW occasionally emiés MSW in Chinese citi&
3t

[ |22 sw
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Fig. 1-2 Annual volume of solid waste generate8hanghai

Fig. 1-2 illustrates the annual volume of SW getestan Shanghai, China including ISW and
MSW. In 2007, the total volume of wastes generates up to 28.68 million tons. Further, the
average generation rate of ISW from 2000 is abod7% and that of MSW is about 4.77%. In
addition, the volume of ISW generated per yearbisud 3—4 folds of MSW. In addition, Fig. 1-3
represents the source of MSW generation in whokn@hai in 2005 (Shanghai ESB). It is easy to

found out that 50% of the waste comes from resgldrirther, 140100 tons of waste is recycled in



whole ShanghaiOn the other han waste generation heredefined as the amount of waste clea
and transported in Chinarefers to that portion that enters into collection an transportation
system, not to what citizens deal with in their lesisuch as by selling old newspapers. This an
is recognized as having a more significant effecth® design of the aste treatment system in Chi
Constraining the ISW generation of hig-polluted industries has been identified as an &ffe
way to reduce overall ISW generation levels. Untleis circumstance, the identification &
forecasting of the composition ¢ volume of ISW generated by thanous industrial sectoiseem
great significance. Furtherfrgctural changes of the economy should happencaordance witl
technological innovation in the lo-term, causing associated changes in the inputicizeff end the
relative environmental policyHowever Carterhas noted in his research that such associati@
ambiguous in the shorand mediur-run prediction8®. Further,there are no clear observations
conclusively indicate that 10 coefficients in theos- and medium-ternthat is, 130 years, change

A Further, studies in the Netherlands showed thahé

in accordance with technological pro
short term the changes in the IO coefficients weyebetter than that demonstrated by the ori¢
coefficients of the base y&dk Therefore, hange inlSW generation coefficient iconsidered in this
research to reflect the technological ch, rather than change in input coeffici.

Recently, besides the consumption and productiincreasing governmental measures \
regard to SW have considerable changed waste gimmerThe implementation of 1ISO14001 a
environmental reports helped to reduce SW generdiased on the Japanese fac-level dat&?.
Further, several quantitative studies have notatidharging for MSW is effective for MSW reduct,
especially in Japanese ciffés**. However, the different wastmanagemenpolicies may cause

different effect on waste reduction in differengicns

2w B Residential

m ©anlcet

2% 13%

B Waters

B Street cleaning

B Tovnship
Bully

Business

1% Kitchen waste

Recyeled

Source of NSW in whole Shanghai, 2003

Fig. 1-3 Source of MSW in Shanghai in 2005
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Further, different industrialization transformatiom China has given rise to prominent regional
disparity with coastal cities gradually integratimgo the world markets, while inland regions lag f
behind in terms of industrializati§fl. The striking imbalance of economic growth thruStsinese
cities into different stages of economic developtmerbanization as well as industrialization, thisre
inducing a disparity in the waste generation situatRecent years have witnessed increased attentio
being given to the analysis of relationship betweaste generation and assumed prosperity indicators
in terms of gross domestic product (GDP) or ecordmiel**“*®. It is common recognized that low
waste generation rates coincide with low GDP awd versa. Further, within one city, urban residents
produce two to three folds more waste comparechéir trural counterparts regardless of income
leveld". Therefore, investigating the quantitative relasioip between waste generation and economic
levels is meaningful for knowing the change tremdvaste generation with economic development.
Unfortunately, not enough attention has been paid¢dnducting a quantitative analysis between
characteristics of SW generation and economic $evel

In addition, although the top of waste hierarchgudti be put emphasis on waste reduction from
the source, the remaining waste needs to be tredfietkntly to meet the standard of environmental
sustainability. Solid waste management has becorserias issue in China which poses striking
challenge on environmental quality and sustainigBilf®, because of its continually increasing SW
volume and inadequate waste treatment facilitiégatticular concern is emissions of greenhouse gas
(GHG) that contributes to global warmftfg®. It is investigated that methane (§Hemission from
treatment and final disposal contributes approxéiyaB—4% of the annual GHG emissiBfhg”.
Further, of the treatment, landfill is considerexitiae largest source of GHG emissions, representing
about 90% of total anthropogenic emissions in Caratd USA® *® However, quantity of waste
generation and complexity of waste compositionriagng in Chin&l. GHG emissions in treatment
strategies are therefore more complex. Furthertevasanagement practices vary with regional
differences, thereby inducing to the their unigbaracteristicd” *®. Besides, GHG emission fluxes
are distinct in each site also due to physicaloi@acsuch as the heterogeneous nature of sitesemnev
height, and compaction across site and so on. Watil, the research on calculation and comparison
of GHG emissions in Chinese metropolises is little.

On the other hand, a large number of research h#teenpted to take a broader view and
compared alternative waste treatment strategies ftoe viewpoint of the reduction of GHG

emission§? 5961k

Within the analysis, recycling and source sepanaéire widely considered having
great benefits for significantly reducing GHG erivss™® °'. Therefore, governmental plan and

cautious investments in the future should be madaternative waste treatment options considering
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the GHG emissions. However, the selection of &dtiva treatment strategies are mostly based on the
current waste generation and composition, littlerditure has been published on the scenario asalysi

on the basis of projected waste quantity and coitippsn the future.
1.2 Research objectives

The goal of this dissertation is not only to depetosystematic approach to accurately project the
volume of SW generated corresponding to waste ceitipo that will be generated in the future,
considering the sustainable development of econ@ogiety and waste generation; but also try to
propose appropriate consideration of waste tredtnmeiChinese cities in view of reducing GHG
emissions. Since local municipality is the admiaitite unit in charge of waste collection, treatinen
and data records, the research is thus on a gy, le

The detailed research objectives are:

1. To develop a systematic approach to model tinergéion of two kinds of waste (MSW and
ISW), taking into account the waste stream fromphkespectives of economy, lifestyle of residents,
production process and waste management policieszdwer, due to the deficiency of waste records
in a majority of Chinese cities, a common framew@kexpected for easily applying into other
cities/municipalities with high applicabilfty ®2. For each type of waste category, a detailed ipect
framework is constructed and illustrated.

2. To assess the relationship among the expendidaralifferent consumption categories,
governmental countermeasures and MSW generatiaoioyposition for projecting MSW generation
on a basis of per capita.

3. To attempt the construction of ISW generatiordaidn order to solve the following issues: (1)
to investigate the future ISW generation causedthi® change in consumption pattern; (2) to
effectively evaluate the present and future indaisstructures; (3) to analyse their contributidas
ISW generation; and (4) to investigate the distidouof ISW generation of waste category among the
sectors. Further, to assess the relationship batiM&V and ISW generation in a city, particularlg th
influence of change in consumption pattern.

4. To estimate waste generation by compositionaichecity and to study and compare waste
generation related to economic development andewaanhagement policies. Broadly, integrated with
the distribution of a specific geographic locati@hina is roughly divided into three geographical
regions—the eastern, central and western regionsh-@fawhich has distinctive features with regard
to SW management. Several representative metregdlism each region are selected.

5. To estimate alternative treatment strategiesew of reducing GHG emissions based on the

6



projection of waste generation corresponding totevasmposition, and to propose appropriate

suggestions.
1.3 Dissertation organization

In the pursuit of these objectives, the study ilbceed from context, to the development of
methodology using econometric modelling, to appiaca of the approach into the city level, and
finally results discussion. Fig. 1-4 depicts entiemework of the dissertation and the linkage agnon
Chapters. As such, Chapter 1 introduces the rasdaackground and provides justification, and
objectives of the research.

Chapter 2 firstly investigates the factors affegtaonsumer behaviour, consumption pattern and
SW generation. Then it represents the reviewsegHisting approach to forecasting waste generation
in different levels and analyses the common shariegs. Further, the researches on comparing SW
generation among cities are surveyed as well. lyinal systematic approach is proposed with its
specific characteristics.

Chapter 3 thus gives an entire overview of the &éaork including regional macro—economic
module, MSW generation module, ISW generation nedahd waste treatment module. Some
insights are given into the linkage among the mesluDf the linkage, change in consumption pattern
which is affected by consumer behaviour/propensititfSW module is one of the most significant
factors affecting industrial restructuring in ISWodule, by promoting/impeding the development of
corresponding industries.

Then, based on the methodology approach, sevenasentative metropolitan cities with distinct
economic levels are selected from each Chinesendgiapply the MSW module in Chapter 4. The
research not only to project waste generation msidering the aggregate impact of delicate change
in consumption structure and waste countermeashtgsalso to develop a comparative estimation
among the cities with economic levels.

Chapter 5 assesses and analyzes the case stuswahbdule in Shanghai until the year 2020,
integrated with macro—economic module of Shanghae performance of the approach involves the
regional input-output analysis (I0) not only fordoasting ISW generation by industrial sector but
also to survey appropriate industrial restructurioygmeans of updating 10 tables. The change in
industrial structure is considered from the perspes of change in demand caused by consumption
pattern, export composition and technological ckang is carried out by the readjustment of
converter and change in ISW generation coefficient.

In Chapter 6, amount of GHG emitted in treatmemcpss and disposal site in past years is
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calculated in each city. Further, based on theeptefl waste quantity and composition in the futare,
scenario analysis is carried out as well, in orderevaluate the reduction of GHG emissions in
alternative waste treatment options.

Finally, Chapter 7 summarizes the main concludemarks of the entire dissertation and gives
reasonable suggestions for promoting waste managesystem in Chinese cities. Further, the

shortage of the current approach and recommenddiorthe future research are represented as well.
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2 LITERATURE REVIEW

This chapter reviews the main factors affectinguwté of solid waste generated (SW) and
existing approaches to projecting SW generationtedeer, consumer behaviour not only affects the
change in consumption pattern, but also plays gooitant role in affecting industrial restructuriag
a result of the change in demand of products. Faetidecting consumer behaviour are thus reviewed

as well.
2.1 Literature review

2.1.1 Consumer behaviour

A large number of researches and theories have m&nated that economic growth is the main
factor affecting consumption expenditure in terfisG®P or income. Halada (2068) investigated
the relationship between consumption of certainaitseind GDP using a two—steps linear regression
method. Further, tangible wealth, financial wealibusehold debt is found out to be the influential
factors of total consumption expenditfife In Ogawa’s work, the ratio of debt had a greatgative
effect on consumption expenditlife Moreover, significant change has also occurretiénconsumer
behaviour and consumption patterns during the gesades as a result of rapid economic growth.
However, apart from the economy, more and more cmr@nic factors have been focused to explain
the change in consumer behaviour over lifefitheA wide variety of studies have indicated that the
lifestyle of residents, socio—economy and socio-agmaphy constitute a latent factor in the
consumption pattelf ¢! and has an indirect impact on waste generatioeaycling behaviolff"
™l For example, socio—economic indicators whichtdel employment status, population density,
urbanization, and development of health indicatstgh as life expectancy, infant mortality, and
household size affect consumer behavibdr “®and reorient consumption patterns. Correspondingly
consumption behaviour is considered to be a funcbb such parameters as economic growth,
demographic changes, socio—cultural, socio—econamicpolicy measurB8. On the other hand, it
has been noted that development of sustainableungi®n need to shift in both structure of
consumption and producti®fl. Currently, the measures on sustainable consumpioeduce energy
consumption is carried out in the OECD1999-200(ymal’®. Further, the case study in the US
suggests that sustainable consumption should ieviimdamental change in governmental political
economy?”. Reasonable consumption should be considerediagsbevith reasonable productitsh

by making the sustainable products and less mbhpegducts.
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2.1.2 Existing methods of projecting SW generation

Recent years have been witnessed increased atidxatiog given to modelling approaches in the
forecasts of waste generation since 1970s. Numeromgentional methofis ® mainly statistically
based on socio—economic and demographic factors been widely used for waste projection in a
per-capita basis, by using single- or multi- regi@s models. The numerous socio-demographic and
economic factors affecting waste characterizatiomolve the following parameters as input
parameters: GDP or an N-shaped relationship beti@ahgeneration and per capita GBE; mean

8l income levels of peopfd; populatioff®*: available

living standards of the residehts
employment statisti€s’; infant mortality’®; life expectancy, dwelling unit size, cultural feahs,
educatioff®, geographic location, climate and seaS8nsnd other variables. Further, household size
is widely used as the determinant factor of wastaracteristics and it is demonstrated that waste
production declines with increasing household &iz& °1 However, the waste generation and
composition is unique from country to country. e work of Hockett (1995, per capita retail sales
and tipping fees are significant determinants fast® generation rather than income and urbanization
A regression model is developed to estimate themg¢ion of household waste per dweller of Mexico,
linking with variables of education, income per Belold and number of residents in the course of
BeniteZ®. The influence of global socio-economic factors paper, metal, food and glass waste,
including persons/dwelling, climd® and income, is analyzed using multiple linear ession in
three types of countries with distinct economiceld?”. A mathematical model is developed to
project the composition and generation of hospitate in Iran, by considering the number of 5&ds
Qu et al. showed that middle-income families (22800 yuan/pers/month) generate much waste
than low-income (1200 yuan/pers/month) and higloime families (>2800 yuans/pers/month)
through the field study of Beijifij. Moreover, the impacts of recycling activities aeceived wider
attention at different levels on waste generatigncarrying out the invention analysis. Literatures
concerning policies about waste recycling: no-ggebeollection progralif!, waste policy in Taiwan
as ‘Keep Trash Off the Groudt”, recycling program through aex-postintervention modé&f’.
Unfortunately, among the literatures, the effecittempts on ISW generation is surprisingly little.
Further, time series analysis or trend analysisalso widely used for projecting SW
generatiod®'®! Auto Regressive and Moving Average model (ARMA) widely used for
projections of daily waste generatiGh ** %! Further, Navarro-EsBti® developed a non-linear
dynamics to solve the non-stationary problem oktseries data, compared with a seasonal ARIMA.
Dyson and Chang (2005} presents various trends of waste generation usysgem dynamics

modelling capable of addressing socioeconomic antdt@mental situations which is called Stella. In

16



addition, in the course of Befji’, the relationship between MSW generation and regio
development in terms of socio-economic indicatsramalyzed by using historic time analysis and
cross-sectional data.

Moreover, a theory of grey modelling is developed anproved for waste generation analysis
with limited samples. Chen and Chang (208%)pplied grey fuzzy dynamic modelling into Tainan in
Taiwan with uncertainty analysis. Further, seveesiearches integrated with a GIS environment to
investigate the characteristics of waste generationsidering population density, maximum building
density, commercial traffic, area and s¢bi®!

Another method to be pointed is the applicationnwdterials balance methodology. Several
studies have developed a material flow analysisAMB trace and stimulate plastic waste generation,
considering the plastic production and consumpt!ért'® Further, using the same theory, Hekkert et
al. (2000%*Y simulated the material flow of paper and wood. Atimod in that economic sales data is
converted to estimate waste characteristics inofydiaste composition and generation is proposed by
Gay et al’®. Van der Voet et at*? described two different modelling approaches asHiag model
and the delay model on a basis of MFA, and caledldahe flow of copper discarded from water
heating equipment using historic data of input 8owef lifetime distributions. An extended MFA
system is developed as stock dynamics approagbrdépecting resource demand and waste generation

¥l developed a matrix-type model to estimate

centering at population and its lifestyle. Salh@&300
the quantities and types of wastes that generatedimmercial/industrial sector, based on number of
employees. Bruvoll and Ibenholt (198%)integrated a macroeconomic model named MSG-EE to
investigate the change trend of waste generatitiha@10, taking into account technological progres
and factor price substitution.

Previous studies have represented the complexeimflel on waste generation from the viewpoint
of rising affluence, socioeconomic, socio-demograptactors and each of them has its own
advantages and disadvantages. Just recently, iattdmds been shifted away from rising affluence
towards consumer activities as a starting pointsktting up strategi&8. Consumption activity has
been considered the driving force of waste germrats the ‘sole-end and purpose of all production’.
Several studies have noted that change in consompéttern results in change in waste composition
and quantities, thereby indicating that the condionpstructure accounts for the most waste
generation in the total MS% ' In the course of Daskalopoulos’s wdtk waste composition is
expressed by related total consumption expend{@fe€CE) on goods and products resulting in the

generation of MSW. However, the method is useduasly mechanical mathematics single-regression

analysis. Further, a Local Area Resource AnalfiseR(A) is integrated with a household metabolism
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model in order to investigate specific commoditywfs and associated waste generating in specific
ared™™. However, the research involved a small sample aixl there was no quantitative projection
of waste generation. On the other hand, Abe prapos¢his work that the reduction of ISW should
fully consider the determinant factors of each tgpwaste such as industrial structtifé

Moreover, Rhyner (1998)" compared the waste generation with the influerfceeasons as
monthly quantities of waste from different sourcksseems that residential and commercial wastes

are the most predictable.
2.1.3 Comparison among cities

There are several scales of research on wasteagimelbased on disaggregation level as regional
scale, households, settlement areas, or natiownalsleFurther, increasing attention is being git@n
the analysis of the relationship between envirortaigrollution and economic growti*?°! Several
studies have unveiled the positive relationshipyben the MSW generation rates and assumed
prosperity indicators in terms of GBP*" incomé&? *Y or standard of livin§g ***. Further, it is
investigated that developed countries have a velgtihigher MSW generation rate than developing
countrie§? **2 Moreover, as noted in the report of world Hénk seems that ‘eastern cities present
the similar waste generation rates’. On the otlagrdhlow generation rate of specific waste category
coincide with low income level and vice versa, saslorganic and paper waste.

On the other hand, due to the lack of enough wsisttistics in developing cities in China,
analogy method is applied for predicting waste gatnen in Fushan city analogous to Guangzhou,
Shenzhen, Shanghai and Beijifd. However, within the existing researches, not ghoattention
has been paid to conducting a quantitative anabyfsise relationship between solid waste generation

and economic levef*.
2.2 Shortcomings of the existing methods

Although a lot of attempts on forecasts of wasteegation have been done, the models are far
from reaching general modelling standards. Seweramon shortcomings are listed as follows:

1. A majority of models are not quantitative anedys are patently over-simplistic. Using GDP
or income as explanatory variable can’'t explaindtect source of arisings of each type of wast an
increasing complexity of the economic structurelafge number of literatures have confirmed that
MSW generation arises from a series of human psoedsch is affected by socioeconomic and
demographic indicators.

2. On the other hand, compared to MSW generatioa,td complex production processes and
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deficient historical records, the current attengitaing at forecasting the generation of ISW are not
enough. ISW generates from industrial process wtiteinges constantly caused by economic growth.
Therefore, industrial restructuring definitely affe ISW generation. Unfortunately, the previous

records on the subject have either failed to candius.

3. A fairly large body of literature exists on tpeediction of total waste generation. However,
within that literature, there is a surprising lamkinformation on the forecasts of each type ofteas
not only for MSW but also for ISW.

4. Lots of socioeconomic indicators are manifediechaving significant influence on waste
generation. However, the mutual relationship bennsée indicators is not fully investigated. Besides
there is little literature considering the influenaf waste policies on waste generation.

5. Proposed model must be statistically refinedweiger, from the statistical viewpoint, a
majority of the models don't show the good stai@tiesting or applicability.

6. Little research has been done on developingtoeanespecially in Chinese cities. Further, the

waste generation compared to distinct consumpéweel lis still on the stage of qualitative analysis.
2.3 Proposed approach

Consequently, in this thesis, a systematic appr@aptoposed with its specific characteristics:

1. The generation of MSW and ISW is consideredttogefor the planning of sustainable waste
management system on a city level, coupling thectsfof rising affluence, lifestyle of residents as
well as industrial restructuring. Since the unguostale development of rising consumption and
production process is the driving forces of incnegsgeneration of MSW and ISW, change in
consumption pattern and industrial structure affédby technological change is taken into account.
Therefore, a sustainable approach capable of piroge®SW and ISW from the viewpoint of the
waste stream is proposed.

2. Further, the change in consumer spending patteresach consumption category significantly
affects the waste composition. Therefore, priothi® projection of waste generation, the estimation
and prediction of the consumption pattern become=essary and important. Meanwhile, a wide
variety of studies have also indicated that thestifle of residents and the socio-economy conssitat
latent factor in the consumption structure. The ehodpresenting the change of consumption pattern
is included as well.

3. Moreover, constraining the ISW generation ohhjigpolluted industries has been identified as
an effective way to reduce overall ISW generaterels. Under this circumstance, the identification

and forecasting of the composition and volume &NI§enerated by the various industrial sectors
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assume great significance. Thus, in order to aedlye mutual relationship among industrial sectors,
the regional input-output analysis (IO) is introdd¢ not only for forecasting ISW generation by
industry but also for surveying appropriate indastestructuring by means of updating IO tables.

4. Selection of appropriate waste treatment stredeig the future is affected by many factors,
while the GHG emissions will be indispensable duthe increasing seriousness of global warming. It
seems as a reasonable attempt that a scenaricianafiyGHG emissions in different integrations of
waste treatment options is carried out based odorduforecasts of waste generation and the

corresponding compaosition.
2.4 Concluding comments

The well understanding of waste stream flow is Hasic background for projecting waste
generation accurately. Numerous studies stress uhatistainable pattern of consumption and
production is the driving force of waste generatibtowever, within the literatures, there is a
surprising lack of information on projecting gertema of each type of MSW and ISW from
corresponding consumption and industrial proceagthBr, consumer behaviour not only affects the
change in consumption pattern, but also plays gooitant role in affecting industrial restructuriag
the change in demand. Moreover, sustainable dewvelop of a city needs to shift in structure of
consumption and production. In this process, Mesof residents and technological change will play
important roles. Substantial change in waste coitippgenerated from consumption and production
will be accompanied by.

Therefore, in the doctoral thesis, a sustainabpgageh fully considering the economic growth,
social development and SW generation is proposeg@rujecting SW generation by waste category
and applied into Chinese metropolises. The infleeo€ consumption on both MSW and ISW
generation will be investigated. Moreover, the gatibn of different waste treatment strategies is
presented as well in terms of the reduction of Gef@Gissions on the basis of forecasts of waste

generation.
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3 METHODOLOGICAL APPROACH

Based on the introduction in Chapter 2, the germaethodology developed to depict an entire
image of waste stream flow is represented in thapter, fully considering economic growth, change

in consumption pattern, waste management policidgradustrial restructuring. The work will involve

both the MSW and ISW.

3.1 General framework
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Fig. 3—1 Proposed pragmatic framework of entireaesh

The entire schematic framework is illustrated ag. B1, comprising four integrated modules
—the macro-economic module, MSW generation moduB) |generation module and waste
treatment module. The purple shaded areas denate @eogenous variable in developing the

approach and green areas indicate the aspectgafing 10 tables. Further, each module consists of
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several principal models or analysis. The linkage®ng the modules are as follows: (1) regional
GDP which is estimated in macro-economic modula Egnificant influential factor of per capita
total household consumption expenditd?d CON) in MSW module; (2) GDP and each item of final
demand are also the driving factors of industriedtructuring in ISW module; (3) Change in
consumption pattern which is estimated and projeddy model 2-2 in the MSW module
fundamentally impacts the industrial restructuriagised by demand change in the future as shown in
the ISW module. The projection horizon of SW getierais until 2020 on a city level and the

selection of alternative waste treatment optiorsased on the projection in 2015.
3.2 Regional macro-economic module

Macro-economic modules are usually applicable toonal sizes and relatively lengthy time
frames, several studies have presented models haseglarterly or annual observatitfis>.
According to the existing literatures on the subjethere have being many research on the
macroeconomic model of Chifd * In this research, the predictions of Chinese GiQres refer
to the results estimated by the Chinese Academimeironmental Planning (CAEP) under different
conditions of economic developm&#. Further, the influence of the national economyciy is
gauged by the relevance of the national GDP anérgovent consumption (GC) in the individual
behavioural equations. In this research, econotnictsiral analysis and economic forecasting on a
regional level is conducted and Shanghai is saelerdea case study.

Therefore, the present study is an attempt to sapght the findings of these earlier studies on
the way to developing a macro-economic model faarghai, in accordance with Shanghai’s social
and economic reality, as well as national econogrmwth. In the model, the forecasting target
variables are the Shanghai economy (GDP) and itgosition: private consumption (PC), GC, fixed
capital formulation (I), export (EX), transport hih China (TR) and export (EXC). The most
important prerequisite for the performance of thedal is the clarification of the leading factors
(exogenous variables) that are and will continuee@mportant for economic structural changes. Then
the parameters of the equations are determinedibyg the econometric analysis of historical records
Eight definition equations have been incorporatg#d the model to form a simultaneous equation
system. The model is solved by using TSP*8!0Moreover, conventional statistics such as adjuste
R (AdR), t-statistics,F-statistic and the Durbin-Watson statistic (DW) e¥hiare used to detect the
presence of autocorrelation in the residiiflsvalidate the specification of each behavioural
equatiof®¥. In addition, the interpolation test, includingthartial test and the final test, is also taken

into consideration for checking whether the modejood enough for projection or not. Partial test i
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test that substitutes the actual value of explagatariables in each equation for calculating théug

of explained variable, and then compares the catledland observed values. Further, final test is a
test that substitutes the calculated values abgilanatory variables and then calculates the angala
values, by the exclusion of the initial values &k texplanatory variables and predetermined
endogenous variablE¥!. The test result of the economic indicatis expressed by the mean absolute
percentage error (also known as MAPE). MAPE is ‘@agure of accuracy in a fitted time series
value—specifically trending-expressed as a percentddd; as shown in Eq. (3-1).

To+N-1|E;, —O

. 1 it
AP 05) = — E : 0 —

t=T,
0 it

in which, N denotes length in year§), the observed value ofn yeart; E, the estimated value

of i in yeart.

3.3 MSW generation module

National GDP
v
#world trade > Regional GDP < Model 1: Reglonal macro-
economic model

#lifestyle of residentsR) Model 2-1: Total consumption

expenditure model

#socio-economic

features
#socio-demographic B N Model 2-2: Consumer
variable... e behaviour model
Consumption —» @
categories
#waste measure & P B Il e S S G N Model 2-3: Waste
urban construction index > -~} N X<z i generation model
Waste composition Food | | Paper| |Plastic| |Textile
Exogenous variable Greenhouse gas emission & Model 4:Waste
[ ] Model treatment system

Fig. 3—-2 Schematic diagram of MSW generation flow

The MSW generation module (Module 2) comprises ehmodels, apart from regional

macro-economic model, as depicted in Fig. 3-2.rRdahe analysis of the change in consumption
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pattern, Model 2-1 is developed for the estimatiod projection of the TCON by using GDP which

Is estimated from a regional macro-economic matiel), a consumer’s behaviour model (Model 2-2)
is conducted to estimate the distribution of PTC@&MNong the commaodity categories by using an
extension of the linear expenditure system (I'B%) with lifestyle factors and socio-economic
indicators attributed as exogenous variables; #fene Model 2-3 attempts to evaluate waste
generation by taking into consideration consumptad waste policies, using ordinary least squares

(OLSY™3. Model performance was assessed using TSP 5Wasefpackad&?.
3.3.1 Total consumption expenditure model

Per capita total consumption expendit(fPd CON) is affected by many factors, such as income,
price as mentioned in Chapter 2. Further, a lotafsumption theory has appeared to explain the
consumption characteristics of residents. Of theotiles, the most important and famous ones are
absolute income hypothegialH), permanent income hypothegRIH), life-cycle hypothesi§LCH),
and rational expectation-Life Cycle Hypothes|RELCH). In the model, dispensable income is
considered as the driving force of PTCON.

However, average propensity to consumer (APC) wisictefined a®\PC = consumption/income
has reduced over last two decades in Chinese niggs-dt is demonstrated that the difference
between real disposal income and consumption expeadvhich are revised by consumer price
index (CPI) is reducing with the year. Thereforpara from income and increasing affluent, other
imponderable factors which can’t be ignored affemhsumption expenditure as well. A number of
literatures have indicated that socioeconomic gidics, household characteristics have significant
influence. ThereforePTCON in a given yeart (PTCON,) is expressed by the following model,
considering simultaneously GDP and other factossslaown in Eq. (3—2). Traditional statistical

testing is carried out by A4, t-statistics F-statistic and the DW statistics.

PTCON =a, +a, xPGDP+ > b, (3-2)

in which, PGDP;: per capita GDP in yedr y,,(k = 1,2,..,N): an exogenous variable in ydar

a: constant; a parameter correspondingR&DP; by each parameter correspondingto
3.3.2 Consumer behaviour model

In the analysis of the consumption pattern, LES thiedextended LES (ELES) are two effective
and widely applied methods with the same modebmate and similar functiof**3* However, due

to the limitation of data availability in China, IS5s adopted in this research.
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The LES model, first developed by Stone (198%) describes the consumers’ consumption
preferences among different commodities. The sgpioint for the LES is to maximize the utility
function subject to budget equation thatE PX, -C=0 (C denotes total budget). In order to solve
the maximization problem, the LES is developed tieddetailed information can be found in Phillips
(1983, The basic rationale of this model is to classifg household consumption expenditure of
each commodity category into ‘subsistence’ demaxgkmditure (sustenance) and supernumerary
expenditure on various accessional extravaganca®, Fsubsistence’ of consumption is defined as a
standard of living that allows for the satisfactmiithe minimum including physical and mental. Then
an extension of the LES model causes the formeeradifure to explicitly depend on a series of
lifestyle indicators and socio-economic indicat@sogenous variableg, ) for a time-series analysis.

A more detailed description can be found in thersewf Merz (1983, The final model equation is
expressed as follows:
C=(+Y. by)+alC- sz:l(bj +3" byl (3-3)

with 0<<12a -t

where the subscriptj (i, j = 1,...,N) is a commodity category index, such as foodhohgf, etc.

C:. PTCON in yeat, (RMB, in base year prices)

Ci: per capita annual consumption expenditure ofitireconsumption category, (RMB, in base
year prices)

bi: constant of per capita annual ‘subsistence’ dehexpenditure regarded as a functionQf

v. (k=1 2,..,H): an exogenous variable of commodity category

o;: Marginal propensity to consume in commodity catggp(%o)

All consumption expenditure is adjusted to the bgear through the corresponding CPI.
Accordingly, the consumer behaviour model basedhendistribution of different expenditure in
various categories easily converts to differenceshe occupational characteristics of exogenous
variables, including the lifestyle of the residerarthermore, Eq. (3—3) is solved using the naalin
three-stage least square method (38#%)In the performance of selecting appropriate exqtiary

variables among all the ones, the backward stepwg®ssion method is cited.
3.3.3 MSWgeneration model

The MSW generation model is developed using OL§,isarshown in Eq. (3—4). In the equation,
W is the quantity of th&-th waste composition in year(in kgs) such as food waste, paper waste,
etc., computed by multiplyin@waste by the proportion of each type of waste in thalttSW. Here,
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Wiwastet IS the per capita annual amount of MSW generategeart (in kgs). As mass-data of
consumption category are rarely available, moneag-d& consumption category is cited. Meanwhile,
in order to evaluate the influence of waste couméarsures, a dummy variable (DUM) is introduced;
it is referred to as the ‘0/1’ variable, ‘a numativariable used to represent subgroups of a sample
regression analysi&*. When the variable is ‘1’ for a certain year nitplies that some kind of waste
legislation existed from that year onwards; ondtfeer hand, the variable is set to ‘0’ prior totthear,

it signifies no policy impact. In addition, in soroases, an index of urban construction is introduce
order to indirectly reflect the change in the pndiom of ash waste in China. Consequently, intesgtat
with the predicted consumption expenditure by aatggcomputed using the LES model and the
continued influence of waste management policiewedsas urban construction indices, a forecasted

amount for each type of waste could be obtaingderfuture.

Wee =0 +Z'ilﬂlkcl,t +Z::15mkDUMm,t +ZL=1/‘|kS,t , (3-4)

b a constant of the waste generation of composkion

Ciy: per capita annual consumption expenditure ofithecommodity category in year (RMB,
in base year prices)

Li: parameter corresponding @,

DUM, ¢ mth dummy variable (0/1 variable) in year

omk parameter corresponding JMy, ¢

S I-th index of urban construction in ygasuch as gas coverage rate (GAS, %), green caverag
rate (GREEN, %), etc.

Ax: parameter corresponding $q

Furthermore, from the viewpoint of linear consisteim the waste model, the total partial waste
generation coefficient (TPWC) is defined as coedfit of total waste generation to the PTCON, as Eq.
(3-5), in kg/RMB. In addition, the coefficient of aste generation by compositidn to the

corresponding consumption expendit@as defined agwc,, , in kg/RMB. This value provides a

k/i
possibility of comparing and analyzing the distingste generation trend among cities. Moreover, the
marginal effect of DUM on waste generation is iffeed as the influential coefficient of policy
intervention (Mwc ).

W, ow, ALA (3-5)

- ol PW i:_k’ MWC -
N T 9TCON S oC. Kam T 9DUM

TPWC
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3.3.4 Validation of the MSW module

The performance of the integrated MSW module isuatad in terms of two aspects: (1) Initially,
to make the interpretation of the results stramfatrd with regard to economic applicability, tHeye
indicating that both the sizes and signs of alléeBmated parameters are meaningful, for example,
the exogenous variableg coefficients estimated in the MSW generation nhaahel (2) secondly, to
validate the statistical test for the sake of madghbility. In this paper, the significance araidity
of the LES model is tested usinggtatistics, F-statistics, the AR, and MAPE (3-1). However,
because the MAPE value is considerably affectethbyoriginal values of the sample, the root mean
square error (RMSE) is occasionally cited in ortteeliminate the influence of original values, as

represented in Eq. (3-6).

To+N-1
_ (Ei, _Oi, )2
RMSE= \/ 2o, Nt X 100% (3-6)

)

where N denotes length in yearQ, the observed value ofn yeart; E , the estimated value of
i in yeart.

Further, collinearity of parameters induces toitheonditioned models with multiple regression
models. Prior to the modelling performance, theealation coefficient ;) between two independent
variables is thus calculated and analyzed. Theéestaermed variance inflation factor (VIF) is ¢adr
out for specification of collinearity of parametevhen theR; is above 0.5 and the expression equation
is represented as Eq. (3—7). The value can betsgpby some computer packages (SPSS), for each

coefficient in a regression as a diagnostic statist

VIF = (1-R)™ (3-7)

Where,R? denotes th&’ in the regression afth variable on all the other variables.

Moreover, the identification of equations is chetles well. The necessary but not sufficient
condition for identification of Equatiopis K; =M, and there is no question of identification with
respect to identities, as shown in following ta@@lable 3-1§"3,

In addition, the heteroscedasticity, a basic pras#g for OLS estimations, is proved by using
the residual graph. The figure of residual sumquiases (£,° =(y, - y,)?) against estimated value of

yi (9, ) is plotted for checking heteroscedasticity.
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Table 3-1 Components of Equatipn

Endogenous variable Exogenous variable
Included Y = M, variables X=K; variables
Excluded Y =M, variables X =K variables

The number of equationshg + M;” +1 =M

The number of exogenous variable&is- K, =K

3.3.5 Back-casting estimation and future projection

Extrapolating the models out beyond the period tiitey were estimated, we can use the
known information about the past and the preseantéuo make back-casting estimation and forecasts.
Two types of forecasts are found to be usefupaint forecastandinterval forecastsPoint forecasts
project ‘a single number in each forecast periadijle interval forecastgepresent ‘in each forecast
period an interval in which we hope the actual irea value will lie’. Further, three types of
forecasting in terms of back-castirex-postandex-anteforecasts are distinguished based on the time,
depicted in Fig. 3-3, as adopted from Pindyck anbiffeld (1984}*!. Back-casting estimations are
carried out in order to understand the dependenahblas in the past with the known exogenous
variables. On the other hanex-postforecasts are used for further testing of the mdueded on
observations on both endogenous variables andxbgeaous variables are known with certainty.
Ex-anteforecasts is the future projection based on theeldped model with known or unknown

exogenous variables.

T, To T, Present
Timet
Back-casting Modelling Ex-post Ex-ante
Forecast period Forecast Forecast
period period period

Fig. 3—3 Types of forecasting

In the MSW generation model, two types of forecasts taken into account for exploring the
change trend of waste generation in Chinese mdisegoChinese city has longer historical recoifds o

consumption expenditure than waste data. Backrzpdtrecasts are thus calculated based on the
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existing consumption and waste management poli€sthe other hand, based on the assumed
exogenous variables in the module in the future,wblume of MSW generated until 2020 can be
projected, so calledx-anteforecasts. However, due to the short waste sdliesx-postforecasts are

not carried out in the research.
3.4 ISW generation module

Constraining the ISW generation of highly-polluiadustries has been identified as an effective
way to reduce overall ISW generation levels. Untlgs circumstance, the identification and
forecasting of the volume of each type of ISW gatest by the various industrial sectors assume great
significance. The ISW module is the third moduletlud entire systematic framework, illustrated as
Fig. 3-1, linking the three principal modelsegional macro-economic model, the regional 10
analysis and ISW generation model. The green shaded denotes the aspects of industrial

restructuring that are in accordance with the wgi#® tables, introduced in section 3.4.3.
3.4.1 Regional input-output analysis

IO analysis is considered as an important brancheodnomics today, articulating the
inter-linkages between sectors. At least 40 natiemanomies have prepared the 10 tables and the
number of regional tables is growing rapidly. Reggrars have seen increased attention being given
to small-area 10 studie&** in particular, in the United Stat¥§. Here, regional 10 analysis is
applied into Shanghai, China for exploring the @®aim industrial restructuring in the future and th
effect on ISW generation by industrial sector. Anded-driven system developed by Leontief is

formulated in the regional 10 analysis as Eqg. (3-8)

A><pds+ F [)pds+Epds_Mpds = Xpds (3_8)

whereXy4s column vector of gross output with subscpgsdenoting theroduction sector
A: Input coefficient, also called technical coeitiat, IC

FDpgs column vector of final demands, consisting of BC, and |

Eoas column vector of export and transport to othem@se regions from Shanghai

Mpgs column vector of import and transport into Shamdlom other Chinese regions
Further, Sapir (1978§" has pointed out the necessity of making importexgiicit component of

the 10 table in order to investigate their effedisus, a matrix of import coefficierM with diagonal

element defined asn, = M i/(zj x, + FD,) (the subscript, j € dimension opds is introduced. Here,
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the import coefficient denotes the coefficient wiport & transport from other Chinese regions into
Shanghai. Therefore, the transformation from thaddrd IO analysis can be written as the following
equation, in which ‘I' denotes an identity matradopted from Miyazawa (1975},

X pas =[(1 =(1 =M)AI ™ x[(1 =M )FD 4 + E o] (3-9)

Further, in the process of calculation of the veabfinal demandFD,qs the concept of the
converter (CV) is introduced, as shown in Fig. 3€VM is defined as the output share of each
industrial sector in the total output in the regjwecfinal demand item E " CV s =1). The
subscriptfds represents each individual item of final demarnd.ah open, developing economy,
changes irFD,gs usually reflect changes in consumption patterres the composition of trade. By
expressingFD,¢s using the converter, it provides economists witie topportunity to analyze
guantitatively the effects of various industriastrecturing manoeuvres on each item by adjustieg th
converter; the converter also assists in the asseg0f the impact of these changes on sectorpliut
Unfortunately, until now, surprisingly little reseh has been done on updating 10 tables while
considering changes in consumption patt&thswith the help of the converter, the predictedieabf
each final demand item is distributed among théwuarindustrial sectors. Finally, the summation of

each adjusted item forms a new column vector optledictedFDqs
3.4.2 ISW generation model

In the ISW generation model, the volume of the allelSW generated by sectolyy) is

estimated through the following equation:

Ypds = Dpds>< Xpds = Dpdsx{[ I _(I - M )A]_]'X[(I - M )FDpds + Epds]} , (3_10)

where diagonal elemerd; of diagonal matrixf)pds is defined as the total waste generation
coefficient of each sector per unit gross outpugasured in tons/10 000 RMB. Because Shanghai has
no detailed waste statistics by industry as islabbs in the case of China as a whole, the coefiici
on the national level in 2002 is used in place.ifanhy, the waste generation coefficient of eaclsiga
category is determined by using the same metharational level. Further, prior to proceeding with
calculation, the dimensions of the waste tableaaligsted to the same size as that of the IO table,
based on the national economic industry classifinat(GB/T4754-2002). Further, the waste
generation coefficient of each sector is assumebetdixed in 2002 (business as usual, BAU), not

considering the influence of environmental polidieat will be affected by technological innovation.
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The result is considered as the reference pathhwéhows what is likely happen if no additional

political, technical or other measures that caa@ffSW generation are taken.
3.4.3 Updating the IO table

An analysis of industrial restructuring in the figuhrough the updating of the 10 table is carried
out here. Generally, economic growth and industaéibn will cause substantial changes in three
aspects of a society: the household consumptioterpatthe export structure and technical
innovatior®”. Shift in consumption pattern leads to adjustn@ntorresponding industries. Further,
economic growth will further encourage the expdrucure to shift away from the primary and
related commaodities to capital- and technologyrieiee products. New export policies published by
Ministry of Finance People’'s Republic of China wallso positively affect the export composition

(http://www.mof.gov.cn/mo)/ Moreover, historical evidence shows that technichange is the

fundamental driving force for long-term change imtan society and it will fundamentally affect the

P 1%l Based on the change

production process, cost of product and conseclanivironmental effelé
in ISW generation coefficient of industry of cheal& during the past years, the radical change has
happened in developing counthChina. Further, change in China’s energy policyseauthe shift in

inter-linkage among sectérd %

Accordingly, change in private consumption andpak
composition is carried out by adjusting convertectars and technical change is taken into accognt b

change in ISW generation coefficient.
3.4.3.1 Change in private consumption

Private consumption (PC) is one of the most impurtactors contributing to the total GDP, and
accounted for 36.55% in 2067 For the change in PC, the analysis starts wighinliestigation of
changes in consumer behaviour. Further, since tiarak decisive majority of people live in urban
areas, according the recent census figures (94.87%C), the study of the changes in the
consumption patterns is based on urban residehts ®hanges in consumption patterns are analyzed
in terms of adjustments to the converter; thiflustrated in Fig. 3—4.

Firstly, PTCON is predicted by using total consumptexpenditure model. Secondly, by
applying MSW generation module, consumption expengliof each commodity category in a future
year can be projected. Thirdly, quantitative changethe consumption pattern are reflected in the
corresponding sectors of the 10 table by GB/T47®022 The detailed flow from consumption to
corresponding sectors is represented in sensitwiglysis in panel 3.4.4. Moreover, for the pro@tt
change ratio of share of consumption expenditureeach category in a prediction year can be

conducted by using consumer behaviour model; thmesa&hange ratio is applied into the
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corresponding sectors in 10 table. Then, by assgmoonsumption patterns of residents in rural area
are fixed in the base year of 2002, the convergamtor of PC in a prediction year across all the
residents is recalculated, as demonstrated Fig(8)y-#inally, compiling the predicted absoluteuel

of PC and the adjusted converter, the new vect®Qis aggregated.

Model 1: Regional macro-
economic model

(2) Exogenous variable

v
(1) Per capita total householg

(3) Exogenous variable consumption expenditure
(PTCON)
v ¥

_{ Model 2-2 Consumer

behaviour model

Prediction of consumption
expenditure by category

Consumption pattern in a
target year
v
(4) Adjustment of converter of
private consumption

Exogenous variable

Model ‘

Fig. 3—4 Flow chart of adjustment of converter &f P

3.4.3.2 Change in export and transport compositions

During the past two decades, there have been @rabi@ changes in the export shares of each
industry into total export, so called the changexport structure. In this research, the basic egugr
to projecting future export structure is as followArstly, it is necessary to understand the change
trend in percentage shares of export and trangpother regions by each industry in past yearsarit
be calculated using existing 10 tables. Based ertrénd of such changes, the several top secttns wi
relatively high shares that changed the most deetsel. Secondly, in order to project export shiare
future years, we first set an assumption for trsedected sectors and readjust the share of thesothe
For each prediction year, the overall share ofdtier sectors is readjusted in a fixed and mutual
proportion within the total share, which is maingd as ‘1l’. In addition to the export structure,
significant change also occurs in the structurengban transport to other regions within China. The

same projection research flow is cited.
3.4.3.3 Change in ISW generation coefficient

Generally, economic growth will cause substantt@rges in three aspects of a society: the
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household consumption pattern, the export strucamek technical innovation. In this study, the 10
table is updated by readjusting the converter vectaut only to compute the final demands in terms
of PC and export. Further, the technical changeissidered in terms of change in ISW generation
coefficients of specific sectors which generatgdaamount of ISW, based on the historical records.

According to the probable adjustment in above tlaggects, industrial structure in a target year
can be conducted quantitatively. The detailed nuetivdl be realized in the application of ISW
module integrating with the real values. Moreowergrder to investigate the interdependence among
the industrial sectors as well as the influenceswth relationships on waste generation, sensitivity
coefficient (SCE) and the index of the power of dispersion (Fp,in 2002 are calculated, as shown
in Eqg. (3—13). SC is the coefficient in which trensitivity of specific industry when new demand for
the overall industry is shown. Further, PD is theficient in which the degree of the given infleen
for the demand of a certain industry on the ovénallistry

2.0 b

E=- &' (i=12..n) FerTo o =722 (313)

1o n 1~ h —
ﬁzmziﬂbﬂ HZ:1Zj=1b'j

3.4.4 Sensitivity analysis

Sensitivity analysis is designed to determine hbertariation (uncertainty) of the output of a
model can be apportioned when changes happenée arameters of input and the structure of the
model** Here, the sensitivity analysis is carried out igeistigate the change in ISW generation
caused by change in consumption pattern. Thergfereyuan increase of consumption expenditure on
each consumed category is assumed to calculateothme of total ISW generated and each waste

category generated.
3.5 Evaluation of GHG emissions in waste treatmersdtrategies

Two panels constitute the waste treatment moduie. first panel is to calculate the amount of
GHG emitted from current waste treatment systemaich city. The second panel is to try to make a
scenario analysis of the integration of alternatirgatment strategies in views of reducing GHG

emissions based on the projections of waste geoer@td composition in 2015.
3.5.1 Calculation of GHG emissions in each city

In order to make comparisons of GHG emissions antioagities, the functional unit of emission
factor is set as both per ton and total volume a$te. The system boundary includes treatment and

final disposal, as waste-to-energy incineration @)Tbiochemical treatment and landfill, not
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covering the collection and transportation systdfarther, CQ equivalent value (C£eq) is
calculated and used for meaningful comparison antbagities. On the basis of Fourth Assessment
Report (FAR) published by IPCC, the global warmirigential (GWP) is 25 for CHand 298 for MO
over 100 yearshttp://ipcc-wgl.ucar.edu/wgl/Report/ARAWG1 Print02lpd).

3.5.1.1 Disposal site (DS)

Landfill is one of most common waste treatment rmdghin current China and accounted for
81% in 200%°, a large amount of landfill gas (LFG) emitted ihi@se cities thus can be expected.
Significant amount of methane (GH biogenic carbon dioxide (GDand nitrous oxide (pD) is
emitted from landfill site. It is evaluated thatoalh 60% CH and 40% C@is generated with other
trace gases in DS of Taiw4tl. However, CQis of biogenic origin not included in the nationaials
and it is included under agriculture, forestry aider land use (AFOLU). JO is also assumed to be
negligible as a result of tiny content.

Further, in the IPCC guideline for calculating LIe@issions, a long time frame is necessary for
getting the accurate result. However, for a majooit the Chinese cities, the waste records are far
enough. Therefore, the waste quantity and compositeyond the waste period is projected by using
back-casting andx-anteforecasts in the MSW module. Then, the Microsoftébspread sheet-based
model named IPCC_Waste_Model that consists of aeweput screens is used to calculate ,CH
emission based on the First Order Decay (FOD) nusthes represented in Eq. (34%4) The

recovered LFG is also considered in the model.

CH ,emissions = [Z CH , generated -R]1x(@-0X)) (3-14)

In which, X: waste category

t: inventory year

CH, generated;: the amount of Cllgenerated by waste categariy the yeat
R: recovered CHlin yeart, Gg

OX; : oxidation factor in yeatr, (%)

3.5.1.2 Waste-to-energy incineration

Although incineration is not a key technology inremt China, more and more emphasis is being
given for reducing waste volume and producing eneRglated gases emitted from combustion and
open burning include COCH, and NO and CQ is the most important gas. The calculation equatio

is represented as Eqgs. (3-15)—(3-17).
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(1) CG

CO ,emission (t,Gg / yr) = MSW x > (WF, x dm, x CF, x FCF, xOF ) x44 /12  (3-15)

J

in which, MSW: total amount of MSW incinerated ieayt, wet, (Gg/yr);

WH, : fraction ofk-th waste composition in yegr(%)

dm : dry matter content in thieth waste composition of the MSW incinerated orreparned,
(%)

CF; : fraction of carbon in the dry matter (i.e., aamlcontent) of componekt (%)

FCHF: fraction of fossil carbon in the total carboncoimponenk, (%)

Water content and fraction of total carbon of ege of waste category refer to the actual value
which were investigated in Hangzhou and are tabdlat Table 3-2. Further, the fraction of fossil

carbon is provided by 2006 IPCC guideline, as shiovthe table as well.

Table 3-2 Water content, total carbon and fossbha@a by waste category, %

Waste category  Water content Total carbon in tyerdatter Fossil carbon
Food 72 48 0
Plastic 6 60 100
Paper 30 44 1
Textile 30 55 20
Wood 45 49 0
Glass 2 0 0
Ash 2 4.7 100
Metal 30 0 0

(2) CHy

CH ,emissions (t,Gg /yr) = Z W x EFC  x10°° (3-16)

WherelW, denotes total amount of MSW incinerated or opeméd, Gg/yr andEFG represents
aggregate Cliemission factor, kg CIGg of waste. It is suggested that 30 kg of,@&Hgyenerated per
TJ on a Net Calorific Basis as the default valugeldeon IPCC guideline.

(3) N;O

N ,Oemissions (t,Gg / yr) = Z W, xEFN , x10°° (3-17)
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Where EFN represents aggregate® emission factor, kg XD /Gg of waste and the default

value is 4 kg per TJ on a Net Calorific Basis.
3.5.1.3 Composting

Biological treatment of solid waste is common fiating kitchen waste not only in developing
countries, but also in developed countries andngrises composting, anaerobic digestion (AD) and
mechanical-biological (MB) treatment. The main gasensidered in this process are,@Hd NO™7.
The calculation equations are the same with thosmmbustion process. However, of the amount of
harmless treatment in Chinese cities, merely 2.65%vaste is treated by compostiiy. Further,
among the selected cities, just 8.5% MSW in Shanightieated by composting in 2007, not a key
treatment option; the default values of emissi@ttdrs are thus cited. The default values for, &tdl
N.O emissions in composting process is 4g/&€iHwaste-treated and 0.3gMkg waste-treated on a

wet weight basis, respectively.
3.5.2 Scenario analysis

In order to analyze the impact of alternative tesit options on the reduction of GHG emissions
for proposing appropriate selections, a scenardyais on a basis of waste generation in 2015 is
carried out. Integrated with the MSW modules, fasts of waste quantity and composition of
Shanghai until 2015 which is calculated in Chagtare conducted as input files of scenario analysis
Further, based on Shanghai Eleventh-fifth EnviromiaePlan, there is no simple disposal expected in
Shanghai until 2015 and the ratio of harmless wastatment will achieve 100%. The scope of
treatment system is within the above mentionedaoptand scenarios are assumed as the followings:

Baseline scenarios: there are two baseline scenarithe research. Treatment options in 2015
are assumed as the same with that in 2007 andatizeaf simple disposal is merged into sanitary
landfill with energy recovery system, as noted Further, the scenario without energy recoveseis
as Too.

Ty: T, is set up for comparing GHG emissions in WTE ahdb8th equipping with electricity-
producing system. Except the fraction which is costed, all other MSW is sent for combustion with
producing energy instead of landfill, and 20% ras&lare assumed to be generated and sent to DS.

T,: It is designed for understanding the reductideafof composting on GHG emissions. 50%
of food waste is assumed to be composted. The némgawaste is treated in combustion plant for
producing electricity. The residues are sent to DS.

Ta: Tz is designed to explore the reduction effect ofcéing prior to the waste treatment. Based

on the governmental plan in Shanghai (Shanghad $@hste Disposal and Development Plan, 2004),
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the recovery ratio will be 25% in 2010 and the eailsi assumed to be 40% in 2015. The remaining
part is treated with the same ag. T

T4 Integrated waste treatment is set asvith 25% of recyclable items being recycled anéo50
of food waste being treated by composting, the neimg part is sent to WTE incineration plant and

the residues are sent to DS.
3.6 Concluding comments

In order to analyse the mutual relationship amoognemic growth, social development and
waste generation, a comprehensive systematic agpisaleveloped based on the waste stream flow.
The approach comprises the macro-economic modul&WMyeneration module, ISW generation
module and waste treatment module, which not oaly the ability to project the quantity of SW
generated and the corresponding composition, beg aimultaneously explores the relationship
between MSW and ISW generation by change in consampattern. World trade, change in the
lifestyle of residents and the socio-economy, a8 aginfluence of waste management policies are
guantitatively introduced in the approach. An enpicture of SW generation flow in a city can be
imaged. Further, one of the important applicatiofhghe approach which is the scenario analysis
based on the projections of waste generation isnmghl for promoting the appropriate

consideration to waste treatment system.
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4 ILLUSTRATIVE APPLICATIONS OF MSW MODULE

Chapter 3 has developed the entire approach fdotkeasts of the volume of SW generated in a
future year, in which MSW module comprising totahsumption expenditure model, LES model and
MSW generation model is represented for projeckt8W generation by waste category. The MSW
module not only quantitatively explores the dynamg@tionship among the expenditure of different
consumption categories, governmental countermesisaamd MSW generation by composition, but
also simultaneously analyses the change in consbetemviour caused by the lifestyle of residents
and the socio-economy. In this chapter, severatapelitan cities in China are selected for pradtica
scrutinizes of the module, not only for projectimgste generation by compaosition in each city by the
year of 2020, but also for determining the wasteegation features in different regions with distinc

economic levels and waste management policies.

4.1 Background of study areas

4.1.1 Geographical and economic features

As mentioned in Chapter 1, China is roughly dividigd three geographical regions—the eastern,
central and western regions. Several cities andlyzéhis dissertation are as follows: from thetesas
region, coastal cities as Shanghai, Guangzhou amjthou; from the central region, Wuhan; and
from the western region, Chengdu. Shanghai hasriexped a rapid economic take-off over the past
two decades. Guangzhou city, the capital of thenGdang province, is located in Southeast China
and is one of the most developed cities in maini@héha. Another eastern city is Hangzhou, the
provincial capital of the Zhejiang province, a ftawhal tourist city situated near Shanghai. Wuhan,
the city in the central region, is the capital bé tHubei province. Moreover, with the process of
economic transformation over past 20 years in Cthentipe capital of the Sichuan province, the status
of the city in the Southwest region has improvedkedly. A sketch map of China marking the
relative location of each city is depicted in Fg1.

In addition, prior to further discussion, it wouteé helpful to briefly investigate the geographical
and economic features of each city, which aredidte Table 4-1. All the data is obtained from
respective Statistical Yearbooks of eachéty*®**!land the population denotes year-end registration
population. The disparity in economic levels, esgeasl in terms of per capita GDP (PGDP) is rather
evident. The level of economic development in eastities is higher than that in the central city

Wuhan, with Chengdu being the lowest in this resgdowever, per capita disposal income in Wuhan
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and Chengdu is at the same level. In addition,Gire coefficient of each city, defined as average
MSW generation corresponding to GDP in whole natisncalculated as (MSW, /TMSWching

/(GDPsity /TGDPehing. In which, MSW;, and GDRy, represent the volume of MSW generated and
total GDP in each city, while TMSW and TGDP stand volume of MSW generated and GDP in
whole China. The relative information is listedTiable 4-1 as well. Through calculation, Wuhan has

the most serious waste problem among the seleitted with Gini coefficient being greater than ‘1’.

%

Chengdu  Wuhan .Shanghai
(] o

()
Hangzhou

o
Guangzhou

Fig. 4-1 A sketch map of China marking the relatoation of each city

Table 4-1 Geographical and economic indicatorgémh city in 2007

Shanghai Guangzhou Hangzhou Wuhan  Chengdu

Population (million persons) 13.79 7.73 6.72 8.28 1.12
Areas (km) 6 340 7434 16 596 8 494 12 390
Per capita GDP(RMB) 66 367 71 808 61 258 35500 29 888
Per capita disposal incom@MB) 23623 22 469.2 21 689 14 358 14 849
MSW generation (million ton3) 6.907 3.4 1.619 2.153 1.815
GDP (billion RMBY 1218.89 710.92 410.02 314.19 332.44
Gini coefficient 0.93 0.65 0.78 1.12 0.90

Note:calculated by permanent populatiddgnotes urban household&om 2008 China Urban Construction
Statistics Yearbook and denotes the volume in whitye “from 2008 China Statistical Yearbook

4.1.2 Change in lifestyle of residents in each city

Socio-economic indicators, demographic factors hadsehold characteristics as the form of
explanatory variables in the LES models have uratexgthe significant change during the last

decades, with the increasing affluence and urbtioizalable 4-2 enumerates the percentage change
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of all available variables in Shanghai as an exan{t080-2006) and Table 4-3 calculates the
correlation coefficient R;) of each other. Further, Fig. 4-2 depicts the rmdizad value of each
explanatory variable. PTCON is per capita totalstonption expenditure. It is found out that most of
the variables have strong correlativity and arehlyigelated to PTCON. Among the correlation
coefficients, the values @AV towards other variables, especially #PH are relatively smaller
than others. The VIF values among the variablescateulated as well to further investigate the

multicollinearity problem as thig; values are still larger than 0.5, shown in subsegsection.

Table 4-2 Abbreviations of indicators respectingis@conomic change

Abbreviation Socio-economic indicators Unit Percentage cha¥ge,
ENG Engel coefficient % -36.43

ANPH Average number of persons per household Person 6225.

Life Life expectancy Year 10.42

Pn Percentage of non-agriculture population in totdo 39.97

Pe Percentage of employment per household % -10.81

totPs Persons supported by each employee Person 11.83

SAV Saving rate towards consumption expenditure % 11.87

NAGR Natural growth rate %0 -120.33

UNEM Registered urban unemployment rate % 37.5

Table 4-3 Correlation coefficient of any two vaitieh

R; ENG ANPH  Life Pn Pe Ps SAV NAGR UNE PTCON

ENG 1.000
ANPH 0.629  1.000

Life -0.934 -0.806 1.000

Pn -0.926 -0.795 0.968 1.000

Pe 0.751 0.753 -0.830 -0.829 1.000

Ps -0.758 -0.742 0.831 0.831 -0.999 1.000

SAV -0.589 -0.519 0566 0.564 -0.608 0.606 1.000

NAGR 0.643 0.908 -0.802 -0.779 0.866 -0.859 -0.566 1.000
UNEM  -0.851 -0.722 0.895 0.860 -0.889 0.886 0.719 -0.824 1.000

PTCON -0.962 -0.756 0.971 0.992 -0.817 0.820 0.596 -0.747 0.871  1.000
Data source: Shanghai Statistical Yearbooks, 198072
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Fig. 4-2 Normalization of explanatory variablesShanghai, 1980-2006

4.1.3 Change in consumption pattern in each city

Economic database including consumption expenditurormation and corresponding
explanatory variables, which represents urban eesients, is obtained from respective Statistical
Yearbooks of each city. There are eight categaiensumption commodities (Table 4-4) in terms
of household consumption expenditure in the modelRMB): food (FOOD), clothing & shoes
(CLSH), household facilities, articles & servicedSUNI), medicine & medical services (HLTH),
education, cultural & recreation services (EDUGg@nsport & communication services (TRAN),
residence (RESI) and miscellaneous commoditiesréicas (OTHR). Before constructing the model,
the consumption expenditure by category is condari® fixed prices through respective total CPI of

each city, in 1978 prices, and is regarded as plaieed variable in the model.

Table 4-4 The abbreviations for the types of corsion categories

Consumption category AbbreviatignConsumption category Abbreviation
Food FOOD Clothing & shoes CLSH
Household facilities, articles & . . .
. FUNI Medicine & medical services HLTH
services
Education, cultural & recreation Transport & communication
. EDUC . TRAN
services services
Miscell dities &
Residence RESI |sge aneous commodities OTHR
services
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Fig. 4-3 depicts (a) the percentage share of copgamexpenditure by category in the total
consumption expenditure in each city in 2006 ar)dh{e change in share from 1989 to 2006. Chinese
cities have similar consumption pattern with thghieist share in food consumption in each city, over
35%. Further, it is obvious that all cities have #imilar change trends. Expenditure on HLTH, TRAN,
EDUC and RESI has experienced a marked increasggdtie same time period, along with a varying
degree of decline in FOOD, CLSH and FUNI. On th&eothand, the share of consumption
expenditure in OTHR has remained almost unchang#u avslight increase of -1.63% to 1.33%
among the selected cities. Moreover, FOOD and TR#é\the two main variables that change mostly
in all consumption categories. Over the sampleopethe share of consumption expenditure in FOOD
gradually declined by 20.24%, 23.38%, 21.74%, 20and 21.03% in Shanghai, Guangzhou,
Hangzhou, Wuhan and Chengdu, respectively. In ashtthe share in TRAN increased by 13.16%,
14.42%, 18.45%, 9.99% and 16.58% respectively, thithsame city order. This change in each city
thus advances to a more diversified and reasor@lsumption structure placing emphasis on the
product or service that delivers without mateniahsfel® **2 Possible reasons for these changes are
(1) the upgrading of the consumption pattern calbryesh improvement in living standards and (2) the
implementation of a set of national interventionshiousing, medical, pension and education. In
addition, since the expenditures in EDUC and HLTaHl finder ‘productive consumptidt?® 164
inevitable and increasing expenditure in thesestwiithin the relatively unchanged total consumption
expenditure results in a subsequent decrease insliage of expenditure in other traditional

consumption items.

| | Shanghai
15 | Guangzhou
1 | Hangzhou
B OTHR 104 Wuhan
Bl RES| | Chengdu

Il EDUC
C_1TRAN
CIHTH
N FUN
Il CLsH
Il FOOD
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Gty

Change in the Share of Consumption Expenditure

Fig. 4-3 Percentage share of consumption experdityicategory in the total consumption

expenditure (a) in 2006 and (b) change from 198206, %
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4.1.4 Current situation of MSW generation in each city
4.1.4.1 Total MSW generation rates

Waste information is obtained from the local Enmim@ental Sanitation Bureau (ESB) of each
city that is leaded by Environmental Protection Age (EPA) that also deals with the urban area.
Table 4-5 tabulates the volume of MSW generateghich city from the year of 2000 (million tons)
and increase rate of MSW generation in terms ofigdioc mean value. It is confirmed that each city
has experienced a sharp increase from 2000 witlielrelopment of economy. The average change
rate of total MSW generation is 4.77%, 5.76%, 5.87%65% and 5.49% in Shanghai, Guangzhou,

Hangzhou, Wuhan and Chengdu, respectively.

Table 4-5 Volume of MSW generated in each city l{oriltons) and increase rate (%)

Shanghai GuangzhouHangzhou  Wuhan Chengdu
2000 3.67 1.86 0.86 1.68 0.89
2001 3.72 2.03 0.99 1.70 0.91
2002 4.13 2.13 1.00 1.76 0.97
2003 4.31 2.30 1.10 2.26 1.04
2004 4.82 2.37 1.19 2.91 1.10
2005 4.99 — — 2.91 1.18
Average increase rate (%) 4.77 5.76 5.81 7.65 495
Note: “—" denotes that waste information is not available.

There are further notes regarding the waste geoerateach city, as follows.

(1) Chinese cities are experiencing an accelenateckess of urbanization with the expanding of
urban area. From 2001, several rural areas wedrigitg amalgamated into urban areas in Hangzhou,
Guangzhou and Chengdu. However, in order to keeppatbility, the waste generation regarding old
central urban area is considered. Calculated pgitacaaste generation in the models are therefore
greater than the actual values in the urban areah@©other hand, population signifies correspapdin
residents of old central urban area for consistency

(2) The volume of MSW generated was measured bpapa in the past rather than actual
measurement and usually, the waste statistics gdvby the local authorities is considered having
been revised. However, there is no evidence toeptioat the data in Chengdu has been adjusted. The

data before 1996 is thus adjusted by multiplyingpty the author fully considering the change trend
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of waste records.
4.1.4.2 Waste composition in each city

The composition and properties of the MSW is deteschin accordance with the ‘classification
of urban refuse generation source and refuse rdm@a/T 3033-1996) and ‘classification and
evaluation standard of MSW’ (CJJ/T 102-2004) inr@hiFig. 4—-4 describes the change in MSW
composition in the central urban area of eachwitli the same order of waste category. Furthergthe
are some notes concerning waste composition.

(1) Total waste composition is not 100% in sevemdrs of some cities, the differences are
adjusted into ash waste as ‘inert waste'.

(2) The bulky waste is not usually included in tM&SW statistics. Wood waste is mainly
acquired from street sweeping with a slight fractd 1.37%~3.99% in 2003 among the selected cities.
Further, ash waste includes ash, tile, and bricktevand is mainly derived from coal burning and
street sweeping in China, hereby having a disptapately large negative impact on MSW. It
reduces compost quality by introducing heavy metats affects incinerator’s efficiency.

(3) Because the data concerning waste compositfoBhanghai in 2004 was missing, the
calculated value by the author based on the chaegd of existing waste information is replaced.
Further, as the detailed information on waste @ateg of plastic, paper and textile is not ava#aibl
Guangzhou before the year of 1999, the specificpoorants are assumed based on the existing

respective fractions from 1999 to 2003.

8
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Waste Composition in Hangzhou, %
Waste Composition in Wuhan, %
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Year Year
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Fig. 4-4 MSW component in each city, % (a) Shangt290-2005; (b) Guangzhou, 1986-2003; (c)
Hangzhou, 1990-2004; (d) Wuhan, 1994-2005; (e) Gthen1995-2004

From the figure, it is believed that waste composiin each city has undergone a significant
change during last decade. It is obvious to be doomt that the fraction of ash waste is gradually
decreasing in each city as a result of increassdugbzation ratio (GAS), from 57.26% in 1986 to
5.65% in 2003 in Guangzhou as an exaffffle Conversely, the fractions of potential recycksnis
such as paper, metal and plastic waste (CJJ/T @02}are increasing and larger in eastern citias th
those in central and western cities. The ratio$Slanghai have been increasing to 30% recently;
nevertheless, these were still lower than in depedocountries or distridfs”® %% ¢ Moreover, food
waste basically increases as an indication of grgwaffluence of the sociél§f. However,

implementing the measurement of the extent of ‘araging the access of clean vegetables with
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removed leaf scraps in the market’ resulted inaedesing proportion of food waste in Shanghai, from
82.72% in 1990 to 61.52% in 2005. On the other h&mdfood waste, no apparent change trend
happened in other cities. In addition, it may biefired that the total proportion of food, plastitda
paper waste in the total MSW has gradually beereasing, hereby dominating the fluctuation of the
total amount of MSW. The value has accounted fé&6 % Shanghai and over 80% in other cities in
recent years. In contrast, the ratios of metalsgland wood are relatively lower than others with
inconspicuous change.

Further, the MSW composition of each city in 2083tabulated in Table 4-6. One apparent
difference among the cities is the ratios of food ash wast¥°. It is recognized that as a result of
the higher GAS, cities in the eastern region hakeyher proportion of organic compounds and lower
proportion of ash waste than central and westeiasciFurther, a clusterdata analysis in terms of
Euclidean distance between ratios of the eightevasmponents is carried out to group the cities int
different clusters, as shown in Fig. 4“8 No. denotes each city. From the figure, a specifi
description can be provided with a further divisiato three stages. Shanghai (No. 1) is in the firs
stage with the percentage of organic matter begimgoximately 70%, with only 1.40% of ash waste.
Then, Wuhan and Chengdu (No. 4 and No. 5) aredrthitd stage, with the proportion of organic
waste being less than 50% and ash waste being 22@%s Guangzhou and Hangzhou (No. 2 and No.
3)—both eastern cities that are not as developedsltenghai—are in the second stage, with

proportions of organic waste and ash waste betdheefirst and third stages.

Table 4-6 MSW composition in 2003, %

Shanghai Guangzhou Hangzhou Wuhan Chengdu

Food 65.9 57.89 59.15 48.16 48.87
Plastic 14.33 18.26 15.66 18.26 13.72
Paper 9.23 8.78 9.14 8.48 13.3
Textile 2.7 4.56 2.59 2.08 2.16
Wood 1.37 2.25 3.99 2.01 2.21
Glass 3.82 1.89 2.35 2.8 1.55
Metal 0.71 0.64 151 1.34 0.53

Ash 14 5.65 5.63 16.87 17.66

No. 1 2 3 4 5
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Fig. 4-5 Hierarchical cluster tree from the databas

4.2 Results of total consumption expenditure model

Per capita total consumption expenditure in ye@TCON,) is estimated by PGDP in year
(PGDPy) andPE; in each city by the following equations with diéat time horizons. In whiclRE
denotes percentage of employment per householdsatefined as average number of employees per
household/average number of persons per housdfiglates in parentheses dreatios for estimated
coefficients and the*and "’ denote that parameter estimate is significarthat1% and 5% levels,
respectively. Moreover, the observed and estimeégd series in each city are depicted in Fig. 4-6.
Two assumptions in the models are: 1) The datesearf PGDP, in each city is obtained from
respective Statistical Yearbooks and adjusted bpP@eflator of each city (1978 = 100). However,
because there is no corresponding deflat&?@DP in Chengdu, the value regarding GDP is replaced.
2) PTCON has the same meaning with that in LES model, aratljusted by CPI into the same base
year, 1978 as well. In addition, in Shanghai, thaéure PGDP is conducted by regional
macro-economic model of Shanghai as introducedhap@&r 3 and calculated in Chapter 5 (ISW
generation module). However, the forecastR@DP in other cities cite the scenario analysis.

From the results, all the estimated parametersseymificant at 1% level, showing a good
performance of model testing. Furth®TCON increases with percentage of employmd®piE)(in

each city, thereby implicating the inversely radaship with family size.

(1) ShanghaiPTCON; = 0.0936 ¥PGDP; + 6.072 xPE;
(44.555) (14.443)
DW = 0.493; Ad®’ = 0.98; F = 1516.38; MAPE = 7.35%; (1980-2006)
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(2) GuangzhouPTCON; = 0.0979 XPGDP; + 7.998 xPE,
(23.275) (13.672)
DW = 0.354; AR’ = 0.95; F = 450.845; MAPE = 9.78%; (1980-2006)

(3) HangzhouPTCON; = 0.117 xPGDP, + 8.301 xPE;
(39.428) (19.574)
DW = 1.346; AdR’ = 0.98; F = 1040.18; MAPE = 4.28%; (1988-2006)

(4) Wuhan:PTCON, = 0.132 xPGDP; + 8.499 xPE,
(23.975) (15.102)
DW = 0.563; AdR’ = 0.96; F = 398.786; MAPE = 5.04%; (1989-2006)

(5) ChengduPTCON; = 0.156 xPGDP; + 8.812 xPE;
(33.647) (24.269)
DW = 1.419; AdR’ = 0.97; F = 797.209; MAPE = 4.28%; (1985-2006)
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Fig. 4-6 Estimation result &fTCON in each city (a) Shanghai (b) Guangzhou (c) HaogZh)
Wuhan (e) Chengdu

4.3 Estimation results of LES model of each city

4.3.1 Selection of explanatory variables

The explanatory variables affecting consumer behavare usually the cooperative attributions
of the lifestyle of residents, demographic and @@donomic indicators. The indicators of lifestife
each city have changed rapidly over the past tweadies and have undoubtedly led to significant
influence on all consumption categories. The esaleptinciple for the selection of the appropriate
explanatory variables /) is as follows. Firstly, to collect all the feasbvariables regarding
household characteristics, socio-economic indisatord socio-demographic indicators in each city;
then, to calculate the correlation coefficieRf)(between explanatory variables avitF; whenR; is
above 0.5 for clarifying multi-collinearity problef™; finally, to attempt to find pairs with dissimilar
change trends (normalized values) which fit the et@dvell (backward testing). Different city has
different optimal integration of variables whichsfithe model mostly from the viewpoint of good
performance of model testing. However, in ordecdastruct a common model which can be easily
applied into other Chinese cites, several valueghwfit all models well are selected as exogenous
variables in each city, as numerated in Table 4r7Awhich ‘SAV’' denotessaving rate towards
consumption%,; ‘NAGR' meansnatural growth rate %.; ‘DUMO2’ is introduced as to reflect the

change in measurement standards of consumptiogorgittrom 2002 in Wuhan.
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Table 4-7 Explanatory variables concerning in tE&SImodel for each city

City Time series Explanatory variables R; VIF;
Shanghai 1980-2006 | SAV ANPH -0.519 1.316
Guangzhou 19802006 | SAV NAGR -0.800 2.674
Hangzhou 1988-2006 | SAV NAGR 0.067 —
Wuhan 1989-2006 | SAV NAGR DUMO02 -0.088 —
Chengdu 1985-2006 | SAV NAGR -0.800 2.653

Note: theR; value betweeBAV andNAGR, SAV andDUMO02, NAGR andDUMO2 is -0.088, 0.238 and —0.488,

respectively, lower than 0.5, thereby no need &becudating VIF.

As shown in Table 4-7, all the explanatory variabllave no apparent multicollinearity problems
by the common rule of thumb that only VIF > 5 iraties a multicollinearity probléf. Moreover, it is
verified that the number of variables affecting @omer behaviour is not one but the integrations of
series of indicators. It is interesting to find @bt SAV andNAGR are currently the two common
factors that significantly affect consumer behaviouChinese citiesSaving deposits considered as
one of the important factors leading to fast growthdeveloping economies and contribution of
significant increase in family welfare. Besidebjgher saving rate in China signifies that residdrave
a high propensity to save money. From a long amaushjc viewpoint, reducing the current consumption
for savings has financed active household investraed will increase the future consumption levels
subsequentf{/®. On the other handNAGR is another important influential indicator frometh
viewpoint of demographic indicators, as calculdtgdertility and mortality rate. The mortality raite
considered as one important indicator of welfare aredical system of a city”! and the fertility is
usually related to population policy in China. Adtigh fertility is believed to be notoriously diffilt to
project in Europ&’®, in China it may be easier as a result of family planning policyenacted by the
national government.

However, in Shanghai, another variableamely ANPH—is more influential as compared to
NAGR, indicating that it is an advanced internation@tmopolitan city as compared to other cities.
The fact that the common variabl&88V and NAGR significantly affect consumer behaviour in all
cities will be very useful in projecting the houshconsumption pattern in other Chinese cities.

All explanatory variables are considered as prawiparameters at the city level with high quality
of data due to easy compilation, relatively goocdmtability and long forecasting horizon.

Furthermore, it has demonstrated tWdiPH and infant mortality rate included INAGR are
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significant indicators in projecting the MSW gerteya in Europe, and performs even better than
GDP™ '8l However, in this case, explanatory variables caff@lSW generation indirectly by
affecting the consumption pattern, integrated wighnMSW generation model.

In addition, the explanatory variables of each&el® city have changed rapidly over the past two
decades and have undoubtedly led to a signifidaentge in all consumption categories. Fig. 4-7 plots
the trend of change in explanatory variables inLtB& model for each city with different time frame.
For a majority of the consumption categories intg, @ sudden turning point appeared around the
year 1992. Firstly, this change could be intergtete being caused by the rapid economic growth. To
be more precise, it may be attributed to the ctumia decisive operation of exogenous variables,
which also demonstrate unexpected turning pointsxguhe same period in each city. Moreover, the
SAV is keeping changing recently; however, tAGR in each selected city is close to achieving
constancy from 1995 onwards. Accordingly, in theufea, if policy-makers indulge in governmental
interference in residential saving deposits, sushbw changing the interest rates of deposits, the

consumption pattern will be readjusted easily aildswbsequently affect MSW generation.
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Fig. 4-7SAV, NAGR andANPH in selected cities during different period

4.3.2 Model performances among cities

Tables 4-8 summarizes the estimated results obtdroen the respective LES model for each
city, and the crossed table denotes the coeffigiehtsubsistence’ demand expenditure by category o
the corresponding exogenous variables. Each tammeeéch city not only lists the estimated

coefficients in the model, but also the traditiostdtistical testing including the*, MAPE (M) and
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RMSE (R) values when the M-value is high. The fist presents the abbreviation of consumption
category. From the table, it is evident that a migjoof R® values are sufficiently high to be
noteworthy, with 67.5% of them being greater thahdhd 90% being greater than 0.6. Further, most
of the estimators are significant at the 5% levéthgreby denoting most of the estimators are
acceptably convincing. In addition, Fig. 4-8 prdsethe observed and estimated data series of
expenditure by consumption category in Shanghaamsexample, in which the horizontal axis
represents the year, and the vertical axis isndwidual annual consumption expenditure (in RMB).
The results for other cities are represented inefydpx No.l. In the model of each city, although
considerable changes have occurred in the pastdeeca&stimated and observed series of each
category are in almost superposition, thereby detnating that the LES model can track
consumption expenditure of each category rathed. wéénce, these findings confirm that all
estimators are noteworthy and validate good pedogas with a perspective on the projection of the
future consumption pattern of each city. Moreovke identification of the structural equations is

carried out. Based on the necessary conditi(p*n; = M, the model is thus fully identified.

Table 4-8-1 Estimated results of respective LESehfmt each city—Shanghai (1980-2006)

FOOD CLSH FUNI HLTH TRAN EDUC RESI OTHR
Constant 1456:080  148.941 255101 51427 50.129 290.618  174.496  102.877

(13.356) (3.902 (6.476J (0.979) (0.516) (2.702)°  (2.360)°  (4.344
SAv 0.595 0.076 . 0.569 1.061 0.991 0.825 0.169

(0.754) (0.575) (1.396) (1.162) (1.118) (1.457) (0.880)
ANPH 274109 -12.305  -46.685  -9.930 . -54.750 -33.517  -20.391

(-14.663)  (-1.206)  (-4.249)  (-1.058) (-3.801  (-2.635)" (-6.852)
wvalue 2207 0.035 0.032 0.091 0.225 0.224 0.135 0.050

(17.485) (3.966] (3.736 (13.237)  (25.453)  (25.286)  (16.532)  (18.433)
R 0.98 0.55 0.74 0.93 0.98 0.98 0.96 0.97
MAPE 0.030 0.127 0.144 0.79 0.297 0.116 0.180 0.144
RMSE 12.66 16.362

Table 4-8-2 Estimated results of respective LESehfud each city—Guangzhou (1980-2006)

FOOD CLSH FUNI HLTH TRAN EDUC RESI OTHR

260.749 -24.083 114532 -115.746 -425.625 -286.152 86.482 85.608

constant 5 g05)  (-0.769) (4.267)  (-2.166) (-2.674) (-2.227) (1.789)  (9.891)
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6.141 1.737 0.272 2.668 7.907 7.011 1.309

SAV (3.090) (2.822) (0.786)  (2.658)  (2.609)  (2.838)  (1.445)

NAGR 3.241 -8.189  7.897 32701 21.973  -9.170 -6.440
(3.219)  (-3.343) (3.096)  (4.809)  (3.962)  (-2.998)  (-4.912)

R 0.98 0.95 0.81 0.96 0.95 0.98 0.95 0.81

MAPE  0.0333 0080 0.174 0.400 0.680 0.129 0.173 0.178

RMSE 7.277 22.42

Table 4-8-3 Estimated results of respective LESehfud each city—Hangzhou (1989-2006)

FOOD CLSH FUNI HLTH TRAN EDUC RESI OTHR

711.622  195.022  127.953 85.116 338.108 235.373 178.282 97.791

Constant 7041y (6.402)  (9.251)  (2.027)° (3.056) (3.062)  (3.655)  (7.129)
v 1742 -1143 B 5548  -1454 -1.074  -0.631

(-1.571) (-2.008)" (-4.018) (-5.882) (-2.261)"  (-4.087)
\acr | 8143 4738 11651 8478  17.463  3.504 ~4.675

(0.646) (-1.062) (1.634) (0.979) (L475) (0.566)  (~1.650)
R 0.97 0.79 0.21 0.94 0.92 0.96 0.96 0.71
MAPE  0.037 0.099 0.172 0.312 0.459 0.146 0.092 0.145
RMSE 13.847  35.984

Table 4-8-4 Estimated results of respective LESehfud each city—Wuhan (1989-2006)

FOOD CLSH FUNI HLTH TRAN EDUC RESI OTHR

448.167 113.979 66.768 17.071 33.119 83.509 78.288 45.202

Constant g o15)  (5.264) (3.632)  (0.465) (0.880)  (L677)  (0.902)  (2.536)"

—-0.346 0.390 0.234 0.278 0.446 0.893

SAVE — (-1.697) (1.696)  (1.567)  (1.927)" (1.643)  (1.822)
NAGR 16.948 -3662  -4.699  -7.594  -10213 -13.116 -22532 -5.364
(-1.280) (-0.764) (-1.122) (-0.847) (-1.107) (-1.078) (-1.060) (-1.202)
puy 179811 63314 107.923 119.288 107.511  77.560
(10.625)  (6.076) (12.631) (15.330) (12.487) (7.087)
R 0.97 0.71 0.72 0.99 0.99 0.96 0.93 0.86
MAPE  0.024 0.118 0.102 0.117 0.147 0.098 0.170 0.087
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Table 4-8-5 Estimated results of respective LESehfud each city—Chengdu (1985-2006)

FOOD CLSH FUNI HLTH TRAN EDUC RESI OTHR

524.958 106.218 112.544 63.335 52.932 139.358  136.930 85.114

comstant 5111y (3402  (5555) (1263) (0.263)  (1.708)  (2.042)  (3.693)

AV _ 0.311 -0.498  0.396 2.372 0.643 _ -0.990
(0.862)  (-0.860) (1.290)  (1.216)  (1.072) (-2.303)
NAGR 1065 77000 5.910 43.897  12.285  5.206
(0.871)  (2.129) (0.960)  (1.644)  (1.275)  (0.717)
R 0.90 0.53 0.33 0.93 0.91 0.93 0.96 0.66
MAPE  0.043 0.090 0.121 0.298 1.099 0.132 0.155 0.166
RMSE 9.883 31.012

Figures in parentheses armtios for estimated coefficients,’; * "’ and *’ denote that the parameter estimate is
significant at the 1%, 5% and 10% levels, respebtiv—' denotes no clear impact.

Compared with the other results, several estimasr@meters of consumption category with
regard to the constant or/and the exogenous vaesatre ignored, which implies that the explanatory
variables does not have significant effect. Furthexcept Hangzhou, a majority of positive
coefficients ofSAV on ‘subsistence’ expenditure in all the citiesidgate that the greater the saving
deposits is, the higher the individual ‘subsisténeependiture is. Moreover, increase in saving
deposits will advance to greater increase of prsipentowards expenditure on education,
transportation and food in all cities as the higbeefficients than other consumption categories. It
thus confirmed that education and transportatiotwis stimulations for people to save money. In
contrast, forNAGR, although a majority of the coefficients, partamly those in the LES model of
Guangzhou, Hangzhou and Chengdu, are positiveg ihd&/uhan are negative. This indicates that the
increase in population will augment ‘subsistencgdanditure in the first three cities and will letad
the reduction of this expenditure in the last citymost of the cities, the influence NAGR is the
biggest on EDUC consumption, due to mortality effected by medical policy.

The negative coefficients &NPH in LES model of Shanghai confirm that if the fayrdiize is
relatively greater, the individual annual ‘subsmte’ expenditure is lower. These findings indidhi
family members share common goods in the houseremthehaviour will indirectly reduce the MSW
generation per capita per y&3r The same result with the previous research taatevgeneration on
a per capita basis is inversely related to housek@é®® %, Moreover, with regard to the largest
coefficient of ANPH to food expenditure, this variable is speculatedplay a key role in the

‘subsistence’ expenditure on food, which implieatta change in the family size will lead to the
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greatest impact on individual ‘subsistence’ expemdion food among all consumption categories.
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Fig. 4-8 Observed and estimated data series of@aumption category in Shanghai
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4.3.3 Comparison of ‘subsistence’ expenditure andgha value among cities

Fig. 4-9 (a) further outlines the per capita ‘seteice’ demand expenditure by category among
the cities for the year 2006. It is interestingniate that the distribution of expenditure among the
categories is rather similar in each selected ditygd expenditure is on the top followed by
expenditure on education and transportation. FyrtHangzhou has the respective highest value of
each consumption category among the cities. Intiadgito a certain extent, the proportion of
‘subsistence’ expenditure in each category refld@smost basic consumption potential and induces
the most basic physical components of MSW. Theeltrgroportions—FOOD and EDUC—indicate
that the waste arising from these two items isitable and may occupy large shares in the MSW
component. This type of information is of specrdkrest to the management in charge of MSW and
can be used for projecting the trend of specificstwageneratidff’. On the other hand, such
information concerning ‘subsistence’ expenditurelddnspire the implementation of environmental

policies, such as the ‘the minimum living standasd”minimum wage’ for civil administration in a

city™™,
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Fig. 4-9 ‘Subsistence’ demand expenditure and alph# estimated in LES model of each city

However, it is probable that consumption propensagtributed more to the projection of MSW
generation, so called alpha value—the marginal gmejpy to consume. Fig. 4-9 (b) depicts the alpha
value estimated in LES model of each city. Dueht® housing reform starting from the 1990s, the
consumption propensity for residence is very highWuhan, thereby inducing the relatively low
propensity towards other consumption categorieSimihe total propensity being ‘1’.

Further, it is obvious that even if the individ@DP is increasing, people continue to chronically
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prefer spending more money on ‘edibfsThis tendency may be partially explained by tberh in
dining out, which has accounted for almost 30% I total food consumption in 2007 (2008
Statistical Yearbook of each city). Further, peohkve high propensity towards expenditure in
education and transportation in each city on accaidnthe increasing attention on education of
children and purchases of cars. Conversely, thdtimaal propensity is evident from the relatively
similar low value of CLSH and FUNI in each city.

For a comparison among the cities, beyond the géwcbaracteristics mentioned above, eastern
cities have similar propensity towards each comtyothtegory and higher propensity towards food
and education expenditure than central and westé#ies. Moreover, because of the greater
importance of expenditure on EDUC than that on fadtth regard to generation of recyclable items,
the future generation propensity of MSW in eastgtias will be higher than that in others. Furthes,
the eastern cities, Shanghai, Guangzhou and Hangzhow the similar distribution of propensity
among consumption categories. Apart from a highepgnsity towards food expenditure than Taiwan,

the values of other items are rather close andaina those of Taiwaf?.

4.4 Comparison of waste generation among cities

4.4.1 Waste management policies adopted by the lbggvernment

The DUM model mentioned earlier is introduced asfiection of waste measures. For example,
‘DUM92’ implies that a certain type of waste managat policy was introduced from 1992 onwards
and denoted by ‘1’; ‘0’ denotes the period priod@92. All relative local measures constitutedaste
city are enumerated in Table 4-9. It is believeat #il the policies have played rather importatégo
in eliminating/facilitating waste generation. In Wan, the government amended the criteria of
‘Administration of Household Waste Management’ fr@®04 onwards and relaxed the standard of
waste disposal. It is believed that companies ¢smode MSW to the designated areas and no longer
require the approval of the relevant departmentaredver, the government also relaxed the
restrictions on participating waste transportaenvices. These policies induced a sharp increase i

the total MSW generation from 2004 in Wuhan.

Table 4-9 Summary of waste countermeasures caestitn each city

City Dummy Explanation of waste policies

variable

Shanghai DUM92 Encouraging the access of clean vegetables witlovedhleaf scraps in the
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market
DUMO0? ‘Temporary Criterion of Management on DisposabkesEt Boxes’ published in
2000 impels disposable plastic boxes separated M&wW

DUM98 The policy of ‘Waste must be collected by plasag® had achieved remarkable
results until 1998

DUMO0O2 From 2002 onwards, the measurement of waste cotiggosias carried out in

Hangzhod
disposal sites instead of in transportation statidimereby reducing the ratios of
recyclable items, particularly the paper waste doethe appearance of
scavengers at the same time

Wuhar! DUMO04 Relaxing the restrictions on waste disposal

Guangzhou, Chengdu  No relative waste measureshtesrefound thus far

Note: 'City Appearance and Environmental Sanitation Remna (State Council Decree No. 101) and
http://www.shtong.gov.cn/node2/node2245/node75681675692/node75729/userobject1ai92599.html
(Shanghai)?source from <2005 Shanghai Waste Manageméfrom the inquiry of staff in local EPA;

“Wuhan authorities order No. 158tip://news.sina.com.cn/c/2004-07-07/12093016284sls

4.4.2 Comparison of MSW generation by waste categor
4.4.2.1 The assumptions in the model

Prior to model development, several assumptionsnade in each city:

(1) The abbreviations of all the consumption catisgoare the same as in Table 4-4 and all
expenditure is adjusted to the fixed prices byrdspective CPI of each city—1978 as well. Further,
the adjusted food expenditure without the food pssing fees is cited in the model of Chengdu.

(2) Waste categories of food, plastic, paper, leextglass and metal waste are estimated by
respective MSW generation model (OLS) in each aitd are called estimated-waste categories. On
the other hand, as mentioned above, generationoofivand ash waste are affected mainly by the
index of urban construction, such as GAS and GRE#&ter than consumptiéi'ﬁS]. The generation
of wood and ash waste is thus estimated by GAScandumption in OTHR in Hangzhou. However,
the quantity of these items in other cities is ot#d by assuming the fractions based on the histori
records, as called non-estimated waste.

(3) Certain waste categories which have small ifvast have been merged for purpose of
estimation. Sum of glass and metal waste is ewsduas a whole in Guangzhou and Chengdu.
Moreover, in the model of Guangzhou, since thermisespective fraction of paper, plastic and kexti

waste before the year of 1999, the sum of these titems is thus estimated as a whole.
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4.4.2.2 The development of the model

Individual annual waste generation of estimatedtgvaategory is estimated using OLS in each
city and is represented as a reasonable regresgi@tion. A common model denoting the qualitative
relationship between waste category and correspgndonsumption expenditure is developed, as
presented in Table 4-10. The estimation result gtevcategory in each city is shown in Tables 4-11.
In each table, the first row stands for explanatwgriables (EV), including abbreviations of
consumption expenditure by commodity category aodeghmental countermeasures (DUM). The
first column from the left indicates the each wasttegory (WC). Therefore, the crossed table
marking with circle in Table 4-10 signifies thattbausal relationship between generation of waste
category and corresponding consumption expendituredummy variables. For example, the
estimation of food waste is expressedW&sq waste, = f (FOOD) in each city. The cross items in the
Tables 4-11 imply the partial coefficient of wastethe corresponding consumption expenditure or
dummy variablesRWG;; or MWGCy). Thet-ratios of all estimators in the equations are descrilped i
the parentheses. On the other hand, the statististahg including DWF-value and A& validating

each equation concerning each category is alsalastc and presented in the last column.

Table 4-10 Development of MSW generation model bgte category

we EV | Foob CLSH EDUC DUM
Food o

Plastic o o

Paper o o

Textile o

Glass o)

Metal o)

Table 4-11-1 Result of MSW generation model by wastegory in Shanghai (1990-2005)

we EV Constant FOOD EDUC CLSH DUM92  DUMOO | Statistical testing
DW=0.62;
Food o P F=36.348;
(10.603) (-1.747) =56.345;
AdR?=0.78;
DW=0.970;
Paper 0.00890  0.0962 ’ _
P (3.009)  (10.799) F=254.716;
AdR’=0.94;
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., | DW=1.212;

plastic | 95445 00884  0.198 -13.823 FZ152.190.
(-4.086) (3.186)  (5.266) (~2.606) TLoe LI,
AdR’=0.97;

DW=0.30;

Textile 0.065 = -
(10.103) F=68.353;

AdR’=0.37;

DW=0.581;

Glass 0.0185 F=28.424;
(20.643) —eoae

AdR’=0.67;

DW=1.633;

Metal 0.00331 - _
AdR’=0.46;

Table 4-11-2 Result of MSW generation model by wastegory in Guangzhou (1986—2003)

We EV Constant FOOD EDUC CLSH Statistical testing
~192.81% 0.738 DW= 1.427:
Food (-5.368) (11.226) F=32008L
: : AdR? = 0.88;
Paper, DW =1.679;
Plasic & ~110.565 0.203 0.609 F - 116.237-
astic _ - . '
(-3.209) (2.312) (4.978) AdRE = 0.93;

textile
Glass & 0.0199 DW= 0787;
(12.101) F=31.571;

metal ' AdR? = 0.35;

Table 4-11-3 Result of MSW generation model by easttegory in Hangzhou (1990-2004)

We EV | Constant FOOD  CLSH EDUC DUM98  DUMO2 | statistical testing

DW = 0.74:
F = 203.67;
AdR?= 0.94;

0.427

Food (47.620)

DW = 1.359;
F=178.279:
AdR? = 0.96;

0.0788  47.283 -19.141

e (4.109) (10.792)  (-4.426)

DW = 2.4009;
F =132.318:
AdR? = 0.97;

-32.712 0.0398 0.276 19.616 -9.534

Plastic | (2997) (1.382) (3.045) (2.523)  (~1.205)

DW = 0.791;
F = 16.55;
AdR? = 0.56;

0.0545

Textile (10.193)

DW = 1.121;
F =10.115:
AdR? = 0.57;

0.014 -1.762

Glass (8.563) (-1.280)
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Metal

0.00733
(15.818)

DW = 2.073;
F=21.211:
AdR’= 0.62;

Table 4-11-4 Result of MSW generation model by wastegory in Wuhan (1994-2005)

EV

WO Constant FOOD CLSH EDUC DUMO04 Statistical testing
0.224 49.725" DW= 0.707,
Food F = 25.523:
(16.017) (2.845) AR~ 0.69
Paner 0.0105 0.0758  9.378 DW= 2230
P (1.403) (2.701) (3.397) AdR = 0.84
Plastic -81.173 0.194 0.0859 7.719 E\ﬁ’gSlégz,z;
(-3.796)  (5.534) (1.535) (1.378) AdRP=0.95
_ 0.0260 7.326 DW=0.723;
Textile F=80.548;
(8.067) (7.003) AdR — 0.88
0.0123 1.925 DW = 1.880;
Glass (13.410) (1.678) F= %4.149,
: : AdR? = 0.55
0.00406 2.244 DW = 2.130;
Metal (6.767) 5.872) F = 30.040;
: : AdR? = 0.73;

Table 4-11-5 Result of MSW generation model by wastegory in Chengdu (1995-2004)

EV
WC

Constant

FOOD

CLSH

EDUC

Statistical testing

Food

0.364
(29.261)

DW=0.927:
F =10.605;
AdR’=0.57;

Paper

—69.124
(-1.975)

0.119
(1.554)

0.193
(3.223)

DW=2.521:
F=11.708;
AdR?=0.70;

Plastic

-12.647
(-2.301)

0.283
(7.578)

DW=2.537;
F=57.424;
AdR’=0.86;

Textile

0.0464
(7.238)

DW=0.537:
F=24.000:
AdR?=0.75;

Glass &
metal

0.0160
(9.781)

DW=1.694;
F=1.045;
AdR’=0.23;

Figures in parentheses are t-ratios for regressiefficients.

" and

significant at the 1%, 5% and 10% levels, respebtiv
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There are several aspects to be addressed:

(1) In each model, the heteroscedasticity is chegtdke using residuals chart and the result is
added in Appendix No. 2. It is found out tlRAthas no apparent change trend with the increaseiof
each figure, thereby denoting no apparent hetedastieity problem in each model. Further, for the
estimation of each waste category, adjuftedalues of most of the variables are above or Ae@r
(84.62%). Among all the parameter estimators, 70%stimators are significant at the 1% levels and
81% are significant at the 5% levels. Further,itherpretation of the results is straightforwardhwi
regard to economic applicability. All model perfante demonstrates that the MSW module is stable
and feasible for future forecasting.

(2) All the models prove the quantitative convemsiwocess of any type of consumed commodity
to a corresponding waste category in each'®tyFor example, food waste is estimated by food
expenditure, and paper and plastic waste are dstintey the FOOD and EDUC expenditure in all
cities. Consequently, a high consumption propersitsards EDUC and FOOD estimated by the LES
model would facilitate the generation of these gamthe future. Further, glass and metal waste are
considered from the beverage which is a part offtleel consumption category. In addition, textile
waste is estimated by expenditure in clothing draks (CLSH) in all cities.

(3) The model for plastic waste in each city inésdhe constant, thereby representing that apart
from the influence of EDUC and FOOD expendituréheotfactors affect the generation of plastic
waste. Further, the equation for estimating foodtevan Guangzhou includes the intercept as well.
Moreover, the generation of wood and ash wasteaingahou is estimated BYSWiangzhou, wood & ash, T
257.914 + 0.932 x OTHR - 2.0975 x GAS- 41.755 x DUM98 (DW = 1.322; F=22.037; Adjusted
RF=0.82;p <0.01 ang” < 0.05).

(4) When a waste policy regarding the specific wasdtegory is introduced in the model, the
‘DUM’ is considered to be merely related to corrmsging waste category. For example, the ‘DUM92’
merely affects the food waste in Shanghai. On therchand, when a general policy is introduced, the
influence on all types of waste is considered. Thastitution of ‘DUM04’ in Wuhan not only
increases the generation of total MSW, but alsoem®es the generation of each type of waste

category.
4.4.2.3 Interpretation of the model results

The coefficient of each type of waste to the cgroesling consumption expenditure is regarded
as partial waste generation coefficient to consionp{PWG;) and is applied for analysing the

distinct waste generation trend among cities, bsaléded in Table 4-12. In the table, the first row
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indicates each city and the first column from thi¢ $tands for th®WCof k/i. For examplePWGqqg

roop Stands for the partial coefficient of food wasté&@OD consumption expenditure, kg/RMB.

Table 4-12 Partial generation coefficient of eagletof MSW (kg/RMB)

PWG City Shanghai  GuangzhouHangzhou Wuhan Chengdu Average value
fi
FoodFOOD 0.386 0.738 0.427 0.224 0.364 0.350
PaperFOOD | 0.00890 — 0.0105 0.119 0.0346
Pape/EDUC | 0.0962 0.0788 0.0758 0.193 0.111
PlastidFOOD | 0.0884 0.609 0.0398 0.194 — 0.107
PlastidcEDUC | 0.198 0.276 0.0859 0.283 0.211
TextilgCLSH | 0.0654 0.0545 0.026 0.0464 0.0481
GlasgFOOD | 0.0185 0.014 0.0123

0.0199 0.016 0.0191
MetalFOOD | 0.00331 0.00733 0.00406

“denotes the coefficient of estimation of papersiitaand textile waste together

Paper, plastic and textile waste is estimated begein Guangzhou, the partial generation
coefficient of these items is 0.203 regarding toCBDexpenditure and is 0.609kg/RMB to EDUC
expenditure, as denoted in Table 4-11-2. The namclasions from the model can be discussed from
four aspects. Firstly, the partial generation doifiits of each type of waste regarding to the same
consumed category are at the same levels amoruitittee A per yuan (RMB, in 1978 prices) increase
in food expenditure results in an average increds@.386, 0.738, 0.427, 0.224 and 0.364kg food
waste in Shanghai, Guangzhou, Hangzhou, Wuhan aedddu, respectively with an average value
of 0.350kg except Guangzhou. Further, BW Geyile/cLsnis 0.0654, 0.0545, 0.026 and 0.0464kg/RMB,
respectively in Shanghai, Hangzhou, Wuhan and CGheagd the average value is 0.0458kg/RMB. In
addition, it is confirmed that the same increas&®@OD expenditure yields a greater generation of
glass and metal waste in eastern cities than dentemnd western ones. Among the cities, the range
PWGiassemetarooniS 0.016~0.0218kg/RMB with an average value ofl@Xkg/RMB. Moreover, it is
confirmed that the same increase in EDUC experalifields a greater generation of recyclable items
in eastern cities than central and western ones.

Secondly, in the models of all cities, the partakfficient of recyclable materials in terms of

72



EDUC expenditure is greater than that of food ergare. For example, in MSW generation model
of Shanghai, a per yuan increase in EDUC and FO€&2dd to an average increase of 0.0962 and
0.00890kg paper waste respectively. All the comfits can be applied into other Chinese cities with
insufficient waste statistics for predicting gertena of each type of waste category.

Thirdly, except Guangzhou, the increase per yuaMBRin 1978 prices) in education
expenditure results in the increased generatigriagtic rather than paper waste in all cities bseau
1) most of the newspapers related to educationrelkfpee are sold by residents in their homes in
current China; 2) EDUC expenditure includes thescomption in culture and recreation articles,
inducing to the great generation of plastic wad$tg. 4-10 represents thBWGasicepuc and
PWGaperepuc in €ach city. Except in the model of Guangzhoe, ithicrease of per yuan in EDUC
expenditure results in a range of paper waste ®¥58~0.193kg and plastic waste by 0.0859~0.283kg.
Further, an average value ®WGasicepuc and PWGperepuc iS 0.211 and 0.111 kg/RMB,

respectively.

0.30
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L 1 L
Shanghai Hangzhou Wuhan Chengdu

Marginal Generation Coefficient of Waste to
Euducation Expenditure, kg/per/year/RMB

City
Flg 4—1OPWQ,|astiC/EDUCand PWQ)ape,/EDucin each Clty

Fourthly, the different signs of DUM for ShanghaidaWuhan further manifest the distinct
influence of waste policies. The waste regulatiegarding food waste in Shanghai significantly
eliminate the per capita food waste generation@$3Bkg per year (DUMO02), whereas that in Wuhan
(DUMO04) enhance the waste by 49.725 kg each ydais fesult clearly indicates that the waste
management policies on food waste in Shanghai ceellde as a valuable example for other cities.
Meanwhile, governmental interventions in each tityve different impacts even on the same waste

generation. In the case of Hangzhou, the waste urnead ‘waste must be collected by plastic bags’
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(DUM98) significantly increases per capita papest@ayeneration by 47.283 kg per year, and reduces
the glass waste generation by avoiding cutting glestic bags (1.762 kg). On the contrary, the
appearance of a number of scavengers from 2002rdavgaibstantially reduces paper generation by
19.141 kg on average, as expressed by the negaiefécient of DUMO02. Moreover, the constitution
of waste policy in Wuhan (DUMO04) causes the inceeafsgeneration of each type of waste. All waste
management policies will provide a feasible expurie or lesson to other cities in the future.
Furthermore, as Song (2088 states, the implementation of effective waste measwill definitely
lower the peak of the Environmental Kuznets Cuii€Q).

Finally, combining the results estimated by the LE&del, it indicates that a high consumption
propensity towards education in each city will lgada high expenditure in the future and great
generation of recyclable items. Further, highempprsity in eastern cities than others will resnlt i

more generation of recyclables items.
4.4.3 Comparative results of total MSW generation

The total MSW generation in each city is calculateg sum of estimations of each
estimated-waste category and actual value of nomated waste. Wood and Ash waste of Hangzhou
is estimated in the model of Hangzhou as menticadgalve. The error between the observed and
estimated series of total MSW is evaluated by MA#PH the value is 9.92%, 6.78%, 3.69%, 10.57%
and 6.60% in Shanghai, Guangzhou, Hangzhou, Wuhmh Ghengdu, respectively, denoting
acceptable results. In addition, the observatiahestimation of total MSW generation in each cdty i

represented in Fig. 4-11.
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Fig. 4-11 Estimation of per capita MSW generatioeach city, kg/yr

Further, in order to investigate the conversioncpss from consumption to total MSW
generation in current Chinese cities, the relatigmbetween individual total MSW generation and
PTCON for each city is further investigated andlyred here, as depicted in Fig.4-12. In each fttin
equationy stands for total MSW generation andenotes PTCON.

From the figure, several points can be understdarbtly, it seems that MSW generation
increases with the economic growth in each citys Tidicates that in Chinese cities, waste germrati
currently continues to remain in the increasinggstaot only in the developing cities but also in
developed ones, thereby demonstrating that econgroigth is the main driving force for increasing
waste generation. Secondly, the total MSW generatemarding to PTCON is considered as unit

waste generation coefficient per total consumpégpenditure, kg/RMB and the value is 0.211, 0.225,
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0.222, 0.208 and 0.198 in Shanghai, Guangzhou, #ang Wuhan and Chengdu, respectively. The
values are in the same level with the average beiB$3 (0.198~0.225) kg/RMB. This is of great
importance for those cities in which case thera lack of adequate waste statistics, by providing a
possibility for identifying total MSW generation omthe current consumption expenditure is known.
Thirdly, the coefficients in eastern cities areitdlel higher than in central and western cities and
Hangzhou and Guangzhou have the highest valuesagC{8001) indicated that the lower income
group tended to recover a greater portion of MSWstiling to waste depdt§’, thereby improving
the recycling rate and reducing the amount of waistelltaneously transported to a treatment facility
Consequently, due to the lower income level, wgstgeration in Chengdu is relatively diminished as
compared with other cities. Finally, MSW generationNVuhan and Chengdu increases totally along
the trace of Shanghai. However, the intercepthiénmodels of Guangzhou and Hangzhou represent
that apart from MSW, other wastes not from consionptay be mixed into MSW such as sludge,
HW or ISW.
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Fig. 4-12 Per capita annual MSW generation ag&m§&ON

4.5 Back-casting and e-ante forecasts of MSWgeneration

4.5.1 Assumption of explanatory variables

Exogenous variables in the respective total consomgxpenditure model and LES model are
almost the same in each city; the assumption thexafites the same method and the forecasts are
tabulated in Table 4-13. Detailed introduction @i@itg to each value is represented as follows.
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4.5.1.1PGDP andPE in total consumption expenditure model

The projection oPGDP in Shanghai until 2020 is conducted by using negionacro-economic
model which will be introduced in Chapter 5. On tither hand, the minimum target for Chinese
economy which was proposed in the Sixteenth NaltiGoagress Report is to project the GDP of the
year 2000 to quadruple by 2020 (http://xibu.tjfsiuen/elearning/lk/16en.hdmTherefore, for other
cities, it is presumed that the redRGDP in 2020 is four folds of the value in 2000, basedthe

minimum target of economic growth. The values betwéne years of 2007 to 2020 are dispersed
using interpolation method. Further, fBE in each city, the assumed value in 2010 and 2620 i

tabulated in Table 4-13 as well, on the basis ahgk trend in each city.
4.5.1.2SAV, NAGR andANPH in LES models

Different scenarios of saving rate towards consiomp(SAV) are assumed to increase or
decrease in each city based on historical recoulmgl past decades. Further, based on the past
change trend and relative city plan in ShanghA&iPH is assumed to have a slight decrease in next
decade. On the other hand, for the vari&b¥sR in other cities, the value until 2010 is deterndio®

the basis of <Eleventh—Fifth Plan of each cit§%and assumed to be fixed until 2020 for simplicity.

Table 4-13 Assumed values of exogenous variableagh city

Shanghai Guangzhou Hangzhou Wuhan Chengdu
2020 2020 2020 2020 2020 2020 2020 2020 2020 2020
SAV 20 80 20 70 10 40 40 10 50 20
2010 2020 2010 2020 2010 2020 2010 2020 2010 2020
PE 50 57 58 60 54 55 53 55 50 50
NAGR — — 2.8 28 4.6 4.6 2 4 4 4
ANPH 3 2.9 —

Note: 'denotes the current fertility policy.

%Value in Guangzhou is calculated based on the giléine population; that is from 9.50 million in 20 10.9
million in 2010.

3Birth rate is planed as < 10%. in Wuhan and the atitytrate is assumed 6%o. along with the historieglords.

4.5.2Projection of MSW generation in each city

Compiling the existing consumption expenditure amdgenous variables beyond the period of
model development of MSW generation model, a badtheg estimation of total MSW generation is

extrapolated back to 1985. Further, based on kremso/med exogenous variables until the year of

77



2020, MSW generation by category is projected db(er-anteforecast) by using MSW module. The
fractions of wood & ash in each city are assumesktdan the historical records and summarized in

Table 4-14. Forecasting result of waste compositi@ach city is displayed in Fig. 4-13.

Table 4-14 Assumptions of fractions of wood & asiste in each city, %

Shanghai Hangzhou Guangzhou Wuhan Chengdu

Actual value 2.5 (2005) oLS 7.98 (2003) 14.13 (9005 18.26 (2004)
2010 2.5 OoLS 5 10 15
2020 2.5 OLS 3 5 10
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In the MSW generation model, the volume of per eaftal MSW generated increases linearly
with the PTCON, thereby demonstrating the consump8 the big driving force of MSW generation
observed in current Chinese cities. It can be fooont that in Shanghai, Guangzhou, Hangzhou,
Wuhan and Chengdu, the per capita total MSW geperat 2020 will be 2.17~2.18, 1.46~1.49,
1.48~1.49, 1.24~1.25 and 1.78~1.79 times of thaos@008, thereby foreboding a serious MSW
problem in Chinese big cities if there were notretapolicies implemented advancing to diminishing
waste generation. The MSW generation in Wuhan ahdn@du until 2020 will be the level of
Shanghai around the year of 2012.

On the other hand, the fraction of each type oftevagll continue experiencing a significant
change during next decade. Firstly, as assumedealibe fractions of ash and wood waste will
gradually decrease in all cities. Secondly, thesabf potential recyclable items comprising plasti
paper, glass and metal will increase to over 30%even nearly 50% until 2020 in some cities. The
fraction of plastic waste in 2020 will be up to @%, 21.74%, 28.26% and 17.37% in Shanghai,
Hangzhou, Wuhan and Chengdu, respectively. It thnsbe expected that recycling ratio will increase
with rising income and consumption expenditiite However, even with a marked increase in plastic
and paper waste, food waste (organics) will stakemup around 50% of the waste stream until 2020,
thereby needing a special concern on the treatriidet.values in Shanghai, Guangzhou, Hangzhou,
Wuhan and Chengdu will be 51.84%, 50.89%, 53.183968% and 50.17% in 2020, respectively.

However, the modelling period of MSW generation eldd no longer than 17 years in each city

79



due to the insufficient waste information, limititige accuracy of the model to some extent. Further,
the model fails in introducing waste managemenicps published in recent years or in the future.
For example, in Shanghai, the coverage area fdemgnting waste classified collection reached over
60% by 2006 in the central urban area. It is beliethat these kinds of strategies will definitelgyp

important roles in affecting MSW generation in theure.
4.5.3General waste generation in Japan

Fig. 4-15 plots the volume of general waste gerdrgter capita per year in Japan with (1)
PTCON and (2) year (1985-2005). Quantity of wasteegation includes amount of planed collection,
direct collected amount, and amount of recyclethitédy comparf§#?. Consumption expenditure by
consumption commodity in each year is obtained frdm Ministry of Internal Affairs &
Communications in Japan and is adjusted into thexedfi year of 2005

(http://www.stat.go.jp/english/index.hjmit is evident that the waste generation increasih the

consumption level at the beginning, but the trendradually slowing down recently. From the right
figure, it is found out that a sudden change hapgemound the year of 1990.

From the viewpoint of the comparison of consumplievel between Japan and Chinese cities,
nominal PTCON of Japan (14 010.91 RMB) in 1985aiér than those in Shanghai, Hangzhou,
Guangzhou, Wuhan and Chengdu in 2005 (13773, 18434468, 8234.52 and 9642 RMB). Further,
the prediction of real PTCON of Shanghai in 2020,262 RMB) is lower than the value of Japan in
1992 (52,318 RMB). It is thus reasonable to speeulaat waste generation will still increase in the

near future in the selected cities.
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4.6 Concluding comments

In this chapter, several representative cities ditferent economic levels are selected from each
region to be applied into the integrated MSW modatesolving the following issues: (1) to make a
medium-term projection of waste generation by elyge of waste category; (2) to investigate the
regional differences between cities regarding wgsteeration; (3) to examine the common feature of
conversion process of any type of consumed commadit corresponding waste category among
selected cities. Results clearly denote that iategr MSW module is validated in all selected cities
and is reasonable for projecting MSW generatiorcoposition until 2020. The main concluding
comments can be discussed from the following aspect

Firstly, in the analysis of the consumer behavimadel for each city, it is confirmed th&AV
andNAGR are currently the two common factors affecting tbeasumer behaviour of a city, except
Shanghai. Secondly, the model results provide dectfe range and default value of partial
generation coefficient of each type of estimatedteacategory to corresponding consumption
expenditure. Thirdly, the average generation coieffit of total MSW per unit consumption is 0.213
kg/RMB in selected cities, thereby providing a plogsy for identifying total MSW generation of
other Chinese cities once the current consumptipergditure is known. Fourthly, per capita MSW in
2020 will be 1.24~2.18 times of those in 2008 ircleaity. Finally, this chapter conducts a
comparative analysis of the different impacts oktwameasures undertaken by local governments in
the cities under consideration. All the waste managnt policies will provide feasible experiences or
valuable lessons to other Chinese cities.

In conclusion, the integrated MSW module has th#éityalio project the quantity of MSW
generated and the corresponding composition ortyaleyel. Further, the effective application of
MSW module in selected cities will be essential affdctive for model development in other Chinese
cities. In addition, the projection of large volumeMSW generated should arouse the consciousness
of the municipal decision makers to implement dffec government interventions (implementing
green consumption, building health lifestyle, e} fr the promotion of sustainable society. Moreov
the degree of the model accuracy is partly detexchioy the reliability of the published information

and long-term waste records in the future will digdily improve the current approach.
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5 ILLUSTRATIVE APPLICATION OF ISW MODULE IN SHANGHA |

The industrial solid waste (ISW) generation moduoislving regional input-output analysis (10)
has been developed in Chapter 3 for the investigatnd projection of volume of each type of ISW
generated by industrial sector. Therefore, in @liwmpter, Shanghai is selected as a case study for a

feasible application of the module on a regionatleintil the year 2020.
5.1 Background information

5.1.1 Economic growth in China and Shanghai

90%

[COFIR E=mIND BEEmTER —&— National GDP CFIR E==IND BEEETER =—— ShanghaiPGDP

(a) China (b) Shanghai
Fig. 5-1 National PGDP, Shanghai PGDP and thein@zic structure, 1980-2007

National per capita GDP (PGDP), Shanghai PGDP &adge in economic structure from 1980
to 2007 are presented in Fig. 5-1. Here, econotrictsire is represented as the percentage share of
three industries, as Primary (FIR), Secondary (INDd Tertiary (TER) industries (agriculture,
industry and service industry). Since the stareocdbnomic reforms around 1978, China has been
undergoing significant transition from a plannedreamy to a market economy, with rapid economic
growth rate nearly 10%. Fig. 5-1 (a) depicts thdonal PGDP and its economic structure. The
percentage share of FIR has decreased from 30.2%8@ to 11.3% in 2007. On the other hand, the
share of TER has increased from 21.6% to 40.1%duhe same period. Moreover, the share of IND
was 48.6% in 2007. Therefore, the Chinese econamyshifted from one that is based on agriculture

to one that is increasingly dependent on both naotufing and service industry. Meanwhile, China’s
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economic take-off drives the economic growth inagag. The Shanghai economy has also undergone
a record-high economic growth with an average gnonate of 9.56% of the real GDP and 10% of
PGDP. Further, the nominal PGDP was up to 8728%0ii/, about 3.51 folds of national average
PGDP. Meanwhile, the economic structure has alperenced a significant change in the form of
shift of percentage shares of three industriesSHanghai Eighth-Fifth City Plan, the development
strategy with priority of ‘tertiary, secondary afit industry’ was brought forward. Further, in9E9

by the new strategy for ‘new development of Shaingh# authorities proposed to simultaneously
develop Secondary and Tertiary industries. Theesb&iND has decreased from 75.70% in 1980 to
46.59% in 2007. Conversely, the share of TER irsgddrom 21.06% to 52.58% during the same
period, thereby promoting a balance of the socteBt depends on manufacturing and service
industries.

Moreover, from the viewpoint of expenditure, finabnsumption including government
consumption (GC) and private consumption (PC) is ohthe most important factors contributing to
the total GDP of Shanghai, and accounted for 49.862007, in which PC accounted for 36.55% of
GDP. Further, consumption of urban residents oezlip#.77% of total PC in 206%.

5.1.2 Input-output table (10)

In the regional 10 analysis, the existing IO taldésShanghai in the years 1987, 1992, 1997 and
2002 with different industrial dimensions, are dti¢a from the local Municipal Statistics Bureau
(MSB). The classification of sectors in IO tablesaind before 1997 is based oational economic
industry classification and its cod@B/ T4754-1994) while that in 2002 is based rwational
economic industry classificatiqicB/T4754-2002). The classification standard igedént mainly in
inner of service industry (TER); therefore, the raggtion of all service industries as one sector
minimizes the error (pds24). Further, sectors ofing & washing of coal, extraction of petroleum &
natural gas, metal ore mining, and metal ore midnigon-metal minerals mining are summed into
one sector (pds2). Therefore, prior to the furtealysis, all 10 tables were aggregated into timesa
dimensions, comprising 24 industrial sectors (Imdais Classification and Codes of 2002
Input-Output Table), enumerated in Table 5-1. Fartthe nominal gross output of each industry is
illustrated in Fig. 5-2. It is evident that besidés biggest share of pds24 (33.98%), pds9, pdsi4,
pds16 and pds23 make great contributions to tre twbss output, as 8.01%, 7.67%, 6.82% and
6.89%, respectively.

All tables are valued at producers’ prices andsietors are ‘commodity sectors’ because of the

compilation standard as having at least one simgilatification (similarity in the use of productkeir
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consumption pattern or production technique). Hawvein order to keep consistency with waste 10

table, the terminology of industry sector is gtited.

Table 5—-1 Summary of industrial sectors and codé® itable

Code Industrial sector Code Industrial sector
Agriculture, forestry, animal husbandry . .
Pdsl ! Pd13 General & special purpose machinery
& fishery
Mining (mining & washing of coal
extraction of petroleum & natural gas; .
Pds2 p . g Pds14  Transport equipment
metal ore mining; metal ore mining &
non-metal minerals mining)
Manufacture of food products & . . .
Pds3 . P Pd15 Electric equipment & machinery
tobacco processing
. Electronic & telecommunication
Pds4 Textiles Pds16 .
equipment
Wearing apparel, leather, fur, down Instruments, meters, cultural & office
Pds5 g app %dsl? .
related products machinery
Pds6 Sawmills & furniture Pds18  Other manufactupngducts
Paper & products, printing & recold
Pds7 p. P . P g Pds19  Scrap &waste
medium reproduction
Petroleum rocessing, cokin & Electricity, steam & hot water production
Pds8 SR 9 Fpds20 y P
nuclear fuel processing & supply
Pds9 Chemicals Pds21  Gas production & supply
Pds10  Nonmetallic mineral products Pds22  Waterymtioh & supply
Pdsll Metals smelting & pressing Pds23  Constmuctio
Pdsl2  Metal products Pds24  Tertiary industry
Pds24
Pds23
Pds22
Pds21
Pds20
Pds19
Pds18
Pds17
» Pds16
2 Pdsl5
& Pdsl4
»n Pdsl13
< Pdsl12
‘£ Pdsll
2 PesLl
E Pds8
Pds7
Pds6
Pds5
Pds4
Pds3
Pds2
Pds1

0 50 100 150 200 250 300 350 400 450 500 550 600
Gross output, billion RMB

Fig. 5-2 Gross output of each industry in ShanghaD02
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5.1.3 Current situation of ISW generation

Shanghai generates 1.23% of ISW by 1.41% of taiplfatior’®* into whole China, accounting
for an average level. Fig. 5-3 represents the velofMSW generated, treated, stocked, disposed and
discharged in Shanghai from 1991 to 2866 Volume of ISW generated in Shanghai increases at
average growth rate of 4% from 1989 to 2007. Fuytime2007, the ISW generation was up to 21.65
million tons with 2.1% of hazardous waste (HW) dahd average ratio of ISW utilized was 94.2%.
Moreover, the categories of ISW are closely rela@dhe industrial structure of Shanghai. The
principal categories of ISW are HW, smelting resid8R), coal-burning powder (CB), slag (SL), coal
stone (CS), gangue (GA), radioactive wastes (RA) athers (OT). OT waste includes industrial
garbage, sludge, dust and other waste generatediustrial process. Volume of ISW generated by
waste category in Shanghai from 1992 to 2006 usstitated in Fig. 5—-4. During the past years, the
total ISW generation has an apparent increase wmaddeach waste category exhibits similar trends
during the same period. In 2006, the largest compbaf ISW was SR, which constituted 36.84% of
the total. The other major components were CB @4)5 OT (20.70%) and SL (6.35%). These four
categories made up 88.41% of the total volume &¥1%!. Moreover, construction waste is not
considered as a part of ISW generation, and tlsen® iwaste generation arising from the industry of

pds19 Ecrap &waste industry)

22007

2000k |~ Volume of ISW produced
t | —2— Volume of ISW treated
1800[- | —— Stock

[ | —»— Disposal
16001 | Discharged

1400F

1200F
1000F
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"

Ok i —
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Fig. 5-3 Volume of ISW generated, treated, stockézhosed and discharged
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Fig. 5-4 Volume of ISW generated by each wastegeagein Shanghai

5.2 Macro—economic model of Shanghai

5.2.1 Characteristics of variables in the model

The main economic variables in the Shanghai macooa@mic model are listed in Table 5-2,
with the exogenous variables marked separatelgalibrate the model, available economic indicators,
from the years 1981 to 2005, are obtained fromShanghai MSB and the international database
(International Monetary Fund 2007: Internationaidficial Statistics, IF8™). The deflators of EXC
and MC quote values on the national level becatdigbeolack of information pertaining solely to
Shanghai. Further, deflator of GC is calculatedulgh the CPI and deflator of PC. Moreover, the
variables denoting world trade refer to the santa da Kabeyanid”. The exchange rate of the dollar
to RMB is obtained from China Statistical Yearbaoid the value in 2008 onwards is assumed fixed.
Therefore, with economically meaningful equatiomsl ahe given exogenous variables, the target
variables, at 1990 prices, can subsequently begbeeldfor future years.

The economic statistics published in yearbooks ewatinually revised and renewed to
incorporate periodic census figures on the econ@hgnghai macro-economic model cites the latest
data that was published in the 2008 Shanghai ftatisrearbook. However, the use of this version
leads to certain differences in comparison betwtbeneconomic indicators of the macro-economic
model and IO table of 2002. Furthermore, it is U$oiathe data in a macro-economic model obtained
from National Accounts to be conceptualized diffehe from that in an 10 table. In an effort to
address the issue of consistency, the 10 analyteis—€instead of absolute values predicted from the

macro-economic modetthe coefficients of extension of the correspondewpnomic indicators,
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integrated with the original values in the 10 tabfe2002. Further, in 10 analysis, the balance BFG

and its composition is adjusted by the equatioGbBP =k (PC + GC + | + EX — IM + TR) based on

the projected value in a target year. Then, each ieadjusts based on the calculdtedlue.

Table 5-2 Characteristics of variables and datacgoior Shanghai macro-economic model

Exogenous
Variables Item name Unit

variables
CH_GDP Real national GDP in 1990 price o
CH_GC Real national government consumption exparalit in 1990 price o
CH L Labour number in China person o
SH_GDP/SH_GDP_N  Real/nominal Shanghai GDP in 19R@p

SH_GC/SH_GC_N
SH_PC/SH_PC_N
SH_EXC/SH_EXC_N
SH_MC/ SH_MC_N
SH_I/ SH_I_N
FIR/IND/TER
SH_PDG

SH_PGC

SH_PPC

SH_PI

SH_PEXC/ SH_PMC
SH_WPI

L

SH W

SH_POPT

POILJ

SH_EXR

PEW

TWM’

Real/nominal government consumptigerditure in 1990 price

Real/nominal private consumption edijpere in 1990 price
Real/nominal export in 1990 price
Real/nominal import in 1990 price
Real/nominal total fixed capital fortiaan in 1990 price
Share of three industries %

Deflator of GDP

Deflator of government consumption
Deflator of private consumption

Deflator of fixed capital formation

Export deflator/import deflator 1190 price
Wholesale price index In 1990 price
Labour number person
Wage of residents RMB

The total registered population at year end person )

US dollars per
Crude oil price o
Barrel
Exchange rate of the dollar to RMB )

World industrial product export price index (avezag
in 1990 price

(e]

in fiscal year)

billion dollar,
Real world trade (average in fiscal year) o
1990

* |t is provided by 2006 econometrics » macroecoeotrics workshop (Economate database)
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5.2.2 Model development and structure

Fig. 5-5 depicts the schematic figure of the mo@kke model roughly consists of the following
five blocks: real/nominal expenditure, deflatorjcpr wage & labour. There are 27 behavioural
equations and 8 exogenous variables. The modeleseatound the GDP and its composition at the
1990 prices, and includes a ratio projections t#ehndustries (FIR, IND and TER). The influence of
the national economy on Shanghai is gauged bydlevance of the national GDP and GC in the
individual behavioural equations. Further, the dite and performance of the key behavioural

equations are represented following the figure.the equation for TER, DUM90 denotes the

‘Eighth-Fifth City Plan’ which was discussed in 8en 5.1.1.

World trade

|EXR, PEW, TWM,
POILI

Y

Price block

Government
consumption,
investment

Y

Real expenditure block

CPL WPI

GDP=GC+PC+HEXC-MC+TR

National economy |«— Govern!nenl
planning
Y
Nominal expenditure block
| Deflator block -# Nominal GDP and its
f composition

FIR, IND, TER

A 4

!

Labor & wage block

Labor, wage

}

Population

[
|:| Variable

Fig. 5-5 Schematic figure of Shanghai macro-econanudel

Structural equations in detailed are as follows3(#2005) p < 0.01;p" < 0.05):

1. SH_GDP

LOG(SH_GDP/SH_L)

4.639

+

Real expenditure block and its compositio

0.0347 x

LOG(SH_I/SH_L)+

LOG(SH_GDP/SH_L)(~1) + 0.527 x LOG(CH_GDP/CH_L)

(3.174)

(0.870)

DW = 2.085; AdR’ = 0.996; F = 2 128.32
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2.SH_GC

SH_GC =-5.25 x f0or 0.00359 x CH_GC + 1.038 x SH_GC(-1)
(-1.240)  (1.437)  (15.46p

DW = 2.336; AdR’ = 0.997; F = 3 362.98

3.SH_PC

SH_PC = 3.60 x 0+ 0.107 x SH_GDP + 0.6392 x SH_PC(-1)
(2.447") (3.294) (4.482)

DW = 1.403; AdR’ = 0.998; F =5 170.79

4.SH_|

SH_1=2.75x 1b+ 0.115 x SH_GDP + 0.755 x SH_I(-1)
(1.049) (2.367) (5.489)

DW = 0.890; AR’ = 0.976; F = 463.90

5. SH_EXC
SH EXC = 3.6 x 10 x TWM — 6.58 x 18 x SH_PEXC/(PEW x SH_EXR) + 1.111 x
SH_EXC(-1)

(2.395) (-3.370) (16.093)

DW = 1.897; AdR’ = 0.987; F = 774.70

6. SH_MC

SH_MC = 0.222 x SH_GDP — 1.78 x*i8 (SH_PWC/SH_WPI) + 0.952 x SH_MC(-1)
(2.710) (-1.944) (10.443

DW = 1.518; AdR’ = 0.985; F = 742.90

7.SH_TR

SH_TR =-9.66 x 10+ 0.00604 x CH_GDP + 0.833 x SH_TR (-1)
(-1.091) (1.814) (6.671

DW = 1.011; AdR’ = 0.951; F = 224.63

---------- Nominal expenditure block

8.SH_TR_N

SH_TR_N=9.712 x 0o+ 1.372 x SH_MC_N —1.360 x SH_EXC_N
(2.518) (13.639) (-11.529)

DW = 0.811; Ad¥ =0.950; F = 217.894
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.......... Price block

9. SH_WPI

SH_WPI = 3.502 + 0.428 x SH_PMC + 0.474 x SH_WPI(-1
(0.494) (2.80) (3.275)

DW = 0.437; Ad¥ = 0.956; F = 250.011

10. SH_CP!I

SH_CPI = —7.246 + 0.413 x SH_WPI + 0.264 x SH_RIC49221 x SH_CPI(-1)
(-3.669) (11.910) (4.777) (9.029)

DW = 1.126; Ad¥’ = 0.998; F = 4952.82

---------- Deflator block

11. SH_PGC

SH_PGC =3.164 + 0.174 x SH_WPI + 0.865 x SH_PGIC(-1
(0.620) (1.795) (10.00p

DW = 1.302; Ad¥ = 0.977; F = 484.486

12. SH_PPC
SH_PPC = 2.651 + 0.3108 x SH_CPI + 0.6969 x SH_PBC(
(0.745) (2.83% (6.151)

DW = 1.317; AdR = 0.992; F = 1466.01

13. SH_PI

SH_PI=3.4461 + 0.2003 x SH_WPI + 0.8573 x SH_B)I(—
(0.705) (1.889) (10.65y

DW = 1.225; Ad¥ = 0.985; F = 749.950

14. SH_PEXC

SH_PEXC = —7.300 + 0.157 x (PEW x SH_EXR) + 0.408H_PEXC(-1)
(-1.830) (9.373 (6.487)

DW = 1.498; Ad¥’ = 0.987; F = 875.412
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15. SH_PMC
SH_PMC = 1.861 + 0.115 x (PEW x SH_EXR) + 0.11P®ILJ x SH_EXR) +
0.343 x SH_PMC(-1)
(0.642) (9.290 (5.369) (5.022)
DW = 1.604; Ad¥ = 0.989; F = 723.215

---------- Labor & wage block

16. SH_W

SH_W = —1.55 x1%§ + 211.443 x (SH_GDP/SH_L) + 6.26 XX0SH_PC
(-7.682) (9.014) (1.653)

DW = 1.509; Ad¥ = 0.981; F = 596.488

17.SH L

SH_L =—243.119 + 2.75 x 0« SH_POPT + 0.8541 x SH_L(-1)
(-1.196) (1.236) (5.328

DW = 2.415; AdR¥ = 0.856; F = 69.152

---------- Composition of economy

18. TER

TER = 0.03925 + 0.8820 x TER(-1) + 0.02574 x DUM90
(134.985) (—4.163)

DW = 1.312; Ad¥’ = 0.992; F = 1356.86

19. IND

IND = 0.01372 + 0.9583 x IND(-1)
(0.938) (39.539

DW = 1.142; Ad¥ = 0.986; F = 1563.07

---------- Definition equations
20. SH_PDG = SH_GDP_N/SH_GDP x 100
21.SH_PC_N=SH_PC x SH_PPC/100
22.SH_GC_N=SH_GC x SH_PGC/100
23.SH_|_N=SH_I x SH_PI/100
24. SH_EXC_N = SH_EXC x SH_PEXC/100
25. SH_MC_N = SH_MC x SH_PMC/100
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26.SH_GDP_N=SH GC N+ SH _PC N+ SH_| N+SH _ENG SH MC_N + SH_TR_N
27.FIR+IND+TER =1

5.2.3 Model testing

Although considerable changes have occurred ilstiianghai economy over the last two decades
(1981-2005), the regional model fits the historiealords reasonably well and provides an acceptable
reproduction, as denoted in Fig. 5-6. Further, @&bi3lists the results of partial test and final test fo
simulation analysis. Apart from ‘I' and ‘EXC’, thgartial tests of all economic indicators are within
5%, demonstrating an acceptably accurate resuhoAgh the values of the final test are higher than
those of the partial test, these values are stlammgful—showing that the overall model is good
enough for estimation and future forecasting. Idigah, for the identification of structural equatis,
the number of total endogenous variables in theem@G=19, and the number of predetermined
variables in the model including exogenous varigble K=27; therefore, all the equation are

considered to be over-identified.

Table 5-3The partial test and final test for simulation gséd

£ X
. c9n0m|c GDP PC GC [ EXC IND TER CPI
indicator

Partial test (%) 0.00 2.75 4.56 12.17 6.71 1.32 01.2 1.90
Final test (%) 4.98 4.36 4.33 18.73 15.09 2.04 2.70 8.07

5.2.4 Different scenarios of economic growth

There are several assumptions for the projectiofis Shanghai economy by using
macro-economic model of Shanghai. Firstly, the jotehs of Chinese GDP figures refer to the
results estimated by the Chinese Academy for Enwmental Planning (CAEP) under different
conditions of economic developm[%f‘f’ﬂ, as shown in Table 5-4. In which, Chinese GDPragegted
on the basis of the assumptions of total factodpetivity rate (TFP). Under the average lower
economic growth rate of Chinese GDP, the predistipnoject the GDP of the year 2000 to quadruple
by 2020, thereby meeting the objectives of ‘buiidia well-off society in an all-round way’, as
proposed in the Sixteenth National Congress Rejip://xibu.tjfsu.edu.cn/elearning/lk/16en.htm).
On the other hand, under the higher economic groatth the predictions project the GDP of the year
2000 to quadruple by 2017, three years ahead efisiér

In the macro-economic model, the specified exogenwvariable for Shanghaithe total

registered population at year end (PORTéfers to the projected value in the current pdjmia
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policy, tabulated in the 2002 Population and FarRignning Yearbook of Shanghai. Three scenarios

are considered in terms of the total fertility réf&R)Y™®®. Therefore, given all exogenous variables,

predictions of major economic indicators can bdeaad.

Table 5-4 Assumption of the average economic groaiti %

Year Low rate (%) Benchmark rate (%) High rate (%)
2006-2010 7.3 8 8.5
2011-2015 6.8 7.5 7.9
2016-2020 6.4 7 7.2
Growth rate of TFP (%) 2.2 2.6 3
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Fig. 5-6 Projection of economic indicators of GD#l &#C, 1981-2020

Fig. 5-6 depicts the change trend of GDP and PGtttk lower growth scenario of Chinese
economy and current population policy as two preieexamples. The predicted results in Shanghai
signify that the average economic growth rate ldll10.41% during the period 2006—2010; then, this
rate will decline to 8.41% during the next decadewever, under the benchmark rate of Chinese
economy, the predicted economic growth rate willlBel5% during the period 2006—2010; then, this
rate will decline to 8.88% during the next decadereover, the percentage share of three industries
as FIR, IND and TER will be 4%, 41% and 55% in 20&@nost the same with that in 2005. Then, the

results for projecting ISW generation is calculateder benchmark rate of national GDP growth.
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5.3 Industrial restructuring by updating 10 tables

5.3.1 Change in private consumption

Previous research has been utilised while applgingpnsumption expenditure model onto the
urban areas of Shanghai in order to analyze thegasain consumer behaviour and the influences on
consumption patterns in Chapter 4. Based on theurner behaviour model, it is believed trs#ving
rate towards consumption expenditu(&AV) and the average number of persons per household
(ANPH) are two prominent explanatory variables thataft®nsumer behaviour in Shanghai greatly.
The projections of two variables are also conduateGhapter 4. Therefore, the consumption pattern
denoting percentage share of each consumptionargtég total consumption from 2005 to 2020 is
projected and depicted in Fig. 5-7. It is confirmé&at with economic growth, the consumption
structure will change considerably and advance tooee diverse framework in the coming decade.
From 2002 to 2020, the share in food consumptidhdetcline greatly—by 32.57%. Engle coefficient
is almost the same with that of Japan between 28861987. In contrast, the shares of the education
and transportation sectors will witness an apparemease of 27.80% and 81.22%, respectively, as a
result of the increasing emphasis on children’scatian and the improvements in transportation
vehicles. Further, with the increasing attentiom@egiven to health in Shanghai, the expenditues th

people incur on medicine and medical servicesumtlergo great increase of 12.22%.

[ OTHR
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I EDUC
[ JTRAN
CIHT
[ FUNI
I CLSsH
Il FOOD

Share of Consumption Expenditure of
Each Category, %

0
2002 2005 2006 2007 2008 2009 2010 2015 2020
Year

Fig. 5-7 Change in consumption pattern in a taygat, %

Finally, quantitative changes in the consumptiottgpa are reflected in the corresponding sectors

of the 10 table by GB/T4754-2002. The research ffoovn consumption to corresponding industrial
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sectors is the same with that in sensitivity analySurther, the change ratio of share of consuwnpti
on each category is applied into correspondingosgctThen, assuming consumption patterns of
residents in rural area are fixed in the base g&€&002, the converter vector of PC in a futureryea
across all the residents is readjusted and exgteasalemonstrated Table 5-5. Finally, compilirgy th

predicted absolute value of PC and the adjustedecter, the new vector of PC is conducted.

Table 5-5 Change in converter of PC in a target, Yéa

2002 2006 2007 2008 2009 2010 2015 2020
pdsil 8.24 8.66 8.72 8.74 8.77 8.79 8.90 8.99
pds2 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04
pds3 17.73 16.87 16.33 16.07 15.80 15.54 14.58 13.70
pds4 1.17 1.23 1.24 1.25 1.25 1.25 1.27 1.28
pds5 492 5.39 5.18 5.10 5.01 4.92 454 4.25
pds6 1.09 1.10 1.06 1.04 1.02 1.00 0.93 0.87
pds7 2.39 2.68 2.79 2.83 2.88 2.93 3.11 3.26
pds8 0.46 0.48 0.48 0.49 0.49 0.49 0.49 0.50
pds9 3.70 3.89 3.92 3.93 3.94 3.95 4.00 4.04
pds10 0.51 0.53 0.54 0.54 0.54 0.54 0.55 0.55
pdsil 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
pds12 0.49 0.51 0.52 0.52 0.52 0.52 0.53 0.53
pds13 0.19 0.20 0.20 0.20 0.20 0.21 0.21 0.21
pdsl14 2.53 1.93 2.03 2.08 2.13 2.18 2.37 2.54
pds15 2.09 2.20 2.22 2.22 2.23 2.24 2.26 2.29
pds16 3.99 3.07 3.23 3.31 3.39 3.46 3.76 4.02
pds17 0.68 0.71 0.72 0.72 0.72 0.72 0.73 0.74
pds18 1.24 1.31 131 1.32 1.32 1.33 1.34 1.36
pds19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
pds20 2.03 1.32 1.28 1.26 1.25 1.23 1.15 1.10
pds21 0.86 0.31 0.32 0.32 0.33 0.33 0.35 0.36
pds22 0.52 0.12 0.13 0.13 0.13 0.13 0.13 0.14
pds23 0.16 0.17 0.17 0.17 0.17 0.17 0.17 0.11
pds24 4498 47.28 47.59 47.73 47.88 48.02 48.59 49.14

5.3.2 Change in export and transport compositions

Fig. 5-8 represents the change in percentage sbheegort and transport to other regions by
each industry in past years. Based on the trerglidfi changes, the four top sectors with relatively
high shares that changed the most were as pdsé, pds16, pds17 (98.48%, 83.00%, 64.25% and
23.78%, respectively) in the export compositionrtiker, in the structure of transportation to other
regions in China, two sectors hamed pds9 and pde24considered to have undergone the most

change in this regard. In addition, from 2007, goxernment has published a series of policies to
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cancel or lower the tax rebate on the export, sashiron and steel, textile and other
primary-product-producing sectors (Ministry of Fmta People’s Republic of China). New export
policies will further encourage the export struetdo shift away from the primary and related
commodities to capital- and technology-intensivedpicts, and greatly affect the share of the
above-mentioned sectors, especially pds4.

In the current paper, the forecasting methods dfiag at the shares of above sectors are
different in each case. Projections of data reladédds4’ and ‘pds7’ use the average decreasitg ra
calculated from historical records of 4 years; @ctpns pertaining to ‘pdsl17’ use the method of
regression analysis of OLS. Further, because détloag upward trend of ‘pds16’, the export shdre o
this sector is assumed to be steady at 40% in 2928asonable prediction is achieved by using the
logistic function of the historical data for thisctor. The forecasts with respect to transporcairas
for pds9 and pds24 are projected by the methodgression analysis as well. Table 5-6 summarizes
the predictive methods for above industries andlelds-7 tabulates the predictions. Under the
incumbent policies, the shares of pds4 and pdsBdedline in the next decade. Further, Fig. 5-9

illustrates the forecasts of export share of eackos to total sectors.
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Fig. 5-8 Percentage shares of each industry @x@)rt, and (b) transportation to other regions

Table 5-6 Prediction models for each industriataec

Categor Industry cod Prediction node

Pds4 Average decrease rati0.9476
Export ]
Pds7 Average decrease rati0.9367

99



Pds16 Logistic model f(x) =40 x (1 — 1/(1 + exp(0.287 414.9788)))
f(x) = - 233.182 + 0.137 AdR? = 0.82; F =

Pds17 OLS method
14.777
Pds9 OLS method f(x) = — 0.02& + 0.2; Fix the value in 2010
Transport
Pds24 Logarithm curve f(x) = 27.915InK) — 211.86; AR = 0.81

Table 5-7 Projections of the respective shareBesectors in terms of export and transport, %

Category Industry code 2002 2005 2010 2015

Pds4 10.855 9.236 7.058 5.393
Pds7 2.859 2.350 1.694 1.221
Pds16 19.950 22.579 31.398 36.454
Pds17 1.761 2.207 2.794 3.381
Transport to other regionsPds9 0.107 0.066 0.046 0.046
Pds24 0.283 0.406 0.458 0.528
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5.4 ISW generation model

5.4.1 Sensitivity analysis
Fig. 5-10 illustrates the relationship between thdex of power of dispersion (PD) and
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sensitivity coefficient (SC) of each sector based2602 10 table. Dotted lines with values of ‘1’
separate the whole area into four quadrants. Theduadrant denoting that the values of PD and SC
are both above 1 comprises three industries as (otig@nicals), pdsll (metals smelting & pressing)
and pds16 (electronic & telecommunication equipmehereby illustrating the important influence

on economic growth of Shanghai.
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Fig. 5-10 Relationship between PD and SC

Further, sensitivity analysis is carried out todstigate the influence of change in consumption
expenditure of each consumed category on ISW ggoerby waste category. Firstly, to determine
the industries related to each type of consumptatrgory and share of each corresponding industry
based on the distribution of consumption among sbb consumption category. For example,
consumption expenditure on TRAN is made up of congion on transportation and communications
and the ratio of respective expenditure was 12002 in Shanghai. Further, electricity, fuel andera
fee constitute the consumption expenditure in R&&h a percentage share of 52.93%, 31.45% and
15.63% in 2002, respectivé}’. Then, using |0 analysis to explore the changgross output of
each industry when a per yuan increase in eachuoguton category happens; thereafter, integrating
the ISW generation coefficient per unit gross outfmuanalyze the change in ISW generation by
category, as partial ISW generation coefficient peit consumption. The change in gross output of
each industry is illustrated in Eq. (5—1) anghadenotes the input coefficient in 2002. The results
regarding partial ISW generation coefficient perituronsumption for each waste category are

tabulated in Table 5-8 with RA assumed to be néxég
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N

AXpds = (I - AZOOZ)_1 X AFDpdSl AYpds = DpdsxAxpds (5_1)

Table 5-8 Partial ISW generation coefficient peit stansumption

Consumption Related ISW generation by waste category per unit consumty)

category industry Total HW SR CB SL CS GA oT

FOOD pds3 76.41 0.92 479 12,63 1182 7.95 1531 2298

CLSH pds5 76.16 1.36 6.76 14.51 12.05 10.11 20.15 11.22

FUNI pds6 82.28 134 818 1521 11.00 10.9822.01 13.56

EDUC pds7 106.54 1.73 9.71 2051 2021 11812431 18.26
pdsi4

TRAN 93.89 1.32 17.20 13.97 947 11.70 27.35  12.87
&pdsl6

HLTH pds9 148.30 5.35 9.31 25.00 23.25 19.1136.98 29.27
pds20,

RESI pds21 & 292.58 1.12 5.64 108.40 34.64 46,51 78.22  18.03
pds22

Results show that increase of unit consumption BSIRvill cause the greatest generation of ISW
because of corresponding increase of gross outpds® and pds20. Further, per increase of RMB in
HLTH and EDUC induces great generation of ISW alk. Whe range of partial generation coefficient of
total ISW is 76.16~292.58 g/RMB with an averagaigadf 125.17 kg/RMB.

5.4.2 Estimation of volume of ISW generated

Compiling the fixed waste generation coefficienteafch sector on a national level for the year
2002, and the existing gross output by industrthim existing 10 tables for Shanghai, the estimated
volume of ISW generated can be calculated for corspa with the waste statistics. The estimated
volume is about 1.5 times that published in therlyeaks in 1997 and 2002, respectively. One of the
reasons for the error is that the average levetainology on a national level is lower than thoatd
developed city such as Shanghai: this leads tglaehilSW generation coefficient. Therefore, using
the ISW generation coefficient in national levehds to an unavoidable error. Adjusting the ISW
generation coefficients to approach the real validisbe greatly useful for improving the estimatio

result. This will, however, demand further work,ighis beyond the scope of this thesis.

102



5.4.3 Projection of volume of ISW generated

The projected volumes of total ISW generated uh#l year 2020 are plotted in Fig. 5-11, not
considering the adjustment of input coefficient.oB@mic growth based on the development of
industry will result in progressively greater volesnof ISW as we move from 2002 towards 2020. The
projected volume of ISW generation in 2005 and 280688 and 2 times of respective actual value in
the same year. The total ISW generation in 201Q528hd 2020 will be 2.07, 2.83 and 4.12 folds,
respectively, that of the 2002 levels. Further, different shift of alternative technologies among
input structure and/or technological innovatioreatfthe mutual proportion of each industrial sector
As a result of the increased learning of consumepgnsities towards transportation and changes in
export composition, in 2020, the gross outputsdsli® and pds17 will be up to 8.78 and 7.83 times,
respectively, of the 2002 levels. Meanwhile, thdiges related to the power of dispersion of these
sectors are both higher than 1 (1.230 and 1.1%#ptthg a big influence on the production of other
sectors. The government should pay more attendiguth sectors while planning its waste reduction
policy. Further, although the contribution of pds®4the total ISW generation is small (1.23% in
2020), the sector sees a significant increasesirshiire of the gross output: owing to increasing
consumer propensities towards the areas of educdiealth and transportation, the gross output of
pds24 in 2020 is 5.41 times that of the 2002 levels
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I Pds24

Fig. 5-11 VWolume of ISW generated by each sectd222020

Fig. 5-12 describes as an example one of the gieuscrelated to ISW generation by industry of
all categories in 2020, and the comparison of suchestimated result with the corresponding 2002

figure. Among all waste categories, the volume éf iR assumed to be negligible because of a tiny
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share (0.01%). Further, three aspects are addreBSsstly, the volume of each type of waste will
increase over the next two decades. Among the weesiegories, CS has the greatest increase
ratio—3.41 times by 2026-as a result of the development of the mining ingudgbllowed by GA,
which will increase 3.24 times. Secondly, the amjet of industrial structure in the future wilblk

to significant change in the respective sharesaohavaste category to total ISW. Percentage sliare o
SL and OT into total ISW generation have reducethfil7.16% and 18.58% in 2002 to 16.50% and
18.13% in 2020, respectively. On the other harsheetive share of SR waste increases from 22.20%
to 22.84% from 2002 to 2020. Thirdly, it is relaly simple to identify the industrial sector that
generates the largest contributions to each tyd8\W. For example, in 2020, the largest component
of SR will be generated by pds11, at about 90%tafl tvolumes. In addition, pds11 also generates the
majority of the GA production (70%). On the othenl, the accelerated development of one of six
dominant industries, the auto manufacturing ingustill further promote the development of pds11.
Moreover, pds20 is one of the most important factorCB production, moving up to 79% by 2015.
Therefore, for preventing and reducing the genematif SR and GA, it will be necessary to bring

about technological innovations in pds11 with immaéal effect.
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Fig. 5-12 Volume of ISW generated by industry i©2@&nd projection in 2020

In order to investigate the relationship betweeanemic growth, industrial restructuring, and
ISW generation, Fig. 5-13 represents the unit |S¥egation per gross output from 2002 to 2020.
Gross output indicates gross value added (net uDP) plus intermediate consumption, as

expressed in the 1O table. Economic growth basedhendevelopment of industry will result in
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progressively less volumes of ISW as we move frd&ia22towards 2020. From the figure, the unit
ISW generation per gross output is gradually dealrirom the year 2002 to 2020, as from 0.16 in
2002 to 0.14 tons/10 OOORMB in 2020. It emerges ¢losanomic growth is no longer the sole factor
affecting ISW generation; the influence of industniestructuring is becoming progressively more

important.
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Fig. 5-13 Projected unit ISW generation per gragpuat, tons/10 000 RMB

5.4.4 Change in ISW generation coefficient

Table 5-9 Projections of ISW generation coefficsenit three sectors

Industrial sector 1992 1995 1997 2002 Prediatieethod
(_0.102 x year) 2
Pdsll 3.579 1.707 1.822 1.161 y=8.5E + 88e ;R=0.84
(-0.126 x year) 2
Pds20 7.957 4.155 3.338 2.145 y=5.1E + 109e ;R=0.94
(-0.045 x year) 2
Pds9 0.923 0.432 0.373 0.311 y=3E + 38e ;R=0.97

China has the statistics of ISW generation by itrthissector from 1991; however, the
dimension and scope of sectors are continuallyseelvi Further, Chinese government started to
compile national 10 tables from 1987 with changulignension of sectors as well. However, for
industries pds9 (chemicals), pds1l (me smeltingesging) and pds20 (electricity, steam & hot water
production & supply), three top sectors mostly gatieg ISW, the dimension is the same during the
past years. Therefore, the ISW generation coeffisief above three sectors in 1992, 1995, 1997 and

2002 are calculated, as tabulated in Table 5-9.prbdiction model for each sector is also listed in
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the table. Using the projected ISW generation cdefit, the total ISW generation in 2010, 2015 and
2020 will be 1.29, 1.35 and 1.58 times, that of 20€vel, reducing by 62% as compared to the
projection value under benchmark. Further, the eslofithe three sectors will reduce for generating
ISW. For example, the respective share of ISW gsiwer of pds9, pdsll and pds20 into total ISW
generation will reduce from 16.52%, 36.87% and 2% 70 13.40%, 23.88% and 4.311% as we move
from 2002 towards 2020.

5.4.5 ISW generation regarding different scenariosf economic growth

Assuming the population projection is under therenir population policy, ISW generation by

waste category under economic growth with low iatgrojected and tabulated in Table 5-10.

Table 5-10 Projections of ISW generation under éma@nomic growth rate, million tons

Total ISW HW SR CB SL CS GA RA oT
2002 25.28 0.50 5.61 5.95 4.34 0.82 3.35 0.00 4.70
2005 36.92 0.71 8.50 8.67 6.14 1.25 5.06 0.00 6.59
2006 42.18 0.83 9.56 9.79 7.12 1.41 5.69 0.00 1.77
2007 40.58 0.79 9.23 9.42 6.83 1.36 5.49 0.00 7.45
2008 45.30 0.88 10.32 10.53 7.60 1.54 6.15 0.00 8.28
2009 49.86 0.96 11.39 11.62 8.33 1.70 6.78 0.00 9.08
2010 54.42 1.04 12.46 12.70 9.07 1.86 741 0.00 9.87
2015 71.80 1.41 16.28 16.94 11.96 2.50 9.72 0.00 12.98
2020 100.05 2.00 22.76 23.55 16.55 3.48 13.57 0.01 18.11

From the comparison among the predictions undégréifit rates of economic growth, it is easily
to found out the waste generation increases wétrettonomic development. Under the high economic
growth rate, the volume of total ISW that will bergrated in 2020 is about 4.50 times of that ir2200
On the other hand, under the low economic growt, ithe total ISW volume in 2020 is about 3.96
times of that in 2002. Therefore, the ISW generatiocreases linearly with the development of

economic growth.
5.5 Relationship between ISW and MSW generation

In 2020, total SW generation (MSW and ISW, notuithg construction waste) is 4.06 folds as
compared to 2002 and the volume of ISW will be al®68 folds of MSW generation in 2020,

greater than the current 3-4 folds. Further, ifirigkinto account scenario analysis of adjusting ISW
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generation coefficient of pds9, pdsl1ll and pds29tdbal SW becomes 1.93 times compared to 2002
and ISW is 2.18 times of MSW. Based on the previmsilts, propensity of consumer towards
education, transportation and medical service d$étas the development of service industry; theeshar
of gross output of pds24 thus will be up to 5.4dei$ of that in 2002, greater than GDP development.
Moreover, the development of service industry willduce more consumption in education,
transportation service in turn with less or withosaste transfer. On the other hand, the ISW
generation from service industry is although insieg with the share increasing from 0.93% to 1.23%
from 2002 to 2020, the absolute share is not apparowever, the development of service industry
will greatly drive the development of other sectbecause of a high sensitivity coefficient (4.24),
thereby resulting in a big generation of ISW inesttsectors. Consequently, the development of
service industry will cause much greater generatid®W than MSW.

In addition, as estimated in Chapter 4, a per WRMB, in 1978 prices) increase in per capita
food expenditure results in an average increas386§ food waste, 8.90g paper, 88.4g plastic, 18.5g
glass and 3.31g metal in Shanghai, as total of 50%grefore, the MSW generation by total
population will be 6739 tons in 2002 (in 1978 pyiead 1226 tons (current price). On the other hand,
a per yuan increase (current price) in food exgarglinduces to increase of 0.92g HW, 4.79g SR,
12.63g CB, 11.82g SL, 7.95g CS, 15.31g GA and 22@8 in 2002, as total of 76.41g IS.

5.6 Concluding comments

Projecting ISW generation is difficult for resea@shbecause of complex production processes,
which in turn are affected by many factors. Thiamter launches a reasonable case study at prgectin
ISW generation of each waste category by industigtianghai. It is verified that ISW generation not
only arises from economic growth but also, from dmset of industrial restructuring. We regard the
present work as a pilot model, which needs consigerhange in input coefficient in the long-term
caused by technological innovation and environmeakcies. The principal priorities are as follaws
1) the change in consumption pattern which is edgohin Chapter 4 is introduced in the 10 analysis
to quantitatively reflect the change in PC amongouss sectors. 2) It provides an idea for a way to
quantitatively analyze industrial restructuringdgjusting the converter that, in turn, helps astass
impact of these changes on sectoral output. 3)n&igety analysis is also carried out to investga
the change in ISW generation by increasing per coitsumption expenditure on each consumed
category. Per RMB increase of consumption on FOEdults in an average generation of 1226 tons
of MSW and 76.41 g ISW. 4) Total SW generation wél 5.68 times compared to the value in 2002.

When considering the influence of technologicalngeon change in ISW generation, the value will
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be 1.93 times, still indicating an increasing cleatrgnd.

However, it is investigated that the technologicadovation will alter input coefficient in the
long-frame, especially for developing countries. rdlaeffective methods such as involving the
separation of old and new technological layer ichesector should be considered for the improvement
of research. Moreover, it can be expected thatrbdel application will improve when local ISW
generation coefficients are supported or furtheeaech on approaching the real values is carrieéd ou
In addition, the research will be more fruitfultife influences of technological innovations on ISW

generation coefficient are fully investigated.
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6 EVALUATION OF GHG EMISSIONS IN WASTE TREATMENT
STRATEGIES

Chapter 6 calculates and compares the amount of &diBed from different waste treatment
strategies including treatment process and fingpabal. Further, a scenario analysis based on the

forecasts of waste generation in 2015 is carriéd ou
6.1 Background information

6.1.1 Climate variations in each city

Decomposition of organic component in disposal §idS) is significantly affected by local
climate. Thus, prior to calculating GHG emissiospexially in landfill sites, it would be very helpf
to investigate the climate conditions of each ditgJuding mean annual temperature (MAT), average
relative humidity (H), potential evapotranspirati®ET) and mean annual precipitation (MAP) (Table
6-1). Data is obtained from respective Statistitehrbook of each city. Based on 2006 IPCC
guideliné®®, when MAT < 20°C and MAP/PET>1, the climate is defined as elihate in Boreal
and Temperate zone (W). On the other hand, when MAD°C and MAP> 1000mm, it belongs to
moist and wet climate in Tropical zone (M); the @®position of organic matter in a DS is rapid in
this conditio*®. There is no available information of PET values\uhan and Chengdu. However,

the two cities locate in the same latitude zoné Wiangzhou and Shanghai, thereby considered as W

climate.
Table 6—1 Climatic variations in each city in 2007
Shanghai Hangzhou Guangzhou Wuhan Chengdu
MAT 18.2 18.4 23.2 18.5 16.8
H (%) 68.8 71.3 70.8 66.8 76.7
PET (mm) 813.8 1150-1400 — — —
MAP (mm) 1290.4 1378.5 1370.3 1023.2 624.5
MAP/PET >1 >1 — — —
Climate zone W w M w w

Source: 2008 Statistical Yearbook of each city; denotes no available information
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6.1.2 Waste information and current treatment optims

Chapter 4 has introduced the MSW information ingigdvaste quantity and composition. Table
6-2 tabulates the waste generation rates per dapdtdferent years in each city. It is confirmduht

each city has experienced a sharp increase dimnigst decade with the development of economy.

Table 6-2 MSW generation per capita per year i e#ty in different years (kg/per/yr)

Waste generation rate per capita per year (kg/perly
vear Shanghai Guangzhou Hangzhou Wuhan Chengdu
1990 0.59 0.81 0.86 — —
1995 0.64 1.11 1.21 0.42 0.55
2004 1.30 1.08 (2003) 1.59 1.01 0.81
Note: “—" denotes no available waste information.

Adequate understanding of the characteristics oftavananagement is effective for the
improvement of SWM system. The waste treatmentegjies in Chinese cities mainly consist of
waste-to-energy combustion (WTE), composting andfifi, in which landfill is the first choice in a
majority of cities. Further, the open dumping angie disposal accounts for a big share. Table 6-3
tabulates the SW treatment options of each ci@0@7, in which SAL denotes sanitary landfill. Table
6-4 summarizes the waste treatment options in $t@rfgppm 2003 to 2007. The first formal WTE
plant in Shanghai called Yugiao plant put into @pien in 2002. Another plant named Jianggiao plant
opened in 2005. Incinerators in two plants are lptite furnaces with continuous operation and
electricity-generating system (Germany Steinmullét) the waste was therefore assumed to be sent
to disposal sites or open dumping before 2002 ian§hai. One of main disposal siteghase IV
Laogang DS with 45m landfill depth was transfornged went into operation in 2005 capable of
processing over 8000 t/d and producing about160 kWitricity per ton wastg.

Table 6-3 SW treatment options of each city in 2007

Shanghai Guangzhou Hangzhou Wuhan Chengdu
SAL 54.63 71.47 82.33 54.05 92.63
Compost 8.50 0 0 0 0
WTE 15.64 10.88 17.67 0 3.42
Simple disposal 21.23 17.65 0 45.95 3.95

Note: original data is obtained from Departmentraégrated Finance Ministry of Constructfofl and has been
recalculated by the author.
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History of waste treatment options in Guangzhowstisnmarized in Table 628% and it is
common in Chinese cities. The WTE plant operatedtiisy from 2005 in Guangzhou. In the new
government plan, the ratio of incineration will bp to 62.5% with 29.3% of landfill and 8.2% of
composting in 201",

In Hangzhou, the biggest DS for disposing most\Wf i urban area is Tianziling DS. The site
opened in 1992 in strict accordance with stratifiederation unit and the basic flow is
level-compact-cover. Further, the landfill gas ()F@&covery system was in use from October 1998
and generated energy with two 970kw power units.tl@nother hand, WTE plant equipping with
fluidized bed with treatment capacity of (2 x 3d0t 200t/d) started to operation around the year
2002. Further, fly ash and incineration residueaat for 18-20%. In which, fly ash is usually sent
to cement plant and residues are used for congtnuetaterials. Another plant was built in July 2004
with the treatment capacity being 450t/d-1050t/8MAV turbo generator and gas removing system.
Therefore, before the year of 2002, all the MSWupposed to be sent to DS or open dumping as the
case in Shanghai.

In Wuhan, currently all the waste is sent to DShwat high rate of open dumping or simple

disposal. On the other hand, a small amount (3.43%)SW is incinerated in Chengdu.

Table 6—-4 Waste treatment options in Shanghai 2668 to 2007

Harmless treatment plants Percentage share (%)
Shanghai Simple
Sum SAL Compost WTE SAL Compost WTE
disposal
2003 12 4 2 2 3.09 3.14 5.60 88.16
2004 7 3 2 2 2.59 6.38 11.25 79.78
2005 5 2 1 2 11.21  8.07 16.46 64.25
2006 4 1 1 2 31.72  8.80 17.39 42.09
2007 4 1 1 2 54.63  8.50 15.64 20.83
Table 6-5 History of waste treatment in Guangzhou
Year History of waste treatment

1949-1970 Most of garbage is sent to rural arearfoducing fertilizer
1970-1986 Open dumping
1987-1990 Laohulong DS was built with coarse egeipm
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Datianshan DS started to operate with the capaxit2200t/d, 2 compactors, 1

1989-2003
excavator and 6 bulldozers. Likeng DS was alsas@ftom the beginning of 1990s.
Xingfeng DS, 6300t/d, double-layer HDPE impermeatviembrane technology;
2002 LFG is in flare or generating energy
2005 Likeng waste-to-energy combustion plant, 1@0@tianning)

6.2 Emission of GHG in waste treatment strategies

6.2.1 CH, emissions from DS of each city
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Fig. 6—1 CHemissions from DS in each city and the source enghai

Fig. 6-1 depicts the CHemissions from DS in each city and the emissiomfeach type of
waste in Shanghai. In 2007, emissions are 215%,2425, 1350, and 950 Gg &€qg/yr in Shanghai,
Guangzhou, Hangzhou, Wuhan and Chengdu, respscti@elangzhou belongs to wet climate (W)
which accelerates the waste decomposition rateSntBereby leading to a big contribution to GHG
emissions. In hot, wet climates with shallow dispastes, degradation may be fast enough to justify
the use of a later starting year. Apart from Guangz Shanghai emits much Clthan other cities
because of large volume of MSW generated. Furtberissions in Hangzhou are lower than in
Shanghai and Guangzhou as a result of higher fatacimeration. On the other hand, the £O
emission factors are 0.45, 0.54, 0.42, 0.38 an@ G&gl CQ-eq/ kg waste-treated in Shanghai,
Guangzhou, Hangzhou, Wuhan and Chengdu, respgctivebnfirms that Guangzhou has the highest
emission factor and eastern cities have higher &fssion levels than central and western cities.

Moreover, from the source of emission from eachtevaategory, food waste makes the biggest
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contribution followed by paper waste; the total Gld@issions from these two items accounted for
95% in 2007. Further, with the change in waste amsitijpn and the increasing fraction of paper waste,
the amount of ClHemitted from food waste is decreasing with thegéasing amount from paper
waste. The share from food waste had reduced fi2@P®in 1992 to 78.98% in 2007 and the share
from paper was up to 16.09% in 2007. Thereforeh whe increasing fraction of recyclable items in
MSW, recycling of recyclable items prior to wasteatment will be a good and effective
consideration to reducing amount of Gitted from DS. Further, in the Fig. 6—1, evenutjio no
more waste will be sent to DS from the year of 2@B& emissions will continue a long time and total

amount of CH emissions will be 19 Gg/yr in 2020. The largesbant will appear in 2008.
6.2.2 Emissions from waste-to-energy incineration

The average lower heating value of MSW in Shanghas 5488.3kJ/kg in 2005, and it is
supposed to be 6812kJ/kg in 2015 based on a rémmemsalysis of historical records (Table 6-6),
with the prediction model aseating value= 126.177 x year — 247434.254(AdjustedR? = 0.971;
F=202.531; and §0.05). The emission factors of ¢ldnd NO are thus calculated and shown in
Table 6-7, in which, it is assumed that the emrs$awtors are the same in 2015 with those in 2010.
Further, Table 6-8 tabulates the £€0 emission by waste category in waste-to-eneagybtistion
plants of Shanghai and Hangzhou, in which sumO ®enthe sum of COemissions from waste
category; CHCQO, and NO-CO, stand for the C®eq from CH and NO emissions. Energy
generation is not considered in this part for sioyl. Moreover, the starting year of incineration
operation in Guangzhou was after 2004, not invoivetthe result. From Table 6-8, several points are
addressed. Firstly, Gmissions are much greater than ,@Hd NO emissions in combustion
process. Secondly, plastic waste represents the wgee with the highest fossil carbon fraction and
contributes the greatest share of @ission among the components. The share of GH®&eeimi
from plastic waste into T-sum is up to 94.76% ardd48% in Shanghai and Hangzhou in 2007.
Thirdly, the contribution of ash waste to T-sumdecreasing with the decrease of fraction in SW,
from 7.15% in 2002 to 3.47% in 2007 in Hangzhou.

Table 6-6 Lower heat value of SW in Shanghai (KJ/kg

Year 1993 1994 1995 1996 1998 2000 2005

Lower heat value 4000 4200 4150 4500 4700 5000 85348

Source: Shanghai Academy of Environmental Scie(BES)

113



Table 6—7 Emission factors of Gldnd NO in 2005 and 2015

Default emission factor 2005 2010 2015
CH, 30 (kg GHG per TJ on a Net Calorific Basicp.163 g/kg 0.185 g/kg 0.185 g/kg
N.O 4 (kg GHG per TJ on a Net Calorific Basic)  0.02Rgg/  0.025 g/kg 0.025 g/kg

Table 6-8 CQ@eq emission from waste-to-energy combustion imghai and Hangzhou, Gg/yr

Year Plastic Paper Textiie Ash  SumO CH-CO, N,O-CO, T-Sum

2002 56.27 0.21 1.70 0.40 58.59 0.84 1.35 60.78
2003 71.60 0.25 1.84 0.57 74.26 0.98 1.58 76.82
2004 186.49 0.55 4.09 152 192.66 2.16 3.48 198.30
Shanghai
2005 326.45 0.83 6.22 2,52 336.02 3.25 5.23 344.50
2006 362.24 0.92 6.90 280 37285 361 5.80 382.26
2007 41549 106 7.91 3.21 42767 4.14 6.66 438.46
2002 110.68 0.49 2.04 8.98 12219 1.30 2.09 125.58
2003 121.46 0.39 2.74 3.57 128.16 143 2.30 131.89
2004 11859 0.29 2.26 450 12565 1.55 2.49 129.68
Hangzhou
2005 144.22 0.36 2.74 548 15280 1.86 2.99 157.64
2006 153.54 0.38 2.92 5.83 162.67 1.98 3.18 167.83
2007 174.67 043 3.32 6.63 185.06 2.25 3.62 190.93

6.2.3 Emissions from composting

According to Table 6-3, only 8.5% of MSW in Shanigivas sent for composting in 2007 and
the CQ-eq from composting was 119.03Gg. Then, makingna gliemissions in each city, it is found
out that the total C&eq emissions in Shanghai, Guangzhou, Hangzhou,awuaind Chengdu are
2707.49, 2425, 915.93, 1350 and 950Gg in 2007 emtisely and C@ emission factor is 0.43, 0.54,
0.53, 0.38, and 0.42 kgG@q/kg waste-treated. It is evident that the factoreastern cities are higher

than those in central and western cities.

6.3 Scenario analysis

6.3.1 Projections of waste quantity and composition

Projections of waste quantity and composition cdr&hai until 2015 are conducted as input files

of scenario analysis, tabulated in Table 6-9. Furthased on Eleventh-fifth Environmental Plan,
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there is no simple disposal expected in Shangbai £020 and the ratio of waste harmless treatment

will achieve 100%.

Table 6-9 Projections of MSW quantity and compogitbf Shanghai until 2015

Quantity Waste composition, %
vear (10 000 tons) food plastic paper textile glass metal  ash & wood
2011 715.93 57.00 24.20 10.88 1.83 3.04 054 25
2012 762.17 56.30 24.87 11.02 1.80 299 053 25
2013 811.84 55.63 25.50 11.15 1.77 294 053 25
2014 ge5.18 54.99 26.09 11.27 1.74 289 052 25
2015 922.49 54.39 26.66 11.38 1.71 285 051 25

6.3.2 Emissions of C@eq in each scenario

Based on the technological evaluation of DS in §han the recovery efficiency of LFG is
assumed as 40% with energy producing efficiencywdel0%. Further, landfill of one ton MSW
generates about 160kWh electri€fyl. Further, in waste-to-energy combustion plant, lsasting one
ton waste produces about 200-250kWh electricity taedatter value is cited in the scenario analysis
As in the reported in Japalf, the CQ emission factor in generating electricity by usthgrmal
power is 0.8kg-C@kWh in 2005 in Shanghai. The value is supposeoetéixed in 2015. Further, in
the composting process, based on the survey whié done in Okayama, Japan, the product
producing rate is assumed to be 20% and the €Mission rate is 0.504kg-GRg product
(Environmental burden basic unit based on 10 taehitectural Institute of Japan(1990)). Moreover,
emissions from recycling process are not involvedaoise no relative information is availablée

CO,-eq emissions in different scenarios are tabuletdéble 6-10.

Table 6-10 Emissions of G@q in alternative waste treatment strategies, IGgly

Scenario DS WTE Compost Recovery (kWh) G@q in recovery Total Cfeq
To1 5175.00 875.66 157.60 8.59E+08 -399.16 3739.09
T1 5122.93 157.60 2.24E+09 -1808.19 3472.33
T2 4075.40 504.23 1.78E+09 -1478.81 3100.82
T3 5000.00 724.67 130.42 7.10E+08 -330.22 3524.87
T4 3110.75 504.23 1.36E+09 -1087.79 2473.50

Under Ty, the total GHG emission factor will increase from3 in 2007 to 0.63 kg G&&q/kg
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waste-treated as a result of increasing volumetall MSW generation and fraction of paper waste.
However, the emission factor will decrease to Oa8fn energy producing is considered in DS, as
represented in oI. Further, compared to,F—the current waste treatment strategies with LFG
recovery systemthe GHG emissions have the varying extent in redu€&HG emissions in each
scenario.

T, scenario as MSW being sent to waste-to-energy wostitm plant will diminish the GHG
emissions. However, the scenario has no appareintabe than landfill with LFG recovery, 7%
reduction compared tooT by 75.86% of MSW. Further, GHG emissions will redwy 17% in §
with 50% of food waste is composted. Moreoversdenario with 40% of recyclable items being sent
to recycling center will reduce the GHG by 43% tiigp but no apparent advantage thajp With
LFG recovery (by 6%). Finally, J/scenario designing as integrated waste managesystem makes
the biggest reduction of GHG emissions, as 34% eoetpto ;. The result confirms the former
researchd¥! that recycling and incineration are effective &G reduction. Meanwhile, composting
also has great influence on the reduction of GHGs&ioms in Chinese cities. However, the GHG
emissions in the recycling process are not includede research.

On the other hand, from the viewpoint of energydpiaion, T, generates the most electricity
power (2.24 x 1%&Wh). Therefore, from the viewpoint of energy bénehe incineration is a better

selection than other waste treatment strategies.
6.4 Concluding comments

Reduction of GHG emissions from waste managemeithwtontributes to global warming has
been given increasing concern. However, the cheniatits of GHG emissions are distinct in each
country or region. This Chapter made it own effiortcalculating the GHG emissions in several
Chinese megacities with distinct economic leveld earried out a scenario analysis of the integnatio
of alternative waste treatment strategies. The ast@ranalysis is conducted on the basis of the
forecasts of waste quantity and composition of 281%hanghai. Several aspects are addressed.
Firstly, CQ, emission coefficient is higher in eastern citileart that in central and western cities. In
Shanghai, the value in 2007 is about 0.43 kg/Kgwaste. Further, scenario analysis has
demonstrated that composting and recycling arecteffe methods to reduce the €€ emission in
Shanghai. Tand T; scenarios reduce the emissions by 17% and 6%nagazed to §;, respectively.
Waste-to-energy combustion will diminish GHG emissi; however no apparent advantage is shown
compared to landfill with LFG recovery system. laddion, integrated waste management systems

leads to a GHG emission reduction by 34% compardd,t This result has thus the ability to provide
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effective reference for the local authorities tdest the appropriate waste treatment method
comprehensively considering environmental loadgims of GHG emissions. However, although the
back-casting estimation of waste generation andgufie data from treatment plants lessens the
uncertainties in calculation, the underestimatibrGblG emissions in DS may be existed. Accurate

plant-specific activity data is strongly desired fiarther research.
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7 CONCLUSIONS AND RECOMMENDATIONS

The objective of this dissertation is to developoaamon systematic approach to projecting the
volume of solid waste arising from household andustrial process fully taking into account
economic growth, socioeconomic factor, consumptad industrial restructuring and apply it into
Chinese metropolises. Chapters from 3 to 6 reptéberbody of the entire framework and the main
scientific results. This chapter will present a suary of major findings of this study, and

recommendations for future research.

7.1 Summary of key points

Chapter 1 investigates the background of the rebesard proposes the research objectives. Rapid
economic growth in China has brought the rapid bgraent of urbanization and industrialization of
a city as well as the inflow of a large number opplation. The increasing demand by population
stimulates the further development of industry imnt Therefore, in order to improve the SW
management of a city, it is necessary to consiteemtastes arising from industrial process (ISW) and
household (MSW) together, in which, the accuratedasts of SW generated in the future is vital.
Further, a large number of researches have dermatedtthat unsustainable pattern of consumption
and production is the main driving force of generabf MSW and ISW. However, due to the lack of
enough financial support, the waste data is seyvelelicient in Chinese cities; a common approach
which can be easily applied into other cities issttrongly desired.

Then, Chapter 2 reviews the existing literaturegemms of projections of SW generation. Recent
years have witnessed increased attention beinghdiwethe forecasts of solid waste generation.
However, it is unfortunately to find out that a wdy of methods are merely linear or nonlinear
regression analysis on the basis of GDP or othenaruic factors and the main emphasis is focused
on generation of total MSW, little research hasnb@éene on projecting ISW generation of each waste
category by industrial sector. In addition, thesérg literature failed to consider the influende o
consumption pattern and industrial structure on §&deration. Fully inspecting the limit of the
existing literatures, a sustainable systematic@gagr is proposed in order to project SW generaifon
each type of waste category, from the perspectfeseconomic growth, social development,
environmental policy and industrial restructuring.

Afterward, Chapter 3 depicts the entire framewdrknethodological approach. It is made up of

four integrated modulesthe macro-economic module, MSW generation mod8&y Igeneration
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module and waste treatment module. Firstly, theraaaconomic module is to provide a means for
economic structural analysis and economic foremgsin a regional level, considering the influence
of national GDP and socioeconomic indicators iniclgdworld trade. Secondly, MSW module,
comprising four modeis-regional macro-economic model (projection of PTCOf)al consumption
expenditure model, consumer behaviour model (LE8af)aand MSW generation model (OLS), is
developed as to assess the relationship among itbgtyle of residents & socio-economy,
governmental measures and MSW generation of egat ¢y waste category. Thirdly, the ISW
generation module is developed involving the regiotO analysis for the projection of ISW
generation by industrial sector and the industgatructuring is carried out by the updating oftéDle.
The approach investigates the influence of indaistastructuring on ISW generation, based on the
study of consumption patterns, export compositiod ESW generation coefficient. Finally, in waste
treatment module, amount of GHG emitted from tleatimnent and disposal of waste, including
waste-to-energy combustion, compost and landfitakulated, respectively. Further, based on the
forecasts of waste quantity and composition of §hanin 2015, a scenario analysis is designed as
well.

Then, Chapters 4 to 6 represent the applicatioth@fapproach framework. Chapter 4 mainly
focus on the applications of MSW module into fiv@iise metropolises with distinct economic
levels to determine the waste generation featuneslifferent regions and to create a feasible
comparison among cities. Further, the back-casiimgjex-anteprojections of MSW generation in
each city are carried out as well. Main achievesang:

(1) The number of variables affecting consumer bieha in Chinese cities is not one but the
integrations of a series of indicators from thewypeint of both the lifestyle of residents and
socio-demographic features. Aside from Shanghai,tWwo common variablessaving rate towards
consumptionSAV) andnatural growth rate(NAGR) are found to be greatly influential to consumer
behaviour. However, in Shanghai, consumer behavieustrongly influenced by the lifestyle of
residents witlf5AV andthe average number of persons per housefiiNPH).

(2) For the analysis of ‘subsistence’ expenditureag the cities, Hangzhou has the respective
highest value of each consumption category amoegcities. Further, the largest proportion of
‘subsistence’ expenditure in FOOD indicates that wWaste arising from this item is inevitable and
may occupy large share in the MSW component.

(3) Except Wuhan, the other cities have the singtarsumption propensity towards each type of
commodity category. Further, eastern cities haghdr propensity towards expenditure on food and

education than central and western cities as dtre§uncrease in dining out and education on
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Children.

(4) The model quantitatively demonstrates the liremversion process from consumption to
corresponding waste category. For example, foodeniasestimated by food expenditure, and paper
and plastic waste are estimated by the FOOD and@®Bkpenditure in all cities. Consequently, a
high consumption propensity towards EDUC and FOGin&ted by the LES model would facilitate
the generation of these items in the future. Furtgss and metal waste are considered from the
beverage which is a part of the food consumptidegmay. In addition, textile waste is estimated by
expenditure in clothing and shoes (CLSH) in alkesit

(5) The results of MSW generation model providesHactive range and default value of partial
generation coefficient of each type of estimatedt@acategory to corresponding consumption
expenditure PWG;). It is demonstrated that per yuan (RMB, in 197&cqgs) of increase of
consumption expenditure on FOOD, CLSH and FOODsddadan average increase of food, textile,
and glass & metal waste as 0.224~0.427, 0.026058,@hd 0.0160~0.0218 kg, respectively. Further,
an average value WG asicepucand PWGaperepucis 0.211 and 0.111 kg/RMB, respectively, as
observed in selected cities.

(6) The unit generation coefficients of total MSWr gonsumption are at the same level among
the selected cities and the average value is OKYIRMB, thereby providing a possibility for
identifying total MSW generation of other Chinesies once the current consumption expenditure is
known.

(7) The research conducts a comparative analystbeoiifferent impacts of waste measures
undertaken by local governments in the cities. Whste regulation regarding food waste in Shanghai
significantly eliminate the per capita food waseneration by 46.339kg per year (DUMO02), whereas
that in Wuhan (DUMO04) enhance the waste by 49.7¢@5%é&ch year. All the waste management
policies will provide feasible experiences or vdlliegdessons to other Chinese cities.

(8) Per capita total MSW generation in Shanghagrgzhou, Hangzhou, Wuhan and Chengdu in
2020 will be 2.17~2.18, 1.46~1.49, 1.48~1.49, 11225 and 1.78~1.79 times respectively, that of the
2008 levels, thereby foreboding a serious MSW mwbin Chinese big cities if there were no relative
policies implemented advancing to diminish wast@egation. On the other hand, fractions of
potential recyclable items will be over 30% in s#del cities with around 50% of food waste until
2020.

Chapter 5 represents the empirical application 8WI module linking with regional
macro-economic model. The principal prioritieshe tase study on Shanghai are as follows:

(1) Although considerable changes have occurrethénShanghai economy over the last two
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decades (1981-2005), the regional model fits tiseohical records reasonably well and provides an
acceptable reproduction with the acceptable stlgesting.

(2) The approach provides an idea for a way to tjaginely analyze industrial restructuring by
adjusting the converter that, in turn, helps astessmpact of these changes on sectoral outp&. Th
change in consumption pattern which is estimatelapter 4 is introduced in the regional 10
analysis to quantitatively reflect the change iiwaite consumption among various sectors.

(3) Increase in consumption expenditure not ontjuges to the increasing generation of MSW,
but also the great generation of ISW. Through é#fecsensitivity analysis, per yuan of increase (in
current prices) in consumption on FOOD, CLSH, FURDUC, TRAN, HLTH and RESI induces to
an average increase of 76.41, 76.16, 82.28, 10@349, 148.30 and 292.58 g of total ISW,
respectively. Partial generation coefficient of ledgpe of waste category per unit consumption is
conducted as well.

(4) The estimated volume of ISW produced is abobittimes that published in the yearbooks in
1997 and 2002, respectively. Moreover, the totalgmted volume of ISW generated in 2010, 2015
and 2020 will be 2.07, 2.83 and 4.12 times, respalgt that of the 2002 levels. Fully considering
adjusting the ISW generation coefficient, the vadeeomes 1.29, 1.35 and 1.58.

(5) It is verified that ISW generation not only s&s from economic growth but also from the
onset of industrial restructuring. Due to the irtdakrestructuring caused by change in consumption
pattern and export composition, the unit ISW geti@meper gross output reduces from 0.16 in 2002 to
0.14 tons/10 000 RMB in 2020.

(6) Based on our results, the industrial sectorkimgathe biggest contribution to the production
of each type of ISW can each be separately idedtifror example, in 2020, the largest component of
smelting residue (SR) is generated by metals smge&i pressing industry (pds11), at about 90% of
total volumes. In addition, pdsll also generatesntljority of the gangue (GA) production (70%).
Therefore, constraining specific industries or peateg them with selective technological changes
will be useful attempts on the way to meeting thgectives of overall waste reduction. If adjustthg
ISW generation coefficient based on historical rdspthe respective share of ISW generation of
chemicals (pds9), pdsll and electricity, steam &vaater production & supply (pds20) into total
ISW generation will reduce from 16.52%, 36.87% &8d77% to 13.40%, 23.88% and 4.31% as we
move from 2002 towards 2020.

(7) Further, the total SW generation of Shangh&080 is about 4.06 folds compared to 2002
and the volume of ISW is about 5.68 folds of MSWigation in 2020. Further, if taking into account
scenario analysis of adjusting ISW generation dciefft of pds9, pdsl1l and pds20, the total SW is
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1.93 times compared to 2002 and ISW is 2.18 tiniddN. Development of service industry results
in much generation of ISW than MSW.

(8) In addition, increase of per yuan RMB (in cuatrg@rice) on food consumption results in
generation of 1226 tons of food, paper, plastiasgland metal waste as well as 76.41g ISW.

Above work provides the basic information for patjeg SW generation by waste category in
Chinese cities. Based on the results, Chapter 6migtcalculates the GHG emissions in current waste
treatment options, but also evaluates the altemataste treatment strategies in view of the redoct
of GHG emissions based on the forecasts of wasterggon of Shanghai in 2015. Main remarks are
as follows:

(1) Eastern cities emit much GHG than central aedtern cities as a result of large amount of
MSW generation. It is found out that the total € in Shanghai, Guangzhou, Hangzhou, Wuhan
and Chengdu is 2707.49, 2425, 915.93, 1350 and @5@Spectively and Cmission factor is 0.43,
0.54, 0.53, 0.38, and 0.42kg &€ng/kg-waste in 2007.

(2) Under landfill without LFG recovery system, ttedal CQ-eq emission factor increases from
0.43 in 2007 to 0.63 kg GEeg/kg waste-treated in 2015 due to increasingraelof waste generation
and fraction of paper waste. However, the emistotor decreases to 0.38 when energy producing is
considered in DS.

(3) Scenario analysis demonstrates that compossingffective method to reduce the €O
emission in Shanghai. Corresponding sceraiiip (50% of food waste is composted) reduces the
emissions by 17% as compared t@ With LFG recovery system, respectively. Furthecycling (T)
and waste-to-energy combustion)(Will diminish GHG emissions by 6% and 7%, respedy as
compared to J;.

(4) The integrated waste treatment system desigsed, reduces 34% of CQOemissions as
compared to current treatment strategies with LE€very. The emission factor reduces to 0.25 kg
CGOy/kg waste in 2015.

Therefore, this dissertation contributes its eftortdevelop a systematic approach to projecting
SW generation of each type of waste category witihiited waste statistics and makes a reasonable
attempt at Chinese metropolises. The influenceonkemption on increasing generation of MSW and
ISW by stimulating industrial restructuring is fulfliscussed and represented. For the waste reductio
the constitution of relative policies including &gn consumption’, effective waste management
policies and the penetration of technological iratmn in specific industries is considered to be
effective. Moreover, with the increasing fractiasfspaper and plastic waste in MSW generation, the

recycling of these items before the waste treatmenéssential for effectively reducing GHG
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emissions which contribute to global warming. Irdiéidn, the systematic approach can be easily
popularized into other Chinese cities or even Asidies with insufficient waste statistics, thereby
providing a possibility for promoting the waste ragament in whole China and sustainability

development of society.
7.2 Recommendations for future research

The dissertation attempts to contribute to the woddlogical development in profit in
policy-making by local municipalities for accurgbeojection of SW generation and deal with the
increasing SW problem. Based on the current resties research will be improved when several
aspects are carried out in the future:

1. Models are simplified representations of reali§hen operating and interpreting its result and
applying into the practices, it is important todwveare of its limitations, listed as follows.

(1) Solid waste actually arises from consumptiorgobds and conversion of materials in the
industrial process. The weight base data of inpatenels is therefore accurate for projection.
However, the monetary data is in replace due tdable of relative information, thereby causing the
unavoidable error.

(2) The influence of current environmental polic@swaste generation is taken into account in
the research; the constitution of new managemetig® in the future however can’t be reflected in
the current approach. Further, the change in inflaef policy on waste generation is not reflected.

(3) As mentioned previously, ISW module includirt@ &nalysis is a static model, working with
one-year averages. The dynamics of labour coeficeapital coefficient is thus not considered.

(4) All the industrial sectors are aggregated i@#% ones without dissecting the internal
relationship of the service industry. A more disaggted sector classification will make the results
more reasonable. However, it strongly needs the slgtport.

(5) The research on influence of technological geaim ISW generation coefficient is far from
enough. The effect of environmental policy in IS\Whgration coefficient is not covered in current
research. Further, the change in input coefficiedbng-frame should be considered on the basis of
investigating the current old & new technologicaldrs and projecting the share of them.

(6) In ISW module, the ISW generation coefficientrational level is in replace rather than local
coefficients. It can be expected that the modulpliegtion will improve when local generation
coefficients are supported or further researchpgmaaching the real values is carried out.

2. Data inaccuracy

(1) The quality of data partially determines tha@ress of the approach. Data inaccuracy as the
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measurement error can never be entirely avoidguecesly in developing cities. It is a common
problem for any type of data in the approach. Threasarement method of data keeps changing in
Chinese cities because of the increasing urbaaizatind change in policy, thereby increasing the
uncertainty of the data. Further, data which isdusethe research describes fairly well the average
yearly impacts of waste information, not capturneifstance differences between summer and winter.

(2) A majority of Chinese cities haven't developé mature data measurement system or
haven't published the existing data, especiallyvimste composition. It severely limits the research
progress and is adverse for solving waste problera city. A public and transparent database is
essentially desired. Moreover, long-term and adeur@aste records in the future will definitely
improve the current approach.

(3) In waste treatment module, apart from long-awaste statistics, accurate plant-specific

activity data is strongly desired for further rasba
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APPENDIX

Appendix No. 1
Observed and estimated data series of each corismmgategory in (1) Guangzhou (2)
Hangzhou (3) Wuhan and (4) Chengdu
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Appendix No. 2
Plot of residual sum of squares against estimat@eaeration of waste category for checking

heteroscedasticity problem in each city, as themofl Shanghai, Hangzhou, Guangzhou, Wuhan and

Chengdu
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