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! Considering the continual reduction of exhaustible

resources conservation, recycling is widely recognized as
an important strategy to improve the environmental
pressure. In 1998, Recycling Fund Management Board was
established under the control of Taiwan EPA to be in charge
of various activities in association with waste recycling.
The major purpose of this project is to evaluate the
performance of all the recyclables in Taiwan and to examine
the impact of resources on the product producers and
recyclers behaviors. In this project, we present a
mathematical model to analyze the optimal resources level
to encourage the product producer to redesign the packaging
for the achievement of a more environmental friendly
pattern.

In the past one year, an article is completed and submitted
to an international journal. More papers can be completed
in the coming year. The implementation of this project
also yields some additional benefits including the training
of research methods on students.

: extended producer responsibility, recycling performance,

recycling fee, resource tax.
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Abstract

Considering the continual reduction of exhaustible resources conservation, recycling is
widely recognized as an important strategy to improve the environmental pressure. In 1998,
Recycling Fund Management Board was established under the control of Taiwan EPA to be in
charge of various activities in association with waste recycling.

The major purpose of this project is to evaluate the performance of all the recyclables in
Taiwan and to examine the impact of resources on the product producers and recyclers behaviors.
In this project, we present a mathematical model to analyze the optimal resources level to
encourage the product producer to redesign the packaging for the achievement of a more
environmental friendly pattern.

In the past one year, an article is completed and submitted to an international journal.
More papers can be completed in the coming year. The implementation of this project also

yields some additional benefits including the training of research methods on students.

Keywords: extended producer responsibility, recycling performance, recycling fee, resource tax.
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The Bass model @ % KIFHITEA 5~ FHFTF ~ & AR L il (b
4e. Islam, et al., 2002; Dekimpe, et al., 1998; Fok and Franses, 2007).
HHH N o A

ancy
dt

n(t)

= p [M=n®] + q-—=[M-n()] (1)

FFdon(t) R Et FERORAFRIE p e g R Bfrp AR FGE
W AFex e’V - RFF S ERAL A2 23 N ERFR L A4p
Bo A FTIREE WA RIS & o FURT M E iR & ¢ 0 Janssen and Jager
(2002) jeep PR AR I A SHivne d 5 23 (D kTR
Bor el p() PlERE ¢ v e, W RS EBATiF o N3
(1= £ & > f235% (difference equation) - #

_ 2
Xx= oy + o T o, +e& (2)

R P ( ARTRERSTRFREE > 5 PAZRL RS (D)

Fest+ (2)v # .

a,= pM 3)
a = Q-p 4)
a, = Vq (5

Ao JGEF(2)-(5) T E A o i BN -3F 5§ Fi8 7 the Bass
model Xk3gRlp, q = #E (e.g. Van den Bulte and Stremersch, 2004;
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BFREEAGH4.21% > B o BB &K 5 107,403 &8 (22.33%), A% % ~ B
3 320, 763 tonnes (10.13%), A&z F 242,068 tonnes (T7.64%).

1980-2000+# & s F iz & v fc 5 &or * Bl - (Fig. 1) &KW - 7 g3

LT R S o R S L ABR e FRER o ] 998 . 250 4o
320127 42, 40% > BraR R d & e92, 27% 3 40 212012 011, 17% > ~ )& PG

2005# 10, 38%3g 4v $]2012# 11, 19% ©

Table 1. Amount of MSW collected, disposed, and recycled unit: tonnes

MSW MSW Waste recycled
generated disposed

Sub-total  Recyclables  Food Bulk

waste waste
1998 8,992,240 8,880,487 111,753 111,753 n.a. n.a.
1999 8,715,575 8,565,699 149,876 149,876 n.a. n.a.
2000 8,353,368 7,875,511 477,856 477,856 n.a. n.a.
2001 7,839,173 7,254,841 584,333 584,333 n.a. n.a.
2002 7,601,958 6,723,639 878,319 878,319 n.a. n.a.

2003 7,355,335 6,139,050 1,216,285 1,048,981 167,304 n.a.
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2004 7,554,870 5,862,890 1,691,980 1,392,715 299,265 n.a.

2005 7,775,064 5,525,253 2,249,811 1,756,035 464,201 29,575

2006 7,738,531 5,032,672 2,705,859 2,107,037 570,176 28,646

2007 7,975,686 4,873,237 3,102,450 2,408,429 662,791 31,230

2008 7,607,798 4,374,154 3,233,645 2,497,985 691,194 44,466

2009 7,729,231 4,223,484 3,505,748 2,718,803 721,472 65,473

2010 7,870,665 4,072,603 3,798,062 2,948,681 769,164 80,217

2011 7,485,229 3,610,848 3,874,380 2,982,855 811,199 80,326

2012 7,470,569 3,379,390 4,091,180 3,167,656 834,541 88,983

50.00%

40.00% —e— recyclables
—s— food waste

0

30-00% bulk waste

20.00% paper

10.00% —— metal products
—e— plastics/rubber

0.00%

—+— glass products

O N R
FLTFTTESEFDJ
WA DA

Figure 1. The trend of recycling rate among waste fractions

Voo HRF R AP ENTRASRMPEYRP T URA- Ak
Teddh 0o A SRE L AR R BRI > d WIRE f o r T e Bl w
e e B4R (PRBE&E) ~2 A (Vo) ~ 5 > feid ~BE 2RE) - b
B e S B L (integrated) uF (2 58 > 1k F 4 A (T aF 035 4

#f1* LCA (life cycle assessment) ~ SIEMRJ] > 2 ~ #F & i i H5
B FE B3R B - T & > B4 Kahhat et al. (2008), Nnorom and Osibanjo
(2008), Park et al. (2006), Ruhrberg (2006)% % - — #x %3 > F A S (b
YR e AR ) hw ey o R PTF S RGO ¢ A K AT R

Gl e mE %
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BPR F& WP ~&rFaf it s ¢ oL HAEs 2
Te — B FEPR PRI AFB >R I RFP v UG ESIRES L AL
EPRME AN E 0 S N AR M T 0 RS A g 4
(Mayers, 2007) o % = > SR EwieF f Fwde A N AAME ST 5
i o &8 G (P - PR > REF LR Ehm g e
FPRORBF R RE AR IR ER R SR E AT AL WEES BF
olT B I oo A A L B M B F L 5 (collective waste
management systems > Castell et al., 2004; Mayers, 2007)  p*#&= 5% > %
POERIA R AR L A SR MR o T %‘3%‘1‘35{@:5*
HBURF LT E AP 2 ¥k R RR T R AR d B R
Ly A4 % (Lifsetand Lindhgvist, 2008; Lindhgvist and Lifset, 2003) -
AR AT F A Fd kG v ey & TR o d e oy Ak
RASRE TLAZ ASEKEFRY - TOT I 2 o 21k R €7 BIRE
B ERF T ERT R TRREY o Fl o 30 B R AL RS
f

BF O OERBURF TG AR BRI H > T 0

P BEICRAT R RRPF AASH LT L H-
AR BIILY 0 M EAR SRR E o JidE & A (Clift and France,
2006) o Flgt o A H URP TR PRTE R T o 1T L P T 2 Ry e
PREERASRP ARVARSF ¢ KGR AR A H R R B
A EFBR G Raodks Pk (Log-linear) 2 @i fi (4r
Cobb-Douglas % &) § KA BXLF|Z B2 ¢ A REDPE B F £

g = @& w=A" p*w (9)
RO P ANEN o a EASDT REE Pa <00 b Ef Kk 7R
Mo2b >0-d 309 #
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LANEE

The diffusion effect of MSW recycling

Abstract

The purpose of this paper is to compare the recycling performance for some
waste fractions selected including: food waste, bulk waste, paper, metal products,
plastics/rubber and glass products, and then to develop some directions for the future
improvements. The priority of each waste fraction for recycling is also analyzed by
using an importance-performance analysis. Traditionally, the recycling rate that is
calculated by the ratio of waste recycled to waste collected is used as an indicator to
measure recycling performance. Due to a large variation among waste fractions in
MSW, the recycling rate cannot reflect the actual recycling performance. The ceiling
of recycling rate for each waste fraction estimated from the diffusion models is
incorporated into a model to calculate recycling performance. The results show that (1)
the diffusion effect exists significantly for the recycling of most recyclables, but no
evidence is found to support the diffusion effect for the recycling of food waste and
bulk waste; (2) the recycling performance of waste metal products ranks the top,
ahead of waste paper, waste glass and other waste fractions; (3) furthermore, an
importance—performance analysis (IPA) is employed to analyze the priority of
recycling programs and thus this paper suggests that the recycling of food waste

should be seen as the most priority item to recycle.

Keywords: diffusion effect; municipal solid waste; recycling performance; recovery
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1. Introduction

Due to resources scarcity and environmental concerns, the recycling of
municipal solid waste (MSW) is believed as an effective tool for waste management
to sustain development and becomes more and more important in reducing resource
scarcity in a growing society. Waste recycling in general provides some benefits:
resource recovery, the saving of MSW disposal and transportation costs, the assurance
of environmental cleaning and the extension of the life spans of MSW disposal
facilities. And thus, an improvement in MSW recycling performance should be
focused in addition to the efficiency enhancement of MSW management relating to
MSW disposal facilities.

The principles of ‘reduce, recycle, reuse’ has been accepted as a top guide for the
management of municipal solid waste (MSW) in Taiwan. The MSW recycling has
increased 34 folds over the period of 1998-2012, increasing from 111,753 tonnes in
1998 to 3,798,062 tonnes in 2012. And thus, the first purpose of this paper is to
analyze the recycling performance of some waste fractions selected. Traditionally,
the recycling rate is used as an indicator to measure recycling performance.
Recycling rate is however calculated by the ratio of waste recycled to waste collected.
Such a measure seems not possible to reflect the actual performance of recycling as
the amount of each waste fraction in MSW varies greatly. And thus, a new formula
is developed in this paper to calculate recycling performance by incorporating the
ceiling of recycling rates that is estimated and obtained by the diffusion model
presented in this article. This paper also evaluate the relative recycling performance
among some waste fractions and then to develop some directions for the future
improvements. The priority of each waste fraction for recycling is also analyzed by

using an importance-performance analysis.
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Most articles examine the impacts of household or citizen behaviors on MSW
recycling (Evison and Read, 2001; Thomas, 2001), or compare the education
programs to increase public participation in recycling program (Evison and Read,
2001; Mcdonald and Oates, 2003; Timlett and Williams, 2008). Many researchers
emphasize that the improvement of recycling rate depends on environmental
education to encourage the public to participate in the recycling programs. On the
other hand, some researchers focus on the economic and social factors to affect the
success of recycling programs (Martin et al., 2006; Mcdonald and Oates, 2003; Perrin
and Barton, 2001; Tonglet et al., 2004).

Very few papers highlight the diffusion effect in affecting MSW recycling
performance. Chen and Chang (2010) examine the interaction of diffusion effects
and learning effects for MSW recycling by using the aggregate data and their resulting
conclusions suggest that (1) both diffusion effects and learning effects have
significantly impacts on MSW recycling and (2) environmental policy plays an
important role in affecting MSW recycling. In general, diffusion models have been
widely employed to forecast the spread of an innovation over time (Islam and Meade,
2000; Sohn and Ahn, 2003, Kemp and Volpi, 2008). As Kemp (1997, p.9) defines
environmental technology as “each technique, process or product which conserves or
restores environmental qualities” and classify it into six categories including (1)
pollution control technologies, (ii) waste management, (iii) clean technology, (iv)
recycling: waste minimization through the re-use of materials recovered from waste
streams, (v) clean products, and (vi) clean-up technology, this paper suggest that
MSW recycling can be seen as an environmental technology. And thus, the diffusion

of MSW recycling is modeled as a diffusion process of environmental technology.
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2. Research methods

Diffusion is defined as “the process in which an innovation is communicated
through certain channels over time among the members of a social system. It is a
special type of communication, in that the messages are concerned with new ideas”
(Rogers, 2003, p. 5). The diffusion process, in practice, reflects a communication
process about the spread of information and the timing of individual adoptions
(Rogers, 2003; Gatignon and Robertson, 1991). Redomnd (2004) argues that “In a
broader sense, however, the process of diffusion involves the spread of newness
through society, which entails broad-scale changes in both behaviors and perceptions”
(p. 1295).

Many researchers focus on the communication technologies and examine the
diffusion across countries (Bohlin, et al. 2010; Kumar & Krishnan, 2002;), the
substitution of new generation mobile phone for fixed networks (Michalakelis, et al.
2010) or the difference in diffusion patterns across countries that express diversity in
social, cultural and economic characteristics of countries (see e.g. Stremersch & Tellis,
2004; Talukdar, Sudhir & Ainslie, 2002; Redmond, 2004). Bohlin et al. (2010)
examine the diffusion of new generation products of mobile telecommunication
technologies. They find that the factors including per capita income, urbanization and
Internet/broadband penetration and regulation have positively influence diffusion
across all generations of mobile telecommunication products. Michalakelis, et al.
(2010) focus on telecommunication products and services, and examine the
generational substitution effects due to the emergence of new generation products
stemming from rapid technological changes. Kogut and Macpherson (2011) see
economic policies as innovations and examine the impacts of three types of economic

policy innovations including privatization, central bank independence, and pension
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reform on social welfare. Their results find that the diffusion of economic policy
innovations depends on the mobility of economists. Redmond (2004) discusses the
factors involving social comparison, the network structure of interpersonal
communications, and prestige seeking and their impacts on the speed of technology
diffusion. He finds that social networks may encourage the adoption of new
technologies, but some networks also may inhibit or discourage such adoptions. Peres
et al. (2010) employs diffusion models to examine the diffusion process of innovative
products and services across markets and brands.

The Bass model has been widely employed for empirical studies to capture a wide
variety of diffusion patterns (Kemp, 1997; Geroski, 2000). Many researchers have
applied the Bass model to test or to forecast sales of a new product in various fields
(e.g. Islam, et al., (2002) and Dekimpe, et al., (1998) for telecommunication; Fok and
Franses (2007) for scientific researches). In general, the Bass model is expressed by a

differential equation as:

dn(t) - nw .,
P M=n®)] + q v [M = n(t)] (1)

where n(t) is the accumulated adopters at time t, pand q are coefficients of

external and internal influence respectively, and M is the ceiling of adopters. The Bass
model assumes that the potential adoption is influenced by two types of
communication channels: external influence of mass mediated process and internal
influence through word of mouth that interacts between adopters and non-adopters in
a social group. The first term explains the factor for the adoption due to mass media
as it depends only on the number of non-adopters in the system. The second term
describes the adoption due to word of mouth interaction. And thus, Eq. (1) is
employed to examine the diffusion effect of MSW recycling among various

recyclables, where n(t) is the recycling rate at time t, and M denotes the ceiling
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(maximum) of recycling rate. By rearranging Eq. (1) and converting it into a

difference equation, we obtain
Xx= o + o, T o n12,1+‘9t (2)
where X; denotes the difference of recycling rate for each waste fraction of

recyclables, and &, 1s the error term. Comparing Eq. (2) with Eq. (1), we obtain

a,= pM 3)

a = gq-p 4)
S

@ = (5)

Many researchers have employed the Bass model to estimate the parameters p,
g and M (e.g. Van den Bulte and Stremersch, 2004; Venkatesan, et al. 2004; and
Van den Bulte and Lilien, 1997). Following to these studies, the estimated coefficient

for external force P, internal force (, and the ceiling of recycling rate M is

obtained by solving the simultaneous equations of Eq. (3)-(5), and listed in Eq.

(6)-(8).

p= > (6)

q= 5 (7
24,

On the other hand, the performance of recycling 7; for ith waste fraction is

estimated by:
n; (t)
N = = 9
T M )
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2.2 data

Table 1 shows the amount of MSW generated and recycled over the period of
1998-2012. The MSW generated kept a decreasing trend but the waste recycled grew
by 24.98% annually, increasing from 111,753 tonnes in 1998 to 4,091,180 tonnes in
2012. In 2012, about 54.76 % of MSW generated was recycled to produce secondary
materials. Taiwan EPA classifies waste recycled into three main streams: recyclables,
food waste and bulk waste. In 2012, total waste recycled amounted to 4,091,180
tonnes, accounting for 54.76% of MSW generated. Among the three streams,
recyclables ranked the top, contributing to 77.42% of total waste recycled. In
consideration of historical trends, Table 1 indicates that recyclables increased from
111,753 tonnes in 1998 to 3,167,656 tonnes in 2012, food waste increased from
167,304 tonnes in 2003 to 834,541 tonnes in 2012 and bulk waste increased from

29,575 tonnes in 2005 to 88,983 tonnes in 2012.
Insert Table 1 about here

The major fractions of recyclables include waste paper, waste metal products,
waste glass products, waste plastics/rubbers and a small portion of recyclables
consists of textile products, home electrical appliances, batteries, information and
communication products and others. In 2012, waste paper recycled reached to
1,717,287 tonnes, accounting for 54.21% of recyclables, ahead of waste metal
products 707,403 tonnes (22.33%), waste plastics/rubber 320,763 tonnes (10.13%),
and waste glass products 242068 tonnes (7.64%). The sum of these four waste
fractions accounts for 94,31% of total recyclables.

In overall, this paper selects six categories of waste fractions for analyzed,

including: food waste, bulk waste, paper, metal products, plastics/rubber and glass
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products. Since the amount of MSW generated reduces over time, we employ the
recycling rate rather than the recycling amount to measure diffusion effects. The
recycling rate for the waste fraction selected over the period 1980-2000 is illustrated
in Fig. 1, in which we find that recycling rate for all these waste fractions have kept
an increasing trend over time. The recycling rate of recyclables increased from 1.25%
in 1998 to 42..40% in 2012 and that of food waste increased from 2.27% in 2003 to
11.17% in 2012. The bulk waste increased from 0.38% in 2005 to 1.19% in 2012.

In 2012, about 0.42 tonnes of recyclables containing various recyclable resources
including paper, metal products, glass, plastics and rubbers is collected and recycled
in each tonne of MSW. Among the various waste fractions of recyclables, the
recycling rate of waste paper reached to 22.99% in 2012, ranking the top, followed by
metal products with recycling rate of 9.47%, plastics/rubbers of 4.29% and glass of
3.24%. The recycling rate for the remaining recyclables including textile products,
home electrical appliances, batteries, information and communication products,

agricultural chemical containers and others is only 2.41% in 2012.

Insert Figure 1 about here

3. Research results

The test results of Eq.(2) for recyclables, food waste, bulk waste, paper, metal
products, plastics/rubber, and glass products are listed in Table 2. The results show
that the recycling of recyclables, waste paper and waste metal products behaves as
logistic pattern over time as the coefficient of square recycling rate is significantly
negative. And thus we conclude that diffusion effects exist for the recycling of
aggregated recyclables, the fraction of waste paper and waste metal products. On

the other hand, no evidence is found to support that diffusion effects exist for the
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recycling of food waste, bulk waste, waste glass and waste plastics/rubber.

The existence of diffusion effects for waste metal products and waste paper may
attribute to the establishment of recycling system consisting of collecting, sorting,
recovery and the market of secondary materials. Rogers (2003) suggests that the
compatibility with social values, beliefs and past experiences may play an important
role in affecting the adoption rate. The effectiveness of MSW recycling in general
depends on household’s environmental awareness and behaviors with sufficient
knowledge to keep materials separate (McDonald and Ball, 1998; Perrin and Barton,
2001). In fact, some researchers has emphasized that knowledge in recycling is very
important for successful MSW management (Perrin and Barton, 2001). Currently,
MSW sorting by households at home has been successfully performed in Taiwan and
reached to high efficiency (Chen, 2010). The communications and information flow
are sufficient between households and governmental administrative units to adopt new
knowledge or regulation. Taiwan’s household’s participation in MSW recycling is

recognized and believed to play a vital role in affecting recycling performance.

Insert Table 2 about here

The estimates of P, ¢, and M are shown in Table 3, in which the rate of

diffusion through external force for waste paper recycling is smaller than waste metal
products, but the rate of diffusion through internal force is almost the same between
the two waste fractions. The variation of diffusion rate may be accounted for by the
market structure and size of secondary materials. Currently, the regenerated steel and
irons in Taiwan can satisfy about 60% of local market demand and thus about of 40%
of waste metal products should be imported. Starting from 2006, four waste metal
re-processing plants were subsidized to crush the waste car and to regenerate metal

materials. About 85% of the shredded steel and irons are consumed by electric arc
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furnace plants (Institute of Environment and Resources, 2014).

Insert Table 3 about here

Based on Eq. (9), recycling performance is calculated and the trend of recycling
performance for aggregate recyclables, waste paper and waste metal products are
illustrated in Figure 2. The recycling performance of each waste fraction seems to
have kept a rising trend over the period of 1998-2012 for these three waste fractions.
The recycling of waste metal products has started to perform better than waste paper
since 2002 and ranked the top in 2012. By 2012, recycling performance for
recyclables, waste paper, and waste metal products has reached to 89.09%, 85.27%,
and 96.17%, respectively. The comparison among these three waste fractions shows

that the recycling of metal products has almost reached to its potential recycling rate.

Insert Figure 2 about here

4. Importance-Performance analysis

The importance—performance analysis (IPA) has been widely used to analyze
customer satisfaction, containing two dimensions: importance of quality attributes and
attributes performance. In this paper, we employ it to form a priority program for
waste recycling. The importance of waste recycling for each waste fraction is
depicted along the x-axis and recycling performance along the y-axis in this paper.
Recycling performance is measured in terms of the relative attainment rate that is
calculated according to Eq. (9) for recyclables, waste metal products and waste paper.
In contrast, food waste, waste glass and waste plastics/rubber are not found to have
significant diffusion effects. Hence, the content of these three waste fractions in MSW

before sorting is used as the ceiling of recycling rate respectively. Currently, bulk
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waste is collected and transferred to the re-manufacturing plant, owned and operated
by the government for once or twice only in a year. The content of bulk waste in
MSW is not available and thus bulk waste is excluded for importance-performance
analysis.

On the other hand, the attribute importance is measured by the relative benefit of
waste recycling (sorting, collecting and material recovery). Since all the incinerators
have been equipped with energy recovery systems in Taiwan, some waste fractions
such as paper, plastics films, etc. can be seen as compensatory fuels for power
generation. In this case, the calorific value of each waste fraction, contributing to
outputs of electricity production, is used as the measure of relative importance.
The data of caloric values for food waste, paper, metal products, glass, and
plastics/rubber shown in Table 5 in Chen and Chen (2013) are employed. As the
caloric values of these waste fractions vary greatly, the relative importance (RI) is

developed in terms of

Rl,— (4= (10)

' o
where b is the caloric value of ith waste fraction, u is the average of caloric values
for all waste fractions selected, and o is the standard error.

The relative performance 7; and importance RI; for these selected waste
fractions are shown in Figure 3, that dividing the matrix into four quadrants. Waste
metal products and glass fall in Quadrant I with recycling performance of 0.9617 and
0.8504 respectively. As zero caloric values for these two waste fractions, the relative
importance is 1.3961 calculated. This means that the recycling of waste metal
products and glass should keep going to maintain the sustainable competitive

advantage.
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Food waste falls in Quadrant IV, representing high scores 0.8767 of recycling
importance but low scores 0.3918 of recycling performance. In 2012, the recycling
rate for food waste was 11.17% only but MSW for final disposal still contained
38.33% food waste. The results suggest that MSW management authorities should
pay more attention to the recycling of food waste and see it as the most priority item
to recycle. In fact, food waste should be avoided to enter incinerator due to its
negative impacts on the both the incinerators and the environment (Chen and Chen,
2013). Chen and Chen (2013) compares material recycling and energy recycling for
some waste fractions and suggests that material recovery for food waste is more
appropriate due to its low caloric value of 4.18 MJ/kg. The results of IPA implies that
recycling of food waste requires immediate attention and thus MSW management
should see it as a priority task by providing new mechanism to speed up diffusion
effects and encourage recycling performance.

On the other side, Waste paper and plastics/rubber fall in Quadrant II and
Quadrant III, implying less importance to recycle. As Quadrant III represents
excessive inputs of resources for recycling, and thus the resource for recycling waste
paper should be deployed elsewhere. Among the waste recycled, recycling rate of
waste paper was 22.99% in 2012, ranked the top, higher than food waste (11.17%),
metal products (9.47%), plastics/rubber (4.29%) and glass products (3.24%). Chen
and Chen (2013) suggest that waste paper may be more appropriate to dispose
through energy recovery rather material recovery due to high waste caloric values
contained in waste paper. Therefore, management authorities may divert efforts of
recycling from waste paper to other waste fractions.

Finally, Quadrant III represents low importance and low performance for material

recycling. The waste fraction of plastics/rubber falling in this quadrant has recycling
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performance of 37.51% and attributes importance of -2.9528 with high caloric value
of 35 MJ/kg.

In practice, plastics materials are difficult to be recovered as they are mostly used
as packaging materials that are made of composite materials consisting of plastics
film, paper. Al foil, or other materials. Plastics packaging materials having high
caloric value and seen as a bio-fuel may be more appropriate to recovery energy
through incineration process This paper suggest that recycling of waste plastics/rubber

can be seen as an low priority item for MSW management.

Insert Figure 3 about here

5. Discussions and conclusions

Analyzing the diffusion effect for each waste fraction of recyclables, this paper
concludes that the existence of diffusion effects varies across different waste fractions.
Waste metal products and waste paper are found to have significant diffusion effects
while the rest are lacking of evidence. Since all waste fractions of recyclables are
equally sorted, some other factors except for household participation may explain the
difference in the existence of diffusion effects among these waste fractions of
recyclables. The other reason to explain the variation of diffusion effects across these
waste fractions may attribute to the market demand for secondary materials and the
relevant recycling system. In practice, a lot of secondary material market has formed
in Taiwan including recyclable waste collectors, recyclable waste distributors,
recovery plants, secondary materials dealers, and the buyers for secondary materials.
Recovery and/or regeneration of most waste fractions such as waste metal products,
waste paper, and waste plastics has been conducted in Taiwan through the integration

of collectors, scrap dealers, regeneration (recovery) plants, and other recycling
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facilities. With the recent investments in the recycling industry, almost all types
plastic materials, glass, paper and metals can be recycled at industrial levels in
Taiwan. However, the market for other waste fractions is still lacking due to low
market demand.

Among these waste fractions, the material recovered from waste papers, waste
metal products and waste PET containers has a stable market, and can compete with
international market price. Waste paper are collected through the scrap/waste dealers
and delivered to material recovery plants to produce paper stock through a series
process of sorting, grading, and baling. The paper stock recovered is sold on the
market to paper recycling mills or paper products making plants for the manufacture
of paper products.

In 2011, Taiwan’s market demand for waste metals reached 11.7 million tonnes
and still kept rising with an average annual growth rate estimated at 4.97% ( U.S.
Commercial Service, 2014). Currently, 25 electric furnace steel mills have been
established with total capacity of 14.2 million tons. In general, approximately 1.1
metric tons of steel scrap can produce 1 metric ton of crude steel. Due to high
dependence on importation of steel scrap, the market demand for waste metals is
stable and thus recycling of waste metal products become an economic behavior.

The stream of waste plastics contains a variety of materials such as PET, PP and
PE accounting for 89.4% of waste plastics recycled (Institute of Environment and
Resources, 2014). The rest of waste plastics sources from the waste electronic
appliances. Basically, the quality of regenerated plastics is lower than virgin materials
and thus reduces its demand in local market. Currently, about 70% of secondary
materials recovered from waste plastics are sold in domestic market and the rest is

exported (Institute of Environment and Resources, 2014). Due to difficult recovery
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for some packaging materials made of plastics and other composite materials, these
packaging materials containing plastics are in practice incinerated with general MSW
for energy recovery. Theoretically, waste tyres can be re-manufactured or regenerated
through thermal cracking to produce rubber. However, the major application of waste
tyres collected are used as fuels for co-generation plants or cements plants in Taiwan.
Due to the limited application of waste plastics and rubber, the diffusion effect for the
recycling of plastics/rubber is not found significant in this study. The lacking of
market demands for secondary plastics materials and the adoption of incineration
disposal with energy recovery for some plastics may be the key factor to explain the
insignificant diffusion effects for the recycling of plastics/rubbers.

Most of waste glass is collected from waste glass containers, accounting for
87.7% of waste glass recycled, and the rest is contributed by other sources including
wasted TV CRT, computer monitors, and lightening (Institute of Environment and
Resources, 2014). Currently, no market exists for waste glass and thus it reduces the
diffusion of waste glass recycling.

The food waste collected is currently delivered to pig farms as pig feed or
composting plants for the conversion of food waste into fertilizers in Taiwan. As food
waste comes from a variety of sources like households, restaurants, and military
organizations, the sanitary quality is very difficult to monitor and control. The
pathogens may be contained in the food waste, and relatively high risk of disease
infection exists. The infection rate of toxoplasmosis is 48% for the pig farm fed by
food waste, higher than 8.3% by formula feed (Lu, 1995). And thus, Council of
Agriculture in charge of agriculture development policy opposes to expand the
application of pig feed for food waste (Song, 1998). The lacking of diffusion effects

for food waste may attribute to the limited applications of food waste and the lacking

36



of competition pressure for the organic fertilizers composted from food waste
collected.

The biological composting for food waste has been proved to be a successful
method both in technical perspective and economic evaluation, and generally
accepted as a rapid and simple process to stabilize and reduce the waste mass. It is
also seen as the most natural way of recycling through biological reactions to achieve
environmental self-cleaning among the various disposal options (Caputo and
Pelagagge, 2002; Slater and Frederickson, 2001). However, the cost of organic
fertilizer composted from food waste is still lacking of competitiveness with respect to
chemical fertilizers. According to Council of Agriculture (2014), the market share of
organic fertilizer is less than 10% of total fertilizer consumption. Considering the
high volume of food waste generated, Taiwan EPA started to promote the food waste
recycling in 2003. After then, the food waste recycling rate increased from 2.27% in
2003 to 11.17% in 2012 (Taiwan EPA, 2014). Currently, the MSW disposed still
contains food waste 38.33% and hence this paper suggests that MSW management

authority should focus on the recycling of food waste.

In general, recovery plants aim at maximizing profits and thus may work as a

pulling force for sorting and collecting of recyclable wastes. The price competition and

quality of secondary materials are critical to affect the demands for the recyclable waste.

In fact, waste recycling and recovery of valuable materials will be conducted

autonomously if the recycling provides profits or at least a substantial saving on waste

disposal costs (Chen, 2005).
The contribution of this paper at least includes three folds: (1) the new formula
that incorporates the ceiling of recycling rate to measure recycling performance

seems to be more realistic and effective to reflect recycling performance compared
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to recycling rate; (2) the results of the empirical analysis on the diffusion effect for
various waste fractions highlights the role of secondary materials market in affecting
the diffusion of MSW recycling; (3) the importance-performance analysis provides a

recycling priority program to support the policy making and planning.
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Table 1. Amount of MSW collected, disposed, and recycled unit: tonnes

MSW MSW Waste recycled
generated disposed
Sub-total ~ Recyclables  Food Bulk
waste waste
1998 8,992,240 8,880,487 111,753 111,753 n.a. n.a.
1999 8,715,575 8,565,699 149,876 149,876 n.a. n.a.
2000 8,353,368 7,875,511 477,856 477,856 n.a. n.a.
2001 7,839,173 7,254,841 584,333 584,333 n.a. n.a.
2002 7,601,958 6,723,639 878319 878,319 n.a. n.a.
2003 7,355,335 6,139,050 1,216,285 1,048,981 167,304 n.a.
2004 7,554,870 5,862,890 1,691,980 1,392,715 299,265 n.a.
2005 7,775,064  5,525253 2249811 1,756,035 464201 29,575
2006 7,738,531 5,032,672 2,705,859 2,107,037 570,176 28,646
2007 7,975,686 4,873,237 3,102,450 2,408,429 662,791 31,230
2008 7,607,798 4,374,154 3,233,645 2,497,985 691,194 44,466
2009 7,729,231 4223484 3,505,748 2,718,803 721,472 65473
2010 7,870,665 4,072,603 3,798,062 2,948,681 769,164 80217
2011 7,485,229 3,610,848 3,874,380 2,982,855 811,199 80,326
2012 7,470,569 3,379,390 4,091,180 3,167,656 834,541 88,983
Table 2. The test of diffusion effects
Aggre. Food Bulk paper metal glass plastics/
recyle. waste waste rubber
a, 0.0188""  0.02217 -0.0052 0.0096°  0.0034"  0.0019"  0.0022°
a 0.19217°  -0.1212 2.1378  0.1828°  0.2962°°  0.0467  0.1324
a, 04866 -0.5186 -149.12  -0.8099" -3.3624"" -1.3357 -3.3334
R2 0.3445 0.7634 0.4721  0.2689 0.4481  0.0087  0.1292
Adj.R™2  0.2254 0.6846 0.2082  0.1360  0.3477  -0.1715 -0.0291
obs. no. 14 9 7 14 14 14 14
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Table 3. The estimates of external force, internal force and ceiling of recycling rate

recyclables paper metal products

Coefficient of internal force, 0.2316 0.2183 0.3311

p
Coefficient of external force, 0.0395 0.0355 0.0349

q

Ceiling of recycling rate, M 0.4759 0.2696 0.0985
Recycling rate in 2012 0.4240 0.2299 0.0947
Performance of recycling 89.09% 85.27% 96.17%
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