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ABSTRACT

COMPARISION OF RECYCLING SYSTEMS AT MICHIGAN STATE UNIVERSITY AND
HUNAN UNIVERSITY

By
Le Kang

Due to the great increase of municipal solid waste in the past decade, China is trying to
develop an effective and feasible waste recycling system and keeps on seeking better recycling
solutions. The United States, which is one of the developed countries with a relatively complete
and advanced recycling system, is considered to be setting a good example for China to improve
its own recycling system. This article compares and discusses the differences and similarities in
both countries by selecting two universities, Hunan University and Michigan State University, as
a starting point to explore the positive suggestions for China’s recycling system. It was found
that the recycling system in Hunan University is highly dependent on the instructions of its local
government due to China’s current recycling legislation and management system. Also, the
current recycling situation in Hunan University will not change fast due to the lack of
technological and financial capability of constructing a complete MRF recycling system that can
continue to function as designed. The residents in Hunan University lack the recycling awareness
to firmly support the improvement of the current recycling system as well. It is suggested that
Hunan University take advantage of the rapid development of the Internet to increase its
residents’ recycling awareness, and open its recycling market for getting advanced technologies
from cooperation with professional recycling companies. Also, it will be a more economical and
feasible option for Hunan University to join a regional comprehensive MRF system in Changsha

rather than establish its own MRF facility on campus in the near future.
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1. Introduction

With the development of the economy, the recycling system in China has also changed a
lot. The early recycling activity in the People’s Republic of China was totally run by the central
government. The recycling activity also earned public’s great passion partially due to
encouragement of the country’s leader and poverty. The facilities that were run by the
government before the 1990s were known as “State-owned waste recycling facilities”. These
facilities undertook almost all aspects of municipal waste recycling before the 1990s. One
interesting example is turtle shells, which can be considered as food waste but are also
considered a traditional Chinese medicine. Residents could collect their turtle shells and sell
them to local recycling facilities for food stamps, sugar or other groceries. Due to changes in the
economic environment, the state-owned recycling facilities gradually disappeared. For example,
in 1965 there were more than 2,000 state-owned recycling facilities within the second ring road
area in Beijing. But in 1997, there were only 16 such facilities in the same area (Hao Jin, 2010).
Meanwhile, formal or informal recycling facilities run by private parties emerged and grew in
both number and scale. Beijing, as one of the pioneers of recycling in China, also explored the
possibilities of running municipal waste recycling based on community units instead of local
government organizations. A community unit, which is the most basic subsidiary of local
governments, provides more flexibility and diversity in developing recycling systems. One
example is the sorting project for recycling that was launched in the Dacheng Lane community
in Beijing in 1996. It was reported in 2010 that 90% of the residents in this community were
doing recycling sortation every day (China Waste, 2015). To further promote the recycling
concepts, in 2000 eight cities (Beijing, Shanghai, Guangzhou, Shenzhen, Nanjing, Hangzhou,

Xiamen and Guilin) were chosen as the test cities for promoting waste sorting for recycling. Due



to the poor performance of those chosen cities in the past decade, more and more debates,
complaints and discussions about how to efficiently improve the situation occurred. Following is
a summary of opinions and conclusions that appeared (Liu, 2014):

1. Lack of investment. This is one of the most common criticisms. It is widely believed
that the government did not invest enough in the recycling sortation programs in those cities in
infrastructure, equipment, policy and education.

2. Lack of a complete recycling system. This can be considered as one of the results of
insufficient investment. One of the phenomena that reflect this is that most of the time, the sorted
waste that is collected in communities will be mixed again during transportation and then be sent
to the landfill. This phenomenon has been considered to be very harmful to the people’s positive
view of doing recycling sorting and renders the previous sorting efforts in vain.

3. Lack of public awareness. Most people express a supportive attitude towards recycling
in the community but have no idea how to do recycling (Ma, 2015) (Fu, 2015), which seriously
damage the performance of recycling systems, especially the sortation part. In most cities, the
designed sorting and recycling plan did not work as well as the government and the public
expected.

China still has a long way to go in improving its recycling system to reach higher
recycling targets which other developed countries have already achieved. This improvement
process takes time and continuous changes to adapt the direction to the current situation. The
United States, although it has many differences from China based on economy, geography and
demographics, still has possible examples and solutions for China’s municipal recycling systems.
To set up a complete system of recycling, the United States also experienced decades of

development and changes. In the late nineteenth century, after George E. Waring, Jr. first



constructed a comprehensive system of public-sector management in the United States, more and
more cities in U.S adopted advanced systematic waste collection systems. Landfill owners began
declaring their properties off limits to casual scavenging. This change has been believed to be
one of the reasons that caused individual scavengers to gradually lose their position in the
recycling system in the U.S. (Rathje & Murphy, 1992). People in the U.S. have kept exploring to
create municipal waste management systems that fit local regions the best. The situation in the
U.S. changed from time to time during this process as well. Factors like population, social
patterns and technology advancement had a big influence on the solid waste management system

According to EPA’s 1986 report “Characterization of Municipal Solid Waste in the United

States”, the increase of population would cause an increase in municipal waste; it is stated in the
report that a little over 1% increase in population would make any efforts designed to reduce or
stabilize the waste generation in vain (Franklin Associates, Ltd., 1986). Also, the increase of
affluence at a personal level in the U.S. after World War 1l and changes in social traditions (more
women entered the work force than before) increased the consumption of packages of frozen
dishes (Franklin Associates, Ltd., 1986), which resulted in an increase in waste.

The recycling system in the United States grew up along with the development of a
revolution in packaging materials. Recycling has long been a hot topic in packaging history. One
example is the commercialization of plastic materials. Back in the 1960s, when plastic packaging
materials began to take a large amount of the packaging market, scholars, environmental
protection organizations, residents and policy makers started to focus their attention on recycling
issues related to this new packaging material and the impact that this new material would bring
to the traditional recycling system (mainly dealing with paper, glass and metal). Companies who

were eager to use this new material in their packages due to its outstanding properties including



light weight, low cost, accessibility, etc. were forced by the public to work on addressing the
recycling problems as well. Government also took a role in increasing the recycling rate of
plastics. The “Container Deposit Law” (or “Bottle Bill”) that launched in Oregon is one of the
most famous examples. Until today, the United States is still working on increasing its recycling
and composting rates for municipal solid waste. The new “Advancing Sustainable Materials
Management (SMM): 2013 Fact Sheet” which was previously referred to as “Municipal Solid
Waste Generation, Recycling, and Disposal in the United States: Facts and Figures” shows a new
trend in the United States’ government concept of recycling and municipal waste management.
The efforts in the past two decades of improving the recycling system in the United States seem
to be actually and positively affected recycling. A lot of traditional recycling categories have
reached high recycling rates. For example, the recycling rate of lead-acid batteries has reached
99.0%, the recycling rate of steel cans reached 70.6% and the recycling rate of
newspapers/mechanical papers reached 67% (EPA, 2015).

This thesis is a starting point to compare the two recycling systems both in China and the
United States to develop suggestions for making better solutions in doing package recycling.
Two universities, Hunan University and Michigan State University, were selected as examples
for detailed study on how the recycling system works currently in both countries.

Hunan University is a famous university in China (Hunan University, 2015). There are
38,800 students and staff in this university. Most of them live in the campus area. The area of
Hunan University is 1.55 km? with 1.02 km? indoor space (Hunan University , 2014). Michigan
State University (or MSU) currently has approximately 55,185 students and staff on campus with
a total area of 21 km?, of which 8.5 km? is in existing or planned development (Michigan State

University, 2015). The university also has 2.13 km? (Michinga State University, 2015) indoor



space. Michigan State University is one of the universities in the U.S. that has its own recycling
center (other such universities include Utah State University, Ohio State University and the
University of South Carolina). The major difference between Hunan University and Michigan
State University from a recycling perspective is that it is located next to the most famous tourist
attraction in Changsha city - the Yue Lu Mountain. Thus in addition to the debris created by the
people on campus every day, recyclables in trash created by tourists will also be an important
factor in the recycling system. There are currently 28 garbage collectors and janitors working for
Hunan University doing trash collection and cleaning. The recycling center in Michigan State
University has 3 full time staff and 8-10 students on the sorting line. Mr. David Smith, who is the
waste coordinator for this facility and has worked there for 2 years, was interviewed for
information about the facility. The facility includes the Surplus Store and the recycling center.
Characteristics of the two cities, Changsha (where Hunan University is located) and East
Lansing (where Michigan State University is located) were also examined since the policy and
properties of the local government on recycling have considerable effects on how the recycling
system works in both universities. Comparison of the recycling systems was based on legislation
and organizations, technology, economy and culture in order to make suggestions for further
development of recycling. These two reasonably similar universities were chosen as a
manageable starting point for making comparison of recycling systems in China and the United

States.



2. Legislation and Organizations of Solid Waste Management

The historical background for solid waste management legislation and organizations in
China is distinct from those in the United States. The recycling legislation or organization system
in the United States is a kind of from “Down to Up” mode, which means the recycling concept or
activities of the community (like Michigan State University), local government, and state
government often run forward and provide great suggestions for recycling improvement on the
national scale. This characteristic contributes to the highly complicated and diverse recycling
legislation and organization system. Unlike that, the mode in China is more “Top to Down” type,
which means most of the legislation and organization system in China is constructed on a general
standard set by the central government. The differences in recycling systems are always caused
by geographic, demographic or economic reasons that lag some places behind, rather than
creating a system suitable for the local environment. The following sections in this chapter list
some typical legislation and organizations relating to recycling to make a comparison and
discuss how the differences between these two countries affect the recycling systems in Hunan

University and Michigan State University.

2.1. China

The current solid waste management system in China was developed in the 1980s. Before
that, the central government was in charge of almost every aspect of solid waste management in
China. But with rapid economic development and a big increase in the administrative cost of
maintaining solid waste management on a national scale, the central government finally decided

to give local governments the power and responsibility to deal with their own solid waste



management. But certainly the central government still maintains the capability to regulate the
solid waste management system on the national level. For example, the Ministry of
Environmental Protection of the People’s Republic of China is one of the organizations that are
in charge of the monitoring and management of municipal solid waste at the national level. Local
governments, which are responsible for selecting appropriate locations for recycling collection
facilities, are now playing the major role in China’s recycling system. The local Sanitation
Bureau takes on more detailed and practical work such as cleaning, collection, storage,
transportation and handling of the solid waste. They also undertake responsibilities which
include providing data evaluation to assess the results and impacts of dealing with municipal

solid waste.

2.1.1. Laws and regulations

2.1.1.1. Law of the People’s Republic of China on the Prevention and Control of
Environmental Pollution by Solid Wastes

The first version of this law was established on 10/30/1995. The most recent revision was
in 2014. This law is the main legislation for pollution control and solid waste management in
China (Chen et al., 2009). It established the fundamental requirements for MSW. There are
several points directly related to municipal waste management and recycling.

1. This law established requirements for local governments to collect, transport, and
handle the municipal waste and to increase the percentage of “innocent treatment
of municipal waste”. Innocent treatment of municipal waste means collecting all
the garbage created by the city residents and transporting the garbage in confined
vehicles. The garbage should be treated under safe conditions and the facilities

7



that deal with the garbage should discharge only pollutants that obey the
environmental protection requirements.

2. The process for improving garbage sorting and transportation will be gradual.
Innocent treatment and appropriate usage will be encouraged.

3. The local government should manage and set up recycling facilities.

2.1.2. Organizations

2.1.2.1. Environmental Management of Solid Waste in China

Some of the laws and regulations about solid waste were established by the department
named “Environmental Management of Solid Waste in China” which was set up in February
2006. This organization is under the control of the Ministry of Environmental Protection of the
People’s Republic of China (Environmental Management of Solid Waste in China, 2015). The

major responsibilities of the organization include:

1. Compose the laws and regulations and management rules for solid waste

2. Inspect and manage imported waste

3. Provide technical support for hazardous waste management

4. Monitor and manage the operation and process of the national hazardous waste
center

5. Construct and manage the national solid waste information management system

6. Construct national solid waste management records and data base

7. Assist with hazardous waste pollution accidents

8. Instruct solid waste centers on the provincial scale

9. Conduct activities of education, technical communication and consultation.



10. Other work assigned by the Ministry of Environmental Protection of the People’s
Republic of China.

This organization is a relative new organization in the official environmental
protection system in China. Thus information that is related to this organization has not yet
been updated in the system. For example, although the Environmental Management of Solid
Waste in China states that it is a subsidiary of the Sino-Japan Friendship Center for
Environmental Protection (Environmental Management of Solid Waste in China, 2011).
However, the organization dendrogram of “Sino-Japan Friendship Center for Environmental

Protection” does not show the Environmental Management of Solid Waste (see Figure 1).

2.1.2.2. Ministry of Housing and Urban-Rural Development of the People’s Republic of
China (MOHURD)

MOHURD is in charge of the cleaning, collection, storage, transportation and final
disposal of municipal solid waste in China (Chen et al, 2009). The range of responsibilities of
MOHURD (Ministry of Housing and Urban-Rural Development of People's Republic of China,
2015) is quite wide, and involves almost all the aspects regarding to construction work in urban
and rural areas in China. Among the 13 major missions, there is one point that connects to the
municipal waste management the most closely, which describes the mission as promoting the
energy saving of construction and cities and setting and monitoring the application of policies
and regulations. In addition to that, MOHURD also undertakes large projects that aim at

reducing waste and saving energy.



Institute for Environmental Reference Materials Ministry of
Environmental Protection

National Research Center for Environmental Analysis and
Measurement

Centre for Environmental Education and Communication of
MEP

Environmental Protection Centre

Ministry of Environmental Protection of the People’s Public of China

Environmental Development Center of MEP (Sino-Japan Friendship Centre for Environmental Protection)

Administrative Divisions

Figure 1 Trimmed Organization dendrogram of the Environmental Development Center of the
Ministry (Organization Structure , 2011)
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2.1.2.3. Local rules

Changsha is not the most advanced city in China in recycling. But in recent decades, due
to the rapid urbanization and industrialization process, improving the MSW management system
has been one of the priority considerations of the local government. According to the “2014
Changsha Solid Waste Management Report”, the municipal solid waste increased by 11.6% from
just under 1.7 million metric tons in 2013 to nearly 1.9 million metric tons in 2014 (Changsha
Environment Protection Agency, 2015). The high speed of increasing municipal solid waste
forced the local government to take action to deal with it. Setting up new solid waste
management rules is one of the primary actions that the local government took in the past five
years to improve its solid waste management system. The two rules that stand out are the
“Changsha Government Rule” and the “Changsha Food Waste Management Rule”.

The “Changsha Government Rule” was released in 2000 to replace the previous
municipal solid waste management rule of 2/19/1998. Two chapters of the total nine chapters are
relevant to solid waste management, which also includes content related to construction waste,
medical waste, punishment and so on. The rules regarding municipal solid waste management
can be described as several violation situations followed by a corresponding fine range.
Moreover, the violation situations are written in a very vague and general manner, like one of the
rules that says “do not dump waste as instructed, will be charged a fee of 50 yuan ($8) to 500
yuan ($80)”, where no detailed information is provided on what is the instruction and who will
charge the fee, etc. It is obvious that most of the rules in this document will not be smoothly
applied to residents’ daily lives.

The “Changsha Food Waste Management Rules” were established on 12/08/2010, and

went into effect on 06/01/2011 (City of Changsha, 2011). Although most of the food waste is
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used for composting or energy recovery, it is still worthwhile to discuss this food waste
management rule since it set up an example for a possible mode to improve recycling in
Changsha. In Changsha, selling food waste is an important source of income for most of the
restaurants. Thus before this food waste management rule, most of the restaurants sold their food
waste to a middle man or directly to people from an illegal refinery. The appearance of this rule
was primarily aiming at ending this food waste trade which threatened public food safety and
health by refining the used oil and selling it as edible oil. Lianhecanchu (Figure 2) is a contract
company which is responsible for collecting food waste from over 3,000 large or medium
restaurants in Changsha and refining food waste to biodiesel and methane (Xinhua News, 2015).
A representative of a restaurant, Saint Tropez Hotel, (see Figure 3) in Changsha that has signed
an agreement with the contract company (Lianhecanchu) for collecting their food waste was
interviewed to see how the system currently works. Based on the interview, the sample restaurant
is actually obeying the rule to some extent. Figure 4 is the food waste record in Saint Tropez
Hotel. There are 7 requirements for filling out this record: 1. The records must be taken every
day; 2. The time of collection should be detailed from month, days, hours to minutes; 3. Records
should not be changed; 4. The inspector should inspect the restaurant at least twice a week; 5.
The records will randomly be checked and recorded; 6.The records should be authentically taken
and obey the “Food waste management regulations of Changsha”; 7. Restaurant is responsible
for properly keeping the records. Punishment will result to a restaurant which has lost this record.
Currently it is hard to get actual information about whether the restaurant submits all their food
waste to the contract company. But, new waste management rules actually influence and shape

the way people are treating and dealing with food waste. Within two years, the company that is
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responsible for collecting food waste has already signed contracts with over 93.3% of the major

restaurants in Changsha (Hunan Daily, 2014).

b s [
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Figure 3 Food waste carts in Saint-Tropez Hotel in Changsha
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Figure 4 Food waste records

2.2.US.

Before the birth of plastic, the U.S. already had a well-secured recycling system for
traditional packaging materials like glass, paper and metal, etc. (Feldman & Wolf, 1984). There
is no national legislation forcing people to do recycling in the United States. However, some
states have their own legislation to help promote recycling. For example, California, Michigan
and Oregon (among others) have “Bottle Bills” to increase the recycling percentage for beverage
bottles. The following section will discuss some organizations and legislation that are related to

recycling in the United States.
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2.2.1. Organizations

2.2.1.1. EPA:

The United States Environmental Protection Agency or EPA was established on
2/12/1970. This organization is not specially designed for the waste management function in the
United States. One of the accomplishments of this governmental organization is releasing
general reports about the municipal waste management situation in the United States. Those
reports provide an overview of the municipal waste management process from the government
side. For example, the most recent version was published in 2015, named “Advancing
Sustainable Materials Management: 2013 Fact Sheet”. It changed the previous name “Municipal
Solid Waste Generation, Recycling and Disposal in the United States: Facts and Figures”, which
includes municipal solid waste categories, data and facts. This organization uses a “materials
flow method” to estimate the net discards of the United States on a national level, which takes
the rate of the tons of recycled materials divided the tons of total domestic materials production
(and imported materials) as the national recycling rate. Figure 5 provides a general idea about
how the methodology works. EPA’s first report “Characterization of Municipal Solid Waste in
the United States 1960 to 2000” was released on July 11, 1986. The “materials flow approach”
(see Figure 5) was adopted as the methodology used in this report. The data in the report
included quantity and composition of MSW in two categories - materials and products (Franklin
Associates, Ltd., 1986). This report laid the framework for the subsequent MSW reports released

by EPA.
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Domestic
Production

Net Discards

Imports Diversion
Discards before Discards after
Recovery Materials Recovery
Exports
Materials Energy
Recovery Recovery

Figure 5 Methodology of EPA in calculating net discards
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2.2.1.2. EAC
The EAC (Environmental Action Coalition) was a hon-governmental pioneer in research
on plastic recycling issues. The plastic research project that started in 1984 led by EAC provided
a new view of applying data in assessing the recyclability of the waste stream (Feldman & Wolf,

1984). This organization does not exist today.

2.2.2. Some recycling related legislation in the United States

Although the United States does not have federal laws directly regulating recycling, there
are still lots of laws and regulations related to recycling activities in the United States. For
example, “Bottle Bills” have been passed by 11 states - New York, Michigan, Massachusetts,
Vermont, Oregon, Maine, lowa, Connecticut, California, Hawaii and Guam. The city of
Columbia, Missouri repealed this law in April of 2002 and the state of Delaware repealed this
law in 2010 (Bottle Bill Resource Guide, 2015). Even though the primary intention for the
“Bottle Bills” is to reduce litter rather than collecting bottles for recycling, the bills helped a lot
with plastic recycling in the United States.

Also, there have been some attempts to set up recycling laws directly related to the
packaging industry in the United States. Packaging taxes is another concept that was raised
around 1980-1990s. For example, the H.R.5197 Recycling Promotion Tax Incentive Act of 1990
was introduced but did not make it out of committee (Eckart, 1990). Another concept that had
the same fate was the Recyclable Materials Science and Technology Development Act (H.R.
500), which was first introduced in 1988 by Representative George J. Hochbrueckner. This Act
was the first comprehensive recycling legislation in the U.S. Congress (The Library of Congress
Thomas, 2015). In addition to that, a county in New York and some communities in California
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(and some elsewhere) established another type of legislation — the material ban. For example, in
1988, Suffolk County, New York, passed a law banning the use of polystyrene foam cups, plates,
packing peanuts, coolers and clamshells, etc. because they were considered not recyclable.
However, this rule was overturned on 9/22/2015 since the local judge considered those products

can be recycled (Dokoupil, 2015).

2.3. Discussion

It is clear that organizations and legislations for recycling have experienced plenty of
changes in the past decades in both countries. The way for developing a better recycling system
is not always smooth and easy. And the birth of new materials and packaging also brings
challenges and changes to recycling legislation systems. For example, in the 1980s, the United
States experienced a “confusion” time dealing with recycling issues when the “new” packaging
material — plastic - came into the spotlight. One of the examples that provided for confusion in
recycling of plastics is “degradability” versus “non-degradability.” Lots of companies took
advantage of the unclear definition of the concept and released new plastic materials claiming
that the great “degradability” of the materials could help the recycling process and reduce harm
to the environment. In “Plastic-America’s Packaging Dilemma”, the author emphasized the need
for national level recycling activity several times (Feldman & Wolf, 1984). Not all of the
environmental protection agencies immediately took action. The EPA faded from the public
debate at that time. Only FDA established some health regulations directly related to recycling.
Due to EPA’s absence, debate at the local and state levels about issues pertaining to packaging,
waste reduction, recycling, and safe disposal created an ever-escalating political controversy

(Feldman & Wolf, 1984).
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In its early stage of setting up recycling legislation, the United States tried to put some
legislation in the upstream of the recycling chain, which means to regulate the producers’
behaviors to help recycle better. But from a packaging prospective, all of the efforts in that
direction failed. Currently there are no laws that manage producers’ packaging recycling.
However, the public’s recycling awareness and actions to protect the environment helped more
in forcing producers to improve their products and packages for better recycling results. For
example, back in the 1980s and 1990s, the major agencies in the United States dealing with
recycling worked hard to raise the public awareness of recycling new packaging materials such
as plastics. That public awareness turned back to pressure on packaging material suppliers and
product producers or even retailers to figure out ways to improve the “recyclability” of their
products. In the 1980s, the awareness of the public had great impact on improving recycling
systems even before laws were issued in the United States. But, without legislative efforts, the
recycling just does not seem to move forward at the expected speed with the desired results. One
example is New York State’s mandatory deposit law. After the first year of the establishment of
this law, the recycling rate for all cans increased from 5 percent to 59 percent. Also glass and
plastic experienced a great increase in their recycling rates (Feldman & Wolf, 1984). The
recycling system in both the United States and China involves governmental legislation and
organizations and efforts from the public. However, the public in the United States affects the
recycling system on a greater level. The public can let producers know they need to improve
either the design or production process of their products and packaging to increase their sales.
The public’s proactive role in recycling also contributes to more effective and systematic

legislation that can help improve recycling quality.
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Unlike the situation where communities have a big influence on recycling in the United
States, current organizations and legislation are still the main forces that move China’s recycling
system forward, since the public awareness of recycling is not high enough, which does not only
indicate the proportion of people who know they need to recycle material but also how, where,
why and when to do recycling, This is kind of like the legislation situation that the United States
had in its early stages. However, China has a much more complicated system. Hundreds of
domestic recycling companies and international companies also want to join the recycling market
in China. Interestingly, when checking online recycling information for recycling in cities, most
of the information that pops out for the US is government regulations, guides or posts. For most
parts of China, the “recycling companies” seem to have a much more influence on shaping the
concepts of recycling system than the public at the current stage. Perhaps in the future when the
public realizes the importance of comprehensive recycling systems, those companies will work
with the government to change the current recycling system. This phenomenon reflects the fact
that, unlike in the United States, China is focusing more on its recycling downstream, which is
consumers and companies that try to solve recycling problems. There are some basic situations
that make the mode in China work so differently.

First, informal waste collectors hide the fact that there are lags in construction of
recycling systems from the public in China. Currently, government still needs the informal waste
collectors for creating jobs. It is estimated that roughly 3.3 to 5.6 million people in China are
doing informal garbage collection to make money. Most of them are poorly educated and low
income. For example, in the combination of the urban and rural areas of Beijing, around 170,000

people depend on garbage collection to make a living (Xinhua News, 2014).
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Second, the lack of the government’s “ability” to restrict the upper stream of the
recycling process causes the development of recycling processing to be slow. Recycling is giving
way for economic development. Economic development still plays the major role in China’s
society. Although the basic law of “Law of the People’s Republic of China on the Prevention and
Control pollution of Environmental Pollution by solid waste” said that the producers have the
responsibility to take back their packages or products to prevent pollution, those producers are
only limited to certain categories and most of the producers are not required to do detailed
actions to recycle their products. For example, there is general information in the “Law of the
People’s Republic of China on the Prevention and Control of Environmental Pollution by solid
waste” and the local rule in Changsha that says that producers have the responsibility to properly
recycle and deposit their waste. However, the details of punishments for violations and
instructions for producers to follow are still not available. Figure 6 is a brief model indication for

how legislation is positioned in both countries.

US Mode:
Public Awareness
Legislation
Producer’s action
Public action

China Mode:

Legislation Recycling companies
Public action Public Awareness Producer’s action

Figure 6 Model for recycling system of the U.S. and China
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The model shows that the public’s force plays a primary role in improving the recycling
system in the United States and the legislation system as well. But the legislation system is also
needed to secure the consequent required performance of the recycling system. For China, the
recycling improvement system is still loose. Legislation has kind of an equal role with recycling

companies to manage and upgrade the recycling system in China.
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3. Technology

There are four major steps in a complete recycling system, which are collecting, sorting,
transporting and disposal. On the campuses of the two universities, collecting, sorting and
transporting processes can be observed. So those three steps are selected for further discussion in

this chapter.

3.1. Recycling procedures in two universities

There are not many differences between the recycling system structure in Hunan
University and Michigan State University. In Figure 7 and Figure 8, the major steps of recycling
are listed. Both universities have three stages of recycling: 1. Collection, 2. Processing, 3.

Transporting.

Collecting

‘,

MSU transportation system

e

MSU recycling center > MSU Surplus store

&

|

Transportation system

&

J ! N,

Broker Material  recycling Disposal

Figure 7 Recycling process model of Michigan State University
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Figure 8 Recycling process model of Hunan University

The recycling center in Michigan State University plays a critical role in handling the
recycling procedure. The old facility was established in 1988 after students petitioned the Board
of Trustees for a focus on recycling (Michigan State University, 2015). The new facility, which
includes a recycling center, a 24/7 drop off center, and a Surplus Store, was opened in 2009. The
facility could handle 10 million tons of solid waste in 2013. The recycling center has its own
transportation team and can provide a comprehensive waste management solution for the entire
campus. In Figure 7, the steps in the green squares mean that the process happens on campus
and Michigan State University is in charge of it. It is obvious that this recycling center provides
technologies that can cover collecting, sorting and transporting.

Figure 8 shows the recycling system structure in Hunan University; the yellow steps
mean that Hunan University is in charge of the process. The blue steps mean other individuals or
organizations (especially local governments) are in charge of the process. The garbage collector
part is kind of a mix of both of them so is marked with an orange color. It can be seen from the
recycling structure that Hunan University actually has limited capability in managing its

recycling system.
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This limitation can be interpreted as due to high dependence on government, limited
capital for on campus recycling and unwillingness to update the recycling system on campus.
Nevertheless, lack of appropriate recycling technology is one of the reasons for the situation. The
following section will compare the recycling technology that each university uses, to spotlight

the differences

3.2. Collection

Collection is the starting point of a complete recycling process. Compared to
transportation and processing, this stage involves less technology.

There are three waste collection systems working together in and around Hunan
University: Hunan University system (the garbage cart used in this system can be found in
Figure 9), Juzi Continent (the garbage cart used in this system can be found in Figure 10) and

Yue Lu Mountain (the garbage cart used in this system can be found in Figure 11).
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Figure 10 Garbage carts of Juzi Continent
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Figure 11 Garbage carts of Yuelu Mountain

These three systems share the same waste transfer station in the area. The garbage
collectors in all three systems dump the waste that they collect every day at the waste transfer
stations. During this process, the garbage sorting totally depends on the garbage collectors. There
is no formal procedure or available machinery to help to separate the recyclables from the non-
recyclables among the collected waste at this stage. Another feature of the recycling system in
Hunan University is that the districts of the three systems are separated clearly. Actually, conflict
of interest may exist to some extent. The staff in the system usually do not have professional
knowledge of recycling. They collect the bottles, papers or metals based on their personal
experience to judge if this kind of material is recyclable. The collection mode in Hunan
University described above is currently used by most of the communities in Changsha.

1. Individual recyclable collectors or individual recyclable collecting companies.

Residents will accumulate the recyclables that they collect every day until it is

enough to sell them to the recyclable collectors. Although there are some formal
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companies collecting recyclables for profit, most of the individual collectors and
private companies are “informal”, which means that they do not formally register
with the government and are not controlled by laws and regulations.

Collected by garbage bins.

Two-color divided garbage bins are the most commonly used garbage bins designed
to collect recyclables in public areas. The other bin is for garbage that contains no
recyclable items. On the street in Hunan University, a lot of two-color garbage bins
can be found (see Figure 22).

Open dumping.

It is also common for residents to dump their waste in places that are not a regular
landfill. Most of the recyclables dumped this way are construction debris.

Recycled by reverse vending machine.

This is a new trend in China. However, this mode is still in the testing stage. Different
waste vending machines (or “robots”) are entering people’s view. For example, in the
Dao Xiangyuan community of Hangzhou, a machine called “Intellectual waste
recycling platform”, which can recycle certain items in residents’ daily life, has been
introduced to the community. However, currently the recyclable items that are

collected by this machine do not include paper and paper board (see Table 1).
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Table 1 Value of items collected by "Intellectual Waste recycling platform” in Dao
Xiangyuan community (Zhou, 2014)

Item Value

Cola bottle 10 credits ($0.0016)
Colored glassware 15 credits($0.0024)
Cell phone charger 350 credits ($0.056)
Mouse and Keyboard 350 credits ($0.056)
Cell phone 1650 credits ($0.27)
Other plastic products 300 credits ($0.048)
Non-rechargeable alkaline battery 10 credits ($0.0016)
Mobile phone battery 50 credits ($0.0081)
CPU, Hard drive, CD driver, Main board | 1350 credits($0.22)

5. Other methods
Guangzhou adopted a pneumatic waste collection system from Sweden in 2004.
Three communities were chosen as tests for this new system. One of the communities,
Jinshazhou Community, reported that the system stopped working just a few days
after set up (An, 2009). The system did not work properly in any of the three
communities. Residents who live in the community said that they never had the
chance to actually use the system by themselves. Currently the garbage collectors
collect waste from the residents, and drop preselected wastes into the waste pipe

system (Lai et al., 2009).
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The mode for recyclables collection in Michigan State University is different from that in
Hunan University. But the Michigan State University mode also has a lot of similarities to the
recycling mode in the local area - East Lansing.
There are two major modes for individuals to recycle their waste in East Lansing:
1. Drop Off
1) “Container Deposit Law” mode. This mode developed from the previous glass
bottle recycling mode. When consumers buy certain drinks from certain
producers from retailers, they will pay a refundable deposit for the bottles of
the products when they check out. Once consumers return the bottles to the
retailers, they will get the deposit back (Bottle Bill Resource Guide, 2015).
This method is designed mainly for collecting plastic bottles and metal
beverage containers. There is a unique type of machine that is commonly used
at this stage, which is known as a reverse vending machine (see

Figure 12).

Figure 12 Reverse vending machine (Wikipedia, 2015)
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2) Drop-off centers. There is a drop-off center on the Michigan State University
campus available for both on campus and off campus residents. The recycling
center of Michigan State University has several big containers for residents to
dump the plastic, paper and paperboard, glass, metal and even books that they

collected in their daily life (see Figure 13).

Cardboard

S—

IDLE-FREE
ZONE

4}“

TURN
ENGINE OFF

Figure 13 Recycling bins in Dropfbff Center in Mich‘igan Staté Univrit. The :
containers on photo are used to collect cardboard and books

3) Collected by garbage bins. Most garbage bins in the city are one-bin systems,
which means recyclables are not separated from non-recyclable garbage.

Those garbage bins are located mostly in outside public areas, like bus
stations, on the roadside and at the door of shopping malls, etc. However, at
Michigan State University, bins for collecting different recyclables have been

set up. There are several types of recyclable materials that those bins collect:

mixed paper (newspaper and inserts, boxboard, beverage boxes, catalogs,
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directories, magazines, junk mail, envelopes, post-it notes, ream wrappers,
cards), glass, metal and plastic (water bottles, jugs, grocery bags, frozen food
trays, steel/tin cans, aluminum foil, bottle caps, jar lids) and office paper
(computer paper, letterhead, notebook paper, tablet white paper, copy paper,
index card, ink and staples). That information is printed on notices above the
containers (see Figure 14).

2. Curbside pickup mode. In areas like East Lansing, this approach is the most
commonly used method to collect recyclables that are generated in daily life by
households. People who use this method will buy a certain type of container from
the local government or a private company for separately collecting recyclables.

For example, a blue recycling bin (see Figure 15) can often been found outside of

residents’ houses for collecting recyclables.

ACCEPTED

Newspaper and Inserts

ACCEPTED
Computer Paper
Letterhead

Notebook Paper
Tablet White Paper
Copy Paper (All Colors)
Index Cards

Ink and Staples OK

PLASTIC / METAL im~

Boxboard (Cracker, Frozen
Food Roxes)
Beverage Boxes
Catalogs
Directories
Magazines

Junk Mall

All Envelopes
Post-it Notes
Ream Wrappers
Cardy

NOT ACCHPTED
Laminated Paper
NO FOOD WASTE

0_;

NOT ACCEPTED
Laminated Paper

OFFICE PAPER 5

Figure 14 Recyclable item details on the garbage bin in Michigan State University
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Figure 15 Blue recycling bin and new recycling cart in East Lansing
(City of East Lansing, 2015)

The recyclables collection system is complicated both in China and the United States due
to their diversity and broad territory. For example, due to the poor performance of the two-bin
garbage collection system (since few people actually follow the instructions and put waste in the
right bin) and high investment, Guangzhou stopped using the two-color garbage bin system in
2007 (Yangcheng Evening News, 2015). However, some other cities like Changsha still use the
two-color bins to collect and sort garbage. In 2014 new two-color bins were set up on the new

streets near Changsha University (see Figure 16).
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Figure 16 Two-color bin garbage contianer in front of Changsha University

3.3. Transportation

In Hunan University, the first step of transportation for recycling is a cart. Usually the
cart is accompanied with a crate or a plastic bag, which is used by garbage collectors to collect
possible recyclables from waste before dumping it. This is the common way that most of garbage
collectors use to gain extra income. Figure 17 shows the typical garbage carts used in Hunan

University.
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Figure 17 Typical trash cart in Hunan University

The next step is sending collected garbage to a waste transfer station. The garbage
collected in all three garbage-collecting systems (Hunan University, Juzi Continent and YueLu
Mountain) will be gathered in the waste transfer stations. So, basically, those waste transfer
stations will be the final point of garbage flow in this university area. After this, the garbage will

be taken over by the garbage truck operated by the local sanitation bureau.
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Figure 18 A waste transfer station near Hunan University (Baidu Map, 2015)

There are two things to be noticed in this situation. First, the waste transfer station does
not have any equipment or regulations to strictly separate recyclable and non-recyclable
materials. But before dumping the trash, most of the recyclable materials have been taken out of
the flow by the garbage collectors. The black plastic bag on the cart that is shown in Figure 19 is
used for this purpose. Second, a few recyclables that have relatively high value (bottles, metal,
books and so on) can be found in the sunken garbage tank, which is a hole in the ground that
temporarily stores waste that was collected by garbage collectors (see Figure 20). According to
the definition of “Transfer Stations” from EPA, the waste transfer station only works as an
assembly point for trash collection. There are no requirements for waste transfer stations to sort
or collect recyclables (U.S. Environmental Protection Agency, 2015). Based on this information,
both in China and the United States, the functionalities of the waste transfer station do not
include sorting for recycling. In China, during or after dumping in the waste transfer station, the

staff will sometimes sort the recyclables.
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Figure 20 Trash pool in waste transfer station in Hunan University
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3.4. Processing

Two types of waste processing facilities - MRFs (materials recovery facilities) and
MWPFs (mixed waste processing facilities) - can be found in Changsha. East Lansing currently
only has one MRF facility. The MWPF for Changsha is located in Hongshangiao. The facility
constructed the first sorting line in Hunan Province in 2010. However, the sorting line stopped
working after 18 months of operation, which caused the municipal waste to be transferred
directly to the landfill without any recycling in the facility (Pu, 2013). Concentrated complaints
from the residents about the bad smell released from the facility were reported by the local media
(Hunan Daily, 2014). It was also reported that the company that was responsible for running this
line complained that the unexpectedly low profits generated by this sorting line forced them to
shut it down. The company had nearly a hundred and sixty thousand dollars loss per month for
running this line (Pu, 2013).

Most of the MRFs in Changsha are run by private and informal parties. Although the
number of such facilities was reduced in urban areas in recent years due to the price drop of
recyclables and local governments efforts to shut down such facilities to prevent pollution and
protect public safety (some facilities blocked the street and stored tons of flammable or toxic
materials), it is believed that those informal privately owned MRFs chose to relocate in fringe

areas (Meihekou yangshengzixunwang, 2015).

3.5. Discussion
“The 12" Five-Year Plan Outline” was released by China’s Ministry of Science and
Technology, National Development and Reform Commission, and five other ministries and

commissions jointly (China Briefing, 2012) in 2010 as a short term national plan for next five
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years (2011-2015). Section two of the twenty third chapter of this document listed some general
ideas about how to construct the recycling system in China. According to the document, “reduce”
is the most important consideration among “reduce”, “reuse” and “recycle”. The plan also aimed
at constructing a resource recycling system that will cover the whole society. The plan calls for
the development of recyclables collection centers, transfer centers and sorting centers, and
markets. Those four things will be the key points in the recycling system (National People's
Congress, 2010).

China has been adopting new technologies for waste management in recent years. In
2001, facing huge municipal waste management demands, a lot of companies with more
advanced technology and capital, used the BOT (Build-operate-transfer) mode to import new
recycling technologies. Private companies often sign a contract with local governments for
constructing new recycling facilities, maintaining the facilities and handling the operation for a
certain period. After that, the local government will take over the facilities that were constructed
by the private company (Wikipidia, 2015). This mode makes advanced technologies and
facilities, especially incineration, become an economic choice available for local governments.

Most of the time, the garbage bin is the most common way for collecting trash. Figure 21
and Figure 22 show the typical trash containers in both Michigan State University and Hunan

University.
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Figure 21 Garbage collecting container in Michigan State University

Figure 22 Garbage collecting container in Hunan University
Hunan University still uses the two-color garbage containers (see Figure 22). The green
bins are for collecting recyclable materials and the yellow bins are used to collect non-recyclable

materials. At Michigan State University, the trash bin used to collect recyclables is often
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separated into 4 categories: 1. Plastic and metal; 2. Mixed Paper and box board; 3. Office paper;
4. Landfill trash. The garbage container system in Michigan State University is much more
complicated and contains much more detailed information and instructions to guide people how
to separate the trash in their hand that will go into the recycling system. Every container (except
ones for landfill trash collection) that is designed to collect recyclables has a label for
instructions with items that can be thrown into the container (see Figure 14).

Like many other countries in the world, China has tried many different technologies to
raise the efficacy and effectiveness of collecting recyclables.

In the 1980’s, people in the United States started to carefully look at their plastic
recycling system. This situation happened partly because a relatively mature recycling system for
“old” packaging materials - paper, glass and metal (aluminum) was already established (Curlee,

1986).
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4. Economy

Although both China and the United States emphasize the importance of recycling,
economic factors still play one of the decisive roles in the development of recycling. It is almost
certain that the countries with better economies will have more advanced recycling systems.
Currently, developed countries in Europe, Japan, the United States and Canada, etc. are in the
first class on recycling on a global scope. Those countries have more advanced recycling
technologies, relatively mature recycling systems and long recycling experiences to learn from
for developing countries like China. Also, cost effectiveness can be considered as one of the
most important factors for promoting new and more advanced recycling systems. It is often the
case that the high cost of introducing new recycling technologies and systems drives local
governments away from improving the current system in China. Also, on an individual level,
gaining income from recycling (residents and garbage collectors from China) and reducing cost
from recycling (residents and business from the United States) are always big incentives for
promoting waste recycling and raising the recycling rate. The following section will analyze how
economic factors affect the recycling system functioning in both Hunan University and Michigan

State University.

4.1. Cost

4.1.1. Government

The total cost of MSW services can be separated into two parts: disposal and recycling
(Bohm et al., 2010). Most of the communities in Changsha have their own garbage collectors to
collect and send the garbage to a nearby waste transfer center. Staff from the local government
will then transport the waste to the general waste transfer center and the waste will be processed

for recycling or disposed later.
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4.1.1.1. Waste Collector Wage

In 2013, the average annual salary of a garbage collector was $ 32,730 in the United
States (US News Money & World Report, 2015) and the annual average salary of a janitor was
$25,140 in the United States (U.S.News & World Report Money, 2015). Compared to that, the
annual salary for garbage collectors in Changsha is from $2,288 to $3,428 (China Youth Daily,
2014). The salary of a garbage collector in the United States is over 10 times that in China.
Garbage collectors in the United States also receive formal training before they take the positions.
The average salary in the United States is $44888.16 (Social Socurity, 2015). The average salary
of garbage collectors in the United States is almost 73% of the overall salary level. In China, the
average salary in 2013 was $8302 (ChinalRN.com, 2014). The average salary of garbage
collectors in China is 43.4% of the average level. The comparison shows that the garbage
collectors in China do not have as strong financial support from their salary as their colleagues in
the United States. 18% or even more of their annual income comes from selling the recyclable
materials that they collected from the municipal waste stream (CNTV News Network, 2013). It
is really hard for these people to give up the benefits gaining from collecting recyclables by
themselves. Figure 23 shows the salary comparison of garbage collectors in both countries based

on the above information.
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Figure 23 Salary comparison of garbage collectors and janitors in China (China Youth Daily,
2014) & the United States (US News Money & World Report, 2015)

4.1.1.2. Residents costs

Due to the high level of diversity in demographics and geography, China has a lot of
different waste fee charging systems in cities. One of the waste fee charging models is there are
certain staff in every community to collect a fixed waste fee from each household and residents
can go to the local sanitary department to pay the fee . For example, in 2012, Guangzhou raised
its previous waste fee from 5 yuan, which is $0.79 per household per month, to 15 yuan, which is
$2.38 per household per month. But it is reported that only 20% of the waste fee can be collected
by the government using this method (Liang & Cheng, 2015). Currently, lots of cities in China
have adopted a new garbage disposal fee charging system. Although those systems have different
rules, all of them tie the submission of the waste fee with the submission of payment for water.

In general, the waste fee is either charged based on the amount of water that residents use or
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collected by the water supplier as a fixed amount (for example, Nanping charges every
individual household 15 yuan per month, which is $2.38 per month as a waste fee regardless of
how much water the household uses) (China Huanwei Technology, 2012). Changsha also began
to implement this system in 2010. Residents in the city were charged the waste fee by the amount
of water they used. For every ton of water use, the residents will be charged 0.3 yuan, which is
$0.048 (Liu, 2011). Since the water fee collection system is relative stable and mature in China,
the waste fee now becomes an obligatory charge for the local residents. The rate of submission
of the waste fee before using this new system in China was between 30%-70%, and the
administrative cost for collecting the waste fee is 20%-50% of the total fee collected (Guo &
Chen, 2005). After adopting this water consumption coefficient method, local governments saw
a big increase in the waste fee collection and decrease in the administrative cost of managing and
collecting it. In Shenzhen, for example, the rate of waste fee submission has reached 97% with
administration cost amounting to only 1% of the total fee collected (China Huanwei Technology,
2012). The waste fee is used for collecting, transport, recycling and disposal.

The average consumption of water per household in Changsha is around 15 m? per month
(News 938, 2014). Based on that, the trash management fee on average is 0.3 yuan/m3*15
m3=4.5 yuan. Thus the annual trash management fee will be 4.5 yuan/month*12 months=54
yuan, which is $8.70. This policy went into effect in Changsha in 2012.

In the United States, the residents in East Lansing also pay the local government for
dealing with their garbage. Usually, for a typical household, a recycling bin will be purchased to
contain recyclables and a 64-gallon easy cart will be used to contain garbage that will end up in

the landfill. The bins are used for curbside recycling while carts are used for garbage collection.
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Following is the list of costs for “Bins, Bags and Sticker Purchases” (City of East Lansing, 2015)

of East Lansing recycling.

Table 2 Bins, Bags and Sticker Purchases in East Lansing (City of East Lansing, 2015)

What Cost
Recycling Bin $7
Easy Carts $55(+0 annual fee) for 32-gallon cart

$70(+0 annual fee) for 64-gallon cart

$79(+75 annual fee) for 96 gallon cart

Yellow Bags imprinted with City logo (refuse)

$7.50 for a roll of 5 bags

City-issued Paper Yard Waste Bag imprinted

with City logo (collection cost included)

$1.50

Yard Waste Sticker for Non-City Paper Bags

and Rigid Plastic Containers

$1.50

Bulk Item Special Pickup Sticker

$15

Hazardous Waste Sticker

$40 (for items containing Freon)

Generic Bags

$10.50 per roll of 50 bags

So for a typical household in East Lansing, the average cost of garbage disposal can be

calculated as the sum of $7 for 1 recycling bin and $70 for 1 64 gallon cart. These two fees are

not renewed until the old trash containers are replaced with new ones. The average life time for

both containers can be estimated as 10 years. Yard waste can be disposed for free on the first two

Mondays in spring and fall (e.g. May 4 and May 18, 2015) (City of East Lansing, 2015). Most of

the residents tend to dispose of their yard waste on those “No-Fee Curbside Yard Waste

Collection” days. So the estimated average cost per household
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($7+$70)/10=$7.70. In addition to that, some payment for waste management is included in the
taxes paid to the city government.

In the fall of 2015, East Lansing will start a new recycling plan. The current recycling
bins (cost $7) will be replaced by new 96-gallon carts for free. The new containers will be able to
recycle corrugated board, which previously needed to be dropped off by residents for recycling.
Moreover, the routine pick up will be scheduled twice a month instead of once per week (Parker,
2015).

From the comparison we can estimate that the “visible” cost of garbage collection for
residents in Changsha is a dollar higher than that of the residents in East Lansing. There is no big
difference between the two cities. However, the “invisible” part, for example the taxes, is really
hard to estimate. Moreover, only a certain percentage of the total amount of the trash fee will be
paid for recycling, which also adds difficulty in accurately reporting how much a household paid

for their recycling activity.

4.2. Markets and Revenue

As mentioned before, Michigan State University has a special step which Hunan
University does not have - the Surplus Store, which actually affects a lot how the recycling
system will function. According to the interview with Mr. David Smith from the Michigan State
University Recycling Center, the recycling center of Michigan State University created gross
sales of $3 million in 2013 with $2 million of the sales returned to the departments on campus.
The Surplus Store operated by Michigan State University had net annual revenue of $1.2 million
in 2013 with gross revenue of $3 million dollars. The business that the Surplus Store is doing is

reuse rather than recycle, which means it sells items that have already been used or are unused
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but no longer needed by the previous owner. Michigan State University has combined this
surplus store with their recycling business, which actually benefits each part.

Also, one big attribute of the United States recycling system is its international waste
trade of recyables, which is also one of the most important differences in the recycling process
between China and the United States. China as a developing country that depends more on the
power of exports to drag its economy forward, consumes a huge amount of waste from the
United States and other countries to reproduce them into new products. China is the biggest
market in this trade. From 2000 to 2011, the export of waste from the United States to China
increased from $740 million to $11.5 billion. 11.1% of the imports in 2001 from the United
States to China were waste. The trend is shown in Figure 24 (NetEase, 2012). The “Green Fence”
is one of the triggers in recent years that caused a large amount of disccusion in the recycling
industry in the United States. This acitivity started from 2/1/2013 and lasted 10 months to
11/31/2013. The “Green Fence” was designed to restrict the contraband of forbidden and
dangerous garbage from foreign countires and enforce the management of imported solid waste
(General Administration of Customs of the P.R.C, 2013). Based on the fact that this trade existed
for the past several decades, and the economic situation remains the same currently, the trend
seems to not easily be reversed or changed in direction. Although international waste trade does
not directly affect recycling systems at either Michigan State University or Hunan Uinversity, it

affects the larger recycling environment that the two universities function within.
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Figure 24 Exported value of waste from the United States to China from 2000 to 2011 (NetEase,
2012)

4.3. Discussion

The recycling center of Michigan State University is a MRF, which also creates benefits
for the university. The economic system of the recycling process in Michigan State University
and Hunan University can be shown in Figure 25 and Figure 26.

In the model of Michigan State University, the products that can be reused (for recycling
from the university’s departments, a good proportion is used products or equipment that can be
sold again) are collected primarily from two sources: the university’s departments and “residents”
(university students, staff, and even some local residents). Departments provide more ready for
resale products and equipment than residents. Based on the information provided by the

recycling center, 80% of every sale over $100 will be returned to the department which provides
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the products or equipment. This part of selling reusable products is a very important source of
income in supporting the operation of the recycling center.
In addition to that, the recycling center also collects recyclable materials that can be sold

to brokers or some local recycling facilities.

Michigan State
University Departments

Broker
N @

Michigan State University
Recycling Center

' «Local

government
Michigan State
University “Residents” t

Own consumers

Figure 25 Cash flow model of the recycling system of Michigan State University

Hunan University’s Departments Cleaner Clcanerf ‘ Informal broker

» ‘ Hunan Elniversity’s

Hunan University’s “Residents <
Logistics Department ‘ Waste transfer center

Yue Lu Mountain’s tourists

Figure 26 Cash flow model of the recycling process in Hunan University
In Hunan University, due to its specific location, the huge numbers of visiting tourists

create an important source of recyclables. According to the interview with cleaners (Garbage
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collector of Hunan University, 2015) in the university area, on holidays or weekends, their work
load doubles from 4 carts a day to 8 carts a day. Their routine schedule is 2 hours/shift, 4 times a
day for cleaning up approximately a 100 m? area.

Compared to Michigan State University, the profits created by recyclables in Hunan
University are in a one way model. The recyclable materials are of low value (e.g. waste paper,
bottles, some small furniture) and are turned into private income for the garbage collectors on
campus. The profits never re-enter the recycling system on the Hunan University campus. The
profits are shared by the garbage collectors on campus, the informal garbage collectors at this
stage. For Michigan State University, part of the income from the recycling process goes back to
the recycling system on campus. Both the departments and recycling facilities benefit from the
recycling process. This circle in profits creates a relatively stable relationship between the
university, which is the service provider, and the departments, which are the recyclables
providers.

The profits flow model determines that the formal sorting facilities will be the major ones
in the United States. But China, in contrast, will face great challenges from the informal garbage
collectors. The formal facilities are not able to make profits from the recycling process. The
informal garbage collectors or even the formal garbage collectors have already separated the
profits from recyclables before they enter the formal recycling facility.

Creating a relative closed—circle structure will help strengthen the formal recycling
process, which means keeping the profits created in waste processing flowing to the people or
organizations who actually undertake the formal recycling process. In Hunan University’s case,
the organization that formally does recycling of the waste that is created in the university is

designed to be the MWPF in Changsha. However, since most of the recyclable materials are
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taken out of the waste flow by informal garbage collectors, the sorting line in the MWPF is not

able to create enough social benefits and economic profits to function normally.
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5. Culture

The curbside recycling programs in the U.S. grew rapidly from 1973 when it first started.
In the past decade, the residents in the United States have gotten used to this recycling method.
Especially for small cities with relative lower population density, this method is one of the major
methods that people are using for recycling. The Chinese government, no matter whether central
or local, emphasized 10 years ago that one of the major tasks in improving the recycling situation
IS to increase the awareness of residents to separate recyclables from non-recyclables when
dumping their waste. However, it seems it has not quite been a successful process. In addition to
the factors like legislation, technology and economy, recycling culture construction, which seems
to be a lagging part in the whole process, will provide part of the explanation of the current

situation.

5.1. lIdentity

Like other developing countries, informal waste workers play a very important role in
recycling in China. However, actual data about this group is hard to get since the unclarified
identity between the formal and informal recycling system is not well interpreted (Salhofer,
2014).

Scavengers have played an important role in the recycling process both in China and the
United States. However, the number of individual scavengers in the United States dropped
drastically in the 1970s. The big concern that scavengers would get hurt in their landfills drove
the landfill owners to keep individual scavengers out of their landfills (Rathje & Murphy, 1992).
In the United States, there are two types of people that usually collect wastes: janitors and
garbage collectors. One of the janitor’s jobs is to clean, dispose of trash, vacuum floors, and

clean spills (Payscale, 2015). Garbage collector is another occupation. Garbage collectors in the

53



United States collect waste from residential and commercial locations that will then be
transported to a landfill or incinerator. The garbage collectors usually need more professional
training than janitors. They need to know how to operate a garbage truck and sometimes need to
manually dump trash cans into the truck (Payscale, 205). The people in China who directly deal
with garbage and join the primary recycling process can be separated into three groups:
scavengers, garbage collectors and janitors. Individual scavengers who significantly depend on
collecting recyclables from landfill for their living almost disappeared in the 1980s in the United
States. However, in China, the scavengers seem to be pushed out of the landfills mostly by the
improvement of technologies and fierce competition between private companies that try to take
ownership of landfills.

In China, however, it is often the case that those three identities may belong to one person.
The interview (Garbage collector of Hunan University, 2015) on Hunan University campus can
reveal part of the reason. Formal waste collectors working on the Hunan University campus will
also help cleaning the campus, empty trash bins and sending waste to the waste transfer station.
Moreover, most of them also act as informal individual scavengers who collecting recyclables to
increase their income. Currently it is impossible to set a clear separation line between the “formal
sector” and “informal sector” of recycling in China. The janitors and garbage collectors hired by
the university and the local government can be considered as “formal” workers in the recycling
system. However, at the same time, they also collect recyclables and sell them by themselves to
increase their income. In most situations, this behavior is considered as an “informal” way of
recycling. It is estimated that 0.56%-0.93% of the total population in China is involved in

informal waste collection activities (Salhofer, 2014).
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5.2. Awareness

One of the major factors that affects the efficiency of recycling in one country is the
awareness of the importance of recycling by the public. But the recycling backgrounds for both
countries are different. Plastic recycling is a good example to show this cultural difference. In

1975, 65% of interviewees, most of them professionals in the recycling area expressed that they

were concerned that plastic materials would do the most harm to the environment of any other
daily used materials (Curlee, 1986). That was about the time when plastic materials were starting
to replace traditional packaging and construction materials (wood, metal, glass and paper) in
people’s daily lives. So the awareness and understanding of the recycling of this new material
has developed from nothing to a relatively mature stage. Compared to that, the plastic industry in
China started in 1921, which is almost 30 years later than that of the United States. The time for
people to catch up with the rapidly developed plastic material trend is relatively limited, which
may partially provide answers to the relatively simplified and incomplete control and awareness
of the plastic recycling system. The situation in the plastic recycling industry is not the only case.
Due to rapid economic growth, more and more new package materials appear in people’s daily
lives in China. While the parents’ and grandparents’ generations still remember they can trade
turtle shells to state owned recycling facilities for money, the new generation has already been
taught how to sort and recycle new packages and materials. It seems overwhelming for most of
the older generations in China, who also did not have enough education when they were young.
China is in a stage where most of the educated people are aware of the importance of recycling,
but few have any idea of what to do to actively participate in the systematic recycling process.
This phenomenon can be observed in the results of several surveys investigating the awareness

of classified collection of garbage in China (Liu J. , 2014).
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5.3. Information resources

Another question is how the current information resources help people in China to obtain
further understanding of recycling. If the recycling education system in countries like Japan that
have more detailed and strict requirements can be ranked as the top level, and the United States
is in the middle, perhaps China can only be counted as an entry level country. One of the obvious
clues is the information that a resident can get as their recycling instructions. Figure 27 shows a
part of the recycling hand book for residents in Yokohama, Japan, which shows when, where,
and how to dispose bottles or cans with very detailed instructions and images for explanation.
For residents in East Lansing, the website of the “City of East Lansing” (see Figure 28) has
detailed instructions and suggestions about how to do recycling in the area that are accessible to
the public. For example, for the new curbside recycling program, the curbside recycling guide on
the very first page lists 11 categories of recyclables. However, on the official website of
Changsha (China Changsha, 2015), there is no information about how to do recycling for citizens

to read.

56



Led Led fF L3t

N & E1E

" ke FYRETT

L YRED 5<AI ANTHLTTEE L,

. ERED-OHED (DHEE BH) B ATV B HFATA

L5141

£55M DHEDEFF-BUA-LESD-LESOITIE (BADBHEE) -
KLy /977&#7&%%(/77j'f(1b)7;c‘ib‘kio'(l.‘t£3 =055 bR

o & ks bRV oLk <31 At

z B «/q-a-m\*aﬁﬁ«mbk LTz
[HEED B (OREE B DUA SRAENTHA

Ll

UL\‘:JL;L_ FEHD
A<BIT ANTLIEE L,

/'.’\/ FRMLVD Sfed FNVEERTLT

772-}— /?Neﬁﬂﬁ ~
Oldhioy SNLLBEIETTOR GTHLL ,
hﬁg ﬁutﬁz% EL\ZT (r
oXEND ek wmﬁﬁr\ ; N
O5HLO Bk O A= L0 L%
d Y .
NG @Ry MRMUE DELT i

& EE  BAST ay = .3 LY
OEY BV U ZIL DT, Sy bR D ELRE SECLET. (Fry 70 3L Vs Bdh Ty a0 f 2E031%sYET.)

Figure 27 Part of recycling hand book for residents in Yokohama (City of Yokohama, 2015)

Create an Account - Increase your productivity, customize your experience, and engage in information you care about.

Gty of
EAST LANSING

HOME OF MICHIGAN STATE UNIVERSITY

tments & Divisions > Public Works & Environmental Services »

q Cart Program» Curbside Recycling Guide

Government Community Business Services How Do |...

Recycle Home

Curbside Recycling Guide

Drop-off Recycling Guide Curbside Recycling Guide

Other Recycling Options E " P s g .
East Lansing residents will receive their new recycling carts Sept. 28 - Oct. 3, 2015. Collection

with the new carts will begin the week of October 5 and 12, featuring a newly expanded list of

Recycle/Refuse Collection
Schedule Map (GIS)

curbside recyclables.

Recycle/Refuse Collection Recycling is easy in East Lansing! Recyclable materials can be placed in the recycling carts
Schedule Map (PDF) provided by the City of East Lansing on a bi-weekly schedule. View Recycle/Refuse Collection
Schedule Map (PDF) or Recycle/Refuse Collection Schedule Map (GIS).

FAQ
To learn about additional materials that can be recycled, visit Other Recycling Options.

Simple Recycling Click here for:

Figure 28 Recycling related webpage of the website "City of East Lansing” (City of East
Lansing, 2015)

57



6. Discussion

On an overall view, the recycling system in China has a 20-30 year gap compared to that
of the United States. And because there are so many differences between these two countries,
simply copying the U.S. recycling mode will not actually help improve the recycling situation in
China.

Thus, it is believed that the MRF mode in Michigan State University cannot be directly
applied to Hunan University. On one hand, Hunan University does not have enough recycling
support, which means that most of the Hunan University residents do not take recycling as
seriously as students at Michigan State University. This is partially because of the lack of
recycling education for the Hunan University residents, especially students. Although there are
some small scale recycling promotion activities or programs in Hunan University, for example, a
program named “Exchange Recyclables for Green Plants (see Figure 29)” in which students can
trade the recyclables they have collected for green plants, the influence that those activities
created is limited. On the other hand, the financial support from both local government and from
Hunan University is not enough for establishing a complete MRF recycling system. For internal
financial support, first, informal or some formal workers in the recycling system are sharing the
profits created by collecting recyclables on campus. Also, the residents of Hunan University still
have the tendency to sell items that are reusable or recyclable to private recyclable dealers. This
part of the income is not enough to provide significant financial support to establish a complete
MRF system on campus. Especially the recyclables sold by formal waste collectors, which is
roughly $16,000 per year ($48x12x28=$16,000), only amounts to a very limited part of the total
cost of construction of a new recycling system. However, giving up this part makes Hunan

University lack the continuing financial support to maintain the system operation. The interview
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with Mr. David Smith of the Michigan State University Recycling Center shows that it is still
expected to use the accumulating profits created over a certain period of time to pay off the new
recycling center facilities and buildings. So to make the MRF on campus a “sustainable” system
that can live on its own, it still needs the university to appropriately take advantage and make
profits from its own recyclable and reusable resources. For the government part, the general
direction, like the 12"°Five-year Plan”, which is a general plan established by the Chinese
government indicating the direction of development aims for next five years, shows that China is
willing to construct more official MRFs for improving the recycling environment. But at the
current stage in Changsha, the local government is more interested in new incineration facilities
rather than a comprehensive MRF facility (An, 2009). This is likely partially because the
shutdown of Changsha’s first automatic sorting line due to insufficient profits set up a “bad
example” for choosing this method. The contracted companies that constructed the sorting line
were also not willing to sacrifice their profits to operate and improve their current equipment.
Furthermore, this “bad example” proves that the general recycling situation in Changsha is not
suitable for constructing a relatively big and comprehensive MRF facility. Also, unlike the
status of Michigan State University in East Lansing, which has over 50% of the city’s population,
Hunan University accounts for only 5% of the total population in Changsha and 10% of the total
population in the Yuelu District, where Yuelu Mountain is located. And it is located next to two
other big university campuses in Changsha - Central South University and Hunan Normal
University. Figure 30 provides a rough indication of the area of each university; the blue region
is Hunan University, the red region is Central South University and the orange region is Hunan
Normal University. It can be seen from the map that those three university’ locations are quite

close. The other two universities have over 80,000 students and staff on campus, which occupies
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nearly 20% of the population in Yuelu District. Considering the demographic and geographic
influences, it will be better for the local government to choose a spot to build a comprehensive
MRF system to serve the whole area, rather than merely supporting Hunan University for a

regional on campus MRF facility.
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Figure 29 The "Change recyclables for Green Plants" program in Hunan University (The Green
Exchange Family of Hunan University, 2014)
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Figure 30 Map of the surrounding area of Hunan University (Google, 2015)

From a technology view, without a MRF facility, Hunan University plays a relatively
passive role in the entire recycling chain (collecting, pre-sorting, transporting, sorting, disposal
or processing). Unlike Michigan States University, which has a MRF facility on campus which
can do collecting, presorting and transportation, Hunan University currently can only do very
basic collecting and does not have an effective way to collect its recyclables. But will Hunan
University have the possibility to construct its own comprehensive MRF facility in the future?
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The answer will probably be “no” as well. On one hand, Hunan University does not have enough
financial support or a systematic financial strategy to sustain a MRF facility and does not have
demands for a better formal recycling system from its staff and students due to low recycling
awareness at the current stage. Rather, local government will still keep its leadership role in
dealing with recycling. Hunan University perhaps does not have the willingness to construct a
MRF system on campus based on the current situation. Also, Hunan University does not have the
same strong influence on the local government as Michigan State University has in East Lansing.
The local government perhaps will more intend to establish a regional big MRF or run several
small MRFs on its own rather than letting Hunan University establish a MRF by itself.

It is certain that both China and the United States are still working on improving their
recycling systems. For China, since the needs for increasing recycling are growing so fast,
improvements and new ideas can be found in different directions simultaneously. For example,
the government of Changsha is updating its recycling infrastructure by introducing a new sorting
line and new garbage bins in communities and on streets. Also it is trying to set up “model
communities” by educating the residents of the selected communities how to classify their waste.
Regulations about collecting food waste are also established, etc. Table 3 is a list of some of the

actions that Changsha took in recent years to improve its recycling system.
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Table 3 Improving attempts for recycling system in Changsha

Actions Result
Introducing new sorting line Failed to function normally
Setting up modeling | Failed, four-color garbage bins have been replaced by

communities and introducing | previous two-color garbage bins again
new four-color garbage bins in
the community while educating
residents how to use the garbage

bins to classify daily waste

Food waste collection Signed contract with large and medium restaurants and is

able to deal with 50% of the commercial food waste

It can be told that the actions that local governments take have different effects on
residents. For residents in Changsha, the changes that were made in the recycling system by
local governments exert little effect in motivating them to understand and perform well in the
recycling process, which does not necessarily mean that the actions taken by the government are
restricted to only the macro scale, like constructing new MRFs for the city or introducing new
sorting lines. Some “micro scale” actions, like setting up garbage bins with recycling functions
and promoting recycling education in certain communities also did not reach the desired results.
However, the food waste recycling project seems to be the most successful one among all the
actions that Changsha took in the past years to improve the recycling process. Actually, this
project is the only one among the above listed actions that has positive supports in all four
categories: legislation, economy, technology and cultural. On the legislation part, local

government announced the food waste recycling regulations. And then, the local governments
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obtained technology support from Re He to provide the needed equipment and technologies.
From the economy point, Re He (although it said that the margin is thin, the company actually
grew with this project based on scale and experiences), the local government and residents are all
benefitting from this project. On the cultural side, the increasing concerns of the local residents
about fake oil that was informally refined from the food waste also helped the project to move
forward smoothly.

Although China can learn from the United State on all four aspects, it is still not
appropriate to simply copy the recycling mode in the United States, neither on the national level
nor the state level, and apply that to China. In summary, China’s recycling system has four
characteristics in the above four areas. The recycling legislation system is immature and unstable,
which means both the federal government and local governments are working on enriching
legislation, regulations, rules and standards to better manage the previous relatively simple
recycling system. But due to the change of the broader environment and involvement of
recycling companies, the current recycling legislation system in China will still experience some
major changes in the next decades. On the technology part, China is more active on this part than
other parts. Although Hunan University does not have the most advanced recycling technologies
and systems, new waste transportation trucks (although they cannot separate recyclables from
non-recyclables) and construction of a new waste transfer station that replaced the previous
normal truck and open dumping station, shows that China has and will continue to take actions to
improve its recycling system from the basic level. The financial mode in the recycling area still
keeps the previous mode of sharing little of the benefits to informal garbage collectors for certain
levels of recycling performance, but will change to a more organized and sustainable mode also

because of the joining of formal recycling companies. Constructing a higher level of recycling
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culture is what the Chinese government advertises to the public, but definitely the performance
of the activities in the past decade is not satisfactory. Although China has to face a swiftly
changing world of new materials and packaging components for recycling, it is still good to learn
from the United States on constructing a positive and much more detailed recycling education
system to increase the public’s awareness and actions in participating in recycling.

It is recommended that Hunan University can first learn from Michigan State University
to construct a more informed recycling knowledge platform, both online and offline for its
residents to actually learn about what, when, how and where to help recycling on campus. Also,
with the possible opening of the recycling market in the future, Hunan University also can
connect with its neighbor universities and communities for forming a larger regional force to

negotiate improving its recycling system and services with recycling companies.
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