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Feature Article

Strengthening Industrial Waste Management

F

rom industrial waste reduction in its early days to the recent reduction at source, the direction of industrial
waste management in Taiwan has gradually incorporated new concepts such as sustainable materials
management (SMM) and from-cradle-to-cradle (C2C). Through combining reuse and management of
industrial wastes, the EPA will keep pushing for resource cycling and zero waste as Taiwan’s long-term goals.

How it began
Waste management in Taiwan started with the
promulgation of the Waste Disposal Act ( 廢棄物清
理法 ) in 1974. When established in 1987, the EPA
began to keep track of industrial waste production
and set up a permit system concerning clearance
and disposal organizations. As different industries
were gradually placed under control, industrial waste
treatment became a focal point for the EPA.
Beginning in 1990, the core policy has been to cut
industrial waste generation by pushing for clean
production technology, specifying recycling and reuse

guidelines, opening up diverse reuse channels, and
improving proper treatment technology. In recent
years, the approach has shifted to reduction at
source. Concepts like SMM and C2C have been
introduced into Taiwan one after another.
Strengthening industrial waste management can be
examined in two aspects: Strengthening management
of the waste disposal system, and tracking industrial
waste flows.

Strengthening management of the waste
disposal system
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(1) Strengthening management of clearance and 棄 物 清 除 處 理 機 構 許 可 管 理 辦 法 ) to improve the
management system for waste clearance and disposal.
disposal organizations
One of the revision details is that disposal facilities are
To effectively manage the operation of clearance mandated to present their own standards for taking in
a n d d i s p o s a l o r g a n i z a t i o n s , t h e E P A f o r m s waste, conduct tests on waste and products, and keep
inspection plans every year for waste clearance records on business, management, and operations.
and disposal equipment and organizations currently The aim is to keep track of products reutilized from
i n o p e r a t i o n . R e g i o n a l c o m p e t e n t a u t h o r i t i e s treated waste so that waste can be properly cleared
are also encouraged to conduct regular onsite and disposed of. Clearance and disposal prices are
inspection to properly ascertain actual practices and required to be disclosed to the public in order to
operations at treatment organizations. Inspection establish a pricing and market mechanism for waste
mainly focuses on online registration and operation clearance and disposal. Meanwhile, the EPA is
documentation, storage methods and facilities, requiring clearance and disposal organizations to join
treatment and operation maintenance, clearance relevant associations based on the Commercial Group
of waste generated after treatment, product flows, Act ( 商業團體法 ) to enhance coordination among
and so on. Moreover, the EPA continues to assist associated enterprises and tighten links among
enterprises in their applications for setting up waste competent authorities.
disposal organizations. From 2016 to 2018, a total
of 23 enterprises obtained clearance and disposal (2) Management of industrial waste categorized as
permission to improve their own waste disposal industrial-raw material
channels.
Waste paper and plastic have been announced
On 22 December 2018, the EPA announced revisions as industrial-raw materials since 2003. As 70% of
of the Regulations Concerning Permisssions for industrial feedstocks are imported due to inadequate
Citizens’ Waste Clearance and disposal ( 公民廢 natural resources locally, suddenly stopping imports

1. Imported waste plastic cut into small particles

2. Waste plastic hot melt extrusion

3. Producing plastic pellets

4. Plastic pellets made into plastic products

Imported waste plastic recycling process
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of industry-use materials would seriously impact
industries that are unable to source needed materials
in Taiwan. Therefore, the EPA has been focusing
on management and planning to improve material
quality, setting up importer data, and adding controls
on registrations.
Opinions have been collected from all stakeholders
and sectors in order to understand concerns around
the environmental impacts brought by imported
industry-use materials. The EPA also considered the
implications of China’s no-waste policy, as part of its
effort to tighten controls of imported materials and
protect the recycling system in Taiwan as quickly as
possible.
On 4 October 2018, the EPA announced the Industrial
Wastes Categorized As Industrial-Raw Materials ( 屬
產業用料需求之事業廢棄物 ). The content included
adjusted criteria for the importation of waste plastic
and waste paper, specified import limits, and relevant
quality controls.
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(3) Enhancing at-source reduction of industrial waste
and self-management
Since 2018, civil society groups in Taiwan have been
gradually and voluntarily promoting the Green Deal,
based on referencing concepts of the Netherland’s
Green Deal. The Alliance of a Circular Economy
of Marine Waste Plastic, the Green E-Resource
Alliance, and the Alliance of Circular Resources for
Taiwan’s Construction Industry have been set up. The
purpose of these alliances target at the recycle and
reuse of waste plastic, e-waste, wastes generated
from construction and demolition, incinerator bottom
ash, and slag. Various groups voluntarily promoted
the signing of the Green Deal and now strive to
create win-wins for the economy and environmental
protection via cooperation with the public sector.
The semiconductor industry has been assisted to
recycle and reuse waste solutions and solvents, with
work done at source management and sorting of
solvents. Moreover, the industry has begun pushing

The list of clearance and transport vehicles required to install real-time tracking
systems is now expanded to include those clearing and transporting wastes like
sludge, construction waste, and waste plastic.
3
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for testing wastewater treatment plants located in announced the revised Regulations Concerning
industrial parks, and exploring the feasibility of using Clearance and Transport Machinery Required to Be
low-concentration waste isopropanol, which is only Equipped With Real-Time Tracking Systems ( 應裝
generated in the semiconductor industry, as a carbon 置即時追蹤系統之清運機具及其規定 ) on 17 August
2018. The list of clearance and transport vehicles
source.
required to install a real-time tracking system is now
Regarding collection, clearance, disposal, and reuse expanded to include those that clear and transport
of agricultural waste, the EPA has planned to establish wastes like sludge, construction waste, and waste
a recycling, treatment, and reuse mechanism for plastic. In addition, the EPA further required all
waste orchard branches and other residual materials clearance and transport vehicles with operation
from agricultural production. Pingtung County’s permissions to be equipped with such systems.
experiences in crushing, centralized storage and The measure is expected to put all machinery and
clearance and reuse of waste orchard branches, all vehicles under control in four stages from 2019 to
commissioned, are greatly relied upon for reference. 2022. Additionally, the EPA will utilize new technology
The practices have been promoted to municipalities, by including collision sensors and signals for power
counties, cities, and townships that produce large failures in vehicles and machinery specifications
amounts of waste orchard branches. The EPA also to increase stability and accuracy of vehicle track
designated Pingtung County as a demonstration point signals.
and assisted the agricultural industry to voluntarily
establish a circular system for recycling and reuse of Future prospect
residual materials.
In the future, the EPA will continue to improve
management of industrial waste reuse as it gradually
Tracking the flow of industrial waste
works toward reaching Taiwan’s goals of resources
To better track the flow of industrial waste, the EPA cycling and zero waste.
.

Environmental Management

Control of Dengue Fever Takes No Break at Schools and
in Communities

B

ased on the data of the Taiwan Centers for Disease Control, there had been 35 indigenous
cases (31 in Kaohsiung City and four in Tainan City) and 188 imported cases of dengue
fever in 2019 as of 4 July. Moreover, now is the peak season of mosquito-transmitted diseases,
with recent downpours significantly raising the risk of the outbreak of dengue fever. The
EPA particularly urges the public to immediately clean up containers holding stagnant water.
The EPA noted that this year the Bureau of
Environmental Inspection, as well as regional
environmental protection bureaus were deployed
earlier than usua for dengue fever control in northern,
central, and southern Taiwan. Efforts have been
intensified to inspect breeding grounds such as
residential vegetable gardens, recycling facilities,
vacant buildings, outdoor dumping sites for tires,
construction sites, dirty spots, and so on. Schools
have also been listed as an inspection target after
summer break started in July.
During disease control meetings, the EPA repeatedly
4

reminded regional environmental protection bureaus
to ask education bureaus to increase the frequency
of checking building roofs to clean up stagnant water,
and also perform general clean-ups of schools.
All schools have been urged to diligently continue
performing this task during summer vacation, so
that schools would not become breeding sites for
mosquitoes during the summer break. In 2019, as of
the end of June, the EPA and regional environmental
protection authorities received 35 reports of school
sites becoming outdoor mosquito breeding grounds.
Among them, nine were universities, while 26 were
facilities of the elementary and high schools. These
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reports will be followed up with tightened inspections
so as to lower the risk of mosquito-borne diseases
spreading.
In response to the outbreak of dengue fever, since
June 2019 the EPA has held six training seminars
on the clean-up of mosquito breeding grounds for
disease control staff in environmental protection
bureaus and the central government. There have
also been seven educational and promotional events
on clean-ups at school sites and in communities,
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with a total of 1,220 participants. Frontline disease
prevention staff learned about the ecology of diseasespreading mosquitoes, breeding ground clean-up and
how to identify mosquito larvae and adults. Lecturers
then took trainees to conduct outdoor breeding
ground inspections, taught about the different
types of breeding grounds, and demonstrated
various treatment methods. Finally, trainees were
accompanied as they conducted face-to-face activities
with members of the public to raise awareness of
disease control.

A training seminar lecture took trainees to conduct outdoor breeding source
inspections.

Waste

Simultaneous Inspection Launched Nationwide Following
Start of Ban on Single-use Plastic Straws

A

fter a ban on single-use plastic straws took effect on 1 July 2019, inspections of the item were conducted
in every county and city in Taiwan, which took place simultaneously at 1,138 sites on the first day.
Two enterprises were found not compliant with the ban and subsequently received warnings. Nationwide
implementation of the ban has generally gone well overall.
The Targets and Implementation Methods of the
Single-use Plastic Straw Ban ( 一次用塑膠吸管限制
使用對象及實施方式 ), announced by the EPA on
8 May 2019, requires roughly 8,000 enterprises in
four categories, namely, the public sector; schools;

department stores and shopping malls; and fastfood chain restaurant to stop providing single-use
plastic straws for onsite dining. Before 30 June 2020,
violators will receive warnings for breaking the ban
for the first time, with fines ranging from NT$1,200 to
5
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NT$6,000 for breaking it a second time while showing waste at-source, in the face of increasingly severe
no improvement. Before the ban officially took environmental and ecological challenges. The
effect, the EPA formulated regulations concerning main goal of the ban on single-use plastic straws,
inspections and compiled lists of enterprises in the that begun on 1 July 2019, is to implement phased
four categories as references for local governments to controls and for the public to become less reliant on
such straws. Citizens and enterprises can learn to
conduct inspections and awareness campaigns.
adapt to such a measure starting with the first targets
The EPA stated that as reducing marine waste is subject to the ban, which are onsite, indoor dining
a pressing issue globally, it hoped more and more environments where use of single-use plastic straws
people would voluntarily answer the call to reduce is not necessary.

Inspection was conducted in one fast food chain restaurant in Taipei City.

Air

Co-firing Ratio and Composition Standards for Fuels
Used by Stationary Pollution Sources Preannounced

T

o strengthen air pollution control at its source, the EPA preannounced the Co-firing Ratio and Composition
Standards for Fuels Used by Stationary Pollution Sources ( 公私場所固定污染源燃料混燒比例及成
分標準 ) on 26 June 2019. The standards stipulate the compositions of bituminous coal, fuel oil and solid
biofuel used in public and private premises, and also the co-firing ratio limits for waste-derived fuels as
an auxiliary fuel. Also, the standards will be implemented in combination with use permissions for fuels.
The standards were formulated based on the new
revisions to the Air Pollution Control Act announced
on 1 August 2018. The purpose of the standards
is to regulate the fuels and auxiliary fuels used by
6

stationary sources in public and private premises,
including bituminous coal and other announced
substances.
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Although petroleum coke is no longer used as a
fuel in Taiwan, it is still included in the standards to
ensure stricter control. In addition to the standards,
to separate the controls on fuels used by stationary
sources and other substances prone to cause air
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pollution, the EPA has preannounced the revised
Management Regulations on Sales and Use Permits
for Bituminous Coal, Petroleum Coke and Other Air
Pollution-Causing Substances.

Fuel composition and standards

Fuel type

Control item

Composition

Note

standard
Bituminous

Sulfur content

≤1 Wt%

Ash content

≤20 Wt%

Lower Calorific

≥4,700 kcal/kg

Value
Fuel oil

date
On an air-dried In effect from
basis

coal

Enforcement

date of
announcement

On an air-dried
basis

Mercury content

≤0.15 µg/g

Sulfur content

≤0.5%

On a dry basis
In effect from
date of
announcement

Petroleum

Sulfur content

≤ 0.5 Wt%

On an air-dried In effect from
basis

Coke
Lower Calorific

≥8,000 kcal/kg

Value

date of

On an air-dried announcement
basis

Solid

Chlorine content

≤0.1 Wt%

On a dry basis

Takes effect on 1

biomass

Sulfur content

≤0.05 Wt%

On a dry basis

January 2021

Lead content

≤20 µg/g

On a dry basis

Chromium

≤1 µg/g

On a dry basis

Mercury content

≤0.1 µg/g

On a dry basis

Lower Calorific

≥3,600 kcal/kg

On a wet basis

content

Value

Air

Vehicle Emission Standards Amended

O

n 12 June 2019, the Vehicular Air Pollutant Emission Standards were revised and renamed the Mobile
Pollution Source Air Pollutant Emissions Standards ( 移動污染源空氣污染物排放標準 ). In accordance
with Article 5 of the emissions standards, the Phase 6 diesel vehicle emission standards will take effect
on 1 September 2019. The Phase 6 standards require the installation of pollution control equipment on
heavy-duty diesel trucks, which increases the price of the trucks compared to the Phase 5 ones and may
affect the public’s interest in switching over. The EPA has thus extended the production, manufacture and
import of Phase 5 heavy-duty diesel vehicles for two years to facilitate the replacement of old vehicles.
7
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The emissions standards were revised mainly to 50%). Additionally, the Phase 6 standards also offer
adjust Article 5 Part 9, so that it would allow all heavy- an extended emission durability warranty and include
duty diesel vehicles with a certificate of conformity that emission limits for NH 3 and solid particle number
was issued before 31 August 2019 to continue to be (PN).
produced, manufactured or imported until 31 August
However, due to the stricter emission control policies,
2021.
vehicles will need to install pollution control devices
According to the amendments to the emissions with higher performance and efficiency. Therefore,
standards made on 27 December 2016, the Phase to reduce the impacts from the increase of cost in
6 diesel vehicle emission standards shall enter into pollution control devices, the EPA has amended
force on 1 September 2019. The Phase 6 standards the emissions standards to include a grace period.
were formulated based on the EU 6 standards, among According to Article 5 Part 9 of the revised emissions
which the regulations for heavy-duty trucks and standards, all heavy-duty diesel vehicles with a
buses have already been in effect since 1 January certificate of conformity issued before 31 August 2019
2014. Compared to the Phase 5 standards, Phase may continue to be produced (date of production for
6 standards for heavy-duty trucks and buses have domestic vehicles) or imported (shipped on board
stricter restrictions on air pollutants (NOX emissions date for imported vehicles) until 31 August 2021.
tightened by 80% and PM emissions tightened by

The Phase 6 standards require the installation of pollution control equipment on
heavy-duty diesel trucks

Air

Emission Reduction Standards for Class 3 Control Zones
Preannounced

T

he Emission Reduction Standards for Existing Sources in Class 3 Air Pollution Control Zones ( 三級
防制區既存固定污染源削減污染物排放量準則 ) were preannounced on 19 June 2019. The reduction
standards were formulated to provide set standards for existing stationary sources of air pollution at
both public and private premises within Class 3 air pollution control zones and local environmental
8
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bureaus. The reduction standards are to be followed when stationary sources implement mandatory
pollution emission reduction and when local environmental bureaus implement air pollution control plans.
Air quality in Taiwan is significantly affected by
topographic traits and seasonal weather patterns.
Since PM2.5 is the primary pollutant type that often
does not satisfy air quality standards in Taiwan, in
order to accelerate air quality improvement in Class
3 air pollution control zones, experts and scholars
recommend implementing control measures based
on prioritized air pollutants,. The prioritized order is:
primary particulate matter (PM), nitrogen oxides (NOX),
and sulfur oxides (SOX).
The main source of primary PM comes from fugitive
emissions, such as dust from barren land, stacking
operations and construction sites. To carry out PM
control, the EPA has formulated the Management
Regulations for Facilities to Control Fugitive Dust
Air Pollution from Stationary Pollution Sources
and the Management Regulations for Construction
Project Air Pollution Control Facilities. In addition,
fuel composition standards have been devised to
implement SOX source controls. As for NOX emissions
that primarily come from combustion, the EPA has
formulated the Boiler Air Pollutant Emission Standards
which will take effect on 1 July 2020. Moreover, the

reduction standards mainly target specific industries
with a large amount of NO X emissions (average
annual emissions exceeding 40 metric tons) and other
places for reduction, such as the power industry,
the cement industry, the steel industry, and waste
incinerators. The above mentioned industries are
required to take NOX reduction measures to meet the
emission standards within five years. In the meantime,
the EPA will continue to strengthen air pollution
control by reviewing emission standards for different
industries.
Any public and private premises in Class 3 air pollution
control zones that meet the following conditions in
Table 1 shall conduct NOX reduction in accordance
with the reduction standards:
1. Any public and private premises whose equipment
or industry type fits the explanations listed in the table
below.
2. The existing stationary pollution sources in the
premises are permitted to exceed an annual NOx
emission of 40 metric tons based on their operation
permissions.

Air Pollution Control Act

Class 3 Air Pollution Control Zones

Newly or changed installed
pollution sources

BACT

Model simulation for excess limit
not allowed

Existing pollution sources

Total quantity control
(Item 3, article 8)

Reducing the emission from
existing pollution sources
(Item 3, article 6)

• Emission Baseline
• Specified reduction

Existing stationary pollution source control strategy
9
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Table 1: Emission Reduction Standards for Existing Sources in Class 3 Air Pollution Control
Zones

Equipment/
Industry type

Explanation

Control measures/technology

Conditions

1. The NOx concentration
is lower than 60ppm, or the
emission reduction rate is
2. Selective catalytic re- higher than or equal to 85%.
duction (SCR)
2. The emission concentration is calculated with a 6%
oxygen standard.
3. Overfire air injection
1. Low-polluting fuels

Boilers for coThe thermal generation
generation
equipment or boilers for
cogeneration that match
the definitions stipulated
in the Air Pollutant Emissions Standards for Electricity Generation Facilities.
Boilers for
4. Low-NOx burners
power generation
The manufacturing process that involves the
pyroprocessing and
Cement indusgrinding of cement and
try
uses kilns or grinding
mills as main manufacturing equipment.

Metal casting
industry

1. The NOx concentration
is lower than 250 ppm.
2. The emission concentration is calculated with a
10% oxygen standard.

1. Selective non-catalytic reduction (SNCR)

1. The NOx concentration
is lower than 250 ppm.

2. Staged combustion

2. The emission concentration is calculated with a
10% standard.

The manufacturing process that involves metals
being heated under high
temperature (500°C or
absorption tower
more) then rolled to form
a specific shape.

1. The NOx concentration
is lower than 70 ppm, or the
emission reduction rate is
higher than or equal to 30%.
2. The emission concentration is calculated with a 6%
oxygen standard.
1. The NOx concentration
is lower than 25 ppm, or the
emission reduction rate is
higher than or equal to 20%.

The gas turbine generators and combined-cycle
systems that match the 1. Low-pollution fuels
Turbines for
definitions stipulated in
power genera- the Air Pollutant Emis2. Selective catalytic retion
duction (SCR)
2. The emission concentrasions Standards for Election is calculated with a 15%
tricity Generation Facilioxygen standard.
ties.
1. The NOx concentration
is lower than 85 ppm, or the
The incinerators with
1. Low-NOx burners
emission reduction rate is
an estimated or actual
Waste incinhigher than or equal to 70%.
treatment capacity that
erators
2. Selective catalytic reexceeds 2 metric tons/
2. The emission concentraduction (SCR)
hour
tion is calculated with a 11%
oxygen standard.
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Noise Control

New Certification Program Launched for Exhaust
Systems and Sound Camera Technology

S

tarting from 1 July 2019, the EPA has been working with local environmental authorities, police, and motor
vehicle agencies to strengthen controls on noise pollution caused by illegally modified vehicles. In addition,
the EPA has introduced a new certification program for exhaust systems and “sound camera” technology to
crack down on noisy modified vehicles.
There have been several recent media reports on
the roaring sound of modified vehicles ruining the
peace and quiet in neighborhoods. The causes of the
loud noise are usually from illegally modified exhaust
systems or the removal of mufflers. Therefore, the
EPA reminds vehicle owners that any modifications
to exhaust systems must not only be in compliance
with traffic safety rules but also regulations regarding
noise pollution and pollutant emissions. Furthermore,
the EPA has implemented a new certification program
for modified exhaust systems and has been assisting
vehicle manufacturers and importers with the
registration of the certification. In the future, vehicles
with unregistered or uncertified exhaust systems will
be barred from roads.
The EPA has been working in conjunction with local

environmental authorities, police, and motor vehicle
agencies to conduct inspections of noisy vehicles and
protect citizens from nuisance noise. The inspections
are done by first setting up sound cameras equipped
with noise detection and license plate recognition
systems at locations and times with frequent noise
complaints. When a vehicle is determined as noisy
by the camera, it will be further inspected for any
violations.
The EPA urges vehicle owners not to make any
modifications to the exhaust systems that would
result in noise pollution. The EPA will continue
cooperating with local environmental authorities,
police, and motor vehicle agencies to conduct
inspections with sound cameras, and offenders will
be punished in accordance with the law.

Waste

Industrial Waste Reuse Management Regulations
Tightened

T

o improve regulations for the reuse of industrial waste and to implement resources cycling policy, the
EPA revised the Industrial Waste Reuse Management Regulations ( 事業廢棄物再利用管理辦法 ). Key
areas for tightening regulations for the benefit of practical operations were permission reviews and operations
management.
The revisions are in compliance with revisions made
to the Waste Disposal Act Article 39, Paragraph 2 on
18 Jan 2017 and also the Regulations Concerning
Common Industrial Waste Management ( 共通性事業
廢棄物再利用管理辦法 ), announced on 8 Jan 2018.
Key revisions include:
1. “Permission review” and “operations management”
concerning reuse are tightened. Procedures and
standards for permission approval are specified in
order to protect the rights and interests of citizens.

2. To improve the management of permissions,
competent authorities can request a general case
permission be converted to an individual case
permission application. In addition, the revision adds
key criteria for rejecting and returning permission
applications, as well as requires product purposes and
warnings on labels in accordance with regulations.
3. If the reuse does not adhere to regulations, or a
reused product is not in accordance with product
standards, competent authorities can stop a reuse
11
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organization from accepting and reusing wastes, 4. Besides declaring the flow of reuse products online,
or selling reuse products. Enterprises that commit when necessary competent authorities can request
serious offenses will forfeit their reuse permissions, that a reuse organization track a product to its ultimate
in addition to being subject to fines and a limited end user in order to better understand its flow.
time period for correction, as stipulated by the Waste
Disposal Act.

News Brief
E PA P r e s e n t s R & D R e s u l t s f o r R e c y c l i n g
Technology
The EPA held the Symposium on Innovation, Research and
Development in Recyclable Technologies on 24 June 2019.
The themes of this year’s symposium were Environmental
Design and Renewable Resources, and participants
presented numerous breakthroughs from the past three
years (2016-2018).
The EPA stated that its research plans over the past three
years produced 29 academic papers and applications
for nine special projects. With this year’s symposium,
the EPA sought to bring industry and academia together
and facilitate cooperation between the two, providing an
opportunity to open the market to developed products.
The ultimate aim is to have both industry and academia
make strides toward a resources cycling society. This
year’s symposium presented innovative research and
development projects, including rudimentary research
and development, producing high-value reused materials,
and the commodification of technological products. Smart
innovations are expected to provide breakthroughs in
terms of existing recycling and disposal techniques used
and promote diverse and innovative techniques for reusing
waste resources.
Transforming old ideas of economic development to
promote a circular economy is a key strategy of the
government, and to this end Taiwan is implementing the
“4-in-1 Recycling Program” which emphasizes Extended
Producer Responsibility. The program sets up a legal
framework for recycling and provides economic incentives
for forming a circular use of resources. Aside from waste
reduction and proper recycling and treatment of waste, the
program aims to improve reuse technology and increase
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the value of reused materials and products, allowing for
resources to remain within Taiwan for future reuse.
This year’s symposium featured a number of presentations
demonstrating the success of research on reuse
techniques. Through research and development of
manufacturing methods, it is possible to obtain highlypure rare elements, which are increasingly seen as
valuable. These elements come from dry batteries,
home appliances, catalytic converters from vehicles,
fluorescent powder from spent lights, and LCD displays.
Through adjustments to manufacturing processes and
procedural improvements, manufacturers can produce
high-value reusable materials and products, such as
porous absorption materials, environmental catalysts, and
reusable bricks.
It is also possible to use recycled LCD displays to create
smart energy-saving windows. Evaluations were done on
using heat treatment of plastic labels and aluminum foil for
energy. Environmentally-friendly reagents can be used in
the tin-stripping process for home appliances, computers,
and the motherboards of cell phones. There also have
been developments in recycling metals from lithium
batteries. Research was also done on reuse technology
for waste tires, assessments of applications and material
characteristics of rubber-asphalt pavement aggregate.
All of these techniques and developments have shown
promise. In the future these projects will assist industries
to produce products in a circular way and reduce the
acquisition and usage of raw materials. They will provide
a diverse range of sources to promote a sustainable and
closed-loop use of resources.
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