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Principles of Waste Management
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IWM(Integrated Waste Management): Adopted with WM Law (1986) in S. Korea 
All are Vital components of waste management with the Priority as follows; 

#1 
Source 

Reduction

#4
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Combustion

Maximized

Minimized by Recovery



Benefits and Challenges of Waste-to-Energy

• Benefits of Waste-to-Energy

1. it can better protect public health by avoiding uncontrolled (illegal) disposal 

2. it can optimise the land use and reduce the quantity of waste 

3. it can save resources for protecting the earth/planet through recycling

4. it can become an independent district green energy supplier to contribute to achieving 
carbon-neutral goals

• Challenges of Waste-to Energy
1. it may be turning unsorted and usable trash into a valuable fuel commodity, not complying 

with Circular Economy policy. 

2. it will be exacerbating climate change, emitting toxic emissions and giving rise to air 
pollution.

3. it raises public health concerns, emitting carcinogenic pathogens. Communities are 
opposed to them in their neighbourhoods. 3

Source: Guidelines on Promoting People-first Public-Private Partnerships
Waste-to-Energy Projects for the Circular Economy (ECE, 2019)



How to overcome the challenges

• Municipal Waste to Energy Project is a public service/project through 
PPPs (Public-Private Partnerships) ? 

• Evaluated by Five criteria for PPPs to reach People-first. (1. Access and 
equity, 2. Economic effectiveness and fiscal sustainability, 3. Environmental 
sustainability and resilience, 4. Replicability,   5. Stakeholder engagement),UNECE

• The project and its realisation process are suitable in respect of PPP. 
The resulting score reaches from satisfactory to good. 

• Consequently, at present, many advanced countries have utilized a 
number of appropriate WtE plants (incinerators and new technologies) 
for the least emission of air pollutants with better energy recovery from 
wastes, to follow the waste management principle, and to accomplish 
circular economy with carbon reduction by zero waste. 4

Sources: 1) 2022 Waste-to-Energy Research and Technology (WtERT) Asia Meeting(’22)
2) based on People-first Public-Private Partnerships Evaluation Methodology for

the Sustainable Development Goals (ECE, 2020)



History of Legislation for Waste Management in Korea
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Reference: Yang & Seo et al (2015) J Mater Cycles Waste Manag 17:207-217.

<General Waste Management>

Filth &
Cleaning law

First 
Amend.

Second 
Amend.

<Industrial Waste Management>

Environmental 
Pollution 

Prevention Law
Individual 

Environmental 
Protection Law

Environ. 
Protection 

Law

Based on WM Principles: 
Integrated Waste Management

Waste Management 
Law 

Present Amendment Amendment

Act on Treatment of Livestock Manure & Wastewater and Sewage(1991.3)

(1999.12) (1995.08) (1992.12) (1991.03)

Act on Waste  Migration (Basel 
Convention) (1992.12)

(Infections Waste 
Management)

Act on Resource Saving and Recycling 
Promotion: RSRP (1992.12)

Act on Waste Treatment Facilities
Promotion and Support  

Surrounding Area (1995.01)

Third 
Amend. Abolition

(1961) (1973) (1979) (1982) (1986)

(1986. 12)
Integration of general
(household) waste and
industrial wasteAbolition

(Part of Industrial 
Waste)

Amendment Amendment

Most of WtE Plants 
(Incinerators) were 
Built (’95-’05)
Responsibility of 
Waste Producers
• Volume Based 

Tipping System
• Separate 

Collection of 
Recyclables

(Manure)

Amendment of Act 
on RSRP :  EPR
System  (2003)

Act on 
Construct 
Waste (‘05) 
Act on 
WEEE & 
ELVs (’08)

- 3Rs and
R.C.Soc.

- WtE (‘08)
- Urban 

Mining

Frame Act on 
Resource 
Circulation(18) 

. Reduce & 
Recycle Target

. Reduce Plastics

. K-Implement for
Circular E Plan

. No Landfill
w/o Pre-
treatment (WtE) 
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History of Waste Management (Major Policies & Issues Related to WtE)

Source : The 3rd Waste to Energy Policy and Tech. Forum “History of Korea Waste to Energy Technology “,

Kim Seok-Joon, 16.Jun. 2020

 2005 Waste Div. (ME) -> Resource Circulation Div. 
 2000 Incorporation of the Environment Technology
 1994 Ministry of Environment (ME)
 1980 Established of Environment Administration(EA)

/Korea Resources Recovery & Reutilization Corporation 
 1978 Established as the National Environmental Protection Institute
 1967 Pollution team set up under division environmental Hygiene 

in the Ministry of Health and Social Affair

1961 Filth Cleaning Law

1986 Waste 
Management Law

1983 Established Korea Society of Waste Management

1990 Incineration Priority Policy

1992 Act on Resource Saving and 
Recycling Promotion

2008 Waste to Energy
(Utilization of SRF)

2018 Frame Act on Resource Circulation

2017 Integrated Environmental Management Act

2005 No Direct Landfill of Food Waste

1995 Volume-rate Garbage Disposal System

1997 Promulgation of Dioxin Emission Standards for 
Large Incineration Facilities (Municipal Waste)

1999 Dioxin Measurement Obligation for 
Large Incineration Facilities

2006 Dioxin Measurement Obligation for 
Small Incineration Facilities

2012 Prohibition of Sewage Sludge Ocean Dumping

2003 EPR, No Direct Landfill of Sewage Sludge

2012 Classification of 
Incineration Heat Recovery Fac.

1991~2000 National 
Program (G7 Project) 2001~2010 ECO-Technopia 21 Project

(ECO Project)

2011~2020 Eco-
Innovation Project (EI 
Project)

2008~2014
Waste to Energy Organization

1996 Established Korea Incineration 
Technology Association 

2009 Korea Association of Waste to Energy Technology

2022 Act on CE Promotion (in prep.), Carbon Neutrality
K-Plan for CE, No Landfill w/o pre-treat. Plastic to Oil 
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Conversion Technology to Produce Energy from Wastes

Combustible 
WASTE

MBT

Mechanical 
Treatment

Thermal
Conversion

Biological
Conversion

G (Gasification)

C (Combustion)

P (Pyrolysis)

Anaerobic 
Digestion Biogas

Low Quality 
Syngas/Hydrogen

Flue Gas 
(Heat/Electriciry

Crushing, 
Compressing, 

Pelletizing

Pretreatment

Residues

Landfill

Recycling

Residues

High Quality 
Syngas/Chemicals

Oil/Chemicals

Solid Fuel (SRF)

Power
Generation

Further 
Processing

Chemical 
Product

CONCEPT PROCESS
ENERGY
CARRIER

G/P/C

Organic
WASTE

WtE Technologies for Combustible Wastes

WtE : Combustible/Organic Wastes
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Household Waste Incinerators  (Replacement with High Efficiency & CCUS is Needed)

Experience of WtE Technologies (Incineration)

Yangcheon150

Paju100, Seongseo200, Anyang200

Changwon200, Boocheon200, Dadae200, Goyang300

Yangcheon200x2, Haewoondae200
Nowon400x2, Haewoondae200

Seongseo200x2, Seongnam300x2, Daejeon200
KwangMyeong150x2, Yongin100, Suwon300x2, Kwacheon80

Sooji35x2, Ulsan200x2, Daejangdong300, Changwon200 Cheonan200, Sangmoo200x2, Gongju50
Gunpo200, Guri200, Uijeongboo100x2 
Kimhae200, Ansan200, Gonghang70x2 

2001
2000

19991998

19971996

1995

1992~1994

1986

Gangnam300x2, Cheongla250x2, Paju100x2 2002

Tongyoung 50, Jeju-Sanbook100x2, Myeongji200x2 2003
JejuSannam70, Milyang 50

2004

Mapo250x2, Yongin100x2, Daejeon200, Anseong50, Jinhae50 2005
2006

Pangyo45x2, Unpyeong48, Yangju100x2, Cheongju200, Masan200, Iksan200, Pocheon80 
2009

Songdo250x2, Jeonjoo200x2, Bolyeong50

2008
Yangsan100x2, Icheon150x2, Jecheon50

Goyang150x2, Hwaseong150x2, Yeosu100, Choongju100 2010

Umseong50, Sokcho80, Geoje100x2, Gumi200, Asan200, Chuncheon170, 
Paju45x2

2011

Ulsan250, Kimpo42x2
Gyuongjoo200, Taebaek50

2012

Busan-Saenggok900(500) 2013

19
90

19
95

20
00

20
05

20
10

20
15

15
0

T/
D

1,
40

0
T/

D
4,

85
0

T/
D

4,
66

0
T/

D
3,

31
8

T/
D

3,
07

4
T/

D
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Hanam48 

2014

 Facilities over 50T/D capacity, about 17,000T/D in operation
 About 56% constructed in 1996~2005

 Gasification-Melting facility: 9 facilities/16 plants,1,364T/D

Wonju RDF500

2015

Source : The 3rd Waste to Energy Policy and Tech. Forum “History of Korea Waste to Energy Technology “, Kim Seok-Joon, 16.Jun. 2020
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SRF Manufacturing and Power Plants
State of Municipal Waste SRF Manufacturing Facilities

▶ Industrial Waste SRF Manufacturing Plants – 200 Operation (Small    
and Medium scale Self Development Tech.)

Source : Waste to Energy Policy and Technology Forum Workshop, “Internal and external SRF Manufacturing and Using Industrial State “, Choi Yeon-Seok, 20.Aug.2020

Experience of WtE Technologies (SRF: Solid Refuse Fuel)
(‘08~ WtE Plan, Still negative  Perception. No Continuation of policy)

Business 
FundFuel TypeCapacity 

(ton/day)
Business 
PeriodRegion

FinancePellet20007-10Sudokwon Landfill

FinancePellet9007-10Bucheon
Gyeonggi

FinancePellet8009-12Gapyeong

FinancePellet2507-11Buan
Jeonbuk

FinancePellet8009-13Muju

FinancePellet8008-12Wonju 1st

Gangwon
PrivatePellet8012-14Wonju 2nd

FinancePellet13009-13Naju

Jeonnam PrivatePellet22009-13Sooncheon

FinancePellet23009-12Mokpo

PrivateFluff90009-13Busan

PrivateFluff50009-13PohangGyeongbuk

FinancePellet2507-10NamhaeGyeongnam

FinancePellet6510-12SejongChoongnam

PrivateFluff60013-16

PrivateFluff40015-18Daejeon

PrivateFluff60014-17Daegu

WtE Plan for Combustibles & Organics: 
SRF(RDF) and Biogas (’08) 
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Emission of Air Pollutants from SRF & Incineration Plants
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SRF Power Plant Incinerators Standard

* Data from Major SRF Plants in Korea & Incineration Facilities at Seoul 

Most regulatory air pollutants 
are well controlled under the 
limit values (no health effect)
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0.0000

0.0012

0.0008

0.0006

0.0004

0.0002

0.0010

ng-TEQ/m3

Dioxins

SRF Power Plant Incinerators

Standard 0.1 ng-TEQ/m3

Emission of Dioxins from SRF & Incineration Plants

* Data from Major SRF Plants in Korea & Incineration Facilities at Seoul 

Almost zero emission of 
Dioxins into atmosphere
with real-time and 
regulatory monitoring 
at stack.
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Waste to Gasification R&D

2007~ 2009

 H2/CO Production Ratio Control Tech. Development for Waste Syngas Utilization with Oxygen (Pilot Scale)

 Syngas Production from Mixed Industrial Waste/Sludge Cake using a Gasification Process (Pilot Scale)

 Development of Oxygen Combustion Burner using Syngas from Oxygen-Gasifier of Waste (Pilot Scale)

2000 ~ 2007

 Development of Oxygen Waste Gasification Melter and Syngas Purification System (Pilot Scale)

 MSW, ISW, ASR, RDF, RPF etc.

2009~ 2012

 Biomass(Rice Husk) Gasifier with Air-Wet Purification-Gas Engine Power Generation System (20T/D)

 Drying Sludge Gasification Syngas Production with Air and Wet Purification System (Pilot Scale)

 Feasibility Study on Acetic Acid Fuel Network from Fuel(CO) Produced by Oxygen Gasification Syngas Process

2013~ 2018 (Pilot-Scale Plants)

 SRF(Waste) with Air Gasifier - Wet Purification - Gas Engine Power Generation System Developed (8T/D)

 Waste Gasification - Syngas High Temp. Purification – Reforming - Methanol Conversion Tech. Developed (200Nm3/hr)

 High Quality Syngas Production System Developed for Industrial Waste (10T/D Capacity)

 Dyeing Sludge-Rice Husk Mixed, Catalyst Fluidized Bed Gasification Technology (2T/D Scale)

 Municipal Waste Pretreatment with Air-Gasification-Gas Engine Power Generation Tech. Developed (0.5T/D & 30T/D)

 No Commercialized, Demo-scale Development up to 8 tons/d, More R/D Support Needed. 

 Present, Limitations of Private-led Commercialization in the Development Stage of Tech.

Source : The 4th Waste to Energy Policy and Technology Forum “Sate and Prospect of Waste Gasification Syngas Utilization Technologies “, Koo Jea-Hoi, 27.Oct. 2020

Experience of WtE Technologies (Gasification: Gas & H2)
(High Cost, Contribute to Hydrogen Economy and Carbon reduction, Not Commercialized)
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Pyrolysis(liquefaction)

1990s

 Basic Research and Small-scale Process Development

 Decrease in trust due to Introduction of Non-qualified Foreign Tech.

 Lack of Systematic Tech. Development

2006 ~ 2009

 Government-led Commercial-scale (1,000 ton/yr) R&D for Mixed Waste Plastics

2010 ~

Development of a Commercial-scale (6,000 ton/yr) Plant for Mixed Waste Plastics: Stopped

ProcessScale(ton/yr)Support Org.

1,000
Ministry of 
Industry2000 ~ 2005

 Government-led Demo-scale(600~3,000 ton/yr) R&D for Pretreatment Waste Plastic

ProcessScale(ton/yr)Support Org.

600
Ministry of 
Industry

3,000
Ministry of 
Science and 
Technology

Economical Weakness

Economically Feasible
Scale-up Required

Since 2018
Development of Low Chlorine Eco Oil Manufacturing
Tech. for Low Grade Mixed Waste Plastic
Support Org. : Ministry of Environment

Source : The 4th Waste to Energy Policy and Technology Forum “State and Prospect of Waste Plastic Pyrolysis Liquefaction Technology “, Oh Se-Cheon, 27. Oct. 2020

Experience of WtE Technologies (Pyrolysis: Oil & Chemicals)
(High Cost, Contribute to Renewable Energy and Carbon reduction, Strong Support by Gov.)

2020~ Present
Low Grade Waste Plastic Bag Pyrolysis Pilot-
scale Design·Production·Operation (10 ton/day)
; Semi-Batch Kiln type, catalyst de-chlorination

Support Org. : Ministry of Environment



Historical Review and Status on Waste Management
Treatment of Household Waste in Korea (‘82 ~ ‘18)

Source: Environment statistics yearbook, Korean Ministry of Environment

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Landfill 96.5 96.5 95.5 92.5 94.7 94.6 95.0 93.9 93.0 89.3 89.2 86.2 81.2 72.3 68.3 63.8 56.2 51.6 47.0 43.3 41.5 40.3 36.4 27.7 25.8 23.6 20.3 18.6 17.9 17.2 15.9 15.6 15.7 15.1 14.7 13.5 13.4

Incinerat ion 2.0 2.1 1.9 3.8 2.3 2.2 1.7 1.9 1.8 1.6 1.5 2.4 3.5 4.0 5.5 7.1 8.8 10.2 11.7 13.6 14.5 14.5 14.4 16.0 17.0 18.6 19.9 20.3 21.6 23.7 25 25.3 25.3 25.7 25.3 24.9 24.6

Recycling 1.4 1.5 1.6 1.8 2.2 2.3 2.4 2.9 4.6 7.4 7.9 11.5 15.4 23.7 26.2 29.0 34.9 38.1 41.3 43.1 44.0 45.2 49.2 56.3 57.2 57.8 59.8 61.1 60.5 59.1 59.1 59.1 59.1 59.2 60 61.6 62

Other 0.0 0.0 1.0 2.0 0.7 0.8 0.9 1.2 0.6 1.7 1.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0 0 0 0 0 0

0.0

20.0

40.0

60.0

80.0

100.0
(%)

> 96% Landfill(‘82)
13.4% Landfill
24.6% Incineration
62.0% Recycle  (‘18)

Most of Incinerators were Constructed 
in 1990-2005 (Sanitary Landfill as well)

Utilization of SRF(2008~)

14
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GHG Emission from Household Waste in Korea(‘82 ~ ‘18)

Historical Review and Status on Waste Management



Waste Management Principles (Integrated WM)
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Reduce

Reuse

Recycle

Energy Recovery

Safe handling (Landfill)

Zero

Waste

No Landfill

Zero

Waste

No Landfill

CO2

Reduction

Net Zero 

CO2

Reduction

Net Zero 

Circular 
Economy

Carbon 
Neutral



Circular Economy and Waste Management
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Circular Economy Butterfly Diagram (Ellen MacArthur Foundation)

Energy Recovery

Leakage to 
be Minimized

Leakage 
Manage?

Waste 
Crisis



Future Direction of Waste Management in Korea
Waste (Household) Management for Zero Waste & Net Zero 

Hierarchy of WM
Status of Waste Management in EU

Prevent of GHG 
Emission

Reduction of Air 
Pollutants

Energy Save

Job Growth Resource Preserve

18Source : Developments and trends shaping the future for Waste to Energy technology suppliers, ESWET, 2015
Source : Advanced Collection, Processing, Energy Recovery and Disposal Technologies for the 

Municipal Solid Waste Value  Chain : Global Market Analysis and Forecasts, Navigant 

Consulting Inc., 2014

KOREA(‘18)
14/24/62

ZERO WASTE
NET ZERO
CIR. ECON.
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Integrated 
Waste 

Management

Waste to 
Energy

Incineration, 
Pyrolysis/Gasificat

ion/Hydrogen

Establishment 
of Circular 
Economy

Zero Landfill 
& Net Zero w/ 

Carbon 
Neutral

More WtEPlants 
must be 

Constructed 
within 5 years

Replacement of 
Aged WtEPlants 

are neededin
coming years

Enhancement of Public 
Reliability & Understandings

Technology Development & 
Business Promotion

Political & Legal Supports

Role of WtE for Circular Economy and Recent Issues in S. Korea

No Landfill 
w/o WtE

2030 ~ by Law



Summary and Present Issues on WtE in S. Korea

• Recognition of Role of WtE with Optimal after Maximum Recycling is essential to 

achieve Zero Landfill, CE, and Carbon Reduce, and to Avoid Waste Adversity.

• No Landfill without Pre-Treatment (WtE) after 2030 in S. Korea.

• Provision for  the Replacement of Aged Incineration Plants over 30yrs operation.

• Many WtE Facilities across the country should be Installed by 2025~2030.

• Policy to Support WtE Facilities and Public Understanding must be formulated.

• Higher Efficiency in Energy Conversion and CCUS at existing WtE plants.

• Technology Development for Renewables (Hydrogen, Chemicals etc.) by 

utilizing  Pyrolysis & Gasification. 20


