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The main research directions are domestic waste classification and treatment technology and management system, solid waste
energy/building materials utilization technology, etc.

Presided over a number of important research topics such as the National Key R&D Program, Science and Technology Support
Program, "863" Program, Natural Science Foundation, etc.

He is also a member of the Scientific Advisory Group of the International Solid Waste Working Group (IWWG), co-chair of the
“International Conference on Biomass and Waste Energy Conversion”, a member of the Urban Environmental Sanitation Special
Committee of the Science and Technology Committee of the Ministry of Housing and Urban-Rural Development, and a member of
the Urban Appearance and Environmental Sanitation Industry Technical Standardization Committee of the Ministry of Housing and
Urban-Rural Development , Director of China Environmental Protection Industry Association, Expert of China Urban Environmental
Sanitation Association, Deputy Editor-in-Chief of "Environmental Sanitation Engineering", etc.
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New situation: classification, zero waste, plastic restriction and carbon emission reduction become national strategy

>

>

>
>

> JRFEBRHAETA, FaAFE. HFHENER I LI, ZREHEZH/THT
> 20165128 F kM 2403 A S TR RNRE “LREFTERSEFE”
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> 201959 F RiRK £ BE (E—F g BHFTREEGELY o
President Xi attaches great importance to, personally arranges and promotes the work of MSW classification, and has made important

instructions for many times.

In December 2016, the 14th meeting of the Central Leading Group for Financial and Economic Affairs put forward the "universal
implementation of garbage classification system".

In April 2017, the Central Committee of the Communist Party of China (CPC) adopted the Implementation Plan for Banning Foreign Waste
from Entering China and promoting the Reform of the Solid Waste Import Management System.

In December 2018, the CPC Central Committee for Deep Reform approved the Pilot Work Plan for the construction of “Zero-Waste Cities".

In 2019, the Commission for Deep Reform of the CPC Central Committee adopted the Opinions on Further Strengthening the treatment of
plastic Pollution.
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New situation: classification, zero waste, plastic restriction and carbon emission reduction become national strategy
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> In September 2020, the CPC Central Committee adopted the Opinions on Further Promoting MSW Classification.

» The General provisions of the Law on the Prevention and Control of Environmental Pollution by Solid Waste, which came into effect in
September 2020, specify that "the state implements a municipal solid waste classification system",

» Local laws and regulations on MSW classification in Beijing(05/01/2020), Tianjin(12/01/2020) and Hebei Province provinces(01/01/2021)
have been promulgated intensively.

> Anti food waste law of China has been enacted and the Comprehensive Utilization of Resources Act has entered the legislative process.
» China has made a solemn commitment to the world to achieve carbon peak by 2030 and carbon neutral by 2060.
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New situation: ecological civilization and social civilization are increasingly prominent

MSW classification has close
1 relationship with daily life of people and

BRPRRLXEARBAOBFTAEE, T is of great significance to the
BHAESLHEXR., AL LHAALE A construction of ecological civilization,

) the promotion of social civilization and

R R AR EERAEERE L. the innovation of the foundation.
FEITER S ERBER BNERFF Social civilization :I'he key to the impllemgl?tation of MSW classification
> is to strengthen scientific management, form a long-

/\
ﬁ/ ﬁx‘l{)’&*}t‘ %' /\;}fizstl 2, ]ﬁ%)&‘ %ﬁ' term mechanism and promote habit formation, which
LA Kb —ANE BRI, 1< <hH is an important embodiment of the level of social

—— civilization.

New fashion

BB R ITAERAN A,

MSW classification is the new fashion.

B 1]

——

EiRIEITHB S, EFE, *

,% (kA T‘T =A% AL EIRE Environmental improvement
AT S . MSW classification system has a bearing on the improvement of
= % 5 3B B E L 2 the living environment of more than 1.3 billion people, and on

IR }ﬁ?‘ﬁl'f)é\ RELZE, ﬁﬁ&%'—ﬁ “Eﬂﬁ” ﬂfﬂ the ability of garbage to be reduced, reused, and disposed of

harmlessly.
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New situation: multiple pressures and constraints bring great challenges

central
environmental
inspection

Slow progress of!

Ythe integration of |

Lower subsidies
to WtE Local MSW sector and
government \\ecycling sector
finances are
tight

o proper
solution for

domestic
hazardous
waste

Barriers for land
use of stablized

food waste
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Good bhase: over the past four years, the waste disposal of our country has made great achievements
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Safe disposal rate higher than 99.8% in 2020
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Good bhase: over the past four years, the waste disposal of our country has made great achievements
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Incineration 50-65% in 2020 in Beijing, Tianjin and Hebei, and
biological treatment capacity of Beijing is leading in China.

WE LR A E 33 2020F K F AL & X £]100%
Safe disposal 100% in 2020 in Beijing, Tianjin and Hebel
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Good foundation: the resultant force of "from quantitative change to qualitative change" is gradually strengthened
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New pattern pays
attention to qualitative
promotion,
classification

becomes inevitable
requirement

Source avoidance and reduction
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Traditional model
depends on the
expansion of quantity,
and potential has
been tapped out
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Good foundation: A good cultural atmosphere for the participation of all is gradually forming
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Baidu search index of“MSW classification" in the past two years showed explosive growth
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Systematic promotion: the rule of law, system, culture, facilities construction

e e

B GENRINHEHEE pr  |® RESHHHBRLARI KR
TREETEAF K ) ® B EHNHELT S

ik ® Improving publicity and education and strengthening
A FEFAEANE B ®in organizational mobilization
] ® Adhere to the correct guidance of public opinion
£ Rl HH B Education ® Be guided by scientific theories

The linkage system of N
government departments ule Eacilit & LHBHF;REEFH (Z34)
daCllitly srage's XS0 WEE .5

Management system of
persons in charge of waste & RE®RFE (LER)

B Y IR A A (\
P [ R \ o
Guarantee i g Fundamental

classification .m o -
Extended producer sazs S BRRMFTEIRIRGEE

responsibility system #ie % Waste Classification Management Regulations (local)
Differentiated charging system % Comprehensive Utilization of Resources Act
Urban and rural/regional & Anti-food Waste Law (in force)

integrated management and % Law on the Prevention and Control of Environmental Pollution
eco-compensation system by Solid Waste

Rl

Base
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Pluralistic co Governance: social coordination, each performing its own duties and improving the level of social civilization

bl 2R, SR Enterprise
#, BARF B0 .
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Individual Government
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Fine management: build a whole process intelligent supervision platform based on information means

Internet of things big
data to achieve fine ¢
ontrol of the whole pr
ocess
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n Internet of things
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Optimization of industrial
Internet processing and u
tilization system
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Processing system: an integrated and optimized structural framework

AER KN BLCR R AL ‘
Maximum reduction Recovery optimization
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Processing system: common but differentiated functional positioning of "four classifications"
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Compulsory classificatic
and standardized
recycling of recyclable
waste is the key diregtion
of waste resource
utilization

Recyclable Impose

Fault-
tolerant

Other waste incineration
power generation is the

| core guarantee facility for

waste classification and
treatment in large cities

"The proper classification
and land use of kitchen
waste are the main nodes
for'the optimization and
efficiency of the treatment
system

Promote Food Waste

The source classification
of hazardous waste is an
effective way to control
the environmental risk of
the treatment system
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Weaknesses: high efficiency kitchen waste treatment and standardized recycling

G (%)

Proportion of domestic waste recycling

ARBR/EEAEFTERESFRAELLATE L andfood waste biochemical treatment in

different countries / regions

B 5k (RAAZERE ) mEE mAA
60| fk K &4k WhkERER [0
Overestimation ) | B 1% 5 B Recovery M Biochemical
50 : Higher due to the
inclusion of
40 8 3 BF # AL construction
= waste, as
% T4 t|res
30 Relatively clear
Biochemical treatment of
leachate
20
10 5
10 7
1.7 .
0 ||
B|ochem|cal treatment of
fg@ %ﬁ e *)51 “l:' EI /’% “l:' EI kl‘ffi kitchen waste
Japan Germany USA Singapore Taiwan, Chinese

China Mainland
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Kitchen waste treatment: clarify the hierarchical structure of source reduction and classified recycling

~ Food Recovery Hierarchy

Source Reduction
Reduce the volume of surplus food generated

Feed Hungry People

Donate extra food to food banks, soup kitchens and shelters

nvironmental Protecti

7 Q %‘i’k SCAR, . ,}ﬁ }-" ;%. Change the catering culture; Promote clean
. . ’ J o vegetables into the city; Kitchen waste source
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a{i"f? ﬁ"f}. lﬂ 7@7‘%’%@ /ﬁ‘ Legal responsibilities need to be clarified

5'114’7‘3' «%ﬂﬁﬁ*ﬁ%ﬂzﬁt s There are ambiguities in the existing legislation,

3”3 -ml 3'# ﬁ &gﬁ ﬁ%} w) the effects of African swine fever and COVID-19.

> 7% Ag ’b%ﬂx-—% M’H’% (¥ Oil extraction and fuel conversion; Methane
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Composting
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Kitchen waste treatment: appropriate classification treatment to ensure the realization of land use
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I
AELEREBREACAEZEBIRLZLARERKT G > MSW incineration power generation has obvious advantages in carbon

emission reduction and comprehensive environmental performance.
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HIHH L T&% BB R E+R # KB e A > The advantages of the optimized combination mode of dry wet separation
AR IXRGTEREREF LB T LT LB EY + incineration power generation + anaerobic fermentation depend on
. whether the fermentation products can realize safe land use.
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Kitchen waste treatment: appropriate classification treatment to ensure the realization of land use
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Kitchen Waste Treatment: appropriate classification treatment to ensure the realization of land use

K35, 8.6%

£ 4,0.9%
4k A, 2.5%

24h,2.7% \

Glass, j, 8.6%

Metal.;, 0.9%

Wood, ., 2.5%

Textile, 1, 2.7% \

Digested sludgei

Food waste and slurry
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FEHF,
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Separate dry and wet, effort direction.

Actively encourage, and complement
each other.

Regular and fixed points, moderate and
appropriate.

No dry waste in the wet waste, as it
should be.

No wet waste in the dry waste, both lose.
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Food Waste Treatment: appropriate classification treatment to ensure the realization of land use
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Kitchen Waste Treatment: combination of centralized, in-situ, mixing and crushing treatment
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More than 80% of compost
feed is garden waste, and

household kitchen waste
accounts for less than 20%

Domestic composting
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other 12%
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Kitchen Waste Treatment: carbon emission reduction efficiency evaluation of different resource technology routes
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Kitchen Waste Treatment: comprehensive environmental impact assessment of different resource technology routes
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Recycling: standardized management, integration of two networks, transformation and upgrading
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Renewable resource is also an integral part of garbage. "Integration of two networks" is an inevitable trend of economic and social development and progress

The recycling of "small, scattered, low, pollution" renewable resources does not meet the requirements of development, and it is an inevitable outcome to be eliminated

It is an inevitable requirement to change the dual governance model of market led recycling of renewable resources and government led garbage collection andtreatment
It is an inevitable option to improve the degree of industrial agglomeration, expand and extend the industrial chain, improve the quality of recycled products

Fe e A Y TR E F.Mmmﬁ/%ﬁnﬂ

Traditional renewable resource recycling industry Information based express / takeout industry
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Recycling: the imbalance of benefit distribution leads to simplification and separation from supervision
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Recycling: "increasing revenue and reducing expenditure" to promote the diversification and stability of recycling income
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Recycling: the integration of the two networks can significantly improve the carbon emission reduction benefits of

waste classification
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Recycling: the integration of the two networks can significantly improve the carbon emission reduction benefits of
waste classification

Greenhouse gas emission

[ Electricity net substitution ] Methane emission B Fossil source carbon incineration

[ Biological carbon source storage [——] Recyclables instead of - _g Greenhouse gas emission reduction
. emission reduction

EERRYEAY R HER LR TRBE

reduction (kgCO,-Eq)

-g%gﬁl.ﬁﬁﬁ?ﬂ% oA ERIEEE = iR=SARHE a 'ﬁ-
. T = ;li% = ;li A Recyclables contribute 56%
§' 400 _ : @k f?\ 2 W4 _'Jé’ ELAZI& of the greenhouse gas
5 0 . emission reduction !
BAHEE 6956%!
4L

AR @5t i Different recyclables

o . = . contribute the most to
142'&1)5(‘3}5]]5 él] A 'ﬁiﬁ& é greenhouse gas emission
wk, &&RZ, XK reduction, followed by paper,

metal, glass and plastic
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Long term Mechanism: the economic benefits and charges of waste treatment are far from covering the cost

Cost benefit (yuan / ton)

PAS &R (7T/ME)
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. 3R i 2 22 ) D 55 - & - WERAANEY
- Landfill i i
BN i Clearing cost trz:::tment cost :'::::::;::H;St EBiological treatmeht cost

j Incineration benefits —— Biological treatment - p Benefit cost ratio
benefits

017eJ 1502 11J3Ua(q

V £ EBBAEFENK
HAE LR ARE21%

v 53R A ARG A AR
A8 £5%

v" The benefits of domestic waste
treatment account for only 21%
of the treatment cost

v" The waste treatment fee only
accounts for about 5% of the

treatment cost
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Long term Mechanism: the distribution of interests in the recycling chain of recyclables is seriously unbalanced

5
R i i 1
N AT R, B R A A A
- - : FRA T EA I ££50%-70%69 F)/E, &
5 | I : H ok B A I8 R E
. ] W OEMRTARS, sESH, RERTLAE
I | REmE, FERTHRRDAAA AL
0 | .
i ‘ peT | i ‘ peT | i F‘PET |V SHEAL TS, ERH SR R SRS
Waste Waste | Waste Waste Waste Waste ! N T AR R a9 3
paper | 1 PET paper | 2 PET paper | 3 PET L o o L . . . e e e e e e e e e -

v For high-value recyclables, residents, scavengers and individual

BE mMREWF/4ERE mERAE mdEs - oo
A - " ” recyclers have 50% - 70% of the profits of the whole recycling

Besidents ¥ Individual recyclers B Recycling ~ ® Middleman = Sorting center

Scavenger company chain, and the profits of the recycling industry are meager
. . v There are many recycling links, scattered sites, low efficiency
. _/\ 8y \ ) AR H J
L1: J& R—AREDEC P — i B —o 45 S and gray areas, resulting in increased costs and profit

BARHF—FAA—FH PO v For low value recyclables, the rupture of the recycling interest
L1: Residents - Individual recyclers - Middlemen - Sorting center chain leads to the rupture of the material chain in the recycling

L2: Resident - Recycling company - Sorting center | p_roies_s ____________________
L3: Scavenger - Middleman - Sorting center

|
!
|
!
|
L2 ﬁ:‘ R— B 8] o s : compression in downstream links
!
|
l
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Long term Mechanism: implement differentiated charges and EPR to take responsibility for pollution
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- 0.8
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o i i
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Government O Resident m Waste treatment g Resource
C—; Clearing cost mmm [ncineration — Landfill treatment  ——pjgogjcal treatment cost subsidies payment benefits recovery benefits
—= Incineration benefits m=m gi?ﬁtt)rgl;?;: cost — ;{_)::yc]il_lg_ benefits —/rBenefit cost ratio
treatment benefits of recyclables .
WA ET&EEREZTHR

WP X T AR L

Cost effectiveness in four scenarios

Responsibilities of each subject under the four scenarios

s HLR; M2: E RIS IR R M3: A FE iR Ab s F Rk M4: AT LR B SR G
M1: Current S|tuat|on, M2: Implementation of differentiated charging system; M3: Implementation of extended producer responsibility system; M4: Simultaneous implementation
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Long term Mechanism: implement differentiated charges and EPR to reduce the financial burden

600

500

Amount (yuan / ton)
& (JT/igE)
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0
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SCHEEE  Implementation progress
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Total cost Resident Profit from recycling Government Waste treatment
payment of recyclables subsidies benefits

0% 20%
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Increase investment, strengthen supervision and promote high-quality classification

FRER, FERARERS

High product quality and high environmental protection standards

Fake and ) . o
cheating B8 % I High quality

Win by

AMB

BNT) B B BN EX
KEREM Winby A= WA R

quantity

;29

Small investment Large investment

“Scattered
Regulatory scale loose pollution”

“‘&%Ll? ” k

R, FREAREL

Low product aualitv and low environmental protection standards

Strict regulatory standards
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Producers are responsible, poIIuters pay, and promote sustainable classification as a whole

EEERAF
5 e H AT

The producer is irresponsible,

Polluters do not pay

RERRET, HEKAD

The reduction effect is good and.the comprehensive benefit is high

quin_put KN i.g:in-pludt
High yield B Igh yie

Ideal f fﬂ

stage
H&

A2 Y
BB

FEFE AR,
T RE R

The producer is responsible,

Initial
stage

Low input {KFZN\
Low yield fg& Jal:

High input polluter pays

Low yield

BEXRE, HZEeHEIK

The reduction effect is poor and the comprehensive benefit is low
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Thank you and welcome to communicate

w75 : 13910569582 Phone: 13910569582

- ) E-mail: jgliu@tsinghua.edu.cn
#848: jgliu@tsinghua.edu.cn

The official account of WeChat:
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