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1. Background of the current situation




The current situation

“Carbon Neutral”

“Carbon Peak”

Recycling process of concrete[1]
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and China’ s construction industry emits a Huge demand for sand and gravel.

large amount of carbon.

ERfEE

Piles of construction waste
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Huge impact on the environment.

China's construction solid waste volumes are enormous, and the issue of resource utilization has drawn significant attention.
Reduction, reuse, and recycling of construction waste are currently the major trends in low-carbon sustainable development in the

construction industry.
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Directly used as raw materials

Processed and then used as raw materials

Returning to the original state
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In the traditional construction industry development model, most construction waste
IS directly disposed of into nature. :
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The whole process of the construction industry
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The construction waste is decomposed and synthesised multiple times, with recycled products being used as new
green building materials.

First
"Decomposition"

Natural Sand and Gravel

First "Synthesis"
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Recycled Concrete Recycled Materials

B The recycling of construction waste contributes to the
closed-loop development of the entire construction

industry supply chain.
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The State Council and the Development and Reform
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B The increasing importance of solid waste resource utilisation to achieve sustainable
development in cities and towns.



Background

O Demonstration applications landed and opened up the industry chain

O By 2020, the comprehensive utilisation rate of construction waste has reached 50% (NDRC's 14th 5-Year
Plan for Circular Economy).
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Background

Application Examples of Recycled Concrete
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2. Why forward and reverse synergy in recycling
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Ministry of Science and Technology projects related to ‘solid waste’

O Major project

v' 21 projects under the National Key Research and Development Program for "Green Buildings and Industrialized Construction" have been
announced.

v' 47 projects under the National Key Research and Development Program for "Solid Waste Utilization" in 2019 have been announced, mainly

covering construction waste, industrial solid waste, and hazardous waste.

13th Five-Year Plan: "Green Buildings and Industrialized Construction" Key Projects
Research and application of key technologies for green building materials through the collaborative utilization of solid waste.
Research and application of key technologies for green building materials from industrial and urban solid waste.

Research and application of key technologies for the efficient utilization of the entire construction waste industry chain.

13th Five-Year Plan: "Solid Waste Utilization" Special Projects

Key technologies for large-scale, high-value mineral materials from low-grade solid waste.
Scientific basis for the reconstruction and conversion of aluminosilicate inorganic solid waste.
Intelligent fine sorting and upgrading technologies for urban construction waste.

Low-cost cementitious materials from industrial solid waste and related application technologies.
Prefabricated component technology for industrial solid waste.

Complete set of large-scale utilization technologies and integrated demonstration for solid waste at coal power bases.
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Research on key technologies for multi-path applications of recycled concrete sand and powder.



Developments in construction solid waste resourcing
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About the construction solid waste project

B Research and application of key technologies for efficient utilization of the entire construction waste

recycling industry chain.

v' The project follows the principles of reduction, harmlessness, and recycling, integrating key aspects of the entire
construction waste recycling industry chain. It aims to address critical issues related to the generation, classification,
recycling, and application of construction waste. The project will develop materials, products, processes, equipment,
technologies, and standards suited for urbanization, aligned with industrialized construction, and conducive to large-scale
use.

v' Key areas of research and development include breakthroughs in: "lifecycle-based construction waste reduction and

classification technologies," "modular processes and equipment for recycled aggregate crushing, sorting, and quality

enhancement," "prefabricated recycled concrete components and structural application technologies," "preparation and

application technologies for high-quality decorative, structural, and functional recycled concrete products,” "preparation and
application of permeable materials based on sponge city principles," and "integrated technologies for recycling soil-based
construction waste.”

v' The project also aims to solve challenges like establishing a unified theoretical framework for the design of "recycled block

concrete" and "recycled mixed concrete."



About the construction solid waste project

B [ntelligent fine sorting and upgrading technologies for urban construction waste.

v" For urban construction waste, the project aims to develop Al-based sorting technology and complete equipment sets. It will
research targeted pre-treatment classification technologies, upgrade recycling techniques and products, and create an
integrated solution combining research, engineering demonstration, industry promotion, and policy support for urban
construction waste recycling, with a focus on demonstration projects.

v' The project will develop 2-3 Al-based sorting technology systems and equipment sets for urban construction waste, with a
100% localization rate for core equipment. The system will have intelligent learning capabilities, with a waste recognition
accuracy of over 95%, a brick/concrete sorting rate of over 85%, and an organic/inorganic material sorting rate of over 85%.
Treatment costs will be reduced by more than 20%. Additionally, the project will create 3-5 new products for large-scale
waste recycling. Two or three green demonstration projects for recycling construction waste on a scale of 100,000 tons/year
will be established, meeting the requirements of the "Green Factory Evaluation Guidelines" (GB/T 36132-2018). An
integrated solution for urban construction waste recycling, covering research, engineering demonstration, industry promotion,
and policy support, will be proposed, with 2-3 demonstration bases established in different regions of China. The project will
build a technical patent and standards system (applying for more than 10 invention patents and developing over 3 standards

or specifications) and establish an innovative commercialization model.



About the construction solid waste project

B Key technologies for multi-path applications of recycled concrete sand and powder.

v' To address the issue of low activity and difficult utilization of recycled sand powder produced during the crushing and sorting of waste concrete,
research will focus on efficient crushing, grinding, and modification technologies for recycled sand powder. The project will also explore
combined physical-chemical solubilization activation and targeted gradation optimization technologies. It aims to develop technologies for
producing various types of recycled mortars and concrete materials from recycled sand powder, as well as technologies for high-quality
utilization of recycled brick-concrete aggregate and sand powder. Furthermore, it will investigate integrated technologies for the full-cycle
design, construction, and acceptance of recycled mortars and concrete, and develop comprehensive sustainability assessment methods.
Engineering demonstrations will also be conducted.

v" The project will establish complete sets of technologies for producing recycled mortars and concrete from waste concrete sand powder,
solving technical bottlenecks such as low activity of recycled micro-powder and poor gradation of recycled sand. This will enable the cost-
effective utilization of waste concrete sand powder, doubling the resource utilization rate. Specifically, the project will develop one set of
equipment for processing recycled sand powder and create more than two types of specialized functional additives. The 28-day activity index
of the recycled micro-powder will exceed 75%. In recycled mortar, recycled sand will account for at least 85% of fine aggregates, with a
compressive strength of no less than 15 MPa and a water retention rate of over 90%. In recycled concrete, recycled sand will account for at
least 30% of fine aggregates, and the combined replacement rate of recycled powder, sand, and coarse aggregate will be no less than 50%,
with a compressive strength of no less than 40 MPa. The project will develop 2-3 comprehensive utilization and evaluation methods for waste

concrete sand powder.



Additionally, 1-2 demonstration production lines for recycled mortar and recycled concrete using waste concrete sand powder will be
established, with an annual output of at least 300,000 tons of recycled mortar and 400,000 cubic meters of recycled concrete per production
line. Production costs will be reduced by over 40%. The project will also establish a system of patents and standards covering the research

content (applying for more than 10 invention patents and drafting more than 3 national, industry, or group standards for review). Finally, an
Innovative commercialization model will be created.



China's Construction Solid Waste Status Issues

scattered distribution, mixed composition and large geographical differences
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Main organizations: China Association of Environmental Protection's Construction Waste Management and Recycling Committee, Recycled Concrete Academic Committee,
National Technical Committee for Standardization of Wall, Roof, and Road Building Materials (TC285).




Analysis of urban construction solid waste pain points

No precise measurement;
Large total emissions, but dispersed and exhibiting clear regional and temporal uncertainty;

Urban The temporal and spatial uncertainty of dynamic emissions mismatches with recycling processes and
; technologies;
COI’].SUUC'[IOI’] Stationary: Inconvenient to transport loose materials, difficult to collect good materials;Mobile: Not economical
solid waste for small amounts, too much material can't be processed in time, and is difficult to apply;

How to use it, and what can it be used for? The gap between demand (policy, cost, performance): Disposal
Technology vs. Recycling Demand.

Processing » How to quickly test and mix soil quality on-site?;
Technolo Recycled » High water absorption, high crushing value, poor gradation, high clay content, high
gy ) water demand, unstable quality;
Efmd Materlals > Hard to meet current national standards;
Equipment > Policies, markets, and transportation affect supply and demand.
» Large performance variability;
» Low added value;
Preparation RecyCIGd > Lack of functional design;
Technology PrOd ucts » Does it meet market demand?
» Widely applied, but often done covertly, with
safety risks;
» Lack of design and standard system support;
Construction Engineering » Lack of coordinated application of recycled
Technology | : products;
and Appllcatlon > How to promote demonstrations;
Acceptance » Materials are low-carbon, but is the overall

project low-carbon?



Analysis of urban construction solid waste pain points_1

Urban construction

Mobile disposal sites: waste
Convenient and flexible, with no

restrictions on production sites;

Flexibility of movement and

proximity of production;

Fixed disposal point:
Flexible configuration, large

High degree of automation
J J crushing ratio, high production

efficiency, large disposal capacity;

Convenient operation and
maintenance, low loss and long life;

Can support the production chain
of downstream products, with
industrialised production
advantages




Analysis of urban construction solid waste pain points_2

« Recycled materials have large
performance variability.

product production

v
Difficult to apply recycled

High carbon emissions during recycled

products with high added value.

Scaled components

Inconsistent size, varied performance

How to safely reuse?

.

- Difficult to use directly, hard to
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apply for high-quality use

How to directly utilize it?

Urgent need for tiered utilization
technologies to meet multi-scenario
application requirements.

Large performance ty,
high carbon emissions

How to fully recycle?




Analysis of urban construction solid waste pain points_3

Lack of planning design before
demolition, lack of construction
design after demolition

. 4

Difficulty in coordinating
demolition and disposal

Implement collaborative design for demolition
and reuse, and coordinate the entire process

| Early stage: lack of planning

Rough demolition, ‘ Information mismatch, supply-
resource waste Urgent need for overall demand imbalance
j:::::: . supply side planning and .deSign customer side .
demolish > coordination < utilise

‘ Region | Compo ' Compo | Product

- nent sition
E Information i | | i Information i
| collection, storage, i ! release, matching, !
. I and analysis ] I and analysis i
How to design AR — A - _ a0l .
for demolition? L——1 Demolition component Multidimensional Applicationdemand | How to dem_gn
- information information database information for constructlon?

How to achieve digital coordination management?



The necessity of forward and reverse synergy In recycling.

Forward Forward planning and design methods based on the recycling attributes of solid

Design waste and utilization needs

(1) (2) (3)
Solving Difficulty in matching Difficulty in applying Difficulty in promoting
Problems process equipment recycled products application technologies

Reverse Reverse-guided design and control methods based on product performance
Design feedback and engineering application requirements



3. How to synergise
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Forward and reverse synergy in recycling

® Forward-Reverse Synergy Planning and Application Theory for Recycling
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Clarifying the true state of urban construction solid waste
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Collaborative programmes

Systematization
of Production

Systematization
of Application

Systematization
of Standards
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Project 1: Forward-Reverse Synergistic Planning Theory for Urban Construction
Waste Recycling and Low-Carbon Systematic Design

Forward-Reverse Synergistic Planning
Theory, Standard Framework, and Guidance Feedback
Full-Process Carbon Reduction

Policy Updates and Implementation
Standard Revision and Improvement

Project 3: On-Site Large-Scale | :
| | Project 2: Key Technologies and material coordination Disposal of Demolition Waste | :
Demonstration of Large-Scale < »| and Development of High- I .
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l Application Technologies | .
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Project 5: Collaborative Disposal of Urban Construction Waste in Industrial Parks and Systematic
Application of Recycled Products in Engineering Demonstrations

Digital Twin

Demand Analysis
Experimental Research
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Green Certification

Application Demonstration
Monitoring and Evaluation

Carbon Reduction Analysis




Top-level design synergy

® Standard system construction

Methods Procedure Key points
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/| Process Method {Standard system construction and .
principles) Recycling

® Dynamic Updates

Forward-Reverse Synergy in

— Classification Method

® GB/T12366-2009

Standard | | | 3D Coordinate Method {Guidelines for comprehensive ® Full-Process Carbon Reduction
System | icati .

Construction | | | Modular Construction standardisation Work» Mechanism
Method Method

[ Waste Attribute Database Disposal Planning for Raw Material Quality Improvement ‘

- Hierarchical Method | GB X GB — S ==
Forward l High-Quality, Functional Product Design Product Market Adaptation Analysis

ofe fE A DS DG R IE IR 82 be dE L R S N E s S T RE R T PR
— e vz

‘ Reverse

l Multi-scenario, Multi-path Application Design > Application <wstemmLarges:a\e.xpp\icam Need: |

—| System Integration Method

i 44 7 A I ) 0 B R
B SR TN
A Primeiples nd sequiremcats For consteueting Siandand sraem Standard System
Y standard Level frmm——————
National Standards
Industry Standards
Basic Method Equipment Technology Recyeled  appiication
Local Standards Standards Standards  Standards Standards  Product Standards
Standards
Group Standards we
: " wE . g AE R z
Enterprise Standards Illﬁélgr.‘tluust;%\.lﬁn‘r:meu

.
-

Standardization Object
Z StandardCategy Technology standard x !

) () ()
/ Management standard <_> ( = <‘j
Disposal Products Design
/ Process standard



Cross-disciplinary synergies
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» Based on the current understanding of recycling, it requires interdisciplinary collaboration across materials science, technology,

equipment, structure, construction, management, economics, policy, and even cultural aspects.
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Multi-source solid waste output synergies

Current Situation and Market Operation Mechanism of Constrgetien-Waste Collection, Transportation, and Utilization
Pays the Transportation
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Concentrated-Distributed" Disposal Coordination

Dispersed disposal: high cost, low quality On-site modular high-efficiency disposal

coordinated with centralized disposal in

Centralized di I: long t t dist . i i
entralized disposal: long transport distances industrial parks

high carbon emissions
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Industrial Park Collaborative Disposal
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Product pivoting synergy
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Disassembly/Use, Application Modes and Scenarios

S .J’.« 'a— : o & 27 ~ = ——
oy mimnt |
R S 5 EZENT ‘ :

> f'j'q‘. s
RS BErE
KEEH 2EEKR
e itET
z = mE HE

Y

sEREN PO
e

A
33>

- : -
= S RS
= -

Fo

Nih

\ SELRHR

BiFEE
: ALK

[

-
%@»

{ Single path }

High-carbon
emission disposal

Material Basis
Severe polluted S -
Demoliti
Mixed materials Recycling
Potential

Demolition-
Utilization

Synergy

<j\_;> Automation Application High value cj\_;>
Demand ) ation

Construction

“ \ 3 Technological Full-process carbon
- TR s S » ¢ 2 systematization reduction

ention Cenfre complex % 3 % ; S u’uililiE ¢ Implementing precision demolition and green utilization system applications for integrated demolition and utilization,
o £ 5 - L BARIK \ with large-scale engineering demonstrations.




4. Case study
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Research Outcomes of Forward and Reverse Synergy Theory

Research on the technological system of positive-reverse synergy for urban construction waste resource utilisation
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Theoretical Results of Forward and Reverse Synergy Research

Research on the technological system of positive-reverse synergy for urban construction waste resource utilisation
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Theoretical Results of Forward and Reverse Synergy Research

Research on the technological system of positive-reverse synergy for urban
construction waste resource utilisation
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Typical Project for Utilizing Recycled Products — The
Upgrading and Renovation Project of Yongji Road (Yingbin
Avenue to Juguantun Pump Station) in Cangzhou, focusing on
road drainage works.

Multi-Waste Collaborative Disposal Model — Qian’an
WeiSheng Concrete for comprehensive solid waste
management.

Comprehensive Utilization of Construction Waste —
Qinhuangdao Hongzheng Building Materials Recycling Base
Project.

National Enterprise Model for Construction Waste Disposal
and Recycling — Zhangjiakou Construction Waste Disposal and
Comprehensive Utilization Project.

Full Life-Cycle Circular Ecosystem for the Construction
Industry — Handan Zonglou Construction Waste
Comprehensive Utilization Model.

Local Example of Construction Waste Recycling — Tangshan
Runteng Construction Waste Utilization Technology.
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Theoretical Results of Forward and Reverse Synergy Research

Research on the Full-Process Application System and Standardization of Forward and Reverse Recycling Synergy
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Theoretical Results of Forward and Reverse Synergy Research

Low-Carbon Circular Strategy, Policies, and Management System for Forward and Reverse Resource
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Theoretical Results of Forward and Reverse Synergy Research

Municipal utilities Power systems Railways

o«

Low-Carbon Circular Strategy, Policies, and Management System for Forward and st wsols oy oss et

Reverse Resource Recycling Collaboration

a. Total material stocks in 2000 b. Total material stocks in 2020
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= Glass = Transportation

= Wood
Plastic

= Rubber

Without sand, gravels,

Without sand, gravels,
bricks and cement.

bricks and cement.

The spatial and temporal variations in the stock distribution of building
materials (sand, gravel, cement, bricks, etc.) across different regions of China
over the past 20 years were analyzed. This dataset can support research on
long-term dynamics, socio-economic development, and human activities,
including urban expansion, carbon emissions, and resource recycling.

Material stocks

0 30 (Mt)

Cities from top to bottom are Be;jln , Shanghai, Guangzhou,
Wuhan, Xi'an, Shenyang, Guilin, Wenzhou, and Urumgi.




Synergy implementation case - modular equipment
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* Management process is complex, with low controllability
* Takes up a large amount of land

* Damages the environment, pollutes water sources

* High risk of landslides, significant safety hazards
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Forward and Reverse Synergy Design Method for Recycled
Products

Forward and Reverse Optimization Design and Preparation of High-Performance Recycled Concrete

O Forward Optimization of High-Performance Recycled Concrete — Additive Optimization and Blending Analysis
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Forward and Reverse Synergy Design Method for Recycled Products

Forward and Reverse Optimization Design and Preparation of High-Performance Recycled Concrete

O Forward Optimization of High-Performance Recycled Concrete ——Self-healing of surface defects and particle
shape correction of recycled aggregates.
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Synergy Implementation Case - Demolition and Utilization Synergy

® Taking road and bridge expansion projects as an example, there is an urgent need for corresponding reverse design technology
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Resouce Utilisation Forward and Reverse Practice

Western Land-Sea New Corridor (Pinglu) Canal Overpass Bridge Project (2024)

Forward Demand for Solid Waste Disposal from the
Demolition of the Old Bridge

ﬁ Reverse Demand for In-Situ Construction of the Replacement Bridge

Bridge in Shajing

LR RIS T

In-situ utilisation of solid waste

" Application Scenario: Bridge Deck
Strength grade: C50
Bl Substitution rate: 30%

maintain




Resouce Utilisation Forward and Reverse Practice

Disposal process system based on multi-source sludge

. . Product lines based on application requirements
resourcefulness characteristics
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Resouce Utilisation Forward and Reverse Practice
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5. Summary



Conclusion

Although the national recycling rate of construction waste has increased (35-40%), there is still a severe lack of high-quality,
large-scale, and systematic application technologies. There is still a significant gap to reach the 55% target by 2030, and carbon

reduction research in the recycling process is lacking.

Further deepening research on forward planning and design from the physico-chemical properties of construction waste to the
development of conventional building materials, while considering product performance feedback and engineering application

needs, is a key focus of the resource-based forward and reverse collaborative planning application theory.

Promoting the top-level design of "forward-reverse synergy planning and application of construction waste recycling” will help
address the key scientific and technical challenges in China's construction waste recycling process and achieve systematic

applications in various scenarios and levels.

The carbon reduction, carbon sequestration potential, and optimization methods of various recycling stages, such as source
pretreatment, collection and disposal, and the production and large-scale application of recycled products, need further

improvement.

International exchanges and standards are crucial and urgently needed.
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