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ABSTRACT :

Growing resource consumption, industrial waste generation, and environmental pressures have intensified the transition from linear production systems toward
circular economies that preserve material value through reuse, recovery, and cross-sector collaboration. Despite this transition, potentially valuable waste streams
frequently remain underutilized because resource information is fragmented, industrial actors operate within disconnected networks, and conventional exchange
platforms inadequately identify compatibility between heterogeneous waste outputs and production requirements. This study proposes a Social Resource Network
(SRN) framework that integrates socio-technical networking principles with artificial intelligence to enable intelligent waste matchmaking and cross-industry
circular resource exchange. The framework structures information on material composition, quality, quantity, location, availability, processing requirements, and
organizational demand while applying machine learning, semantic analysis, and recommendation mechanisms to identify viable resource matches. Multi-criteria
assessment incorporates technical compatibility, economic feasibility, environmental value, geographical proximity, regulatory compliance, and participant trust.
Continuous feedback from completed and rejected exchanges further supports adaptive matchmaking and network learning. The proposed framework transforms
fragmented waste information into actionable resource intelligence, enabling industrial symbiosis, reducing disposal dependence, improving secondary-resource

utilization, and strengthening scalable, data-driven circular resource ecosystems across traditionally disconnected industrial sectors.

Keywords: Social Resource Networks; Intelligent Waste Matchmaking; Artificial Intelligence; Industrial Symbiosis; Circular Resource Exchange;
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1. INTRODUCTION

1.1 Waste Generation, Resource Scarcity, and the Circular-Economy Imperative

Global production and consumption systems depend on extraction of minerals, biomass, and other materials to support industrialization and growing
global consumer demand. This dependence has intensified pressures associated with resource depletion, waste accumulation, and inefficient material
use [1]. Conventional economic systems largely follow a linear take-make-dispose model in which resources are extracted, transformed into products,
consumed, and ultimately discarded before their functional or economic value is exhausted [2]. Industrial activities consequently generate residual
materials, by-products, surplus inputs, and obsolete assets that may retain value for alternative applications. Circular economy principles provide a
systemic response by seeking to maintain products, components, and materials within use through reuse, repair, recovery, remanufacturing, repurposing,
and recycling [3]. Beyond closing individual production loops, circularity encourages connections among actors so that one organization’s residual
output can become another organization’s productive input [4]. Such exchanges can reduce virgin resource demand while improving material
productivity and limiting avoidable disposal.

1.2 Limitations of Conventional Waste Exchange and Industrial Symbiosis

Industrial symbiosis demonstrates how organizations can create collective value through exchanges of materials, energy, water, infrastructure, and by-
products [5]. Yet conventional waste exchanges depend on established partnerships, industrial clusters, intermediaries, or databases containing material
categories. These arrangements can restrict discovery when potential partners operate in different industries or geographical areas. Information
fragmentation complicates matching because organizations may describe similar materials using different terminology, specifications, units, or
classification systems [6]. Potential users may lack information regarding composition, quantity, quality, availability, location, and processing
requirements. Transportation costs and inconsistent supply can render feasible exchanges economically impractical [4]. Organizations may hesitate to
transact with unfamiliar partners where material quality, regulatory responsibility, commercial reliability, or contractual accountability remains
uncertain [7]. Consequently, potentially valuable secondary resources can remain invisible to organizations capable of utilizing them.
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1.3 Emergence of Social Resource Networks

Social Resource Networks offer an approach by treating resource exchange as a technical coordination problem and a networked social process. An
SRN can connect waste generators, manufacturers, recyclers, logistics providers, communities, intermediaries, and resource users within a shared
environment where material availability and demand become visible [8]. Rather than functioning as a static marketplace, the network can represent
relationships among actors, resources, capabilities, locations, and exchanges. Social-network principles such as connectivity, reputation, reciprocity,
and information diffusion can support opportunity discovery and resource use [5]. Combining these relational structures with standardized resource
profiles can convert isolated waste streams into searchable and valuable network resources [6]. This network perspective enables knowledge about
successful exchanges to circulate among participants and support resource opportunities.

1.4 Research Aim, Contributions, and Article Organization

This study develops an Al-enabled SRN for identifying compatible waste-resource relationships and facilitating cross-industry circular exchange. The
framework integrates socio-technical architecture with classification, semantic interpretation, recommendation, and decision support [8]. Matchmaking
considers material compatibility alongside quantity, quality, distance, economic feasibility, regulatory constraints [3]. Trust-aware mechanisms
incorporate verification, reputation, transaction history, and resource traceability to reduce uncertainty [7]. By connecting computational intelligence
with relational coordination, the framework seeks to improve resource discovery, reveal unconventional cross-sector applications, and support effective
circular-resource decisions [1]. The following section establishes the conceptual foundations for understanding SRNs as systems of actors, information,
technologies, and material flows.

2. CONCEPTUAL FOUNDATIONS OF SOCIAL RESOURCE NETWORKS

2.1 From Linear Waste Management to Circular Resource Networks

Waste management has evolved from an end-of-pipe activity concerned with collection and disposal toward systems that recognize discarded materials
as recoverable resources. Recycling represented an intermediate step, but circular economy thinking extends management beyond recycling by
prioritizing value retention through reuse, repair, refurbishment, remanufacturing, and recovery [9]. Closed-loop systems return materials to the same or
related production processes, whereas open-loop arrangements redirect residual resources toward alternative applications where they can substitute
primary inputs [7]. This progression encourages resource networks in which material flows are coordinated across sectoral boundaries rather than
managed independently [10]. Accordingly, waste classification based on its originating industry can obscure alternative uses. Representing residual
materials according to composition, properties, condition, quantity, availability, and transformation potential enables organizations to identify utility
beyond original production contexts [8]. Such resource-oriented representation establishes the informational foundation required for circular exchange

networks, industrial collaboration, secondary-material utilization, and sustained material circulation across diverse economic sectors.

2.2 Industrial Symbiosis and Cross-Industry Resource Exchange

Industrial symbiosis provides the foundation for understanding how organizations can improve resource efficiency through coordinated exchanges.
Within symbiotic arrangements, by-products, residual materials, water, energy, services, infrastructure, and capabilities can be transferred between
organizations so that outputs from one process provide inputs elsewhere [11]. Early industrial symbiosis models emphasized geographically
concentrated industrial ecosystems, where proximity reduced transportation requirements and supported repeated organizational interaction [12].
Although proximity remains important, restricting exchange to neighboring firms can exclude suitable partners located beyond industrial clusters.
Digital communication and information infrastructures expand the search space by connecting organizations across industries and locations [13].
Digitally mediated inter-industry networks can therefore complement proximity by improving resource visibility, communicating specifications, and
identifying unrecognized complementarities. This broader model transforms industrial symbiosis from localized bilateral relationships into distributed
networks capable of coordinating actors and diverse resource flows across sectoral boundaries [10], thereby expanding opportunities for collaborative
resource recovery between otherwise disconnected industries.

2.3 Social-Network Principles in Resource Exchange

Viewing resource exchange through social-network principles shifts attention from transactions toward patterns of relationships connecting participants.
Organizations, communities, intermediaries, and resources can be represented as nodes, while transactions, information flows, partnerships, and
resource interests constitute network relationships [14]. Network density indicates interconnectedness, whereas resource proximity can reflect
geographical, technical, or relational closeness between exchange partners. Communities within networks may reveal groups with complementary
resources and requirements that are not apparent through database searches [11]. Reputation and collaboration histories provide relational information
that can reduce uncertainty when organizations evaluate exchange opportunities. Knowledge can diffuse through participants as applications,
processing practices, and resource experiences become visible to others [15]. Consequently, network structures can expose indirect pathways between
resource holders and users, allowing valuable exchanges to emerge from relationships that conventional waste inventories might otherwise fail to
identify across industrial boundaries.
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2.4 Defining the Social Resource Network as a Socio-Technical System

A Social Resource Network is conceptualized as a socio-technical system in which social relationships and technological capabilities jointly organize
circular resource exchange. Its human dimension includes organizations, communities, intermediaries, regulators, and decision makers whose
interactions shape network activity [14]. The technical dimension incorporates digital infrastructure, resource data, search mechanisms, Al models,
communication services, and analytical tools supporting discovery and coordination. Governance mechanisms establish participation rules, verification
requirements, accountability, data standards, and procedures for managing exchange risks [13]. These institutional components remain connected to
physical material flows because recommended exchanges require collection, transportation, processing, storage, or direct utilization. Unlike online
waste marketplaces that publish listings and depend upon users to locate opportunities, an SRN represents relationships among actors and resources
[15]. It can interpret compatibility, incorporate trust information, learn from network interactions, and support decisions linking resources with suitable
cross-industry applications while retaining human participation throughout resource-exchange processes.
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Figure 1: Conceptual Model of the Social Resource Network Ecosystem

3. SOCIO-TECHNICAL ARCHITECTURE OF THE SOCIAL RESOURCE NETWORK
3.1 Stakeholders and Network Actors

The proposed SRN depends on heterogeneous actors whose incentives and capabilities collectively determine resource circulation. Manufacturers and
waste-producing organizations supply residual materials while seeking reduced disposal costs and improved resource productivity [13]. Recyclers and
remanufacturers contribute processing expertise that enables materials and products to re-enter productive use [16]. Small and medium-sized
enterprises can function as suppliers and recipients, particularly where secondary materials provide economical alternatives to virgin resources.
Logistics providers connect digital matches with physical collection, consolidation, transportation, and delivery [14]. Local communities contribute
reusable resources, localized demand, and knowledge of consumption patterns, while circular-economy intermediaries facilitate relationships among
unfamiliar participants [17]. Regulators establish environmental, safety, and waste-handling requirements. These differentiated roles make the SRN an
interdependent ecosystem rather than a conventional buyer-seller marketplace, with value emerging through coordinated participation and
complementary capabilities.

3.2 Resource and Waste Data Representation

Effective matchmaking requires resources to be represented through structured profiles capable of communicating both technical characteristics and
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exchange conditions. Material composition and physical properties provide fundamental information for determining compatibility with alternative
applications [18]. Profiles should additionally describe quantity, quality, dimensions, contamination levels, condition, location, availability periods, and
frequency of generation. Storage requirements and potential hazards are necessary where materials require specialized handling, while certifications can
communicate compliance with recognized quality, safety, or environmental requirements [16]. Information concerning existing and possible
applications broadens the search beyond conventional waste categories by describing what a resource could potentially accomplish in another
production context. Temporal information is equally important because recurring industrial by-products differ operationally from occasional surplus
materials [19]. Standardizing these attributes enables heterogeneous resources to be compared consistently, reduces semantic ambiguity between
industries, and provides machine-readable data from which computational systems can identify compatibility, constraints, and prospective pathways for
resource utilization.

3.3 Multi-Layer SRN Architecture

The SRN architecture can be organized into five interconnected layers that transform raw resource information into coordinated physical exchange. The
data layer captures participant profiles, material characteristics, demand specifications, location, availability, and historical exchange records [15].
Above it, the intelligence layer processes these data through classification, semantic interpretation, compatibility analysis, and recommendation
mechanisms to identify prospective resource relationships [20]. The interaction layer communicates recommendations and enables participants to
inspect resource information, negotiate conditions, clarify specifications, and evaluate prospective partners. Once an opportunity is accepted, the
transaction layer records agreements, verification requirements, documentation, regulatory conditions, and exchange outcomes [17]. Finally, the
physical-resource layer coordinates collection, storage, processing, transportation, and delivery between participating organizations. Information
subsequently returns from physical exchanges to the preceding layers, creating a connection between digital decisions and operational outcomes [19].
This layered arrangement prevents Al recommendations from remaining isolated predictions by embedding them within stakeholder interaction,
transaction management, and observable material circulation.

3.4 Trust, Reputation, and Governance Mechanisms

Cross-industry exchanges involve uncertainty because participants may have limited knowledge of prospective partners or secondary-resource quality.
Participant verification can establish organizational identity and eligibility before transactions occur [13]. Transaction histories and reputation
indicators provide evidence concerning reliability, while material-quality validation reduces uncertainty regarding whether listed specifications
correspond with delivered resources. Traceability mechanisms document resource origin, movement, processing, and destination, supporting
accountability throughout exchange chains [18]. Regulatory compliance mechanisms can identify applicable handling, transportation, environmental,
and safety obligations. Transparent platform rules should additionally define responsibilities, data requirements, dispute procedures, and acceptable
conduct [17]. Together, these mechanisms establish institutional confidence without eliminating participant judgment.

3.5 Feedback and Network Learning

An SRN becomes progressively more useful when exchange outcomes are returned to the system as learning information. Completed transactions
indicate successful combinations of resources, users, and exchange conditions, whereas unsuccessful recommendations reveal incompatibilities or
practical constraints [20]. Stakeholder ratings provide additional signals regarding supplier reliability, resource quality, and recommendation relevance.
Material-performance information can indicate whether secondary resources performed satisfactorily within their new applications [16]. Changes in
demand, availability, prices, and organizational requirements should similarly update resource profiles. Incorporating these signals allows matchmaking
mechanisms to refine future recommendations while enabling the network to adapt to changing exchange patterns [19].

Table 1. Core Components, Stakeholders, Data Inputs, and Functions of the Proposed SRN Architecture

SRN component [Principal stakeholders Key data inputs Primary function
Data | Manufacturers, SMEs, waste (Composition, quantity, quality, location, Structures resource supply and demand
ata layer
Y generators availability information

. Resource profiles, requirements, historical ~ |Classifies resources and identifies compatible
Intelligence layer [Platform operators, resource users

matches exchange opportunities
. Suppliers, recipients, Recommendations, specifications, participant|Supports communication, evaluation, and
Interaction layer |, L. .
intermediaries profiles negotiation
. Organizations, regulators, [Agreements, verification records, compliance .
Transaction layer |, o . Formalizes and records resource exchanges
intermediaries documentation
Physical-resource [Logistics providers, recyclers, Collection, storage, processing, [Executes physical movement and transformation
layer remanufacturers transportation information of resources
Feedback L Ratings, transaction outcomes, material . . .
All participating actors Supports learning and continuous improvement

mechanism performance
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4. AI-DRIVEN INTELLIGENT WASTE MATCHMAKING

4.1 Waste Matchmaking as a Multi-Criteria Decision Problem

Waste matchmaking is inherently a multi-criteria decision problem because a technically compatible material may remain unsuitable when conditions
are considered. Material composition and properties provide the first compatibility threshold by determining whether a residual resource can satisfy the
functional requirements of a receiving process [18]. Quantity and quality must correspond with user specifications, while contamination levels and
processing requirements influence the effort required to transform the resource into a usable input. Geographical distance affects transportation cost and
environmental performance, whereas timing determines whether supply availability coincides with production demand [21]. Economic value must
account for acquisition, handling, processing, and substitution costs. Environmental benefits and regulatory constraints provide additional decision
dimensions [19]. Consequently, SRN matchmaking requires simultaneous evaluation of multiple interacting criteria simultaneously rather than isolated
comparison of waste categories.

4.2 AI-Based Resource Classification and Semantic Understanding

Resource descriptions submitted by organizations are unlikely to follow identical terminology, creating a semantic problem for matchmaking. Machine
learning can support classification by learning patterns associated with material categories, properties, applications, and historical exchange outcomes
[22]. Natural language processing can complement data by extracting attributes from textual listings, descriptions, and user requirements. Terms
describing equivalent resources can then be normalized into representations, reducing mismatches caused by sector-specific vocabulary [20].
Classification mechanisms can identify whether listings concern metals, polymers, organic residues, construction materials, chemicals, equipment, or
other resource classes before compatibility analysis occurs. Semantic similarity techniques can additionally identify relationships between differently
worded supply and demand descriptions [23]. By converting heterogeneous descriptions into comparable representations, Al allows the SRN to search
according to resource meaning and characteristics rather than depending exclusively on exact keywords or predetermined waste codes.

4.3 Resource Compatibility and Recommendation Models

Recommendation models provide the mechanism through which classified resources can be connected with organizations to utilize them. Content-
based approaches compare characteristics of an available resource with the technical requirements and preferences of potential recipients [24]. A
material possessing specified composition, quality, quantity, or processing characteristics can be recommended to organizations whose demand profiles
contain corresponding attributes. Collaborative approaches learn from patterns of interaction, identifying resources or partners on the basis of
exchanges undertaken by organizations exhibiting similar requirements or behavior [22]. Knowledge-based recommenders incorporate domain rules
concerning material compatibility, processing constraints, safety requirements, and permissible applications, making them useful where historical
transaction data remain limited. Hybrid models combine these approaches to reduce weaknesses associated with reliance on a single recommendation
method [25]. Within an SRN, recommendations should incorporate organizational requirements alongside resource properties, previous exchanges,
sector characteristics, and documented applications. Learning from successful matches can reveal associations that are not obvious from classification
alone. The resulting recommendation process extends resource discovery beyond direct searches while retaining explicit technical and institutional
constraints.

4.4 Graph-Based Cross-Industry Opportunity Discovery

Graph representations extend matchmaking by modeling the SRN as organizations, resources, transactions, industries, locations, and applications rather
than database records. Nodes can represent participants or materials, while edges describe supply relationships, demand interests, exchanges, technical
similarities, or collaborative connections [23]. Graph analytics can identify clusters of organizations with complementary resource patterns and reveal
indirect pathways between waste producers and prospective users. For example, a material without an obvious recipient may be connected through
similarities with resources previously utilized in another industrial sector [26]. Measures of connectivity and proximity can identify influential
intermediaries or communities through which resource knowledge circulates. Graph-based learning can combine relational structure with resource
attributes to estimate links [25]. Such analysis expands cross-industry opportunity discovery by revealing symbiotic relationships that conventional
searches based on categories may overlook.

4.5 Multi-Criteria Match Scoring and Ranking

After candidate relationships are identified, the SRN requires a mechanism for comparing alternatives across dimensions. A composite weighted match
score can integrate technical suitability, quantity and quality correspondence, geographical proximity, economic feasibility, environmental benefit,
availability, supplier reliability, and regulatory compliance [21]. criterion can be normalized and weighted according to application requirements,
allowing essential conditions to receive greater importance than desirable but noncritical attributes. Threshold rules may remove candidates that fail
safety or regulatory requirements before ranking occurs [24]. Distance and processing costs can distinguish equivalent options, while reputation
information can represent transaction uncertainty. Environmental indicators can reward exchanges that avoid disposal or substitute materials [19].
Rather than presenting one recommendation, the SRN can expose scores so participants understand the factors underlying each ranked opportunity and
can apply judgment before acceptance.
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4.6 Continuous Learning and Matchmaking Feedback

Matchmaking performance should improve as the SRN accumulates evidence from decisions and completed exchanges. Accepted recommendations
indicate useful relationships, whereas rejected matches can reveal unsuitable specifications, excessive distance, unfavorable costs, timing conflicts, or
organizational preferences [26]. Completed transactions provide stronger evidence because exchange outcomes can validate predicted compatibility.
User ratings and feedback can update assessments of supplier reliability, resource quality, and recommendation relevance [20]. Observed material
performance within receiving processes can distinguish nominal compatibility from practical suitability. Because prices, resource availability, demand,
regulations, and behavior change over time, models require updating [25]. Feedback therefore converts transactions into collective network learning.

Al-Enabled Waste Matchmaking and Recommendation Workflow
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Figure 2: AI-Enabled Waste Matchmaking and Recommendation Workflow

5. ENABLING CROSS-INDUSTRY CIRCULAR RESOURCE EXCHANGE
5.1 Discovering Cross-Sector Resource Pathways

Cross-industry exchange becomes possible when resources are evaluated according to functional properties rather than the sector in which they
originated. The SRN can compare composition, physical characteristics, quality, quantity, and processing requirements with demand profiles across
unrelated industries [23]. Consequently, mineral residues may present opportunities within construction, organic by-products within agriculture or
energy production, and recovered polymers within manufacturing or packaging applications [27]. Knowledge from previous transactions can further
reveal applications that waste-producing organizations may not recognize independently. Industrial symbiosis demonstrates that productive
relationships can emerge when residual outputs substitute resources required by another process [24]. By combining resource profiles with application
knowledge and network relationships, the SRN broadens opportunity discovery beyond established supply chains [28]. This cross-sector perspective
repositions waste as a potentially productive input whose destination is determined by utility, compatibility, and feasible transformation rather than its
industrial origin.

5.2 Economic and Environmental Exchange Assessment

Technical compatibility must be accompanied by economic and environmental justification before a proposed exchange can become sustainable.
Economic assessment should compare avoided disposal expenditure and secondary-resource value against collection, transportation, storage,
preprocessing, and transaction costs [29]. Where recovered resources substitute virgin materials, purchasing costs may decline while residual outputs
acquire previously unrealized value. Environmental assessment should consider avoided extraction, landfill diversion, material recovery, energy
requirements, and emissions associated with alternative exchange pathways [25]. Transportation and processing can offset some benefits, particularly
where low-value materials travel substantial distances or require energy-intensive treatment. Consequently, environmental advantage should not be
assumed solely because a material is reused [27]. Integrating both dimensions enables the SRN to prioritize exchanges that combine resource circularity
with credible operational value.

5.3 Logistics, Spatial Proximity, and Temporal Coordination

Physical feasibility depends substantially on where resources occur, when they become available, and how they can be moved. Transportation distance
influences cost, energy use, and the environmental attractiveness of exchanges [26]. Collection frequency must correspond with generation patterns,
while storage capacity determines whether materials can be accumulated until economically viable quantities are available. Demand timing is equally
important because recipients may require resources according to production schedules that differ from supplier generation cycles [30]. Aggregation can
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improve feasibility by combining smaller resource streams from multiple suppliers before delivery to larger users [28]. Geographical clustering may
similarly reduce logistical burdens by creating localized exchange networks. Accordingly, spatial and temporal coordination transforms
computationally compatible matches into operationally executable resource flows.

5.4 Trust and Inter-Organizational Collaboration

Organizations entering new resource relationships face uncertainty regarding partner reliability and whether delivered materials will satisfy advertised
specifications. Verified resource information can reduce informational asymmetry by providing evidence concerning composition, quantity, condition,
and origin [24]. Reputation indicators and transparent transaction histories allow participants to evaluate previous exchange performance before
committing resources. Quality assurance procedures can further establish whether secondary materials meet agreed requirements [29]. Trust
nevertheless develops through interaction rather than platform scores alone. Communication mechanisms should therefore enable participants to clarify
specifications, negotiate responsibilities, report problems, and coordinate operational changes [23]. Repeated satisfactory exchanges can gradually
transform unfamiliar participants into collaborative resource partners and strengthen network relationships.

5.5 Regulatory Compliance and Material Traceability

Cross-industry circulation must remain consistent with requirements governing waste classification, transportation, processing, storage, safety, and
permitted reuse. Resource profiles should therefore incorporate applicable classifications and supporting documentation before exchange
recommendations progress toward transactions [30]. Chain-of-custody information can record ownership, origin, movement, treatment, and destination,
creating traceability throughout resource circulation. Material safety information is particularly important where composition or contamination creates
handling risks [25]. Compliance checks can prevent technically attractive but legally inappropriate recommendations from proceeding. By maintaining
auditable transaction records and traceability information, the SRN can support organizational accountability while demonstrating how materials move
from residual outputs into subsequent productive applications [27].
Table 2. Multi-Dimensional Criteria for Evaluating Cross-Industry Waste-Resource Matches

Evaluation L. . A .
. . Principal criteria [Exchange consideration
dimension
Technical Composition, properties, quality, contamination, processing Determines functional compatibility with the receiving
echnica .
requirements process
. Resource value, avoided disposal cost, processing and . R .
Economic . P P € Establishes financial feasibility of the proposed exchange
transportation costs
. Virgin-material substitution, energy use, emissions, landfill . . .
Environmental . . Determines potential environmental benefits and trade-offs
diversion
Spatial Distance, transport accessibility, geographical concentration Assesses logistical practicality and proximity advantages
T | Availability, generation frequency, demand timing, storage Determines whether resource supply and demand can be
empora . .
P duration synchronized
Regulatory Classification, safety, documentation, permitted applications Establishes legal and regulatory acceptability
Social/Trust Reputation, verification, transaction history, communication Reduces uncertainty between exchange partners
. . . . . . Determines whether the proposed match can be physically
Operational Collection, storage, aggregation, processing, delivery capacity ted
execute

6. FRAMEWORK EVALUATION AND PERFORMANCE MEASUREMENT
6.1 Technical and Matchmaking Performance

Technical evaluation should determine whether the SRN identifies useful resource relationships accurately and efficiently. Precision measures the
proportion of recommended matches that are genuinely relevant, while recall indicates the extent to which available compatible opportunities are
successfully retrieved [31]. Recommendation relevance can additionally incorporate stakeholder judgments regarding practical suitability. Successful-
match rate measures recommendations progressing into accepted exchanges, thereby connecting predictive performance with operational outcomes [27].
Where compatibility is formulated as classification or prediction, accuracy provides supplementary evidence of model effectiveness. Response time
should measure the computational efficiency of classification, searching, scoring, and recommendation processes [25]. Scalability must further
establish whether acceptable performance is maintained as participants, resource listings, transactions, and network relationships increase [32].

6.2 Circularity and Environmental Performance
Environmental evaluation should determine whether successful exchanges produce measurable improvements in material circulation rather than merely

increasing platform activity. Waste diverted from landfill provides a direct indicator of resources redirected toward productive applications [28].
Resource-recovery rates can measure the proportion of available residual materials successfully reused, recycled, remanufactured, or otherwise
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valorized. Virgin-resource displacement indicates whether secondary resources replace primary material inputs rather than supplement consumption
[33]. Material circulation measures the extent to which resources remain within productive systems across successive applications. Avoided emissions

can capture potential climate benefits where reuse displaces extraction, processing, or disposal activities [30]. Waste intensity further relates residual
generation to production output.

6.3 Economic and Network Performance

Economic performance concerns whether SRN participation creates sufficient value to sustain resource exchange. Transaction value can quantify
resources circulated through the network, while avoided disposal costs indicate savings achieved by redirecting residual materials from conventional
waste-management pathways [29]. Procurement savings measure benefits obtained when secondary resources economically substitute conventional
inputs. Network performance should simultaneously examine active participants, network density, cross-industry connections, and repeat exchanges
[26]. Growth in connections can indicate increasing opportunity diversity, whereas repeated transactions provide evidence that relationships persist
beyond isolated exchanges. Transaction completion rates distinguish initial recommendations from exchanges successfully executed [32]. Together,
economic and network indicators reveal whether the SRN creates viable resource relationships and participation.

6.4 Socio-Technical Performance

Because SRN effectiveness depends on interaction between technology and organizational behavior, evaluation must extend beyond computational
metrics. Trust can be assessed through participant ratings, repeated collaboration, verified transactions, and willingness to engage with unfamiliar
partners [30]. User participation and recommendation acceptance indicate whether technical outputs translate into decisions. Data quality determines
whether resource profiles remain sufficiently complete and accurate for reliable matching [25]. Transparency concerns participants' ability to
understand recommendations, platform rules, and exchange conditions, while perceived fairness reflects confidence in matchmaking procedures.

Organizational learning can emerge as participants discover applications and partnerships [33]. Stakeholder retention indicates whether these benefits
sustain continued participation.
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Figure 3: Integrated Performance Evaluation Framework for AI-Enabled Social Resource Networks

7. IMPLEMENTATION CHALLENGES, GOVERNANCE, AND RESEARCH IMPLICATIONS

7.1 Data Quality, Standardization, and Interoperability

The effectiveness of an SRN depends fundamentally on the quality and comparability of resource information. Incomplete descriptions can prevent
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otherwise compatible materials from being identified, while inconsistent terminology across industries complicates automated interpretation [31].
Existing organizational databases may use incompatible classifications, units, formats, and reporting practices, creating barriers to interoperability.
Missing lifecycle information further limits assessments of material origin, previous processing, environmental performance, and subsequent reuse
potential [34]. Organizations may also classify valuable production information as proprietary. Common resource ontologies and standardized data
structures are therefore required to establish shared meanings for materials, properties, processes, and applications while allowing heterogeneous
information systems to communicate effectively [30].

7.2 AI Transparency, Bias, and Recommendation Reliability

Al-supported matchmaking introduces challenges concerning how recommendations are generated and interpreted. Models trained on incomplete or
historically uneven transaction data may reproduce existing exchange patterns while overlooking unconventional opportunities [32]. Recommendation
errors can also impose financial, operational, environmental, or safety consequences when incompatible resources are selected. Explainable
mechanisms should therefore communicate influential criteria and uncertainty surrounding proposed matches [35]. Model performance requires
continued assessment because changing materials, participants, market conditions, and resource requirements can produce model drift. Human
oversight remains essential, particularly where recommendations involve hazardous materials, substantial processing requirements, or regulatory
obligations [33]. Al should consequently augment rather than replace organizational judgment.

7.3 Participation, Privacy, and Commercial Sensitivity

Network effectiveness also depends on organizations' willingness to contribute sufficiently detailed information. Firms may hesitate to disclose waste
volumes, production schedules, material compositions, costs, supplier relationships, or operational requirements where such information could reveal
commercially sensitive activities [34]. Excessive data restrictions, however, can weaken matchmaking accuracy and reduce network visibility. SRN
governance must therefore balance information availability with confidentiality through controlled access, appropriate aggregation, participant
permissions, and clearly defined data-use policies [31]. Establishing confidence regarding how commercial information is stored, analyzed, and shared
can strengthen sustained participation.

7.4 Scalability and Institutional Governance

Scaling an SRN across industries and geographical regions requires technical interoperability and institutional coordination. Different sectors may
operate under distinct material standards, regulatory classifications, data practices, and commercial conventions [30]. Platform ownership also raises
questions concerning accountability, access, neutrality, and responsibility for exchange information. Governance arrangements should establish
common standards while incorporating regulators, industry participants, intermediaries, and platform operators [35]. Expansion should therefore
preserve consistent network rules without disregarding sectoral and regional requirements.

7.5 Future Research Directions

Future research can extend SRN capabilities through digital twins representing material flows, federated learning for privacy-preserving intelligence,
and graph neural networks for relational opportunity discovery [32]. Dynamic resource pricing could improve economic coordination, while lifecycle
assessment integration may strengthen environmental evaluation. Explainable Al requires further investigation to support transparent recommendations
[33]. Real-time IoT-enabled tracking could additionally improve resource visibility, traceability, condition monitoring, and availability forecasting [35].

8. CONCLUSION

The transition from linear waste management toward circular resource systems requires more than improving disposal, recycling, or recovery practices.
It requires mechanisms capable of recognizing residual materials as potentially valuable resources and connecting them with organizations that can
productively reuse them. This study conceptualized the Social Resource Network as a socio-technical framework for overcoming fragmented
information, disconnected industrial relationships, incompatible resource descriptions, and uncertainty surrounding cross-sector exchanges. By
integrating structured resource representation with organizational networks, the proposed SRN expands resource discovery beyond conventional waste
classifications and established industrial boundaries.

The framework’s central contribution lies in combining resource intelligence, organizational relationships, Al-driven compatibility analysis, trust
mechanisms, and physical exchange coordination within a unified system. Machine learning, semantic analysis, recommendation models, graph-based
discovery, and multi-criteria assessment enable potentially compatible resources and users to be identified while accounting for technical, economic,
environmental, spatial, temporal, and regulatory conditions. Trust, governance, traceability, and stakeholder interaction subsequently provide the
institutional mechanisms required to convert computational recommendations into credible exchanges. Through continuous feedback, completed
transactions can further strengthen network knowledge and matchmaking performance. Collectively, these capabilities position the SRN as adaptive
infrastructure for enabling industrial symbiosis, improving secondary-resource utilization, reducing waste dependence, and supporting scalable cross-
industry circular resource ecosystems.
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