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Abstract 
Large-scale socioeconomic and environmental decision problems are characterised by high 

dimensionality, uncertainty, competing objectives, dynamic constraints and strong 

interactions among multiple stakeholders. Conventional optimisation methods frequently 

struggle when decision spaces become combinatorially complex or when economic, social 

and environmental objectives must be considered simultaneously. Quantum-inspired 

optimization offers an emerging computational approach that borrows concepts from 

quantum computing while operating on classical hardware. Rather than requiring fully fault-

tolerant quantum computers, quantum-inspired methods employ mathematical representations 

such as superposition-like states, probabilistic sampling, tunnelling-inspired search and 

interference-inspired transformations to explore complex solution spaces. This paper 

examines the potential of quantum-inspired optimization for large-scale socioeconomic and 

environmental decision-making. It explores applications in resource allocation, energy-

system planning, transportation, climate adaptation, supply-chain resilience, land-use 

planning, public policy and sustainable development. A conceptual framework is proposed 

that combines quantum-inspired optimisation with machine learning, multi-objective 

optimisation, uncertainty modelling and decision analytics. Particular attention is given to the 

challenges of balancing economic efficiency, social equity and environmental sustainability. 

The paper argues that quantum-inspired approaches should not be considered replacements 

for established optimisation methods but rather as complementary tools for difficult search 

and decision problems. Their greatest potential lies in hybrid architectures where quantum-

inspired algorithms identify promising regions of large solution spaces and classical 

optimisation, simulation and human judgement refine the resulting decisions. The study 

concludes that quantum-inspired optimization could become an important component of next-

generation decision-support systems, particularly where conventional approaches face 

scalability and combinatorial complexity challenges. 

 

Keywords: Quantum-Inspired Optimization, Socioeconomic Decision-Making, Environmental 

Optimisation, Sustainable Development, Multi-Objective Optimisation, Resource Allocation, 
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Decision Support Systems, Climate Adaptation, Combinatorial Optimisation, Computational 

Intelligence. 

 

1. Introduction 
Socioeconomic and environmental decision-making increasingly involves complex 

interconnected systems. 

Governments, businesses and communities must make decisions concerning: 

 Energy allocation.  

 Water resources.  

 Transportation.  

 Land use.  

 Public infrastructure.  

 Climate adaptation.  

 Supply chains.  

 Economic development.  

 Environmental protection.  

These problems frequently contain thousands or millions of possible combinations. 

As the scale of the decision space increases, conventional optimisation can become 

computationally expensive. 

Quantum-inspired optimization provides a potential alternative. 

The approach uses concepts derived from quantum mechanics to construct optimisation 

algorithms that can operate on classical computational hardware. 

This distinction is important. 

Quantum-inspired algorithms are not necessarily quantum algorithms. 

Instead, they borrow computational ideas associated with quantum systems and translate 

them into classical mathematical procedures. 

 

2. Large-Scale Decision Problems 
Many socioeconomic and environmental problems can be represented as optimisation 

problems. 

A simplified formulation is: 

Find decision variables that maximise benefits while minimising costs and environmental 

impacts subject to constraints. 

The general structure is: 

 
subject to: 

 

http://www.ajamri.com/


 

American Journal of Advanced Multidisciplinary 

Research and Innovation (AJAMRI) 

 

E-ISSN: XXXX-XXXX   ●   Website: www.ajamri.com   ●   Email: editor@ajamri.com 

 

  

AJAMRI Volume 7, Issue 4, July-August 2025 59 

 

 
and 

 
where x represents the decision variables. 

For real-world systems, however, the objective function may contain many competing 

objectives. 

 

3. Why Conventional Optimisation Becomes Difficult 
Large-scale decision problems often exhibit: 

 Combinatorial explosion.  

 Nonlinear relationships.  

 Discontinuous decision variables.  

 Multiple constraints.  

 Uncertainty.  

 Dynamic environments.  

 Conflicting stakeholder objectives.  

A transportation network, for example, can have enormous numbers of possible routing 

configurations. 

Similarly, national energy planning may require simultaneous decisions concerning 

generation, storage, transmission and demand. 

 

4. Quantum-Inspired Computing 
Quantum-inspired computing uses concepts from quantum information theory without 

necessarily requiring quantum hardware. 

Important concepts include: 

 Superposition-inspired representations.  

 Probability amplitudes.  

 Interference-inspired updates.  

 Quantum-inspired genetic algorithms.  

 Tunnelling-inspired search.  

 Quantum-inspired particle representations.  

The objective is to improve exploration of complex optimisation landscapes. 
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5. Quantum-Inspired versus Quantum Computing 
The two approaches should be distinguished. 

Feature Quantum Computing Quantum-Inspired Computing 

Hardware Quantum hardware Classical hardware 

Qubits Required Not necessarily 

Quantum gates Physical/quantum operations Mathematical analogues 

Scalability challenge Hardware dependent Classical computational resources 

Current accessibility Limited Relatively accessible 

Primary advantage Potential quantum speedups Advanced heuristic search 

 

Quantum-inspired optimisation can therefore be tested using existing computing 

infrastructure. 

 

6. Search-Space Exploration 
One of the central challenges of optimisation is balancing: 

 

Exploration 

And 

 

Exploitation 

Exploration searches new regions. 

Exploitation improves known promising solutions. 

Quantum-inspired algorithms attempt to maintain diversity while concentrating search around 

promising regions. 

 

7. Quantum-Inspired Representation 
A decision variable can be represented probabilistically. 

Instead of immediately assigning: 

x = 0 

or 

x = 1 

a quantum-inspired representation may maintain a probability distribution over both 

possibilities. 

This allows a population of candidate solutions to be represented compactly. 

 

8. Quantum-Inspired Evolutionary Algorithms 
Quantum-inspired evolutionary algorithms combine: 
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 Evolutionary search.  

 Probabilistic representations.  

 Population-based optimisation.  

A general process is: 

Initial Probability Distribution 

↓ 

Candidate Generation 

↓ 

Fitness Evaluation 

↓ 

Probability Update 

↓ 

New Candidate Generation 

↓ 

Iteration 

 

9. Quantum-Inspired Genetic Algorithms 
Quantum-inspired genetic algorithms can use probability amplitudes to represent candidate 

solutions. 

The probability representation enables a single encoded population to represent multiple 

potential states. 

This can increase search diversity in some optimisation problems. 

 

10. Tunnelling-Inspired Search 
Complex optimisation landscapes may contain local optima. 

A conventional local search can become trapped. 

Quantum tunnelling provides an inspiration for mechanisms that allow optimisation 

algorithms to escape local minima. 

The computational analogy is: 

 

Local Optimum → Search Barrier → Alternative Solution Region 

11. Multi-Objective Optimisation 
Socioeconomic and environmental decisions rarely have one objective. 

For example, an energy policy may simultaneously seek to: 

 Minimise cost.  

 Reduce emissions.  

 Increase energy security.  

 Improve employment.  

 Maintain affordability.  

These objectives may conflict. 
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12. Pareto Optimization 
Instead of identifying a single optimum, multi-objective optimisation can generate a Pareto 

frontier. 

A solution is Pareto-optimal if improving one objective would require sacrificing at least one 

other objective. 

This is particularly appropriate for sustainability planning. 

 

13. Socioeconomic Applications 
Quantum-inspired optimisation can potentially support: 

 Public budget allocation.  

 Infrastructure planning.  

 Workforce allocation.  

 Supply-chain optimisation.  

 Economic policy modelling.  

 Housing allocation.  

 Urban development.  

 Investment portfolio design.  

 

14. Public Resource Allocation 
Governments often need to allocate limited resources across competing priorities. 

For example: 

 

Budget → Healthcare + Education + Infrastructure + Environment + Social Protection 

Quantum-inspired optimisation could evaluate large numbers of allocation combinations. 

 

15. Healthcare Resource Planning 
A regional healthcare system may need to optimise: 

 Hospital capacity.  

 Medical personnel.  

 Ambulance locations.  

 Equipment distribution.  

 Pharmaceutical inventories.  

The problem becomes particularly complex when demand is uncertain. 

 

16. Education Resource Allocation 
Decision systems could optimise: 

 School locations.  

 Teacher allocation.  

 Classroom capacity.  

 Digital infrastructure.  
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 Student transportation.  

Socioeconomic equity can be incorporated as an explicit optimisation objective. 

 

17. Urban Planning 
Cities represent complex optimisation environments. 

Decision variables may include: 

 Housing locations.  

 Road networks.  

 Public transport.  

 Green spaces.  

 Commercial zones.  

 Energy infrastructure.  

Quantum-inspired optimisation can potentially explore combinations of these variables. 

 

18. Transportation Optimisation 
Transportation systems involve large combinatorial problems. 

Applications include: 

 Vehicle routing.  

 Traffic signal optimisation.  

 Public transport scheduling.  

 Fleet allocation.  

 Freight routing.  

Quantum-inspired algorithms may be useful for large routing and scheduling problems. 

 

19. Supply-Chain Resilience 
Modern supply chains must manage: 

 Demand uncertainty.  

 Supplier disruptions.  

 Transportation constraints.  

 Inventory costs.  

 Geopolitical risks.  

 Environmental requirements.  

Optimisation can identify resilient network configurations. 

 

20. Energy-System Optimisation 
Energy planning is particularly suitable for multi-objective optimisation. 

Decision variables may include: 

 Renewable generation.  

 Battery storage.  

 Grid capacity.  
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 Transmission.  

 Demand response.  

Objectives include: 

 

Cost + Reliability + Emissions + Energy Security 

21. Renewable Energy Integration 
Renewable energy introduces uncertainty because solar and wind generation fluctuate. 

Optimisation systems must therefore account for: 

 Weather conditions.  

 Generation uncertainty.  

 Storage availability.  

 Demand patterns.  

Quantum-inspired algorithms can be combined with predictive models to support these 

decisions. 

 

22. Battery and Energy Storage Planning 
Energy storage planning requires determining: 

 Location.  

 Capacity.  

 Charging schedules.  

 Discharging schedules.  

The optimisation problem can become extremely large when multiple storage units are 

considered. 

 

23. Environmental Applications 
Quantum-inspired optimisation can support: 

 Water management.  

 Land-use planning.  

 Forest management.  

 Waste management.  

 Biodiversity conservation.  

 Pollution reduction.  

 Climate adaptation.  

 

24. Water Resource Allocation 
Water systems involve competing requirements. 

For example: 

 

Agriculture + Drinking Water + Industry + Ecosystems 

Optimisation can identify allocations that balance these competing demands. 
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25. Agricultural Planning 
Agricultural decisions involve: 

 Crop selection.  

 Irrigation.  

 Fertiliser allocation.  

 Land allocation.  

 Harvest timing.  

Environmental objectives can be incorporated alongside economic returns. 

 

26. Land-Use Planning 
Land-use decisions may involve: 

 Agriculture.  

 Housing.  

 Industry.  

 Forests.  

 Conservation areas.  

A multi-objective quantum-inspired framework could evaluate different land-use 

configurations. 

 

27. Climate Adaptation 
Climate adaptation requires decisions under uncertainty. 

Examples include: 

 Flood protection.  

 Coastal infrastructure.  

 Heat mitigation.  

 Water storage.  

 Relocation planning.  

The optimisation objective may incorporate both current costs and future climate risks. 

 

28. Disaster Management 
Emergency response involves rapidly changing conditions. 

Optimisation can support: 

 Emergency vehicle routing.  

 Shelter allocation.  

 Evacuation planning.  

 Relief distribution.  

 Resource deployment.  

Quantum-inspired methods may be useful when many candidate configurations must be 

evaluated quickly. 
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29. Environmental Restoration 
Restoration programmes may need to decide: 

 Which areas to restore.  

 Which interventions to prioritise.  

 How much funding to allocate.  

 Which ecological outcomes to target.  

A Pareto-based approach can balance ecological and economic objectives. 

 

30. Pollution Control 
Pollution reduction involves multiple sources and interventions. 

An optimisation framework can determine: 

 

Which interventions → Where → At what scale → At what cost 

while minimising total environmental damage. 

 

31. Carbon Reduction Planning 
Organisations and governments can use optimisation to evaluate decarbonisation pathways. 

Possible variables include: 

 Electrification.  

 Renewable energy.  

 Efficiency improvements.  

 Carbon capture.  

 Fuel switching.  

The objective is to minimise emissions while maintaining economic performance. 

 

32. Sustainable Development Optimisation 
Sustainable development inherently involves multiple objectives. 

A decision model can combine: 

 

Economic 

 Growth.  

 Employment.  

 Productivity.  

 

Social 

 Equity.  

 Health.  

 Accessibility.  
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Environmental 

 Emissions.  

 Resource consumption.  

 Biodiversity.  

Quantum-inspired multi-objective optimisation can provide a computational framework for 

exploring trade-offs. 

 

33. Uncertainty Management 
Real-world decisions rarely involve complete information. 

Uncertainty can arise from: 

 Economic conditions.  

 Weather.  

 Consumer behaviour.  

 Technology costs.  

 Policy changes.  

Optimisation models should therefore incorporate probabilistic scenarios. 

 

34. Robust Optimization 
Robust optimisation seeks solutions that perform reasonably well under multiple possible 

scenarios. 

Instead of asking: 

What is the optimal decision under one forecast? 

the system asks: 

Which decision remains effective across plausible futures? 

This is particularly valuable for climate and infrastructure planning. 

 

35. Stochastic Optimization 
Stochastic optimisation explicitly models uncertain parameters. 

For example: 

 

Expected Cost = Σ Probability × Scenario Cost 

The approach can evaluate many possible future states. 

 

36. Digital Twins and Optimization 
Digital twins provide simulated representations of real systems. 

A quantum-inspired optimisation engine could operate inside a digital twin. 

For example: 

Real System 

↓ 

Digital Twin 
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↓ 

Scenario Generation 

↓ 

Quantum-Inspired Optimisation 

↓ 

Recommended Decision 

↓ 

Real-World Implementation 

 

37. Integration with Artificial Intelligence 
Quantum-inspired optimisation can be combined with machine learning. 

Machine learning can: 

 Predict demand.  

 Forecast weather.  

 Estimate risks.  

 Detect patterns.  

Quantum-inspired optimisation can then: 

 Select decisions.  

 Allocate resources.  

 Optimise schedules.  

This creates a complementary architecture. 

 

38. AI–Optimization Pipeline 
A useful architecture is: 

Data 

↓ 

Machine Learning Prediction 

↓ 

Scenario Generation 

↓ 

Quantum-Inspired Optimization 

↓ 

Multi-Objective Evaluation 

↓ 

Human Decision 

 

39. Human-in-the-Loop Decision-Making 
Socioeconomic decisions involve values that cannot always be reduced to mathematical 

objectives. 

Therefore, human decision-makers should remain involved. 
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The system can provide: 

 Candidate solutions.  

 Trade-off analysis.  

 Scenario comparisons.  

 Sensitivity analysis.  

Decision-makers then determine which option aligns with policy priorities. 

 

40. Explainability 
Optimisation systems should explain why a solution is recommended. 

Useful explanations include: 

 Objective improvement.  

 Constraint satisfaction.  

 Trade-offs.  

 Sensitivity to assumptions.  

 Alternative solutions.  

This is essential for public-sector applications. 

 

41. Fairness and Equity 
An economically efficient solution may not necessarily be socially fair. 

For example, infrastructure optimisation could favour densely populated areas while 

neglecting remote communities. 

Therefore, optimisation models should incorporate: 

 Equity constraints.  

 Accessibility objectives.  

 Distributional impacts.  

 

42. Stakeholder Preferences 
Different stakeholders may value different outcomes. 

For example: 

Stakeholder Priority 

Government Public welfare 

Business Cost and productivity 

Communities Accessibility 

Environmental groups Ecological protection 

Consumers Affordability 

 

Multi-objective optimisation can represent these competing priorities. 
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43. Proposed Integrated Framework 
The proposed framework consists of nine components: 

1. Data acquisition.  

2. Predictive modelling.  

3. Scenario generation.  

4. Quantum-inspired search.  

5. Multi-objective optimisation.  

6. Uncertainty analysis.  

7. Stakeholder preference modelling.  

8. Human validation.  

9. Decision implementation and feedback.  

 

44. Conceptual Decision Architecture 
Socioeconomic & Environmental Data 

↓ 

AI-Based Forecasting 

↓ 

Scenario and Risk Modelling 

↓ 

Quantum-Inspired Search 

↓ 

Pareto Solution Generation 

↓ 

Robustness & Equity Evaluation 

↓ 

Human Decision Review 

↓ 

Implementation 

↓ 

Real-World Feedback 

↓ 

Model Updating 
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45. Performance Evaluation 
Quantum-inspired optimisation should be assessed using: 

Metric Purpose 

Solution quality Measures objective performance 

Computational time Measures efficiency 

Scalability Measures performance with problem size 

Convergence Measures optimisation stability 

Robustness Measures performance under uncertainty 

Diversity Measures solution-space exploration 

Energy consumption Measures computational efficiency 

Fairness Measures distributional outcomes 

 

46. Comparative Analysis 
Approach Strength Limitation 

Linear Programming Efficient for linear problems Limited nonlinear capability 

Mixed-Integer Programming Strong exact optimisation 
Can become computationally 

expensive 

Genetic Algorithms Flexible search May converge slowly 

Particle Swarm Optimization Simple population search Can lose diversity 

Simulated Annealing Escapes local optima Parameter-sensitive 

Quantum-Inspired 

Optimization 

Advanced probabilistic 

search 
No universal advantage 

Quantum Computing Potential future speedups Hardware limitations 

 

47. Research Questions 
1. Can quantum-inspired optimisation improve the scalability of large socioeconomic 

decision models?  

2. Which quantum-inspired algorithms perform best for environmental optimisation?  

3. How can multi-objective quantum-inspired algorithms incorporate social equity?  

4. Can machine learning improve quantum-inspired optimisation through adaptive 

parameter selection?  
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5. How robust are quantum-inspired solutions under uncertain climate and economic 

scenarios?  

6. Can digital twins improve real-time optimisation performance?  

7. What problem characteristics determine whether quantum-inspired methods outperform 

conventional heuristics?  

8. How can stakeholder preferences be incorporated into quantum-inspired decision models?  

9. Can hybrid AI–quantum-inspired systems support real-time policy optimisation?  

10. What benchmarks are required for reliable comparison with classical optimisation 

methods?  

 

48. Future Research Directions 
Future research should focus on: 

 Hybrid quantum-inspired algorithms.  

 AI-guided optimisation.  

 Adaptive parameter control.  

 Multi-objective quantum-inspired optimisation.  

 Climate-risk optimisation.  

 Smart-city optimisation.  

 Sustainable energy systems.  

 Resource allocation.  

 Digital-twin optimisation.  

 Real-time decision intelligence.  

 

49. Challenges 
Despite its potential, quantum-inspired optimisation has important limitations. 

 

No Guaranteed Quantum Advantage 

Quantum-inspired algorithms operate on classical hardware and therefore do not 

automatically provide quantum computational speedups. 

 

Algorithm Dependence 

Performance varies substantially according to the problem structure. 

 

Parameter Sensitivity 

Some algorithms require careful parameter tuning. 

 

Benchmarking 

Claims of superior performance require comparison against strong classical baselines. 
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Implementation Complexity 

Large-scale real-world models may still require substantial computational resources. 

 

50. Discussion 
The primary value of quantum-inspired optimisation lies in its ability to provide alternative 

search mechanisms for difficult optimisation problems. 

Its potential becomes particularly interesting when socioeconomic and environmental 

objectives interact. 

Consider climate policy. 

A decision-maker may need to simultaneously minimise: 

 

Cost + Emissions + Inequality + Risk 

while maximising: 

 

Employment + Energy Security + Resilience 

These objectives create a highly complex optimisation landscape. 

No single mathematical solution can eliminate the underlying trade-offs. 

The role of optimisation is therefore to expose the solution space and identify high-quality 

alternatives. 

 

51. Towards Intelligent Decision Ecosystems 
The future of decision-making may combine: 

AI Prediction 

  

Quantum-Inspired Optimisation 

  

Digital Twins 

  

Scenario Simulation 

  

Human Judgement 

 

Such systems could continuously analyse changing conditions and recommend adaptive 

decisions. 

 

52. Policy Implications 
Governments could use these systems for: 

 Infrastructure investment.  

 Climate adaptation.  

 Energy policy.  

http://www.ajamri.com/


 

American Journal of Advanced Multidisciplinary 

Research and Innovation (AJAMRI) 

 

E-ISSN: XXXX-XXXX   ●   Website: www.ajamri.com   ●   Email: editor@ajamri.com 

 

  

AJAMRI Volume 7, Issue 4, July-August 2025 74 

 

 Water allocation.  

 Urban planning.  

 Public transportation.  

 Emergency management.  

However, automated optimisation should support rather than replace democratic and 

institutional decision-making. 

 

53. Conclusion 
Quantum-inspired optimization represents a promising computational approach for large-

scale socioeconomic and environmental decision problems. 

Its significance lies not in reproducing quantum computing on conventional hardware but in 

adapting ideas associated with quantum information and quantum search to classical 

optimisation. 

The approach is particularly relevant to problems characterised by: 

 Large search spaces.  

 Multiple competing objectives.  

 Nonlinear relationships.  

 Uncertainty.  

 Dynamic constraints.  

Applications extend from energy and transportation to water management, climate 

adaptation, land-use planning, supply-chain resilience and sustainable development. 

The most promising architecture is likely to be hybrid: 

 

Machine Learning → Prediction 

Quantum-Inspired Optimization → Search 

Simulation → Evaluation 

Human Decision-Making → Governance 

 

Such an architecture can transform optimisation from a static mathematical exercise into a 

dynamic decision-intelligence system. 

Ultimately, the value of quantum-inspired optimisation should be judged not by whether it 

appears technologically novel, but by whether it produces better, faster, more robust and 

more equitable decisions than existing alternatives. 
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