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ABSTRACT

Sustainable development requires the responsible management of natural resources while ensuring
social and economic well-being for present and future generations. Although sustainable development is
often associated with environmental science, technology and policy, mathematics plays a fundamental
and often under-recognized role in achieving sustainability. Mathematics provides tools for measuring,
analysing, predicting and optimizing the use of limited resources. Concepts such as statistics,
percentages, ratios, probability, mathematical modelling, optimization, geometry, algebra and calculus
can be applied to real-world sustainability challenges including climate change, water conservation,
renewable energy, sustainable agriculture, waste management, transportation, population growth and
resource allocation. The present paper explores how mathematical concepts can contribute to
sustainable development and demonstrates their application through practical examples. It also
discusses the role of mathematics education in developing sustainability-oriented thinking among
learners. The paper argues that mathematics should be connected with real-life environmental and social
problems so that learners understand mathematics not merely as a computational subject but as a
powerful tool for informed decision-making and sustainable living. Integrating sustainability into
mathematics education can develop quantitative literacy, critical thinking, problem-solving abilities and
responsible citizenship.

Keywords: Mathematics, Sustainable Development, Mathematical Modelling, Statistics, Optimization,
Resource Management, Sustainability, Mathematics Education.

Introduction

Sustainable development has emerged as a major global concern because of increasing
population, rapid urbanization, climate change, environmental degradation and depletion of natural
resources. The United Nations Sustainable Development Goals provide a framework for addressing
these challenges and creating a more sustainable future.

Achieving sustainable development requires informed decisions about the use of resources.
Questions such as the following need quantitative answers:

. How much water does a community require?

. How much electricity can be generated through solar energy?

. How much waste is produced every year?

. How much agricultural land should be allocated to different crops?

Copyright © 2026 by Author's and Licensed by Inspira. This is an open access article distributed under the Creative Commons Attribution License
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work properly cited.



12

International Journal of Education, Modern Management, Applied Science & Social Science (IJTEMMASSS) October-December, 2026

How can transportation routes be optimized?

How will population growth affect future resource requirements?

How can carbon emissions be reduced?

How can limited resources be distributed fairly?

Mathematics provides methods for answering these questions.

Mathematics enables us to measure, compare, model, predict and optimize. Therefore, it has

an important role in transforming sustainability challenges into problems that can be analysed
systematically.

A simple representation of this relationship is:

Sustainability Problem — Data — Mathematical Analysis — Prediction/Optimization —

Decision — Sustainable Solution
Meaning of Sustainable Development

Sustainable development can broadly be understood as development that meets present needs

without compromising the ability of future generations to meet their own needs.

Sustainability involves three interconnected dimensions:

Environmental Sustainability

Protection and responsible use of:
Water

Land

Forests

Biodiversity

Energy

Natural resources

Economic Sustainability

Ensuring:

Efficient use of resources

Long-term economic stability
Reduced unnecessary expenditure
Productive use of available resources

Social Sustainability

making.

Promoting:

Equity

Education

Health

Quality of life

Access to essential resources

Mathematics can contribute to all three dimensions through quantitative analysis and decision-

Objectives of the Study

The objectives of this paper are:

To examine the role of mathematics in sustainable development.

To identify mathematical concepts that can be applied to sustainability challenges.

To demonstrate practical applications of mathematics in resource management.

To examine the role of mathematical modelling in predicting sustainability-related trends.
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. To explore how mathematics can support environmental and economic decision-making.
. To suggest ways of integrating sustainable-development problems into mathematics education.
Research Methodology

The study adopts a descriptive, analytical and conceptual approach.

The paper is based on a review and analysis of mathematical applications related to sustainable
development. Examples involving water, energy, agriculture, waste, population and transportation are
used to demonstrate how mathematical concepts can support sustainable decision-making.

The study is primarily conceptual and does not involve primary data collection.
Why Mathematics Is Important for Sustainable Development

Sustainability problems are often complex because several
simultaneously.

For example, water management involves:

Rainfall + Population + Consumption + Agriculture + Industry + Groundwater + Climate
Mathematics provides techniques for understanding relationships among these variables.
The major mathematical tools used for sustainability include:

variables are involved

Mathematical Concept

Application in Sustainability

Arithmetic Resource consumption

Ratio and proportion Resource allocation

Percentage Reduction and efficiency calculations
Statistics Analysis of environmental data
Probability Risk assessment

Algebra Formulating relationships

Geometry Land and spatial planning

Calculus Change and optimization

Mathematical modelling

Prediction

Linear programming

Resource allocation

Graph theory

Transportation planning

Data analysis

Sustainability indicators

Mathematics for Water Conservation

Water is one of the most important natural resources. Sustainable water management requires
accurate estimation of water availability and consumption.

Mathematics can be used to calculate:

) Daily water consumption

. Annual water requirements

. Rainwater harvesting potential
. Water losses

. Irrigation requirements

. Reservoir capacity

Example: Household Water Consumption

Suppose a family of four uses an average of 135 litres of water per person per day.
Total daily consumption:

\[ 4 \times 135 = 540 \tex{{ litres} \]

Annual consumption:

\[ 540 \times 365 = 197100 \text{ litres} \]

Therefore, the household uses approximately:

197,100 litres of water per year.
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Such calculations can make people aware of their consumption and encourage conservation.

Mathematics and Rainwater Harvesting
Mathematics can determine the quantity of rainwater that can potentially be collected from a

building.
A basic formula is:
\[ V=P\times Altimes C \]
Where:
. \(W\) = volume of water collected
) \(P\) = rainfall
. \(A\) = catchment area
o \(C\) = runoff coefficient
Example
Suppose:

Annual rainfall = 800 mm = 0.8 m

Roof area = 200 m?

Runoff coefficient = 0.8

Then:

\[ V=0.8\times200\times0.8 \|\[ V=128m"3 \]

Since one cubic metre contains 1,000 litres:

\[ 128\times1000=128000 \]

Therefore, approximately 128,000 litres of water could potentially be harvested.

This demonstrates how a simple mathematical model can support sustainable water
management.

Mathematics for Renewable Energy
Mathematics is essential for estimating energy production and efficiency.
The basic relationship is:
\[ E=P\times t ]

Where:
o \(E\) = energy
. \(P\) = power
) \(t\) = time
Example

Suppose a solar installation has a capacity of 5 kW and produces energy equivalent to 5
effective full-power hours per day.

\[ E=5\times5 \]\[ E=25\text{ kWh/day} \]
For 30 days:
\[ 25\times30=750\text{ kWh} \]

Thus, mathematical calculations can help determine whether a renewable-energy system can
satisfy a particular electricity requirement.

Mathematics and Energy Efficiency

Mathematics can also help households and institutions identify opportunities for reducing energy
consumption.

Suppose a 100-watt appliance is used for 5 hours per day.
Convert 100 W into kilowatts:
\[ 100W=0.1kW \]
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Energy consumed:

\[ 0.1\times5=0.5\text{ kWh/day} \]

Annual consumption:

\[ 0.5\times365=182.5\text{ kWh} \]

If several appliances are analysed in this manner, an institution can identify which appliances

consume the most energy and develop an energy-saving strategy.
Mathematics and Sustainable Agriculture

Agriculture uses significant quantities of land and water. Mathematical optimization can help

improve agricultural resource management.

Suppose a farmer has:

Limited land

Limited water

Different crops

Different yields

Different resource requirements

The farmer needs to determine the most beneficial combination of crops.
This can be expressed mathematically as an optimization problem:

\[ \text{Maximize } Z=c_1x_1+c_2x_2+\cdots+c_nx_n'\]

subject to constraints such as:

\[a_1x_1+a_2x_2\leqR\]

where \(R\) represents the available resource.

This approach, known as linear programming, can help maximize production while minimizing

unnecessary use of resources.
Mathematics for Waste Management

Waste management is another area where mathematics can contribute to sustainability.
Suppose an educational institution has 500 students and each student generates approximately

0.15 kg of waste per day.

days.

Daily waste:

\[ 500\times0.15=75\text{ kg} \]

For 300 working days:

\[ 75\times300=22500\text{ kg} \]

or:

\[ 22.5\text{ tonnes} \]

If 40% of this waste is recyclable:

\[ 22500\times0.40=9000\text{ kg} \]

Therefore, approximately 9 tonnes of waste could be diverted for recycling over 300 working

Mathematics can therefore establish measurable waste-reduction targets.

Mathematics and Climate Change

Climate change involves long-term changes in measurable environmental variables.
Mathematical and statistical methods can analyse:

Temperature

Rainfall

Carbon dioxide concentration

Sea-level changes
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Frequency of extreme weather
Drought patterns
For example, researchers can use regression analysis to study the relationship between time

and temperature.

A simple linear model may be expressed as:

\[ y=a+bx \]

where:

\(y\) = predicted temperature

\(x\) = time

\(a\) = intercept

\(b\) = rate of change

Such models can help identify trends and support environmental planning.

Mathematics and Sustainable Transportation

Transportation planning involves many mathematical problems.
Mathematics can be used to determine:

Shortest routes

Fuel consumption

Travel time

Traffic flow

Public transport demand

Vehicle utilization

Graph Theory

In graph theory:

Locations can be represented as vertices.

Roads can be represented as edges.

Distances or travel times can be assigned as weights.
Mathematical algorithms can then identify efficient routes.
Reducing unnecessary travel distance can contribute to:

Lower fuel consumption — Lower emissions — Lower environmental impact
Mathematics and Population Growth

where:

Population growth directly affects resource requirements.
Mathematical models can help estimate future population.
A simple exponential model is:

\[ P(t)=P_0e’{rt} \]

\(P(t)\) = population at time \(t\)

\(P_0\) = initial population

\(r\) = growth rate

Population models help governments and planners estimate future requirements for:
Water

Food

Housing

Schools
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. Hospitals
. Energy
. Transportation

Therefore, mathematical population models contribute to long-term planning.
Mathematics and Sustainable Cities

Modern cities require efficient management of limited resources.

Mathematics can Support:

= Urban Planning

Geometry and spatial mathematics can be used for land-use planning.

= Traffic Management

Statistics and mathematical modelling can analyse traffic patterns.
= Waste Management

Quantitative models can estimate waste generation.

. Energy Planning

Mathematics can estimate electricity demand.

- Water Management

Mathematical models can estimate water requirements.

Therefore, mathematics is an important component of sustainable urban development.
Mathematics and Resource Optimization

One of the most important mathematical contributions to sustainability is optimization.

The fundamental sustainability principle is:

Achieve maximum benefit using minimum resources without compromising future needs.

Mathematical optimization can be used to determine:

. Minimum cost
. Minimum waste
. Minimum energy use
o Minimum travel distance
o Maximum agricultural yield
. Maximum renewable-energy efficiency
. Optimal allocation of resources
For example:

\[ \text{Maximum Benefit}=\frac{\text{Useful Output}}{\text{Resources Used}} \]

Improving this ratio can contribute to greater efficiency and sustainability.
Mathematics and Sustainable Development Indicators

Sustainable development requires measurement.

Indicators can be represented using mathematical values such as:

. Percentage of renewable energy
. Per-capita water consumption

. Waste recycling rate

. Carbon emissions per person

. Forest-cover percentage

. Literacy rate

. Energy efficiency
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For example:

\[ \text{Recycling Rate} = \frac{\text{Recycled Waste}}{\text{Total Waste}}\times100 \]
If 400 kg of waste is generated and 160 kg is recycled:

\[ \frac{160}{400}\times100=40\% \]

The recycling rate is therefore 40%.

Such indicators allow communities and governments to measure progress toward sustainability
goals.

Mathematical Modelling for Sustainable Development

Mathematical modelling involves representing a real-world problem using mathematical
relationships.

The general process can be represented as:
Real-world Problem

!

Identify variables
!

Collect data
!
Develop mathematical relationship

!

Analyse the model
!

Make predictions
!

Evaluate possible solutions

!

Implement the sustainable solution

Mathematical modelling is particularly useful because sustainability problems often involve
multiple interacting variables.

Role of Statistics in Sustainable Development
Statistics is one of the most important mathematical tools for sustainability.
Statistical methods can help answer questions such as:

) Is pollution increasing?

) Is water consumption decreasing?

. Has waste recycling improved?

o Is rainfall changing?

o Which energy source is most efficient?

. What percentage of people have access to clean water?
Statistical techniques include:

. Mean

. Median

. Mode

. Standard deviation

. Correlation

. Regression
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o Sampling
. Data visualization
Therefore, statistical literacy is essential for understanding sustainability data.
Mathematics Education and Sustainable Development

Mathematics education can contribute to sustainable development by connecting mathematical
concepts with real-world issues.

Instead of teaching percentages only through abstract numerical examples, teachers can ask
students to calculate:

. “If your school reduces electricity consumption by 15%, how much electricity and money could
be saved in one year?”

. Similarly, ratio and proportion can be connected to water consumption, geometry to solar-panel
placement, statistics to climate data, and algebra to population growth.

Suggested Classroom Activities

Mathematical Topic Sustainability Activity
Percentage Calculate reduction in water/electricity consumption
Statistics Analyse local rainfall data
Ratio Compare water usage
Geometry Calculate rooftop area for rainwater harvesting
Algebra Model population growth
Probability Study environmental risks
Graphs Represent temperature trends
Linear programming Optimize agricultural resources
Measurement Conduct a school energy audit
Data handling Conduct a waste audit

A Proposed Mathematical Sustainability Model for Schools
Schools and colleges can develop a Mathematical Sustainability Audit.
Students can collect data under five categories:

Water

. Daily consumption

. Leakage

. Rainwater harvesting
Energy

) Electricity consumption
. Solar energy generation
. Appliance usage
Waste

. Total waste

. Recyclable waste

. Compostable waste
Transportation

. Number of vehicles

. Distance travelled

. Public transport usage
Green Resources

. Number of trees

. Green area

. Water requirement
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Students can then calculate sustainability indicators and recommend improvements.

This approach transforms mathematics from a classroom subject into a tool for solving real
community problems.

Findings of the Study

The analysis indicates that mathematics has significant potential to support sustainable
development.

The major findings are:

. Mathematics provides the quantitative foundation for sustainability planning.

. Statistics helps interpret environmental and social data.

. Mathematical modelling enables prediction of future trends.

. Optimization helps manage limited resources efficiently.

. Geometry supports spatial planning and infrastructure development.

. Probability supports environmental risk assessment.

. Algebra and calculus can be used to model change and growth.

. Mathematics supports renewable-energy planning.

. Mathematics can improve water and waste management.

) Mathematics education can develop sustainability-oriented problem-solving skills.

Recommendations
Based on the discussion, the following recommendations are proposed:
. Include Sustainability-based Mathematical Problems

Mathematics textbooks should include problems related to water, energy, climate, waste and
population.

. Encourage Mathematical Modelling
Students should be given opportunities to develop models for real-world sustainability problems.
) Use Local Data

Teachers can use local rainfall, temperature, electricity and water-consumption data for
mathematical activities.

. Promote Interdisciplinary Learning

Mathematics can be connected with:

Science + Geography + Environmental Education + Technology + Economics
. Develop data literacy

Students should be able to interpret graphs, percentages, statistical claims and sustainability
indicators.

. Encourage Project-Based Learning

Students can conduct:

=  Water audits

= Energy audits

=  Waste audits

=  Carbon-footprint calculations

= Rainwater-harvesting studies
Conclusion

Sustainable development is fundamentally a problem of measurement, prediction, allocation
and optimization, and each of these activities is closely connected with mathematics.

Mathematics helps us understand how resources are consumed, how environmental conditions
change and how available resources can be used more efficiently. Statistical analysis helps interpret
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sustainability data, mathematical modelling helps predict future conditions, optimization helps allocate
scarce resources, and geometry and measurement help design sustainable infrastructure.

The examples of water conservation, rainwater harvesting, renewable energy, agriculture, waste
management, transportation, population growth and urban planning demonstrate that mathematics has
direct applications in creating sustainable solutions.

The role of mathematics should therefore not be restricted to solving textbook exercises.
Mathematics education should help learners understand how mathematical thinking can address real-
world challenges.

When students calculate water consumption, analyse rainfall, estimate solar-energy production,
study waste generation or optimize resources, they begin to see mathematics as a practical instrument
for social and environmental change.

Thus, mathematics can be viewed as a “language of sustainability”—a discipline that enables
society to measure problems, understand relationships, predict consequences and make responsible
decisions.

Mathematics + Data + Modelling + Optimization = Informed and Sustainable Decision-
Making

The integration of sustainability into mathematics education can therefore contribute not only to
mathematical competency but also to the development of environmentally responsible, analytically
capable and socially conscious citizens.
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