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ABSTRACT

Sustainable development has emerged as a fundamental framework for evaluating the progress
and advancement of societies. In recent decades, growing attention has been directed toward its
multidimensional nature, encompassing economic, educational, and environmental aspects.
However, much of the existing literature has examined these dimensions in isolation, leaving a
gap in understanding their dynamic interrelations and practical implications. This study seeks to
address that gap by employing mathematical modelling and simulation techniques to analyse the
interconnected dynamics of sustainable development. By designing and testing models that reflect
community realities, the research offers a novel perspective on the mechanisms required for
societies to achieve sustainable growth. Such an approach contributes not only to theoretical
advancement but also provides practical insights into building sustainable cities that integrate
diverse sources of development. Furthermore, the study positions itself as an applied field
investigation, bridging theory and practice through quantitative modelling. A comparative
analysis with previous research highlights both continuity and innovation, underscoring the
study’s contribution to the broader discourse on sustainable development. Ultimately, the
findings aim to enrich academic understanding while offering actionable strategies for

policymakers and institutions striving toward sustainability.
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1 . Introduction

Mathematical modelling is a fundamental tool in advancing sustainable
development, as it enables the systematic analysis of complex interactions between
energy systems, economic growth, and environmental constraints. By formulating
equations that capture the dynamics of renewable and non-renewable energy,
resource consumption, and efficiency, mathematical models provide a structured
framework to evaluate sustainability indices and predict long-term outcomes. Thus,
mathematical modeling serves not only as a scientific method but also as a strategic
instrument for guiding policies, optimizing energy systems, and ensuring that
development pathways remain aligned with ecological balance and social justice.
The most important mathematical models that studies focus on (Optimization
Models- Eco-Economic Models- Dynamic Differential Models- Green
Mathematics Modelsy.[1] Development is a fundamental pillar of stability and
progress across the economic, social, and educational domains, and it is directly
reflected in human advancement. It represents a continuous process—whether
comprehensive or partial—that adopts various forms aimed at elevating the human
condition and achieving well-being in a manner consistent with societal needs and
capacities. As a planned activity, development seeks to bring about changes in
individuals and communities in terms of knowledge and experience, performance
and methods of work, as well as attitudes and behavior. This enables members of
society to fulfill their roles efficiently and with high productivity. [2] Sustainable
development extends this concept by incorporating the environmental dimension
alongside the economic, social, and educational aspects, ensuring the proper
investment of available resources to meet present needs while safeguarding the rights
of future generations. For more than two decades, the world has faced the threat of
environmental deterioration, which must be addressed without neglecting the
requirements of economic growth, equality, and social justice. [3] Sustainable
development requires creating suitable living conditions for all individuals without
exceeding the Earth’s carrying capacity, and it promotes balanced consumption that
avoids excessive reliance on natural resources. It can be pursued in two directions:

either through comprehensive, integrated, and harmonious development, or
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through progress in one of the main fields in isolation from others—such as the
economic, political, or social domains—or in subfields such as industry, agriculture,
or tourism. In essence, sustainable development represents a process of economic
and social transformation aimed at moving societies toward improved conditions in
line with their needs and capacities, while safeguarding the environment, human
heritage, rights, and collective gains. It involves implementing medium- or long-
term plans that elevate economic, humanitarian, and environmental conditions
without causing harm to natural or social systems. Integrated development, in
particular, enhances opportunities for some members of society without
diminishing those of others. It results in tangible increases in production and services
that are comprehensive and interconnected with societal dynamics. This process
relies on modern scientific methods in technology, organization, and management
to ensure balanced progress and sustainability. [4] Global efforts to achieve
sustainable development are pivotal in addressing the environmental, social, and
economic challenges facing humanity. At the international level, several measures
have been undertaken to promote sustainability. Among the most significant is the
2030 Agenda for Sustainable Development, adopted by the United Nations in
2015. This agenda introduced 17 Sustainable Development Goals (SDGs), covering
a wide range of issues including poverty, hunger, education, water, energy, and
climate change. Together, these goals provide a comprehensive framework to guide
global action toward achieving sustainable development by 2030 . [5-6]. One of
the most important recent studies is Education for Sustainable Development (ESD
through mathematical modeling. A quasi-experimental study (2026y with 68 pre-
service primary school teachers. It addressed sustainability-related modeling
activities such as water consumption, waste management, sustainable
transportation, and energy use. Results: A significant improvement in teachers'
confidence in designing sustainability-based mathematics lessons, and modeling was
considered an effective pedagogical approach for integrating sustainability issues
into education. Covering a wide range of issues such as poverty, hunger, education,
water, energy, and climate change, the 2030 Agenda for Sustainable Development
aims to direct global efforts toward achieving sustainability by 2030. Adopted by
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the United Nations in 2015, this agenda introduced 17 Sustainable Development
Goals (SDGs) that serve as a comprehensive framework for international action. In
2024, a study was introduced that focused on designing a mathematical model for
renewable energy. [7] Integrated policy models were presented to achieve
synchronized progress on SDG goals by simulating the interactions of health,
economic and environmental policies. In [8] The models helped develop clearer
concepts of the relationship between humans and nature . To facilitate hypothesis
testing and scenario comparison .Integrating the social dimension: The study
emphasized the importance of incorporating power disparities and social justice into
the models. [9] In this research, the most influential factors in dynamic development
were analyzed, offering new insights into the interplay between energy systems and

sustainable growth.
2. dimension of development: [10-12]

Sustainable development is a comprehensive framework that seeks to balance
the current needs of humanity with the rights of future generations. To achieve this
balance, three main dimensions are integrated: economic, social, and

environmental:
1. The material (economic)

The economic dimension focuses on meeting human needs through the
production and consumption of resources, eliminating poverty, and generating
modern means of growth. It emphasizes the use of technology and science to

enhance productivity while maintaining capital.
. Environmental dimension 2

The environmental dimension highlights the limits of resource consumption
and the necessity of preserving ecological balance. Housing projects, population
growth, water use, soil conservation, forestry, and fisheries must all be managed
within sustainable boundaries to prevent depletion and ensure long-term stability.
Together, these dimensions illustrate that sustainable development is not merely

about short-term prosperity but about creating systems that endure over time. It
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requires integrated planning that elevates living standards without exceeding the
Earth’s carrying capacity, while safeguarding natural resources and ensuring social

justice.

Table (1) Compare between (Economic- Environmenty Dimension

Aspect Economic Dimension Environment Dimension
Growth and prosperity Sustainability and balance | Primary goal
Short —to medium term Long —term (future focus Time Horizon
Financial indicators Ecological indicators Measure ment
Inequality Jinflation, | Climate change  resource | Risks
market depletions'
VISION OF
SUSTAINABLE
DEVELOPMENT

=
ool EDUCATION
ECONOMY

LIFESTYLE z ’ - 3 ENERGY

C%L | | ENVIRONMENT
N T

Figure (1): Show dimensions of sustainable development
R enewable energy3.

In this section, the basic concepts of renewable and non-renewable energy are
presented, along with their relationship to the dimensions of sustainable
development (economic and environmentaly. The discussion is supported by

mathematical modeling that incorporates the key factors of renewable energy.
1.Renewable energies

Renewable energy refers to sources that are naturally generated and
continuously replenished. These resources are characterized by being inexhaustible,

widely available in nature, and environmentally clean. Their use does not result in
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pollution, making them essential for sustainable growth. Examples include solar,

wind, and hydropower.
2.Non-renewable energy

Non-renewable energy is derived from natural resources that are finite and
depleted when consumed. These sources—such as coal, oil, and natural gas—were
formed over millions of years and exist in limited reserves. Once exhausted, they
cannot be replenished within a short period, making their use unsustainable in the

long term.

AIR AND WASTE

WATER MANAGEMENT

QUALITY AND RECYCLING
= Biodiversity * Preservation

of naturd
resources

protection

= Benewable
energy
use

= Ecological
balance

ENVIRONMENTAL

DIMENSION

SUSTAINABILITY
¢ Biodiversity protection
* Renewable energy use

Figure (2): Factors affecting on dimensions of sustainable development

Table (2y classification Environment Dimension on Environmental dimension

Environmental dimension

Nonrenewable energy Renewable energy

It takes a long time to make up for it Not enforceable

Gas- Oil- Coal Wind energy- the sun energy- Water energy-
Underground energy
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4, Mathematical analysis of development dimensions

Mathematical analysis of development dimensions provides a methodological
framework for understanding the complex relationships between economic and
environmental variables. Mathematical models, differential equations, and statistical
analysis methods are used to characterize development dynamics and measure the

balance between economic growth and environmental sustainability.
1. Mathematical modeling of the energy clean equation

The concept of clean energy modeling is based on integrating renewable and
non-renewable energy sources within a mathematical framework that reflects both
efficiency and sustainability. Clean energy is defined as the net output of renewable
sources (such as solar, wind, and hydropower) adjusted by conversion efficiency,
while accounting for the environmental costs of non-renewable sources (such as
coal and gas). Mathematical analysis of development dimensions provides a
methodological framework for understanding the complex relationships between
economic and environmental variables. Mathematical models, differential
equations, and statistical analysis methods are used to characterize development
dynamics and measure the balance between economic growth and environmental

sustainability. Present the mathematical model.

dC.(t)
dN

dN.(t) 3%
dN \/S_e

Where C,(t)Energy generated by time, R,(t) be renewable energy , N,.(t) be

= Ec(t) Re(t)+W, .0 (t) = N, * B——=. CI(t) + /S, (1.1)

N (1)

x 6 (1.2)

nonrenewable energy ,n(t) Dynamic efficiency coefficient , CI(t) Carbon
intensity factor for non-renewable energy , E.(t) capacity factor , a be Conversion

efficiency We Wind energy, Se sun energy , Co be Coal ,and § and 8 are constant.

Using the integration of nonrenewable energy equation (1.2) for N, using the
boundary condition of the coefficient of the nonrenewable energy N,(0) =0

obtained by completing the solution.
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3*xf
/s,

Where's A be integration constant. Now, by applying the Boundary conditions

N.(¢) = « 8 N, + A (1.3)

for the the coefficient of the nonrenewable energy. N,0)=0 it is getting the
integration constant . A=0 , Substituting for A into the equation (1.3 ,to get the

general form :
3xp
5

Substituting nonrenewable energy equation (1.4y into clean energy equation

N,(t) = « & N, (1.4)

(1.1y given:

dc,(t) VSe
= E.(t)R.(t) + W,.n(t) — N s CI(t) ++/S. (1.5)

To obtain the general solution to the equation, we integrate clean energy

equation (1.5) for N

C,(t) = E.(t)R,(t)N + W, .n(t)N — N, 3‘*/?5 .CI(t)N + /S, N + B (1.6)

Where B be integration constant. Now, by applying The Boundary conditions
for the the coefficient of the nonrenewable energy. C,(0)=0 , E.(t) = 0,n(t) =

0,CI(t) = then integration constant . B=—\/S_e N Substituting for B into the

equation (1.6y ,to get the general form of clean energy equation :

Ce(t) = Ec()R(ON + W, .n(E)N — N, 3\*/0?5 .CI()N (1.7)

The equation above represents the final formula for the energy equation

resulting from a change in time.

2. The Dynamic Equation of Sustainability
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This equation. Based on the relationship between economic growth and
resource consumption, and its relationship to the Gini coefficient, which measures

the degree of income inequality. The equation is represented: as follows

ds _GDP ¢ iN.(0) (18
dN_ R r (')

Table (3) classification Environment Dimension on Environmental dimension

Symbol Interpretation

The Sustainable Development Index (SDIy is a measure of how efficiently

S countries achieve human development while staying within ecological limits.

The rate of nature consumption refers to the speed at which humans use natural

R resources compared to the Earth’s ability to regenerate them.

The Gini coefficient is a statistical measure used to represent inequality within a

G distribution, most commonly applied to income or wealth

GDP gross domestic product

Using the integration of Dynamic Equation of Sustainability (1.8) for N, using
the boundary condition of the coefticient of economic the was obtained by

completing the solution.

GDP
S = (T +G +Nr(t)> N + D (1.9)

Where D be integration constant. Now, by applying The Boundary conditions
for the coefficient of the nonrenewable energy. S(0)=0 it is getting the integration

constant D =0, Substituting for A into the equation (1.9 ,to get the general form :

GDP
S = <T +G +Nr(t)>N (1.10)

The equation above represents the dynamic equation of development, which plays

an important role in studying dimensions.

5. Results and discussion
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This section introduces the factors influencing sustainable development and
explains in detail the relationship between carrying capacity and conversion

efficiency with the

Sustainable Development Index (SDIy. The results were analyzed using the

Mathematica program.

1. Carrying capacity Carrying capacity is a metric that reveals the strengths and
weaknesses of each type of energy source and determines how they can be
combined to achieve a sustainable and secure energy system. Figure (3y illustrates
the relationship between carrying capacity and non-renewable energy. The figure
shows that oil has the highest carrying capacity compared to gas and coal during the
period 2023-2025, reflecting the continued heavy reliance on oil as a primary
energy source. It also shows that all three sources are experiencing a gradual increase
in carrying capacity over time, indicating an expansion in the exploitation of non-
renewable resources. This trend reveals a clear gap between the sources, with coal
remaining the least sustainable, while oil dominates the energy landscape.
Theoretically, this chart reflects that current energy policies focus on boosting
production from conventional sources for short-term economic gains, but this
places increasing environmental pressures and threatens long-term sustainability.
Therefore, the analysis underscores the need to restructure energy policies by
promoting investment in renewable energy and improving energy conversion
efficiency, thereby reducing the gap between economic growth and environmental
protection. Figure (4y illustrates the relationship between carrying capacity and
renewable energy. In this case, the carrying capacity appears lower and more

unstable, since its dependence on network integration leads to natural fluctuations.
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Figure (3) shows carrying capacity in non- Figure 4y shows carrying capacity in
renewable renewable Energy
Energy -

3. Sustainability index

Figure (7) illustrates the relationship between the rate of natural resource
consumption and the sustainability index. An increasing rate of resource

consumption hurts sustainability, reducing the overall index value. Imbalance: The
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rate of natural resource consumption exceeds the Sustainable Development Goals
(SDGs), reflecting a clear gap between resource consumption and actual
sustainability. Increasing Environmental Pressure: The high rate of consumption
(nore than halfy indicates that economic and social activities are heavily reliant on
natural resources, putting pressure on the environment and threatening the
sustainability of future generations Shortcomings in Sustainable Development
Policies: The shortfall in SDG targets compared to consumption indicates the
inadequacy or ineffectiveness of efforts to balance development and the
environment. The Need for Restructuring: This imbalance highlights the need to
strengthen resource management policies, increase investment in renewable
energy, and improve resource efficiency to bridge the gap between consumption
and sustainable development. Figure (8) illustrates the relationship between
production rates and the sustainability index. High production rates without
consideration of development resources negatively affect the sustainability index,
whereas efficient production helps maintain balance. Figure (9 illustrates the
relationship between environmental impact rate and GDP. As GDP increases, the
environmental growth rate is negatively affected, highlighting the trade-off

between economic expansion and ecological sustainability.

Rate of
natural
resource Sustainable
consumption dev 45 146
index o
67
56.9%
Figure (3 d sustainability index
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The relationship between production and the
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Production is low

High production with
efficiency

m Production  m Sustainability index

50
Rate of GPD
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) .
- Figure (9)
2025

2022 2023 2024
Show that

=]

enrivnmenta impact rate with GDP

Table ( 4 ): Comparison between Environment a impact rate and rate of GPD

Environment a impact rate Rate of GPD

2022 0.1 2 4 2 5 7 10
2023 1 3 7 4 10 15 20
2024 3 5 12 6 12 22 30
2025 7 12 22 10 25 40 50
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The figure (10y illustrates that the sustainability index (S) is determined by the
balance between three key elements: the stock (R of natural resources, the outflow
(Cy representing the rate of consumption or depletion, and the inflow (G) reflecting
the rate of natural regeneration or recycling. If the rate of regeneration exceeds the
rate of consumption, the sustainability index rises, reflecting the community's ability
to maintain its resources over time. Conversely, if consumption exceeds the rate of
regeneration, the index falls, indicating an imbalance that leads to resource
depletion and environmental degradation. Therefore, sustainability is not a static
state but a dynamic process influenced by changes in consumption and regeneration
rates, making the (Sy index an important explanatory tool for understanding the
relationship between humanity and nature. This analysis highlights that achieving
sustainability requires effective resource management policies, promoting recycling,
and relying on renewable energy sources to ensure that the inflow remains equal to

or exceeds the outflow.

e The indicator (S): measures the balance ratio <\
between cash flows and inventory.

7 * Outflow (C): Rate
* Stock (R): The quantity of available " of consumption or
resources (water, energy, forests...). L A depletion.
%

v 4
A

| ‘ If G > CThen e The indicator
| Z A
. (S) is high L
Inflow (G): The r.ate of £C>G Then s The indicator Mechar‘nstlc
natural regeneration or . analysis of
. (S) is low A
recycling. sustainability

Figure (10y shows the mechanics analysis of sustainability

Table (5): Reviews of previous studi
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2023

2025

2026

The most important finding of the
Modeling Sustainability Across
Sectors study published in the PNAS
Journal is that it has established a
practical framework for developing
dynamic models that link natural,
social, and economic systems, with a
focus on integrating the human
dimension and equity into sustainable

policies.

The System Dynamics Modelling for

Sustainable Energy Planning study was

published in the journal Energy Policy.

Focused on the use of dynamic
modelling for renewable energy
planning, and showed that dynamic
models help to reduce costs, improve
efficiency, and evaluate long-term

policies to achieve sustainability goals.

The study "Al-driven Sustainability
Models in Developing Countries,"
published in the IEEE Transactions on
Systems, Man, and Cybernetics:
Systems journal, focused on the role of
artificial intelligence in supporting
sustainable development in developing

countries.

6. Conclusions

Based on the analysis and findings, the following conclusions highlight the

817

relationship between energy sources, production, and the environmental index.
These points emphasize the role of efficiency, recycling, and conversion capacity in
fostering sustainable development, while also addressing the challenges posed by

excessive consumption of natural resources.
Carrying Capacity of Energy Sources

The carrying capacity is higher for non-renewable energy sources, while it
decreases for renewable energy sources due to environmental conditions. This
variation reflects the nature of the resources used and their sensitivity to external

factors.
Production and Efficiency

High production combined with efficiency fosters a sustainable environment.
The relationship between production and the environmental index is direct: as
production increases, environmental pressure also rises. This highlights the

importance of managing resources wisely to balance growth and sustainability.
Recycling and Consumption

Greater production and recycling enhance the environmental index, whereas

excessive consumption of natural resources reduces it. Recycling therefore plays a

Moroccan Journal for Publishing Scientific Research (ISSN : 3085-4873) — Issue 20 — August 2026

© Authors. Licensed under Creative Commons Attribution-NonCommercial 4.0 (CC BY-NC 4.0y non-commercial reuse with attribution

https://creativecommons.org/licenses/by-nc/4.0/



818

SUSTAINABLE DEVELOPMENT VISION IS A DYNAMIC CONCEPT
INAS YAHYA ABDULLAH- AHMED RAAD- FATIMA KATEA TABBAR

crucial role in maintaining equilibrium between production and environmental

preservation.
Conversion Capacity in Renewable Energy

Conversion capacity is closely related to electricity generation from solar energy,
which depends on the efficiency of solar panels. It is also linked to wind power,
where higher turbine capacity plays a major role in transforming wind energy into

electricity.
Applied Summary

The study provides quantitative tools that can be directly utilized in Iraq for
managing water and energy resources, developing urban areas, and modernizing
education. These applications transform the research from a purely theoretical
framework into a practical instrument that assists decision-makers and institutions

in addressing local challenges and achieving sustainable development.

Moroccan Journal for Publishing Scientific Research (ISSN : 3085-4873) — Issue 20 — August 2026

© Authors. Licensed under Creative Commons Attribution-NonCommercial 4.0 (CC BY-NC 4.0y non-commercial reuse with attribution

https://creativecommons.org/licenses/by-nc/4.0/



SUSTAINABLE DEVELOPMENT VISION IS A DYNAMIC CONCEPT
INAS YAHYA ABDULLAH- AHMED RAAD- FATIMA KATEA TABBAR

References

e Omer A. (2010y. Sustainable renewable energy resources, their
development and applications, Journal of African Studies and

Development, Vol. 2, PP. 35-57. DOI: 10.5897/JAERD.9000039
(doi.org in Bing)

e Bhutto A., and Zahedi, G. (2012). Greener energy: Issues and
challenges for Pakistan-Solar energy perspective, Renewable and
Sustainable Energy Reviews, Vol. 16, PP. 2762-2780. 1 DOI:
10.1016/j.rser.2012.02.043

e Raman A. (2009). Energy and sustainable development-an Indian
perspective, World Academy of Science, Engineering and
Technology (WASET). Vol. 54, PP. 128-133.

e Ekins, P and Simon, S. (1999). The sustainability gap: a practical
indicator of sustainability in the framework of the national accounts,
International Journal of Sustainable Development, Vol. 2, PP. 32-
58.

e Ekins, P. (2003y. A framework for the practical application of the
concepts of critical natural capital and strong sustainability |,

Ecological Economics , Vol. 44, pp. 165-185, DOI:
10.1016/S0921-8009(02y00272-0 (doi.org in Bing)

e Abdullah I. (2024y. Modeling Renewable Energy Mathematically,
International Journal of Academic Multidisciplinary Research
AJAMR)., Vol. 8, PP: 223-229

e Noelle E. (2023). Progress in modelling dynamic systems for
sustainable development., Proceedings of the National Academy of
Sciences of the United States of America (PNAS), Vol. 120, Issue
40, DOI: 10.1073/pnas.2216656120

Moroccan Journal for Publishing Scientific Research (ISSN : 3085-4873) — Issue 20 — August 2026

81 9 © Authors. Licensed under Creative Commons Attribution-NonCommercial 4.0 (CC BY-NC 4.0y non-commercial reuse with attribution

https://creativecommons.org/licenses/by-nc/4.0/



SUSTAINABLE DEVELOPMENT VISION IS A DYNAMIC CONCEPT
INAS YAHYA ABDULLAH- AHMED RAAD- FATIMA KATEA TABBAR

e Evans, A. (2009). Assessment of sustainability indicators for
renewable energy technologies, Renew. Sustain. Energy Rev, Vol.
13, PP. 1082-1088, DOI: 10.1016/j.rser.2008.03.008 (doi.org in
Bing)

e Wagqas A. (2021).: Modeling and Analysis of the Dynamic Response
of an Oft-Grid Synchronous Generator Driven Micro Hydro Power
System, International Journal of Renewable Energy Development
AJRED), Vol.10,PP. 373-384, DOI: 10.14710/ijred.2021.33567

e Pratik V. (2023y. Modeling of Hybrid Renewable Energy System,
International Journal for R esearch in Applied Science & Engineering
Technology (IJRASET), Vol. 11, Issue 5,PP.1226-1230, DOI:
10.22214/jjraset.2023.49639

e DongKwan K. (2026). An Integrated 2D-LSMC Real Options
Method for Solar PV Facility Planning, Journal of Electrical
Engineering & Technology, DOI: 10.1007/s42835-026-02796-8

e Mert 0.(2026y. Policy-driven pathways to cost-competitive green
hydrogen: an LCOH-based simulation, Academia Green Energy,
Vol. 3, Issue 1

Moroccan Journal for Publishing Scientific Research (ISSN : 3085-4873) — Issue 20 — August 2026

820 © Authors. Licensed under Creative Commons Attribution-NonCommercial 4.0 (CC BY-NC 4.0y non-commercial reuse with attribution

https://creativecommons.org/licenses/by-nc/4.0/



