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Water, environment, food, and energy security are intertwined challenges to achieve
sustainable development. The significance of this matter necessitates strategic and
large-scale action for an outlook in various fields. The Water-Environment-Food-
Energy nexus (WEFEN) approach, with a volumetric perspective, is a development
model that drives the world toward sustainability. This approach is a solution to
analyze the behavior of intertwined WEFEN parameters. Employing mathematical
models in nexuses unravels the effects of parameters on the main components and
their interactions in a dynamic system. In this research, based on the interactions
between the main variables of WEFEN, the conceptual solution of the Energetic
Dark Greenhouse (EDG) is proposed to achieve sustainable development. The
analysis of each subsystem is crucial due to their mutual effects on other parameters.
In this study, the dynamic modeling of the smart irrigation system in the EDG was
conducted in a closed-loop system using Vensim® PLE 10.2.0 software. This
modeling not only preserves the core concept of the EDG by reducing irrigation
volume but also minimizes water consumption through environmental moisture
condensation and the recycling of system waste. The results show that considering
this method, 14.13% of water is supplied from the reuse of the entire network.
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1. Introduction

Sustainable development has emerged as a key concept attracting societies' attention in recent
years. Sustainable development usually aims to meet the current needs of humanity without
compromising the ability of future generations to meet their own needs. It provides a
framework that ensures the proper use of resources and minimizes harm to them in the future.
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Additionally, it presents a model that integrates various resources to improve the quality of
life for both present and future generations. In other words, sustainable development is an
approach that focuses on the proper use of human resources in a way that allows for their
regeneration and use by future generations [1]. The world population is increasing, as the
latest United Nations forecast shows, the current world population will rise from 1.8 billion
people to 10.4 billion people in the year 2100, while the natural resources do not increase
according to human needs and desires. Therefore, it is essential to support and expand up-to-
date strategies that align with sustainable development alongside population growth [2].

Water, environment, food, and energy are among humanity's primary resources. Today, the
consumption patterns related to these resources have become a focal point, and research on
the nexus between these elements has seen significant growth [3], [4], [5]. Studying the
performance of these sectors and their impact on each other is crucial for evaluating the
security of these resources [6]. In the sustainable development programs of the International
Renewable Energy Agency (IRENA), the Water-Environment-Food-Energy nexus (WEFEN)
has been introduced as an effective solution to achieve sustainable security of water,
environment, food, and energy [7]. By examining the water and energy sectors as well as their
connection in IRENA reports, the issue of the aggravation of the water crisis in the coming
years becomes more prominent [8], [9].

The issue related to urban areas focusing on sustainable development has greatly
contributed to the growth of water, energy, and food-related research. The 2015 report by the
United Nations Intergovernmental Panel identified the nexus approach as the only pathway to
achieving the 17 Sustainable Development Goals [10]. Additionally, IRENA’s 2015 report
emphasized that renewable energies are the optimal solution for addressing the interconnected
challenges of water, food, and energy [11].

According to the report of the United States National Intelligence Council, the
interconnections between water, food, and energy and climate change were introduced as the
main parameters that will change the world by 2030. This perspective was analyzed as a goal
in different scales by examining the impact of other parts outside the nexus framework and its
possible risks [12].

The Global Risks Report, published by the World Economic Forum in 2016, analyzed the
interdependencies between critical issues related to water, food, and energy with other global
risks, and further explored the connection between irregular migration—a key global risk—
and these critical issues [13]. The European Union’s Horizon 2020 program specifically
highlighted the interconnectedness of food security, low-carbon energy extraction, sustainable
water management, and climate change mitigation [14].

In the volumetric view of the WEFEN, the main parameters have equal weight and
influence each other. Any positive or negative change in one parameter can impact other
parameters. According to this theory, enhancing any one parameter can contribute to the
stability of the others. Under this theory, the Energetic Dark Greenhouse (EDG) solution is
proposed as a small-scale sustainable approach to achieve sustainable development and
ensure the long-term security of water, environment, food, and energy. The EDG is a
completely closed and isolated environment where the environmental conditions for plants are
provided for their needs. Various smart subsystems are considered in the EDG, designed to
manage the performance of each section with a specialized focus to achieve optimal
conditions. In this research, the dynamic modeling of sustainable water security in EDG has
been done assuming the ideality of other parameters.

The Dynamic Systems approach is a modeling and analysis approach that is used to
simulate the interconnected and internal relationships so that a correct analysis of the system's
performance can be obtained [15]. With the help of the Dynamic Systems, complex,
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changing, and interdependent situations can be simulated. Scenario analysis using Dynamic
Systems greatly helps in informing decision-making in interconnected sectors [16]. One
crucial step in data analysis is gathering empirical data from experts and specialists in the
field [17]. Generally, Dynamic Systems consider several core components, including inputs,
variables, system development, and sub-models, each comprising various sections and
elements [18].

2. Methodology
The current research is based on the Dynamic Systems approach for modeling and simulating
optimal irrigation in EDG. The research was conducted using Vensim® PLE 10.2.0 software.
This approach is a suitable method for ensuring sustainable water security as it models the
interactions between different systems by applying dynamic feedback loops and differential
equations.

The Dynamic Systems methodology in EDG includes the following steps:

¢ Defining the experimental subsystems
Identifying variables, the main system, and subsystems
Causal loop and flow diagrams
Modeling and validating the model
Selecting and introducing the desired scenarios

3. Conclusion

In this research, EDG is proposed to achieve sustainable water, environmental, food, and
energy security. The focus of this study has been on increasing sustainable water security
resulting from the use of EDG in meeting food needs. Sustainable water security is a crucial
factor that, alongside other key parameters, can significantly impact the efficiency of a
system. To model sustainable water security in EDG, three scenarios were proposed. This
process ultimately led to the dynamic modeling of Scenario 3, which integrates Scenarios 1
and 2 simultaneously. EDG achieves considerable water savings by eliminating thermal and
infrared spectrum light. In this study, alongside the main nature of this type of greenhouse,
considering various scenarios, the amount of network water consumption is minimized to the
required amount. The first scenario shows that 21.3% of the water consumption from the
network can be supplied in EDG with water condensation. Scenario 2, by recycling water
through the RO desalination system, can supply 11.01% of the network water needs. By
simulating and modeling the dynamic system in the third scenario at EDG, it is possible to
fulfill up to 14.13% of the network's water demand.
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1. Split
2. Smart Inverter 24,000 BTU Heating & Cooling Split Air conditioner
3. Daily light Integral
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