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Abstract

The article analyzes the significance of the “WEFE 
Nexus” concept, which is widely used in international 
practice, in management of the production 
infrastructure of the agro-industrial complex (AIC) 
and the prospects for its implementation into the 
economy of Turkmenistan. It describes the role of 
digital solutions that ensure the interconnection of 
water, energy, food, and ecosystems – specifically 
agrivoltaics and “smart” irrigation systems – in 
achieving Sustainable Development. The economic 
and environmental benefits of creating digital twins 
of production facilities and developing data-driven 
agriculture are also considered herein.

Keywords: agro-industrial complex (AIC), 
production infrastructure, WEFE Nexus, Sustainable 
Development, agrivoltaics, digital twins, water-saving 
technologies, smart agriculture.

In the modern era, a vital role is assigned to 
the agro-industrial complex (AIC) in diversifying 
the sectoral structure of the national economy. The 
modernization of the AIC production infrastructure, 
which includes modern irrigation systems, processing 
enterprises, transport and logistics centers, and energy 
supply facilities helps to reduce the production cost 
of agricultural products and increases the industry’s 
competitiveness in the international market.

Under the leadership of the Esteemed President, 
our country pays special attention is paid to the 
improvement  of the AIC’s material and technical 
base. These tasks are reflected in such important 
strategic documents as the “National Program for 
the Socio-Economic Development of Turkmenistan 

for 2022–2052” and the “Program of the President of 
Turkmenistan for the Socio-Economic Development 
of the Country for 2022–2028.” The implementation 
of large-scale projects, such as the construction of 
the “Altyn Asyr” Turkmen Lake, the introduction of 
water-saving technologies, and the digitalization of 
agricultural management, is aimed at creating a high-
tech and sustainable production infrastructure.

The development of the AIC production 
infrastructure in Turkmenistan directly contributes to 
the implementation of the Sustainable Development 
Goals (SDGs) adopted by the United Nations. In 
particular, it is of great importance for achieving goals 
such as ensuring the rational use of water resources, 
transitioning to affordable and clean energy sources, 
as well as creating sustainable infrastructure and 
stimulating innovation. To successfully fulfill these 
tasks, the study and implementation of advanced 
international experience is strategically essential.

In advanced global practice, the “WEFE 
Nexus” concept (encompassing Water, Energy, 
Food, Ecosystems, and Nexus – representing their 
interconnection and coordinated management) 
has emerged as a premier innovative approach to 
agro-industrial infrastructure development. The 
implementation of this concept ensures a synergy of 
digital solutions that optimize farmland irrigation 
through  modern energy sources, guaranteeing 
production stability and simultaneously maintaining 
ecological balance.
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Figure 1. Structure of the “WEFE Nexus” model [3].

The “WEFE Nexus” concept represents a modern 
model for managing the production infrastructure of 
the agro-industrial complex (AIC). In the traditional 
system, the management of water resources, energy, 
and agriculture was carried out in isolation from 
one another. However, practice demonstrates that 
decisions made within one system inevitably affect the 
others. For example, rising demand for food products 
requires the improvement of irrigation systems, which 
in turn leads to  increased consumption of electricity 
and water. This can result in the depletion of water 
reserves (including reservoirs, rivers, and lakes) and 
lead to future water shortages, causing damage to the 
environment and ecology.

In order to facilitate a deeper study of this 
interrelation,, it is advisable to refer to the model 
developed by the Food and Agriculture Organization 
of the United Nations (FAO). 

As shown in Figure 1, the central part of the model 
is occupied by the participants of the interconnected 
system. The model is based on the consistent interaction 
of ministries, departments, scientific institutes, 

production enterprises, and agricultural workers in 
management of AIC production infrastructure. The 
system integrates the following components:

– resources: land, water, and energy are the basis 
of production; increasing their efficiency requires 
regular investment and highly qualified specialists.

– goals: the primary task is to enhance living 
standards of the population by ensuring water, energy, 
and food security, fostering .balanced economic 
growth, and maintaining environmental purity.

– external factors climate change, population  
growth, and emerging technologies continuously 
affect the system, and the “WEFE Nexus” approach 
facilitates rapid adaptation to these shifts..

The proposed model redefines the role of 
ecosystems (topsoil, biodiversity, and natural water 
bodies): treating them as the core pillar of the 
agricultural system’s sustainability and long-term 
productivity rather than just background conditions. 
Consequently, the “WEFE Nexus” seeks to both 
increase yields and build a nature-positive production 
framework based the rational use of water and 
electricity.
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Adopting this concept marks a shift from merely 
scaling up production to the smart management of 
economic and natural assets. This is consistent with 
current trends in digitalization and the integration 
of cutting-edge R&D into the agro-industrial 
sector within a diversifying economy. To ensure the 
effective practical implementation of the “WEFE 
Nexus” theoretical, it is important to develop a clear 
methodological sequence of actions. Improving the 
production infrastructure of the AIC — from the 
construction of new irrigation facilities to digital grain 
elevators — requires a comprehensive reassessment. 
In international practice, including reports from the 
Joint Research Centre (JRC), it is recommended to use 
a structural assessment sequence.

The implementation of a systems approach in the 
production infrastructure of the AIC includes three 
important stages:

– evidence building (Evidence): at this 
stage, a complete inventory of the current state of 
infrastructure and natural resources is conducted. 

This involves identifying key development directions 
for the country, such as the effective use of arable land 
and the improvement of energy systems in rural areas.

– Nexus Assessment: this stage is the analytical 
center of the entire system. The following calculations 
are performed here:

1. Energy balance. Determining the volume of 
energy required for the operation of plants or new 
pumping stations.

2. Water balance and quality. Assessing the 
impact of infrastructure on the water supply regime of 
the region.

3. Food security. Identifying of the impact of new 
infrastructure facilities on increasing yields.

4. Impact on the ecosystem. Calculating the 
reduction of anthropogenic pressure on the soil.

– decision making (Nexus Policy Dialogue): 
Infrastructure development programs are formulated 
based on the data obtained. This process results in the 
creation of precise investment programs and a strategic 
framework for ensuring system security.

Figure 2. Stages of implementing the “WEFE Nexus” concept [4].
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This methodology opens new opportunities for 
the production infrastructure of the agro-industrial 
complex. It provides a robust for the justification of 
complex decisions, such as “Agrivoltaics” (a term 
derived from the combination of the English words 
Agriculture and Photovoltaics). This creates conditions 
for the simultaneous production of energy based on 
solar panels and the functioning of production in 
certain areas, while also facilitating water conservation 
by reducing evaporation.

Thus, the methodological substantiation of the 
“WEFE Nexus” transforms infrastructure projects 
from ordinary construction objects into a highly 
efficient complex resource management system in 
a changing external environment. The transition to 
systemic management of the production infrastructure 
of the agro-industrial complex requires not only 
methodological changes but also the implementation 
of precise technological solutions successfully applied 
in international practice. Our state, Turkmenistan, 
possesses vast reserves of unique natural resources 
and consistently implements innovative projects for 
the effective use of these resources. Therefore, the 
introduction of the “WEFE Nexus” experience in our 
country will enable the creation of an advanced, highly  
developed infrastructure.

Within this concept, water resources serve as 
the binding function. International practice notes 
that “smart” irrigation systems can reduce water 
consumption by  30-40%. The implementation of this 
experience requires an advanced digital monitoring 
system. 

Modern infrastructure should include a system of 
Internet of Things (IoT) sensors installed on main canals 
and water distribution routes. These sensors transmit 
real-time data on water quality and consumption to a 
single unified information center. Satellite monitoring 
allows for the assessment  of the current state of plants 
and the real-time direction of water resources to the 
necessary land plots. Consequently, the traditional 
infrastructure system of production turns into a 
“smart” intellectual system, which helps to reduce 
excess water waste in line with ecological requirements 
and preventing soil salinization.

In this regard, it is appropriate to refer again to 
“Agrivoltaics,” which is one of the successful directions 
of the “WEFE Nexus” concept. The introduction of 

this innovative practice creates conditions for the 
simultaneous combination of agricultural production 
and solar energy generation on the same land plot. 
At the same time, the abundance of sunny days 
in our country turns into our huge advantage, as 
the construction of such an infrastructure can be 
considered not just as an ordinary system, but as a 
strategic step in gaining benefits from solar energy.

From a technological point of view, special 
elevated solar panels are installed over the cultivated 
areas or over the canals located near the fields. 

This practice simultaneously addresses three 
economic objectives:

– Energy. Processing industries and water 
pumping stations in rural areas, located far from cities, 
are provided with local electricity, namely energy 
obtained from solar panels. There is no need for long 
wires coming from former centers.

– Water. Panels placed over the canals provide 
shade, preventing the evaporation of precious water 
resources. Yield. The partial fall of shade on land 
plots around troughs and canals plants from extreme 
heat  of solar rays. Thus, this keeps the soil moist 
for a longer period, extending intervals between the 
irrigation.The creation of such agro-energy clusters 
fosters a sustainable production environment that is 
independent of centralized power grids and resilient 
to climate change risks.

The production infrastructure of the agro-
industrial complex is not limited to fields; it 
encompasses every stage of production through to 
the consumer, including modern grain elevators and 
logistics routes. Under this concept, the primary goal 
is to realize a “field-to-table” pathway characterized by 
economic efficiency, the production of natural goods, 
and zero environmental harm.

International experience indicates that 
implementing renewable energy systems significantly 
eliminates production losses. This model requires 
the construction of automated, Artificial Intelligence 
-driven logistics centers that monitor climatic 
conditions. Furthermore, the use of eco-friendly 
packaging and biodiesel in agro-logistics paves the way 
for carbon footprint reduction, ensuring compliance 
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with international environmental standards and 
increasing product competitiveness in global markets.

A vital aspect of adopting international best 
practices is the development of human capital. The 
“WEFE Nexus” inherently creates high-tech jobs. 
By establishing specialized laboratories for resource 
flow modeling within advanced institutes and other 
institutional structures, we address the need for 
specialists capable of managing these complex systems.

Thus, the implementation of the international 
“WEFE Nexus” experience is comprehensive. It 
spans all levels of management: from controlling drip 
irrigation to the macroeconomic oversight of the 
industry. Integrating these technologies into the AIC 
infrastructure will ensure long-term sustainability and 
create a balance between economic growth and the 
preservation of the country’s natural assets.

In the final stage of implementing the “WEFE 
Nexus” concept, the goal is to create a complex, 
autonomous, self-regulating, and self-correcting 
infrastructure. This work goes beyond simple 
construction; it aims to form “smart” agro-industrial 
zones that simultaneously perform production, 
resource-saving, and ecological tasks.

The multifunctionality of such infrastructure 
reduces production costs and enhances ecological 
purity – key requirements of the modern global 
market. Establishing these clusters in the regions of 
our country will stimulate regional development and 
the rational use of land resources.

A critical component of this new infrastructural 
environment is the enhancement of management 
activities. The “WEFE Nexus” concept requires high-
level coordination. In this regard, developing Public-
Private Partnership models is of strategic importance. 
While the state maintains control over water and land 
resources, attracting private investment for “smart” 
infrastructure accelerates technological modernization 
in rural areas.

State tax incentives for “green” agro-industrial 
complex related projects and low-interest loans for 
high-tech equipment create a favorable long-term 
environment. This shifts investment flows from short-
term projects toward the construction of durable, 
reliable, and resource-saving systems.

In the future, a key feature of this structure will 
be the recognition of ecosystem dependency as a vital 

part of production. Within the “WEFE Nexus,” natural 
assets (rivers, pastures, forest belts) are treated as 
“natural capital” requiring the same maintenance and 
modernization as machinery.

Creating protective forest shelterbelts around 
irrigated lands, implementing biological pest control, 
and restoring land through advanced scientific 
methods are becoming mandatory production 
practices. This transforms the AIC from a consumer 
of natural resources into an active participant in 
biodiversity restoration. Here, infrastructure serves 
as a harmonious, synchronized system ensuring high 
labor productivity.

Ultimately, creating an integrated AIC production 
infrastructure completely changes the nature of 
agricultural labor. It shifts from a field requiring heavy 
physical toil to a high-tech, knowledge-intensive 
industry. The systematic implementation of innovation, 
the development of “Data-driven agriculture”, and the 
creation of “digital twins” of production facilities allow 
for the accurate forecasting of industry outcomes.

Realizing the “WEFE Nexus” systemic approach 
in AIC infrastructure development is the path to 
building a high-efficiency economy of the future. This 
will not only ensure sustainable growth in production 
indicators but also protect our country’s unique natural 
wealth for future generations, further strengthening its 
position among the world’s leading, sustainable, and 
innovative agro-industrial states.
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