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With increasing global change pressures (such as urbanization, population, economic growth, and 

climate change), cities in the future will experience difficulties in efficiently managing scarcer and 

less reliable resources. In order to meet these challenges, there is a need for closing the loop 

between water, energy, and food systems – the water-energy-food (WEF) nexus. The WEF nexus 

is central to sustainable development. The inextricable linkages between these critical domains 

require a suitably integrated approach to ensuring water and food security, sustainable agriculture, 

and energy production. 

Environmental and Civil, and Software Engineering Departments at U.A. Whitaker College of 

Engineering have installed a full-scale WEF system at the Emergent Technology Institute (ETI) 

and developed a Virtual Reality based WEF model to simulate the nexus between water, food, 

and energy systems. The facility in the Virtual Immersive Portal for Engineering Research 

(VIPER) Lab was used to create the simulation model.  

 



The main components of the WEF system include biodigesters, floating biogas tank, settling 

tanks, sand filtration, recycled water storages, and a hydroponic garden (Figure 1). The model 

mimics the natural process (anaerobic digestion) of converting wastewater and food waste into 

renewable energy (biogas), natural fertilizer, and nutrient-rich recycled water. Food waste and 

liquid waste enters the system through the primary biodigester. The system produces an energy 

source in the form of methane gas (used to fuel gas appliances) and a nutrient-rich effluent 

capable of supporting agriculture in a hydroponics system as well as garden beds. The model is 

used to simulate different possible scenarios and develop resource security strategy for cities and 

their communities.  

 

Figure 1: 3D Virtual Reality based Water-Energy-Food system  

This simulation tool is also used to educate undergraduate engineering students on the concept of 

WEF nexus. Unlike traditional teaching aids, the tool represents the inflow (wastewater and food 

waste) and outflow (biogas, fertilizer, and treated water) using 3D animation that places viewers 

at the center of the WEF system interaction. Through its functionalities, the tool provides an 

interactive environment, increase student interest and engagement, and provides immersive 

visualizations that are not possible in the traditional classroom.  

 


