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ABSTRACT  

The energy-water nexus emerged in response to 
global challenges associated with energy and water 
resources. Along with their existing residential, com-
mercial, and industrial commitments, the intrinsically 
complex system now faces additional pressure from 
the rampant rise in demands from data centers. To 
factor in the impacts of these new circumstances 
while accounting for the interdependent and inter-
connected nature of energy and water supply systems, 
the nexus holistically manages these resources and 
their corresponding decisions [1].  

However, while these decisions are conventionally 
modeled from a centralized perspective through rep-
resentative mathematical programs whose optimal 
decisions can then be optimized, a more realistic per-
spective models these decisions sequentially. Here, 
rather than all involved systems making their decision 
in a simultaneous fashion, decisions are made one af-
ter another in sequential order and characterized us-
ing multilevel programming. Bilevel programming, 
the most well-established multilevel problem, funda-
mentally consists of an upper-level optimization 
problem that has a lower-level optimization problem 
embedded within its constraints. Bilevel program-
ming has been applied to challenges within the en-
ergy-water nexus through several traditional solution 
strategies such as reformulations into a single level, 
iterative procedures combined with decomposition, 
and more recently, a more nuanced approach that in-
volves multi-parametric programming [2]. Through 
this approach, solutions of an optimization problem 
for all feasible values of uncertain parameters are 

determined without iteratively varying parameter val-
ues and resolving the problem. The feasible parameter 
space is demarcated into areas referred to as critical 
regions, each defined by a specific set of affine func-
tions defining the optimal solution in terms of the un-
certain parameter.  

The key idea behind the application of this ad-
vanced optimization technique to multilevel programs 
is that decisions of the lower-level problem can be 
represented in terms of decisions of the upper-level 
problem or the uncertain parameters in this case [3]. 
While several works have demonstrated the applica-
bility of this approach to nexus applications and be-
yond, a major limitation is the complexity that accom-
panies the scale of multi-parametric problems. The 
complexity of these problems shows combinatorial 
growth with the number of uncertain parameters and 
levels considered, thereby requiring faster approxi-
mations that can allow for practical implementations. 
In this work, seeking inspiration from multi-paramet-
ric programming, machine learning strategies will be 
employed to approximate the behavior of the optimal 
solution or the decisions of the lower-level problem in 
terms of the uncertain parameter or the upper-level 
variables in an energy-water nexus. The approxima-
tions determined will then be embedded with the up-
per-level problem to identify the optimal solution of 
the bilevel problem. With the increasing number of 
applications that utilize machine learning, even within 
nexus studies for the approximation of energy and 
water system behaviors, it is evident that machine 
learning strategies provide a unique and innovative 
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means for approximating the relationship between 
the upper-level and lower-level decision-makers [4]. 
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