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Pump operation optimization is a process to find the optimal operation 
policy. But what is a policy? Policy is a set of rules or guidelines take 
current hydraulic states and variables as input that determine when a 
particular pump or set of pumps should be turned on and off to satisfy 
specific hydraulic constraints, such as maintaining tank levels, and to 
achieve optimal objectives, such as reducing the energy costs.
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As the development in pump technology, variable-speed pump stands out as it can provide a contin-
uous action space to meet changing water demand conditions. However, this requires defining a 
more precise policy that incorporates the nonlinear hydraulic behavior of variable speed pumps and 
can handle the corresponding continuous action space.

Large-scale WDSs typically incorporate a combination of pumps. Consequently, the operation 
policy also needs to handle the hybrid action space, including binary action space of fixed-speed 
pump and continuous action space of variable-speed pump.

With the increasing availability of information, such as electricity tariffs, water managers can take 
advantage of off-peak electricity periods to fill the tanks and use gravity to transport water during 
peak electricity periods. Therefore, the operation policy also needs to consider the integrated wa-
ter-energy system, rather than the water system in isolation.
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RQ 1: How do different factors  (e.g., various ML architectures as policy functions) 
affect the performance of a policy-based WDS operation optimization framework?

RQ 2: How can the performance of the optimal framework identified in RQ1 be im-
proved by effectively handling hybrid action spaces while avoiding information 
loss (e.g., oversimplifying electricity tariff fluctuations)?

RQ3: How can the performance of the proposed framework in RQ 2 be improved 
by incorporating multiple sources of uncertainty affecting WDS operations, while 
avoiding the overestimation and underestimation of uncertainty?

Weather variations can alter temperature and humidity patterns, potentially influencing human behav-
ior and introducing uncertainty to water demand.

Weather uncertainty can also be passed on to electricity tariffs, or indirectly introduce uncertainty in 
electricity tariffs by affecting the production of renewable energy sources. 
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Policy-based methods explicitly define the policy functions, and iteratively opti-
mize the parameters of the policy function to predict the optimal pump actions. 
However, as a newly emerged approach, related research is quite limited, and these 
methods have not yet been sufficiently investigated to fully address the challenges 
of hybrid action spaces and water-energy system integration.

CURRENT SOLUTIONS FOR CHALLENGE 2
Error modeling to represent uncertainty

In error modeling method, when we obtain a predicted water demand series, at each 
time step, a random error will be added to the predicted water demand.

Uncertainty in water demand = Predicted water demand + Error

Robust method to incorporate uncertainty 
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WDSs are essential infrastructure systems. They transport water from 
sources to meet various needs. Given that pumping accounts for 80% of 
the total energy consumption in WDSs, pumps are often identified as the 
most critical operation optimization component.
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There are multiple robustness metrics, each of which can have a different impact 
on the optimization performance. For instance, the worst-case metric targets the 
scenario with the highest water demand, ensuring that this demand is fully met but 
often resulting in an overestimation. In contrast, the best-case metric focuses on the 
minimum water demand, which can lead to an underestimation of actual needs.


