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Optimal energy-water management in urban residential buildings
through grey water recycling

Evan Wanjiru∗, Xiaohua Xia
Centre of New Energy Systems, Department of Electrical, Electronic and Computer Engineering, University of

Pretoria, Pretoria 0002, South Africa

Abstract

Energy and water are inseparable resources whose management in urban residential buildings is
important. Continuing urbanization in developing nations is increasing the demand yet the sup-
ply is inadequate or non-existent. Decentralized urban water recycling systems are an alternative
source of water that could relieve the demand from public utilities. However, there are social, eco-
nomic, environmental and technological factors that affect the uptake of these systems. Although
advanced water treatment technologies for decentralized systems have been developed, there are
challenges in their optimal operation. This paper introduces the open loop optimal control and
closed-loop model predictive control (MPC) strategies aimed at ensuring safe and reliable opera-
tion of a grey water recycling system at building level. Both controllers have shown their ability
in efficiently operate the system leading to water conservation and energy cost savings. Each of
these controllers has its strengths in terms of cost, ease of implementation and robustness and they
should be adopted according to specific application. Their adoption can greatly improve energy
and water security in urban households, reduce their demand and waste water. Technology alone
cannot solve resource insecurity, and therefore, appropriate policies, regulations, incentives and
public awareness should be implemented to support such novel technologies.
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Nomenclature
A1

t , A2
t , A3

t Cross-sectional area of potable, grey and holding water tank (m2) respectively
Dgrey, Dpot Potable and grey water demand (m3) respectively
h1, h2, h3 Height of water in potable, grey and holding tank (m) respectively
pe Price of electricity using TOU tariff (currency/kWh)
Pm

1 , Pm
3 Potable and grey water pump’s motor rating (kW) respectively

s1, s3 Auxiliary variable for potable and grey water pump respectively
S grey Grey water supply (m3)
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