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Water Scarcity is a global issue that affects billions of people worldwide. According to the

United Nations, over 10% of the world population are suffering from water stress and 67% of

them are living in urban areas. With the continued growth of population and climate change,

water scarcity is becoming an increasing urgent issue that requires immediate attention and

solutions.

Hong Kong is one of the fast-urbanized cities with over 7.4 million residents, consuming about

21% more freshwater per capita than the global average. The city replies heavily on

freshwater import, with less than 30% water supply from local rainfall catchments. To alleviate

the challenge of water stress, the government has launched a Total Water Management

Strategy (TWM) to diversify its water supply sources, including using seawater for toilet

flushing and recycled water for non-potable purposes.

Research Questions?
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1. How efficient is the current energy performance of water and wastewater services for 

urban communities in Hong Kong?

2. What is the optimal approach to integrating the decentralised water reuse 

technologies (DWR) into the existing urban water infrastructure networks?

3. What are the impacts of water diversification on the urban water systems? 

Results 

1. We calculated daily freshwater 

& seawater demands and 

wastewater production of each 

urban community based on water 

consumption surveys of residential, 

commercial, and industrial uses. 

Our estimation (a) is basically in 

line with the statistical reports. 

2. We also computed and visualised

the energy intensity of providing 

freshwater, seawater, and 

drainage services to urban 

communities (b-d). Our results 

have been validated by 

comparing with the statistical 

mean from 2016-2021.
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Pareto-fronts Analysis: 

Water-Energy Dependence in Hong Kong (Base Scenario):

Summary

1. The optimisation can produce 230 

Pareto fronts, out of which 164 

are workable solutions that 

ensure acceptable quality 

degradation in the centralized 

freshwater pipeline network. This 

quality degradation occurs as 

freshwater demand decreases 

due to water diversification.

2. In general, most pareto fronts 

recommend to implement 2~4 

DWR facilities in the city. 

(a) (b)

(c) (d)

We compared two scenarios to analyze their water-saving potential and energy costs. The most effective solution 

suggests to build three DWR facilities in Ho Man Tin, Ap Lei Chau Island, and Tai Peng Island, resulting in a 4% 

reduction in freshwater withdrawal and a 24% reduction in seawater withdrawal with a 10% increase in 

electricity use. Another proposal suggests a fourth DWR facility in Cheung Sha Wan, which would double the 

energy consumption and only result in less than 2% further reduction in freshwater usage. The rapid increase in 

energy consumption is due to the use of recycled water instead of seawater for toilet flushing.
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This paper presents a multi-objective spatial optimisation framework to help cities adaptively 

integrate the water reuse concepts into urban water infrastructure planning. 

Using Hong Kong as a case study, we modelled the hydraulic flows and energy use for water 

across various stages from water sourcing, treatment, and distribution to wastewater collection, 

treatment and discharge. The base scenario analysis identifies communities with energy-

intensive water services. Our optimisation offers insights into the design of decentralised water 

reuse technologies and their impact evaluations to support the water source diversification. 

Overall, our research makes a valuable contribution to the advancement of holistic-integrated 

solutions in urban infrastructure planning and water resource management, with the ultimate goal

of achieving a more sustainable and resilient urban future.
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