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01. INTRODUCTION & AIM 

All urban and agricultural water distribution networks (WDNs), irrespectively of 
their physical and operational characteristics encounter substantial leakages, 
which result in significant water losses, environmental degradation through 
increased carbon emissions and noteworthy economic burdens. The current work 
aims to quantify both the environmental impact, estimated in terms of CO₂ 
emissions, and the economic implications associated with leakages and evaluate 
the effect of the most widely used leakage reduction strategies. In doing so, we 
highlight the critical importance of sustainable water management practices in 
the face of growing urbanization and climate crisis pressures.

To estimate the total CO₂ emissions per kWh 
of production, we utilize energy 
consumption as well as CO₂ emissions data 
acquired from the Greek Public Power 
Corporation and the Independent Power 
Transmission Operator, respectively. Also, to 
estimate the water production cost, we use 
high resolution energy consumption and 
flow data for the 6-month period from May 
2023 – October 2023, as well as the 
associated energy billing data, from 3 
pumping stations, namely: a) Karnavalika, b) 
Glafkos 1, and c) Glafkos 2 (see Figure 3) 
from the Water Distribution Network (WDN) 
of the city of Patras in Western Greece. The 
latter exhibits significant leakage rates; i.e. 
more than 40% of the system's input 
volume; see Serafeim et al. (2021).
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The results reveal that the most effective approach for mitigating leakages and 
their associated environmental and financial costs is by partitioning the network 
into smaller hydraulically isolated areas, combined with proper pressure 
management (i.e. design of Pressure Management Areas; see Figure 3). More 
specifically, the leakage rates and the associated CO₂ emissions and economic 
costs are reduced up to 40%. These findings highlight the importance of targeted 
pressure management towards achieving substantial efficiency improvements.

Mitigating water leakages in WDNs is crucial for achieving environmental 
sustainability and economic efficiency. By reducing leakages through network 
partitioning and pressure management, water utilities can significantly reduce 
both the carbon emissions and the operational costs, contributing to global 
sustainability goals, as demonstrated by a case study in the city of Patras.

Figure 3: Partitioning of the WDN of the city of Patras into smaller 

District Metered Areas (DMAs) or Pressure Management Areas 

(PMAs) using the Serafeim et al. (2022) hierarchical clustering 

Approach. Colors indicate different areas. Also, the Cyan Pins 

Indicate the locations of the 3 Pumping Stations, namely: a) 

Karnavalika, b) Glafkos 1, and c) Glafkos 2. 

Figure 1: Map of Greece
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Figure 2.a: Carbon Footprint per kWh of production 

(in gCO2/kWh), during the 6-month period from May 

2023 – October 2023, estimated using data from 

the Greek Public Power Corporation and the 

Independent Power Transmission Operator
(a)

Figure 2.b: Volume of water pumped 

monthly at the examined pumping stations, 

during the 6-month period from May 2023 – 

October 2023. Blue color indicates the 

Karnavalika station, while red and green 

indicate the Glafkos 1 and Glafkos 2 stations, 

respectively.

Figure 2.c: Monthly Energy 

consumption (in kWh) for water 

pumping, during the 6-month period 

from May 2023 – October 2023. 

Blue color indicates the Karnavalika 

station, while red and green indicate 

the Glafkos 1 and Glafkos 2 

stations, respectively.
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