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Water and Wastewater Utilities 
are major energy consumers

� United Kingdom Data
� 3% of energy use
� 0.8% of carbon emissions
� 5 million tonnes CO2e/yr

� International Data 

Country

(Million metric 
tonnes of carbon 

dioxide)

Emissions per 
capita

2006 (tonne CO 2e/yr) 

China 6,018 4.6
� 5 million tonnes CO2e/yr
� 523 g CO2e/MWh

3 Mt

1 Mt

1 Mt

China 6,018 4.6

United States 5,903 19.8

Russia 1,704 12.0

India 1,293 1.2

Germany 858 10.4

United Kingdom 586 9.7

France 418 6.6

Australia 417 20.6

Spain 373 9.2

Source: Environment Agency, 2009



Energy consumption drives 
utilities to seek cost savings

� OPEX minimisation 
in water 
transmission
� Studies funded by the 

UK Carbon Trust and UK Carbon Trust and 
three utilities (2004-
2006)

� Least financial cost 
objective

� Carbon reduction a by-
product of process 
rather than main driver

Network Demand Power

1 45 Ml/d 727 kW

2 243 Ml/d 6197 kW

3 89 Ml/d 998 kW



Pilot studies confirm cost savings 
through optimal pump scheduling

� Methodology
� H2ONet / H2OMap models
� Actual network operation for 

typical Summer / Winter 
conditions 

� Tariffs, source cost, pump 
efficiency data

� Conclusions

Network
Cost 

saving
(£)

Energy 
saving
(kWh/d)

efficiency data
� Model package calculates cost 

of operation
� Boundary conditions

� Supply / demand balanced
� Reservoir storage (end level) 

criteria

� Run Scheduler module
� Compare cost of actual and 

optimised operation

(£) (kWh/d)

1 10.0% 3.7%

2 4.3% 4.7%

3 12% 2%



But what if Carbon was the 
driver?

� Energy consumption
� Production
� Pumping
� Leakage (wastage)

� Background
� International pressure -

climate change 
initiatives

� Leakage (wastage)
� Domestic pressure –

regulation, publicity, 
good governance
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Pilot studies revisited to design 
for Sustainability (not Cost)

� Thesis
� 24 hr pumping
� Reduced friction
� Lower pumping 

� Tools
1. Scheduler

� Cost Optimisation 
(variable tariff)

� Carbon Optimisation (flat 
� Lower pumping 

pressures
� Reduced energy input
� Reduced leakage
� Higher (apparent) cost
� Do tariffs encourage 

the right behaviour for 
the environment?

� Carbon Optimisation (flat 
tariff)

2. Sustainability
� Shows where energy is 

consumed (e.g. control 
valves)

3. Compare Cost and 
Carbon



MWH Soft gives Engineers the 
tools to design Sustainably

� H2OMap Scheduler



MWH Soft gives Engineers the 
tools to design Sustainably

� H2OMap 
Sustainability

Pressure reduction
Friction

Customer
tap

Source

Network “A” Network “B”

Network “C” Network “D”

Static Head

Source

Customer Taps

Frictional Losses

Pressure Reduction



Network 1

Demand 43 Ml/d Pumping 
Stations

15

Length 103 km Pumps 34

Sources 6 Tanks 15

Model data

Optimisation results

Cost 
Optimised

Carbon 
Optimised

Power 710 kW 715 kW

Opex (per day) £ 861 £ 870

Cost saving 10% 10%

Energy saving 3.7% 3.7%

Leakage 
reduction

0.25% 0.24% Energy consumed in network per m3 delivered 0.11 kWh/m3

Carbon footprint of network per Ml delivered 56.8 kg CO2e/Ml



Network 2

Demand 244 Ml/d Pumping 
Stations

8

Length 336 km Pumps 81

Sources 2 Tanks 18

Model data

Optimisation results

Cost 
Optimised

Carbon 
Optimised

Power 5871 kW 5854 kW

Opex (per day) £ 3925 £ 3969

Cost saving 4.25% 3.9%

Energy saving 4.7% 5.8%

Leakage 
reduction

N/A N/A Energy consumed in network per m3 delivered 0.25 kWh/m3

Carbon footprint of network per Ml delivered 129 kg CO2e/Ml



Network 3

Demand 89 Ml/d Pumping 
Stations

15

Length 134 km Pumps 22

Sources 2 Tanks 17

Model data

Optimisation results

Cost 
Optimised

Carbon 
Optimised

Energy 24,754 kWh/d 23,880 kWh/d

Opex (per day) £ 1089 £1110

Cost saving 12% 10%

Energy saving 2% 5.5%

Leakage 
reduction

N/A N/A Energy consumed in network per m3 delivered 0.11 kWh/m3

Carbon footprint of network per Ml delivered 56.4 kg CO2e/Ml



Networks can be compared 
using Sustainability indices

Energy Carbon 

System 
Demand 

(Ml/d)

Energy
consumed in 

network per m 3

delivered
(kWh/m 3)

Carbon 
footprint of 
network per 
Ml delivered
(kg CO 2e/Ml)

Network 1 45 0.11 56.8
Network 2 243 0.25 129
Network 3 89 0.11 56.4

Model data

System 
Demand 

(Ml/d)

Energy
consumed in 

network per m 3

delivered
(kWh/m 3)

Carbon 
footprint of 
network per 
Ml delivered
(kg CO 2e/Ml)

Network "A" 24 0.14 70.8

Network "B" 58 0.10 52.6

Network "C" 59 0.18 91.9

Network "D" 62 0.09 48.3

Network "E" 151 0.16 85.3

Network "F" 180 0.11 58.6

Network "G" 261 0.14 75.8

Network "H" 268 0.09 48.4

Network "I" 579 0.15 78.4

Typical 
network
data



Cost v Carbon - Conclusions

� Optimisation saves cost and carbon
� Cost savings may be at the expense of least 

carbon operation
� But cost and carbon operating strategies found to � But cost and carbon operating strategies found to 

be very similar
� Utilities can use tools to decide appropriate 

strategies that suit their circumstances

� Leakage reduction is important
� Carbon and leakage often overlooked in desire to 

optimise cost



Cost versus Carbon

QUESTIONS?
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