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UN targets

• Keep global temperature rise well below 2 oC

• Pursue efforts to limit temperature increase to 1.5 oC



EU targets 2050



Dutch targets          Amsterdam targets

Dutch Ministry of Economic 
Affairs and Climate Change 

“Towards a CO2 low energy 
supply” 

No use of fossil fuels in 2050
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Waternet: some key figures
• Customers 1.2 million
• Municipalities 20
• Employees 1,770
• Annual budget € 383 million
• Drinking water 90 million m³/y
• Drinking water connections 100%
• Drinking water treatment plants 2
• Drinking water pipelines 3,100 km
• Leakage 2-3%
• Non-revenue water 0%
• Wastewater 125 million m³/y
• Sewage connections 100%
• Wastewater treatment plants 12
• Sewerage system 4,200 km
• Dikes 800 km
• Nature (resources) 4,200 hectares
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Waternet target

Climate neutral operation

=

Operation without a net 
GHG emission



Possibilities for water utilities
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Possibilities for 
water utilities

• Utility opportunities:

opportunities within the 
jurisdiction of a water utility, 
directly related to the operations

• Wider opportunities:

opportunities on which a water 
utility has no direct influence 
and/or has to cooperate with 
others

Scope 1: Direct emissions

Scope 2: Indirect emissions

Scope 3: Indirect emissions

Utility opportunities Wider opportunities

Water supply 

Wastewater treatment

Water end users & 
urban sectors 

Chemicals & materialsElectricity

Ka Leung Lam



Wider opportunities

• Thermal energy opportunities:
• Energy recovered from the water cycle

• Water end use opportunities:
• Opportunities related to the end use of water

• Life cycle opportunities:
• Taking into account the upstream and downstream 

impact

Thermal Energy
Recovery, storage and supply

Water End Use
Household water-related GHG

Life Cycle
Externalities: upstream, downstream 



• Each box: an opportunity
• Width: reduction potential
• Height: marginal abatement 

cost (cost-effectiveness)
• Prioritised from most cost-

effective (left) to least cost-
effective (right)

Marginal abatement
cost curves

Wider opportunity >> Utility opportunity Thermal energy opportunity >> Water end use opportunity
Thermal energy opportrunity >> Life cycle opportunity
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Aquathermal energy (and chemical energy from wastewater)
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Aquathermal energy
Heating demand & supply in The Netherlands:
• Heating demand in the urban environment: 350 PJ/year
• Potential thermal energy from surface water: 150 PJ/year
• Potential thermal energy from wastewater: 56 PJ/year
• Potential thermal energy from drinking water: 4-6 PJ/year

Cooling demand & supply in Amsterdam:
• Cooling demand for space cooling: 2161 TJ/year
• Potential thermal energy from drinking water: 2800 TJ/year

212 PJ/year
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Aquathermal energy from the water cycle >>> chemical energy from wastewater
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investering/ton CO2 min

investering/ton CO2 max

investering €



Blad1

		Energie uit water bron		CO2-eq nu		CO2-eq min		CO2-eq max		% Waternet		investering/ton CO2 min		investering/ton CO2 max		exploitatie/ton CO2		Minimum
contribution		Maximum
contribution		jaarlast min		jaarlast max

		Chemical energy from waste water		18,000		22,500		30,000		100%		€ 1,500		€ 2,133		€ 0		4500		12000				€ 213

		Heat from the sewer		0		1,800		4,800		50%		€ 1,100		€ 2,200		€ 138		900		2400		€ 223,200		€ 859,200

		Heat exchangers in the shower		0		20,000		80,000		50%		€ 3,000		€ 5,000		€ 0		10000		40000		€ 3,000,000		€ 20,000,000

		Heat from drinking water		0		6,000		12,000		50%		€ 2,000		€ 4,000		€ 1,000		3000		6000		€ 3,600,000		€ 8,400,000

		Cold from drinking water		0		8,000		25,000		50%		€ 4,000		€ 8,000		€ 0		4000		12500		€ 1,600,000		€ 10,000,000

		Cold from surface water		300		20,000		40,000		25%		€ 500		€ 1,000		€ 0		4925		9925		€ 246,250		€ 992,500

		totaal		18,300		78,300		191,800										27325		70825
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Case 1
Thermal energy recovery
from drinking water



Cold from drinking water

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi75oav2s7TAhWKZVAKHRUCA5UQjRwIBw&url=http://www.academischecollecties.nl/universiteiten.jsp&psig=AFQjCNEmlAxVTJfPrRqkPiBd90fbwyhMSA&ust=1493728477036367


The principle
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Benefits
1. Reduction of GHG emissions

2. Financial benefits

Energy use
(MWh/year)

GHG emission
(ton CO2-eq/year

Traditional cooling machines 1725 966

Cooling with drinking water 172.5 97

Total Cost of Ownership
(million €)

Traditional cooling machines 8.2

Cooling with drinking water 6.8
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Simple technology, but……

• Cold recovery: temperature increase drinking water

• Effect on microbiological drinking water quality?

• Effect on biofilm development on the pipe wall?

• Maximum acceptable temperature Tmax after cold recovery?
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FW = feed water

ACR = after cold recovery Tmax 25 oC

AHE = after (non operational)          
heat exchanger

REF = reference

Effect Tmax on
microbial drinking water
quality



Effect Tmax on biofilm development

“Faster colonisation”



Problems
solved!
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Lessons learned

• Drinking water utilities can contribute to 
reduction of GHG emissions

• Innovative approaches are required: 
thermal energy recovery from drinking 
water

• Positive business cases are feasible

• The drinking water quality is not affected 



Case 2
Heat exchangers in showers

Reuse of the heat
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old situation without shower HE new situation with shower HE

Introduction shower HE in an existing house
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Research in Amsterdam Uijlenstede

• Use of shower heat exchangers and the effects in student apartments

• Experimental set-up in laboratory



Equation 1 
𝑄𝑄𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = Σ{𝑞𝑞𝑟𝑟𝑟𝑟𝑐𝑐𝑟𝑟 ∗ 𝜌𝜌(𝑇𝑇𝑟𝑟𝑟𝑟𝑐𝑐𝑟𝑟 ) ∗ �ℎ�𝑇𝑇𝑝𝑝𝑟𝑟𝑟𝑟ℎ𝑟𝑟𝑒𝑒𝑒𝑒𝑟𝑟𝑟𝑟 � − ℎ(𝑇𝑇𝑟𝑟𝑟𝑟𝑐𝑐𝑟𝑟 )� ∗ 𝑟𝑟𝑒𝑒} 

Equation 2 
𝑄𝑄𝑤𝑤𝑒𝑒𝑤𝑤𝑒𝑒𝑟𝑟 = Σ{𝑞𝑞𝑤𝑤ℎ𝑟𝑟𝑤𝑤𝑟𝑟𝑟𝑟 ∗ 𝜌𝜌(𝑇𝑇𝑤𝑤ℎ𝑟𝑟𝑤𝑤𝑟𝑟𝑟𝑟 ) ∗ [ℎ(𝑇𝑇𝑤𝑤ℎ𝑟𝑟𝑤𝑤𝑟𝑟𝑟𝑟 ) − ℎ(𝑇𝑇𝑟𝑟𝑟𝑟𝑐𝑐𝑟𝑟 )] ∗ 𝑟𝑟𝑒𝑒} 

Equation 3 

𝜂𝜂𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 =
𝑄𝑄𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
𝑄𝑄𝑤𝑤𝑒𝑒𝑤𝑤𝑒𝑒𝑟𝑟

 

Energy and efficiency calculations



Efficiency shower heat exchanger



Estimation of energy recovery and CO2
emission reduction
• A shower heat exchanger installed at 412,000 apartments in Amsterdam
• 2 persons per household

Annual energy saved by shower heat 
exchanger

kWh 260,000,000

Electricity consumed in households kWh 740,000,000
Gas consumed in households kWh 5,800,000,000
Annual total consumption kWh 6,540,000,000

Saving compared to electricity % 35.0
Saving compared to gas % 4.5
Saving compared to total energy % 4.0

CO2 reduction kton 54



Future perspective aquathermal energy

ATES

Thermal 
energy feed 

from 
wastewater, 

drinking 
water, 

surface water



Future perspective renewable energy
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