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UNITED NATIONS

PARIS CLIMATE
AGREEMENT

SIGNING CEREMONY
— 22 APRIL 2016 ——

- Keep global temperature rise well below 2 °C

 Pursue efforts to limit temperature increase to 1.5 °C



Transition to a
Circular Economy

Take everyone along
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Waternet: some key figures

e Customers
e Municipalities
e Employees

e Annual budget__

1.2 million
20

1,770

€ 383 million

< Drinking water

90 million m3/y >

e Drinking water connections.

~100%

e Drinking water treatment plants 2

e Drinking water pipelines 3,100 km

e Leakage 2-3%

e Non-rev ater 0%

'@:?L 125 million m3/y—>

e Sewage connections 100%

o Wastewater treatment plants 12

e Sewerage system 4,200 km

e Dikes 800 km

e Nature (resources) 4,200 hectares
Q waternet
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Waternet target
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Possibilities for water utilities

This is an open access article published under a Creative Commons Non-Commercial No
Derivative Works (CC-BY-NC-ND) Attribution License, which permits copying and

redistribution of the article, and creation of adaptations, all for non-commercial purposes.

TR
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Low-Carbon Urban Water Systems: Opportunities beyond Water
and Wastewater Utilities?

Ka Leung Lam™ and Jan Peter van der Hoek

Cite This: Environ. Sci. Technol. 2020, 54, 14854-14861 I: I Read Online

Selection and prioritization of mitigation measures to
realize climate neutral operation of a water cycle
company

Jan Peter van der Hoek, Stefan Mol, Theo Janse, Enna Klaversma
and Joost Kappelhof
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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

Q waternet
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* FEach box: an opportunity
* Width: reduction potential

Marginal abatement . High magi oaemen

cost (cost-effectiveness)

cost curves " Friortised from most ot

effective (right)
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Aq u at h e rm a I e n e rgy (and chemical energy from wastewater)

surface water oo
£ | := «
3 = ziekenhuis
; g " Douche-
= = ‘ afvalwater
koud eproductiegebouw ﬂ’ —
- R g
- 2 " i Voorverwarmd
P | . i ' ‘ 2 schoon water
u\.' ‘| 7 e | rereme—— :
iepe plas / our verwarmd retourwater
----- —S Ehﬂhr n | SK water :
| el grrrre et ¥ koud aanvoerwater Afvalwater stroomt
eerste watercircuit <]D tweede waterdircuit als oen dunne ﬁlm
koelwater  stadskoude aan de binnenzijde
wastewater van de

warmtewisselaar

energy
recovery from
the water cycle

Koud schoon
water

‘ Naar
riolering

Drinking water temperature in distribution area (2006)

N\

drinking water
Q waternet I — I I l
waterschap amstel gooi en vecht 0 e sm T —

10-15
gemeente amsterdam

ground water

=
o

8 &

[
o

=

frequency (%)

=
o

3

o

2530

temperatu
Classificatie: Openbaar perature (10

3
TUDelft

Delft University of Technology



Aquathermal energy

Heating demand & supply in The Netherlands:
« Heating demand in the urban environment:
« Potential thermal energy from surface water:
« Potential thermal energy from wastewater:
« Potential thermal energy from drinking water:

Cooling demand & supply in Amsterdam:
« Cooling demand for space cooling:
« Potential thermal energy from drinking water:

Q waternet
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CO02 eq (tonslyear)

Aquathermal energy from the water cycle >>> chemical energy from wastewater

Contributions of the
water cycle
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Coping with climate change in Amsterdam - a watercycle
perspective
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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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Benefits

1. Reduction of GHG emissions

Energy use GHG emission
(MWhlyear) (ton CO,-eqlyear

Traditional cooling machines 1725 966

Cooling with drinking water 172.5 97

2. Financial benefits

Total Cost of Ownership
(million €)

Traditional cooling machines 8.2

Cooling with drinking water 6.8



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 T, after cold recovery?

Q waternet
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Effect T, ., on biofilm development
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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
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Introduction shower HE in an existing house

_old situation without shower HE new situation with shower HE
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Research in Amsterdam Uijlenstede

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

* Experimental set-up in laboratory

Drink. Water Eng. Sci., 9, 1-8, 2018 Drinking Water

whenn drink-water-eng-sci. net/a8M1 /201687

daiz 105184 dwes-B-1-2016
D Author(s) 2016, CC Attribution 3.0 Licenss. Open Aocess

Shower heat exchanger: reuse of energy from heated
drinking water for CO» reduction

Z. Deng', 5. Mol!, and J. P. van der Hoek!*

'Watemet, PO. Bax 94370, 1090 GJ Amsterdam, the Netherlands
Q waternet *Delft University of Technology, Department of Water Management Stevimweg 1, 1
waterschap amstel gooi en vecht 2628 CN Delft. the Metherlands TU De Ift

gemeente amsterdam
Cormespondence to: £. Deng (zdeng2014i@outlook com)



Energy and efficiency calculations Equation 1

Qrecovered = z:{qcolal * p(Tcold) * [h(Tpre heated ) - h(Tcold )] * dt}

Equation 2
Qwaste = z"{qshower * p(Tshower) * [h(Tshower) - h(Tcold )] * dt}

Qrecovered
Nrecover =
Qwaste

Equation 3




Efficiency shower heat exchanger
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Estimation of energy recovery and CO,
emission reduction

* A shower heat exchanger installed at 412,000 apartments in Amsterdam
2 persons per household

Annual energy saved by shower heat 260,000,000
exchanger

Electricity consumed in households | {/;0 | (20000000

Gas consumed in households kWh 5,800,000,000

Annual total consumption _—

Saving compared to electricity _—
Saving compared to gas % 4.5
Saving compared to total energy _—
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Future perspective aquathermal energy

Thermal
energy feed
from
wastewater,
drinking

water,

Q waternet surface water
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Future perspective renewable energy
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