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Paradigm Shift - Wastewater is Part of the Solution
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Challenges ahead

e Aging and failing infrastructure

e Water resource availability/scarcity

e Climate change impacts/variability e IS AP }
g :: % t"",b,i")""";’.? ) \; ¥
: 16
e
e Energy requirements 3 \
e Demographic changes ! |
e New contaminants in the environment 3




Department of Civil, Geo and Environmental Engineering
Chair of Urban Water Systems Engineering

Attributes of “modern” Water Supply and Sanitation
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Reliance on imported water

Water is used once

Energy has traditionally not been a key driver in design

Discharge to receiving streams

Source: wasserfluesse.de; swm.de
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What’s in Wastewater?

Source: Pituka.ch; huber.de
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What is in Wastewater?

Nutrients Organic Matter

Source: Prof. Jirg Keller, University of Queensland, Australia 6
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Nutrients Organic Matter

Water Recycling'

Nutrients Bio-Energy
: £ Y ' ° ; : From reduced nitrogen
(ammonia)

'kWhr / m3

From reduced carbo
(organics)

~ 2 kWhr / m? total
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Evolution of Water Reclamation and Reuse
e Water reuse was added to t_h_e mix,_ L!sually as an afterthought

7 A

cVEsz1

¢ Large reuse customers preferred

¢ Construction/expansion of dual-distribution systems is expensive
¢ Wastewater treatment plants were not intended for reuse

¢ One effluent quality limits type of reuse
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Diversifying Reuse Portfolios: Fit for purpose
e West Basin Municipal Water District, California, USA

West Basin MWD
Harbor South Bay
Recycled Water Projects

county

Edward C. Little Water Recycling Facility (47,000 m3/d)
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West Basin Municipal Water District g
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“Designer Waters”
at West Basin MWD
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Water Systems at a Neighborhood Scale:
Fit for purpose
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Source: Tolksdorf & Bieker (2016)



Water Systems at a Building Scale:
Fit for purpose
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Water Reuse in the USA widely accepted

- 43 of the 50 U.S. states are practicing water reuse
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Water Reuse in Europe

European Union
« Current water reuse, approximately 1.1 billion m3/a
(<3% of the total volume of wastewater generated)
« Growth projection until 2025: approx. 3.2 billion m3/a
« Beside Spain, biggest reuse potentials in ltaly, Germany,
France, Portugal, and Greece

!"!
a5

Spain

« Current water reuse, approx. 0.55 billion m3/a;
goal until 2018: 1.2 billion m3/a

« Since 2007, national standards for various reuse practices

« Supplemented by National Plan to foster water reuse

Source: Bio by Deloitte (2013) 15
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EU Minimal Requirements for Water Reuse

 Agricultural irrigation
« Groundwater recharge
(indirect potable reuse)

Development of minimum quality requirements
for water reuse in agricultural irrigation and
aquifer recharge

Draft V.3.1
October 2016

This document has been established for information purposes only. It has not been
adopted or in any way approved by the European Commission.

The European Commission does not guarantee the accuracy of the information
provided, nor does it accept responsibility for any use made thereof. Users should
therefore take all necessary precautions before using this information, which they use
entirely at their own risk.

This document has no formal legal status and in the event of a dispute, ultimate
responsibility for the interpretation of the law lies with the Court of Justice.

bion/k S i< - - |

wil
by Deloitte

Cranfield,

Optimising water reuse in the
EU

12 February 2015

NOTE
This document is a living document and will be updated to take account of experiences and
information from the Member States, from MS competent authorities, and other stakeholders.

JRC SCIENCE AND POLICY REPORTS

Water Reuse in Europe
Relevant guidelines, needs for and
barriers to innovation

A synoptic overview

Laura Alcalde Sanz, Bernd Manfred Gawlik

2014

16
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Present Situation of Conventional WWTPs

Conventional process scheme with process water treatment
N,O-Emissions up to 12 % of total N (Mao et al. (2006))

influent e > | common BNR-Process effluent
CO,-Emissions |
] .
power station digester
AE+AT biogas
N,O-Emissions
dewaterin
LI c(N)> 1 gL g
—( N,q sink &
biological l

treatment of process water Residuals/P-recovery
17
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N,O - an Additional Energy Source?

Approach

« Energy recovery by intentional N,0O generation and subsequent
combustion:

CH, + 20, =2 CO, + 2H,0, AH°g =-890 kJ mol-
CH, + 4N,O = CO, + 2H,0 + 4N,, AH°gz =-1219 kJ mol-’

e Theoretical energy output 329 kJ mol-! higher for the same O/N
stoichiometry due to exthermal N,0 decomposition

e Scherson et al. (2013) already demonstrated the possibility of
intentional N,O generation in a BNR process known as Coupled

Aerobic-anoxic Nitrous Decomposition Operation (CANDO)
18
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The CANDO Process
CANDO process operation scheme

« Reactors run in sequencing batch mode

Headspace - Headspace - |
NH,4 Stage | NO, Stage I N,O
~ Nitritation - t Nitrous denitritation
Limited aerobic Anaerobic-anoxic
Feed puls Carbon puls Nitrite puls
cxN) | NO,-N c(x-N)
C(AC) NZO'Naq
>< NO,-N
to t1' t0,5 t1 t1,5 t
19

Modified according to Scherson et al. (2013)
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Energy Transition: Power-to-Gas

* Excesspower

Electrical Grid —

Renewable —> storage within gas
Energies . TR
infrastructure is limited

- chemical-
catalytic

2 HZO - 2 H2 + 02 Carbon dioxide
—

4 H, + CO, » CH, + 2 H,0

VEGEL UL B —~ Mmicrobial

< Storage capacity up to 250 TWh

20
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Experimental setup Pf°dftgas
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Water in Cities of the Future:
Towards an Integrated Urban Water/Energy Management Concept

Managed

non- potable reuse AqUIfer ﬁ

potable reuse

sewage Water
Water Water potable ’. Resource Mana 2
) —) g
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Energy Energy imported' t recovered Energy

in =) generation generation

t recovered Heat
recovery
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Source: Drewes & Horstmeyer, Osterr Wasser- und Abfallw (2016) 68:99-107



Water in Cities of the Future:
Towards an Integrated Urban Water/Energy Management Concept

e Plan, design and operate from a system perspective to utilize synergies and
full potential of resource recovery

« Scale of operation will depend on local conditions and available markets

e Need for adopted and new regulations and requirements for procurement to
facilitate water reuse and resource recovery including legislation on quality
standards for products

 New business models and opportunities for water utilities

« For a contemporary wastewater management, appropriate levels
of human capacity need to be in place

e Organizational and institutional capacity in the wastewater management
sector needs to adjust to new solutions

e Education of future engineers and scientists needs to embrace the resource
recovery concept

23
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