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Vorlesungen Mittwochs von 14:00-15:45 Uhr
per Zoom-Meeting

https://th-koeln.zoom.us/j/85273096361
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1) Vorstellung: Forschungsgruppe GECO>C und :metabolon

2) Gesellschaftlicher Rahmen - Politische Brisanz des
Wassers

3) Industrie 4.0 in der Wasserwirtschaft
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Environmental

Automation . .
engineering

Computer
Science
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:metabolon in der Regionale 2025

Zirkulare Wertschopfung durch Energie- und Ressourcenmanagement
fur die Kulturlandschaft im Bergischen Rheinland -

Analyse, Aufbau und Optimierung regionaler Prozesskreise
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Zirkulare Wertschopfung

Verwertung Produktdesign

2J101540Yy

= Stoffliche Verwertung
o Energetische und sonstige
Verwertung

Abfalle

= Reststoffminimierung
= Rezyklierbarkeit

Zirkuldre

Wertschopfung

Sammlung Herstellung

Technology
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- Verwertung von
Produktionsabfallen
sowie Einsatz von
Sekundarrohstoffen

Stoffstromspezifische
Erfassung

I

Verbrauch/Nutzung

= Langlebigkeit
= Sensibilisierung
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Verwertung Produktdesign

° Reststoffminimierung
Rezyklierbarkeit

=  Stoffliche Verwertung
=  Energetische und sonstige
Verwertung

Abfille

Zirkulare

Wertschopfung

Sammlung Herstellung

= Verwertung von
Produktionsabfallen
sowie Einsatz von
Sekundarrohstoffen

= Stoffstromspezifische
Erfassung

AL

Verbrauch/Nutzung

= Langlebigkeit
= Sensibilisierung
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o0 FOrschungskonzept :metabolon

Aufbereitung
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Politische Brisanz des Wassers
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Wasser waschen Singapur deckt rund ein Drittel seines Frisch-
wasserbedarfs mit aufbereiteten Abwidssern

13
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Politische Brisanz des Wassers

Knollen im Sand Tiefbrunnen, wie in El Oued in Algerien, lassen Kartoffeln
In ¥Wiisten wachsen, senken aberdas Grundwasser immer weiter ab

14
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MRS metabolon Water challenge

Aggregated global gap between existing accessible, reliable
supply! and 2030 water withdrawals, assuming no efficiency gains

6,900
00
CAGR
1,500 2,800
Municipal & 4 500 4 200
Domestic 600 L 700 Groundwater
Industry 800
4 500
Agriculture 3.100 3,500 | Surface water
Existing 2030 Basins with Basins with  Existing
withdrawals? withdrawals® deficiis surplus accessible,
refiable,
sustainable
supply!

1 Existing supply which can be provided at 20% reliability, based on historical hydrobogy and infrastmecture investments scheduled throwgh 2010; net of

environmental reguirements

2 Based on 2010 agricultural production anakyses from IFPR
3 Based on GDP, population projections and agricultural production projections from IFPRL; considers no water productivity gains between 2005-2030

SOURCE: Water 2030 Global Water Supply and Demand model; agnicultural production based on IFPRI IMPACT-WATER base case

CAGR Compound Annual Growth Rate
IFPRI  International Food Policy Research Institute
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The 2030 Water Resources Group / www. 2030waterresourcesqroup.com (2010)



http://www.2030waterresourcesgroup.com/
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Polit. Bedeutung
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Trend - Urbanisierung

Stadt schlagt Land

Schon 2050 werden 70 Prozent der Welt-
bevdlkerung in Stadten leben (in Milliarden)!

10
Gesamt
8
6 Stadtbevdlkerung
4
2 Landbevdlkerung
0

1990 2000 2010 2020 2030 2040 2050

1ab 2011 Prognose; Quelle: UN
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Polit. Bedeutung
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Politische Brisanz des Wassers

Vor allem in den Entwicklungs- und
Schwellenlandern wachsen die Stadte
iNn ungeheurem Tempo
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Dhaka |l
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Karachi BB .
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Sao Paulo [N NS 2000
BRASILIEN M 445 % = %ggg
Mexiko-Stadt =$
MEXIKO + %
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Tokio NN D e
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N.Y.-Newark I N
USA | +44 9%

Quelle: UN I Woche
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Sources: History: Energy Information Administration (EIA), Sources: History: Energy Information Administration (EIA),
International Energy Annual 2003 (May-July 2005), web site International Energy Annual 2003 (May-July 2005), web site
www.eia.doe.gov/iea/. Projections: EIA, System for the Anal- v eia.doe.gov/iea/. Projections: EIA, System for the Anal-

ysis of Global Energy Markets (2006). ysis of Global Energy Markets (2006).
World Marketed Energy Consumption Energy Use by Fuel Type
Technology
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CO, emissions from energy use

Energy Scenarios in 2020

Global primary energy demand G of CO,
ElJ a0
&00 35 — e ——
Rapid - B -
700 - —e— Mot Toro g = ~
—o— Busingss-as-usua ) - 25
600 T —
20
500 15
400 10
5
300
0
00 2000 2010 2020 2030 2040
Coal consumption Liquid fuels consumption
100 ) Mbid
0 180 120
1350 2000 2010 2020 2030 2040 2050
160 =
e 100
140 \\, o 5 //
Y o
120 . o 80
*
100 %
\\ E,G
20 \
%
i
B0 40
40 Rapid Rapid
. Ner Zaro 20 ——Nat Zaro
20 - —o— Huginass - —o— Business-
-usLE F5-USLI

a ]
2000 2m0 2020 2030 2040 2080 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Technology
Arts Sciences

TH Ko6ln

Rapid: Until 2100 temperature rise below 2 °C
Net Zero: Temperature rise below 1,5 °C

BP Energy outlook: https://www.bp.com/en/global/corporate/energy-economics/energy-outlook.htmi
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Qil feedstock for plastics and fibres
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BP Energy outlook

Energy & Industries

Share of car and truck vehicle
kilometres electrified®
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Rapid: Until 2100 temperature rise below 2 °C

Net Zero: Temperature rise below 1,5 °C

. https://www.bp.com/en/global/corporate/energy-economics/energy-outlook.html
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Water for Energy

Extraction & Refining

Hydropower

Fuel Production Thermo electric

(Ethanol, hydrogen) Cooling
Wastewater Extraction and
Treatment Transmission
Energy Associated Drinking Water
with Uses of Water Treatment
Energy for Water
Technology
Arts Sciences Source: Water, Energy and Climate Change: A Contribution from the Business Community.

. World Business Council for Sustainable Development. 2009
TH Kol n http://voxglobal.com/2011/03/the-energy-water-nexus-an-emerging-risk/


Presenter-Notizen
Präsentationsnotizen
Energy production consumes significant amounts of water; providing water, in turn, consumes energy.



SR metabolon Water, Food & Energy nexus
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. 9
Global . .
Economic disparity

governance failures \

- Water intensity of .
‘ Food security el mensiy © Water security

food production

Chronic shortages — drag on growth

Food crisis — Social unrest Water crisis - Social unrest ;

g

’ Water intensity of Geopolitica
Energy security L conflict
2sheyldzadey i Chronic shortages — drag on growth Energy Intenaity
of food production - . )
Energy crisis, economic damage, of water production
social unrest
Population and Environmental
economic growth pressures
* * *
Economic Environmental Technological
Risks & Risks & Risks
Geopolitical Societal . .
Hpisks Risks World Economic Forum — Global Risk Report 2011

http://www.weforum.org/reports/global-risks-report-2011


Presenter-Notizen
Präsentationsnotizen
Risks associated with the water-food-energy-nexus
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© ndustrie 4.0

e Industrie 4.0 in der Wasserwirtschaft

e Beispiele aus der Forschung

O Fazit

Technol
Arts Sci 5 é‘z

TH Koln Seite 24
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Industrie 4.0 —

viele Schlagworte, was steckt dahinter

BIG Data
Industry 4.0
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Industrie 4.0 — Grundlage fur Prozessoptimierung

Grillen ohne moderne Grillen mit drahtloser Smart Home Grillen
Technik Sensortechnik

Technology
Arts Sciences

TH Ko6ln



'EE metabolon  INAUStrie 4.0 — verandert das Nutzerverhalten

Vom Buchladen Von Schallplattenladen Vom Taxi

| F
4 x e A g
Source: https://pixabay.com/de/bibliothek-buchladen-b%C3%BCcher-1124718/ Source: http://www.largeup.com/columns/impressions/page/4/ Source: http://www.limousinen-taxi-eren.de/ima/bg-image-limousinen-taxi-eren-5.j
Last visit: 21.06.18 13:08 Last visit: 21.06.18 13:41 Last visit: 21.06.18 13:52

Hin zu eBooks Zu Musikstreaming Diensten Hin zu Uber und Car Sharing

Source: https://www.tgregione.it/wp-content/uploads/2018/03/read-ebook.png Source: https://www.bnnbloomberg.ca/streaming-services-need-to-pay-u —lo-A Source: https://getcell411.com/2016/10/27/decentralized-ride-sharing-is-here-no-
Last visit: 21.06.18 13:24 save-cancon-crtc-1.1085790 driver-fees-any-payment-method/
Last visit: 21.06.18 13:49 Last visit: 21.06.18 13:45
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https://pixabay.com/de/bibliothek-buchladen-b%C3%BCcher-1124718/
http://www.largeup.com/columns/impressions/page/4/
http://www.limousinen-taxi-eren.de/img/bg-image-limousinen-taxi-eren-5.jpg
https://www.tgregione.it/wp-content/uploads/2018/03/read-ebook.png
https://www.bnnbloomberg.ca/streaming-services-need-to-pay-up-to-save-cancon-crtc-1.1085790
https://getcell411.com/2016/10/27/decentralized-ride-sharing-is-here-no-driver-fees-any-payment-method/

Rotary — Industrie 4.0 in der Wasserwirtschaft

mmetabolen — Industrie 4.0 — verandert das Sozialverhalten
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|
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Source: https://www.sozialdynamik.at/blog/beziehungskiller-handy-zu-viel-smartphone-schadet/ Source : https://www.cosmopolitan.de/smartphone-studie-smartphones-im-schlafzimmer-stoeren-
Last visit: 21.06.18 13:18 das-sexleben-65119.html
Last visit: 21.06.18 12:59
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https://www.sozialdynamik.at/blog/beziehungskiller-handy-zu-viel-smartphone-schadet/
https://www.cosmopolitan.de/smartphone-studie-smartphones-im-schlafzimmer-stoeren-das-sexleben-65119.html

"8 -ea0er  INdustrie 4.0 — eine Definition

Die vier Stufen der Industriellen Revolution

T T T T I TITITIITIIIT) 4. industrial revolution
based on Cyber-Physical

Systemss

3. industrial revelution
uses electronics and IT to
achieve further automation
of manufacturing

2. industrial revolution
follows introduction of
electrically-powered mass
production based on the
division of labour

1. industrial revolution
follows introduction of
water- and steam-powered

mechanical manufacturing
Sourceféﬂ?ﬁmn, Wahlster, Helbig: Final Report of the Industry 4.0 Working Group, Recommendations for implementing the strategic initiative INMT’:LO, April 2013

Tech nology End of Start of Start of 1970s today
. 18th century 20th century
Arts Sciences

TH Ko6ln

Seite 29
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e Beispiele aus der Forschung
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“eamretsbeen Industrie 4.0 in der Wasserwirtschaft

[ | |
Event monitoring und Remote SCADA Systeme fiir
Grundwasserschutz Netzwerkzustandsiiberwachung und

.. Abwasserregelung und -optimierun
@ Water quality gate Hochbehalter Management g g P &

Catchment Treatment Distribution Water use Industrial water re-use
. Pump station
0 0
= o o——o -
| Storage ’ ’ ‘
Q _@- —1 |
Pump station i i i
Q O e
Q &
Filtration/ Long-distance supply network/ Industries/
disinfection etc. municipal water network households

Service water

Q
- 2 U (0] j’
-0 O | —0-@
Municipal resource

Surface water Waste water treatment Sewer network recovery
Regeniiberlaufbecken und Virtuelle Virtuelle Uberwachung von
Hochwasserschutz Prozessregelungssysteme Kanalsystemen
Technology
Arts Sciences

TH Koln Seite 31



iz Industrie 4.0 in der Wasserwirtschaft
3 Datenflut fiihrt zu Uberforderung

97% der gemessenen Felddaten
bleiben ungenutzt!

47 MIO. Datensitze werden

ubertragen.

(Quelle Endress + Hauser)

Technology
Arts Sciences
TH Koln
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Zustandsbasierte Regelung von Klaranlagen

» Gruppierung vorhandener Betriebsdaten
nach ihrer Ahnlichkeit.

» Visualisierung auf einer 2D-Karte

« Anpassung der Anlagenregelung auf den
jeweiligen Betrlebszustand

GECOC Controller Visuakisation

= 1o .
P i o I~
eee @
GECO®C
Ry // ) ‘
- — oo @

nnnnnnnnnnn

J_\u- I\EH aijm]. \IIII\IHQH_\QI | |
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Uberwachung von Trinkwassernetzen

L smetabolon . . =
bei der Thuringer Fernwasserversorgung

Messpanel an Hochbehélter 2 Messpanel an Hochbehélter 3

Technology
Arts Sciences

TH Koln Seite 35



Uberwachung von Trinkwassernetzen
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B Plausibilitatsprufung und Eventerkennung

Abweichung

Messwerte
(Ja/Nein)

e ——
Herausforderung:

Messfehler konnen genauso aussehen wie Storungen im Netz.

Abgesicherte

L

Plausibiliats- Event-

Messwerte ——

bewertung erkennung

Messwerte

Technology
Arts Sciences

TH Koln Seite 36



e Benchmark fiir Kldranlagen

Enerwater

Development and Test of a Benchmark Tool for Analysis and
Improvement of the Energy performance of Wastewater Treatment
Plants on a European Scale

| = [~ P GAS &= =

i [
: \ I I\ | |
\_‘4—‘_).‘“‘.’!;_ [ {
u_lu.\.a (MWW T W ul..—llu-\_'l
'.:" - _"',-.,.
B ° E 2
" -

Technology
Arts Sciences

TH Koln Seite 37



RN ENERWATER Challenges

» Wastewater Treatment Plants (WWTP) are still the
highest energy consumer in non-industrial
municipalities.

* The comparison of WWTPs is complex due to:

» Different plant designs
Different climate (dry vs. wet)
Different geography (mountainous regions vs. flat

regions)
= Different effluent values
" Etc. ENIE TED
;.;-s—.. W e U W W .J?..-:._, .,_“L: I
AR - c
N D
sk W E
W —
Technology o

Arts Sciences
TH Koln



..m etabolon
|

National Benchmark Activities — No European comparison

DWA-M 216 Waste Water Collection and
Treatment Services — Product
DS ENEe I ey 2010 Category Rules according to ISO

analysis — Measures for energy Manual Enerav in WWTP. :
optimisation of waste water gy 14025:2006

treatment plants factsheet (BFE & VSA, Bern, Switzerland) (Version 1.01 2013:14)
(DWA, Hennef, Germany) (EPD ®System)

Technology
Arts Sciences
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Presenter-Notizen
Präsentationsnotizen
D5.2, p.13-15: Examples of documents for benchmarks
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7 wmetvolon - ENERWATER Research Project (2015-2018)

= A Horizon 2020 Projekt with
Partners from 4 EU Countries

= Project duration 2015 - 2018

* Project partners are researchers,
SMEs and plant operators.

= Goal is the development of a
standard method for the
evaluation of the energy
consumption of WWTPs.

WWTP Wiehl - Aggerverband

Technology
Arts Sciences

TH Ko6ln
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übesetzen


|1 umewboon . ENERWATER Obijectives

Technology

Studying the current energy status of existing WWTPs.
Establish energy consumption benchmarks.

Define a methodology for energy assessment and classification of
WWTPs.

Develop an online energy diagnosis of a WWTP.

Foster the discussion and dialogue among member states.

Disseminate the methodology for a faster replication and market
acceptance.

Assess the impact on the society, economy and environment of
the developed method.

- =  m— g—
ad \ J
\ = = 5 =

o —
R W LU W W WU U U L U -

Arts Sciences
TH Koln
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. Stage 2:
NERWATER - Progress Suger.  pimy  Sugen
Pre-treatment treatment Secondary treatment  Tertiarv treatment

r_l_‘ _A_\ A
=l Grit Biological ;::;;:;;;-
Screens chamber Primary sed. treatment Second. sed. Tertiary treatment
. :J:‘w ........ — |+ Treated
Data collection e ' erfuent

= 588 Plant data collected - Objective: 500 &= | o “

Wastewater items

plant data influent

juSludgey )

smdge processing (1h|cken|ng dewaterin

» 58 Case Studies for disaggregated data S ROUM e rmwb,@gas o) ; stage 5
Reg”n ||qU0'5 slablllzatlon : ™ Sludge

» The first draft of the methodology has been Jiquors S R reatment
Created (VerSion O) Sludge dlsposal or re-use
= 50 WWTPs have been selected and are Stage 7:0dour treatment -

Figure 1. General schematic representation of a WWTP with the various stages.

equipped with measurements.

Summation Current Measurement Unit Toroidal Clamp Data Measurement Unit (DMU)

Technology
Arts Sciences

TH Ko6ln
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STAGE CLASSIFICATION

In order to disaggregate the energy consumption data, taking into account
the different processes and treatment schemes applied in municipal
WWTPs, 7 stage were used.

Stage 2:
Stage 1: Primary Stage 3: Stage 4:
Pre-treatment treatment Secondary treatment Tertiarv treatment

|

! i i A
1| | \ 'l

MuUuvanesu

Grit Biological . treatment
Screens  chamber primary sed. treatm_&nt Second. sed. Tertiary treatment
Jﬁ}l‘é’r » » l 'y AP — Treated
243 sl e effluent
e d 4 I ]
Y Large Grit —
Wastewater items Sheme _Sludge nigs,
influent
- 1 Sludge processing (thickening, dewaterin
|
M !
. ! )
Stage 6: __| E‘E:z'r_;' Sludge Energy (biogas, etc.) i Stage 5:
Return stabilization ] i Sludge
H 1
liguors I + reatment
treatment Sludge processing (thickening, dewateri
e

Technology
Arts Sciences
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+
Sludge disposal or re-use

*
Stage 7:O0dour treatment



Calculation of Enerqy Performance Index from KPls

How to combine KPIs? __
How to add apples and oranges? 4

P _ KPI—min(KPI)
morm  max(KPI) — min(KPI)

How to weight each KPI for the composite index?
EPI (per Stage) = Z w;KPIl, = w,KPI, + w,KPI, + w;KPI; + --- + w;KPI,
i

EPI (whole Plant) = 0.14 KPI, + 0.003KPI, + 0.70KPI, + 0.04KPI, + 0.11KPI,

Technology
Arts Sciences

TH Ko6ln
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WTEI - Water Treatment Enerqy Index

DATA
TREATMENT
(EPI)

GUMBEL Distribution_STAGE 3

Prob. density

Techn¢ ~ = = _*_
Arts Sciences

TH Ko6ln

WWTP
!.
&SP 33
WTEIS05
" 05 <WTEI¢1
. 1<WTEI$15
15 <WTEI
t 2<WTEI $25
o | -
OVERALL
WTEI = 298 F
STAGE 1
217 E
STAGE 3
33 G
STAGE 5 -
WTEI 242

Communication
Water Treatment
Energy Index -
WTEI

Diagnosis
Which stages are
less efficient?



=metsAgsignment of the WTEI to Energy Classes

\ —
) Class C if 1<WTEI< 1.5

N
S Class D if 1.5 <WTEI<2

| Class E if 2<WTEI <25

Technology Technology
Arts Sciences msK %cllnences

TH Koln
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Hier an dieser Stelle stehen die internen Notizen der Vortragenden, die beim Ausdruck mit der Option „Notizseiten“ mit ausgegeben werden. 
Der Text ist in der Mastervorlage (Notizenmaster) formatiert als Arial mit der Schriftgröße 12.
Es gibt zwei Einrückungsebenen
Ebene 2 ist identisch zur Ebene 1 formatiert
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IT
2K<S<10K

WTEI £ 0.5
0.5<WTEI<1
1<WTEI=1.5
1.5 < WTEI 2
2 <WTEI £ 2.5
2.5<WTEI<3

3 <WTEI

OVERALL

WTEI= 2.9239

STAGE 1

WTElI= 2371 E
STAGE 3 G
WTEI= 3.0555
STAGE 5
F

WTEI= 2.8023

Energy Labels
WTEI results by size-

classification

IT
10K<5<50K

WTEI £ 0.5
0.5<WTEI=£1
1<WTEI<1.5
1.5 < WTEI s2
2<WTEI£2.5
25<WTEI<3

3 <WTEI

2.2051

WTEI =

OVERALL
WTEI= 2.6504 F
STAGE 1 -
WTEI=  2.7255
: STAGE 3 r
|wTe1= 2.7063
STAGE 5 -

c. © Z/f/

.

!
I

| = u
‘@t 50K<S<100K
WTEI<0.5
0.5 <WTEI <1
1<WTEIS15
1.5 < WTEI <2
2<WTEIS 2.5
2.5 <WTEI <3
3 < WTEI
OVERALL
WTEI=  2.4950 E
STAGE 1 D
WTEI=_ 1.8803
STAGE 3 p
WTEI=_ 2.7579
STAGE 5 D
WTEI=  1.6314

e | B
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€@ ndustrie 4.0

e Industrie 4.0 in der Wasserwirtschaft

e Beispiele aus der Forschung

O Fait
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E.metabolon FaZit
|

Management- BETREIBER-DIENSTE BEHORDEN-DIENSTE

(8)

EU-Meldewesen
Wasserqualitat

Kunden Stake-
holder

ebene

Wasserverbrauchs-
Prognosen

N
v

()

_._Einleiter-

o Smart Meter

M t e
anagemen \9", : Uberwachun
Kanalnetz- /"~ 77" Hochwasserschutz-
steuerun, Zentrale

Leitebene 3
" - %)
e > Belastungs-
e < Kosten > @ f;;%: level
( Verbrauch ) ( Netzfliisse )
Feldebene
Verbindung

Zu weiteren
Versorgungs-
netzen

Abwasser

Frischwasser Flussgebiete

Te c h n o I O g y Quelle: Forschungsinstitut fiir Wasser- und Abfallwirtschaft an der RWTH Aachen, November 2017
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Fazit —
i < fabolon Was ist Industrie 4.0 in der Wasserwirtschaft nicht!

Industrie 4.0 ist keine alles umfassende
Innovationsstrategie und auch kein
magisches Werkzeug, um die globalen
Herausforderungen der Wasserwirtschaft
einfach zu losen.
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Fazit —
Was ist Industrie 4.0 in der Wasserwirtschaft?

= mmetabolon

Es ist eine visionare Perspektive eines digitalisierten,
vernetzten und automatisierten Wassermanagements.

 Es basiert auf modernen Informations-, Kommunikations- und
Uberwachungstechnologien.

« Es benutzt Werkzeuge zur Optimierung der VL c DA\
Businessprozesse der Wasserwirtschaft. ';' hﬂ_’g;{' 7
LG
\ e @;:,9\_ Swart
. . . .- . §\\_% /ﬁ'fmaﬁa‘r
» Es steht fur effiziente und zuverlassige ot D J
Wassersysteme. Wt Gty »
Frecess eafety
. . . ) ST F_r\.'\\; P o Hlant am?ﬁfrﬁb? 2
- Es liefert einen entscheidenden . o el B
Anteil zur Losung der lokalen (Sl S s
b N . L 4

und weltweiten ——
] art Waler Systen
Herausforderungen der Wasserwirtschaft.
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