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Prof. Dr.-Ing. Wagner received his diploma in Civil Engineering in 1983 at the Technische Universität Darmstadt, where he also did his doctorate in 1991 and his postdoctoral lecture qualification (Habilitation) in 1997. Since 1996 he has been general manager of the Institute WAR and University Lecturer at the TU Darmstadt. 2006 he became additionally Honorary Professor of Qingdao Technological University (China) and in 2014, Honorary Professor of Tongji University Shanghai (China). Since 2009 he has also been the head of the Section China of German Water Partnership GmbH. His research activities include wastewater treatment, aeration and gas transfer, energy in wastewater treatment plants as well as semi-central supply and disposal systems for fast-growing urban areas.
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Von der TU Darmstadt ist das FG Landmanagement (LM), das Fachgebiet Abwassertechnik (AT), das FG Stoffstrommanagement  und Ressourcenwirtschaft (SuR) und die Forschungsgruppe Arbeits- und Ingenieurpsychologie (AI) dabei. 
Von der Universität Hannover ist Institut für Siedlungswasserwirtschaft und Abfalltechnik der Leibniz Universität Hannover (ISAH)
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EI%; v Introduction
WaReIp 7/\ ég

» [ndustrial parks usually rely on the availability of water

Tl [l vy 35 1 38 % 4R SE ACHY B B2

» In times of climate change, shortage of resources and.thetincreasing
importance of environmentalism it is important to ensure a sustainable
water supply

ﬁg%%%%,%ﬁ@ﬁ%%%%#ﬂﬁ%%%ﬁ%,%%ﬂ%&%ﬁ%%+
B

» integrated water management and reuse:

ReNER

= demand for waterfrem natural resources can be reduced,

AR D MR T IR TR E

= valuable materials recovered from the wastewater

MO 7K o B W R
= costs can be reduced
DR AR
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Vorführender
Präsentationsnotizen
Industrieparks sind in der Regel auf die Verfügbarkeit von Wasser angewiesen. Deshalb ist es gerade in Zeiten des Klimawandels, der Ressourcenverknappung und der zunehmenden Bedeutung des Umweltschutzes von entscheidender Bedeutung, eine nachhaltige Wasserversorgung sicherzustellen. 
Mit Hilfe eines integrierten Wassermanagements - einer nachhaltigen und wirtschaftlich sinnvollen Behandlung und Wiederverwendung von Abwasserströmen - kann der Bedarf an Wasser aus natürlichen Ressourcen reduziert, Rohstoffe aus dem Abwasser gewonnen und damit auch die Kosten gesenkt werden. 


E} v Introduction
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» [ntegrated water management and reuse:

RexEE

= opportunity for industrial developments in_ regionas with natural water
shortage (e.g. in parts of South-East-Asia)

HARAGRZ MR TV 2 ENE @ REEH LX) .

= pecause of the high water, requirement/high amounts of wastewater,
application potentialfor chemical-pharmaceutical industry is given*

NTHFERG W CAXTREAHFFTERANTEZ—) ki, AAkK
ZART:R NS - ot

— Ind&strial Integrated Water Management
o including Reuse IPWM[R]
- (here: only water reuse)
®| S

31.01.2018 8
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Darüber hinaus kann dieses Konzept eine Chance für industrielle Entwicklungen in Regionen mit natürlicher Wasserknappheit (z. B. in Teilen Südostasiens) bieten und insbesondere für die chemisch-pharmazeutische Industrie besteht ein besonders hohes Anwendungspotenzial, da sie zu den Branchen mit dem größten Wasserbedarf sowie großen Abwassermengen zählt (Ante et al. 2014). 


Initial situation
AR

Principle sketch of the current wastewater treatment in industrral parks
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Grundlage für unseren Forschungsansatz bildet die aktuelle Situation der Abwasseraufbereitung in Industrieparts. 
Die Skizze zeigt verschiedene Produktionsanlagen (typ a, b, c), die mit Trink- bzw. Grundwasser versorgt werden. 
Das Abwasser wird in einer zentralen Kläranlage behandelt. 
Anschließend wird es in den Vorfluter geleitet. 



, 4 Research objective
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Ly . o : . :
Reduction of the drinking water requirement in industrial parks.by an
appropriate treatment and reuse of wastewater
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Vorführender
Präsentationsnotizen
Zielsetzung unseres Projektes ist die Reduzierung des Trinkwasserbedarfs in Industrieparks durch eine bedarfsgerechte Aufbereitung und Wiederverwendung von Abwässern. 
Sie sehen hier je nach Behandlungsschritt (Step 1, 2 …) verschiedene Wasserqualitäten und verschiedene Wasserströme. 
Je heller die Pfeile hier in der Graphik, umso höher ist die Qualität des Wassers. 



_lis ¥ Research objective
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Reduction of the drinking water requirement in industrial parks.by an
appropriate treatment and reuse of wastewater
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Das behandelte Wasser, kann dann je nach Wasserqualitäten für unterschiedliche Zwecke wiederverwendet werden.  
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Procejs water Cooling water Toilet flushing
TZRA %A Jil A J0 BT o e A K

(E.g., as raw material, reaction water, solvent)

(g, 1BAEA. REAA. EAD

Water for road

$| Irrigation water Fire-fighting water cleaning  ete.
JE BE R K B A K EHEEAA
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Hier sehen Sie unterschiedlich denkbare Einsatzmöglichkeiten von Reuse-Water: 
bpsw. als Pozesswasser, als Kühlwasser, als Wasser für die Toilettenspülung, als Wasser für die Bewässerung von Grünflächen, als Löschwasser oder als Wasser für die Straßenreinigung. 
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¥ Identification of appropriate treatment technologies .
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Reuse-Water-Quality A|Reuse-Water-Quality B | Reuse-Water-Quality C
AIRFRE A XIRFE B AIEFE C

Treatment Technology \s Tech. X/Tech Y / Tech.
Wastewater R cx)
SPCSAONN  Technology Z Kk X /AT
~ Bk X/ BA 2 \(\ oA 7
o A
Wastewater devell_gwment No technical Economic solution is not
Quality B neepd solution identifiable known
FAKE B e+ B AL A A AR A
P
\
Wastewater Low development High development Tech. X + Tech. Y
Quality C need \ need \ &7&' Y+ &7&' v
75 RAEF K R EF K
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Die hier aufgeführte Matrix zeigt die Identifikation geeigneter Aufbereitungstechniken zur Verknüpfung von vorhandenen Wasserströmen. 
Die Tabelle zeigt, welche Techniken bei welcher Wasser-Input-Qualität erforderlich sind um eine bestimmte Abwasserqualität zu erhalten. 
Bspw. wäre eine bestimmte Technik X bei einer bestimmten Abwasserqualität erforderlich um eine bestimmte Wasserqualität zu erhalten, so dass das Wasser wiederverwendet werden kann, bzw. als Input-Wasser genutzt werden kann. 
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Overview of the different research fields
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= Determination of water savings potential (using the.example of
chemical-pharmaceutical industrial parks) (LM, AT)

TAERRITRE (Bl a6l 28 Tk mEENT KB e

= Development of new treatment téchmnologies and their coupling
(ISAH, EC)

g KRERA () VB K

= Testing of technicalimplementation (technical infrastructure
and measurement concept) (KC, EH)

PRSI AR M (B FE AL X A& 77 %)




Overview of the different research fields

R R
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Ecological and economic evaluation of different,treatment
technologies (SUR, IEEM)

T E7E KRR AW S RE T

Multi-criteria selection supportdaneoncept layouts (ISAH)

& T Bl 38 - i

Socio-technical application - stress analysis of employees (Al)
A2 BN BRSNS T N 7] AT

Examination of transferability to other industrial park types and
industrial locations (LM)

B e \\S4 LT A 2 T e TR A
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« High water requirement/wastewater flow

=R AT KA EARE

« High salinity/high organic content
HEE, AEER

« High concentration of refractory COD

& ARCODIK Z &

Drinking/Ginvnid Water WER EWEET

w A = JE K
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il Wastewater treatment

WaRelp AL E

Reduction of organics
B WA R
Nitrification/Denitrification-and‘P-Elimination
A AL/ B R AR UE M B
NOOM
4"o*|
. >
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NaWla¥. WavE
m
L e
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Biological treatment
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Basics and Motivation

%E{Bﬁﬁjm POV\{_ER REQUIREMENT WWTP
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Activated Sludge Process "o "

most popular for (industrial) m Recirculation
wastewater treatment BIF

m sludge Treatment

EMFRERS (T EiA  SELE
A s R A ] mechamcal

o | .offiﬁ
Mainly fine-bubble aeration *

systems are used to satlsfg \ [DWA(2008)]
the oxygen demand %

E%mmﬁig’? & 8 R I -1 —Y ‘B
REAF 1 o

K]
\\q
|

Activated Sludge Process
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;* Water Reuse in Industrial Parks
WaRelp L [ o i 7 2 A A

Water Reuse in Industrial Parks is characterised by:

Tk b o oy B = AR R R AT AR AR

» Water demand from natural resources can be redueced

LA 2 B AR R AR

* Invest/Running costs can be reduced

o LS RBF/EE KA

e Increasing salt and refractory"COD concentration

# B 3h o A B ARCODIK B

Drinking/iouind Water Wastewater

% nl( - J& 7K
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BATA R B0 = k3%

1. Desalination:
= Application of Capacitive Deionization. (CDH
= BAEFHETHA (CDID) BALA
= Possible application before onafter biological treatment

. AR JE T R B BV
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Three Challenges to reuse wastewater

| B AR B = A

2. Biological treatment of high saline industrial wastewater:
X K T R ARAT £ HE
* Influence in respect of the aeration system
= RS ARG
= Biological treatment under, high\saline conditions
» EREAHTHENALE
3. Membrane Filtration;
JRITIR:
= |mproved-hielogical degradation of (refractory) COD with
Membrane filtration

VAR IR R E (FEFEAED CODHY A& % %
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Practical experiments
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Key technologies have been identified for treatment of industrial wastewater

TV EAKAEBEHREEACEHH T

Desalination in the Biologicabwastewater treatment with ' Improved COD-
electric field high'salt concentrations Degradation
L B Ll v o 2y AR ohE LR WIE M

=~ WavE Practical tests with real industrial wastewater
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Wolte IR - AHAE

X clean water 15 g/L NacCl

What we know about salt in F ok 15g/L & MRam

water

FATX 2 T AR

* Influence sludge
characteristic

208 77 e R

* Reduce cleaning
performance

oA B Vi e

* Inhibit bubblecoalescence
and oxygenstransfer

increases
AR REMA TR E
R wave S\=>'More efficient aeration i.e.
- energy saving
® | TEBHEAR, ek
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Laboratory Experiments

LB PR

» Oxygen transfer tests in water
with different salt
concentrations
EAXE#H KR E K HATRRE
BRI

« Batch experiments to
investigate the effect of salt on
the sludge activity
i 1 43 ST B 55 2 X F VR
HY %

Activated sludge Oxygen transfer test
75 VR4 M A LR AR

|

 Lab-scale activated sludge

reactorns for,continuous Lab-scale activated sludge
measgurement of sludge process
characteristics SE B AL E M T VR .
DT 3 S B 9T R 1t 2 B S
SEFRLERT VO \ N— - gl i
@| s B B 7 VT VR R AL B Activity Batch-Tests
= B 1A
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Effect of salt on oxygen transfer

5 .
e Salt reduce the mass
transfer (k)

R E R (k)

* Increase the interfacial area (a)

BirFEER (a)
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: [N

0 5 10 15 20 25

« Results in a net increase of the SRR CS&”;;QS;"O” (@/L)

volumetric mass transfer (k a)

FEREREREFE T (ka)

Oxy gen transf €Tsalinewdter
Oxy gen transf elclean water

fs = (=)

» Well known for.seawater (NaCl)
UL K F(NaC)
-"* 0 g/L NaCl
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Oxygen transfer test
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WWTP: TARE]
= 20,000 PE H &4 #20000"#

=Ty 18°C HHEHKEE: I8BERKE
= Diffused aeration system AFTHANBARA

Condition 1: Normal salt concentration Condition 2: High salt concentration

BH1l: EEERE TH2: BHRE
S1ps < 29/ Stps = 10 g/l

SOTR = 172 kg/h O, SOTR = 111 kg/h O,

 You needt@ 35% smaller aeration System! & & Z /N35%H RS R 4

« Lowér invest and operating costs ¥ /b i 3% & fuis & ik A
% . o, ‘Lower energy consumption ¥ /b #y ik JEH £

« Lower space requirements ¥ /b #y % |8 F Kk

31.01.2018



] -: Effect of different salts on oxygen transfer

WaRelp 3h %t 4851 H K
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Effect of different salts

A [ #h 7 1 A
2,5
2,0 High salt Oxygen transfer test
— concentration W2 IR
", WHEE
= 1
1,5 \\
-t —_—
1,0 N
0,00 QA0 0,20 0,30
c [mol/L]
—e—NaCl =o—MgCl2 KCI
—eo—CaCl2 —e—NaS04 NaAcetat

Oxygen transfer tests — view on the water
. surface

AR - EXEEAK
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Lab-scale tests show:

52 5% F AR E R

 Poor degradation of COD and Nitrogen

CODAn & HT A B P A
Lab-scale activated sludge
L ] process
. Inh|b|t|on of the biomass by.salt S5 F HLAEE TR
TR =

» Biological treatmentyprocess is more
unstable/sensitive

£ BT EE AR/ R
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 Jilg ™ Conclusion
ol S
WaRelp %

= Lab-Scale experiments confirm poor degradation upder saline
conditions

57 5 3 MR B0 50 TR A ST A KA T I AN 2 1L
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= Influence of different salts on the @xygen transfer could be
shown: Through better oxygeqitransfer energy demand could
be reduce

METUL RE T A@ER s A hEnpn:. A EFNarft
1 B DUR D i B

valvi Ao e
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WaRelp “ T X 8y A X EFAAA” FEBEA

Possible Treatment Processes:

R AR E R

“Fit for Purpose”

“B XY

Equalization Membrane Desalination

SRk i T AR B A

Activated Sludge Sedimentation

ﬁ Process - ——
St Vi3

Desalination Micro-Screen
7K B A il

Biological Treatment Separation of Biomass  Advanced Treatment
® |t He i 4 72 08 EYE Bt —F A HE
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Example #1.:

AL
« Better Oxygen transfer i.e. energy saving E ey E45%) BN T &t (+)
« Better separation of biomass F g £ (+)
« Salt inhibit the biomass A £ 4= ()

Equalization Membrane Desalination
Ay 35 f& A

Activated Sludge . .
Sedimentation
Process —— o
g &

Micro-Screen
il

Biological Treatment | Separation of Biomass Advanced Treatment
A 4 A0 FE oA E #t— A HE

31.01.2018




- Concept WaRelp
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Example #2:

2
« No salt inhibition of the biomass R AT YT 0 1 A (+)
« Effluent with low COD concentration and no solids ~ COD /R TE 70 & 14 #7 % A (+)

« Poor Oxygen transfer i.e. more energy requirement _#&zWafF#, HE L gEEF K ()

Equalization

K3

Desalination
9 KA
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Membrane Desalination
| I FE W ABEA

Sedimentation

JJLF’%

Micro-Screen
il

Biological Treatment | Separation of Biomass  Advanced Treatment

RPN 0B ENE #t— 5 A

Activated Sludge
Process
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v On site tests
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e Tests with real industrial
saline wastewater on

site
AL T4 E AR

e Continuous
measurement of oxygen
transfer rate

H#ZNEERERER

EXPRBVALITT i
Experime?ltall Int bn site
S I
* Visit various industrial
parks in Gepmany,
China and Vietnam
T 5] A, T A AR R A
£ W] X

F B
|

Continious oxygen transfer tests

- = - II

Visit of industrial parks R EAALRED
7718 Tk X
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