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INTRODUCTION

“To combat climate change it is necessary to establish
efficient and sustainable energy systems within the
energy transition.”
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INTRODUCTION

CONTROLL UNIT / ENERGY SERVICE PROVIDER

&
Tﬁ' ENERGY SERVICES OF WASTEWATER TREATMENT PLANTS...
-~ o ...Constant electric or thermal energy supply
o ...Frequency reserve

POTENTIAL DEPENDS ON...
o ...the energy intensive units,
= ...the amount of bioenergy potentials
— digester gas and sewage sludge
= ...the storage possibilities
= ...the flexible useable units.

Reference (7)




METHODOLOGY

OPTIEVLEX

/ Step 1: Non-time-resolved

mass and energy balances

Y

Step 2: Identification of
optimal energy networks

Step 3: Daily dry weather
load- and production profils

Y

Step 4: Maximum flexibility

..........................

MATLAB-Model ,

Q\
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e Energy demand ="
 Amount of bioenergy potentials = ?

IMIASS AND ENERGY BALANCES
OF

WASTE WATER TREATMENT
PLANTS

* Depend on...
o Plant size
o Treatment technology
o Sewage composition
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STEP 1: Non-time-resolved mass and energy balances

Modular structure for considering different plant configurations

s Excel-based data collection
= Calculation of all treatment processes up to the dewatering unit

o Focus on aerobic and anaerobic treatment plants
= Standardized formulary
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METHODOLOGY

OPTIEVLEX

/ Step 1: Non-time-resolved

mass and energy balances

l

Step 2: Identification of
optimal energy networks

..........................

Step 3: Daily dry weather
load- and production profils

e ARERR RN, l ........................
o

Y

Step 4: Maximum flexibility
range

(=== )

@\

MATLAB-Model ,

* Integration of bioenergy
potentials = ?

DECENTRALISED ENERGY
PRODUCTION ON-SITE

» Analysing the potential for

supplying electric and thermal
energy by digester gas and
sewage sludge utilisation

» Role as energy service providers

in medium- and low-voltage grids
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STEP 2: Desighing energy networks

Expansion of the non-time resolved modular tool

Digester gas utilisation by CHP-units, micro gas turbines or gas boilers
Sewage sludge utilisation by combustion or gasification
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METHODOLOGY

OPTIEVLEX
/ Step 1: Non-time-resolved \
mass and energy balances

Y

Step 2: Identification of
optimal energy networks

e ARERR RN, l ..................................................
o

Step 3: Daily dry weather MATLAB-Model ™,
load- and production profils :

l

Step 4: Maximum flexibility

range

= )

 Time dependencies =?

TIME-RESOLVED LOAD AND
PRODUCTION PROFILES

 ldentifying real interaction
possibilities with medium- and
low voltage grids
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= Transferred to a MATLAB script

Dry weather inflow [m%¥h]
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STEP 3: Daily dry weather load- and production profiles

Expansion of the EXCEL-Tool by a time-resolved inflow model via MATLAB
= Dry weather inflow model of the “Hochschulgruppe Simulation”

Sewage Composition [g/m3]
(100.000 PE)

R

5 10 15 20 25
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METHODOLOGY

e Flexible useable units =7
OPTIEVLEX » Flexibility potential = ?

Step 2: Ide‘r:tiﬁcation of MAXI M U M F LEXI BI LITY
RANGE

optimal energy networks

..................................................

MATLAB-Model ,

Step 3: Daily dry weather
load- and production profils

. [Step a: Maximum flexibitty  ldentifying the maximum
\ g flexibility potentials of a waste
.......................................................................... / water treatment plant by constant

purification performance
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METHODOLOGY

STEP 4: Maximum flexibility range

Five decisive factors concerning the flexibility potential
= High electric and thermal energy self-sufficiency

m]

Minimal available power

* Low-voltage grids: > 5 kW

* Medium-voltage grids: > 50 kW

Deactivation time and responds speed of the units
* Respond speed: max. 5 minutes

u]

* Deactivation time: min 15 minutes

u]

Full-load hours of the units

u]

Availability of storage possibilities for digester gas and sewage sludge

- Pump station, blower sand trap, blower aeration tank, recirculation pump,
return sludge pump, CHP-units

12
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METHODOLOGY

OPTIEVLEX

/ Step 1: Non-time-resolved

mass and energy balances

Y

Step 2: Identification of
optimal energy networks

e ARERR RN, “l ..................................................
o

load- and production profils

Y

Step 4: Maximum flexibility
range

Step 3: Daily dry weather MATLAB-Model

== _

@\

v
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Standalone application
OPTIEVLEX

“

MIERTE
NERGIEVERBUNDE
KOMMUNALER ABWASSER-
BEHANDLUNGSANLAGEN ALS
FLEXIBILITATSBAUSTEIN IN DEN
KOMMUNALEN NETZEN DER
ZUKUNFT”

13
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METHODOLOGY

Standalone application

OPTIEVLEX

Enables to...

m]

Time-resolved and Non-time-
resolved simulations

Calculation of the mass and
energy balances of user-defined
waste water treatment system
configurations

Determination of the energy self-
sufficiency

Estimation of load and
production profiles

Derivation of maximum flexibility
ranges
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6. Get results

|4 OPTIEVLEX Version10 — X

Q@

1. Allgemeine Spezifikation

OPTIEVLEX Tool

Optimierte Energieverbunde ven kemmunalen Abwasserbehandlungsprozessen
als Flexibilitatsbaustein in kommunalen Energiesystemen der Zukunft

2_Dateneingabe 3. Betriebsstundenoptimierung 4 Kalkulation

Datenzusammenfassung und Simulationsstart:

Zusammenfassung

Verfiigbare Diagramme

Dynamische Simulation Konzentrationsverlauf CSB, P, N 420
Speichername: Zuflussmengen (kumulativ) = 400
Ergebnisdatensammiung.xisx - =
Regelleistungsanalyse E‘“
= 380
Inputwerte: Lastverlauf der gesamten Anlage <
= @
PE = 100000 Darstellung des gesamten Lastverlaufes: = 360
am = 875 me/h Kumulierte Lasten aller Aggregate der E
simulierten Abwasserreinigungsanlage
CODm = 570 m:
9/ ohne Beriicksichtigung der § 340
TKNm = 52 mg/| Befriebsstundenoptimierung E
TPm =8 mgll 5320
Stiindliche Messung 300
+ Ausgewihltes Diagramm speichern 0 5 10 15 20 25

Status: Bereit

Start Simulation Abbrechen -

14
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RESULTS

* Energy self-sufficiency is important
parameter concerning the flexibility
potential

OPTIEVLEX

/ Step 1: Non-time-resolved @ * Mass and energy balances of

MBSE 2nd snergy halances different plant configurations:

4

Step 2: [dentifcation of = Configuration 1: Anaerobic WWTP
optimal energy networks + Digester gaS CHP-unit
P V—————
e Shatother | AR = Configuration 2: Anaerobic WWTP
: + Digester gas CHP-unit + LT-Belt-
, dryer
: Step 4: Maximum flexibility :
H range i
\ """" / = Configuration 3: Anaerobic WWTP
........................................................................ + Digester gas CHP-unit + LT-Belt-

dryer + Gasification + Syngas CHP-
unit

15
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RESULTS AFTER STEP 2 - ELECTRIC ENERGY SELF-SUFFICIENCY

Output of a static simulation with OPTIEVLEX

« Average system units and different plant capacities
* Austrian effluent limit values

Electric energy self-sufficiency Thermal energy self-sufficiency

160% 160%
140% 140% )
..... SN
- 0% | e 6 + .
. N b SREEETETTTPIPRY. PR,
100% 100% .
[ Syomussseppeseeser S N o
80% IS TE— S 80% BT e pa Y py +
....,..u...u-n--'“" RS bt L LY
0% | e | $o § o e : B0% |
* ....,.--~-_;-_;1;::'.‘.'.'.:'.11‘._‘,.,u............ L ZEETTP PPN o @rerreiaiia, L TP L PP PP PRRTI. 24
40% ‘_A_,.' B 40%
20% 20%
0% 0%
o 50 000 100 000 150 000 200 000 250 000 300 000 0 50 000 100 000 150 000 200 000 250 000 300 000
PE PE

+ self-sufficiency (configruation 1) + self-sufficiency (configruation 2) # self-sufficiency (configruation 2)

+ self-sufficiency (configruation 3)

¢ self-sufficiency (configruation 1)
# self-sufficiency (configruation 3)

Configuration 1: Anaerobic WWTP + Digester gas CHP-unit
Configuration 2: Anaerobic WWTP + Digester gas CHP-unit + LT-Belt-dryer
Configuration 3: Anaerobic WWTP + Digester gas CHP-unit + LT-Belt-dryer + Gasification + Syngas CHP-unit
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OUTLOOK FOR STEP 3

STEP 3: Daily dry weather load- and production profiles

* Generating a data pool by preforming static simulations via OPTIEVLEX
o Several waste water treatment system configurations
« Aerobic treatment plants with gasification and combustion units
« Combustion with/without ORC-Process
* Gasification with a Syngas utilisation in a CHP-Unit or heating boiler
o Different plant capacities Daily load profile [kW] (100.000 PE)

« Simulation of daily
load- and production profiles

Power waste water treatment plant [kW]

Time [h]

17
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OUTLOOK FOR STEP 4

MONTAN
g

Power waste water treatment plant [lcw]

STEP 4: Maximum flexibility range

Five decisive factors concerning the flexibility potential
o High electric and thermal energy self-sufficiency

= Minimal available power

o Deactivation time and responds speed of the units

o Full-load hours of the units

o Availability of storage possibilities for digester gas and sewage sludge

Daily load profile [kW] (100.000 PE)

Time [h]

400

300

200

0

Maximum flexibility range [kW] (100.000 PE)

Positive flexibility = Load reduction + Production increase

Negative flexibility = Load increase + Production reduction

1

2

3

4

5

6

7

8 9 0 11 12 13 14 15 16 17 18 19 20 21 22 23

M positive flexibility M negative flexibility
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OUTLOOK FOR OPTIEVLEXPLus

OPTIEVLEX

/ Step 1: Non-time-resolved EXCEL-Model @

mass and energy balances

A

Step 2: Identification of
optimal energy networks

Step 3: Daily dry weather MATLAB-Model ™,
load- and production profils 3

A

Step 4: Maximum flexibility
range

== a

OPTIEVLEXpLus

A
Step 5:Yearly load- and
production profils
+

A

Step 6: Actual flexibility
potential

» Actual flexibility potential = ?
* Energy services =7

YEARLY LOAD— AND
PRODUCTION PROFILES BASED
ON TYPICAL METEOROLOGICAL

DAY

» |dentifying the actual flexibility
potentials of a waste water
treatment plant by constant
purification performance

» Stabilization potential within the
electric energy grid

19
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