Products available today for Aeration and Back Flushing

/ Rotary lobe \ / High Speed \ / Rotary lobe 7

Blower Turbo blower compressors
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Serving load changes precisely. Combination of technologies.

For a new efficiency in aeration basins

Technical and constructional features and the
changing air consumption in the aeration basins
are a challenge for the aeration technology of
every sewage plant. Consequence: extreme
energy consumptions. They can amount to up
to 80 % of the total costs.

The solution: A combination of Rotary Lobe
Blower, Rotary Lobe Compressor and High
Speed Turbo technology - they serve the base
loads extremely energy-saving and compensate
supply peaks precisely.
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Development of energy rate in Korea
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Energy consumption in WWTP

The most energy is used by the
compressed-air consumption for the
biological purification stage

Flocculation filtration
8%

Sludge treatment
- - - 11 %
= This graphic shows typical shares of process

steps of the entire energy consumption Miscellaneous

= |n plants with biogas generation the & i”frazti;‘:t“re
energy consumption for the aeration is °
approx. 50% Water pumping
= |n smaller plants the & energy consumption _ > %
for the aeration is approx. 60 — 80 % Mechanical
treatment
3%

Quelle: Umweltbundesamt, Okt. 2009
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Different technologies for aeration
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Rotary Lobe Blower, Rotary Lobe Compressor or High Speed Turbo?

Which is the right technology?
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Serving load changes precisely. Combining technologies.

Conclusion:
The SE|eCtI0n Of the Surta.ble maChlne Load variations in a sewage treatment plant
depends on many influences: osame
Linear values at 05:04 Linear values at 11:36

= Load cycles = A T —H
= Volume flow ranges " \
= Temperatures 0
= Pressure variations 0
= Kind of operation 10— .

p |\ v N

01:15 01:45 02:15 02:45 03:15 03:45 04:15 04:45 05:15 05:45 06:15 06:45 07:15 07:45 08:15 08:45 09:15 09:45 10:15 10:45 11:15 11:45 1215 12:45

‘ There are no general rules!  Eii,  Seee: "0
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Characteristic performance curve of a rotary lobe compressor

rel. pi [%]

[ Characteristic diagram of a WWTP

[ Characteristic curve

B Design point

= high efficiency level (~70%)
= very high turndown (25% - 100%)
= high efficiency level at partial load

Source: Davidson, J.; Bertele, O.v.:
Process Fan and Compressor Selection. MechE Guides 1995
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Characteristic performance curve of a high speed turbo

Kennigld: Drenzahiregelung &
1,2 & I B Power curve WWTP
=

11 ; /J’f " I Characteristic curve

J <10} : v 7].“\1. ; - B Design point
=14
f., £ LA DN\
‘ // ; ,< )(\ = Very high efficiency level (~78%)
e
é o8 V4 Z ark \ ‘\ = High turndown (40% - 100%)
5 07 7 I\— R = Low efficiency at partial load
€ o6 ( — o9 M
T 176 |
] 0,86 0.7 n |- mtzﬂh'l
=II:I.3 04 05 08 07 08 04 10 1.t 1.2 _1,3 1.4 Source: Bohl, W.: Stromungsmaschinen 1

Aufbau und Wirkungsweise. 1998

v,
relztivar Volumenstrom F‘- e
T
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Waste water treatment: serving load changes precisely

24-hour load curve

(P) Nm3/h
160 kW 8000
150 kW |
| 7000
140 kW
130 kW : 6000
120 kW
110kwW | 5000
100 kW |
ow | 4000
80kw | \
4 3000
70 kw
60kw | \
/2000
50 kW
o1 1000 -// B load curve
30 kW
0 T T T T T T T T T T T T T T T T T T T T T T T 1



Serving load changes precisely. Combining technologies.

Blower + Compressor + Turbo

Specific el power consumption kKW

Dp = 600 mbar; t1 = 20 “C; phil = 70%

X_ﬁ,ﬁfﬁ
—

2400 | 3400 | 4400 | s400 | 400 | 7400 |

Volume flow Nm?/h

B Rotay Lobe Blower
[ Rotary Lobe Compressor
B High Speed Turbo

Integrated approach:

= efficiency

= turn down

= efficiency at partial load

= investment and service costs
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iInnovative control system
From the best to the very best performance




Smart Control: innovative control system

Example of AERsmart integration

13

Set point transmission to PLC 2>

& Measurement of oxygen @ Measurement of oxygen
A A

Target pressure 2>

PLC
(programmable logic controller)

<« Machine RPM

= Connection via analog signal or bus

protocolls

= Internal memory, USB-/SD-slot
= Embedded Webserver for data transfer via

Internet
Remote diagnostics

and switch
Speed adjustment and
switch command to
<& Shutter slide control via PLC optimally energy- v
efficient machine v
Manifold ‘
: : : |
= Connection with machine pool and PLS




Smart Control — Function principle

. VOLUMETRIC FLOW [cfm] @AERZEN
1000 2000 3000 4000 5000 6000
The Algorlthm T il efficienay 1T I T T I
e E—— total power (ratic) AT200—-0.83 s
. . = 10— -
» Load based control of highest possible S L speedratio = 1.0 110 mmin at 8000 mmAa | —
.. 8l = 4 &
efficiency Mé B Jo
» Regardless which technology, or blower 2 °r ] %
combination is installed. A o 8
= NP 1 “
= Continous calculation of the highest overall ° L & SIEaEa S temperature £ 20 G ]
eﬁICIenC rel. pi [%] -, 100 »_1 25%
y n= SOXLzﬁg 15_/ : s
133 ———
i = | &%
= Add/remove machines from the process and 1o 1 h i
exact/optimal distribution of the required air / ((L e
- - - 66 o &1 !
![ch]ad to each single machine to end up with ks , \
e.... 33+ v '\ \

» Highest overall efficiency!!! °25 S8 76 W iRe . ds0
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Smart Control Function principle

Combined operation with non efficient “Switching”
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Smart Control Function principle

Combined Operation with efficient Switching!

1300
1200
1100
1000
900
800
700
600 \ ¢ Frequency

500 \ —— Frequency distribution
400
300
200
100 —_ ,
0 SESSSSS: L TS————e
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Smart Control — load cycles and efficiencies combined function

Continous calculation of the highest
total efficiency!

Optimal distribution of the load
(required airflow) within the
machine pool!

- Additional savings of up to 15%!



Smart Control — for a new level of efficiency

= The algorithm and precise integration of the
machine performance maps

= Highest levels of efficiency, close to the
optimum. Efficiency increases up to 15%

= Manage load cycles efficiently and with
pinpoint accuracy

= Multiple technologies combined, both
displacement and turbo machines

= [ntegration of third-party equipment
= Central control of up to 12 machines



Comprehensive visualization and analysis

Home Operation Data Aeration Trend Service Settings

= Display and recording of the required air

Home

volumes, machine pressures, temperatures, — Oierents pressuelmoed — &3
power consumptions, machine data w
= Display in real time, trend analysis, o = =
comparison of yearly values g
DRl | I U e I I ] I I [ I 0

= Reporting functionalities

integrated machines, predictive ( 0.00 i |IG we:

maintenance

AT 150-0.85 Airflow D62S Airflow
. . . Machine 55,34 m?/min Machine 3 33,45 m?/min
=  Service and maintenance intervals of the Corp | e & — ﬂ

= Comprehensive energy analysis and

checks (2 Emm—

= Basis for water 4.0
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Comprehensive visualization and analysis

Home Operation Data Aeration Trend Service Settings
5 g - - Home Operation Data Aeration Trend Service Settings
Operation Data Vil B Live Data AT 150-0.85 Machine 1
ATIE0-0.65 Afiow ik  Service - Overview Machine Base
Machine 1 56,34 w/min 1,03 o 1,65 var [ & ArT008s | D625
Home Operation Data Aeration Trend Service Settings 3 —

‘ % Service - Overview Machine Base - Service D62 S Machine 3

Package No.

1240
Operating

20

D62S
Machine 3

Package No. Operating Hours
66239 16587

Last Service Next Service

28.10.2015 10.06.2016

Intake Filter

Qil Filter

Code Number

Code Number

Code Number

Code Number

Exchangein

233

Hours

Exchangein
248

Hours

Exchangein

1506

Hours

Exchangein
2048

Hours

Service
(e )

Service
(— )

Service

D62S
Machine 4

@off )

66239
&

1 5587 Operating Hours

Service
—— )

Package No.

66286

212 0 Operating Hours




Comprehensive visualization and analysis

Home Operation Data Aeration Trend Service Settings
Aeration Trend
Airflow Trend [m?/min] o5 Real Pressure Trend [mbar] o2
100 100 1000 1000
80 m 80 800 800
60 60 T e e L .
o
5 = B i 360°-view on the
20 20 200 200
plant, complete
0 0 1] s}
g 9 2 3 45 & F B 9 100 12 Month 01 2 3 4 5 6 7 8 9 10 M 12 Month
transparancy over the
Energy Trend [KW/h] R

[ 2]

m life cycle and highest

e o efficiency!!!

Trend 2015

40000 40000
Trend 2016

20000 20000

o 0
L 2 3 4 5 6 7 8 9 10 M 12 Month
.\ AERZEN
N EXPECT PERFORMANCE Back
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Unique features of Smart Control

= Multi Technology + Smart Control is new and

u nlq ue tO the market Single Machine Technology with common group control
» Efficient control that drives every technology to o
the theoretical optimum! st

= Other manufacturers just selling “group controls® 1
without further logging features and ,Multi“-
technology consideration. 1 J i) - L n g

. . . Airflow [m?/min]
> No transperancy and loggings to investigate :
plant progress a= Bac

» No control of the maximum possible overall
efficiency.

Theoretical Optimum
Single Matchine Technalogy
Performance®

Performance® + AERsmart

22
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Cost saving facts. Very short Return-On-Invest

Real reference at a plant of 100,000 PE (population equivalent)

Annual energy costs
Euro/fyear

- Saving
170000 29TSD €

Saving The potential for significant
energy savings is tremendous!

further 16 TSD €

150000

130000

The initial invest is already
compensated after few years!

110000 |
30000

70000 |

saaoy Single technaolog Performance? AERsmart

Blower + Hyord + Turbo
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Reference plant Rheda-Wiedenbrick, Germany




Waste water treatment plant Rheda Wiedenbrlck

Project overview

= Municipal wastewater treatment plant

= 326,000 population equivalents (incl.
industrial waste water)

= 2 x rotary lobe blower (since 1998)

= Energy-autonomous wastewater treatment
plant (investments for biogas and aeration)

= |nstallation of 1 x compressor + 1 x high
speed Turbo (operational since July 2014)
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120kwW |
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100 kW |

90 kw
80 kw
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Waste water treatment plant Rheda-Wiedenbrtck

24-hour load curve
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Waste water treatment plant Rheda-Wiedenbrtck

Application of 2 x Rotary Lobe Blower

(P) Nm3/h

160 kW 8000 - 1 x Blower 2 x Blower 1 x Blower 2 x Blower —
150 kW i 2000 AL

140 kW

130 kW : 6000

120 kW

110kwW | 5000 A

100 kW | / \ / \
90 kw : 4000 e

80 kW

o 1 3000

60kw |

o 2000

o B load curve

1 1000

30kw B 2 x Blower

0
' ' 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23



Waste water treatment plant Rheda-Wiedenbrtck

Combination of High Speed Turbo and Rotary Lobe Compressor and Smart Control

P) Nm¥/h
160 kwW

150 kW |

7000

140 kW |
130kW |

6000

120kW |
110kw | 5000
100 kW |
sokw | 4000
80 kw

o 1 3000

60 kW

| 2000

50 kw

40 kw 1 OOO

30 kw

R

8000 -

Rotary Lobe Compressor

High Speed Turbo

RL
Comp

HS Turbo

HS Turbo + Rotary Lobe
Comp

7~

/

AN

.
\ / B Load curve
I Turbo+ RL Comp
1 2 3 4 5 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23



Waste water treatment plant Rheda-Wiedenbrlck

Energy saving of the load ranges

Low load operation

P) Nms/h
160 kW 8000 -
150 kW |

| 7000 -
140 kW
wow | =000 W2P performance
120w RL Blower = 40.81 kW Effective saving of 11.51 KW
uow 15000 - RL Compressor = 29.30 kW
100 kw

-7Q0

sokw |1 4000 - 28 /0
80kw |
o 1 3000 -
1 000 - B Load curve
50 kw
a0kw | 1000 - . RL Comp
0kwW B 1xRL Blower

0 -
“ ' ) 1 2 3 4 5



Waste water treatment plant Rheda-Wiedenbrlck

Energy saving of the load ranges

Medium load operation

(P) Nmé/h W2P performance
160 kW 8000 - Blower = 120.1 kW Effective saving of 21.2 KW
S Turbo = 98.9 kW 17%
140 kW
130 kW : 6000 -
120 kW
110kw | 5000 - A\ . Load curve
100 kW |
wokw 4000 - . HS Turbo
80kw |
2 x RL Blower
ooy | 3000 - N
60kw | '/' \\
50kW | 2000 - w
oWl 1000 -

30 kw

T



(P)

160 kw

150 kW |
140 kW |
130kW |
120kwW |
110kwW |

100 kW |

90 kw
80 kw
70 kw
60 kW
50 kw
40 kW

30 kw

Waste water treatment plant Rheda-Wiedenbrlck

Energy saving in the load ranges

High load operation

Nm3/h
8000 -

7000 -
6000 -
5000 -
4000 -
3000 -
2000 -

1000 -

T

A\

B Load curve

I Turbo+ RL Comp

B 2 xRL Blower
W2P performance
2 x RL Blower = 149.92 kW Effective saving of 33.75 KW
HS Turbo+RLComp=116,17

2 -18%

kW
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Waste water treatment plant Rheda-Wiedenbrlck

Cost saving of the load ranges

Distribution of loads within one year

5000
S 4000
2
g
» 3000 -
5
o
e
2000 - e
<
g
o 1000

Low load Medium High load
load

o
I

O Daily hours

Annual saving:

Low load: 11,091 € (11.51 KW)
Medium load: 8,511 € (21.2 KW)
High load: 18,942 € (33.75 KW)
Total: 38,544 €



