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1. Introduction
- 1.1 WastewaterTreatment Plants

@ Figure Typical process overview of wastewater treatment plant /
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1.2 WaterTreatmentPlants
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= Capture energy from water moving downhill

Energy Opportunities

« Improve efficiency of aeration equipment
and anaerobic digestion

« Implement cogeneration and other onsite

ranewable power options (0.q., solar panels,

wind turbines, low-head hydro)

Impltament lighting. HVAC improvements

Fix leaks

Install SCADA software

Use afficient pumping systems (pumps.
motors, vanable frequency drives)

* Recycle watar

Figure Energy Intensity of Each Stage In The Water Use Cycle, With Key
Qpportunities For Energy Efficiency, Renewable Energy, And Water Efficiency.




1.3Current Energy Consumption in WWTPs

/ m Aeration

® Clarifiers

® Grit

m Screens

® Wastwater Pumping

® Lighting and Bulidings

= Chlorination

Energy consumption (kWh/m?)

= Belt Press

Anaerobic Digestion

» Thickening
2!
Return Sludge Pumping @*‘

Energy consumption of secondary
treatment plants with different
treatment technologies

The proportion of energy use associated
with different components of aCAS
treatment system
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Lighting

Solids dewatering
7%

Process water
4 %

Effluent
filters
1%

Thickener
and sludge
pump
2%

Secondary
clarrifier and RAS
4%

2%
Heating
7%

Postaeration
3%

)

Influent pumping
4%

Headworks
0%

Primary clarrifier
and sludge pump
10 %

Activated sludge
aeration
56 %

Table 1. The energy intensity proportion and energy consumption in WWTPs at national level in different countries

) Energy intensity ‘ Reference
Regions/Countries Proportion of energy consumption national level (%)
(KkWh/m?)
USA 0.52 0.6 [48]
China 0.31 0.25 [48]
Germany 0.40-0.43 0.7 [48]
South Africa 0.079-0.41 - [48]
Japan 0.304= - [35]
Korea 0.243 0.5 [49]
Sweden 0.42 1 [50]
Israel -

Note: a including effluent disinfection and sludge digestions

10 [50] /



1 9190
o8

(b onseld - J9)i14 6
T
o 2
g (Vs

3
al S
e Q.
N 5 Buimes|Aewliy
=) m juswijeal) bnE_h
> O
S
O 3
C 5
Ll & HaL M 09

(75
© 5
O E
foX= S 2 -
> =
= £ 1eak/ymy uol|iN — 8sn Jemod

Sludge
Treatment

Secondary
Treatment

Primary
Treatment

Main
Pumping



Water for Energy

; Waste Heat Recover
Advanced Materials y

z ’ Thermoelectric Generation
Thermoelectric Materials
Supercritical CO2 RCBC
Heat-driven State Changes :

g Printed Circuit
Scalig/roulog s . Heat Exchangers

Temp. and Pressure Tolerance
o Cooling Technologies
,
2 Alternative ,
Process Efficiency

Fluids

Bioenergy Feedstocks Alternative Cooling
Drilling and Fracturing Systems

Process Water Reduction
w Geothermal Shearing
Geothermal Working
Advanced Carbon

Capture

Non-Steam Power Cycles

Possibilities for efficiency improvements include biofuels production, forest products

D

food processing, and refining and chemical manufacturing, among others. /




Energy For (and From) Water

Wastewater Treatment

Anaerobic Membrane Bioreactors

Desalination

Membrane Distillation

Capacitive Deionization

Hpichacuing
 EemyStoge Applications




e

2. Energyl Efficient Technologies in WWTPs
2.1 Advanced Energyefficient Systems

General results

Measures:
* Reduction of energy consumption

specific el. consumption
[KWh/(PE*a)]

o

., Average results of all executed studies

- N W A OO
o 0 0O O O ©

~ Improvement of efficiency of individual units/aggregates
— Adjustment of the process

— Optimization of operating methods

- Adapted measurement and control technology

Improvement of the degree of self-supply in energy

™~
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Recommended measures — Change from aerobic to anaerobic
sludge stabilization

consumption
bl Ca.23kg o 12kWh
o : Electricity
Use of Combined Heat
1kg 0SS and Power Unit (CHPU)
::oeg?aded fanetion 1.5 kWh
= Biogas Energy
Anaerobic 3.1 kWh
Heat (59%)
Option A Option B Option C Option D
Process Biological BOD, N Biological BOD, N |Biological BOD, N Biological BOD, N
and P removal and P removal and P removal and P removal
Primary Settling yes yes no no
Sludge stabilization no yes, anaerobic no yes, aerobic

Total investment costs
15 Mio USD 19 Mio USD 17 Mio USD 18 Mio USD

Effective yearly costs
Cost of Capital 1,4 Mio USD/a 1,7 Mio USD/a 1,5 Mio USD/a 1,6 Mio USD/a
Energy costs 0,8 Mio USD/a 0,5 Mio USD/a 0,8 Mio USD/a 1,3 Mio USD/a
Personnel costs 0,1 Mio USD/a 0,1 Mio USD/a 0,1 Mio USD/a 0,1 Mio USD/a
Chemical costs 0.4 Mio USD/a 0.4 Mio USD/a 0,5 Mio USD/a 0,3 Mio USD/a
Disposal costs 0,5 Mio USD/a 0,3 Mio USD/a 0,5 Mio USD/a 0,4 Mio USD/a
Maintenance costs 0,2 Mio USD/a | 0,2 Mio USD/a 0,2 Mio USD/a 0,2 Mio USD/a
Total yearly costs 3,4 Mio USD/a 3,2 Mio USD/a 3,5 Mio USD/a 3,8 Mio USD/a
Ratio 100% 94% 103% 12%
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Advanced Energ¥fficient Systems-Aeration

Aeration introduces air into waste water, providing an aerobic
environment for microbial degradation of organic matter.

A Supply the required oxygen to the metabolizing microorganisms
A Provide mixing so that the microorganisms come into intimate
contact with the dissolved and suspended organic matter.
Recommended measures - Optimization of Aeration

* Reduction of necessary
aeration energy

* Exchange of destroyed
aerators

SurfaceMechanical Aeration Sub Surface Aeration
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1) nitrification
{sutotrophse bacteria)

g AdvancedEnergyEfficient Systems
Biological Nitrogen Removal
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AdvancedEnergyEfficient Systems Disinfection
Ways to save energy
AViodulate UV system output to the level required for
disinfection (dose-pacing control) and system turndown
(number of operating lamps and lamn oritniit)
AProperly sizing disinfection o s S
stage pumps and UV lamps "
AUse electronic ballasts instead
of electromagnetic ballasts. »
Electronic ballasts are ~10% |
more energy efficient than &
electromagnetic ballasts. Coang Yty o
ALED UV emerging T

& Source: U.S Dppartmpr\v)
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2.2 Low Water-demanding Power Generation

Technologies

™~

2.2.1 Sewage Water Source Heat Pump Technology

N
S EE—
Evaporator 1 X2
Compression
Heat Pump 5
Condenser 6 |

A: The secondary effluent of municipal
wastewater treatment plant, or the
original urban sewage filtered
through filth block device.

B: Discharge to the original sewage
source

<— —> B
Waste Water ﬂi
| eat Exchang i

<
Advanced Heat Pump Systems Using/




2.2.2 High Temperature Anaerobic Sludge Digestion
Technology and Biogas Power Generation Technology

Bio-

mass

Waste

water

Figure 2. The possible route to biogas production during biological wastewater treatment.
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Figure 1.2: Schematic of proposed alternative management option involved anaerobic digester — Figure 3. Schematic view of the various stages of anaerobic digestion processes. Source: [16].



2.3 ProcessControl in WWTPs

Influent Primary Trickling Filter Secondary
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Lift Station Application Example N
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Analysis

\

Data collection and archiving

Monitoring and
control systems

-
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TN || Information system
ul% ‘{ “
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On-site equipment | [ water supply and sewerage infrastructure |

a4

Fine-grained sensing Regional coordination Cooperation of OT and IT systems

loT: Internet of Things OT: operational technology IT: information technology

L@ Figure & Monitoring and Control System for the 10T Era




Figure. Badeni Baden WWTP: schematic of solid pretreatment process (BTAs Process), two-
stage AD system (hydrolysis reactor and digesters) and biogas utilization system




