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Energy Efficiency
Energy neutrality a new aspiration:
• increased energy production/recovery
• reduction in consumption
As energy demand continues to grow globally,
technology will play an important role in creating a more
sustainable energy environment.

Resource recovery will undoubtedly occur in the next few
decades. Translating these concepts into practice will require
concerted eﬀort by all water industry stakeholders to
understand how these emerging technologies, recovery
products, and markets can be best leveraged to achieve
multiple beneﬁts at utilities.
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Energy Recovery – Anaerobic Digestion
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Collection and mobile
dewatering (optional) of
sludge from rural areas

Sewage sludge from
WWTP´s

Options for co-digestion
of organic wastes
– kitchen waste
– agricultural waste
– industrial waste
– animal manure

Biogas
(60-70% methane)

Pretreatment
(optional)

Pretreatment
(removal
of impurities)

– Recirculation to WWTP inlet
– Recirculation for dilution of waste
– Upgrading to fertilizer
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– Central heating systems
– CHP (combined heat and power)
– Upgrading to vehicle fuel
– Supply to natural gas grid
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Sludge liquor
(reject water)

Mixing
and
heating
~ 37°C
or
~ 55°C

Dewatered
digested sludge
(biosolids)

– Agriculture
– Composting (use on green areas)
– Soil improvers
– Top soil on landfills
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Energy Recovery- Europe

in kWh/y

Chudoba et al, 2011, Journal of Residuals Science & Technology, Vol. 8, No. 2—April 2011
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Energy Efficiency of WWTPs with Activated Sludge
PRIMARY TREATMENT
coarse TSS removal

~0.01 kWh/m3
organic pollutants removal
at least 20% BOD5 removal
at least 50% TSS removal

SECONDARY TREATMENT

0.27-2.07 kWh/m3

Nitrification / Denitrification / organic matter
decomposition
70-90 BOD5 removal
70-80% N and P removal

90% TSS removal

Sewer
Collection System

Bar
Screen

PRIMARY TREATMENT

Screen

Grit Chamber

Primary Clarifier

Anaerobic
Zone

Anoxic
Zone

Aerobic
AIR Zone

Secondary
Clarifier

Return Sludge
Grit

Secondary Sludge (WAS)

Primary Sludge (PS)

v solids removal: KWh/kg

TSS removed

0.45-0.75 kWh/m3

TERTIARY TREATMENT

v P removal: KWh/kg P chem

removed

residues of N & P and TSS removal, refractory organics, heavy metals and
dissolved solids removal, microorganism removal

SECONDARY TREATMENT
v BODred %; kg/pe/day
v CODred %; kg/pe/day

v TOCred %; kg/pe/day
v Ntotred %; kg/pe/day
v Ptotred %; kg/pe/day

UV disinfection

v NH4/NH3-Nred %; kg/pe/day
v OCP (Oxygen Consumption Potential)red %; kg/pe/day
v Energy aeration kWh/pe/day, kWh/kg oxygen need; % of total energy need

fluidized bed

TERTIARY TREATMENT

v Energy mixing kWh/pe/day; % of total energy need energy/reduced parameter v solids removal: kWh/kg TSS removed

kWh/kg reduced parameter:

v ammonia removal: kWh/kg NH4 removed

v kWh/kg COD removed,

v TN removal: kWh/kg TN removed

v kWh/kg NH4 removed,

v solids and P removal: kWh/kg TSS removed, kWh/kg P removed

v kWh/kg TN

v pathogens removal: kWh/log reduction

removed ,

v kWh/kg P bio removed
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v hazardous pollutants (eg estradiol) removal: kWh/µg estradiol removed
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Sand Filter

Important process
performance indicators
influencing energy
efficiency

20.10.2017

Advanced Primary Treatment
Chemically Enhanced Primary Treatment (CEPT)
Use of organic coagulants to increase primary sludge production and
reduce the load on downstream biological nutrient removal (BNR)
processes
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Specific Biomethane Potential (SBP) test

CEPT sludge: 6 % increase of SBP
compared to PS

CEPT sludge: 59% increase of SBP
compared to PS+WAS
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Advanced Primary Treatment
Application of fine sieves/filters instead of primary clarification  more BOD can
be removed from the wastewater and converted into biogas through digestion.
Primary treatment using a 350 microns belt showed 40 -50 % removal of total suspended
solids (TSS) and 30% removal of chemical oxygen demand (COD) at sieve rates as high as 160
m³/m²-h.

CEPT is a simple and effective way of increasing the
removal efficiency of RBS. Adding about 1 mg/L of
cationic polymer and about 2 min of flocculation
time, the removal of TSS typically increased from
40–50% without polymer to 60–70% with polymer.
Note: 1. sufficient BOD has to be available in the
wastewater to comply with the requirements for
nitrogen removal. 2. By improving the digestion
process an increase in the nitrogen load in the
reject water can be encountered; in this case
advanced side stream reject water treatment can
be applied.
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Rusten et al, 2017 (Water Sci and Techol, 75 (11) 2598-2606).
20.10.2017

Side Stream Treatment
Deammonification – biological autotrophic process applied for treatment of
ammonium-rich side-streams (ongoing research towards implementation in the
main technological stream).
Increases the efficiency of main technological line and allows to save energy for
aeration in the main stream.

Includes two stages: oxidation of half of ammonium to nitrite (partial nitritation),
and next conversion of remaining ammonium with nitrite into nitrogen gas under
anaerobic conditions (Anammox).
Requirements: a low C/N and high temperature
Full-scale data from Strass WWTP in Austria indicates that the electricity
consumption for nitrogen removal in side stream sludge dewatering reject water
was 1.16 kWh/kgN, what is significantly lower than the 6.5 kWh/kgN in main
stream conventional nitrification/denitrification treatment (Wett, 2007).
After application of Anammox in side stream, oxygen consumption for ammonia
removal was reduced by 50%, corresponding to approximately 12% savings of
the total electricity consumption of the whole plant.
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Anaerobic Wastewater Treatment
Most of the energy efficiency proposals involve implementation
of better control of existing processes. They would be feasible on
relatively short time and at comparatively low cost. The more
radical proposal with greater potential benefits is to replace
current aerobic systems treatment with low temperature
anaerobic processes
There will be a change in paradigm in the main unit operation
used at WWTP. A major development will be the application of
anaerobic processes to mainstream flows (Stephenson and
Aunger et al, 2009).
It has been estimated that by 2030 aerobic treatment consuming
0.15-0.7 kWh/m3 could be replaced by anaerobic treatment
producing 1.7 kWh/m3 (WssTP, 2011; GWRC, 2010).
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New models of WWTPs
Wett et al., (2007) proposes the following solution:
• enhanced primary treatment with organic polymer addition
for increasing biogas production in AD,
• activated sludge process with short SRT and HRT to adsorb
colloidal and soluble COD for more biogas production,
• dynamic control of aeration and pH,
• thermal pre-treatment of sludge,
• high efficiency generators or fuel-cell for electricity
generation,
• and application of Anammox in the side-stream.
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Future Systems – Energy Factory 2030
Net production of energy requires minimization of energy consumption and maximization of
energy recovery.

The proposed system includes:
- Separation of COD instead of aerobic degradation (optimisation of biogas production and
energy consumption at aeration)
- In terms of energy consumption, economic removal of N and P and residual COD
(deammonification as an important tool)
- Maximal recovery of sludge calorific content
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THANK YOU FOR YOUR ATTENTION

Project ETV4WATER Facilitating the use of ETV to improve energy efficiency of the water
and wastewater sector has received funding from the Norwegian Financial Mechanism
2009-2014 under the Bilateral Cooperation Fund, Operational Program PL04.

Project funding:

Project Partners:

20.10.2017

