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(T) Current situation
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Figure 1 Biogas production per Member State in 2014, differentiated by source
(EurObserv’ER, 2015)
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WWTPs are the highest energy consumer

In a municipality!
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WWTP the "Energy consumer”
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Breakdown of % WWTP energy
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B Activated sludge aeration
B Primary clarifier and sludge pump
W Heating
B 50lids dewaterning
Influent pump station

B Others




BUT WWTPs try to improve themselves!
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(T) Energy-positive WWTP — a DREAM?
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Is there a potential by treating your ,,Pooh*
to become energy-neutral or
energy-positive as WWTP?

(without using external renewable sources)

Are energy-positive WWTPs
without external renewable sources
still a DREAM?
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™% We as a consortium say “NO” it's no dream,
U energy-positive WWTPs are possible!
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Less
aeration

105 kWh/pe*a
2.4 kWh/m?

More
biogas

WWTP:
60% of COD
In sewage
sludge

Theoretical energy
potential in
wastewater organics

17 kWh/pe a

& 42 kWh/pe e aSt eat
0.96 kWh/m

53 kWh/pe*a
1.2 kWh/m3

CHP plant:
40% electrical
“efficiency

Digestor: -
50% of COD
into biogas- -
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(’) The POWERSTEP concept
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C - EXTRACTION N-REMOVAL POST-TREATMENT
Raw wastewater

-

100% C

10% Excess sludge

UP TO 80%
PRIMARY SLUDGE

N-REMOVAL

+B80-150% Power

DEWATERING ANAEROBIC DIGESTION

CHP HEAT TO POWER



(’) The POWERSTEP case studies
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CASE STUDY 3: ©
AVEDORE (DK)
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8 Results within www.POWERSTEP.eu
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Awareness

Technology level
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http://www.powerstep.eu/

F) Results within POWERSTEP
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Awareness

34 deliverables

Deliverable 1.1 - Optimised design of the microscreen and periphery for
primary filtration

E d1-1-optimized-design-of-microscreen-and-periphery-for-primany-filtration-0. pdf

Deliverable 1.3 - Compedium of best practice of primary treatr

Deliverable 6.2 - Visual identity, flyer and website
for advanced carbon extraction

[4] 020216 D.6.2 visual identity flyer website. pdf

E d1-3-compendium-of-best-practices-for-advanced-primary-treatment. pdf

Deliverable 2.1 - Advanced control system for energy efficient!| Deliverable 6.2 - Communication kit for demosites
nitrogen removal

|| d6-3-communication-kit-for-demosites. pdf

E d2-1-advanced-control-strategy-for-nitrogen-removal-final. pdf

Deliverable 6.4 - Innovative website

[ . . -
|d| d&6-4-innovative-website pdf
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(’) Front runners (extracts from web)
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Objectives Our Marselishorg Wastewater Treatment Plant has

¢ HAMBURG WASSER is energy-self-sufficient by 2018 increased mam Effi{:iE‘ﬂ[j,f and reduced energy

o HAMBURG WASSER works on Zero-CO,-Concepts consumption by optimizing all its processes. The plant

Hamburg, D produces in 2016 40 percent more electricity than it
needs and 2.5 GW of heat for the district heating

Vienna, AT system without adding external organic waste or

carbon. This excess energy Is enough to serve the
needs of the drinking water supply and wastewater

ebswien hauptdaraniage currently needs 60 GWh of electricity per ye treat t facilit in tl .

equating to 1% of Vienna's total eleciricity consumption. In accordanc reatment facliities in the reglon.

programme KIiF and energy efficiency programme SEP, ebswien has smee zooo oruerareT conss e enoTs

towards increas ng.e_"er.gy efficiency and using .*ena':'al:n =] 5cu*-:§5 of gﬂer-g'y'_ A number of i'-h-fxs'.ajr.vater. solar Aa rhus, DK

and wind energy utilisation goals have meanwhile been accomplished in the course of “Stemk — Strom aus

erneuerbarer Energie”, a project for electricity generation from renewable resources. This has already helped to
cut energy consumption by 11%. The E_OS project goes even further

Energy self-sufficiency by 2020

Bottrop, D ‘:

Ziel: 100% eigene Stromversorgung i

Klaranlagen zéhlen zu den GroBverbrauchern von Energie im stadtischen Bereich. Das Klarwerk an der Emscher in Bottrop hat sich deshalb ein
ambitioniertes Ziel gesetzt, um den Bezug von 5trom aus dem offentlichen Netz auf ein Minimum zu reduzieren. In Zukunft méchte die
Emschergenossenschaft ihren kompletten Energiebedarf Gber einzelne, dezentrale Erneuerbare Energieanlagen decken.

POWERSTEP is funded under the European Union Horizon 2020 Framework Programme.
Grant Agreement No. 641661
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100 -

% WWTP

2017: statistics of German Water Association
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~ 25 WWTPs
P =< 100,000 p.e.
~ 15 WWTPs
> 100,000 p.e.
#
TOTAL
~ 40 WWTPs
> 100% self supply
In Germany*
* Including wind,
, sun, industrial
wastewater,
—=GK2; Median 13,6 %; 45 Klaranlagen cosubstrates, heat
GK3: Median 212 % 40 Klaranlagen | pumps etc
——GK4; Median 42,1 %; 639 Klaranlagen
—= K5, Median 62,1 %; 166 Klaranlagen
| | | |
20 30 40 50 60 70 80 90 100

Degree of self supply (electricity) in %
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The German pioneer:. Grevesmuhlen WWTP

O (65,000 p.e))
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— Energy positive since 2002
— 2007: Outing!!!

—— Today: > 300% self electricity
supply (handling sludge from
120,000 p.e.)

POWERSTEP is funded under the European Union Horizon 2020 Framework Programme.
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(’) Kubratovo WWTP (Sofia, 1.3 M p.e.)
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- Activated sludge + digestion (TN,,=10mg/L) wgljrerzenergv

* Underloaded, no external carbon source (C/N ~ 10) A\ 4

30

20

10 218 18,4

0

-10 932

-20 043

specific electricity consumption &
production in kWh/PE(COD)-q)

30
Kubratovo OCEAN 2016 OCEAN state- OCEAN

WWTP 2016 of-the-art Powerstep

Self-sufficiency 112% 115% 126%  150%
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F) Marselisborg WWTP, Denmark (200,000 p.e.)

0 00 0 0 0

O State-of-the-art WWTP with simultaneous N/DN and side stream
deammonificatin

O Favorable C/N > 12 but no external carbon source:
up to 153% self sufficiency!

Marselisborg WWTP - Self sufficiency electricity production [¥a]
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Copenhagen, 2017 > 150% energy supply
O and carbon neutral (3 WWTPs, 1,400,000 p.e.)
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O
O
O

O

193,353

5,945,832 Nm?3

2,214

40,081 MWh

2,248

10,955 MWh

No cosubstrate

Digestion + incineration

Biogas in town gas grid
: SR BIOFOS

Heat and power sales

POWERSTEP is funded under the European Union Horizon 2020 Framework Programme.
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Cl

Perpignan (350,000 p.e.)
Heat pumps and biogas to gas grid
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Gazometre

62% CH,

~ Digesteur

Réseau gaz naturel

—
+/+8
» 1 sy i
> | >
|

Poste d’injection
biométhane

Epuration
biogaz

pompage

Chauffage du digesteur via PAC
Energidom

O Start mid 2018

O Heat pump capacity: 400 kW
O Biogaz : up to187 Nm3/h

O Biomethane : up to 95 Nm?/h

O Avoided CO, emission: ~ 900 tonnes CO, eg/an

POWERSTEP is funded under the European Union Horizon 2020 Framework Programme.
Grant Agreement No. 641661




(’) Stockholm: biogas feeds buses
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Biogas bus
Public transport
External Organic Material (EOM)
» Oil/fat separator sludge 45 000 tonnes/year
» Glycerol 8 700 tonnes/year Operated by Scandinavian Biogas

Wastewater a-

Bromma WWTP 294 000 PE
Henriksdal WWTP 950 000 PE

g
[
E
ke
1‘ N4 treated ww

Henriksdal and Bromma WWTP: 22 MNm? biogas/year Hammarbyverket/Solnaverket: ~1,3 TWh/year

Biogas production (60% CH4) since 1934 from digestion Heat recovery from WW for municipal district
of WW-sludge and co-digestion of EOM (only at heating. Owned and operated by Stockholm
Henriksdal) Exergi and Norrenergi

POWERSTEP is funded under the European Union Horizon 2020 Framework Programme.
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Bristol's Poo Buses (2015)
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UK's first 'poo bus' goes into regular service

POWERSTEP is funded under the European Union Horizon 2020 Framework Programme.
Grant Agreement No. 641661




Turun seudun

Kakolanmaki WWTP, Turku, Finland: 72y Turun
. puhdistamo Oy
U Energy recovery with heat pumps weew turuniseudunpuhdistamo.

© 0000 0

O 300,000 p.e. WWTP underground

O Heat pumps on treated effluent (DT° 5-10°C)
O Coefficient of performance COP=~3,9

O Energy Balance 2017

Energy consumption

Electricity 13 500 MWh
District Heating 540 MWh
14 times Fuel 20 MWh
Total 14 060 MWh
more energy
produced Energy production
than needed Digestion (net) 15 500 MWh
Heat recovery ventilation 2 700 MWh
Heat pump district heating (net) 158 000 MWh
Heat pump district cooling (net) 26 600 MWh
Total 202 800 MWh

O Synergy wastewater / heat utilities:
WWTP supplies 14% of Turku region district

heating and all the district cooling!

POWERSTEP is funded under the European Union Horizon 2020 Framework Programme.
Grant Agreement No. 641661



F) Gas yleld per capita and Member State
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Market potential — Annual Net Electricity EU27
O  (WwTPs> 10,000 p.e.)

©O00O0O0O0
Net electricity (electricity generation — electricity demand):

6

4
2 .
0 Benchmark

PowerStep Il

TWh

Self-
sufficiency for
electricity

Electricity production increases and electricity consumption decreases
with PowerStep technologies leading to a net gain of 16 TWh/a.

POWERSTEP is funded under the European Union Horizon 2020 Framework Programme.
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Market potential — Annual OPEX EU27
O  (WwTPs>10,000p.e.)
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\o)

0o

Billion €

Benchmark

PowerStep |

The OPEX of PowerStep technologies are lower than the current status
guo costs (1.5 bn €/a).
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. Market potential — Annual CO2-eq Emissions
O  Eu27 WwWTPs > 10,000 p.e.)
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(’) Potential of sewage biogas in EU
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Figure 1 Biogas production per Member State in 2014, differentiated by source
(EurObserv’ER, 2015)
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g Today: 57.432 TJ/a of sewage gas
2 200 Potential with PowerStep: 184.325 TJ/a
- > 3x increase (at constant cost)
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F) Take home messages
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Self-sufficient WWTP is reality today!

1 Many examples in Europe with State-of-the-Art technologies
2 Many concepts of energy recovery and biogas valorisation
3 Significant market potential and impact ... no regret measure

4 Innovation to further push the limits and extract potential

POWERSTEP is funded under the European Union Horizon 2020 Framework Programme.
Grant Agreement No. 641661




L ENERGY-POSITIVE I
~ WASTEWATER TREATMENT PLANTS

ELECTRICITY
HEAT

I A LA
T 1 "

WASTEWATER HAS A GREAT
ENERGY POTENTIAL!

your flush = your energy
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