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Field visit to WWTP of VOG

How was the field visit (several answers possible)?

A) it was interesting

B) it was rather boring

C) it helps me to better understand the topics of the course

D) it gives me a better picture of wastewater treatment

E) I consider it an important part of the course

https://web.speakup.info/room/join/11535
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Feedback
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Feedback

• Thanks for the feedback!

• It would be great to have more answers (I did not remind you, my 
fault).

• I greatly appreciate any comments (both negative or positive)!

• My conclusions:
• I will make an effort to put the solutions earlier: 2 days after the exercise 

session. Good for you?

• I will work over the slides (to lighten/simplify) but will not be able to do all the 
remaining slides during the semester. Can you indicate the slides that are 
overloaded, please?

• Exams: I will indicate for future students that the exams are similar to the 
exercises, enough?
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What are the negative impacts of oMP-treatment?

• different technologies can be chosen to 
remove oMP and achieve the required 80 % 
elimination rates

• However, what is the ecological impact of
• constructing these infrastructures?

• producing and transporting the consumables (PAC, GAC, O2, O3)?

• additional pumping of the wastewater?

• Do all processes have the same ecological impact or have certain 
processes a lower impact than others?

• What is the impact of the electricity mix including imported electricity 
(e.g. Switzerland has mainly 'renewable' electricity)?
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What are the negative impacts of oMP treatment?

• We will not conduct a full life-cycle analysis but only
focus on the CO2-footprint (impact on global warming) 
of the different processes
• because we assume that all processes have a comparable

positive effect on the environment (removal of oMP)

• these positive effects are rather hard to evaluate and 
difficult (arbitrary) to compare with CO2-emissions

• other effects like e.g. land use and primary energy use are also difficult 
(arbitrary) to compare with CO2-emission
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CO2-footprint model (Meier et al.)
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CO2-Footprint of combined process

• example of WWTP Altenrhein
(ozonation followed by GAC-
filtration)

• main CO2-contributor is GAC 
production/regeneration

• second major CO2-contributor 
is ozonation (O2- and O3-
production)

• construction of infrastructure 
(mainly steel and concrete)
is less than 20 % (percentage 
higher in Switzerland than in 
the European union because 
of electricity mix)

• pumping generates roughly 
10 % of the CO2-emissions
• main emissions are due to 

consumables (GAC, O2, O3)
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Comparison of different processes

• PAC (produced 
from coal) has by 
far the highest CO2-
emissions
• nearly four times 

higher than GAC
• Five times higher 

than ozonation

• main emission of 
PAC-treatment 
comes from coal 
(mining and 
incineration) and 
the activation 
process (transport 
is neglectable)
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CO2-footprint of powdered activated carbon (PAC)

• electricity consumption is 
comparatively low for PAC

• use of lignite instead of coal 
would even increase the CO2-
footprint

• use of coconut or wood for PAC-
production reduces CO2-
footprint by 
40 % (it is often difficult to 
know from manufacturer which 
fraction is from renewable sources)

• PAC-consumption is highly variable 
on COD effluent values (value has 
an important impact on CO2-footprint)

• total PAC-consumption equals a car ride of 200 meters per day and per person
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CO2-footprint granular activated carbon (GAC)

• reactivation process has the 
largest CO2-footprint (about 
50 %) for GAC

• production of new GAC (only 
about 10 % to compensate 
loss of GAC during reactivation 
process) corresponds to about 
40 % of the CO2-footprint

• electricity consumption is 
comparatively low (about 10 %)

• Currently, there is no GAC 
produced from renewable sources 
available on the market (wood-based GAC is too fragile and does therefore 
not work)
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CO2-footprint of ozonation

• electricity consumption is 
clearly the major 
contributor to CO2-footprint
• about 45 % due to liquid 

oxygen production
• about 35 % for ozone 

production (real data have shown 
clearly lower consumption)

• about 20 % for pumping

• with European electricity 
mix, the CO2-footprint 
would increase by more than 
250 %! GAC would then have a 
lower CO2-footprint than ozonation

• a hypothetical green electricity mix with 
no imports from the EU would reduce the CO2-footprint by a factor of 6
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Comparison with other emissions of WWTP

• emissions of oMP-
treatment are low 
compared to emissions 
from WWTP in general (see 
air emissions control 
chapter)
• 4 % for ozonation

• 5.5 % for GAC

• 20 % for PAC
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Conclusions and recommendations

• In order to reduce CO2-emissions
• choice of treatment process has a major impact

• optimise dosage of AC and/or ozone which has an important impact on CO2-
emissions

• use renewable activated carbon (e.g. coconut or wood-based) if available

• use regenerated activated carbon (PAC and GAC) or already used AC (e.g. for drinking 
water production) or PAC-waste from GAC production

• recycle PAC into biological system if possible

• reduce DOC values if possible (e.g. industrial pre-treatment or higher sludge age)

• reuse existing infrastructure (e.g. concrete) if possible

• reduce nitrite concentrations in effluent (only for ozonation), buy liquid oxygen from 
Swiss production and reuse effluent gas from ozonation for aeration of biology (if 
feasible)

• reuse generated heat energy (e.g. ozone production)
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Outlook

• over 100 wastewater treatment plants 
will be equipped for organic 
micropollutant removal (construction 
start by the lasted in 2035)

• there is a lot of challenging work 
for motivated engineers!

WWTP Werdhölzli, Zurich
ozonation

sand 
filtration

biology
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Outlook

• Federal council 
proposed to refuse 
motion 20.4262 to 
extent the treatment 
of oMP to all WWTP

• Both federal 
chambers adapted 
motion 20.4262 on 
17.12.2020
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Outlook

• Conseil des états modified the text so 
that all WWTP are concerned that 
cause overstepping of defined 
maximal values defined for surface 
waters in Annex 2
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Outlook

• Possible consequences of this motion:
• many additional smaller WWTP will have to treat oMP in the future

• certain WWTP will have to treat certain parameter to higher elimination rates 
(> 80 %)

• diclofenac will be mostly the limiting parameter in surface waters

• process choice may in future be influenced if higher elimination rates are 
required: ozonation achieves higher diclofenac removal with common 
dosages as compared to AC

• processes must be adapted to smaller WWTP with less operation personal
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Outlook

• the Federal Office for the Environment is currently working on this 
topic to propose a modification of the Water protection ordinance 
(WPO) to the parliament

• a modified ordinance may come into force in 2028

• a new system to finance these additional installations is required

• construction of new treatment units will have to be started within 
a defined time period (15 – 20 years?)

• we are not yet done, there is still a lot of challenging work to come 
in the field of wastewater engineering!
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Outlook

• Proposal for a revised Urban 
Wastewater Treatment Directive:
• treatment of oMP: 80 % > 100'000 

PE and
10'000 – 100'000 PE in areas where 
oMP pose a risk to human health or 
the environment

• producers are forced to contribute 
to the costs

• regular analysis of antimicrobial 
restistance (twice a year)

• BUT the samples shall be taken so 
that they reflect the pollution 
during dry weather conditions
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Outlook

• same treatment goal (80 %) as 
defined in Switzerland

• same substances

• same computation of treatment 
goal

• ...

• we will see whether it will be 
approved in the current form, 
but it will have a huge impact 
on wastewater treatment in 
Europe
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