
Utilizing sludge – maximizing 
the value of wastewater 
The city of Odense has over a century’s experience in handling and treating wastewater. From 

basic separation to composting, digestion and reuse of sludge. In the future however wastewater 

will be mined for nutrients before extracting biogas and finally incinerated for heat and 

electricity.  

Odense has a long tradition of waste-

water treatment plans (WWTP). The first 

treatment facility was established in 1907, 

leading to the current plant comprising 

full biological treatment of all influents 

to comply with very stringent discharge 

requirements.

Very early the amount of sludge became 

a problem, and as a consequence meso-

philic digestion was introduced to mini-

mize the amount of sludge. In the diges-

tion process biogas is being produced, 

and this gas is utilised for both heat and 

electricity production.

The Danish Approach - Handling 
growing amounts of sludge

The Danish Waste legislation requires 

reuse of sludge if applicable either directly 

on farmland or indirectly as a compost 

material. 

Sludge is divided into three categories 1) 

so-called A-sludge, suitable for direct use. 

2) B-sludge with higher levels of organic 

waste products such as PAH or heavy 

metals. This type of sludge has to un-

dergo treatment before reuse (e.g. Com-

posting). 3) C-sludge containing materials 

that makes reuse in farmland impossible 

and therefore have to be disposed of to 

further treatment. 
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In the past sludge was a problem and 

with enhanced biological treatment of the 

wastewater the amount of sludge grew 

leading to problems in the end disposal. 

Historically, the sludge has been used as 

a sort of manure, but with growing con-

cerns in relation to pollution of our food 

production the utilization of sludge has 

become more difficult.

Odense – the third largest city in 
Denmark

•	 Population of approx. 200.000 

people.

•	 The sewage system consist of 3 

wastewater treatment plants, one 

large and two smaller. 

•	 The total load to the plants has 

varied over the years, due to 

changing industrial loading. 

•	 In recent years the treated load 

equals to approx. 300.000 EP. 

Creating Energy and recovering 
nutrients – multiple benefits of sludge

The sludge however also holds great 

potential. It contains nutrients in the form 

of both Nitrogen and especially Phospho-

rus. Both elements are essential in fertiliz-

ing farmland, hence the sludge has been 

used for that purpose for a number of 

years. When applied to farmland the nutri-

ent content (phosphorous and nitrogen) 

is controlled to ensure correct amount of 

nutrients. 

However the use of sludge on farmland 

has stirred debate in Denmark. Public 

concern has centered on the question of 

hygiene, content of trace compounds in 

the sludge as well as the content of heavy 

metals and complex organic compounds 

in terms of traces of medicine etc. There-

fore very stringent regulations have been 

implemented to ensure safe usage of the 

sludge product. 

Composting – converting sludge to soil 
In Odense all sludge produced on the 

WWTP plants is being composted togeth-

er with green cuttings from parks and 

other public land. The public owned utility 

Odense Waste Management is handling 

the composting of the sludge and green 

cuttings and ensures the end usage of the 

product.

The composting plant is situated on the 

outskirt of the city. The composting pro-

cess is carefully monitored via an onsite 

SCADA system to ensure full degradation 

in the process. During the process the 

combined product reaches a temperature 

of more than 50 -70 degrees C for at least 

8 weeks. This ensures hygienization of the 

combined product and ensures a con-

trolled breakdown of a number of organic 

waste products (eg. PAH).

The yearly production of compost from 

the plant is 16.000 tons of compost. 

This is based on receiving 16.000 tons 

of sludge and 16.000 tons of green cut-

tings. During composting the amount is 

reduced to approx half of the input.

After processing the compost is given 

away to farmers for usage on farmland. 
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Sludge-powered plant – producing 
biogas 

Before being turned into compost, the 

sludge is carefully processed at the 

WWTP. Over resent years all sludge uti-

lization has been moved to the largest 

treatment plant in Odense. At the plant 

both sludge from primary sedimentation 

and the biological sludge are digested in 4 

mesophilic digesters. This process reduc-

es the amount of sludge significant and at 

the same time produces biogas enough 

to cover up to 80% of the electricity con-

sumption at the plant.

The electricity is produced via co-

generation. A large gas engine burns the 

gas and produces electricity and waste 

heat. Electricity is being used at the plant 

together with some of the heat. The rest 

of the heat is transferred to the district 

heat system in the greater city.  Not only 

does the digester enable production of 

electricity and useful heat, at the same 

time the sludge amount is being reduced 

significantly. The sheer volume is often a 

problem and to some extend the diges-

tion solves this problem.

Recovering nutrients – moving beyond 
biogas and use on farmland

As earlier mentioned a number of ques-

tions have been raised in relation to ap-

plying sludge on farmland. The problems 

relating to hygiene is often a concern to 

the public. And more technical questions 

about the content of trace compounds 

in the sludge as well as heavy metals and 

complex organic compounds in form for 

traces of medicine etc.

A further concern in Denmark has been 

the possible impact on ground water 

resources when sludge from WWTP is 

being applied to farmland over prolonged 

periods.

In Odense all these factors are being care-

fully assessed and addressed. 

Time line: 

1907 – first WWTP

1956 – first two digesters

1999 – Composting of sludge

1975 – Another two digesters

2005 – refurbishment of all  

  digesters (finished 2010)

2010 – 80% self-supply of electricity  

  and surplus of heat
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Extracting phosphorus – recovering 
scarce resources

Currently the aim is to develop a new 

breed of WWTP, a plant where energy 

is being produced out of the waste in 

the water stream. This will have a major 

impact on the type of waste produced by 

the plant. The most likely scenario will be 

incineration of sludge, after co- generation 

of biogas. The sludge incineration will de-

velop a surplus of heat and possibly elec-

tricity. Especially extraction of phosphorus 

in a pure form from the ashes or even 

from the sludge stream will be the target.

It is envisaged that the future demands 

for fertilizer will make “mining” phospho-

rus from the waste stream viable.

Right now the first steps are being taken 

to change the approach in relation to op-

timization of WWTPs. Plants are currently 

being developed in an effort to look at 

all streams in the processes in the plants. 

The future plants will be designed based 

on mass balances where all resources in 

the waste stream are being evaluated and 

the aim is to produce energy in form of 

gas, electricity and/or heat. Nutrients will 

be mined from the waste stream and be 

recycled back into the food chain.

Especially phosphorous is a limited 

resource in the world. Ever growing de-

mands for escalating food production will 

demand phosphorous, some predictions 

estimates that the known resources of 

phosphorous will be exhausted within the 

next 100 years, hence a price increase is 

inevitable. Reuse of phosphorous from all 

sources will be a demand, and the nutri-

ents in wastewater will become a signifi-

cant resource.

The next development in sludge manage-

ment is likely to be incineration of the rest 

product after gasification. The incineration 

will include phosphorous mining and flue 

gas condensation for enhanced energy 

optimization. 

The views expressed in this article do not 

necessarily reflect the views of the Danish 

Environmental Protection Agency.

Contact: 
Per Henrik Nielsen 

Project manager

VCS Denmark

phn@vandcenter.dk

Read more: 
www.ecoinnovation.dk – choose Danish Lessons
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