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1. Aim 
 
The project has demonstrated the technical feasibility of co-digestion of primary settled 
sewage sludge, organic municipal solid waste and organic industrial waste. It has also proved 
the possibility of complying with the EU wastewater Directive without using an increased 
amount of fossil energy in order to provide the necessary electricity for controlled 
nitrification. The monitoring has confirmed that the THERMIE project in average can provide 
102 % of the required electricity to the wastewater treatment plant and 66 % of the produced 
heat can in average be utilised.  

 

 
 

Photo 1 : Overview of the Grindsted plant 
 

2. Introduction 
 
The Municipality of Grindsted has 18,000 inhabitants and covers a surface area of 382 km2. 
The Municipality is responsible for wastewater treatment and disposal of wastes according to 
the Danish national legislation within the County of Ribe (223,000 inhabitants, 3,132 km2).  
 
The objective of the original project was the design and construction of a new advanced 
wastewater treatment plant in the Municipality of Grindsted, Denmark, able to comply with 
the EU requirements to purification of wastewater as stated in the EU Directive no. 271 of 
May 21, 1991. During the design phases for the above wastewater treatment plant the very 
high energy consumption became apparent, especially related to nitrogen removal, which 
leads to an increase by a factor of 4 in the consumption of electrical energy. The partners 
involved then decided to look for a more sustainable solution comprising renewable energy to 
provide the necessary electricity for compliance to the above EU wastewater Directive. 
Following a feasibility study it was decided to built and operate an own CHP plant, based on 
co-digestion of sewage sludge, household sorted municipal solid waste and organic industrial 
waste.   
 



The objective of the municipality was to develop long lasting sustainable technical solutions, 
for the management of sludge disposal and energy supply to the wastewater treatment plant 
by combining two major areas of municipal environmental responsibility: disposal of sewage 
sludge and household/industrial wastes. The new sewage plant was dimensioned to a capacity 
equal to 70,000 persons equivalent to 4,200 kg BOD/d due to several water consuming 
industries, such as. slaughterhouses, connected to the municipal sewer. The slaughterhouses 
in particular count for close to 2/3 of the total capacity. 
 

3. Technical Description 
 
Waste water treatment 
The incoming waste water is screened for sand and grease removal while the BOD and 
nitrogen are removed according to the BIODENITRO process. Phosphorous is removed by 
simultaneous precipitation. The treated water is discharged to a nearby watercourse with the 
following effluent limits: BOD 10 mg/l; Ntot 8 mg/l and Ptot 1.5 mg/l. 
 
Sludge-organic waste 
The incoming sorted municipal solid waste is loaded into a storage silo from where it is 
transported to the primary shredder, which opens the bags and sacks and reduces the particle 
size. The final average particle size is reduced to less than 50 mm in the secondary shredder 
(see photos 2 and 3). The primary settled sewage sludge is pumped to a mixing tank where it 
is mixed with the shredded organic municipal waste (MSW) up to 10-15 % dry matter. The 
mixing tank is batch operated allowing for secondary separation. From the mixing tank the 
sewage sludge/MSW mixture enters a buffer tank prior to passing through the heat recovery 
system to the digester. The heat recovery system consists of a specific heat exchanger with 
both sludge/sludge and sludge/water exchanging. Liquid organic industrial waste is pumped 
from a reception tank, through the heat exchanger system directly to the digester. 
Hygienisation according to the EU regulations is ensured by a guaranteed retention time of 
one hour at 70 °C in one of two hygienisation tanks. 
 

 
 

Photo 2: Reception and first step in the preparation of the MSW, the coarse shredder 
 

The waste mixture is digested in a mesophilic (35 °C) biogas reactor. The digested biomass is 
finally treated in a screw press to remove any plastic and other inert material which has not 
been removed in the mixing stage and which will pollute the end product. The compost is 



further dewatered in a belt press. The liquid phase is recycled to the process and the sludge 
cake (compost) is recycled for applications as soil conditioner in agricultural operations. The 
soil conditioner fulfils all quality requirements especially for heavy metals concentration. 
 
The produced biogas is stored and it subsequently fuels a 247 kWe CHP unit and/or a 40 
kWth boiler. 

 

 
 

Photo 3: Final preparation of the MSW, the fine shredder 
 

4. Performance of the Biogas Plant 
 
During the commissioning of the plant it was found that the pH value of the mixed substrates 
was very low, about 4. This resulted in supplementary test to determine the rate of corrosion 
for the exposed parts. The rate of corrosion was measured at about 3 mm per year which 
obliged the contractors to change all the exposed surfaces to stainless steel or specially treated 
material instead of normal steel. These changes resulted in a plant of substantial higher quality 
than originally envisaged but also to significant cost increases. 
 
Approximately 3,500 tons of sewage sludge, 3,500 of sorted municipal solid waste and 
industrial waste can be co-digested annually. The annual biogas production amounts to about 
700,000 m3 that enables the generation of about 4,000-4,500 MWh per year in electricity and 
heat recovered from biomass. The biomass recovered energy on the average originates for 
about 50% from sewage, 44% from MSW and 6 % from organic industrial waste. The average 
weekly supply is given in the table 1 below: 
 

Table 1: Average weekly supply of waste streams 
Source separated waste to mixer:   52,290 kg 
Ferrous metals removed by magnet:       -261 kg 
Sewage sludge to mixer (average dry matter 4.3%): 425,000 kg 
Gravel +sediments removed in the mixer:    -1,383 kg 
Industrial liquid waste directly to buffer tank:   23,280 kg 
Sewage sludge directly to buffer tank: 170,000 kg 
Total mixture for hygienisation & digestion: 668,926 kg 

 
By the end of the commissioning of the plant the gas production amounted to 1,470 m3 per 
day. After the commissioning phase and when the plant was optimised, the production of 



biogas increased by 40% to about 14,413 m3 per week corresponding to 30.9 MWh per week 
which corresponds to 102.5% of the actual electricity consumption of the wastewater plant. 
The heat generated by the project amounts to 53.4 MWh per week from which only 66.2 % 
can be used by the project (for process heat in the THERMIE project and for space heating 
19.8 MWh and 15.5 MWh respectively). In detail: 
 

Biogas produced and use in the engine:   14,413 m3 equivalent to 93.6 MWh 
Electricity generated requirements:     30.9 MWh 
Heat transmitted:       53.4 MWh 
Heat losses:          9.3 MWh 
Electricity needs for the MSW treatment and the THERMIE project:   3.7 MWh 
Electricity needs of the wastewater treatment plant + sludge treatment 26.4 MWh 

 
The net electrical efficiency reached 33 %. The heat utilisation will differ according to climate 
and substrates received and a certain reserve capacity is needed. The THERMIE project and 
the wastewater treatment plant could in principle supply the excess heat to a public grid of 
central district heating. 
 
In addition, the plant offers significant environmental benefits even when compared to 
alternative disposal routes for the waste streams treated in this project. 
 

5. Economic Performance 
 
The overall annual project economy of 391,516ECU consists of: 
• Savings in electricity consumption:  136,777 ECU 
• Savings in heat consumption:   30,467 
• Avoided disposal costs :  224,272 
 
The annual operating and maintenance costs are 58,840 ECU resulting in a positive balance of 
332,676 ECU. On the basis of these data, the payback period is 10.8 years. 
 
There is no income generated by the compost as it is given free of cost to the farmers. 
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