
Integrated Plant for the Municipal  
Solid Waste of Madrid 

 

1. Aim 
 
The aim of the project was to demonstrate the ROWITEC/TIF fluidized bed technology for 
Refuse Derived Fuel (RDF) incineration. The objective of the project was to recover the 
energy content of RDF generated by the recycling plant of the city of Madrid. The overall 
plant consists of MSW reception , separation and recycling, aerobic composting of the 
organic fraction and incineration of the RDF produced by the recycling plant. 
 

 
 

Photo 1: Aerial view of the plant in the final stages of construction 
 

2. Introduction 
 
The integrated MSW plant is located at Valdemingomez at the outskirts of Madrid and has a 
daily capacity of 1,200 t/day. The Commission’s support concerned only the incinerator plant 
and especially the innovative fluidized bed furnace. The ROWITEC/TIF technology has 
several advantages in comparison to traditional grate incinerators, the most important of 
which are: 

1. Design simplicity and smaller required surface area,  
2. Good availability for burning heterogeneous and high calorific value waste,  
3. Good thermal efficiency,  
4. Good environmental performance by partial neutralisation of the acid flue gases 

within the oven by the addition of limestone or dolomite, and dry and clean slag, 
5. Lower operating and maintenance costs.  

 
The plant meets all European environmental legislation limits. Overall the integrated plant 
treats 1,200 t/d, from which about 60 t/d are recyclable components, 640 t/d are sent to the 
composting plant and about 500 t/d to the incineration plant. Only 20% of the original MSW 
is landfilled for final disposal. 



3. Technical Description 
 
Recycling, Classification and Composting Plant  
The MSW is brought by the collecting trucks which unload in the storage area with a two-day 
capacity. The waste is then fed by means of a crane to 4 independent lines of 25 ton/hour 
each, where the waste is mechanically treated. This includes the tearing of the plastic bags, 
classification on sizes and automatic and manual separation of various components which are 
recycled (ferrous and non-ferrous metals, plastics, paper, board, & glass) the organic fraction 
which is send for composting, as well as the refuse derived fuels which are sent to the storage 
area of the incinerator plant.  
 

 
 

Photo 2: View of the aerobic composting plant 
 
The organic fraction is sent to the composting plant (see yellow conveyor in top right-hand 
side of photo 1 and top left-hand side of photo 2) where it undergoes aerobic fermentation 
during 8 to10 weeks. The compost, is then purified by separation of inert elements which are 
sent to the landfill site. The remaining compost is clean and of good quality and is marketed 
in the agriculture sector. The treatment capacity is 650 tons per 6,5 h or 435,000 tons/year.  
 
Incineration Plant  
The ROWITEC/TIF fluidized bed technology can incinerate the RDF as supplied by the 
recycling plant without any further pre-treatment. The process consists of a feeding hopper, 
fluidized bed oven with combustion chamber, steam-boiler, gas cleaning system, exhaust 
fans, chimney, and the turbo-generator as well as several auxiliary systems such as steam-
boiler water treatment, compressed-air, control and instrumentation, etc.  
 
The incinerator consists of three identical lines in parallel (see photo 1 where the three lines 
are clearly shown) each of which has a nominal capacity of 220 tons/day (or 9.2 t/h), for RDF 
of 14.65 +/- 20% MJ/kg energy content. The plant has an availability of 310 days/year 
resulting in an annual capacity of 205,000 tons. The RDF is fed from the top of the furnace 
and the material is partially dry by the time it reaches the incinerator. The fluidized bed 
operates at 950 °C and the residence time of the flue gases is about 4 seconds, ensuring 
therefore the 2 seconds at 850 °C established by the European Standards. The process 
flowsheet per line is given in figure 1 
 



 
 

Figure 1: Process flowsheet for each incinerator line 
 

The non-combustible materials are removed via discharge ducts at the bottom of the fluidized 
bed and are cooled indirectly by water. Therefore, the inert components are extracted in a cold 
and perfectly clean condition, as if treated by sand blasting. 
 
Lime is added in the furnace for the removal of chlorine and sulphur compounds, thus 
minimising the degree of neutralisation needed. Downstream the boiler, the flue gases are 
cleaned further by a powerful cleaning process comprising hydrated lime spay scrubbing for 
final elimination of  any remaining chlorine and sulphur compounds and big particulates. The 
flue gases are then fed to a heat resistant fine-mesh fabric filter where the remaining fine dust 
is removed before being emitted to the atmosphere. 
 

4. Performance of the plant 
 
The recycling plant was commissioned on February 1993 and was taken in commercial 
operation on June 1993. The incineration plant was commissioned on November 1996, and 
was taken into commercial operation on June 1997 when all official permits for the operation 
of the plant were obtained. 
 
Table 1 gives the Steam and power data while Table 2 gives the atmospheric emissions of the 
plant during the demonstration period: 
 

Table 1: Steam and power data 
Component Data 

Total steam production 123 tons/h
Steam Temperature  425 °C
Steam Pressure 47 bar a
Electricity generation 29 MW
Electricity export 23 MW
Availability 86% min

 
From these two tables it can be concluded that the plant meets all its original objectives and 
aims. Furthermore, this integrated technology, and especially the fluidized bed furnace, has 
been demonstrated for the first time in Europe with RDF produced from the MSW of a 
Mediterranean city.  
 



Table 2: Emissions from the RDF incinerator 
 

Component Emission 
(mg/Nm3) 

Legal Limit 
(mg/Nm3) 

Total Particulates 5 30 
HCl 23 50 
CO 9 100 
HF <0.02 2 
SO2 3.88 300 
COT 2.01 20 

Pb+Cr+Cu+Mn 0.02 5 
Ni+As 0.01 1 
Cd+Hg <0.002 0.2 

 
 

5. Economic Performance 
 
The investment for the integrated plant was 16,400 million pesetas from which 3,500 MPts 
were spent for the recycling plant and 12,900 for the incineration plant. The principal sources 
of income for the integrated plant of Tirmadrid are the fees received from the Madrid’s City 
Hall for each ton of treated MSW and the sale of electricity generated by the incineration 
plant. 
 
The fees received by the City Hall is coupled to the consumer index price and was 4,318 
Pts/ton in 1997. This corresponds to an annual income of about 1,890 million Pts. The price 
for the electricity is fixed by the Ministry of Industry and Energy which in 1997 was 9.45 
Pts/kWh corresponding to an annual income of 1,635 million Pts. Finally by the sale of the 
various products from the recycling plant (compost, metals, glass etc.) about 120 million Pts 
are obtained. 
 
The annual operational and maintenance costs of the integrated plant are 2,100 million Pts. 
However, if the incineration part of the integrated plant will be considered separately (ie. the 
THERMIE supported part), the simple payback time for the project is about 7 years. 
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