
Co-Utilisation of Gasified Biomass and In-Origin 
Classified Refuses and Coal in CHP Plant 

 

1. Aim 
 
The goal of this Lahden Lämpövoima Oy Kymijärvi Power Plant gasification project is to 
demonstrate on a commercial scale the direct gasification of wet biofuels and the use of hot, raw and 
very low calorific gas directly in an existing once-through coal fired boiler. The gasification of the 
bio-fuels takes place in an  atmospheric circulating fluidized bed gasifier in a relative  large scale 
(40 -70 MWth).  
 
 

 
 

Photo 1: View of the Kymijärvi Power 
Station with gasifier in the small building 

 

2. Introduction 
The gasifier uses industrial waste wood, 
chips, fuel peat and recycled fuel (REF) as 
fuel. The gasifier-produced gas is burned in 
the Kymijärvi Power Station’s steam boiler 
with a high flame temperature, guaranteeing 
the purity of the flue gases. The objective of 
the gasifier is to replace 50 MW of the 
Power station’s steam boiler’s 350 MW fuel 
effect by biofuels. One third of the gasifier 
fuels is recycled fuel (REF), which is in-
origin classified refuse from households and 
industry and the other two-thirds is 
composed of different kinds of biomasses. 
One possible fuel in the future is shredded  
tires, which has been tested during the past 
operating seasons. By using biofuels it is 
possible to reduce the Power station’s 
emissions and diminish the environmental 
hazards. The decrease of carbon dioxide has 
been calculated to be 60 - 80 000 t/a. The 
Kymijärvi power plant was started in 1976. 
Originally, the plant was heavy-oil-fired but 
in 1982 was modified for coal firing. The 
boiler is a Benson-type once-through boiler. 
The steam data is 125 kg/s 540  °C/170 
bar/540 °C/40 bar and the plant produces 
electric power for the owners, and district 
heat for Lahti city.  

 
In 1986, the plant was furnished with a gas turbine connected to the heat exchanger preheating the 
boiler feed water. The maximum electrical output of the gas turbine is 49 MWe, when the outside 
temperature is 25 °C. The boiler uses 1200 GWh/a (180,000 ton/a) of coal and about 800 GWh/a of 
natural gas. The boiler is not equipped with a sulphur removal system. However, the coal utilized 



contains only 0,3 to 0,5 per cent sulphur. The burners are provided with flue gas circulation and 
staged combustion to reduce NOx emissions. 
 

3. Technical description 
 
The CFB gasifier consists of a refractory-lined steel vessel, where fuel is gasified in a hot 
fluidized gas-solid particle suspension. In the gasifier, biofuels and REF will be converted to 
combustible gas at atmospheric pressure and a temperature of about 850 °C. When entering the 
reactor, the biomass particles start to dry rapidly and a first primary stage of reaction, namely 
pyrolysis, occurs. During this reaction fuel converts to gases, char coal, and tars. Part of the char 
coal flows to the bottom of the bed and will be oxidized to CO and CO2, generating heat. The 
char is gasified producing a combustible gas, which then enters the uniflow cyclone and escapes 
the system together with limited amounts of fine dust. Most of the solids in the system are 
separated in the cyclone and returned to the lower part of the gasifier reactor. These solids contain 
char, which is combusted with the fluidizing air that is introduced through the grid nozzles to 
fluidize the bed. This combustion process generates the heat required for the gasification process. 
The circulating bed material serves as a heat carrier and stabilizes the temperatures in the process. 
The coarse ash accumulates in the gasifier and is removed from the bottom of the gasifier with a 
water cooled bottom ash screw. Figure 1 shows the process flowsheet while figure 2 shows a 
schematic of the gasifier-coal boiler system. 
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Figure 1: The process flowsheet  
 
The product gas for combustion is led directly from the gasifier through the air preheater to two 
burners that are located below the coal burners in the boiler. The gas is burned in the main boiler 
and it replaces part of the coal. When the fuel is wet, the heating value of the gas is very low. 
Typically, when the fuel moisture is about 50 % the heat value of the gas is only about 2.2 
MJ/Nm3. The combustion air for the burners is extracted from the main boiler air supply. Air is 
divided into primary and secondary air to ensure optimum combustion conditions.  



CFB BIOMASS GASIFIER 40 - 70 MW/th

 
Figure 2: Schematic of the gasifier-coal boiler system 

 
 

4. Performance of the plant 
 
During the commissioning phase, the gasifier fuel consisted of mainly biofuels like bark, wood 
chips, saw dust and uncontaminated wood waste. Later on, other fuels were also used. The system 
to collect combustible, in-origin classified  refuse ( REF ) was started at the end of 1997 in the 
Lahti area. This REF fuel originates both from households and industry. The amounts of collected 
REF has been lower than the REF gasification capacity of the gasifier, but it is expected in the 
future that the amounts and quality of REF will increase. Besides the above-mentioned fuels, 
railway sleepers (chipped on site) and shredded tires have also been used as fuel in the gasifier. 
Table 1 present fuels used in the gasifier in 1998 and their respective energy contribution. 
 

Table 1: The gasifier fuels and their energy production during first operating year 1998. 
Fuel Amount (ton) Energy (GWh) Energy (%) 
Wood residues 67 300 170 73 
REF 8 170 46 20 
Railway sleepers 4 000 11 5 
Shredded tires 1 300 5 2 
TOTAL 80 770 232 100 

 
Concerning the gasification process itself, the results have met the expectations. The operating 
conditions as measured by temperatures, pressures and flow rates have been as designed and the 
process measurements of the product gas, bottom ash and fly ash compositions have been very 
close to the calculated values. The operating temperature of the gasifier has been typically 830 - 
860 °C and the feed flow rates of bed materials as designed. Typically the gasifier effect varied 
between 35 MW and 55 MW depending on the gasifier fuel moisture content and on the required 
gasifier load. Throughout 1998 the moisture content in the fuel mixture has been rather high, 
varying typically between 45 to 58 per cent. Due to that the product gas heating value has been 



relatively low, typically only 1.6 - 2.4 MJ/Nm3. Concerning the gas quality, it has been as 
expected. Table 2 summarizes typical measured values of the product gas main components while 
Table 3 gives the effect of the gasifier on the boiler emissions: 
 
Table 2: Average values of the product 
gas 
 main components (all in Vol% wet basis). 

Gas component Average 
CO2 12.9 
CO 4.6 
H2 5.9 
CxHy 3.4 
N2 40.2 
H2O 33.0 

 

 
Table 3: Effect of gasifier on boiler 
emissions 

Emissions Change caused by gasifier 
NOx Decreased by 10 mg/MJ   
SOx Decreased by 20 - 25 mg/MJ 
HCl Increased by  5 mg/MJ * 
CO No change 
Particulate Decreased by 15 mg/m3n 
Heavy metals Slight increase in few elements 
Diox., Furans 
PAH, Phenols 
Benzenes 

 
No change 

 

5. Economic Performance 
 
The operational cost consists of the fuel handling costs and the operational costs of the gasifier. 
Concerning fuel handling, the main continuous maintenance cost is for the changing of shredder 
blades as well as overhaul and repairing the conveyors. The total maintenance costs for fuel 
handling are 200.000 ECU/a and for the gasifier are 62.000 ECU/a. Fuel reception happens daily 
between 07.00-22.00 and its costs are due mostly to personnel costs (i.e. 115.000 ECU/a.). 
Fluidized bed material like limestone and sand are needed in the gasifier process; consumption of 
the bed material is around 200-300 kg/h and costs 100.000 ECU/a. Another very important part of 
the plant is the quality control of the fuels, which has a cost of 30.000 ECU/a. The plant has only 
recently started commercial operation so there exist no definite data for the payback calculation. 
However, it is estimated that this will be about 10 years. 
 

6. Project Identifiers 
 
 

Project:  BM/015/96 
Owner: LAHDEN LÄMPÖVOIMA OY 
  Lahden Lämpövoima Oy 
  Box 24 FIN-15101 Lahti 
  FINLAND 

Tel: +358 3 823 3240 
Fax: +358 3 823 3504 

Contractors: LAHDEN LÄMPÖVOIMA OY,  
FOSTER WHEELER, ELKRAFT, PLIBRICO AB, 
VTT 

Technology: Foster Wheeler (gasification plant) 
  Roxon (fuel preparation plant) 
Total Cost: 9,679,724 ECU 
EC Support: 3,000,000 ECU 


