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General
Finland is one of the leading countries in the world in the utilization of biomass fuels
for power and heat production. One of the reasons for the high biomass utilization is
the fact that peat and wood are the only indigenous fuels available in Finland. Other
reasons are the strong forest industry and the widely adopted combined heat and power
(CHP) production. In 1994, energy produced from wood residues was 4.7 million
tonnes of oil equivalent per year (Mtoe/a), accounting for about 14.5% of the total con-
sumption of energy. Most of the wood-based energy produced is consumed by the
forest products industry. Another type of biomass widely used is peat, which amounted
to 1.4 Mtoe/a in 1994 - about 5% of the primary energy consumption.

Peat and biomass thus represent about 19.5% of the primary energy consumption in
Finland, and their proportion in power generation is over 17%. In Finland, the propor-
tion of wood-based biomass in power generation is 9.7%, whereas in Sweden and in
Denmark it is at a level of 2%. There are about 230 power plants which use biomass in
Finland; 96 of these are industrial power plants of the pulp and paper industry. In addi-
tion to these, there are 18 power plants which use waste liquors as fuel. The wood and
peat-fired power plants range in size from a small CHP plant of 5 MWe to the largest
condensing plant of 154 MWe. More than 30% of all electricity in Finland is produced
using CHP plants.

Combined heat and power production is typical of process industry and municipal
district heating. At present, the smallest size scale of CHP plants to be commercially
viable is about 20-30 MW of district heat. The economical size limit has come down
during the last 5-10 years due to technological advancements and a reduction in fuel
costs. The fuel costs have been reduced thanks to the improved harvesting technolo-
gies. However, the processes of small power plants have to be kept very simple and the
process values moderate in order to get the investment costs low enough. At modem
CHP plants the most common boiler type is a fluidized bed boiler.

In mere power generation, the plant size has to be larger for the plants to be econo-
mical. The nominal investment costs are lower in the bigger size scale.

The benefit of using combined heat and power (CHP) generation is the high overall
thermal efficiency of the energy production. In mere power production, the efficiency
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of condensing power plants is 30-40%, while it can be even 80-90% at CHP plants.
Also the fact that the revenues come from heat as well as power improves the economy
in the small size scale.

In Finland, district heating causes the lowest heating costs in municipalities with a
few thousand inhabitants. In sparsely populated regions, electric heating is the main
type of heating. If the population increases above ten thousand, a CHP plant begins to
be economically attractive at the current price level. If there is local industry, such as a
saw mill utilizing process steam from the CHP plant, the sufficient population size can
be even smaller.

CHP plants are typically operated according to the heat demand, i.e. the plant output
is controlled to match with the load curve of the district heating network. The outlet
temperature of the district heating water is normally 85 °C and the inlet temperature is
55 °C. The maximum outlet temperature is 120 °C. District heat is usually generated at
one stage with the exhaust steam of the turbine. At bigger power plants two or even
three stages are being used. In some cases a cooler is connected to the district heating
network in order to increase power generation for short periods of time. Continuous
use of an additional cooler is not economical.

Rauhalahti Power Plant
The Rauhalahti Power Plant is situated in the central Finnish town of JyvSskyla.

The Rauhalahti Power Plant produces 140 MW of district heat, 65 MW of industrial
steam and 87 MW of electricity. The power plant has been in operation over ten years.
The five-year average for the operation- time energy availability (tgdE) has reached as
much as 98.9%, while the two-year average has been 99.7%.

The Rauhalahti Power Plant produces nearly 90% of the district heat needeed by the
town of JyvSskyla" and the surrounding rural municipality of Jyvaskyla. The most dis-
tant consumers are 15 kilometers away. The return water is used to heat Viherlandia, a
horticultural cultivation, exhibition and sales centre located beside the power plant.

The power plant also supplies industrial steam at an output of 65 megawatts to the
Mets3-Serla Kangas Paper Mill four kilometers away. In addition, the power plant
generates electricity at an output of 87 megawatts for the Finnish grid.

In 1993, the pulverized fuel boiler of the power plant, still in full working condition,
was converted into a bubbling fluidized bed boiler. The boiler renovation reduced
emissions of nitrogen oxides by 30%, being now at a level of 120 mg/MJ. Sulphur dio-
xide emissions were also cut by a third, since the new combustion technology also
makes it possible to use various wood fuels. These emissions are now at a level of 270
mg/MJ. The occasional odours and dust emitted into the environment were eliminated
when the plant abandoned the preliminary drying of peat. Particle emissions are now at
a level of 20 mg/MJ. In connection with the boiler conversion, the power plant capa-
city was raised from 265 MW to 295 MW. All of the additional energy was able to be
used, thanks to the extended district heating network.

The combination of bubbling fluidized bed technology and pulverized fuel combus-
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tion technology enables the use of several fuels. In the fluidized bed, different wood
fuels, such as sawdust, wood chips and baric, can be burnt in addition to the main fuel,
peat. If necessary, small amounts of crushed coal can also be fed into the fluidized bed.
Pulverized coal can be burnt using the pulverized fuel combustion technique, because
the coal burners were retained unchanged. Pulverized coal is fed from the pulverized
fuel bunkers into the furnace within five minutes in the event of an unexpected inter-
ruption in the supply of the main fuel. At present, oil is used only as a start-up fuel in
the main boiler.

Peat has accounted for 84% and wood fuels for 15% of the fuels consumed annually
at the power plant. Reserve fuels have made up around one per cent.

IVO owned the Rauhalahti Power Plant until 1996. The ownership basis of the
power plant changed at the beginning of 1996. A customer, the JyvSskyla" Energy
Board, become one of the owners. The Rauhalahti Power Plant, the Savela Power Plant
and the ten heating stations in the JyvSskylS area are owned by JyvSskylSn Energiatuo-
tanto Oy, a production company owned by IVO and the town of Jyvaskyla'. The power
plants and heating stations are operated and maintained by IVO Generation Services
Ltd, a company specializing in this area.

In 1994, the finnish Standars Association awarded IVO Generation Services Ltd an
ISO 9002 quality certificate for operation and maitenance of the Rauhanlahti Power
Plant - the first certificate of its kind in Finland.

Kuusamo Power Plant
The town of Kuusamo, located near the Arctic circle, is a small municipality of about
ten thousand inhabitants. IVO's power plant in Kuusamo was commissioned in March
1994. The power output of the Kuusamo plant is 6.1 MWe and the district heating
output is 17.6 MW. The live steam pressure is 60 bar and temperature 510 °C. The
unique feature of the Kuusamo Power Plant is the utilization of the bed mixing dryer
for drying of the fuel prior to combustion. The dryer generates an additional 3 MW of
district heat, thus increasing the total district heat output to about 20.6 MW. The power
plant concept is shown in Figure 1.

The power plant is operated by local personnel, which had earlier gained experience
only with hot water boilers. The automation is very comprehensive and the plant is
operated with one person in a shift only. In daytime there is another person for mainte-
nance at the plant. The availability of the plant has been excellent.

The fuels used at the Kuusamo plant have been local wood wastes (sawdust and
bark) and peat. When only wood was burnt, reasonably fast fouling was detected in the
superheater section. The mixing of more than 30% of peat with biomass fuels seems to
eliminate the fouling behaviour. The fluidized bed has operated well without sintering
problems. When burning fuels with a very high moisture content without using the
dryer, the bed temperature falls down to about 650 °C. This has required the use of sup-
port oil combustion.

The bed mixing dryer is first of its kind in the world. The dryer at Kuusamo has
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Figure 1. Kuusamo Power Plant.

been operated to test and develop the technology since the commissioning of the plant.
At present the dryer is in commercial use with excellent performance. The bed mixing
dryer helps increase the efficiency of the power plant by condensing the fuel moisture
and by producing district heat to the district heating network.
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