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SOME TEST RESULTS OF MARITSA EAST LIGNITE MINE - FIRST LARGE-
SCALE CIRCULATING FLUIDISED BED COMBUSTION - AS THE BASIS OF

THE RESTRUCTURING PROCESS

Abstract

One of the consequences of energy sector restructuring in the transition countries is an
increasing number of shareholders interested in profitable power plants. The traditional
energy sector structural and operating paradigms evolved together, in symbiosis. Power
generation from coal is still negatively associated with severe pollutant emissions like
NOX, SO2. In Bulgaria particularly power generation relies on the Maritsa-East coal mine
as the single national energy source. The coal has an extremely poor quality (high
sulphur, ash and water content) yielding high emissions of pollutants during combustion.
The first large-scale test of circulating fluidised bed combustion (CFB) of Maritsa-East
coal mine took place in 1998. For this purpose, test facilities in Austrian Energy and
Environment (AEE) and RWE's power plant Niederraussen were used. This analysis is
very important for the management of National Energy Company as regards restructuring
and privatisation.

REZULTATI ISPITIVANJA LIGNITA IZ UGLJENOKOPA MARITSA-ISTOK S
IZGARANJEM U CIRKULIRAJUĆEM FLUIDIZIRANOM SLOJU KAO

OSNOVICE ZA POSTUPAK RESTRUKTURIRANJA

Sažetak

Jedna od posljedica restrukturiranja proizvodnje energije u tranzicijskim zemljama jest i
rastući broj dioničara zainteresiranih za unosne elektrane. Tradicionalne norme u strukturi
i radu energetskog sektora razvijale su se zajedno u svojevrsnoj simbiozi. Proizvodnja
energije iz ugljena još se uvijek negativno povezuje s jakim emisijama onečišćivača poput
NOx i SO2. U Bugarskoj, proizvodnja energije osobito ovisi o ugljenokopu Maritsa-lstok,
kao jedinom nacionalnom energetskom izvoru. Ovaj je ugljen iznimno loše kvalitete (visok
sadržaj sumpora, pepela i vode), a uzrokuje visoki stupanj onečišćenja tijekom
sagorijevanja. Prvo veliko ispitivanje izgaranja u cirkulirajućem fluidiziranom sloju (CFB)
na ugljenokopu Maritsa-lstok provedeno je 1998. godine. U tu su svrhu korišteni ispitni
pogoni austrijske Energije i okoliša (AEE) i elektrane RWE-a Niederraussen. To je
ispitivanje važno za rukovođenje Nacionalnom energetskom kompanijom, vezano uz
restrukturiranje i privatizaciju.
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1. INTRODUCTION

The restructuring of the electricity utility is well underway, even as a wide-range debate
continues about the desirable and achievable nature and goals. It is important to
remember that the traditional industry structural and operating paradigms evolved
together, in symbiosis. Power generation from coal is still negatively associated with
severe pollutant emissions like NOX, SO2- In Bulgaria particularly power generation relies
on Maritsa East coal mine as the single national energy source. This fuel has an
extremely poor quality (high sulphur, ash and water content) yielding high emissions of
pollutants during combustion (fig. 1). The first large-scale test of the circulating fluidised
bed combustion (CFB) of Maritsa East lignite mine took place in 1998. For this purpose,
test facilities in Austrian Energy and Environment (AEE) and RWE's power plant
Niederraussen were used. A joint team of specialists from TU-Sofia and the above-
mentioned companies planned and executed a special test program. This analysis is very
important for the management of the National Energy Company as regards restructuring
and privatisation.
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Figure 1.

Ca/S
Desulphurisation as a function of the Ca/S - ratio
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2. TEST FA CILITY DESCRIPTION

Boiler (Figure 2):

For the development and optimisation of this combustion technology AEE built a CFB-
pilot plant near Vienna. The main section of the whole plant is the incineration boiler with
the thermal power of 1 MW. The cross section of the furnace is 0.5x0.5 m and the height
is 20 m above nozzle grid. The boiler consists of an outer non-colled supporting steel
casing with inner insulation (50 mm) and refractory (100 mm). In the upper part of the
furnace there are eight heating surfaces, which could be individually connected; thus they
regulate the furnace temperature.

Behind the primary separation (Cyclone) the flue gas flows through the second pass
where are also individual connected heating surfaces like an economiser. Then there are
two secondary cyclones and flue gas cleaning system.

Air system:

There are four different air systems:

Primary air: 40-60% of total air amount for fluidisation of the bed;
Secondary air: 20-30%, the level is 0.6 or 1.3 m above nozzle grid;
Tertiary air: 20-30%, the level is 2.2 or 2.9 m above nozzle grid;
Burner air: only during start up.

Fuel feeding system:

There are two different fuel-feeding lines: One line consists of a discharge bunker (ca. 5
m3) with an integrated conveyor belt and fuel depth regulator; the order line consists of a
speed controlled screw with set-on bunker (ca. 6 m) . These two lines unite into one
conveying belt and the fuel gets into the furnace via a rotary valve and a screw. There
can also be ebbed sand and limestone to the main conveying belt.

Cooling system:

The cooling systems, consisting of two lines, has two purposes:

regulating the temperature in the furnace by individual heating surfaces;
cooling the hot flue gases by hearing surfaces.

Flue gas cleaning system:

The pilot plant has a complete flue gas cleaning system, consisting of dust separator, flue
gas scrubber and activated carbon filtre.
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Instrumentation and control system:

A lot of measuring sensors record the mass flow, pressure and temperature. Continuos
operating analysers (range up to 10000 mg/nm3) located behind the bag-house filter
measure the O2, CO, SO2 and NOX content of the flues bases.

To sum it up, it can be said that the AEE CFB pilot plant is suitable for almost all kind of
fuel because of the possibilities of connecting the heating surfaces individually. Another
big advantage is the large height of the furnace (20 m) fig. a good burnout and a realistic
scale-up can be reached. In fact all results gained at this pilot plant are applicable to
industrial plants.
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3. COMBUSTION TESTS ORDER

In mid-November of 1997, 18 tons of lignite were delivered by truck from Maritsa East to
Austria in bags. Before the tests the coal had to be crushed to a grain size smaller than
10 mm. This was done by means of an impact mill.

On December 1, 1997 the start of the combustion tests took place; because of the high
content of fine particles and water, problems in the fuel feeding system arose after a short
time (bridging and blocked-up down-tube above the screw conveyor). The consequence
of these problems was the interruption of the tests and the adequate improving of the
pilot plant. The result of the initial tests was that in principle the Maritsa East lignite coal is
appropriate for combustion in fluidised bed boilers.

After finishing the reconstruction the second test-run took place in March 1998. The coal
had been stored in the plant house for more than four months. As a result the water
content decreased while the heating value and especially the sulphur content increased
significantly.

The duration of the combustion tests was 6 to 12 hours per day. Two loads of the boiler
were considered: full load (-850 kW) and partial load (-550 kW). For this purpose 400
kg/h and 250 kg/h of coal were required respectively. Limestone was added in various
amounts in the range from 50 to350 kg/h resulting in the right sulphur-retention-curve.
The excess air (lambda-value) was in the range between 1.18 and 1.40. The
temperatures in the furnace at steady state were between 860°C and 940°C at full load
and between 830°C and 860°C at partial load. The temperature across the furnace was
almost constant, and the velocity of gas particles almost homogenous. In the course of
the whole second test-run, there were no problems with the fuel feeding system.

4. EVALUATION OF RESULTS

The main target of these combustion tests was the desulphurisation: other targets were
the analysis of the behaviuor during combustion, the attainment of other required
emission limits and the ash compound.

Desulphurisation:
Due to very high sulphur content of the coal the theoretical SO2-emissions (without
consideration of the self-retention of ca. 10%) reach approx. 27,000 mg/nm3 (related
to 6% O° in dry flue gas). For reaching the required SO2 emission the limit of 650
mg/nm3 (related to 6% O2 in dry flue gas) a desulphurisation of about 97.6% is
necessary.
By means of adding limestone in different amounts a sulphur-retention-curve was
found out. With Ca/S ratio of 2.6 a desulphurisation of approx. 90% was reached, and
with a Ca/S ratio of 3.5 the desulphurisation was approx. 95%. The required
desulphurisation of 97.6% was reached with a Ca/S ration of ca. 5.

Combustion:
The behaviour of the coal during combustion was excellent; the coal is reactive and
the ignition is very fast.
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Emissions:
The CO-emission values, which gave an insight into the quality of the combustion, lay
between 40 and 70 mg/nm3 at full load condition; O2-content of 3.5-4%(dry); at partial
load these emissions were reached at an O2-content of ca.5%(dry).
The nitrogen oxide (NOx) emission showed typical dependence of O2-content and
CO-emissions.

Ash:
Due to a high content of ash in the coal (ca. 24%) and high required desulphurisation
that leads to an enormous amount of limestone added, the resulted amount of ash
was very high. All together 2,400 kg of ash from the coal, 3,200 kg of limestone and
900 kg of sand were reached at a fuel input of approx. 11,000 kg.
The deformation temperature of the ash is about 1,300°C; so there is no risk for
slugging in the furnace when firing this coal in a bubbling bed boiler and therefore no
problems during the operation will arise. The only problem is the ash disposal;
because of the high CaO-content (ca. 25%) the ash is very reactive.

5. CONCLUSION

To sum up, it can be said that the Maritsa East lignite mine is appropriate for firing in
fluidised bed boilers in any case. The behaviour of the coal during combustion was
excellent: the coal is reactive, the ignition is fast and there is no risk from slugging. The
burn out is very good and so the CO-emissions are low. The NOX emissions are typically
low. The only problem was the high sulphur content of more than 4% that leads to a big
amount of limestone for reaching the required SO2-emissions. Nevertheless, it wasn't
difficult to reach these emission limits. The high sulphur content of the coal fired at these
combustion tests is obviously unusual and it is much higher than the typical value that is
about 2.6%. In principle it isn't difficult to fire coal with a sulphur content of 4% or more in
fluidised bed boiler, but an economical limit for reaching an SO2-emission limit of less that
700 mg/nm3 is the sulphur content of around 2.5%. The consequence of the high sulphur
content is a high amount of limestone added that resulted in a large ash quantity. The ash
is very reactive and it has to be handled carefully. These results are very important for the
management of the National Energy Company as regards restructuring and privatisation.
So far, RWE owns 50 % shares of the Bulgarian Energy Sector. The National Energy
Company owns the other 50 %. Next step is the restructuring of this company and the
presented results could be very useful.
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