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1. Introduction

In Romania, the installed coal-fired power plants have in the present the predominant share of 8,600
MW from a total of near 22,000 MW as installed. Taking into consideration the country's energy balance,
42% of the consumed electrical energy are being produced from coal, out of which 34% from local lignite and
only 8% from pit coal [1 ].

The energy production sector is now facing in Romania a variety of problems in connection with the
necessity for rehabilitation of some of power plants commissioned 25-30 years ago and the compliance with
Clean Air Act of 1998.

In these power plants the coal is bum with a low efficiency and generally with a very important
addition of natural gas or fuel oil as a fuel support.

Local lignite is generally characterized by a very low heating value (6 - 8 MJ/kg), high water content
(35 - 43%) and ash (30 - 38%) with an average combustible sulfur content of 1%, which makes them very
difficult to bum with low pollutant emissions, using classical technologies.

Although the sulfur content in the lignite is comparatively low {\%), due to their very low heating
value, the SOx quantity resulted from the combustion, related to the generated energy, is similar to that of
coals with 3 % sulfur and a heating value of 18 - 22 MJ/kg.

However, there are some coal fields with better grade coals with higher low heating value (10 - 13
MJ/kg) but higher sulphur content (2 - 3.5%).

Taking into account that none of the boilers has installations for SOx control, there are large quantities
of SOx emitted, causing local environmental problems. The SOX quantity produced by the Romanian coal-
fired thermal power plants, during 1993, is near to 260,000 t/year which, related to the production of the
electric energy, gives an average value of 20 g/kWh (1,700 mg/MJ or 3,000 mg/m3N).

For a technical and economical solution of those difficult problems concerning the combustion and
desulphurization of these coals, wide research has begun in the last 20 years in our institute. The research
programme allowed us to establish original combustion technologies in stationary and circulating fluidised
beds, that solve the desulphurization problems efficiently and with minimum costs [2].

The currently difficult situation of economy from our country, with very low investment levels,
together with the existence of an over capacity in power generating capacity, does not allow, at the moment,
the erection of new plants based on the modem circulating fluidised bed technology, developed by us. On the
other hand, the existence of a large number of old power plants, which need rehabilitation, and also the
necessity of emission reduction for meeting the international standards has imposed the application of
circulating fluidised bed technology as a clean, high efficiency combustion solution.

2. Experimental facilities presentation

Fluidised bed combustion and desulphuriztion for local fuels (lignite, pit coal and oil shale) have been
studied at 1CPET CERCETARE since the 70's, first on laboratory facilities. Further on, a 2 MWth stationary
fluidised bed combustion (SFBC) pilot semi-industrial hot water boiler has been designed and brought into
operation, at ICPET CERCETARF's product development base for establishing both combustion and
desulphurization technologies (see fig. 1).



The results obtained have been the basis of designing, in-house, a range of small capacity boilers for
steam (2 t/h and 10 t/h) and hot water between 2 and 12 MWth. About 50 SFBC boilers have been
i nplemented in industrial power plants.

For the further development of this clean combustion technology and its application in large capacity
boilers for power stations, ICPET CERCETARFs specialists have design and built, a 1 MWth circulating
fluidised bed combustion (CFBC) pilot plant, which is currently in use for the performance of specific tests,
concerning solid fuels combustion and flue gas desulphurization by feeding sorbents in the furnace.

This pilot plant is fitted with an external fluidised bed heat exchanger (see fig. 2), and is designed for
the combustion of domestic lignite with high ash and water content, reduced in size to 0 15 mm. The furnace,
the main part of the plant, is refractory lined, having a circular cross-section with internal diameter of 450 mm
at the bottom and 600 mm at the upper part and a height of about 12 m.

For the study of the entrained particle recirculation, the facility is fitted with a particle impact
separator and also with a cyclone, giving the possibility to perform the tests with any of these particle
separation systems.

In the same time, the heat exchange surfaces located at the upper part of the furnace could be
dismantled; so, this allowed to investigate different types of heat exchange surfaces (horizontal tubes coil,
membrane wall elements, vertical tubes etc.).

3. Combustion and desulphurization - Experimental results

The experiments carried out using mainly local lignite with low heating value and also imported pit
coal, the coals widely used in the country, allowed the establishment of conditions for combustion and
desulphurization with in furnace limestone and dolomite addition.

The combustion and desulphurization experiments, performed on the atmospheric fluidised bed semi-
industrial pilot plant using 3 sorts of Romanian lignite and one Albanian coal (lignite) have lain to the results
presented below.

The Romanian lignite chosen was the most representative and widely used, with variable sulphur
content (between 0.8 - 1.7 %): Rovinari, Girla and Tebea with the characteristics (analyses) presented in table
no. 1.

Table no. 1.
Technical Characteristics for the Studied Coal Types:

Tested characteristic (•)

Total moisture
Ash
Carbon
Hydrogen
Total sulfur
Combusting sulfur
Lower heating value

Symbol

Wt»
Ai
Ci
Hi
St<
Sc1

Qil

Unit

%
%
%
%
%
%

kcal/kg

Rovinari
lignite
33.40
33.20
20.95
1.83
1.20
0.80

L 1520

Girla
lignite
31.30
18.10
32.50
2.79
2.18
1.56
2715

Tebea
lignite
21.13
42.31
24.67
2.09
2.61
1.68
2012

Albanian
lignite
12.36
55.70
18.47
1.89
2.07
1.52
1635

Australian
pit coal
11.20
20.90
56.00
3.33
0.60
0.60
5210

(*) — all tested characteristics are referring to the proximate analysis

The experiments for combustion in stationary and circulating fluidised bed performed on the pilot
plants allowed us to establish the specific operating parameters.

So it was noticed the possibility of easy variation of the thermal ioad in a range of 50 - 120 % with
low air excess between 1.05 - 1.3. The combustion efficiencies for stationary fluidised bed were between 82 -
84 % and for circulating fluidised bed between were 84 - 87 % even for lignite with low heating value of 6,300
kJ/kg/ 1,500 kcal/kg.

Mechanical non-burnt matter as reported in the collected ash was found out to be from 0.8 to 2.4
showing average values of 1.2 - 1.8% throughout the boiler.

One of the main task of the experiments was to determine as rigorously as possible the heat transfer
coefficients in different zxmes. The heat transfer coefficients were determined within the furnace and external
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heat exchanger for different levels of ash recirculation rate, for lignite and pit coal, in accordance with various
operating loads, arc shown in figure no. 3.

Different values of the global heat transfer coefficients were found for the tested coals, that is
explained by:

- different temperatures in furnace and external heat exchanger;
- various recirculation rates;
- the residual carbon content that burns in the external heat exchanger.
The desulphurization efficiency and the limestone demand depend on a variety of specific factors: the

type of fuel and the sulphur content, limestone reactivity and grain size distribution, location and number of
coal and limestone feeding points, combustion temperature, combustible particles in furnace residence time and
the efficiency of the hot particle separation system [4].

Research in order to establish the desulphurization technology in fluidised bed was detailed and wide
ranging; experiments using 2 soils of sorbents, limestone and dolomite under different temperature conditions
and Ca/S molar ratio comprised between 0.5 and 3.5 were carried out. Ca/S molar ratio is the most important
factor for the desulphurization efficiency.

Coal grain size was in the range of 0-5 mm and sorbent grain size was between 0-! mm; a few
experiments with 0-3 mm sorbent grain size have been performed, but the results were not satisfactory [2].

The temperature influence on the desulphurization process is presented in fig. no. 4. It can be noticed
that the temperature range for the maximum values of the desulphurization efficiency was in a range of 840 -
870 °C for limestone and 820 - 860 °C for dolomite.

The results obtained using dolomite as a sorbent are shown in fig. no. 5 and in fig. no. 6 for limestone
for the 4 sorts of utilized lignite. It can be noticed the efficiency values over 80 % are obtained for all lignite,
when dolomite has been used, when Ca/S molar ratio is grater than 2.5.

The desulphurization efficiency using limestone for lignite with lower sulphur content (S< i %) is in
range of 75 - 80 %. Analyzing the obtained results, the optimum working range is between 2 - 3 Ca/S molar
ratio, as a function of lignite type and its sulphur content.

Combustion and desulphurization experiments performed on the 1 MWth circulating fluidised bed
combustion CFBC-pilot plant were carried out by using 2 coal sorts, Rovinari lignite and imported pit coal
from Australia. Research and experiments performed on the pilot plant allowed to establish the
desuiphurization technology in circulating fluidised bed boilers by addition of limestone in the furnace.

In fig no. 7 the global desulphurization efficiencies obtained as a function of Ca/S molar ratio are
shown. Limestone with a particle size distribution in the range of 0-1 mm and coal grain size in the range of 0-
10 mm have been used. It can be noticed higher desulphurization efficiencies, with 3 - 5 %, using lignite rather
than pit coal. The phenomenon is explained by self-absorption due to higher Ca content into the lignite ash.

Fccnomical analyses for each case, will determine the selection of adequate sorbent [5]. As a
conclusion, the experiments performed on the stationary and circulating fluidised bed pilot plants revealed the
possibility of obtaining a desulphurization efficiency of 75 - 90 % as a function of lignite and sorbent type,
Ca/S molar ratio and the general process development.

The obtained data have been necessary for designing new CFBC based boilers and also for the
rehabilitation of old or inefficient boilers to obtain high combustion efficiency and to significantly reduce the
SOx emissions.

4. Project for a clean coal demonstration power plant

For the development of this our own CFBC technology in Romania it is necessary implementation of
the first demonstrative installation to certify its advantages in long time operation.

The Comanesti Power Plant was chosen being the most suitable for commissioning the clean
demonstrative plant with low pollutant emissions.

In this plant an old 75 t/h steam boiler will be replaced with a 45 MWth (39 Gal/h) CFBC boiier for
combined heat and steam production, as shown in figure 8.

The boiler consists on two flue gas channels made on membrane wall, impact particle separator and
external hcai exchanger.

Some changes will be performed in the plant required by the operation of circulating fluidised bed
combustion and desulphurizalion boiler, like the coal and limestone preparation and feeding systems at the
requested grain size.
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The overall estimated investment costs for clean demonstrative Power Plant from Comanesti is about
6 million USD [3]. Performance of the investment including an classical boiler of the same capacity fitted with
supplementary equipment for pollution emissions control leads to an increased cost by 30 %. Achievement of
this investment will allow to apply on a large scale the CFBC technology on high capacity power boilers.

This demonstration plant will be on a scale large enough to generate all the data, for design,
construction and operation that are necessary, to judge commercial potential and make decisions on the
commercial applicability.

5. Conclusions

The experiments performed on our plants confirmed that unlike technologies implemented so far to
reduce the SOx emissions generally associated with coal combustion, the fluidised bed combustion (stationary
or circulating) has high performances at the lowest costs.

The circulating fluidised bed combustion is the most adequate combustion technology for the
Romanian lignite characterized by high ash and water content and low heating value ( 6 - 7 MJ/kg).

The results of research on desulphurization in stationary and circulating fluidised bed boilers as the
Romanian lignite and on the imported coals, have shown the possibility of obtaining desulphurization
efficiencies over 80%.

From a management and environmentally perspective, re powering with fluidised bed combustion
offers significant advantages:
- investment cost per kW is only 60 - 75 % that of building a new plant with additional emission control
installations;
- the achievement of very low SO2 emissions with no high maintenance scrubber required.

The fluidised bed combustion technology is an important way for Romania to improve boilers
efficiency in addition to controlling SOX emissions.
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