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Claim

1. Process for dressing brown coal in combined gas- 
steam processes having a waste heat boiler and a coal 
dryer coupled by means of a heat transfer system, 
characterised by operating the coal dryer in combination 
with a pressurised fluidised bed combustor, a gas 
turbine, a steam turbine, an air-heated intermediate 
steam superheater and a waste heat boiler, utilising the 
energy content of the dedusted exhaust vapour of the coal 
dryer, which is under medium pressure, to evaporate a 
partial flow of feed water, operating the gas turbine 
with waste gases from the pressurised fluidised bed 
combustor, using compressed combustion air 

superheating of steam in 
superheater with

for 
the 

of the 
vapour

intermediate
intermediate steam superheater with cooling 
combustion air, and utilising the exhaust 
condensate formed by the energetic interconnection of the 
process after treatment thereof to provide a water supply 
for the circulation process.

steam
steam
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(57) Abstract

The invention concerns a process for dressing brown coal for combined gas and steam processes in heat-generating instal­
lations. The aim of the invention is to achieve substantial reduction of the CO; emission per useful effect unit by reduced use of 
fossil energy carriers; the devices for drying raw brown coal are to be connected to the heat-generating installation in such a 
manner that the energy of the exhaust vapours is fully utilized. To this end, the drying container is operated in conjunction 
with a pressurized fluidized bed combustor, a gas turbine, a steam turbine, a pneumatically heated steam intermediate hea­
ter and a waste heat boiler; the drying energy for the drying container is obtained from saturated steam from the waste heat 
boiler of the combined process; the energy content of the de-dusted exhaust vapours under medium pressure is used to 
evaporate a partial flow of feed water; the gas turbine is operated with exhaust gases from the pressurized fluidized bed 
combustor; condensed combustion air is used for intermediate superheating of the steam, with cooling of the combustion 
air; and the exhaust vapour co-densate formed by energetic connection is prepared and used to supply water for the circula­
tion process.



1

PROCESS FOR DRESSING BROWN COAL 
IN COMBINED GAS AND STEAM PROCESSES

The invention concerns a process for dressing brown 
coal in combined gas and steam processes of a heat or

5 power generating plant.

Known is a plant arrangement for drying raw coal 
prior to its use in the generation of electricity in 
condensation power plants. This known arrangement 
enables to fully utilise the condensation heat of the

10 exhaust vapour, but neither an exhaust vapour reverse 
compression nor a separate electric dedusting of the 
vapour is carried out. The drying is carried out in a 
filled shaft reactor provided with diaphragm tube walls 
acting as heating surfaces. Bleed steam from the main

15 turbine of the power plant is used as heating steam and 
supplied to the filled shaft reactor. The exhaust vapour 
obtained therefrom is dedusted at the exit into the 
exhaust vapour channel, i.e. when leaving the dryer, by 
means of a filter wall which can be steam cleaned (DD-PS

20 281 237) . According to DD-PS 281 237, the energy of the
exhaust vapour is fully utilised as secondary energy only 
in that it is divided into several and qualitatively 
different applications; this division requires a 
complicated integration of different appliances into the

25 overall conception of the plant. In addition, this plant 
arrangement is intended exclusively for power plants in 
which the generation of electricity is effected in "pure" 
condensation operation only.

Further, it is known to operate a combined gas-steam
30 process of a power plant according to DE-OS 39 07 217. 

The process divides itself into two separate 
technological concepts or stages, of which the concept 
shown in Fig. 1 includes the operation of the pre-stage 
gas turbine with natural gas. This solution is a trivial

35 one and has been employed commercially for a number of

s : 1 795nw/-I f 94



2
years. The second concept, shown in Fig. 2, includes a 
pressurised fluidised bed coal gasification of a partial 
coal flow. Since an additional fluidised bed drying of 
the steam is performed prior to the partial coal

5 gasification, and this drying is not energetically 
interconnected with the combined unit, the drying process 
has to be performed with reverse compression of the 
exhaust vapour and external vapour dedusting, both of 
which require a considerable amount of electric power.

10 As a result, the combined unit has a low overall degree 
of efficiency of 42-44%. The technical complexity of 
equipment required by this type of combined unit is 
substantial since it requires, in addition to the usual 
equipment of a typical combined unit, a gas turbine, an

15 intermediate air cooling unit, connecting pipelines and 
' channels, a pressurised fluidised bed gasification

reactor with associated hot gas deduster and a drying 
equipment which is not energetically integrated into the
combined unir and requires an extra power supply.I I

20 Also known is a combined gas-steam process using a
• pressurised fluidised bed combustor and in which a

pressurised dryer is thermally integrated into the 
combined unit (WO 90/00219). The pressurised exhaust 
vapour created in the drying process is conveyed to the

' 25 steam boiler provided with the steam fluidised bed
’ combustor, is mixed therein with the combustion gases ofI · · ·

the solid fuel combustion and, after effecting dedusting 
of the waste gas, is conveyed to the waste gas turbine 
and expanded therein; the exhaust vapour so treated and

30 injected into the flue gas flow accordingly generates an 
increased power output from the waste gas turbine without 
the need of proportionally increasing the power input to 
effect air compression. However, due to the resulting 
shift in the power chare teristics between the gas

35 turbine and the steam turbine, only a slight improvement 
of the efficiency of the combined unit is achieved.

,Ό" ' Furthermore, this arrangement does not permit any pha.se-

S:17950F/12.4.94
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shifted recovery of the drying energy used for drying the 
damp fuel.

It would be beneficial if the present invention 

could achieve in a power or heat generating plant a
5 considerable reduction of C02 emissions per effective 

power output unit by using smaller amounts of fossil 

energy carriers. Heretofore, it would be advantageous to 

integrate the drying devices for the raw brown coal into 
the heat generating unit in such a manner as to fully use

10 the energy of the exhaust vapours.

The present invention provides in one aspect thereof 
a process for dressing brown coal in combined gas-steam 

processes having a waste heat boiler and a coal dryer 

coupled by means of a heat transfer system, characterised 
15 by operating the coal dryer in combination with a 

pressurised fluidised bed combustor, a gas turbine, a 

steam turbine, an air-heated intermediate steam 

superheater and a waste heat boiler, utilising the energy 

content of the dedusted exhaust vapour of the coal dryer, 

20 which is under medium pressure, to evaporate a partial 
flow of feed water, operating the gas turbine with waste 
gases from the pressurised fluidised bed combustor, using 

compressed combustion air for intermediate

superheating of steam in the intermediate
25 superheater with cooling of the combustion air, and 

utilising the exhaust vapour condensate formed by the 

energy interconnection within the process and after 
treatment thereof to provide a water supply for the 

circulation process. A part of the exhaust vapour

30 condensate obtained in the process can materially be 
utilised without any further processing as service water 

in an ash- or ash-binding agent reprocessing to produce a 

building material. The dry coal produced by the 

energetic interconnection process can be combusted in the 

35 pressurised fluidised bed combustor of the steam boiler 
with an excess of air in the range of 2 < λ < 3, λ being

steam

steam

5'

S:17950F/12.4.94



4
the excess of air ratio.

The present invention will be more fully understood 
from the following description of an embodiment thereof 
and which is provided with reference to the accompanying

5 drawing in which:

Fig. 1 schematically illustrates a raw brown coal 
dryer in a combined unit having a pressurised fluidised 
bed combustor.

10

20

25

30

As can be seen in Fig. 1, raw brown coal 9 reaches 
through a pulveriser a raw fine coal pre-heater 8 in 
which exhaust vapour can be condensed. A coal dryer 1 
with heating surface bundle 2 is arranged in succession 
to the pre-heater 8. After being dried in the dryer 1, 
the coal and an additive are conveyed through a dry coal- 
additive feed system 3 into a s^Qam boiler 4 with 
pressurised fluidised bed combustor. The steam boiler 4 
is connected with a steam turbine 5 whose cold line 15 of 
an intermediate steam superheating stage is connected 
with its hot line 16 via the air-heated intermediate 
steam superheater 13. Furthermore, the steam vessel 4 is 
connected with the waste gas stages 12 of a gas turbine 
plant which itself is coupled with a waste heat boiler
17. The waste heat boiler 17 includes heating surface 6 
for the production of saturated steam and which is 
interconnected with heating surface 2 of the dryer 1. 
The exhaust vapour created in the dryer 1 and in the pre­
heater 8 are conveyed to a saturated steam generator 7 
which condenses the exhaust vapour; the saturated steam 
generator 7 is itself connected to a saturated steam 
superheater 10 for cooling the ashes. The saturated 
steam superheater 10 is connected with the cold line 15 
of the steam turbine 5 via the steam feeding pipeline 14 
and coupled to the steam boiler 4 and the ash processing 
unit 21. The air-heated intermediate steam superheater 
13 is connected with the steam boiler 4 as well as the

US
O'z

S:17950F/12.4.94
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air compressor stages 11 of the gas turbine plant. The 

exhaust vapour condensate produced in the saturated steam 

generator 7 and in the pre-heater 8 is cooled in an 

exhaust vapour condensate cooler 19 and subsequently

5 conveyed to the exhaust vapour condensate reprocessing 

unit 20. A partial flow 18 of the cooled exhaust vapour 

condensate can be conveyed to the ash processing unit 21 

prior to being reprocessed. The remaining or all of the 

cooled condensate can be reused in the circulation

10 process.

The concept according to the present invention has 

the advantage that the gas-steam combined plant with 

pressurised fluidised bed comb .stor can be operated with 

very damp brown coal, nonetheless achieving a coefficient

15 of efficiency η of 47-48% for the combined process under 

nominal or partial loads as well as with an air excess 

ratio λ of 2.7.

xr/VT S:17950F/l2.4.94
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

10

15

1. Process for dressing brown coal in combined gas- 
steam processes having a waste heat boiler and a coal 
dryer coupled by means of a heat transfer system, 
characterised by operating the coal dryer in combination 
with a pressurised fluidised bed combustor, a gas 
turbine, a steam turbine, an air-heated intermediate 
steam superheater and a waste heat boiler, utilising the 
energy content of the dedusted exhaust vapour of the coal 
dryer, which is under medium pressure, to evaporate a 
partial flow of feed water, operating the gas turbine 
with waste gases from the pressurised fluidised bed 
combustor, using compressed combustion air 

superheating of steam in 
superheater with

steam
steam

for
the
the

intermediate 
intermediate
combustion air, and utilising the exhaust vapour 
condensate formed by the energetic interconnection of the 
process after treatment thereof to provide a water supply 
for the circulation process.

cooling of

20 2. Process according to claim 1, characterised by
materially utilising part of the exhaust vapour 
condensate formed by the energetic interconnection of the 
process without any further processing as service water 
in an ash- or ash-binding agent reprocessing to produce a

25 building material.

3. Process according to claim 1, characterised by 
combusting the dry coal produced by the energetic 
interconnection of the process Ln the pressurised 
fluidised bed combustor of the steam boiler with an

30 excess of air in the range of 2 < λ < 3.

S:17950F/12.4.94

4. Process for dressing brown coal for combined gas- 
steam processes as hereinbefore described with reference 
to Fig. 1.

DATED this 12th day of April 1994 
VEAG VEREINIGTE ENERG1EWERKE
By their Patent Attorneys 

GRIFFITH HACK & CO
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