
VOSTEEN Consulting

54th POWER PLANT COLLOQUIUM
at October 18th and19th, 2022

International Congress Center Dresden

The BEMO-Technology combined with NOx-Reduction
up- and downstream of HCl- and SOx- Air Polution

Control Systems

Prof. Dr.-Ing. Bernhard Vosteen, 
Vosteen Consulting GmbH, Köln



VOSTEEN Consulting

Agenda

1. Introduction – the use of CaBr2 as oxidizer and PRAVO® as stabiilisator

2. Plants with SCR-Systems  in various positions

- Plants with Tail-End-SCR at waste- and coal-combustion sites

- Plants with high-dust-SCR at at waste- and coal-combustion sites

3. Plants with SNCR and/or Staged Combustion only

4. Conclusions
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Bromide
Storage Tank

Bromine-based Mercury Oxidation (BEMO) –
Bromide addition on coal conveyor belt
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Typical US Coal Compositions
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BEMO-Technology  combined with DeNOx-Technology
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Hg-related R&D at Institute Prof.  Dr.-Ing. habil. Heinz Köser
In cooperation with Prof. Bernhard Vosteen

post-graduate research by Dr.-Ing. Raik Stolle
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Hg-related R&D at Institute Prof.  Dr.-Ing. habil. Heinz Köser
supported by Currenta and Prof. Bernhard Vosteen
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Hg-related R&D at Institute Prof.  Dr.-Ing. habil. Heinz Köser
supported by Currenta and Prof. Bernhard Vosteen
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Post-graduate reasearch by Dr.-Ing. Sandra Straube
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Agenda

1. Introduction – the use of CaBr2 as oxidizer and PRAVO® as stabiilisator

2. Plants with SCR-Systems  in various positions

- Plants with Tail-End-SCR at waste- and coal-combustion sites

- Plants with high-dust-SCR at coal-combustion sites

3. Plants with SNCR and/or Staged Combustion only

4. Conclusions
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Hg-CEM
Hg-CEM

Staged Combustion of Hazardous Waste at Rotary Kiln Incinerators
and Nox-Abatement by tail-end-SCR 

„Bromine-enhanced Mercury Oxidation“at all Bayer WtE-sites (2000)
injecting bromide solutions (HBr, NaBr, CaBr2)s

Bromides 
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Invention Prof. Vosteen (2000)
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Retention of Hg° in tail-end SCR
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Lhoist Sorbalit
AC/HOK + Ca(OH)2 + CaCO3

Chlorinated
Liquid Waste
(Dichlorpropan, 75 % Cl)

CaBr2

7

Staged Combustion of Sewage Sludge at Multiple Hearth Furnace
and NOx-Abatement by SNCR (1997)

Bromine-based Mercury Oxidation (2000)
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Pre-combustion bromide addition onto the fired coal respectively in the hot fire-box  
in 2002 at the Industrial Power Plant N230 of CURRENTA GmbH & Co OHG in Uerdingen

Industrial Tests in Germany by BAYER AG
at PC-fired Wet Bottom Boiler with Tail-End SCR

injecting NaBr-Solution  and TMT15 in 2001 and 2002
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Industrial Tests in Germany by BAYER AG
at PC-fired Wet Bottom Boiler with Tail-End SCR
injecting CaBr2-Solution and PRAVO®100 in 2008
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High bromide dosage induces elevated Hgion-emission from tail-end SCR
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BEMO-Technology  combined with DeNOx-Technology
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Tests in 2017 by Dr. Mineur from MVB, Hamburg:
WRONG HANDLING 
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BEMO-Technology  combined with DeNOx-TechnologyTests in 2017 by Dr. Mineur from MVB, Hamburg:
CORRECT HANDLING 
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Die CaBr2-Lösung wurde der Kohle vor 
Bekohlungsbunker zugegeben

unkerstand wurde niedrig gehalten (geringe Totzeit)CaBr2-Solution

Industrial Tests in 2020 (Germany)
at a small PC-fired Boiler with Tail-End SCR

adding CaBr2-Solution onto the coal
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Injecting CaBr2-Solution allows for  0.5  mg Hg/Nm3 dry (6 %O2) at stack
Hg-Purging of the Tail-End-SCR Catalyst 

when starting Bromide Addition onto the coal (see peak)
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Torino Waste to Energy Plant 
combining Dry APC with tail-end SCR
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Waste, 

BEMO-Technology  combined with DeNOx-Technology
Tests in 2008 (Dipl.-Ing. Mielke)
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Agenda

1. Introduction – the use of CaBr2 as oxidizer and PRAVO® as stabiilisator

2. Plants with SCR-Systems  in various positions

- Plants with Tail-End-SCR at waste- and coal-combustion sites

- Plants with high-dust-SCR at  coal-combustion sites

3. Plants with SNCR and/or Staged Combustion only

4. Conclusions
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License  granted in 2008 to WE Power Station Pleasant Prairie
(2 x 600 MWe Units with SCR, ESP, WFGD, 
in commercial opperation since January 1st, 2010)

2 x 600 MWel
Base Load                
(24 hours/day)

PRB coal
2 x 315 tons/hour
0.11 ppm Hg

KNX (as CaBr2)
25 ppm Br on coal

Hgtotal at stack
< 1 µg/dscm
(both units)
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Figure 18b: 
Very first test results applying the BEMO-technology 

at WE Peasant Prairie in March and April 2008
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Figure 15: 
Hg(0) concentrations at the SCR Inlet and SCR Outlet 

as well as at the ESP Inlet and ESP Outlet 34
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Figure 16: 
Hg-concentrations at stack 

during final long-time test (72 days @ 24 h/d) under  20 ppmw Br per dry coal 35
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Figure 24: 

Unit 2 of Stadtwerke München (SWM) 

in Munich-North (Unterföhring)
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1000 l IBC  at Stadtwerke Munich, Unit 2, for its 2 wet FGD
for PRAVO®200  under commercial application since 2016
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1. Introduction – the use of CaBr2 as oxidizer and PRAVO® as stabiilisator

2. Plants with SCR-Systems  in various positions

- Plants with Tail-End-SCR at waste- and coal-combustion sites

- Plants with high-dust-SCR at  coal-combustion sites

3. Plants with SNCR and/or Staged Combustion only

4. Conclusions
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LIGNITE-FIRED PPOWER PLANT MDU LEWIS & CLARK
(near Sidney, Montana in USA)  
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Hazardous Waste Incineration Plant with SNCR and dry APC 
Operated with CaBr2-Solution since 2016 (France)
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Braunkohle gefeuerter Kraftwerksblock

AGH Krakow
Prof. Burmistrz et al.
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Unit 14                      Units 12 – 7       Units 6 – 2

PGE‘s Lignite-Fired Power Plants in Belchatów (in total 5100 MWe):

All operating Units 2-12 and the new Unit 14 as well
are served with Bromide (Status 2022) 
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PGE‘s Lignite-Fired Power Plants in Turów (in total 2000 MWe):

All operating Units (except the new Unit at right hand side)
are served with Bromide (Status 2022) 
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Conclusions

The cost-effective BEMO-Technology – i.e. mercury abatement by small
amounts of bromide as coal additive and PRAVO® as scrubber additive –
is a well established and highly successful technology for power plants and 
WtE-plants with and without SCR-DeNOx-Systems of any kind. 

Incomplete mercury oxidation induces accumulation of residual elemental
mercury Hg° at catalysts in tail-end SCRs, but not in high dust SCRs with its
immediate mercury release as oxidized Hgox, governed by the upstream of
APC system still available halogens. 

Complete mercury oxidation and therewith optimal mercury abatement
attaining mercury removal rates well above 95 %  also at lignite-fired plants 
without SCR system, but with or without SNCR system needs limited air
staging, to provide always sufficient residual oxigen in the overfire-
temperature range enabling the formation of free bromine Br2 via the
bromine-Deacon reaction. An indicator of a lack of oxigen can be the
formation of CO.
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