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STRUCTURE

• Problem and objective
• Principles: Formation of deposits on heat exchangersp p g
• Research results from MSWI power plants
• Practical implementationPractical implementation

classification of deposits
valuation of different boiler systemsvaluation of different boiler systems
influence of reconstruction measures and waste input

• Comparison of deposits of different power plants• Comparison of deposits of different power plants
• Research results from biomass power plants

S
3

• Summary
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PROBLEM AND OBJECTIVE
bl objective:

• encreased formation of deposits 
on heat exchangers

problem: • reduction of the velocity of the
formation process

• formation of uncritical deposits

objective:

g
• formation of large deposits

which are difficult to remove  
• reduced heat transfer from the  

formation of uncritical deposits
• longer cleaning intervals
• improvement of the heat  

transfer to the heat exchangers
flue gas to the heat exchangers

g
• increase of energy efficiency

significant reduction ofg
operating costs operating costs

4 KIT, 23.03.2011



Deutsche Bundesstiftung Umwelt
Institut für angewandte

Bau- und Reststoff-Forschung

 

Karlsruher Institut für Technologie MHKW Mannheim NordKarlsruher Institut für TechnologieDeutsche Bundesstiftung Umwelt

PROBLEM AND OBJECTIVE: procedure
investigation of the fouling behaviour of 3 different boilers of the MSWI power plant Mannheim: 
different boilers show different process technologies, flue gas temperatures and fouling rates
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A: Ermittlung mineralogisch-chemischer Basisdaten zur Belagsgenese

PROBLEM AND OBJECTIVE: extent of the investigations

3 verschiedene Abhitzekessel: minimale, mittlere und hohe Heißdampftemperaturen

A: Ermittlung mineralogisch chemischer Basisdaten zur Belagsgenese

unterschiedliche Verfahrenstechnikboilers of different process technology
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PRINCIPLES: appearance of deposits in power plants
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R h itf fdi i i f

PRINCIPLES: preparation of the deposits
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PRINCIPLES: mineralogical investigations

Rohrseitetube

Rauchgasseite

innere Schichtcentral layer

flue gas side

Mineralphasen

flue gas side

microscopic picture: åkermanite

mineral phasesMineralphasen

Chemische Eigenschaften Physikalische Eigenschaftenchemical properties physical properties

mineral phases

• Bildungsbedingungen
• Härte
• Teigpunkte
• U dl

• formation conditions
• hardness
• melting points

9

• Umwandlungen
• (Korrosion)

KIT, 23.03.2011
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ide K2Pb(SO4)2/ NaCl

PRINCIPLES: mineral phases of the deposits
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Primärer Belag Sekundärer BelagReaktionszone (sulfatisch)(sulfatisch)primary deposit secondary deposit (sulfatic)reaction zone

PRINCIPLES: structural and mineralogical composition
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PRINCIPLES: structural and mineralogical composition

pores

boiler 4: study area

lti h

Deposits:
- mineral phases (crystals)

melting phase- melting phase
- pores

12 KIT, 23.03.2011

microscopic picture of a deposit
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PRINCIPLES: structural and mineralogical composition

CaSOCaSO4

13 KIT, 23.03.2011
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PRINCIPLES: structural and mineralogical composition

CaSO
CaSO4CaSO4

SiO2

CaSO4
4
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RESULTS: MSWI power plant: MVV, boiler 4
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Rauchgasrichtungflue gas direction

RESULTS: mineralogical composition: MVV, boiler 4
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Rauchgasrichtungflue gas direction

RESULTS: mineralogical composition: MVV, boiler 2
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MHKW M h i Müllk l 5S

RESULTS: MSWI power plant: MVV, boiler 5
MHKW Mannheim: Müllkessel 5
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Probenahme von Stäuben an der Einstiegsluke

KIT, 23.03.2011

sampling point: dust



Deutsche Bundesstiftung Umwelt
Institut für angewandte

Bau- und Reststoff-Forschung

 

Karlsruher Institut für Technologie MHKW Mannheim NordKarlsruher Institut für TechnologieDeutsche Bundesstiftung Umwelt

RESULTS: mineralogical composition: MVV, boiler 5
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RESULTS: chemical test results: MVV, boiler 4

chemical investigations

main elements heavy metals / metals:
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Rauchgas- S lf t Chl idsulfates hl idflue gas

RESULTS: mineralogical temperature profile of boilers 2, 4 and 5
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PRACTICAL IMPLEMENTATION

mineralogy
t h lprocess technology

classification of depositsvery critical uncritical

evaluation of the deposits

22

specific technical measures to reduce the forming of critical deposits

KIT, 23.03.2011
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B t b i Makroskopischesmacroscopic

PRACTICAL IMPLEMENTATION: basis of valuation

Bewertungsbasis Makroskopisches
Erscheinungsbild4 parameters: macroscopic

appearance

Härtegradhardness

Mächtigkeitthickness

cm

23

Mineralogische Phasenzusammensetzung
KIT, 23.03.2011

mineralogical composition
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PRACTICAL IMPLEMENTATION: classification of deposits
(refer to heat transfer / cleaning)
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Belagsprofil vor der1 d t 2 d t 3 d t

PRACTICAL IMPLEMENTATION: valuation
i fl f th t h l

ECO 1 o

35,75 m

38,5 m

20

21
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1. Zug 2. Zug 3. Zug Belagsprofil vor der
Umbaumaßnahme
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PRACTICAL IMPLEMENTATION: valuation

Ü2a-A

617 9

2. Zug 3. Zug 4. Zug
7 8 23,5 m

10

11

12

13

14

11b
Ü2b-C

3. Zug 4. Zug

1 2 3 4 5 6

MHKW Mannheim: Müllkessel 5
Probenahme Februar 2008MVV Mannheim MK5MVV Mannheim

boiler 5
3. duct 4. duct

Ü2b-A

5

4

10

11

20,0 m

7

8

9

14

15

16

17

Ü2b-B Ü2a-B

Ü2a-C

4 5 6

flue gas

4

316

11

12 16,5 m
4

5

6 18

19

20

21

Ü3-B

Ü3-C Ü2a-D

Ü2a-E

7 8 9 10 11 12 13

15 16

ww

w

w

w

Eco1b-A

2 13

14 12,5 m

2

3 21

22

23

24

Ü3-A

w

Einstiegslöcher

Probenahme des Belages auf der Rohroberfläche der Anströmseite

Probenahme des Belages auf der Rohroberfläche der Abströmseite

Probenahme des Belages auf der Wand

1

flue gas

manhole
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Eco1b-B
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1
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Probenahmepunkt

MVV Mannheim
MK2

Probenahme von Stäuben an der Einstiegsluke
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MVV Mannheim
boiler 2

manhole

sampling point: dust

influence of the 
process technology
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MSWI l t

PRACTICAL IMPLEMENTATION: reconstruction
MSWI power plant

MVV Mannheim
boiler 4 measure leads

to

• extension of the running time• extension of the running time
• reduction of the costs (about 27 %)

Double division of the critical heat exchanger + 
mechanical cleaning system

27 KIT, 23.03.2011
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PRACTICAL IMPLEMENTATION: reconstruction
Belagsprofil vor derbefore after 
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PRACTICAL IMPLEMENTATION: waste input
MK4:  2 PNMK4: 1 PN1 sampling 2 samplinginfluence of the waste input

Belagsprofil

März 2010
mit

Klärschlamm-
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November 2009
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CarbonatCarbonate

COMPARISON OF DEPOSITS OF DIFFERENT POWER PLANTS

EBS-Kraftwerk
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Wasser
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Bio- und HolzkraftwerkBiomass power plant
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BIOMASS POWER PLANT

Ü 2.1965°C

Temperaturen:
ECO 1.1 mitte 292°C
Vor E-Filter 260°C
N h E Filt 237°C

1. duct 2. duct 3. duct
temperatures:
ECO 1.1centre: 292°C
before ESP: 260°C

Ü 1
E 2 E 1

935°C

405°C

Nach E-Filter 237°C
Nach ECO 0 und nach
SZ 170°C
Vor Kamin 191°C

Probenahmepunktesampling points

after ESP: 237°C
after ECO: 170°C
before chimney: 191°C 

Ü 1.4
E 3.1
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812°C 565°C 330°C

325°C
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Einstiegsluken flue gas

p g p

manhole

Ü 1.4

600°C
combustion
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965°C

RESULTS: mineralogical composition 
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Rauchgastemperatur: 965 - 935 CKNaSO4

K2Pb(SO4)2

CaSO4
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RESULTS: mineralogical composition and heat transfer

Rauchgastemperatur: 965 - 935°CRauchgastemperatur: 965 - 935°CRauchgastemperatur: 965 - 935°C

Ü2.1:  965 – 935°C

- innig verwachsenes Material

ECO 1:  405°C

- geschichtetes Material

superheater 2.1:  965 – 935°C

- compact material
- oxides and silicates

economizer 1: 405°C

- thin layered depositsRauchgastemperatur: 965 - 935 C
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Rauchgastemperatur: 965 - 935 CRauchgastemperatur: 965 - 935 C- innig verwachsenes Material
- vorwiegend silikatische Bindung

- geschichtetes Material
- vorwiegend sulfatische Bindung- extremly difficult to clean

- reduced heat transfer
- sulfates and oxides/silicates
- difficult to clean
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RESULTS: temperature profile

biomass power plant MSWI power plant
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SUMMARY
• investigated power plants:investigated power plants:

- MSWI power plant Mannheim boilers 2, 4, 5, 6 / MSWI power plant TREA Leuna
- biomass power plant Zapfendorf / biomass power plant Mannheim
- RDF plant Osnabrück: residues of paper production

• mineralogical and chemical characterization of deposits:
sulfates, chlorides, silicates, oxides

• development of temperature profiles of boilers

• development of a classification model for deposits

• relevance for practice:
- optimization of existing plants
- optimization the planning of new plants

determination of the influence of different waste inputs

Rauchgastemperatur: 965 - 935°C

- determination of the influence of different waste inputs

• succesful measures
- modification of boiler 4 of MSWI power plant Mannheim

t ti f b il 6 f MSWI l t M h iRauchgastemperatur: 965 - 935 C

35 KIT, 23.03.2011

- construction of boiler 6 of MSWI power plant Mannheim
- planning of new boilers of the energy company MVV


