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External Superheating in Biomass Power Plants
Background — Biomass power plant

Folie 4 Image Sources: www.bildarchiv-hamburg.de, www.muellverbrennung-delitzsch-nein.de
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External Superheating in Biomass Power Plants

Background

B Considered fuels:
biomass (except wood), domestic
waste, sewage sludge, RDF

B Limited efficiency due to corrosion

B High temperature chloride corrosion:

Limited steam parameters of
ca. 450 °C at 50-70 bars (Biomass)
ca. 400 °C at 40 bar (WHtE)

m Still high costs for maintenance
due to corrosion effects
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External Superheating in Biomass Power Plants

Principle
Foater I\ Hot air
®m Diversion of hot flue gas
out of the boiler
(ca. 700 - 800 oC) Super heater

Flue gas
hot

Pre heated air
to combustion

B Regenerative heat transfer
to ambient air

'

Super heated steam

X
g (e.g. 500 °C)
X
_—

B Superheating of steam
with the generated hot air

B Reduction of corrosion
problematic in the
air/steam superheater

S A

Conventional Boiler

Increase in electrical efficiency  \iomass powerpiant
and flexibility

) X
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Pebble Bed Regenerator — Pebble-Heater
Set-Up
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Pebble Bed Regenerator — Pebble-Heater
Functionality

Cooled down
Flue gas

Hot
Flue gas
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Pebble Bed Regenerator — Pebble-Heater
Functionality

Cooled down

Ambient air Flue gas

Hot
Flue gas

Hot, clean
| air
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Pebble Bed Regenerator — Pebble-Heater

Bulk Materials — Overview

Vulcanic rock
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Pebble Bed Regenerator — Pebble-Heater
Bulk Materials — Physical conditions and prices
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Thermodynamic Model
Goals of thermodynamic simulation

B Thermodynamic dimensioning
of the process

B Design for superheater

H . . < .

B Turbine characterisation due to 5 > \\

changed steam parameters // \\

40 / N
/// \\‘\

» Increase of energy efficiency due SRS

to higher steam parameters
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Thermodynamic Model
Implementation in Matlab®Simulink

Bulk good
heat exchanger

Hot air

‘ Ambient air
sq _
’ d Super heater

Flue gas Steam
hot (40 bar, 400°C)

Pre heated air
to combustion

Super heated steam
(e.g.500 °C)

X
X

\ XXX

N

Conventional Boiler
of biomass power plant
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Thermodynamic Model
Implementation in Matlab®Simulink
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Results of Thermodynamic Simulation

Temperature Profile at Various Procedural Steps

1 > 2:Pump
600 - \\ | 2 > 3: Feed Water Preheating 1
o | 829 EXte,mal- 3 = 4: Feed Water Preheating 2
%_J "Sup'?-r- "fat.l_‘_l? | 4 - 5: Feed Water Preheating 3
@ 400 (Hot air)
;s a0 ; 5 > 6: Economizer
= _~ 4>5FWPH3 6 -> 7: Evaporizer
E‘ 200 - 7 = 8: Superheating
= 8 = 9: External Superheating
1004 9 = 10: Heat losses (Pipes)
10 = 11: High pressure turbine
11 = 12: Extraction 1
12 = 13: Medium pressure turbine
13 = 14: Extraction 2
14 = 15: Low pressure turbine
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Results of Thermodynamic Simulation
Overall Efficiency
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Use of Pebble-Heater in Integrated System
Outlook
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Use of Pebble-Heater in Integrated System
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Use of Pebble-Heater in Integrated System
OUthOk Q'O.Q'O.Q'O
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External Superheating in Biomass Power Plants
Conclusion

Matlab model for simulation of
= different types of power plants
= different operation modes

Verified in experimental test rigs

Increase in electrical efficiency

Pebble-Heater usable as Heat Storage in
integrated energy systems
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External Superheating
in Biomass Power Plants
with Pebble Bed Regenerator
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