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EU DIRECTIVES x MSW BRAZILIAN POLICE (PNRS)

EFICIENCY���� MORE ENERGY

PER TON OF MSW

PNRS – LAW 12.305 

NO LANDFILL REGULATION 
IN BRAZIL

ADOPTED IN STATE OF 
SÃO PAULO SMA-079

CONSEQUENCE ���� LANDFILLS VERY CHEAP (POOR QUALITY)
WTE  ����DIFFICULT ECONOMIC FEASIBILITY ���� LOW TIPPING FEES BUT 

ELECTRICITY PRICES TEND TO GO UP WITH LACK OF RAIN                         

HIGHER EFFICIENCY MAY HELP IMPROVING



CONVENTIONAL WTE PLANTS (40 bar / 400oC)



40 bar / 250 oC

0.1 bar / To = 46 oC

400 oC

ISENTROPIC TURBINE RANKINE CYCLE

80 bar / 295 oC

specific exergy ���� b = h – To s

2*

2*

THE OPTIMUM SOLUTION SHOULD CONSIDER THE HIGHEST POSSIBLE EXERGY

AVOIDING PRESSURE (COST) AND TEMPERATURE (COST/CORROSION) TOO HIGH.

THIS WORK PRESENTS A USEFUL TOOL AIMING THE BEST OV ERALL 
SOLUTION. HIGH EFFICIENCY AND LOW COST. 

EXERGY FOLLOWS EFFICIENCY



PRESSURE/TEMPERATURE
INFLUENCE ON BOILER
CORROSION (KAMUK)

100 bar sat = 311 oC

CORROSION IN EVAPORATOR CIRCUIT MAY OCCUR DUE TO SATURATION
TEMPERATURE INCREASE WITH PRESSURE – CAN BE WELL CONTROLLED
WITH INCONEL CLADDING OF WATERWALL TUBES.





PRESSURE/TEMPERATURE
INFLUENCE ON BOILER
CORROSION (KAMUK)

100 bar sat = 311 oC

420 oC

CORROSION IN EVAPORATOR CIRCUIT MAY OCCUR DUE TO SATURATION
TEMPERATURE INCREASE WITH PRESSURE – CAN BE WELL CONTROLLED
WITH INCONEL CLADDING OF WATERWALL TUBES.

CORROSION IN SUPERHEATERS MORE DIFFICULT TO CONTROL. EVEN
EXPENSIVE INCONEL TUBES MUST BE REPLACED.

SOLUTIONS WITH MEDIUM PRESSURES < 90 bar AND LOWER TEMPERATURES 
< 420 oC IN MSW BOILER ARE BETTER ���� EXTERNAL SUPERHEATING ~ 500 oC 
WITH NATURAL GAS ���� HYBRID or DUAL FUEL CYCLES 



HYBRID or DUAL FUEL CYCLES CAN HAVE SEVERAL DIFFERENT CONFIGURATION. VERY OFTEN

COMPRISE A GAS TOPPING CYCLE AND A STEAM BOTTOMING CYCLE AS SHOWN (PETROV).

GAS TURBINE/STEAM TURBINE GAS ENGINE/STEAM TURBINE

GT PRESENT HIGHER TEMPERATURE AND
HIGHER O2 IN EXHAUST GASES THAN GAS
ENGINES

DUE TO LOWER TEMPERATURE GASDUE TO LOWER TEMPERATURE GAS
ENGINES EXHAUST CAN ONLY BE USED AS
PARTIAL BOILER COMBUSTION AIR OR
FEEDWATER PREHEATING



HYBRID CYCLES HAVE BEEN USED IN SEVERAL WTE PLANTS

80 MWe

120 MWth (DH)

2014 FINLAND

1997 JAPAN

46 MW(GT) - 54 MW(ST)=100 MW

IN ALL THESE PLANTS THE NG
SHARE IS VERY HIGH > 35%. IN
BILBAO IS 78%

2004 SPAIN



610 ton/day 10 MJ/kg (LHV)

THIS PAPER PROPOSES 3 DIFFERENT CONFIGURATIONS

1

Qburner ~ mst.(h 6ext – h6int )



2

610 ton/day 10 MJ/kg (LHV)



3

610 ton/day 10 MJ/kg (LHV)

EXTERNAL SUPERHEATING

UNCOUPLED FROM GE

EXHAUST



EFFICIENCY CONSIDERATIONS
KOROBITSYN

STANDALONE CC NG    
EFFICIENCY = 52%

CURRENT WORK

TOTAL ENERGY INPUT TO STEAM CYCLE

STEAM TURBINE OUTPUT

TOTAL POWER PRODUCED BY NG

BOTH FORMULAS GIVE THE SAME RESULTS WHEN THE GT INCREASES IN SIZE

NOT ADEQUATE FOR VERY SMALL 

GT or GE BASED POWER PLANTS

THIS IS OK FOR LARGE GT 

COMBINED CYCLE PLANTS TOTAL NG INPUT



IRR OF INVESTMENT EQUITY

GT 

GE 

NO ICM

NG COST EUR/MWh







EXTERNAL SUPERHEATING  USING SYNGAS ( NO Cl )

Air pre-heater to burner

External Superheater

Burner

Air pre-heater to gasifier

Burner

Gasifier -syngas



LOWEST POSSIBLE NG CONSUMPTION, USE AMSTERDAM REHEAT SCHEM E
WITH DRUM EXTRACTION STEAM



TOTAL NG 2.93 MWth  TOTAL NG 2.93 MWth  



IRR OF INVESTMENT EQUITY

NO GAIN WITH REHEAT 
STEAM CYCLE

NG PRICE HAS LITTLE INFLUENCE
ON IRR FOR REHEAT CYCLE
WITHOUT INTERNAL COMBUSTION
MACHINE.

THIS IS BECAUSE THE NG
CONSUMPTION IS VERY LOW AND
THE IRR LINE TENDS TO
HORIZONTAL.

NG COST EUR/MWh



CONCLUSIONS
1. THE OPTIMAL SOLUTION IS NOT THE ONE WITH HIGHEST

THERMODYNAMIC EFFICIENCY

2. DEPENDING ON DESIGN BOUNDARY CONDITIONS, IN SPECIAL NG
COST AND ELECTRICITY SELLING PRICE, THE GOAL MUST BE THE
LOWEST TIPPING FEE OR HIGHEST IRR

3. THE GAS ENGINE SOLUTION WITH EXTERNAL SUPERHEATING BY
DUCT BURNER SEEMS TO BE THE BEST SOLUTION FOR MEDIUM
TO HIGH NG COSTSTO HIGH NG COSTS

4. IN CASE NG COST GOES UP WE CAN TURN THE GE OFF AND PRE-
HEAT THE COMBUSTION AIR USING ST EXTRACTION AS USUAL

5. TO START UP THE PLANT WE DON’T NEED EXTERNAL POWER
SINCE WE CAN ALWAYS USE THE GE FOR INHOUSE POWER

6. IN CASE OF ST TRIP DUE TO TRANSMISSION LINE FAILURE WE CAN
KEEP BURNING THE WASTE WITH GE POWER DUMPING THE STEAM
TO THE CONDENSER.
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