


CAN WTE BE ATTRACTIVE WITHOUT EUROPEAN 
TIPPING FEES? 

CAN EFFICIENCY IMPROVEMENT OCCUR WITHOUT 
HIGH COSTS?

CURRENTLY WTE IS UNFEASIBLE IN DEVELOPING 
COUNTRIES (US$ 20/TON) AND ECONOMICS NOT 

ATTRACTIVE TO IMPROVE USA SITUATION 
(US$ 50/TON). 

GLOBAL ECONOMY CRISIS WILL NOT HELP THAT 
AND LOWERING THE COSTS, WITH HIGHER 

EFFICIENCY, IS MANDATORY. 



EFFICIENCY IMPROVEMENT

1. ADVANCED STEAM PARAMETERS

2. LOW EXCESS AIR

3. LOW STACK TEMPERATURE



CARNOT HIGHER EFFICIENCYQin @ HIGH TEMP (HIGHER Pmax)
Qout @ LOWER TEMP (LOWER Pcond)

SOLUTION  REHEAT STEAM CYCLE

(CORROSION)

WTE TE’ < 400 C  HIGH MOISTURE AT STEAM TURBINE LAST STAGES.

STEAM TURBINES WITH LOWER ISENTROPIC EFFICIENCY IMPROVES THAT (?)



REHEATING ALLOWS HIGHER PRESSURE (TEMP) Qin CARNOT EFF.

PROBLEM  IN THE PAST ONLY AVAILABLE FOR LARGE PLANTS (> 200 MWe)

LOWER MOISTURE AT ST EXIT  HIGHER ISENTROPIC EFF



SIEMENS HAS DEVELOPED HIGH EFFICIENCY MEDIUM SIZE STEAM TURBINES 
FOR BIOMASS PLANTS IN EUROPE USING REHEAT STEAM CYCLES. HOWEVER 

ECONOMICS REQUIRES HIGH STEAM TEMPERATURE (480-540 C).

ISENTROPIC EFFICIENCIES ~ 85% - 90%



AMSTERDAM WFPP
MOST SUCESSFUL
EXAMPLE OF REHEAT
APPLIED TO WTE.



REHEATING TO HIGH TEMPERATURES ( > 400 C) 
WITHOUT EXTERNAL SUPERHEATER 

CORROSION (HIGH O&M)

REHEATING WITH EXTERNAL SUPERHEATER 
(USING CLEAN FUEL )  EXCESSIVE 

CONSUMPTION OF NATURAL GAS (FOSSIL)



WFPP IN AMSTERDAM – HIGHEST EFFICIENCY (NO EXTERNAL SUPERHEATER)

BILBAO–COMBINED CYCLE (EXTERNAL
SH ) - 78% OF TOTAL ENERGY FROM NG

BOTH PLANTS
30% EFF FOR
WASTE SHARE.

CHX

100-30 bar/540-540 C

130-14 bar/440-320 C 



RÜDERSDORF REHEATING ONLY NOT EXTERNAL 
SUPERHEATING  NET EFFICIENCY 29%.



SAKAI  EXTERNAL SUPERHEATING ONLY – FEED 
WATER HEATING INSTEAD OF ADDITIONAL STEAM

ENERGY LOSS – CLEAN 
GASES LOW O2



PREVIOUS SOLUTIONS 

ADVANTAGES

1. HIGH EFFICIENCY THROUGH REHEATING (WFPP, BILBAO, RÜDERSDOF)
2. EXTERNAL SUPERHEATING - NO CORROSION IN WASTE BOILER (BILBAO,

SAKAI)
3. CONDENSING HEAT EXCHANGER AND ECONOMISERS – CHX (WFPP, SAKAI)

DISADVANTAGES

1. HIGH TEMPERATURE IN WASTE BOILER SH – CORROSION (WFPP,
RÜDERSDOF)

2. TOO MUCH NG – FOSSIL FUEL (BILBAO)
3. GRID OPERATOR MAY NOT DISPATCH LARGE NATURAL GAS TURBINE IF

RENEWABLE SOURCE IS AVAILABLE AT LOWER COST (HYDROPOWER IN
BRAZIL) (BILBAO)



KOROBITSYN –
COMBINED CYCLES

1998
(NO REHEATING)

BILBAO O2 ?

THE GT USED IN THE
WORK IS NOT AVAILABLE.
IN BILBAO (CASE 1) DUCT
BURNING IS USED TO
REACH HIGH STEAM
TEMP. MSW SHARE
DROPS TO 22% .

LOWER COST

IS IT POSSIBLE TO REDUCE 
NG SHARE AND KEEP HIGH 
EFFICIENCY WITH LOW 
COST? BEST CANDIDATE IS 
CASE 3.



OPTIMIZED COMBINED CYCLE – OCC - NG / MSW

BOILER CHX

AIR @ 25 C

PREHEATED AIR ~ 120 C

WASTE

STEAM
400 C
P > 80 bar

PREHEATED 
AIR ~ 120 C

FLUE GAS 
~ 70 C

START WITH WASTE BOILER
PRODUCING HIGHER PRESSURE
STEAM AND CORROSION
RESISTANT CONDENSING HEAT
EXCHANGER AIR PREHEATER.



OPTIMIZED COMBINED CYCLE – OCC - NG / MSW

BOILER CHX

AIR @ 25 C

PREHEATED AIR ~ 120 C

WASTE

STEAM
400 C
P > 80 bar

PREHEATED 
AIR ~ 120 C

FLUE GAS 
~ 70 C

INTRODUCE SMALL GT AROUND
PLANT SELF LOAD. NOT
POSSIBLE TO USE EXHAUST TO
SUPERHEAT WASTE BOILER
PRODUCED STEAM.

GT 

ST 

STEAM 400 C

FLUE GAS > 420 C

STEAM >  490 C

SH



OPTIMIZED COMBINED CYCLE – OCC - NG / MSW

BOILER CHX

AIR @ 25 C

PREHEATED AIR ~ 120 C

WASTE

STEAM
400 C
P > 80 bar FLUE GAS 

~ 70 C

EVEN INTRODUCING DUCT
BURNERS THE FLUE GAS TEMP
WILL BE TOO HIGH TO
SUPERHEAT LARGE AMOUNT OF
STEAM FROM WASTE BOILER.

GT 

ST 

STEAM 400 C

FLUE GAS > 420 C

STEAM >  490 C

SH

NAT GAS

TH >> 650 C (limit)

PREHEATED 
AIR ~ 120 C



OPTIMIZED COMBINED CYCLE – OCC - NG / MSW

BOILER CHX

AIR @ 25 C

PREHEATED AIR ~ 120 C

WASTE

STEAM
400 C
P > 80 bar FLUE GAS 

~ 70 C

WE WILL NEED HIGHER FLOW TO
KEEP TEMP AFTER THE BURNER
BELOW 650 C. IF USE AMBIENT
AIR  TOO MUCH NG IN THE
BURNER.

GT 

ST 

STEAM 400 C

FLUE GAS > 420 C

STEAM >  490 C

SH

NAT GAS

T0 TH ~ 600 C 

FRESH AIR  T0 VERY 
LOW  TOO MUCH NG.

PREHEATED 
AIR ~ 120 C



OPTIMIZED COMBINED CYCLE – OCC - NG / MSW

BOILER CHX

AIR @ 25 C

PREHEATED AIR ~ 120 C

WASTE

STEAM
400 C
P > 80 bar

PREHEATED 
AIR ~ 120 C

FLUE GAS 
~ 70 C

USE FLUE GAS AFTER SH TO
PREHEAT AIR FROM CHX AND
MIX WITH GT EXHAUST 
MIXTURE SIMILAR TO LARGER
GT (TEMP-T0 AND MASS FLOW)
BUT O2 HIGHER ~ 16%.

GT 

ST 

STEAM 400 C

FLUE GAS > 420 C

STEAM >  490 C

SH

NAT GAS

T0 TH ~ 600 C 

AIR
HEATER

COMBUTION AIR
T ~ 200  - 250 C

17.5% O2

TO BOILER
COMBUSTION AIR

T ~ 300 – 350 C
16% O2

~ 20% TOTAL AIR



OPTIMIZED COMBINED CYCLE – OCC - NG / MSW

BOILER CHX

AIR @ 25 C

PREHEATED AIR ~ 120 C

WASTE

STEAM
400 C
P > 80 bar

PREHEATED 
AIR ~ 120 C

FLUE GAS 
~ 70 C

USE FLUE GAS AFTER SH TO
PREHEAT AIR FROM CHX AND
MIX WITH GT EXHAUST 
MIXTURE SIMILAR TO LARGER
GT (TEMP-T0 AND MASS FLOW)
BUT O2 HIGHER ~ 16%.

GT 

ST 

STEAM 400 C

FLUE GAS > 420 C

STEAM >  490 C

SH

NAT GAS

T0        TH ~ 600 C 

AIR
HEATER

COMBUTION AIR
T ~ 140 C

17.5% O2

TO BOILER
COMBUSTION AIR

T ~ 300 – 350 C
16% O2

CAN INTRODUCE FEEDWATER
HEATER IF COMBUSTION AIR
TEMP IS TOO HIGH

FWH
OPTIONAL

CHOICE OF GT X NG COST IS VERY IMPORTANT TO OPTIMUM DESIGN 
NEED DEDICATED SOFTWARE TO INCLUDE FINANCE.

~ 20% TOTAL AIR



OPTIMIZED COMBINED CYCLE – OCC - NG / MSW

BOILER CHX

AIR @ 25 C

PREHEATED AIR ~ 120 C

WASTE

STEAM
400 C
P > 80 bar

PREHEATED 
AIR ~ 120 C

FLUE GAS 
~ 70 C

USE FLUE GAS AFTER SH TO
PREHEAT AIR FROM CHX AND
MIX WITH GT EXHAUST 
MIXTURE SIMILAR TO LARGER
GT (TEMP-T0 AND MASS FLOW)
BUT O2 HIGHER ~ 16%.

ST 

STEAM 400 C

FLUE GAS > 420 C

STEAM >  490 C

SH

NAT GAS

T0        TH ~ 600 C 

AIR
HEATER

COMBUTION AIR
T ~ 140 C
18.5% O2

TO BOILER
COMBUSTION AIR

T ~  150 C
18% O2

IF “NATURAL GAS” IS LOW COST (LANDFILL GAS) WE CAN REMOVE
THE GT – GAS SHARE SMALL, LESS THAN 15% OF TOTAL POWER. GAS
EFFICIENCY LIMITED BY STEAM CYCLE BUT IRR CAN BE HIGHER.

~ 90% TOTAL AIR



OCC DEDICATED SOFTWARE – PLANT CONFIGURATION

INTERNAL REHEATER 
– RÜDERSDOF 

EXTERNAL 
SUPERHEATER  
& REHATER -
SAKAI



GATECYCLE MODEL TO VALIDATE OCC DEDICATED SOFTWARE (850 TPD)

OCC SOFTWARE

STACK CONDITIONS   TEMP (C)       O2 (%)    H20 (%)

GATECYCLE                    69.55              6.70      17.61

OCC SOFTWARE            68.69              6.64       17.83



COMPARISON BEETWEEN BILBAO AND OCC – SAME MSW BOILER

CASE1          CASE2          CASE3            CASE4

CASE 4 – WITHOUT GT – GOOD OPTION FOR LANDFILL GAS OR BIOGAS FROM
ANAEROBIC DIGESTOR – “NG” CONSUMPTION ~ 8% OF BILBAO. IF LANDFILL
GAS IS NOT AVAILABLE CAN USE ETHANOL / BIODIESEL SYNTHETIC NG.

WTE    71MWth (22% eff)      15.6 MWe    OCC(CASE4)  +12.38 MWth      +14.45 MWe
NG ( 117%) 



SCHU & LEITHNER (2008) – LIGNITE (FOSSIL, HIGH MOISTURE) AND RDF – SIMILAR CONCEPT – AIR
PREHEATING – REHEATING (150-40 bar / 540-540 C) – SPECIAL BOILERS - SAME RESULTS BUT$$$

LAMBDA< 1.25



IF BIOGAS or NG NOT AVAILABLE WE CAN
REPLACE WITH  LPP “NG” FROM ETHANOL
OR BIOBIESEL ( GLOBAL WARMING)



HIGH MOISTURE WASTE COST LESS TO BURN PER TON

ONE TON OF BRAZILIAN WASTE  22% LESS DRY FUEL (C6H10O4) THAN USA
(NEED LESS AIR TO  BURN)

 83% MORE WATER THAN USA
(NEED LESS AIR TO COOL)



1. HIGHER MOISTURE MSW  SMALLER 
APC / BOILER.

2. WTE IN BRAZIL / CHINA SHOULD COST 
LESS 20-30% PER TON THAN IN EUROPE / 
USA.

3. LOWER CAPITAL + MORE ENERGY (OCC) = 
FEASIBILITY.

CONCLUSIONS 
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