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ABSTRACT 
 

       A new WTE (Waste-to-Energy) power plant 
configuration combining municipal solid waste and gas 
turbines or landfill gas engines is proposed. The system 
has two objectives: increase the thermodynamic 
efficiency of the plant and avoid the corrosion in the MSW 
(Municipal Solid Waste) boiler caused by high tube metal 
temperatures. The difference between this concept and 
other existing configurations, such as the Zabalgarbi plant 
in Bilbao, Spain, is lower natural gas consumption, 
allowing an 80% waste contribution to the net energy 
exported or more.  This high efficiency is achieved 
through four main steps: 1. introducing condensing heat 
exchangers to capture low temperature heat from the 
boiler flue gases; the stack temperature can drop to 70°C; 
2. high steam temperatures in external superheaters 
using hot clean gases heated with duct burners; 3. mixing 
the exhaust gases of a small gas turbine with hot air 
preheated in a specially designed heat exchangers. The 
resulting temperature of this gas mixture is almost the 
same as a standard gas turbine but with the flow similar 
to that of a large machine with a higher O2 content; 4. 
After the duct burner and heat exchangers, the oxygen 
content of the clean gas mixture is still high, nearly 18%, 
and the temperature is approximately 200°C. The gas is 
then used as combustion air to the MSW boiler such that 
all the energy stays in the system. The efficiency can be 
as high as 33% for the MSW part of the plant and 49% for 
the natural gas system. Since the natural gas 
consumption is almost ten times less than the existing 
designs, it can be replaced by landfill gas or gasified 
ethanol or biodiesel. Currently an 850 ton/day plant is 
being designed in Brazil in partnership with a large power 
company. Other advantages include, self generation of 
internal power and lower steam superheating 
temperatures in the MSW boiler. This concept can be 
used with any grate design. 
 

 
1. INTRODUCTION 

 
       Conventional WTE plants burn waste on specially 
designed grates and the hot flue gases generate steam in 
a boiler. Due to the very corrosive nature of these flue 
gases, [1], the steam temperature and pressure are 
limited to 400°C / 40 bar resulting in low thermodynamic 
efficiencies, around 22%, for power generation. One way 
to overcome this difficulty is to combine a natural gas 
turbine with a waste incinerator in such a way that the 
superheated steam produced in the MSW boiler is further 
heated using the “clean” exhaust from a gas turbine in an 
external superheater. Many WTE plants have been built 
using this concept, the most important one being the 
Zabalgarbi plant, Figure 1. This power plant generates 
100 MWe gross and the thermodynamic efficiency for the 
MSW portion of the fuel is approximately 30%. For natural 
gas the efficiency is around 50%. The disadvantage of 
this scheme is that 75% or more of the electric energy 
produced comes from natural gas. Although in some 
cases, this can be a good solution from an energy point of 
view, it is not as environmentally desirable since natural 
gas is a fossil fuel and contributes to global warming, 
cancelling the benefits of landfill diversion. Also natural 
gas prices can vary unpredictably and it may not be 
economical to dispatch such plants. However, WTE 
plants have to run with a high availability which poses 
additional problems to the grid operator. 
 
2. OPTIMIZED COMBINED CYCLE – OCC 
  
       The proposed concept, named Optimized Combined 
Cycle - OCC, greatly reduces the amount of natural gas 
needed to increase the efficiency of MSW combustion. 
With OCC, 80% or more of the net energy comes from 
MSW allowing the natural gas to be replaced by fuels not 
commonly available in large amounts, including landfill 
gas or biogas from anaerobic digestion. Another 
possibility is to replace natural gas with gasified bio-fuels 
such as ethanol or biodiesel using the LPP Combustion, 
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in 72,028 TPY of CO2. The difference of 37,591 TPY of 
avoided CO2 is due to the efficiency improvement of 
OCC. This corresponds to 34% of the CO2 emissions of 
the fossil fraction of the MSW. If we replace natural gas 
with landfill gas or ethanol, this will increase to 65%. 
Additionally, the avoided methane from landfill diversion 
will correspond to approximately 338,000 TPY of CO2 
meaning that, even for the NG case, the annual net CO2 
sequestration would be 265,000 TPY of CO2 for a 792 
TPD WTE plant.  
 
5. CONCLUSIONS 
 
       This process allows WTE to be feasible at very 
modest tipping fees. Developing Countries that could not 
afford the costs of landfill diversion will be able to stop 
burying their organic wastes. Also Europe, North America 
and Japan could benefit from this concept and apply the 
surplus of resources from lower tipping fees in other ways 
to mitigate global warming. 
       The OCC concept can be generalized to other types 
of thermal electric power plants such as sugarcane 
bagasse fuel for which the efficiency improvement can 
surpass 50% with very modest increase in the 
investment. 
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