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Waste-to-energy plants – a solution for a cleaner future 

1 Summary 
Waste-to-energy plants reduce the municipal solid waste volume by about 80% and convert it 
into residue. The residue quality naturally depends on the burned waste quality and also on the 
combustion parameters. Hence, tighter control of the plant can improve the residue quality. The 
generated combustion energy is regarded as renewable energy and is typically used to feed a 
turbine to generate electricity. 
 
Waste-to-energy furnaces react slowly on changing waste charge, so they are not used for peak 
load generation. The generated electrical power is a plant byproduct and is sold as base load 
generation. Usually the waste is burned on a grate which limits the plant size to about 160,000 
tons of waste per year or 20 tons of waste per hour or about 28 MW. More recent technology 
utilizes fluidized bed combustion, which allows larger plant sizes up to 50 MW. Due to the 
unknown waste composition and stringent environmental standards involved, waste-to-energy 
plants employ sophisticated flue gas cleaning devices for emission control. 
 
ABB’s Performance Monitoring continuously compares actual plant and equipment performance 
to expected performance. This includes the on-line calculation of the waste calorific heat 
allowing operator decision support and automated control system responses. Dedicated reports 
offer detailed data on operations, maintenance and emissions to plant management staff. ABB 
combustion optimization solutions use model based predictive control techniques to reliably find 
the most suitable set-points for improving the heat rate and reducing emissions like NOx. 

2 Waste Management 
Amounts and structure of waste generation in the investigated countries has, after the political 
change and the following change of consumption patterns, have approached those known within 
the EU. Key frameworks for future waste management are, for the countries Bulgaria, Romania 
and Croatia, the Directives 99/31/EC (Landfill Directive) and 94/62/EC (Packaging Directive). 
Waste prevention is currently of a rather minor importance in these countries, since waste fees do 
hardly refer to waste quantities. All countries have however defined the „polluter pays“ principle 
as an integrative part of their waste strategies and programs. 
 
Waste treatment is marked by land-filling to dominate as approach; waste incineration is 
considerable only in terms of industrial waste. Future investments are determined in the national 
„Waste Management Plan“ or and focus on the following priorities: 

• construction of regional landfills harmonized with EU standards; for this,  numerous local 
landfills not corresponding to EU norms shall be closed 

• construction of incineration plants for hazardous and biohazardous waste 
• establishment of collection and disposal systems for hazardous waste 
• establishment of collection and utilization centers for recyclables from municipal waste 
• establishment of separate collection for biowaste and of biowaste composting  plants 
• construction of waste incineration plants for municipal waste, combined with off-heat 

utilization 
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• dumpsite sanitation in the industrial sector 
 
Waste management adjustment to EU standards, being foreseen to occur until 2015, is estimated 
to require investments amounting to 1 billion Euro in Bulgaria.  

3 WtE-plants worldwide 
Worldwide, about 130 million tonnes of municipal solid waste (MSW) are combusted annually in 
over 600 waste-to-energy (WTE) facilities that produce electricity and steam for district heating 
and recovered metals for recycling. Currently, there are WTE facilities in 35 nations, including 
large countries such as China and small ones such as Bermuda. Some of the newest plants are 
located in Asia.  
According to a directive from the European Union land-filling of combustible materials must be 
phased out. However, it is not clear that the capital investments required will be made by all of 
the member countries. Some of them have little WTE capacity and some - for example, Greece - 
none at all. The current EU per-capita use of WTE for the disposal of municipal solid waste is 
154 kg. For comparison, the use of WTE amounts to 314 kg per capita in Japan, 252 kg in 
Singapore, and 105 kg in the US.  
 

 
 
Control room of the Ruhleben waste to energy plant in Berlin 

4 Types of incinerators 
An incinerator is a furnace for burning refuse, modern incinerators include pollution mitigation 
equipment such as flue-gas cleaning. There are various types of incinerator plant design: 

• Fixed or moving grate combustion  
• Rotary-kiln  
• Fluidized bed  

http://en.wikipedia.org/wiki/Furnace
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4.1 Fixed or moving grate combustion 
A moving grate enables the movement of waste through the combustion chamber to be optimized 
to allow a more efficient burn. 

4.2  Rotary-kiln 
The rotary-kiln incinerator used by municipalities and by large industrial plants has a long, 
slightly inclined cylindrical tube through which refuse is moved continuously. In the first section, 
the refuse is dried. In the second section, the dried refuse is moved onto a rocking grate where it 
is ignited and partially burned. The third and last section is a refractory-lined cylinder where 
combustion is completed. The clinkers spill out at the end of the cylinder. A tall flue gas stack, 
fan, or steam jet supplies the needed draft. Ash drops through the grate, but many particles are 
carried along with the hot gases. The particles and any combustible gases may be combusted in 
an "afterburner". To control air pollution, the combustion product gases are further treated with 
acid gas scrubbers to remove sulfuric acid and nitric acid emissions, and then routed through bag 
houses to remove particulates before the gases are released into the atmosphere. 

4.3 Fluidized bed 
A strong airflow is forced through a sandbed. The air seeps through the sand until a point is 
reached where the sand particles separate to let the air through and mixing and churning occurs, 
thus a fluidized bed is created and fuel and waste can now be introduced. 
The sand with the pre-treated waste and/or fuel is kept suspended on pumped air currents and 
takes on a fluid-like character. The bed is thereby violently mixed and agitated keeping small 
inert particles and air in a fluid like state. This allows all of the mass of waste, fuel and sand to be 
fully circulated through the furnace. 
 

5 Gaseous emissions 
The combustion product gases exhausted to the atmosphere by incineration are a source of 
concern. The main pollutants in the exhaust gases include acid gases such as hydrogen chloride, 
sulphur dioxide, nitrogen oxides (referred to as NOx), and carbon dioxide. 
The most publicized concerns from environmentalists about the incineration of municipal solid 
wastes (MSW) involve the fear that it produces significant amounts of dioxin and furan emissions 
to the atmosphere. Dioxins and furans are considered by many to be serious health hazards. Older 
generation incinerators that were not equipped with modern gas cleaning technologies were 
indeed significant sources of dioxin emissions. Today, however, due to advances in emission 
control designs and stringent new governmental regulations, modern waste-to-energy incinerators 
emit virtually no dioxins. 
The quantity of pollutants in the emissions from large-scale incinerators is reduced by a process 
known as scrubbing as well as other processes. 
 
According to the 2005 report cited above from the Ministry of the Environment of Germany, 
where there are 66 incinerators, "...whereas in 1990 one third of all dioxin emissions in Germany 
came from waste incineration plants, for the year 2000 the figure was less than 1%. Chimneys 
and tiled stoves in private households alone discharge approximately twenty times more dioxin 
into the environment than waste incineration plants." 
 

http://en.wikipedia.org/wiki/Rotary_dryer
http://en.wikipedia.org/wiki/Refractory
http://en.wikipedia.org/wiki/Flue_gas_stack
http://en.wikipedia.org/wiki/Flue_gas_stack#Flue_gas_stack_draft_.28or_draught.29
http://en.wikipedia.org/wiki/Air_pollution
http://en.wikipedia.org/wiki/Scrubber
http://en.wikipedia.org/wiki/Sulfuric_acid
http://en.wikipedia.org/wiki/Nitric_acid
http://en.wikipedia.org/wiki/Particulates
http://en.wikipedia.org/wiki/Pollutants
http://en.wikipedia.org/wiki/Hydrogen_chloride
http://en.wikipedia.org/wiki/Sulphur_dioxide
http://en.wikipedia.org/wiki/Nitrogen_oxides
http://en.wikipedia.org/wiki/Carbon_dioxide
http://en.wikipedia.org/wiki/Dioxin
http://en.wikipedia.org/wiki/Furan
http://en.wikipedia.org/wiki/Scrubber
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6 Electrical and control solutions 
ABB designs its electrical system configurations with special attention to the aspects of safety 
and efficiency and in conformity with international standards. These include: 

• Power leads, including generator breakers, generator leads and connections 
• Substations of all voltage levels, including the associated circuit breakers and other 

switchgear 
• Unit and auxiliary transformers 
• Substation control, recording and protection systems 
• Backup supply network, including emergency power and auxiliary power supplies 
• Motors and frequency converters 
• High speed transfer systems 
• Synchronization, excitation and automatic voltage control systems 
• Substation control systems 

 

 
Control of process and electrical systems 

The ABB portfolio includes the necessary functions for the complete automation  of all areas in a 
waste-to-energy plant including: 

• Boiler 
• Turbine 
• Balance of plant 
• Switchyard 
• Waste and ash handling 
• Flue gas cleaning systems 
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• Water and effluent treatment 
 

Control systems from ABB combine innovation and broad functionality with established 
operational reliability. Development of our power plant control systems is ongoing, with the aim 
of further improving cost-effectiveness, functionality and quality. 
The advantages of these control solutions are 

• Future-oriented platform for process and electrical systems 
• Easy-to-use and consistent user interface 
• Fast analysis of disturbances 
• Simple plant and enterprise-wide access to information 
• High engineering efficiency and quality 
• Low operating and maintenance costs 
• Simple system architecture 
• State-of-the-art technology including fieldbus and easy integration methods of existing 

systems 
 

7 Plant Optimization 
We support the operations and maintenance of  Waste-to-Energy plants with a suite of dedicated 
OPTIMAX® solutions. 
 

7.1 Performance monitoring 
Performance Monitoring continuously compares actual plant and equipment performance to 
expected performance. This may include the online calculation of the waste calorific heat 
allowing operator decision support and automated control system responses. Dedicated reports 
offer detailed data on operations, maintenance and emissions to plant management staff. 
ABB combustion optimization solutions use model based predictive control techniques to reliably 
find the most suitable setpoints for improving the heat rate and reducing emissions like NOx. 
ABB’s BoilerLife tracks life consumption, based on fatigue and creep of its major thick walled 
components.  

7.2 Emission monitoring 
ABB solutions for emission monitoring, consist off: 

• design according to local authority requirements 
• selection of suitable instruments from the ABB portfolio 
• considering proper flue gas extraction or and sensor location 
• calibration according to certified measuring standards 
• emission monitoring reports according to international norms 

7.3 Combustion control 
As from 1 June 2005, new regulations for waste disposal have applied throughout Germany. Now 
that the Technical Instructions on Solid Municipal Waste (TASi) are in force, there will after a 
twelve-year  transitional period be a definitive ban on dumping untreated solid municipal waste. 
Instead, non-recyclable waste has to be pretreated in waste incineration plants or mechanical-
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biological waste treatment facilities. The intent is to prevent uncontrolled release of pollutants 
into the natural environment. At present, the available capacity at waste incineration plants is not 
quite sufficient to cope with the sheer quantity of waste involved. ABB offers a control 
engineering solution that can increase waste throughput. 

7.3.1 Estimating the potential bottom-line benefits 
Quantifying the financial benefits achievable will depend on the plant’s mode of operation and on 
the optimization goals being targeted. As a general principle, it can be stated that the spread of 
the controlled variables will decrease when a multi-variable controller is used. An improved 
control quality for the live steam quantity, for instance, can enable the plant to be operated closer 
to its design limits overall, with concomitant increases in waste throughput and steam production. 
Using a multi-variable controller will usually be worthwhile even if the waste throughput can be 
increased by approx. 1 %. This means a return of investment time of 1 to 2 years is possible. 

7.3.2 Optimization solution 
ABB’s Dynamic Optimizer ensures high levels of control quality, e.g. for live steam quantity: 

• reduced stress on material 
• reduced slagging 
• higher waste throughput 
• higher steam production 

O2 flue gas: 
• reduced excess air increases efficiency 
• sufficient residual O2 assures the wall atmosphere  

T flue gas: 
• obviating the need for support burners reduces fuel costs 

 
ABB achieves this far-reaching optimization of firing control by a combination of: 

• integrated operator experience 
o plant limitations 
o plant behavior, intermeshing, operating strategies 

• structuring the existing control system solutions 
o option for switching off the existing set point controls 
o grouping together several manipulated variables to form main control loops, e.g. 

grouping grate  sections together 
• adapting the firing model to the actual firing system involved /trial runs 
• integrating the multi-variable controller and matching it to the plant 
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Combustion control for WtE-Plants 
 

8 Rothensee waste incineration cogeneration plant 
Between 2001 and 2006, MHKW Müllheizkraftwerk Rothensee GmbH erected a state-of-the-art 
plant for thermal energy recovery from residual waste where around 630,000 tons of residual 
waste can be burned and utilized per year. The waste has a heating value ranging from 7,200 to 
15,000 kJ/kg. The waste-incineration cogeneration plant consists of 4 combustion lines, each with 
a rated capacity of 22.0 Mg of residual waste per hour. 
 
The furnace thermal rating is 66.7 MW per line. The plant supplies electricity to some 40,000 
households and district heat to about 44,000 households in Magdeburg. This waste-incineration 
cogeneration plant is one of Germany's largest waste-to-energy plants. 
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Rothensee waste-incineration cogeneration plant  
 

8.1 Electrical Equipment 
ABB engineered, delivered and installed all required electrical systems. These included: 

• Connections to the public 30kV grid, including generator leads and generator connections 
• Switchgear for all voltage levels, including the associated circuit breakers and other 

switchgear 
• Unit and auxiliaries transformers 
• Substation control, recording and protection systems 
• Backup supply network, including emergency power and auxiliary power supply 
• Frequency converters and motors 

 

8.2 Control Equipment 
ABB integrated the instrumentation, the electrical and control equipment, the boiler protection 
system and the operation management into an overall concept and created a technically optimized 
full-scale solution. The specific requirements regarding the implementation were: 

• User-friendly and consistent user interfaces 
• Plant-wide and company-wide easy access to information 
• A high level of engineering quality and efficiency 
• Low operating and maintenance costs 
• A clear system architecture 
• State-of-the-art technology 
• Electric actuators using Profibus  
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8.3 Instrumentation 
ABB was in constant touch with the process equipment suppliers in order to optimally engineer, 
deliver and install the analog instrumentation, including the mechanical measuring equipment, for 
the Rothensee Waste-Incineration Cogeneration Plant. The scope of instrumentation 
covered: 

• Instrumentation for pressure, differential pressure, flow rate and filling-level measurement 
• Temperature measurement 
• Water/Steam analyzers 
• Flue gas analyzers 
• Emission measurement 
• Emission computer 

1  

8.4 Optimization Technology 
ABB installed a high-performance Plant Information Management System (PIMS). History data 
as well as process and company data are collected from different sources and securely archived. 
Where necessary, data is shown to the operators in the form of explanatory information, e.g. 
about the accumulated operating times of drives, or about the demand meters of generators or the 
auxiliary power supply. 
Accurate computation of the heating value of the waste is crucial for optimizing the plant 
operation. The heating value of the waste is computed on the basis of a heat balance. 
 

9 Conclusion 
ABB supports waste-to energy projects with a range of comprehensive solutions for various 
operation and process control levels. In this environment, ABB is also an ideal partner to general 
contractors, plant suppliers, and process equipment suppliers, thanks to its competitive and field-
proven solutions for both new plants and rehabilitation projects, and its optimized supporting 
services. 
 
ABB is in a position to effectively optimize the instrumentation, electrical and control equipment, 
and create full-range solutions that have been optimized technically and economically – 
everything from a single source! ABB's integration experts not only contribute their specialist 
knowledge in the areas of instrumentation, control and electrical engineering, but can also draw 
on a profound knowledge of the waste-to-energy processes.  
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