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Project objectives

Development of plant operation suport system (software tool), which 
would enable optimization of the heat and power plants in a daily 
operation.
Development of alternative schemes of the biomass fired ORC plant 
integration with industrial and municipal heat consumers.
Development of mathematical simulation models of the proposed 
technological systems and energy management scenarios.
Development of tools for predictions of heat load profiles.
Testing on-line biomass properties measurements.
Simulation based studies of cogeneration plant operation.
Assessment and analysis of effectiveness of the proposed technology
solutions.



Research plants

Holzheizkraftwerk Scharnhauser Park (DE)
ORC + Gas boilers

MPGK Krosno Ltd – Municipal Holding (PL)
ORC + Coal boilers



Technological system
Both systems are similar and cosist of biomass-fired ORC 
cogeneration module fossil-fuel-fired heat only boilers.
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Equipment operation within 
sample period of 200 hours



Operational characteristics
System stationarity tests

Gradient

Sum of square errors SSE



Anticipated financial results of the 
Krosno project



Anticipated financial results of the 
Krosno project



Possible improvements
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List of IntBioCHP project products

ProcessOPT system for online measurements of biomass 
quality – hardware tool.
Control algorithm for biomass combustion process.
IntBioCHP_DSS – expert system concept and software
Software tools for heat load forecasting – different methods.
Design documentation of IntBioCHP_DSS integration.
Design documentation of heat storage tank
Techno-economic studies and computer simulations
Journal and conference papers



New hardware components - Near Infrared Spectroscopy
(NIRS)

Monitoring of biomass quality



(DE)
Low quality biomass

(PL)
High and medium quality biomass

Biomass fuel – as received

Monitoring of biomass quality



Biomass Properties: LHV, ash content, water content

Monitoring of biomass quality



Equipment accuracy assessment

Monitoring of biomass quality



Monitoring of biomass quality

New combustion control algorithm and software have
been developed and tested.
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Results

One transport of fuel per week has been reported by 
operators after control system implementation.
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Results
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DSS Concept

The IntBioCHP_DSS is is a computer program (expert system), 
which uses knowledge and inference procedures to solve tasks that 
are typicaly solved by the human expert (plant operator). 
• Operational optimisation of both heating networks and heating 

plants, which is based on predictions of weather conditions, 
loads and prices. 

• Supporting plant maintenance.
• Frequent examination of measurement devices and early fault 

detection. 



DSS Functionalities

There have been assumed four specific functional modules: 
• Performance evaluation module, which generates current 

performance indices and reports;
• On-line diagnostics module, which allows monitoring of current 

technical conditions and verification of measurements;
• Simulation module, which allows operator to examine effects of 

changes before they are implemented into the physical system;
• Operation planning and control module, which generates 

recommendations for optimal settings, including equipment 
scheduling.  



IntBioCHP_DSS User Interface



SCADA vs DSS



SCADA vs DSS



SCADA vs DSS – coal boilers



Expert system hardware



Expert system framework for technical 
condition monitoring



Equipment models

White box Black box

Grey box

• detailed physics
• limited accuracy
• reasonable 

computational cost,
• detailed input data 

requaired,
• easy adjustments

• bases on 
measurement data,

• regression and 
neural networks,

• fast calculation,
• non physical,
• difficult

adjustments



Equipment models

Black box

Regression models Artifical Neural Networks



Diagnostics of ORC module



Diagnostics of ORC module



Integrated system optimisation



Expert system framework for 
optimisation of operational parameters



Calculation scheme



Integrated system optimisation



Simulated financial effects

Annual effect
~ 100 000 PLN

Adjustment of boiler operation without TES



Weather forecasting tool



Load preditions – Neural Network 
Aproach



Heating load predictions within
IntBioCHP_DSS



SimStadt simulations of Krosno DHS



SimStadt simulations of Krosno DHS
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Comparison hourly heat load profiles



Sizinig of heat storage tank



Design of heat storage tank



Results of heating profile optimisation
within sample summer day



Results of optimisation HOB plant 
operation within sample winter day



HOB plant energy efficiency gains in 
sample winter day



HOB plant energy efficiency gains –
annual curve



Sample recommendations for TES 
operation



Conclusions
Currently the ORC cogeneration techology does not bring 
favourable financial results.
Data analysis and simulations showed that plant 
performance and economics can be improved by 
incorporating the mathematical models into the 
diagnostics and control systems.
A base for an improvement is better system integration 
based on software and hardware solutions.
Additional revenues can be generated by improved 
electricity generation performance (power and efficiency) 
and sales on balancing market.



Project web page

http://www.intbiochp.polsl.pl/
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