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In the last years it became more clearly that the biggest challenge witch humanity had to heal with it will be liked by the energy supply. Problems regarding the oil, becoming more and more intense, aspects regarding the growing up energy requirements together with the global warming had imposed on one hand scientific community mobilization in order to find the alternative solutions to produce energy and on de other hand implementation of the energy groups existing computerized management techniques. 

One of the trends of research in Romanian energy sector is to ensure alignment with international practice on the analysis of processes and computerization of energy processes. The increase in electricity needs, with the development of human society, the economic and social progress requires superior technical solutions for production, distribution and electricity supply while improving the efficiency of each link in the chain energy.

Meanwhile, the Kyoto Protocol of reducing pollutant emissions by 5.2% in 2008-2012 compared to 1990 levels. A major contribution to emission reductions can be achieved by proper management of energy resulting from use of fossil fuels in power plants. If these central heat transfer is strongly affected by the efficiency with which fuel is used.

Taking as its starting point the operational aspects of the real, mathematical modeling, simulation and automatic control of steam generator plant, the paper proposes as its primary purpose the development of a mathematical model in absolute units and boiler assembly simulations of steady and dynamic. The study was prepared on a natural circulation steam generator, the 420 t/h, and its energy groups of 50 MW. In order to validate de model, the simulation results were compared with the parameters measured values of the installations during the real time function. However, following the trend valid for forced circulation steam generators of 510 t / h or 1035 t/ h, it is proposed to replace the one hand classical adjustment loops with new adjustment loops implemented with digital regulators and implementation of a computer-simulation system for modeling real-time operation of steam generator with natural circulation.

The paper is structured in 8 chapters and takes place over 297 pages, including Appendices.
Chapter 1, (General Introduction(, presents the energy processes complexity, stressing the importance of their management and automation to increase energy efficiency of each link in the chain. Thus is shown the importance of the theme studied the issues that he raised in the paper; in the same time is also emphasized scientific world, which justifies the approach of such a study – the development and use of computer technology and digital media communication in dynamic analysis of energy processes. 

The computer system is achieved by implementing the system for calculating the stationary and dynamic mathematical models of specific processes such as steam generator assembly and basic software and application.

Given the complexity of the proposed scheme will achieve its aim as to be modular so that the implementation and verification of the individual program.

The proposed analytical methodology covers the following general requirements:

a) modeling technology specific heat exchange surface of the boiler;

b) simulation schemes operating between 50 and 100%;

c) data entry in each model are given their own model and related data calculated by the model (flow, pressure, temperature);

d) the output of each model are flow rates, pressure, temperature, enthalpy;

e) software package for graphical view;

f) simulation programs signaling systems and installations typical technological protection; 

g) assembling and integrating the above programs to assembly programs are set up the database for integrating the proposed system is successively made programs

h)    validation of system operation

This system of a large scientific and technical complexity, require treatment of complex problems in the production of stationary and dynamic models, automated management systems, the achievement of basic software and application.


The result of research leads to a recommendation on implementing a support system consisting of a set of computers, media that allow off-line testing and on-line system and could apply CHP and higher education.

Chapter 2,  „Current state of research in modeling, simulation and automation processes in plants Electric power”, presents general state of research on modeling, simulation and process automation energy – especially some characteristic energy processes in case of power plants. Throughout the chapter, organized into 8 sub-chapters are treaties schemes operating problems, possible causes that are leading the transitional arrangements in the operation of power plants, concepts related to the theory and modeling techniques with direct applications in power management. Management systems are described automatic power plants - the computer system and computer system PROCONTROL P LDCs - EMERSON.

Computer unit for management processes can make driving a predetermined action requiring preparation prior to a management strategy which is valid for an anticipated range of variation of operating conditions.
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Figure 2.6. Process control computer
Computerized management of high power energy groups is particularly important for proper functioning as:

· plants have a particularly complex human possibilities exceeding management processes;

· any overruns on the safety parameters are passed in service and on survival components block.

Computer systems have been submitted successfully running major power plants of the national energy system, that system in SC-P PROCONTROL Thermo Isalnita SA, SC Thermo Turceni SA and the SC system LDCs EMERSON Thermo Rovinari SA. The systems have the following functions:

· done in real-time operational management of control room block by integrating automated decisions and actions with those of the operator;

· achieved complete automation of the process by integrating the functions of surveillance, control / automatic sequences, automatic, protection, communication with other systems such as operating procedures are covered under the power-off, normal operation, abnormal or emergency; 

· resolve all situations that cause an abnormal operating condition bringing the plant in the normal operation, when operating into prohibited area involved in protection system to bring the facility into a safe state by preventing damage to equipment in critical situations;

· provide sufficient information for operators to monitor the process, indications of maneuvers and commands that they are carrying them out, restrictions and permission to carry out orders;

· ensure exchange of data and operator commands - higher level;

· ensure protocols editing work, events and data archiving;

· achieved rapid diagnosis of internal defects ensuring maintenance of the entire automation system; 

· achieved process management functions (block efficiency calculations, performance calculations, life time equipments calculations, economical  working optimization);

· are freely configurable, to enable a test and simulation during operation.

The main objective why you want to be reached in this second chapter is complex and detailed exposure of the current state of research in modeling, simulation and computerized management of power plants but also future issues of these concerns in the energy sector.

Thus, the present and are discussed in terms of operation and applicability of the energy industry:

· modern techniques for modeling surfaces of heat exchange;

· modeling and simulation applied in the management of power plants;
· management processes and systems for power plants.
However, in the second part of the chapter, was made a comparative analysis, identifying strengths and key systems functions for power management.   
In the Chapter 3, „Technological characteristics of natural circulation steam generator”, provides a comprehensive description of the steam generator with natural movement that equips 50 MW of energy groups. The facility is presented in terms of functional characteristics, the main circuit and the structure of heat exchange surfaces.

So:

· has made a presentation design and functional description of the natural circulation steam generator, the 420 t / h, which equips 50 MW of energy groups. 

· is highlighted all the heat exchange surfaces which form the whole steam generator, in terms of their functional role, the route of water-steam, air - flue gas and the characteristics and construction features.

· circuits are proposed schemes that appear on the computerized management system monitors steam generator.
· established following the research, scope of models and solution algorithms developed for computer simulations of future. 

All this information creates the physical models of heat exchange surfaces, models detailed in the next chapter and will be the basis for mathematical modeling of the boiler.

In the Chapter 4, „Modeling natural circulation steam generator”, realizing is shaping itself to the steam generator. Modeling is based on physical model of each heat exchange surfaces, simplifying assumptions adopted conservation equations of mass, energy, momentum, heat transfer equations. The model presented in relative units required by the literature, while proposing the model steam generator in absolute units. Block diagrams are presented variation curves obtained and output quantities. Proposed model is tested on the basis of calculation for three operating regimes, operating steam generator primary fuel - lignite fuel support - oil. 

It is noted that the model:

· meet operating values taken as a basis to develop work; 
· has the advantage of eliminating major recalculation sequence of parameters at each step - the patterns in relative units the entire set of coefficients are determined and entered into the model according to the parameters achieved in the previous reference system; 

· deleted operating point linearization around the stable, linear features are included in the model, he found one point of operation on non-linear features and updates the parameter values; 

· allows determining the coefficients of thermal heat exchange between agencies and areas of change in real time, their values obtained by calculation fits within the recommended range of literature; 

· eliminated from the calculation of the flow relations of heat exchanged between agencies thermal coefficients determined empirically, including exchange coefficients calculated;

· is characterized, with all its advantages mentioned above as a model more slowly - than that in relative units - through iterative calculation.

In the Chapter 5, „Simulations of the steam generator under dynamic” - the theoretical model proposed is implemented in Matlab-Simulink simulations of achieving dynamic operation of installations under all components of the boiler. The model provides information about the influence of each parameter (pressure, temperature, and flow for water supply, waste gases, inward and outward) on track parameters, namely pressure, temperature live steam. The results obtained from simulation are compared with values measured parameters in the actual operation of the steam generator. 

Thus, during the chapter:

Proposed mathematical model was tested three operating regimes: regime imposed reference literature, reached optimum boiler, adverse regime - operating with solid fuel low caloric intake than the oil;

1) were read actual operating parameters of the sheet on the whole steam generator plant, 

2) it had been simulated the operation of each heat exchange areas, pack out of each block of calculation is compared with actual operating parameters values;

3) the entire plant operation was simulated steam generator.
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Figure 5.2. Adiabatic gas temperature variation in outbreak
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Figure 5.5. Changes in the level of the drum
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Figure 5.7. Changes in pressure in drum
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Figure 5.16. Changes in water flow out of the economizer


The analysis of values obtained for the output parameters of mathematical model in absolute units required the following comments:

· size can cause significant changes, both by increasing but reducing it is the task that the flow of live steam generator boiler product;

· change in pressure or supply water temperature has negligible influence on the flow of water supply, water temperature variation 
· change the water supply pressure or temperature has negligible influence on the flow of water supply;

· feed water temperature variation produces changes in the opposite direction, slow live steam pressure;

· mass flow of air, gases that are more influenced by increasing water temperatures than the reduction of power;

· change air heat exchanger speed by 10% leads to reduced air flow by about 0.1%;

· temperature combustion gases out of the air has the same effect heat exchanger change as the ambient air temperature;

· values calculated parameters are close to reference values considered in the calculation, that their values read from the observation sheet generator steam, average error 2.3%;

Chapter 6, „Analysis of control systems and automatic”, is reserved for control systems analysis and adjustment. Adjustment of existing schemes are presented on the perimeter steam generator, proposing the two types of loops then adjustment with digital regulators in order to remove the problems involved in using analog regulators. In this respect:

1) are analyzed in a first phase adjustment classical loops (fitted with regulators analog), with simulations of loop tuning of drum level, emphasizing the major disadvantages of them brought down operations;

2) to develop models of systems regulating the steam boiler 420 t / h on lignite with fuel oil burners - were established to grant dynamic characteristics of regulators to achieve the performance required by that process, the stability override for answer.

3) to propose two adjustment schemes to replace existing, outdated morally, adjustment schemes in digital system (DCS). 
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Figure 6.12. Adjustment scheme proposed - drum level
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Figure 6.13. Scheme proposed adjustment - 2 left injection
The advantages of the two proposed schemes are reflected in:

a. use of safe equipment, with operational control of external and internal elements microsecond level, with the manual removal of the loop on any of defect;

b. measuring transducers are map (central fault diagnosis and maintenance);

c. measure process parameters, pressure and temperature correction of the level;

d. calculation of differential pressure flow through extraction of radical correction of pressure and temperature occurs in the system processors by appropriate correction algorithms;

e. the application of CHP plants in operation, the system regulating the digital system (DCS) will increase the operational safety of power supply and heat and fuel savings;

f. perfect in terms of environmental impact are not direct influences, but by increasing operational efficiency, while output and a reduction in pollutants emitted by combustion of fuel and therefore a reduction in pollution.

Chapter 7, „Computer system proposed in order to manage the operation of computerized steam generator with natural circulation”, proposed implementation of a computer system to increase safety in the operation of steam generator. So are implemented stationary and dynamic mathematical models developed in previous chapters, which synchronizes processing software dedicated mathematical models and displays signs of parameters existing in real systems management of processes.


        

Figure 7.1. Operating diagram of the application as a whole

Modeling methodologies have considered making mathematical models with concentrated parameters, mathematical relations including linear equations, differential and integral from the physical laws governing the conduct of technological processes, or the characteristics of different simulated equipment. Programming techniques specific to Windows is running, with the requirements related to compliance in real time, timing and sequencing of different software components providing an interface that does not require knowledge of computer operating and providing opportunities to retrieve data in other applications. Mathematical models of stationary and dynamic processes of technological facility analogue and binary patterns corresponding system (processes and algorithms for operating, signaling).

Making models of the processes required extensive research and technological facilities, carried as follows:

· research and analysis of modular stationary and dynamic processes of equipment;

· develop mathematical models of stationary and dynamic processes of these processes.

In developing models to follow on the one hand that they can reflect real processes taking place in the facilities mentioned and secondly the duration of calculation should be within the limits of real time operating. To achieve the computerized management system were established for technological processes and modules were written the necessary mathematical relations aiming at:

· characterization module in terms of technological components, the nature and value quantities internal parameters and quantities exchanged with other modules;

·  study its functioning in the real plant;

· develop mathematical relationships to describe the technological processes related to module processing mathematical relations and bring them to a form that allows real time operation system;

Based on these models was developed based software and graphical interfaces appropriate.

In terms of environmental impact are not direct influences on the environment, but by increasing operational efficiency, while output and a reduction in pollutants emitted by combustion of fuel and therefore a reduction of environmental pollution.

The last chapter, „Final conclusions, contributions and perspectives”, is a summary of the conclusions drawn throughout the chapters of the work, emphasizing the positive aspects of the mathematical model developed, opportunities to study its operation of steam generator with natural circulation and benefits of the new loop tuning, since this type of generator Steam was not implemented in any country central, automated management systems.

Bibliographic Research, its research and results, enabling the formulation of the following conclusions::

· The objective of this paper is to contribute to research techniques for modeling, simulation and computerization of energy processes in thermal power processes specific case of power plants. Thus, the study was done on a natural circulation steam generator, the 420 t/h, aggregate base of 50 MW of energy group;

· An important stage of work is the mathematical modeling in absolute units of steam generator. Mathematical model proposed is based on mathematical equations specific heat exchange area and some existing models that were suitable in view of the functional. The simulation results were obtained in each block of calculation, dynamic operating system, considering the 10% step changes to increase / reduce the quantities of input resulting in graphs of variation of output quantities.

· Making models of processes required extensive research and technological facilities, carried as follows: research and analysis of modular stationary and dynamic processes of equipment, development of mathematical models of stationary and dynamic processes of these processes. It was intended first model reflect real processes taking place in facilities and second term of calculation to be within the limits of real time operation.

· It presents the entire automated system of adjustment, realizing the mathematical models of technological processes, regulators and enforcement elements of a set of five new loops of adjustment may be implemented on the perimeter of the steam generator.

· two schemes are proposed adjustment to replace existing, outdated morally, adjustment schemes in digital system (DCS).
· proposed intelligent system is a complex system simulation in real time operation of a steam generator of 420 t/h with lignite and the burning of oil, has been set for 6 modules and technological processes were writing mathematical relations required. The modules achieve its intended:
a. characterization module in terms of technological components, the nature and value quantities internal parameters and quantities exchanged with other modules, studying how the operation of the real plant;

b. developing mathematical relationships to describe the technological processes related to module processing mathematical relations and bring them to a form that allows real time operation system;

c. checks and comparisons with model relations taken as the benchmark.

· Considering implications of their various maneuvers performed on plants, maneuvers that must intervene in case of disturbance or damage, and the effects of maneuvers on the economics of operating the plant.
The main contributions of the author went in his doctoral thesis, are:

1. 1. Collate existing bibliographic material in the literature, presentation in a form suitable for the subject argument;

2. Identify research directions to be addressed in the thesis by application issues less treated in the literature on computerization of the operation of energy facilities;

3. Analysis of hierarchical management systems integrated power plant complex;
4. Presentation of comparative information systems used for running power plants;

5. The study of stationary steam boilers of 420 t/h, including all its subsystems to determine the constructive elements and dimensions that will come into mathematical models; 

6. Develop functional schemes of water-steam circuit, air, flue gas interface management system computerized steam generator - Annex 3;

7. Analysis of mathematical model of steam generator in relative units, given by literature, by highlighting the disadvantages posed by its use; Developing a mathematical model in absolute units by processing basic equations highlight the convenience of its use;

8. Simulations of each heat exchange surfaces, under dynamic regime;

9. Verification of the model steam generator assembly in three modes of operation - reference, optimal and unfavorable;

10. Comparing the values obtained from the simulation with measured values in the installation;

11. Introducing systematic theory of leadership power plants;

12. Conventional loops analysis equipment (equipped with analog regulators), which provided steam generator made in the study;

13. Simulation loop tuning of drum level, emphasizing the disadvantages brought by them in operating the plant;

14. Modeling systems regulating the steam boilers of 420 t/h on lignite with fuel oil burners;

15. Determination of dynamic characteristics granting regulators;

16. Development of two schemes of regulation - and temperature superheated steam drum level - in the digital system (DCS);

17. Developing a complex system simulation in real time operation of a steam generator of 420 t/h with lignite and fuel oil burners;

18. Making graphics work with the user interface which includes all operations that the user can make in the main window of application.
19. The design and implementation of specific active elements of Windows;
20. Defining the elements making up the database and build effective database;
21. Establishing requirements for achieving the basic software;
22. Develop active graphics library; 
23. Building a set of graphics needed to conduct specific technological processes steam generator using active graphics library.
Perspectives: 

The basic software is developed in the paper can achieve software application that will allow simulations of equipment and technology in static and dynamic regimes, both in normal operation and for emergency situations or incidents. 

In light of the progress of computer technology, theoretical and practical study in the doctoral thesis leads to the recommendation system development processes computerized energy management. This supposes absolute mathematical models in units of 50 MW turbine and electric generator, simulations of their static and dynamic. Thus, in addition to driving a computerized steam generator will be possible to simulate real-time operation of all facilities producing electricity and thermal power plants with a collector bar. The circuit can be composed of two steam generators of 420 t/h, 2 turbines of 50 MW and a generation system and cutting the electricity grid and heat to district heating. 

The computerized management of energy processes can be applied in the educational process of higher education institutions in specialties: power and automation.
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