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In the frame of a research project, the physical behavior of the steam and hot water networks of an 

integrated steel mill were reproduced using the APROS simulation tool. The analysis of the steam 

distribution network behavior shows that strong fluctuation of some state variables (pressure, 

temperature) occur due to batch process productions and variable heat demand. 

Classical methods for efficiency improvement, like energy/exergy analysis or pinch/total site analysis, 

are based on steady-state assumptions. Hence, they do not consider inefficiencies due to the above 

described transient behavior. This work relies on a method based on dynamic behavior modeling of 

energy systems in order to assess energy efficiency, fluid quality and flexibility improvements. 

This paper describes, through a practical example dealing with a pressure swing problem caused by 

the interaction between the basic oxygen furnace and the hot rolling mill steam systems, the modelling 

and improvement procedure of the steam network. Subsequently, the application range of the 

developed simulation models is discussed. 

1. Introduction 

The actual need in the industry to further reduce energy use encourages investigating new methods for 

the analysis and optimization of existing production processes. To answer to this need, a method using 

physical modeling of the dynamic behavior of energy systems has been developed. It is based on the 

general procedure of the process synthesis as explained by Tuomaala (2007).Existing optimization 

methods are usually based on empirical correlations or on thermodynamic correlations. They assume a 

steady-state operation of the considered units. An improved accuracy of the process parameters 

estimation can be reached, when the dynamic behavior of the process is taken into account, especially 

when time dependent physical phenomena play an important role in the involved processes (Henrion, 

2012c). Therefore process modeling and especially dynamic simulation of transient operation helps to 

gain detailed knowledge on the investigated processes and deliver better optimized technical solutions. 

It helps in the case of existing industrial plants to complete the information from partially missing 

documentation and/or not available process data. This paper exposes some findings of a study, which 

used dynamic simulation tools in order to investigate the behavior of an existing Integrated Iron and 

Steel plant (IISP). It explains how the tool helps improving operations profitability by reducing the 

energy costs and increasing unit operability. The utilized method is detailed for one specific application 

example: the discontinuous steam production of the basic oxygen furnace and the hot rolling mill are 

interacting with each other and produce some pressure peaks in the networks. This leads to steam 

release through certain safety valves. Solutions to avoid these quality and energy losses were 
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investigated with a dynamic model of the steam distribution network; their evaluation is exposed in this 

paper. Finally the extent of possible findings that can be reached through the used method is shown. 

2. Characterization of the investigated energy system 

This section describes the behaviours of the steam distribution network main consumers and suppliers, 

which have been characterized through process data analysis. Relevant control mechanisms of the 

steam parameters are also explained. 
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Figure 1: Schema of the steam distribution system 

In the considered network, which is schematically represented in Figure 1, the transportation pipes are 

operated at a pressure of approximately 18 bars gauge (barg), and a temperature varying from 320 °C 

to the condensing temperature of about 210 °C. Process data analysis shows that most of the steam 

consumers have a relative constant consumption during the day. A consumption increase is observed 

seasonally in winter, as heat tracing is used for different purposes. However the consumers in the steel 

mill are characterized by large and rapid fluctuations of their daily steam demand. These variations are 

triggered by the vacuum pumps of the secondary metallurgy processes and by the water spray cooling 

of converter gas. These consumers require some large quantities of steam within few minutes for 

periods of about 15 to 20 min. The power plant is the main steam supplier. It exports superheated 

steam (with approximately 300 °C) and regulates therewith the network pressure at the delivery points 

(Pipes 1, 2 and 3 on Figure 1). 

About one third of the total annual process steam demand is supplied by waste heat steam producers. 

The analysed network counts three major waste heat steam producers: 

 The “basic oxygen furnace steam generators” are the largest waste heat steam suppliers. The 

latent heat of the raw converter gas is used to produce saturated steam in the steel mill. As 

oxygen blowing in the converter is a batch process, steam is produced in large quantities during 

short time periods (15-20 min).  

This unsteady production is buffered by a steam storage system (Ruth’s accumulator type). A 

control valve at the outlet of the storage reduces steam pressure from the storage to the 

network level. It controls the pressure level in the steam generators and in the storage tanks, 

which can vary between 18 and 30 barg. Safety valves release steam from the steam generator 
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drums to the atmosphere to avoid that the operating pressure exceeds 31 barg. If the steel mill 

internal steam production exceeds the process demand, then saturated steam is exported 

through pipe 7 to the “heat dispatching” plant. 

 The pusher furnaces in the hot strip mill are also equipped with waste heat recovery steam 

generators. Their production depends on the load of the reheating furnaces. Within half an hour, 

their steam throughput can vary from half to full load. They deliver superheated steam directly to 

the steam network. 

 The walking beam furnace evaporation cooling system provides the steam network with 

saturated steam at rather constant mass flow. 

The steam network is additionally equipped with two further safety mechanisms in order to prevent 

pressure peaks: 

 a manually operated blow-off valve located in the heat dispatching area. 

 a flue gas by-pass of the pusher furnace steam generators, which allows to blow-off hot flue gas 

in order to limit the steam production. 

A detailed process data analysis for the whole system reveals that pressure peaks occur in the 

network. Those peaks appear during situations where the delivered flows from pipe 1 and 2 are low 

and the production of the pusher furnace is high. This is due to a local steam excess in part “steel mill, 

heat dispatching plant, hot strip mill” of the network. The steam network model should be able to 

reproduce the described phenomenon in order to investigate improvement measures on this issue. 

3. The simulation program APROS 

APROS (2011) is a simulation tool which is focused on dynamic simulation of thermal and nuclear 

power plants. It allows the modeling of 2-phase flow considering each phase separately - hypothesis 

for this model are listed by Hänninen and Ylijoki (2007). A one dimensional discretization method of the 

pipes is used to solve the governing equations of fluid mechanics. The discretization method for 

APROS is documented by Hänninen and Ylijoki (2008). Boiling crisis can be taken into account. The 

possibilities of varying the models boundary conditions and modeling elaborated control systems make 

this program quite appropriate for the purposes of this work. GRADES is the graphical interface of 

APROS and allows a process flow diagram representation (Henrion et al., 2012a). The program has 

been chosen because it can simulate condensation phenomena inside steam pipes as well as in tanks 

(application for the steam storage). It allows an accurate simulation of vaporization in the steam 

storage vessels and the steam generators (Henrion et al., 2012b). 

4. Physical modelling and model validation 

APROS is used to model the unsteady behavior of the steam network during a complete day of 

operation. The developed model is validated thanks to registered process data from the existing unit. 

4.1 Model build-up 

The modeled parts of the steam network are represented inside the dotted line on Figure 1. Three 

factors influence the choice of the extent of the model:  

1. the questions that have to be answered by the simulation (in the present case, a.o. analyze the 

pressure peaks in the area steel mill, dispatching plant, and hot strip mill), 

2. the availability of process data to validate the modeled behavior, 

3. the availability of equipment documentation. 

In order to recreate the dynamic system behavior, the geometrical and material properties of each 

component are modeled accurately: this includes piping (incl. pressure losses and insulation), valves, 

steam trap, steam generators, steam storage tanks, heat exchangers, turbines… Variable mass flow 

boundary conditions are used to model the mass flows of steam production and consumption, except 

for the power plant, which is regulating the pressure at the beginning of the connected pipes. In this 

case the steam inlet to pipe 2 and 3 is modeled for both pipes with separate variable temperature and 

pressure boundary conditions. These boundaries equalize the measured process data. The role of the 

unit, which in reality compensates the difference between steam production and consumption, can be 

well reproduced in that way. In the steel mill, the complex control loop of the steam storage control 
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valve regulates the mass flow leaving the storage tanks (see Figure 2). The control algorithm can be 

modeled accurately thanks to the components available in the process control library of APROS. The 

valve position is calculated from the storage pressure, the steam network pressure, the exported steam 

flow and the actual valve position itself. The operator can modify the “basis valve position”, which 

defines the position set point, when the actual measured pressure is within a definite range. For 

maintenance reasons, the valve position is discrete and its action remains limited. The valve 

incremental action as well as the hold-off period during which the valve is blocked can also be modified 

(Schimon and Henrion, 2010). 
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Figure 2: Modeling of the steel mill and its control loops 

4.2 Model validation 
The validation phase consists in an iterative adjustment of the model parameters (pressure loss 

coefficients, heat transfer coefficients, boundary conditions…) to approach the simulation results 

(pressures, temperatures, mass flows) from the measured process data of the simulated operation day. 

The validation of the storage parameter in Figure 3 shows that the real behavior is recreated by the 

model relatively accurately. The steam storage pressure profile (left on Figure 3) confirms good quality 

of modeling of the storage control system. The mass flow out of the steam storage (right on Figure 3) 

shows a good accuracy of the mass balance in the steel mill. 
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Figure 3: Validation of the steam storage system 

Further validations are done for: 

 the mass flows delivered by the power plant (pipe 2 and 3): they are particularly significant for 

the exactness of the model as they close the steam balance of the IISP. The validation shows 

good approximation of the model even if few differences remain; 

 the pressure level in the heat dispatching: here higher pressure peaks are observed in the 

model. This is due to the reduced model extent. The smaller network volume, that is taken into 

consideration in the model, is the reason why the modeled pressure peak amplitude is higher; 

 the temperature in the heat dispatching: it shows relative good reliability of the model. 
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The validation results demonstrate that the model is able to give good prediction on most of the 

network parameters. Model deviations on the pressure peaks amplitude have to be taken into account 

for the interpretation of the investigation results. 

5. Simulation findings 

This section describes in detail the analysis of the pressure peaks issue in the steam network. Further 

results are briefly exposed to give an overview of the application range of the dynamic simulation tool. 

5.1 Pressure peaks reduction 
In order to reduce the pressure peaks triggered by a steam excess in a part of the network, the effects 

of two modifications have been investigated with the model. In case 1 the control parameters of the 

storage valve are modified: the hold-off period is reduced from 300 to 10 seconds and the incremental 

action from 5 to 1 %. This measure enhances the reaction speed of the control system in case of 

pressure peaks. In case 2 a steam storage system with a volume two times larger than the original one 

is simulated. 

Both cases are modifications of the validation case (case 0), which constitutes the base case. 
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Figure 4: Pressure peaks case study results 

The simulations results in Figure 4 show the pressure profiles for each case in a central point of the 

network. In case 2 steam venting due to safety equipment is reduced by 43 %. Furthermore from 

Figure 4 can be observed that the amplitude of some pressure peaks is reduced (at 6h45 and 11h30), 

but the main peak at 7h15 remains still high. In case 1, the modified control parameters allow to keep 

the pressure at all times below 20 barg, so all peaks could be reduced. Losses due to blow off of steam 

is reduced by 55 %. In both cases the calculated condensation losses remain unchanged, and the 

steam delivery from the power plant is slightly lower due to the reduction of the steam blow-off. Thanks 

to these measures an additional reduction of the waste heat losses at the pusher furnace can be 

expected. We can conclude that thanks to a simple modification of the steam storage control 

parameters, the steam pressure quality can be improved without any investment. Steam blow-off and 

waste heat losses are reduced. 

5.2 Further findings from different other investigations 
Other investigations made, thanks to the steam network model, allowed to improve the quality of steam 

(temperature and water mass fraction) which is delivered to an energy recovery turbine, thus reducing 

its maintenance costs and steam condensation in the network. The development of a detailed model of 

a steam transportation pipeline helped to understand its behaviour during start and stop operations. 

The reduction of the annual pipe energy losses (through shorter operating time) as well as the increase 

of the pipe operability (faster start and stop phases) could be investigated. Another model, which 

simulates the hot water network of the IISP, is used to investigate different measures in order to 

increase the net heat delivery capacity. By reducing the pressure losses in the network, water mass 

flow can be increased and so a higher mass flow can be transported. The implementation of a new by-
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pass with a specific control sequence promises a significant reduction of pressure losses. The model 

was also used to optimize the heat recovery from a waste heat source. 

6. Conclusions and outlook 

Through one specific application example, this paper showed how dynamic physical models can be 

used to improve energy efficiency and operability of complex energy systems. Thanks to the developed 

model, the effect of different improvement measures on pressure peaks can be predicted, utilizing 

larger storage tanks or improved control parameters. The better option from the operative point of view 

can be identified in that way. The developed analysis method is based on the APROS simulation 

software. An analysis based on process data is necessary to understand the interactions between 

consumers and producers, which characterize the network behavior. The developed model can be 

validated accurately, thanks to the process data available for an existing unit. Such a dynamic 

simulation can be used for instance to assess the effects of improvement measures on the energy 

demand and operation quality parameters of the considered energy system. In this way all time 

dependent phenomena like pressure, heat flow and temperature fluctuations are considered. This 

method can be applied to existing units like in the present example but also for grassroots design of 

innovative energy systems like done by Henrion et al. (2012a), Paananen and Henttonen (2009), Heim 

et al. (2010) or Schlagenhaufer (2011). The investigation and evaluation of thermal storage 

components in complex energy systems constitutes a further relevant application for dynamic models. 

The use of such models opens also application perspectives for the development and implementation 

of complex control systems as explained by Schimon (2011). The use of predictive control algorithms 

can be inquired by the developed tool in order to realize a real time optimization of the considered 

energy systems. Further models can also be used for the training of unit operators. It helps minimizing 

product-, exergy- and heat-losses during shut-down and start-up operations, but also in emergency 

situations (Henrion et al., 2012b). 
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