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Abstract— Boiler is the primary source of producing steam 

and hot water generation in industrial processing plants where 

steam demands of boiler is vary very frequently according to 

the requirements. Due to this, it produces possibilities of 

errors at measuring and various stages involved with human 

workers. So a reliable monitoring and controlling system are 

necessary to avoid such failure, which is achieved by 

Programmable Logic Controller, PID Control and SCADA 

system. The proposed system outlines the design and 

development of 3 element control in boiler system using PLC, 

PID, SCADA, and sensors. PLC and SCADA interfaced via 

RS232 communication cables. The proposed system focuses 

on passing the inputs to drum at a required level, so as to 

constantly maintain a particular level in the boiler. SCADA 

is used to monitor steam pressure, Water flow and water level 

using different sensors and the corresponding output is given 

to the PLC which controls the boiler feed water, steam flow 

& water level. If the temperature and pressure inside the 

boiler exceed the predefined value then the entire system is 

shut down. In case of emergency different automated check 

valves are used to release pressure, steam and inform the 

concerned authority through the alarm. Boiler automation is 

done through PLC- PID SIMULATION Delta soft and Dia-

view SCADA software.    
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I. INTRODUCTION 

Decades ago, the quality and demand of the products 

increases in the process industry plants. In this plant we 

require continuous monitoring, controlling and inspection of 

the boiler with regular intervals. In the process industry, a 

large number of the boiling section is present. These boiling 

sections produce the high-temperature steam with the help of 

the boiler drum. If the supply of the water coming to the boiler 

decreases due to human error, then steam production 

decreases & when the water level decreases too much then 

leakage of boiler tubes or damage of boiler takes place. If the 

water level in the drum increases above the desired upper 

drum level, there will be a carryover of water particles(water 

impurities) in the dry steam flowing to the turbine and thus 

the turbine blade is damage and reduces the efficiency of 

boiler treatment[6][1]. Human workers produces too much 

errors as they are manually operated.  In order to automate a 

drum level and minimize human activities, we need to 

develop a PLC & SCADA system that helps to reduce the 

errors caused by humans.[3] 

SCADA is nothing but a centralized system which 

is used to supervise or observe three elements that are the 

Steam Pressure, Drum level and water Flow using different 

sensors and the corresponding output is given to the PLC 

which controls the water level. If the level inside the drum 

exceeds or decreases from predefined value then the whole 

system is shut down. If an emergency occurs different 

automated check valves are used to release water flow inform 

the concerned authority.   

PLC is also used for the internal storage of 

instruction PID to control through digital or analog input/ 

output values and various types of machines processes.  The 

PID controller calculation involves three separate parameters: 

the Proportional, the Integral and also the derivative. These 

three parameters form the PID calculation. by calibration, 

these three constants within the PID algorithmic rule using 

PLC the management will offer control action designed for 

specific method needs. The response of the controller will be 

delineated in terms of the responsiveness of the controller to 

a mistake, the degree to which the controller overshoots the 

setpoint and also the degree of system oscillation. It should 

be noted that the utilization of the PID algorithmic rule for 

management doesn't guarantee optimal management of the 

system or system stability.  

II. LIMITATION OF THE PREVIOUS SYSTEM 

Previous systems that are conventional methods are common 

to produce errors in it as it is handled by the human in the data 

collecting and to process the collected data of the 

mathematical expressions which are manual.  

The data are maintained only in the log book so there 

is no possibility of effective data analysis for taking 

preventive action leading to production loss, workman hour. 

So we require the raw data collector systems which can 

process it and compare this data with the standard 

mathematical values. In this conventional type of monitoring 

if there is a chance of fault it can come to knowledge only 

after the occurrence of the fault. 

Steam was applied to the boiler process is manual 

therefor it provides uncontrolled steam to the boiler for 

process and steam wastage takes place.[4] 

The previous method has bulky and complex 

wiring.it involves a lot of rework to implement changes in 

control logic, therefore the work can be started only when it 

knows control logic implementation. 

III. DRUM LEVEL CONTROL 

Boiler drum level control is a critical parameter for the 

protection of the whole plant and equipment’s safety. It 

applies to maintain equal high and low levels of water within 

the boiler drum. The purpose of the drum level controller is 

to bring the drum level up to the predefined set point and 

maintain the level of drum at constant steam load. An intense 

decrease in this level may expose boiler tubes to become 

overheated and damaged. An increase in this level may cause 

a disturbance with the process of separating moisture from 

steam within the drum, thus the efficiency of the boiler 

reduces and carrying moisture into the turbine. Thus a benefit 

of boiler drum level control is to maximize steam quality and 

Maintains proper drum level to prevent damage to the boiler. 

The boiler drum-level control system maintains the constant 

level of drum by means of regulating boiler feed water. The 

three element system is used only when there is a demand for 

high steam. The two element system is used only when there 
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is a failure in the measurement of steam flow and the single 

element system is used when there is need of low steam 

Different types of boiler drum level control are as follows: 

A. Single-Element Drum Level Control: 

 
Fig. 1: The single element drum system 

The single-element system is the simplest but least effective 

type used for controlling fire tube and water tube boilers. It is 

mainly recommended for boilers with modest change 

requirement and relatively constant feed water condition In 

this strategy, control is based on the boiler drum level 

measurement only[5] During start of a boiler, both the feed 

water and mainstream flow rates are below the measurable 

ranges, and therefore the three-element control with a level 

controller and flow controller is unstable. In such cases, we 

effectively use single element control in which the feed water 

controller is bypassed and the drum level controller directly 

controls the feed water control valve. Therefore Single 

Element Drum Level Control does not perform properly once 

the boiler is fully operative with steam. 

B. Two-Element Drum Level Control: 

The two-element system can do a good job under most 

operating conditions. Two-element drum level control 

measures the variables drum level and steam flow. It is a feed 

forward control loop. Feed water tracks steam flow and 

responds directly to changes in steam load rather than 

indirectly by a change in drum level. The drum level 

algorithm uses a PID function block and it adjusts feed water 

flow to maintain drum level at given set point. The feed water 

control valve must provide a flow rate that is linear with a 

valve position in order to track steam mass flow.  

 
Fig. 2: Two element drum system 

C. Three element drum level control:  

              
                           Fig. 3: Three element drum system 

The control is based on measurement and control of three 

parameters - mainly a) Drum level b) steam flow c) feed water 

flow. This three-element controller is often referred as 

cascade controller in which a drum level control unit is 

cascaded into feed water flow control unit This control 

system is ideally suited where a boiler plant consists of 

multiple boilers and multiple feed water pumps or feed water 

valve has variation in the pressure control valve. By using 

cascade control mechanism level of drum act as a primary 

loop and flow element act as a secondary loop and steam flow 

element act as a feed forward controller. Level element and 

steam flow element mainly correct for unmeasured 

disturbances within the specific system such as boiler blow 

down. Feed water flow element responds rapidly to variations 

in feed water demand either from the feed water pressure and 

steam flow rate of feed forward signal. 

IV. PROBLEM FORMULATION 

A drum of a boiler is taken and the drum level control of the 

boiler is achieved using PLC-PID controller and supervised 

using SCADA. The analysis, study, and testing of the overall 

system for the various combinations is taken. 

A. PID Controller: 

The Proportional-Integral-Derivative (PID) controller is 

nothing but modern control systems and has applications in 

many process industries. A PID controller calculates an error 

value as the difference between a measured process variable 

and the desired set point.  

 
Fig. 4: PID block diagram. 
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It can be defined as three terms, the proportional p, 

the integral I and the derivative D terms are summed to 

calculate the output of the PID controller.  

Let us we define u(t) as the controller output, the 

final form of the PID algorithm is: 

 
Where the tuning parameters are:                                                                        

1) Kp:  

Proportional Gain - Larger Kp means faster response since 

the larger the error, the larger the Proportional term 

compensation. An excessively large proportional gain will 

affects to process instability. 

2) Ki:  

Integral Gain - Larger Ki implies steady state errors are 

eliminated quicker. The trade-off is larger overshoot: any 

negative error integrated during transient response must be 

integrated away by positive error before we reach a steady 

state. 

3) Kd:  

Derivative Gain - Larger Kd decreases peak overshoot, but 

slows down transient response and may lead to instability due 

to signal noise amplification in the differentiation of the 

error.[7] 

In three element control drum level is maintained by 

controlling the steam flow rate of the drum. In short, PID 

tuning is nothing but the process of finding the values of 

proportional(Kp), integral(Ki), and derivative(Kd) gains of a 

PID controller to achieve desired performance and meet 

design requirements. The tuning of PID controller for three 

elements is shown in fig below:  

 
Fig. 5: Regulation of boiler drum level using PID controller 

An automated PID tuning workflow involves:  

 Identifying the drum level from input-output test data. 

 Modelling PID controllers in PLC using PID blocks. 

 Automatically tuning PID controller gains and fine-tune 

our design interactively  

 Tuning single-input and single-output PID controllers 

also multiloop PID controller.[8] 

 
Fig. 6: PID tuning wizard 
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Table 1: Effect of increasing parameter independently 

V. AUTOMATION 

Automation means a process for particular machinery 

mechanism without human operators for performing a 

specific task and replaces the human involvement with the 

help of logical programming commands. 

These automation devices include PLCs, PCs, DCS, etc. 

A. Advantages of Automation System: 

1) To Increase Productivity:  

Automation of the process industry improves the production 

rate with the help of better control of production. Also, it 

helps to produce a greater production quality. Therefore, for 

a given labor input it produces a large amount of output.[2] 

2) Reduce Manual Operations:  

Automation completely reduces the need for manual 

checking of various process parameters. By taking advantage 

of automation technologies, industrial processes 

automatically adjust process variables w.r.t. desired set point 

using closed-loop control techniques. 

3) Raise the Standard of Safety:  

Industrial automation increases the standard of safety to 

personnel by substituting them with automated machines in 

hazardous working conditions. Traditionally, industrial 

robots are implemented in such risky and hazardous places.  
4) Improve Product Quality:  

when automation reduces human participation, it will reduce 

human errors. Due to this product quality with greater 

conformity can be maintained with automation by adaptively 
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controlling and monitoring the industrial processes in all 

stages right from the inception of a product to an end product.  

VI. PLC: PROGRAMMABLE LOGIC CONTROLLER: 

Programmable Logic Controller (PLC) is used for the 

automation with the ability to re-programmed the logic 

according to requirements of the user in the process industry. 

 
Fig. 7: General interfacing of PLC 

A. Delta PLC: 

Delta PLC is nothing but a function of storing procedures, 

handle extending principles, the function of 

sequential/position control timed counting and mainly 

input/output control in the large process to .perform the tasks.  

Here the system analysis and control is performed 

by Delta PLC EX2 Series controller which is configured and 

programmed by WPL Software 2.47. 

The analog input module receives external 4-point 

analog signal input (voltage or current) and converts it into 

the digital signal. It consists of 8DI, 6DO, 4AI, 2AO. The 

communication between PC and PLC can take place via the 

RS-232 communication cable. Size is small and easy to 

install. Users can communicate input from voltage or current 

via wiring. Voltage input range is0±10V DC (resolution is 

1.25 mV). Current input range is0 ±20 mA (resolution is 5 

μA). 

 
Fig. 8: Delta PLC 

B. PLC Working:  

It consists of scanning of a program. The scanning process 

involves three basic steps:   

1) Step 1: Checking Input Status  

First, the PLC checks each of its input of system to see which 

one has status on or off. In other words, it checks whether an 

input of switch or a sensor is activated or not. The information 

that the processor thus obtains through this step is stored in 

memory in order to be used in the following steps. 

2) Step 2: Execute the Program:  

 Here, a PLC executes a program instruction according to 

instruction based on the program and based on the status of 

the input has obtained in the preceding step, and appropriate 

action is taken. The process might be activation of certain 

outputs and the results can be put off and stored in memory 

to be retrieved later in the respective steps.  

3) Step 3: Checking and Correction of Output Status:  

Finally, a PLC executes output signals and adjust 

accordingly. Changes are performed  the task on the input 

status that read during the first step and based on the result of 

the program execution in step two – following execution of 

step three PLC returns a beginning of the cycle and 

continually repeats these steps. [11] 

4) Benefits of Delta PLC: 

 Fast programming, Auto backup functions to prevent 

losing program and data even when the battery runs out. 

 It provides 4 level password protection to save our 

program and  

VII. SCADA 

 
Fig. 9: SCADA implementation 

SCADA stands for Supervisory Control and Data 

Acquisition. As the name indicates, it is not a full control 

system, but concentrated on the supervisory level.  

What is SCADA? It is used to monitor and control 

process .The control may be automatic or initiated by 

operator logical commands. The data acquisition is 

accomplished firstly by the RTU’s scanning the field inputs 

connected to the PLC. This is usually at a fast rate. The central 

host will scan the PTU’s (usually at a slower rate). The data 

is processed to detect alarm logical condition, and if an alarm 

is present, it will be displayed on special alarm lists. 

The SCADA RTU which provides intelligence in 

the field, and allows the central SCADA master to 

communicate with the field instruments. It is a nothing but 

data acquisition and control unit. Its principle is to control 

process equipment at the remote site, acquire data from the 

equipment, and transfer the data back to the central SCADA 

system.  
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Dia-view software enables you to configure a 

system environment that provides Supervisory control, batch 

processing, data acquisition, continuous control, and 

statistical process control for industrial application 

 
Fig. 10: Experimental set up 

VIII. CONCLUSION 

In this work, three element control using PLC-PID and 

SCADA was designed and controlled. Different sensors are 

used to measure the temperature, pressure and water level.  

Water level can be measured with level sensors. SCADA will 

be used to monitor the parameters and PLC to control the 

whole operation. Delta PLC software can be used to simulate 

the PID & DIAVIEW software for design of drum automation 

simulation.  

Future research is to focus on the application-

oriented implementation of remote monitoring of boiler 

Automation by PLC-SCADA internet access. 
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