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ABSTRACT 

 

This  paper mainly deals with the design and analysis of  an  energy  management  model using a  SCADA  (Supervisory  Control  and  

Data  Acquisition) system. Each power systems are restricted by its applicable control authority, forming a decentralized structure by using 
consistent network. A central optimal power flow problem is decomposed into distributed subproblems to obtain the optimal solution. A 

new energy management model that enables a flexible and also efficient operation of various power plants is designed. Based on the 

numerical calculations and graphical representations the renewable energy sources in both configurations, is independent of the enduring 
or intermittent main energy resource availability, which leads to effective production. 

 

Key words:  Distribution Automation, SCADA (Supervisory Control and Data Acquisition), Transmission, Lagrangian Relaxation, 

Energy Management, Optimal Power Flow. 

 

INTRODUCTION 
 

Electrical energy is a fundamental factor of the 

industrialized and all round progress of any country. 

Centrally, Electricity is generated in huge quantity 

and transmitted efficiently more extended distances. 

Electrical energy is preserved on each step in the 

procedure of production, transmission, distribution 

and consumption of electrical energy. It is very 

difficult to handle the electrical industries which are 

most complex and the largest industries in the world. 

Particularly the electrical industries have very 

challenging problems to be handled through power 

engineering, in designing potential power system to 

distribute large size of electrical energy. These 

procedures as well as its control play a vital role in 

the Electrical Power Engineering world. During this 

automated electricity forward world, it is important 

that the power utility management has to be taken 

case for energy efficiency. 

 The SCADA systems are typically played an 

important role in power utilities which is operated 

with coded signals over communication channels. A 

successive SCADA result is more important to 

effective operation of a utility's most significant and 

costly distribution, transmission, and generation 

assets. It is an open loop system. These systems may 

be collective with a data acquisition system by 

adding the use of coded signals over communication 

channels to acquire information about the status of 

the remote equipment for display or for recording 

functions. SCADA system is used for real time 

control and monitoring of electrical network from the 

remote location. The proposed SCADA is flexible 

and preserves smart performance, have been 

dynamically adapted to the context of the power 

system. It has a major improvement with economical 

and technical configuration. 

Generally there are two types of process-control 

systems in power systems called SCADA and 

Distributed Control Systems (DCS).  SCADA was 
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more for data-gathering (though it can carry out 

control actions) in a large-scale, utility of complex 

infrastructure systems where as DCS was for 

controlled processes in a single-point processing. 

SCADA generally supports storing of database 

where as DCS generally does not support database. 

In recent times due to technology advancement 

features of the two are getting blended and both on 

foreground appears similar. DCS are process oriented 

may be used for energy generation, while SCADA 

systems are data actuation oriented, used for the 

distribution and transmission of power. A DCS is a 

process control system that uses a network to 

interconnect sensors, controllers, operator terminals 

and actuators. A DCS typically contains one or more 

computers for control and mostly use both 

proprietary interconnections and protocols for 

communications SCADA may be called Human-

Machine Interface (HMI). The basic design of a 

SCADA system contains multi controller stations 

and a supervisory control station in limited or in 

secluded. Throughout the control system consists of 

Remote Terminal Units (RTU) and Programmable 

Logic Controllers (PLC) called data collection 

collective units which utilizes control station, 

operators can monitor status and provide the 

corresponding commands to the appropriate devices. 

 

Major Concerns of Power System: 

 Superiority: Stability of the preferred 

frequency intensity and voltage  

 Consistency: Very low  breakdown rate of the 

system and components 

 Safety measures: Robustness - usual situation 

yet at the back disorder 

 Permanence: Preserve synchronism under 

disorder 

 Wealth: Optimizing the resources, 

supervision and  preservation Costs 

 

The key features of SCADA systems are given 

as follows: 

 New stage in stimulating grid consistency – 

improved profits 

 Practical difficulty identification and decision 

– high consistency 

 Gathering the mandatory electric power 

authority requirements – improved consumer 

fulfillment 

 Dynamic conscious resolution providing – 

cost deductions and enlarged proceeds 

 

1.2 Applications of a SCADA system in power 

stations: 

 Fault location, separation: 

Here the faults are detected in the transmission 

line dividing faults from the other grids so that faults 

are not affected the flow of power in the neighboring 

grid. SCADA systems are also responsible to restore 

the fault area back into service. 

 Load Balancing: 

this describes the overall load between the 

existing transformers and the feeders in quantity to 

the respective capacities of the system. 

 

 Load Control: 

Generally the demand for power is always more 

as compared to generation. The demand for power 

also varies with seasons from month to month. In 

order to bridge the gap between demand and 

generation load shedding is carried out on a 

rotational bases so as to provide power to all 

consumers. The algorithm of which area will shed 

load and when is decided by SCADA systems. 

 

 Remote Metering: 

It is a reader which provides the information 

from the meters to the operator of the consumption. 

Remote metering makes the consumer aware about 

his real time consumption which would make the 

consumer more conscious and conserve energy. 

 

Literature Review: 

In past research, a complete introduction about 

Smart SCADA and Automation System in Power 

Plants was discussed by Parth Desai and Pooja et al. 

[5].  Zita Vale et al. proposed a methodology which 

reveals that Energy contextual energy resource 

management. Maheswari et al. [10] implemented a 

Lagrangian Decomposition Model for Power 

Management systems by Distribution Automation. 

Haiwang et al. [2] proposed a decomposition method 

for integrated dispatch of generation and load which 

reveals that the parallel computing techniques are 

utilized with IEEE 30-bus and 118-bus to accelerate 

the computations. Various applications of phasor 

measurement units (PMUs) in electric power system 

networks and utilities are discussed by Bindeshwar 

singh et al [4].  

Thillainathan et al. [11] combines Lagrangian 

Relaxation (LR) simultaneously Evolutionary 

Algorithm (EA) to provide a hybrid algorithm for the 

real time energy environments. Shalini et al [14] 

proposed a model which presents the project 

management phases of SCADA for real time 

implementation. Leonardi et al. [6] focused on the 

Industrial Control System of the electrical sector, 

particularly on the Smart Grid which provides that 

the essential background information on SCADA and 

utility applications that run typically at the control 

center of transmission or distribution grid operators. 

Felix et al reviewed the functions and architectures 

of control centers; their past, present and likely 

future. Sayeed Salam et al. [15] compressed a unit 

commitment problem which reveals the generation of 

thermal and hydro units using Lagrangian Relaxation 

technique. 

Zita Vale et al. has proposed a model reveals 

that the requirements of upcoming power stations 

operating in the environment of the higher 
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penetration of distributed generation. Mircia et al. 

[12] proposed a model for the water distribution 

stations using a SCADA system which allows the 

optimum performance of the pumping system, safety 

and survival growth in the equipments and 

installations exploring, and so obtained the efficient 

energy utility and most favorable supervision of the 

drinkable water. Rajib et al. [3] proposed a complete 

controller of an electrical power system network 

using SCADA system.  

 

2.1 Parameters: 

N − The set of connected nodes for wireless 

network;  

Fk,i −  Input of flow in time slot k; 

Fi
min

   −  Minimum input of flow i ; 

Nt – Total study time (hours) ; 

Vi −  Voltage magnitude of flow i ; 

Vi
min

    −  lower bounds of voltage magnitude; 

Vi
max

    −  upper bounds of voltage magnitude ; 

θi   −  Voltage phase angle of flow i ; 

θi
min

   −  lower bounds of voltage phase angle for 

each flow i ; 

θi
max

   −  upper bounds of voltage phase angle for 

each flow i; 

ei −  per unit transmit power of flow i; 

Ci – Cost resource of the system in flow i ; 

Csi – Set up cost of unit i at time slot k; 

Cvi – Voltage Cost for unit i at time slot k ;  

Cpvi – Production cost of photovoltaic unit i at 

time slot k;  

CBIO i  - Production cost of Biomass i unit 

CWIND i  - Production cost of Wind i unit 

CF i  - Production cost of Fuel thermo - electric i 

unit 

I BIO i  - Biomass i unit electric power 

I WIND i  - Wind i unit electric power 

I F i  - Fuel thermo – electric i unit electric power 

I PV i  - Photovoltaic i unit electric power 

I V i  - Voltage i unit electric power 

I PV act i  - Photovoltaic i unit rapidly available 

electric power 

I WIND act i  - Wind i unit rapidly available electric 

power 

I BIO act i  - Biomass i unit rapidly available 

electric power 

I V act i  - Voltage i unit rapidly available electric 

power 

Pi(k) – Power output of unit i at time slot k  in 

Mega Volt(MV) ;  

Ri(k) – Allocated reserve power of generation i 

at time slot k;  

Pi
min

 – Minimum power flow transmission line i 

at time slot k ;  

Pi
max

 – Maximum power flow transmission line i 

at time slot k ;  

PD(k) – System load demand at time slot k 

(MV);  

Ii(k) – Commitment state (0 or 1) of flow i at 

time slot k. 

 

2.2 Optimization  Model Formulation:  

1 1
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                                      (4) 
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                       (5) 

Ri(k)  +  Pi(k)  ≤  Pi
max

(k)       i = 1,2, …,N 

k = 1,2, … , Nt               (6) 

Pi
min

(k)  ≤  Pi(k)  ≤  Pi
max

(k)                                    (7) 

0  ≤  Ri(k)  ≤  Pi
max

(k)  -   Pi
min

(k)                      (8) 

1 1

( ) ( )D

Nt N

i i

k i

P I k P k
 

                                            (9) 

Vi
min

  ≤  Vi  ≤  Vi
max

  ∀  i                                  (10) 

θi
min

  ≤  θi  ≤  θi
max

  ∀  i                                        (11) 

0 ≤  I Vi  ≤  I V act i  ∀  i                                         (12) 
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0 ≤  I PVi  ≤  I PV act i  ∀  i                                      (13) 

0 ≤  I WIND i  ≤  I WIND act i  ∀  i                                (14) 

0 ≤  I BIO i  ≤  I BIO act i  ∀  i                                  (15) 

 Vi − eiθi ≥ 0 ,     

I F i   ≥ 0  ∀  i                           (12) 

 

3. Lagrangian Decomposition Model: 

Lagrangian Relaxation (LR) and dynamic 

programming are extensively used to develop the 

grade of an industry. While compared to the other 

mathematical approaches these methods are has a 

reasonable computation time. Normally the optimal 

bounds for the optimization problems are obtained by 

using LR technique. Due to the flexibility in dealing 

with the different types of constraints the proposed 

method (LR) is more beneficial. An iterative method 

used to solve the subproblems; on solving 

subproblems the Lagrangian multipliers are 

frequently updated. A heuristic method is applied to 

adjust the present infeasible solution to the invention 

of feasible solution. These optimal solutions are 

evaluated by using duality gap called optimal 

bounds. Lagrangian relaxation is flexible in 

incorporating supplementary combination constraints 

that have not been calculated so far. Each constraint 

has its Lagrangian multiplier for each period of 

iteration those are adjoined into the objective of the 

proposed Lagrangian problem. However, the degree 

of sub optimality and the number of units are 

inversely related. 

LR replaces the main problem with its 

associated Lagrangian problem, the feasible branches 

are determines the solution of the objective function 

of the problem. This bound is obtained by relaxing 

one or more constraints with the help of Lagrangian 

multiplier. The LR approach replaces the problem of 

identifying the optimal values of all the decision 

variables with one of finding optimal values for the 

Lagrangian multipliers. This has been done in a 

Lagrangian based heuristic method. The main 

advantage of Lagrangian-based heuristics is that the 

production of optimal boundaries of the optimal 

solution for the main problem. For all standard 

dataset to the Lagrangian multipliers, the solution 

lies in the Lagrangian model which is less than or 

equal to the solution of the original model. 

Optimization model is designed for the power 

generation and distribution problem. The central 

theme of the objective of the proposed model is to 

minimize the sum of the total operating cost and 

economic dispatch costs. These factors are subject to 

demand, reserve, generator capacity and generator 

schedule constraints. The proposed Lagrangian 

Decomposition Model (sub-problem) gives the 

minimum production cost to the Optimization Model. 

Generation of power can be distributed through a 

substation which is a part of an electrical generation, 

transmission, and distribution system. Substations 

transform voltage from low to high, or the reverse, or 

perform any of several other important functions. 

Between the generating station and consumer, 

electric power may flow through several substations 

at different voltage levels. 

 In Power Distribution, Optimal Power Flow 

(OPF) Problem minimizes the total generation cost 

with respect to active power and reactive power. 

Optimizing the reactive power distribution network 

is a sub problem of OPF which minimizes the active 

power losses in the transmission network. 

Transmission network losses can be minimized by 

installing Distributed Generation capacity (DG) 

units. These DG units increase the maximum load 

ability of the system by improving the system 

voltage profiles on the distribution system. Studies 

on computational results for the proposed 

optimization models indicate that the Lagrangian 

Relaxation technique is capable of solving large 

problems to the acceptable convergence. 

A LR approach is presented for the optimization 

problems in different areas of power system. 

Optimization models have been formulated with 

respect to various parameters and operating 

conditions of the power system. The solutions of the 

Optimization models are obtained from Lagrangian 

Decomposition (LD) models. These LD models are 

achieved by Lagrangian Relaxation (LR) technique. 

In this relax-and-cut scheme, the reformulation of the 

optimization problems which contains addition of the 

relaxed constraints is associated with the Lagrangian 

multipliers with respect to the additionally 

introduced variables which improve the convergence 

rate dramatically. In order to obtain the optimal 

bounds of the above objective function LR technique 

has been implemented. Based on the objective 

function, the optimal solution is obtained. The 

difference between the lower and upper bounds is 

defined as the “gap”. 

 

min

, ,

1 1 1 1

[ , ] ( )
Nt N Nt N
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      (13) 

Subject to 

Pi
min

(k)  ≤  Pi(k)  ≤  Pi
max

(k)                            (14) 

0  ≤  Ri(k)  ≤  Pi
max

(k)  -   Pi
min

(k)                   (15) 
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Vi
min

  ≤  Vi  ≤  Vi
max

   ∀  i            (16) 

θi
min

  ≤  θi  ≤  θi
max

   ∀  i                         (17) 

0 ≤  I Vi  ≤  I V act i   ∀  i                         (18) 

0 ≤  I PVi  ≤  I PV act i   ∀  i            (19) 

0 ≤  I WIND i  ≤  I WIND act i  ∀  i                         (20) 

0 ≤  I BIO i  ≤  I BIO act i   ∀  i             (21) 

Vi − eiθi ≥ 0    

λi  ≥  0                  ∀  i                     (22) 

 

LR technique replaces the main problem with its 

relevant subproblems called Lagrangian problem. 

The optimal solution the Lagrangian problem 

provides the bounds of the objective function of the 

problem. The optimal solution is achieved by 

relaxing one or more constraints of the proposed 

model, and adding these constraints, multiplied by 

the corresponding Lagrangian multiplier (λ) in the 

objective function. The objective of the proposed 

model is to relax (eliminate) the constraints with the 

purpose of getting relaxed problem. When the 

Lagrangian Multiplier gets the solution from the 

relaxed problem, it is very much easier to obtain 

optimal values of the main problem. The role of 

these multipliers is to derive the Lagrangian problem 

towards a solution that satisfies the relaxed 

constraints. 

On the solution part of the Lagrangian problem 

normally the Lagrangian multipliers are attains the 

solutions from the relaxed constraints. Some of the 

Lagrangian based algorithms include supplementary 

heuristics to adapt these infeasible solutions to 

feasible solution. By this approach, the researchers 

are able to generate suitable solutions to the original 

model. The optimal solution is obtained at any point 

of extremum bound in all the procedure of solving 

feasible solution. When the optimal gap reaches zero 

(Based on the model it can take some minimum 

value) then the optimal solution has been obtained. 

Or else, when the optimal gap gets suitably small (for 

example < 1%), the analyst might stop the process as 

well as be fulfilled that the current feasible solution 

is in 1% of optimality. In this paper, Non Linear 

Integer programming model is designed, the optimal 

scheduling decision for each power flow is obtained 

by Lagrangian dual which minimizes the power flow 

route losses. 

 

Conclusion: 

This paper provides an optimal energy control 

efficient strategy for the electricity systems by power 

generation and optimal load management systems. A 

Lagrangian decomposition algorithm has been 

formulated as a Non-Linear Integer Programming 

problem with respect to variety of optimal constraints 

energy cost, etc. A novel SCADA-based 

decentralized approach is that proposes for power 

management in today‟s electricity forwarded market 

for efficient energy power management system. The 

capacity of transmission lines is optimally allocated 

to individual transactions for maximizing the social 

welfare. In the efficient power management systems, 

spot prices and reserved prices in the market that are 

the significant parameters for the profit based unit 

commitment problems.  
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