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Abstract- Object-Oriented Usability Indices (OOUI) quantifies 

the achievements of multi-objective demand side management 

(DSM) in a power network, which is adopted by utilities to 
shed some load during peak load hours. Usually, there are 

service contracts, and the curtailments of load are 

automatically done by service providers based on contract 

provisions. Three indices, named peak power shaving, 

renewable energy integration, and an overall usability Index 

are devised in this study to analyse DSM. The application of 

the proposed indices is presented through simulation 

performed in a grid-tied micro-grid environment for a multi-

objective DSM formulation. Teaching-Learning-Based 

Optimization (TLBO) is the optimization tool due to its 

simplicity and independency of algorithm control parameters. 
Simulation has been done using MATLAB software. The 

results indicate the usefulness in determining the suitable 

condition regarding DSM application. 
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I. INTRODUCTION 

The world gets a transit from conventional grid from to the 

smart grid system, renewable energy sources' incorporation 

has become the key issue in the present environment. In 

accordance with the International Energy Agency prediction, 

power production by renewable power resources will be 

almost three times in between 2010 to 2035. It will contribute 

31% of the globe's entire power production, in which solar, 

wind and hydro will provide 7.5%, 25% and 50% respectively, 

of the overall renewable power production by 2035. The 

intermittency and climate dependency of renewable power 
resources make their interconnection more complex and 

difficult.  

 
Fig.1: Micro-grid Architecture 

Various energy storage devices are used to solve above 

mentioned problems of intermittency and weather dependency 

with renewable. Hence inside the smart grid environment, the 

development of micro grid is a great solution for integration of 

renewable energy sources. It has numerous advantages such as 

energy loss-reduction, reliability and enhancement of energy 

management. Micro-grid consists of different renewable 

power resources like wind, SPV and micro turbines. It also 
incorporates latest generation technologies. 

To solve the above-discussed intermittency problem of 

renewable energy, storage devices, for example, battery 

energy storage system, electric vehicle technology and 

flywheel storage system can be used. Micro-gird provides a 

better solution as compared to the distributed generation 

sources due to their better coordination and control. It can be 

used as islanded mode and gird connected mode as per 

requirement. Hence inside micro-grid, the operation, control 

and coordination problem are of great importance. Further, 

similar to the conventional grid, micro-grid also required some 
cost which is related to its generation, maintenance and 

operation; consequently, many researches are focused on the 

micro-grid cost minimization problem. 

 

 
Fig.2: Optimisation Techniques 

 
Meta-heuristic techniques need no gradient information. Meta-

heuristics have the capability to recover from local optima due 

to their inherent stochastic character; consequently, it can 

better tackle uncertainties in objectives. It can tackle multiple 

objectives with only a few algorithmic changes. Normally, 

meta-heuristics techniques are probabilistic in nature and 

controlled by common parameters, e.g., population, elite 

population size, the number of generations 

II. OPTIMISATION IN POWER INDUSTRY 

The power industry is facing numerous challenges because of 

the fast-changing structure of the power network. The 
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integration of small-size renewable energy sources with the 

conventional grid has become a significant challenge. In 

addition to this, the uncertainty of power availability from 

these renewable energy sources is also a serious concern. The 

search for a suitable scheme which provides a solution for 

technical and commercial challenges associated with the 
above-discussed problems is the main area of research for 

system operators.  

Any scheme that involves alteration in operation of a complex 

system should be reliable to a certain level. A reliability study 

of a power system with DSM is important. Since a plan for 

load curtailment can only be prepared when load forecasting is 

reliable, effective optimisation techniques needs to be used. 

The key objectives to be kept in mind are given in figure 3. 

Battery storage and diesel-based energy sources are also 

employed with solar or wind generators to improve the 

reliability of the system. A DSM program for the hybrid 

photovoltaic system has been also proposed in the literature. 
The target of DSM was set to minimize the system component 

size and extension of battery life. This indicates that the 

system operation and its reliability can also be improved 

through DSM. 

 
Fig.3: Objectives of the DSM process 

 
The energy planning and management can be done in a certain 

advance time duration. This can be done as day ahead 

scheduling, Hour ahead scheduling, or Real-Time Scheduling. 

Recently, demand response-based hierarchical energy 

management of micro-grid was used using a scenario-based 

optimization scheme. In an hourly scheduling study, it was 

found that the payment for community aggregated electricity 

consumption can also be reduced through optimal hourly 

scheduling of electrical loads. The electrical appliances can be 

scheduled for optimal consumption. An informatics solution 

for optimal scheduling is also available where grid interacts 
with different appliances and utilities and coordinates the 

optimal scheduling of loads. The algorithm is based on the 

interaction between different sources and operates a demand 

response for energy management. The load reduction has been 

done based on a shifting optimization algorithm. This method 

successfully lowers the electricity consumption. 

 

III. OBJECT-ORIENTED USABILITY INDICES (OOUI) 

Peak load shaving and increased integration of renewable 

sources were identified as the main objectives of a demand-

side management program. A usability index presents the 

fulfilment of these two objectives in any specific case study 

via quantified numerical factors. The outcome of any demand 
response program does not contain any such indices directly 

based on which the relative fulfilment of these objectives 

could be identified. In the absence of such indices, the policy 

decision of going with demand-side management may not 

produce the optimized result all the time. Therefore, OOUI are 

proposed in this section to indicate the relative fulfilment of 

the two main objectives. 

In a power network, the electricity demand varies with time 

which is presented through the load profile. The power 

operator faces a challenge of balancing load and generation 

when peak load conditions appear. Demand-side management, 

when appropriately performed, reduces some load in peak 
hours and relieves the operator’s stress. Load factor, which is 

the ratio of the average load on the generator over a period of 

time to the peak load in the same time interval, indicates the 

variability of the load. A low load factor indicates that the load 

is highly variable. A high load factor is desirable for the 

economic feasibility of plant. If a demand response program 

performs as per the requirements, it should reduce the load in 

peak hours and, therefore, the load factor should improve after 

allying DSM. A peak power shaving factor is defined as: 

mpps = LFDSM / LFWDSM 

Where, LFDSM is the load factor of the power network when 

DSM is applied and LFWDSM is the load factor of the power 

network when it operates without demand response. If DSM 

successfully shaves the load in peak hours, then the load factor 

will improve and the peak power shaving index will be 
greater. For better peak power shaving operation, mpps should 

be as high as possible. 

Renewable energy generators are often small in size and 

unpredictable in terms of availability. Therefore, the 

generation support from these sources may or may not always 

be helpful for the power operator. A good demand response 

program, in terms of renewable energy integration, is one 

which ensures a good amount of load satisfied with renewable 

energy sources. A renewable energy integration index 

indicates the percentage utilization of electrical energy from 

renewable-based sources. This index is given as:- 
mrei = Pgr / Pgt 

 

Where Pgr active power is supplied by renewable energy 

sources and Pgt is the total active power supplied. 

An overall usability index which indicates the fulfilment of 

both the objectives of DSM is presented by OOUI. Depending 

upon the specific system architecture and policy-related 

decisions, the relative weighting of these two indices may 

vary. Therefore, the overall usability index also includes the 

individual weighting and is defined as: 

mdsmuf = wpps* mpps+wrei * mrei 
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IV. SIMULATION AND RESULTS 

 
Fig.4: Microgrid Structure under study 

One of the main purposes of DSM is to reduce the stress on 

the operator. The sudden high demand from the load in some 
hours of operation puts stress over the system. Therefore, the 

index which shows the benefit in terms of reduction of load 

should be an indicator. Peak power index analysis can be done 

under the following points: 

a) Peak power shaving index greater than one that is mpps > 

1 

b) Peak power shaving index less than one that is mpps < 1 

c) Peak power shaving index equal one that is mpps = 1 

d) Comparative result of peak power shaving index obtained 

for DSM solutions 

Simulation results of the multi-objective formulation of the 
DSM using the TLBO method is performed in MATLAB 

environment. Determination of OOUI is also done. 

First of all, a micro-grid multi-objective DSM formulation 

(F(X)) is conducted. In the next step the TLBO algorithm is 

adopted to solve F(X), and the optimized results are obtained. 

From these solutions the proposed OOUI are calculated and 

made available to the operator. A MATLAB-based simulation 

has been performed to obtain all of the simulation results. It is 

considered that the participation of all loads is equally shared, 

and each type of load has equal right to make a decision to get 

involved in the demand response program. The micro-grid 

operator the information about the interruptible energy limit of 
the user on per day bases and this information is used to index 

the end users in order of increasing interest to diminish their 

energy need. Additionally, the outage cost function 

coefficients (K1,i and K2,i) of involved users are considered to 

be known to the operator. 

Solution of the multi-objective formulation of DSM is 

obtained using TLBO for five different scenarios of renewable 

energy availability in the micro-grid. The results indicate that 

the optimization target is achieved around 2000 iterations in 

all cases. 

 
Fig:5. Indices application in a grid-tied micro-grid 

 

As a result of the optimization new load profiles are obtained 

for each case. 

 

 
Fig.6: Test cases and Convergence curves of TLBO in the case 

of the F(X) objective 

 

V. CONCLUSION 

The study is to provide the OOUI, namely, peak power 
shaving index, renewable energy integration index, and overall 

usability index. OOUI allows quantifying of the technical and 

economic benefits from DSM. The formulated indices are 

helpful for the operator in identifying the relatively more 

suitable operating condition, and relatively more beneficial, 

for DSM, which can help in policy-related decisions. The 

economic benefit of demand response can also be quantified 

using the proposed index mechanism. 

The overall importance of this paper is that it provides a 

mathematical tool for OOUI. These indices provide additional 

aid to the operator in identifying the conditions in which DSM 

provides more benefit in terms of peak power shaving and 
renewable energy integration. Thus, it can help the operator in 

policy-related decisions. 

VI. REFERENCES 
[1]. Oprea, S.V.; Bâra, A.; Ifrim, G. Flattening the electricity 

consumption peak and reducing the electricity payment for 
residential consumers in the context of smart grid by means of 
shifting optimization algorithm. Comput. Ind. Eng. 2018, 122.  



IJRECE VOL. 7 ISSUE 1 (JANUARY- MARCH 2019)          ISSN: 2393-9028 (PRINT) | ISSN: 2348-2281 (ONLINE) 

INTERNATIONAL JOURNAL OF RESEARCH IN ELECTRONICS AND COMPUTER ENGINEERING 

 A UNIT OF I2OR  2353 | P a g e  
 

[2]. Lizondo, D.; Rodriguez, S.; Will, A.; Jimenez, V.; Gotay, J. An 
Artificial Immune Network for Distributed Demand-Side 
Management in Smart Grids. Inf. Sci. 2018, 438, 32–45 

[3]. Di Santo, K.G.; Di Santo, S.G.; Monaro, R.M.; Saidel, M.A. 
Active demand side management for households in smart grids 

using optimization and artificial intelligence. Measurement 
2018, 115, 152–161 

[4]. Mellouk, L.; Boulmalf, M.; Aaroud, A.; Zine-Dine, K.; 
Benhaddou, D. Genetic algorithm to Solve Demand Side 
Management and Economic Dispatch Problem. Procedia 
Comput. Sci. 2018, 130, 611–618 

[5]. K.-H.; Sheblé, G.B. Direct load control-A profit-based load 
management using linear programming. IEEE Trans. Power 

Syst. 1998, 13, 688–694 
[6]. Kurucz, C.N.; Brandt, D.; Sim, S. A linear programming model 

for reducing system peak through customer load control 
programs. IEEE Trans. Power Syst. 1996, 11, 1817–1824 

[7]. Hsu, Y.Y.; Su, C.C. Dispatch of direct load control using 
dynamic programming. IEEE Trans. Power Syst. 1991, 6, 1056–
1061. 

[8]. Logenthiran, T.; Srinivasan, D.; Shun, T.Z. Demand Side 

Management in Smart Grid Using Heuristic Optimization. IEEE 
Trans. Smart Grid 2012, 3, 1244–1252 

[9]. Samuel, G.G.; Rajan, C.C. Hybrid: Particle Swarm 
Optimization–Genetic algorithm and Particle Swarm 

[10]. Optimization–Shuffled Frog Leaping Algorithm for long-term 
generator maintenance scheduling. Int. J. 

[11]. Electr. Power Energy Syst. 2015, 65, 432–442 
[12]. Rao, R.V.; Savsani, V.J.; Vakharia, D.P. Teaching-learning-

based optimization: A novel method for constrained mechanical 
design optimization problems. Comput.-Aided Des. 2011, 43, 
303–315 

[13]. Rao, R.V.; Savsani, V.J.; Vakharia, D.P. Teaching-Learning-
Based Optimization: An optimization method for continuous 
non-linear large scale problems. Inf. Sci. 2012, 183, 1–15 

[14]. Khan, B.; Singh, P. Selecting a Meta-Heuristic Technique for 
Smart Micro-Grid Optimization Problem: A Comprehensive 
Analysis. IEEE Access 2017, 5, 13951–13977 

 

 

 


