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Abstract The increasing energy demand, economic and
environmental concern leads to the effective utilization of existing
grid. The efficient energy management techniques and the usage
of renewable energy resources lead to the modernization of grid
into smart grid. Smart grid provides efficient, reliable and
intelligent two way system from source side to consumer side and
vice versa. The high level penetration of renewable energy
sources in the domestic sector brings new operational challenges
of handling and processing a huge amount of time series data at
the household and utility level in the implementation of an
autonomous DSM program. Coordinated decision making
systems are required to implement incentive based autonomous
DSM program. Agent based approach provide greater flexibility
in decision making and automated control functionality.
Multiagent systems are used in wide range in the engineering
applications to construct resilient long lasting system or as a
modeling approach.

1. INTRODUCTION

The power generation using grid connected solar
photovoltaic and wind generators are increasing day by day in
the distribution level. The reliability and stability of the
distribution system is affected by the intermittent nature of
renewable energy. The uncertainty is a challenge in the design
and operation of electrical systems that include renewable
power generation. Demand Side Management (DSM)
programs in efficient utilization of renewable energy results in
the reduction of the adverse effect due to intermittent
nature of renewable power generation [1-2].

The electricity demands as well as renewable power
generation are dynamic in nature and the forecasting methods
like neural network, fuzzy logic, ANN Fuzzy helps to fix this
issue. The accuracy of forecasting is affected by the
intermittency of renewable sources and to overcome this
complex forecasting engines and a mechanism for large scale
time series data management are required [3,4].

The implementation of demand side management
programs such as load shifting has become an active topic
with the increased integration of rooftop solar PV and wind
generators in the domestic sector, and several shifting
algorithms have been proposed. Such algorithms enable
effective utilization of resources with minimum storage
measures in a grid structure with a large number of renewable
energy sources. The existing forecasting approaches used in

the load-shifting scheme face the difficulty of prediction noise
in a situation where both the sources and the loads are
dynamic. A real-time approach that is independent of
forecasting is more suitable to handle such a situation. The
implementation of a centralized load-shifting program on the
consumer side is minimal due to the operational challenge of
handling a huge amount of time series data for the execution
of the program in domestic-level situations with the large-
scale integration of renewable energy sources. Additionally,
the complexity of a centralized system increases with the
application of a dynamic load-shifting program [6].

Under such situations, a localized scheme is more effective
than the existing centralized methods for demand side
management. The advantage of the localized scheme is the
reduced amount of data exchange between the devices of the
user and the utility. The shifting operations in the localized
scheme can be achieved without the intervention of the utility
by using smart metering, communication equipment and the
associated hardware and software at the consumer side. Thus,
the overall communication burden is reduced. Indeed, a huge
amount of data transfer is required because the measurement
of the demand and generation is performed on a timely basis
in any household [6,7].

In this paper, DSM program based on multi-agent system
is presented. The multi-agent system used a single software
framework for the implementation of a DSM program at the
household with utility level access and monitoring facility.
The key focus of this approach is to enable meter data
management, higher level of monitoring, verification and
execution of dynamic operations in a single framework.

II. MULTI-AGENT SYSTEM

Multiagent technology (MAS) is a relatively new concept
in the field of artificial intelligence. The technology has
already matured from a level of laboratory experiments to
industrial applications. The multiagent system can be applied
to wide range of engineering applications including power
system restoration, protection, distributed energy resources
handling, demand side management, distribution system
automation etc.The demand side management is an approach
to match the supply and demand by reshaping the demand
curve or load curve or both. The main target of the DSM is to
encourage the customer participation in reducing the peak load



burden on the system and shifting of the peak according to the
generation. The example for such mechanism is demand
response (DR) in which the system motivates end users to
alter their load pattern to reduce the overall peak of the
system. The customer in return gets incentives either as a
direct pay off such as reduction in monthly electricity charges
or a service incentive such as free energy consultancy. The DR
can also be treated as a load shaping tool in distribution grids
with high penetration of plug-in loads such as electric vehicles
[8,9].

The multiagent application in demand side management
can be achieved by developing a framework to utilize the DR
potential of the residential customers using a house load
management module integrated into the smart meters. (Fig.1)

Demand

Side PR Smart
Management [ |  Meters
Module

Fig.1. Demand Side Module and Smart Meters

This module schedules the operation of the connected
loads in two stages. In the first stage the optimal load curve
based on the market price will be decided and in the second
stage load loads are rearranged such that the pre-scheduled
energy expenses are not exceeded. The multiagent system
helps to develop a model for real time management of grid
connected micro grid using optimal scheduling of the
resources and demand side management. It decides the
operating point of DER and also executes DSM. It schedules
the DER in two folds. In the first stage an outline of the set
points is obtained based on the day ahead hourly forecast of
load, generations and market price. In the second stage the set
points obtained in the first fold are fine adjusted by taking real
time data into consideration (Fig.2) [10,11].
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Fig.2. Multiagent approach in power management

By incorporating multiagent system the energy
management system become intelligent. The agent based
intelligent energy management system (IEMS) maintains two
virtual energy markets i.e., global and local markets and
allows customers to participate in DR. Local market is a

virtual market environment maintained within a micro grid to
facilitate internal trading where as global market is maintained
among the micro grid to facilitate agents of different micro
grids to practice trading with each other and or with the utility
grid (Fig.3).

The frame work also includes demand response in energy
balance. Demand Response motivates the end users to slide
the operation of some other loads to the time frame where the
electricity prices are low and maximum energy is being
extracted from renewable energy source. Therefore it
promotes effective utilization of energy generated from
renewable sources. In general the loads owned by end users
can be grouped into two categories elastic and in elastic loads.
The elastic loads are those which can be shifted to
subsequently time frames or curtailed without causing
discomfort to their owners whereas inelastic loads cannot be
shifted [12-14].
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Fig.3. Intelligent Energy Trading

III. INTELLIGENT POWER MANAGEMENT USING MULTI-AGENT

FRAMEWORK
Power Network
% q!A ==mammasas Communication Network
5 =~
g DRAA @/ EAA
«©
. O S o
3 H
= H
T < i =%
& e eeod * P -
T H :
LIA-1 LIA-2 Lo
< <

g - Large Load
ul i
z i
= X
3

Microgrid -1 Microgrid -2

Fig.4. Agent based energy management Agent based
Demand Side Management Framework (ADSMF) shown in
Fig. 4.



contains various agents viz., GIA, Local Intelligent Agent
(LTA), Demand Re-sponse Aggregation Agent (DRAA),
Energy Aggregator Agent (EAA), Energy Consumer Agent
(ECA), Energy Generator Agent (EGA) and Energy Bufer
Agent (EBA). Despite having individual goals, the agents co-
ordinate with each other to make the developed framework
acceptable and feasible. The agent hierarchy given in the
framework contains two levels viz.,, Field level and
management level. The agents in the Field level represent the
owners of the generation, load, and storage entities in the
developed energy market environment. The agents on the top
level are instrumental in successfully making contracts
between traders across the system, processing DR
participation requests, and optimally managing ESSs [15-19].

IV. CONCLUSIONS

A multi-agent approach in cloud computing framework is
presented in the work to address the operational issues in the
implementation of DSM program in a grid structure consists
of large number of grid connected renewable energy sources.
The dynamic renewable energy factor introduced in the model
is an indicative of the power fluctuations owing to renewable
energy generation. The controllable loads are operated as
directed by the energy manager based on the reference value
of dynamic renewable energy factor. In brief, the method is
adopted to impart greater flexibility in the dynamic load
shifting program.
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