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Abstract

Smart Grid-The intelligent electricity grid empowdri-directional communication between utility aitsl
consumers. Unlike traditional grid, smart grid emcages consumers to participate in demand response
program. Demand Response program allows the consuimeeduce or shift the energy usage from peakfto
peak period. This potentially offers energy efficie In this paper, we have proposed multicast comcation
for demand response messages using 3GPP LTE taeethe power consumption. During peak energy
consumption period, utility centers multicast a deahresponse message to a group of residentialsuJdre
multicast message prompts the users to reduce ibaier usage to enforce energy efficiency. Becalilsmited
resources, multicast is the most significant warladivertise messages to a group of smart grid usersduce
network traffic. Our model strives for green enwineent by reducing network traffic level and powarsumption
of users. We have simulated our proposed modeMNBT++ simulator using SIimuLTE module. For power
shortage of 20%, our protocol decreases roundtine up to 56.94% by using our multicast group withusers

compared to 100 users.

Smart Grids; Demand Response; Residential DemasgdRse program; Energy Efficiency; Multica4G
LTE networks; OMNET++.

Introduction

Smart Grid (SG) is a new paradigm of the existnaglitional electric grid. It is capable of monitagiall domains

from generation plants to consumer’s individualleges [1]. SG provides Table 1: DR Communicati@eds

Application Bandwidth Latency

Demand Response 14Kbps - 100Kbps per node/device 0m$bOseveral minutes

the flexibility for users to participate in its ap#ion. A primary key feature of SG is Smart md@M). SM
enables bi-directional communication between ytdihd user. SM delivers the power consumption datesers
to utility center. The utility center updates réiate electricity prices to end users through SMT2iis information
allows the users to react to price changes by iaduymower usage, thereby participating in demargpoase

programs. Demand Response (DR) is one of the kagtifinality of the SG that allows the consumersettuce
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the energy consumption in the peak load hours iftrtblat usage to off-peak hours. When more usespand to

DR program, power consumption is considerably reduand we can aim for greener environment.

Electricity demand for a particular region flucteidtased on many factors like weather conditionpt¥ature
and time of the day etc. Even though load forepestails, prediction of peak demand is fluctuatihge to the
exogenous factors. Peak demand of electricity tegukexpensive electricity cost. The main reaswriHis is due
to large operational expenditure (OPEX) of peak @oplant. DR program can be a preferable solutmn t
encounter blackouts and to reduce operational ostdility centers. DR programs allows userseduce their
electricity usage during critical peak periodsmshift some of their peak demand operations tgpe#k periods.

It enables the dynamic adjustment of electricityndad in response to the price signals. The activicipation
of residential users to DR program curtails povezge levels, eventually becoming energy efficierparticular,
incentives improve the user participation in restdd DR program. This paper proposes a multicastging
protocol for residential users. Multicast has berwisaged to be used in DR programs since multioassages

delivered to a group of users by reducing netwmaKit.

Communication in DR programs plays an importangrak real-time action is needed to balance theepow
supply and demand [3]. 3GPP LTE is the most pramisiireless technology, which can be used to supher
SG communication due to its dynamic spectrum atlondrom 14MHz to 20MHz [4]. It also provides support
for a wide variety of bandwidth. For DR messageswaénly concentrate on the delay and support ohtivaber
of devices. This can be easily achieved by usinge lt&chnology [5]. Table 1 shows the communication
requirements for DR messages [6]. The Performanalysis of LTE based smartgrid Communications Nekwo
for uplink is analyzed in [7,8]. The study on fdakfy of applying LTE to build low latency and Higreliable
smart grid network is given in [9]. DR program pagn active role to overcome the fluctuations i plower
demand. Consumers electricity usage can be dynldynéa intelligently adjusted to improve the gridtwork
and make SG more reliable and efficient. Therefare must include the successful user participatiadhe DR
messages. In our work we focus on DR at the resalarser level for energy efficiency. The majontributions

of our paper are:
1. We propose a protocol to balance the power demaddapply for DR.
2. Our protocol makes dynamic multicast groups to dikeethe DR messages.

3. The protocol uses LTE network to send the multicasssages due to the latency requirements for DR

messages.
Demand Response Programs

Incentive Based DR Price Based DR

»| Time of Use (TOU)
Classical DR Market Based DR
»| Critical Peak Pricing
Classical DR Demand Bidding (CcP)

»| Classical DR Emergency DR Real Time Pricing
(RTP)

»| Capacity Market

Ancillary Services
Market

Figure 1: Classification of DR programs
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4. In response to that DR messages, the respondes aierewarded with incentives to encourage their

participation.
5. We analyze power usage for residential users.

6. We have done exhaustive simulation using OMNET #ugitor [10], INET framework [11] , and SimulLte
modules [12].

7. We have simulated for 5%, 10%, 20% power shortate 10, 20, 40 users respectively to meet the power

requirement.

8. We have achieved the decrease in dela§3%, 626%, and 584% for 10, 20, 40 users respectively when

compared to 100 users in group.

The rest of the paper is organized as follows.i8e& discusses classification of DR programs. Vabaate
our proposed multicast model for DR programs inti8ac3. Section 4 illustrates the simulation setuqa the

results. Finally we conclude in section 5.
Related Work

Traditional grid is not capable of involving usénghe electric network operations. Moving towatds
SG users can play an important role in renewabkrggnproduction and usage. DR programs provides an
opportunity for users to reduce the energy usagmglypeak periods. DR programs are classified gitber
Incentive based program (IBP) or Price based prodRBP) [13]. Figure 1 represents the classificatib DR
programs [14]. Curtailment programs come under V@fch can be used for residential users. The efféct
residential DR on energy efficiency is studied 16]] Residential DR programs effects the power cédn of
peak load in an efficient manner [16,17].

To the best of our knowledge we have not found gnayiping protocol for DR messages. The motivation
behind our work for multicast group is to reduce liiad in the network by not sending DR messagal tsers.
we have used LTE network for communicating our D&ssages. If we send message to every user thétgewil
a rebound effect. The power produced will be mhemtpower consumed if all the users reduces thepaite

will be wasting that power produced, because wenodrstore it.

START

CALCULATE A OF
EACH USER

CREATE MULTICAST
GROUP

SEND DEMAND
RESPONSE MESSAGE

MAKE NEXT CHECK REPONSE
MULTICAST GROUP FROM THE USER

MEET POWER

REDUCTION VALUE
NO

INCENTIVES TO
USERS

Figure 2: Flowchart representing our Protocol
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Figure 3: Multicast DR Communication In Residen#iaka Network
Our proposed protocol - DR Using Multicast communication

The objective of our work is to efficiently makeetmulticast group for sending DR messages. We aim t
minimize the household’s electricity usage by givincentives(discounts) in their electricity bilSur protocol
sends the DR messages to the selected residesgial to reduce the power consumption when the poamaand
increases for a particular time. Figure 3 showsconceptual diagram of multicast communicationd& in LTE
network. Figure 3 depicts the residential usersigiEmart meters, the utility center and LTE netwéirk
communicating multicast messages. Utility centenitoos the power usage of all the users. The réat @xar in
the diagram shows the high power usage users, @@oigr bar represents the threshold value povagajgreen
color bar depicts the regular usage power levetfeusers, and blue bar displays the minimum lgoeler usage
users. Our protocol makes various dynamic groupshecking the power usage of those users to sen®R
message. To achieve this the following tasks arfopeed.

1. The power usage of each user at that particula tifthe DR program is calculated.

2. The user response participation index is calculaled calculated from the participation level iie

previous DR program.

Power usage and user response factme the two key attributes of our protocol to méie dynamic multicast
group for sending the DR message to residentiabuffethe power reduction is not met, the poweyuieement
from the first multicast group then our protocojustls the second multicast group to send the DRsages
Uniform distribution for power usage values of widual users and Zipf's distribution [18] with asseskew
coefficient @ for DR participation index is used. User rank indefor each user is calculated. This can be

represented mathematically as,

P
= ———— + Zipfi(6)
ST pfi(
whereP;is the power used by usezlf.\’:1 P; s the total poweddmseusers NZipfi(6) is the probability of user

i participation in the DR program, afdds the access skew-coefficient of Zipf's distrilouti
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The steps involved in our process is illustrateBigure 2. After calculating from (1), users are sorted based
on the descending order of theivalue to form the multicast group. Our protocoktehe user group with DR
messages for power reduction. users responsevi@rgeduction is monitored and checked for the iregiupower
reduction value. Our protocol dynamically increasedecreases the group size depending on the pedection
value. For achievin&% of power reduction 2times of power reduction%igdrs are selected from the total users.
For 20% power reduction 40% users, and for 10%pb¥er reduction 20%, and 10% of users are seleBteskd
upon their response, the protocol decides to sezgbage to other group or not. If the power redncimtisfies
the power requirement then it is not sent to theogroup otherwise the next batch of users aectsal. It is

dynamically related to how much power needs todoleiced and how many users are to be selected.
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Figure 4: SGDR Application
Simulation Results

We have simulated our model using OMNET++ simulafée have INET module for wireless networks
and SIimuLTE for LTE network model in OMNET++. Takkeprovides the principal SImuLTE simulation

parameters employed for our DR program in a Smad. G

We have created our application hamed SgDR in Sirauto send the multicast messges for the power
reduction to users. Figure 4 shows our SgDR apjicaThe simulation model consists of one eNode& 200
users. The utility center uses LTE eNBs to commateionith the users using their smart meters. Favepo
reduction utility center sends DR message in downio selected users in multicast group. In respdashat

user sends power reduction value in uplink.

In downlink we are sending our DR program multiqzestket to a set of M multicast receivers from exityd
where M is the multicast group size. We collecteel power usage of 100 residential users and céécuthe
power usage for 15 minutes. Total average powet@0rusers in 15 minutes is 9050 Watts. We consitib#b,
10%, 20% of this total power as power shortage.Nalee sent the the multicast message to 10, 20sd@ dior
5%, 10%, and 20% power reduction respectively.€driving the multicast message from enodeB, ussponds
with the power reduction value of how much poweaytlsan reduce. Figure 5 represents the power rieducr

these three cases. Four values of access skeweaemtt)(0.2,0.4,0.6,0.8) in zipf's distribution is taken for our
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simulations. Power reduction values achieved bygusur protocol are shown in Table 3 foréllalues. We met

the required power for all these cases with ot finulticast group only.

Table 2: Simulation Parameters

Parameter Value
Carrier frequency 2 GHz
FDD channel bandwidth 2 x4 MHz
Maximum UE Tx power 26 dBm
Maximum eNodeB Tx power 40 dBm
eNodeB height 25m
UE height 15m
No. of resource blocks DL 6
No. of resource blocks UL 6
cyclic prefix type normal
No. of transmitters 1
No. of receivers 10, 20, 30, 40, 50

Table 3: Power Reduction

0 5944525)W 1094905W 209%(1810 W

0.2 4635W 8943W 1774 W
0.4 4433W 10272W 1962 W
0.6 4895W 9566W 2011 W
0.8 4808W 9308W 1839 W

Figure 6 depicts the dynamic multicast group amlividual round trip time (RTT) of each user in @®up.
Multicast group size of 10, 20, 30, 40 users amwshrespectively. We infer from the Figure 6, thghest RTT
in 10 users is 39 ms. The group size with 20, 8Qygkrs the highest RTT is 41 ms, 54 ms, and &kspectively.

It is showing the increasing trend with the numdiensers.

Figure 7 illustrates the average round trip timé&TRfor the different users in the groups. As seehRigure
7, 10 users have the lowest average RTT with vafuZ3.3 ms. The average RTT for 20 users isA426ms, 30
users have slightly higher values as compared tos2@s with an average RTT of.28 ms. The average RTT
values for 40, 50 users is.d80ms, 3569 ms respectively. For 100 users the average RT706 ms. Therefore,
we achieved the decrease in average RTT valuesnmirgy message to our multicast group instead rafisg

message to 100 users.
Conclusion

In this paper we have proposed an efficient mutidaR program over LTE network for residential wsser
Dynamic multicast group effectively reduces the powonsumption for DR messages. We focused on LTE
multicast communication for signaling users in Datheesponse message. Our simulation results in OMNE
SimuLTE module shows the effective decrease in paaasumption to meet the power requirement. Sitiaula

results also indicates the decrease in average \RIUEs for our multicast group compared to 100 si1s€he
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acknowledgement from only selected users in SG camgation reduces the traffic congestion in the LTE

network.

2500

2000

—_
o
o
o

1000

POWER REDUCTION (W

m
=3
o

1774

894.3

463.5
02

u 5% Power reduct

1962

1027 2| 956.6

4433 283,

06

u 10% Power reduction

04 Theta (e)

ion

201
1839

9308

480.8
08

u 20% Power reduction

Figure 5: Power Reduction for different scenarios
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