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Abstract- In the future era, Smart grid provides phenomenal solutions for the consumers, in order to use the energy in more
easy and efficient method. In this work, a new Demand Side Management scheme is proposed for users with renewable energy

sources and storage facilities. Here an optimal scheduling for home appliances is determined using stochastic dynamic
programming for consumers with smart meters. Simulation results demonstrates the effectiveness of the approach with the
mathematical model. Results are worked out in Generic Algebraic Modeling System with Gurobi optimizer as a solver which
exhibits significant reduction of electricity bills for the users with the usage of renewable energy sourse and battery storage.
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1. Introduction

Smart grids play a vital role in the transformation of
present day energy grid in order to achieve security and
efficiency of supply in electricity markets [1]. Moreover
smart grids facilitate interconnection of new sources to the
power grid [2]. Furthermore it has an essential part in the
transition to low carbon energy sector, preserving a clean,
efficient environment with the sustainable use of renewable
energy resources [2,3]. The deployment of Demand
Response (DR) schemes in the smart grid refers to the
process of encouraging consumers to reduce the peak
demand and resulting in lower electricity costs [4,5].
Inaccurate forecasts of renewable energy sometimes
necessitates fast generation to avoid load fluctuations and
wastage of transmission and generation assets [6] . As the
global energy demand is expanding day by day with
technology improvement, there is a need of alternate energy
source for solving environmental constraints.

Among the various renewable energy resources, solar
energy has driven the worldwide sector attention since it is
abundant and  inexhaustible in nature. Integration of
renewable energy resources to smart grids is a challenging
task. The control of power for optimum and reliable
utilization of renewable sources is complex. It has to satisfy
the grid conditions along with isolation conditions under
faults and disturbance, with the ability to identify islanding
conditions. There is a need of Demand Side Management
scheme (DSM) to balance the power flow among these
sources. Many research studies have been carried out in
energy consumption scheduling and the optimization in the
present few years. The main facilitators for the smart grid
deployment globally, are the active participation of the users
with the integration of renewable energy sources, distributed
energy storage and distributed energy generation. The
combination of DSM [5] and renewable sources results in a
system with improved energy efficiency, controllable loads
and different initiatives. Domestic consumers play an
important role for the improvement of grid efficiency by
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involving various demand side management techniques. In
domestic applications, PV systems are more used due to their
reliability and low maintenance [6].

In this paper authors propose an energy scheduling
algorithm for residential consumers in a smart grid scenario,
using stochastic programming. The users considered here are
a group of houses with their goal of minimizing the energy
costs daily and improve the efficiency of the grid. The
residential houses considered here are equipped with
Photovoltaic panels (PV) and battery to store the energy . A
group of appliances on a daily routine basis for a normal
middle class family scenario is considered .The usage of
home appliances according to the user preferences and
comfort basis of the users are also considered . The entire
planning module works on a day plan (24 h) for scheduling
and the pricing scheme is analyzed using one hour flat tariff
basis .An energy consumption scheduling algorithm is done
for 24 h time slot using GAMS and Gurobi optimizer for
both single user and multiple users perspective. The
proposed method is based on stochastic dynamic
programming and simulation results with renewable energy
incorporation is studied for summer and winter days. To
achieve the effectiveness of the proposed methodology ,
comparison studies are made for various conditions with
DSM strategy and without DSM.

In literature, several techniques have been carried out for
new trend setting aspects in smart grid like DSM techniques
for residential and industrial consumers. In [7] the authors
had dealt with optimization of energy management in
residential users using mixed integer programming. In [8] the
author have proposed optimal scheduling in homes with
context of micro grid to meet one day ahead expense. In
paper [9] authors elaborately explains demand side
management on a game theory approach to reduce the cost of
the consumers. In paper [10] the authors proposes an
scheduling scheme based on incentives by working on a
distributed algorithm to minimize peak load and maximize
the utility profit. In [11 - 13] the authors have proposed a
distributed DSM favoring self consumption and reduce the
energy load from the power grid, considering the user's
comfort. In [15] the authors have proposed noncooperative
and cooperative user model using integer linear
programming to minimize the peak load .In [16, 17] an
intelligent demand response model is approached using
different tariff using heuristics optimisation.

In most of the DR programs in [18, 19] involves only the
focus done with the interaction of utility provider and the
user made without the different pricing schemes . In
paper[20] a new game theortic approach is done in home
management incorporating renewable energy sources,
whereas different schemes are to be analysed and the
conditions for different climatic results are exhibited in the
study .In [21], general outlook of energy scheduling in smart
grid environment is done using off line load scheduling. In
paper [22] demand response model in smart grid approach is
evaluated with the use of wind power as a general study.

Considering the above facts from the literature, different
new approaches has been handled to bring various demand

response schemes to the user's benefit. The aim of reducing
the electricity bill , by shifting the load from non peak hours
to peak hours , maximizing the utility profit with users
comfort are done in the literature. The integration of
renewable energy like solar PV with the battery system in the
house premises handles advantages of saving the energy
much more, which is important in DSM. Further the
proposed approach involves energy consumption scheduling
by stochastic dynamic programming which gives better
results in reduction of cost compared with other models in
the literature. In the paper we had solved the model with
GAMS optimizer where the convergence of the model is
given better results. Integrating of renewable energy with the
energy scheduler unit using stochastic process optimization
in different climatic conditions have provided good results
when compared to the survey

The main advantage and the importance of the proposed
work is in regard with the users to reduce their fiscal
expenses ,without losing their comfort during the scheduled
period of consumption in a day. It has been done by storing
or producing the energy rather than getting energy from the
power grid .The remaining section of the paper is arranged as
follows: Section 2 provides an overview of the energy
management system. Further, mathematical model and
system methodology is elaborated in Section 3. Discussions
of results are highlighted in Section 4. Finally, the
conclusions are presented in Section 5.

2. Energy management System
2.1. System Configuration

In the proposed work, the paper is designed as a model
for a group of residential cooperative users with renewable
energy sources for the goal of improvising the grid efficiency
and minimizing the cost .For the future , electric power grids
can face some set points and DSM is an intelligent approach
to move the electric grid from the above set points,
promoting distributed generation. Thereby intelligent way of
energy consumption scheduling of loads is very much
required. The authors perform a new energy consumption
scheduling dynamic programming approach with the
integration of renewable energy sources. The Figure. 1 shows
the system architecture of DSM in smart grid system. In this
work, residential users are considered where they are
equipped with Photovoltaic system (PV) and batteries for
producing and storing energy . The user's handle group of
appliances in a day which have been separated to different
slots in accordance to peak hours and off peak hours . The
usage of appliances by the users are determined in sets
according to the consumer for this dynamic programming.

DR programs exhibits the tariffs for the utility to provide
incentives to the users for rescheduling the usage patterns
[23]. It enables the consumers to shape the load profile
depending upon the pricing schemes adapted. Depending on
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incentive [23] and price based DR programs developed by
the utility provider price schemes are involved.

Energy Source

Price *

* Desired Load

Different users (User 1 to N-1 Users )

Smart Meters
Communication

Fig. 1. Demand side management overview

Many pricing schemes like Time of Use (TOU), critical
peak pricing, Real time pricing schemes are involved under
price based incentive programs [24]. Different pricing
schemes [24] are mentioned in Appendix B. The pricing
schemes used in the proposed model are the price based
programs of Time of Use pricing and hourly pricing schemes
for comparison.

Optimization model is developed for the energy
scheduling every day with the appliances and the power
network. The integration of solar PV system is done by
using Gurobi optimizer by learning methods depending on
the climatic conditions. The analysis is done for PV power
production both in summer and winter days. The tool used
for the entire model is GAMS toolbox. It is a modelling tool
software involved for complex mathematical formulation and
programming .It has variety of high end performance with a
complier .Different solvers have been used in practice, in this
work Gurobi optimizer is used as a solver interfaced in
Matlab.

The objectives of minimizing the cost by obtaining cost
function is achieved by the solver with the use of Gurobi
optimiser .The scheduling of the appliances is obtained
using Gurobi optimiser G1.6 for optimisation in stochastic
dynamic model. The GAMS software in this work uses the
solver to obtain the cost function for scheduling the
appliances. The solver is used in practice for considering
different summer and winter loads exhibiting different load
conditions in a formulated database inorder to reduce
complexity , as the solution obtained by this tool exhibits
less time for computation . The processor involved for this
work is RAM 4MB and core i3.

The general overview of energy management system with
the renewable sources integration is explained in Figure. 2.
Our model exhibits a set of active users using renewable
energy to react to change in their cost by changing their
schedule enabling two way communication in between the
smart meters and the central unit server. In the following
section the system model with the results has been
elaborated.

Household applainces

Central Unit server
Smart
T| meter
Distribution

Network

Distributed energy
generation

Distributed Energy
sources

Fig. 2. Energy management-Overview

3. System Methodology
3.1 Energy Consumption Scheduling

Considering set of consumers enabled with smart meter
and energy scheduler for the purpose of scheduling the
appliances.The smart meter is been connected to each
consumer through the utility with a network provider.Each
consumer in a residential environment solves their energy
minimization problem and thereby develops an energy
scheduling vector for their energy consumption. In this
procedure the consumer develops a cooperation to find their
best schedule . The target of achieving to pay less is done by
introduction of solar energy and battery as a supporting
measure. As the usage of solar energy during summer time
during peak hours is more .The basic procedure of the
stochastic model is to minimize the cost with a energy
scheduler for the period of 24 hours. Stochastic modelling is
used in the system to achieve peak shaving during peak
hours and they have been enabled with a set of nodes. The
nodes created in the model are representing the scheduling of
appliances .

This stochastic approach mainly is adapted to forecast
the power model in future by prediction of nodes with one
step forward. Thereby the prediction enables peak shaving
successfully. The proposed stochastic model solves the
problem in advance so that the different price slots are
initiated for comparison. As in, at each stochastic execution ,
the first slot exhibits a time slot where the price band is
obtained from the market provider with decision of
scheduling is done with the appliances by the users with the
usage of renewable energy.The optimisation model is based
on the electricity pricing available for PV and the
consumption of the energy in the next set of period.In general
to narrow down it is to minimise the cost at a time slot t
from all scenarios to the complete end process of scheduling
done at the next stage with set of different constraints.

In the proposed model the integration of renewable
energy with the DSM algorithm used for energy consumption
scheduling of household appliances for residential users is
done using stochastic dynamic programming. In this section
the model is formulated with the optimization problem and
further the constraints are analyzed mathematically with
renewable energy. For scheduling of appliances by demand
side management scheme , the domestic loads in the
residential sector is classified as controllable and non
controllable loads. The system model is represented in
Figure. 3.
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Fig. 3. Model Framework

The controllable loads are the loads which are possible
to shift the load time or changing the operation, and also
called as shiftable static loads or thermal loads. The
noncontrollable loads are not possible to shift the operation
load profile and they are also called as non shiftable loads.
As these loads cannot be changed with time as e.g., TV is
switched on based on the user comfort and need. Further all
these load classification is given in Tablel.

Table 1. Appliances Consumption profile and classification
of loads in residential sector

Type of Power Duration (hr) | Type of load
Appliance (kW) every day
schedule
Washing 23 2 Controllable
Machine
Cloth dryer 2.1 1 Controllable
Fridge 0.15 12 Critical
(Nonshiftable)
Electric 1.8 2 Controllable
Heater
Dishwasher 2.2 2 Controllable
Air 2 6(summer) | Controllable
conditioner 2(winter)
Television 0.1 5 Controllable
Iron 1.8 1 Controllable
(time shift able)
Illuminatio 0.5 10 Critical
n(Lighting)
Fans 0.5 7 Controllable
Microwave 2 2 Controllable
Oven

The Demand Side Management scheme contains the
load need to be characterize every appliances , the operation
period, the flexibility of operation period in order to
minimize the cost. It invariably depends on the energy
consumption scheduling algorithm reacting dynamically with
every load depending on the load interface between the
utility and the user. The major constraint is to improve
proper scheduling of the appliances, by shifting the loads to
non peak hours.The load parameters which are discussed in
Table 1, are the required elements to configure the

components in the scheduling strategy. Considering the total
load priority classification for controllable and non

11
controllable loads as PCI = E PCI .The Table 2 exhibits the
=

schedule execution of a residential user considered.

Table 2. Average Schedule execution of a user in residential
domain

Type of Starting End time | Parameter 1 | Parameter

Appliance | time of of (speed) (temperature)
operation | operation

Cloth 08.00 12.00 1100 rpm | Not used

Dryer

Dishwas | 06.00 16.00 Speed Not used

her wash

Washing | 05.00 22.00 1200 rpm | 90

Machine

3.2 Mathematical Model

The proposed model is to introduce renewable energy
(solar PV) and battery storage in order to achieve reduction
in energy bill using dynamic programming by energy
consumption scheduler in a smart grid environment. Smart
meters are installed in all the residential users and the goal is
to allow the prosumers to store the energy using the sources
and utilize them in peak hours.

The scheduling operation of appliances has to be
managed in a household in order that the total electricity bill
shall be minimized considering real time pricing. The need of
smart meters installed in all the households would collect all
electricity information of all the appliances. Depending on
this energy scheduler unit provides an optimal solution for
the utilization of the appliances. In this mathematical model
,addition of renewable energy with the energy scheduling
unit is analyzed, by using two stage stochastic dynamic
optimisation. In this process the scheduling operational unit
with the constraints of PV unit and battery are made in a
rolling procedure where the process is continued in a day
(24hrs , 72 slots).

In the model , each residential user has set of appliances.
The scheduling of the appliances , is considered as the total
power preformed during the running time interval is equal to

the predetermined energy, P, = P, . Stochastic dynamic

programming model are used for the minimization of the cost
considering noncooperative users both for single and
multiple scenario. Further the analysis is carried out with the
integration of solar energy and battery energy storage by
developing the model by Gurobi optimizer for climatic
conditions(summer and winter). GAMS solver are used as
basic mathematical tool for performing the optimisation
where the Gurobi optimizer solves the solution of handling
the scheduling of appliances by interface with Matlab.

For the model, users house has equipped with PV
panels(solar energy) and battery for electrical storage and
develops a grid connection for the consumer to get electricity
from the grid. The scheduling task of energy scheduling of
appliances are considered for different appliances (11
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appliances considered) during one day (24 hrs) which is
subdivided with 72 slots of 20 minutes for each set of time T.
The residential home appliances activities are scheduled by a

set S, . Each scheduling of appliance S, is exhibited with a

starting and a ending time. The consumers have the priority
of sell and buy the energy at every time slot (24hrs, 11
appliances, 72 slots, 20 minutes ) T for Sa. The proposed
optimization using dynamic programming and GAMS solver
with the mathematical model is derived in the further section.

The performance action setting for each appliance is shown
in Figure. 4.

Power

Load

Load (shift

t1d Time (hr)

Fig. 4. Action setting for each appliance

3.2.1 Optimization Problem

The proposed work is to minimize the cost of the power
obtained from the grid which are variable depending upon
the peak and non peak hours tariff. The time pricing scheme
is adapted here for the tariff analysis. The constant cost is
adapted for the maintenance of PV unit and battery. The
solar power is obtained from the region of Vellore,
Tamilnadu , India for the detailed analysis [20]. The profile
is based on the actual consumption pattern of a typical users
of 3 residential homes in Vellore district. As the constant
cost is independent of the schedule. The optimization
problem is stated based on stochastic  dynamic
programming.

The objective function

=

C N ()] ()

= minK[r, (x,) +

I
=l

t

The next state of the system using stochastic model is
given as

X, =f,(x,u,n;), att=0to N-1 2)

t+

The rule of selecting X, which is the first schedule state
t in the system at every time period t is done with control
action of wu at the particular first state X, .The control action

for scheduling the appliances depends on the scheduling
vector S. The scheduling strategy is done with each user as
w;. This process happens in a sequential form where a
convergence limit of optimal schedule is obtained to reduce
the cost .The optimal schedule for the appliances are given as

S .This is a schedule parameter involved to minimize the

cost by actively participating the energy consumption
scheduling and incorporation of renewable energy. The cost
function is the minimize the parameters using dynamic
approach since it is solved based in a sequential form . The
state of the model is given by three functions in the

objective component where X, is the first schedule state of

the system over the t= 0,1... N-1 , ¢, depends on the strategy
over a time t (random strategy of scheduling the appliances
depending upon the user constraints, y,is the constraint
developed for the battery and the PV unit with the integration
with energy consumption unit.

C’(x,) = min Cr(x,) 3)

e |

where IT handles all the optimal schedule of the appliances.
ol (xo) is the optimal cost value function as per the
principle of optimality [1] . ]_[* ={a e aN_l*}will be the

optimal schedule for the optimisation problem for different
time slots in a day (72 slots). The Figure. 5 shows the
schedule process handled by stochastic programming to deal
with uncertainty depending upon the probability of handling
the strategy by the user.

l action

l action

Next strategy
Y Present strategy epoch >
State t State t+1
cost cost

Fig. 5. Stochastic Optimization-Model Strategy
3.2.2 Constraints involved for Optimization
Scheduling :

Each appliance scheduling is considered as a activity S,
and which is carried out within a time slot for 24 hrs basis
with starting and ending time.

Etime
2 S..VacE 4
time (4)

Each activity is divided into set of slots for 2 phases of
peak and non peak hours, as the peak hour considered from
Ilam to 6pm and off peak periods are mostly in early
morning and night hours like( 4pm - 9pm)

Energy Balance from PV and storage (battery )
constraints:

The energy flows in solar PV is represented by the

following equations.
Cb < Cmax’EBatt = ﬁi/p (E/aad - EPV)
Eload < EPV C _ C E _E —E (5)
b~ “max> g = “load PV
E\i =Epy{Eg, =0, Eg =0} (6)
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CB > EBmin’/))o/p'Ebut + EPV = Eload
EB =E EPV+Eg =Eload

Bmin,

Eload > EPV (7)

The battery level performance coefficient is given as
B, Ip> B, ,-The battery capacity performance energy level is

i . < <
given as /))mm - EBatt = [Mmax

.The charge limit of the
energy stored are calculated based on every hour for 72 slots
considered. The energy balancing and battery constraints

between the used and the produced energy is given as:

1=1->24

a +I1" +Y Epi =Pt Y, S+ Egyy ®
reR acA reR

E' <E,+E,"+B -C, ©)

ilp

B: ,C : is the battery discharge and charge rate at
hourly basis .From the energy balancing expression obtained
from the model, HfVis the amount of solar power

production made from the time slot. The electricity
consumed at every point of time considers the total energy
from the solar with the electricity from the grid minus the
total amount of electricity sent to the storage is given in (9).
Our goal is to minimise the electricity cost obtained from the
electric grid. For the entire model, constant cost is been
maintained for the solar and the battery backup. Two
different scenarios is considered in the process for single and
multiple users with set of home applainces.

The total optimisation problem with all the constraints
and the mathematical model depicts the purpose of
minimising the cost obtained from the grid. Thereby the cost
obtained is independent of the schedule with a constant cost
developed for maintaining of the solar PV and battery.

min ), Cu(E),) (10)

E" B B}(’ ’(<//y hel

batt ,con >

subject to equations (4), (5), (6), (7), (8), (9) constraints

For the set of multiple users , the optimisation problem is
stated as

minz E C,(E] ,Users) an
subject to the constraints of equations (4), (5), (6), (7),

(8), (9) for each user.

The iterations
optimisation probelm for complete convergence
constraints is done in Appendix C.

taking place performing in the
with

The flowchart of the process is explained in Figure. 6.
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Solve the cost function C for every strategy
vector

Convergence

v

D End

Fig. 6. Flow chart of the process
3. Results and Discussion

For the optimization process, the mathematical model is
implemented using GAMS solver and later the modeling is
done with MATLAB through Gurobi optimizer. In regard to
evaluate the models considering for all the users bills and
efficiency , prediction method is carried out for PV unit and
battery storage unit.For the model of non cooperative users ,
we have analyzed the results with the case of single user and
multiple user scenario and also considered the cases of
climatic conditions. For the single user , we have considered
one user in a normal middle class family , equipped with 10
household appliances (considering 9 shiftable appliances )
and the house is connected to the power grid. Our simulation
results were obtained by GAMS solver which is a
mathematical programming tool for complex problems and
the stochastic model is solved using Gurobi optimizer to
arrive at optimal solutions of scheduling. For the first case,
we have taken one house installed with solar PV and energy
battery storage with the parameters of PV panel rating of
1kWh and battery capacity of 10kWh. The charging and
discharging limits of the battery is equal to 10kWh. For
general case two prices are considered for daytime D,(1 to 15
hrs) and night time N,(16 to 24hrs).

Different scenarios have been considered in the model
with and without PV panel and storage battery, in order to
discuss the difference in cost of the user's bill with the
integration of renewable energy. In concern with the
electricity prices for the model time varying tariff is
considered and one hour tariff analysis is also done. Time of
use tariff [18] is introduced globally in many electricity
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markets so that the cost varies with respect to the demand in
peak hours. Each appliance works during a particular time
interval e.g. Appliance 1: Washing Machine: from h=10 to
h=12 ,Appliance 2 :Heater: from h =12 to h =15. Similarly
for the entire proposed stochastic model 11 appliances is
considered. Further ,the results have been compared with
hourly pricing scheme including the climatic conditions also
considered .Various load profiles is generated with DSM
model for energy scheduling with the renewable sources.
Figure. 7 is the load curve taken on a normal summer day for
2kW PV panel system used in the model. Indeed, to obtain
the difference between energy consumption scheduler with
and without renewable energy , different studies have been
incorporated shown in Figure 8 and Figure 9.

Table 3. Multi user performance gain

Scheme User 1- User 2(Rs) User 3(Rs)
Cost/day in
Rs
Hourly 109 82 84.5
Pricing
TOU 112.5 87.6 88.5
Pricing
Savings 52 34 2.5
in a day
25
2 [
2151
g
g 1f
05
0 . . . . .
6 8 10 12 14 16 18 20
Time (hours)

Fig. 7. Load curve for a day for 2 KW PV system

The results for the dynamic programming model is
analyzed in a non cooperative multiple user scenario with the
combination of Battery, PV panel. Simulation results are
carried out to obtain the difference between energy
consumption scheduling model both with and without the
renewable energy sources model . Table 3 shows the results
of multi user electricity bill for the particular TOU pricing
(Time of use) , Hourly pricing and the cost is calculated in
Rupees(INR).The day time price was D,= 1.8 Rs(0.7cent)
and the night time price was N, = 1.2Rs (0.5 cent). As the
hourly and TOU pricing are involved for the entire model.
The table 3 exhibits the clear savings done by the users from
this model incorporating renewable energy. Using GAMS
solver results have been established for PV power and the
load scheduling with DSM and without DSM ,considering
the battery (state of discharge and charge )power in summer
and the winter season .The contribution of PV and battery
with DSM shows an intensive usage in high production time

in a day considering user's comfort shown in Figure. 8 and
Figure 9

1800

Ppv

1600 Load without DSM | |

) ) | 1 | . | . | ) f
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (hours)

Fig. 8 (a). Without DSM-PV Power

T T T T T
Pbat without DSM

10 12 14 16 18 20 22 24
Time (hours)

Fig. 8 (b). Without DSM-Battery power

5500

6 8

5000 - Ppv .
Load with DSM

4500
4000
2 as00
g
Z 3000
[N
2500
2000

1500 [

1000 . \ . \ \ . 1 \
0 10 12 14 16 18 20 22 24
Time (hours)

Fig. 9 (a). With DSM (energy scheduler ) and PV power

2 4 6 8

T T T T T T T T T T T T
5000 Pbat with DSM|

2000 [
ot

-2500 -
-5000

Battery Power (W)

10 12 14 16 18 20 22 24
Time (hours)

0 2 4 6 8

Fig. 9 (b). With DSM (energy scheduler) and battery power

The characteristics of the battery considered for one user
for the limits is based on 4000Wh. The PV power and battery
contribution are found using DSM strategy , where the
cycles are increased to about 2% in summer. So using this
strategy the PV contribution is increased about 12% in
summer season where the user in future smart grids can buy
sell and store energy effectively.

Simulated results of the energy consumption scheduling
unit with the cost for the different cases is analyzed and
shown in Figure. 10 and Figure 11. The results obtained
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establishes that the energy cost at the peak hours with the
DSM model(energy scheduler unit) equal to 288 INR is
reduced to 178 considerably by adding renewable energy.

Consumption of
Energy KWH)

. Parameters Users
g 200 User1 | User2 | User3 | User4
Zio Pricing TOU TOU | Hourly | Hourly
" A scheme (summer) pricing | pricing
0 2 4 6 8 101—- 12 14 16 18 20 22 24 (Wlnter)
ime (hours)
Without DSM | 300 350 252 292
Fig. 10. With Demand Side Management (DSM) modelling (Cost in Rs)
with user 1 (TOU pricing scheme) for energy scheduling With DSM - 272 3315 | 2413 272.4
E
From the results , there is about 4%decrease in the total scnheeri}lller unit
cost and the savings per day is increased with the addition of With DSM 2383 3252 | 2308 254.6
PV power and battery storage unit. The programming is . ' ’ ' '
S L2 and without
developed for n number of users, considering the climatic "
o T . addition of
conditions , PV power utilization and pricing scheme. In Renewable
Figure. 12, where the case is considered for 5 set of users ,the energy
cost is very much decreased to 5% of the total cost for per -
day. With DSM 173.4 280.5 | 225.6 212.5
and addition
5 of renewable
gg 40 energy
£8,, Savings in a 8% 6.5% | 5.9% 7.2%
8%, day

considered to be 70kWh.Pricing scheme is also the same as
the single user and the comparison is made with the two
pricing schemes. Different results have been obtained for
multiuser scenario and the consideration is taken for summer
days The results obtained shows that the cost is
considerably decreased from Rs 200.8 to Rs 178 by using
renewable energy.

Table 4. Performance Gains of the Model

. . . | . .
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (hours)

200

Cost Reduced

100 -

Cost (Rs)

T f . .
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (hours)

Fig. 11. With Demand Side Management (DSM) modelling
with user 1 (TOU pricing scheme)for energy scheduling
considering renewable energy(winter season).

300

200 1
100 + M ]

4 6 8 10

12 14 16 18 20 22 24
Time (hours)

’/N‘l‘—f Cost Reduced

“ /_/\?/—)\/\

0
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (hours)

Fig. 12. With Demand Side Management (DSM)
modelling (hourly pricing scheme)for energy scheduling
considering renewable energy(summer season)

2000

Cost (Rs) Consumption of Energy KWH)
o
N

For multiple users , we have considered 10 houses with 7
shiftable appliances installed with PV and battery. The
parameters and constraints are the same as the single user
consideration but the charging and discharging limits is

Observations of results made with the comparison for
two pricing scheme incorporating renewable energy in the
model shows significant savings in a day are tabulated in
Table 4 .For multiuser scenario, users follow both the pricing
scheme and to show the analysis better, case studies in
summer and winter has been done. By this model, cost is
reduced to about 7% in average of a day by adding the
renewable energy based on the characteristics of the power
management strategy made with PV and battery power using
stochastic model.

4. Conclusion

In this paper demand side management control strategy
is done by developing an energy consumption scheduling
unit with the consideration of renewable energy (PV) to save
the electricity cost of the users. For better analysis different
pricing schemes were considered with climatic conditions.
The model is analyzed by stochastic dynamic optimization
using Gurobi optimizer and GAMS solver for solving
different scheduling process . The simulation results show
the effectiveness of the system model under different
simulation scenarios by reducing total electricity cost with
users comfort . The model can be exhibited further to
industrial sector by considering scheduled and non scheduled
tasks for future works.
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Appendix A
A Nomenclature
CH Cost function
S Scheduling vector for appliances
a
a, Strategy at every time slot for scheduling
X, First schedule state of the system
v, Constraints for energy balancing unit
u(t) Utility control action at every state (t+1)
E, Total power interchanged with the grid

Set of scheduling appliances

E,, Solar power generated
E Actual power by the loads
load

E, Power by the battery storage system

att
E,. The maximum and minimum level charge

min ?

of the battery system

E Bmax
B Battery level performance coefficient

Amount of solar power production

h Energy consumed for each hour in the slot

Appendix B

B. Pricing Schemes

LIncentive Based Programs II .Price Based Programs

Direct load control Time of Use Pricing

Interruptible load Real time Pricing

Demand Bidding Inclining Block Rate

Emergency Demand Reduction | Critical Time pricing

Appendix C
C.Iterations involved for one set of users

To solve the optimisation problem the following iterations
steps are involved to move to next strategy with the set of
constraint

B .Cy B Ci

min{ Y [1,.p,, + > (C'(x,)]}+min{ ¥ (C'(x,).y,.)}  (12)

a€A ih+1 fh+1

-

1 X,
Pt Y Py =H, (13)

i=x; t=x;+1

The multiple operation task is given as p,,.The sum of all

probabilities of the energy scheduling is considered in
stochastic model

T:Z()+]""'N fOl‘ yr 20’ Epur Syr

Here the iterations steps are involved in the model to obtain
the convergence with an unique schedule to reduce cost.
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