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Abstract

In this paper, a comprehensive energy management model is proposed in order to the operation of a
modified 33-radial bus distribution system, in the presence of smart homes. In the proposed model,
smart home customers are able to participate in a demand response (DR) program and their comfort
index is also considered as the main constraint. The model also considers uncertainties related to the
load demand, the generation of renewable energy resources, and electricity price. The Monte Carlo
simulation method and the ScenRed tool are utilized to generate and reduce the scenarios, respectively.
In order to mimic the actual operating conditions, in the simulation, the seasonal variations of load and
generation are considered and the operation problem is solved for four seasons. A linear ac power flow
is also used in the model. Finally, the problem is modeled as a mixed-integer linear programming
(MILP) problem and solved by the CPLEX solver in GAMS software. The simulation results
demonstrate that the model proposed in this study is a comprehensive framework for the operation of
distribution systems in the presence of smart homes, which not only reduces operating costs but also
increases the consumers’ comfort index.
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Figure (1): Problem solving flowchart
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Figure (2): Studied system in this paper

Silwad g ls -F-Y
s 500l J> GAMS S58le 5,0 CPLEX ouisS Jo lawgs golgaioy MILP oolas Gl o e dlie sy (pl o
polie «idu cpl o oads &l mls als a5 Cewl S5 JB @SS ol ol wples a1l fade jebay 16536 Jaw 5l Jols
S 6l adllas ot @595 s (510 0 e a3 (V) Joaz jo Ll cpl jo astis Jolay Jow J> 5l Jol> (gl
ouds 1,1 Lad o 50 (515 o po dn e sl jglateds (glaunlin Hloged SO 5 (V) USS o el oals &Sl Lad (2 5l 54,
LgLoLﬂub)bbﬁ|w‘6w‘uwbJaaséajoy)ad)‘é}w*mqﬁdwékainwwbyL)w‘

(AY)



=
m

Wind Speed (km/h)

2
=2

‘Wind Speed (km/h)

16
14
12
z Zun
< =
- - 8
: E
.g R: 6
4
5 2
0 0
1234567801011 12131415161718192021222324 12345678910 1N1D2131415161718192021222324
Time (h) Time (h)
ol (@) ke (b
12 14
10 2
g 8 o v
= 6 -
o 3
z £ 6
£ 4 =
4
? 2
0 0
123456789101 12131415161718192021222324 1234567891011 1R2131415161718192021 222324
Time (h) Time (h)
Ol (3) =b @
Hb Lol Glime 4 bgypo (lad slagy Lo :(Y) S
Figure (3): Seasonal scenarios of the load demand, (a) Spring, (b) Summer, (c) Fall, (d) Winter
25

0 0
12345678 910111213141516171819 2021222324 123456789 101112131415161718192021222324
Time (h) Time (h)

= = "
= = =

‘Wind Speed (km/h)

o

0

o 2

=

Wind Speed (km/h)

e

0
1234567839 0UDBHBEITBONADBH 123456789 0NNRBUISIEITIS0202122324
Time (h) Time (h)
Oline; (9) =k @

-)l.g S g b,g)n&mé‘slb%)&n:(f)‘]&&
Figure (4): Seasonal scenarios related to the wind speed, (a) Spring, (b) Summer, (c) Fall, (d) Winter
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Figure (5): Seasonal scenarios related to the solar radiation, (a) Spring, (b) Summer, (c) Fall, (d) Winter
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Figure (6): Seasonal scenarios related to the electricity purchase price, (a) Spring, (b) Summer, (c) Fall, (d) Winter
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Table (1): Data related to the operation of gas and wind turbines
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Table (2): Data related to the operation of the appliances of smart homes
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Table (3): Seasonal operating cost
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Figure (7): Comparative chart of seasonal operating costs
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Figure (8): Power and gas purchased from the upstream grid, (a) Spring, (b) Summer, (c) Fall, (d) Winter

0Gas Turbine number One — WGas Turbine number two 0Gas Turbine number One W Gas Turbine number two
0 §
imo 5“
Emu 20
Emn 51
) M |
PIIASETS0NINONHEETBYUNIDE N 1:345ﬁ7a9wnﬂ MU EH0H2DY
Time (h) Time ()
Ol (&) Ske ()
(Gas Turbine number One ~ WGas Turbine number two 8Gas Turbine number One W Gas Turbine number two
n A
5o 5w
V W
L ]
: F
30 a1
& 0 A
13456789 NURBREENBONANYY 1I4SETEONUDBHEEIBONAND Y
Time 4) Time b)
Ol (2) b @

Jad 12 30 G35 L s wdei (ol :(R) S
Figure (9): Power purchased by gas turbines per season, (a) Spring, (b) Summer, (c) Fall, (d) Winter
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Figure (10): Voltage magnitude at 10:00
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Figure (1 ): Schedule obtained for a smart home per season, (a) Spring, (b) Summer, (c) Fall, (d) Winter
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Figure (12): The operating point of battery in each season, (a) Spring, (b) Summer, (c) Fall, (d) Winter
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Figure (13): Impact of demand response program on the load demand curve, (a) Spring, (b) Summer, (c) Fall, (d) Winter
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. Energy management

. Energy renewable resources

. Smart micro-grids

. Electrical energy storage systems
. Energy efficiency programs

. Mixed integer linear programming
. Electric vehicles

. Efficient salp swarm algorithm

. Plug-in electric vehicle

. Vehicle to grid

. Vehicle to home

. Grid to vehicle

. Demand response

. Smart homes

. Non-dominated sorting genetic algorithm
. Photovoltaic

. Social welfare index
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