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Hlasticity Energy Consumption Scheduling Model

for Demand Response Pricing

Abstract

In future power grid, the informations about the power supply and
demand will be scattered instantly. This is the same as that applied to
web2.0 on World wide web. Future power: grid is flexible open platform
that suppliers and buyers can switch their positions. Solar panels, wind
turbines generate power around and about. So it can be called as ‘Peer

to peer energy’ or ‘Energy 2.0.

The Demand Response(DR) pricing in traditional perfect competition
market is meant to set the price to maximize provider's profit as a
reaction to consumer’s demands. By contrast, we aim to solving two
problems -~ setting preemptive power demand coordination and
appropriate level of pricing - in electricity market. Therefore it is
important to determine the level of strategic price that can relieve the
energy Peak and figure out the accurate demands. Energy Consumption
Scheduling(ECS) is a mechanism of demand readjustment through pricing

and involving a function of price.



This paper suggests Elasticity Energy Consumption Scheduling(EECS), a
price function containing the price elasticity of comsumer in energy
market. EECS is efficient price calculation algorithm because it calculates
based on consumers’ attitude to price change as well as historic data of
demands. EECS is a price function related to individual price elasticity
and proposes different energy price to participants. Price elasticity
means the variation in demands. As electricity price go too high to
consumers acceptable range, consumer will cancel the reservations
through ECS system. So Energy Peak get down to average loads, make
power grid stable. In addition, the simulation calculates the load and
electricity price by comparing and analyzing the existing model
TECS(Trust based Energy Consumption Scheduling). EECS was analyzed
as excellent in PAR(Peak-to-Average Ratio) value which means a peak
distribution of the power consumption. Compared with the value of Total
Price, EECS’s is cheap than  TECS's. New pricing model based on
Elasticity will contribute to the improvement of the sustainability of

energy.
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1) Sustainable development is the organizing principle for sustaining finite resources necessary to
provide for the needs of future generations of life on the planet(Brundtiand Report, from the
United Nations World Commission on Environment and Development, 1987).
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%23 3 Heio}
o Wiz | Wit | AsEse
(%) (94/kWh) (%)
B A Q¢ 15.9 107.30 114.8
; Aok g 2.8 24.52 48.8
&
A A 18.7 94.72 108.9
Uk 19.9 106.04 133.7
A8 57.3 58.30 96.1
FAE 2.3 43.04 48.0
o5& 1.0 90.16 116.4
25 0.7 65.92 101.3
5 100 74.65 106.4
G5 w5 Aeleh ol SEvere] B9 aFAA AN WELFA
5ol Mol Bag 4golth 53 Feg ArlaFe A$Ut oinl 114.8%0)

gair, TaAl o) E3pek 729 1856 e @b B GHR]D FAATE FAR
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AR (kWh) 100 200 300 400 500 600
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o 7H/KWh) 67.80 10375 | 13643 | 17833 | 23216 | 319.75
85 A5%) 65 100 131 172 224 308
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of
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712 FEE I, A 7] ¥ € Z(minimum standby power leveD)S JeolgE AR
st YA olF 7hsd e duA] Av] 2AERC wE F YR

(L)< AxtstAH.

GECSE &2 50719 th& AUl & F335te] PAR#Y] HASIE 93 A&
olde ARstal 1 WA 1.8325014 183152 °oF 0.05% AT BT} of
YA Blgoxs Bt & AAE Hol it H]go] $51.83004 $48.04% d3+d
< Bt o8 "o ARV e W O HASE 93 dEgdra o=
PAR®} ¥ 8 F(energy cosh)e] HAZIE WA= BEE ofd daglEs ©l
8ot ==k, Zzhe] Aol g HARaE Faf B =a T
et AddeolE I ouA 2AE" RIS Q% 2ol AAst dtt

[Amir-Haned Moshenian-Rad et al., 2010].
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10:
11
12:
13:

Randomly initialize 1, and 1,_,

Repeat

At random time instance Do
Solve local problem [1]
IF z, change compared to current schedule Then
Update z, according to the new solution.
Broadcast a control message to announce I, to the other ECS units

across the system.

END

END

IF a control message is received Then
Update 7, accordingly.

END

Until no ECS unit announces any new schedule.

ADRFo] A ALEAE A2l MY ags HAislehe AdS

maximize pP,(z,;z_,). (3)
Payoffs : P, (z,;x_,) for each user n N, where

P (I‘H,CC, ) = bn

Vi
= -2, < (G D) an.) 4)
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1. AlLE 2

% 100 9] AHEALE 7HASta, F 3R (AR t-1t/t+]) Fe RS deRE A
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A

=
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4\ MATLAB 7.80 (R2009a)

File Edit Debug Parallel Desktop™*Window Help

I | & 52 M 9 | # i 5) | @ | current Directory | C:#Userswij £ Aj#D ocuments#MATLAB ~ B @
© Shortcuts (2] How to Add 2] What's New
Workspace s« O _a x| 'Current Directory
fm (4 %] 84 & | B4 - | stack| Base ﬁ‘arall
Name Value Min  Max clear all
E3 10ad7 «100x1 double= 29.33.. 146.2.. %—- 14. 11. 30 2% 4:56 —%
EH 10adT042D1 <1001 double> 5.0493 9970 - 14. 12, | & 4:05 —%
FH ot <100x1 double> 3.217.. 1519. -
%-- 14, 12. | 2¥F 5:08 --%
%--1a. 12. 1
% 14. 12,1
%=- 14, 12,1
B Figurs 1 [E=SE === 4 1e
File Edit View Insert Tools Desktop Window Help » %—— 14. 12. 2
DEES | RN ER)- 2| 0E (=D %--14. 12, 2
%-- 14, 12, 2
%—-14. 12. 2
% 14. 12. 4
%--14. 12. 4
%-- 14. 12. 4
%—— 14. 12. B
%--14. 12. 6
%-- 14, 12. 6
%--14. 12. ©
=-%— 14. 12. 8
cle
clear all
%¥--14. 12. 8 22X 8:10 ——%
2 14. 12. 8 =™ 9:18 %
%-- 14, 12, 8 2% 9:27 --%
%--14. 12, 8 W 9:28 —-%
%— 14. 12. 8 2™ 9:29 —%
%—- 14, 12, 8 F 10:05 —%
%--14. 12. 8 & 10:40 —-%
B%-- 14, 12, 8 28 10:42 —%
worksoace
ccatter3 (loadT, l0adTOx201, pt |
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double 5, = Math.random(;
double 7~' = Math.random();
double 7! = Math.random();

/[1st. peak
double pl, = P"*I7;
double n), = (-1, )I(p,-P");
if(en>e)

System.out.println(“reject);
I = 1.%0.6;

Jelsel
System.out.println(“accept®);
Io=1;

}

/[2nd. get down
p:ﬁ—l - PHl*lflJrl;

= I )

if(en>e)
System.out.println(“reject™);
[T = 1R 6

lelsef

System.out.println(“accept“);
lf, +1 = lf, +1.

}

System.out.println(“total price:®);
System.out.println(“total load:®);
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of &3 AlgdelAdx 1 Aol tha aZsiA. B HoA= AHE=7 oy
AaH 2AESH(TECS) 2Fo s L3 o=z Algdeldsta F+ 2F Y
ARE vt F 2 AH}E V2= PARFH} F HAYriAS HaEA
stogx 71AgSe] a8 sl 1 E3UTE ©] PARS &= AE7AH & GECS
EygeM g m8de ASstr] ddl A AZ=E TECSAAE FdsH

o 7 e 7H F 2@ v E 9 TECSe il
A& Wh & 67.89 28 EECS9 sdatA stadom, TECSS HA A
HAZY] AR =s AlIRto]l A wet A¥sert 223 Wees HS A

3] 0.52 7133kt

AR &2 A N ARgALe]l AZP(h)E M8 72stol] mhg o =8 -&%
T a3 2t AE AR ne aie] AYT|ZIE AREEel TE AT H|
€ ¢, 9 BT HA AEAY F, 244310 tiF For FIHH= T HAYH &9
H43tE WSt VAT A8AUS Auda. FapEel] uid HlE
of Mgr]7]e] FHS Fato AEH, A8 suxte] YA
AN o] HE&S FHAslsle= Ago] HAdo|tHAmir-Haned Moshenian-Rad et

o & 21(12)eF 2ol A=Y, AA Ay

AT FAT ge AT FHAL Rass nge Aganiae] Yol

(¢

1

)

ot
+

ol

c, (L)<= 2 H3}

z
o
ﬂ_?{_',
S
rlr
o
=
4

C,(L,) = a,L} +b,L, +c, (a, > 0, b,%¢c, = 0)
minimize 5
) (12)
Ly EX’L 1*1 TIE\(lEA” ’

_69_



- TECS®] 3ateo 23 FateF wsto] m& 7NE AREALe] HaiF W3t
o2l ol AR F, Folde 9A we BlE, § AFE & Adtsta, olE
47 Met TECS 7HA ol tud =X t+1 Aol gk FahaFa HY
7tA S ArEeith TECSO o3 AlEdeld A3, F 10082 1H5-73 2ol
5011Whe] Hegan] 2AEYPS BIY AT HF 50.1Wh FalaFo] HFv &
44114 <& BT

14000
12000
10000

8000

> AL -
u |
| | |

A
n

ok
NI

q
gl

47+

77

4000 w

v' 1 '

2000

85 7

0 T
I~ M O n = ~mon — I~
— - n o O~ N~ a 0

49 |

-~ M
M M <

25

O25-7 TECSEE | MY M3 & gartA ()

o] A%E EECSS vlis) B F ¥t F AN FAE Ao B
B9k 4 Rel@ol A EECS/} TECSO) Mla) ddoa w4k sy} 2 e

2 btk 7 3eklel tAHGlE 3200Whel ehE Rk B mHE U
Wtk AA AREAY dH7ACd A= 1,881,3719S Bl TECSe| Hl 3|
1,278,749 & ¥l EECS7} 602,6229¥€ <5 73t EECS7F Bty 3341 Ao =
wAEQth B3 F 239 ARG o3l FelAelA 2r] thEAl AAHE
AA7HA(PL)E BEWH EECSE Wh & 67.8¢0A 113.69¥9] T3 MEREREXE B
ol= whd TECS: A To] e @zze BIXES o EECS/ Zoixtel 7}
AQYEE 3T AATFY FaEE sl FEF AOE etk 13
5-80 A= EECSSh TECS®] A% e724¢ 1

yES 1 AR RaEe 2%e A e BN

o
=
32
o
>
Ay
rlo
>
jutnd
lo
X
ok
ol

_70_



File Edit View Inset Tools Desktop Window Help ~  File Edit View Insert Tools Desktop Window Help g
NEde M ARUPRA- @08 ad BET YIRS R A= ETD

(@ Linked variables/expressions: EECS vs. load2 vs. loadl gdit. B Linked variables/expressions: TECS vs. load2 vs. loadl Edt. B

14000

12000 A

10000

8000

W TECS

6000 {44 W EECS

4000 -

2000

ol
t
ot
o

H@Prle] F 1A FAAEE Yuasdn. SN v agy Hee
a

R
ot
e
1
of

o F&el BlE<s 9mét= PARE wBlwste] EECSeF TECSS| 3 A4t
o B34S ATsAd. HJAFstTF vlaolA EECS7E HyF-etdat 52 Azt

Ll
o
o
29
o

o PAR @& olrlat). ofz) 1%5-10& BEAHRe e} Ats
B3l Walg RelzT),

i
K3
k=)
rlm

_71_



EECS 2.6 2F 3} TECS 251 H3}

8,000.00 12,000.00

Y
7,000.00 A
! 10,000.00
6,000.00 I/ \\ / \
[ O —{ 8,000.00
5,000.00 » < = — a
h . h > vy
1A#,000.00 - 11/6:000.00 e
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