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Abstract—The so-called ancillary services, which are necesga
to ensure the stability and security of the electdal power system,
could be also provided by distributed generators (Bs) due to the
well-known benefits that the DGs can bring. The vaation in the
generation of DGs based on renewable energy sourcesd
operating characteristics of electrical vehicles (¥s) introduce
uncertainties, which need to be extensively studieoh order to
consider their participation as a reliable alternatve. In this work,
a co-optimization market-based proposal forenergy and reserve
considering the presence of DGs and EVs is presediethe
uncertainties of DGs with high variation in the gemration are
addressed through the development of a stochasticauel based
on the enhanced interval linear programming theory.

Index Terms—Distributed generation, Electrical vehicles,
Interval Linear Programming, Distribution systems, Co-
optimization market.

NOTATION

The notation wused throughout this paper
reproduced below for quick reference. In constaatsl

variables where it appears,corresponds to the current time at

instant.

Sets:

Qs buses of the system

Qg branches of the system

Qps DGs. Note thatQ,, is a set composed by DG$e.g.

wind turbines) an®Gsyy (e.g., small hydros)
Q., EVs

Qp.discretizations for linearization &% (Q,,,.: without th

first element)
Q, blocks of the piecewise linearization fgf* andQ;?

Q; study time Q.. :without the first element)

Congtants:

a; cost ofenergy from the main grid bought by t
DSO

B price of reserve sold to the main grid by tl
DSO

Re.i» Xgy;  resistance and reactance of braijch

. + +
ISOfE,g,i i OfR,g,i t
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active and reactive power demanded at riode
discretization step of 5*
values of the th block of|R", | and|Q;, |

upper bound of each block of the power flov
branchij

slope of thelth block of the power flow ¢
branchij

reserve requirement

minimum and maximum active pov
generation limits of the D@

minimum and maximum reactive opel
generation limits of the D@

minimum and maximum voltage limits
maximum current limit in branch

minimum leading and lagging substation pc
factor limit
offers ofenergy andreserve of the DGg

decreasing and increasing ramps of the G

time interval to pass from an active po
generation level to another

response time in which theeserve must b
available torestore the system frequency aft
disturb

maximum charging power provided to the BV
at busi

initial energy charge and capacity of the E\at
busi

maximum variation between two time inst:
of the charging power provided to the EVat
nodei

connection and disconnection times of the &V
assigned to node

payment burden of the DSO

financial compensation to the DGs fanergy
andreserve sold to the DSO

financial reward of the DSO fareserve solc
to the main grid

energy andreserve provided by the DGy al



nodei

Pasitr Qi active and reactive power provided by
substation at nodie

IE square of the current in brangh

P Qf active and reactive power flows in brarigch

P eis charging power provided to the E&/at node

Moy et binary variable associated to the E\at nod:
i

VS¥ square of the voltage at nate

T uin binary variable for linearization o¥/* in
discretizatioru

. power corrections used in the linearizatiol
V> in discretizatioru

R, R non-negative auxiliaries to obtajiR’, |

i Qi non-negative auxiliaries to obtajiQ;,

active and reactive power generated by the
g at node

+ +
PDG,g,i It QDG,g,i t

Roor Qg kth point of the linearization of the capabi
curve of DGg

EEor &y market price oenergy andreserve for DG g
at nodei

Negir Megiy  DiNary variables which represent if D& at

nodei is providingenergy and/orreserve

|. INTRODUCTION

The growing participation of distributed generatanmd the
well-known benefits that the distributed generaf@&s) can
bring [1], suggest that they could provide not oahergy to
satisfy loads and system losses, but also otheentabk
services, known as ancillary services [2], which aecessary
to ensure the stability and security of the system.

Specifically, with respect to DGs supporting witbtiae
power reserve, some works can be found. In [3fopgsal to
evaluate the operating reserve requirements insrmasion
systems with large amounts of renewable energycssuis
presented. An analysis of the impact in the
requirements in transmission systems with the a&ctéon
between the variability characteristics of the loathd power
generation, solar power generation, and ocean vpeweer
generation is presented in [4].

An approach to solve markets femergy (defined here as
the active power required to meet loads and losseieserve
(defined here as the active power required to Ifulfiserve
requirements) could be by creating a joint dispathcture,
which includes botlenergy andreserve markets, usually called
as co-optimization structure [5].

On the other hand, as result of technological acksm@and
the interest to meet environmental, transportatiod energy
requirements, the development of Electric Vehi¢E¥s) has
gained importance in recent years. Studies toyaeathe
impact of the EVs on the distribution networks hawebe
conducted in order to preserve the operation ofefketrical
system within their normal security levels. Factsigh as
battery technologies, charging profile, market nagiém,

reserve

policies and operating limits impact on the peredittevels of

EV penetration in distribution power systems [6].
Uncertainty factors related to the variation in gfemeration

of DGs based on renewable energy sources (RES)
operating characteristics of EVs, such as, ingi@rgy charge
of their batteries and connection/disconnectioretimead to
the development of stochastic analysis in ordecdosider
their participation in the electrical power systama reliable
alternative.

In real-world problems, most of the input parametare
characterized by presenting uncertainties. In ti@thl Linear
Programming (LP) problems, these uncertainties aoé
considered and all parameters are treated as deistim
values. Through the Interval Linear ProgrammingP(lLthese
uncertainties are considered intrinsically by reprging all
model elements by intervals (interval objective dtion,
interval parameters and interval variables). Theinma
advantage of the ILP is the ability to incorporatéerval-
numbers uncertainties into the linear model with@uty
assumption of probabilistic distributions [7]. AbA model,
which in this work is denoted by the symbol “+” faemed by
two LP sub-models: the first sub-model, denoted thg
symbol “-", and the second sub-model, denoted bysyimbol
“+". In this work, an EILP model based on the ILPoael,
which is presented in detail in [7], is used to cact for
uncertainties of the DGs and EVs.

In this work, a co-optimization market-based pr@bos
considering the presence of DGs and EVs is presgente
Uncertainties related to the DGs based on RES ardating
characteristics of the EVs are addressed through th
development of a stochastic model based on the rieeda
Interval Linear Programming (EILP) theory [7].

The main contributions of this work are listed velo
1) The participation of the DGs as providers the daugil

service ofreserve is encouraged.

2) A novel Mixed-integer Linear Programming (MILP)

formulation for a co-optimization market clearingppess

which includes precise models of the DGs and EVs
operation.

3) The uncertainty related to DGs based on RES and
operating characteristics of EVs is conducted bygithe
EILP theory, which allows a comprehensive stochasti
analysis.

This paper is organized as follows: in Section tHe
assumptions and mathematical formulation of thepgsed
market-based problem considering DGs and EVs isepited;
the results and a discussion about several pertbtest are
presented in Section lll; and, finally, the condus are
exposed in Section IV.

and

Il. ASSUMPTIONS ANDFORMULATION OF THE MARKET-BASED
PROBLEM

The assumptions and mathematical formulation of the
proposed co-optimization market-based problem ezsgmted
in next subsections.



A. Assumptions

In order to represent the steady-state operaticen raidial -V =0

distribution system and to perform the market dfear V24 Z( A )<V_3q¢
process, some assumptions were made, as presetoed b T uit. "

B. Formulation of the Stochastic Co-optimization Market-

based Problem E:
The mathematical formulation of the stochastic co-

optimization market-based problem is presentedviaelo

n\:;,u,j.t V)=
Since this approach is directed to primary distidyu +> (mu“A )
networks, the distribution system is balanced and v
represented by a monophasic equivalent. Thyusie S Ty
The set of DGs are divided into two sub-sets7,, ;. 0{0,3
corresponding to the DGs with uncertainties, sa\sPG 0< AvlfT P,
and the DGs without uncertainty, say RGs

< =
The DSO gets a capacity contract feserve from the _
i i 0<P: <A 1%
TSO in a day basis. cuit =Bvlij v g
Energy and reserve are purchased from all the P.,‘f"’.ﬁ:"if,l

participating DGs by a single buyer, the DSO, WhIChQ” -Q*

|1t - Ijt

performs the market clearing. The DSO can also bu¥,r+ +PE= T A

energy from the main grid. BTN 2 e
The offers of the DGs are presented such that th@TurQlt S B,
market is solved with one day in advance, i.e.ain ok

day-ahead basis. These offers consist of prices an@l Apl,J,sASU

formulation of the market- based problem by the0 P‘* P“ e
ij,I‘Q'

interval parameters  of. and of e 1

R.,gt
1-—
(0g0Qe,0t0Q;), respectively. DGs must also (\12+§A jl.f?* 2 R

inform the tilt of their decreasing and increasing +Zﬁ5 N U0
Hi=Qlijt

ramps, say/4* and/;° (0g0Q,. ), respectively. “

All DGs providing energy and/or reserve are paid Y, Y. R =R
based on the interval uniform prices, sgiy and &, %97

+ +
s Eg,i.t + Rg,i,t

(0Ot0Q,), which are the highest priced offers accepted. s ~

The EVs are monitored using the Advanced Metering = Po g

Infrastructure (AMI) for EVs charging, which Ef, +RE
measures, collects and analyzes energy consumptiorf'*
from EVs charging station regularly via
communication links [8].

itsi
" Q Qe

Vi,stqr_z(RBru |1t XBrlJQJt)

Zérljlljs?t
0j 0Qg,, 0t0Q; (4)

SV 2+A,
0i0Qg,, Ot0Q; (5)
Ou0Qpe, O 0Qq, OtOQ, (6)
Ou0Qp,, Oj0Qg,, OtOQ ;. (7)
OuDQp, Dij 0Qq,, OtOQ, (8)
OuD0Qp,, Dij 0Qq,, Ot0Q; (9)

0ij 0Qg,, Ot0Q; (10)
0ij 0Qg,, 0t0Q; (11)

0ij 0Qg,, Dt0Q; (12)
0ij 0Qg,, Ot0Q, (13)

010Q,, Oij 0Q,,, 0t0Q; (14)
010Q,, Oij 0Q,,, 0t0Q; (15)
0ij 0Q,,, OtOQ, (16)

=2 m, AT
109,
0 0Qg,, 0t0Q; (17)

0t0Q, (18)

09 0Qpe, i 0Q4,, TtOQ (19)

(Qicr = Que, )

09 0Qpe, i 0Q4,, TtOQ (20)

The EVs are type plug-in hybrid electric vehicle E +Rg|l—d7Q(QDGgll ng)+Pzg
19

(PHEVSs), which utilize rechargeable batteries, taat

be restored to full charge by connecting a plugro

external electric power source (usually a normaIE HRE S

electric wall socket). QZg

Qsg

Min PB*= > > aiR,+> D> > ({tEtE;lt +FRLR;LL) e
t0Q7 i0Qgs t0Q 1 i0Q gue 90Q pg
T2 2 AR @) B0
T 1L, DG 2 Sqt /7
SubjecttO' VISV ,V
o<IPF<If

z klt Z( |11+RBr|J IJS?+)+PS_SH Z EQ_IL

kumg, ij0Qg 9090 Pii Itan(arccos Pt )
= D MeveiPeve =0 0i 0 Qg OtOQ, (2)
emgv( - ) {Et-max{nEg“of-
Qt - Q|t +X ri |q+ 5 + (3i i * =
ki;gy o ijDZQB, " e SS” QD;)G pestt gR‘ _max{nRg“Ongit}DgDQDG
-Q5,, =0 Oi0Q,,, Ot0Q (3)

o1t oo,

09 0Qpe, Ui 0Q4q,, OtOQ(21)

(QDG git Q3g) + P3g

09 0Qpe, i 0Q4,, TtOQ (22)

P
it Rg_lls(;i(QDGng Q4Q)+P4g

09 0Qpe, Ui 0Q4g,, Ot0Q(23)

Bus?

+ + Rl,g + ~
Eyi: TRy Sﬁ(QD@gil _QDG,g)

09 0Qpe, i 0Qq,, TtOQ (24)
09 0Qpe, i 0Q4,, TtOQ (25)
0i 0Q4,, 0t0Q(26)
0ij 0Qg,, 0t0Q, (27)

o \ 0i 0Qg,,, 0t0Q(28)

0i 0Q4,, 0t0Q(29)

0i 0Q4,, 0t0Q(30)



NEgis = {2 I:f IEE*’;“" >:0 0g 0Qpe, Ui 0Q,,,, Ct0Q(31)
: 9t

. {t |;‘f F;gg: i% 09 0Qpe, 0 0Q4, Ot0Q(32)
/JSEW <E;+R, _(Egt.i TRy 1—1)

< Ut 09 0Qpe, 0i0Qy,, 0t0Q 1.(33)
0<R, <™ 09 0Qpe, i 0Qy,, Tt0Q (34)
0= PEiV,e,i t S név,e,i JFW,e,i OelQg,, i 0Qy,, OtO QT(35)
név,e,i t Egv,e,i t < EtEVEi t

<Ny i Byl Oe0Qg,, 0i 0Q,,, 0t0Q(36)
Beveit = Meveir-Eeveir-:

+nl§v,e,i t PEtV,e,i At OedQg,, Oi0Q,,,, Ot0Q(37)
Neveit-tPevei s = Mevei 1—‘[1— EEV'e'i'H] min{ Eeve) _AItEEV'e'i =3

EV e,
P ei i1t BPeye; ’FB/,e,i} DelQg, i DQq,,, UtDQ(38)

if oo <t<tos )
i DelQ.,, 0i0Q,,, 0t0Q, (39
elsewhere B 8 7(39)

ne :{1'
EV,e,it 0,
The constraints that represent the steady-statetime of
a radial distribution system correspond to expogss{2)-(17)
equation reference goes here, which are commonly used in the
load flow sweep method [9], and they are linearizec
expressions obtained using the linearization peaposed
in [10]. In (18), the requiredeserve, which should be attended
by the DGs, is represented. Constraints (19)-(26)espond
to a detailed representation of the operationaltdirof the
DGs, which are linear expressions, related to thgability
curves of the SGs [11] and DFIGs [12], as presemdd0].
Voltages in buses must be within the specified tBmi
according to (26), and currents in branches mudege than
the specified maximum values, as shown in (27). pbwer
factor of the substation, both leading and laggimyst be
within specified limits, as shown in (28). Congtitai (29) and
(30) represent the highest priced offers accepied, the
interval uniform market prices @hergy andreserve (&2, and

&.» respectively), wheren; ; and n;  are defined

according to (31) and (32). Expression (33) reprssehe
ability of each DG to pass from an active powereagation
level to another within a time interval. Constraitt represent
the response time after a disturb in which rtéserve must be
available to restore the system frequency are densil
through expression (34). The charging power pravittethe
EVs, as well as the energy stored in their batehave to be
between specified operational limits, according(36) and
(36), respectively. Expression (37) represents émergy
stored in the EVS’ batteries. Through the constré8), the
charging power provided to the EVs is defined, whthe
factor1-EZ, ., ,I-l/?w,e,i is used to give charging priority to the

EVs with the lowest energy stored in their batteriginally,
the connection/disconnection of the EVs is defitledugh

the constraint (39).

The objective function (1) is composed of threenerthe
costs forenergy provided by the main grid; the costs for
energy andreserve provided by the DGs, safC*; and the
financial reward of the DSO faeserve sold to the main grid,
say FR*.

I1l. RESULTS ANDDISCUSSION

Tests of the proposed methodology were performatjus
data of a modified system based on the IEEE 37-bus
distribution test system [13], which is presentad~ig. 1. In
this work, the implementations to solve the proplogeoblem
were developed in AMPLA{gebraic Modeling Programming
Language) [14], using the optimization package CPLEX [15],
and the programming language C++ with the compiter
4.4, in the Linux environment.

. B
706 (22) 725 (26)

714 (14)

.
724 (28) | 707(23) | 720 (15)

72 (27) 704 (11) 718 (21) 741 (37)

713 (6) 731 (18) 740 (36) | 711 (35)

775 (20)

I 799 (1) 701 (2) 702 (3) 703 (5) 730 (10 709 (13) 738 (34)

712(8) 705 (4) | 727(9) 708 (19)  733(25) | 734(20) 737 (31)

735 (33)

742 (7) T4 (12) 728 (17) 732 (24) 736 (32) 710 (30)

729 (16)

Fig. 1. Modified IEEE 37-bus distribution test syst

For all tests, the minimum leading and lagging powe
factor of the substation were assumed as 0.9, tkecorrent
limit in branches was 200 A, and the minimum anckimam
voltages limits in buses were 0.93 and 1.30 ppeaetsvely.
Thereserve requirementR;,, (in the format yalue first sub-

model, value second sub-model]), was fixed as [90, 110] kW.

The daily load presented in Fig. 2 was assumedefgts,
where the lowest values were used for the firstraodel and
the highest for the second one. For all tests,ai$ wssumed
that thereserve provided by the DGs should be available
within a time interval of 10 min (i.e=10 min). For each
DGyy, maximum active power generation limit of 750 kW
was assumed; and for each D@terval values of maximum
active power generation limit of [150, 600] kW weatso
assumed. For each DG, decreasing and increasinusraf8
and 8 kW/min, respectively, were considered. THb&as,,
(small hydro), coupled to the network through S@Gse
supposed as installed in buses 14 (PD® (DG) and 24
(DG3); and two DGg (wind turbines) installed in buses 18
(DG,) and 34 (DG), coupled to the network through DFIGSs,
are also supposed.

Supposed interval values of offersasiergy presented by
the DGs are [8.26x1}) 17.87x1(] US$/kWh, while the
supposed interval values of offersreferve presented by the
DGs are [3.44x18 8.38x1(f] US$/kWh. The assumed
interval values of costs odnergy for the DSO (purchased
from the main grid) are [12.06x%020.27x10] US$/kWh.



Regarding the prices akserve sold to the main grid by the
DSO, these interval values are assumed as [6. 9?8><10

10. 66><102] US$/kWh.

Load Factor (%)
2 o ® 92
5 3 8 8
o} T T

[

TABLE 11l
MARKET PRICES OFENERGY AND RESERVE (ALL IN 102 US$KWH)

1 2 3 4 5 6

EE‘I [11.62, 17.42][11.44, 17.16][11.45, 17.17][11.60, 17.40][11.66, 17.48][11.74, 17.60]
&, | [5.50,8.24] [5.29,7.93] [5.53,8.29 [5.42,8.12][5.28, 7.92] [5.21, 7.81]

t 7 8 9 10 11 12

&, |111.60, 17.40][11.91, 17.87][11.54, 17.32][11.81, 17.71][11.65, 17.47][11.74, 17.60]
&.| [5.30,7.96] [5.43,8.15 [5.57,8.35 [5.29,7.93][5.15, 7.73] [5.53, 8.29]

t 13 14 15 16 17 18

&, |[11.74, 17.62][11.84, 17.76][11.78, 17.68][11.67, 17.51][11.51, 17.27][11.68, 17.52]
&, | [5.26,7.90] [5.58,8.36] [5.58,8.38] [5.32, 7.98][5.24, 7.86] [5.58, 8.36]

L O S Y T T S S N N N TR S
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Time (hour)

L
20 21 22 23 24

Fig. 2. Daily load for each hour

The numbers of EVs assigned to the buses in thedird
second sub-models are presented in Table |. The &¥s
supposed to be connected to the network betweers Boand
17 for the first sub-model, and between hours 6 Ehdhours
for the second one. The initial energy charge & HVS’
batteries is supposed between 4.5 and 16.2 kWkhéofirst
sub-model, and between 5 and 18 kWh for the seoord

TABLE |
NUMBER OFEVS ASSIGNED TO EACH BUSIN THE FORMAT [VALUE FIRST SUB-
MODEL, VALUE SECOND SUB-MODEL])
Bus 2 6 7 8 9 1012 14 15 16 17 18 20 21 24 25 26 27 28 29 31 323336 37

Numbel[7, (1, [, [1, 4, [L, (4, (L, [4 (1, (L, (L [2 [3, L, [L, 3 [, 1, [ [L, [L, [6, 2, [8,
of EVs|9] 3] 3] 3] 6] 3] 3] 3] 6] 3] 3] 3] 4] 5] 3] 3] 5] 3] 3] 4] 3] 3] 8] 4]10]

In Table II, the values oPB", FC', FR , PB -FR , and
the total active power provided by the substatiot the DGs,

say Pss and PDGT, respectively, are presented; and, in Table S

I, the results corresponding to the market prioé®nergy
andreserve are shown.

TABLE I
PB’, FC', FR, PB —FR , Pss AND Ppe,
B’ /& R ORE R P Pos,
(US$) (US$) (US$) (US$)  (1Gkw)  (1G°kw)
[3,375.56, [3,527.60, [152.04, [3,223.52, [12,550.83, [17,802.75,
6,820.43] 7,099.18] 278.74] 6,541.68] 21,317.48] 18,882.31]

From the stand point of the DSO, the lower extreesalt

t 19 20 21 22 23 24

&, |[11.82, 17.72][11.52, 17.28][11.84, 17.76][11.52, 17.28][11.46, 17.18][11.70, 17.54]
&, | [5.42,8.14] [5.20,7.80] [5.46,8.18] [5.22, 7.82][5.57, 8.35] [5.30, 7.96]

In Fig. 3, the middle value oPB*, which is defined as

M[PB] = (PB +PB)/2, and percentages of 25, 50, 75 and
100% of its width value, which is defined as

W[PB]=PB -PB , for all hours of the day is shown. In this
figure, note thatwv[PB*] is increased in hours of high demand
(between hours 8 and 24). This is due to the faat this
width is mainly affected by the active and reactpewer
demand of the system and, as these values incrtfzese,
corresponding  width, ie., W[R;, =P}, -P;;, and
WIQ5; .1 = Q5. —Qp; .+ respectively, also increase.

mmi
zso‘
300

250l
% 0

700‘

——M[PB

v (PB unuuu
B M (PB ]+ 05W([PB
B M (PB4 0.75W([PB

M[PB"|+W[PB

T
20 21 22 23 24

L Lo L Lo
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Time (hour)

Fig. 3.PB_for all hours of the day

1 2

In Fig. 4, the middle values of the active poweneagation
of the DGs, which are defined a8[Poc,] = (Poc, + Pos, )/2
Og0Q,,, and their corresponding width values, defined as
W[f’ée ] :ﬁge —f’Be Og0Q,., are presented. In this figure,
note the low variations in the width of the geniematof the

regarding PB’ corresponds to the most optimistic benefic toDGs, (DG, to DG;) mainly for hours of high demand. This is

the DSO with the highest risk of violating the cwmams,

while the higher extreme result represents the pessimistic
benefit to the DSO with the lowest risk. The finmhc
compensation to the DGs fenergy andreserve sold to the

because these DGs are required to bring theicéghcity for
these hours in both, the most pessimistic and thest m
optimistic scenarios. Note also that the variaiiothe width
of the active power generation of the RGBG, and DG) is

DSO, i.e.,FC , is smaller in the most optimistic scenario in More pronounced in hours of low demand and wherEwe

49.69%, than in the most pessimistic one. Althoubk
financial reward of the DSO faeserve sold to the main grid,

i.e., FR ,is greater in the most pessimistic scenario thahe
most opt|m|st|c one, the liquid payment of the DS(@,,
PB —FR ,
scenario.

remains as the worst in the most pessimistic Beveic*

are connected to the network, mainly for the5DG
and E,,

et EVe,it’

In figures 5 and 6, the middle values @j
= (ﬁET/;Il
)2 DelQ.,, respectively, are dep|cted As it

defined asM[PEV;, J

A

EVe|I)/2 and M[EEVelt] =

EVeII

could be expected, the buses with the nfg§:;i and E_,

EVe,it



requirement would be those with the largest numbéisvVs,
say buses 2, 36 and 37; however, this is onlyifrireeach of
these buses the total energy required during thergaig
process of their corresponding EVs is higher tham total
energy required by the EVs in other buses. A buh wifew
number of EVs to be charged could require moregntran
a bus with a largest number of EVs.

A S O S S S S R
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time (hour)

— b —

L I I L I I I L | I I I I
I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Time (hour)

Generation (kW)

—t——— 7T

L —— M[P]

W M) + WIB)

L L L L L L L L 1 L L L L L L L 1
1 2 3 4 o 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time (hour)

) Generation (kW)

—— [P

(P, = W P

L 1 L L L
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time (hour)

—— M|P]

W (P ]+ B

L L L L L 1
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time (hour)

Fig. 4. Active power generated by the DGs

AR AN ~ \” 52 2
17 18 19 20 21 22

N N % NN
9\10 o2 13 14 1516

L
Time (hour)

Fig. 5. Active power provided to the EVs

IV. CONCLUSIONS

A novel MILP formulation for a co-optimization mark
clearing process which includes precise modelshef DGs
and EVs operation was proposed.

In this proposal, the stochastic behavior relatethé main
variables of the proposed problem, such as, thetpion,
connection/disconnection hours of the EVs, amo@imeserve
requirement, system demand, DGs generation, and &@s
substatiorenergy andreserve market offers is treated through
the development of an EILP model. The proposalval@
comprehensive stochastic analysis in which the
make decisions based on a wide range of optionsded by
the interval nature of the results.
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