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Project title: Development of computational intelligent units for optimal generation
scheduling

Researchers: Dr.Chanwit Boonchuay, Asst.Prof.Mathee Chaiaroon,
And Asst.Prof.Sompol Boonyasuwanno

In this research, the optimal generation scheduling based on particle swarm
optimization (PSO) is proposed. The generation scheduling concerns the operation
between thermal and hydro power plants. The research aims to minimize the
production cost of generators with satisfying technical constraints such as generation
limits, power balance, water and reservoir limits, etc.

The PSO-based approach is compared to other stochastic optimizers, i.e.,
genetic algorithm (GA), simulated annealing (SA), and evolutionary programming. The
research finds that PSO could provide better solutions for the optimal generation
scheduling problem compared to the others. Especially, Self-organizing hierarchical
particle swarm optimization with time-varying coefficient (SPSO-TVAC) could provide
the least operation cost of the electricity generation.

The proposed approach could be applied to a short term planning for power
industry. And it could be used to provide an optimal solution for other applications

such as energy management.

E-mail Address: chanwit.b@rmutr.ac.th
Period of project: October 2011 - September 2012
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I h3
Reservoir 3 1— -¥- ¥

------ Reservoir 2

Qﬁ 1 Qhﬁ

Q}rl‘
I h4 j
Reservoir 44 |- === -~ -
o l
Where:

I, : natural inflow to j th reservoir

O, discharge of jth plant

Plant

1 2 B 4

0 0 2

2 3 4 0

R, : no of upstream plants
t,: time delay to immediate
downstream plant

AN 8 sruunaakiinassuun

AN5197 2 ArduUseansveslsaludindsaudnldnngay

Hydro Power Generation Coefficients
Plant G (@} f Ci G G

1 -0.0042 -0.42 0.03 0.9 10 -50

2 -0.004 -03 0.015 1.14 5 -70

3 -0.0016 0.3 0.014 0.55 5.5 -40

a4 -0.003 -0.31 0.027 1.44 14 -90

=] A 2 o e —

M1919N 3 mﬂsmmmimuuﬂmmamﬂm
Reservair Inflows ( X 10%m’ )
Hour Reservoir Hour Reservoir Hour Reservoir
1 2 3 4 1 - 3 4 1 2 3 4

1 10 8 8.1 2.8 9 10 8 1 0 17 9 7 2 0
2 9 8 8.2 2.4 10 11 9 1 0 18 8 6 2 0
3 8 9 [ 1.6 11 12 9 1 0 19 7 7 1 0
a4 7 9 2 0 12 10 8 2 0 20 6 8 1 0
5 6 8 3 0 13 11 8 4 0 21 7 9 2 0




6 7 7 4 0 14 12 9 3 0 22 8 9 2 0
7 8 6 3 0 15 It 9 3 0 23 9 8 1 0
8 9 7 2 0 16 10 8 2 0 24 10 8 0 0

=] = o w 3 H ! < ) U a
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Reservoir storage capacity limits, plant discharge limits, reservoir end
conditions ( X10° m”) and plant generation limits (MW)
Plant VA Ve Vini Vend Q™ Q™ /Dhmin /Dhmax
1 80 150 100 120 5 15 0 500
2 60 120 80 70 6 15 0 500
3 100 240 170 170 10 30 0 500
4 70 160 120 140 6 20 0 500

AN 5 AEUUSEANSHATININNAYBWASBIN LA LA a9 UAINLS DU

Cost curve coefficients and operating limits of thermal generators
Unit * > Y = e, (5/h) 0 w) 'DsmaX
($/h) ($/h) ($/h) ($/h) Ps (W)

1 100 2.45 0.0012 160 0.038 20 175

2 120 2.32 0.001 180 0.037 40 300

3 150 2.10 0.0015 200 0.035 50 500
A1519% 6 ArAIFpsn INAsUlIluray gl
Load Demand

Hour Pp (MW) Hour Pp (MW) Hour Py (MW)

1 750 9 1090 17 1050

2 780 10 1080 18 1120

3 700 11 1100 19 1070

4 650 L2 1150 20 1050

5 670 1’3 1110 21 910

6 800 14 1030 22 860

7 950 " 1010 23 850

8 1010 16 1060 24 800
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CPSO PSO-TVIW PSO-TVAC SPSO-TVAC
Dimensions 168 168 168 168
Particle size 50 50 50 50
Iterations 100 100 100 100
Wmax=0.9 Wmax=0.9 Wmax=0.9
w 0.5
Wmin=0.4 Wmin=0.4 Wmin=0.4
Cli=2.5 Cli=2.5
C1 2
C1f=0.2 C1f=0.2
Cli=0.2 C1i=0.2
Cc2 2
C1f=2.5 C1f=2.5

o a lﬂl o a 1 ! aa lﬂl 1 v aa
A1MBUTBINITIAULATDIN LEA T8 ML N NINITN1TARIULNAUIT NS

=

'
a

A ' ™ = c{' = aa a N a
Lﬂaauw%aﬂ@jﬂagﬂﬂﬂLLUUMNﬂ QﬂL‘UiEJ‘UW]EJ‘UIUV]'ﬁ'N‘V] 8 %ﬂ'ﬂﬁﬂqimﬂqﬂqmunUﬂqﬁmaG]lj/\lﬂ']

lasnanfeisnsinfeuniveysaunIaluy SPSO-TVAC Tnedleduyusiuegn 40,623.26

a

bASYEY

e

M131990 8 wan1sUSEULTigUNISIUNUTRINISRuATRsANTn LR 1M Tan

S. No Method Cost $
4 SA 45,466
2 EP 47,306
%, PSO 45,466
a CPSO 41,030.11
5 PSO-TVIW 40,747.84
6 PSO-TVAC 40,654.98
7 SPSO-TVAC 40,623.26

ag1alafinu ImsiumanevyeiteunAduIENITBedx (Stochastic) o199l
Ladmaulunisimnunagasslivinny asulunisveaedinindSeuiiounada loun
Agagn Avngn Anade-warrndgauuunnigiu dauansluaisng 9
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Without Wind Penetration

Methods

Maximum

Minimum

cost

Average cost

($)

Standard deviation

Standard
deviation




($) $) (%)
CPSO 42678.53 41030.11 42005.48 424.7849 1.011261
PSO-TVIW 42549.84 40747.84 41827.99 440.2674 1.052566
PSO-TVAC 42475.60 40654.98 41292.35 415.0367 1.005118
SPSO-TVAC 41861.25 40623.26 41195.41 348.8789 0.846888

NeNT1e7 9 wiulddaauin nsmdmeulngldiindounivedgseuniAkuy SPSO-

TVAC §epslvidiadevasnuuiosiian kazdadesdouninsgiuteefiganie wagdlen

fasluiveaasosnudaliiusaz iasosnawandlunisai 10

M13199 10 Armasiniihvesasasilaliitluwsasdaluannisindeunvesouninuuy

SPSO-TVAC
Hr Ph1 Ph2 Ph3 L Ph4 Pth1 Pth2 Pth3 Total
1 63.86 59.91 50.11 165.13 66.28 202.55 142.16 750.0
2 62.49 62.34 St 185.42 140.86 40.20 232.48 780.0
3 % 79.49 R4 287.43 21.54 109.27 51.07 700.0
4 78.06 56.46 61.78 296.34 21.14 86.20 50.03 650.0
5 91.78 59.58 59.94 305.25 20.00 83.36 50.10 670.0
6 89.85 53.44 3312 29408 26.16 244.84 61.04 800.0
7 85.41 58.08 40.79 290.25 21.00 257.03 197.42 950.0
8 79.01 48.91 60.94 260.02 2dnid 49.27 490.08 1010.0
9 86.15 71.19 3 ¥4 M 63325 294.90 221.05 1090.0
10 74.88 63.58 62.47 327.24 174.67 41.43 g, 73 1080.0
11 86.47 71.39 32.06 332.43 4513 298.96 <P3.55 1100.0
12 .18 77.85 o 32891 174.41 296.13 140.31 1150.0
13 82.22 64.67 o7 305.67 25.08 106.58 489.61 1110.0
14 77.09 60.23 28.36 WPooh 28.05 290.75 22191 1030.0
15 68.82 72.45 64.81 342.52 20.05 41.84 399.52 1010.0
16 87.84 61.16 56.85 312.59 105.42 210.26 225.89 1060.0
17 79.72 57.47 63.43 349.93 150.16 292.94 56.35 1050.0
18 69.70 57.34 b FT 347.11 163 53 184.76 232.49 1120.0
19 81.34 48.04 58.41 341.46 21.75 295.99 223.01 1070.0
20 76.44 43.52 4291 335.90 174.02 65.03 312.17 1050.0
21 65.98 52.81 48.33 344.10 75.07 40.22 283.48 910.0
22 78.83 52.94 26.70 344.58 174.77 44.94 137.24 860.0
23 T7.76 49.71 36.17 334.24 173.26 40.03 138.82 850.0
24 75.12 38.98 33.60 350.12 32.87 50.32 219.00 800.0




Range 0-500 0-500 0-500 0-500 20-175 40-300 50-500

Energy 1887.93 1421.54 1166.15 7422.05 1940.04 3667.8 5144.51 22650.02

Total Thermal energy =10,752.34 MWh
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Time (hr) Qh1 Qh2 Qh3 Qh4
1 6.27 7.61 19.56 7.38
2 6.02 8.02 18.61 7.73
3 12.58 12+19 18.97 16.40
4 8.45 7.20 15.96 16.66
5 12.28 7.67 17.52 17.54
6 ji2.71 6.68 24.07 15.66
T 11.67 L) 22.70 15.21
8 ) 6.07 17.38 12.09
9 13.18 10.14 24.05 18.44
10 9.18 8.58 16.30 18.80
11 13.09 10.32 2418 19.12
12 8.81 13325 rj.95 18.80
13 10.99 S 23.69 15.44
14 9.3% 9.06 24.86 17.46
15 7.60 13.00 14.51 19.38
16 2.5 10.27 19.49 15.78
17 9.95 9.97 16.64 19.79
18 7.96 10.97 14.56 18.92
19 10.91 9.23 19.48 18.55

20 10.17 8.39 23.22 17.78
21 8.04 10.81 22.15 18.92
22 12.02 11.49 25.86 19.41
23 13.55 11.52 24.18 18.00
24 13.35 9.07 24.55 19.68
Min-Max (range) 5-15 6-15 10 - 30 6-20
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Abstract

Integrating wind generation into the wider grid causes a number of challenges to traditional power
system operation. Given the relatively large wind forecast erors, congestion management tools based on
optimal power flow (OPF) need to be improved. In this paper, a robust optimization (RO) model for
DCOPF is proposed to determine the optimal generation dispatch and locational marginal prices (LMPs)
considering the risk of dispatch cost variation in a competitive electricity market. The basic concept is to
use the dispatch to hedge against the possibility of reduced or increased wind generation. The proposed
RO-based DCOPF is compared with a stochastic non-linear programming {(SNP) approach on a modified
PJM 5-bus system. Primary test results show that the proposed DCOPF model can provide lower
dispatch cost than the SNP approach.

Keywords: Robust optimization, optimal power flow, locational marginal price, wind power generation.

Nomenclature S Number of wind generation scenarios.

C, Generation cost at bus i ($/MWh). v, Slack variable of power mismatch under
D, Demand at bus i (MWh). scenario s (MWh).
DF, Delivery factor at bus /. w, Wind generation at bus /i (MWh).
DF, , Delivery factor at bus i under scenario s. w_, Wind generation at bus / under scenario
. Transmission limit of line k. s (MWh).
G, Generation dispatch at bus i (MWh). (24 Risk penalty factor.
¢/ Generation dispatch at bus / under ﬁ Power mismatch penalty factor.

scenario § (MWh). A Langrangian = multiplier of the power
(A Maximum power dispatch at bus i (MW). balance constraint.
(e Minimum power dispatch at bus i (MW). A, Langrangian multiplier of the power
GSF,_,  Generation shift factor to line k from bus i. balance constraint under scenario s.
M Number of transmission constraints. M, Lagrangian multiplier of the K"
N Number of buses. transmission constraint.
P, Probability of wind power generation Hy Lagrangian multiplier of the K

under scenario s. transmission constraint under scenario s.
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1. Introduction
Wind power generation has quickly become
the primary renewable energy source. Capacity
has been rapidly increasing in the last decade
and appears likely to continue so for the next
several decades. For instance by 2030, the U.S.
has plans to meet 20% of the nation electricity
needs with wind power [1]. However, integrating
such large wind generation into the grid causes a
number of challenges to traditional power system
operation.
In [2], a comprehensive review on the U.S.
wind power generation is

impacts reported.

Important issues such as wind power plant

interconnection, wind power plant operation,
transmission planning, and market operation are
discussed. In [3], a particular concern on the
load-following and regulation requirements under
wind forecast errors of the California Independent
System Operator (CAISO) is analyzed. In 4], a
security-constrained unit commitment approach is
proposed to deal with volatility of wind power
generation. In [5], a stochastic unit commitment
model for the optimal wind-thermal generation
schedule is suggested. Nevertheless, in the new
competitive .~ electricity ~ market,  congestion
management tools based on optimal power flow
(OPF) are  significantly = affected by  wind
generation uncertainties.

Stochastic programming (SP) is a common
optimization framework  for dealing with noisy
input data. In general, probability is included into
the objective function, and then the expected
value is evaluated. It is important that all
constraints must be satisfied for all scenarios of
input data. SP has been applied to solve a

number of stochastic power system optimization

2/8

problems. In [6], a stochastic security-constrained
unit commitment problem is proposed under a SP
framework where generator and line outage
uncertainties are concerned. In [7], a scenario-
based SP approach is proposed for a price-based
unit commitment problem. Based on a tradeoff
technique, the generation company (GENCO)'s
expected profit is maximized considering risk of
market price uncertainty. Furthermore in [8], a
similar framework is applied to a risk-constrained
hydrothermal scheduling for a GENCO.

A stochastic optimization technique termed
robust optimization (RO) is introduced in [9].
There is a significant distinction between RO and
SP frameworks. Under the assumption that a
control decision variable can be adjusted after a
specific realization of uncertain data is observed,
RO allows some control constraints to be violated.
The constraint violation is limited by a penalty
function. This allows the optimization framework
to more efficiently manage practical uncertainties.

In this paper, a stochastic DCOPF model
based on RO is proposed for managing wind
generation uncertainty in a. day-ahead LMP
market. A scenario-based approach is used to
deal with wind forecast errars. Given probabilities
of wind generation output, the expectation and
variation of dispatch cost are minimized under a
RO framework. A modified PJM 5-bus system is
employed to test the proposed RO-based model
and compared with a SP approach.

2. Background
21 LP-based DCOPF model with fixed wind
generation

DCOPF is a linear version of the security-

constrained economic dispatch (SCED). The cost
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function is approximated as piece-wise linear. A
linear generation shift function (GSF) is adopted
to determine line flows [10]. When the wind
generation is considered as a fixed amount, the

DCOPF model can be expressed as
Min > C -G,

s.t.

M

2)

=

zN:GSFh (6 +w =D))< F™, Yre {m}(3)

6" <6 <6 Vie{n} )

In (1), it is assumed that the wind generation
has no operating cost. Thus, only the traditional
generation dispatch cost is minimized. In (2) and
(3), the wind generation is included in the power
balance and line flow constraints. Generation
dispatch is limited by (4).

LMPs can be calculated after achieving the
optimal dispatch solution. It includes three price
components, i.e., energy, congestion and loss.
The formulation to calculate LMP at bus i can be

written as [11]

Lmp, =LMP™™ + MR + LM (B)

T lai o £ 8 6)
M

LMP™ = 3 GSF,_ - fh, @)
k=1

LMPE = A-(DF — 1) 8)

As the DCOPF model in {1)—(4) ignores
losses, DF, is equal to 1.and so LMPi'osg is equal
to 0 as seen from (8).

loss for the DCOPF model can be

However, the non-linear
marginal
approximated by the fictitious nodal demand

(FND) approach described in [11].

2.2 SLP-based DCOPF with wind generation
uncertainties

Generally, stochastic linear programming

(SLP) is employed to solve linear optimization
problems with uncertain input data. Here, a
scenario-based SLP is applied to provide the
optimal  generation  dispatch and LMPs
considering probabilistic wind generation data.

The SLP-based DCOPF model can be described

as
Min Zps'[ZC,~G,_s] 9
s.t.
d(e,+w_ —p)=0  Vsef{s} (10)
> ese, (6., +w_, —D)<E™,
= (an
Vike {m} Vse{s}
6" <6 <6 Vie{n} Vse{s} (12)

In (9), the objective function is to minimize
the expected dispatch cost. Note that, in this
general SLP. model, the number of decision
variables is equal to SxN. But it can be reduced
to SxNG, where NG is the number of generators.
In {10)—(12), the technical constraints must be
satisfied for all wind generation scenarios.
Although the number of decision variables is
significantly increased from the classical LP-
based model, the SLP approach can provide a
solution that is close to optimal solutions for all
wind generation scenarios.

For the SLP approach, LMP at bus i consists
of three components -identical to (5) but each

price component can be calculated by
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s
mpT = Zl (13)
£ i
LMP™ =" > GSF,_, -, (14)
=1 k=1
Lmp™ = Z A (DF_, —1). (15)

s=1

3. Risk-constrained DCOPF model

Based on SLP, the generation dispatch is
provided without considering the dispatch cost
variation under different wind generation
scenarios. Thus, when the actual wind generation
varies from the forecast, the actual dispatch cost
might be significantly different from the expected
cost. Here, the risk of the dispatch cost variation
is considered.

Minimizing dispatch cost variation is included
into the SLP-based DCOPF objective function. As
the risk function is derived from the variance
formulation E[x—E[X]Y] , the risk-constrained
DCOPF non-linear

becomes a stochastic

programming (SNP) model, which can be

expressed as
s N
Min > p: [Zc 6./ J
Crs s=1 =1
s N s N
+ap, [Zc AT 2 GJ
=1 =1 =1

s=1

, (16)

s.t.

w

> (6., +w_=p)=0 Vse{s} (17)

ZGSFk_‘ (6 +wW_ =D )SE™

pu (18)
Vie{m} Vsels}

6" <G_, <6 Vie{n} Vse{s} 19)

In (16), & is the risk penalty factor. Theoretically,

the risk penalty can vary between [0, OO] to

4/8

weight the risk component in the objective
function. If setting =0, the DCOPF model will be
identical to the SLP-based DCOPF. All technical
constraints in (17)-(19) must be satisfied for all
wind generation scenarios. The LMP calculation
for the SNP-based model is still the same as the
SLP approach described in (13)-(15).
4. Proposed robust optimization-based DCOPF
The proposed RO-based DCOPF moadel is
extended from the SNP-based model in {16)—(19).
A flexible power balance constraint is adopted. To
control the constraint

violation, a quadratic

penalty function is included in the objective
function. Mathematically, the RO-based DCOPF

model can be expressed as

Min Zs:ps -[ic, iC._g
Gis s=1 =1

N
P
s n s n o
+a{-zps ~{ZC'_ “G_, _Zps 'ch .G]_s] (20)
=1 L) =1 -1
+ﬂ-ips ~v:
s=1

st

w

S A6, +w ,—0)+v, =0 Vse{s} (21)
Yesk_ (6 4w (<D )<F".
= N3N (22)
Vied{m} Vse{s}
6™ <6 26 Vie{n} Vse{s} (23

In(20), the power mismatch penalty factor ﬁ
weights the allowance of the constraint violation.
For example, a high value of ﬂ reduces the
power mismatch. Note that the RO-based DCOPF
is proposed for a day-ahead LMP-based market.

Thus, the power imbalance can be compensated
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by for in the real-time market. However, the real-
time market price needs to be considered in
selecting a proper value of ﬁ to obtain the
optimal dispatch solution with a specific risk
preference.
5. Numerical results

In this section, the proposed RO-based
DCOPF model is compared with the SNP-based
model on a modified PJM 5-bus system including
probabilistic wind power generation. The system
configuration, generators’ bid price, and wind
generation data are shown in Figure 1. It is
assumed that all wind power generators submit

the bid price at $0/MWh. And wind power output

praobability could be estimated from historical data.

The transmission line data and flow limits are
given in Table 1.

Note that the simulation considers a particular
trading hour in a day-ahead LMP-based market.
Thus, it is possible to balance the energy by
trading in the real-time market if the actual wind
generation differs from the expectation. Load
forecast errors are ignared in this example.

In the simulation, the fmincon optimization
Matlab® toolbox [12] is employed to solve the
DCOPF models. This is because the toolbox is
also able to.implement the non-linear optimization
problem and can be simply extended for the RO
framework.

Table 1 Line impedance and flow limits

Line A-B|l AD| AE| BC|CD| D-E
X(%) | 281|3.04] 064|1.08] 2.97| 2.97
Limit (MW) | 400] 999 9991 999 [ 999 [ 240

waG2
MW: 150, 200, 250
Prob: 0.3, 0.4, 0.3

\ 1 E D -_35;1.1Wh
I 200w

Limit = 240MW
[S10:mwi]
500MW

WGt
Mw: 75, 100, 125

Prob: 0.25, 0.5, 0.25

\
$15/MWh
Homw A

BI C

Limit = 4000w % 520MW

Figure 1 Modified PJM 5-bus system

Table 2 shows detail of the wind generation
data broken into 9 different scenarios. The
discrete scenarios are chosen to allow the
scenario analysis and can be adjusted for the
desired precision. It is also assumed that wind
power forecast errors of each scenario are
independent  events. Therefore, the joint
probability of WG1 and WG2 can be calculated
by multiplication of each probability between the
two wind generation output sets. For example, the
first event probabilities of WG1 and WG2 are 0.25
and 0.3, respectively, thus, the joint probability of
this scenario is equal to 0.075. In practice, this
assumption would depend on proximity of the
wind farms but could be easily adjusted.

In the first test, the cost variation penalty
factor O, varies between 0 to 0.02 with a 0.001
step change. Figure 2 plots the expectation
versus standard deviation of dispatch cost from
the SNP and the RO-based DCOPF models. For
all DCOPF madels, increasing & makes the
dispatch cost variation less but the expected
dispatch cost is higher. At the same risk of cost
variation, the RO-based model can provide a

lower expected dispatch cost than the SNP

ENETT8-RE22
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approach. For the RO approach, the power
mismatch penalty factor ﬁ determines the
expected dispatch cost. RO with a lower ﬂ value
provides a lower expected dispatch cost since it
allows more power mismatch. However, it is
observed that within a small constraint violation,
significant dispatch cost can be obtained.

Table 2 Probabilistic wind generation output data

‘ WG WG2 Total Joint
Scenario

(MW | (MW | (MwW) | Probability

1 75 150 22% 0.075

) /5 200 275 0.100

3 /5 250 SE5 0.0/5

4 100 150 250 0.150

5 100 | 200 | 300 | 0200

6 100 250 350 0.150

/ 125 150 2/5 0.075

8 125|200 325 0.100

9 2189 250 315 0.0¢5

10000 T 5 i 1
=002 —e— SNP

b =@ RO vith Beta-20 .

=== RO wilh Beta=10

9300,
50

15}
450

. n L - L
150 200 250 300 350
Standard dewation of dispatch cost ($)

Figure 2 Expectation and standard deviation of

L
100 400 500

dispatch cost from SNP and RO with different &

Table 3 shows the details of LMPs and
dispatch solutions and from the SNP and the RO-
based DCOPF models without the risk penalty
factor or =0. It should be noted that at &=0 the
SNP-based model is now a linear optimization
model. The results of LMPs from the different

DCOPF models are similar, while dispatch

6/8

solutions are slightly different. Considering the
expected scheduling amount, SNP dispatches
600 MW while RO with f=10 and f=20
dispatches 598256 MW and 599.12 MW,
respectively. This small variation allows the RO
approach to provide a much lower expected

dispatch cost. However, if the actual wind
generation is as same as the expectation at 300
MW, RO with =10 and /=20 will need purchase
energy 1.75 MW and 0.88 MW, respectively, from
the real-time market. Lastly, the cost variation are
same at $477.77 for the different DCOPF
approaches since a=0.

Table 4 shows solution details from the SNP
and the RO approaches with (=0.02. Basically,
increasing the risk penalty factor can reduce the
dispatch cost variation but the dispatch cost may
be higher. Here, RO with ﬂ=10 provides the least
dispatch cost variation at $47.75 and the least
expected dispatch cost at $9688.13 is lower than
the SNP’s cost $268.5.

Table 3. LMP and dispatch solutions from SNP

and RO with Alpha=0

RO
Bus N B=10 | p=20
A 382 16.82 15.82
B 23,6/ 23.6/ 23.6/
LMP ($/MWh) 6] 26.69 26.69 26.69
D 35.00 35.00 35.00
a 10.00 10.00 10.00
A 210.00 | 210.00 | 210.00
Expected C 0.00 0.00 0.00
dispatch (MW) | D 92.77 | 91.02 | 91.89
E 207.22 | 297.22 | 297.22
Exp. total dispatch (MW)[ 600.00 | 598.25 | 599.12
Exp. dispatch cost ($) | 9369.3 | 9308.0 | 9338.7
Cost variation ($) [ T Y
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Table 4 LMP and dispatch solutions from SNP
and RO with Alpha=0.02

RO
Bus o /)):10 /5):20
A 15.82 16.82 16.82
B 23.6¢ 23.67 23.6/
LMP ($/Mwh) C 26.69 26.69 26.69
D 35.00 35.00 35.00
E 10.00 10.00 10.00
A 138.21 | 154.40 | 122.86
Expected C 99.08 74.59 56.09
dispatch (MW) D 52.35 57.66 ©2. 19
E 315.34. | 311,88 | 337.96
Exp. total dispatch (MW)[ 600.00 | 598.25 | 599.12
Exp. dispatch cost ($) | 9956.6 | 9688.1 | 9782.3
Cost variation ($) Brl 9 40,05 60.49

6. Conclusion and future works

In this paper, a RO-based DCOPF model is
proposed for ~managing wind  generation
uncertainty in a day-ahead LMP market. Tradeoff
between the expected dispatch cost and the risk
of dispatch cost variation is concerned under a
RO framewark. Primary test results show that RO
could provide a lower expected dispatch cost
compared with the SNP approach at the same
risk level. The risk penalty factor & and the power
balance penalty factor ﬂ could be set based on
the system operator’'s decision. In future work,
real-time market prices will be considered for the
operator tolerance of power mismatch. Moreover,
further tests on solution robustness compared
between the RO and SNP-based models will be

provided.
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