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Abstract — This paper proposes a coordination methodology
for wind and pumped-storage hydro (PS) units in the day-ahead
operation planning of power systems. The proposed coordination
is incorporated into the security-constrained unit commitment
(SCUC). The results which include the intahour variability of
real-time wind speed show the applicability of the proposed
wind-PS coordination approach to the short-term power system
operation.

1. INTRODUCTION

IN this paper, an hourly solution based on security-

constrained unit commitment (SCUC) for the day-ahead
coordination of PS and wind units is proposed. We consider
the intrahour modeling of wind energy in the hourly
coordination of wind-PS. Since the ISO is in charge of
coordination, the owners of wind and PS units could be
different. The coupling constraints could be added as required
in order to link wind and PS units.

II. NUMERICAL RESULTS

A 6-bus system is shown in Fig. 1 which is composed of
three thermal generation and one wind units. A PS unit is
placed at the same bus as wind unit. The total installed
capacity of wind generation is 75 MW which is about 30% of
the peak load and the generated wind energy during the
operation period is 12.7% of the total energy consumption.
The thermal generation and PS unit characteristics are shown
in Tables I and II respectively.
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Fig. 1 6-bus power system
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As shown in Fig. 1, loads are located at buses 3, 4 and 5.
The transmission line characteristics are shown in Table III.
Any transmission flow congestion may increase the operation
cost. The hourly load profile of the system is shown in Fig. 2.
Here, the peak load occurs at hour 17 while the off peak hours
are in early morning and late evening.

TABLE I
THERMAL UNIT CHARACTERISTICS
a C p. P SU  SD Min  Min
Unit 5 $m M o™ Up  Dn
(/MW7) ($/MW) ) o) (M) %) $) (h) (h)
Gl 0.099 6.589 2114 100 320 100 50 4 3
G2 0.203 7.629 2174 10 160 200 40 3 2
G3 0.494 10.07 102.8 10 100 80 10 1 1
TABLE II
PS UNIT CHARACTERISTICS
V()lmax Vozmin Gnax Yrin
Unit 3 3 3 3
(Hm™) (Hm™) (Hn’ [ h) (Hm | h)
PS 10 1.5 0.75 0.05
. FG max FG min Fp e Pp rin
Unit
(MW) (MW) W) )
PS 240 16 300 20
TABLE III
TRANSMISSION LINE CHARACTERISTICS
Line ID  From Bus To Bus Impedance (P.U) Capacity (MW)
1 1 2 0.17 40
1 4 0.258 79
3 2 4 0.197 92
4 5 6 0.14 94
5 3 6 0.018 72
6 2 3 0.037 96
7 4 5 0.037 68
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Fig. 2 Hourly load in 6-bus system

In this case, the wind unit generation is coordinated with a
PS unit. As a fast response unit, PS will follow the volatility
of wind generation to firm up the hourly wind generation. In
this case, the system operation cost is $107,992 and the wind
curtailment is 0.616 MWh. In addition, load curtailment will
not occur in the system. Tables IV and V show the hourly



commitment of thermal generators and PS unit, respectively.
Here, G3 is not committed in 24 hours which will reduce the
operation cost.

TABLE IV
HOURLY GENERATOR COMMITMENT

Unit Hours (1-24)
Gl l1111111111111r111r11ri1i1111
G2 l1111111111111r111r11rri11111
G3 0000000000D0D0D0D0D0D0D0D0OD0D0ODO0ODODO0O
TABLE V
PS COMMITMENT STATUS
Intrahour Hours (1-24)
10 min -1-1-1-1-1-1-1-1-1111111111111-1-1-1
20 min -1-1-1-1-1-1-1-1-1111111111111-1-1-1
30 min -1-1-1-1-1-1-1-1-1111111111111-1-1-1
40 min -1-1-1-1-1-1-1-1-1111111111111-1-1-1
50 min -1-1-1-1-1-1-1-1-1111111111111-1-1-1
60min -1-1-1-1-1-1-1-1-11 11111 111111-1-1-1
Fig. 3 shows the wind generation variability and its

coordination with the PS unit. Here, the coordination can firm
up the hourly wind generation and reduce the wind
curtailment. Hence, the wind generation is increased and the
system operation cost is reduced. The wind curtailment
without PS was 248.673 MWh which is reduced to 0.616
MWh with PS. Likewise, the operation cost with PS was
$122,008 which is reduced to $107,992 with PS. The
reduction in operation cost is for three reasons: higher wind
generation output, reduction in transmission congestion, and
lack of load curtailment. PS unit can also shift the generation
from off peak hours to peak hours. In Fig. 3, the PS unit will
store energy in early hours (22-9) and inject it back to the grid
at peak load hours (10-21) which reduces the operation cost
and the transmission congestion.
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Fig. 3 Wind and PS coordination and dispatch
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