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Keywords: Abstract: With penetration of renewable energy sources and
unit commitment increasing congestion in transmission networks, the issue of unit
dynamic line rating commitment (UC) problem has increased in importance, and power
wind power generation system operators demand effective approaches to find a suitable
stochastic programming solution to this problem. In this paper, by considering a dynamic

line rating (DLR) in the presence of wind power units, a model has
been offeredfor the UC problem to use the existing capacity of
lines more effectively through adding smart-grid technologies to

the power system. To adapt the proposed approach with real
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conditions, uncertainties of the problem parameters including wind

Paper History: speed, network load, and ambient temperature were modeled by a
Received: 14/10/2022 scenario-based method in form of a stochastic programming. A
Accepted: 29/01/2023 Monte-Carlo simulation was used to generate those scenarios, and

K-means clustering algorithm was employed so as to reduce
scenarios . All problem limitations were taken into account, and
transmission network constraints were considered by AC load flow
relations. Numerical results on the IEEE RTS-24-bus system
demonstrated the efficiency of the presented model in reducing
transmission congestion, operating costs, wind power curtailment;
and finally the enhancement of the network’s technical criteria
along with the reliable and stable planning for the power system.
Rgarding simulation results, the presence of DLR increased the
conductor temperature up to 7 °C by satisfying the maximum
allowable temperature. This resulted in 34% higher loading of line
compared to a static rating. In this way, the DLR brought about a
15.33% reduction in total operating cost. In addition, the load
shedding and wind power curtailment showed reductions of 88.9%
percent and 89.7% in the presence of DLR.
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Introduction become so congested that theyhinder efficient

Nowadays, due to anincreasing need in the and economical operation of the power systems.
eletricity consumption, transmission systems In this regard, researchers and power system
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planners have given their focus to the dynamic
line rating (DLR) as one of  smart-grid
technologies to manage power systems. The
DLR can make possible the use of the real-time
capacity of lines to optimally schedule power
system resources. This issue is highlighted when
power systems include highly-penetrated wind
power generation (WPG). Therefore, power
system optimal scheduling, using an optimized
unit commitment (UC) along with DLR and
WPG under uncertainty condition, becomes a
challenging problem that is addressed in the
current paper. Previous studies have not yet
addressed the UC problem along with DLR
while regarding all problem constraints in wind-
unit equipped networks under uncertainty
conditions of load demand, wind speed, and
ambient temperature.

Material and Methods

In this paper, the UC problem is formulated in
the presence of DLR considering thermal units’
limitations, transmission system constraints, and
wind power resources. Thermal units’ constraints
include minimum up/down time limitations,
ramp up/down limitations, and
maximum/minimum active and reactive power
bounds. The transmission system constraints
comprsie AC power flow relations, buses voltage
limits, and the thermal capacity of network
equipment. Also, the objective function consists
of operating costs of thermal units, load shedding
cost, and wind power curtailment cost. A
stochatic programming was proposed to take into
account problem uncertainties, including wind
power generation, load demand, and DLR
uncertainties. The DLR uncertainties include
those of wind speed and ambient temperature.
The stochastis optimization was fulfilled using
the scenario-based approach. The MonteCarlo
simulation was used to generate uncertainty
scenarios. A K-means clustering algorithm was
also  employed for scenario reductions.The
conducted approach was formulated as a
stochastic mixed integer non-linear programming
(MINLP) optimization problem, and was solved
using GAMS in different experiments with the
aid of a DICOPT solver. GAMS is a powerfull
software package that is employed frequently to
handle large-scale and non-linear optimization
problems. In addition, a methodology was
proposed to calculate conductor temperature of
the lines. This procedure was carried out through
MATLAB after the optimization was terminated
in GAMS. The simulation results verified the

effectiveness of the proposed approach in
reducling operational and load-shedding costs of
the system while increasing the usage of wind
power capacities as well as satisfying power
system technical constraints.

Results

The proposed model wasapplied to the IEEE 24-bus
system in two conditions: without the presence of
dynamic line rating and with the presence of DLR.
The Monte-Carlo simulation generated 1000
uncertainty scenarios which were reduced to 10
scenarios using a K-means technique. The DLR-
equipped lines wereselected using an effective process
that identified the lines having the highest loading.
The simulation results showed that the proposed
approach acceptably handled all uncertainty scenarios
along with satisfying problem constraints. By
effective utilization of real-time capacity of
transmission lines, it could be seen that scheduling of
thermal units (including their on/off states and
generated power) was affected by the DLR capability
of lines. In this respect, the high-cost generating units
were scheduled less than before. In contrary, the low-
cost and wind power units were dispatched more than
the state without the DLR. The load shedding and
wind power curtailment costs weresignificantly
decreased by 93.4%. Reduction of operational, load
shedding and wind power curtailment costs led to a
reduction in the total cost by 15.33%. These benefits
were resulted from the use of smart grid technologies
that helped a relief of congested transmission lines
and increased the conductor temperature compared to
that of static raing by maintaining the maximum
allowable temperature.

Discusson and Conclusion

The power system operator (PSO) can effectively
schedule thermal and wind power resources if some
of the transmission lines are equipped with DLR
equipment as one of the smart-grid technologies.
Although there are different uncertain parameters
endangering the power system operation, the
flexibility obtained by DLR units assists the PSO to
deal with this challenge and schedules the system in
an optimal manner in terms of reduced -costs,
increased renewable generation emplyoment, and
improved technical indices of the power system.
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