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Abstract: Regarding the load increase, transmission network
expansion planning (TNEP) is of vital importance. The aim
of TNEP is to determine the installation, location, and time
of equipment, including lines and transformers. On the other
side, network security and voltage stability is one of main
challenges of power systems. In this paper, it is focused on
dynamic transmission network expansion planning by
considering voltage stability constraint. The proposed model
tries to minimize total expansion cost and maximize voltage
stability margin. To make the TNEP more accurate, the
annual load duration curve has been considered for the loads.
The developed model uses loading margin for the voltage
stability analysis, and the optimization problem has been
solved based on AC power flow and MILP model. The
problem is modeled as a multi-objective optimization where
fuzzy satisfaction technique is employed to choose the final
solution. Applying the proposed model on the IEEE 24-bus
system within the GAMS environment demonstrate
efficiency of the conducted approach in increasing voltage
stability in TNEP.
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Introduction

Due to an increasing need for electricity consumption,
transmission network expansion planning (TNEP) is
an important issue in power system planning studies.
In TNEP, the aim is to determine the location,
capacity, and construction time of transmission
facilities to cover the load demand increse,
considering technical and economic constraints. On
the other side, voltage stability is one of the main
challenges of the network planners and operators to
insure power system security. Therefore, in addition
to the cost minimization purpose in the TNEP, the
voltage stability criterion should be under attention of
the planners. Simultaneous consideration of cost and
voltage stability using a multi-objective optimization
is an interesting problem which has been addressed in
this paper. There have been numerous studies in this
area; however, each work has some shortcomings.
Some papers concentrated on TNEP or voltage
stabiliy analysis separately. Some of them has
implemented the problem as a single objective not
multi-objectives. Numerous studies have modeled the
TNEP in static manner, which only determines the
location and capacity of transmission equipment
without determining the construction time. Many of
the TNEP model are in the form of non-linear
optimization, obtaining local optimum results. The
current paper tries to fill these gaps and develop a
multi-objective  dynamic transmission  network
expansion planning, considering voltage stability. The
proposed model has been derived as a convex MILP
optimization, giving global optimim solution.

Material and Methods

This paper focuses on dynamic transmission network
expansion planning by considering voltage stability
constraint.  Dynamic  TNEP  determines the
construction time of the required transformers and
transmission lines in addition to their location. The
proposed model tries to minimize total expansion cost
and maximize voltage stability margin. To make the
TNEP more accurate, the annual load duration curve
has been considered for the loads, and the salvation
value of equipment is also taken into account. The
developed model uses loading margin for the voltage
stability analysis, and the optimization problem has

been solved based on AC power flow and MILP
model. All the power system constraints have been
considered in the model. As the model is linear and
convex, its solution, using the Gurobi solver in
GAMS, provides a global optimum solution instead of
local optima. The problem is modeled as a multi-
objective optimization, where fuzzy satisfaction
technique is employed to choose the final solution.
Applying the proposed model on the IEEE 24-bus
system within the GAMS environment demonstrates
efficiency of the conducted approach in increasing
voltage stability in TNEP.

Results

The proposed multi-objective dynamic TNEP is
applied on the IEEE 24-bus system to find pareto-
optimal solutions, each of which has different values
of expansion cost and loading margin. Ten pareto-
optimal solutions are obtained using multi-objective
optimization, and three sample solutions are analysed
thoroughly to evaluate the effects of voltage stability
on the results of dynamic TNEP. Each solution has its
cost and votage stability margin. For choosing the
final solution among Pareto-optimal ones, the fuzzy
satisfying techniques is employed. The best chosen
solution has a stability margin of 0.278 per unit and a
total cost of 1231M$. The voltage stability margin is
on the basis of the P-V curve of the network buses. In
addition to the planning decisions, the proposed
model obtains optimal values of operation decisions,
including output power of generators at different
years and load levels. The simulations show that all
the technical limitations of the power system along
with the desired objectives are fulfilled satisfactorily.

Discussion and Conclusion

Totally it can be concluded that optimal configuration
and installation time of transmission lines and
transformers can lead to the minimization of TNEP
costs as well as the maximization of the voltage
stability margin, using the proposed multi-objective
optimization. For the future studies, a consideration of
N-1 security criterion as well as the presence of
renewable energy resources are recommnded.
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