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Abstract

The practical implementation and control of geographically dispersed microgrids bring
its own challenges and issues. One of the major issues that can impact is the issue of
poor voltage regulation across different buses in the network. The rate and amount
of power generation and absorption at different buses can introduce significant voltage
deviations. This problem can be further aggravated if the dc lines are connected such
that it forms a ring-topology. In networked dc microgrids (DCMG), the voltage is
influenced by power flows and vice-versa. Since the load behaviour is also linked with
voltage, the control becomes more challenging. Moreover, development of scenarios
such as increasing penetration of intermittent renewable energy sources (RES) e.g.,
photovoltaic (PV) and uncoordinated charging and discharging patterns of plugged-in
electric vehicles can further worsen the voltage regulation issue.

First, a supervisory voltage control scheme based on centralized communication
is proposed for a grid-connected DCMG with ring topology. In order to study the
voltage regulation problem, the loads and PV based RES are placed at different buses.
With three different types of controllable sources available in the system, a suitable
optimization strategy is proposed to determine the appropriate set-points. Energy
storage systems (ESS) with only battery stacks are limited in operation with respect
to their state of charge (SoC) status. In order to increase the availability of battery-
based ESS, an energy hub (EH) concept is proposed which consists of fuel cell (FC) and
an electrolyzer connected in parallel with the battery stack. The proposed combination
of EH extends the range of bidirectional capability and provides more participation in
the optimization process compared to the case if we consider the battery stack alone.

Then, different simulation studies were conducted considering variations in PV and
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load powers to verify and validate the performance of proposed supervisory voltage
control. The simulation results demonstrate the effectiveness of voltage control strategy
in minimizing the load voltage deviations.

Typically, the ring topology of any distribution system is created by connecting the
mechanical isolators at the remote end of the feeders. Now if the ring configuration is
desired by the network operator, then it can be done either by connecting the isolator
in the off-load condition of the feeders or on load. If the switching is performed onload
then it can generate a propagating disturbance in both the feeders even if the voltage
difference is minimal. Therefore, in order to overcome this problem, this thesis proposes
a power electronic converter based solution to provide seamless and flexible connection
of remote ends of the dc feeders. The proposed power electronic converter is termed
as soft open point (SOP) based on its capability of providing soft switching compared
to the hard switching associated with isolators. The proposed SOP is then designed
to connect three radial feeders at the remote end and the voltage regulation problem
of the overall system is studied with and without the SOP. Steady state analysis is
performed on the study system considering a 24 hours horizon with different profiles of
PV and electric vehicle charging. The results show significant improvement in voltage
profile of the system thereby allowing more penetration for plugged-in electric vehicles
compared to the case when feeders are connected through mechanical isolator. The
simulation results obtained from real-time implementation and experimental set-up also
demonstrate the effectiveness of supervisory voltage control strategy in minimizing the
voltage deviations at load terminals when subjected to changes in operating conditions.

Generally, stability related issues are not a major concern when the feeders of dc
microgrids are connected to a relatively strong grid. However, during the autonomous
operation, stability issues arising due to negative incremental resistance offered by
increased penetration of constant power loads (CPL) along with voltage weak network
characteristics cannot be ignored. Therefore, four of the important factors that can
affect the stability of autonomous dc microgrids are investigated such as limited control
bandwidth of parallel connected sources, presence of CPL, high inductance to resistance

ratios and low terminal capacitances. Detailed modeling of converters and controls



based on their average behavior representation is presented. In order to improve the
stability under these circumstances a power oscillation damper (POD) function is also
proposed which can be integrated with SOP local control strategy. Detailed analysis
with regard to the selection of input signals to POD is discussed. Finally, small-
signal stability analysis and time-domain simulations are presented to provide useful
insights on the stability factors and validate the performance of studied system with
and without the POD.

When microgrids belong to the same utility, sharing of power and resources through
interconnected lines increases reliability and security of power supply and further pro-
vides economic benefits to the utility. However, if the microgrids are owned by different
utilities then it would be desirable that each individual microgrid is responsible to man-
age its own load at steady state. One way to ensure that is to regulate the power flow
through the lines connecting the boundary buses of these microgrids at a predefined
and mutually agreed schedule. This way it can be ensured that the steady state im-
pact of load or any voltage changes in one microgrids won’t affect the generation cost
in other microgrid. To this end, a unifying hierarchical control scheme based on dis-
tributed communication is proposed where the tie-line power flow control based on a
pinning control strategy is unified with the distributed optimization and average volt-
age regulation control loops. The distributed optimization utilizes economic dispatch
to minimize the operating costs of the dispersed generation, while the average voltage
control regulates the microgrid’s average voltage at its nominal value. With the ap-
plication of this approach, the responsibility of tie-line regulation is distributed in an
economic manner without degrading the voltage quality in the system. At first the
proposed philosophy is tested on a two microgrid system connected through tie-line.
Real-time simulation and experimental platforms are employed to demonstrate the im-
plementation and efficacy of proposed distributed tie-line control. Then the proposed

control is extended for three-microgrid systems connected through three tie lines.
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