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Model Based-Energy Control of a Solar Power
Plant With a Supercapacitor for
Grid-Independent Applications

Phatiphat Thounthong, Member, IEEE

Abstract—This paper proposes a design for a renewable-energy
hybrid power plant that is fed by a photovoltaic (PV) source with a
supercapacitor (8C) storage device and is suilable for distributed
generation applications, The PV array is used as the main genera-
tor, and the SC functions as an auxiliary source for supplying the
(transient and steady-state) power deficiency of the PV array. For
high-power applications, four-phase parallel boost converters and
four-phase parallel bidirectional converters are implemented as a
PV converter and a storage device, respectively. A reduced-order
mathematical model of the PV and SC converters is described for
the control of the power plant. Using a nonlinear approach based
on the flatness property, we propose a simple solution to the dy-
namic, stahilization, and robustness problems in the hybrid power
system. This is the key innovative contribution of this research pa-
per. We analyze a prototype small-scale power plant compaosed of a
0.8-K'W PV array and a 100-F SC module, The experimental results
authenticate the excellent control algorithm during load cycles.

Index Terms—Converters, flatness, hybrid source, nonlinear
control, photovoltaic {PV), supercapacitor (8C).

I INTRODUCTION

URRENTLY, renewable energy is receiving greater atten-

C tion as a sustainable alternative to more traditional energy
sources. One of these environmentally friendly energy sources
is solar energy; however, there are still some severe concerns
about several sources of renewable energy and their implemen-
tation, e.g., 1) capital costs and 2) their intermittent power pro-
duction, called the “intermittency problem.” The intermittency
problem of solar energy is that solar panels cannot produce
power steadily because their power production rates change
with seasons, months, days, hours, ete. If there is no sunlight,
no electricity will be produced from the photovaoltaic (PV) cell.
To overcome the intermittency problem, a storage medium
or electrical energy carrier [a battery or a supercapacitor (5C)]
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is needed. An SC storage device is preferable due to its high
power density, fast energy sourcing, and long lifetime [1]. Inthe
near future, the utility power system will be supplied on a large
scale by solar energy sources and storage device(s) in a fivbrid
energy system 1o increase the reliability and effectiveness of the
individual components [2].

The dynamics, robustness, and stability of the operation of
hybrid power plants are of particular interest. In this work, a hy-
brid power generation system is proposed and it consists of the
following main components: a PV source and an SC as a high-
power density device. The most popular way to control power
converters in the industry today is with a linear control struc-
ture [3], [4]. The design of the linear proportional-integral (P1)
confroller usually proceeds by incorporating the switching mode
controller into the plant {converter). Later averaging and lin-
earization enables the employ of the Laplace transform [35], [6].
The PI controller may then be designed for a certain phase mar-
gin, normally around 30-60°, Because the switching model of
the hybrid power plant (power electronic converters) is nonlin-
ear, it is natural to apply model-based nonlinear control strate-
gies that directly compensate for system nonlinearity without
requiring a linear approximation [7].

Currently, many modeling and linear or nonlinear control as-
pects, including classical state-space or transfer approaches 8],
[9], self-tuning methods or sliding mode control [10], the ex-
act linearization technique [11], adaptive control [12], or fuzzy
logic-based control [13], have been extensively studied for non-
linear power electronic applications. Flatness-based control has
recently been studied in many applications because it is ap-
propriate for robustness, predictive control, trajectory planning,
and constraint handling. Based on the flatness approach, the
state feedback can be chosen in such a way that the closed-loop
dynamic behavior is linear [14]. Flat systems are linearizable in
the quasi-static state feedback. When vsed for tracking, quasi-
static state feedback is very useful.

The flatness theory was introduced by Iliess ef al. [14] in
1995, Recently, these ideas have been used in a variety of non-
linear systems across the various engineering disciplines, in-
cluding the following applications: the control of an inverted
pendulum and a vertical take-off and landing aircraft [15]; the
process of a stirred tank chemiecal reactor [16]; the control of
vehicle steering [17]; the control of a high-speed linear axis
driven by pneumatic muscle actuators [18]; the control of cath-
ode pressure and the oxygen excess ratio of a proton exchange
membrane (PEM) fuel cell system [19]; the steering control of
a two-level quantum system [20]; the reactive power and the
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