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Abstract: Building-integrated photovoltaics (PVs) is one of the most promising and elegant ways of producing on-site electricity.
The compact and cost-effective PV integration system needs to be developed to convert dc voltage into ac compatible with the
grid. A single-stage PV inverter is proposed, and its design and control system implementation are focused on. The proposed
system is able to transfer active power to the grid with maximum power point tracking. At the same time, the PV inverter can
control reactive power and suppress harmonics due to non-linear loads. By coupling to grid via a series LC branch, the
proposed system operates on a dc bus voltage much lower than that of the conventional PV inverter, so that less PV panels
need to be connected in series. Therefore, the proposed system is a low-cost and multi-functional alternative to PV inverters in
building-integrated applications. Simulation and experimental results are provided to validate its effectiveness.

1 Introduction

Photovoltaic (PV) is an elegant means of producing electricity on
site, directly from the sun. At present, the PV power generation
system for buildings has reached widespread commercialisation.
PV materials are used to replace conventional building materials in
parts of the building envelope such as roof and skylights. However,
its output power varies with operation conditions such as
irradiance, temperature, and shading [1-3].

A majority of building-integrated PV (BIPV) systems are
integrated to a distribution network in a nearby switch room. Loads
are supplied from the same ac bus where PV generators are
connected. The widespread use of energy saving lamps and
adjustable speed driver increases the harmonic distortion level in a
building distribution network. In Macau, the portion of reactive
energy that exceeds 60% of active energy in the same tariff period
is charged [4]. Therefore, including reactive power and harmonic
conditioning function is important for designing an inverter for a
BIPV system.

Power conversion part for a BIPV system can be a single-stage
converter or a two-stage converter [5, 6]. A two-stage converter is
applicable to PV panels of different capacity and connection. Its
first stage regulates the dc voltage and tracks the maximum power
of PV panels, while the second stage converts the dc voltage into
ac compatible with the grid [7-9]. In comparison, a single-stage
converter is able to regulate the dc voltage, achieve maximum
power point tracking (MPPT) and power conversion by using less
components [10, 11]. Its conversion efficiency is also higher.
However, the output voltage of PV panels has to be high enough
for a single-stage converter, since it only has limited dc voltage
regulation capability without a dc—dc conversion stage.

The system configuration of a typical single-phase single-stage
PV inverter is shown in Fig. 1a [12, 13]. The inverter is coupled to
the point of common coupling (PCC) via an LCL filer, so that
high-frequency switching currents are not injected to the
distribution system. Moreover, there is an increasing concern about
reactive power conditioning and harmonics suppression in the
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distribution system. A multi-functional PV inverter is more
preferable, especially for building-integrated projects [14—16].

Many previous studies have been performed on controlling
LCL-coupling inverters. ~ Multi-proportional-resonant  (PR)
controllers are added to the current control loop of an LCL-
coupling inverter for mitigating harmonics effectively [17, 18]. As
a result, the complexity of the control method is increased.
Moreover, the LCL filter may suffer high-frequency resonance due
to the interaction between its capacitor and the equivalent inductor
in the weak network. It is therefore important to apply passive or
active damping methods [19]. The former one increases system
losses, while the latter one increases control complexity [13, 19,
20].

The system configuration of an LC-coupling inverter is shown
in Fig. 1b. Its series LC branch behaves as inductive units in the
high-frequency range. Therefore, high-frequency resonance is not
possible to happen. This inverter even can be used as an active
damper for suppressing high-frequency resonances in a multi-
converter power grid [21]. Previous studies reveal that the LC-
coupling inverter is able to operate with its dc-link voltage much
lower than the voltage at PCC when its output active and reactive
power fall in a certain range [22, 23].

As a result, a LC-coupling inverter is a promising solution for
the BIPV system. First, its low dc-link voltage requires less PV
panels to be connected in series. It is well known that the output
power of a PV array is more prone to partial shading effect if a
large number of panels are in series [3, 24]. Although a two or
multi-stage PV converter can also reduce the dc-link voltage, a less
component converter is absolutely a better alternative. Secondly, it
is important to include reactive power and harmonics control
capability in the PV inverter in a building-integrated project.
Previous studies show that the LC-coupling inverter is able to
control active power, reactive power, and suppress harmonics
simultaneously.

In this paper, a low dc voltage PV generation system with
reactive power control and harmonic suppression capability will be
developed. It is designed to meet the requirement of small-scale
BIPV systems. The available rooftop area for installing PV panels
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Fig. 2 Equivalent circuit and vector diagram
(a) At fundamental frequency (b) At harmonic frequency

could be very limited due to green areas and other facilities. The
proposed LC-coupling PV inverter greatly reduces the minimum
number of series-connected PV panels in comparison with a
conventional single-stage PV inverter. The main contributions of
this paper are as follows:

+ Integrate MPPT method to dc-link voltage regulation of an LC-
coupling inverter

e Current controller parameter and LC-coupling impedance
selection method are deduced based on system response

e A detailed comparison study is provided for the LC-coupling
inverter and LCL-coupling inverter.

Section 2 presents the system configuration of the proposed LC-
coupling inverter and its basic operation principle. Its control
system is given in Section 3, and the parameter design of the LC-
coupling PV inverter is further investigated in Section 4. A
comparison study between the proposed LC-coupling inverter and
conventional LCL-coupling inverter is given in Section 5. Section
6 presents the simulation analysis. A lab-scale prototype is built
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and tested. Experimental results are provided in Section 7. Finally,
Section 8 gives a summary and conclusion.

2 LC-coupling single-stage PV inverter

The system configuration of the LC-coupling PV inverter is shown
in Fig. 15, which consists of a dc bus, a full-bridge inverter, and a
series LC-coupling branch. In comparison with Fig. 1a, the LC
branch replaces the LCL filter in a conventional PV integration
system.

2.1 Operational principle

The basic function of a PV inverter is to transfer active power from
PV panels to the grid. The proposed LC-coupling single-stage PV
inverter is designed for the building-integrated system. In order to
improve cost effectiveness, the proposed inverter also has the
ability of reactive power conditioning and harmonic suppression.

The equivalent circuit and corresponding vector diagram at
fundamental frequency are shown in Fig. 2a. The equivalent circuit
at harmonic frequency is shown in Fig. 2b. It is assumed that the
grid side is connected to a stiff source with high short circuit
capacity such that the harmonic distortion at the grid side voltage
can be neglected. Fundamental frequency impedance of the LC-
coupling impedance X ¢ is expressed as

1
Xic = a)_CC_w]'C (1)

Therefore, the dc-link voltage can be calculated by

Ve = VZMVipy = \2M - J(Vi = [ X0 + (XL ()

where 1, and [ are active and reactive current injecting to the grid
by the PV inverter, respectively. It is assumed that I, is positive
when its phase angle leads to the grid-side voltage. The minimum
de-link voltage value can be obtained. A coefficient M is then
introduced since the modulation index is not unity in most cases. M
needs to be set higher when harmonic compensation is considered.
Correspondingly, the relationship between the dc-link voltage and
power flow of the PV inverter is expressed by (3), in which Py
and Qjy; are active and reactive power injecting to the grid from the
PV inverter:

Xy <\ (P X e\
Vdc — \/ZM . Vs\/(l _ Qm‘J/ZLC) +( mi/zLC) (3)
s s

2.2 Number of series-connected PV panels

The DC-link voltage of the PV inverter is selected according to the
required power control range. However, the dc-link voltage is not
fixed in the proposed PV inverter since it is also regulated by the
MPPT method, which is important for increasing the efficiency of
the PV generation system. In a single-stage PV integration system,
series-connected PV panels need to provide the dc voltage, which
is high enough for the inverter's operation.

Therefore, the minimum number of series-connected PV panels
is estimated by (4) and the obtained value is rounded up to the
nearest integer:

vafseries > Vdc/(K ° Voc) (4)

In (4), V. is the open-circuit voltage of a single PV panel and X is
a constant varying between 0.7 and 0.8. The output voltage of the
PV panel usually varies inside this range [25]. It can be concluded
from (4) that the dc-link voltage plays an important role in
determining the number of PV panels. As mentioned before, the
LC-coupling inverter is able to operate with its dc-link voltage
lower than grid voltage. Hence, less PV panels need to be
connected in series by using the proposed inverter. In comparison
with an LCL-coupling inverter, the proposed LC-coupling inverter
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allows greater flexibility in configuring PV panels. This makes it a
promising alternative in the building-integrated system.

3 Control system

The control block diagram of the proposed LC-coupling PV
inverter is shown in Fig. 3, which includes modules for
implementing MPPT, dc-link voltage regulation, reference current
extraction, and current tracking.

3.1 DC voltage regulation and MPPT

DC voltage regulation plays an important role in PV inverter
control, since it maintains the power balance of the whole system.
The typical dc-link voltage control involves a PI controller to make
dc voltage tracking a pre-set reference. However, the dc-link
reference is not fixed in the proposed PV inverter, since MPPT is
also achieved by regulating the dc-link voltage. The perturbation
and observation method is selected in this work for its simplicity
and generic nature [25, 26]. In this method, the power change
direction is measured after a perturbation voltage AV is added to
the dc-link voltage reference. Then, the dc reference is adjusted, so
that the dc-link voltage approaches the maximum power point of
PV panels. The flowchart of dc-link voltage reference
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determination is given in Fig. 4, in which Vg, Iy, and P are the de-
link voltage, output current, and power of the PV array,
respectively.

In addition, the LC-coupling PV inverter is able to compensate
reactive power and harmonics, even though there is no output
power from the PV array. In order to keep the inverter operating
properly, the dc-link voltage of the inverter is kept at a pre-set
value when output power from the PV array is low, as illustrated in
Fig. 4.

3.2 Reference signal for inverter control

The LC-coupling single-stage PV inverter extracts maximum
active power from the PV array, compensates reactive power, and
suppresses harmonics at PCC. From Fig. 3, its output reference
power is extracted as follows:

®)

PinjAref _ PLnt Vdcipv - kdeQ
Ginj . ref qL — kquQ

where pp ;, is the ac component of the instantaneous load active
power pp, which corresponds to the load current harmonics. The
active power reference also includes power from the PV array. g is

the reactive power of the loads connecting to the PCC. The dc-link
voltage regulation of the LC-coupling inverter is done by feeding
back control signals to both active and reactive power references
but with a different ratio. Single-phase instantaneous reactive
power theory is used to calculate reference current from reference
power:

1
2
v

Ie_ref = —[vsin@ vcos 6]

inj . ref

Pinj‘refj| (6)

The inverter's output current is controlled to track the reference
computed from (6). As a result, the proposed PV inverter is capable
to inject active power for PV generation, reactive power for power
factor correction, and harmonics for harmonic suppression to the
PCC simultaneously. The current reference and output current of
the inverter are sent to a current controller, which generates the
reference signal for the pulse width modulation (PWM) controller.
The quasi-PR controller is adopted, which is able to reduce the
fundamental frequency current tracking error and its transfer
function is shown as follows:

2K @8

Gouasi PR(S) = Ky + —F7——
Quasi PR P 2w + wp

O

Since the dc-link voltage is not a fixed value in the proposed
inverter, it is also sent to the PWM module. The inverter's
reference voltage is normalised by Vg before it is compared with

the carrier wave. Finally, trigger signals are sent to the single-phase
full-bridge inverter.

4 System parameter selection

The control model of the LC-coupling single-stage PV inverter is
given in Fig. 5. The overall transfer function is expressed as
follows:

1(5) = Gid$)I_ret(s) — Gy () V()
_ _Gquasi - pr(S) Gpw($) Gimp($)
1 + Gquasi - PRGpwM(S) Gim)p(5)
_ GImp(s )
1 + Gouasi - PRGPWM(S) Gimp(s)

Ic_ref(s) (8)

Vs(s)

The PWM unit is approximated by (9) and the coupling
impedance of the LC-coupling inverter is expressed by

~Ts-s ~T,-s
_e’d-e)  1-05-T-s
Cowm(s) = T,-s (1 +05-T,-s)

)
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Ces
Gimp(s) = GLc(s) = ICxt1 (10)
The performance of the proposed PV inverter is mainly affected by
the following factors and more detailed analyses are provided
hereinafter.

* Quasi-PR controller design
* LC-coupling impedance selection

4.1 Quasi-PR controller design

The current controller generates the reference voltage of the
inverter from the current tracking error. A quasi-PR controller is
used, in which K, K, and . are the three parameters need to be
set. @, is set to minimise the control error at fundamental
frequency, so that the active and reactive power of the LC-coupling
inverter are accurately controlled.

A higher value for K, is important to reduce the steady-state
error. However, this value needs to be bounded by the system
stability margin. Once the coupling impedance and sampling
frequency of the LCL-coupling inverter are fixed, the root location
of its control model is determined by parameters of the PR
controller, as illustrated in (8). As a result, the stability margin
needs to be considered when the PR controller is designed.

Fig. 6a shows the root locus of (8) when K, increases. Although
all the roots locate at the left side of the imaginary axis, it is
preferred that a stability margin can be kept when a proper value of
K}, is selected. Fig. 6b shows the root locus when K varies. It is
obvious that increasing K, does not affect the system stability. A
relatively high value can be selected for K in a quasi-PR controller.

4.2 L C-coupling impedance design

In order to calculate the inductor and capacitor values of the LC
branch, two conditions are required. The first one is that the total
fundamental frequency impedance of the LC-coupling branch
should be capacitive (for inductive loading compensation), which
can be calculated in terms of average reactive power injected to the
grid [22]. The second condition is obtained from the resonant
frequency, as X;.=Xc, at this frequency. By combining the two
conditions, we can determine the inductor and capacitor value of an
LC-coupling inverter.
The two conditions are expressed as follows:

_ 1
= oy (n

Vi

L=t
Qaverage(N - l)wf

(12)

where o is the fundamental frequency and N is the coefficient
adjusting resonant frequency of the LC circuit. Next, how to select
a proper N value will be investigated.

According to (8), the open-loop and closed-loop system
responses of G;.(s) are shown in Fig. 7, in which N is setto 3, 4, 5,
6, and 7, respectively. It is obvious that the frequency response
<100 Hz is almost the same for all the curves in Fig. 7. The PR
controller is designed to increase the open-loop gain at
fundamental frequency, so that the closed loop is unity in the
vicinity of 50 Hz. However, the open-loop gain is also extremely
high at LC resonant frequency and its position varies in terms of N
value. That is to say, the second-order LC-coupling branch is able
to improve harmonic current tracking without extra control loops.
It can be found from Fig. 7 that a higher LC resonant frequency
keeps the closed-loop gain approaching unity with a broader
spectrum. There is no need to use multi-PR control loops, which is
a common practice for harmonic control in a conventional LCL-
coupling inverter.
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Fig. 6 Root locus of quasi-PR controller
(a) Kp varies and (b) K varies

It seems that it is better to select a higher resonant frequency for
the LC circuit. However, the closed-loop gain is amplified at a
high-frequency range as shown in Fig. 7. An upper limit is set for
Grer_(s) at a high-frequency range. In order to deduce the upper
boundary of the resonant frequency coefficient N, Gt o(s) is
simplified first by replacing quasi-PR controller with a P controller
and by simplifying the PWM unit to Gpwm(s) = 1 — Tys based on
the zero-order Pade’ approximation. As a result, G, (s) can be
simplified as

s = sIT,

Gc c =
rer_c(5) (1 - L/K,T)s’ — s/T,— 1 = 1/(C.K,Ty)

(13)

Since the high-frequency gain is evaluated, e.g. is > 2z - 1000, (13)
can be further simplified to (14) and an upper limit of 10 dB is set:

1
|G(‘reffc(s)|x:jw| < m <10dB (14)

Correspondingly, the upper boundary of the resonance frequency
order N is expressed as follows:

Vs
15
N< \/1 + 0.684 - KpTy(Uf . Qaverage ( )

Therefore, (15) provides a method to calculate the upper limit of N.
The final N value is selected by rounding down the upper limit to
the nearest integer. Next, LC-coupling impedance is obtained by
submitting the N value to (11) and (12). In this way, the
implemented LC-coupling PV inverter is able to attenuate low-
order harmonics of non-linear loads and suppress switching
frequency ripples at the same time.
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Fig. 7 System response
(a) Open loop, (b) Closed loop
Table 1 Parameters
PV inverter LCL coupling LC coupling
PV panels in series 20 10
PV panels in parallel 1 2
coupling impedance L41=0.5mH
Lo=13.5mH Lc=3.12mH
C=50puF Cec=202p
R=12Q
quasi-PR controller Kp=40 Kp =50
Ky =8400 Ky =5800
=6.28 we=6.28

dc-link voltage around 400 V around 200 V

5 Comparison between LCL-coupling PV inverter
and LC-coupling PV inverter

5.1 Case study

A PV inverter is used to integrate a PV array with 20 panels to a
220 V/50 Hz power distribution system. The coupling impedance,
control parameters, and dc-link voltage of the two inverters are
listed in Table 1.

It is assumed that the open-circuit voltage of each panel is ~20
V. Hence, 20 panels are connected in series for a conventional
LCL-coupling inverter in Table 1, since its dc-link voltage has to
be higher than the grid voltage's peak value. However, the required
dc-link voltage of an LC-coupling inverter is cut to half for
integrating the same number of PV panels. The PV panels can be
configured to two strings when the proposed LC-coupling inverter
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Fig. 8 System response of PV inverters
(a) Open loop and (b) Closed loop

is used. That is to say, the proposed inverter can be applied to a 10-
panel system which does not satisfy the minimum requirement of
an LCL-coupling inverter.

5.2 System performance comparison

The current tracking model in Fig. 5 could also be applied to
analyse PV inverters using the L filter or LCL filter. Their coupling
impedance can be expressed as follows:

Giny(5) = Gu(s) = = (16)

1 CLs"+ CRs + 1
5 CLLS +CR(L,+L)s+L + L,

Gimp(s) = Grew(s) = 17)

System responses of an L-coupling inverter, an LCL-coupling
inverter, and an LC-coupling inverter are shown in Fig. 8. The PV
inverter using the L filter is not able to attenuate high-frequency
components. Both LCL-coupling inverter and the proposed LC-
coupling are able to attenuate high-frequency ripples.

In addition, the low-frequency region of the system response is
enlarged and is shown in Fig. 8b. The proposed LC-coupling
inverter keeps its current tracking error low at dominant low-order
harmonics, e.g. third, fifth, and seventh harmonics. As shown in
Fig. 8, the harmonics compensation performance of the LC-
coupling inverter is better than that of the LCL-coupling inverter as
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Fig. 10 DC-link voltage regulation for MPPT
(a) LCL-coupling PV inverter, (5) LC-coupling PV inverter

harmonic contents can be further suppressed. In summary, the
proposed LC-coupling inverter obtains the following advantages in
comparison with an LCL-coupling inverter.

» Uses less coupling components

» Performs better in low-order harmonics compensation without
extra PR control loops

* No active or passive resonant damping is required

In addition, since the proposed LC-coupling inverter can operate
under a dc-link voltage lower than the grid voltage, this allows
more flexibility in PV panels' configuration. This characteristic is
favourable especially for small-capacity building-integrated
projects.

6 Simulation results
6.1 System configuration and parameters

Simulation models are built by using PSCAD™/EMTDC™. Both
LCL-coupling PV inverter and LC-coupling PV inverter are
implemented. The system configuration is shown in Fig. 1 and its
control system is shown in Fig. 3. The system parameters are listed
in Table 1. Both linear load and non-linear loads are connected to
the PCC. The load model is shown in Fig. 9. One group of load
parameters are also given in Fig. 9.

6.2 Comparison between LCL-coupling inverter and LC-
coupling inverter

The comparison between the LCL-coupling inverter and LC-
coupling inverter is carried out. The single-stage PV inverter is
controlled to track the maximum power point, transfer the active
power to the gird, and compensate reactive power and current
harmonics of the loads simultaneously. A PV module is used in the
simulation to test the proposed dc voltage regulation with MPPT.
The MPPT and dc-voltage regulation results are shown in
Fig. 10, in which V. denotes the de-link voltage, and Vi, is the
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Fig. 11 Waveforms of grid voltage, dc-link voltage, source current, load
currents, and source current THD results
(a) LCL-coupling PV inverter, (h) LC-coupling PV inverter

Table 2 Simulation results
THD Power factor Active power of PV

before compensation 15.94% 0.86 NA
LCL-coupling inverter 3.07% 1.0 1195.27 W
LC-coupling inverter  1.35% 1.0 1225.68 W

dc-link voltage reference generated by the MPPT module. From
the P-V curves, both PV inverters are able to track the maximum
power point. However, the steady-state dc-link voltage of the LC-
coupling PV inverter is about half of that of the LCL-coupling PV
inverter. It also takes less time to reach the maximum power point.
At the same time, the dc voltage ripple is smaller as less PV panels
are connected in series. The grid voltage, dc-link voltage, source
current, load current, and source current total harmonic distortion
(THD) are shown in Fig. 11.

The power factor at the grid side, THD of the source current,
and output active power are measured and summarised in Table 2.
Both PV inverters inject active power to the PCC. The harmonics
in the source side is compensated by the PV inverter. Hence, its
THD value is greatly reduced. The power factor at the source side
is also corrected to 1 by the PV inverter. In addition, the LC-
coupling single-stage PV inverter achieves the pre-set target with a
lower dc-link voltage, and its performance in current harmonic
attenuation is better.

6.3 Simulation verification of the LCL-coupling inverter

The dynamic response of the LCL-coupling inverter is tested. The
inverter output power and its dc-link voltage variations are shown
in Figs. 12 and 13. In Fig. 12, Py is the PV panel output active
power and Pj,; indicates the active power being injected to the
unity gird. Qioaq and Qjy; are the load side reactive power and
reactive power from the PV inverter, respectively. The irradiation
level of the PV module is set higher at 2 s. The active power being
injected to the PCC increases accordingly. The load reactive power
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Fig. 14 Voltage, current and their THD values
(a) Without LC-coupling inverter (b) With LC-coupling inverter

consumption increases at 2.75 s and the solar irradiation level is set
lower at 3.0 s.

An ideal ac source is used in simulation. However, the voltage
at PCC is distorted when the load current contains harmonics. The
THD of the voltage at PCC is measured with and without the LC-
coupling PV inverter when the non-linear load is connected. The
voltage at PCC and the grid side currents are shown in Fig. 14.
Results indicate that the THD of the voltage decreases after current
harmonics are compensated by the LC-coupling PV inverter.

7 Experimental results

A laboratory-scale experimental LC-coupling PV inverter
prototype was built. The photo of the experimental platform and
prototype is shown in Fig. 15. The system parameters are listed in
Table 3. Due to the power capacity of the laboratory, the grid side
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Fig. 15 Experimental prototype

® — Programmable DC power supply; @ — Loads; ® — LC impedance; @ — IGBT
driver; ® — Control board and signal conditional circuit; ® — Power supply for control
circuit

Table 3 Experimental prototype parameters
Parameters Value
grid voltage VS 110 Vrms, 50 Hz

switching frequency fs 10 kHz
sampling frequency 20 kHz
power base 560 Var
inductor Lg 3.79 mH
capacitor Cg 140 yF

voltage is decreased to 110 V. The control system is based on the
DSP TMS320F28335. The PV output is generated by a
programmable dc power supply (Chroma 62100H-600S), which is
able to simulate the output characteristics of the PV array, so that
the MPPT function of the PV inverter could be tested.

The LC-coupling PV inverter is used to achieve MPPT, inject
active power to the grid, compensate reactive power, and suppress
the harmonics of the non-linear load. The dc-link voltage is ~80 V
and the voltage at the PCC is 110 V. The LC-coupling single-stage
PV inverter is able to reduce the inverter operational voltage. The
experimental results are shown in Fig. 16 and summarised in
Table 4.

Fig. 16a is the P-V curve captured from the programmable dc
power supply. The red point is located by the output voltage and
power of the dc power supply. It is shown in Fig. 16a that the
operational point locates near the maximum power point.

Voltage, current, and harmonic spectrum are recorded before
PCC (grid side), after PCC (load side), and at output of the PV
inverter. Results are shown in Fig. 16b. The source current
distortion is reduced to 3.3% from the original 18.3%, and the
power factor can be improved to 0.99 from 0.83. Moreover, the PV
inverter can inject the active power of 115 W, which is close to the
PV panel's maximum output of 130 W.

8 Conclusion

The comprehensive design and control of a multi-functional LC-
coupling PV inverter with low dc-link voltage characteristics is
studied in this paper, which can reduce the system's initial cost and
operational cost. The proposed inverter is a promising alternative
to the existing PV inverter, since it reduces the minimum number
of PV panels for a single array. This provides more flexibility in
the PV panel configuration in a building-integrated system. The
effect of shading condition on the output of the PV panel array
generation can be alleviated since less panels are connected per
string. The dc voltage regulation with MPPT and coupling
impedance design are studied. The control of the proposed inverter
is simpler than that of the conventional LCL-coupling PV inverter.
Simulation verifications and experimental tests are provided to
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Fig. 16 Experimental results
(@) MPPT and (b) Voltage, current and THD recorded at load side, grid side, and

inverter output side

Table 4 Experimental results

Load side Source side
power factor 0.83 0.99
current THD 18.3% 3.3%
injected active power N/A 115 W

validate the effectiveness of the proposed PV inverter and its
control.
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