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Abstract

This work presents a novel approach to the experimental validation of the optimal PV-
to- inverter sizing ratio value for the energy yield maximization of a GCPVS by means the
implementation of a custom workbench using a solar array simulator which has allowed to
replicate a wide variety of technical configurations and environmental data. The compliance
between the experimental setup and the mathematical model developed to simulate the optimal
PV-to- inverter sizing ratio value was demonstrated by the specific tests carried out on its two
main subsystems (the PV generator and the inverter), thus the subsequent simulations were
made on a firm basis. Likewise, the evaluation of the overall system also showed a good
agreement between the experimental and the simulated energy yield and optimal PV-to-

inverter sizing ratio results, rendering relative errors below 3% for both magnitudes.
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1. Introduction

Photovoltaic (PV) energy is a secure, clean, renewable and environmentally friendly
energy source. PV energy generation plays an important role worldwide and represents a
growing renewable energy alternative. Nevertheless, although the cost of grid connected PV
systems (GCPVS) has been decreasing over the time, their high capital cost when compared

with conventional energy sources is still an important drawback.

In order to make GCPVS more competitive, many research has been done on the
optimal relationship between the power capacities of all the different elements that compose
them [1]. The optimal sizing of GCPVS implies an optimal relationship between the nominal or
peak power of the PV generator and the nominal or maximum power of the inverter used for
grid connection (see Fig. 1). The first references on this issue are dated in the 90's [2, 3] and

many authors have addressed their work since then on this topic.

Fig. 1. Elements of the PV power conversion chain in a GCPVS

The most common expression employed to refer to this ratio of powers is PV-to-Inverter
sizing ratio Rs [7, 8, 9, 17, 19, 31 and 32]. This concept is formulated in Eq.(1), where Ppygstc)
(Wp) is the peak power of the PV generator measured at Standard Test Conditions (STC)
(1,000 W/m2 and 25 eC), and Pac , (W) is the nominal power of the inverter measured at the AC

side under nominal conditions.

_ PPVG (STC) (1)

s =
PACn

R

However, there are some studies where the nominal power of the inverter is measured

at the DC side [6] or were this ratio of powers is reversely defined [22, 23, 24 and 35].
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Additionally, it can be found in the literature a wide variety of terms that denote the same
concept, such as Inverter-to-PV array size ratio (SF) [28 and 29], Inverter-to-PV array de-rating
factor (k) [44 and 45], Inverter-to-PV power ratio (r) [36], Inverter Power Ratio (IPR) [39] or
Power Ratio (PR) [21 and 41], Inverter Sizing Factor (ISF) [43] and Inverter Sizing Ratio (ISR)

[12, 13 and 34].

The state of the art of the optimum sizing of GCPVS is synthesized in Table 1. The
structure of the table tries to summarize the key aspects of the developed research. On the one
hand, the columns of the table identify the two key aspects addressed in the sizing of the
GCPVS, namely, the energy yield and the economic results. In turn, these two aspects are

subdivided into their main characteristic issues.

On the other hand, the Table 1 has been horizontally divided into three sections that
show the main approaches to GCPVS sizing identified in the literature, namely, those only
relying on simulation, those combining an experimental setup with simulation, and finally, those

based exclusively on the data obtained from an experimental setup.

Each of the horizontal sections has been subdivided into five main rows that capture the
essential items taken into account in the reviewed research. The first one is called “Physical
characteristics of GCPVS” and refers to aspects of the facility such as the location, mounting
type, orientation and tilt, irradiance, temperature, etc. The row called “Technological
characteristics of GCPVS” includes aspects such as the different module technologies, inverter
efficiency, sun tracking systems, shadows and data sampling. The rows "Model formulation”
and "Employed software" refer to the use of a mathematical model for describing the behaviour
of the GCPVS and to the specific utilized software, respectively. The row "Experimental setup”

applies to those cases where a physically implemented workbench was employed.

TABLE 1
In spite of the large range of studies addressed to determine the optimal value of Rg, it can be

considered that the basic difference between these works stems from the use or not of an experimental set
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up in order to clear up the problem. As mentioned above, other differential distinctive features are related
to the side of the inverter where the nominal power is measured, to the employment of a reversed
definition of R, to the specific model for the GCPVS used, etc.

As seen in Table 1, the studies relying only on simulation are far more abundant than
those only employing data from an experimental setup or a combination of both. Also, the row
“Physical characteristics of GCPVS” contains the greater number of references. This reveals
that, regardless of the employed sizing approach, determining how the different location,
mounting types, tilt and orientation, irradiance and temperature can affect the performance of
the GCPVS has been the main issue addressed in the research.

On the contrary, the use of an experimental setup has been not so extensive. A
possible explanation to the poor figures of studies employing an experimental setup or jointly
integrating it with simulation lies in the difficulty to reproduce exactly in the setup the vast
number of technical configurations and the different environmental conditions that can be easily
applied in the simulations. All the setups reported in the examined references are specific
implementations of GCPVS, which in some cases allow the possibility of varying the number of
connected PV modules or changing the inverter. As a result, data obtained from these
experimental setups is usually restricted to a limited number of cases and on-site conditions,
which are practically impossible to replicate when desired in more than one experimental test.

Following this gap, this paper proposes a simulation technique for the determination of
the GCPVS optimal value of R in combination with an experimental setup capable of validating
the model results for a wide range of technical configurations and environmental conditions.
Thus, section 2 describes the problem under study, the main objectives to attain and the basic
traits of the methodology applied to this aim. Next, a mathematical model for the sizing problem
is formulated and the experimental setup utilized to validate the proposed approach is
presented (Section 3). The environmental data and the applied processing are also described
(Section 4). Then, the methodology by which the simulation and emulation processes are
conducted is thoroughly explained (Section 5). Following, data from simulations and from the
experimental setup are confronted and discussed (Section 6). Finally, all the factors deemed

relevant for the study are duly systematized and conclusions are raised (Section 7).
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2. Problem formulation, objectives and methodology

One of the problems traditionally encountered in the optimal sizing of the GCPVS has
been the difficulty to experimentally validate the results obtained by the simulation of a great
number of multiple configurations. The technical limits of the physically implemented GCPVS
usually allow to replicate a small number of the simulated cases. This difficulty further increases
because the environmental conditions applied in the simulation process are hardly impossible to

replicate in the experimental setup.

In this regard, here it is proposed the use of a custom flexible experimental setup
intended to overcome the aforementioned difficulties. It is employed in combination with a
simplified model for the GCPVS based in the current state of the art. In this way, the optimal
value of Rs obtained from the model can be validated experimentally by means of the

experimental setup.

An overview of the applied methodology is illustrated in the Figure 2. In a preliminary
stage, once the setup was built and its model was formulated, several tests were carried out in
the setup in order to determine the parameters needed by the model. Next, the environmental
data was obtained and duly processed. Once the experimental setup and its model were fully
operational, its performance was demonstrated by emulating and simulating a particular case
study. Finally, the analysis and comparison of the experimental and the simulation results
allowed to validate the employed model and to raise conclusions about the sizing process of the

GCPVS.

Fig. 2. Overview of the applied methodology
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3. The experimental setup and its model

3.1. An overview

The proposed workbench consists of a solar array simulator (SAS), a grid-connected
PV inverter and a digital power meter. A personal computer is also used as a control element
for workbench management purposes. Figure 3 shows a block diagram of the proposed

workbench.

Fig. 3. Block-diagram of the proposed workbench

3.2. Solar array simulator and PV generator model

In the proposed workbench, the PV generator is emulated using the Agilent E4360

Modular Array Simulator operating with the E4360A power module.

The SAS operates as a PV generator with a user programmable current-voltage
characteristic. This characteristic is defined by four parameters: the short-circuit current Isc (A),
the open-circuit voltage Voc (V), and the current lypp (A) and voltage Vypp (V) at the maximum
power point. The E4360A power module presents some technical constraints that limit the
electrical characteristics of the PV generators that can be emulated. These constraints are

summarized in Table 2.
Table 2. Electrical constraints of the E4360A SAS.

The SAS used in the setup is a low power equipment (600 W) compared with the
medium or large PV generators usually installed. This limitation does not lead to an important
loss of generality because the rated power of the used equipment is considered in the

mathematical models proposed for the description of the PV system under consideration. On
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the other side, the main objective of the experimental setup is the implementation of a proof of
concept demonstration prototype. However, it is always possible the series and/or parallel

interconnection of low power SASs in order to emulate large PV generators.

The values of Voc and Isc needed for the SAS user programmable current-voltage
characteristic are obtained by means of the PV generator model. The employed expressions

are taken from the model reported in [53 and 54] and are shown in Egs. (2), (3) and (4):

H
I :ISC(STC)'H—'(l"'a'(Tc_TC(STC))) (2)
(STC)
o 2
VOC = VOC(STC) '(1+ :8 ’ (TC - TC(STC)))' 1+5-In (3)
(STC)
..V
PPVG = PPVG (src) ” e (4)

ISC(STC) ’ VOC(STC)

Magnitudes affected by the subscript src) correspond to STC, while when not affected
correspond to any operating point other than STC. H and Hsrc, are incident irradiances on the

PV generator plane and Tc and T¢stc) are temperatures of operation of the PV generator. The

constants aand g are the current and voltage correction coefficients for temperature,

respectively, and Jis a correction coefficient for solar radiation.

The other two parameters needed for the SAS programmable current-voltage
characteristic are lypp and Vypp. They can be obtained by solving iteratively the Egs. (5), (6), (7)
and (8), which are taken from [57] and complete the PV model.

Voc — VMPP

RSER = - (5)
]MPP

R, I
VMP '[1+MJ+RSER'(1MP _Isc)

oC

VOC

(6)

E =
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N=—°%/
In [MPP (7)
]sc
J N
Voo -In 2—[}
Isc
” In 2 _RSER '(I_ISC) (8)
- 1+ RSER ']SC
Voc

In Eqg. (8), | (A) and V (V) represent the current and the voltage of any operating point of
the current-voltage characteristic of the PV generator. Assigning to | a set of values ranging
between 0 and Isc, and estimate of the complete current-voltage characteristic will be obtained.

In turn, the shape of this characteristic will depend on the setting parameters Rger (RQ), €

(dimensionless) and N (dimensionless) in Egs. (5), (6) and (7), which are a function of Isc, Voc,
Iver @and Vypp. Being lyppe and Vypp unknown, an initial guess for them must be provided to start
the iterative process of resolution of the Egs. (5)-(8). lver and Vypp should be adjusted

iteratively until their product is consistent with the value of Ppy¢ Of the estimated current-voltage

characteristic:

P

v = Vipe

'IMPP (9)

A set of tests were carried out in order to compare the current-voltage characteristics
obtained from the SAS with the characteristics predicted by the PV generator model. The input

data for the tests correspond to a commercial PV panel with the following specifications: Isc (stc)

= 4.8 A, Voc sto) = 60.2 V, Ppye (1) = 215 W, a = 0,000665 °C *, 8 =-0,0034 °C . The

correction coefficient for solar radiation was 6 = -0.04, which is a typical value for mono-

crystalline Si PV panels [55]. The results are depicted in Figure 4, where dashed lines
correspond to the SAS and solid lines to the PV generator model. The subplot on the left shows
the characteristics obtained at Tc = 25 °C and for H ranging from 200 W/m? to 1000 W/m?,

while the subplot on the right displays the characteristics obtained at H = 1000 w/m? for T
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ranging from 10°C to 25 °C. As can be seen in Figure 4, the characteristics obtained from the
SAS and from the PV generator model exhibit an excellent agreement for all the tested

conditions.

Fig. 4. Current-voltage characteristics from the SAS (dashed) and predicted by the PV
generator model (solid), for Tc = 25 °C and different values of H (left) and for H = 1000 W/m?

and different values of T (right).

3.3. Tie grid-inverter and inverter model

The model for the inverter when the input power is lower than the maximum inverter
power is adapted from that outlined in [56]. The inverter power at the AC side Pac is expressed

in terms of the inverter power at the DC side Ppc as:

P
PAC: ¢_Co'(PDCn_PDco) '(PDC_PDCO)+C0'(PDC_PDco)2 (10)
PDCn_PDCO

where Pacn (W) and Ppc , (W) are the nominal inverter powers at the AC side and at the DC
side at nominal operating conditions, Ppco (W) is the minimum power at the DC side required to
start the inversion process and C, (W™) is a parameter defining the parabolic curvature of the

relationship between Pac and Ppc. In the model, Ppc is assumed to be equal to Ppyc.

For input power ranges higher than the inverter maximum power, the proposed model

assumes the limitation of the inverter output power to its nominal value:

P =Py, (11)

In this situation, the inverter’s control unit limits the inverter input power to its maximum
value (by shifting the operating point away from the maximum power point) until the overload

condition is no longer present, thus ensuring the inverter output delivery with no interruptions.

The specific inverter employed in the experimental setup is the SMA Sunny Boy 700
(SB700). This device is designed for a nominal output power of 700 W and the maximum
voltage and current at the DC side are 250 V and 10 A. For adequate voltage matching with the

SAS, the SB700 has been configured for operation at a reduced input voltage range from 70 to

9
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150 V, which limits the maximum current and power at the DC side to 7 A and 510 W,

respectively, and the maximum power at the AC side to 460 W.

The SB700 is an inverter model adequate to the Spanish legislation (where low
frequency galvanic isolation is mandatory for grid-connected devices), with a maximum
efficiency around 93 % and with the behaviour of the output power limitation to the maximum

value implemented.

In order to determine the parameters of the inverter model some tests were performed
in the experimental setup. From the P,c, operating point specified by the manufacturer, the Ppc
received from the SAS was progressively reduced and the pair Poc and Ppc was recorded. A 2"
order polynomial was fit to the obtained data, which rendered the results for the model
parameters shown in Table 3. In Figure 5 it is represented the inverter efficiency, i.e. the ratio of
Pac to Ppc, calculated from both experimental data (grey points) and the inverter model (solid

black line). It is apparent the close agreement between the model and the experimental data.

Table 3. Parameters of the inverter model resulting from the 2" order polynomial fit of

experimental data

Fig. 5. Efficiency calculated from experimental data (red points) and from the inverter model

(solid black line)

3.4. Power meter and recorder

A Yokogawa WT1600 digital power meter was used as power meter and recorder. This
device monitored the voltage and current at the DC and AC sides of the inverter and recorded
samples every two seconds. Data was transferred to the personal computer for further

processing and permanent storage purposes at the end of each of the performed tests.

10
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4. Environmental data. Solar irradiance and temperature

Pprvc depends, among others, on the value of H and the ambient temperature at the

GCPVS location (T,). For this study it has been considered a GCPVS located in Barcelona,

Spain (41°23'N, 2°11'E), facing south and tilted 36°.

As a starting point to calculate H, daily horizontal radiation data for the selected location
was obtained from [49]. Applying the models and correlations presented in [50], such as Erbs,
Collares Pereira, Liu and Jordan and Perez, the hourly radiation at tilted surface for a
representative day of each month was calculated. The day of a month whose daily radiation

was the most similar to the monthly average daily radiation was selected as the representative

day. This data was interpolated in periods of 15 minutes using a MATLAB® cubic interpolation

function and then the resulting radiation values were expressed in terms of H (W/m?).

Hourly T, values were also taken from [49]. This data was monthly averaged in order to
obtain the hourly T, evolution for the representative day of each month. As in the case of H,

these results were also interpolated in periods of 15 minutes.

The T¢ can be modelled as in [51 and 52], namely:
T.=T,+k-H (12)

Were k (°C.m2/W) is a PV generator thermal coefficient called the coefficient of Ross.

The coefficient of Ross is related with the ventilation capability (natural ventilation by

convection or forced ventilation by wind or airflows) and thereby depends on the PV generator

mounting type. In this study it has been taken k = 0.027 °Cm?/W, which corresponds to the

estimation carried out in [51 and 52] for not well cooled free standing PV generators mounted

on flat roof.

Figures 6 and 7 show the 15-minute values of H and T for the twelve representative

days of each month.

11
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Fig. 6. 15-minute H [W/mz] values for the representative day of each month at selected location

Fig. 7. 15-minute T [°C] values for the representative day of each month at selected

location

5. Emulation and simulation processes. Proposed methodology for

laboratory tests

5.1. Emulation process.

Once the experimental setup had been built, characterized and validated, it was ready
to be employed in the tests for the optimum Rs determination of a GCPVS. The different stages
of the emulation process are illustrated in the left branch of the block-diagram in Figure 8, under

the label "Emulation Procedure."
FIGURE 8

Initially, the PV generator model is configured to represent a specific PV module by

means of the parameters Iscstc), Vocste) Pevaste), @ Band 6. From this point, all the 15-

minute interval values of H and T¢ of the representative day of a month begin to be passed to
the PV generator model. The output of the PV generator model are the parameters needed by
the SAS to emulate the PV module behaviour under the specific environmental data H and Tc,
namely lsc, Voc, Ivep, Vivee. In turn, the SAS supplies the corresponding value of Ppyg to the DC

side of the inverter.

12
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Next, the resulting Pac at the AC side of the inverter is sampled and recorded every 2
seconds within all the 15-minute time intervals. At the end of the test of a representative day
(with an approximate duration of 7 hours, depending on the number of daily sunny hours), all
the recorded data (around 12,600 samples per day) is transferred to a personal computer for

further processing.

When the test is ended for the twelve representative days of a year, the annual energy

delivered to the grid Exc is calculated according to Eq. (13):

E, = Z Z DmPAC(nm ) At (13)
1

where m is the ordinal of the month corresponding to a representative day (0sms<12), D,,
is the number of days of the month m (0<D,<31), n,, is the ordinal of the P,c samples taken in

the representative day of a month m, Pac(mm is the value of the Poc sample n, in the

representative day of the month m and At is the time interval between samples.

Finally, the GCPVS energy yield Y;, also known as final energy yield factor, is computed

in accordance with Eq. (14):

E
Y-: AC
U &

PVG (STC)

(14)

In order to evaluate the influence of Rs on Y;, a set of emulation procedures as the
previously described was performed for different Rg values. For the given inverter employed in
the experimental setup, this involved varying Peygstc) (S€€ Eq. (1)). The obtained results are
shown at the Table 4, where a selection of the tested Rs ranging from 0.85 to 1.18 is listed in its
1% column. The correspondent values of Ppygstc) are shown in the 2" column, and the Eac and

Y obtained in the emulation process are listed in the 3" and 5" columns, respectively.

Table 4. Exc and Y for different values of Rs obtained from the emulation and the simulation
procedures.

13
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5.2. Simulation procedure

The right branch of the block-diagram in Fig. 8 under the label "Simulation Procedure”

shows the different stages of the simulation process.

The PV generator model is configured as in the emulation procedure, and the same
environmental data is passed to it. Nevertheless, the output of the PV generator model needed
in this case is directly the Ppyg value to apply to the DC side of the inverter model. The inverter

model renders the P,c at its AC side and then, Exc and Y; are calculated.

This simulation procedure is carried out for the same Rs range considered in the
emulation process, and the obtained values for Exc and Y; are listed in the 4™ and 6™ columns

of Table 4.

6. Analysis of simulation and experimental results

Figure 9 shows the simulated results of Y; as a function of Rs for a range of Rg values
extended to 2. The pattern of this function is basically the same regardless the values of the
characteristic parameters of the considered PV system. These curves are divided into three
different regions: I) Region with positive slope, where the effect of the inverter operation in low
load conditions is predominant. Il) Low sensitivity region, where the variation of Rs has low
effect over the system energy yield and where is located the optimum value of Rs (Rs (op)- lI)
Region with negative slope, where the predominant effect is the limitation of the inverter output

power.

The values of Rs used in the simulation procedure cannot be reached in the emulation
procedure due to the technical limits of the experimental setup. As can be seen in Table 4 and
Figure 10, the emulated values of Rs are ranged between 0.85 and 1.18. The effect of the
inverter operation in low load conditions on the system energy yield can be seen for low values
of Rs. Furthermore, the effect of the inverter output power limitation is not appreciable in the

range of emulated values of Rs.

14
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The overview presented in Figure 9 evidences a rapid decay of Y; beyond the range of
Rs values listed in Table 4. Accordingly Rs op), i.€., the optimal value of Rs, was estimated

about 1.08.

It is noteworthy the low sensitivity of Y; to the Rs values around Rs opr). FOr example,
the maximum value of Y; (1.6540 kWh/kW,, see Table 4) experiences a reduction of less than

3% in the range of Rs between 1.00 and 1.24.

Fig. 9. Simulated results of Y; as a function of R,

for a range of Rg values extended to 2

On the other hand, the examination of Table 4 reveals a good agreement between the

experimental and the simulation results. The 7™ column of Table 4 presents the relative error
&pic (%) among the Exc values obtained from the emulation and the simulation processes, which

is always lower than 3 %. This relative error is also valid for the Y; values obtained from the

emulation and the simulation processes, since Exc and Y; are directly proportional magnitudes.

The subplot on the left of Figure 10 shows the evolution of Ec for the limited range of
Rs values around Rs opr) presented at Table 4, while the subplot on the right is devoted to Y;. In
both subplots, emulation results have been presented in dashed lines and simulation results in

solid lines.

Fig. 10. Emulated (dashed lines) and simulated (solid lines) results of Ec (left subplot)

and Y (right subplots) for a range around Rs opr)

The Rs opr) calculated from the emulation data is around 1.05, which slightly differs
from the value calculated from de simulation results, namely 1.08. The relative error between

both values is below 3 %.

15



353
354
355
356

357
358
359
360
361
362
363
364
365

366

367
368

369

370
371
372
373
374
375

376
377
378

The almost flat shape of Y; around Rs (opr) Suggest that rather than seeking a precise
Rs (opm) Value, looking for an optimum Rsinterval could also be a suitable alternative approach.
In the case studied in this paper the optimum Rsinterval could be extended near 1.2, which

would imply oversizing Ppygstc) respect to Pac  up to 20 %.

Additionally, it was explored the effect of the simplifying approach based on considering
the most representative day of each month. To this aim, the described simulation procedure
was repeated taking now into account the environmental data from the 365 days of a year
rather than working with the representative day of every month. The obtained results were
represented in Figure 11. While the calculated value of Rs opr) remained the same, the
convexity of the Y; curve around Rs opr) increased. This implies that the Rs (opr) value gains
relevance and the optimum Rginterval is reduced. It can also be observed a reduction of the
values of Exc and Y:. Specifically, at the Rs opr) point Eac and Y; approximately decreased by

6 %.

Fig. 11. Simulated values of Y; as a function of Rs, considering environmental data of

the 365 days of a year

7. Conclusions

A novel approach to the experimental validation of the Rsopr) value for the Y;
maximization of the GCPVS has been here presented. The implementation of a custom
workbench using a SAS has allowed to overcome one of the main gaps identified in the
literature at this respect, as is the scarce number of references incorporating experimental
validation of the Rgopr) Simulation results or the limited capability of the employed setups for

replicating a wide variety of technical configurations and environmental data.

The compliance between the experimental setup and the mathematical model
developed to simulate the Rsopr) vValue was demonstrated by the specific tests carried out on its

two main subsystems (the PV generator and the inverter), thus the subsequent simulations
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were made on a firm basis. Likewise, the evaluation of the overall system also showed a good
agreement between the experimental and the simulated Y; and Rsopr) results, rendering
relative errors below 3% for both magnitudes. The obtained results also evidenced the suitability
of defining an optimum interval for Rs instead of focusing on a precise value for Rsopm, due to
the low sensitivity of Y; to Rs in the neighbourhood of Rsopr). Nevertheless, this asseveration
resulted somewhat tempered when more accurate environmental data was employed, since Y;
results were reduced by 6%.Ultimately, the combination of the proposed simulation procedure
and the custom flexible experimental setup has proved a useful tool for validating the Rs e
value, or alternatively the optimum Rgsinterval, that maximizes the energetic performance of the

GCPVS.
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Acronyms

PV: photovoltaic

GCPVS: grid connected photovoltaic systems
PV: photovoltaic

STC: Standard Test Conditions

SAS: solar array simulator

Variables:

C,: parameter defining the parabolic curvature of the relationship between P, and Ppc (W™
D,: number of days of the month m
E,c: annual energy generated by the GCPVS (kWh)

H: irradiance on the PV generator plane (W/m?)
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579
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582
583
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586

587

H src) - irradiance on the PV generator plane at STC (1000 W/m?)

Iypp: current at the maximum power point of the PV generator (A)

Igc: short-circuit current of the PV generator (A)

Isc sty short-circuit current of the PV generator at STC (A)

k: PV generator thermal coefficient according to the mounting type (Ross coefficient) (°C.m%W)
m: ordinal of the month corresponding to a representative day

n,,. ordinal of the P, samples taken in the representative day of a month m

P,c: inverter power at the AC side (W)

P,c - nominal or maximum inverter power at the AC side under nominal operating conditions (W)
P icommy value of the n," Pac sample in the representative day of the month m

Ppc: inverter power at the DC side (W)

Ppcy: minimum inverter power at the DC side needed to start the inversion process (W)

Ppc - nominal or maximum inverter power at the DC side under nominal operating conditions (W)
Ppyc: power of the PV generator (W)

Ppyc src): nominal or peak power of the PV generator measured at STC (W)

Rg: PV-to-Inverter sizing ratio

Rs opp: optimal value of Rg

7. ambient temperature of the PV generator (°C)

Tc: operating temperature of the PV generator (°C)

Te(stoy - Operating temperature of the PV generator at STC (25°C)

Vuep: voltage at the maximum power point of the PV generator (V)

Voc: open-circuit voltage of the PV generator (V)

Voc src): open-circuit voltage of the PV generator at STC (V)

Y;: energy yield or final energy yield factor (Wh/\Wp)

a: current correction coefficient for temperature (°C )

B voltage correction coefficient for temperature (°C ™)

0. correction coefficient for solar radiation (dimensionless)

At time interval between P, samples [s]

Figure list:
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Fig. 1. Elements of the PV power conversion chain in a GCPVS
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601  Fig. 5. Efficiency calculated from experimental data (red points) and from the inverter model (solid black
602 line)

Efficiency [%]

PDC’ PDCn

603
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610  Fig. 8. Emulation and simulation procedures block-diagram
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Table list:

Table 1. Synthesized state of the art of the optimum sizing of GCPVS

Energy yield Economical aspects
AC-Side oCside | Life-cycle Financial Economic
investment return performance
17-19, 27, 29,
Physical characteristics of [4,9-15,17-19, (6] [11] (13] [
GCPVS 21-35
] 32-34]
Technological [7-12,17-19, [11]
characteristics of GCPVS 24-26, 33,34]
[17-19, 27, 29,
Model formulation [4,7-15,17-19, [6] [11] [13]
0 21-35]
32-34]
n
|
y E Unspecified [4,7-12, 27] [6] [11] [13]
m
S p
i | Insel
mfj o
Iu v Matlab [15, 21-35] [27, 29, 32, 33]
e
a d
t TRNSYS [17-19] [17-19]
i S
o o
n f
t
w Propietary software [13, 14, 15]
a
r
e
Experimental setup
Physical characteristics of
S
: GCPVS [5,12, 14, 36] [5]
m
! | Technological
| echnologica
3 characteristics of GCPVS [5, 36] 5]
t
i Model formulation [12, 14]
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E Unspecified [5,12, 14] [5]
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w .
Propietary software
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Physical characteristics of
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Model formulation [43]
E Unspecified
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y 0
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u 0
p f
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? Propietary software
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Table 2. Electrical constrains of the E4360A SAS

Parameter Value
Maximum Ppve 600 W
Maximum Voc 130V
Maximum lgc 5A
Maximum I-V curve slope (AV/Al) 10

Table 3. Parameters of the inverter model resulting from the 2nd order polynomial fit of experimental

data

Parameter Value

Pacn 460 W

Pocn 514,66 W

Pbco 6.37 W

Co -1.245.10" W™

Table 4. E,c and Y, for different values of Ry obtained from the emulation and the simulation procedures

Table 4. Exc and Y; for different values of Rs, obtained from the emulation and the simulation

procedures.
Rs | Ppvg(W) Exc (kWh) Exc (kWh) Y; (kWh/kWp) Y; (kWh/kWe) | &cac (%)
emulated simulated emulated simulated £ys (%)
0.85 | 391.0 613.79 629.88 1,569.8 1,610.9 2.62
0.90 | 414.0 660.79 678.30 1,596.1 1,638.4 2.65
0.95 | 437.0 702.06 719.96 1,606.5 1,647.5 2.55
1.00 460.0 741.20 759.65 1,611.3 1,651.4 2.49
1.05 | 483.0 778.56 798.65 1,611.9 1,653.5 2.58
1.08 496.8 800.28 821.71 1,610.9 1,654.0 2.68
1.15 529.0 851.12 874.75 1,608.9 1,653.6 2.78
1.18 542.8 872.75 897.31 1,607.9 1,653.1 2.81
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