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Abstract

Concentrated Photovoltaic modules (CPV) use optics, such as lenses to concentrate a large amount of sunlight onto a
small area of solar photovoltaic materials to generate electricity. The solar irradiance level and landscape area are
considered as main factors in CPV site on the network. These factors are not sufficient for improving the CPV
performance and grid integration .The coupling point of CPV to the grid is an important role and affects the network
stability. This paper focuses on the influence study of CPV location on voltage stability .PSS/E has been used as a
tool for simulation and validation the integration of CPV to 14-IEEE network as benchmark test. Ac contingency
analysis tool is used to study the voltage stability at different cases and locations of CPV. Results indicate that the
distributed CPV improves the voltage stability of the network, rather than centralized CPV. Distributed CPV connects
at different locations and near to the load. Therefore, the impact of distributed CPV is minimized with respect to
voltage stability issue.
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1. Introduction

CPV is a photovoltaic technology that generates electricity from sunlight. Contrary to conventional
photovoltaic systems, it uses lenses and curved mirrors to focus sunlight onto small, but highly efficient,
Multi-Junction (MJ) solar cells. In addition, CPV systems often use solar trackers and sometimes a
cooling system to further increase their efficiency [1], [2]. On-going research and development is rapidly
improving their competitiveness in the utility-scale segment and in areas of high solar insolation.

The integration of renewable energy (especially wind and solar) into the existing power systems is one
of the main challenges due to the major concerns about the power system stability as well as system
reliability. In the power system environment, the voltage stability is one of the main indicators of the
power system stability [3].

In general the voltage stability problems occur more frequently in a heavily loaded system. The change
in voltage is directly proportional to the change in load. Hence, voltage stability is sometimes termed as
load stability [4].

Among stability issues, voltage instability has been a major concern for power system. Several major
power interruptions have been linked to power system voltage instability in recent past [5]. It has been
proved that inadequate reactive power compensation during stressed operating condition can lead to
voltage instability.

The integration of CPV to grid has two types, as follows: First, grid-connected distributed that Provide
power to a number of grid-connected customers on their premises or directly to the grid. It has many
features, such as it can be integrated into the customer’s premises to increase reliability and reduce
dependency on the grid. It also plays a role in the smart grid management. Second, Grid-connected
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centralized CPV plants, which provide bulk power as a centralized power station. Its main features are oil
independence and reduction in green-house-gases with minimum operation and maintenance expenditure
[6]. CPV generator in medium and long terms, as recent studies suggested, will become very attractive
commercially. Also, large-scale implementations of CPV plant are implemented in many parts of the
world [7].

Recently, the increasing penetration levels of CPV plants are raising concerns to utilities due to
possible negative impacts on power system stability as speculated by a number of studies [8]. Thus, the
thorough investigation of power system stability with large-scale PV is an urgent task.

However, there are some related technical concerns that should be addressed beforehand CPV
generation. The characteristics of these generators are inherently different from those of traditional
generators. Integrating these resources into the bulk power system shouldn’t jeopardize the grid reliability
and security [9].

Although large-scale PV is capable of generating reactive power, however, the operation of PV in
terminal voltage mode has the potential for adverse interaction with other voltage controllers [9].

Therefore, grid code requires operation at power factors equal or greater than 0.95 for PV generators,
[10] [11].Moreover, the size and position of large-scale PV generator can introduce detrimental effect on
power system voltage stability as the level of PV penetration increased.

In this paper, the controller types of CPV generators are demonstrated and discussed in details. The
voltage stability analysis is used to study the performance of integration CPV introduce the paper, with a
large scale into grid. Influence of location CPV is studied with different cases. The IEEE-14 bus is used
as benchmark with integration of CPV.

This paper is structured as follows: Section I, presents the proposed model and discusses in details.
Section 11, shows the system description of the integration of CPV to IEEE-14 bus as benchmark. Section
I, presents the simulation results. Finally, the main conclusions and contributions of the paper are
highlighted in Section IV.

2. System Description

This section presents the typical structure of a grid connected CPV and the main controller types for
CPV are discussed. PSS/E program is used to develop the CPV generator models for simulation.

2.1. System modeling

The schematic diagram of a grid connected PV generator is depicted in Fig. 1. It consists of PV
module, dc/dc converter, dc/ac inverter and coupling transformer. A storage system is in general absent in
large grid-connected PV installations, except for small critical loads of the plant such as start-up controls.
However, there are some instances in which considerable storage has been integrated into large scale PV
[12].
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Fig. 1. A typical structure of a grid connected PV generator.

The task of tracking the Maximum Power Point (MPPT) in PV is usually performed by a DC/DC
converter at the output of the array, which regulates the voltage to the desired value. Since no moving
parts are employed in this process, the response of the MPPT can be considered instantaneous for system
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stability studies [13], [14].

The power inverter module calculates the current injection to the grid based on filtered active and
reactive power commands from the electrical control module. The inverter control module includes
reactive and active power controls [15].

The reactive control calculates the reactive current command for the remote bus voltage control. The
active power control compares the active power injected to the grid against the power reference, and
changes the active component of the injected current respectively as depicted in Fig. 2. The power
reference is controlled by the amount of DC power coming from the panel module.
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Fig. 2. Simplified control block of inverter model of PV.

The PSS®E Solar PV Unit dynamic stability model was developed to simulate the performance of a
PV plant connected to the grid via a power converter. The model is largely based on the generic wind
turbine model type 4 (WT4). This type represents the induction generator connected to the gird via full
scale power electronics [16].

3. Numerical Studies

Static analysis used to study the performance of a large scale PV connected to grid. CPV and
distributed PV are simulated .All numerical studies were carried out by PSS/E program.

3.1. System description

IEEE 14-bus network consists of two synchronous generators at bus 1 and 2, and three synchronous
condensers at bus 3, 8 and 6 as shown in Fig. 3. The technical data of the IEEE 14-bus is found in [17].
Total loads of the network are 310.8 MW and 88.2 MVAR with increasing by 20% from base load data of
the network. All loads are considered as constant P and constant Q, as a most severe load model case for
stability studies. Aggregation model is used to develop CPV generators.

In this section, two cases are developed to study the influence of location of CPV and distributed PV.
The penetration level of PV in this study is 30%.

Voltage stability analysis tools are studied and discussed in details in [18]. In this paper, AC
contingency is used to study the voltage stability by monitoring voltage buses at certain events or
contingencies.

3.2. Simulation results

® |EEE-14 bus without renewable energy (RE):
AC contingency analysis is applied to the IEEE 14-bus network as a base case to define critical buses.
Table 1 shows the worst contingency and their related voltages with less than 0.95 pu and more than 1.05

pu.
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Fig. 3. Locations of CPV at IEEE-14 bus network.

Table 1. Voltage buses at worst contingencies

Worst Contingency Bus No: Max Voltage Violation (pu)
Voltage with less than 0.95

Single 2-3 (1) 3 0.89516

Single 5-6 (1) 6 0.94721

Single 5-6 (1) 12 0.93158

Single 5-6 (1) 13 0.93318

Single 5-6 (1) 14 0.94881

As listed in Table 1, the outage line from (5-6) and line (2-3) are the worst critical contingencies Most
of the voltages buses are less than 0.95 at this event . These buses are 12,13,6 and 14 in order.

From this table, at outage line from bus 5 to bus 6, the weakest bus is 12 and bus 6 and 14 is the
critical stable. Bus 3 has voltage less than 0.95 that is 0.89156 at outage line (2-3).

Therefore, the CPV is connected at (bus 6, 8 and 12) for each case and study the impact of location on
voltage stability at the outage of line (5-6) and line (2-3).

The distributed PV is connected to buses (12, 14), buses (6, 13) and buses (8, 10) at each case. These
buses are estimated based on the recorded results in Table | with take in consideration load demand at
these buses. These cases are demonstrated as follow:

® |EEE-14 bus with CPV generators:

In this study the penetration level of CPV is 30% of the generated power .The sizing of PV is 80MW.
CPV generates active power only due to the high cost of the required inverter and transformer to supply
reactive power by CPV system.

Static analysis is applied to investigate the impact of CPV location on the voltage stability of network .
AC contingency analysis is applied to network for CPV at different locations (bus 6,8 and 12). the voltage
control mode is used to represent CPV for simualtion in this paper.

Fig. 4 shows the maximum voltage violation at the outage line (5-6) for IEEE-14 bus network with
CPV at location bus 8. Also, as shown in Fig. 3, the voltage drop in case CPV is greater than one without
RE.In this case, synchronous condenser at bus 8 is replaced by CPV. So the voltage drop is increased as
mentioned above.

From the ac contingency analysis, the worst contingency (single (2-3)) is found when the CPV is
located at bus 8, 6 and 12. This event has severe impact on bus 3 as listed in Table 2.
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From the above simulation results, the effect of the CPV on voltage stability of the network is positive
when connected to bus 12 and 6. These buses are near the loads and critical buses. The CPV serves these
buses at any disturbance.
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Fig. 4. Voltage buses at IEEE-14 with and without CPV at outage line (5-6).

Table 2. The impact of CPV location at outage line (2-3)
Worst contingency CPV located at bus 6 CPV located at bus 12 CPV located at bus 8

Maximum Voltage violation for bus 3
Outage line from bus 2 to bus 3 0.89177 0.87214 0.88021

® |EEE-14 bus with distributed PV generators

In this case, the penetration level is divided into two PV, where the sizing of PV is 40MW for each one.
The distributed PV generators are connected to bus 8 and 10.

AC contingency analysis is applied tolEEE-14 network with distributed CPV at bus 8, 10. Results are
recorded in Table 3. That indicates the voltage drop at bus 3 at the outage line 2-3 is less than in case
IEEE-14 bus without RE network and also for the integration of CPV at different locations. From
recorded results in Table 3, the voltage stability of the network, in this case, is improved and enhanced.

Hereby, the location of distributed CPV in the network has effective performance. Adequate analysis
should be implemented for defining the best location of CPV plants.

Table 3. Worst contingency for distributed PV at bus 8 and 10

Worst Contingency Bus No: Max Voltage Violation(pu)
Single 2-3 (1) 3 0.89850
Single 5-6 (1) 12 0.93658
Single 5-6 (1) 13 0.93773
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Fig. 5. Voltage violation buses for three cases.

To summarize the above results, Fig. 5 is developed to show the voltage buses at outage line (5-6) at
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each case and Table 4 listed these results. From this figure, the distributed PV generators that connected
at bus 6, 8 and 12 serves in voltage stability of the network. The penetration level of CPV is distributed at
selected three buses. These buses are selected based on the ac contingency analysis tool.

Table 4. Voltage buses at worst contingencies for all cases

Worst contingency Bus NO:  |EEE-14 Without CPV |EEE-14 with PV at bus 6,12,8 IEEE-14 With CPV
Single 2-3(1) 3 0.89516 0.87966 0.88021
Single 5-6(1) 6 0.94721 0.93872 0.85893
Single5-6(1) 7 1 1 0.94549
Single5-6(1) 8 1 1 0.93343
Single5-6(1) 9 1 1 0.92995
Single5-6(1) 10 1 1 0.90696
Single5-6(1) 11 1 0.94250 0.87834
Single5-6(1) 12 0.93158 1 0.84107
Single5-6(1) 13 0.93318 0.92531 0.84328
Single5-6(1) 14 0.94881 0.92696 0.86369
4. Conclusion

In this paper, the integration of PV in to grid with a large scale is demonstrated and discussed in details.
The CPV and distributed CPV are used to show the impact on the voltage stability.

Unlike other studies, the selection of location of CPV is determined as an initial step according to
location impact on grid stability. Ac contingency is used to monitor the voltage buses at certain events
and define the critical loading bus/ events.

From the numerical results, the distributed CPV improves the voltage stability of the network, rather
than centralized CPV. Distributed CPV connects at different locations and near to the load. Therefore, the
impact of distributed CPV is minimized with respect to voltage stability issue.

In case of large scale integrated CPV plant, contingency analysis should be implemented prior of site
/bus selection, to define CPV integration impact on the whole grid stability. Integration location/bus, in
this case, has the same importance of other familiar factors as irradiance and land size in CPV plant
planning.
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