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ABSTRACT
                        When system frequency starts falling due to overloads or fault, there is a possibility of cascade tripping of turbine-generator units in the entire regional grid and the total National Grid. To avoid this and maintain save the Grid, the Network is Islanded into separate Islands. In majority of power systems, load shedding is automatically performed because the time available is insufficient for manual operation. Frequency relay is frequently utilized for load shedding                
                                                   The probability of load/generation match conditions being met at any time is a function of the load/generation match criteria. The risks associated with islanding can be reduced if the inverter has the ability to detect a loss of mains supply. The ‘fault tree’ method used to structure the PV risk analysis. The success of the protection system will depend on its correct design and the reliability of its components. The stability of a power island is governed by how long it is able to sustain itself.
INTRODUCTION

     Under stable steady state operation, all synchronous machines in the grid operate at synchronous speed. Frequency is the measure of load/generation balance. Prevailing frequency of synchronous generators and the Grid depends on matching between (Total MW Load on the Grid plus Losses) and the (Total MW Generation) at that time. Excess Load causes frequency drop. Excess Generation causes frequency rise. Hence frequency is a major control parameter.

         Primary frequency control is by governor – control of turbine speed to maintain constant rated frequency of generator unit.

         Secondary frequency control is by an instruction of Regional Load Dispatch Centre to Generation Stations to adjust turbine setting to increase/decrease the generation such that total Regional grid not only maintains its own frequency within target range but also imports/exports allocated power to neighboring Regional Grids.

         The Network Controller (Load Controller) has a computer aided closed loop control system. The frequency difference ΔF, is measured to determine the required generation difference ΔP.

         The instructions are sent to turbine-governor of each generator turbine unit for appropriate setting. The turbine governor controls the speed (hence frequency) as per that setting and generator gives corresponding power output.

         When the frequency of a generator-turbine unit falls below safe value, the frequency relay operates and gives alarm so that load should be shed. Load is shed at distribution level.

WHAT IS NETWORK   Islanded

                        When system frequency starts falling due to overloads or fault, there is a possibility of cascade tripping of turbine-generator units in the entire regional grid and the total National Grid. To avoid this and maintain save the Grid, the Network is Islanded into separate Islands. Frequency relays between adjacent islands measure and monitor df/dt and f such that during faster rate of fall of frequency, the Network is divided into separate islands, each having certain generation and load. Load shedding is carried out in each island. Thereby each island is saved from loss of synchronism and after the disappearance of the distaurbance, the islands are reconnected and the original Network is restored.

LOAD SHEDDING:

         When generators get overloaded beyond the maximum mechanical power input, it becomes necessary to interrupt some load to save the system from loss of stability. This process is called load shedding.

                                       In majority of power systems, load shedding is automatically performed because the time available is insufficient for manual operation. For automatic load shedding, the overloads should be sensed by relaying in suitable form. During overloads beyond maximum mechanical input, the frequency of generators or part of system decays proportional to the generator inertia and amount of overload.    

         The load shedding may cause the voltage rise in the network due to cutting off of reactive loads. Therefore control of reactive, power flow voltage rise is considered while planning the load shedding scheme.   

The load shedding is carried out in small steps instead of a sudden large step. This prevents power swings & shocks to system secondly the load shedding s preferably carried out at the level of distribution voltage & not at transmission voltage. 

         Frequency relay is frequently utilized for load shedding. A typical pick-up frequency would be 48.5 cycles. Time of operation of the relay is a function of the difference between the set frequency and the actual frequency.

         To ensure the co-ordination of all the relays in a particular network, the frequency relays must measure with high accuracy and the measured value should be preferably independent of voltage. 

PROBABILITY OF ISLANDING

                         Islanding of inverter-connected PV-generator systems means    “any situation where the source of power from the network operator’s distribution system is disconnected from the network section in which the generator is connected, and one or more inverters maintain a supply to that section of the distribution system”.

                Thus, in the event of a loss of mains supply, grid-connected PV systems are required to automatically disconnect from the grid in order to prevent the power network from islanding.

                      Many techniques, using either active or passive detection methods, have been developed over the years. This study has considered the risk of islanding to operators as a combination of the probability of load/generation match combined with the simultaneous loss of mains supply and the failure of the protection to detect the island on demand

              Risk (islanding) = P (match) * P (LOM) * P (protection failure)
Load/Generation Match

The probability of load/generation match conditions being met at any time is a function of the load/generation match criteria. The match criterion depends on the degree of closeness required to be considered as “matched”. It also depends on the parameters that need to be considered to be matched, such as load/generation current, real power and reactive power.
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                         Loss of Mains Protection and Islanding Detection

The risks associated with islanding can be reduced if the inverter has the ability to detect a loss of mains supply. Many islanding detection methods have been developed, where each method has its own inherent strengths and weaknesses. However, the detection of a loss of mains supply can never be absolute. For example, many of the detection methods have a “non detection zone” (NDZ), where under certain conditions the loss of mains supply cannot be detected
PV Risk Analysis
                   The ‘fault tree’ method used to structure the PV risk analysis, in this case we are initially able to consider the distribution network and the PV inverter separately to identify the potential for islanding and then assess how this impacts on the risk to operators 
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Stability of a Power Island

The stability of a power island is governed by how long it is able to sustain itself. For the purposes of this study we define three states of island stability:

i) Unstable island – an island condition that lasts for less than 5 seconds

ii) Quasi-stable island – an island condition that lasts for 5 to 60 seconds

iii) Stable island – an island condition lasting longer than 60 seconds

In this study, it is assumed that unstable islands (i.e. islands lasting < 5 seconds) do not present a significant risk, since there is a natural human response time delay between disconnecting an electrical circuit and performing any manual work on the disconnected circuit.

                 Similarly, the results of the Dutch study has shown that islanding conditions are unlikely to persist for >60 seconds and so islands of duration longer than one minute are also not considered in order to simplify the analysis.

ISLANDING AND RISK

It is now possible to assess the risk of islanding for network operators and customers.

The risk of islanding to network operators and customers can be examined first using a scenario where there are no safety measures 

                              If first consider the network operator and network maintenance staff, In this case, we are using a value of 10-3 for the contribution from the inverter loss of mains protection, with safe working practices providing an additional improvement in safety of 10-3. In addition, working practices are assumed to be in place such that only islands of duration >5 seconds are of concern. This gives an additional reduction of risk by a factor of 10-1. Also, the exposure rate of maintenance staff is higher than the base case, since they are actually working on networks on a daily basis
                    Thus, the calculation for the Risk (islanding) becomes:

             = (1.0*10-5) * (2.8*10-4) * (10-3) * (10-3) * (7.2*106) * (10-1) = 2.0*10-9 
 The additional risk is reduced to 2.0x10-9, which are approximately three orders of magnitude better than the risk that already exists. This is within the limits of acceptability, since the additional risk should be more than offset by improvements in safety as a result of greater awareness of the risk of electric shock in general, brought about by the introduction of grid connected PV systems.

Network Operators

The nature of the electricity industry means that strict working practices have been developed over a long period of time to ensure that the working environment is as safe as possible. It is necessary to establish some form of benchmark for the level of safety within the industry in order to put the risk analysis of PV islanding in context it is part of the procedure to take all reasonable steps to make the circuit dead and to check that the circuit is dead and earthed before performing any activity which could involve touching the conductor. During the maintenance operation, the conductors are then still treated as if they were live, just in case a mistake is made. 

INVERTER

Inverter Risk Analysis 

        For an inverter to detect loss of mains supply, three conditions need to be satisfied. Firstly, the protection must be designed correctly and be operational. Secondly, the inverter must be installed correctly thirdly; the inverter must be operating within its “detection zone”. Thus, failure to meet of any one of these criteria will lead to the inverter failing to detect loss of mains. 
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                      Risk Calculation for Network Maintenance Staff
Protection Failure

The success of the protection system will depend on its correct design and the reliability of its components; Failure modes include either hardware failure or software failure. With hardware failure, it is important to distinguish between failure of the device and failure in an unsafe way. The latter could arise from such things as failure of the control circuits that normally cause the inverter to shut down or a failure of the disconnect device itself. Software failure includes the software actually used to detect the island and the software communicating with the disconnect relay.

Incorrect Installation
The inverter, although designed and working correctly, could still fail to provide the required protection if it is installed incorrectly. This could arise from:

1. Incompetent installation

2. Vandalism/tampering

3. Illegal connection 
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Islanding Non-Detection Zone (NDZ)

The non-detection zone can be used as a way to visualize the normal operating ‘envelope’ for the inverter. The NDZ boundaries reflect the match of both real and reactive power (function of voltage/phase/frequency) sustained for a long enough period to qualify as an ‘island’ (this is taken as 5 seconds in several countries).

CONCLUSION

                        The risk of electric shock associated with islanding of PV systems under worst-case PV penetration scenarios to both network operators and customers is typically <10-9 per year Thus, the additional risk presented by islanding does not materially increase the risk that already exists as long as the risk is managed properly Loss of mains (LOM) protection functionality provides additional safety, up to a point.

          Finally we can recommend that using this islanding system more advantages to grid & power stations which are closely interrelated. The inverters are the main role in photovoltaic islanding system. Photovoltaic system is a continuous process. In this process safety consideration is important there is a need to inform and educate both network operators and customers about the implications of the use of PV systems become more widespread.
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