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Abstract—The paper presents a study of the impact of increasing amount of distributed generation resources (DER) on control and management of transmission and distribution systems.  Paper considers how DER penetration influences frequency control during normal operational conditions. Controllability of different types of DER associated with frequency control is considered. List of power system parameters influencing frequency control is presented. Case study is based on analysis of frequency control aspects for the Baltic States power system interconnection. Methodology for analysis of DER penetration aspect is based on determination of hosting capacity – maximal level of possible DER penetration that provides efficient frequency control. Numerical results of case studies are presented in paper.

I.  Impact of increasing amount of distributed generation resources on control and management of transmission and distribution systems
The balance between generation and load is one of the basic requirements of the operation of power systems. Different levels of control are in use to guarantee this balance: ranging from the primary frequency control at a timescale of seconds through the planning of power stations at a timescale of several years. The network frequency must be maintained within strict limits in order to ensure operation of control facilities in response to a disturbance. The various disturbances in a power system will cause frequency deviation in the network. Control facilities, which prevent frequency deviation and allow keeping it within strict limits, are primary, secondary and tertiary control.

Massive penetration of distributed energy resources causes problems of frequency control. The paper presents a study of the impact of a small but increasing amount of DER on control and management of transmission and distribution systems.

Primary control involves the action of turbine speed governors of generating units, which will respond during the frequency deviation from the frequency set point as a result of imbalance between generation and demand in the network. Its aim is to prevent deep power system frequency decline. During the normal operational conditions frequency quality control requirements are defined by adopted standards of power quality. Standards describe the minimal frequency quality requirements.

There is a wide range of types of DER – small hydro, solar, wind power plants; CHP; diesel engine, micro-turbine, fuel cell powered generation sources, for example. It is essential from the point of view of frequency regulation to divide the different types of DER into two main groups – the intermittent and non-intermittent ones. The intermittent types of DER are wind and solar power plants. They are characterized by unpredictable production pattern.
The larger level of DER penetration in the power system, the larger reserves should be presented in the system to provide frequency control quality. 

System parameters influencing dynamics of frequency behavior and quasi steady state condition are considered:

· The structure of considered power system - types and lengths of transmission lines, types of installed DER, availability of local control elements, location of frequency control equipment etc.

· Parameters of network elements - inertia constants of electrical machines, parameters of governor systems, frequency characteristics etc.
The Baltic States experience of the grid integration of wind power plants is used for analysis of frequency control problem. The methodology is based on the concept of hosting capacity. For each relevant operational issue one or more performance indicators and limits are defined. The values of the performance indicators are calculated as a function of the DER penetration level. The hosting capacity is obtained as the penetration level for which the performance index exceeds its limit. Figure(1 illustrates region of hosting capacity of wind power plants for different droop and load damping coefficients. Calculations are made for different frequency control parameters such as governors’ droop S and load damping coefficient D.
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Figure 1.  Hosting capacity region of wind power plants, if the active power reserves for primary frequency control are increased proportionally to the penetration level of wind power plants

Depending on the power system parameters maximal wind power plants penetration level is vary from 4 to 21 %.

II. Recommendations and Conclusions

· No frequency control system is used in most intermittent types of DER for grid-connected operation under normal and emergency conditions. Hence, penetration of DER causes necessity to have additional generation reserves for conventional power generators, which would cover deviations in wind and solar power plant output. The power output from wind and solar power plants depend on inconsistent wind energy and solar irradiance, thus burdening frequency and active power control for regulating power plants. In comparison with the wind power plant, fluctuations of output power for solar plant are smoother.

· The possible solution of mentioned above problem is to use additional battery or other type of energy storage to filter fluctuations of energy deviations.

· Most of non-intermittent types of DER can have enough fuel on site or accumulate it (as in case of small hydro power plants) to maintain a constant output power. However, most of such DER are not equipped with frequency control systems.

· Problem of DER participation in frequency control has more economical aspects due to necessity to estimate economical efficiency of installation of governors. 

· Normally for integrated power system with the large generating reserves the decisive hosting capacity index is not a frequency deviation but the amplitude of intersystem power oscillations. This index should be calculated for each case study separately.
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