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Abstract— Recently, growing electrical energy market and increasing integration of renewable energy sources (RES) in power
systems have led to new challenges on network planning step and operation, thus it is required to investigate and analyze
properly the impacts of integrated RES on the power system.

In this paper, the electricity transmission network with wind farms (WF) is modeled. For the grid model, a part of Izmir region is
chosen due to the amount of installed generation plants based RES especially wind energy in this region. The comparison
between unexpected variations to voltage profile of the power system before and after RES integration to the power system is
demonstrated. In the modeling of the electricity transmission network with RES, Digsilent /Power Factory is used as software.
The different case studies in integration of different amounts of RES are implemented on the developed grid model. As a result of
the conducted case studies, effects of RES on existing power system are evaluated and graphics obtained from the simulation are
presented. Especially, the voltage profile of power system is examined.

Keywords— Electricity transmission network, Digsilent, Renewable energy sources, Voltage profile, Wind farms.

l. INTRODUCTION

Smart grids are becoming an important issue in today’ and future’ power system network configurations. New modern power
grids offer detailed information about the power grid in real time, rapid analysis of failures and also offer the ability to connect
large quantities of RES to the power system. The quick growths of global industry and business have caused a significant
shortage of available energy in the circumstances of excessive utilization of fossil fuels. As well as security of supply concern,
environmental concerns have placed investment in low-carbon power generation technologies as one of the priorities on the
energy agendas of many countries around the world. Therefore, generation of electricity from RES is viable option which will not
only fulfill the growing energy demand but also take care of the environment.

India is one of the countries with the largest production of energy from renewable sources. In the electricity sector, renewable
energy (excluding large hydro) accounted for 20% of the total installed power capacity (71.325 GW) as of 30 June 2018. Large
hydro installed capacity was 45.29 GW as of 31 March 2018, contributing to 13% of the total power capacity. Unlike most
countries, India does not count large hydro power while accounting for renewable energy targets as it comes under the older
Ministry of Power instead of Ministry of New and Renewable Energy. Thus, renewable energy including large scale hydro-power
currently adds up to more than 33% of the total installed power capacity in India.

Source ¢+ Total Installed Capacity (MW) + 2022 target (MW) +

TOTAL £9.022 175,000
=

F1G.1 Installed grid interactive renewable power capacity in India as of 31 May 2018
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Integration of RES has imposed additional uncertainties and challenges on power systems, as RES are intermittent and their
location are geographically dispersed. The sharp electricity generation which is increased by RES creates a necessity for different
studies to analyze impacts of integration of RES on the power system. Nowadays, while power systems have evolved through
continuing integration of new units into power systems and the increased operation in highly stressed conditions, different forms
of the system instability and security have emerged. For example, voltage stability has become greater concerns than in the past.
Thus, the system stability analysis including static voltage stability analyses are very important in order to maintain hold the
equilibrium of the system.

Voltage is considered as an important index because of its effect on system stability and security. Variations in P and Q affect the
voltages at all the buses in the system as well. VVoltage stability may be defined as the ability of a power system to hold steady
voltage at all buses in the system for a given initial conditions and after being subjected to a physical disturbance. Therefore, the
voltage stability analysis can be implemented so as to make decision whether voltage level at all buses is at acceptable level or
not. Increasing distributed generation systems which are based RESs impact power grids. Moreover, because constant generation
can’t be generated from RESs with regard to conventional energy sources, maintaining of the system equilibrium and stability are
difficult.

. LITERATURE REVIEW

In this respect, in the literature many different studies are conducted to be seen the effect of renewable energy.

e Lima et al. investigated to the effects wind generation on the electricity market of Iberian. Some forecast analysis
presented with historical data using for between 2008 and 2016 years. As result of this study especially the undesirable
situations were seen on the grid when the wind power production forecasts cannot be done correctly.

e Ozdemir et al. analyzed to the impact of largescale integration of RES on electricity infrastructures of EU corridors up
to 2050 using economic optimization under different integration conditions.

e Fleury et al. explained the Brazilian experience on the integration of renewable energy, emphasizing lessons learned and
new challenges to be faced.

e Similarly Shafiullah et al. simulated a power system model for Australia power grid to investigated impacts of large
scale renewable energy on high voltage transmission system.

e Also Molina et al. investigated to the contribution of renewable with regard of costs, technological diversity, CO2
emission and energy injection on the Chilean electricity system.

e Duan et al. proposed a method to analyze the effects of wind energy on transmission system with using the Weibull
Distribution Function. And the results of method were used to estimate transmission capacity on the lines.

e Syafawati et al. made a case study of the potential evaluation of solar energy in Malaysia. Also this study gave the
information about solar radiation and the geometrical relationship of its natural resources in order to determine the
potentiality.

e Lenci et al. showed the importance of RES forecast accuracy for power systems and the needs of control reserve with
increasing RES integrations.

Also, increasing the distributed generation effects the behaviors of the grid in the fault cases. After being occurred faults, it is
expected to regain equilibrium of the system. Therefore, these abilities of the distributed generation sources must be investigated
and analyzed. Also khiry et al. investigated the fault — ride through capability distributed generation and the difference between
the base case with and without DGs when a transient fault is occurred on power system.

1. POWER SYSTEM PLANNING

The increasing penetration of renewable resources will have a significant impact on the performance and reliability of the
electricity grid. This is largely because of the variability of renewable resources and the lack of large-scale economical storage
capability. This impact will be discussed with respect to planning and operation, primary functions related to grid performance
and reliability. Traditional planning for a power system and for expanding transmission functions has been undertaken in
response to the needs of the transmission system based mainly on past and projected loading levels, which have traditionally been
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estimates of future demand. In the deregulated market, and in the present case of using different renewables (i.e., different in
source and in temporal characteristics, as well as in geographic location), transmission planners must respond to the needs of
power generators. In other words, planning to expand transmission may now be driven by the location and type of generation,
rather than by the needs of the transmission system. To compare, traditional transmission planning processes are driven by loads
and have a “bottom up” structure, whereas current transmission planning is driven more by generation needs.

The term “integrated system planning” (see Figure 2) refers to the inclusion of the temporal, stochastic, and voltage-level
characteristics of generation sources in plans for system expansion. In addition, because renewable resources have characteristics
that favor large-scale energy storage, the storage components must be included in the integrated system plan. In the real-world
environment, federal and state projections and long-term plans and portfolios may also strongly influence the expansion of the
transmission system. The factors that must be considered in planning for increased renewable energy transmission are briefly
described below.
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V. SCALABILITY OF NETWORK TOPOLOGY

Because a future power transmission and distribution network with a high percentage of renewables may have more generation
sources than existing networks, scalability will be a significant factor. Planners will have to determine (1) the network topology
best suited for this new scenario and (2) the effects on system performance and reliability of having a large number of spatial ly
distributed generation sources. Network topology will significantly impact total transmission losses, as well as performance of
the overall network when subjected to disturbances. If the network has a very large number of power sources, the range of
possible power-flow configurations will be enormous (Hecker et al., 2009). Although this will make the performance and
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reliability problems much more challenging, it will also provide opportunities for designing networks that can out-perform
traditional networks.

4.1 Transmission Architecture

The main objective for legacy transmission systems was to transmit power from relatively local (e.g., within a radius of about
500 kilometers [km]) generation sources to load centers. Under deregulation, this objective has migrated to much longer
distances and much higher operating power levels (e.g., many hundreds of megawatts, perhaps > 1,000 MW, for 1,200 km or
more). With the assumed renewable energy portfolio and the degree of variability from wind and solar sources, it will be critical
for planners to take advantage of the geographical diversity among renewable resources. To facilitate a balance, a large high-
voltage backbone may be necessary. This backbone network could consist of an interconnected transmission grid at voltage
levels of 765 kV or greater that would provide the capability of moving a large amount of power from where it is generated to the
locations where it will be used.

Because distributed resources may be widely dispersed and have diverse temporal characteristics, their operating level and
transmission paths are a combination of high and low MW levels and long and short distances. At the 50 percent penetration
level, one might expect transmission paths and transmission loading well into the hundreds of kilometers and hundreds of MW.
These changes in transmission topology to account for distributed resources can be facilitated, at least in part, in the following
ways (Osborn and Zhou, 2008):

Voltage-level and power-level upgrades would be made to existing high-voltage DC (HVDC) systems and/or new parallel
HVDC systems to convert existing 12-pulse bipolar designs into 24-pulse bipolar designs. These changes could dramatically
increase operational power levels and reliability and concomitantly decrease the impact of HVDC converters on power quality.

Transmission routes would be determined after taking into account the intermittency of resources, load patterns, and available
rights-of-way. The performance of planned routes under varying conditions would be evaluated, including the analysis of
adequacy and reliability. The stochastic nature of the renewable resources would also have to be accounted for.

e Optimal Storage

e For optimal use, many renewable resources require energy storage. The following factors must be considered in
designing optimal storage systems:

o type of storage (batteries; flywheels; superconducting magnetic energy storage systems; pumped hydro storage systems;

compressed-air, molten-salt, fuel cells + hydrolyser; and other active and passive innovative systems)

voltage level and power level at the point of interconnection

energy-storage rating

time duration and time profile of the charge/discharge cycle

physical location of the storage device in the system (e.g., proximity to loads, sources)

control objectives

ownership and operator of the storage elements

maintenance of the storage elements

cost and efficiency (energy recovered/energy stored)

availability and commercialization—including availability at a specific time in the future

V. INTERFACES BETWEEN THE GRID AND RENEWABLES

In light of the very wide range of capacity ratings for the renewable mix and the well diversified technologies used to integrate
them into power grids, renewable sources can be categorized into concentrated energy resources (CERs) and distributed energy
resources (DERs). Concentrated Energy Resources. Among CERs, geothermal, biomass, and concentrated solar systems have
conventional synchronous generators and steam prime movers. As a result, integration of these CERs is expected to be less
challenging than for DERs. However, large-scale wind farms and large-scale PV systems present a spectrum of technical
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challenges that will require thorough investigation. The technical challenges arise mostly from the expanding application of
electronic devices at high power ratings. For instance, large wind turbines with power ratings of more than 1 MW nowadays
commonly have DFIGs. A wind generation system with DFIGs requires an AC-DC-AC power converter rated at about 30
percent of the full power rating of the generator to achieve variable operation frequency within the range of £30 percent of the
nominal frequency of 50 Hz. In addition, emerging direct-drive wind generation systems that use permanent magnet synchronous
generators (PMSGs) are expected to prevail at the power rating of 3 to 5 MW, which is suitable for offshore wind farms. Systems
with PMSGs require power converters that can handle the full power rating of the generator. For CERs with large-scale PV, the
power electronic interface is indispensable because of the necessity of converting DC voltage generated by PV into the 60 Hz AC
voltage of the grid. Distributed Energy Resources. For DERs, namely distributed wind and PV generation systems, large numbers
of small-scale generation sources are dispersed at the distribution level. Facilitating the integration of DERs will require
microgrid and power management systems that transparently provide control and regulation

VI. CONCLUSION

Increasing energy demand and environmental concerns have led to increased use of RES over the world. Generation of electricity
from RES is an alternative and effective method in order to overcome energy problems in the global scale; however, integration
of RES has caused some negative impacts on the power systems. This article has highlighted the potential impact of increased
penetration of renewable resources on the planning and operation of the bulk power system. Increased penetration of renewable
resources has the potential to introduce major technological challenges that would have to be met to satisfy existing planning and
reliability standards.
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