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ABSTRACT: This paper proposes an integrated system of both wind power and wave power generation systems 
joined with a dc micro-grid. The paper deals with the power flows in a wind turbine based Distributed generation (DG) 
unit. The connection of distributed generators (DG) to distribution networks greatly influence the performance and 
stability of such networks. In the proposed work, separate wind turbine and wave power based generation system have 
been considered. These energy sources are coupled to synchronous generator which is interfaced to the grid through a 
rectifier inverter pair. A laboratory-grade test system has been considered to examine the fundamental operating 
characteristics of the integrated system fed to isolated loads using a dc micro-grid. Both frequency-domain analysis and 
time-domain simulations are performed for the studied integrated system using MATLAB/Simulink .Simulation results  
are observed that with controlling of dc micro-grid the proposed system with DG units can maintain stable operation 
under a sudden load-switching conditions. 
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I. INTRODUCTION 

With current initiatives on smart grid and sustainable energy, distributed generations (DGs) are going to play vital role 
in the emerging electric power systems[1,4]. The future active network will effectively and efficiently link small and 
medium scale electric power sources with costumer demands. DG is often used as back-up power to enhance reliability 
or as a means of deferring investment in transmission and distribution networks, avoiding network charges, reducing 
line losses, deferring construction of large generation facilities, displacing expensive grid-supplied power, providing 
alternative sources of supply in markets and providing environmental benefits. In recent years, DG has become an 
efficient and clean alternative to the traditional electric energy sources, and recent technologies are making DGs 
economically feasible. Increased demands on the nation's electrical power systems and incidences of electricity 
shortages, power quality problems, rolling blackouts, and electricity price spikes have caused many utility customers to 
seek other sources of high-quality, reliable electricity. Distributed Energy Resources (DER), small-scale power 
generation sources located close to where electricity is used  provide an alternative to or an enhancement of the 
traditional electric power grid. DER is a faster, less expensive option to the construction of large, central power plants 
and high-voltage transmission lines. They offer consumers the potential for lower cost, higher service reliability, high 
power quality, increased energy efficiency, and energy independence. The use of renewable distributed energy 
generation technologies and "green power" such as wind, photovoltaic, geothermal, biomass, or hydroelectric power 
can also provide a significant environmental benefit. 
Large scale wind generation is poised to be a significant future electric supply resource. As such, there are looming 
challenges related to integrating wind generation whose output varies throughout the day and from minute-to-
minute[6]. Coupling that variable wind generation with distributed electricity storage[7]. In addition to increasing the 
value of the output from wind generation, numerous other benefits are possible, including: increased utilization of T&D 
assets, using the same storage to provide ancillary services, enabling less variable operation of the conventional 
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generation fleet, reduced fuel use, air emissions and equipment wear, improved localized power quality and electrical 
service reliability. 

The simulated results of an Archimedes wave swing (AWS) power convertor coupling with a linear permanent magnet 
generator (LPMG) were compared with the experimental outcomes using the measured data obtained from a 2-MW 
AWS test system along the coastline . A configuration of a marine power plant with two AWSs connecting to a power 
grid was proposed in , and the outputs of the two AWSs were converted to dc quantity by individual diode bridge 
rectifiers and then subsequently converted into ac quantity by an inverter to reduce the fluctuation of the combined 
rectified output power.  

II. GENERATION HOSTING CAPACITY 

Hosting capacity is defined as the amount of DER that can be accommodated without adversely impacting power 
quality or reliability under existing control configurations. Understanding DG hosting capacity allows Electricity 
Distribution Businesses (EDBs) to determine the maximum amount of DG power that can be injected into each LV 
network without adversely affecting network operation or breaching regulatory requirements [3]. The hosting capacity 
of distribution grids generally refers to the level of DG penetration that the grid can withstand before exceeding one or 
more performance indices. 

 
Fig.1 Definition of hosting capacity 

 
DG penetration could be defined in a variety of ways. For instance, a common definition of penetration is: the 
percentage of the total power from distributed energy resources (DER) consumed within the grid to the total 
consumption during a whole year. With the desire to increase the production of renewable energy it therefore becomes 
important to develop objective means to determine the maximum amount of generation that can be connected to a 
power distribution system – the hosting capacity. The amount of Distributed Energy Resources (DER) the network can 
host depends on a number of parameters such as the characteristics of the generation units, the configuration and 
operation of the network. 

III. MODELLING AND CONTROLLING OF MICRO GRID 

 A micro grid can be defined as, ‘A network of low voltage power generating units, storage devices and loads capable 
of supplying a local area such as suburban area, an industry or any commercial area with electric power. The 
components of Micro grid are interfaced through quick response power electronics and present itself as a single entity 
and therefore can be connected to traditional power grid or can also be operated in stand-alone mode as a self-sustained 
power system [8]. A micro grid is a discrete energy system consisting of distributed energy sources and loads capable 
of operating in parallel with, or independently from, the main power grid. The primary purpose is to ensure local, 
reliable, and affordable energy security for urban and rural communities, while also providing solutions for 
commercial, industrial, and federal government consumers. Benefits that extend to utilities and the community at large 
include lowering greenhouse gas (GHG) emissions and lowering stress on the transmission and distribution system. 
Micro grids also integrate with renewable energy sources such as solar, wind power, small hydro, geothermal, waste-to-
energy, and combined heat and power (CHP) systems. Micro grids perform dynamic control over energy sources, 
enabling autonomous and automatic self-healing operations[4,5]. During normal or peak usage, or at times of the 
primary power grid failure, a micro grid can operate independently of the larger grid and isolate it’s generation nodes 
and power loads from disturbance without affecting the larger grid's integrity.  Micro grids interoperate with existing 
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power systems, information systems, and network infrastructure, and are  capable of feeding power back to the larger 
grid during times of grid failure or power outages. 

Among the many benefits of having a micro grid, one is that it facilitates distributed generation (DG) and high 
penetration of renewable energy sources . They increase power quality and reliability of electric supply. A micro grid 
having renewable energy sources will help to alleviate some of the environmental issues related to burning fossil fuels. 
There is an extensive literature on the various challenges posed by micro grids. Despite having some benefits of micro 
grid architecture in the grid environment, there are some challenges related to this also. Implementation is an issue. 
Micro grid protection is also considered one of the most important challenges facing the implementation of micro grids. 

 
Fig.2 Model of Micro Grid 

 
The above grid model shown in fig.2 is then represented and simulated using Matlab Sim Power Systems toolbox. 

 

IV.SYSTEM CONFIGURATION 

 
Fig.3 System Configuration 

 

http://www.ijareeie.com


 
 
    ISSN (Print)  : 2320 – 3765 
    ISSN (Online): 2278 – 8875 
 

International Journal of Advanced Research in  Electrical, 
Electronics and Instrumentation Engineering 

(A High Impact Factor, Monthly, Peer Reviewed Journal) 

Website: www.ijareeie.com  

Vol. 6, Issue 10, October 2017 
 

Copyright to IJAREEIE                                                     DOI:10.15662/IJAREEIE.2017.0610014                                             7466         

The above system is constructed and simulated in MATLAB. The configuration of the studied integrated wind and 
wave power generation system connected to an ac grid through a dc micro-grid. The wind power generation system 
simulated by a permanent-magnet synchronous generator (PMSG) driven by a wind turbine (WT) is connected to the 
dc micro-grid through a VSC of VSC_PMSG[11]. The wave power generation system simulated by an LPMG driven 
by a linear permanent magnet motor (LPMM) is also connected to the dc micro-grid through a VSC of VSC_LPMG. A 
resistive dc load R Load is connected to the dc micro -grid through a load dc/dc converter[12]. To achieve stable power 
flow (or power balance condition) and load demand control of the dc micro-grid under different operating conditions, a 
battery is connected to the dc micro-grid through a bidirectional dc/dc converter, while an ac grid is connected to the dc 
micro-grid through a bidirectional grid-tied inverter and a transmission line. When available wind power and/or wave 
power can be injected into the dc micro-grid with a fully charged battery, the surplus power of the dc micro-grid can be 
delivered to the ac grid through the bidirectional grid-tied inverter. When no wind power or no wave power is delivered 
to the dc micro-grid with a low-energy battery, the insufficient power of the dc micro-grid can be captured from the ac 
grid through the bidirectional grid-tied inverter[10]. The power of the resistive dc load R Load can be obtained from the 
dc micro-grid through the load dc/dc converter only when the dc micro-grid has enough power[8]. The load dc/dc 
converter with the resistive dc load R Load can also slightly adjust the power balance condition of the dc micro-grid. 
The control functions of the bidirectional dc/dc converter, the bidirectional grid-tied inverter, and the load dc/dc 
converter must be adequately coordinated with each other to obtain stable operation of the dc micro-grid.. 
 

V. SIMULATION RESULTS AND DISCUSSIONS 
 
Simulink diagram is shown below for test system, which represents optimal operation of wind energy distributed 
generation unit with micro grid controlling. 

 

Fig.4 Simulation  circuit 
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The  mathematical  models of the studied integrated system with the proposed dc micro-grid are derived , including the 
wind WT-PMSG set with its VSC, the wave LPMM-LPMG set with its VSC, the bi directional dc/dc converter with 
the battery, the load dc/dc converter with the resistive load, and the bidirectional grid-tied inverter. Both frequency-
domain analysis and time-domain simulations are performed using MATLAB/Simulink. The simulated waveforms are 
shown below.  
 
Idc grid simulation result 
 

 
Fig. 5 Throughput of receiving time vs current   

 
Vdc grid simulation result 
 

 
Fig .6 Throughput of sending time Vs vdc 

In fig 6, it shows the graph of throughput of sending time Vs current at grid control (vdcgrid) 
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Vabc grid simulation result 

 
Fig .7 Throughput of sending time Vs vabcgrid 

In Fig 7, Throughput of sending time Vs 3phase voltage at grid is shown. 

Iabc grid simulation result 

 
Fig .8 Throughput of sending time Vs Iabcgrid 
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Vabc wind                                                                                                                                          Iabc wind                                                         

                
Fig .9 Throughput of sending time Vs Vabc wind                              Fig .10 Throughput of sending time Vs Iabc wind 

 

Idc  pmsg                                                                                             Idc  lpmg 

        
Fig .11 Throughput of sending time Vs Idc  pmsg                           Fig .12 Throughput of sending time Vs Idc  lpmg 
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VI. CONCLUSION 
An integration of both wind power and wave power generation systems joined with a dc micro-grid has been proposed. 
A laboratory-grade test system has been presented in this paper to examine the fundamental operating characteristics of 
the studied integrated system fed to isolated loads using a dc micro-grid. For simulation parts, the results of the root-
loci plot and the time-domain responses have revealed that the studied integrated system with the proposed dc micro-
grid can maintain stable operation under a sudden load-switching condition. Comparative simulated and measured 
results under a load switching have been performed, and it shows that the studied integrated system with the proposed 
dc micro-grid can be operated stably under different disturbance conditions, while both measured and simulated results 
can match with each other. 
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