
 Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN 2249-9598, Volume-07, June 2017 Special Issue (02)  

 

w w w . o i i r j . o r g                      I S S N  2 2 4 9 - 9 5 9 8  
 

w w w . o i i r j . o r g                      I S S N  2 2 4 9 - 9 5 9 8  
 

Page 156 

                          Evaluation of Power Balancing Control for Ac/Dc Micro grid 
Connected to  Wind-Wave Power Generation System 

 
V.Surekhaa, M.V.Narasimha Murthyb, J.Sunil Babuc 

aAssistant Professor, Department of EEE, Kallam HaranadhaReddy Institute of 
Technology, Guntur, JNTU-Kakinada, AP, INDIA,522019  

 bAssistant  Professor ,Department of EEE, Kallam HaranadhaReddy Institute of 
Technology, Guntur, JNTU-Kakinada, AP, INDIA,522019   
cAssociate Professor, Department of EEE, Narasaraopeta Engineering college, 
Narasaraopet, JNTU-Kakinada, AP, INDIA, 522603 

- - - - - - - - - - - - - - w w w . o i i r  
I S S N  2 2 4 9 - 9 5 9 8 o i i r j . o r g                      I S S N  2 24 9 - 9 5 9 
            
 
          In this paper presents power flow analysis in wind power and wave power 
generating systems. This paper proposed Co-ordination of wind and wave power 
generation systems fed to an ac power grid or connected with an isolated load by 
using a dc micro grid based on VSC controller. The proposed dc micro grid connects 
with a wind power generator and wave power generator through a VSC, an energy 
storage battery through a bidirectional dc/dc converter, a resistive dc load through a 
load dc/dc converter, and an ac power grid through a bidirectional grid-tied inverter. 
AC/DC micro grid concept introduces to reduces multiple reserve conversions and it 
will consists of both A.C and D.C networks connected to distribution generation 
through multi bi-directional converters and to maintain stable operation of system by 
using proposed coordination schemes in the MATLAB Simulink environment 
 
KEYWORDS:  Wave power, Wind power, Battery storage, Micro grid,VSC 
 
 I. Introduction: 
           In recent years, renewable energy and distributed generation systems (DGS’s) 
have attracted increasing attention and have been extensively researched and 
developed. They gradually alter the concepts and operations of conventional power 
generation systems. The rise in several countries makes it possible that this kind of 
DGS can be practically applied to the grid-tied systems or an isolated system with 
wind power, solar power, hydro power, wave power etc. The output of DGS usually 
includes two kinds-DC & variable AC. Moreover, the generating capacity of DGS 
comparing with conventional large synchronous generator is much smaller, and 
hence, the dc micro-grid can be practically applied to convert the generated time-
varying quantities of renewable energy and DGS into smooth dc electricity that can 
then be converted back into ac quantities delivered to other power systems [1], [2]. 
Because of the intermittence of renewable energy and DGS, bidirectional dc/dc 
converters are usually necessary to feed the connected loads with smooth power. This 
project proposes an integrated wind power and wave power generation system fed to a 
power system or connected with an isolated load using a dc micro-grid.  
 
         A bidirectional dc/dc converter is proposed to achieve the integration of both 
wind power and wave power generation systems with uncertainty and intermittent 
characteristics  [3]. As long as the sun heats up the earth, there will be wind energy 
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available on the earth. Formation of wind can be clearly visible at ocean bank where 
land and huge water meet. If we see during the day time, the air on top of the land 
becomes hot more quickly than the air above water [4]. The warm air above the land 
expands, becomes less dense. But air over water becomes hot less quickly then that on 
the land hence air above the water remains heavier, denser compared to the air above 
the land. The hotter air above the land gets higher due to it's less density. As soon as 
this air gets high, cooler air over the water flows in to take the vacant place and 
consequently there is a wind hence wind energy is obtained. Again at night time, the 
land radiates heats more rapidly than water. Hence land portion becomes cooler more 
quickly than water. Because of that the air above the land becomes cooler than air 
above the water. Hence at night the hotter air above the water gets high because of 
lesser density [5]. This vacant space will be occupied by cooler and heavier air from 
land portion. Hence there will be again a wind but in reverse direction compared to 
day time. In the same cycle, the full of atmosphere winds that surround the Earth are 
produced because of the land near the equator is heated more by the sun than land 
near the North and South Poles. The kinetic energy available in the wind is referred as 
wind energy and that energy can be efficiently utilized for generating electricity. 
Wind is renewable or non-conventional source of energy. This is clean, has no any 
effect of greenhouse on the atmosphere  [6]. Most important thing - it is substitute of 
fossil fuels such as coal, oil or petroleum and natural gas etc. These are in limited 
quantity on earth and but primary source of producing electricity. Globally, 67% of 
electricity generated from fossil fuels, 13% from nuclear energy and rest of 20% from 
renewable energy source such as hydro energy, solar energy, wind energy, tidal 
energy etc. So we see how much the world depends on fossil fuel for producing 
electricity and that is why we focus on wind and other renewable energy sources to 
generate electricity for overcoming the dependence on fossil fuels. Running cost of 
electricity produced by wind is low once the turbines are installed and no much 
maintenance is required for long time [7]. It also takes some land for installation but 
most of the land they are on can be still farm or used to crop animals so using of land 
is not an issue. One important thing is that, most cases wind plant is installed at the 
good height to obtain sufficient wind to produce electricity. It is the world’s fastest 
growing electricity resource. During generation of electric energy by means of wind 
energy through wind turbines, numbers turbines are connected together to obtain 
desire output. This assembly of wind turbines together is called wind farm. Actually, 
single wind turbine may not be sufficient to produce desired electricity as our 
requirement. 
       Tower is very crucial part of wind turbine that supports all the other parts. It is 
not only support the parts but raise the wind turbine so that its blades safely clear the 
ground and so it can reach the stronger winds at higher elevations  [8]. The height of 
tower depends upon the power capacity of wind turbines. Larger turbines usually 
mounted on tower ranging from 40 meter to 100 meter. 
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Fig:1 Configuration of the studied integrated wind and wave power generation system connected 

to a power grid through the proposed DC  micro grid 
           A 12-kW experimental system was constructed in to confirm the effectiveness 
of the proposed scheme. In order to achieve power sharing and to Optimize the dc 
micro grid, the control strategies for an islanded micro grid with a dc-link voltage 
control were developed in and, while the control strategies were combined with P/V 
droop control and constant-power band to avoid frequent changes and voltage-limit 
violation on generation devices [9]. A battery/ultra capacitor hybrid energy storage 
system was proposed in for electric-drive vehicles. To satisfy the peak power 
demands between the ultra capacitor and battery, a larger dc/dc converter was 
necessary. The studied system utilized two storage devices to compensate mutually in 
order to prolong the life of the battery. The simulated and experimental results were 
carried out to verify the proposed control system. This paper proposes an integrated 
wind and wave power generation system fed to a power system or connected with an 
isolated load using a dc micro grid. A bidirectional dc/dc converter is proposed to 
achieve the integration of both wind and wave power generation systems with 
uncertainty and intermittent characteristics. 
 
II Model of Bidirectional Dc/Dc Converter: 
           The converter consists of two power switches (S1 and S2) and an energy-store 
inductance L Battery.  
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Fig 2:Basic Schematic Diagram, Dynamic Average-Value Model, and Control Block Diagram of 

the Employed Bidirectional Dc/Dc Converter. (a) Basic Schematic Diagram. (b) Dynamic 
Average-Value Model. (c) Control Block Diagram. 

        
       The design purpose of this capacitor  can be connected to either the dc bus of the 
dc micro grid or the battery on the low-voltage side. The utilization of the two power 
switches S1 and S2 can effectively achieve boost or buck mode of operation, while the 
direction of power flow between the dc micro grid and the battery can also be 
interchanged. The characteristics of the bidirectional dc/dc converter are different 
under boost or buck mode of operation. Assume that the high-frequency switching 
phenomena are neglected. To obtain both simple boost mode and buck mode of 
control, high-frequency pulse width modulation (PWM) must be neglected by 
applying duty ratio control to achieve bidirectional functions as follows:  
 
where    DB = the duty ratio of the converter,  
             CDC = the equivalent capacitance of the dc micro grid, 
              L=Battery is the external inductance of the battery,  
             R =Battery is the internal resistance of the battery, and  
              I Battery and iDC = the currents at the low voltage and high-voltage sides of                         

the converter, respectively. 
 In order to solve the control problem of the bidirectional converter under two 
different power flow directions, the control strategy is based on an inner current loop 
control joined with an outer voltage loop control. Fig. 8(c) shows the two feedback 
loops for the battery charging power control and the dc voltage control of the dc 
micro grid. When disturbances occur, the control of VDC can be achieved by adjusting 
the battery charging current through feeding back VDC and PBattery 
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Boost mode of operation: 

 
Fig 3:Basic Schematic Diagram, Dynamic Average-Value Model, and Control Block Diagram of 
the Employed Load Dc/Dc Converter. (a) Basic Schematic Diagram. (b) Dynamic Average-Value 

Model. (c) Control Block Diagram. 
 

 
Fig 4:Configuration of the Laboratory Renewable-Energy Generation System 
 
III. Design Of A Wind Turbine Generating Systems: 
 
 
 
 
 
 
 
      
 
      

Fig 5 :Block diagram of wind turbine working 
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       The realization of a wind turbine as a source of clean, non-polluting and 
renewable energy may depend on the optimum design of the system and the 
control strategies of the d i f f e r e n t  possible parameters that can operate 
efficiently under extreme variations in wind conditions. The general goal of this 
paper is to optimize the electromechanical energy conversion of the wind turbines, 
d e v e l o p i n g  suitable strategies of control. Both induction and synchronous 
generators can be used for wind turbine Systems. 
          A battery/ultra capacitor hybrid energy storage system was proposed in [15] for 
electric-drive vehicles. To satisfy the peak power demands between the ultra capacitor 
and battery, a larger dc/dc converter was necessary. The studied system utilized two 
storage devices to compensate mutually in order to prolong the life of the battery. The 
simulated and experimental results were carried out to verify the proposed control 
system. This paper proposes an integrated wind and wave power generation system 
fed to a power system or connected with an isolated load using a dc micro grid. A 
bidirectional dc/dc converter is proposed to achieve the integration of both wind and 
wave power generation systems with uncertainty and intermittent characteristics. 

 
Fig 6: Horizontal axis wind mill 

 
         The wind systems that exist over the earth‟s surface are a result of variations in 
air pressure. These are in turn due to the variations in solar heating. Warm air rises 
and cooler air rushes in to take its place. Wind is merely the movement of air from 
one place to another. There are global wind patterns related to large scale solar 
heating of different regions of the earth‟s surface and seasonal variations in solar 
incidence. There are also localized wind patterns due the effects of temperature 
differences between land and seas, or mountains and valleys. Wind speed generally 
increases with height above ground. This is because the roughness of ground features 
such as vegetation and houses cause the wind to be slowed.  
In the wind turbine the first system is calculated by    
Cp value is calculated in the next subsystem by using the following formula: 

 

 
J: Inertia moment of the turbine, axle and generator  
Fw: Axle friction  
Tem: Electromagnetic torque  
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           Wind speed data can be obtained from wind maps or from the meteorology 
office. Unfortunately the general availability and reliability of wind speed data is 
extremely poor in many regions of the world. However, significant areas of the world 
have meant annual wind speeds of above 4-5 m/s (meters per second) which makes 
small-scale wind powered electricity generation an attractive option.  
     The given micro WT was constructed for operation at an annual average wind 
speed of 5.5 m/s. It follows from the Rayleigh distribution for this case that major 
annual energy yield corresponds to the variable speed WT operation in the range of 
wind speed of 6 m/s and 12 m/s [9]. Hence, several operating modes can be 
distinguished for the given WT based on its operating wind speed. The given WT 
operates at a wind speed below 3 m/s (no energy produced) for 23% of time 
throughout a year. Slow wind speeds in the range of 3.5…6.5 m/s appear for 46% of 
the time during a year and produce 22% of the annual energy yield. Rated wind 
speeds that correspond to the peak of the energy yield distribution are within the range 
of 7…8 m/s for the given WT. They produce 24% of the annual energy during 16% of 
time. High wind speeds from 8.5 m/s to 25 m/s appear for 15% of a year when 54% of 
the total energy is produced. Therefore, five operating points were selected for the 
experimental study: points 1 (3.5 m/s) and 2 (5 m/s) correspond to low wind speeds; 
point 3 (7.5 m/s) was taken from the rated wind speeds range; points 4 (10 m/s) and 5 
(12 m/s) belong to high wind speeds, while the latter corresponds to the synchronous 
operation of the PMSG.  
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IV. Micro Grid: 
 
 
 
 
 
 
 
 

Fig 7: Micro Grid 
 

Overview of Micro grid : 
An electrical grid is an interconnected network for delivering electricity from 

suppliers to consumers. It consists of generating stations that produce electrical 
power, high-voltage transmission lines that carry power from distant sources to 
demand centers, and distribution lines that connect individual customers. Power 
stations may be located near a fuel source, at a dam site, or to take advantage of 
renewable energy sources, and are often located away from heavily populated areas. 
They are usually quite large to take advantage of the economies of scale. The electric 
power which is generated is stepped up to a higher voltage at which it connects to the 
transmission network.The transmission network will move the power long distances, 
sometimes across international boundaries, until it reaches its wholesale customer 
(usually the company that owns the local distribution network. On arrival at a 
substation, the power will be stepped down from a transmission level voltage to a 
distribution level voltage. As it exits the substation, it enters the distribution wiring. 
Finally, upon arrival at the service location, the power is stepped down again from the 
distribution voltage to the required service voltage. 
            
INTERCONNECTED GRID: 
      Electric utilities across regions are many times interconnected for improved 
economy and reliability. Interconnections allow for economies of scale, allowing 
energy to be purchased from large, efficient sources. Utilities can draw power from 
generator reserves from a different region in order to ensure continuing, reliable 
power and diversify their loads. Interconnection also allows regions to have access to 
cheap bulk energy by receiving power from different sources. For example, one 
region may be producing cheap hydro power during high water seasons, but in low 
water seasons, another area may be producing cheaper power through wind, allowing 
both regions to access cheaper energy sources from one another during different times 
of the year. Neighboring utilities also help others to maintain the overall system 
frequency and also help manage tie transfers between utility regions. 
 
 
 
 
 
 
 
 



 Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN 2249-9598, Volume-07, June 2017 Special Issue (02)  

 

w w w . o i i r j . o r g                      I S S N  2 2 4 9 - 9 5 9 8  
 

w w w . o i i r j . o r g                      I S S N  2 2 4 9 - 9 5 9 8  
 

Page 164 

V.MODELLING OF THE PROPOSED SYSTEM  
 
         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. 
 

 
  

Fig-8:q-d axis equivalent circuit model of the studied wind PMSG 
 
        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. 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. 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. 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. 
 
VI.EQUIVALENT   MODELS 
The WT model employed in this paper includes the following operation conditions: 
the cut -in wind speed of 4 m/s, the rated wind speed of 13 m/s, and the cut-out wind 
speed of 24 m/s. The detailed characteristics and expressions for the captured 
mechanical power Pw, the dimensionless power coefficient Cpw, the mechanical 
torque Tw, the tip speed ratio λw, and the blade pitch angle βw of the studied WT can 
be seen. Fig. 4.1 plots the q– d-axis equivalent circuit of the studied wind PMSG. The 
per-unit (p.u.) q- and d-axis stator winding voltages of the studied PMSG can be 
expressed by equation as follows are the q- and d-axis stator-winding magnetic fluxes, 
respectively. 

 
               
        iqsP and idsP are the q- and d-axis stator-winding currents, respectively; XmqP 
and XmdP are the q- and d-axis magnetizing reactance‟s, respectively; XlsP is the 
leakage reactance; XmP is the magnetizing current; rsP is the stator winding 
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equivalent resistance; and ωrP is the rotor speed of the studied PMSG, while p is the 
differential operator with respect to time t (i.e., p = d/dt), and ωb is the base angular 
speed in radians per second. 
          Offshore WECS provided with high frequency galvanic isolation enables the 
placement of power converters inside the nacelle of the wind turbine. This will reduce 
the cost of foundation due to its size reduction. Also, connecting all offshore wind 
turbines in series to form an HVDC link for transmitting power over long distances 
will reduce the cost and minimize the losses, when compared to classical HVDC 
transmission with an offshore substation [6]-[7]. In [8], a WECS for multiple–three 
phase winding PMSGs with medium frequency isolation employing parallel power 
converters is proposed. However, in Multi–MW wind turbine it is advantageous to 
have series connection of the power converters to increase the voltage level and hence 
to reduce the current. 

 
 
 

 
 
        The grid interface consists of two series connected onshore modules. VSCs DC 
bus voltage is regulated to 25kV. The VSC switching frequency is set to 2 kHz. The 
d-q current control loop and the DC bus voltage regulation loop have bandwidths of 
20Hz and 200Hz respectively. Onshore module consists of three CF-HF-TF sub 
modules (M=3), each rated at 3MW. The CF-HF-TFs regulates the DC link current 
with closed loop control. Table . I shows the important parameter of WECS and 
onshore modules used in simulation. 
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VII SIMULATION DIAGRAMS: 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 

Fig 9: Simulated block diagram for Co-ordination of wind and wave power generation 
systems using a dc microgrid 

 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig 10. Simulated block diagram for PMSG (Permanent Magnet Synchronous 
Generator) 
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Fig 11:Simulated block diagram for control of PMSG 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
                 
 

Fig 12: Simulated block diagram for control of LPMG 
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SIMULATION RESULTS: 
 
 
 

 
 
CONCLUSION: 
       The Co-ordination of wind power and wave power generation systems joined 
with a dc micro grid has been proposed. For simulation parts, the results of the time-
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domain responses have revealed that the studied integrated system with the proposed 
dc micro grid can maintain stable operation under sudden load-switching conditions. 
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. 
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