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ABSTRACT 
 
In this article, an operation plan and  control  method  is presented  for  the  integration  of photovoltaic (PV), battery (BATT) units, and local  
AC  loads  in  a  hybrid  micro  grid (MG).  The presented control method decreases communication problems between the renewable 
generators, BATT, and loads. Also, the control method consists of maximum power point tracking (MPPT) control for PV units. A 
MATLAB/SIMULINK simulation is presented to study the MG behavior and to validate the presented control scheme. 
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INTRODUCTION 

 
Using nonrenewable energy resources is main reason   of   
environmental   pollution   and   global   warming. Renewable 
energy can decrease CO2   emission, and energy demands from 
the main grid. Nowadays,   nonrenewable   energies   are   main   
energy resources for human activities and will continue to be a 
main cause of global warming and other environmental 
problems; therefore, finding renewable  and  clean  energy  
resources  is necessary.  The researches are based on either 
test-beds or simulations using different  MG.  Also,  the  
researches  present  different  control strategy. It is attempted 
to summarize the some new researches about integration of 
renewable energy generators in MG.Aichi MG is designed by 
Energy and Industrial Technology Development Organization 
(NEDO). The Aichi MG consists of fuel cells, PV panels, and a 
BATT. The fuel is a mixture of biogas, high temperature 
gasified gas, and town gas. Biogas is produced  by  methane  
fermentation  system  treating  garbage  onsite. The  main  
challenges  to  increase  rate  of  using renewable energy 
generators in power systems are technology evolution  and  
control  methods  for  integration  of  renewable energy 
generators in smart grids(Keyhani and et al, 2009). Recently,   
many   studies (Katiraei and et al ,2008; Kroposki and et al, 
2008; Loix and et al ,2009; Bossi and et al, 2006; Erge and et al 
,2006; Moneta and et al, 2009; Mitra and et al, 2008; Barnes 
and et al, 2005; Morozumi and et al, 2008; Hirose and et al, 
2006; Meiqin and et al, 2008; Jiang and et al, 2008;)  about   
integration   of renewable  energy  generators  in  MG  have  
been  studied. Integration of renewable generators in MG is a 
topic that has been  studying  and  testing  around  the  world 
(Aghaein  and et al, 2013; Kurohane and et al, 2011; 
Eghtedarpour and et al, 2012; Karabiber and et al, 2013; Choi 
and et al, 2011; Nairb and et al, 2013). High temperature 
gasified gas is produced by a high temperature gasification 
facility treating PET bottles and waste wood on site. The 
battery converter controls the voltage and balances  the   

 

generation  and  demand.  A  telecommunication network is 
used as the medium of communication. The AC integration 
method is used in the Aichi MG project (Morozumi  and et al, 
2008; Araki and et al, 2009; Shimakage and et al, 2008; Lidula 
and et al, 2011).   
The Hong Kong MG in (Lidula and et al, 2011).  is built attached 
to a single phase system of  230 V,  50 Hz. It integrates PV, wind 
and battery storage units. Central controlling strategy is used 
to balance the power generation and demand in the MG. In grid 
connected  mode  sources  generate  constant  P-Q  and  battery 
converter  lets  grid  following.  In  island  mode  the  battery 
converter operates in voltage control mode. Distributed 
sources  
generate  fixed  P-Q.  To  prevent  battery  over  charging  the 
battery  converter  is  set  to  recognize  when  battery  is  fully 
charged. As soon as the grid frequency increases beyond a 
threshold,  the  sources  are  set  to  limit  their  output  power 
according to a set active power versus frequency droop. The 
AC integration concept and centralized control are used in the 
Hong Kong MG project (Lidula and et al, 2011; Deependras and 
et al, 2009). Reference (Paska and et al, 2009) presents  
information about  hybrid  power systems. The paper presents 
a DC MG which integrates WT, PV, BATT and fuel cells units. 
The smart site scheme based on domestic renewable power 
generation is presented in  (Elnashar, and et al, 2010). Also, the 
paper presents site scale integration of renewable power 
generation with presence of PV and WT units. The proposed 
method can increase the voltage stability and power quality 
and isolates the consumer from the main grid faults and 
voltage instabilities. Reference (Deependras and et al, 2009) 
presents the test-bed consists of PV, WT, fuel  cell,  battery  
bank,  ultra  capacitor  bank,  conventional generators,  and  
various  loads.  The  AC  integration  concept, decentralized 
control, and centralized control are used in the Hefei 
University of Technology MG project (Lidula and et al, 2011; 
Deependras and et al, 2009).  A control strategy is presented in 
[16], for the integration of BATT and PV units in a DC MG. 
Using one renewable source  (PV) in the paper is a weakness 
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because irradiation condition is variable and it can decrease 
system efficiency. However, in the control strategy MPPT 
control is considered.  
In this article, an operation plan and  control  method  is 
presented  for  the  integration  of photovoltaic (PV), battery 
(BATT) units, and local  AC  loads  in  a  hybrid  micro  grid 
(MG).  In section II, configuration of the hybrid MG is discussed.  
The presented control strategies are described in section III.  A  
MATLAB/SIMULINK simulation and results are shown in 
section IV and finally the conclusion is given in section V. 

II. CONFIGURATION OF HYBRID DC/AC MICROGRID 

The proposed configuration of the hybrid MG consisting of 
local AC loads, local utility, PV unit with MPPT and BATT unit is 
shown in Fig.1. PV unit is connected to DC link through a 
DC/DC boost converter. BATT unit is connected to DC link 
through a DC/DC bidirectional buck boost converter. Local 
utility is connected to DC link through  an  AC/DC  bidirectional  
converter.  Local loads are connected to DC link through an 
AC/DC converter. According to Fig.1, the power flow in BATT 
unit and local utility is bidirectional, and in different conditions 
the direction of power flow can be changed to balance 
generation and consumption. 

 

Fig. 1. Configuration of the hybrid micro grid system 

In all of the modes, PV work in MPPT and inverter feeds local 
AC  loads.  In  two  modes,  the  DC  MG  is  not connected  to  
the  grid  and  operates  under  nominal  load condition. Also, in 
these modes irradiation and wind speed are in normal 
conditions. The insufficient or surplus power  is  
balanced by discharging or charging of the BATT.  The BATT 
works in charging or off state but the insufficient power is 
supplied by main grid. In two last modes, the DC bus voltage 
regulation is controlled by the grid. The MG operates in grid 
connected and islanding mode. In each of these modes, 
different operating modes may happen and the control system 
adjusts the DC bus and local AC loads voltage, frequency, and 
power oscillations. When load power is less than possible 
maximum power of the renewable generators, the BATT is 
fully charged. In order to protect the BATT from over charging 
the grid should adjust the  DC  bus  voltage.  Also,  when  load  
power  is  more  than maximum power of the renewable 
generators in order to avoid DC bus voltage drop and system 
instability grid should adjust the  DC  bus  voltage  by  injection  
of  demanded  power. Therefore, the controller of the 

bidirectional DC/AC converter decides to disconnect or 
connect the MG from/to main grid. In fact,  the  MG  according  
to  condition  of  generation  or consumption of power  can 
work  in islanding mode or grid connected mode. In other 
words, the insufficient or surplus power is balanced by grid or 
BATT in order to regulate the DC bus voltage respectively in 
grid connected mode or islanding mode. 

III.  CONTROL SCHEME  

A.  The Control Strategy for PV System  
For access MPPT and to connect the PV panel to the MG a boost 
DC / DC converter is used which is illustrated in Fig. 2.  
 

 

Fig. 2. PV arrays with MPPT to micro grid 

The converter for control the PV voltage uses the peak current 
mode control (PCM) (Eghtedarpour and et al, 2012; 
Erickson,1997). Block diagram of the control method for PV 
system is illustrated in Fig. 3. The PCM control has two control 
loops: voltage and current loops .In the current controller the 
PV current is compared with its reference value to protect PV 
against overloading. Reference value for PV current is 
produced by the voltage loop. In the voltage  controller  the  PV  
voltage  is  compared  with  its reference  value  to  produce  
reference  value  for  PV  current. Reference value for PV 
voltage is produced by the MPPT controller.   

B.  The Control Strategy for BATT System 
For access most efficiency and to connect the BATT to the MG a 
bidirectional buck boost DC/DC converter is used which is 
illustrated in Fig.  3 (Eghtedarpour and et al, 2012; Jiang Wei 
and et al, 2010). The buck boost converter for control the BATT 
voltage uses the peak current mode control (PCM) (Erickson 
,1997). In  the  voltage  controller  the  DC  bus  voltage  is 
compared with its reference value to produce reference value 
for BATT current. Voltage controller consists of three sections, 
the dead zone, the compensator, and the limiter. The BATT 
according to the DC bus voltage level can operate at charging, 
discharging, or floating modes(Eghtedarpour and et al, 2012).  
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Fig. 3. Battery used to micro grid 

C. The Control Strategy for DC/AC Converter System 
The power converter system used in this section consists of a 
three phase PWM voltage inverter with LC output filter and a 
Δ-Y transformer (Keyhani  and et al, 2009).  The VSC converter 
equivalent circuit is illustrated in Fig. 4. The transformer turns 
a three wire power system of the inverter to a four wire system 
for the load. Small  
capacitors are located at the load side to filter more harmonics 
and regulate the load voltages. A controller system controls the 
power converter by generation required PWM gating signals. 
Voltages and currents measured by the controller. 
 

 

Fig. 4. Power converter system used to micro grid 

 

IV.     MATLAB/SIMULINK SIMULATION RESULT 

For study the stability of the system and to validate the 
proposed control strategies a MATLAB/SIMULINK simulation 
test-bed have been constructed. For this purpose a test 
operating scenario is simulated.  Operations happening during 
the test are presented in Fig. 5.   

 

Fig. 5. Simulation test 

 

In this scenario irradiation conditions and load changes are 
variable.  This studies effect of irradiation changes, switch 
between grid connection mode and island mode and load 
changes on DC link voltage, battery current and load voltages. 

Simulation results are illustrated in Fig. 6. Results show the 
effective operation of the MG during various conditions. 
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Fig. 6. Results of simulation. 

 

V.    CONCLUSION 

This paper, presents an an operation plan and  control  method  
is presented  for  the  integration  of photovoltaic (PV), battery 
(BATT) units, and local  AC  loads  in  a  hybrid  micro  grid 
(MG).  The control schemes presented in this article including 
the MPPT control for WT and PV systems, and combine 
discrete time sliding  mode  current  control  and  robust  
servomechanism voltage control for   inverter  (DC/AC), to 
supply the loads and to adjust voltage, frequency, and power 
oscillations. A MATLAB/SIMULINK   simulation   test-bed   have   
been constructed to study the stability of the system and to 
validate the proposed control strategies. Results show the 
effective operation of the MG during various conditions, and 
validate the presented control scheme for integration of 
renewable generators in MG. 

 

REFERENCES 

1. Karabiber, C. Keles, A. Kaygusuz, B.B. Alagoz, An 
approach for the integrationof renewable 
distributed generation in hybrid DC/AC microgrids, 
RenewableEnergy 52 (2013) 251-259. 

2. A.A.  Ghasemi.  Control  of  Variable  speed  wind  
turbines  using intelligent methods based on 
quantum. Unpublished master's thesis, Bu Ali Sina 
University, Hamedan, Iran, January 27, 2013. 

3. A.M. El-Zonkoly, "Optimal Placement of multi-
distributed generation units including different load 
models using particle swarm optimisation"IET 
Gener. Transm. Distrib., 2011, Vol. 5, Iss. 7, pp. 760-
771  

4. Ali Keyhani, Mohammad N. Marwali, Min Dai. 
Integration of green and renewable energy in 
electric power systems. WILEY; 2009.  

5. Araki I, Tatsunokuchi M, Nakahara H, Tomita T. 
Bifacial PV system in Aichi Airport-site 
demonstrative research plant for new energy power 
generation. Solar Energy Materials and Solar Cells 
2009;93(6- 7):911-6. 

6. Baran  ME,  Mahajan  NR.  DC  distribution  for  
industrial  systems- opportunities and    
challenges. IEEE    Trans    Ind    Appl 
2003;39(6):1596e601. 

7. Barnes M, Dimeas A, Engler A, Fitzer C, 
Hatziargyriou N, Jones C, et al. Microgrid laboratory 
facilities. In: International conference on future 
power systems, IEEE. 2005. p. 1-6. 

8. Bossi C, Degner T,  Tselepis S. Distributed generation 
with high enetration of renewable energy sources, 
Chapter 3: laboratory tests case studies and field 
experience. Kessel, Germany: Dispower; 2006,Final 
public report-ENK-CT-2001-00522. 

9. Chandrasekhar Yammani, Naresh.s, Sydulu.M, and 
Sailaja Kumari M., " Optimal Placement and sizing of 
the DER in Distribution Systems using Shuffled Frog 
Leap Algorithm", IEEE conference on Recent 
Advances in Intelligent Computational Systems 
(RAICS), pp. 62-67, Sep 2011 

10. Deependra Singh, Devender Singh, and K. S. Verma, 
"Multiobjective Optimization for DG Planning With 
Load Models", IEEE Transactions On Power Systems, 
VOL. 24, NO. 1, Feb 2009  

11. Erge T, Becker R, Kro¨ger-Vodde A, Laukamp H, 
Thoma M, Werner R, et al. Report on improved 
power management in low voltage gridsby the 
application of the PoMS system. Kessel, Germany: 
Dispower;2006, ENK5-CT-2001-00522. 

12. Erickson  RW.  Fundamental  of  power  electronics.  
Norwell,  MA: Kluwer; 1997. 

13. Hirose K, Takeda T, Muroyama S. Study on field 
demonstration of multiple power quality levels 
system in Sendai. In: INTELEC’06, 
telecommunications energy conference, IEEE. 2006. 
p. 1-6. 

14. I.H. Choi, J.H. Lee, S.H. Hong, Implementation and 
evaluation of the apparatusfor intelligent energy 
management to apply to the smart grid at  home,  in:  
IEEEInstrumentation  and  Measurement  
Technology Conference, I2MTC, Hangzhou,China, 
2011. 

15. J. Aghaein, M.I. Alizadeh, Demand response in smart 
electricity grids equippedwith renewable energy 
sources: a review, Renewable and Sustainable 
EnergyReviews 18 (2013) 64-72. 

16. J. Paska, P. Biczel, M. K1os. Hybrid power systems - 
an effective way  of  utilizing  primary  energy  
sources.  Renewable  Energy 34 (2009) 2414-2421. 

17. Jiang Wei, Fahimi B. Active current sharing and 
source management in fuel cell-battery hybrid 
power system. IEEE Trans Ind Electronics 
2010;57(2)752e61. 

18. Jiang Z, Dougal RA. Hierarchical microgrid paradigm 
for integration of distributed energy resources. In: 
Power and energy society general meeting—
conversion and delivery of electrical energy in the  
21st century, IEEE. 2008. p. 1-8. 

19. K.  Kurohane,  A.  Uehara,  T.  Senjyu,  A.  Yona,  N.  
Urasaki,  T. Funabashi, C.H. Kim,Control strategy for 
a distributed DC power system with renewable 



Mahdi Mozaffari Legha et al                                                                          World J Environ Biosci, 2017, 6, (SI):1-5 

 

5 

energy,Renewable Energy 36 (2011) 42-49.  
  N.  Eghtedarpour,  E.  Farjah,  Control  strategy  for  
distributed integration of pho-tovoltaic and energy 
storage systems in DC micro- grids, Renewable 
Energy 45(2012) 96-110. 

20. Katiraei F, Abbey C, Tang S, Gauthier M. Planned 
islanding on rural feeders-utility  perspective.  In: 
08GM1373,  invited  paper  for presentation at the 
IEEE PES general meeting (Panel on 
Microgrids).2008. p. 1-6. 

21. Kroposki  B,  Lasseter  R,  Ise  T,  Morozumi  S,  
Papatlianassiou  S, Hatziargyriou  N.  A  look  at  
microgrid  technologies  and  testing projects  from  
around  the  world,  Making  microgrids  work.  IEEE 
Power Energy Magazine 2008;May/June:40-53  

22. Loix,  T,  Leuven,  KU.  The  first  micro  grid  in  the  
Netherlands: Bronsbergen. Available online on
 February 2009. http://www.leonardo-
energy.org/webfm_send/493. 

23. M. M. Elnashar, R. El-Shatshat and M. A. Salama, 
“Optimum Siting and Sizing of a Large Distributed 
Generators in a Mesh Connected System,” 
International Journal of Electric Power System 
Research, Vol. 80, June 2010, pp. 690-697  

24. Meiqin M, Ming D, Su Jianhui, Chang L, Min S, 
Guorong Z. Testbed for  microgrid  with  multi-
energy  generators.  In:  CCECE 2008, Canadian 
conference on electrical and computer engineering. 
2008. p.637-40. 

25. Mitra I, Degner T, Braun M. Distributed generation 
and microgrids for small island electrification  in 
developing countries: a  review. SESI Journal 
2008;18(1):6-20. 

26. Moneta D, Marciandi M, Tornelli C, Mora P. Voltage 
optimization of a LV microgrid with DERs: field test. 
In: Proceedings of the 20th international  conference  
and  exhibition  on  electricity distribution,IEEE; 
2009. p. 1-4. 

27. Morozumi S, Nakama H, Inoue N. Demonstration 
projects for grid- connection issues in  Japan.  
Elektrotechnik  & Informationstechnik 
2008;125(12):426-31. 

28. Morozumi S, Nakama H, Inoue N. Demonstration 
projects for grid-connection issues in  Japan.  
Elektrotechnik  & Informationstechnik 
2008;125(12):426-31. 

29. N.K.C. Nairb, L. Jing, Power quality analysis for 
building integrated PVand micro wind turbine in 
New Zealand, Energy and Buildings 58 (2013)302-
309. 

30. N.W.A. Lidula *, A.D. Rajapakse. Microgrids research: 
A review of xperimental microgrids and test 
systems. Renewable and Sustainable Energy 
Reviews15 (2011) 186-202. 

31. R. K. Singh and S. K. Goswami, “Optimum Allocation 
of Distributed Generations Based on Nodal Pricing 
for Profit, Loss Reduction and Voltage Improvement 
Including Voltage Rise Issue,” International Journal 
of Electric Power and Energy Systems, Vol. 32, No. 6, 
July 2010, pp. 637-644  

32. Shimakage T, Jiro Sumita, Uchiyama N, Kat T, 
Suzuoki Y. Supply and  demand  control of 
distributed generators in  a  microgrid.  In: INTELEC 
2008,30th  international  telecommunications  
energy conference, IEEE. 2008. p. 1-5. 

33. W. El-Khattam, Y. G. Hegazy and M. M. A. Salama, “An 
Integrated Distributed Generation Optimization 
Model for Distribution System Planning,” IEEE 

Transactions on Power Systems, Vol. 20, No. 2, May 
2005, pp. 1158-1165  


