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ABSTRACT 

Microgrids are turning to be one of the most important factors for future power systems. 

In this thesis, the considered system consists of two resourses, namely Solar and Wind energy. 

These renewable energy sources are generally connected parallel in Microgrid system. In order 

to get better performance from Microgrid, the existing system has to be modified. This thesis 

presents the modeling and control of PV/wind Microgrid. Selection of suitable wind turbine and 

AC or DC Microgrid is clearly presented in thesis. 

 Microgrid concept integrates large amounts of micro sources without disrupting the 

operation of main utility grid. This hybrid Microgrid consists of PV/wind energy sources for DC 

and AC networks respectively. Energy storage systems may be connected to either AC or DC 

Microgrids. The proposed hybrid Microgrid operates in grid-tied or isolated mode. AC sources 

and loads are connected to AC network, whereas DC sources and loads are connected to DC 

network. Uncertainty and intermittent characteristics of wind speed, solar irradiation level, 

ambient temperature and load are additionally considered in the system model and operation. 

KEYWORDS: Photovoltaic, Wind, Microgrid. 



2 
 

Sammanfattning 

 

Mikrogridar blir den viktigaste faktorn för det framtida elsystemet. I denna avhandling 

består det övervägande systemet av två resurser sol- och vindenergi, och dessa 

förnybara energikällor som PV och vind är i allmänhet kopplade parallellt i 

mikrogridsystem. För att få bättre prestanda från mikrogrid måste det befintliga 

systemet vara modefied. Denna avhandling presenterar modellering och kontroll av 

PV / Wind Microgrid. Micro grid koncept fungerar som ett svar för att integrera stora 

mängder mikrokällor utan att störa driften av huvudnätet. Detta hybridmikrogrid 

består av PV/WIND-energikällor för respektive DC- och AC-nät. 

Energilagringssystem kan anslutas till antingen AC- eller DC-mikronät. Den 

föreslagna hybridmikrogriden kommer att drivas i nätbundet eller isolerat läge. AC-

källor och laddningar är anslutna till AC-nätet, medan likströmskällor och -laddningar 

är anslutna till likströmsnät. Osäkerhet och intermittenta egenskaper hos 

vindhastighet, solstrålningsnivå, omgivningstemperatur och belastning som 

dessutom beaktas i systemmodell och drift.  

NYCKELORD: Fotovoltaisk, Vind, Mikrogrid 
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CHAPTER 1 

INTRODUCTION 

This section describes the motive of the thesis is written. The method used to perform the 

analysis is also summerized in the chapter 

In the present trend, Renewable energy sources are attractive choices for providing power in the 

places where an association to the utility network is either not possible or unduly costly. As 

electric distribution technology steps into next century, several trends have become noticeable 

which will modify the necessities of energy delivery. The ever increasing energy consumption, 

soaring value and exhaustible nature of fossil fuels, and also the worsening international 

environment have created enhanced interest in green power generation systems. Renewable 

sources have gained worldwide attention because of quick depletion of fossil fuels in conjunction 

with growing energy demand [1]. 

1.1 BACKGROUND 

The energy that is collected from renewable resources is called renewable energy, which 

are naturally replenished on a human timescale, such as sunlight, wind, rain, tides, waves, and 

geothermal heat [2].  Renewable energy provides energy in four areas like: electricity generation, 

air and water heating/cooling, transportation, and rural (off-grid) energy services [3].  

 

Fig. 1. World energy consumption by renewable sources accounted for 19% in 2012 [6] 
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Based on REN21's report (2016), renewable sources contributed 19.2% to humans' 

international energy consumption and 23.7% to their generation of electricity in 2014 and 2015, 

ann+ually. This energy consumption is split as 8.9% returning from ancient biomass, 4.2% as 

energy (modern biomass, energy and solar heat), 3.9% hydro electricity and 2.2% is electricity 

from wind, solar, geothermal, and biomass. Worldwide investments in renewable technologies 

amounted to quite US$286 billion in 2015, by countries like China and also U.S. in wind, hydro, 

solar and bio-fuels. Globally, there are 7.7 million jobs related to the renewable energy 

industries, with solar photovoltaic’s being the most important renewable employer. As of 2015, 

quite half of all new electricity capability globally installed was renewable [1]. 

 

Fig. 2. Global public support for different energy sources [2] 

Sustainable power source springs from common procedures that are recharged  

neverendingly. In its differed shapes, it gets directly from the sun, or from warmth produced 

profound among the planet. Encased inside the definition is power and warmth created from 

sunlight, wind, sea, hydro power, biomass based energy assets, and bio-powers and substance 

component got from sustainable assets. Sustainable power source assets are crucial open doors 
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for energy intensity existing over wide land territories, in qualification to energy source options 

that are engaged in an exceptionally limited scope of states. 

Prior to the era of coal during 19th century, almost all energy used was renewably 

produced. Not a wonder, the oldest famous use of renewable energy within the ancient style was 

biomass to fuel fires, dates from 790,000 years past. Use of biomass for fireplace failed to 

become commonplace till several many thousands of years later, someday between 200,000 and 

400,000 years past[3]. Most likely the second oldest usage of renewable energy is harnessing the 

wind so as to drive ships over water. This observation may be derived back from 7000 years, to 

ships on the river[1] in the time of recorded history. The first sources of ancient renewable 

energy were human labor, animal power, water power, grain crushing windmills, conventional 

biomass. A graph of energy use within the US until 1900 shows oil and fossil fuel had identical 

importance in 1900 as wind and solar had in 2010. 

1.2 Motivation for research 

There are ongoing researches focused on Microgrids and a lot of investigation has been 

conducted by many research groups to determine the feasibility and benefits of Microgrids. 

Eventhough the fundamental principles of Microgrids are well known, implementation of the 

system is not always well mastered. 

1.3 Aim and purpose 

This thesis aims to modify and design the photovoltaic in micro grid system. Wind turbine 

selection is made as per requirements of microgrid and control methods used for different modes 

of connection. The intention of the work is to analyze the hypothesis which is identified from the 

background of this study and to ensure that the findings of this analysis can enlighten new 

perspectives aiding revision of standards. 

 

1.4 Limitations 

Microgrid systems with Wind turbine generator and PV cells are mainly concentrated in this 

thesis work. Through  all dimensions, maximum measurements are with in the building permits. 

For that reason, 20 m height and 3 meter rotor diameter turbine is considered.  
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1.5 METHOD 

Inter-connection of two or more sources of Renewable generations like wind power, 

photo voltaic power, electric cell and micro turbine generator to generate power to local load and 

or connecting to grid/micro grid forms Hybrid Energy Systems. Because of characteristics of 

solar energy and wind energy, the electric power generation of the PV array and also the wind 

turbine are corresponding the reliability of combined power generation which is much higher 

when compared to the power generated by an individual supply. A sizable battery bank is needed 

for load so that most power is drawn from Wind and photo voltaic array. 

Recently, DC grids are resurging because of the development and deployment of 

renewable DC power sources and the advantage for DC loads in commercial, industrial and 

residential applications. To integrate with the various distributed generators DC microgrid has 

been proposed. However, AC sources need to be converted into DC before connected to a DC 

grid and DC/AC inverters are needed for conventional AC loads. When power can be absolutely 

provided by the renewable power sources.  HV long distance transmission is no longer 

necessary. AC Microgrids are proposed to facilitate the association of renewable power sources 

to AC systems. However, photovoltaic (PV) panel’s DC output power must be converted into 

AC using DC/DC boosters and DC/AC inverters connect to an AC grid. In an AC grid, 

embedded AC/DC and DC/DC converters are needed for various home and office facilities to 

provide different dc voltages. 

A hybrid AC/DC micro grid is proposed in this paper to reduce multiple processes of 

reverse conversions in an individual AC or DC grid and to facilitate the association of various 

renewable AC and DC sources and loads to the power grid. The coordination control schemes 

among various modes are proposed to harness most power from renewable power sources to 

attenuate power transfer between AC and DC networks, and to maintain the stable operation of 

both AC and DC grids under variable supply and demand conditions once the hybrid grid 

operates in both grid-tied and islanding modes . The advanced power electronics and control 

technologies employed  can create a future grid much smarter. 

Due to the fact that solar and wind power is intermittent and unpredictable in nature, 

higher penetration of their types in existing grid could cause and build high technical challenges, 
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especially to weak grids or stand-alone systems without correct and enough storage capability. 

By integrating the two renewable resources into an optimum combination, the impact of the 

variable nature of solar and wind resources will be partially resolved and the overall system 

becomes more reliable and economical to run. There are several configurations which presents a 

review over the state of the art of both grid-connected and stand-alone hybrid solar and wind 

systems. 

 

Fig.3 Grid connected hybrid system at common DC bus [3] 

 

Fig.4 Grid connected hybrid system at common AC bus [3] 
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Fig.5 Stand-alone hybrid system at common DC bus [3] 

 

Fig.6 Stand-alone hybrid system at common AC bus [3] 

Voltage and frequency fluctuation, and harmonics are major power quality issues for both 

grid-connected and stand-alone systems with bigger impact in case of weak grid. This can be 

resolved to a large extent by having proper design, advanced fast response control facilities, and 

optimization of the hybrid systems. 
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Fig.7 Hybrid system with AC Microgrid [3] 

Microgrid is a new concept in power generation. The Microgrid concept was a cluster of 

loads and micro sources operating as a single controllable system that provides both power and 

heat. Some models could describe the components of a Microgrid.  

1.6 Methodology 

Following steps are proposed for implementation of Microgrid system:  

 First selection of electric power supply system such as renewable energy resources 

according to requirement and availability of  input source;  

 Integrate all these resources in Microgrid such as renewable energy resources;  

 Administration systems and storage of energy  

 Energy control in Microgrid. 

1.7 Definition of Microgrid 

The Microgrid idea assumes a cluster of loads and small sources in operation as one 

governable system that has each power and warmth to its native space. This idea provides a 

brand new paradigm for outlining the operation of distributed generation [3],[4]. The small 

sources of interest group for Microgrids are little (100-kW) units with power electronic 
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interfaces. These sources are placed at customers sites. They’re low price, low voltage and have 

high dependability with few emissions. Power physical science offer the management and 

adaptability needed by the Microgrid concept. A properly designed power electronics and 

controllers insure that the Microgrid will meet the requirements of its customers also because the 

utilities outlined characteristics of Microgrids as that they are not centrally planned (by the 

utility). 

 Not centrally dispatched. 

 Normally smaller than 50-100 MW.  

 Usually connected to the distribution system. 

Implementing Microgrid may be as simple as putting in a small electricity generator to 

produce backup power at an electricity consumer’s website  or it may be a lot of complicated 

system that's extremely integrated with the electricity grid that consists of electricity generation, 

energy storage, and power management systems. They comprise a portfolio of technologies, each 

provide aspect and demand-side which will be set at or close to the situation wherever the energy 

is employed. Microgrid devices offer opportunities for bigger native management of electricity 

delivery and consumption. They additionally alter a lot of economical use of waste heat in 

combined heat and power (CHP) applications, that boosts potency and lowers emissions. The 

CHP systems offer electricity, hot water, heat for industrial processes, space heating and cooling, 

refrigeration, and wetness management to enhance indoor air quality and comfort. 

1.8 Reasons for Microgrids 

The conventional arrangement of recent large power grid offers variety of benefits. Large 

generating units are often economical and operated solely with a comparatively tiny range of 

personnel. The interconnected high voltage transmission network permits the generator reserve 

demand to be decreased , the foremost economical generating plant is to be set at anytime, and 

bulk power to be transported giant distances with restricted electrical losses. The distribution 

network are often designed for one-way flows of power and sized to accommodate client loads 

only. However, over  the previous years, variety of influences have combined to steer towards 

Microgrid schemes [1]. The policy drivers encouraging Microgrids are: 
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 Reduction in gaseous emissions (mainly CO2). 

 Energy efficiency or rational use of energy. 

 Deregulation or competition policy. 

 Diversification of energy sources.  

 National power requirement. 

Reference [1] listed other reasons but with additional emphasis on commercial 

considerations such as: 

 Availability of modular generating plants. 

 Ease of finding sites for smaller generators.  

 Short construction times and lower capital costs of smaller plants.  

 Generating may be sited closer to load, which may reduce transmission costs.  

 Technical impacts of Microgrids on the distribution system. 

  Network voltage changes and regulation 

1.9 PROPOSED MODES OF OPERATION 

In the coming years, all residences would have its own uninterruptible renewable energy 

systems that would have the potential to figure in main modes of operation such as grid-

connected mode and islanded mode. This method will be capable of manufacturing a smooth, 

uninterrupted transition between these modes by exploitation. Landing detection and 

resynchronization algorithmic rule would be something complicated. Each mode of transition 

power cycle is shown within the Figure. There are two modes of operations as shown in figure 

below, standalone and grid connected. Once the ability is shut faraway from the utility grid, the 

system goes to the islanded mode and once the ability is accessible from the utility grid, the 

system can synchronize and will be connected to the utility grid. Output power from the electric 

cell is accessible for connecting hybrid electrical vehicle (PHEV) system. Bidirectional Power 

Device (BPD) controls two parameters, active current and active/reactive power. In standalone 

mode, BPC manages two parameters, AC frequency and voltage. 
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Fig.8 Mode of operation [46] 

 

Fig 9. Connection of Microgrid in grid Mode of operation [46] 

The following paragraph explains working principle of those modes. There are frequent 

changes with the condition of weather and speed of wind. Depending on these conditions, wind 

and solar systems operate. These systems ought to be adoptable. This implies that these systems 

ought to modification of operative parameters in step with the changes in climatic conditions. 

These parameters are terribly unpredictable. These parameters can't be expected even by the 

operators within the grid and cannot predict the speed of wind and sun light conditions for photo 

voltaic cell farms accurately. The output of those systems varies forever and operator must be 

terribly careful within the grid. Still, there are many other problems that are difficult to be 

solved. 
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In grid management, voltage and frequency are terribly necessary as the result of seconds 

to minutes continues the grid operators to take care of fluctuations in frequency and voltage on 

the transmission in line system. From these parameters if anyone left ungoverned it may harm 

the system further as of instrumentality employed in the grid. There in case operator might have 

to start out generators to insert power (may move or reactive) into the Microgrid however this 

power is freed from value not purchasable to customers however it employed in order to balance 

the particular and expected forecast generation of wattage that is critical to attenuate the variation 

in frequency and voltage on the grid. These necessary services should be provided by the grid 

once needed.  

Typical services are: 

 Variation in the frequency occurs rapidly and must be controlled. These variations can be 

controlled by using the device - Automatic generation control (AGC) signals to grid 

generators. 

 Some generator must be in the reserve when fault occurs in the main generators, reserve 

generators should provide power within 10 minutes. These reserves generators are used 

when main generator on the system become faulty or deactivates from the system 

unexpectedly. 

 Some generators run in the same way as reserve generators but they have same function 

and may have a slower response time. 

 When voltage goes down in main grid the generators used for reactive power to boost up 

the voltage to desire level when required in grid. 

 Microgrid generators should be available to restart the power system if the load shading 

persists for long time. 
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CHAPTER 2 

LITERATURE SURVEY 

As of now a considerable measure of research is being embraced into Microgrids and some 

model designs have been proposed in the writing, for example, [3],[4],[6],[7],[8], [5]. Inspite of 

the fact that the segments of a Microgrid are genuinely surely new, the network all in all is most 

certainly not. At the point when a few sources are associated with shape a Microgrid, the 

network conduct is eccentric. This being the situation, displaying the network and reproducing it 

keeping in mind the end goal to build up a proper control network, is the heart of miniaturized 

scale network investigate. These days a few research bunches far and wide are exploring the 

practicality and advantages that the Microgrids may give. A few issues are experienced 

incorporating managing unequal burdens and sounds related with the network. This work does 

not mean to address such issues, rather it is worried with demonstrating of the Microgrid for the 

examination of the transient and relentless state reaction.  

2.1 Concept of Microgrid and Distributed network 

Essentially a Microgrid includes the joining of numerous appropriated energy accumulation 

sources; the power from these sources is assembled, prepared and disseminated to take care of 

the demand loads. At the point when control elements interfaces with miniaturized scale energy 

framing a solitary element, its operation requires a control network. Such a control network is 

required to give adaptability, and to save the particular energy system and the power quality. 

2.2 Correlation between a regular power network and a Microgrid  

The deviations between ordinary power network and Microgrid are very much accompanied 

(Chowdhury et al., 2009):  

• The yield abilities of creating power by micro sources are significantly smaller when contrasted 

with a regular power plant that can deliver.  

• Microgrid establishments are normally nearer to the client stack which prompts low misfortune 

in transmission lines. Microgrids are in this manner exceptionally productive as far as voltage 
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supply and recurrence profile instead of concentrated power plant with transmission and 

appropriation arrange see in figure below.  

• It is more reasonable in Microgrid to supply energy to remote regions where it is nearly not 

appropriate for the national lattice  

• The procedure of customary power network reclamation is cumbersome. It requires a quick 

intercession, generally physically and progressively while with a Microgrid technique the whole 

rebuilding procedure is simple in light of the set number of controllable factors.  

 

Fig 10: General architecture of a centralized electricity power system showing losses (Firouz, 

2010) 

 

 2.3 Fundamentals of a Microgrid  

Low and medium DG network is in quick improvement around the world. They are controlled by 

sustainable, non-regular generators which incorporate; power modules, wind turbines, and 

photovoltaic network (Li et al., 2004; Chowdhury et al., 2009). Regularly, they are utilized to 

increase the utility network amid pinnacle hour stack, where that time compares to a deficiency 

of energy. They can likewise offer help to control in cases the fundamental network lattice falls 

flat.  
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As of late, the idea has become all the more intriguing where the gathering of a course of action 

of burdens framing a bunch, together with parallel DG units, constitute what is known as a 

Microgrid. Little generators can be joined into the power network, as in the conventional 

technique where a little generator unit was meant to decrease the effect of network operation in 

each interconnected microsource. For a blackout in the grid organize because of a mistake 

identified in the utility lattice, it will efficiently influence and close down the generator units, 

contrasted with a Microgrid when the network system is off, the power close down, the 

Microgrid will methodicallly disengage from the lattice arrange and works autonomously in 

giving energy to its neighborhood stack when the utility has returned to typical.  

2.4 Microgrid benefits  

The advancement of Microgrid fills in as a method for picking up favorable position contrasted 

with different networks, this is explained below (Chowdhury et al., 2009):  

• As of natural concerns, a Microgrid chops down contamination since it utilizes microsource 

that deliver low or zero discharges.  

• Microgrids work in parallel to the utility Grid; by dealing with specific burdens they bolster the 

utility network. The additional limit given by Microgrids can help avoiding over-burden 

circumstances and power outages of the national grid.  

• Economically, there is diminishment in long transmission line establishment and the comparing 

transmission. The minimal effort establishment of the Microgrid networks locally impressively 

spares foundation expenses and transmission misfortunes. Microgrids additionally help in 

decreasing the utilization of fossil energy.  

• By working in both grid associated and islanded mode, it guarantees uninterruptable burdens. 

This makes it more solid and conveys superb energy to the basic loads.  

• The Microgrid exploits  heat energy sparing when utilizing combined heat and power. This is a 

simple procedure to accomplish with the micro source in a Microgrid. The microsource can be 

sent nearer to heat and electrical loads for amplifying energy proficiency.  
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• The Microgrid exploits heat energy sparing when utilizing combined heat and power. This is a 

simple procedure to accomplish with the microsource of a Microgrid. For boosting energy 

effectiveness, the microsource can be conveyed nearer to the heat and electrical loads. 

2.5 TECHNICAL IMPACTS OF MICROGRIDS ON THE DISTRIBUTION SYSTEM  [4] 

2.5.1 Network voltage changes and system regulation  

Each conveyance utility has a commitment to supply its clients power at a voltage inside a 

predetermined breaking point. This prerequisite frequently decides the plan and cost of the 

dissemination circuit so that throughout the years procedures have been created to make the 

greatest utilization of appropriation circuits to supply clients inside the required voltage. Some 

circulation utilities utilize more advanced control of the on load tap changers of the 

dissemination transformer by controllers on the feeder and including the utilization of the present 

flag intensified with the voltage estimation at the exchanged capacitor on feeders [9].  

2.5.2 Increase of network fault levels 

The majority of the Microgrid plants utilize turning machines and these will add to the system 

blame levels. Both enlistment and synchronous generators will expand the blame level of the 

dispersion network despite the fact that their conduct under supported blame conditions 

contrasts. The blame level commitment can be diminished by presenting impedance between the 

generator and the system by a transformer or reactor however to the detriment of expanded 

misfortunes and more extensive voltage varieties at the generator [10] [4]. In urban regions 

where the current blame level methodologies the rating of the switchgear, the expansion in blame 

level can be a genuine obstacle to the advancement of Distributed Generation.  

2.5.3 Power quality 

Two parts of energy quality are generally thought to be essential: (i) transient voltage varieties 

and (ii) consonant twisting of the system voltage [4]. The Microgrid can bring about transient 

voltage minor departure from the system if generally vast current changes amid association and 

disengagement of the generator are permitted. In this manner, it is important to utmost voltage 

varieties to limit the light variety. Large stack vacillation can bring about voltage variety and 

additionally source change [11]. Microgrid units can possibly bring about undesirable transient 
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voltage varieties at the neighborhood control network. Step changes in the yields of the 

Microgrid units with regular vacillations and the communication between the Microgrid and 

voltage controlling gadgets in the feeder can bring about noteworthy voltage varieties [9]. The 

independent operation of Microgrid units gives more potential for voltage varieties because of 

load unsettling influences, which make sudden current changes the DG inverter. In the event that 

the yield impedance of the inverter is sufficiently high, the adjustments in the present will bring 

about noteworthy changes in the voltage drop, and therefore, the AC yield voltage will vacillate. 

On the other hand, frail ties in the network mix mode give a possibility for transient voltage 

varieties to happen yet bring down degrees than in the independent mode [10].  

2.5.4 Protection 

Various diverse parts of Microgrid assurance can be recognized [1]:  

 Protection of the era gear from interior flaws. 

 Protection of the blamed dissemination organize from blame streams provided by the 

Microgrids. 

 Anti-islanding or loss-of-mains insurance. 

 Impact of Microgrids on existing dispersion network insurance. 

2.5.5 Stability 

For Distributed Generators conspires, the target of which is to produce control from new 

sustainable power sources, contemplations of generator transient solidness tend not to be of 

awesome essentialness. In the event that a blame happens some place in the appropriation system 

to discourage the system voltage and the Distributed Generator trips, then all that is lost is a brief 

time of era. The Microgrids will keep an eye on over speed and stumble on their interior security. 

The control conspire in the Microgrids will then sit tight for the system condition to be 

reestablished and restart consequently. Interestingly, if a DG is seen as offering help for the 

power network, then its transient dependability is the fate of extensive significance. Both voltage 

or potentially point solidness might be noteworthy relying upon the conditions. 
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2.6 TYPES OF MICROGRIDS  [5] 

 Campus Environment/Institutional Microgrids  

The concentration of grounds Microgrids totally existing in nearby era with different burdens 

that is situated in tight geology in which proprietor effortlessly oversee them.  

 Remote "Off-Grid" Microgrids  

These Microgrids never interface with the Macrogrid and rather work in an island mode at all 

circumstances in light of temperate issue or topography position. Commonly, an "off-Grid" 

Microgrid is inherent zones that are far removed from any transmission and conveyance 

foundation and in this manner have no association with the utility network.  

 Military Base Microgrids  

These Microgrids are as a rule effectively sent with concentrate on both physical and digital 

security for military offices keeping in mind the end goal to guarantee dependable power without 

depending on the Microgrid.  

 Commercial and Industrial (C&I) Microgrids  

These sorts of Microgrids are developing rapidly in North America and Asia Pacific; be that as it 

may, the absence of well –known models for these sorts of Microgrids cutoff points them 

universally. Primary purposes behind the establishment of a modern Microgrid are power supply 

security and its unwavering quality. There are many assembling forms in which an interference 

of the power supply may bring about high income misfortunes and long start-up time.  

2.7 BASIC COMPONENTS IN MICROGRIDS  [5] 

2.7.1 Local generation 

It presents different sorts of era source that encourage power to client. These sources are 

partitioned into two noteworthy gatherings – ordinary vitality sources (ex. Diesel generators) and 

inexhaustible era sources (e.g. wind turbines, sunlight based).  
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2.7.2 Consumption 

It essentially alludes to components that devour power which extend from single gadgets to 

lighting, warming arrangement of structures, business focuses, and so on. On account of 

controllable burdens, the power utilization can be adjusted popular of the system.  

2.7.3 Energy Storage  

In Microgrid, vitality stockpiling can play out numerous capacities, for example, guaranteeing 

power quality, including recurrence and voltage control, smoothening the yield of sustainable 

power sources, giving reinforcement energy to the network and assuming critical part in cost 

enhancement. It incorporates all of electrical, weight, gravitational, flywheel, and warmth 

stockpiling innovations.  

2.7.4 Point of basic coupling (PCC)  

It is the point in the electric circuit where a Microgrid is associated with a fundamental grid.[7] 

Microgrids that don't have a PCC are called confined Microgrids which are typically exhibited 

on account of remote locales (e.g., remote groups or remote mechanical destinations) where an 

interconnection with the primary network is not doable because of either specialized as well as 

financial imperatives. 

2.8 Connection of Microgrid to buses  

Every  source of energy produces an alternate power signals, i.e. Photovoltaic cells produces DC 

and wind produces AC. Adaption is must be needed between them. This adaption is called as 

coupling. Coupling can be done in two different ways: AC or DC. They can be utilized as a part 

of both on-grid, off-grid  and also in mixed design. 

In AC-coupling and DC- coupling the  number of parts are almost same but the only difference is 

dump load is used in DC whereas WTG inverter in AC- coupling.. Important is the way that the 

WTG inverter frequently is made with a breaking chopper, essentially a DC-DC switching  

hurtful current and voltages into a resistor creating heat, to protect the inverter rather than a 

dump load. 
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Depending on connection, Microgrids are divided into three types  

1. DC Migrogrids 

2. AC Microgrids 

3. Hybrid DC and AC coupled Microgrids 

 

 

Fig 11 : Three types of grids [7] 

2.8.1 Microgrid connection to AC Bus 

In AC micro grid energy systems, every part of system connected to the standard AC voltage of 

the grid for example 50Hz, 230/400V, at a joint point before the local load. Expandability is the 

one of the main feature in this system. Recently these types of connecting systems have become 

greatly popular due to increased amounts of decentralized power grids. Main drawback with 

these systems is that they need inverter. 

 

2.8.1.1 Inverter 

The inverter is, as one with the PV-modules, a part which is basic for each  grid- tied  PV 

system. Its energy rating is relying upon the most extreme production  from the PV-modules and 

is in this way a regularly changing quality  specific  for each system. Regularly most PV cell 
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inverters have a combined DC-DC-converter and inverter, i.e. the MPPT system  is coordinated 

in an same box as converts DC to AC. So as to connect an additional power source to these, the 

equipment  must be adjusted electrically or must be altered with new programming. On the off 

chance that the network  just has one MPPT for all input-ports applying new programming to the 

MPPT will bring about constrained power extraction from then modules and ought to in this 

manner just be done if the inverter has more than one MPPT. Based  on connected case the 

search for the ideal inverter brought about guidelines which are listed in numerical order:  

1. Inverter is WTG  ready, i.e. it has at least one extra ports proposed for a WTG.  

2. Inverter is blank completely, i.e. it has no tracking systems  incorporated.   

3. Inverter has separate  MPPT for various association  ports and where the MPPT programming 

is  re programmable or removable.  

It is additionally possible to connect  a WTG to a present existing  inverter that has a  high power 

capacity, i.e. its ability to increase  the aggregate power rating of both the WTG and PV-

modules, and if the MPPT is not connected. This kind of system  has no requirement for a dump 

load. 

 

Fig 12: Grid connected to AC bus [47] 
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2.8.1.2 Advantages  

1. Dump load is not necessary when it is connected to grid.   

2. Expansion is possible and easy. 

3. Circuit design is simple. 

4. Inverter is necessary to connect to AC bus. 

2.8.1.3  Disadvantages 

1. Inverter is needed and it is expensive. 

2. Less efficient because of the inverter. 

2.8.2 Microgrid connection to DC Bus 

In DC micro grid energy systems every component of conversion systems are connected to a 

main DC-bus which is connected to the grid by a main inverter. There is a need of AC/DC 

converter able to connect DC transmission lines where all AC generating components are present 

in the system. Because of the way that PV-modules normally deliver DC, the conventional 

method for coupling has been DC. The main drawback with DC connected microgrid system is 

dump load. The connection diagram is show in below fig.  

 

2.8.2.1 Dump load 

In the system that is connected to DC-bus it must have a dump load  for the surplus energy 

production which is over the power rating of the inverter. A dump load is a part of the system  

with low resistivity which creates heat through power. It is utilized as a part of a system to either 

protect the batteries from over charging or in a grid-tied network to protect the inverter. For an 

off-grid system utilizing batteries the power rating of the dump load ought to be identical to the 

total power output of the system. In a grid tied system the general suggestion is to measurement 

the dump load to have an exact size from the distinction between the introduced control and the 

power rating of the inverter. For instance: A network has wind turbine and PV-modules with an 

total maximum power  of 6kW. The inverter has an evaluated energy of 3.5kW; hence the dump 

load must be no less than 2.5kW to secure the system. On the off chance that the dump load is 



28 
 

straightforwardly associated with a particular component, e.g. photovoltaic modules or the wind 

turbine generator, it ought to be of the same size  as the components most extreme power 

generation. The dump load can for instance be utilized as an electric heater connected with the  

household's  heat storage. The below thermodynamic equation is used to calculate the energy the 

heat storage that able to hold. 

𝐸 = 𝐶𝑝* m* 𝑑𝑇 

Where: 

E - Energy(J) 

m- Mass(kg) 

𝐶p- Specific energy capacity(J/kg k) 

𝑑𝑇- Difference in temperature(k) 

If the dump load is used as an immersion heater, calculations has to be made to ensure that the 

tank has enough capacity to receive the heat produced from the load. For suppose a breaker, 

connected with a heat sensor in the tank, must installed to either switch of production for the 

Wind turbine generator or the PV-modules when the temperature reached to 100℃. 

 

Fig 13: Grid connected to DC bus [47] 
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2.8.2.2 Advantages  (Ilić & Zaborszky, 2000). *7+ 

1. Frequency components are less so control is simple. 

2. Less components are used this reason conversion losses are less. 

3. DC transmission lines is less losses when compared to AC transmission  i.e; more efficient. 

4. It is cheaper 

2.8.2.3 Disadvantages 

1. Expansion is difficult. 

2. Electrical arch while DC breaking is dangerous.  
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CHAPTER 3 

PHOTOVOLTAIC DESIGN 

3.1 SOLAR POWER 

The photovoltaic (PV) generation systems are expected to increase significantly worldwide. PVs 

are an attractive source of renewable energy for distributed urban power generation due to their 

relatively small size and noiseless operation. PV generating technologies have the advantage that 

more units can be added to meet load increase demand. The basic block diagram of grid 

connected PV power generation system is shown in Fig. The PV power generation system 

consists of following major blocks: 

 

Fig 14 . Schematic diagram of PV system [48] 

3.1.1 PV unit: A PV unit consists of number of PV cells that converts the energy of light directly 

into electricity (DC) using photovoltaic effect. 

3.1.2 Inverter: Inverter is used to convert DC output of PV unit to AC power. 

3.1.3 Grid: The output power of inverter is given to the nearby electrical grid for the                     

power generation. 

3.1.4 MPPT: In order to utilize the maximum power produced by the PV modules, the                     

power conversion equipment has to be equipped with a maximum power point tracker (MPPT). 

It is a device which tracks the voltage at where the maximum power is utilized at all times. 
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Proficiency is measured under standard conditions in the laboratory by the utilization of I-V 

curves. I-V curvses are obtained by shifting the external resistance from zero (short circuit) to 

infinity (open circuit).  

Power from PV cell is the result of voltage (V) and current (I). At both open and shut circuit 

conditions the power  is zero. At same point in between (around the knee point) the conveyed 

power is a most extreme. The cell current is dependant on the measure of light energy 

(irradiance) falling on the PV cell and the cell's temperature.  

As the irradiance diminishes then power decreases, as well as the peak point moves toward the 

left. So also as the temperature of the cell expands, the power yield brings down and the extreme 

power point again moves the left. 

 

Fig15: Photovoltaic operation 

(www.sumberkhatulistiwa.com) 
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Figure 16:  Typical P-V & I-V curve of a photovoltaic cell. [49] 

3.2 PV CELL EQUIVALENT CIRCUIT 

A perfect solar cell might be designed by a current source in parallel with a diode; in universe we 

don’t get ideal solar cell, so a shunt resistance and series resistance part are added to the model. 

The subsequent identical circuit of solar cell is appeared in fig below. 

 

Fig 17 : Equivalent circuit of solar cell [49] 
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3.3 Load profile determination in one village 

 

The load profile has been selected from a publication by the Department of Energy (Engery, 

2014) and contains average items that can possibly be found in rural village homes. As can be 

seen in Table below the load consumption is relatively low in rural areas. However,  it is 

assumed that all the households have the same power demand and power factor of one. 

Table 1: Appliances used in one household (adapted from anon, 2014) 

Appliances Power(W) Units Time par day per unit(hours) 

Lamp 30 6 8 

Radio 70 1 5 

Micro wave 750 1 1 

Cell charging 10 2 6 

TV 133 2 6 

Refrigerator 725 1 24 

Water heating(120lit) 1000 1 1 

Ironing cloth 4500 1 4 

 

Each house in the village needs 7368 W peak power and the number of houses is considered to 

be approximately 272. Thus, at peak time the total power supplied to the cluster of villages is 2 

MW, neglecting losses in the energy and delivery system.  

The design requirement is thus for a 1 PV system delivering 398 Vac (Vrms) three-phase. 

The minimum DC voltage to be supplied to the inverter is 750 Vdc with a modulation index, ma 

of 0.866. 

  

The fundamental output voltage of the inverter determined by:  

 

m*Vdc*
√3

2
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=0.866*
√3

2
*750 

=563 Vpeak 

 

At the PV system, the output voltage chosen is 400 Vdc at 2 MW 

3.4 PHOTO VOLTAIC SYSTEM DESIGNING FOR MICRO GRID: 

The aim of the thesis is to model PV to get required output voltage and good performance with 

respect to radiation and ambient temperature. The PV model is easy and simple. 

The PV cell parameters 

Module type: sun power SPR-305-WHT 

Number of cells per module- 96 

Number of series connected module per string-9 

Number of parallel strings-40 

Specifications of considered PV system under STC: 

Voc = 64.2 V 

Isc = 5.96 A 

Vmp = 54.7 V 

Imp = 5.58 A 

Module parameters for one module 

Rp =993.51 Ω 

Tsat =1.1753 e
-8 

°C 

Iph = 5.9602 A 

Qd= 1.3 J/S 
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Photovoltaic system design for 400 Vdc at 2 MWp 

10 PV systems, each of 200 kW are designed and connected in parallel to make up the 2 MWp, 

by firstly designing 200 kW PV and then multiply it by 10 times to get the desired 2MWP. 

The calculation of the number of modules for required design: 

The number of panels in series =  
400

54.7
  

                                        = 7.31 

0.31 fractional panels is not possible so panels rounded up to 8 

Actual output voltage = 8*54.7  

                             =437.6 Vdc 

Output current calculation: 

P= VI 

I= 
𝑃

𝑉
 

  = 
200000

400
  

  =500A 

The number of panels in parallel= 
500

5.58
 = 89.60 

0.60 fractional panels is not possible so panels rounded up to 90 

Actual power = 90*5.58*437.6 

                      =219.762 KW 
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By interconnecting 10 PV systems of 219.762 KW each in parallel, the total PV system power is:   

 

10*219.762 KW= 2.197 MW 

2.2 POWER OUTPUT OF A WIND TURBINE 

3.5 Power out put of wind turbine 

As we know the power output is proportional to cubic relation with the wind speed and 

proportional to air density as well proportional to the swept area of rotor which all 

together can be put together in a mathematical expression. 

𝑃 =
1

2
ρAV3 

 

Where, 

P is Power output of wind turbine (Watts) 

𝜌 is Density of air (kg/m3) 

A is Swept area (m2) 

V is Velocity of wind (m/s) 

The actual power output of a turbine depends on many factors like the type of rotor 

utilized, frictional losses, design of blade - viscous and pressure drags on rotor blades, 

losses at the electrical system components and swirl conferred by rotor movement against 

air. These factors were generalized and analyzed by Betz who stated the limit of of wind 

turbine out put power which is commonly known as Betz limit. This value equals 0.59 

which is the maximum power that can be produced from the wind turbine. Present wind 

turbines can reach a maximum of 50% which agrees with the limit. This forms the 

Coefficient of performance of a wind turbine. So the output power of wind turbine can be 

transformed as  

Pmean=
1

2
𝑘𝐶𝐴ρV3 
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3.6 Selection of swept area of the blade for micro grid  and  Calculation of 

turbine diameter  

 

Suppose 4000 Kwh  more energy is needed each year and the location has the annual 

average wind speed of 6 m/s. for this system the blade with swept area is calculated from 

below equations. 

 

Eyear = Pmean *8760 

 

Pmean=
1

2
𝑘𝐶𝐴ρV3 

 

Pmean =  
 4000000

8760
  =456 W 

 

𝐴 =
Pmean ∗ 2

𝑘𝐶𝐴ρV3
 

 

= 
456∗2

1.9∗0.2∗1.24∗6∗6∗6
 

 

=9 m2 

 

Calculation of turbine diameter  

𝐴 =
𝜋𝑑2

4
 

 

From above calculations area is 9 m2 

Diameter approtimately equal to 4 m2 
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CHAPTER 4 

MICROGRID CONTROL 

Microgrid operation depends on the control plan of the generators. Inverter control is 

utilized to guarantee the accuracy of the power sharing while at the same time controlling or 

directing the Microgrid frequency and the voltage magnitude of the Microgrid. The control 

technique utilized as a part of inverters can either be communication based or without 

communication (Lasseter, 2001; Lasseter and Paigi, 2004; Katiraei and Iravani, 2006). other than 

that , the single master operation (SMO) and the multi-master  operation (MMO) are the two 

fundamental control methodologies utilized for a Microgrid in islanded  mode. They utilize the 

reference from the VSI to control the voltage and frequency. SMO essentially works as follows: 

among the inverters there is one that works as an main  while others are executing as slaves. 

When a power supply interruption in  the slaves work in self-sufficient mode by assuming 

control over the voltage reference from the master. In MMO not only one many  inverters are 

used as masters , where a few inverters can be associated with the DERs or to battery systems  

and others are partnered to the QP control. The Microgrid can change the era profile by 

rethinking another set point (Moreira et al., 2007; Peas Lopes et al., 2006; Madureira et al., 

2005). 

4.1 Control including Communication  

The dynamic load-sharing technique is utilized as a part of parallel operation of Microgrid 

converters. Inverter control depends on communication that depends on sharing data among 

various Microgrid generators and  various data from inverters at various load conditions 

converge to a concentrated Microgrid controller (Lasseter and Paigi, 2004). The Microgrid 

controller thus gives particular control commands to every individual inverter unit. 

Correspondence between the Microgrid controller and the inverters can include the control 

strategies as below:  

 Master-slave control  

 Current limiting control  
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 Circular chain control (3C)  

 Average load sharing control  

Communication lines must used for communication based control methods. In the active load 

sharing method system reliability and also expandability decreases. 

Disadvantages with communication involving control methods. 

1. The communication network uses a high band width capacity to share dynamic data among 

inverters. This is expensive and the distance between inverters is extensive in rural zones, which 

makes it an illogical operation. 

2. One failure is prominent because of the inside controller act as an master control.  

3. The plan of the dispatch calculation for the load profile of the Microgrid network is difficult 

when compared to conventional power systems. 

4. The consistency of the distribution control signal decreases which creates problems where  the 

control of information is critical. 

4.2 Control with no Communition 

Inverter control without communicaion is essentially in view of droop control. This plan 

modifies the output voltage and frequency in response of the active  power (P) and reactive 

power (Q) delivered by the inverter. Every DG inverter can direct the output voltage and 

frequency , while in the meantime sharing the active  power and reactive power. This technique 

recognizes control in (a parallel inverters) and gives signal injection as happens in a 

decentralization systems. In any case, this signal creates some variety in the power control. It can 

be noticed that frequency and voltage droop strategies are utilized for power sharing in non-

communication networks. Drooping the frequency allowes  permits each Microgrid generator to 

deliver active power and share the reactive power (Lasseter and Piagi, 2006; Chandorkar et al., 

1993; Guerrero et al., 2008; Guerrero et al., 2007).  

The droop technique does not require communication between systems so it improves the 

reliability of the network and the cost is decreases. present days, the droop  strategy is thought to 



40 
 

be a standard control technique in Microgrids. but, this droop method is deficient for the 

recognition of voltage errors. The errors in current/voltage measurement of feedback signal will 

destabilize the operation of power sharing in the network (Katiraei and Iravani, 2006).  

(Katiraei et al., 2008; Chandorkar et al., 1993) proposed a static droop controller to be utilized 

for power sharing. Guerrero et al. (2004) proposed a change of droop control feature. Others 

proposed an upgrade of droop control by fusing virtual output impedance with a specific goal to 

enhance the operation of active and deactive decoupling (Guerrero et al., 2004; Chiang et al., 

2001). In the conventional systems a small change in power point is acceptable, but in a 

Microgrid inverter a substantial power angle can be tolerated. A Microgrid is subjected to a few 

load conditions because of the absence of a base load idea. The change in power demand of 

every inverter leads to  low  frequency modes of the power sharing. 

4.3 Microgrid control layer  

The Microgrid control system makes sure that the ensemble of control tasks is achieved. The 

complete control operation is located at three control layers in the Microgrid as can be seen in 

Figure below. These control levels are the following (Vandoorn et al., 2013): 

 

Fig 18: Microgrid communication: local and centralized controller 

(Vandoorn et al., 2013) 
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 The primary level it is the lower level containing the local control which is responsible 

for the control of distribution energy resources (DERs), some local load, and the balance 

of the active and reactive power. At this level, some decisions can be made locally when 

a micro grid is operating in decentralized control, while when operating in centralized 

control, it will receive set point from Microgrid central control. 

 The second level refers to the Microgrid central control; it is the area where distributed 

energy resources clusters are integrated into the micro grid. The Microgrid central control 

is in-charge of stabilizing the voltage and frequency within a specific, limited range, at 

the Point of common coupling. Also, it is responsible for the active and reactive powers 

dispatched from an individual DER. 

 The third level is the distribution network operator (DNO) control incorporating a market 

operator (MO), which is situated in the main grid. This presents the upper management 

area and it facilitates the buying and selling of energy between consumers.  
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RESULTS & CONCLUSION 

 

Table 2: Mode of operation and control implemented in different conditions 

GRID PARAMETERS MODE OF OPERATION 

CONTROL METHOD 

IMPLEMENTED 

Voltage below 0.88pu Islanded Mode Voltage Control 

Voltage between 0.88 & 1.1pu Grid Connected Mode Current Control 

Voltage above 1.1pu Islanded Mode Voltage Control 

Frequency below 59.5 Hz Islanded Mode Voltage Control 

Frequency between 59.5Hz 

&60.5Hz Grid Connected Mode Current Control 

Frequency above 60.5Hz Islanded Mode Voltage Control 

 

From the above table, it is observed that Microgrid operates in two modes depending on the grid 

voltage and frequency. During the grid connected mode the current control is obtained to 

maintain the parameters and the grid gives back up to the Microgrid to serve all the loads. During 

the islanded mode, the voltage control is obtained to maintain the parameters. No backup is 

given from the grid to the micro grid. So, to maintain the critical loads stable non-critical loads 

are shredded. 

 

Wind turbine should be selected based on wind speed in that location and requirement of energy 

production.  For example 4000 Kwh  energy is needed each year and the location has the 

annual average wind speed of 6 m/s for this condition the selected  blade with swept area 

is 9 with turbine diameter 4. The calculations are clearly explained in main chapter. 

 

Designing PV system to the Microgrid is very easy. In this thesis, the load profile in one small 

village is determined and for this profile solar selection and modeling is done. The solar panels 

selection and its calculations clearly mentioned in main chapter. 
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The calculations are not certain with respect to the power generation since both the irradiation 

and wind speed of wind which are changing from year to year. The power generation from the 

PV-modules is also calculated at ideal situation while the wind energy Generation is calculated 

based on the normal year situation. The calculations are subsequently to be considered more as a 

guideline rule than a correct value. 

 

DC Microgrid is preferred if more components are directly DC compatible. For that particular 

system, it is possible to reduce the dump load size and also improved efficiency by removing all 

types of converters. Examples of DC compatible components are LED lights, TV, laptop, mobile 

charger etc. DC micro grids are cheaper in cost.  

 

AC Microgrid is preferred when Microgrid directly connected to the grid here no dump load is 

required. Microgrids are expensive due to inverters. The main advantage with AC Microgrids is 

expandable and efficient.  

 

This master thesis helps to encourage further study of individuals in the renewable energy 

system. The worldwide prospect is to reduce fossil energy supply. It is one of the important 

issues in present days. By using renewable energy sources; if the energy produced locally it 

would result in a build of the Microgrid in the region as well as reduced transmission losses i.e. 

energy produced and used locally. Local pollution can also be lowered and in a wider 

perspective, since the electric power-grid is connected throughout many countries with a 

common trade system, it can also help to reduce the pollution globally. It is also the prospect for 

this thesis to spread knowledge to individuals how the system parts work and how to choose a 

proper wind turbine generator the best way possible. 
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FUTURE SCOPE 

The next step in research is to consider Microgrid as a system. It is essential to know  

more about how the sources interact with each other. More specifically their relationship to each 

other needs to be defined. If all goes as anticipated and the Microgrid system is developed, the 

control of the system will likely be imbedded within the electronics. It is possible to use 

specialized controllers to get a more stable response and to use each power source more 

efficiently. This should certainly be researched and considered once the power sources 

interaction and relationship with each other and the mains have been defined. Other aspects that 

could be developed further are the individual sources within the Microgrid. This could be done at 

two levels. The first is the consideration of other variables for each source.  

For example, the wind speed is not considered for the PV array and in some conditions it 

would prove quite significant. Also, working in pu is more desirable than actual values: the full 

conversion of the micro sources to pu would be useful. The other way is to keep the model up-to-

date with the technology. In the area of PV arrays and micro turbines technology is rapidly 

changing and improving. The final important aspect is to obtain some actual Microgrid data 

(rather than data from individual power sources). 
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