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Abstract 

 
DC system and DC microgrids are gaining popularity in recent times. This thesis suggests 
a method to state the workability of a DC based PV system using the softwares Simulink, 
PVsyst and HOMER. The aims of this project include suggesting a DC based architecture, 
finding out the performance ratio and a cost analysis. The advantages of the DC based 
system, the cost benefits associated with it and its performance will determine its 
feasibility. 
 
Not many softwares have the functionality to simulate DC based PV systems. PVsyst is 
considered as one of the most sought-out softwares for the simulation of PV systems. It 
can simulate a DC based PV system but has a lot of limitations when it comes to the 
architecture and voltage levels. Due to these factors, the results from softwares Simulink, 
Homer and PVsyst are used to calculate the performance ratio of the suggested DC 
system.   
 
The simulation of the DC system involves modelling of a DC-DC converter. DC-DC 
converters are used in HVDC transmission and are being considered for small scale and 
medium scale microgrids. The DC-DC boost converter is coupled with a MPPT model in 
Simulink. P and O algorithm is chosen as the MPPT algorithm as it is simple and widely 
used. The Simulink model of PV array and MPPT based boost converter provides the 
power output at the needed voltage level of 350V. The input for the Simulink model is 
obtained from the results of HOMER. The inputs include solar irradiation data and cell 
temperature. The same input data is used for the simulations in HOMER and PVsyst. The 
performance ratio is obtained by combining the power output from Simulink with the 
other aspects of the system from PVsyst. The performance ratio is done only for the 
month of January due to the limitations in Simulink. The performance ratio is found out to 
be 65.5 %. 
 
The cost estimation is done for the distribution and power electronics aspects of the 
system. It is found out that the cost associated with the conductors will have an impact on 
the total cost only if the conductors used for distribution is more in length. The cost 
associated with the power converters will make a difference in total cost only if the system 
is within the range of 100kW. The study shows the workability of the PV based DC system 
based on the above mentioned aspects 
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Nomenclature  

 
AAC             All Aluminium Conductor 
 
ACSR           Aluminium Conductor Steel Reinforced 
 
AC Alternating Current 
 
CERT Consortium of Electric Reliability Technology 
 
DC Direct Current 
 
DER Distributed Energy Resource 
 
DG Distributed Generation 
 
ETSI European Telecommunications Standards Institute 
 
GSTC Reference irradiance at STC (W/m2) 

 
Hi total plane of array irradiance 
 
IGBT Insulated Gate Bipolar Transistor 
 
Id Diode current (A) 
 
Io Diode saturation current (A) 
 
IED Innovation energy development 
 
k  Boltzmann constant (J/K) 
 
kW Kilowatt 
 
LCC Line Commuted Converters 
 
MG Microgrid 
 
MPPT Maximum Power Point Tracking 
 
NREL National Renewable Energy Laboratory 
 

 Diode ideality factor 
 
N Cell is the number of cells connected in series. 
 
PMU Power Management Unit 
 
PV Photovoltaic 
 
PR  Performance Ratio 
 
Po  Peak power rating (kW) 
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T   cell temperature (K) 
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Vd Diode voltage (V) 
 
XLPE           Cross linked Polyethylene Cables 
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1. Introduction  

 
 
More than half of the world is still in need of electrification. Most of these areas are far away 
from the grid and are in a location where it is impossible for the grid to penetrate. Due to this 
the growth of these areas is substantially affected.  This problem can be solved by employing DC 
(Direct Current) off grid systems according to the needs of these places. The main advantage of 
employing a DC off grid system is that it can be powered by renewable energy sources directly. 
This is a good opportunity to initiate the use of renewable energy technologies in areas where the 
grid cannot penetrate. As most of the basic appliances like lights, cell phone chargers etc., 
consume DC it will be easy to incorporate renewable energy technologies like solar PV, wind 
turbines and fuel cells. The storage batteries used in these kinds of systems also require DC for 
charging. So the off grid DC micro grid will be suitable for rural areas where grid connection is 
hard to reach. 
 
 The DC micro grid and mini grid systems are gaining more and more importance in recent days. 
Research is being done in this area by developed countries to bring about a change in the 
electrification of buildings. The DC mini grid is seen as a viable alternative for the existing AC 
electrification network due to its advantages. DC electrification is not only considered for rural 
areas but also for urban buildings as well. DC electrification is not a new idea as it was in usage 
before the arrival of AC as the electrical load was DC back in the old days. The arrival of 
complex appliances like air conditioning, AC (Alternative Current) motors and long-range power 
transmission influenced the use of AC electrification. 
 
There is a steady increase in the appliances that work on DC and more and more are being 
invented. Most electronic appliances that we use today such as laptops, computers, TV etc. 
require DC for their working. These appliances draw AC and convert it to low voltage DC 
through the adaptors provided for these appliances. This conversion can be avoided if the 
electrification is DC. Most of the appliances in our daily life consume DC, for example, light 
bulbs which are in use for a long time. Due to the technological advancements, we now have 
LED lights, which work by converting AC to DC with a sufficient working voltage. One of the 
major issues in converting AC to DC is the power loss associated with it. Due to these 
disadvantages the DC electricity network and mini grid are seen as a viable option to replace AC 
grid and electrification in developing regions. 
 
 

1.1 Concept of a microgrid:  

 
A micro grid (MG) can be defined as a group of renewable energy sources and energy storage 
devices controlled by a monitoring system to provide power to the loads for which it is designed 
(Bouzid et al., 2015).  The energy source may or may not include the local utility grid. A 
microgrid can be seen as a smaller version of the traditional power grids. The consortium of 
Electric Reliability Technology Solutions (CERT) describes the concept of a microgrid as an 
―aggregation of loads and micro sources operating as a single system providing both power and 
heat‖. A microgrid consists of power generators, distribution and control systems for voltage 
regulation just like a conventional grid. However, the main difference between the conventional 
grid and the microgrid is the close proximity between the power generation and the end users. In 
recent years microgrids have gained a lot of attention due to the advancements in renewable 
energy technologies.  
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The figure 1-1 describes one of the many concepts of microgrids. The figure contains power 
sources such as solar PV arrays, wind turbines, utility grid and energy storage devices. The diesel 
generators can be used as a backup power supply or as a regular power source running parallel to 
the renewable energy sources (RES). The control system denoted is used as a means to regulate 
the power from various sources to the load. 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

As the name suggests, microgrids are smaller in size compared to conventional utility grids, 
which are normally sized at megawatts (MW). Microgrids comprise of micro sources such as PV 
arrays, diesel generators etc. for providing power for the load for which it is designed. In recent 
years due to the advancements in renewable energy technologies more renewable energy sources 
are employed in microgrids.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1-2Categorization of microgrids based on size (Lena, 2002), used by 
the permission of IED 

Figure 1-1: Concept of a microgrid 
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Figure 1-2 describes the various sizes of grids and shows a possible metrics to determine the size 
of PV based microgrids. In the figure it is stated that the minigrid or microgrid can be up to a 
few hundred kilowatts (kW). It is categorized into large, medium and small systems based on the 
size. The size of the microgrid is mostly dependent on the load and availability needs of the load. 
According to Nowak (2002) it can go upto a few hundred kilowatts for rural electrification. 
 
 

1.2 Components of a microgrid 

 
A microgrid consists of a primary grid source, distributed generators, energy storage devices, 
power electronics and control system to manage the power supply from the generators (Bayindir 
et al., 2014) 

 Distributed generators (DG) are the main source of power generation in a microgrid. 

DGs can be categorized based on their technologies such as renewable energy DG and 

non-renewable energy DG. Renewable energy sources such as wind and solar are being 

harnessed quite extensively in microgrids. 

 Energy storage devices have become an inevitable part in a microgrid. Due to the 

increased implementation of renewable energy technologies and their intermittent nature, 

storage devices such as batteries became a must. Examples of storage devices are 

batteries, flywheels etc., 

 Electrical load in microgrid systems plays an important role in its operation and stability 

because in certain applications prioritizing the supply to critical loads is essential. The 

microgrids can be used to supply power for both residential loads and industrial loads 

which can be further classified into sensitive loads and non-sensitive loads.  

 Power converters are required in most DER microgrids to convert the generated power 

to compatible AC power for the appliances. The role of power converters involve power 

conversion, power conditioning and protection of output interface Bayindir et al. (2014). 

According to Lasseter et al (2002) most micro sources require a power electronic device 

in order for the microgrid to work as a single controllable unit 

 

1.3 Aims:  

The main aim of this thesis is to find out the feasibility of a DC based solar PV system. The DC 
based system will be designed using a reference system. The reference system is an AC based PV 
microgrid deployed in Douala, Cameroon by the company SUNERGY. 
 
This thesis aims to: 
 

 Propose an idea for the architecture of a DC based PV system 

 Find the performance ratio to assess the feasibility of the system 

 Compare the cost of DC and AC systems. 
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1.4 Methodology 

 
The objective of the thesis will be accomplished through the following. First, DC system‘s power 

output and performance ratio (PR) will be found out. This will be shown through simulation 

results from PVsyst, HOMER and Simulink. PV microgrid installed by the company SUNERGY 

in Douala, Cameroon is taken as the reference for this thesis. Secondly, a cost estimation of the 

aspects of the system such as distribution and power conversion where DC has an impact will be 

analysed. 

1.4.1. Part 1: Performance ratio 

 
One of the main advantages of using DC distribution in microgrids is the decreased power loss it 
promises (Backhaus et al., 2015). 
 
A DC microgrid, which uses PV as the main power source will have the following components: 

 A PV array designed according to the needs of the community. 

 A PV dedicated maximum power point (MPP) tracker to regulate the power and harness 
the full potential of PV arrays 

 Storage devices such as batteries. 

 A control system to monitor the power distribution. 
 
Part 1 will focus on stating the power output and performance ratio of the DC plant using the 
software HOMER, Simulink and PVsyst. HOMER is chosen because even though it is mainly 
for finding the best economic options for microgrids it also generates results with a one-hour 
time step for a whole year. Another reason for choosing HOMER is because currently it is the 
only software that can simulate both DC as well as AC stand-alone PV systems.  
 
Simulink is used to model a PV-DC system according to the reference system in Douala, 
Cameroon. The model will consist of a PV array which uses the same module as the PV array 
installed in Cameroon and a MPP tracker based on the widely used P and O algorithm coupled 
with an insulated gate bipolar transistor (IGBT) based boost converter (Christopher and 
Ramesh, 2013). The model will generate instantaneous power output, which will later be 
compared with the output from HOMER. 
 
Finally, a PV DC model will be made in PVsyst for the same reference system to analyse the 
performance ratio and other aspects of the system. Based on the results from HOMER, 
Simulink and PVsyst, the performance ratio of a DC plant for the reference system will be found 
out.  
 

1.4.2. Part 2: Cost analysis  

 
Part 2 will focus on whether the advantages of the DC system will justify the actual 
implementation of the system based on the cost estimation of aspects such as distribution and 
power conversion. 

 The type and cost of the conductors will be chosen and analysed.  

 The cost of conductors and power electronics of AC and DC system will be compared. 

Part 2 will determine whether DC system is economically better than AC system. 
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The results will be based on the findings from part 1 and part 2 and the conclusion will 

determine whether the proposed DC microgrid is feasible for implementing. 

2 Literature review 
 

2.1 DC microgrid  

A micro grid can be defined as a group of renewable energy sources and energy storage devices 
controlled by a monitoring system to provide power to the loads for which it is designed 
(Bayindir et al., 2014).  The energy source may or may not include the local utility grid.  
 
An electricity network consists of two primary systems, which are transmission system and the 
distribution system. A conventional network comprises a central power station from where the 
power is being transferred to the distribution centers and then to the customers. The problems 
associated with this are that it is not totally reliable and as the power generation is far from the 
load it will be difficult to cope with the disturbances occurring at the load end. A micro grid, on 
the other hand, consisting of distributed generation will be more suitable for these needs. 
Currently the AC network is predominant in most parts of the world but the DC micro gird 
network is gaining importance these days due to the higher efficiency when coupled with 
renewable energy sources and storage systems (Whaite et al., 2015).  
 
A micro grid system for residential purpose will consist of components such as an isolation 
transformer, a rectifier and a DC-DC converter to supply the DC loads (Madduri et al., 2015). 
The AC loads can be connected directly to the low voltage AC micro grid distribution line with a 
system voltage of 230V single phase AC (Manandhar et al., 2015). 
                                                             
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
The figure 2-1(Mariam et al., 2013) contains power electronic devices such as rectifiers which 
convert AC to DC and inverters which convert DC to AC to synchronize the power generated 
from various micro sources and from the grid into the distribution line. Similarly, according to 
Manandhar et al. (2015), the low voltage DC distribution will consist of a DC-DC converter, 
inverter, filter and an isolation transformer to operate the AC loads and the DC loads can be 
connected directly to the DC bus if the voltage level is compatible with the appliances. The 
voltage options for the DC system are 12V, 48V, 120V, 230V and 326V (Mariam et al., 2013). 
This architecture is prescribed for office buildings and residential buildings in urban areas where 
the use of AC appliances is more and the micro grid is assumed to be connected to the grid. 

Figure 2-1: Components involved in a microgrid  
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However, the architecture of a micro grid for rural electrification differs a little from the above 
mentioned architecture. The micro grid for rural electrification will involve advance monitoring 
units to keep track of the power drawn and to regulate the system for stable supply of power. 
The roles of monitoring and controlling unit are to provide fixed power, regulate local voltage, 
track the load, to control the load sharing between Distributed generation (DG) units. The 
power sharing is important in the autonomous micro grids. It is important to regulate the power 
drawn from the various DG units as the capacity of each power source will vary. 
 

2.2 Distribution system 

 
Planning a distribution system plays an important role in constructing a microgrid. An efficient 
distribution system not only assures reliable power but also proves to be economically justifiable 
on the investment side. There are three types of distribution that are available for general utility 
connection as well as microgrids (Inversin, 2000). They are  

 Radial 

 Loop  

 Network. 

The most commonly used distribution systems in microgrids are radial and loop type 
distribution.  These two types are considered due to the ease in their implementation and the 
cost involved in constructing them (Hossain et al., 2014). Both these types of distribution will be 
discussed in detail. 

2.2.1. Radial 

Radial distribution is the most sought out system for power distribution. It is employed in 
majority of the power distributions around the world. It accounts for 90% of all distribution in 
North America (Hossain et al., 2014). Most of the microgrids that are deployed and that are 
being constructed opt for radial distribution system as they are cheap, simple to design and easy 
to plan and operate.  Radial distribution has only one path between the generation and the 
houses connected to it.   
 
 
 
 
 
 
 
 
 
 
 

 
 
The power flows in a single direction or a single path which if interrupted will cut off power to 
the houses connected to it. The type of bus lines used in the radial distribution system depends 
on what kind of power is being transmitted through them to the connected houses. The main 
disadvantage of the radial distribution system is that it is less reliable when compared to the 
other two types as it involves power distribution from only one direction, any failure in the 
power line will cause blackout for all the consumers connected to it (Hossain et al., 2014). 
 

 

Figure 2-2: The figure describes a typical radial distribution. 
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2.2.2. Loop 

 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Loop distribution is being considered as an alternative to radial type distribution system in 
microgrids these days. Loop type distribution is predominant in most parts of Europe (Hossain 
et al., 2014). As the name suggests, loop distribution system can be described as a loop with 
which all the homes in the community are connected. The concept of loop system is that the 
power can be transmitted both ways from the point of generation. The transmission line starts 
and ends at the point of generation unlike radial distribution and the power can only flow in one 
of the 2 paths at a time.  
 
The main advantage of this type of distribution is that it increases the reliability of the electrical 
network. When there is a power outage in a segment of the distribution, the power can be 
distributed to the users through the other path using simple switches and breakers. 
Even though it is considered to be more reliable than radial distribution, it is more expensive as 
this type of distribution requires additional switches, conductors and breakers according to 
Hossain et al.(2014). 
 

2.2.3. Network 

 
Network or mesh type distribution is considered to be the most reliable among the three and it is 
being widely used in major establishments. It can be described as a combination of radial and 
loop type. Usually a network type distribution will consist of multiple power generators and if 
one of the generator stops working due to maintenance or other reasons the power is supplied 
through other generators with the help of switches and circuit breakers just as in loop type 
 
Even though it is very reliable, it is not well suited for microgrids due to its higher cost and 
complexity associated with it (Hossain et al., 2014) and most microgrids will not be more than a 

Figure 2-3: The figure describes a loop type distribution 
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few hundred kilo watts. Taking all these factors into account, it is safer to say that radial and loop 
type distribution are more suitable for the purpose of microgrids. 
 
Apart from the distribution systems, there are three kinds of distribution networks available as 
mentioned by Hossain et al.(2014), they are  

 Direct current line 

 60/50 Hz alternative current line and 

 500/1000 Hz High frequency alternative current line. 

All these types are being researched into these days for implementing in microgrids. Each has its 
own advantages and disadvantages.  All these kinds represent the common bus used in the 
microgrids. 
 
The DC distribution line is given more importance in recent times due to the increased use of 
distributed generation technologies such as PV, fuel cell etc. and their inherent DC nature. The 
main drawback of this type is that the majority of the appliances are all made for connecting with 
an AC system. But still it is being considered for applications such as telecommunications, data 
centers etc. where the loads are mainly electronics, which can be more efficiently run in DC than 
in AC. 
 
The most commonly used distribution bus type is the 60/50 Hz alternative current bus line. This 
type is very popular as it has been in use for a very long time. Each country has its own supply 
frequency.  Almost all the home appliances are manufactured to run in AC supply. The main dis-
advantages of this type are that a lot of problems arise due to frequency control, power loss, 
harmonic distortions and it adds up the cost due to the use of costly inverters in microgrids as 
most of the distributed generation sources are DC in nature (Backhaus et al., 2015). 
 
HVAC-transmission (High Voltage AC) for microgrid is a fairly new concept and it is still in the 
research stage (Hossain et al., 2014). The AC transmission voltages are classified into 4 categories 
namely low, medium, high and extra high voltage. The voltage range according to the 
International Electro-technical commission for the 4 classifications (ElectroTechnik, 2011): 
 

 Upto 1000V - low voltage 

 1000-35kV – medium voltage 

 35kV – 230kV – High voltage and 

 Above 230kV is considered as extra high. 
 

The concept of HVAC transmission line is that the generated electricity from PV or other 
sources is converted to 500/1000 Hz AC supply and it is again converted to 50/60 Hz AC 
supply which is suitable for the load. The basic idea of this transmission is to transmit the power 
in high frequency AC to filter out harmonic problems. The main drawback of this type is the 
increased power loss due to the increase in line reactance (Hossain et al., 2014). 
 
 

2.2.4.  DC Distribution 

 
DC electrification has many advantages over AC. Listed below are the advantages that make DC 
stand out in the field of distribution (Oliver and Line, 2012). 
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 DC distribution does not require synchronization like AC distribution. 

 It can be directly or indirectly drawn from renewable energy sources and the grid. 

 No phase balancing is required 

 It has no harmonic problems. 

 The investment in conductors, wires etc. are comparatively low when compared to AC 
distribution. 

 It provides a more efficient distribution than its AC counterpart. 

 
There are also indirect benefits such as: 
 

 Storage devices such as batteries and flywheels are inherently DC, which adds to the 
compatibility of the total system. 

 DC systems are best suited for loads, which are electronic such as laptops and 
computers. Applications such as data centers, telecommunication systems have a great 
advantage if they are run in DC.  

 DC distribution has very few conversion stages, which improves its overall efficiency. 

 DC has high reliability when compared with AC as it has only a few stages, which are 
prone to failure.  

 More power for the same cable size when compared to AC distribution. 
 

 Disadvantages of DC distribution: 
 
Even though DC distribution has a lot of advantages it still falls short in a few aspects. The main 
issues surrounding the DC distribution currently are regarding its safety features. The safety 
devices for DC distribution are not widely available at the moment. Only a handful of companies 
tailor make the devices according to the needs of the customer. The most predominant voltage 
level in DC distribution is 380V as it is being considered to be high enough to reduce cost of the 
conductors and low enough to provide a safe transmission. It is currently in use for power 
distribution in telecom facilities and data centers. Due to this reason there is an increase in 
research for safety devices for this voltage level as it is being standardized (Dragicevic et al., 
2016).  
 
The safety issues concerning DC distribution: 
 

 No zero crossing of current and voltage 

 The occurrence of arc during switching.  
 

2.3 DC Voltage available for distribution 

 
As DC is intensively considered for distribution for both microgrids and macro grids, it is 
important to look into the options of utilizing DC for the appliances directly. Currently, voltage 
levels such as 12V, 24V, and 48V are in practise. The reasons for the popularity of these voltage 
levels are that they come under the safety limits for usage according to international standards 
(Whaite et al., 2015). 
 
The main advantage that AC distribution has in application such as microgrids is its compatibility 
with day to day appliances. This attribute is not seen in DC distribution as it requires a BCM 
(Bus Converter Module) if the distribution voltage is more than the safety limit (Madduri et al., 
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2015). For this reason most DC microgrids that are in operation around the world use 12V DC 
and not a higher voltage level. These kinds of installations can be found for applications such as 
rural electrification. These limit the options for rural areas and in a way slow down the 
developments of these areas. A 12V DC can be used for lights and small applications such as 
portable freezer etc. A low level DC voltage such as 12V limits the power carrying level and 
distribution length, as it needs a bigger conductor, which limits the number of houses it is 
connected to. 
 
In recent years there is a steady increase in the implementation of data centers and telecom 
servers. Both these applications are inherently DC and are very similar. Now due to the energy 
strategies such as the mission of ―20-20-20‖ made by the European Union, these data centers 
and telecom industries are looking for an energy efficient option to establish and supply their 
servers (International renewable energy agency, 2010). For this purpose a 380V DC distribution 
is chosen. It is being standardised for DC distribution  and is proven to show an efficiency 
increase of about 5 to 8% (Akerlund et al., 2007).  
 
The reason for DC distribution being more efficient is because it has fewer conversion stages 
compared to an AC distribution. An AC distribution for a data center or a telecom facility would 
have 3 conversion stages and a bypass network for connecting the system directly to the grid.  
 
Usually in an AC distribution there needs to be a rectifier in order to charge the battery storage 
which is DC in nature. Then an inverter is needed for utilizing the stored energy from the 
batteries and finally almost all the electronics have an AC-DC converter and a buck converter as 
they are inherently DC. Each conversion stage will add loss to the connection and also there are 
a lot of issues such as harmonic imbalance, reliability issues etc. Apart from the 380V DC 
distribution, 350V DC is also being researched for distribution in office buildings. According to 
Akerlund et al.(2007) a 350V DC is more suitable for residential supply. 
 
In modern day residences, AC distributions are predominant and as most of the appliances are 
inherently DC it will be efficient to have DC electrification in a house. A voltage level of 350V is 
being considered by the IEC and the ETSI for residential purposes. According to Akerlund, 
2012 the AC appliances today can tolerate up to 375V DC and the considered 350V DC is well 
within this range. The 350V supply range is already in practice in many data centers for 
distribution as it is efficient and for the easy integration of renewable energy distribution.  
 
The load in a typical house can be categorized based on its power consumption. A high power 
consuming category which consumes more than 100W such as refrigerator and ventilation and a 
low power consuming category which consumes less such as laptop, mobile phone etc. A 3 wire 
system can be considered for a domestic DC grid consisting of a +350V, -350V and a 0V 
according to Willems et al.(2013). High consumption appliances can be connected directly 
through an electronic breaker. For appliances, which are very sensitive to high voltages, it is not 
advisable to connect to this line. A smart plug can be used here to connect such appliances to the 
350V bus (Madduri et al., 2015). It can switch from higher voltages to usable lower voltages for 
sensitive appliances. The plug can provide a maximum of 20V, and can deliver a power of 100W. 
The smart plug provides a wide range of voltages for the connecting appliances from 5V to 20V 
with a standard current of 5A. 
 
 
The microgrid described by Madduri et al.(2015) consists of a renewable energy source such as 
solar PV for generation, maximum power point tracker (MPPT), fan-out nodes and a household 
power management unit. Most DC micro grids consist of a nominal distribution voltage of 400V 
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to reduce the line losses to a minimum. According to Madduri et al. (2015) choosing this voltage 
range is due to the  ready availability of power electronics. The voltage is then converted to 12V 
or 24 V in the household appliances and storages like batteries. The MPPT is used to provide a 
stable peak power. The fan-out node here is used to supply the required power to a set of 
houses.  It consists of a fixed ratio 8:1 DC bus converter which provides a 45 to 50 V supply to 
the houses that are connected to it. In addition it provides additional features like galvanic 
isolation to the connected houses, measures the usage of individual households and isolates the 
houses when there is fault in the grid.  

 
 
 
The figure contains a PV power source, maximum power point tracker (MPPT), fan-out nodes 
and a power management unit (PMU). Every household is connected to the grid through the 
Power Management Unit (PMU). The PMU converts the 45 to 50V supply to 12V or 24V using 
a buck converter. This will be applicable to all the household appliances and the storage batteries 
in the houses. The PMU then provides additional information such as charge state of the storage 
batteries, usage of electricity to the customer and to the system operator as well. The PMUs have 
a controllable usage profile by which it can reduce the amount of electricity drawn from the grid 
by using the connected storage batteries. Batteries provided to each house serve as a means of 
reliable power and ensures a stable supply when isolated from the grid.  
 
 

2.4 DC in transmission and distribution 

2.4.1. Application of HVDC 

 
The technological advancements in the field of power electronics has led to the change that is 
taking place in the power industry today. Power transmission was AC based in the past because 
AC voltages could be raised and it was more efficient than DC transmission. Generally electric 
power generated at the power station such as a solar power plant or a thermal power plant is 

Figure 2-4: Schematic diagram of DC microgrid architecture for rural 
electrification (Madduri et al., 2015), used by the permission of Achintya 

Madduri  
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stepped up by a transformer to very high voltages in the range of kilo volts and distributed 
through transmission lines. Again the transmitted power is stepped down to lower voltages 
before it is delivered to the distribution lines which supplies to the customer. This system 
worked for many years but things are changing as more renewable energy power plants are being 
deployed. There are a lot of problems associated with power loss and stability due to the 
intermittent nature of the renewable energy power plants. These problems can be solved by 
adopting HVDC transmission as suggested by Van Burkleo (2013). The HVDC transmission 
system consists of two converters: one converter acts as a rectifier and converts AC power to 
DC power and the other on the receiving side acts as an inverter and converts DC power 
transmitted to AC power.  

 
      Figure 2-5: HVDC transmission 

 
 
According to Van Burkleo (2013) there are two types of HVDC technologies based on the 
application they are used for which are line commutated converters (LCC) and voltage source 
converters (VSC). VSC is more suited for small-scale projects such as a renewable energy based 
microgrids than LCC and LCC is suitable for large-scale power plants.  
 
The main advantages of HVDC, according to Larruskain et al.(2005), are: 
 

 The investment cost is less when the cost saved in conductors and maintenance is 
considered, though HVDC transmission has to have expensive converters at both the 
receiving and sending end.  

 HVDC conductors have lower losses than the AC transmission for the same power 
capacity.  

 AC transmission has stability issues, which can be overcome by the use of HVDC 
transmission. 

 HVDC offers more controllability through the converters. 

 Improved utilization of the existing power plants as HVDC promises better control and 
minimum losses. 

 

2.4.2.  Application of LVDC 

 
DC microgrids have gained importance due to their reliability as they can function autonomously 
and also help maintain grid resilience. The DC micro grids are not only an answer for rural 
electrification but also a smart solution for buildings, hosting offices, data centers, and 
information technology. The advantages of using DC microgrids are system efficiency, cost and 
environmental benefits according to Willems et al. (2013). Three-phase supply is predominant in 
most buildings. The three-phase AC power can be converted into low voltages DC in the range 
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of 12 to 48V through an AC- DC converter. Redfern (2014) suggested a system which consists 
of a renewable energy source such as solar and wind, a battery storage and a distribution panel 
for an office building with a lot of electronic office loads such as computers, printers etc. The 
system consists of a smart power management unit to make use of the AC- DC converter only 
when the supply from the main grid is economical i.e. during low tariff period. The proposed 
system establishes the importance of the inclusion of smart grids in buildings, which will reduce 
the electricity cost, reduce the carbon foot print and the waveform distortion concerned with the 
bulk utility supply. 
 
Another example of the application of DC system is the prototype deployed in Glava Energy 
Center (GEC), Sweden (Akerlund, 2012). The prototype distribution system consists of PV 
arrays, rectifiers, charge controllers and batteries. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The rectifier is used to convert the AC supply from the grid to 350V DC as the system is 
powered by PV arrays as well as from the electricity from the grid. The system is designed in 
such a way that the electricity from the grid is utilized only when there is no sunlight to harness. 
The controller also draws power from the grid in case of insufficient power production from PV 
to charge the batteries. This includes the whole of winter months. This prototype is a good 
example of utilizing DC power in urban buildings. The voltage level for this system was chosen 
as 350V DC due to the reasons discussed in the previous section. The loads that are supported 
include LED lights (Light Emitting Diode), ventilation system, and a refrigerator. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-7: The picture contains an array of 
batteries and rectifier in Glava Energy Center 

Figure 2-6: The picture consists of an array of 
batteries and rectifiers. (Akerlund, 2012), permitted 
by Glava energy Center 
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The importance of DC micro grids is not only limited to rural areas where it is hard to extend 
grid connection but it is also being considered to run office buildings, data centers etc. It offers a 
stable and reliable supply when coordinated with the grid.  
 
 

2.5 Conductors 

 
Conductor is one of the main components in a microgrid. It is as costly as it is essential so it is 
important that the conductor is chosen correctly. Choosing the right conductor saves a lot of 
money and minimizes power loss. The selection of a conductor depends on the application for 
which it is used.  Conductors are typically characterized based on construction, design, current 
carrying capacity, insulation types and are given code names.  
The selection of a conductor type is based on a lot of factors such as ambient temperature, type 
of installation of the conductor- overhead or underground, weather factors and insulation type. 
The conductor size is mainly based on the load that needs to be distributed and the current 
carrying capacity of the conductor (Inversin, 2000). 
 
 There are two main types of conductors available for electrical distribution. They are copper 
conductors and aluminium conductors and each has its own advantages, dis-advantages and 
properties. Copper conductors were predominantly used in the past due to their very good 
electrical conductivity but in recent times aluminium conductors are used instead of copper. 
 
Advantages of aluminium conductor: 
 

 Aluminium offers less resistance when compared to copper. 

 It has a better weight to strength ratio than copper, which reduces the number of poles 

required. 

 It has better tensile strength. 

 

Disadvantages of aluminium conductor: 
 

 Aluminium has a low conductivity compared to copper. 

 Pure aluminium conductors stretch during strong winds and get damaged if an obstacle 

falls on the line so it requires reinforcing with steel. 

 It requires a larger conductor for the same ratings as a copper conductor.  

There is a wide range of aluminium based overhead conductors available for distribution in 
microgrids. Bare overhead conductors are the most common sought out type for distribution in 
microgrids. As the name suggests it is bare and does not have any insulation, which is a main dis-
advantage as it causes safety concerns. ACSR- aluminium conductor steel reinforced is the most 
popular overhead conductors for microgrid distribution. It consists of a steel core around which 
strands of aluminium are built upon. The steel core provides the rigidity, which a pure 
aluminium conductor lacks.  
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Procedure to choose the conductor size:  
 

 First the load should be determined and the current that needs to be distributed must be 
found out. 

 The next step is to determine the type of installation i.e overhead or underground 
conductors. Choosing the type of installation is mainly based on the environmental 
conditions of the installation area. 

 Then the type of over-head conductors should be decided. There are numerous types of 
conductors available in the market both in copper and aluminium. For overhead 
distribution conductors ACSR and AAC (all aluminium conductors) are widely used. 

 The next step is to calculate the de-rating factor for the current rating that needs to be 
distributed. The de-rating factor ―k‖ is based on the type of installation. 

 Based on the value of current after the inclusion of the de-rating factor a conductor size 
is chosen.  

 Then the voltage drop of the chosen conductor is calculated to make sure the chosen 
conductor satisfies the required voltage drop level for the distribution. 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
. 
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3 Methodology and Simulation 
In this section, the methodology followed and the simulation done will be explained. 
 

3.1 Reference system 

The reference system chosen for this project is based on the PV system implemented by the 
companies SUNERGY and ELTEK in Bokosso, Cameroon. It serves as the main electrical 
source for the village in Bokosso.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

        Figure 3-1Solar radiation map of Africa (solargis) 

Figure 3-2: Solar radiation map of Cameroon (solargis) 
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Cameroon is situated in the western part of Africa. It is located at latitude 6°0‘N  and 
longitude12°0‘E. It is one of the countries in the African continent that receives less solar 
irradiation over the course of the year. The site of the PV plant is situated in the far eastern part 
of Cameroon near Douala. It receives an average solar irradiation of less than 900kWh/m2, 
which can be seen from the figure (3-2). According to Ayompe and Duffy (2014) the annual 
peak sun hour for the site is 3.29. ―Climate data for Cameroon‖ (2016) states that only 29.1% of 
the daylight hours is sunny and the rest 70.9% of daylight hours are cloudy or have low solar 
intensity 
 
The system consists of a 60kW PV array, a 230V 40kW inverter and 48 storage batteries of 
capacity 4100Ah each.  
 
The village in Bokosso consists of 92 houses and the system is designed for an average daily load 
of 199kWh. The loads are assumed to be basic such as lights, cell phone chargers and minor 
electronic appliances.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

3.2 Chosen softwares 

 
 
The aim of this thesis is to check the feasibility of PV based DC systems. A case of PV based AC 
system is taken as reference. The reference system was designed and installed by the company 
SUNERGY in Douala, Cameroon. As the study focuses on the performance of PV based DC 
systems, sufficient software is required to simulate the outcomes of a DC based PV system with 
reference to the PV plant in Cameroon. 
 
The proposed system for a DC microgrid will have a PV array for generating power, an MPPT 
device to harness the PV array‘s full potential and storage batteries to supply the loads when 
there is no solar irradiation. 

Figure 3-3: The figure represents the daily load profile with which the system is based on. 



18 

 
The softwares which have the possibility to simulate a PV DC system are HOMER, PVsyst and 
Simulink. All these softwares have their advantages and disadvantages. 
 

3.2.1. PVsyst 

 
PVsyst is dedicated solely for the purpose of designing a PV system (Mermoud and Wittmer, 
2014). Currently it can simulate PV-AC based grid connected systems and PV-DC based stand-
alone systems. It contains a wide range of library components for selecting inverter, batteries and 
solar PV module. The possible output results that can be obtained from the PVsyst are 
performance ratio, yearly as well as monthly power output and finally a loss diagram stating the 
losses at each end of the system.  
 
The disadvantages in PVsyst are that it does not have options to simulate AC based stand-alone 
system i.e. only grid connected inverters are available in its library and design.    
 
The DC stand-alone system in PVsyst consists of PV arrays, DC loads, storage batteries and 
charge controllers for batteries. PVsyst cannot model a PV system with PV dedicated MPPT 
which is essential for microgrids as it helps harness the full potential of the PV array. The MPPT 
function is usually included in the inverters these days, which can be seen in PVsyst‘s grid 
connected model. 
 

3.2.2. HOMER 

 
HOMER is developed by NREL, USA and it is mainly used for the purpose of finding out the 
best combination of renewable energy hybrid systems that can be both economically beneficial 
and satisfy the needs of the microgrid for which it is designed (Akinyele and Rayudu, 2016). It 
can be considered as the only software at the moment used to design systems specifically for 
microgrids. The main advantage of HOMER is the flexibility it offers to the users. Both off-grid 
as well as grid connected systems can be designed and simulated in HOMER. It has a lot of 
renewable energy technologies in its libraries which can be utilized to find the best system which 
is economically agreeable. 
 
 Even though HOMER has a lot of advantages it does have some drawbacks when it comes to 
stating the performance of the designed system. The features in HOMER are mainly to support 
its primary use i.e. to find the best possible economic option. Even though HOMER has the 
option to add multiple renewable energy technologies it does not have a lot of options in RE 
technology libraries in specific. For example it only has a generic PV module and PVT model in 
its solar library and they lack a library of list of components from manufacturers that can be 
found in PVsyst. Another notable drawback is that in addition to the above mentioned drawback 
the technical inputs for these components are limited too i.e. only efficiency data can be added 
into the design to find out the performance of the system. This makes the performance output 
of HOMER less acceptable. 
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3.2.3. Simulink 

 
Simulink is developed by Mathworks. It is used for modelling, simulating and analysing dynamic 
systems. The programming done in Simulink is very similar to the programming done in Matlab. 
Simulink uses its library which provides all the necessary tools to develop the program as a 
graphical interpretation. This makes understanding the program very easy for users who have no 
prior knowledge about programming. 
 
Simulink is not made specifically to design and simulate RE systems or microgrids but according 
to Sumathi et al.( 2015) it has the capability to model RE systems such as systems with PV, wind 
turbine and fuel cell etc. It has a wide range of libraries which includes electrical as well as 
electronic component libraries, which has components such as inverters, diodes, measuring 
devices etc. Most of these components cannot be directly interfaced with the RE technologies 
available in Simulink but Simulink allows the user to build components such as inverters and 
boost converters using its component libraries. 
 
The major drawbacks in Simulink are the complexity involved in designing the needed system 
and the simulating time period. The time period for simulation depends on the method used to 
model the system. Methods such as forming an equation representing the components can have 
a lesser time period which gives us the option of simulating and analysing the system for months 
or for years just like in PVsyst. The methods, which enable building the components using the 
electrical and electronic library tools, will help analyse the minute distortions in the system but 
the time period is limited to a few seconds or minutes. Both methods have their own advantages 
and disadvantages. 
 

 

Table 1: The table explains the capabilities of the chosen softwares 

 

 
The table above explains the features of the chosen software and its relevance to the DC based 
PV system. The tick mark denotes that the software is capable of doing the task. 
 
 
 
 
 

Softwares 
used 

     PV 
array       

PV dedicated      
MPPT 

Storage 
batteries 

Technical 
inputs for the 

system 

Library of 
components 

 
Simulink 

 

  

 

  

 
 Possible
  

 

  

 

  

 
HOMER 

Cannot 
choose PV 
module 

 
 

  

 
 

  

 
Very limited 

 
Not available  

 
PVsyst 

 

  

 
Only has 
charge 

controllers 
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3.3 Modelling of components in Simulink 

 
A solar PV module can be described as an arrangement of solar cells in series and parallel 
enclosed in protective casing. The solar cells are stacked in series and parallel to generate a 
notable amount of power. A solar cell is a device, which converts sunlight into electrical energy. 
It can be described as a silicon (or other material) PN junction diode. A single solar cell generates 
a voltage of 0.5 to 0.8V depending on the technology with which it is made of. Matlab/Simulink 
is a platform where any component can be modelled using its respective mathematical 
expressions.  
 
A solar array can be modelled in three different ways according to Boujemaa and Rachid, ( 2014), 
by using different attributes of Matlab/Simulink.  

 The first method is by modelling the component using mathematical equations of the 
chosen component. In this case the mathematical expression of a solar cell. The solar cell 
is represented by its output current in its mathematical equation. 

 The next method is to use the library block of Simpower systems, where a PV array can 
be modelled by grouping PV modules according to the required power output. 

 The third method is to make use of the solar cell block from simelectronics library. The 
difference between this method and the first is that in this method the solar cell block 
already contains the mathematical expression (Boujemaa and Rachid, 2014).  

 
For this thesis, the solar array block from Simpower systems library is considered. It was 
developed by NREL, USA. It is solely added to the renewable energy section of Simulink to 
facilitate easy modelling of renewable energy systems which include normal stand-alone system, 
grid connected system as well as hybrid design. The best feature in this model is that we can 
model any size of PV arrays using this model. It facilitates the user by allowing the selection of 
the type of panels from a long list of manufacturers and it lets us arrange the arrays in series and 
parallel according to our design. The PV array block in Simpower systems is a five parameter 
model which uses a light generated current source IL, a diode, a series resistance RS and a shunt 
resistance Rsh 

 
          
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 

Figure 3-4: Equivalent circuit of a solar cell. 
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The diode I-V characteristics is given by the equation  
 

 =  I0 (exp (Vd/VT)-1)............................................................................... Equation 1 

 

Where: 

 
Id- diode current (A) 
Vd– diode voltage (V) 
I0– the diode saturation current (A) 
k – Boltzmann constant  
q – Electron charge (C) 
T – Cell temperature (K) 
 
 
VT= KT/q *ni *NCell…………………………………………………Equation 2 

 
ni- Diode ideality factor and 
Ncell is the number of cells connected in series. 
 

 

3.3.1. Modelling and simulation of Boost converter  

 
The boost converter is a type of DC-DC converter which has an output voltage greater than the 
supplied input voltage. The figure 3-5 given below represents a typical DC-DC converter. DC-
DC converters are used in a lot of applications where the supplied voltage is not sufficient 
enough for the operation of such applications. There are two types of DC-DC converters, buck 
converter and boost converter. Just like the boost converter, the buck converter alters the 
magnitude of the voltage supplied to it but in this case the output voltage is lower than that of 
the supplied input voltage.  
 
 
 
 
 
 
 

 
 
 

 
 
                       
Apart from normal day-to-day applications, boost converters are widely used in renewable 
energy power production. DC to DC converters are also used in distribution line in microgrids 
to increase or decrease the voltage according to the consumption needs. Boost converters are 

Figure 3-5: A typical commercially available DC to 
DC converter (ELTEK) 
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used with MPPT device in solar PV systems due to the poor power production of solar modules 
during times when the solar irradiation is low. 
 
Simulink library contains all the basic electronic elements to model any electronic circuits. 

 
A boost converter is made using an inductor, a switch, a diode and a capacitor which is shown in 
the figure 3-6. The working of a boost converter can be explained based on two modes. The 
switching transistor is the main component in a switch mode power supply. It turns part of a 
circuit on and off at very high speed. Usually the speed of the switching can easily be more than 
1000 times per second. 
 
Mode one, represented by the figure 3-7, starts when the switch is in the ON state. During ON 
state the switch (IGBT) acts as a short circuit during and the input current flows through the 
inductor and the switch. Due to law of induction, the inductor gets charged and the energy is 
stored in it. The diode in the circuit behaves like an open circuit during the on state 

 
Mode two, shown in figure 3-8, starts when the switch is in the OFF state. The current now 
flows through the inductor, diode, capacitor, the resistor and returns back to the source. The 
inductor creates a high voltage spike as its magnetic field collapses during the flow of current in 
OFF state. The energy stored in the inductor will start to flow until the switch is turned OFF. 
Whenever there is a voltage spike it gets pushed through the diode and stored in the capacitor. 
This process steps up the voltage and the voltage of the capacitor is obtained as the output 
voltage. 

Figure 3-7: The figure represents a DC to DC converter during ON state which is denoted by the 
absence of the IGBT switch. During ON state the switch acts as a short circuit.  
 

Figure 3-6: Circuit diagram of a DC-DC converter 
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3.3.2. MPPT charger and its chosen algorithm  

 
Solar energy generation shows great promise due to its advantages such as it being 
environmental friendly, a good renewable energy source, no fuel cost, easy to install etc. In spite 
of all its advantages there are a few problems concerned with its efficiency as the power 
generation is solely dependent on the intensity of the sun. To cope with such issues an MPPT is 
used to harness the solar array‘s full potential. 
 
Maximum Power Point Tracking is often referred to as MPPT and can be defined as an 
electronic device which functions to bring out the maximum power that a solar module or an 
array can possibly generate. It works by tracking and varying the voltage or current of the output 
power from the array to a point where it is equal to or close to the possible maximum power 
generation of the array. The figure 3-9 shows a typical MPPT curve. The use of MPPT can be 
further improved by the use of a tracking system for the PV modules. 
 
 

 

 

 

 

 

 

 

 

 

 

 

                    Figure 3-9: The figure shows a MPPT curve    

 

Figure 3-8: The figure shows the DC to DC converter working during the OFF state of the 
switch.  
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The efficient working of the MPPT is based on the concept by which it is operated. Many 
techniques or concepts have been developed for the MPPT operation and each technique differs 
in many aspects (Faranda and Leva, 2008).According to Faranda and Leva (2008) the most used 
MPPT algorithms are the Perturbation and Observation method and the Incremental 
Conductance method. 

3.3.3. Perturbation and observation method  

 
P and O method of MPPT is the most popular and sought out concept for the design of MPPT 
in solar PV systems due to its simple structure and algorithm. The main concept of the 
algorithms for MPPT is to analyse and compare the output power and voltage of the array with 
its previous corresponding values. The power at time ‗n‘ is compared with the power at time ‗(n-
1)‘ to produce a signal, which will govern the power in the next instant towards the maximum 
power point. The figure 3-10 shows the working steps of the p and o algorithm and the figure 3-
11 shows the graphical interpretation of the algorithm in Simulink. The procedure of this 
method is to observe the output voltage and power of the PV array or a PV module and then 
perturb the signal to increase or decrease the voltage by a constant amount and send it to the 
boost converter. The direction of the signal will be decided based on the observation and 
comparison of the output power. The obtained value is compared to the reference value which is 
the MPPT point, based on this the direction of the signal is varied. The signal will be + dv if the 
output power is increasing and – dv if the output power is sensed to be decreasing. (Christopher 
and Ramesh, 2013) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     Figure 3-10: Flow chart of P & O MPPT algorithm (Suryanarayanan, 2015) 
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3.3.4. Simulink representation of the P and O algorithm 

 
 

 
 

 

Advantages and disadvantages of P and O method 

 

 It is simple and easy to implement. 

 It requires less parameter for its operation. 

 The power tracked will oscillate more around the MPPT area. The magnitude of the 
oscillations depends upon the magnitude in variations of the output voltage, so it is not 
appropriate for areas where the weather changes rapidly. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 3-11: Implementation of P&O MPPT algorithm in Simulink using if-else blocks.  
 

Figure 3-12: The figure represents the climbing of power in a 
P and O based MPPT 
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3.3.5. Simulink model 

 
 
 

 
 

The circuit modelled in Simulink shown in figure 3-13 contains the solar array model, a DC-DC 
boost converter and a MPPT algorithm to govern the boost converter. 

 
Simulation blocks used in the model: 
The values used for the individual parts are shown below: 
 

1. Inductor = 50e-3 (L) 

2. Capacitor1 = 3.28e
-5

 (C), capacitor2 = 3.28e
-3

 (C) 

3. Resistor = 2.6 ( Ώ) 

4. Filter capacitor =  1e
-6

 (C) 

5. The switch used for the construction of the DC to DC converter is an IGBT switch  

 
 

The PV array is provided with the temperature and irradiation data using a signal builder block in 
Simulink. The values of irradiation and temperature that are fed to the model are based on the 
hourly results from HOMER. The PV array is connected to the Simulink based model of a boost 
converter, which elevates the fed voltage from the solar modules. The MPPT model, shown in 
the figure 3-11, governs the duty cycle for the boost converter. The MPPT is based on the P and 
O algorithm discussed in the previous section. The simulation type is chosen as discrete in the 
PowerGui block in Simulink to reduce the time taken for the simulation. The PowerGui block 
serves as a graphical user interface that displays steady state value of current and voltage 
(―Powergui (Power System Blockset)‖ ). This is chosen due to the reason that we are simulating 
high frequency switching. 

 

 

Figure 3-13: Simulink model of PV based DC system 
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The voltage and current from the PV module is fed to the MPPT algorithm using GOTO and 
FROM tags from Simulink. The output power, input power and the duty cycle results are 
analysed using voltage measurement, current measurement and scope blocks from Simulink. The 
simulation result is then viewed from the display block shown in the figure 4-10. 
 

3.4 DC-microgrid simulation 

The methodology of the simulation with the respective softwares will be discussed in this 
section. 
 

3.4.1. PV array with MPPT device using HOMER and Simulink 

 
As mentioned in the previous section, the simulations done in HOMER, Simulink and PVsyst 
will be based on the reference system from Cameroon. The idea is to simulate the reference 
system as a DC based PV system by assuming the load to be DC.  
 
From the result of HOMER simulation the power output of the plant can be obtained. HOMER 
generates output for a whole year with a 1 hour time step and it is possible to analyse the output 
at the end of each successive component. The result that is needed from HOMER is the output 
at the end of the MPPT device with which further analysis will be done. 
 
HOMER is originally developed for finding the best cost effective options for a microgrid 
involving multiple power generators. Due to this reason it is a little complicated to exactly design 
and simulate the system based on the size of the reference system. The reference system consists 
of a 60kW PV array, a 40kW inverter and 48 storage batteries of capacity 4100Ah. The size of 
the system that HOMER suggests after the simulation is based on the inputs that the user 
defines in the beginning. This includes the load profile of the village in Douala, Cameroon and 
the meteorological data of the site to get the solar irradiation data for the whole year. The 
simulation that is needed here does not involve optimization and it is simply to get the power 
output results of the reference system from HOMER. The size of the system will vary from the 
reference system in HOMER due to previously mentioned reasons, in order to replicate the 
exact size of the reference system with respect to the added load profile in HOMER; the system 
availability is reduced to 80%. This gives us the desired 60kW PV-DC based system. HOMER-
Pro was used for this project as it contains the option to assume DC loads and also because it 
assigns a PV dedicated MPPT. 
 
The main focus of this thesis is to find the performance ratio for the PV-DC system based on 
the reference system from Cameroon. The simulation results from HOMER will not be enough 
to state the performance ratio of the proposed DC system as it only has a few technical inputs, 
which will not be reliable. Due to this reason the software Simulink is chosen. A model of the 
DC based PV system is modelled in Simulink. The model will contain a PV array and a MPPT 
based DC-DC converter which represents the PV part of the DC microgrid. The simulated 
results of the system in HOMER will then be used as the input in the Simulink model.  

                              Figure 3-14: The figure explains the procedure of the methodology 
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The Simulink model created can only simulate instantaneous output values. The plane of array 
irradiance and cell temperatures are the two inputs required for the Simulink model, which is 
obtained from HOMER‘s result. Using this data the Simulink model is made to simulate values 
corresponding to each successive value from HOMER. This is done for each hour for the 
month of January. 
 
The performance of the PV array will then be calculated for each day, this will show us the 
performance of the PV array with PV dedicated MPPT during days with good irradiance as well 
as bad irradiance. 
 

3.4.2. Performance ratio using Simulink and PVsyst 

 
The main objective of this thesis is to find the performance ratio of the DC based PV system. 
The performance ratio of the whole system is found out with the help of the simulations done in 
PVsyst and Simulink. 
 
 The Simulink model represents the PV array along with a PV dedicated MPPT and it lacks the 
rest of the system. The PVsyst model consists of a DC based PV stand-alone system with PV 
array, storage batteries and DC load but it lacks a PV dedicated MPPT. As mentioned in the 
above section the Simulink model with the help of HOMER‘s input will generate the energy 
output of the designed PV array. In order to get the total energy used in the system, the energy 
output from Simulink is added with the percentage losses from PVsyst. This energy is then used 
in the calculation of the performance ratio. 
 
 

4 Result 

In this section the results simulated in Simulink and PVsyst will be discussed in detail and the 
performance ratio will be calculated using the results. 
 

4.1 Results from HOMER and Simulink 

 
As discussed in the previous sections, a difference in the output results from HOMER and 
Simulink is expected. For this comparison the outputs of HOMER and Simulink for a day is 
considered. The considered time is from 8 A.M to 6 P.M for all the simulations done in Simulink 
as the irradiation is notable only around this time period. The Simulink simulation is based on 
the irradiance and cell temperature inputs from HOMER‘s result. The table below shows the 
simulated results of both HOMER and Simulink for January 3rd. 
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Table 2: Simulation results of HOMER and Simulink for a day 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The results from the table 2 show that the HOMER‘s output is higher when compared to 
Simulink‘s output when the radiation is very low. This can be seen during the beginning of the 
simulating period and during the end where the irradiation is very low. For irradiation values 
around 600 W/m2 the output result from both Simulink and HOMER tend to be almost same 
and for irradiation more than 800W/m2 the output result from Simulink is more than HOMER‘s 
output. The difference in power can be seen clearly from the figure (4-1). The difference in 
output in both the softwares is mainly based on the level of detail on which the simulation is 
based. Simulink design employs an MPPT device with a DC to DC converter and all these are 
very similar to the real component which is the reason for the notable power difference. 

Time 
(Hour) 

 
 

Irradiance 
(kW/m2) 

Cell 
temp. 
(°C) 

Homer result 
(kW) 

Simulink 
result 
(kW) 

      

8 
 

0.24 32.6 14.1 4.2 

9 
 

0.45 38.3 23.3 14.2 

10 
 

0.65 43.5 31.4 29 

11 
 

0.94 51.9 43.4 52 

12 
 

1.11 56.9 49.8 56 

13 
 

1.15 58.1 51.4 57.5 

14 
 

1.10 56.8 49.6 56.2 

15 
 

0.95 52.4 43.9 52.3 

16 
 

0.68 44.7 33.1 31.7 

17 
 

0.43 37.6 22.3 12.7 

18 
 

0.16 29.9 9.6 2.2 

Figure 4-1: The graph shows the power output from HOMER and Simulink 
simulations over the course of the day 
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Although HOMER uses the same architecture, the technical input data that is needed to find out 
the performance is very limited.  
 

4.2 Energy output of the PV array with MPPT  

 
The assessment of the performance of a PV system mainly depends on the relation between the 
actual yield and the ideal yield for PV arrays.  
 
The actual yield refers to the actual measured output or in this case a simulated output of the 
installed PV array, which includes losses and faults associated with the PV array. The ideal yield 
can be defined as the expected output that the PV array delivers under STC conditions. The 
nominal power rating of the plant is considered for the calculation instead of using the efficiency 
of the panel and the area covered by the panel (Solaredge, 2016). 
 

…….........................................................................Equation 3 
 

I- Irradiance  

P- Simulated or Measured power output (Wh) 
                        
The performance ratio for the Simulink model is calculated for each hour and averaged for each 
day. This gives us the performance of the system for various levels of irradiation. The same 
procedure is then followed to get the performance ratio for a whole month, in this case January. 
 
Four days in the month of January is chosen, each representing days with different irradiation 
from high to low. The inputs for the simulation as mentioned in the previous section are the 
plane of array irradiance, PV cell temperature and HOMER‘s result for comparison. 
 
 

Table 3: Simulation results for January 5 

Time (hour) 

Irradiance 
  
(kW/m2) 

Cell 
temp 
(°C) 

Homer result 
        (kW) 

Simulink 
result (kW) 

8 0.07 26.6 3.8 0.5 

9 0.13 28.2 6.6 1.4 

10 0.14 28.3 6.7 1.4 

11 0.21 30.2 10.1 3.3 

12 0.18 29.3 8.4 2.3 

13 0.29 32.3 13.6 6.0 

14 0.05 25.9 2.4 0.2 

15 0.18 29.3 8.5 2.4 

16 0.19 29.5 8.9 2.5 

17 0.14 28.2 6.5 1.4 

18 0.05 25.8 2.4 0.2 
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The first sample date is January 5th. This day has the lowest irradiation value for the month. 
The irradiation value ranges from 79W/m2 to 293W/m2. The performance ratio for this 
day is calculated to be 18% 
 
 

Table 4: Simulation results for January 6th 

Time (Hour) 
Irradiance 
(kW/m2) 

Cell 
temp.(°C) 

Homer result 
       (kW) 

Simulink 
result(kW) 

8 0.20 31.0 11.5 2.8 

9 0.52 40.4 26.7 18.8 

10 0.81 48.6 38.7 44.1 

11 0.93 51.7 43. 51.5 

12 0.98 52.9 44.7 53.8 

13 1.02 54 46.1 54.5 

14 1.06 55.3 47.8 55.4 

15 0.91 51.1 42.2 50.4 

16 0.74 46.6 35.9 38.0 

17 0.51 40.2 26.3 17.9 

18 0.18 30.5 10.5 2.2 

 
The table above shows the system‘s output during a day with good irradiation representing 
a sunny day. The irradiation value ranges from 201W/m2 to 1056W/m2. The result shows 
a maximum output of 55.38kW at 2 P.M with an irradiation of 1056 and a minimum 
output of 2.2kW at 6 P.M with an irradiation of 175W/m2.  The performance ratio 
calculated for this day is 72%.  
 
Table 5: Simulation results for January 13th 

Time (Hour) 
Irradiance 
(kW/m2) 

Cell 
temp.(°C) 

Homer result 
(kW) 

Simulink 
result (kW) 

8 0.20 31.3 11.9 3.0 

9 0.36 34.9 18.1 8.9 

10 0.49 38.5 23.8 17.0 

11 0.66 43.2 30.9 30.0 

12 0.95 51.9 43.4 52.6 

13 0.97 52.4 43.9 53.3 

14 0.95 52.0 43.5 52.2 

15 0.74 45.8 34.9 37.5 

16 0.50 38.8 24.2 17.4 

17 0.20 29.9 9.7 2.9 

18 0.11 27.6 5.5 1 

 

 
The third sample date taken is January 13 which represents a day with a medium level of 
irradiation. The irradiation value ranges from 204W/m2 to 966W/m2. The performance 
ratio calculated for this day is 60% 
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Table 6: Simulation results for January 16th 

Time(Hour) 
Irradiance 
(kW/m2) 

Cell 
temp 
(°C) 

 

Homer 
result 
      (kW) 

Simulink 
result (kW) 

8 0.148 28.9 
 

7.8 1.6 

9 0.31 33.4 
 

15.5 6.9 

10 0.27 31.8 
 

12.7 3.8 

11 0.23 30.7 
 

10.8 16.3 

12 0.49 37.6 
 

22.4 18.4 

13 0.52 38.5 
 

23.7 18.5 

14 0.12 27.6 
 

5.6 1.2 

15 0.06 25.9 
 

2.6 0.45 

16 0.10 27.2 
 

4.8 0.7 

17 0.13 28.1 
 

6.3 1.2 

18 0.05 25.9 
 

2.5 0.5 

 

 
The final sample date taken is January 16 which represents a cloudy day with low 
irradiation. The irradiation value ranges from 148W/m2 to 516W/m2. The system has a 
performance ratio of 35% for this day. 
 
The four sample days that are taken into consideration represent the possible climatic 
variations and their corresponding impact on the irradiance level in the chosen site. Each 
day represents a different irradiation level. The sample dates Jan 5th and Jan 6th represent 
the lowest and highest irradiation level for the month of January. The sample dates Jan 13 
and Jan 16 represent days with moderate irradiation level. The results obtained for the 
sample days shows the output and performance of the designed PV array with a dedicated 
MPPT for varying irradiations. 
 
The performance of the system is usually affected by various factors such as irradiation, 
efficiencies and the faults associated with the components used. The main losses 
considered for the simulated output of the plant was the PV cell temperature loss, losses 
associated with the effectiveness of the MPPT used and power converter disturbances. 
The Simulink model made takes into account the above mentioned losses. 
 
Except table 4, in the rest of the tables the Simulink values increase substantially when 
there is a significant increase in the irradiation. In table 4 the irradiation values remain 
stable almost the entire day. In table 4 the irradiation value starts climbing rapidly in the 
morning and becomes stable during midday, which can be seen clearly with the Simulink 
results. Whereas the HOMER results for both the table shows constant climbing and 
reducing of values. Similar pattern can be seen in table 5 and 6. The reason is due to the 
perturb value in the P and O algorithm, which may be a bit large. Perturb value is the 
increment value in the algorithm. The perturb value can be minimized a little bit to reduce 
the significant increase in Simulink values in accordance with the irradiation although 
minimizing this value will lead to even longer simulation time.  
 
The energy output of the PV array is obtained by the summation of Simulink results for 
each hour for the month of January and it is found out to be 7.2MWh. 
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4.3 Performance ratio of the DC based PV system  

4.3.1. Total energy consumption of the system 

As discussed in section 3 the energy output from the PV array is obtained from Simulink‘s 
result and it is found out to be 7.2MWh for the month of January. 
 
Now to calculate the PR of the whole system, the results from Simulink and PVsyst are 
used. The DC microgrid system that is suggested to replace the reference system in 
Cameroon will consist of a PV array, a PV dedicated MPPT device, and battery storage 
delivering power to DC loads. 
 
In PVsyst the option is limited when it comes to modelling a DC stand-alone system. 
PVsyst assumes a MPPT device that is dedicated for the storage batteries and not for the 
PV array.  A DC stand-alone PV system was designed in PVsyst with the same parameters 
used in the HOMER simulation such as load profile and solar irradiation data. This stand-
alone system is simulated and the result is obtained. 
 
PVsyst result contains the energy loss diagram, shown in figure 4-2, in which all the losses 
are included in percentages and a final value of energy that is sent to the user for 
consumption is mentioned. These percentage losses will be added to the energy output of 
Simulink to get the energy used (E-used), which will be used in the performance 
calculation of the total system. 

 
 

Figure 4-2: Loss diagram of the DC-stand-alone system simulated in PVsyst 
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A total loss of 23% is obtained from the PVsyst simulation, which includes array soiling 
loss, mismatch loss, wiring loss, unused energy (full battery loss), converter loss and 
battery efficiency loss. Losses such as gassing current, battery self-discharge are not taken 
into consideration, as they are negligible. The obtained percentage loss from PVsyst is 
included in the result of Simulink and the E-used is found out to be 5.5MWh for the 
month of January. 
 

4.3.2. Performance ratio of the system  

 
Performance ratio can be described as a measure of quality for PV systems. The factors 
that are considered to be having an impact on the performance of a PV system are 
temperature, irradiation, climatic conditions etc. Performance ratio is the ratio between 
effectively produced energy and the energy that would be produced by an ideal system 
under STC conditions under the same irradiance. (STC conditions: 1000 W/m2 irradiation 
and 25°C temperature) 
 
Performance ratio of the whole system: 
 

         ……………………………………………………………...Equation 4 

             
 
      

     ………………………………………………....…………. Equation 5  
  
 

       ………………………………………………,…………….Equation 6 

   
 
 

 
 

 
 
 
 
Performance ratio of the DC based PV system for the month of January is 66%. The 
performance ratio is based on the simulation results of Simulink.  
 
 
 
 

4.4 Cost comparison 

 
One of the most important factors in implementing a microgrid is the cost. It varies 
according to the technology and the level of need. Finding the balance between cost and 
technology is a crucial part in planning a microgrid. The major expenses when it comes to 
PV based microgrids are the main components associated with it such as PV modules and 
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storage batteries, which depends on the load and level of autonomity required. The areas 
in which DC influence cost reduction are distribution and power electronics. 
 

4.4.1. Conductors 

 
The size and cost associated with the conductor is more in AC based systems than in DC 
based systems. Opting DC distribution also helps to reduce losses in distribution. 
According to Emhemed and Burt (2013), for the same sized conductor a LVDC (Low 
Voltage DC) system can transmit more power compared to a 3 phase AC system. The size 
of the conductor for DC and AC are chosen based on the details from section 2.5. The 
types of conductors which can be considered for low voltage distribution are AAC, ACSR 
and XLPE cables (Inversin, 2000). The current ratings for AC and DC distribution are 
approximately 170A and 260A. The tables below contain the conductor details for DC 
system and AC system 
 

All Aluminium Conductors (AAC) 

 
AAC also known as Aluminium Standard Conductor (ASC) is made up of conduction 
grade aluminium strands and has good electrical conductivity. Due to its low strength it is 
only preferred for short distance distribution. The chosen range of AAC is suitable for low 
voltage distribution. It can be used for voltage ranges from 230 V to 440V.  
 

Table 7: AAC conductor specification (Lumino industries) 

Code  Area 
(Sq.mm) 

No. of 
wires 

Diameter 
 (mm) 

Over all 
diameter 
(mm) 

Resistance 
at 20°C  
Ohm/km 

Current 
 
 (A) 

Lady bird 42.33 7 2.79 8.37 0.6721 198 

Grasshopper 83.13 7 3.91 11.73 0.3422 312 

 
The conductor with code name ―lady bird‖ is chosen for DC distribution and the 
conductor ―Grasshopper‖ is selected for AC distribution.  
 

Aluminium Conductor Steel Reinforced (ACSR) 

 
ACSR cables are widely used for distribution and come in various ranges. It is mainly used 
for HT transmission in the range of 11kV, 22kV and 33kV. It can also be used in low 
voltage distribution due to its high strength (Inversin, 2000). 
 
 
                     Table 8: ACSR conductor specifications (Vishal power sales) 

Code  Area 
(Sq.mm) 

No. of 
wires 

Diameter 
 (mm) 

Over all 
diameter 
(mm) 

Resistance 
at 20°C  
(ohm/km) 

Current 
 
 (A) 

Rabbit 50 6 3.35 10.05 0.5524 190 

Dog 100 6 4.72 14.15 0.2792 291 

                     

The ―dog‖ conductor which is selected for AC distribution costs 788€/km and the 
―rabbit‖ conductor chosen for DC costs 396 €/km for a single conductor (Vishal power 
sales). The cost involved in ACSR conductors can be halved if DC is used.  
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XLPE cables 

 
XLPE or cross linked polyethylene cables are used for a wide variety of applications due to 
its excellent electrical and physical properties (XLPEcables). It can be either single core or 
multi core. XLPE cables have a voltage range of 240 to 35kV. The table given below 
contains the XLPE cable sizes rated for 1.1kV 
 

Table 9: XLPE conductor specifications (Capital Cables) 

Area-sq.mm Ground Duct Air 

120 225A 185A 258A 

150 255A 210A 294A 

                  

Table 10 categorizes the current ratings for the chosen size for the three specific type of 
installation.  
 
 

Table 10: The table shows the cost of the chosen XLPE cables (Capital Cables) 

 

 
Table 10 shows the cost of XLPE conductors for single core, multi core and categorized 
further as armoured and unarmoured. A 2 core or a 3 core conductor is preferred for the 
distribution. The table gives an estimate of the cost of conductors for DC which ranges 
from approximately 7000€/m to 12000€/m and for AC distribution the cost ranges from 
approximately 8000€/m to 14000€/m for a distance of 1km (Capital Cables). 
 
The cost associated with the two types of conductor shows that the conductors used for 
DC is lower in price than the conductors used in AC. Although DC has a slight advantage 
in cost when it comes to conductor it is not expected to dominate the comparison 
between AC and DC distribution in small-scale microgrids but will have an impact if the 
distribution distance is more. 

4.4.2. Power electronics 

 
DC system does not require an inverter instead it requires a DC-DC converter. So the use 
of DC system will not include all those cost associated with an inverter. Backhaus et al., 
(2015) provides an example to estimate the cost of both AC and DC based microgrids. In 
the estimate it has been stated that upto 60,000$ can be saved in investment cost if DC is 
chosen for systems more than 100kW. 
 
The cost associated with power converters solely depends on the architecture of the 
chosen microgrid. Most microgrids are autonomous and don‘t need to be backed up by the 
grid. Instead it requires batteries to support the system during insufficient generation. The 
microgrid architecture differs a little for grid connected and off-grid systems. 
 
 The architecture for DC based system mentioned by Backhaus et al.(2015) consists of 
power electronics in each stage to step down the voltage. It consists of a DC to DC 
converter to provide a stable voltage to the distribution line which can be directly utilized 

Size 
(mm2) 

Unarmored (€/m) Armored(€/m) 

       1/C 2/C 3/C 3.5/C 4/C        1/C    2/C 3/C 3.5/C 4/C 

120       3.61 7.67 11.15 13.11 14.55         4.37 8.64 12.24 14.49 15.82 

150       4.38 7.90 13.80 15.79 17.9         5.12 10.5 14.94 17.19 19.28 
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by big loads and has a separate DC-DC converter to reduce the voltage to make it viable 
for running small loads. Whereas the AC based system will have the same voltage level 
throughout and can be utilized by both big and small loads. This problem persists in DC 
microgrids as there is no common DC voltage for domestic utilization like AC. The DC-
DC converters are normally more efficient than the inverters but due to recent 
technological advancements the inverters are almost on par with the performance of its 
counterpart (N.Mayer, 2015). But the DC power distribution promises a better quality of 
power and easy integration with the renewable energy technology, which must be taken 
into consideration when assessing the cost. 
 
The costs of off-grid inverters and DC –DC converters for upto a range of 10 kW are  
0.5 €/W and 0.35 €/W (Backhaus et al., 2015). According to N.Mayer (2015) the cost of 
inverters can go down upto 0.1€/W for systems more than 500kW. The cost of inverters 
and DC-DC converters rated for 10kW is assumed for a system of size 60kW. Assuming 
the power electronics used for DC and AC based systems is sized the same as power 
production of the system, their cost will be 21000€ and 30000€. The cost of DC-DC 
converters can increase a bit if the system is required to step down the voltage from the 
distribution line.  
 
 
 
 
 

5 Discussion, conclusion and future work 
 

5.1 Discussion 

 
There are a lot of technical aspects concerning microgrids that need to be addressed such 
as loss associated with the system, total cost, and performance of the system. These three 
factors are important as they influence the emergence of DC systems into the market. By 
theory DC system excels in these three aspects. The reduced loss of the DC system is due 
to the fact that it requires less conversion compared to AC system and also because of the 
reduced loss in distribution. DC system does not have the conversion stage like AC system 
for utilizing DC based power source such as solar PV, wind turbine etc.  
 
Originally the objective was to find out the performance ratio of AC as well as DC based 
systems to make a comparison but due to the shortcomings of the softwares it was not 
possible to simulate both AC and DC systems.  Except HOMER, most other softwares 
cannot simulate both AC stand-alone and DC stand-alone PV systems. PVsyst can only 
simulate off-grid DC systems without the option of a PV array dedicated MPPT and it 
cannot simulate off-grid AC system to make a comparison. So, only the performance ratio 
of DC based PV system alone is taken into account for the study. The required 
architecture involves a PV dedicated MPPT which can be found in HOMER. The main 
issues in HOMER are that it only has a few technical inputs for the components and has 
no component library to select a component from. Due to this a Simulink model of a 
boost converter based MPPT device is made. The boost converter is constructed using 
IGBT, which is very common in voltage source converters (VSCs). In the model made in 
Simulink the boost converter is used to elevate the voltage level to 350V. This voltage level 
is assumed to be the same for both distribution and consumption. The boost converter 
based MPPT device is used to harness the full potential of the solar radiation that can 
possibly be achieved and to distribute the power at a voltage of 350V. 
 
Both Simulink and PVsyst are used to find out the performance ratio of the proposed 
system. For the PR calculation the PV array output along with its dedicated MPPT device 
is obtained from Simulink and the rest of the parameters are taken from PVsyst. The 
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system made in PVsyst uses the same input just as in HOMER simulation. The 
performance ratio for the month of January is found out to be 66%. This result is based 
on the data from both Simulink and PVsyst. The DC model made in PVsyst has a 
performance ratio of 72% for the month of January, which is a bit more than the 
combined result of PVsyst and Simulink.  
 
There are some issues with the Simulink model. It simulates instantaneous values, which 
restrict the time of the simulation. On the contrary, in PV system design softwares like 
PVsyst and HOMER the simulation is done for the whole year. Due to this, only the 
month of January is considered to find the PR of the system. The next issue with the 
Simulink model is that whenever the solar irradiation gets too low the voltage decreases 
with it. This causes the Simulink model to produce less power than anticipated. This issue 
can be due to the sizing of the capacitors and inductors, which may have been sized 
insufficiently. The capacitors and inductors used in the boost converter model are used to 
boost the voltage and to filter out the voltage ripples. The capacitor and inductor size used 
in the model helps cancel out the voltage ripples but has a lessening effect on the voltage 
under low irradiation. 
 
In the cost estimation, the cost associated with distribution and power converters for both 
DC and AC systems are discussed. Two types of conductors are chosen based on the 
requirements of the system. XLPE and ACSR conductors were the chosen conductor 
types. This is done to analyse the cost based on more than one option. The size of the 
conductor for DC system is comparatively less than the conductors chosen for the AC 
system due to the current rating. The conductors used for AC system will definitely cost 
more than the DC systems but it is unlikely for DC to dominate the comparison. Using 
ACSR conductors for both the systems shows a cost difference of approximately half in 
favour of DC systems and the cost difference is not significant when XLPE cables are 
considered. The comparison is done only for a conductor length of 1km and the cost 
associated with the chosen conductors might have more of an impact if the distribution 
length is more. The other aspect of the system where DC has a cost advantage is the 
power electronics. The use of DC-DC converters will be predominant in DC as the 
inverters are for AC based systems. Due to the less number of conversion stages, DC 
proves to have low power loss compared to AC systems and with better power quality it is 
worth considering the option of DC distribution. The DC system suggested in this thesis 
only uses the DC-DC converter to distribute power at a voltage of 350V and it is assumed 
that the domestic appliances are run in this voltage. The option of DC-DC converters to 
supply small loads is not considered. The cost of DC has a notable difference based on the 
cost of inverters and DC-DC converters per watt. According to N.Mayer (2015), the cost 
of inverters tend to decrease as the system size goes up. For a microgrid of system size 
within 100kW the cost difference in DC-DC converters and inverters can be clearly 
realized but for bigger systems the cost of the power electronics will tend to be the same in 
the future. With the added benefits of the DC system and DC distribution and the 
emergence of the DC appliances, DC systems can very well make a big difference in both 
cost and in performance. 
 
   
 
 
 

5.2 Conclusion 

 
This project was undertaken to explore the option of DC system and its feasibility. An AC 
based 60kW PV system deployed in Cameroon by the company SUNERGY was taken as 
the reference for this project. The chosen DC voltage level for this project was 350V, as it 
could be utilized for both distribution and consumption (Akerlund, 2012). In order to 
achieve this voltage level for distribution, the system required a DC-DC converter. The 
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softwares Simulink, HOMER and PVsyst were utilized to model the DC based PV system. 
Based on the results of Simulink and PVsyst the performance ratio was calculated to be 
66%.  
 
As mentioned in section 4.4, DC systems will have a slight advantage when it comes to 
cost. The two main areas in which DC system influences cost reduction are distribution 
and power electronics. It is found that DC system does have a slight advantage in cost 
when it comes to conductors as it has a lower current rating than AC but the difference is 
not much. But this cost difference can be more if the distribution length is longer. For 
power electronics, DC uses a DC-DC converter instead of an inverter. The cost difference 
will be notable for systems under 100kW under which most microgrids are categorized but 
the difference will be negligible if much higher system sizes are considered. Apart from the 
cost savings, DC system provides better quality of power, promises comparatively low 
power loss and can be easily integrated with DC inherent renewable technologies. 
According to Glasgo (2016), the reduction of power conversion stages associated with DC 
systems has the potential to reduce conversion losses, reduce lifecycle PV system costs, 
and improve the reliability of power electronic-dependent systems. The study shows the 
workability of the PV based DC system based on the above mentioned aspects. 
 
In the future DC can replace AC in both distribution and consumption as more and more 
domestic appliances are becoming DC based (Garbesi, 2011). DC also has the advantage 
of direct integration with most of the renewable energy technologies.  As AC grids have 
penetrated most cities, distributed microgrids can be the start of the emergence of DC.  
 
 

5.3 Future work  

 
Two main research paths can be inferred from this thesis. One is the comparison of 
performance of AC and DC based distribution for PV systems and the other is to test the 
long term working of domestic appliances in 350V DC. In order for the future 
implementation of DC systems, it must be compared to the existing AC system to find out 
if it is on par with the performance and results that the AC system can provide. There are a 
number of aspects that should be considered while comparing a DC system with its AC 
counterpart such as performance, safety features and cost. The comparison can be done 
with the help of simulation or by analysing the output of two identical actual systems, one 
based on AC type distribution and the other based on DC type distribution. Analyzing the 
results of an actual DC and AC systems with same production capacity and load will 
provide a better insight about the performance and efficiencies of the systems. 
Theoretically the DC system will have an edge over the AC system in terms of efficiency 
and cost but tests must still be done to establish how good an actual system is. The 
procedure followed in this thesis takes in the data of three different softwares in order to 
attain the objective of finding the performance ratio of DC system alone. Instead of using 
three softwares Simulink alone can be used but it requires more detailed modelling of the 
components. It will help analyse both the problems faced by the power electronics and 
also help determine the performance. Simulink can be a good alternative to real life 
implementation as it represents the actual components. Simpler equation based models can 
be used to run systems for a whole year but it would be better to make the components 
using the Simulink library as it will clearly showcase the problems and performance of the 
system. 
 
This thesis discusses the possibility of using 350V DC for distribution and supply in 
microgrids. As discussed earlier, appliances that are designed to work on 230/240V AC 
supply can function properly on a 350V DC supply but tests need to be done to prove the 
long term working of such appliances. This research will popularize DC distribution even 
more, as the supply voltage and the distributed voltage will be the same in most cases 
when it comes to microgrids.  
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