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ABSTRACT

Interconnecting a distributed generation (DG) to an existing distribution system provides various benefits to several
entities such as the DG owner, utility and end users. DG provides an improved power quality, higher reliability of
the distribution system and covering of peak shaves. Penetration of a DG into an existing distribution system has so
many impacts on the system, despite the benefits a DG will provide; it has a negative impact on one of the most
important aspects of the system which is the power system protection, and it is a main factor affecting both
reliability and stability of the system. DG causes the system to lose its radial power flow, besides the increased fault
level of the system caused by the DG. In this thesis, the effect of DG penetration on the short circuit level of the
network is investigated through simulating the IEEE 13 bus test feeder using ETAP. The simulation is repeated for
nine different cases at which the location of one large DG is changed in six of the cases to study the effect of the
distance on the fault level, while the rest of the cases are performed using small decentralised DGs. The result of
those three cases at which the DG is decentralised are used to investigate the effect of the generating capacity of the
generation unit on the distribution network parameters and on the currents flowing through the laterals of the
distribution network. Results are compared to that of the normal case to investigate the impact of the DG on the
short circuit currents flowing through different branches of the network to deduce the effect on protective devices.

I INTRODUCTION

Among the various energy forms, electrical power plays the major role due to the fact of its ease to generate and
utilise. As a result of the increasing awareness and economic concern of the consumers in the past few decades, one
of their main concerns is to receive a more reliable electrical power supply with fewer expenses which caused a
higher challenge to the electric utilities, as they are expected to deliver higher quality service through the reliability
of the supply with less cost. In order to achieve less cost, utilities are targeting a system with less operation and
maintenance costs, reduction of resources cost and reducing the system losses.For electric utilities to deliver electric
power to consumers there are several stages to be passed through, the first stage is the generation, at which
electricity is generated in large sized generation stations that are located in non-populated areas away from all loads

to overcome the economics of size and environmental issues. Second stage is the transmission; this is done with the
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aid of several equipments such as transformers, overhead transmission lines and underground cables. Transmission
is an important part of the system that consumes a lot of money to transmit the generated electricity to reach the last
stage which is the distribution.Distribution system is the link between the end user and the utility system, it is the
most crucial part of the power system and it is facing a lot of threats that cause a power interruption to customers, it
can be stated that a great percentage of end users’ power outages are due to distribution networks, it can also occur
due to mal functioning of the networks protection equipment as a result of adding a Distributed Generation (DG) to
increase the network’s reliability. DG is an alternative small rated power generation unit added to the distribution
network to cover the supply of some loads. There are different types and technologies of DG’s used nowadays such
as photovoltaic (PV) systems, wind turbine, micro-turbines, fuel cells and rotating machines. PV and wind turbines
are examples of renewable energy consumables as they need no fossil fuel to operate, PV utilises the sun and wind

turbines operate by the aid of wind.

Distributed Generation (DG) is one of the new trends that attracted attention for the past years and its penetration in
distribution networks is increasing in an enormous rate. DG is presented in the form of solar (PV), wind (wind
farms) and many other forms with small scale ratings up to 10MW. DG refers to electric generators that are built to
generate electricity and supplying it to customers close to their locations, it can also be interconnected to the utility
grids. There are so many privileges a DG delivers to the customer, which encourages their choice to install a DG
rather than constructing new distribution lines, doing so might be cost effective to some customers. DG can be used
to provide electricity supply to customers during peak times, it can provide a consumer full demand allowing them

to operate apart from the grid, thus it can support intentional islanding.

One of the most important issues that has to be considered to achieve a safe and effective use of DG is the
interconnection of the DG to the utility grid, which is discussed later in this chapter. There are different DG
technologies and impacts of distributed generations that are introduced in this chapter, besides the impact of DG on

protection and the coordination of protective devices.

Il TYPES OF DISTRIBUTED GENERATION

DG can be classified into two major groups, inverter based DG and rotating machine DG. Usually inverters are used
in DG systems after the generation process, as the generated voltage may be in DC form or AC but it is required to
be changed to the nominal voltage and frequency so it has to be converted first to DC then back to AC with the

nominal parameters through the rectifier.

2.1 Photo voltaic

PV system is an environment friendly system as it has no emissions what so ever. PV systems utilise the sun as its

fuel to generate DC voltage with a range of few megawatts then transferred to AC with the aid of inverters. A PV
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system consists of cells placed in an array that is either fixed or moving through motors to keep tracking the sun for
maximising the power generated. PV systems occupy large spaces to be able to generate sufficient power and this is

one of its disadvantages besides the high initial cost.

2.2 Wind Turbines

Wind turbines utilise the wind as its input to be converted to useful electricity as the output of the system. It acts as a
turbine with the wind as its prime mover to rotate the turbine that is connected to the shaft of a generator. The
generator gives an AC output voltage that is dependent on the wind speed. As wind speed is variable so the voltage
generated has to be transferred to DC and back again to AC with the aid of inverters. The range of power generated
by wind turbines could be a few megawatts for each turbine.

2.3 Fuel Cells

Operation of fuel cells is similar to that of a battery but it is continuously charged with hydrogen which can be
extracted from any hydro-carbon source, this is the charge of the fuel cell along with air (oxygen). The fuel cell
utilises the reaction of hydrogen and oxygen with the aid of an ion-conducting electrolyte to produce an induced DC
voltage which is proportional to the number of fuel cells. The generated DC voltage is converted to AC using an
inverter. A fuel cell also produces heat and water along with electricity but it has a high running cost which is its
major disadvantage. The major advantage of a fuel cell is that there are no moving parts which increases the
reliability of this technology and no noise is generated; besides no fuel is consumed except for electricity generation.

2.4 Micro-Turbines

The technology of micro-turbines is based on very high speed rotating turbines along with a generator to produce a
high frequency output voltage. Micro-turbines are usually operated by natural gas. The main advantage of micro-
turbines is the clean operation with low emissions produced, but on the other hand its disadvantage is the high level
of noise produced and the low efficiency.

The output voltage from micro-turbines cannot be utilised or connected to the utility, it has to be transferred to the
nominal voltage with the nominal frequency, thus it has to be first converted to DC and then converted back again to
AC with the nominal voltageand frequency by the aid of inverters. Micro-turbines can operate in both stand alone
and parallel modes, but in the case of parallel operation with the utility grid they have to be designed to supply a
fixed power output. Many benefits can be obtained from operating micro-turbines in the stand-alone mode such as

the use of micro-turbines to regulate both the voltage and frequency besides the supply of active power.

2.5 Rotating Machines

Rotating machine types are the DGs that include induction or synchronous machines such as induction and
synchronous generators. Synchronous types operate with fuel as its input to generate electricity, and can be of
different ratings starting from kW range up to few MW ratings. Rotating machines are mainly used as standalone
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systems or as backup generation systems.

2.6 Impact of Distributed Generation on Power System Grids

Penetration of DG in Distribution networks has an impact on various fields. These impacts could be positive or
negative and are considered as the benefits and drawbacks of the distributed generation. This part is addressing the
impacts of DG on different aspects of the network.

2.7 Impact of DG on Voltage Regulation

The main regulating method used in radial distribution systems is by the aid of load tap changing transformers at
substations [6], additional line regulators on distribution feeders and switched capacitors on feeders. Through the
performance of the mentioned devices voltages are usually maintained within the required ranges. The criteria of
voltage regulation is based on radial power flow from the substation down to all loads, DG penetration changes the
radial characteristics and the system loses its radiality and power flows in different directions and a new power flow
scheme is introduced. Losing radiality of the system impacts the effectiveness of standard voltage regulation
technique, regulation controls will not properly measure the feeder demand [6].One of the major impacts of
Distributed generation is on the losses in a feeder. Locating the DG units is an important criterion that has to be
considered to be able to reach a better performance of the system with reduced losses, and this is used to reach an
optimal performance of the network. According to [6], Locating DG units to minimise losses is similar to locating
capacitor banks to reduce losses; the major difference between both cases is that DG may contribute to both active
and reactive power flow (P and Q) of the system while capacitor banks will only contribute to the reactive power
flow (Q) of the system. Most generators in the system will operate at a power factor range between 0.85 lagging and
unity, but the presence of inverters is able to provide a contribution to reactive power compensation (leading
current). The optimum location for placing the DG can be obtained with the aid of load flow analysis software that is
able to investigate the location of DG to reduce the losses in the system. Considering feeders with high losses,
adding a number of small capacity DGswith a total output of 10-20% of the feeder demand will show a significant
positive effect on losses and it will be reduced which is a great benefit to the system, but when deciding optimum
DG location this is a theoretical decision as most of the DGs are owned by individuals, and the electric authorities or
utilities do not have any influence on the locations at which the DG is required to be embedded [6]. If the analysis
shows that larger DG units are required other factors have to be considered in the study, such as feeder capacity due
to the thermal capacity of overhead lines and underground cables because these elements of the network may not
withstand the injected currents from the DG and will result in a poor or weak distribution system with a lot of weak

points and the possibility of consequent undesirable consequences might take place [6].
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2.8 Impact of DG on Harmonics

DG can be a source of harmonics to the network; harmonics produced can be either from the generation unit itself
(generator) or from the power electronics equipment such as inverters used to transfer the generated form of
electricity (DC) to AC to be injected to the network. The old inverter technologies that were based on SCR produced
high levels of harmonics, while the new inverter technology is based on IGBT’s ( Insulated Gate Bipolar Transistor)
operating with the pulse width modulation technique in producing the generated “sine” wave [6]. This new
technology produces a cleaner output with less harmonics produced that should satisfy the IEEE 1547-2003
standards [7] as expressed in Table 2.1 below. Rotating machines such as synchronous generators are another source
of harmonics; this depends on the design of the windings of the generator (pitch of the coils), non-linearity of the
coil, grounding and other factors that may result in significant harmonics propagation [6]. The best or the most
specified synchronous generators are that with a winding pitch of 2/3 as they are the least third harmonic producers
when compared with other generators with different pitches, but on the other hand the 2/3 winding pitch generators
may cause more harmonic currents to flow through it from other parallel connected sources due to its low

impedance [6].

111 CONCLUSION

The main objective of this thesis is to analyse the different types of faults occurring in distribution systems and
investigating the effect of penetrating DG into the distribution system. The model used in this thesis is the IEEE 13
bus system and it was simulated using software named ETAP. The output of the software is in the form of tables
listing the fault currents of four different types of faults which are single line to ground, three phase, line to line and
line to line to ground faults. The main type of fault that is focused on in this thesis is the common type of fault which
is the single line to ground fault. Simulation was repeated nine times with different configurations of the DG, six out
of the nine cases were simulated with one large DG placed at different locations in the network, while the other three
cases were simulated with smaller DGs but distributed in the network.
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