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ABSTRACT
This project presents way of properly
selecting the location and size of multiple
distributed generations. The approach which is
used here is Kalman filter algorithm. Increase in
power consumption can cause serious stability
problems in electric power systems if there are no
ongoing or impending construction projects of
new power plants or transmission lines.
Additionally, such increase can result in large
power losses of the system. In costly and
environmentally effective manner to avoid
constructing the new infrastructures such as
power plants, transmission lines, etc., In response
to the recently increased prices of oil and natural
gas, it is expected that the electric power industry
will undergo considerable and rapid change with
respect to its structure, operation, planning, and
regulation. Moreover, because of new constraints
placed by economical, political, and environmental factors, trends in power system planning
and operation are being pushed toward maximum
utilization of existing electricity infrastructure
with tight operating margins. Therefore, the
electric utility companies are striving to achieve
this objective via many different ways, one of
which is to defer the distributed generation (DG)
solution by an independent power producer (IPP)
to meet growing customer load demand the
distributed generation (DG) has been paid great
attention so far as a potential solution for these
problems. The beneficial effects of DG mainly
depend on its location and size. Therefore,
selection of optimal location and size of the DG is
a necessary process to maintain the stability and
reliability of existing system effectively before it is
connected to a power grid. However, the
systematic and cardinal rule for this issue is still
an open question. In this project, a method to
determine the optimal locations of multiple DGs is
proposed by considering power loss. Also, their
optimal sizes are determined by using the Kalman
filter algorithm.
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I. INTRODUCTION
1.1 DISTRIBUTED GENERATION
Distributed generation is an approach that
employs small– scale technologies to produce

electricity close to the end users of power. DG
technologies often consist of modular (and
sometimes renewable – energy) generators, and they
offer a number of potential benefits. In many cases,
distributed generators can provide lower. Cost
electricity and higher power reliability and security
with fewer environmental consequences than can
traditional power generators. In contrast to the use of
a few large- scale generating stations located far from
load centers- the approach used in the traditional
electric power paradigm. DG systems employ
numerous, but small plants and can provide power
onsite with little reliance on the distribution and
transmission grid. DG technologies yield power in
capacities that range from a fraction of a kilowatt
(kW) to about 100 megawatts (MW). Utility – scale
generation units generate power in capacities that
often reach beyond 1,000 MW. As per the
Government of India, decentralized power
production facility is defined as any facility that
produces power less than 100kW and is not
connected to central grid. These are stand-alone
systems that
supply power to a particular
commercial / domestic setup. Due to unavailability
of grid the management of power produces is more
difficult for such systems however there are no
grid losses and voltage problems associated with it.
These systems are characterized by an energy
storage device in form of batteries. The storage also
has capacity to run 24 hours of normal operation of
the setup. Decentralized electricity has some very
fundamental differences compared to centralized
electricity production.
1.2. IMPACT OF DISTRIBUTED GENERATION
DG c a u s e s a significant i mp a c t in
electric losses due to its proximity to the load
centers. DG units should be allocated in places
where they provide a higher reduction of losses.
This process of DG allocation is similar to capacitor
allocation to minimize losses. The main difference is
that the DG units cause impact on both the active
and reactive power, while the capacitor banks only
have impact in the reactive power flow. In feeders
with
high
losses, a small amount of DG
strategically allocated (10-20% of the feeder load)
could cause a significant reduction of losses.
 ¾ With the connection of DG in system power
losses are reduced.
¾ For a particular DG capacity there is a
location in the system such that if we connect
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DG at that location power losses ar e minimum
in comparison when same DG is connected at
any other point.
¾ That particular location where power losses
are minimum is known as Optimum location.

1.2.2. VOLTAGE PROFILE
The distribution systems are usually
regulated through tap changing at substation
transformers and by the use of voltage regulators
and capacitors on the feeders. This form of voltage
regulation assumes power flows circulating
from
the substation to the loads. Since the
control of voltage regulation is usually based on
radial power flows, the inappropriate DG allocation
can cause low or over-voltages in the network. On
the other hand, the installation of DG can have
positive impacts in the distribution system by
enabling reactive compensation for voltage control,
reducing the losses, contributing for frequency
regulation and acting as spinning reserve in main
system fault cases. Under voltage and o ver voltage
conditions can arise given t he incompatibility of
DG with the voltage regulation in radial power
flows.
1.2.3. RELIABILITY
Customers in an economical and reliable
manner. It is important to plan and maintain reliable
power systems because cost of interruptions and
power outages can have severe economic impact on
the utility and its customers. Traditionally, reliability
analysis and evaluation techniques at the
distribution level have been far less developed than
at the generation level since distribution outages are
more localized and less costly than generation or
transmission level outages. However, analysis of
customer outage data of utilities has shown that
the largest individual contribution for unavailability of
supply comes from distribution system failure.
One of the main purpose of integrating DG
to distribution system is to increase the reliability of
power supply. DG can be used as a back-up system
or as a main supply. DG will handle peak loads
also.

2.1. TECHNOLOGIES
Distributed generation takes place on tow –
levels: the local level and the end – point level.
Local level power generation plants often include
renewable energy technologies that are site specific,
such as wind turbines, geothermal energy
production, solar systems (photovoltaic and
combustion), and some hydro – thermal plants.
These plants tend to be smaller and less centralized
than the traditional model plants. They also are
frequently more energy and cost efficient and more
reliable. Since these local level DG producers often
take into account the local context, the usually
produce less environmentally damaging or
disrupting energy than the larger central model
plants. Phosphorus fuel cells also provide an
alternative route to a DG technology. These are not
as environmentally reliant as the previously
mentioned technologies. These fuel cells are able to
provide electricity through a chemical process rather
than a combustion process. This process produces
little particulate waste.

Fig-1 Wind turbines at buffalo mountain, TN

1.3. PROJECT OVERVIEW
This project is organized as follows. In
chapter 2, what are the different types of DG’s are
used and their benefits are explained in detail. In
chapter3, literature survey for distributed generations.
In chapter 4, mathematical modeling. For KALMAN
FILTER is defined. In chapter 5, How to select the
optimal locations and sizes of DG’s are explained.
Results are given in chapter 6. Conclusions are given
in chapter 7.

II. TECHNOLOGIES OF DG’s AND ITS
BENEFITS

Fig-2 Photovoltaic (solar) panels

1709 | P a g e

Pola Kishore Kumar / International Journal of Engineering Research and Applications
(IJERA)
ISSN: 2248-9622 www.ijera.com
Vol. 3, Issue 4, Jul-Aug 2013, pp.1708-1729
rule, customers look for the electricity services best
suited for them. Different customers attach different
weights to features of electrical energy supply, and
distributed generation technologies can help
electricity suppliers to supply the type of electricity
service they prefer. One of the most interesting
features is the flexibility of DG that could allow
market participants to respond to changing market
conditions, i.e. due to their small sizes and the short
construction lead times compared to most types of
larger central power plants.

Fig-3 A 300KW Micro-turbine at Oak Ridge National
Laboratory, TN
At the end – point level the individual
energy consumer can apply many of these same
technologies with similar effects. One DG technology
frequently employed by end- point users is the
modular internal combustion engine. For example,
some departments are use these power generators as a
backup to the normal power grid. These modular
internal combustion engines can also be used to
backup RVs and homes. As many of these familiar
examples show DG technologies can operate as
isolated “Islands” of electric energy production or
they can serve as small contributors to the power
grid.
2.2. BENEFITS OF DISTRIBUTED
GENERATION
In the last decade, the concept of many
small scale energy sources dispersed over the grid
gain a considerable interest.
Most
of all,
technological innovations and a changing
economic and regulatory environment were
that
main
triggers
for
this
interest.
International Energy Agency IEA lists five major
factors that contribute to this evolution, such as
developments in distributed generation technologies,
constraints on the construction of new transmission
lines, increased customer demand for highly
reliable electricity,
the
electricity
market
liberalization and concerns about climate
change. Especially the last two points seem to offer
the most significant benefits, as it is unlikely that
distributed generation would be capable of
avoiding the development of new transmission
lines. At minimum, the grid has to be available as
backup supply. In the liberalized market
environment, the distributed generation offers a
number of benefits to the market participants. As a
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2.3. OBJECTIVES FOR DG’s
Increase in power consumption can cause
serious stability problems in electric power systems if
there are no on – going or impending construction
projects of new power plants or transmission lines.
Additionally, such increase can result in large power
losses of the system. In costly and environmentally
effective manner to avoid constructing the new
infrastructures such as power plants, transmission
lines, etc. the distributed generation (DG) solution by
an independent power producer (IPP) to meet
growing customer load demand. In this case, deferral
credits received by the IPP depend on the incremental
system reliability improvement made by the DG
solution. The DG is based on the renewable energy
sources such as fuel cell, photovoltaic, and wind
power as well as combined heat and power gas
turbine, micro-turbine, etc. Now, it becomes an
important integral component of the modern power
system in installing the DG to an electric power grid
is not a simple plug – and – play problem. Indeed, as
well as operation of the DG itself, it requires a careful
consideration for the interaction with existing power
network with respect to stability
reliability,
protection coordination, power loss, power quality
issues, etc. first of all, it is important to deter – mine
the optimal location and size of a given DG before it
is connected to a power system. Moreover, if
multiple DGs are installed, an optimal approach for
selection of their placement and sizing is imperative
in order to maintain the stability and re- liability of
an existing power system effectively. Nevertheless,
the systematic and cardinal rules that define this issue
remain an open question. This paper proposes a
method to select the optimal locations of multiple
DGs by considering total power loss in a steady –
state operation. Thereafter, their optimal sizes are
determined by using the Kalman filter algorithm.
2.3.1 FLEXIBILITY IN PRICE RESPONSE
Important aspects of the abovementioned
flexibility of distributed generation technologies are
operation, size and expandability. Flexible reaction
to electrical energy price evolutions can be one of
the examples, allowing a DG to serve as a hedge
against these price fluctuations. Apparently, using
distributed generation for continuous use or for
peak shaving is the major driver for the US demand
for distributed generation. In Europe, market
demand for distributed generation is driven by heat
applications, the introduction of renewable and by
potential efficiency improvements.
2.3.2. FLEXIBILITY IN RELIABILITY NEEDS
Reliability considerations of the second
major driver of US demand for distributed
generation is quality of supply or reliability
considerations. Reliability problems refer to
sustained interruptions in electrical energy supply
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(outages). The liberalization of energy markets
makes customers more aware of the value of
reliable electricity supply. In many European
countries, the reliability level has been very high,
mainly because of high engineering standards.
High reliability level implies high investment and
maintenance costs for the network and generation
infrastructure. Due to the incentives for costeffectiveness that come from the introduction of
competition in generation and from the reregulation of the network companies, it might be
that reliability levels will decrease. However, for
some industries, such as chemical, petroleum,
refining,
paper,
metal, telecommunication, a
reliable power supply is very important. Such
companies may find the reliability of the grid
supplied electricity too low and thus be willing to
invest in distributed generation units in order to
increase their overall reliability of supply. The IEA
recognizes the provision of reliable power as the
most important future market niche for distributed
generation. Fuel cells and backup systems
combined with an UPS (Uninterruptible Power
Supply) are identified as the technologies that
could provide protection
against
power
interruptions, though it has to be noted that the
fuel
cell technology is currently not easily
commercially available.
2.3.3. FLEXIBILITY IN POWER QUALITY
NEEDS
Apart from large voltage drops to near
zero (reliability problems), one can also have
smaller voltage deviations. The latter deviations
are aspects of power quality. Power quality refers
to the degree to which power characteristics align
with the ideal sinusoidal voltage and current
waveform, with current and voltage in balance.
Thus, strictly speaking, power quality encompasses
reliability. Insufficient power quality can be caused
by failures and switching operations in the network
(voltage dips and transients) and by network
disturbances from loads (flickers, harmonics and
phase imbalance).
2.3.4. ENVIRONMENTAL FRIENDLINESS
Environmental policies or concerns are
probably the major driving force for the demand
for
distributed
generation
in
Europe.
Environmental regulations force players in the
electricity market to look for cleaner energy- and
cost-efficient solutions. Many of the distributed
generation
technologies
are
recognized
environmentally friendly. Combined Heat and
Power (CHP) technology, allowing for portfolio
optimization of companies needing both heat and
electrical energy, is one of the examples.
Compared to separate fossil-fired generation of
heat and electricity, CHP generation may result in

a primary energy conservation, varying from 10% to
30%, depending on the size (and efficiency) of the
cogeneration units. The avoided emissions are in a
first approximation similar to the amount of energy
saving. Furthermore, as renewable energy sources
are by nature small-scale and dispersed over the
grid. Installing distributed generation allows the
exploitation of cheap fuel opportunities. For
example, DG units could burn landfill gasses in
the proximity of landfills, or other locally available
biomass resources. Most government policies that to
promote the use of renewable will also result in an
increased impact of distributed generation.
2.3.5. FINANCIAL IMPACT
As the electricity needs of the society
increased, larger power plants were built away from
civilization. To transfer electricity complex
transmission and distribution channel was also built.
These large power plants gave economies of
scale and hence became more economic in the
context of the technology. Today, the presence of
smaller generation technologies has changed the
thinking. Technologies such as the combustion
turbine, reciprocating engine, fuel cell, and
photovoltaic are small-scale technologies that can
be used at or on a site close to the end user.
Technology has advanced to the point where there
is less of a need to build large, expensive power
stations when extra capacity is needed—economies
of scale is no longer a viable argument for building
large power plants.
Decentralized power plants are actual
plants employing central plant generation
technologies that are located near users. These
combined heat and power (CHP) plants achieve
65%-97% net electrical efficiency by recycling
normally wasted heat, and
by
avoiding
transmission and distribution losses. Waste of
energy from the worldwide electricity system is
around 67%. Most of the losses are from central
thermal plants that cannot recover and use the waste
heat. Considerable losses also arise from
transmission of the energy from producer to
consumer.
Looking to such a widespread deficit of
supply compared to demand, it would be
worthwhile considering whether we should duplicate
energy transmission infrastructure all over the
country – i.e. one gas pipeline network and
electricity transmission and distribution network. In
fact, instead of thinking of gas based mega power
projects which will be prone to lot of T&D losses
before the generated power could actually reach the
consumer, it would be prudent to set up a
widespread gas transmission and distribution
network and set up a number of localized small
and medium size power plants. It is important to
consider the cost of power delivered rather that

1712 | P a g e

Pola Kishore Kumar / International Journal of Engineering Research and Applications
(IJERA)
ISSN: 2248-9622 www.ijera.com
Vol. 3, Issue 4, Jul-Aug 2013, pp.1708-1729
generated (Generation plus Transmission and
distribution cost seen together). When seen from
this perspective, the fallacy of the economy of
scale argument in favor of Mega Power Projects will
be obvious. A sample calculation was carried out
to compare the economics of centralized mega
power plants.

2.3.1.
2.3.2.
2.3.3.
2.3.4.
2.3.5.
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IV. LITERATURE SURVEY ON DG
3.1. CLASSIC ELECTRICITY PARADIGM
Central Power Station Model
The current model for electricity generation
and distribution is dominated by centralized power
plants. The power at these plants is typically
combustion (coal, oil, and natural) or nuclear
generated. Centralized power models, like this,
require distribution from the center to outlying
consumers. Current substations can be anywhere
from 10s to 100s of miles away from the actual
users of the power generated. This requires
transmission across the distance.
This system of centralized power plants has
many disadvantages. In addition to the transmission
distance issues, these systems contribute to
greenhouse gas emission, the production of nuclear
waste, inefficiencies and power loss over the lengthy
transmission lines, environmental distribution where
the power lines are constructed, and security related
issues.
Many of these issues can be mediated
through distributed energies. By locating, the source
near or at the end – user location the transmission
line issues are rendered obsolete. Distributed
generation (DG) is often produced by small modular
energy conversion units like solar panels. As has
been demonstrated by solar panel used, these units
can be stand – alone or integrated into the existing
energy grid. Frequently, consumers who have
installed solar panels will contribute more to the grid
than they take out resulting in a win – win situation
for both the power grid and the end – user.

Fig-4 Electricity paradigm for DG
3.2. NEED OF DISTRIBUTED GENERATION
In the introduction, it was mentioned that
the IEA identifies 5 major factors that contribute to
the renewed interest in distributed generation. We
feel that these five factors can be further reduced to
two major driving forces, i.e. electricity market
liberalization and environmental concerns. The

developments in distribution technologies have been
around for a long time, but were as such not
capable of pushing the “economy as scale” out of the
system. We doubt that distributed generation is
capable of postponing, and certainly not of avoiding,
the development of new transmission lines: at the
minimum the grid has to be available as backup
supply. The third element, being reliability, is at this
moment not an issue in the interconnected European
high voltage system, although this may change
rapidly in the following years.
3.3.
THE
LIBERALIZATION
OF
ELECTRICITY MARKETS
There is the increased interest by
electricity suppliers in distributed generation
because they see it as a tool that can help them to fill
in niches in a liberalized market. In such a market,
customers will look for the electricity service best
suited for them. Different customers attach different
weights to features of electricity supply, and
distributed generation technologies can help
electricity suppliers to supply to the electricity
customers the type of electricity service they prefer.
In short, distributed generation allows players in the
electricity sector to respond in a flexible way to
changing market conditions. Some major examples
are discussed below. In liberalized markets, it is
important to adapt to the changing economic
environment in the most flexible way. Distributed
generation technologies generally provide this
flexibility because of their small sizes and the short
construction lead times compared to most types of
larger central power plants. According to the IEA
(2002), the value of their flexibility is probably
understated when economic assessments of
distributed generation are made. It should be stated
that the lead time reduction is not always that
evident. Public resistance to for instance wind energy
and use of landfill gasses may be very high.
3.4. STAND BY CAPACITY OR PEAK USE
CAPACITY
Many distributed generation technologies
are indeed flexible in several respects: operation, size
and expandability. For example, making use of
distributed generation allows reacting in a flexible
way to electricity price evolutions. Distributed
generation then serves as a hedge against these price
fluctuations. Apparently, the US demand for
distributed generation is mainly driven by price
volatility, i.e. using distributed generation for
continuous use or for peaking use (peak shaving). In
Europe, market demand for distributed generation is,
for the moment, driven by heat applications,
introduction of renewable and by potential efficiency
improvements. These will be discussed below.
3.5. RELIABILITY AND POWER QUALITY
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The second major driver of US demand for
distributed generation is quality of supply
considerations. Reliability problems refer to sustained
interruptions, which are voltage drops to near zero
(usually called outages), in electricity supply. The
liberalization of energy markets makes customers
more aware of the value of reliable electricity supply.
In many European countries, the reliability level has
been very high, mainly because of high engineering
standards. Customers do not really care about supply
interruptions because they do not feel it as a great
risk. This can change in liberalized markets, because
a high reliability level implies high investment and
maintenance costs for the network and generation
infrastructure. Because of the incentives for costeffectiveness that come from the introduction of
competition in generation and from the re-regulation
of the network companies, it might be that reliability
levels will decrease. However, having a reliable
power supply is very important for industry
(chemicals, petroleum, refining, paper, metal,
telecommunications…). Firms in these industries may
find the reliability of the grid supplied electricity too
low and they will decide to invest in distributed
generation units in order to return their overall
reliability of supply to present, pre-liberalized
standards. The IEA (2002) recognizes the provision of
reliable power as the most important future market
niche for distributed generation. It identifies two
distributed generation technologies that could provide
protection against power interruptions, i.e. fuel cells
and backup systems combined with a UPS system
(uninterruptible power supply). Also gas- and diesel
engines combined with a fly- wheel to cover the startup time are being commercialized. The reliability
issue is rather new in Europe, contrary to the US,
where a significant amount of research has been
done on this issue. It has to be stressed that fuel cell
technology is not easily commercially available.
Apart from large voltage drops to near zero
(reliability problems), one can also have smaller
voltage deviations. The latter deviations are aspects of
power quality. Power quality refers to the degree to
which power characteristics align with the ideal
sinusoidal voltage and current waveform, with current
and voltage in balance. Thus, strictly speaking, power
quality encompasses reliability. Insufficient power
quality can be caused by (1) failures and switching
operations in the network, which mainly result in
voltage dips, interruptions, and transients; and (2)
network disturbances from loads that mainly result
in flicker (fast voltage variations), harmonics, and
phase imbalance. The nature of these disturbances is
related to the ‘short-circuit capacity’, being a measure
for the internal impedance, in the network, which
depends on the network's internal configuration (e.g.,
length of the lines, short-circuit capacity of
generators and transformers, etc.). To protect the
system from degradation in power quality, it is

important for network operators to guarantee a
specified minimum short-circuit capacity. The
relation between distributed generation and power
quality is an ambiguous one. On the one hand, many
authors stress the healing effects of distributed
generation for power quality problems. For example,
in areas where voltage support is difficult, distributed
generation can contribute because connecting
distributed generation generally leads to a rise in
voltage in the network (IEA (2002)).
large-scale introduction of decentralized power
generating units may also lead to an instability of the
voltage profile: due to the bi-directional power flows
and the complicated reactive power flows arising
when insufficient control is introduced, the
voltage throughout the grid may fluctuate.
Additionally, bi-directional power flows make it
difficult to tune the protection systems in the grid:
short-circuits and overloads are supplied by
multiple sources, each independently not detecting
the anomaly. Eventually an ‘islanding’ situation may
occur in which a local generator keeps a part of a
disconnected grid energized leading to dangerous
situation for the repair personnel coming. Others also
stress the potential negative externalities on power
quality caused by the installation of distributed
generation capacity.
3.6. ALTERNATIVE TO EXPANSION OR USE
OF THE LOCAL NETWORK
Distributed generation could serve as a
substitute for investments in transmission and
distribution capacity (demand for distributed
generation from T&D companies) or as a bypass for
transmission and distribution costs (demand for
distributed generation from electricity customers). Of
course, this is possible only to the extent that
alternative primary fuels are locally available.
Furthermore, increased use of distributed generation
can result in new congestion problems in other
networks, such as for example the gas transport
network. According to the IEA (2002), on-site
production could result in cost savings in transmission
and distribution of about 30% of electricity costs. As
such, it is seen as one of the biggest potential drivers
for the distributed generation demand. In general, the
smaller the customer size, the larger the share of
transmission and distribution costs in the electricity
price (above 40% for households). From the point of
view of the system operators, distributed generation
units can substitute for investments in transmission
and distribution capacity. In some cases, and with
a different control, a distributed generation unit
can even be used as an alternative to connecting
a customer to the grid in a ‘stand alone’ application.
Furthermore, well chosen distributed generation
locations (i.e. close to the load) can also contribute to
reduced grid losses. The IEA (2002) reports average
grid losses of 6,8% in the OECD countries.
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According to Dondi et al. (2002), cost savings of 10%
to 15% can be achieved in this way. However,
according to the AMPERE report (2000), these results
are only correct when the distributed generation units
are stand-alone units and don’t appeal to the grid. If
not they are jointly responsible for the distribution
grid and its losses.
3.7. GRID SUPPORT
Finally, distributed generation can also
contribute in the provision of ancillary services.
These include services necessary to maintain a
sustained and stable operation of the grid, but not
directly supplying customers. This may be the
capability to generate on demand of the grid operator,
for instance to stabilize a dropping frequency due to a
sudden under capacity (e.g. a power plant switching
off due to technical problems) or excess demand.
3.8. DIFFICULTIES FOR DISTRIBUTED
GENERATION
The question of power quality and
distributed generation is not straightforward. On one
hand, distributed generation contributes to the
improvement of power quality. In the areas where
voltage support is difficult, distributed generation
offers significant benefits for the voltage profile and
power factor corrections. On the other hand, largescale introduction of decentralized power generating
units may lead to instability of the voltage profile.
The bi-directional power flows and the complex
reactive power management can be problematic
and
lead
to
voltage
profile
fluctuation.
Additionally, short-circuits and overloads
are
supplied by multiple sources, each independently
not detecting the anomaly.
Distributed
generation (DG) solution by an independent power
producer (IPP) to meet growing customer load
demand . In this case, deferral credits received by the
IPP depend on the incremental system reliability
improvement made by the DG solution. The DG is
based on the renewable energy sources such as fuel
cell, photovoltaic, and wind power as well as combined
heat and power gas turbine, micro-turbine, etc. Now,
it becomes an important integral component of the
modern power system in recent years for several
reasons. For example, it is an electricity generation of
small-scale size, which is connected to the customer’s
side in a distribution system. Therefore, it does not
require additional infrastructure of huge power plant
and trans- mission lines, but rather, reduces capital
investments. In addition, it has a great ability for
responding to peak loads quickly and effectively by
the market forces or its associated IPPs. This results in
improving the reliability of the system. Despite its
promises, installing the DG to an electric power grid
is not a simple plug-and-play problem. Indeed, as
well as operation of the DG itself, it requires a
careful consideration for the interaction with existing

power network with respect to stability, reliability,
protection coordination, power loss, power quality
issues, etc. First of all, it is important to deter- mine
the optimal location and size of a given DG before it
is connected to a power system. Moreover, if
multiple DGs are installed, an optimal approach for
selection of their placement and sizing is imperative
in order to maintain the stability and re- liability of an
existing power system effectively. Nevertheless, the
systematic and cardinal rules that define this issue
remain an open question.
3.9. THE INFRASTRUCTURE OF A POWER
SYSTEM
A power system is a large, complex
integration of large generators, a transmission grid,
distribution grids, distributed generators and loads,
which are connected at points called busses. In
describing the management of a power system we
must define several components of the system:
 Physical assets – generators, loads and
grids
 Asset owners – government, corporations
and consumers
 Asset operators – public and private
utilities, consumers
 Asset managers and energy markets – bilateral, wholesale, retail, ancillary –
services markets and grid management
 Risk markets – financial risk portfolio
managers, over – the – counter derivatives
markets (OTC), commodity / derivative
exchanges
Asset managers – public and private utilities,
contractors, independent service operators (ISO).

Fig-5 Power system assets
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3.10. LOADS
A load is a demand for electric power. In
power – grid management all loads are identified by
the bus at which they connect to the distribution grid.
There are three categories of loads: residential,
commercial and industrial Residential load = the
demand for electric power from home – owners,
apartment dwellers and any other form of residence.
Commercial load = the demand for electric power
from shopping malls, stores, government agencies
and light business activities.
Industrial load = the demand for electric power from
manufacturing facilities and other forms of heavy
industry.
Most users of electricity do not purchase power
directly from a generator. Instead they purchase
power from a retailer. These retailers are known as
load serving entities (LSE) or load aggregators.
Retailers purchase power from wholesalers who, in
turn, purchase power from suppliers. The actual
delivery of electric power is sub – contracted to
power – line owner / operators.
3.11.
DG

ISLANDED AND INTERCONNECTED

The source of electric power that is
potentially nearest to a load is a small generator that
is connected directly to the load and serves that load
only. This kind of generation is called islanded
distributed generation (DG). The qualifier “islanded”
implies that this type of generator cannot deliver
power to loads other that the one to which it is
connected. Examples of islanded DG are small gas –
turbine generators that provide power to commercial
or industrial sites such as universities, shopping malls
and refineries or clusters of residential loads such as
apartment complexes. Other examples of islanded Dg
are solar panels atop houses and buildings. In the
management of a power grid, islanded DG has the
effect of reducing the average load placed on the
distribution grid as a DG unit can provide some or all
of power required by the facility to which it is
connected. However, the reliability of a DG unit has
an effect on the variability of the load placed on the
distribution grid as the shutdown of a DG unit
suddenly transfers the facility’s demand for power
from the DG unit to the distribution grid. Some
distributed generators may be connected to the
distribution grid in addition to a particular load. This
kind of generation is called interconnected DG. The
owner of an interconnected distributed generator may
be able to use the power of this generator of the load
to which it is connected as well as for sale to other
loads within a distribution grid.

hydroelectric generators, geothermal generators and
other new generation technologies round out the
portfolio of large- scale generation sources. These
generators are owned and operated either by public
utilities (PU) or private, investor owned utilities
(IOU). Large generators are usually located long
distances from the many loads that they serve.
Consequently, large generators make their power
available to transmission grids, which carry power
from the generators over high – voltage power lines
across large geographical areas.
3.13. TRANSMISSION GRIDS, BASIS POINTS,
ISO
A transmission grid is a network of high –
voltages power lines, transformers and busses that
transfer electric power from large generators to
distribution grids. A bus that connects a distribution
gird to the transmission grid is called a basis point. A
transmission grid covers a large geographical area
and is connected to numerous large generation assets.
The topology of the transmission grid is complex and
allows for power to flow in each branch of the
network in either direction as conditions require.
Transmission grids are owned and operated by
regulated business entities called independent service
operators (ISO). ISO’s are responsible for ensuring
that the transmission grid is maintained, all large
generators have access to the grid and that all loads
placed on the grid at basis points are supplied.
Transmission grids are connected to one another to
form a large power grid that can stretch across
national regions and even international borders.
Transferring large amounts of power from one
transmission grid to another is a transaction known as
wheeling.
3.14. DISTRIBUTION GRID
A conventional distribution grid is a network
of low-voltage power lines, transformers and busses
that bring electric power to loads within a small
geographical area such as a small city, town or rural
area within a county. The conventional topology of a
distribution grid is arbores cent, which means that the
power enters the gird at a basis point and is
distributed to loads through successive branching.
Each bus in such a network has one line that brings
power into the bus and several lines that bring power
away from the bus. The terminal points of a
distribution grid are the loads that the grid supplies.

3.12. GENERATORS, IOU, PU
Most generation comes from large power
plants, which are typically fueled by coal, fissionable
radioactive elements or natural gas. Wind farms,
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Fig-6 Distributed grid topology
Distribution grids are owned and operated
by public utilities, cooperatives or investor – owned
utilities that are granted monopoly rights over the
grid’s power distribution. These service organizations
are responsible for the maintenance of the
distribution gird.
The development of cost-effective DG has introduced
two modifications to the conventional power grid.
 Islanded DG can reduce the load placed on the
distribution grid at the discretion of the
operator of the DG asset. Although the average
load placed on the distribution grid is reduced
by islanded DG, the volatility of this load may
be increased due to the uncertainty in the DG
operation.
 Interconnected DG can inject power into the
distribution grid. This injection supplants some
of the power that the distribution grid would
purchase from the transmission grid. However,
interconnected DG can cause power to flow in
directions opposite to the conventional flow of
power from the trunk of the distribution grid
outward to the ends of the terminal branches.
3.15. ADVANTAGES OF DECENTRALIZED
OVER CENTRALIZED IN INDIAN CONTEXT
Considering the unique demographical
and geographical position of India and collating
it with the current and the predicted future
economic scenario of the country, we can say that
decentralized electricity possess an edge over
centralized electricity for the rural and off-grid
electrification in India in the coming years.
 Minimal losses : India suffers from extremely
high transmission and distribution loss. These





losses account for 27% of the total electricity
production of
the nation. Decentralized
production means that there are no grid losses
and hence a huge portion of electricity that
would be lost can be saved. Also, there won’t
be issues pertaining to grid related power
evacuation or
power
management
in
decentralized production. For instance, if we
need an effective power output of 5000MW
from centralized power facility, we must install
at least the power capacity of 8000MW which
will also account for all the losses. But, the
same power output can be generated by
installing 5500- 6000MW in decentralized
power facility.
Cogeneration: Cogeneration is the use of a heat
engine or a power station to simultaneously
generate both electricity and useful heat.
Centralized production facilities are never
located near the revenue area of the inhabited
land and so it is not feasible to use to this
extra heat energy for other purposes. A
possible solution which allows us to utilize
the otherwise waste energy is setting up
plants in the proximity area where that heat
can be utilized. Decentralized production
facility sited close to inhabited area could then
use their waste heat. Facilities sited close to or
at industrial sites could use their waste heat for
a variety of industrial processes.
Easier
Set-up,
Maintenance
and
O p e r a t i o n : Unlike c e n t r a l i z e d p o w e r
production, a large land mass is not required
for decentralized production. Set-up
and
maintenance of decentralized energy facility
requires
more manpower per watt as
compared to centralized production facility.
Off-grid decentralized power production facility
does not need complex controls for its
operation and thus highly skilled labor is
also not required. Hence, requirement of less
skilled manpower would directly result in the
decrease of unemployment in the area.
Opportunity for SMEs and entrepreneurs:
Indian SME’s contribute only 8% to total GDP
compared to world’s average of 65%. SME’s
contribute 22% of the total employed population
in India. Decentralized electricity would also
ensure the use of locally available resources and
enhance productivity and production of
electricity.
This
provides
an excellent
opportunity for SMEs. They are expected to
contribute 22% alone to the Indian economy
in 2012. Thus creating new opportunities for
SMEs would further help in escalating Indian
economy.

3.16.
DECENTRALIZED
PRODUCTION
BASED ON RENEWABLE ENERGY IN INDIA
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Gas/fossil fuel can be a viable option
for
energy
production,
but
setting
up
infrastructure for gas/fossil fuel supply over a
wide region will be a huge infrastructure
investment that will also take considerable time.
Setting up decentralized
power
production
facility based on RE can drastically reduce
infrastructure investment which can then be
transferred for subsidizing renewable energy
production which will run on very less operation
cost. It will also aid in solving the problem of
India’s heavy dependence on imported fossils.
Decreasing its fossil fuel import bill and
simultaneously increasing rural electrification can
thus be tackled by decentralized renewable
production of electricity. Different regions in India
are endowed with a wide variety of resources that
can be used as fuel. A large portion of coastal
regions have a huge wind power potential. Many
remote locations in the region of western desert,
wind power can be employed to generate electricity
and run irrigation pumps. India also possesses the
highest potential in the world to harness solar
power and thus MNRE has recognized solar power
as a major source of energy in future for India and
has created ambitious plan in Jawaharlal Nehru
National Solar Mission (JNNSM). JNNSM h a s
a l s o b ee n integrated with RGVVY of Ministry
of Power and RVE programme of MNRE. Wind
and Solar power resources complement each other
perfectly in Indian climatic cycle. Wind-solar
hybrid systems can be very effective solutions.
V. MATHEMATICAL MODELING FOR

KALMAN FILTER
4.1. THE STATE ESTIMATING PROCESS
The Kalman filter addresses the general
problem of trying to estimate the state x   of a
discrete-time controlled process that is governed by
the linear stochastic difference equation
xk  Axk 1  Bu k 1  wk 1,
(4.1)
n

with a measurement z  m that is

zk  H xk  vk

(4.2)

The random variables w k and v k represent
the process and measurement noise (respectively).
They are assumed to be independent (of each other),
white, and with normal probability distributions

p(w)  N (0, Q),
p(v)  N (0, R),

(4.3)

(4.4)
In practice, the process noise covariance Q
and measurement noise covariance R matrices might
change with each time step or measurement, however
here we assume they are constant. The n × n matrix A
in the difference equation (4.1) relates the state at the

previous time step k – 1 to the state at the current step
k , in the absence of either a driving function or
process noise. Note that in practice A might change
with each time step, but here we assume it is
constant. The n × l.
4.2. THE COMPUTATIONAL ORIGINS OF
THE FILTER
We define
k 
(note the “super
minus”) to be our a priori state estimate at step k
given knowledge of the process prior to step k, and
n

k

 n to be our a posteriori state estimate at

step k given measurement z k . We can then define a
priori and a posteriori estimate errors as

ek  xk 
ek  xk 

k
k

The a priori estimate error covariance is then




T

Pk  E [ek ek ],

(4.5)

and the a posteriori estimate error covariance is

Pk



 E [ek ek ],
T

(4.6)
In deriving the equations for the Kalman
filter, we begin with the goal of finding an equation
that Computes an a posteriori state estimate x̂ as a
linear combination of an a priori estimate x̂ k and a
weighted difference between an actual measurement
z k and a measurement prediction H x̂ k as shown
below in (4.7). Some justification for (4.7) is given in
“The probabilistic Origins of the Filter” found below.
(4.7)
k=
k + K(zk- H
k )
The difference ( z k – H x̂k ) in (4.7) is called
the measurement innovation, or the residual. The
Residual reflects the discrepancy between the
predicted measurement H x̂
and the actual k
Measurement z k. A residual of zero means that the
two are in complete agreement. The n × m Matrix K
in (4.7) is chosen to be the gain or blending factor
that minimizes the a Posteriori error covariance (4.6).
This minimization can be accomplished by first
substituting (4.7) into the above definition for e k ,
substituting that into (4.6), performing the indicated
expectations, taking the derivative of the trace of the
result with respect to K, setting that result equal to
zero, and then solving for K. One form of the
Resulting K that minimizes (4.6)is given by




kk  pk H T ( HPk H T  R)1




Pk H T

HPk H T  R

(4.8)

Looking at (8) we see that as the
measurement error covariance R approaches zero, the
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gain K weights
Specifically,

the

residual

more

heavily.
(4.9)

On the other hand, as the a priori estimate
error covariance P k approaches zero, the gain K
weights the residual less heavily. Specifically,

& (4.15) project the state and covariance estimates
forward from time step k – 1 to step k. A and B are
from (4.1), while Q is from (4.3). Initial conditions for
the filter are discussed in the earlier references.
Discrete Kalman filter measurement update equations.




Kk  Pk H T (HPk H T  R)1 (4.16)
k=

k

+ Kk(zk-H

Pk  ( I  Kk H ) Pk
(4.10)
All of the Kalman filter equations can be
algebraically manipulated into to several forms.
Equation (4..8) represents the Kalman gain in one
popular form.
Another way of thinking about the weighting by K is
k
that as the measurement error covariance R
Approaches zero, the actual measurement zk is
“trusted” more and more, while the predicted
measurement H x̂ k is trusted less and less. On the
other hand, as the a priori estimate error Covariance
P k Approaches zero the actual measurement zk is
trusted less and less, while the predicted measurement
H x̂k.
4.3. THE PROBABILISTIC ORIGINS OF THE
FILTER:
The justification for (4.7) is rooted in the
probability of the a priori estimate x̂k conditioned on
all prior measurements z k (Bayes’ rule). For now let
it suffice to point out that the Kalman filter maintains
the first two moments of the state distribution,
E [ xk ]  k
( 4.11)

E [( xk 

k)

( xk 

k)

T

] = Pk

(4.12)

The a posteriori state estimate (4.7) reflects
the mean (the first moment) of the state
distribution— it is normally distributed if the
conditions of (4.3) and (4.4) are met. The a posteriori
estimate error covariance (4.6) reflects the variance
of the state distribution (the second non-central
moment). In other words,
p( xk / zk )  N ( E[ xk ], E[( xk  k ) ( xk  k
)T])
= N( k, Pk).
The time update projects the current state
estimate ahead in time. The measurement update
adjusts the projected estimate by an actual
measurement at that time. The specific equations for
the time and measurement updates are presented
below.
Discrete Kalman filter time update equations.
k



=A

k-1 +

Buk-1

Pk  APk 1 AT  Q

(4.14)
(4.15)

Again notice how the time update equations are (4.14)

k



)

(4.17)
(4.18)

The first task during the measurement
update is to compute the Kalman gain, K k . Notice
that the equation given here as (4.16) is the same as
(4.8). The next step is to actually measure the process
to obtain z k , and then to generate an a posteriori state
estimate by
k incorporating the measurement as in
(4.17). Again (4.2) is simply (4.7) repeated here for
completeness. The final step is to obtain an a
posteriori error covariance estimate via (4.18). After
each time and measurement update pair, the process is
repeated with the previous a posteriori estimates used
to project or predict the new a priori estimates. This
recursive nature is one of the very appealing features
of the Kalman filter—it makes practical
implementations much more feasible than (for
example) an implementation of a Wiener filter
[Brown92] which is designed to operate on all of the
data directly for each estimate. The Kalman filter
instead recursively conditions the current estimate on
all of the past measurements. Figure 2 below offers a
complete picture of the operation of the filter,
combining the high-level diagram of Figure 1 with
the equations from (4.14) to (4.15) and (4.16) to
(4.18).
4.4. FILTER PARAMETERS AND TUNING
In the actual implementation of the filter, the
measurement noise covariance R is usually measured
prior to operation of the filter. Measuring the
measurement error covariance R
is generally
practical (possible) because we need to be able to
measure the process anyway (while operating the
filter) so we should generally be able to take some
off-line sample measurements in order to determine
the variance of the measurement noise. The
determination of the process noise covariance Q is
generally more difficult as we typically do not have
the ability to directly observe the process we are
estimating. Sometimes a relatively simple (poor)
process model can produce acceptable results if one
“injects” enough uncertainty into the process via the
selection of Q . Certainly in this case one would hope
that the process measurements are reliable. In either
case, whether or not we have a rational basis for
choosing the parameters, often times superior filter
performance (statistically speaking) can be obtained
by tuning the filter parameters Q and R . The tuning
is usually performed off-line, frequently with the
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help of another (distinct) Kalman filter in a process
generally referred to as system identification.

In closing we note that under conditions
where Q and R .are in fact constant, both the
estimation error covariance P k and the Kalman gain
K k will stabilize quickly and then remain constant
(see the filter update equations in Figure 1-2). If this
is the case, these parameters can be pre-computed by
either running the filter off-line, or for example by
determining the steady-state value of P k
as
described. It is frequently the case however that the
measurement error (in particular) does not remain
constant. For example, when sighting beacons in our
optoelectronic tracker ceiling panels, the noise in
measurements of nearby beacons will be smaller than
that in far-away beacons. Also, the process noise Q
is sometimes changed dynamically during filter
operation becoming Q k in order to adjust to
different dynamics.

I. SELECTION
OF
OPTIMAL
LOCATIONS AND SIZES OF DG’S
The main aim of this project is to determine
the optimal locations of multiple DGs is proposed by
considering power loss. Also, their optimal sizes are
determined by using the Kalman filter algorithm. it is
expected that the electric power industry will undergo
considerable and rapid change with respect to its
structure, operation, planning, and regulation.
Moreover, because of new constraints placed by
economical, political, and environ- mental factors,

trends in power system planning and operation are
being pushed toward maximum utilization of existing
electricity infrastructure with tight operating margins.
Therefore, the electric utility companies are striving
to achieve this objective via many different ways, one
of which is to defer the distributed generation (DG)
solution by an independent power producer (IPP) to
meet growing customer load demand . In this case,
deferral credits received by the IPP depend on the
incremental system reliability improvement made by
the DG solution. The DG is based on the renewable
energy sources such as fuel cell, photovoltaic, and
wind power as well as combined heat and power gas
turbine, micro-turbine, etc. Now, it becomes an
important integral component of the modern power
system in recent years for several reasons . For
example, it is an electricity generation of small-scale
size, which is connected to the customer’s side in a
distribution system. Therefore, it does not require
additional infrastructure of huge power plant and
trans- mission lines, but rather, reduces capital
investments. In addition, it has a great ability for
responding to peak loads quickly and effectively by
the market forces or its associated IPPs. This results in
improving the reliability of the system. Despite its
promises, installing the DG to an electric power grid
is not a simple plug-and-play problem. Indeed, as
well as operation of the DG itself, it requires a
careful consideration for the interaction with existing
power network with respect to stability, reliability,
protection coordination, power loss, power quality
issues, etc.. First of all, it is important to deter- mine
the optimal location and size of a given DG before it
is connected to a power system. Moreover, if
multiple DGs are installed, an optimal approach for
selection of their placement and sizing is imperative
in order to maintain the stability and reliability of an
existing power system effectively. This project
determines a method to select the optimal locations
of multiple DGs by considering total power loss in a
steady-state operation. Thereafter, their optimal sizes
are determined by using the Kalman filter algorithm.
5.1. SELECTION OF OPTIMAL LOCATION
5.1.1 REDUCTION OF POWER LOSS BY
CONNECTING DG
In general, the existing power plants tend
to be far from the consumption regions, and this
situation causes a large amount of power loss on
the power system. The IEEE benchmarked 30-bus
system is shown in Fig.9. Where all loads can be
classified under one of two classes. The first
classification is the directly-connected-bus while the
second is the load-concentration-bus. The directlyconnected-bus is defined as a bus connected to a
reference bus that does not pass through any other
buses. For example, buses 12, 14, 18, and 23 in Fig.
3 are the directly-connected-buses if bus 15 is
chosen as a reference bus. The load-concentration-
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bus handles relatively large loads, and is more
connected to the other directly-connected-buses
when compared to other nearby buses. In Fig. 9,
buses 10, 12, 27, and5 can be selected as the
representative load-concentration buses of Areas 1
through 4, respectively. When the DG is applied to
this system, it is not desirable to connect each DG to
every load bus to minimize power loss. Instead, the
multiple representative DGs can be connected to the
load-concentration-buses. Then, they provide an
effect similar to the case where there are all DGs on
each load bus, but with added benefit of reduced
power loss.

Fig. 9. IEEE benchmarked 30-bus system

When the unit circuit of Fig. 10 is considered,
the power loss of each branch must be reduced to
minimize the total power loss by connecting the DG to
the load-concentration-bus as mentioned above. Fig.
10 shows the variation of power loss corresponding to
the size of DG at load-concentration-bus 10 and the
amount of load consumption at bus 21 in Fig.9. Here, it
is clearly shown that the power loss is significantly
reduced by increasing the size of DG connected to
load-concentration-bus 10, which is very close to bus
21, when the power consumption of the load at
bus21 is increased. All buses included in each area of
the power system shown in Fig. 9 are presented in
Table I with the total amount of power consumption.
Table II gives the buses with the largest and smallest
loads in each area. To minimize the total power loss,
the largest load buses in each area, which are buses
12, 10, 27, and 5, can be selected as the optimal
locations for the multiple DGs as the representative
load-concentration-buses. Assume that the power
losses between two adjacent buses in each area are
negligible. In this case, the multiple DGs with the
same size as the total amount of power consumption at
each area might be implicitly used to minimize the
power loss. In other words, the total system power
loss is 3.452 MW if each DG in Areas 1 through 4
supplies the real power of 45, 44, 28.4, and117 MW,
respectively. The resulting system power loss of
3.452MW will be compared with the total power loss
computed after the optimal size of multiple DGs is
systematically determined by using the Kalman filter
algorithm, as described in next Section.
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Fig.12 shows the system power loss
corresponding to the different power and voltage
scales of the DG at the load-concentration-bus 10 in
Area 2 of Fig.9. This DG supplies real power in the
range of 0 to 40 MW. The voltage at bus 10 varies
between 0.95 to 1.25 p.u. with the proper control
for the DG. It is observed that the overall power
loss is decreased almost linearly as the size of DG
increases. In addition, it is minimized when the bus
voltage is 1.06 p.u. with 40 MW of DG. The
variation of power loss is relatively less sensitive to
voltage changes when compared to the size of DG.
In other words, the amount of real power supplied
by the DG strongly influences the minimization of
power loss. This means that the DG can control the
bus voltage for reactive power compensation
independently of its real power control to minimize
power loss.

Fig.10.Simplified unit circuit between two buses.
From the simplified unit circuit shown in
Fig.10, the power loss,
between two buses i
and , is computed by the following:

( Pi  Qi )r
2
Vi
2

Ploss ,ij  Pi  Pj 

2

(5.1)

Fig.11. One-line diagram of a distribution feeder.
Also, the one-line diagram of a distribution feeder
with a total of n unit circuits is shown in Fig. 11.
When power flows in one direction, the value of bus
voltage, Vi+1, is smaller than that of , and this
associated equation can be expressed by (5.2). In
general, the reactive power,
, is reduced by
connecting a capacitor bank on bus Vi, in order to
decrease the voltage gap between Vi+1 and . In
other words, the capacitor bank at bus makes it
possible to reduce power loss and regulate the
voltages by adjusting the value of
in the
following:

Vi 1  Vi  2(ri 1Pi  xi 1Qi )  (ri 1  xi 1 )(Pi  Qi ) / Vi
2

2

2

2

2

2

(5.2)
If a DG is installed at the location of the capacitor
bank, the proper reactive power control of the DG
has the same effect on the system as does the
capacitor bank. Moreover, the main function of the
DG is to supply real supplementary power to the
required loads in an effective manner.

2

5.2. SELECTION OF OPTIMAL LOCATION
FOR DG’s CONSIDERING POWER LOSS:
Before deriving the equations necessary to
select the optimal location for the DG, the following
terms are firstly defined. In particular, the factor, D,
shown in the following is called the generalized
generation distribution factor
:
Power supplied by the
th
generator in a power network;
:
Power consumed by the th
load in a power network;
:
Power flowing from the
th
generator to the th load;
:
Power flowing from the
th
generator to the th load through bus
to the th load;
Ratio of
to the power
supplied by the th generator;
P loss, k
Power loss on transmission line
due to the power supplied from the
kth generator
Power flow from the th generator
to the th load through bus connected
to the th generator;
Ratio of
to the power
supplied by the th generator;
P loss, k
Power loss on a transmission line
due to power supplied to the lth load
The IEEE benchmarked 30-bus system in
Fig. 9 is now analyzed for two different cases with
respect to generator or load In other words, the first
case is one where power flows from the
th
generator to numerous loads. The second case is one
where power is flowing from several generators to
the th load. These two conditions are shown in Figs.
13 and 14, respectively.
Case 1 :-

Fig.12. power loss corresponding to oltage and
power of the DG.
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Pk ,l / case  2 



jc ( k )

Fkj,l 

D

jc ( k )

P

kj,l l

(5.5)

where
are the buses connected to the K th
generator.
The power loss associated with the th load is
computed by the following:
NG

Fig.13. Power flow from the Kth generator to the
other several loads.
Case 2 :-

Ploss ,l   Pk ,l  Pl .

(5.6)

k 1

In a combination of the cases described
above, the power system in Fig. 9 can be expressed
by the simplified circuit shownin Fig.15 with
consideration of only power generations and
consumptions. The branch between buses i and in
Fig. 15 can become an arbitrary branch in Fig. 9.
This means that the total power loss of the system
can be calculated by summing the losses of all
branches whenever the DG is connected to any bus.

Fig-14 Power flow from the several generators to
the Lth load.
Simplified form of two cases (1 ) & (2) :-

Fig-15 Simplified circuit with only power
generations and consumptions. For the first case
(case-1), the power supplied from the th
generator to the th load among several loads is
calculated by the following:

Pk ,l / case  1 

F

jc ( l )

jl , k



D

jc ( l )

jl , k

Pk

(5.3)

where
are the buses connected to the L th
load. Then, the power loss associated with the K th
generator is computed by the following, which is
the difference between the power supplied from the
th generator and the sum of powers consumed in
loads:

Ploss , k  Pk 

N

P

l  NG 1

k ,l

(5.4)

In the same manner, the power supplied
from the th generator among several generators to
the th load is calculated by thefollowing for the
second case (case-2):

Fig-16 Variation of power loss corresponding to the
size of DG at load -concentration-bus 10 and the
amount of load consumption at bus 21.
5.3.
PROCEDURE TO SELECT OPTIMAL
SIZE OF MULTIPLE DG’s USING KALMAN
FILTER ALGORITHM:
The total amount of power consumption in
Table I at each area could be choosen as the size of
DGs to be placed. However, these are not optimal
values for the DGs because the power loss in lines
connecting two buses is ignored. To deal with this
problem, the Kalman filter algorithm is applied to
select the optimal sizes of multiple DGs by
minimizing the total power loss of system. The
Kalman filter algorithm has the smoothing properties
and the noise rejection capability robust to the
process and measurement noises. In practical
environments (in which the states are driven by
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process noise and observation is made in the
presence of measurement noise), the estimation
problem for the optimal sizes of multiple DGs can be
formulated with a linear time-varying state equation.
Also, the error from interval of computation can be
reduced during the estimation optimization process.
In this study, the state model applied for the
estimation is given as

x(n  1)  x(n)   (n), x(0)  x0
y (n)  c.x(n)
z ( n)  y ( n)  v ( n)






(5.7)

where the matrices  ,  ,C are known
deterministic variables,
The state vector x can represent the size of
each of the multiple DGs or their
coefficients.
 is the process noise vector,
Z is the measured power loss,
Vis stationary measurement noise

DG. After adding the small amount of power
of
10 MW to each DG, the initial power loss is obtained
by a power flow computation based on the Newton–
Raphson method. Then, the information on the
individual power loss,
, corresponding to each
DG increased by 10 MW is sent to Stage-2, where the
values of
are substituted with those of
.
After the minimum value of
is selected, its
value and the corresponding sizes of multiple DGs
are stored in the memory
of
and
DG
in Fig. 11, respectively. This process is
then repeated until the total sum of all DGs is the same
as the predefined value
, in Stage-3 by
increasing n to n+1. Finally, the accumulated data of
the minimum power loss and sizes of DGs, which are
and DG
, respectively, are
obtained.
5.4. FLOWCHART FOR KALMAN FILTER
ALGORITHM:

Then, the estimate of the state vector is updated
by using the following steps.
5.3.1. Measurement update:
Acquire the measurements,
compute a posteriori quantities:

, and

k (n)  P  (n)cT [cP  (n)cT  r ]1
(n) =

(n) + k(n)[z(n) - c
P(n) =



(n)]

(5.8)



P (n) – k(n)c P (n)

Where K(
is the Kalman gain,
 P is a positive definite symmetric matrix

r is a positive number selected to avoid a
singular matrix.
5.3.2. Time update:

 (n)
P  (n  1)  P(n)T  QT
(n+1) =

(5.9)
where Q(
is a positive-definite covariance
matrix, which is zero in this study because the
stationary process and measurement noises are
mutually independent.
5.3.3. Time increment: Increment n and repeat.
Thereafter, the estimated output (the total power loss
of the system) is calculated as
(n) = C (n)
(5.10)
C is known as deterministic variable
Fig. 11 shows the procedure to obtain data samples for
the sizes of multiple DGs and the power loss required
before applying the Kalman filter algorithm. In Stage1 of Fig. 11, the algorithm begins with the zero values
for all DGs, and the index denotes the number of given

Fig-17 Procedure to obtain data samples of the
multiple DGs and power loss required before
applying the Kalman filter algorithm.
The data samples obtained above might be
different from the actual values due to the large
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sampling interval of 10 MW. If this sampling interval
is reduced to find more accurate values, the
computational requirement will be dramatically
increased. To deal with this problem in Fig. 10 with
two phases in application of the Kalman filter
algorithm are taken to reduce the error between the
estimated and actual values, and then the optimal
sizes of multiple DGs are finally estimated.
In Phase-1 of Fig. 12, the estimated sizes of
multiple DGs, DG
,are determined
by applying the Kalman filter algorithm with the data
samples obtained from Fig. 11, which are
and . Its associated parameters are
then given in the following:
4

4

i 1

i 1

 (n)   DGi , samples (n) / max  { DGi , samples (n)}
(5.11)

Cphase1 (n)  [ (n), 2 (n), 3 (n), 4 (n)]
(5.12)
(5.13)

z( n) / i  DGi , samples ( n)

DGi , estimated (n)  (n)
1

=

C phase1 ( n) .

Phase-

estimated in Phase-2 of Fig. 18 with the power loss
data samples, Ploss , samples , from Fig. 17 and the
estimated DG sizes, DG i , estimated , in Phase-1. The
associated parameters required to apply the Kalman
filter algorithm are given in the following:

 i (n)  DGi , estimated (n), (i  1,2,3,4)
(5.15)

C phase  2 (n)  [ 1 (n),  2 (n),  3 (n),  4 (n)]
(5.16)
Z(n) = Ploss , samples ( n)
(5.17)

Ploss , estimated (n)  (n) = C phase 2 ( n) .

(nmax)

Phase-2

(5.18)

V. SIMULATION RESULTS
WITH OUT CONNECTING DG’S
KALMAN FILTER
BUS DATA FOR IEEE 30-BUS SYSTEM

AND

(nmax)/i (5.14)

where is the normalized value, nmax is the number of
last samples in DGi , samples . To estimate the size of
each DG, the Kalman filter algorithm is applied in
sequence with different measurements of Z in (5.13).

After estimating the optimal sizes of multiple DGs in
Phase-1, the total power loss, Ploss , estimated , is
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WITH CONNECTING DG’S AND KALMAN
FILTER
BUS DATA FOR IEE 30-BUS SYSTEM
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renew- able energy resources such as fuel cell,
photovoltaic, micro-turbines, wind powers, etc..
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