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then, we using a 33 bus modeling to show which method has a better function on reducing the loss for
system. After that, we take the better method to reducing the loss for two cases (14 bus, 34 bus
modeling). At last, we conclude the result of the research and give some comment on the future works.
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Abstract:

In this paper, we mainly focus on using meethod to solve the DG
problem in order to reducing the loss. We stannfcomparing two new method. We
list out the mathematics theory of the two methédsl then, we using a 33 bus
modeling to show which method has a better funatiomeducing the loss for system.
After that, we take the better method to reduchegloss for two cases (14 bus , 34
bus modeling). At last, we conclude the resulthef tesearch and give some comment

on the future works.
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Chapter 1: Introduction:
Distributed Generation is never a ignorable probierthe power system
production process. We always pay a lot of time rmodiey on the research of this

issue. The reason of this is obviously as showtherfollowing table[1]:

millions
: of ) Referenc
article location Date
people es
affected
NS the United States, 9 Nov [7]
blackout of 30 Canada 1965
1965
1999 Southern . 11 March 5,
. Brazil
Brazil blackout 1999
January 2001 . 02 January
. 230 India
India blackout ! 2001
Northeast

the United States, 14-15 Aug 5

blackout of 55 Canada 2003

2003



millions

) of ) Referenc
article location Date
people es
affected

Italy, Switzerland,

2003 Italy . : 28Sep g
blackout 55 Austrl-a, Slovenia, 2003
Croatia

2005 Java—Bali . 18 Aug 2]
blackout 100 Indonesia 2005
2009 Brazil

_ 10-11 Nov
and Paraguay 817 Brazil, Paraguay

2009

blackout
July 2012 India . 30 July [1]
blackout 330 India 2012
July 2012 India . 31 July [1]
blackout 670 India 2012

Table 1list of notable wide-scale power outages
If we do not or even pay less attention on thigeés§ he resulted power outage may
became a disasters back on us. This paper give asalytical method on the
Distributed Generation and its improvements metfide author hope to put this idea
into the analysis of the DG problem in order to mé#hke solution of the DG problem
more diversity.

1.1 Writing background:



When the Great scientist Edison invented thd lighr life were totally
changed. People started to realize the importahekectricity in our life. From then
on, people invented a lot of electricity productsiein have been part of our life, such
as air condition, TV and washer. All these makeeelay on the electricity every day.
All these bring us to think about how to transmmitl alistributed and generate the
electricity appropriately in order to make us erjlog electricity more convenient.
And what is more, as our construction and produactiee more and more relay on the
electricity in modern time. If we are failed in apgrt of the electricity production, it
will lead to the power outage and a loss of evdiians of dollars[2].

From the tablel, we could see that the pow&ge influence more and more
people year by year. There is no exactly loss afiegoThat is because the loss of
cost are hard to account. Such kind of data alwerysnd us to pay more attention on
the research of the DG. This is the reason we tmphow this new method for
solving DG problem.

In this paper, the method is under the thebiynprove of analysis(lA)
method. The IA method is trying to make calculafwacess easier by reducing the
thesis equations and also to find a more directblysis to get the result. In this way,
we analysis the traditional equations to get th@grdoss and make a induce in
Mathematic to get a new power loss equation. Tivenuse a new analysis way of get

the optimal DG.



After getting this new method, we use Mattalde and Power World
Simulator to prove our idea and get the simulagsailt. We all know that the Matlab
calculation is a perfect tool on the optimizatiantdem. For the Power World, we
find this software have a strong function on analpswer flow. We only need to set
up the modeling for power system. The result thatauld get is clear and direct
shown on the bus modeling and also formed in araEExxcel table.

This paper is with the help of a seriousraton and these advanced tools

and method.

1.2 Aim of the paper:

In this paper, we mainly focus on how to put atfibuted Generator in the best
location of the power system to optimize the effiay of the system. The
Newton-Raphson method is a fast way to get the pflaw. In this paper, we use
Power world simulator to calculate the power fldinseems that we avoid the
Newton-Raphson method to do the power flow calamatHowever, using the Power
World simulator to calculate the power flow alse@déNewton-Raphson method. The
simulator put the Newton-Raphson method in its begie program. When we use
the Power World we are using the Newton-Raphsomaaketo do the calculation.
Two new method which are similar to each other athmaspect are being bring in to

get the optimal location for Distributed Generator.



Why we choose the new method which we calddriprove of analysis
method) instead of the traditional optimal methbdthe process of traditional
optimal method (no matter the linear optimal methwazh linear optimal method or
some other search methods), they all have too manstraints which made the
calculation much more complicated. The two new me@shbase on a simple math
thesis which we will induce in Chapter 3.

Meanwhile, we use the Newton-Raphson methagiting the base power flow
result. We all know that the Newton-Raphson metisdtie fastest method to
calculate the result of power flow. No matter ttezadtion time or the math function,
the Newton-Raphson method always show its obvicadisantages for the
calculation.

Also, the Distributed Generator in this paganainly used on the P-Q bus
power system. Beside the slack bus, every busQsbas in the system which makes
the research more focus on the optimization foptheer system.

1.3 Structure of the paper:

The Chapter 1 above is the introduction pathe paper. It gives us a
background and a reason for write this paper. &atig this, we could see the basic
knowledge in this paper. They include all the tpoiethods and conception of the
idea in this paper. In the Chapter 3, we give #imits of all the modeling and

analysis process in this paper. Then, we list cartendescription on the tools and



method in the paper. The Chapter 5 is then thdtsesiter the simulation with a brief
analysis. The Chapter 6 is a conclusion of the papéch includes a small review of

the whole paper.



Chapter 2:Basical knowledge

2.1 Distributed generation:

2.1.1 Development of DG:

The Distributed generation is not a new cptioa for us. The electricity
light our life since Edison age. Then, with thehtygdevelopment of the
electricity usage, the Distributed generations bezan important issue on the
balance, the safety, and the economics of the psystem][3].

The development of electricity is too fasittive almost have no time to
make an fully arrangement. In the 1870's town gas transported into most
major cities in the U.S and Europe. The followiigufe is an early power

plant(Figure 2-1).



L s o ® HIEE
L ¥
V2 \ N

I. 1' .I L -._‘:'.
bl e

Fig 2-1 Early Power Plant

By the end of 1920's, the utility grids starbecome a net that spread widely
all over the U.S. From this period of time, thedgrconstruction speed up so fast.
which bring the power system up to a higher leVals make people relay much
more on electricity. Definitely, it brings up theage and power load too much for the
capacity of power system. In 1934, the public ttiHolding Companies Act of 1934
restrict the companies that could participate gtev@ of the power system
construction, distributed , usage. No everyoneataolw participate into the power
system construction , design and production. Tdasl$ the power system activities to
the large scales age. However, the technology amitidupport the operation for the

large scales of the power system. In 1992, govenhstart to require the interstate



transmission line owners to allow all the electraerators access to their lines. It
begin the age that power system needs distribgaihaSo, when we look back to
the history of the distributed generation for sgsteve could see it is the
Distributed-Centralized-Distributed process[2].

2.1.2 Technology of the DG:

The Distributed generation is any small-saéctrical power generation
technology that provides electric power at or ribarload site; it us either
interconnected to the distribution system , disetidlthe customer's facilities, or both.
DG could get us multitude of services to all thiéty and consumers, such as
capability adjust, peak sharing, generation aliocatonfirming, balance of the power
system.[4] In an addition, the DG could predict plosver outage and monitor the
status of the power system. As the basic scienoeg and more new method are used
in the DG technology which bring the DG much modgantage.

In this paper, we mainly focus on how to edited the DG to balance the
power system distribution.
2.2 Improve of analyss (IA):

To solve the problem of the Distributed Getiera many method have
already been used. The major methods are from @atiion view. The traditional
optimization always need to set up a objective fionc In the DG problem, the

objective are always about cost, power, poweraossso on. Then, we need to find



all the rated parameters for the objective to pahe subjective functions. When we
put all them together. we could use Matlab code#dize the calculation. However,
when we need to do more than one optimization, ssalve need get maximized
power Meanwhile the minimized cost. In this case will need to set up objective
and subjective function for two times. It makes phecess of solving the problem
more complex. So, later, we bring the GA methotbithe DG problem. The GA
method is easily for dueling with the multiple odijge functions problem. But, The
GA method has a big problem. It takes too much fonealculation. These problem
and inconvenient make us try to find a better mettlso, we start from the
optimization itself to see if we could have impraxfehe method. because the
definition of optimization means to find the beatues. It is a method to find the
extreme .[5] [6]In this way, if we could find th&teeme value. We are able to finish
the optimal process. think of this ,we could gokihe objective function. find the
related function for the objective vector. And theme do some math inducing to get
the extreme value. This process is called imprd\analysis method.[7]
2.3 Power World simulator:
2.3. LIntroduction of the Power World:

The Power World Simulator power system siroifavisualization software

developed by University of Illinois School of Elecal and Computer Engineering

can display the visual image of the operation efghwer system. Users can create,

10



change various power system models and parametevarious operations in the
emulator. This would analysis the model on failanel economic operation and so on
The design of Power World is user-friendly, andhtygnteractive nature. It faces to
all the user who want to analysis a special powstesn no matter you are
professional or not.

This simulator is a integrated productstt®ng function is on the calculation
of the Power Flow. It could calculate a system weilen 100,000 nodes. So, it could
analysis the system all by itself. Unlike the othsoftware for calculating the Power
Flow, the Power World simulator allows users toeskis detailed panorama of the
power system vividly. In addition, the system mockah easily be modified by using
the simulation software graphics editing tool. Wihegt user need to do is only click
the part that your want to change in the figuréhefsystem. Then, the detail
parameter of that part will shown in another wind@We user could then revise
everything in that window easily. [8]

Power World simulator mostly use the mouseatmplete the exchange with
the user, the interface follows the practice ohgst mouse. In general, the left mouse
button can directly modified and control the sysemipment while the right can be
used to view detailed information about a device bist view option. It also

provides some special usage on mouse.
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Power World simulator many functions carabeomplished by using the
toolbar. The toolbar also includes a lot of conbat, which can be activated by the
mouse. A total of eight toolbar, as shown belownfreft to right, from top to bottom

as follows (figure 2-2):[9]

DPower¥orld Simulator 12.0 Educational SCOPF, ATC, PVQV. Licensed only for Evaluatio... r.._ﬁﬁ|
| File fdt Irsert Foreet E_ue Information Onelines: Ogtiems Tooly Windos Help :
BEEREPE a8 % [ sory [Fdit Node|fun Node Seript Rode Log B Single Solution = Full Heston 15 -0 & f - B HY 5.8

e e e L

ptioa - BEBASCRS & a2 BEAKGe m AR IF LSS WAL w08 el
ARPDORe = pRLFTET AORLENMLERL/ T HOS® 2§

- A

Fig 2-2 Power World simulator functions table

1. File column: Through this column, ona save, print, reading and other
operations. This column also provides online help oubleshooting tool model.
Power World simulator allows users to use sevaftdrdnt formats to store the
system model. If we look at file in the main methgn select Save As dialog box
items can appear in the lower left corner of tleatdj box to store the file type
column to select the desired save format. Simulzdarbe used to store the model in a
variety of binary format (the default), the versiosed in a variety of PTI primitive
data types, IEEE common format.

2. Program column: In this column the useld switch the program to edit
or run mode in order to control a variety of infatmon in power flow calculation.
This column includes the following options:

a. Edit Mode: Edit mode is used to creeg® models and modify existing

models. Program by clicking on the column "Edit Mb#utton (EDIT MODE) could

12



switch to this mode. In this mode user could doftilewing operation: Create a new
model; increase in existing component models; nyaitié physical appearance of the
one-line diagram; view and modify the model uset#sst shows, etc.;

b. Run Mode: This column provides somadageration button operation
mode. You can control the simulation start, corgimause, and display graphs,
switching single line diagrams. In this mode, tin@rg simulation can be animated,
which could achieve single-step flow calculatioml @ime time domain simulation of
power systems. In the Options panel click "Run Mdulgton to enter the run mode.
Key features include: one-line diagram can be vietheough a graphical model;
model information (Case Information) shows thatddyle shows the diagram to see
the entire power system; computing trend by changie simulation options and
dialog boxes; translated on any node load, paratbeich and electricity; voltage
curves; power transfer distribution factor (PTD&ralculated; based on trend
research conducted purely economic analysis in domeain or user customized, etc.

c. Single step to solve (only in Run mod@)gle-step flow equations are
solved with respect to the timing simulation pugmsThis button allows the user to
simulate the trend of an independent system.

d. Log: This button can turns on or off tbg window. The window
displays the progress of the process flow calautadind research to help

non-convergence model;

13



e. Abort: terminate the ongoing flow caltidn. If the program is
performing a timing simulation, abandoned by (ABQR@&y to abort the execution
of the program.

3. Image zoom bar: to show the complexgrasystem diagram, Power
World simulator can zoom in and move the single-iiagram. One can directly
specified in enlarged size in this column ,and d@l$o set the magnification by
selecting a rectangular area in Figure. This coleomtains a dialog box, you can
select it as the center of the display to a busdilmgram.

4. Options / Information Bar: Through thidumn, you can quickly access
relevant information and setting options Power Waimulator. You can set options
related to simulation and solution, define theefildlisplay, single-step flow
calculation, create a quick tide tables, displagcfr information about a node, or
switch to another line diagram.

5. Unfolding column: This column provid@sother move / zoom control.
Used to adjust the arrow in Figure 4 of the dispkayge. Another two buttons can be
used to scale the image.

6. Format Bar (only in edit mode): Througfs column, you can change
the font, color, style, graphics and magnificatievel and so on. The default value

may be set different parameters of the drawing,rasdt these values when necessary.
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Button in this column focused on the main menu,trobshe "Format (FORMAT)"
item.

7. Edit bar (only in edit mode): This colunimcludes some model editing
tools. Can cut or copy a single device on the dilsgram and paste it in the original
or other figure. Can also be a group of the sam@ehts by the normal operation of
the selection rectangle, or circle operation.

8. Insert bar (only in edit mode): Usestbolumn button to add draw on an
existing line diagram of the new component. Thesegs include the element of
power system components such as nodes, power finasformers, loads, generators
and "areas (AREA)", "area (ZONE)" as well as "giH CHART)" to provide
advisory information box pieces. You can also adelx&box or display box rectangle,
ellipse, arc and other shapes, and these havengdthdo with the system other
equipment. Button in this column focused on thermmaénu, most of the "Insert
(INSERT)" item.

2.3.2 Some useful functions:

@
-
Double-click Power World Simulator Ico = , whistarts Simulator.

Simulator can be used to create new models, medigting models, and electric
power system simulation. In the following example, will create a new model from
scratch.[10]

step 1: set up a new folder:

15



To create a new model from the main meelecs File> New Case , Or
click the New icon B on the toolbar. Background vandof the screen will turn
white, which is modeled Power World default whea background color. As using
single line wiring diagram in power system analygisses single line to represent
the actual three-phase power system consiststwéa-phase component
composition.

step2 : add a bus:
1.Choose Insert> Bus from the main menipusricon on the toolbar. This is
a preparation for adding a new bus for the Simulato
2. Left-click the wiring diagram that you mteo place the new bus, it will
pop up the Options dialog box (Bus Option Dialagg $éhown in Figure 2-4). This
box can be used to define the name of the bugtiire size, width, area, regional
and rated voltage, and is connected to the loadhuadt compensator bus.

3. Next, check the bus system balance é8ySlack Bus) option, which is
located Bus Voltage Bus Information option undenit(see Figure 2-5). Bus is used
to ensure a balance between supply and demandcbashmaginary power system
equipment. In other words, the balance of the lgstes balanced the losses caused

by the energy difference.

16



4. Click on the OK button Bus Option Dial@mding bus definition and

close the dialog box. After closing the dialog btive new bus is displayed in your

selected location.

Bus Options

Bus Number lll s | Find By Number |

BusName |1 Find By Name |
tabels |  Fnd.. |

3

Bus Information  Display | ttached Devices | Memo |

i Display Information
“Orientation
e 5.00 -
& pight £ Left s -
" Up " Down Width 100 :

™ Scale width with Size

" Shape 1

i S Link ko New Bus |

o oK I Save | X cancel

Fig 2-4 Bus Option in power world
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Bus Options b

Bus Mumber | 1 — I Find By Murmber I
Bus Name |1 Find By Name |
Labels [ Find ... !

Bus Information |Display | attached Devices | Mema |
Area, Zone, Ownership and Substation

S [ :| . E
L ol | 1

Owner Number m Owyner Name r—_“
Substation Number ]7 Substation Name I—

“Bus Yolbage
R |50 W Bystem Shack Bus|
voltage fpu.) | 1.00 Ange (degrees) | 0.00

¢ QK I Save I x Carcel

Fig 2-5 Important information in Bus Option in pemworld

step 3: add a generator:

1.Choose Insert> Generator from the main nt@amerators icon, or click on
the toolbar @

2. Left-click the bus in wiring diagram ne@dconnect the generator (in this
case, click on balancing the bus, that bus One)e@¢or Options dialog box
(Generator Option Dialog) will open automaticalbgé Figure 2-6). This box set
features can be used to determine the new gengrdisplay size, orientation, and its
upper and lower output power, reactive upper angétosoltage set point and cost

curves.

18



3 After adding the generator, there shouldmeutput power value defined.
Then, we need to ensure active (MW) and voltagdt@ge) option controls are chose.
Entering '413' in the power output (MW Output) bbbate: The balance of the system
bus connected to the generator output power carlogarily ,as the actual load and
the loss of output power of the generator is deppgndn the system.

4. Clicking display information (Display Infmation) button. Direction
(Orientation) option is used to define the directad the generator connected to the
bus. Lock (Anchored) after a single box is checkeltkn the bus moves, the
generator moves also.

5. Click OK in the generator option (GenearatDption Dialog), accept the
default values for the remaining options. After thiaog box closed, the new
generator will appear in the wiring diagram on $kécted bus. The wiring diagram is

similar to Figure 2-7
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Generator Options E|

Bus Mumber |1 ﬂ Findd By Muriber ! Status

" Open f* (losed [
Bus Name |1 _Find By Name_|
Area Name ii
o rI_ Find ... 0

Fuel Type |Un|<n|:|wn j

Unit Type  |UN (Unknown) -

Display Information MW and Yoltage Contral |Custs | Fault Parameters | Owners, Ares, Zons | Memo |

MW Contriof

M Outpuk | [413] v Available for AGC Part, Factor | 10.00
Mir, MW Cutput | 0.0 v Enforce MW Limits MW Ramp Limit jzn.n
!Max.Mw()LmJ.t 1000.0

| "u'ﬁitage C-l:li.l'clf :
Myar Crtpuk 0.0 Regulated Bus Mumber !1
Min Mwars | -2900 v Available for AR SetPoint Yoltage W
Max Mwars | 9900 [ Use Capabilty Curve  Remote Reg % ] 100.0

_' Pl
(iR Mwear
|| Max [Mwvar
Fig 2-6 Generator Option in Power World
413 M
0 Mhvar
Fig 2-7 Generator figure in Power World
Sep 5 Add another stripe load bus
Add the second bus operation
1.Choose From the main menu Insert>Bus,liock@n the icon in the toolbar
for bus bar
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2.In the wiring diagram, click on the right sidetbé first bus somewhere, in
figure 2-8. in (bus options dialog), Keep the bumber As the default value 2, and at
(bus name) type ‘two’
3.At bus bar, add one 200MW, 100Mvar ld@lick (attached devices). At
(load summery information), type 200 at (base M@ at (base Mvar), type 100
4.Click ok. Accept all other default valu€dosed bus bar options dialog,
and Add on the bus
At this moment, on the wiring diagram, dastiow the load on bus bar 2.
Although in System model file, it has been a load.
On the wiring diagram, the operation to &uid is:
1.From the main menu options, choose Irkedd, or click Load icon
2.Left-click in the middle of the busad options dialog (figure 2-9) is open.

At (constant power), show the 200MW, 100Mvar load
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Bushumber |2 2| Find By Number |
BusName  |TWO Find By Namve |

Labels | Find... |

Bus Information l Displzy  Attached Devices tfﬂ-em |
Load Suemmary Infarmation |

Base MW liﬂﬂ
Base Mvar 100

: Shunt Adriktance
(M) 0.000
B {Myar) 01,000

v x| save | X cancel

Fig 2-8bus options dialog in Power World

Load Options X

Bus Mumber |2 Find By Number | [ Stabus-
j ™ Open
Bus Name 2 >} Find By Name @ Closed
o |1 Find ... &
#Area Mumber 1 frea blame Il
Zone Mumber 1 Zone Masme |1

Dwaner Mumbes 1 ¥ Same Owner as Terminal Bus

Owner Name (1

Labels

Load Information | OPF Load Dispatch |

Conskant Power  Constant Current Constant Impedance

M value | 200,000 [ o.000 | 0.000
MvarYalie | 100,000 | o.o00 | 0.000
Display Information

Crrpertation
Display Size. | 10.00 2 O Right © Left

v Scale Width with Size & Up  Down
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Fig 2-9 Load options dialog in Power World

3.Click (load information), choose up to Make load direction Facing up.

Make sure that (anchored box) is chosen in ordittoad move with bus bar.

4.Click ok, accept all other default values. $8ldialog and now each Load

automatically is equipped with a circuit breaker.

Move components in the wiring diagram

1.Left-click on the element to move, Drag theneent to a new location.

2.Move bus bar 2, Left-click on bus bar 2. Dilag element to a new location.

Now the writing diagram is figure 2-10

-L\I"
s

S

HeT:

&

Fig 2-10Figure for load and generation in Power World

Step 6 add transmission line
Line can connect each bus, and the steps avendhelow:

1.In the main menu, choose Insert>Transioms Line, or click (AC

transmission line).
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2.Left-click on the origin of transmissibne, which is usually located in
add lines is connected at one end of the bus.
3.Lines and transformer are drawing iese Click the mouse at a time,
Loosen and drag the mouse, a route is extendedtfrerstarting point. Click the
left mouse button at a time, the line appears gnient. Every Click the mouse to
terminate a line, on a line will appear a vertexavé the mouse to the next point,
between two points will appear a new line in theldie.
4.To end drawing lines, Double-click tleé Imouse button at the end of
hope.
5.(Transmission line/transformer dialog)pears (as in figure 2-11).
Number 1 appears in (from bus number) and numlagp2ars in (to bus number).
6.(Series resistance), (series reacjaru (shunt charging) are used to
Input lines per unit length parameter valuegrésistance), type 0.02,
(reactance)0.08,(shunt charging) 0.1.
7.(Limit (MVA)) is used for power capacbf line. In limit A (MVA),
type 1000, other limit (MVA) is for other chapters.
8.Click ok and accept all other defaallues. Close (transmission

line/transformer dialog), new lines are added &dlagram.
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Transmission Linef Transformer Options @

|' From Bus [2 To Bus Clrcult Find By Numbers i
Mumbes
% ll FZ Flnd Bv Marnes
= IV From End Metered
Norinal kv | 138.0 [ tze.0
-
Area Mame |l fl
Labels
Parameters [ Display | Series Capacitor | Fault Parameters | Owners |
Parameters
'?,Ea““ Series Resistance (R) 0.0 Lirnit A (MYA) 1000 =
= Ope:lnd Series Reactance (X) 0.08 Lirnit B (MWA) 0.000
Shunk Charging (B) 01 Lirnit C (MWAY 0,000
Line Shiints Lirnit O (MWA) 0.000
= ?‘ Limit E (MYa) 0,000
Calculats Per Unit Impedances | Length | 0. 2 e Sene | B
Corvert Line to Transformer |
Display .
Pixel Thickness L = =
V¥ Anchored | -
Link ko Mew Line | b = it t [_ y 5

Fig 2-11 Transmission line/transformer dialog imi@o World

2.4 Optimization:
2.4.1 Description of optimization:

No matter in the basically science such as emadtics, or the application
science like computer science and management scigrathematical optimization
(alternatively, optimization or mathematical pragraing) is the selection of a best
element (with regard to some criteria) from sonteo$available alternatives.

In an easy case involved the optimization,piablem always made up by
maximizing or minimizing a real function which weudd get the input values from
within an allowed set and then compute the resultte function.[11] [12]Also,
optimization theory and techniques to other formates include applied mathematics.

What is more, optimization needs to reach "beste/alThose value for the objective
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function need to be constrained idefined domain. And those include me
different kinds of objective function and domai[13][14][15]
2.4.2 Optimization problem:

The optimization problem is able to be definedadew: Given: a function : A
—R from some set A to the renumbers Sought: an element x0 in A such that f
<f(x) for all x in A ("minimization") or such thd&{x0) > f(x) for all x in A
("maximization").Such a formulation is called artiopzation problem or
mathematical programming problem (a term not ¢ly related to compute
programming, but still in use for example in lingaogramming¢ see History
below)[16].Using this technique, the phys and computer problem are mainly foc
on energy minimization, making the function f vahgenergy of the ystem being
modeled.[17][18]

Commonly, A is Euclidean space's subset. Thisa@\igys explained by a set
constraints, equalities or inequalities which the ®iembers need to match with. 7
A is named as search space or the choice

The functim f is called, variously, an objective functioripas function or cos
function (minimization), indirect utility functiofminimization), a utility functior
(maximization), a fitness function (maximization}, in certain fields, an ener
function, orenergy functional. A feasible solution that minieszlor maximizes,

that is the goal) the objective function is calledoptimal solutiolf19][20][21]
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As the convenience consideration, we alwaysstsd® optimization problem as
minimization problem. Commonly, several local miaigre existing, expect that both
objective function and feasible region are convea minimization problem. Here, a
local minimum x* is defined as a point for whicletk exists som&> 0 so that for
all x such that (2-1):[15][16][22]

llx —x*| < 6 (2-1)
the expression (2-2)

f(&x) = f(x) (2-2)
hold; it means, all of the function values shoutdalh lease no less to the value at that
very point on some region around x*. It is simiéth local maxima.

Many algorithms proposed for solving non-conpeablems (including the
majority of commercially available solvers) are gobd enough for making a
difference between local optimal solution and rgger optimal solutions, and even
mistake the former as actual solution to the oebproblem[23].The branch of
applied mathematics and numerical analysis thedneerned with the development
of deterministic algorithms that are capable ofrgngeeing convergence in finite time
to the actual optimal solution of a non-convex peabis called global
optimization.[24]

2.5 Power Flow:

2.5.1 Conception:
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In power engineering field, the power flow stwahich is also called load flow
study is being used as a tool with numerical amaliyspower system. A power flow
study prefer simplified notation like one line diam and per-unit system, and mainly
focuses on various forms of AC power (i.e.: volggsltage angles, real power and
reactive power). It gives an analysis on steadtestperation for power system.
There are a lot of software could solve the pouaw problem.[25]

As an addition study of power flow, which @msetimes called thiease case,
some other analysis like short-circuit fault anelystability studies (transient &
steady-state), unit commitment and economic dispate also completed by software.
Some programs make use of LP(linear programmingfjriding theoptimal power

flow, the conditions that give the lowest cost penkdd hour delivered.

Power flow (load flow) studies have importanatss in further research of
power system just like in determining the best apen of existing systems. The
principal information that we could get from thewer-flow study is the magnitude
and phase angle of the voltage at each bus, amgahand reactive power flowing in

each line.

Commercial power system are not able solyekand in power flow
calculation only because it is too large. So timathe year between 1929 and the early
1960s , special purpose network analyzers wenepstr building laboratory models

of power system which replaced the analog methodigge-scale digital computers.
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2.5.2Modsd:

An AC power-flow model is a model used in electrical engineering to araly
power grids.lt gives a nonlinear system which describes the energy flow through
each transmission line. Due to nonlinearity, in ynaases the analysis of large
network via AC power-flow model is not feasible daa linear (but less accurate) DC
power-flow model is used instead. Both of those eldare very crude

approximations to reality.[25]

2.6 Iterative method:

Commonly we use the iterative method to solve problems ofinear
programming. And it would be different when the heat is used to solve the
Hessians, gradients, or only function values. Wéilaluating Hessians (H) and
gradients (G) improves the rate of convergencefuioctions for which these
guantities exist and vary sufficiently smoothlyclwevaluations increase the

computational complexity (or computational costeath iteration.[26]

One major performance of optimizers is justrihenber of required function
evaluations as this often is already a large coatjmutal effort, usually much more
effort than within the optimizer itself, which méyrhas to operate over the N
variables[25]. The derivatives could list out dietdiinformation for such optimizers,

and it could be even harder. such as approximétiegradient takes at least N+1
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function evaluations. The number of function ishe order of N> when we get the
2nd derivatives (collected in the Hessian matidgwton's method requires the 2nd
order derivates, so for each iteration the numbé&urtion calls is in the order of N2,
but for a simpler pure gradient optimizer it isyoN. However, gradient optimizers
need usually more iterations than Newton's algaritWhich one is best with respect

to the number of function calls depends on the lprabtself.[27]

2.7 Power |oss:

The fraction of energy lost to resistance wdaddeduced when transmitting
electricity is at high voltage. However, this vardgepending on the specific
conductors, the current flowing, and the lengtktheftransmission line. When, think
about a known power line, a higher voltage brifgsdurrent down and then the
resistive losses in conductor. For example, raifiegvoltage by a factor of 10
reduces the current by a corresponding factor afriddtherefore thER losses by a
factor of 100, provided the same sized conducta@sised in both cases. Even if the
conductor size (cross-sectional area) is reducdoltiGo match the lower current the

I°’R losses are still reduced 10-fold.[28]

Long-distance transmission always happeautjit the line overhead with
the voltage of 115 to 1,200kV. When the voltage edmmore than 2,000kV between
the conductor and the ground, corona dischargeedosan offset he lower resistive
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losses in the line conductors for it is too largddeasures to reduce corona losses
include conductors having larger diameters; ofteliolw to save weight, or bundles

of two or more conductors.

Transmission and distribution losses in the USAonsidered to be at 6.6% in
1997 and 6.5% in 2007. We successfully cut in loélthe transmission losses by
using underground DC. Underground cables, as trese mo constraint of light
weight than overhead cables. It can be larger demeCommonly, losses are
estimated from the discrepancy between power pexi(&s reported by power plants)
and power sold to end customers; the differencevdet what is produced and what
is consumed constitute transmission and distributosses, while we assuming no

theft of utility occurs.[29][30]

2.8 Newton- Raphson method:

In calculus, Newton's method is an iteratnethod for finding zeros
(solutions to equations of the forigf (x) = 0). In optimization, it is applied to the
derivative of a function to find its zeros (solutfoto f'(x)=0)), also known as the
stationary points of the differentiable functior)f(Newton's Method attempts to
construct a sequencgfrom an initial guesspthat converges towards such that

(f'(x,) = 0. This % is a stationary point of f(.)[31]
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The second order Taylor expansig(xj of a function f(.) aroundx(where

Ax=x—x, is(2-3):
frQon + %) = fr(x) = £ () + £ (DX + = " () Ax?, (2-3)

and attains its extremum when its derivative wibpect tdx is equal to zero, i.e.

when Axsolves the linear equation (2-4):
(xn) + f”(xn)Ax =0 (2'4)

(Considering the right-hand side of the above eqoais a quadratic &x, with

constant coefficients.)

Thus, provided that f(x) is a twice-differefitia function well approximated by
its second order Taylor expansion and the initisds$ ¥ is chosen close enough tg x

the sequence (xdefined by (2-5):

S
R Ten
n

Xn+1 = Xn — ;,,(();)),n =01,.... (2-5)

will converge towards a root of f', i.es for which f'(x,) = 0. [32][33][34]

You would probably have some difficulty whgwu hope to get the root of a
complicated function. Lucky, we have Newton-Raphs@thod. Using this method,

we could be easier to get roots of complicatedtions in numerically evaluating. .
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This iterative process follows a set guidelinegpraximate one root, considering the
function, its derivative, and an initial x-value.

It is known to all that an "0" of the funmti should be one of a root for the
function in mathematics aspect. It is equal totkay the function which equals to "0"
is at the location of root. It is no a hard workitwl root such asf(x) = x> — 9 as
follow(2-6):[34][35][36][37]

fx)=x2-9=0
(x+3)(x—-3)=0
x=3o0orx=-3 (2-6)

The Newton-Raphson method start from theafton. Then, it will
gradually come close to a root for function. Thetrihat we get in this way depends

on the initial, arbitrarily chosen x-value (2-7).

f(xn)
Xn41 = Xn =L (2-7)

So, we could get that, is the original X-value that we know. f{xis the
result value when we give the o function. f'(x) is the derivative (slope) at.x
Xn+1 here is the next x-value that you are searchimgnféhe iteration process. Here,
we should pay attention that as the f'(x) equal&xjgdx, thef(x)/f'(x) could get a

value of dx.
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The dx will be close to O if the iteration niben increases It is curial if the

Newton-Raphson method is preformed. That is whaheesl to pay attention to. Take

the f(x) = ¥-4 as example. Below are listed the values thaheesl to know in order

to complete the process (2-8).

fx) =x*>—-4

f'(x) =2x

%=6

(2-8)

Theoretically, the more uncountable number onfimna we do, the more exactly we

could reach to the root for function. Actually,gls the not what we hope to use

because it is a numerical method that we use talséar the root in a easily way. So,

we will assume process has worked accurately when@ta-x becomes less than

0.1.Such kind of precision should be differentiifiedent situation. So , how much

exact we need to use is different depending on siachtions. The table (Table 2-1)

below list out the execution of the process.

n

Xn f(Xn) f'(Xn) Xn+1 dx

Xo=6 |f(Xo=32) |f(6=12) |x;=3.33

X = 3.33 |f(X1) = 7.09|f'(X1) = 6.66|x, = 2.27 |dx = 1.06
Xp = 2.27 |f(X2) = 1.15/|f'(xp) = 4.54|x3=2.01 |dx = .26
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3

x3 = 2.01 |f(x3) = 0.04|f'(xs) = 4.02|x, = 2.00 |dx = 0.01

Table 2-1 initial x table

So, starting withgx6, we could get the root of function f(x) 24 is x=2. If
we chose another initial x-value, we could find g@ne root, or we may find the

other one, x=-2.

A graphical could also help us. In the foliovgraph (Figure 2-12), we could
see the function f(x) =>4 as blue line. The process we use is as befidrthd first
iteration, the red line is tangent to the curvgsal he slope of the tangent is the
derivative at the point of tangency, and for thstfiteration is equal to 12. Dividing
the value of the function at the initial x (f(6)332y the slope of the tangent (12), we
find that the delta-x is equal to 2.67. Subtractimg from six (6) we find that the new
x-value is equal to 3.33. Another way of considgttnis is to find the root of this
tangent line. The new x-value,(x) will be equal to the root of the tangent to the

function at the current x-value}{38][39][40]
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Newton's Method: First Iteration
Initial x = 6.00 New x = 3. .33

Fig 2-12 Graph for NR method

The NewtorRaphson methcis not a "always right" choicdt will bring
in some problem while doing the iterat. First, think abouthe above example. Wh
would be the resulf we start from x=0? We woulbave a "division by zero" errc
andcould not get through. What is more? If you stathw=1 to solve the function «

f(x) = x'>. Do the xvalues converge? Does the d-x decrease toward zero (

So, here, we should pay attention to tsing of NewtonRaphsor
method. When, we focus on some reality projecs, pinoblem become mo
obviously. It is when we are trying to do the datien we may ignore that the fir
result may be influeced by many different factors[4we need to consid all the
factor that involved in function for result. Theseaall the variables. When we thi

about this situation, we could easily think abasihg the partial derivatives. So, \
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could get a function with all the factor involvesl @ariables and try different partial

derivatives to solve the problem to get the resulte exactly.
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Chapter 3: Modeling:

3.1 DG modeling:

Distributed generation is any small-scaleteieal power generation
technology that provides electric power at or rikarload site; it is either
interconnected to the distribution system, diretdlyhe customer's facilities, or
both[]. From the previous chapter, we know that yndifferent define were given to
the Distributed Generation by many famous agentiethis paper, The distributed

generation are served in for the PQ bus power syatefollow:

=]
1|. 12 13 W 1L f.le

Wind Available
Buses

lar available
Buses

Fig. 3-1 PQ bus mode
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In this paper, the Distributed Generation aeduto put in a certain bus in the
system in order to optimize the efficiency of powgstem. In the figure above, we
could see that the power system has 37bus. Bdsdeaus1 which is the slack bus, the
others are all the PQ bus. The power system wénys®&per as the modeling are the
same like the figure above. What we have doneignghper is to find the optimal
location and size of the Distributed Generatorrifeo to get the optimized power loss

later.

3.2 Power loss modeling:

In order to get the math function for the neathod which could avoid too
many complex constraints. we have two derivatianspdhe first one here is to get
the power loss function for the new method. Th@sdmne is later to getting the
optimal size for the system.

3.2.1 Idea of the Power loss equation:

In the original power loss equation, we need tcs@ter the angle, line current
and the magnitude of the bus voltage. What we hope is do find a equation that
related the power loss only to the active and reagiower. So, here, we try to
derivate such a loss formula.

3.2.2 Mathematics derivation:
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In the [42], the author list out his idea abbatv to get a new power loss
equation. First of all, we start with the netwookdes by simply adding the bus
powers at the n buses of the network. We clearttieabus power;$njects into bus i
which means the generated power minus the bus Taadonsider all the bus in the
whole system, we could easily get the total geeerabwer minus the total load; i.e.,
we get the total network losses as follow equafBt)(3-2):

S; =P +jQi £ Ps1 — Pp1 +j(Qe1 — Qp1)

S; =P, +jQz £ Pg2 — Ppz +j(Qgz — Qp2) (3-1)

PL+jQu=2it1Si = Zi Vili (3-2)
According to the following equation equation(3-3):
xTy 2 XL Xy, (3-3)
The above equation could be just written as fathauw
P +Qu = VpusJhus B-4)
By put the follow equations in the above equation
Mus=Zousdous (3-5)
(A+B)T = AT + BT
(AB)T = BTAT
(ANT=A

(3-6)
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We could get:

P+ ]QL = ]guszgus]i;us = ]guszbuslgus (3'7)
The last step follows because Zbus is a symometaitrix.

In this way, the bus impedance matrix isshm of bus resistance and bus

reactance matrix as follow equation(3-8):

iy o Tin

+]

X11 = Xin
] (3-8)

ZbuSéR+jX=[

rnl rnn an Xnn

Also, we could list out the bus current weathich is the sum of a real and

reactive part vector as following:

]pl
+]

]ql
] (3-9)

Jan

Jous = ]p + ]]q =
Jpn

So, the equation (3-7) could be written as:
PL+iQ = (p +1lq) R+, —ily) (3-10)
Focusing on the real part of this matrix i we could get:
P =JpR]p +5Xq +1qRlq = JaXJp (3-11)
As the X is a symmetric matrix, we couldigafind that the second and the
fourth part of the equation are the same so thatoméd obtain the next formula for
PL equation(3-12):
P, = 3R], +JqR]q (3-12)
or by usingndex notation,

P, = ZE=1 r'jk(]pj]pk + ]qj]qk) (3'13)
=1
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The above equation shows the total losgepan the manner of the bus
current. To us, we are more likely to put the bosgr and bus voltage in the

equation instead of the current. So, we make agehanm equation(3-14):

P +jQ; = ViJi
= Vi(Jpi —ilq1)
= |Vil(cos &; + jsin &) (Jpi — jlqi) 3-14)

The §; is the phase angle of; with respect to the reference bus voltage. By
separating the real and imaginary parts of the temu@&-14), we could certainly get
equation(3-15) as follow:

1
Jpi = |V|(P cos §; + Q; sin §;)

Jgi = Vi (P cos §; — Q; sin §;) (3-15)
If we do a substitution on the equation(3)iHat we put the equation(3-15)

above as the current part into this loss equatienget PL, after some algebraic step,

we get the following express form as equation(3-16)

n

P = Z [O‘ik(PiPk +QjQi) + Bjk(Qij - Pij)] (3 —16)
=
k=1

For brevity in notation, we introduced tweanparameter which will make

the equation look more simply:

Ok = |V ||Vk| cos(; — dy)

Bjk e v “Vklsm(é — &) (3-17)
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3.3 Optimization modeling:

Then ,we need to think about how to get the mingdipower loss which
means how could us optimize the location for thetfibuted Generator in order to
minimize the power loss.

3.3.1.1deafor the optimization:

We could learn from chapter 2 that we neefthtbthe connect point for the
subjective function and objective function. Thatamge we need to push the subjective
function on to objective function to make a crag®sd as the objective function. It is
not too hard to judge that when the cross make @méyconnect point. It is a special
situation. It remains us that when we get the plderivative of any function and
make it equal to zero, we could find the extremeaaHere, if we get this point. It
should be the optimal point because the line irehing extreme value is tangential to
the objective function. So that, this point mustle minimize point that make power

loss minimized, as following figure
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Bus k To other Buses

+

plr | =g

Vi=Vi/ 8k
GED Load

Fig. 3-2 Optimization idea

That is the optimal point for the active power &tk bus. And then, as we have the
relationship in the bus injection as following figuwe could replace the bus injection

(bus) active power with the generator active power.

Y

/

Fig 3-3 Bus node figure

3.3.2 Mathematics derivation:
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As we get the idea for derivation the ecurafor getting the location and
size for Distributed Generator, we start with tlaetial differentiation of power loss

with respect to B; which is eq(3-18):

0P, = 9
op, N Z ap [a,-k(Pij + QiQk) + B (QiPk = B Q)] (3-19)
—
ket
As we know

P, £ Pg; — Pp; (3—-20)

The equation(3-19) above is the partialedéhtiation for real power.

Index Term
. 9 P) P -
i |k 3P, (5P Pi) P, (4xQ; Qx) P, (BixQiPx) 3 (—BikPiQw)
= | k=i 2P, 0 0 0
j=i i dayy 0Bix
j=i | ki Py (i QiQka_l;i QiPka—l;i — Qu(Bix
i 9Bix
+PiaPi) +P aPi)
j#i | k=i 0 0 oB; 2,
Ak BB | Qg | ARG | Regy
da; da. 9B 2,
o . Dt N OB o
J# k=i l:)]Pk aP, Q]Qk aP, Q]Pk 3P, P]Qk on
Table 3

However, because the above equation hagp#uts if we unfold the equation

above. we need to think about the relationship betwthe j, k. The results turn into
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many different situations. which is based mainlytloe value of j , k that they get. In
the above table, we make the summarize.
when we get the table above, we could lpeinttogether as the whole

partial derivation equation as follow (3-21).

Py,

2P, =2P0;4

aaik

+ Xk=1 [aikpk — BixQx + (BP + QiQu) 2P,

k=#i

+ (QiPx — PQy) S—Pi]

+ XY= [ajipj — B;iQ; + (BB + Qin)Zin: +(QP — PjQi)Zinii]

j#i

Aot aB;
+ 21 ZRea (PR + QQu) 52 + (QiPk — BQu) 52 (3-21)
jei o k=i ! !
If we could understand that
O(k]' = O(]'k
Bix = By (3-22)

We were also able introduce the shorter symbols

a()(jk "

G_Pi - ajk

OB' A !

_ar::( > B (3-23)

The we could reduce the equation(3-21), as
]
?P: = 2 Yk=1 (Peatix — QiBix)
=21 [(BRe + QQu) g — (BQik — QP Bji (3-24)
k=1

From this equation(3-24) we may find that it is nohvenience to do the

calculation. We 'd better try to get a clearer expions for the partial derivatives.
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This may not be a difficult thing for us to duelhvif we take a look at what we have
already done.
With the differentiating the expression fgg, and B, which is list out by

equation (3-22),we get:

6a]-k A r 06](

6_1:’1 = (l]-k = |V ||V |51n(8 61{) (
TN cos(3; — & )(ﬁ — ﬂ) (3-25)
ap; — ik T |v[Ivil ||v | k) ap;  ap;

we then take the expression for the Pttierequation that we all know as

the following equation(3-26)

Pl iQi

o= =yi,Vy + ViaVo + - + Vin Vi fori=12, ,n (3-26)
we then ,get:
P = Re{Xy=1 yiy VW Vi'} (3-27)
since:
= |Vile % (28)
and then
= |V, | (29)

and then, when we think about that the elemerseoYbus matrix which could be

put in polar form:
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Viv = |yiv]el (3-30)

then we could transforms equation(3-27) into foilogv(3-31);

n
1:)i = Re {Z|Yivvvvi|ej(5v_5i+(piv)} (3 - 31)

v=1

By unfolding the real part of the Equation(3-31§ would get:
P = X0 lyiv Vo Vil cos(8, — & + (Piv) (3-32)

From equation(3-32) we have, upon differentiation:

aP; :
5 —|yV Vi sin(8; — &; + @y) (3-33)
we put the above partial derivative patb iequation(3-25) and we could

get following final formulas for computation afj, and By :

o = Tjk sin(ﬁj — Sk) 1
VIV Tyl sin(8; — 8+ o)
_ 1
lyik! Vil sin(8x—38;+@ixk)
;o rjk COS(SJ' - 8}() 1
jk —

IVil|Vi|IViel 1yl I Vil sin(8y — 85 + i)

1
lvij V5 Sin(51‘5i+‘9ii)]

(3-34)
When ,we get the equation above, we cowld put the equation() with the
above equation together, we could then computedntal derivate result. However,
because the two equations combined together afdengdor calculation. This
situation need much more computing time. So, wg:fmtthe typical system

parameter the double sum contributes only an iifsgnt part of the equation above,
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and for the most situation we should thereforelide ® use following approximate

but timesaving formula for the equation(3-35):

P
apiL ~ 2 V=1 (Pt — QuBik) (3-35)

3.4 Two calculation methods analysis.

From the above derivate process we couldhgehew optimal way to find
the optimized location and size for Distributed Emtor. As we induced in the
chapter2 , This is the IA(improve of the analysistihod) . Now, how to final get the
size and location and then to bring them back égoibwer loss calculation to get the
optimized power loss is the problem that we are trgimg to figure out. Here we get
two analysis methods to get the results.

3.4.1Method 1 start from analysisthereal injection power:
The first method [5]is following the equat{8-35) in 3.3, as we get:

op
aPiL ~ 2 X=1(Piaix — QuBy)

We could see that there are two differetutasions in the above equation,

that is when i=j, and when i~=j. Based on this,ge&

;P — B Qi + XjLq(oyB — B;Q) =0 (3-36)

j#i

so we get:

P= oo |BQi — Sk (ouP - By Q) (3-37)

j#i
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In this formula, we know that thei$’the real power injection at node i. It
does not represent the demand power or the gemeiaput power. But, it has a
relationship with the two. That is :
P = Ppgi — Ppi (3-38)
Where the B is the real power injection from DG placed at ngdeis the input
real power of the node. The;Rs the demand load of the node i. To put all the

equations above here, we could get:
Poci = Poi + = [B; Qi — Tl (B — By;Q)] (3-39)
j#i

When we get this formula, we could easihdfthat only Bg; in the formula
is uncertain variable for each bus. And as we ktit@meaning of the equation is to
get the minimize size of; Bor minimizing the Power loss. So the equatioreh&hich
could give us the Distributed Generator resulbhédquation that give us the
optimized Distributed Generator size. Beside tlze sf the Distributed Generator, all
the other sizes which is being put in the bus \edld to a higher power loss in the
whole system.

Here, when we install the DG into the oy busi in the system. because

of node equation:PPpgi-Ppoi (3-38), we know that the, Fhust be changed. This will
result to the change of voltage and angle inibAsd then , all the voltages and angle

will changed after running the base flow. At ldw toefficienta and f will change

which may involve the value of the power loss.He paper(], author explain that
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numerical result shows the accuracy gained initteecf DG by updatingx and 8 is
too small to involve power loss result. In this weae could get the optimized size
and location for the DG by easily avoid recalculgtihe power flow again. Then, as
the same theory, we could easily get the optimpmader loss. The following is the
computational procedure for this method:

Stepl: Sep up the modeling with power weitdulator:

Step2: Run the base power flow.

Step3: Get the optimal size for the DGvarg bus in the system with
Eq(3-39).

Step4: Calculate the loss using Eq(3-16@ach bus which has being
placing by
optimized DG(we get this DG in step3).

Step5: Confirm the bus which make the poags minimum while the DG
is placed. Here is the optimum location for DG.

step6: Run the load flow with DG to get final result.
The algorithm figure for the method is at the ehthis chapter:

3.4.2 Method 2 start from analysisthereal DG input power:

In this method, we may need to step back the powerdqgsation:

P, = 51 [oj (PP + QiQx) + B (QPk — BQi] (3-39)

k=1
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Now , as we start to consider the DG realgroearlier. we may need to
consider the relationship between the real powdrgrad reactive power part from
DG[43], let us first assuming:

a = (sign) tan(cos™1(PFpg)) (3-40)
so that we get:
Qpei = aPpgi (3-41)
here we need to know:
sign=+1, DG injecting Q;
sign=-1: DG consuming Q;
then, as we know the relationship on the node is:
P = Ppgi — Pp;
Qi = Qpai — Qpi = aPpgi — Qi (3-41)
Here, we take the formulas above (3-41), tadke power loss equation, then

we could get :

p = YyN_ yN [o55[(Poei — Poi) B} + (aPpgi — Qpi) Q]
LT A= A= 4B (aPpgi — Q)P — (Pogi — Poi) Q]

(3-42)
Now, we are going to do the partial derivat¥ehe above equation. Here we do
the derivative of DG,&;
P
—— =23 [o5(B + aQ;) + B;(@f—Q)] =0 (3-43)

0Ppgi

then we take Eq(3-39) in so that we get:
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N
;i (P +aQ;) + Bii(aP — Q) + Z(aijpj - BiiQ;)
=1

%
+aZJN=1(0(iij + B;P) =0
i
(3-44)
It followed by:
n
Xj = Z(aijpj — By Q)
=1
j#i
Yi = Xjt1(a;Q; + ByP) (3-45)
j#i

here, we put the equation(3-41)(3-42)(3-43)(3-44)%3 together, then, we get:

aii (Ppgi — Ppi +a*Ppgi — aQpi) + Bii(Qpi — aPpi) + X; +aY; =0 (346)
As we get the above equation, we could find otihegd size of DG at each bus i to

minimizing loss :

ai (Ppi+aQpi) +Bii(aPpi—Qpi) —Xi—aY;
Ppgi = D D azaii+ol(::i D (3-47)

In the above equation(3-47), we find the "athis variable that we need to
confirm in order to get thedR result. The following is the table that hold th#edent

situations for a and Power factor @&

PFpe | @ Sign Equation
N
Typel) 1 0 | NA Ppgi = Ppi — O(lii [BiiQpi + Z(aijpj — B;Q;)]
=1
Type 2| O o« | N/A Qpgi = Qpi + (Xiii [BiiPpi — Z(%‘Qj + BiiP)]
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< (Pr: + Y+ B::(aPri — Oni) — X: — aYs
Type 3 (O,l) c +1 PDGi — 0(11( Di aQDl) aE;_(_a_i_D(;_ QD]) i ayj
i ii

Type 4| (0,1) | ¢ -1

Qpci = aPpgi

Table 4
Now, as we are trying to list out a commitnagion not a special one, we
need to confirm tha as a common situation. in the paper[], the augiae us an
explanation that the power factor of demand heetnst the same as DG when we

want to get the minimized total power loss. Soéf do:

Pp = XiL; Po;
Qp = XiL; Qoi (3-48)
We then, get the following:
PFpc = PFp (3-49)

when , we step back to the node relationsfimtion it is easy to get this
result only because when the p.f of demand aredhee the p.f of DG, the input
could be transmit into the demand at the maximuiy, wdich means the total loss is
minimum.
Then, as the same consideration of the formethod. We could again, get
thePpgi. And then, we could also get the total power Ei$sr optimized.
Here we also list out the computational pduce

Stepl: Step up the modeling with power flow:
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Step2: Run the base power flow.

Step3: Calculate the Power Factor with E&f§Band Eq(3-49)

Step4: Get the optimal size for the DG irmbus in the system with
Eq(3-47).

Step5: Calculate the loss using Eq() on é@ashwhich has being placing by
optimized DG(we get this DG in step3).

Step6:Confirm the bus which make the powss Iminimum while the DG is
placed. Here is the optimum location for DG.

Step7: Run the load flow with DG to get fimal result

3.4.3 Comparison of the two methods:
Here , we use two methods to analysis thdtrEswgetting the optimal DG
power. We could find out that there are two maiffedence in the two method:
1. When we do the partial derivative, method ooé tby inject power Rvhile the
second method do it by DG poweasd?
2. The second consider more about the p.f. faotslem. It consider all the
possible for the PF.
We will compare the result of the two method€mapter 5 to see if they have

relationship or some majority difference.

55



Chapter 4 Methods and tools proposed in the paper:

In the paper, we start with improve of s (IA) method. We make some
improve on the original formula for power loss. Tdim of this to set up the
relationship between the power loss and base pfievedata. In this way, we only
need to run the power flow and the date from tregart of system(not the whole
system) if we hope to get the power loss. Compawiitlg if we take consideration of
the whole system. This way is much more easiernTiwken we set the analysis
modeling, we get the optimized size and locatioth@ymodeling. In realize the
optimization process, we use Power World simulaiaget the power flow result.
Then, we compute the optimization of location aizé sf the Distributed
generation(DG) by Matlab. We write a code for tipdirmization and use the result of
by Power World to get the DG location and size.ivee take the result back to 1A
modeling and use Power World to calculation thenoged power loss.

So, In this chapter, we list out the majmthod and tools that had been put

into the research process. And then, give thenied d&malysis.
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41 |A method:

In the chapter2, we give IA a brief explanationptove of analysis called IA is a new

method to analysis the problem. Unlike the trad#icoptimization method, it does

not list out all the objective function and possibbnstraints. It start with a deeper

analysis of the optimal process, and try to gdearer and direct relationship between

the uncertain varieties and give data and inforomatin this way, we could get the

calculation process faster.
In this paper, we start but did not follaxth the original power
relationship as follow (4-1):
P +jQi = XiL1 Si = Xt Vil§
Then, we take the matrix calculation (4-2):

(A+B)T = AT + BT

(AB)T = BTAT

(ADHT = A
i1 .. T1p X117 = X1n
Zpus 2 R+ jX = +j ]
rl’ll rl’ll’l an Xnn

and vector calculation (4-3),

P +jQ; = ]guszgusléus = ]guszbus]ltus
And then, use an abbreviate method to reduce theead formula to get the

following power loss equation:

P _
aPg;

= ‘,‘1ap [k (PP + Qj Qi) + By (Q P — Q]
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Then, in the two method they all useiphderivative to get the optimal
size for DG. No matter where they start to cal@yltliey are all based on an analysis
about the derivative. Here, we use a derivativehoeeto avoid listing out too much
useless constraints which may lead us to a muclk cwnplicated calculation

process.[5][42]

4.2 Power World simulator for power flow:

As the introduction above, we know the usageéawer World simulator is to
get the base power flow data. We introduced thedP®orld in chapter 2.

Power World simulator is a software that splest for the power system
calculation. And it is really fast and conveniemtbmpute the power flow.
Comparing with using Matlab code to calculate tbev@r flow, it is really a better
choice. Because when you use the Matlab code. pi4)¢éed to spend a lot of time
on writing the code and then to make sure the loftbe code is right. After you
finish all of these, you may still not be able &t the good result. Then, you need to
check many "spot" such as input data, angle exjoressiep consequence and so on.
In the Power world, what you only need to is tougethe modeling of your system.
And then, you only need to input all the startirgedfor the power system(they are

Voltage, angel of voltage, real power and reagtiower for the demand and
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impedance). Although, we have to say, we need spem# time on set up the
modeling, it is much more faster than writing aedor calculating the power flow.

In this research, the power world give mhaip while doing the power flow
calculation. First, when we input the generatdiodew (fig 4-1):[45][46]

- — + =
voas] | QP Ao inser - o Tisg = =ia =X
& e Pies/Gauges -

Mode Palette Defaulr Drawing Metwork Aggregation  Background Select by
far - - - = indication - Criteria

ode Quick Insert individual Insert Selec

MNewOnel.pw

Fig 4-1 Generator input

the system will remainder you (Figure 4-2

r Control

MW Outout 10 [+ Buailahle for AGC Part, Factor | 10,00
W O Simulator 15
W O _ o
Bus number does not exist - you must attach generators to existing buses
3e Cor
var Ou 0K
Min M J

Max Mvars |9900.000 | | |Use Capabilty Curve RemoteReg % | 100.0

Fig 4-2 System reminder
This is remind you that you need to ads finst because if you do not
have bus there is no place to lay the generatoflus.is a simple problem. But it
proves that the window and operator of the powetdwv&mulator is friendly. It will
help to check the step and remind you problem(ymudcsee that the generator

without bus to place is red).
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Then, you start to put the bus on as volifigure 4-3).

Fig 4-3 Bus figure in Power World

In this way, you have to choose the odtanh of the bus like (figure 4-4):

Bus Options
This will insert a new bus in the power system data model
Bus Number 1 = Find By Mumber Find ...
Bus Name 1 Find By Name

—— nNominalvoltage |133.00 kv
Labels ...
number Name

Area Change =i
Zone Change 1=t
Owner Change 1=

Substation | Change
Bus Information | Display | Attached Devices | Geography | Custom

Sha
P Size 5005 _ Scal

@ Rectangle = Jwndth with
O Ellipse width | 0.200/2]  Size
Link to New Bus
7 oK. Save X Cancel

Fig 4-4 Bus information

then, you input all the data easily as introducethe chapter 2.

Bus Options

| This will insert a new bus in the power system data model

Es Mumber 1 7 = Find By Mumber Find ...
(Bus Mame  |bus1 e’ Find By Mame

—

Mominal Volta o f kv

ominal -o ge |0/
Labels ...
Mumber Name

Area Change a8 = [

Zone Change 1 S|

Owner Change 1

Substation | Change

Bus Information Display | Attached Devices | Geography | Custom

== s
7 Orientatioh, y o
® Right Size 3.00 = Scale
g \ " [ width with
Width 0,200 = Size
W oK Save K cancel
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Fig 4-5 Bus Option

and also (figure 4-6):

Bus Options

| This will insert a new bus in the power system data model

Bus Mumber 1 | = Find By Mumber Find ...

Bus Mame bus 1 Find By Mame

Mominal Voltage (O ke

Labels ...
Mumber Name

Area Change 1= [

Zone Change 8=

Cwner Change 1=t

Substation | Change

Bus Information | pisplay | Attached Devices | Geography | Custom

Bus Voltage: —

Aeltage (p.u.) 100 Ry

}ggl%,géegceggp____ 0.00 )

1|:| System Slack Bus -x‘\;\.‘

'."-\_\_ e e

g_,/ O Save M cancel
Fig 4-6 Bus Option
If the busl is slack bus , you need to giégntion to the blanks i quote in
red line.

After these, we need to add the generatthe slack bus (4-7):
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Generator Options

O

- Bus Mumber |1

Find By Mumber 51311‘5
{1 Open
Bus Mame |bus 1 Find By Mame Generator MVA Base
(®) Closed
m |1 Find ... 100.00
Area Mame |1 Fuel Type Unknown
Labels ... Unit Type UM {Unkniown)

Display Information | Power and Yoltage Control | Costs | Fault Parameters | Owner, Area, Fone, Sub | Custom

Power Control
MW Output [0}, [+#] available for AGC Part, Factor | 10,00
Min. MW Output  0.000 ™, | [#]Enforce MW Limits
i 5
Max, MW Output  \1000.000 |
A .r-/'. -

Voltage Control

Mvar Qutput 0.000 Regulated Bus Mumber :1
¢ MinMvars | -2900.000 Available for AVR SetPoint Voltage | 1.0000

“MaxMvars [9900.000 | [Juse Capabilty Curve  RemoteReg % | 100.0

Wind Control Mo_de
Power Factor

Mode |Mone L¥] 1.0000 ==
v
Min Mwvar
| Max Mwar
£ >
U’ oK Save x Cancel ? Help

Fig 4-7 Generator Option
Here, we do not need to a starting datahfergenerator power. we could give
an 0. Because we assume that the generator harg hig capacity that could hold
whatever we out in the system. So, we only neetbts to give a wide constraint of
the power( second red circle). So does the voltage.

And also as (figure 4-8):
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R A A e A

Find By Mumber 5_1311‘5

. Oipen
Find By Mame - Generator MV A Base
(@) Closed 100.00

A

Jus Mumber |1

Bus Mame  |bus 1
i} 1 Find. ...

AreaMame |1 Fuel Type Unknown

Labels ... Unit Type UM {Unknown)

Display Information Power and Voltage Ceontrol | Costs | Fault Parameters | Owner, Area, Zone, Sub | Custom
Display Size 10.0 Rotor Shape | Dog Bone -

SicaietWicith Wath Se [_]Fill Rotor Symbol with Color 2

Display Width 7.50 |2 Fill with Color 2
Pixel Thickness 1E2
Link To Mew Generator
[#] Aanchored -

Fig 4-8 Information Table
So we get (figure 4-9):

0 MW
0 Mvar

bus 1

Fig 4-9 Generator figure with information in PovW&/orld

Here, we note that when you installgeeerator in the right way, the

generator do not have colors.

Before we put transmission line into flystem , we also need to put

bus2 in to the system:
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Bus Options
| This will insert a new bus in the power system data model
Bus Mumber 2 | = Find By Mumber Find ...

Bus Mame bus Find Ey MName

Mominal Voltage {09634 ey

Labels ...
Mumber MName
Area Cha_nge 1 : 1
Zone Change 1=
Cwner Change 1= |1

Substation | Change

Bus Information | Display | Attached Devices Geography | Custom

e 5i 3.00/2]  seal
= ize . =a Cae
W Bectangle . " [ width with
i) Elipse Width 0.200 (= Size
Link to Mew Eus
Save x Cancel

Fig 4-10  Bus option revise
Here, we need to put the data of the voltage thedous(here, it is bus?2).

In this way we could put the bus2 on as followfie 4-11):

NewOnel.pwd

0 Mw bus 2

0 Mvar bus 1
41

Fig 4-11 Set up the modeling
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Following this, we could put the transmisslioe on to the system. We put it

between the busl and bus2, as follow (figure 4-12):

Branch Options

Li F Ei B Brcuit —
Mumber %1 . ; ; i :
. i |[ = Find By Mames
Mame bus 1 bus 2
ey
Area Mame 1(1) 1(D
From End Metered
Mominal kv 12.7 0.1
- - | Default Owner (Same as From Bus)

Labels ... |no labels [

| Display | Parameters | Fault Info | Qwner, Area, Zone, Sub | Custom | stabilty |

S_iﬁtus Per Unit Impedance Parameters ) MWA Limits
L) Open ries Resistance (R) 0.09220000 Limit & 0.000
@) Closed ! = .
4 ies Reactance (%) 0.04700000 Limit B 0,000
& Limit C 0.000
B_rarlr:h Device Type _| Shunt Charging (B} 0.00000 i
e Limit D 0.000
— : Shunt Conductance (G) 0.00000 Lt E 0.000
Allow Consolidation - ]
; : e Has Line Shunts Line Shunts Limit F 0,000
Length 0,00 = o
— Limit G 0.000
Calculate Limit H 0.000
Impedances >

Convert Line to Transformer

| save x Cancel [ ? Help

Fig 4-12 Branch Option table

Here, we need to put the data for the bus intditleeinformation (figure 4-13):

) NewOnel.pwd

o Mw bus 2

0 Mvar bus 1
41M-—|
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Fig 4-13 Draw the modeling

At last, we need to put a load on bus2 (figuredy-1

Load Options

s Mumber |2 Find By Mumber S‘_t.ab"'s
() Open
us Mame bus 2 Find By Mame =
. (®) Closed
1Y T Find
Labels ... no labels
Murnber Mame

Area Change 1 1
Zone Change 1 1
Substation
Cwner | Change 1 i

| Same Owner as Terminal Bus

Constant Current Constant Impedance
MW Value

0.000 0,000
Mvar Valusg 0.09000 0.000 0,000
Display Informato
Pl Orientation
Display Size 6.00 (= CORight (O Left
Scale Width with Size i® Up i Down
Display Width 0.80 =
i = [+ anchored
Pixel Thickness == taid To M Losd
W OK Save X cancel P Help

Fig 4-14 Load Option revise
Here, we only need to complete the informatiohoad information part. we
give the size of power and the display. But, in sarase that need us to calculate the
optimize power flow with the economic dispatch, me=d to open the blank "OPF
load Dispatch” at the right of "load information".

Then, we get the following figure (figure 8)1
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Fig 4-15 Draw some basic part of modeling
When, we finish this, we could then contino@dd other 31 buses, 31

transmission lines and 31 load to get the 33 bds3&mbus (In )

4.3 Matlab for optimal modeling:

For doing the optimization, we choose the ElatMWe edit a paragraph of code
to realize the optimization. It indeed take us soime to edit, to address , to get the
result. It is fastest we could try to do the opaation right now. However, its
calculation function is great and the result wéllist out clearly.[47][48]

There is not too much to say on the Matlabweler, when we talk about
optimization we could say something about MatlalheWwwe think about doing the
calculation for optimization[49].he Matlab simulattas an unique advantage. When
we are dueling with a optimization problem, no miagtou are doing the traditional

optimal problem(like objective and constraintshew method for optimal(like IA
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method), calculation is always a problem[50]. Thatlsb simulator could put all the
data and equations into a huge matrix. And thern|a¥davould use its great
calculation ability for matrix to do the optimizati problem. It is the best to use

Matlab to duel with the optimization problem. [51]
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Chapter 5: Result and analysis:

In this chapter, we first use a 33 P-Q bus modeio make a comparison for
method 1 and method 2 to find a better method. TWeruse to the better method to get
the result for another 16 test bus modeling (bt Bus ).

5.1 Result for method 1:

The following Figure, figure 5-1 is a 33 busdeling built in the power world.

Bus26 Bus27 Bus2B Bus29 Bus30 Bus3l Bus32 Bus33
Bus19 Bus20 Bus2i Bus 22
A omMw
oMW OMW  OMW OMW  OMW OMW  OMW O Mvar
oMW OMW oMW oMW OMvar  OMvar OMwar  OMvar  1Mvar  OMvar  OMvar
OMvar  OMyar  OMvar O Myar
Bus1 Bus2 | Bus3 Bus4 Bus® Busé Bus? Bus§ Bus?9 Bus 10 Busii Busi2 Busi3® Busld Bus1f Busié Busl?  Buslg
P S— a
'—)- —
=
M
4 M 0 M Myzr OMW  OMW  OMW  OMW oMW OMW OMW  OMW  OMW  OMW  OMW  OMW  OMW  OMW  OMW
3 Mvar 0 Myar OMvar  OMvar  OMvar O Muvar OMvar  OMvar OMvar OMvar OMwvar OMvar OMwar OMvar OMvar  OMvar O Mvar

BusZ3 Bus24 BuslS

oW oMW oMW
0 Mvar OMvar 0 Mvar

Fig 5-1 The modeling for 33 bus
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Number of Devices in Case
Buses

Generators

Loads

Switched Shunts

Trans. Lines (AC)

2Term. DC Lines
Multi-Term. DC

Areas
Zones

Substations

Case pathname | test sys.PWE

Print

Case Summary for Current Case

Case Totals (for in-service devices only)

= : Muar

Series Capacitors o

Load 3.7 2.3
LTCs {(Control Volt) a :

Generation 41 2.5
Phase Shifters 0

Shunts 0.0 0.0
Muvar Controlling u]

Losses 0.4 0.3
Breakers o] ke o

Generator Spinning Reserves
Disconnects 0 Positive [MW]  Negative [MW]
7BRs o 995.9 4.1

Megative MW Loads and Generators
Islands 1 M Myar
Interfaces 0 — 4 i

Generation 0.0 0.0
Injection Groups 0

Slack Buses:
|Bus 1(1); in Area 1 (1)
? Help IL Close

Fig 5-2 The original reswdt 33 bus

By using the modeling in this figure, we fitige calculation for power flow is

at the minimize size of 1 MW(This is why the reatlaeactive power on the buses

are all keep on zero). As we run the Power Worlith whe model, we could get the

total power loss is 0.5 MW with DG

5.1.1 For method 1:

Then, we input the data to Matlab code for optithallocation and size for

DG(the data is gain from 33 bus modeling aftergbeer flow calculation above).

Then , we get the follow result, figure5-3 and figb-4, as follow:
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Fig 5-4 Result for method1 on relation bysRnd R
In the figure 5-4, we could see that the optiD@l location should be in bus6 or

bus7. Then, we mark the bus 6 and bus 7 as foilguvd 5-5, 5-6:

024

Power loss(VW)
=
&
T
1

016 .
014 e .
¥:0.1314
B
012 S I Sy [ [ [ ey [y Sy Sy |

| I ! B e I I |
01234567 8 91017112131415161718192021222324 265 26272829303132333435
Bus Mo.

Fig 5-5 The power loss on bus 6 for method 1
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Fig 5-6 The power loss on bus 7 for method 1
Here, we get the approximate result of poags after placing in bus 6 and
bus 7, they are: =0.01314MW, »,=0.01312MW; As the result are so similar, we
place the optimal DG back in bus 6 and bus7 widirtbwn optimal DG size in

Figure 5-1. In this case we get the figure as Wlfigure 5-7 and 5-8:

Bus26 Bs¥ BuslB Bus29  Bus30 Bus31 Bus32 Bus33
Bus19 Bus20 Bus2l Bus22
b oMW
DMV OMW oMW DM oMW OMW  OMW O Mvar
W oMW OMW  DMW DMvar OMvar OMvar OMvar 1Mvar OMvar O Mvar
OMyar OMvar OMvar 0 Mvar

Bus 4 Bus 5@ Bus7 Bus§ Bus9 Bus 10 Bus1l Bus1? Bus13 Busld Busi5 Busi6 Busi? Buwsid

7
L s s

1
4Mw OMW  DMvar OMW  OMW W DM g m\'u' oMW OMW  OMW  OMW O
var var Ivar

-3 Myar 0 Myar OMyar OMwar OMvar DMy

MW OMW  OMW  OMW  OMW  DMW
OMvar OMvar OMvar OMwar OMvar OMwvar OMvar OMvar OMvar O Mvar

0 MW OMe O MW

Fig 5-7 Optimal DG put on bus 6.
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OMyvar  OMvar O Mvar 0 Myar

Bes4  Bus5 Busé ﬁ-_’\ BisE Busy  Besid Busil Busi2 Busid Besl4 Buesls Buesls Bsi? Busid
W

110 1 1 g i g

4 MW oMW DMvar OMW  DMW OMW  DMW oMW OMW OMW  OMW  OMW  OMW  OMW  OMW  OMW  OMW  DMW
-2 Myar 0 Mvar DMvar OMvar OMvar 0 Mvar OMvar QMvar OMvar OMvar OMvar OMvar OMvar OMvar OMvar OMvzr DMvar

B2l Bus24 Bsls

oMW oMW O MW
0 Myar O Mvar O Mvar

Fig 5-8 Optimal DG put on bus 7.
After running the modeling in figure 5-7 aligure 5-8, we could finally get

the power loss result they are in figure 5-9 arkD5-

Case Summary for Current Case

Mumber of Devices in Case Case Totals (for in-service devices only)
; . : ~ MW Myvar
Buses 3% Series Capadtors 4] s e
Load 3.7 2.3
Generators 2 LTCs (Control Volt) 0 : I -
: ! Generation 3.8 2.4
Loads 32 | Phase Shifters i
Shunts 0.0 0.0
Switched Shunts 0| Mvar Controllin ] m— 7= o
! = ! Losses Lol -@1
Trans. Lines (AC) 32 | Breakers a = = et
S S Generator Spinning Reserves
2 Term., DC Lines 0| Disconnects i} Positive [MW]  Negative [MW]
Multi-Term. DC 0| ZBRs 0 1936.2 38
MNegative MW Loads and Generators
Areas 1| Islands 1 MW ~ Mvar
Zones 1] Interfaces o ot i) il
x = e Generation 0.0 0.0
Substations 4] Injection Groups 4] -
Slack Buses:

Case pathname | test sys.PWE |—EE 1(1); in Area 1 (1)
r

Print ? Help J] Close
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Fig 5-9 The Power Loss when put DG on bus 6 fathioz 1

Case Summary for Current Case

Mumber of Devices in Case Case Totals (for in-service devices only)
M MMvar
Buses 33 Series Capadtors i - =
Load 3.3 21
Generators 2 | LTCs (Control Volt) 0 :
Generation Bt 2.2
Loads 32 | Phase Shifters ]
Shunts 0.0 0.0
Switched Shunts 0| Mvar Controling 0 — o
Losses ~01 0.1]
Trans. Lines (AC) 32 | Breakers 0 — S —
Generator Spinning Reserves
2Term. DC Lines 0 | Disconnects 0 Positive [MW]  Negative MW]
Multi-Term, DC 0| ZBRs 0 1996.6 3.4
Megative MW Loads and Generators
Areas 1| Islands 2 M Muar
Load 0.0 0.0
Zones 1 Interfaces 0 o3
; i Generation 0.0 Q.o
Substations 4] Imjection Groups (i)

Slack Buses:
[Bus 1(1); in Area 1(1)

Case pathname | test sys Lpwhb

Print P tep | | Jf] Close

Fig 5-10 The Power Loss when put DG on bus 7 fethod 1

Here, we could get total power loss aftgtipg in the optimized DG. As
we get :

s= PP T @
So, here, for bus 6, it is 0.12MW, for bus 7 i0i$1MW(The result here is shown in
power world detail result sheet.)
5.1.2 For method 2:
In the method 2, we firstly use the modeiimgigure 5-1 again to get the

result for the power flow data. Then, we input daga to the Matlab code for the

method 2. Here, we get the following result figbré1 and 5-12:
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Fig 5-11 Result for method2 on relation by bus &led Rg
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Slack Buses:
|Bus 1{1); in Area 1 (1)

Case Totals (for in-service devices only)

Muvar
Load 3.7 2.3
Generation 4.1 2.5
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Losses 0.4 0.3

Generator Spinning Reserves =
Positive [MW]  Neagative [MwW]

9495.9 £1
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M Muvar
Load 0.0 0.0
Generation 0.0 0.0

P Help
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Fig 5-12 Result for method2 on relation by bus aled Rg
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Fig 5-13 Result for method 2 on relation lysBnd R
Here again, we get the approximate resulbefgy loss after placing in bus 6
and bus7 again, they arg@sP0.008521MW, =0.008750MW,; As the result are
again similar to each other, we now settle dowrogptemal DG back in bus 6 and
bus7 with their own optimal DG size in Figure Shi. this case we get the figure as

follow figure 5-13 and 5-14:
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Fig 5-13 The power loss on bus 6 for method 2

0.24||||||||||||||||||||||||||||||||||

G- —

0.2+ .

Power loss{Mi)

01F X7 o
W 0.08705

L

|

| T T N A T A YN N A B

O N N A T | | )
012345678 91011121314151617181920212223242526272829303132333435
Bus Mo.

0.08

Fig 5-14 The power loss on bus 7 for method 2
After get this figure, we still want to puttioptimized DG back to the bus 6

and bus 7, the modeling for these two are exalstysame as in figure 5-7 and 5-8.
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By doing these, we could then run the modedisgame as in figure 5-6 and

5-8. The follow two figure is the result of simutag for exactly power loss.

Case Summary for Current Case

Mumber of Devices in Case Case Totals (for inservice devices only)
3 = M Mhar
Buses 33 Series Capadtors 1}
Load 3.7 2.3
Generators 2 LTCs (Control Volt) a :
: ; Generation 3.8 x4
Loads 32 | Phase Shifters o]
Shunts 0.0 0.0
Switched Shunts a Mvar Controlling (a] r —~—
| Losses f = 45 0.1
Trans. Lines (AC) 32 | Breakers 0 fr— = T —
-} -} Generator Spinning Reserves
2 Term, DC Lines o Disconnects 0 Positive [MW]  Negative [MW]
Multi-Term. DC 0| ZBRs a 1896.2 3.8
MNegative MW Loads and Generators
Areas 1| Islands Tl M Mar
Load 0.0 0.0
Zones 1| Interfaces 4] s
. R Generation 0.0 0.0
Substations 0 Injection Groups 0
Slack Buses:
Case pathname | test sys,PUWE !Bus 1(1); in Area 1 (1)
Print ? Help IL Close

Fig 5-15 The Power Loss when put DG on bt énethod 2
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Case Summary for Current Case

Mumber of Devices in Case Case Totals (for inservice devices only)
Muvar
Buses 33 Series Capacitors o
Load 3.7 2.3
Generators 2 LTCs (Contral Volt) (u] :
Generation 3.8 2.4
Loads 32 Phase Shifters o
Shunts 0.0 0.0
Switched Shunts la] Mvar Conirolling (u] L
| Losses ) 0.1 0.1
Trans. Lines {AC) 32 Breakers (u] i =
Generator Spinning Reserves
2Term. DC Lines v Disconnects Q Positive [MW] Megative [MW]
Multi-Term. DC 0| ZBRs 0 1996.2 3.8
Megative MW Loads and Generators
Areas 1 Islands 1 Mg Muar
Zones 1 Interfaces s} s L5 L
A e Generation 0.0 0.0
Substations o Injection Groups o
Slack Buses:
Case pathname | test sy=7b.PWE ;Bus 1(1); in Area 1 (1)
Print ? Help l Cloze

Fig 5-16 The Power Loss when put DG on bus 7 fethod 2

Here, So, here, for bus 6, itis 0.13MW, foslY itis 0.12MW.

5.2 Comparison of the two method:

The method 1 start withj% , While the method 2 start witha‘%Gi . The
idea for where it started are different. Comparait the method 1, the mtheod2 are
more directly on getting the result. It is becawbat we need to get is thed. But,
as the relationship equatiop=Ppgi-Poi . We could find the | in the equation is a
known matrix. In other words, it is a constant. ®batever you do the derivative by
P or by Ryi, they should be the same in Mathematics aspethtid way, we could

easily find out that the Optimized result of Pouass for the two method are the

same.
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However, we are still able to find some @lifnces between the two method
that may involve the final result as follow:

First of all, we explain that the two methwa/e the same meaning in
Mathematics aspect. But, while we are now analysia physical problem. The
Physics meaning for the 8nd Rg; is different. the Fis the different between all the
input power and the demand as thg;#s only a part of the input power. Why we use
P.=Poai-Poi is only because we want to set up a convenient himgd®r Mathematics
iteration. This process must cause some differerle calculating.

Secondly, We could see that in the methodeludé the directly do the partial

ap
ap;

derivative —= to get the equation:

N
P = O(lii[ﬁiiQi - jzzl(aijpj = B;Qp]
j#i
In the method 2, before we do the partial densgtive have consider the Q, the
reactive power. We set up the relationship betw@emd B¢ as following:
Qi = Qpai — Qpi = aPpgi — Qpi

This make the Q participate into the optimizatioogess. As we all know that The Q,
the reactive power is also a part in the power fiwocess, the method 1 which ignore
the reactive in getting the optimal DG size andtmmn should have bring in a little

difference with the reality value for the final vdts
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Then, even we get the same result in them@thod, the optimal location and
the approximate power loss are different. We weskigng for the reason of this
situation and then find out that because we us@¢theer World simulator to do the
calculation of power flow. As the Power World Simatdr are always trying to do an
rounding (Half adjust) while Matlab will do an exigccalculation. And as we use the
Matlab to do the approximate power loss and us@twveer World to do the exactly
power loss. If we see the figure 5-4,5-5, 5-12,5th8 Matlab calculator show the
result as in 0.000001. But in figure5-8, 5-9 ,5-845, the Power World calculator
show the result as in 0.1. It is easy understanglwdhget the difference in
Approximate power loss but the same in final poless.

What is more, when we compare the two mettsiag the calculation by
Matlab, which is the approximate power loss caltoita we could find the difference
between the fs and Rg7 (the 1st and 2nd optimal point)is 0.000184 forhmoelt1
and 0.000020 for the Method 1. It is not hard ® that in the method 1 the optimal
point would be easier confused than in method 2l &lso, if we open the detalil
result sheet, we could calculate the power losadayall the bus together. we will
find the different. This is a important evidencattthe method 2 is the better choice
than the method 1. Because our propose is to fibdhe optimized DG location, we

do not want to find a second optimal location by esason.
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5.3 Application:
We compare the two methods above. And mevind out the better
method is method 2. So, in this section, we wi#l ttee method 2 to analysis another
test bus (13 bus) , and we also run Power World thié model, we could get the total

power loss is 1 MW . The modeling is shown below:

i Bus 1 Bus 2 Bus 3 Bus 4 Bus 5 Bus &
v
- -“_. ‘l:) l—';
T MW 1 MW
0 Mvar 1MW 1MW 0 Mwar 0 MwW
0 Mvar 1 Mwar 0 Mwvar
1 MW
Busl3 1 Mvar
BTy Bus 7 Bus 8 Bus @
0.480 Mvar i S
o
Bus 11
1 MW 1 MW
1 MW 0 Mwar 0 Mwar
oM
—Bus 10
1 MWW
Bus 12 0 Mvar
1 MW
1 Mwar

Fig 5-17 The modeling for resitlarea

Case Totals {for in-service devices only)

MY Mhvar
Load 8.2 4.7
Generation 8.6 5.0
Shunts 0.9 0.0
Losses 0.4 0.3
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Fig 5-18 the original loss for @it area
Then , we get the data from the power flosuleby Power World Simulator.

And we input the data into the Matlab code for mdtB. In this way, we could get

the result for DG size and the relationship betwiberpower loss andB.

1-4' T T T T T T T T T T T T T

DG Power (MWW

Fig 5-19 Result for resident area on relation by No. and B
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Fig 5-20 Result for resident area on relation pydhd R
Look at the figure5-20, we could see thathhs 5 is the optimized point for

DG location. SO we revise the figure 5-17 to addlMG as follow:

3 MW Bus 1 Bus2  Busg.. Busd -~ BUS 5‘-.. Bus b
2 Mwar L& ._t) ﬂl’ O -
‘—I T MW 4 1 mwy ‘ 4
0 Mvar 1MW 1MW 0 Mvar 0 Mw
0 Mvar 1 Mwar 0 Mvar

1
Busl3 i
1.124 MW Bus 7 Bus 8 Bus 9
0.480 Mvar " e "
—
Bus 11 1 MW .
1 MW 0 Mwar 1 MW
0 M 0 Mvar
——PBus 10
1 Mw
Bus 12 0 Mwar
1 MW
1 Mwar

Fig 5-21 Add DG on bus 5 for resident area miodel

Then, we run the modeling and get the resafd find out the following:
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Mumber of Devices in Case
Buses

Generators

Loads

Switched Shunts

Trans. Lines (AC)

2 Term. DC Lines
Multi-Term, DC

Areas
Zones

Substations

Case pathname | 13bus1.PWE

Print

13

12|

iz

Case Summary for Current Case

Case Totals (for in-service devices only)

Mwar
Series Capadtors o
Load 10.5 8.0
LTCs {Control Volt) a : -
: Generation 10.6 6.1
Phase Shifters 1]
Shunts 0.0 0.0
Mvar Controllin a T
g Losses 0.1 )
Breakers 1] | S— =
} Generator Spinning Reserves
Disconnects o Positive [MW]  Negative [MW]
ZBRS 0 1989. 4 0.6
. Megative MW Loads and Generators
Islands 2 M Muar
Load 0.0 0.0
Interfaces a o
e Generation 0.0 0.0
Injection Groups
Slack Buses:
|Bus 1 (1); in Area 1 (1)
|Bus 5(5); in Area 1 (1)
? Help IL Close

Fig 5-22 The Power Loss when put DG on bus 5 8bus

From the figure, we could see that we getedgut result on reducing the Power

loss for the system.

Then, following the above case , we takeamatther 34 bus system (as

following figure 5-23 modeling.

Bus

Bus26 Bus27  Bus28 Bus 29 Bus 30 Bus31 Bus32
: T; T—: 1: ﬁ 1: L

Bus 20 Bus21 Bus 22

omMw 0 Mw 0 Mw 0 mMw omw omMw 0 MW
b 0 MW 0 MW 0 MW 0 Mw 0Mvar OMvar OMvar OMvar 1Mvar 0Mvar 0O Mvar
OMvar  OMvar  OMvar 0O Mvar
Bus1 Bus2 | Bus3 Bus 4 Bus3 Bus® Bus 7 Bus8 Bus9 Bus 10 Bus1l Bus12  Bus13 Busl4 Bus 15 Bus 16

e = { 2 L =) { i = &

B . +-%w
Mw
4 MW 0 MW Mvar 0 0 MW 0 MW 0 MW 0 MW oMW 0 MW 0 MW 0 MW 0 MW 0 MW 0 MW 0 MW
3 Mvar 0 Mvar 0 Mvar 0 Mvar 0 Mvar 0 Mvar 0 Mvar 0 Mvar 0 Mvar O Mvar  OMvar OMvar 0 Mvar 0O Mvar
Bus 17 Bus 18
Bus23 Bus24  Bus25
: | = i
- = =
PR PEY 0 Mw oMW
0 Mvar 0 Mvar
0 MW 0 MW 0 MW
0 Mvar 0 Mvar | 0 Mvar
Bus 33 34
LF i
— >
0 MW 0 MW
0 Mvar
0 Mvar
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Fig 5-23 34 Bus system modeling
Also, we first get the power flow calcutatiand get (figure 5-24) :

Case Summary for Current Case

Mumber of Devices in Case Case Totals {for in-service devices only)
Mvar
Buses 34 Series Capadtors a
Load 4.0 2.4
Generators 1| LTCs (Control Volt) (o] _
Generation 4.4 2.6
Loads 33 | Phase Shifters 0
Shunts 0.0 0.0
Switched Shunts 0 | Mvar Controling o] i a =
asses . .
Losseg, T
Trans. Lines (AC) 33 | Breakers o] /}
o ) Generator Spinning Reserves
2Term. DC Lines 0 | Disconnects 0 Positive [MW]  Negative [MW]
Multi-Term. DC 0| ZBRs 0 995.5 44
Negative MW Loads and Generators
Areas 1| Islands 1 M Myar
Zones 1| Interfaces o = e gt
2 T Generation 0.0 0.0
Substations 0 Injection Groups a
Slack Buses:
Case pathname | test sys.PWE iBus 1 (1); In Area 1 (1)
Print ? Help j"|_ Close

Figure 5-24 Power flow result for original 34 bystem
Then, we still use the Matlab to get optitnaation for DG. And we find
the Bus 17 is the optimal location and the optisiz is 3MW. So we add this
generator to Bus No.17 on the system. And finakyget the power flow calculation

result as following (figure 5-25):

Case Summary for Current Case

Mumber of Devices in Case Case Totals (for in-service devices only)
: - M Mvar
Buses 34 | Series Capacitors o
Load 4.0 2
Generators =) LTCs {Control Volt) a :
Generation 4.3 2.6
Loads 33 Phase Shifters o
Shunts 0.0 Q.0
Switched Shunts a Muvar Controlling a
Losses 0.3 0.2
Trans. Lines (AC) 33 Breakers o t=——
- - Generator Spinning Reserves
2Term. DC Lines (] Disconnects ] Positive [MW] Negative [MW]
Multi-Term. DC 0| Z7BRs ] 1995.6 44
Megative MW Loads and Generators
Areas 1| Islands 1 M Mvar
Zones 1| Interfaces o L -0 0.0
. = . Generation 0.0 0.0
Substations 0| Injection Groups o

Slack Buses:
Case pathname | test sys.PWE :Bus 1 (1); in Area 1 (1)

fL Close

Print

)
g
ol

Figure 5-25 Power flow result after adding the D34 bus system
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From the figure 5-25, we find is the powerslas the system is being reduced

from 0.4MW to 0.3MW. This is the result we need.
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Chapter 6 Conclusion:

In this paper, we use two new methods tdheéaoptimization in order to get
the optimal size and location for DG in the powgstem. The two methods are
based on the IA (Improve of Analysis) method. Thee,use the Power World and
Matlab together to get the result.

We could divide the paper into two parts. Tir& part is analysis part. in
this part we have two analysis methods. And tHemstecond part is simulation parts.
We use two simulation tools. Then, we make a corsparmboth on the two methods
and two tools. At last we apply the better methodnother system for the optimal
the DG size and location.

In comparing the two methods, we list somalar point first, and then
find some differences that may influence the re@ritchoose the optimal location).
Then, in the comparison of two method. We could faut the advantage and
disadvantage of two tools.
For the Power World, we find its conveniemt set up the modeling, and
its friendly operation on power flow calculationowever, its inexactly calculation

result will lead final result to an unclearly sitieea For the Matlab, we have to write
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and correct the problem of the Matlab code. It teike us quite a long time. But, its
result accuracy and exhibits are very good for commnesearch.

Finally, we recognize the method 2 is ddyahethod to get the optimal
size and location for DG. Because it has a direathdmatics thinking. Then it has a
more complete consideration. At last, it has agbethoice scheme of the optimal
DG location. All these make the method 2 a bettose for solving the DG

problems.
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Chapter 7 Future works:

As we compared two methods and use the betteroos@\te a reality
problem, we get a good result for the work. Howewer still need to do further
works on this topic.

First of all, when we compare the two meth&/e start from the old
methods themselves. We step back to the theor@idated process to prove that
the base theory which support the two method s rigowever, there are some
mathematic approximation in inducing process. Asdbmparison result did not
show a big difference, we could not may an exanthkgion that the second method
is always the better choice to solve the DG probl8a) it is better to have a clear
check of the mathematics inducing process in theduand trying to get a better
mathematics theory to refine the inducing proceszder to get the inducing result
less relay on the approximation. Because the mmpeoaimation we made, the less
accuracy we get for the result.

Secondly, we should realize that the accuracysfltesshown in Power World is not
very clear. Though we could get the differencenmdetail result table, the Case

Summary table shows the unclear result. We hausedhe Matlab
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result carve to see the difference. It may contheaeader of this paper. So, we
should step back to think about Power World sofentself. Although, we know that
the Power world is more strong and more friendalcwaating the power flow and it is
easy to get the result. However , we need to censidother software that are similar
in the function of Power World but has a clearsuteshowing table. In this way, we
could have a transparent result showing to supgportesult.

Third, we could find out that the systeratttve use as modeling is a little
idealized. the following figure(Figure 7-1) is arpaf Fig 5-1. In this figure below,

we

Bus 4

Fig 7-1  Bus details
circle out the load on each bus. There is nothkugpt the load on each bus.
However, there are many conductor and inductdneréality electrical power
productions and projects. In reality, many eleefrfgarts in power system contain
the conductor and inductor(like some light contaotuctors and some battery include
conductor). What is more? The transformer are avaglude in the power system.
These must influence the result a lot.. This als@@rthe result not that clear. In the

future work, we need to think about solving the elody with conductor and inductor.
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In that situation, method should be changed & liBut it will bring these methods
more close to the reality power electrical produtsi and projects. So, we will find

some new modeling with conductor and inductor oselstand find the DG solution

for them.

Finally, as the model we use in the papeat Emall scale. We should find a

bigger power system as research modeling for beloger to reality.
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